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Four indole-3-carbaldehyde semicarbazone derivatives, 2-((5-bromo-1H-indol-3-yl)methylene)hydrazinecarboxamide (1), 2-((5-
chloro-1H-indol-3-yl)methylene)hydrazinecarboxamide (2), 2-((5-methoxy-1H-indol-3-yl)methylene)hydrazinecarboxamide (3), and
2-((4-nitro-1H-indol-3-yl)methylene)hydrazinecarboxamide (4) were synthesized and characterized by ESI-MS and spectroscopic (FT-
IR, 1HNMR, and 13CNMR) techniques.6e two-dimensional NMR (in acetone-d6) spectral data revealed that themolecules 1 and 2 in
solution are in the cisE isomeric form.6is evidence is supported byDFTcalculations at the B3LYP/6-311++G(d,p) level of theory where
it was shown that the corresponding most stable conformers of the synthesized compounds have a cisE geometrical configuration, in
both the gas and liquid (acetone andDMSO) phases.6e in vitro antibacterial activity of compounds 1–4was determined against Gram-
positive (Staphylococcus aureus and Bacillus subtilis) and Gram-negative (Pseudomonas aeruginosa and Escherichia coli) bacteria.
Among all the tested semicarbazones, 1 and 2 exhibited similar inhibitory activities against Staphylococcus aureus (MIC� 100 and
150μg/mL, respectively) and Bacillus subtilis (MIC� 100 and 150μg/mL, respectively). On the other hand, 3 and 4 were relatively less
active against the tested bacterial strains compared with 1, 2, and tetracycline.

1. Introduction

Diseases caused by bacteria have gained considerable at-
tention because of their resistance to the standard anti-
bacterial drugs [1]. Bacterial resistance is a natural process

that occurs in all microorganisms and is enhanced due to the
inappropriate use of drugs intended for the control of
bacterial infections [2], leading to increased mortality in
humans [3]. On the other hand, the World Health Orga-
nization has reported that the Gram-negative strains
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Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacteriaceae are critical-risk microorganisms, priority
1 [4]. Pseudomonas aeruginosa is one of the main pathogens
involved in nosocomial infections and immunosuppressed
patients [5–8]. Besides, this bacterium is responsible for
bloodstream infections [9]. Escherichia coli is a type of
bacteria that belongs to the Enterobacteriaceae family. 6ese
bacteria live in our intestines, but some strains can cause
diarrheal infections, meningitis, and urinary tract infections
when people eat contaminated food [10]. On the other hand,
Staphylococcus aureus is reported as a high-risk microor-
ganism, priority 2 (WHO) [4], and is considered one of the
most important pathogens of the human being, which is
associated with skin infections, pneumonia, osteomyelitis,
and endocarditis, among others [11–13]. Recent studies
carried out against Staphylococcus aureus, E. coli, and P.
aeruginosa bacteria have shown that the mode of action of
some semicarbazone and thiosemicarbazone derivatives is
due to their ability to cause the rupture of the cell membrane
[14].

In recent years, interest in the synthesis of semi-
carbazones (R1C�N-NH-(C�O)-NHR2) has increased due
to the facility to replace the R1 and R2 substituent groups by
alkyl, aryl, or heterocyclic derivatives, thus leading to a broad
spectrum of new ligands with donor atoms (N,O), capable of
coordinating to metal centres [15–17]. In addition to this,
semicarbazones possess a variety of biological properties
including antibacterial [18, 19], anticonvulsant [20], anti-
tubercular [21], and anticancer [15, 16, 22] activities.

Recently, it has been reported that some of 1-(2-oxo-2-
phenyl-ethyl)-2-phenyl-1H-indol-3-yl) methylene) semi-
carbazone derivatives exert good antifungal activity against
Candida albicans and C. rugosa strains and exhibited
moderate antibacterial activity (MIC� 37.5–150 μg/mL)
against B. subtilis, S. aureus, S. epidermidis, E. coli, P. aer-
uginosa, and Klebsiella pneumoniae strains [19].

6is paper reports the synthesis, spectral characterization,
and in vitro antibacterial activity of four indole-3-carbalde-
hyde semicarbazone derivatives, 2-((5-bromo-1H-indol-3-yl)
methylene)hydrazinecarboxamide (1), 2-((5-chloro-1H-indol-
3-yl)methylene)hydrazinecarboxamide (2), 2-((5-methoxy-
1H-indol-3-yl)methylene)hydrazinecarboxamide (3), and 2-
((4-nitro-1H-indol-3-yl)methylene)hydrazinecarboxamide (4).
6eoretical IR data (as comparative data) and energy values to
determine the most stable conformers of the synthesized
compounds 1–4 have been obtained with DFT calculations,
using the B3LYP functional with the 6-311++G(d,p) basis set in
both gas and liquid phases (acetone and DMSO). It is known
that the level of theory employed in this work provides reliable
molecular structures [23].

2. Materials and Methods

2.1. Chemicals and Instrumentation. All reagents and sol-
vents were purchased from Merck and Sigma-Aldrich and
used without further purification.6e tested bacterial strains
were Gram-positive (S. aureus ATTC25923 and B. subtilis
ATTC11774) and Gram-negative (E. coli ATTC25922 and

P. aeruginosa ATTC278533), which were obtained from the
biology laboratory of the Department of Sciences, Uni-
versidad Nacional Santiago Antúnez de Mayolo. Antibac-
terial assays were carried out using the microdilution
method according to the M07-A8 protocol followed at the
Clinical & Laboratory Standards Institute [24].

Infrared (IR) spectra were recorded using a Nicolet iS10
Fourier Transform Infrared (FT-IR) spectrometer equipped
with an attenuated total reflectance accessory using a dia-
mond crystal. 6e measurements were obtained in absor-
bance mode, recorded for 32 scans at a resolution of 4 cm−1.
All the measurements were carried out with a baseline
automatic correction.

NMR spectra (1H and 13C) were recorded on an Agilent
instrument (500MHz for 1H or 126MHz for 13C) or a
Bruker AVANCE™ spectrometer (600MHz for 1H or
150MHz for 13C), using DMSO-d6 or acetone-d6, as dis-
solution medium. All the 1H NMR spectra were obtained
with the instrumental settings such as number of scans (8
and 8–16), acquisition time (2.044 and 1.363 s), and reso-
lution (0.489 and 0.734Hz), for the Agilent and Bruker
AVANCETM spectrometers, respectively. 6e 13C NMR
spectra were obtained with the following parameters:
number of scans (2500–10000 and 2–4), acquisition time
(1.0486 s and 0.456 s), and resolution (0.953 and 2.211Hz),
for the Agilent and Bruker AVANCETM spectrometers,
respectively. 6e chemical shifts were measure in ppm
relative to tetramethylsilane (SIMe4). 6e coupling constant
(J) is expressed in Hertz (Hz) while the splitting of proton
resonances is defined as s� singlet, d� doublet, t� triplet,
and m�multiplet. ESI mass spectra of the synthesized
compounds were recorded on the Waters-Quattro Premier
XE™ tandem quadrupole and VG Micromass ZAB-2F mass
spectrometers, using methanol as the sample dissolution
medium.

2.2. Experimental Procedures

2.2.1. General Method. A solution of sodium acetate
(164mg, 2mmol) in water (10mL) was added drop by drop
into a hot solution of hydrochlorinated semicarbazide
(110mg, 1mmol) in methanol : water (100mL, v/v, 1 :1). To
the resulting mixture was added the respective indole-3-
carboxaldehyde derivative (2mmol) in ethanol (10mL). 6e
reaction mixture was refluxed for 3 h and stirred for 24 h at
room temperature. After the slow evaporation of the solvent
at room temperature, the solid product was filtered, washed
several times with hot water and cold ethanol, dried in
vacuo, and then recrystallized from a methanol : acetone
mixture (10mL, v/v, 1 :1).

2-((5-Bromo-1H-indol-3-yl)methylene)hydrazinecarbox-
amide (1). Light yellow solid; yield: 0.146 g (56%); M.P:
221°C–223°C; FT-IR (], cm−1): 3428.58, 3379.89, 3332.36,
3225.74 (N–H), 3105.83 (Car-H), 1615.14 (C�O), 1536.33
(C�N), and 1099.51 (Car-Br); MS/ESI (m/z): calculated for
C10H9N4O79Br 280.12, found: 279.12 [M-H]−, calculated for
C10H9N4O81Br 282.11, found: 281.189 [M-H]−; 1H NMR
(500MHz, acetone-d6), δ ppm: 10.81 (s, 1H, NH-indole),
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9.19 (d, 1H, J� 3.4Hz, �N–NH), 8.37 (d, 1H, J� 2.2Hz, H4),
8.18 (s, 1H, CH�N), 7.75 (d, 1H, J� 3.3Hz, H2), 7.45 (d, 1H,
J� 8.5Hz, H7), 7.33 (dd, 1H, J� 8.5, 2.2Hz, H6), and 5.98 (s,
2H, NH2); 13C NMR (126MHz, acetone-d6), δ ppm: 157
(C�O); 137.2 (CH�N); 136.2 (C8, Ar), 129.8 (C2, Ar), 126.3
(C9, Ar), 125.4 (C6, Ar), 123.9 (C4, Ar), 113.5 (C7, Ar), 113.3
(C5–Br, Ar), and 112.2 (C3, Ar).

2-((5-Chloro-1H-indol-3-yl)methylene)hydrazinecarboxamide
(2). Colorless solid; yield: 0.144g (61%);M.P: 210°C–211°C; FT-IR
(], cm−1): 3453.02, 3385.82, 3335.47, 3229.61 (N–H), 3107.59
(C-Har), 1615 (C�O), 1536.66 (C�N), and 1102.97 (Car-Cl);
MS/ESI (m/z): calculated for C10H9N4O35Cl 236.17, found:
235.08 [M-H]−, calculated for C10H9N4O37Cl 238.16, found:
237.09 [M-H]−; 1H NMR (500MHz, acetone-d6), δ ppm:
10.75 (s, 1H, NH-indole), 9.13 (br, 1H, �N–NH), 8.21 (d,
1H, J� 3.1Hz, H4), 8.18 (s, 1H, CH�N), 7.75 (d, 1H,
J� 3.1Hz, H2), 7.48 (d, 1H, J� 9.3Hz, H7), 7.20 (dd, 1H,
J� 9.3, 3.1Hz, H6), and 6.01 (s, 2H, NH2). 13C NMR
(126MHz, acetone-d6), δ ppm: 156.8 (C�O); 137.1 (C�N);
135.8 (C8, Ar), 130.0 (C2, Ar), 125.8 (C5-Cl, Ar), 125.6 (C9,
Ar), 122.9 (C6, Ar), 120.9 (C4, Ar), 113.1 (C7, Ar), and 112.2
(C3, Ar).

2-((5-Methoxy-1H-indol-3-yl)methylene)hydrazinecarbox-
amide (3). Orange solid; yield: 0.148 g (64%); M.P:
185°C–186°C; FT-IR (], cm−1): 3476.01, 3306.70 (N-H),
1681.33 (C�O), and 1579.51 (C�N); EMAR-ES (m/z): cal-
culated for C11H12N4O2 232.09, found: 255.10 [M+Na]+; 1H
NMR (600MHz, DMSO-d6), δ ppm: 11.31 (s, 1H, NH-
indole), 9.87 (s, 1H, �N–NH), 8.07 (s, 1H, CH�N), 7.65 (s,
1H, H4), 7.56 (d, 1H, J� 2.3Hz, H2), 7.32 (d, 1H, J� 8.8Hz,
H7), 6.83 (dd, 1H, J� 8.8, 2.5Hz, H6), 6.17 (s, 2H, NH2), and
3.79 (s, 3H, OCH3). 13C NMR (150MHz, DMSO-d6), δ ppm:
157.4 (C�O); 154.7 (C5-OCH3); 138.2 (CH�N); 132.4 (C9,
Ar), 129.9 (C8, Ar), 12|5.0 (C2, Ar), 112.9 (C4, Ar), 112.6 (C6,
Ar), 111.8 (C3, Ar), 103.8 (C7, Ar), and 55.7 (OCH3).

2-((4-Nitro-1H-indol-3-yl)methylene)hydrazinecarbox-
amide (4). Orange solid; yield: 0.187 g (76%); M.P: >250°C;
FT-IR (], cm−1): 3424.33, 3185.67 (N-H); 1675.96 (C�O),
1573.72 (C�N), and 1509.86 (C�N-NO2); EMAR-ES (m/z):
calculated for C10H9N5O3 247.06, found: 270.10 [M+Na]+;
1H NMR (600MHz, DMSO-d6), δ ppm: 12.35 (s, 1H, NH-
indole), 10.04 (s, 1H, �N-NH), 8.23 (s, 1H, CH�N), 8.18 (s,
1H, H2), 7.84 (d, 1H, J� 8.0Hz, H5), 7.78 (d, 1H, J� 7.7Hz,
H7), 7.33 (t, 1H, J� 7.9Hz, H6), and 6.25 (s, 2H, NH2); 13C
NMR (150MHz, DMSO-d6), δ ppm: 157.3 (C�O); 136.30
(CH�N); 142.8 (C4–NO2, Ar), 139.5 (C8, Ar), 131.7 (C2, Ar),
121.5 (C6, Ar), 118.6 (C5, Ar), 117.5 (C7, Ar), 116.2 (C3, Ar),
and 110.9 (C9, Ar).

2.2.2. Antibacterial Tests. 6e in vitro antibacterial activity
of the semicarbazone derivatives 1–4 was investigated
against the standard strains of Gram-positive (Staphylo-
coccus aureus ATCC25923 and Bacillus subtilis ATCC11774)
and Gram-negative (Escherichia coli ATCC25922 and
Pseudomonas aeruginosa ATCC27853) bacteria. In order to
compare the results, tetracycline was used as standard drug.
6e antibacterial assays were carried out by the dilution
method. To prepare the initial inoculum (IIB), two fresh

bacterial colonies were suspended for 14 h in a solution of
NaCl 0.8% until obtaining an optical density by 0.08–0.1 at a
wavelength of 620 nm. Tetracycline (Sigma) was used as the
standard antibiotic. Each assay was performed in triplicate,
and reproducibility was evaluated twice.

6e compounds were dissolved in DMSO at 50 μg/μL as
stock solution, which was diluted with Müller–Hinton broth
II (MHBII, Difco) at concentrations of 12.5, 25, 50, 100, 150,
and 200 μg/mL. Serial dilutions were placed inside the 96-
well microplates (100 μL/well) and were inoculated with
10 μL of solution of IIBd (IIB diluted in MHBII, 1 : 20).
Positive growth controls were prepared using the dilutions
of the compounds inoculated with bacteria-free MHBII. 6e
microplates were incubated for 24 h at 35°C. Tetrazolium salt
was used as a growth indicator [25], and 10 μL of a solution
of tetrazolium violet 0.1% (TV, Sigma T0138) was added to
each microplate. 6en, these microplates were incubated
under darkness for 4 h at 35°C. 6e TV indicator is reduced
to a violet precipitate when there is bacterial respiratory
activity. Minimum inhibitory concentration (MIC) value is
considered as the lowest extract concentration that inhibits
bacterial growth, which is reflected by the absence of the
violet precipitate.

2.2.3. Computational Details. 6e quantum chemical cal-
culations were carried out using the Gaussian 09 and D01
software packages [26]. 6e geometries of the synthesized
compounds were optimized using B3LYP functional and the
6-311++G(d,p) basis set without symmetry restrictions
[27–29]. Harmonic vibrational frequencies were obtained at
the same level without scaling to verify that all the stationary
points are minimal. 6e computed energies and enthalpies
for the most stable species studied were calculated in both
the gas and liquid phases (acetone and DMSO solvents),
using the polarizable continuum model [29, 30]. 6e con-
formational analysis of these species was also explored, and
the corresponding population distribution values were de-
termined using the Boltzmann distribution [27]. For more
details, see Table S1 of Supporting Information.

3. Results and Discussion

3.1. Synthesis and Characterization. Compounds 1–4 were
prepared according to literature [31], as shown in Scheme 1.
6e semicarbazone derivatives were obtained in satisfactory
yields (56–76%) and characterized by FT-IR, ESI mass
spectrometry, and NMR (1H, 13C) spectroscopy. Spectro-
scopic data obtained for the synthesized semicarbazones are
in agreement with the proposed structures. All the syn-
thesized compounds were recrystallized from a methanol :
acetone mixture (10mL, v/v, 1 :1), before characterization.

3.2. Infrared Spectra. 6e IR spectra of the compounds 1–4
showed absorption bands in the range of 3200–3450 cm−1

which are assigned to the N-H groups of the indole ring and
terminal amine group (−NH2) [27, 32]. 6e absorption
bands corresponding to the carbonyl group (C�O) appeared
at 1639–1681 cm−1 [27, 32, 33]. 6is observed band indicates
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the presence of the keto tautomer in the solid state [34]. An
intense sharp band was observed at 1536–1580 cm−1 due to
vibration of the imine C�N stretching frequency [27]. For
compounds 3 and 4, the presence of the OCH3 and NO2
substituents in the C5 and C4 positions, of the indole moiety,
generated shifts of the ν(C�N) bands to lower frequencies
(37–43 cm−1). A good linear correlation of vibrational fre-
quencies (given as wave number σ, in cm−1) is obtained
between these experimental IR data and the corresponding
to B3LYP/6-311++G(d,p) theoretical values (see Supporting
Information).

3.3. NMR Spectra. 6e 1H NMR and 13C NMR spectra of the
synthesized compounds were recorded in acetone-d6 and
DMSO-d6, respectively. In the 1HNMR spectra of compounds
1–4, the signal of the HC�N proton appeared as a singlet at
δ � 8.07–8.23, while the signal of the�N–NH appears as a
broad singlet at δ � 9.13–10.04. 6ese results are similar with
the chemical shifts reported for other benzaldehyde and
phenoxyphenyl semicarbazone derivatives with the OH, CH3,
Br, and NO2 substituents at the phenyl ring [31, 35]. 6e
resonance lines of the protons corresponding to the indole
ring were observed at δ � 6.83–8.37. For compounds 1 and 2,
the aromatic proton signals of the indole fragment bound to
the HC�N group were affected by the presence of the bromo
and chloro substituents on the C5 position of the indole
moiety. 6ese signals are shifted downfield for the protons on
the C4 (0.95 and 0.79 ppm, respectively), C6 (0.20 and
0.07 ppm, respectively), and C7 (0.77 and 0.74 ppm, respec-
tively) positions, compared to the unsubstituted indole moiety
[36]. For compound 3, the presence of the methoxy substit-
uent group on the C5 position of the indole moiety affected
also the resonance signals of the aromatic protons. 6ese
signals are shifted upfield for the protons on the C2
(0.24 ppm), C6 (0.30 ppm), and C7 (0.90 ppm) positions,
while for the proton in the C4 position, this is shifted 0.23 ppm
upfield, with respect to the unsubstituted indole moiety. For
compound 4 with the nitro substituent group on the C4
position of the indole moiety, the signals of the aromatic
protons on the C2, C5, and C6 positions are shifted 0.38, 0.65,

and 0.20 ppm downfield, respectively, while the signal of the
proton on the C7 position is shifted 0.44 ppm upfield, with
respect to the unsubstituted indole ring. For compounds 1, 2,
and 3, the presence of the bromo, chloro, and methoxy sub-
stituents on the C5 position affected the resonance signals of
the NH indole proton. 6ese signals are shifted upfield (0.78,
0.84, and 0.28 ppm, respectively) while for compound 4, the
signal of the NH indole proton is shifted 0.76 ppm downfield
compared to the unsubstituted indole moiety [36]. 6ese
results are in agreement with the chemical shifts observed for
other acylhydrazone derivatives, ((E)-N′-((5-bromo-1H-
indol-3-yl)methylene)isonicotinohydrazide, (E)-N′-((4-nitro-
1H-indol-3-yl)methylene) isonicotinohydrazide, and mela-
tonin [24, 34].

6e NH2 protons of the thioamide group appeared as a
broad singlet in the region δ � 5.98–6.25, in agreement with
the chemical shifts found for other semicarbazone deriva-
tives with terminal amine groups [31].

In the 13C NMR spectra of compounds 1–4, the carbon
resonance signals of the C�N group appear at δ � 136.3–138.5.
6ese results are similar to the chemical shifts found for other
carbazone derivatives with imidazole fragment [27]. 6e
signals observed at δ � 156.5–157.4 are characteristic for the
CO carbonyl group present in all compounds. 6e aromatic
carbons of the indole ring were observed at δ �

103.8–142.8 ppm, and these chemical shifts are in agreement
with those found for other indole and carbazone derivatives
[27, 32, 37]. On the other hand, the OCH3 methoxy carbon
signal for compound 3 appeared at 55.7 ppm [37].

6e two-dimensional 1H-1H NOESY spectra recorded in
acetone-d6 for compounds 1 (Figure 1) and 2 show coupling
between the imino proton (-CH�N) and the hydrazine
proton (�N-NH). 6ese results are in agreement with the E
configurational isomer found for other semicarbazone de-
rivatives, whose chemical shifts of the hydrazine protons are
in the range of 9.13–10.04 ppm [38, 39]. In addition, in the
two-dimensional 1H-1H NOESY spectrum recorded for the
compound 1, no coupling is observed between the hydro-
gens of the (NH2) terminal amine and �N-NH hydrazine
groups, which confirms the existence of the cis conforma-
tional isomer.
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Scheme 1: Synthesis of the indole-3-carbaldehyde semicarbazone derivatives (1–4).
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3.4. DFT Calculations. 6e synthesized compounds 1–4
present an indole ring, a side chain at the C3 position
(carbaldehyde semicarbazone moiety), and substituents
C5–Br (1), C5–Cl (2), C5–OCH3 (3), and C4–NO2 (4) (see
Scheme 1). 6e Z/E isomerism was considered with respect
to the C�N bond and cis/trans conformers with respect to
the CONH amide group [40]. For each studied compound
and from its isomeric-conformational analysis, the theo-
retical calculations have shown that the most stable con-
former has a cisE geometrical configuration, where the
rotation (around C3−CN bond) of side chain is character-
ized by the dihedral angle Φ (see Figure 2). 6is conformer
represents more than 97% of the corresponding confor-
mational population, in both the gas and liquid phases
(acetone and DMSO) (see Table 1). 6us, the rest of the
conformers considered (trans E, cis Z, and trans Z) display
high enthalpy differences relative to the corresponding most
stable one (greater than 4 kJmol−1). It is important to

mention that the cisE configuration obtained for the most
stable 1 and 2 conformers is supported by the two-di-
mensional 1H-1H NOESY spectra.

In the most stable conformers, 1–3, the side chain and
the indole moiety present an almost coplanar geometry
because the dihedral angle Φ is close to 180°, while the side
chain of compound 4 is out of the indole plane (Φ�156°).
6is result would be related with the inductive and resonant
effects of the substituent group NO2 (strong π-withdrawing)
which would reflect also the presence of a high dipolar
moment (μ� 9.8 D) of the most stable conformer 4. 6e
presence of the OCH3 (π-donating) and Cl and Br (both
π-donating/withdrawing) substituent groups for com-
pounds 1, 2, and 3, respectively, causes a π-electron delo-
calization on their side chains due to the following obtained
dipolar moments: μ (3)< μ (1)≈ μ (2)< μ (4) (see Table 2).
6is behavior was observed in the gas phase and in both
acetone and DMSO solvents.
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Figure 1: Two-dimensional 1H-1H NOESY NMR spectrum (500MHz) recorded in acetone-d6 for the compound 1.
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3.5. Antibacterial Activity. 6e in vitro antibacterial activi-
ties of the compounds 1–4 were studied along that of tet-
racycline (standard antibacterial drug). 6e microorganisms
used in this work included S. aureus and B. subtilis (as Gram-
positive bacteria) and E. coli and P. aeruginosa (as Gram-
negative bacteria), and the results are presented in Table 2.

Comparing the bacterial activities of the semicarbazone
derivatives and the standard drug, it became evident that
compounds 1 and 2 exhibited moderate inhibitory activities
against S. aureus (MIC� 100 and 150 μg/mL, respectively)
and B. subtilis (MIC� 100 and 150 μg/mL, respectively)
[41, 42], as compared to tetracycline [43] (in this work). 6is
same effect was obtained when comparing with the indole-2-
carbaldehyde-semicarbazone derivative, 2-((3-chloro-1H-
indol-yl)methylene)-1-(3,5-diamine-4-propionate-2-carbon-
ylthiophene) hydrazine, assayed against Staphylococcus au-
reus and Bacillus subtilis (MIC� 5 and 6 μg/mL, respectively)
[44, 45]. 6e results found in this work indicate that the
position of Br and Cl atoms on the indole rings plays an
important role in inhibiting bacterial growth.6e presence of
bromine on the fifth position of indole may have a contri-
bution in increasing the lipophilic character of the compound
1, facilitating transport across the microorganism cell mem-
brane and increasing antimicrobial activity [46]. 6is antimi-
crobial behavior was also observed for 3-imino-[4-benzylidene-
2-phenyl-imidazole-5-one-1-(4-benzoylhydrazono)]-X-indole-

Ф

5 5 5

1 (Ф = 176.7) 2 (Ф = 178.2) 3 (Ф = 178.5) 4 (Ф = 156.0)

4

Figure 2: Molecular geometry of the most stable cisE conformers of 1–4 optimized at the B3LYP/6–311++G(d,p) level of theory. Dihedral
angle Φ in degrees.

Table 1: Computational results, at the B3LYP/6–311++G(d,p) level of theory, for the synthesized compounds 1–4.

Compounds

Conformers
1 2 3 4

cisE Othersa cisE Othersa cisE Othersa cisE Othersa

Gas phase
ΔHb 0 >5 0 >5 0 >4 0 >11
μc 6.6 ≤8.6 6.6 ≤7.8 5.0 ≤6.4 9.8 ≤10.6
Populationd 98.4 ≤1.6 98.3 ≤1.7 97.1 ≤2.9 99.3 ≤0.7
DMSO
ΔHb 0 >8 0 ≥9 0 >7 0 >10
μc 8.9 ≤12.4 9.0 ≤11.8 6.6 ≤9.4 13.9 ≤16.2
Populationd 99 ≤0.9 99.1 ≤0.7 98.8 ≤1.1 99.5 ≤0.3
Acetone
ΔHb 0 >8 0 ≥9 0 >7 0 >10
μc 8.8 ≤12.2 8.9 ≤11.6 6.6 ≤9.2 13.8 ≤15.8
Populationd 99 ≤0.9 99.1 ≤0.8 98.8 ≤1.1 99.4 ≤0.5
atrans E, cis Z, and trans Z conformers. bRelative enthalpy of stable conformer, in kJ·mol−1. cElectric dipolar moment, in D (debye). dEquilibrium molar
fractions or conformational population in %.

Table 2: Minimum inhibitory concentration (MIC) values ob-
tained for the compounds 1–4 and tetracycline against Gram-
positive (Staphylococcus aureus and Bacillus subtilis) and Gram-
negative (Escherichia coli and Pseudomonas aeruginosa) bacterial
strains.

Compound
MIC (μg/mL)

E. coli P. aeruginosa S. aureus B. subtilis
1 >200 >200 100 100
2 >200 >200 150 150
3 >200 >200 >200 >200
4 >200 >200 >200 >200
Tetracycline <12.5 <12.5 <12.5 12.5
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2-one (X�Cl, F, Br) derivatives assayed against Staphylococcus
aureus (X�Cl, F: MIC� 14μg/mL; X�Br: MIC� 12μg/mL)
[47]. On the other hand, the compounds 3 and 4 with the
OCH3 and NO2 substituents on the C5 and C4 positions of the
indole moiety, respectively, were relatively less active (MIC
�> 200μg/mL) against the tested bacterial strains. 6e anti-
bacterial results obtained for compound 4 are in agreement
with those obtained for the carbohydrazide derivative, with the
NO2 substituent group on its indole ring, against S. aureus
bacterial strain [48].

4. Conclusions

In the present study, four semicarbazone derivatives with
different substituent groups on the indole moiety were
synthesized and characterized by ESI-MS and standard
spectroscopic techniques. 6e two-dimensional NMR (in
acetone-d6) spectral data revealed that 1 and 2 in solution
exist in the cisE isomeric form. 6is evidence was also
confirmed by DFT calculations carried out for all the syn-
thesized compounds. 6e results of the antibacterial activity
showed that compounds 1 and 2 (with the Br and Cl
substituents, respectively) exhibited moderate bioactivity
against S. aureus and B. subtilis (as Gram-positive bacteria)
while compounds 3 and 4 (with the OCH3 and NO2 sub-
stituents, respectively) were relatively less active against the
tested bacterial strains compared with tetracycline.

Data Availability

6e data used to support the findings of this study are in-
cluded within the article, except for the computational re-
sults, which are found in the Supporting Information
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fide researchers.
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