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Abstract: In this research, 2-amino-4,7-dihydro-5H-spiro[benzo[b]thiophene-6,2'-

[1,3]dioxolane]-3-carbonitrile (ST) was synthesized using the Gewald method, starting with 

1,4-dioxaspiro[4,5]decan-8-one ketone. The structures of compounds were characterized 

through FT-IR, 1H-NMR, and 13C-NMR spectra. The antimicrobial properties of the 

compounds were examined by the disk diffusion process. The compounds (N1-3) did not 

exhibit effectiveness against the E. Coli (ATCC) and S. Aureus (ATCC) bacteria. The molecular 

electrostatic potential surface (MEP) of all compounds was calculated via DFT calculations 

based on the optimized geometries at the B3LYP/6-31G (d,p) level of theory. Negative 

potential regions were located over the oxygen and nitrogen atoms, whereas positive potential 

regions were identified over the oxygen and sulfur atoms. Conceptually, computations of the 

molecular structures of the compounds were carried out using molecular modeling software, 

specifically GaussView 5.0 and the GAUSSIAN 09 package programs. Additionally, 

computations were performed for the HOMO and LUMO molecular orbitals of isolated 

molecules in the gas phase. Molecular electrostatic potential (MEP) surfaces were used to 

visualize potential interactions between receptors and ligands over the steady-state geometries 

of the molecules and to highlight the electrophilic and nucleophilic regions of the molecules. 

Key words: Amino Thiophene, Spiro Compounds, Benzamide Derivatives, Molecular 

Electrostatic Potential Surface 

1. Introduction 

Amides, which constitute a notable subgroup in the field of organic chemistry and were 

originally thought to exist exclusively in living organisms, gained new importance in 

synthetic chemistry with the synthesis of urea by the German chemist Friedrich Wöhler 

in 1828 [1]. Subsequent research during that period led to numerous significant 

discoveries related to amides. The ability to synthesize amide compounds under 

controlled laboratory conditions and to gain a detailed understanding of their structures 

also provided opportunities to elucidate the fundamental processes within biological 

systems.  

Amides are typically compounds containing one or more amino groups attached to a 

carbonyl group. The synthesis of amide compounds, such as those derived from 

https://dergipark.org.tr/sdufeffd
https://orcid.org/0000-0001-7181-9556
mailto:nakicolak@hitit.edu.tr
https://orcid.org/0009-0002-7552-0844
https://orcid.org/0000-0001-


DOI: 10.29233/sdufeffd.1413620  2024, 19(1): 53-62 

 

 

54 

 

structurally diverse amino or carboxylic acid derivatives, as used in this study, often 

requires specific conditions depending on the desired structure and intended applications 

of the amides [2,3]. The chemical structure of amides not only plays a crucial role during 

their synthesis but also holds significant importance in the biological context.  

The structural diversity of amides makes them important in various fields, including 

biochemistry [4], pharmaceutical chemistry [5, 6], polymer science [7, 8], and materials 

science [9]. Amide groups, particularly those found in essential compounds like amino 

acids, play a critical role in biological systems and are frequently employed in the design 

of drug molecules to enhance efficacy or achieve specific targets. In a study conducted in 

2020, it has been demonstrated that [1+1] condensed furan and thipohene-based 

cycloheterophane amide derivatives are effective against S. aureus, B. cereus, E. coli, 

Listeria monocytogenes, Salmonella typhimurium bacterial strains, and C. albicans yeast 

culture [10].  Bondock et al synthesized heterocyclic amide derivatives and determined 

that these compounds exhibited high efficacy, in vitro assays. Additionally, some 

derivatives exhibited antifungal activity [11]. A study of comparing the ligand and metal 

complexes of benzo[b]thiophene-2-carbohydrazide, reported that antimicrobial activity 

was observed with the ligand, but an increase in antimicrobial activity was noted with 

them metal complex [12]. Different types of amides can exhibit various therapeutic 

effects, including antibacterial [13], antiviral [14], anticancer [15], antiparkinson [16], 

and analgesic [17] properties. 

In this study, the amine compound used in the synthesis of amide derivatives is 2-amino-

4,7-dihydro-5H-spiro[benzo[b]thiophene-6,2'-[1,3]dioxolane]-3-carbonitrile (ST). This 

compound is structurally a thiophene ring. Thiophene compounds have played significant 

roles in many studies due to their high chemical reactivity. It is known that some 

mushrooms and a perennial plant species contain the thiophene rings. These biologically 

active compounds frequently appear in pharmacological studies with different properties 

such as antioxidant [18], antibacterial [19], antitumor [20] etc. Due to the effects 

originating from thiophene, the 2-aminothiophene compound has been preferred to 

include in our target compounds.  

 In the front molecular orbital analysis, certain reactivity descriptors were utilized, 

investigated through the DFT approach and B3LYP/6-31G (d,p) level of theory. These 

descriptors provide important information for determining the chemical reactivity, 

stability, and behavior of the molecular structure. The ionization potential (IP) for the 

tendency to lose electrons, the electron affinity (EA) for the tendency to gain electrons, 

and the electronegativity (χ) values for the ability to attract electrons are examined in a 

molecule. The resistance a molecule exhibits in reactions is quantified by chemical 

hardness (η), and sensitivity is determined by chemical softness (S). Chemical potential 

gauges a molecule's capacity to either lose or gain electrons. A higher global 

electrophilicity ındex (ω) value signifies a more pronounced electrophilic character, 

while molecular electrostatic potential (MEP) specifies electron density around a 

molecule's nuclei. 

2. Material and Method 

Melting points of all samples were measured using the open capillary method with a 

Gallenkamp apparatus and were reported without any corrections. Fourier Transform 

Infrared (FT-IR) spectra, including the Attenuated Total Reflectance (ATR) technique, 

were obtained from a Thermo Nicolet 6700 Spectrometer in the Chemistry Department 

of Hitit University. Nuclear magnetic resonance spectra were obtained at Giresun 

University using a Bruker AVANCE III spectrometer, 400 MHz for 1H-NMR and 100 
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MHz for 13C/APT-NMR, in CDCl3 (with TMS as the internal standard). The mass 

analyses of the compounds were determined using Liquid Chromatography-Mass 

Spectrometry (LC-MS/MS) method with an AB Sciex 3200 Q Trap Mass Spectrometer 

located at Hitit University Scientific Technical Application and Research Center. The 

chemicals obtained from Sigma-Aldrich were of high purity, and therefore, no 

purification process was deemed necessary. The course of reactions was observed by 

Thin-Layer Chromatography (TLC) on silica gel aluminum sheets with a UV indicator at 

254 nm. Antimicrobial activity assays were performed at Amasya University Central 

Research and Application Laboratory. 

2.1. Synthesis Procedures 

2.1.1. 2-amino-4,7-dihydro-5H-spiro[benzo[b]thiophene-6,2'-[1,3]dioxolane]-3-

carbonitrile (ST) 

The title compound coded as ST was synthesized according to the relevant literature 

studies [21-23] from 1,4-dioxaspiro[4.5]decan-8-one (0.01 mmol), malononitrile, sulfur 

(0.01 mmol), and morpholine (0.01 mmol), and used for the synthesis of the chloro 

benzamide-thiophene compounds (Scheme 1). 
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NCCH2CN+
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Ethanol

 

Scheme 1. Synthesis of ST 

2.1.2. 2/3/4-chloro-N-(3-cyano-4,7-dihydro-5H-spiro[benzo[b]thiophene-6,2'-

[1,3]dioxolan]-2-yl)benzamide] derivatives (N1-3) 

The reaction mixture containing ST (1.0 mmol), toluene (1.0 mmol), and pyridine (1.0 

mmol) was stirred for approximately 30 minutes at room temperature in a dry nitrogen 

atmosphere. Subsequently, 2-chlorobenzoyl chloride, 3-chlorobenzoyl chloride or 4-

chlorobenzoyl chloride (1.0 mmol) were slowly introduced drop by drop to the reaction 

flask.  The obtained mixture was stirred at 110°C for 6-8 h. It was allowed to cool to room 

temperature, and then water  (20 ml) was added. The product (N1-3) was extracted into 

the organic phase with ethyl acetate (2x20 mL) and then obtained in solid form after the 

removal of the solvent (Scheme 2). 
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Scheme 2. Synthetic prodecure of ST-benzamide derivatives (N1-3) 
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2-chloro benzamide derivative of ST (N1) As started in headline 2.1.2, it was prepared 

on the basis of items ST and 2-chlorobenzoyl chloride. FT-IR ATR, cm-1: 3272, 3214 

NH, 2984-2867 aliphatic C-H, 2224 CN, 1670 CO. 1H-NMR spectral data (ppm, CDCl3) 

: 9.60 (s, 1H, NH), 7.94 (d, 1H, Ar-H) 7.52 (d and m, 3H, Ar-H), 4.06 (s, 4H, OCH2), 

2.91 (s, 2H, CH2), 2.85 (t, 2H, CH2), 1.96 (t, 2H, CH2). 
13C-NMR APT (ppm, CDCl3): 

162.19, 147.17, 133.10, 131.64, 130.77, 130.34, 127.60, 126.29, 114.05, 108.00, 64.80, 

34.52, 31.00, 22.77. 

3-chloro benzamide derivative of ST (N2) As started in headline 2.1.2, it was prepared 

on the basis of items ST and 3-chlorobenzoyl chloride. FT-IR ATR cm-1: 3247, 3207 NH, 

2944-2880 aliphatic C-H, 2225 CN, 1669 CO. 1H-NMR spectral data (ppm, CDCl3): 9.43 

(s, 1H, NH), 7.96 (s, 1H, Ar-H) 7.83 (d, 1H, Ar-H), 7.58 (d, 1H, Ar-H) 7.46 (t, 1H, Ar-

H) 4.06 (s, 4H, OCH2), 2.89 (s, 2H, CH2), 2.81 (t, 2H, CH2), 1.98 (t, 2H, CH2). 
13C-NMR 

APT (ppm, CDCl3): 162.94, 147.55, 134.99, 133.43, 132.70, 130.43, 130.00, 128.12, 

125.85, 114.20, 108,00, 64.79, 34.10, 30.85, 22.67. 

4-chloro benzamide derivative of ST (N3) As started in headline 2.1.2, it was prepared 

on the basis of items ST and 4-chlorobenzoyl chloride. FT-IR ATR cm-1: 3265, 3202 NH, 

2989-2890 aliphatic C-H, 2222 CN, 1665 CO.   1H-NMR spectral data (ppm, CDCl3): 

9.27 (s, 1H, NH), 7.90 (d, 2H, Ar-H) 7.51 (d, 2H, Ar-H), 4.06 (s, 4H, OCH2), 2.90 (s, 2H, 

CH2), 2.82 (t, 2H, CH2), 1.99 (t, 2H, CH2). 
13C-NMR APT (ppm, CDCl3): 163.05, 147.92, 

139.27, 130.23, 129.28, 129.15, 126.11, 114.46, 107.99, 64.63, 34.38, 30.98, 22.53.  

2.2. Theoretical Calculations 

All compounds underwent quantum chemical calculations using the Gaussian 09 program 

package, employing density functional theory (DFT) [24]. The full optimization of the 

molecular geometries of all compounds was performed using the Becke-3-Lee-Yang-Parr 

(B3LYP) functional and 6-31 G (d,p) basis set. [25, 26]. 

2.2.1. Frontier Molecular Orbital Analysis 

The highest occupied molecular orbital is known as HOMO, and the lowest unoccupied 

molecular orbital is known as LUMO. HOMO orbitals, being occupied, have an electron-

donating tendency, while LUMO orbitals, being unoccupied, have an electron-accepting 

tendency. These concepts facilitate the understanding of chemical reactivity and play a 

crucial role in explaining the mechanisms of chemical reactions. Ionization potential is 

directly related to HOMO energy, while electron affinity to LUMO energy. Fig. 1 and 

Table 1 illustrate the computed EHOMO and ELUMO energy values, ΔEHOMO-LUMO band gaps, 

and other descriptors for all compounds. As indicated by Figure 1 and Table 1, the energy 

band gaps (ΔEHOMO-LUMO) of 1, 2 and 3 were found to be 2.5269, 2.4969 and 2.5377 eV 

at B3LYP/6-31G (d,p) level of theory. The electrophilicity index (ω) is helpful in 

predicting the formation of chemical bonds in biomolecules, thus aiding in understanding 

of the mechanisms of chemical reactions. 

2.2.2. Molecular Electrostatic Potential Surface 

Molecular electrostatic potential surface (MEP) is a concept that illustrates the electron 

density and electrical interactions surrounding a molecule. In simpler terms, MEP 

demonstrates how a molecule distributes electron density in space and how this 

distribution affects the electrical potential on the molecular surface. In our study, MEP 

potentials of all molecules were modeled using DFT calculations. For geometry 

optimization in DFT calculations, the B3LYP / 6-31G (d,p) level of theory was employed. 

The potential values of the molecules in the MEP diagrams provided in Figure 2 are 
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observed to decrease from blue to red. As seen in Figure 2, the negative potential regions 

are located over the oxygen and nitrogen atoms, whereas positive potential regions are 

found over the oxygen and sulfur atoms. 

Additionally, chemical reactivity descriptors such as chemical potential (μ), chemical 

hardness (η) and chemical softness (S) were also calculated in this study and shown in 

Table 1. The corresponding values are calculated using the following formulas [27-30]. 

 

 

𝐼 = −𝐸𝐻𝑂𝑀𝑂  𝐴 = −𝐸𝐿𝑈𝑀𝑂  
𝜂 =

1

2
(𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂) 

𝑆 =
1

2𝜂
 𝜒 =

1

2
(𝐼 + 𝐴) 𝜔 =  
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µ =  − 
1

2
 (𝐼 + 𝐴) =  

1

2
 (EHOMO + ELUMO)   
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Figure 1. HOMO-LUMO energies of all compounds. 

 

Table 1. Chemical reactivity descriptor result of all compounds 

Molecular Properties (eV) 
1 2 3 

a.u. ev a.u. ev a.u. ev 
EHOMO -0.3083 -8.4166 -0.3084 -8.3885 -0.3085 -8.3912 

ELUMO -0.2154 -5.8589 -0.2165 -5.8888 -0.2152 -5.8534 

ΔEHOMO-LUMO 0.0929 2.5269 0.0918 2.4969 0.0933 2.5377 

EHOMO-1 -0.3164 -8.6061 -0.3167 -8.6142 -0.3168 -8.6169 

ELUMO+1 -0.1931 -5.2523 -0.2007 -5.4590 -0.1916 -5.2115 

Ionization Potential (IP) 0.3083 8.4166 0.3084 8.3885 0.3085 8.3912 

Electron Affinity (EA) 0.2154 5.8589 0.2165 5.8888 0.2152 5.8534 

Chemical Hardness (η) 0.0465 1.2788 0.04595 1.2498 0.0466 1.2689 

Electronegativity (χ) 0.2618 7.1377 0.2625 7.1387 0.2618 7.1223 

Chemical Potential (μ) -0.2618 -7.1377 -0.2625 -7.1387 -0.2618 -7.1223 

Softness (S) ev-1 10.75 0.3909 10.88 0.4000 10.73 0.3940 

Electrophilicity index (ω) 0.737 19.919 0.749 20.388 0.735 19.988 
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Figure 2. Molecular electrostatic potential surface (MEP) results of all compounds  

2.3. Antimicrobial Activity with Disk Diffusion Test 

The vulnerability of bacteria to antibiotics was determined on MH (Mueller Hinton) agar 

using Kirby-Bauer disk diffusion technique, in accordance with the guidelines outlined 

in CLSI January-2011 (Clinical and Laboratory Standards Institute) documents M02 and 

M07. MH (Mueller Hinton) agar was used for sterile, disposable, 15 cm diameter petri 

plates with a medium at a height of 4 mm. A few bacterial colonies that grew as pure 

colonies on culture plates were collected using a sterile extract and inoculated into MH 

broth, incubated at 37°C for 1-2 hours. After turbidity was developed, a typical turbidity 

was established by calibrating it to McFarland 0.5 (108 microorganisms/ml). Extensive 

sowing was performed from this suspension on MH agar medium using a sterile swab. 

Dilutions of the substances to be investigated were prepared with DMSO at 

concentrations of 2-1-0.5 and 0.25 mg/ml, respectively, and paper discs impregnated with 

20μl of these dilutions were placed in the medium. 2 mg/ml streptomycin antibiotic was 

used for positive control. Petri dishes were incubated at 35-37ºC for 18–24 h and then 

inhibition zone diameters were measured. The results are shown in Table 2, in which 

inhibition zones are provided in millimeters and expressed as mean ±SE. 

Table 2. The results of disk diffusion test 

 

 

 

 

 

 

 

 

 

3. Results 

This study has been occurred in two stages. In the first stage, we synthesized 2-amino-

4,7-dihydro-5H-spiro[benzo[b]thiophene-6,2'-[1,3]dioxolane]-3-carbonitrile as the 

starting 1,4-dioxaspiro[4.5]decan-8-one. In the second stage, we prepared amid 

Bacterial 

İsolates 

Mg/mL Inhibition zone diameters (mm) 

E.Coli 

ATCC 

25922 

 1 2 3 Control 

Streptomycin 

2 - - - 17 

1 - - -  

0.5 - - - 

0.25 - - - 

S.Aureus 

ATCC 

25923 

2 - - - 19 

1 - - -  

0.5 - - - 

0.25 - - - 
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compounds (N1-3) derivatives. Amit peaks were confirmed by FT-IR, which showed 

peaks at 3272, 3214 for compound 1, 3247, 3207 for compound 2, and 3265, 3202 for 

compound 3. Aliphatic C-H peaks were observed between 2989 and 2867 for compounds 

(N1-3). CN peaks were observed at 2224 cm-1, 2225 cm-1 and 2222 cm-1 and amide 

carbonyl peaks were observed 1670 cm-1, 1669 cm-1, 1665 cm-1 respectively for 

compounds N1, N2 and N3. 

The 1H-NMR spectra of amide compounds have been carried out in CDCl3 at room 

temperature. The peaks at 9.60, 9.43, and 9.27 ppm were attributed to NH protons. 

Aromatic protons were observed at 7.94-7.52 ppm for compound N1, 7.96-7.46 ppm for 

compound N2 and 7.90-7.51 ppm for compound N3. Peaks of the amine compound were 

observed where expected and with expected cleavages. C peaks, observed in the 13C-

NMR APT spectra, confirmed the expected structure.  

4. Conclusion 

E. coli, which is an element of intestinal flora, and S. aureus Streptomycin in human skin 

have been found to have no effect according to the antibiotic reference. In determining 

and relating the areas of these compounds, it can be said that at least they will not disrupt 

the intestinal flora or harm the human skin. Additionally, frontier molecular orbital 

energies, chemical parameters and molecular electrostatic potentials (MEPs) were 

investigated with DFT approach 6-31G (d,p) level of theory. The 3-chloro benzamide 

derivative of ST, N2, which has a low ionization potential (8.3885 eV), exhibits high 

activity. 

Authorship contribution statement 

N. Çolak: Project Administration, Conceptualization, Methodology; F. Şahin: Investigation, Visualization 

; G. Erten: Original Draft Writing, Review and Editing; S. M. Muhammet: Original Draft Writing, Data 

Curation, Formal Analysis. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper.  

Acknowledgment 

This study was funded by Hitit University Scientific Research Projects Coordination 

Office under Project No FEF 19001.23.003. 

Ethics Committee Approval and/or Informed Consent Information 

As the authors of this study, we declare that we do not have any ethics committee approval 

and/or informed consent statement. 

References 

[1] O. Raubenheimer, “Friedrich Wöhler and the centenary of synthesis”, The Journal of the American 

Pharmaceutical Association, 17,  973-980, 1928. https://doi.org/10.1002/jps.3080171008.  

[2] R. A. Kyle and M. A. Shampo, “Justus von Liebig—leading teacher of organic chemistry”, Mayo 

Clinic Proceedings, 76, 921-922, 2001. https://doi.org/10.4065/76.9.921.  

[3] R. J. Ouellette and J. D. Rawn, “Amines and amides”, in Organic chemistry study guide, Editors: R. J. 

Ouellette and J. D. Rawn, Elsevier, 2015, pp. 465-494.  https://doi.org/10.1016/B978-0-12-801889-

7.00023-6.  

https://doi.org/10.1002/jps.3080171008
https://doi.org/10.4065/76.9.921
https://doi.org/10.1016/B978-0-12-801889-7.00023-6
https://doi.org/10.1016/B978-0-12-801889-7.00023-6


DOI: 10.29233/sdufeffd.1413620  2024, 19(1): 53-62 

 

 

61 

 

[4] R. Tripathi, J. P. Yadav, P. Pathak, M. H. Almatarneh and A. Verma, “Polymer–drug linking through 

amide bonds: the chemistry and applications in drug delivery”, in Polymer-Drug Conjugates: Linker 

Chemistry, Protocols, and Applications. United States: Elsevier Science & Technology, 2023. 

https://doi.org/10.1016/B978-0-323-91663-9.00007-2.  

[5] A. Sathya, T. Prabhu, S. Ramalingam, “Structural, biological, and pharmaceutical importance of 

antibiotic agent chloramphenicol”, Heliyon, 6, e03433, 2020. 

https://doi.org/10.1016/j.heliyon.2020.e03433.  

[6] S. Ghaffari, N. Roshanravan, H. Tutunchi, A. Ostadrahimi, M. Pouraghaei and B. Kafil,  

“Oleoylethanolamide, a bioactive lipid amide, as a promising treatment strategy for 

coronavirus/COVID-19”, Archives of Medical Research, 51, 464-467, 2020. 

https://doi.org/10.1016/j.arcmed.2020.04.006.   

[7] J. Li, F. Yu, Y. Chen and D. Oupický, “Polymeric drugs: Advances in the development of 

pharmacologically active polymers”, Journal of Controlled Release, 219, 369-382, 2015. 

https://doi.org/10.1016/j.jconrel.2015.09.043.   

[8] S. Abdolmaleki and M. Ghadermazi, “Novel pyridinedicarboxamide derivatives and a polymeric 

copper(II) complex: Synthesis, structural characterization, electrochemical behavior, catalytic and 

cytotoxic studies”, Inorganica Chimica Acta, 461, 221-232, 2017. 

https://doi.org/10.1016/j.ica.2017.02.023.  

[9] A. Kar, M. A. Rather, M. Mandal and N. Karak, “Elastomeric biodegradable poly(ester amide 

urethane) as a tough and robust material”, Progress in Organic Coatings, 182, 107684, 2023. 

https://doi.org/10.1016/j.porgcoat.2023.107684.   

[10] B. Erkuş, H. Özcan and Ö. Zaim, “Synthesis and antimicrobial activity of four new [1+1] condensed 

furan and thiophene-based cycloheterophane amides”, Journal of Heterocyclic Chemistry, 57 (4), 

1956-1962, 2020. http://doi.org/10.1002/jhet.3922. 

[11] S. Bondock, W. Fadaly and M. A. Metwally, “Synthesis and antimicrobial activity of new thiazole, 

thiophene and pyrazole derivatives containing benzothiazole moiety”, European Journal of Medicinal 

Chemistry, 45 (9), 3692-3701, 2010. https://doi.org/10,1016/j.ejmech.2010.05.0218..    

[12] N. G. Yernale, B. S. Mathada, S. Shivprasad, S. Hiremath, P. Karunakar and A. Venkatesulu, “ 

Spectroscopic, theoretical and computational investigations of novel benzo [b] thiophene based ligand 

and its M(II) complexes: As hih portentous antimicrobial and antioxidant agents”, Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy, 302, 123114, 2023. 

https://doi.org/10.1016/j.saa.2023.123114. 

[13] C. Rangel-Núñez, C. Ramírez-Trujillo, K. Hakkou, A. Suárez-Cruz, I. Molina-Pinilla and M. Bueno-

Martínez, “Regiospecific vs. non regiospecific click azide-alkyne polymerization: In vitro study of 

water-soluble antibacterial poly(amide aminotriazoles” Materials Science and Engineering: C, 125, 

2021. 112113. https://doi.org/10.1016/j.msec.2021.112113.  

[14] E. Plebanek, E. Lescrinier, G. Andrei, R. Snoeck, P. Herdewijn and S. De Jonghe, “Emimycin and its 

nucleoside derivatives: Synthesis and antiviral activity”, European Journal of Medicinal Chemistry, 

144, 93-103, 2018. https://doi.org/10.1016/j.ejmech.2017.12.018.   

[15] C. P. Kaushik, J. Sangwan, R. Luxmi, D. Kumar,  D. Kumar, A. Das, A. Kumar and D. Singh,  “Design, 

synthesis, anticancer and antioxidant activities of amide linked 1,4-disubstituted 1,2,3-triazoles”, 

Journal of Molecular Structure (Part A), 1226, 129255, 2021. 

https://doi.org/10.1016/j.molstruc.2020.129255.   

[16] A. Marzo, L. Dal Bo, N. Ceppi Monti, F. Crivelli, S. Ismaili, C. Caccia, C. Cattaneo and R. G. Fariello, 

“Pharmacokinetics and pharmacodynamics of safinamide, a neuroprotectant with antiparkinsonian and 

anticonvulsant activity”, Pharmacological Research,  50, 77-85, 2004. 

https://doi.org/10.1016/j.phrs.2003.12.004.   

[17] Y. Li, Y. Shang, X. Li, Y. Zhang, J. Xie, L. Chen, F. Gao and X. L. Zhou,  “Design, synthesis, and 

biological evaluation of low-toxic lappaconitine derivatives as potential analgesics”, European Journal 

of Medicinal Chemistry, 243, 114776, 2022. https://doi.org/10.1016/j.ejmech.2022.114776.   

[18] G. A. Gevoryan, N. Z. Hakobyan, S. S. Hovakimyan, A. G. Melkonyan and G. A. Panosyan, “Synthesis 

and biological activity of β-aminoketones, secondary aminopropanols and oximes of 2-aminothiophen 

series”, Russian Journal of General Chemistry, 89, 2328-2332, 2019. 

https://doi.org/10.1134/S1070363219110264. 

[19] W. Kemnitzer, N. Sirisoma, C. May, B. Tseng, J. Drewe and S. X. Cai, “Discovery of 4-anilino-N-

methylthieno[3,2-d]pyrimidines and 4-anilino-N-methylthieno[2,3-d]pyrimidines as potent apoptosis 

inducers”, Bioorganic&Medicinal Chemistry Letters, 19(3), 3536-3540, 2009. 

https://doi.org/10.1016/j.bmcl.2009.04.145. 

[20] R. Narlawar, J. R. Lane, M. Doddareddy, J. Lin, J. Brusse and A. P. Ijzerman, “Hybrid ortho/allosteric 

ligands for the adenosine A1 receptor”, Journal of Medicinal Chemistry, 53(8), 3028-3037, 2010. 

https://doi.org/10.1021/jm901252a. 

[21] N. Uludağ, G. Serdaroğlu, P. Sugumar, P. Rajkumar,  N. Çolak and E. Ercağ,  “Synthesis of thiophene 

derivatives: Substituent effect, antioxidant activity, cyclic voltammetry, molecular docking, DFT, and 

https://doi.org/10.1016/B978-0-323-91663-9.00007-2
https://doi.org/10.1016/j.heliyon.2020.e03433
https://doi.org/10.1016/j.arcmed.2020.04.006
https://doi.org/10.1016/j.jconrel.2015.09.043
https://doi.org/10.1016/j.ica.2017.02.023
https://doi.org/10.1016/j.porgcoat.2023.107684
http://doi.org/10.1002/jhet.3922
https://doi.org/10,1016/j.ejmech.2010.05.0218
https://doi.org/10.1016/j.saa.2023.123114
https://doi.org/10.1016/j.msec.2021.112113
https://doi.org/10.1016/j.ejmech.2017.12.018
https://doi.org/10.1016/j.molstruc.2020.129255
https://doi.org/10.1016/j.phrs.2003.12.004
https://doi.org/10.1016/j.ejmech.2022.114776
https://doi.org/10.1134/S1070363219110264
https://doi.org/10.1016/j.bmcl.2009.04.145
https://doi.org/10.1021/jm901252a


DOI: 10.29233/sdufeffd.1413620  2024, 19(1): 53-62 

 

 

62 

 

TD-DFT calculations”, Journal of Molecular Structure, 1257, 132607, 2022. 

https://doi.org/10.1016/j.molstruc.2022.132607.  

[22] G. Serdaroğlu, N. Uludağ, E. Üstün and N. Çolak, “A novel series of tetrahydrothieno[2,3-c]pyridin-

2-yl derivatives: fluorescence spectroscopy and BSA binding, ADMET properties, molecular docking, 

and DFT studies”, New Journal of Chemistry, 47 (25), 11945-11963, 2023. 

https://doi.org/10.1039/D3NJ01648J.  

[23] G. Serdaroğlu, N. Uludağ, N. Çolak and P. Rajkumar, “Nitrobenzamido substitution on thiophene-3-

carboxylate; Electrochemical investigation, antioxidant activity, molecular docking, DFT 

calculations”, Journal of Molecular Structure, 1271, 134030, 2023. 

https://doi.org/10.1016/j.molstruc.2022.134030.   

[24] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G.E. Scuseria, M.A. Robb, J. R. Cheeseman,  ..., Gaussian 

09, Revision C.01. Wallingford CT: Gaussian Inc., 2009. 

[25] C. Lee, W. Yang and R. G. Parr, “Development of the Colle-Salvetti correlation-energy formula into 

a functional of the electron density”, Physical Review B, 37, 785-789, 1988. 

https://doi.org/10.1103/PhysRevB.37.785.   

[26] A. D. Becke, “Density-functional exchange-energy approximation with correct asymptotic behavior”, 

Physical Review A, 38, 3098-3100, 1988. https://doi.org/10.1103/PhysRevA.38.3098    

[27] T. Koopmans, “Über die Zuordnung von Wellenfunktionen und Eigenwerten zu den Einzelnen 

Elektronen Eines Atoms”, Physica, 1, 104-113, 1934. https://doi.org/10.1016/S0031-8914(34)90011-

2.   

[28] R. G. Pearson, “Chemical hardness and density functional theory”, Journal of Chemical Sciences, 117, 

369-377, 2005. https://doi.org/10.1007/BF02708340   

[29] R. G. Parr and R. G. Pearson, “Absolute Hardness: Companion Parameter to Absolute 

Electronegativity”, Journal of the American Chemical Society, 105, 7512-7516, 1983. 

https://doi.org/10.1021/ja00364a005.  

[30] R. K. Roy, K. Choho, F. De Proft and P. Geerlings, “Reactivity and stability of aromatic carbonyl 

compounds using density functional theory-based local and global reactivity descriptors”, Journal of 

Physical Organic Chemistry, 12, 503-509, 1999. https://doi.org/10.1002/(SICI)1099-

1395(199906)12:6<503::AID-POC149>3.0.CO;2-2.  

 

 

https://doi.org/10.1016/j.molstruc.2022.132607
https://doi.org/10.1039/D3NJ01648J
https://doi.org/10.1016/j.molstruc.2022.134030
https://doi.org/10.1103/PhysRevB.37.785
https://doi.org/10.1103/PhysRevA.38.3098
https://doi.org/10.1016/S0031-8914(34)90011-2
https://doi.org/10.1016/S0031-8914(34)90011-2
https://doi.org/10.1007/BF02708340
https://doi.org/10.1021/ja00364a005
https://doi.org/10.1002/(SICI)1099-1395(199906)12:6%3c503::AID-POC149%3e3.0.CO;2-2
https://doi.org/10.1002/(SICI)1099-1395(199906)12:6%3c503::AID-POC149%3e3.0.CO;2-2

