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Abstract 
 
In this study, novel N,S-substituted naphthaquinone analogues (2, 4, 6, and 8) were synthesized from 
the reactions of previously known aminonaphthaquinone derivatives (1, 3, 5, and 7) with allyl mercaptan. 
2-(allylthio)-3-(4-phenylpiperazin-1-yl)naphthalene-1,4-dione (2), 2-(allylthio)-3-(4-(2-
fluorophenyl)piperazin-1-yl)naphthalene-1,4-dione (4), 2-(allylthio) -3-(4-benzylpiperidin-1-
yl)naphthalene-1,4-dione (6) and 2-(4-chlorophenylamino)-3-(allylthio)naphthalene-1,4-dione (8) were 
obtained from the reactions of 2-chloro-3-(4-phenylpiperazin-1-yl)naphthalene-1,4-dione (1), 2-chloro-
3-(4-(2-fluorophenyl)piperazin-1-yl)naphthalene-1,4-dione (3), 2-(4-benzylpiperidin-1-yl)-3-
chloronaphthalene-1,4-dione (5), and 2-(4-chlorophenylamino) -3-chloronaphthalene-1,4-dione (7) with 
allyl mercaptan according to the general synthesis procedure. Synthesized new naphthaquinone 
analogues (2, 4, 6, and 8) were purified by column chromatography. The chemical structures of these 
novel N,S-substituted naphthaquinone analogues were characterized by spectroscopic methods (FT-
IR, NMR, and MS). 
 
Keywords: Aminonaphthoquinone, Naphthoquinone, Thionaphthoquinone. 

 

Introduction 

Natural naphthoquinone derivatives have been used in traditional Chinese medicine for centuries and 
are known to treat disease (Hussain et al., 2007; Cruz et al., 2014; Lopez et al., 2014; Aziz et al., 2008; 
Masi et al., 2017; Inagaki et al., 2015; Borghese et al., 2017). The Lawsone molecule, an important 
naphthoquinone derivative, has also been shown to be effective in killing mosquitoes that transmit the 
Zika virus (Masi et al., 2017; Inagaki et al., 2015). Vitamin K1, which plays an active role in blood clotting, 
is the most well-known naphthoquinone derivative (Kar et al., 2003; Nishikawa et al., 2015). 
Naphthoquinones constitute an important subclass of quinones, which are found in nature and from 
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which various derivatives can be obtained synthetically. Plumbagone, juglon, and lawsone are plant-
derived naphthoquinones with antibacterial activity against various aerobic and anaerobic organisms. 
Toxins derived from naphthozarin (5,8-dihydroxy-1,4-naphthoquinone) are produced by Fusarium solani 
and attack plants, other fungi, and bacteria (Peralta et al., 2015; Riffel et al., 2002). Aliphatic thiols are 
important starting materials for the synthesis of thiophosphoric acid esters, drugs, and polysulfides and 
are often used as polymerization modifiers in rubber and plastics production. The most important 
industrial applications of aromatic thiols are as intermediates in the production of pharmaceuticals, 
agrochemicals, dyes and pigments, and chemicals for the electronics industry (Vollhardt et al. 2009; 
Roy et al. 2000). The biological activity properties of amino and thionaphthoquinones are known from 
the literature (Durán et al., 2023; Kavaliauskas et al., 2022; Liu et al., 2023; López-López et al., 2022; 
Souza et al., 2023). In this study, novel N,S-substituted naphthoquinone analogues 2, 4, 6, and 8 were 
synthesized from the reactions of previously known aminonaphthoquinone derivatives 1 (Kalmayer et 
al. 1991), 3 (Tadashi et al. 1996), 5 (Vanallan et al. 1963), and 7 (Fries et al. 1922) with allyl mercaptan. 
Synthesized new naphthoquinone analogues (2, 4, 6, and 8) were purified by column chromatography, 
and their chemical structure was characterized by spectroscopic methods (FT-IR, NMR, MS). 

Materials and methods   

Chemistry 

Infrared (FT-IR) spectra were recorded with the ATR method on a Termo Scientific Nicolet 6700. 1H and 
13C NMR spectra were recorded on Spectrometer Varian UNITY INOVA 500 MHz (CDCl3, DMSO-d6 
solvent, TMS (δ = 0) internal standard). Mass spectra were obtained on a Shimadzu LC-MS 8030 triple 
quadrupole mass spectrometer. (Mobile phase A: water (5 mµ ammonium formate), Mobile phase B: 
acetonitrile (5 mµ ammonium formate)). Products were purified by column chromatography on silica gel 
(Merck silica gel 60, 0.063-0.2 mm). Melting points were measured on a Buchi SMP20 (B-540) 
apparatus. Thinlayer chromatography (TLC) was purchased from Merck DC-AlufolienKieselgel 60F254. 
The solvents used during the reactions and purification of the products were recovered in a Rotavapor 
Büchi Heatig Bath B-490. Chromatograms were observed using a CAMAG Muttenz-Schweiz 29200 UV 
lamp. All chemicals used in the reactions were obtained from Merck, Sigma-Aldrich. 

Synthesis 

General synthesis method. N-substituted naphthoquinone derivative and allyl mercaptan in an 
equivalent molar ratio were stirred in a 250 mL flask in the presence of 60 mL of dichloromethane and 
triethylamine for 6 h on a magnetic stirrer at room temperature. The reaction mixture in the flask was 
extracted with methylene chloride and 200 mL (50 mL x 4) water. The organic phase was dried over 
sodium sulfate. After recovery of the solvent in the evaporator, the crude products were separated and 
purified by column chromatography. The chemical structures of the synthesized naphthoquinone 
analogues were elucidated by spectroscopic methods (NMR, FT-IR, and MS). 

2-(allythio)-3-(4-phenylpiperazine-1-yl)naphthalene-1,4-dione (2) 

2-(allythio)-3-(4-phenylpiperazine-1-yl)naphthalene-1,4-dione (2) was synthesized from the reaction of 
0.5 g (1.417 mmol) 2-Chloro-3-(4-phenylpiperazine-1-yl)naphthalene-1,4-dione (1) and 0.105 g (1.417 
mmol) allyl mercaptan according to general synthesis procedure. 

2: Red solid. Yield: 0.097 g (% 17.6). FT-IR (ATR):υ (cm-1)= 3200 (CHaromatic), 2963, 2910 (CHaliphatic), 
1534, 1501 cm-1 (C=Caromatic), 1638, 1617 (C=O); 1HNMR (500 MHz, CDCl3): δ = 7.9-8.0 (dd, 2H, 
CHnaphthoquinone), 7.5-7.6 (m, 2H, CHnaphthoquinone), 7.2-7.3 ve 6.9-7.0 (m, 5H, CHaromatic), 5.6-5.8 (m, H, 
CH=), 4.9-5.0 (m, 2H, =CH2), 3.2-3.7 (m, 6H, N-CH2, S-CH2), 2.4-2.9 (m, 4H, N-CH2); 13C NMR (125 
MHz, CDCl3): δ = 182.1-181 (C=O), 154 (Caromatic-N), 145.2 (Cnaphthoquinone-N), 129 (Cnaphthoquinone), 134.5, 
132, 131 (Cnaphthoquinone, CHnaphthoquinone), 129.5, 118, 116 (CHaromatic), 37.7 (S-CH2), 117 (=CH2 ally), 133.9 
(CH=ally), 52.4 (CH2-N); +ESI: m/z= 391 [M+H]+, m/z =350 [M-(CH2-CH=CH2)]+,  C23H22N2O2S, (M=390.5 
g/mol).    

2-(alylthio)-3-(4-(2-fluorophenyl)piperazine-1-yl)naphthalene-1,4-dione (4) 
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2-(alylthio)-3-(4-(2-fluorophenyl)piperazine-1-yl)naphthalene-1,4-dione (4) was synthesized from the 
reaction of 2-chloro-3-(4-(2-fluorophenyl)piperazin-1-yl)naphthalene-1,4-dione (3) (0.6 g, 1.618 mmol) 
and allyl mercaptan (0.12 g) to general synthesis procedure. 

4: Dark red viscos. Yield: 0.179 g (% 27.1). FT-IR (ATR):υ (cm-1)= 3010 (CHaromatic), 2950 (CHaliphatic), 
1646 (C=O), 1541, 1500 (C=C); 1HNMR (500 MHz, CDCl3): δ = 7.5-8.0 (m, 4H, CHnaphthoquinone), 6.8-7.0 
(m, 4H, CHaromatic), 5.6-5.8 (m, H, CH=), 4.8-5.0 (m, 2H, =CH2), 3.6-3.8 (m, 2H, S-CH2), 3.2-3.5 ve 2.5-
3.0 (m, 4H, CH2-N); 13C NMR (125 MHz, CDCl3): δ = 182.2-182.1 (C=O), 154.9 (Cnaphthoquinone-N), 126.8 
(Cnaphthoquinone-S), 132.3, 133.0, 134.0 (Cnaphthoquinone, CHnaphthoquinone), 157 (Caromatic-F), 124.8, 119.7, 116.6, 
116.4 (Caromatic, CHaromatic), 37.7 (S-CH2), 118.1 (=CH2), 51.7 (CH2-N); +ESI: m/z= 409.15 [M+H]+, m/z= 
368.15 [M-(CH2-CH=CH2)]+ , C23H21FN2O2S, (M=408.49 g/mol).          

2-(allythio)-3-(4-benzylpiperidine-1-yl)naphthalene-1,4-dione (6) 

2-(allythio)-3-(4-benzylpiperidine-1-yl)naphthalene-1,4-dione (6) was synthesized from the reaction of 
0.6 g 2-(4-Benzylpiperidine-1-yl)-3-chloronaphthalene-1,4-dione (5) and 0.122 g allyl mercaptan to 
general synthesis procedure. 

6: Dark red viscos. 0.123 g (% 18.6). FTIR (ATR):υ (cm-1)= 3199 (C-Haromatic), 2950, 2905 (C-Haliphatic), 
1638, 1618 (C=O); 1HNMR (500 MHz, CDCl3): δ = 7.9-8.0 ve 7.5-7.6 (m, 4H, CHnaphthoquinone), 7.0-7.3 (m, 
5H, CHaromatic), 2.0-3.0 ve 1.1-1.4 (m, 10H, 5 CH2), 5.6-5.9 (m, H, CH=), 4.9-5.2 (m, 2H, =CH2), 3.5-3.6 
(m, 2H, CH2-S); 13C NMR (125 MHz, CDCl3): δ = 179.2 (C=O), 143.4 (Cnaphthoquinone-N), 132.6, 130.8, 
129.8, 128.1, 127.8, 127.2, 125,8 (Cnaphthoquinone, CHnaphthoquinone, CHaromatic), 29.3 (CH2 piperidine), 41.1 (CH2-
N), 25.4 (Cpiperidine), 37.7 (CH2-S); +ESI: m/z= 404 [M+H]+,     m/z= 331[M-SCH2-CH=CH2]+, C25H25NO2S, 
(403.54 g/mol).  

2-(allylthio)-3-(4-chlorophenylamino)naphthalene-1,4-dione (8) 

2-(allylthio)-3-(4-chlorophenylamino)naphthalene-1,4-dione (8) was synthesized from the reaction of 0.4 
g (1.54 mmol) 2-(4-Chlorophenylamino)-3-chloronaphthalene-1,4-dione (7) and 0.114 g (1.54 mmol) 
allyl mercaptan to general synthesis method.  

8: Dark red viscos. 0.147 g (% 26.9). FT-IR (ATR):υ (cm-1)= 3319 (NH), 3050 (Caromatic), 2917, 2849 (C-
Haliphatic), 1666, 1639 (C=O), 1592, 1551 (C=C); 1HNMR (500 MHz, CDCl3): δ = 7.6-8.1 (m, 4H, 
CHnaphthoquinone), 6.8-7.3 (m, 4H, CHaromatic), 5.6-5.7 (m, H, CH=), 4.9-5.0 (m, 2H, CH2 allyl), 2.0-3.0 (m, 2H, 
CH2-S), 4.0-4.1 (m, H, NH); 13C NMR (125 MHz, CDCl3): δ = 180, 181 (C=O), 137 (Cnaphthoquinone-NH), 
134.9, 134.4, 131.1, 129.5, 127.6, 123.9, 118.3 (Caromatic, CHaromatic), 145 (Caromatic-CH), 34.9 (S-CH2 allyl), 
117.2 (CH2 allyl=), 133.6 (CHallyl); +ESI: m/z= 356 [M+H]+, 173 [M-(SCH2-CH=CH2)-Ph-Cl]+, 
C19H14ClNO2S, (M=355.84 g/mol).   

Results and discussion 

In this study, new N,S-substituted naphthoquinone analogues 2, 4, 6 and 8 were obtained from the 
substitution reaction of previously known N-substituted naphthoquinone compounds 1 (Kalmayer et al., 
1991), 3 (Tadashi et al., 1996), 5 (Vanallan et al., 1963) and 7 (Fries et al., 1922) with allyl mercaptan. 
Due to the chlorine atom in the skeletal structure of the synthesized N-substituted naphthaquinone 
derivatives, the substitution reaction with allyl mercaptan was easily realized. The synthesized and 
characterized chemical structures of naphthoquinone analogues are presented in Scheme 1. 
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Scheme 1. Synthetic pathway of novel N,S-substituted napthoquinone analogues (2, 4, 6 and 8).  

In the 1H-NMR spectrum of compound 2, the characteristic (CH=) proton of the allyl group gave a 
multiplet signal at δ= 5.6-5.8 ppm and (=CH2) protons gave a multiplet signal at δ= 4.9-5.1 ppm. 
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Methylene protons in the piperazine ring were observed as multiplet at δ= 3.2-3.7 and δ= 2.4-2.9 ppm 
(Figure 1). 

 

 

Figure 1.  1H-NMR (CDCl3) spectrum of compound 2. 

In the 13C-NMR spectrum of compound 2, the carbonyl carbons in the molecule were observed at δ= 
182.1, 181 ppm, the tertiary carbon of the allyl group at δ= 133.9 ppm and the (=CH2) carbon at δ= 117 
ppm. Piperazine methylene carbons were seen at δ= 52.4 ppm and the methylene carbon attached to 
the sulfur atom was seen at δ= 37.7 ppm. In the mass spectrum of compound 2, m/z= 391 [M+H]+ 
molecular ion and m/z= 350 [M-CH2-CH2-CH=CH2] molecular fragmentation ion was observed with the 
breakage of the allyl (CH2-CH=CH2) group from this molecule (Figure 2). 

 

 

Figure 2. MS spectrum of compound 2. 

 

In the 1H-NMR spectrum of compound 4, the aromatic protons of the fluorophenylpiperazine 
group were multiplet at δ= 6.8-7.0 ppm, the characteristic (CH=) proton of the allyl group was 
multiplet at δ= 5.6-5.8 ppm and (=CH2) protons were multiplet at δ= 4.8-5.0 ppm (Figure 3). In 
the mass spectrum of compound 4, m/z= 409.15 [M+H]+ molecular ion and m/z= 368.15 [M-
CH2-CH2-CH=CH2]+ molecular fragmentation ion was observed with the breakage of the allyl 
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(CH2-CH=CH2) group from this molecule (Figure 4). In the 13C-NMR spectrum of compound 4, 
the carbonyl carbons in the molecule were observed at δ= 182.2, 182.1 ppm, the quaternary 
carbon in the naphthoquinone ring attached to the sulfur atom at δ= 126.8 ppm, the quaternary 
carbon attached to the piperazine ring at δ= 154.9 ppm, the piperazine methylene carbons at 
δ= 51.7 ppm and the methylene carbon attached to the sulfur atom at δ= 37.7 ppm. In the 
mass spectrum of compound 6, m/z= 404 [M+H]+ molecular ion and m/z= 331 [M-SCH2-CH2-
CH=CH2]+ molecular fragmentation ion was observed with the breakage of the allylthiol (S-
CH2-CH=CH2) group from this molecule.  
 

 

 

Figure 3. 1H-NMR (CDCl3) spectrum of compound 4. 

 

Figure 4. MS  spectrum of compound 4. 

In the 1H-NMR spectrum of compound 6, the aromatic protons in the benzylpiperidine ring gave multiplet 
signals at δ=7.0-8.0 ppm, the characteristic (CH=) proton of the allyl group gave multiplet signals at δ= 
5.6-5.9 ppm and (=CH2) protons gave multiplet signals at δ= 4.9-5.2 ppm (Figure 5). In the 13C-NMR 
spectrum of compound 6, the quaternary carbon in the naphthoquinone ring attached to the nitrogen 
atom in the molecule was observed at δ= 143.4 ppm, the methylene carbons in the piperidine ring at δ= 
29.3 ppm and the quaternary carbon at δ= 25.4 ppm.  
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Figure 5.  1H-NMR (CDCl3) spectrum of compound 6. 

In the mass spectrum of compound 8, m/z= 356 [M+H]+ molecular ion was observed (Figure 6). In the 
1H-NMR spectrum of compound 8, aromatic protons in the 4-chlorophenylamino ring were multiplet at 
δ=6.8-7.3 ppm, the characteristic (CH=) proton of the allyl group was multiplet at δ= 5.6-5.7 ppm, (=CH2) 
protons were multiplet at δ= 4.9-5.0 ppm. In the 13C-NMR spectrum of compound 8, the carbonyl carbons 
in the molecule were observed at δ= 180, 181 ppm, the quaternary carbon of the naphthoquinone ring 
attached to the nitrogen atom was observed at δ= 137 ppm and in the FT-IR spectrum of the compound, 
the characteristic stretching band of the NH group at υ= 3319 cm-1 was observed (Figure 7). 

 

Figure 6. MS spectrum of compound 8. 
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Figure 7.  FT-IR spectrum of compound 8. 

Quinones are used in many areas of technology, including as pigments, as drugs, in microbial fuel cells 
and in supramolecular chemistry. Biosynthetically, quinones can be synthesized in bioreactors and, 
thanks to their structural richness, they are preferred for industries that use this advantage, for example 
in the search for new antibiotics, cancer drugs, food colourants and textile dyes (Christiansen et al., 
2021). Quinones play a key role as charge storage electrode materials due to their redox centre and 
integration into the material flow in the biosphere. Effective electrical conductors and quinone-based 
biomaterials can greatly enhance electrical energy storage systems and technologies. Quinones are 
used, for example, in the creation of biopolymer energy storage systems using renewable biohybrid 
electrodes (Ajjan et al., 2019). 

Conclusions 

The biological activities of natural or synthetic naphthoquinone compounds containing amino and thio 
groups have been known for many years. The active properties of the naphthoquinone compounds are 
due to their redox ability. The aim of this study is to synthesize amino- and thiosubstituted 
naphthoquinone molecules based on previously known aminonaphthoquinone analogues with biological 
activity. In the structures of the new compounds obtained, there are groups such as amino, thioether, 
fluorine, chlorine with high biological activity in the literature. We expect that new N,S-substituted 
naphthoquinone analogues will provide a basis for pharmaceutical chemistry studies. 

Funding 

The authors would like to express their gratitude to Scientific Research Projects Coordination Unit of 
Istanbul University-Cerrahpaşa for financial support (Project Numbers: 45266, IUC BAP Project). 

Conflict of interest 

The authors declare no conflict of interest. 

Data availability statement 

Data can be obtained from the corresponding author upon a reasonable request. 



Eur. Chem. Biotechnol. J. 1: 1-10 (2024)                                                                        

 

9 

 

Ethics committee approval 

Ethics committee approval is not required for this study. 

Authors’ contribution statement 

The authors acknowledge their contributions to this paper as follows: Study conception and design: 
N.O., F.O., H.O.; Data collection: N.O., F.O., H.O.; Analysis and interpretation of results: N.O., F.O., 
H.O.; Manuscript draft preparation: N.O., F.O., H.O. All authors reviewed the results and approved the 
final version of the manuscript. 

References 

Ajjan, F. N., Mecerreyes, D., & Inganäs, O. (2019). Enhancing energy storage devices with 
biomacromolecules in hybrid electrodes. Biotechnology journal, 14(12), e1900062. 
https://doi.org/10.1002/biot.201900062 
 
Aziz, M.H., Dreckschmidt, N.E., & Verma, A.K. (2008). Plumbagin, a medicinal plant-derived 
naphtoquinone, is a novel inhibitor of the growth and invasion of hormone refractory prostate cancer. 
Cancer research, 68(21), 9024-9032. https://doi.org/10.1158/0008-5472.CAN-08-2494 
 
Borghese, R., Brucale, M., Fortunato, G., Lanzi, M., Mezzi, A., Valle, F., Cavallini, M., & Zannoni D. 
(2017). Reprint of extracellular production of tellerium nanoparticules by the photosynthetic bacterium 
Rhodobacter capsulatus. Journal of hazardous materials, 324, 31-38. 
https://doi.org/10.1016/j.jhazmat.2016.11.002 
 
Christiansen, J. V., Isbrandt, T., Petersen, C., Sondergaard, T. E., Nielsen, M. R., Pedersen, T. B., 
Sørensen, J. L., Larsen, T. O., & Frisvad, J. C. (2021). Fungal quinones: diversity, producers, and 
applications of quinones from Aspergillus, Penicillium, Talaromyces, Fusarium, and Arthrinium. Applied 
microbiology and biotechnology, 105(21-22), 8157–8193. https://doi.org/10.1007/s00253-021-11597-0 
  
Cruz, E.H.G., Hussene, C.M.B., Dias, G.G., Diago, E.B.T., Melo, İ.M.M., Rodrigues, B.L., Silva, M.G., 
Valenca, W.O., Camera, C.A., Oliverira, R.N., Paiva, V.G., Goulart, M.O.F., Cavalcanti, B.C., Pessoa, 
C., & Silva, EN. (2014). 1,2,3-triazole-, arylamino- and thio-substituted 1,4-naphthoquinones: potent 
antitumor activity, electrochemical aspects and bioisosteric replacement of C-ring-modified lapachones. 
Bioorganic & medicinal chemistry, 22(5), 1608-1619. https://doi.org/10.1016/j.bmc.2014.01.033 
 
Durán, A.G., Chinchilla, N., Simonet, A.M., Gutiérrez, M.T., Bolívar, J., Valdivia, M.M., & Macías, F.A. 
(2023). Biological Activity of Naphthoquinones Derivatives in the Search of Anticancer Lead 
Compounds. Toxins, 15(5), 348. https://doi.org/10.3390/toxins15050348 
 
Fries, K., & Kerkow, F. (1922). Uber lineares (Benzo-naptho)-parathiozia, Justus liebigs annalen der 
chemie, 427(2-3), 281-302. https://doi.org/10.1002/jlac.19224270206 
 
Hussain, H., Krohn, K., Ahmad, V.U., Miana, G.A., & Green, I.R. (2007). Lapachol:an overview. Archive 
for organic chemistry, 2, 145-171. http://dx.doi.org/10.3998/ark.5550190.0008.204 
 
Inagaki, R., Ninomiya, M., Tanoka, K., & Koketsu, M. (2015). Synthesis, characterization and 
antileukenic properties of naphtoquinone derivatives of lawsone. ChemMedChem, 10(8), 1413-1423. 
https://doi.org/10.1002/cmdc.201500189 
 
Kalmayer, J.H., & Petesch, N. (1991). Amino quinone reactions 10. Photoreaction of 2-amino-3-chloro-
1,4-napthoquinones. Pharmaceutica acta helvetiae, 66,130-136. 
 
Kar, S., Lefterov, I.M., Wang, M., Lazo, J.S., Scott, C.N., Wilcox, C.S., & Carr, B.I. (2003). Binding and 
inhibition of Cdc25 phosphates by vitamin K analogues. Biochemistry, 42(35), 10490-10497. 
https://doi.org/10.1021/bi027418p 
 



Eur. Chem. Biotechnol. J. 1: 1-10 (2024)                                                                        

 

10 

 

Kavaliauskas, P., Opazo, F.S., Acevedo, W., Petraitiene, R., Grybaitė, B., Anusevičius, K., & Petraitis, 
V. (2022). Synthesis, biological activity, and molecular modelling studies of naphthoquinone derivatives 
as promising anticancer candidates targeting COX-2. Pharmaceuticals (Basel, Switzerland), 15(5), 541. 
https://doi.org/10.3390/ph15050541 
 
Liu, Z., Shen, Z., Xiang, S., Sun, Y., Cui, J., & Jia, J. (2023). Evaluation of 1, 4-naphthoquinone 
derivatives as antibacterial agents: activity and mechanistic studies. Frontiers of environmental science 
& engineering, 17(3), 31. https://doi.org/10.1007/s11783-023-1631-2 
 
Lopez, L.I., Flores, S.D., Belmares, S.Y., & Galindo, A. (2014). Napthoquinones: Biological properties 
and synthesis of lawsone and derivatives. Vitae-revista de la facultad de quimica farmaceutica, 21(3), 
248-258. ISSNe 2145-2660 
 
López-López, L.I., Rivera-Ávalos, E., Villarreal-Reyes, C., Martínez-Gutiérrez, F., & de Loera, D. (2022). 
Synthesis and antimicrobial evaluation of amino acid Naphthoquinone derivatives as potential 
antibacterial agents. Chemotherapy, 67(2), 102-109. https://doi.org/10.1159/000521098 
 
Masi, M., Cimmino, A., Tabanca, N., Beanal, J.J., Bloomquist, J.R., Evidente, A. (2017). A survey of 
bacterial, fungal and plant metabolites against Aedes aegypti (diptera:culicidae), the vector of yellow 
and dangue fevers and Zika virus. Journal of open chemistry, 15, 156-166. 
https://doi.org/10.1515/chem-2017-0019 
 
Nishikawa, Y., Carr, B.I., Wang, M., Kar, S., Finn, F., Dowel, P., Zheng, Z.B., Kernes, J., & Naganathan, 
S. (1995). Growth inhibition of hepatoma cells induced by K and its analogs. The Journal of biological 
chemistry, 270(47), 28304–28310. https://doi.org/10.1074/jbc.270.47.28304 
 
Peralta, L.R., Lopez, L.I.L., Belmares, S.Y.S., Cruz, A.Z., Herrara, R.R., & Gonzalez, C.N.A. (2015). 
Naphthoquinone: Bioactivity and Green Synthesis, The Battle Against Microbial Pathogens: Basic 
Science, Technological Advances and Educational Programs,In:Vilas,A. M.,Edition: Vol. 1, Formatex 
Research Center. pp. 542-550. 
 
Riffel, A., Medina, L.F., Stefani, V., Santos, R.C., Bizani, D., & Brandelli, A. (2002). In vitro antimicrobial 
activity of a new series of 1,4-naphthoquinones. Brazilian journal of medical and biological research = 
Revista brasileira de pesquisas medicas e biologicas, 35(7), 811–818. https://doi.org/10.1590/s0100-
879x2002000700008 
 
Roy, K.M. (2000). Thiols and organic sulfides, ULLMANN'S Encyclopedia of Industrial Chemistry, Vol. 

36, Wiley‐VCH (Electronic release 2017). 
 
Souza, R.M.C., Pimentel, L.M.L.M., Ferreira, L.K.M., Pereira, V.R.A., Santos, A.C.D.S., Dantas, W.M., 
& De Oliveira, R.N. (2023). Biological activity of 1, 2, 3-triazole-2-amino-1, 4-naphthoquinone derivatives 
and their evaluation as therapeutic strategy for malaria control. European journal of medicinal chemistry, 
255, 115400. https://doi.org/10.1016/j.ejmech.2023.115400 
 
Tadashi, H., Hiroyuki, G., & Hiroyuki, T. (1996). Preparation of napthoquinones as inflammation 
inhibitors with cell adhesion inhibiting activity. J.P. 08113555 A19960507, Jpn. Kokai Tokkyo Kaho.  
 
Vanallan, J.A., Reynolds, G.A., & Adel, R.E. (1963). Polynuclear heterocycles IV. The synthesis of some 
new heterocycles quinones. The Journal of organic chemistry, 28, 524-527. 
https://doi.org/10.1021/jo01037a066 
 
Vollhardt, P., & Schore, N. (2009). Organic chemistry: structure and function. 6th edition, W.H. Freeman 
and Company, New York. 
 

 


