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Abstract

A series of some new Schiff base-derived thiosemicarbazones (1-6) were synthesized from various aldehydes and N-(o-
tolyl)hydrazinecarbothioamide. The thiosemicarbazide was prepared by the reaction of 1-isothiocyanato-2-
methylbenzene with hydrazine monohydrate. The structures and purity of these compounds were confirmed using
standard spectroscopic methods, including proton and carbon nuclear magnetic resonance (‘H and '*C NMR), Fourier-
transform infrared spectroscopy (FT-IR), and elemental analysis. The structural and electronic properties of the
compounds were examined using Density Functional Theory (DFT) calculations, and their relationship to structural
characterization was analysed and discussed. Additionally, the influence of substituent groups on both the electronic
properties and activation behaviors of the compounds was explored.
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Oz

Cesitli aldehitler ve N-(o-tolil)hidrazinkarbotiyoamidden bir dizi yeni Schiff bazi tiirevi tiyosemikarbazonlar (1-6)
sentezlendi. Tiyosemikarbazit, 1-izotiyosiyanato-2-metilbenzenin hidrazin monohidrat ile reaksiyonuyla hazirlandi. Yeni
sentezlenen tiim bilesiklerin yapilari ve safligi, proton ve karbon niikleer manyetik rezonans ('H ve 3C NMR), Fourier
doniisiimlii kizilétesi spektroskopisi (FT-IR) ve element analizi dahil olmak iizere standart spektroskopik yontemler
kullanilarak dogrulandi. Bilesiklerin yapisal ve elektronik ozellikleri Yogunluk Fonksiyonel Teorisi (DFT) hesaplamalar
kullanilarak incelendi ve yapisal karakterizasyonla iliskileri analiz edildi ve tartisildi. Ayrica, siibstitiient gruplarin
bilesiklerin hem elektronik ozellikleri hem de aktivasyon davranislart iizerindeki etkisi aragtirildh.

Anahtar kelimeler: DFT hesaplamalari, Schiff bazi, Yapr aydinlatiimas, Tiyosemikarbazonlar

1. Introduction

Thiosemicarbazones represent an important class of compounds in synthetic organic chemistry, distinguished
by their organosulfur framework containing the -NH-C(=S)NH—-N= functional group. Due to their structural
versatility, they serve as valuable intermediates in the synthesis of a wide range of biologically active
molecules. These compounds have been extensively explored for their diverse pharmacological and biological
activities, including antitubercular (Netalkar et al., 2014), antiviral (Sevingli et al., 2020), antimicrobial
(Giindiiz et al., 2021), antibacterial (Govender et al., 2019), anticonvulsant (Kshirsagar et al., 2009), urease
inhibitor (Pervez et al., 2010), anticancer (Shakya & Yadav, 2020), and antioxidant (Muglu et al., 2022;
Hernandez et al., 2023; Cavus, 2025) properties. Nowadays, Schiff base-derived thiosemicarbazones have
attracted significant attention for their potential in both in vitro and in vivo biological evaluations. These
derivatives have demonstrated notable anticancer (Arafath, 2024), antioxidant (Muglu, 2020), antibacterial and
antifungal (Pervez et al., 2008), antimicrobial (Al-Amiery et al., 2012), enzyme inhibitory properties (Tokali
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et al., 2021), anti-HIV (Bal et al., 2005), ameliorative effect (Karakus et al., 2024), and anti-inflammatory
(Subhashree et al., 2017) activities.

In this research, some new Schiff base derived thiosemicarbazones (1-6) were synthesized and thoroughly
characterized using FT-IR, 'H-NMR, "C-NMR spectroscopy, and elemental analysis. Additionally, DFT
calculations were employed to gain insights into both the geometric and electronic structures of the synthesized
compounds. Through these theoretical analyses, the effects of substituent groups incorporated into the
compound structure on the electronic parameters, such as frontier molecular orbital (FMO) energies and global
reactivity, and thus their influence on the stability and activity of the compounds, were investigated.

2. Materials and methods
2.1. Materials

Reagents were acquired from commercial suppliers (Merck, Sigma, or Aldrich) and used directly without
purification. Spectroscopic grade solvents were used throughout the study. Elemental analyses were carried
out using a Eurovector EA3000-Single analyzer. Melting points were measured using a Stuart SMP30
apparatus. FT-IR analysis was performed on a Bruker Alpha spectrometer. Proton and carbon NMR spectra
(‘H and "C) were recorded on a Bruker Avance DPX-400 MHz using DMSO-ds as solvent.

2.2. Synthesis of the compounds (1-6)

A mixture of 1-isothiocyanato-2-methylbenzene (7.50 mmol) and hydrazine monohydrate (7.50 mmol) was
added dropwise to 20 mL of ethanol under vigorous stirring, while maintaining the temperature in an ice bath.
The mixture was placed in a refrigerator and left to stand overnight. The resulting precipitate, corresponding
to the thiosemicarbazide, was filtered, dried, and purified using ethanol. Afterwards, a few drops of
hydrochloric acid were added to a solution containing the thiosemicarbazide (4.00 mmol) and various
aldehydes (4.00 mmol) in 20 mL of aqueous ethanol. The reaction mixture was refluxed at 78 °C for 3 to 5
hours. Upon completion, the solid product was collected by filtration, washed, and air-dried. The target Schiff
base-derived thiosemicarbazones were successfully synthesized in good yields (66-88%) as shown in Figure
1. A previously reported method was followed with slight modifications (Zhang et al., 2007; Yakan, 2020).
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Figure 1. Synthesis pathway of new Schiff base derived thiosemicarbazones (1-6).
2.3. Theoretical studies

All quantum chemical calculations were performed based on DFT (Hohenberg & Kohn, 1964; Kohn & Sham,
1965) using the ORCA software (Neese, 2022). The B3LYP functional (Becke, 1988; Lee et al., 1988),
combined with the D4 dispersion correction (Caldeweyher et al., 2017; Caldeweyher et al., 2020) and the 6-
311++G(2d,2p) basis set (Lee et al., 1988; McLean & Chandler, 1980), was employed. No symmetry
constraints were applied during the optimization of molecular structures. To achieve more precise
convergence, the TightSCF and TightOpt algorithms were activated, and automatic auxiliary basis sets were
generated using the AutoAux command. Analysis of the IR spectra confirmed that the structures exhibited no
negative vibrational modes.
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Gas-phase calculations were utilized to elucidate the electronic structures and reactivity properties of the
molecules. These data were evaluated through Highest Occupied Molecular Orbital (HOMO) and Lowest
Unoccupied Molecular Orbital (LUMO) energy levels and used to calculate global reactivity descriptors (such
as electrophilic index (o), electronegativity (), chemical hardness (1), nucleophilic index (¢), etc.).

The electronic chemical potential (u) is fundamentally defined as the first derivative of the total energy (E)
with respect to the number of electrons (N) at a constant external potential v(r) (Parr, 1980; Parr & Pearson,
1983):

0E

-, o

Within the framework of DFT, applying the finite difference approximation and Koopmans' theorem
(Koopmans, 1934; Kohn & Sham, 1965) the electronic chemical potential (i) was approximated as:

~ (EHoMo*+ELuMmo) )

H 2

Subsequently, electronegativity (x) (Parr et al., 1999) and chemical hardness (1) (Pearson, 1988) were defined
by the equations:

X=-u A3)
n= (ELUMO;EHOMO) &)
The electrophilicity index ® is given by the expression (Parr et al., 1999):

w=L )

The relative empirical nucleophilic index, €, is defined using tetracyanoethylene (TCE) as a reference
(Domingo et al., 2008):

€ = Enomo(nucteophite) — Enomo(rce) (6)

Finally, the electroaccepting, w™, and electrodonating, w~, powers were calculated as follows (Gazquez et al.,
2007):

+_ A

~20-4) (7
- I

~20-4) ()

where w™ quantifies the ability to accept electron density, while w™ quantifies the ability to donate it.
Additionally, for NMR calculations, the solvent environment was accounted for using the CPCM-SCRF model
(Cossi et al., 1996), with re-optimizations performed in DMSO. NMR calculations at the B3LYP/6-
311++G(2d,2p) level determined chemical shifts by subtracting the absolute magnetic shielding values of the
reference compound TMS (31.805 ppm for 'H; 183.726 ppm for *C).

3. Results and discussion

3.1. Physicochemical data

The physicochemical and analytical data are compiled in Tables 1 and 2.
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Table 1. The physicochemical data of the compounds.

Comp. Compounds' Structure M. P. (°O) Yields (%) Colour
1 ew M0 on 122-123 73 Dark Brown
S OH
1l
H/c\ﬁ/ o
2 cHs 192-193 79 White

OCH;,3

3 e 0" @ 194-195 88 White
S
\\
/C\NH
i\( N N .
4 =cn 198-199 77 White

5 CHs 212-213 70 Yellow
S
e NS
N N ScH .
6 w, A 187-188 66 White
=
|

Table 2. Elemental analysis results of the compounds

Calculated Experimental
Comp. Mol. Formula M.W. (g/mol) C% H% N% C% H% N%
1 CisHisN3O28 301.36 59.78 5.02 13.94 59.73 5.03 13.96
2 Ci7H19N3038 345.42 59.11 5.54 12.17 59.15 5.53 12.16
3 Ci7H19N3028 329.42 61.98 5.81 12.76 62.04 5.80 12.78
4 CisHi3CLNsS 338.25 53.26 3.87 12.42 53.23 3.88 12.45
5 CisH14N4O2S 314.36 57.31 4.49 17.82 57.28 4.49 17.85
6 Ci14H14N4S 270.35 62.20 5.22 20.72 62.27 5.21 20.68

3.2. IR spectral analysis

Considering the FT-IR spectra of the compounds, the asymmetric and symmetric stretching frequencies of the
amino group (-NH>) as a characteristic doublet peak were not observed at 3400 — 3200 cm™'. At the same time,
aldehyde frequencies (-CHO, two bands) of aldehydic region were not shown at 2820 — 2700 cm™. Instead, a
novel imine group (CH=N) vibration was observed at 1588 — 1532 cm™. This evidence confirmed the expected
successful reaction. For all compounds (1-6), a novel amine group (-NH) vibration were detected in the range
3326 - 3090 cm™, aromatic and aliphatic protons were observed at 3078 — 2957 cm™ and 2942 — 2863 cm.
The —C=S signals were observed at 1426 — 1315 cm™, the -C—N vibrations were observed at 1287 — 1174 cm’
! (see Figures S1-S6 in Supplementary information). For the compounds 1-3, the -C—O vibrations were
observed at 1167 and 1039 cm™, the —OH vibrations were observed in the range of 3495 — 3423 cm™. For the
compound 4, the -C—Cl vibration signal was observed at 1079 cm™. For compound 5, the nitro (-NO») group
were observed at 1496 and 1177 cm™. These findings align with earlier data reported for structurally similar
compounds (Al-Amiery et al., 2012; Yakan, Azam, et al., 2023; Yakan, Muglu, et al., 2023; Sarioglu &
Sogukdmerogullari, 2024). These findings confirm the successful outcome of the expected reaction. The
principal IR stretching bands detected in the synthesized compounds are summarized in Table 3.
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Table 3. Experimental and calculated IR vibration frequencies of the synthesized compounds (cm™).

VC-H ve-H . .
Comp. UNH Aromatio (Aliphatic) VC=N VC=s VCN Vc-o Specific Vib.
1 3162 3025 2876 1s36 1323 1l 1% OH: 3423
- 2 e 30322098 2907-2876 1s46 1315 es 9 OH: 3497
A 30672988 29422879 s B0 e 1o OH: 3495
g 4 gﬁg 3012-2964 2914-2882 1534 1426 gg - C-Cl: 1079
= o 2957 2863 RN EE T o - NO»: 1496, 1177
6 30783022 2925 1588 1384 > - -
i e e N
U B o e B o
fﬁ 3353303 316296 3007.65 160377 143915 10545 119983 OH: 376932
PoLom oEE R e BETT o
S Je9es  3neos oo 165602 1asas7 Dnes . NORCSEG
6 Jamas st ol 165570 143s (RSE :

3.3. "H NMR analysis

The "H NMR spectra of the compounds were acquired in DMSO-ds and the results are presented in Table 4.
For all compounds 1-6, the amino signal (-NH, H7) of thiosemicarbazone moiety was observed as a singlet in
the ranges of 12.16 — 11.48 ppm, while the amino signal (—NH, H6) of 2-methylphenyl region was resonated
as a singlet at 10.23 — 8.89 ppm, respectively. The characteristic proton signal of imine (—-CH=N, HS8) was
detected as a singlet in the ranges of 8.42 — 8.03 ppm. The methyl proton (—CH3, H5) signals of 2-methylphenyl
region were observed as a singlet at between 2.26 and 2.21 ppm. The aromatic proton (H1-H4) signals of 2-
methylphenyl region were resonated in the ranges of 8.26 — 7.20 ppm. The aromatic proton (H9-H13) signals
of aldehyde region were detected in the ranges of 8.62 — 6.26 ppm (see Figures S7-S12 in Supplementary
information).

The each —OH proton signals of compounds 1-3 were observed as a singlet at 9.78 (2H), 9.84, and 9.83 ppm,
respectively. The methoxy proton signal of compound 2 was observed as a singlet at 3.82 ppm. For compounds
3, the proton signal of the methylene group (OCH») was observed as a quartet at 4.11 —4.06 ppm (q, 2H); the
—CHs proton signal was detected as a triplet at 1.36 — 1.33 ppm (t, 2H). The obtained data are in accordance
with previously reported results for similar compounds (Al-Amiery et al., 2012; Yakan, Azam, et al., 2023;
Yakan, Muglu, et al., 2023; Sarioglu & Sogukoémerogullari, 2024). The DMSO-ds signal appeared as a quintet
at approximately 2.50 ppm, while the water signal (HOD or H-0 in DMSO) was observed around 3.30 ppm,
with its exact position varying depending on solvent composition and concentration (Fleming & Williams,
2020).

3.4. ®C NMR interpretations

The *C NMR spectra of the synthesized compounds were detected in DMSO-dss and the chemical shifts are
presented in Table 5. For compounds 1-6, the characteristic -C=S peaks were detected at 177.81 — 176.41
ppm. The other characteristic -CH=N (imine) peaks were observed in the ranges 143.71 — 138.16 ppm. The
methyl carbon (—CH3) signals of 2-methylphenyl region were observed at between 18.32 and 18.04 ppm. The
aromatic carbon atom (C1-C6) signals of 2-methylphenyl region were detected in the ranges of 138.69 — 126.28
ppm. The aromatic carbon atom (C7-C12) signals of aldehyde region were observed in the ranges of 161.06
—102.74 ppm (see Figures S13-S18 in Supplementary information).
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Table 4. Experimental and calculated "H NMR data of the compounds, (8/ppm).

Hs
Hy
Ho ﬁ His Hyo
Hy C._" N s
P
N N~ ¢ Hiq
H H H
CH; R
HS5
Ho Hio
H5*, H6, H7, HS, .
Comp. H1-H4 CH; NH NH CH=N H9-H13 Specific Peak
2.23 978 1148 835 7.84(s), OH: 9.78
1 7:42-7.20 (m) 6.41-6.26 (m) (s, 2H)
7.38-7.36 (d), ,
5 730.7.28 (4d), 2.26 889 1173  8.04 1136, 0%11{{' 9.38;1 2(s()s )
- 7.25-7.21 (ddd) 3
£ : 7.54 (s), OH: 9.83 (5),
g 3 77%;351 ((Ccll)t) 2.25 944 1164 803 7.13-7.11 (d), OCH:: 4.11-4.06 (q),
S 2u 6.83-6.81 (d), CHs: 1.36-1.33 (t)
e 7.59-7.57 (d) 221 9.57 12.16  8.42
w4 B
L] 4 749742 () 7.26-7.16 (m) -
5 8.26-8.19 (m) 224 10.23 12,10 8.23 7.31-7.23 (m) -
2.24 10.19  12.08  8.11 8.62-8.61 (d),
6 7.31-7.23 (m) 7.90.7.88 (d) -
1 7.68-7.84 222264 828  9.02 833 6.78-6.91 OH; 17%84’
OH: 6.32
3 2 7.70-8.13 236272 938 9.2  8.10 7.92,7.24 OCHs: 3.71-4.25,
= 4.03-4.39
] OH: 6.48,
S 3 7.75-7.94 233271 920 911  8.13 7.35-8.03 OCH2: 4.32, 4.33,
CH;: 1.48-1.63
4 7.77-7.88 225256 938 946  8.68 7.75-7.91 -
5 7.57-10.19 2.73-294 1067 931  8.28 8.03-8.9 -
6 7.57-10.24 2.71-293 1060 925  8.15 7.80-9.16 -

* (s, 3H) (s, 1H)

For all compounds, some carbon atom signals (161.06 — 129.00 ppm) were shifted down-field (high values of
0) relative to the signal of phenyl carbon (128.5 ppm) due to the presence of methoxy (—OCH3), —OH, nitrogen,
methyl (-CHzs), —Cl, —-NO, atoms/groups. The methoxy (—OCH3) carbon signal of compound 2 was observed
at 56.68 ppm. For compounds 3, the carbon signal of the methylene group (OCH,) was observed at 64.47 ppm;
the methyl (—CH3) carbon signal of ethyl group was detected at 15.16 ppm. These values align well with those
documented for similar molecular structures in prior studies (Al-Amiery et al., 2012; Hussein et al., 2019;
Yakan, Azam, et al., 2023; Yakan, Muglu, et al., 2023; Rizvi et al., 2024).

3.5. DFT analysis

As detailed in Figure 2, it was observed in this study that the HOMO and LUMO distributions of all six
compounds examined are distinctly separated in different regions of the molecule. HOMO localization is
concentrated around the aldehyde moiety in compounds 1-3, around the 2-methylphenyl site in compounds 4—
6, and commonly around sulfur and adjacent nitrogen atoms. ESP maps indicate that the electron density is
concentrated around atoms such as the sulphur atom, the oxygens in the nitro group (compound 5), and the
phenolic/etheric oxygens (compounds 1-3). This localization suggests that this site of the molecule exhibits
nucleophilic character and is the most susceptible region to electrophilic attacks. In contrast, LUMO
localization is observed on the thiourea-aldehyde region, with a notable decrease in electron density around
the hydrogen atoms of the amine (N-H) and hydroxyl (O-H) groups. These findings indicate that this region is
electrophilic and the most reactive toward nucleophilic attacks.
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Table 5. Experimental and calculated '*C NMR data of the compounds, (5/ppm).

C
c¥ 4\05 S
| ] I Cs=Co
Con . Con YN /N§ X \
o N N c—cC; C1o
| H  H N 7
CH, C12=Cyy
1 2 3 4 5 6
CH; 18.31 18.32 18.30 18.04 18.25 18.24
C=s 176.41 176.70 176.68 177.30 177.76 177.81
CH=N 141.13 138.38 143.71 138.16 141.20 14191
c1 135.63 135.87 135.82 134.53 136.16 136.11
C2 130.47 130.55 130.52 130.58 130.59 130.58
C3 129.00 129.14 129.11 129.76 129.33 12931
7 4 126.28 126.38 125.95 12631 126.50 126.47
§ s 126.90 127.10 127.04 126.90 127.43 127.40
5 C6 138.69 138.67 138.67 137.84 138.45 138.43
= o 11231 124.73 12635 131.63 140.19 140.05
= 8 161.06 105.65 111.27 134.57 128.85 121.79
9 102.74 148.59 147.72 128.09 124.23 150.49
C10 158.57 143.76 149.69 130.30 148.08 -
c11 108.23 148.59 115.80 128.09 124.23 150.49
C12 133.44 105.65 123.16 134.57 128.85 121.79
R - OCHs: 56.68 O&?gﬁ“g - - -
CH; 20.06 19.96 20.06 20.01 19.78 19.76
C=s 183.59 183.68 184.21 186.21 180.67 180.75
CH=N 153.81 149.54 149.86 143.39 144.95 145.34
c1 147.40 142.10 143.64 144.40 135.50 135.50
C2 136.38 135.77 135.84 136.00 136.30 136.40
c3 134.98 132.42 133.19 133.90 129.90 129.50
- C4 132.30 130.70 131.06 131.40 131.80 131.60
g s 135.33 13430 135.65 136.00 121.20 121.00
T C6 144.91 144.00 144.44 14430 144.50 144.60
S 116.08 131.50 132.22 135.80 149.70 148.70
c8 168.42 126.10 109.71 151.10 137.30 130.50
C9 105.94 153.90 153.99 134.90 131.90 159.00
C10 169.00 150.60 156.81 136.40 154.30 -
ci1 111.82 155.60 118.07 136.60 131.20 157.70
C12 141.16 105.50 13130 147.10 130.10 122.80
R - OCH: 58.34, 64.31 %%?:165?'533,2 : : -

The incorporation of electron-donating groups (EDGs) into the aryl ring generates an effect that enhances
molecular stability. In compounds 1, 2, and 3, these groups donate electron density to the m-system through
resonance and inductive effects, destabilizing both HOMO and LUMO energy levels, which leads to a
widening of the HOMO-LUMO energy gap (E,). These compounds exhibit the widest energy gaps in the
series, ranging from 3.809 eV to 3.824 eV (Table 6). A wide energy gap indicates high resistance to electronic
excitations and, consequently, high kinetic stability. Therefore, derivatives containing EDGs stand out as
chemically less reactive but more stable structures. Among these groups, the ethoxy-substituted compound 3,
with the highest HOMO energy (-5.707 eV), is considered the most effective electron donor. Conversely, the
presence of electron-withdrawing groups (EWGs) such as chloro (-Cl), nitro (-NOz), and 4-pyridinyl
significantly enhances molecular reactivity. These groups withdraw electron density from the aryl ring,
lowering the energy of the LUMO orbital, which acts as an electron acceptor.
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Figure 2. HOMO-LUMO and ESP surface of the compounds.

A lower-energy LUMO makes the molecule a better electron acceptor, and the narrowing of the energy gap
renders these compounds more prone to chemical reactions. This effect is most pronounced in compound 5,
which contains the strongly electron-withdrawing p-nitro group. The E, value of this compound, 2.995 eV, is
lower than that of the other compounds, making compound 5 stand out as the most reactive among all. The
data indicate that the electron-withdrawing strength follows the order —-NO: (5) > —Cl (4) > 4-pyridinyl (6).
Global reactivity parameters also support these findings. While the most stable compound, compound 1,
exhibits the highest hardness (n = 1.912 eV), the most reactive compound, compound 5, has the lowest
hardness value (n = 1.498 eV). These data reveal a kinetic stability order of 1>3>2>6>4>5.

Moreover, compound 5 exhibits the highest electrophilicity index () in the series at 7.496 eV, making it the
strongest electrophile. This finding is consistent with compound 5 having the lowest LUMO energy (-3.241
eV) and the highest electron-accepting power (0" = 1.753 eV). In contrast, compounds with electron-donating
groups (1, 2, 3) are weak electron acceptors, with low @" values around 0.5 eV. Regarding electron-donating
capability, compound 3 has been identified as the best electron donor, with the highest HOMO energy (-5.707
eV), the lowest electron-donating power index (0" =4.271 eV), and highest nucleophilicity index (¢ = 3.788
eV). On the other hand, compound 5, characterized by the lowest HOMO energy (-6.236 e¢V) and the lowest
nucleophilicity index (g = 3.259 eV), is the weakest electron donor.
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Table 6. Calculated electronic parameters of the compounds.

Comp. Exomo Eymo E, n X o € o’ o

(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)
1 -5.797 -1.973 3.824 1.912 3.885 3.947 3.698 0.509 4.394
2 -5.724 -1.915 3.809 1.905 3.820 3.830 3.770 0.481 4.301
3 -5.707 -1.894 3.813 1.907 3.800 3.787 3.788 0.470 4.271
4 -5.854 -2.328 3.526 1.763 4.091 4.746 3.641 0.768 4.859
5 -6.236 -3.241 2.995 1.498 4.738 7.496 3.259 1.753 6.491
6 -6.122 -2.502 3.619 1.810 4.312 5.137 3.373 0.865 5.177

Eg: ELymo — Enomo» N Chemical Hardness, x: Electronegativity, ®: Electrophilic index, & Nucleophilic index,
o* : Electroaccepting power, o : Electrodonating power

4. Conclusions

A series of novel Schiff base-derived thiosemicarbazones were effectively synthesized and obtained in
moderate to good yields ranging from 66% to 88%. The chemical structures of all compounds were confirmed
using IR spectroscopy, 'H and *C NMR spectroscopy, as well as elemental analysis.

In this study, the electronic properties and chemical reactivities of thiosemicarbazone derivatives containing
different substituents were systematically investigated using DFT calculations. Global reactivity parameters
such as chemical hardness, electrophilicity, electroaccepting/electrodonating power, and nucleophilicity were
employed to predict the behavior of the compounds. The obtained results revealed that compounds with
electron-donating groups exhibit a wider HOMO-LUMO energy gap, indicating greater kinetic stability and
higher resistance to chemical reactions. In contrast, electron-withdrawing groups were observed to lower the
LUMO energy, thereby increasing reactivity, with compound 5 (containing the p-nitro group) identified as the
most reactive structure.
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SUPPLEMENTARY MATERIAL

Some new Schiff base derived thiosemicarbazones: Synthesis, spectroscopic characterization, and
theoretical studies
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Figure S1. IR spectrum of compound 1.
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Figure S13. °C NMR spectrum of compound 1.
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