
Asian Pub. Corp.

www.asianpubs.org

Asian Journal of Organic
& Medicinal Chemistry
Volume: 7 Year: 2022
Issue: 1 Month: January–March
pp: 123–130
DOI: https://doi.org/10.14233/ajomc.2022.AJOMC-P372

Received: 12 February 2022

Accepted: 25 March 2022

Published: 5 April 2022

Author affiliations:

1Department of Chemistry, Sri Dharmasthala Manjunatheshwara
Institute of Technology (Affiliated to Visvesvaraya Technological
University, Belagavi), Ujire-574240, India
2Alkem Laboratories Limited, Research & Development Centre,
Peenya Industrial Area, Bangalore-560058, India
3PG Department of Chemistry, Sri Dharmasthala Manjunatheshwara
College (Autonomous), Ujire-574240, India
4Technical Coordinator, ArkGen Pharma Private Limited, Peenya
Industrial Area, Bangalore-560058, India
5#1st Floor, House No. 007, Serene Urbana, Ozone Urbana, Southe
Gowdanahalli, Bangalore-562110, India
6Piramal Life Sciences, 1-Nirlon Complex, Off Western Express
Highway, Goregaon (East), Mumbai-400063, India
7Chief Innovation Officer, Omni Active Health Technologies Limited,
Phoenix House, T-8, A-Wing, 462-Senapati Bapat Marg, Lower Parel,
Mumbai-400013, India

To whom correspondence to be addressed:

E-mail: sanjayss@sdmit.in

Synthesis, Characterization, Antimalarial and
Anticancer Activities of Few New Amino

Analogues of 1,4-Naphthoquinone

S.S. Sanjay1,2, , , Shashiprabha2,3, K. Shridhara2,4,
K. Nagarajan2,5, H. Sivaramakrishnan6 and B. Arun7

K E Y W O R D S

Naphthoquinone derivatives, Synthesis, Characterization, Antimalarial
activity, Anticancer activity.

ARTICLE

Available online at: http://ajomc.asianpubs.org

I N T R O D U C T I O N

Quinones play an important role in imparting biological
activity to large number of molecules [1,2]. Good number of
1,4-naphthoquinone derivatives found to possess antitumor [3],
antimalarial [4], antiviral [5], molluscidal [6], antileishmanial
[7], antiproliferative, antibacterial and antifungal [8] activities.
Incorporation of substituted amine group at 2-position of 1,4-
naphthoquinone has led to the disclosure of many molecules
having antifungal, antibacterial, antimalarial and anticancer
activities. Moreover, it forms the molecular framework for
numerous natural compounds like rifamycins [9], kinamycins
[10], rifampicins [11] and streptovaricins [12]. 2,3-Dichloro-
1,4-naphthoquinone (1) and its derivatives have shown consi-
derable biological activity as antifungal, antibacterial, anti-
cancer, antiplatlet, anti-inflammatory, antiallergic and anti-HIV
agents [13]. The popular drug atovaquone (ATQ) was synthesized
by the synthetic route, which involves the isolation and hydro-
lysis of intermediate 2-chloro-3-[trans-4-(4-chlorophenyl)-
cyclohexyl]-1,4-naphthoquinone (2) [14]. Compound 2 has a
replaceable chloro (-Cl) group attached to the naphthoquinone
ring.

Calandra and Adams [15] reported the synthesis and biolo-
gical activity of amino derivatives of 2-chloro-1,4-naphtho-
quione by treating 1 with amino acids, aminoalkanes, amino
benzene, sulfonamide, amino pyridines, etc. Ryu et al. [16]

Present study involves the synthesis, characterization, antimalarial
and anticancer activities of some novel substituted amino analogues
of 1,4-naphthoquinone. The chloro group present in the key starting
materials like 2,3-dichloro-1,4-naphthoquinone (1) and 2-chloro-3-
[trans-4-(4-chlorophenyl)cyclohexyl]-1,4-naphthoquinone (2) was
replaced by substituted amines. These analogues were isolated,
purified and screened for antimalarial and anticancer activities. A
few of the novel compounds were found to possess substantial
biological activity and are reasonably potent.
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reported the amination of 2,3-dihalo-1,4-naphthoquinones with
arylamines in ethanol and tested them for anticoagulant and
cytotoxic activity. Lien et al. [17] reported the synthesis of 2-
alkyl/aryl-carboxamido derivatives of 3-chloro-1,4-naphtho-
quinone and found them to possess antiplatelet, antiinflamma-
tory and antiallergic activities. Van Allan et al. [18] reported
the synthesis of a few 2-arylamino 3-chloro-1,4-napthoquinone
derivatives along with isolation of a few byproducts. Gokmen
and Alahmad [19] reported the synthesis and characterization
of a few amino and thio(substituted) derivatives of naphtho-
quinones. Kiymet [20] reported the synthesis of a few novel
series of 2-substituted 1,4-naphthoquinones and 2-substituted
1,4-anthraquinones, from 2,5,8-tribromo-1,4-naphthoquinone
and 2,9,10-tribromo-1,4-anthraquinone, respectively. The
compounds prepared had the potential to develop fingermarks,
hence these compounds can be used as an effective reagents
for detecting latent finger-marks in routine criminal investi-
gations. Farahani et al. [21] reported the synthesis and charac-
terization of series of 2-amino-3-(2-oxothiazol-methyl)-
substituted 1,4-naphthoquinone compounds prepared by one-
pot synthesis. It involves the reaction of 2-aminothiazole,
2-hydroxy-1-4-naphthoquinone and aromatic aldehydes using
of nano-SiO2 (20% mol). Gholampour et al. [22] reported the
synthesis and in vitro cytotoxic activity of novel series of
2-amino-1,4-naphthoquinones bearing oxyphenyl moiety.  Li
et al. [23] reported the synthesis and biological activities
(antiplatelet, anti-inflammatory and antiallergic) of amino,
2-alkylamino, 2-methoxy, 2-acetamido and 5,8-diacetoxy
derivatives of the main compound 2,3-dichloro-5,8-
dimethoxy-1,4-naphthoquinone along with 6,7-dichloro-5,8-
dimethoxy-1,4-naphthoquinone. Prachayasittikul et al. [24]
reported the synthesis and anticancer activities of series of
2-substituted amino-3-chloro-1,4-naphthoquinone derivatives.
Salmon-Chemin et al. [25] reported the use of starting materials
such as menadione, plumbagin and juglone, for the synthesis
of three different series of 1,4-naphthoquinones and the corre-
lation between redox cycling activities and in vitro cytotoxicity.

Based on the literature review, a few novel substituted
amino analogues of 1,4-naphthoquinone are prepared. Present
work involves the synthesis, purification, characterization and
the biological activities of prepared novel compounds. The
chloro (-Cl) group present in the key starting materials 1 and
2, was replaced by various substituted amines and isolated
crude products were purified by slurry wash/recrystallization
techniques column chromatography. The purified analogues
3a-m and 4a-j were further evaluated for their antimalarial
and anticancer activities.

E X P E R I M E N T A L

Present work involves the use of key starting material 1,
which was procured from Sigma-Aldrich. Compound 2 was
synthesized by the novel process to prepare the renowned anti-
malarial drug ATQ using compound 1 [26]. All the substituted
amines were procured from Sigma-Aldrich, potassium
carbonate from Rankem and the commercial solvents were
procured locally. These procured starting materials, reagents
and solvents were used in the experiments without further
purification.

Melting points of the isolated analogues were recorded
by the open capillary method and are uncorrected. 1H NMR
spectra are recorded (in DMSO-d6/CDCl3) on a 300/400 MHz
NMR spectrometer using tetramethylsilane (TMS) as internal
standard. Mass spectra were recorded on Agilent mass spectro-
meter operating at 70 eV. Progress of reactions and the purity
of products were checked by thin layer chromatography (TLC)
using precoated silica TLC plates (Merck 60F254).

Synthesis of amino analogues of 1 (3a-f, 3j and 3l):
Compound 1 (0.50 g, 2.20 mmol), hexamethyleneimine (0.32 g,
3.30 mmol for 3a), indoline (0.41 g, 3.52 mmol for 3b),
biphenylmethylidene hydrazone (0.69 g, 3.52 mmol for 3c),
3,4-difluoroaniline (0.51 g, 3.96 mmol for 3d), 4-(triazolyl-
1)methylaniline (0.65 g, 3.74 mmol for 3e), 4-trifluromethoxy-
aniline (0.66 g, 3.74 mmol for 3f), amino acetaldehyde diethyl-
acetal (0.53 g, 3.96 mmol for 3j), 4-aminomethylbenzoic acid
(0.43g, 2.86 mmol for 3l) and 6 mL methanol were stirred at
35-40 ºC for 4-6 h. After the completion of each reaction,
product was isolated by filtration and dried under vacuum at
40-45 ºC for 1-2 h (3a = 0.51g, 81% yield, 3b = 0.57 g, 84%
yield, 3c = 0.69 g, 81% yield, 3d = 0.55 g, 79% yield, 3e =
0.69 g, 86% yield, 3f = 0.70 g, 87% yield, 3j = 0.65 g, 92%
yield and 3l = 0.44 g, 59% yield) (Scheme-I).

Synthesis of amino analogues of 1 (3g-i, 3k and 3m):
Compound 1 (0.50 g, 2.20 mmol), 4-chloro phenyl piperazine
(0.60 g, 3.08 mmol for 3g), 4-phenyl piperazine (0.53 g, 3.30
mmol for 3h), 1-aminoindane hydrochloride (0.63 g, 3.74
mmol for 3i), 2,3-dichlorophenylpiperazine (1.01 g, 4.4 mmol
for 3k), 6-[trifluoromethoxy] benzothiazole-2-amine (1.20 g,
5.5 mmol for 3m), K2CO3 (0.60 g, 4.40 mmol) and 10-14 mL
acetonitrile were stirred at 25-30 ºC for 5-7 h. After the comp-
letion of each reaction, filtered the contents and the solvent
was evaporated under reduced pressure. To the residue, added
10 mL methanol/chloroform (4:1) mixture. Stirred for 30 min
at 25-30 ºC, filtered the mass under suction and dried under
reduced pressure at 40-45 ºC for 1 h (3g = 0.76 g, 90% yield,
3h = 0.66 g, 86% yield, 3i = 0.41 g, 58% yield, 3k = 0.83 g,
91% yield and 3m = 0.64g, 69% yield) (Scheme-I).

Synthesis of 2-amino-3-[trans-4-(4-chlorophenyl)cyclo-
hexyl]-1,4-naphthoquinone (4a): Compound 2 (0.80 g, 2.07
mmol), 20 mL liquor ammonia and 5 mL tetrahydrofuran
were stirred at 35-40 ºC for 96 h. TLC showed about 20-25%
of product formation. Cooled the mass to 25-30 ºC, decanted
the upper dark layer. Distilled off the solvent under redu-
ced pressure and purified by column chromatography over
neutral alumina using toluene as eluent. Product 4a was
isolated by the concentration of main fraction and dried under
reduced pressure for 1 h at 40-45 ºC (0.12 g, 16% yield)
(Scheme-II).

Synthesis of amino analogues of 2 (4b-e): Compound 2
(0.80 g, 2.07 mmol), morpholine (0.27 g, 3.10 mmol for 4b),
pyrrolidine (0.27 g, 3.51 mmol for 4c), piperidine (0.29 g,
3.51 mmol for 4d), thiomorpholine (0.38 g, 3.72 mmol for 4e)
and 8-12 mL methanol were refluxed for 36-52 h. Cooled the
reaction mass to 25-30 ºC, product was isolated by filtration
and dried under reduced pressure for 1 h at 40-45 ºC (4b =
0.19 g, 21.12% yield, 4c = 0.29 g, 34% yield, 4d = 0.33 g,
37% yield and 4e = 0.47 g, 51% yield) (Scheme-II).
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Scheme-II: Synthesis of amino analogues of compound 2

Synthesis of amino analogues of 2 (4f-j): Compound 2
(0.0 8 g, 2.07 mmol), K2CO3 (0.42 g, 3.1 mmol), benzylamine
(0.55 g, 5.17 mmol for 4f) hexamethyleneimine (0.62 g, 5.38
mmol for 4g), phenylpiperazine {0.83 g, 5.17 mmol for 4h),
4-chloro phenyl piperazine (1.05 g, 5.38 mmol for 4i), amino-
acetaldehyde diethylacetal (0.82 g, 6.21 mmol for 4j) and 12-
16 mL acetonitrile were heated to reflux for 30-48 h. Cooled
the reaction mass to 25-30 ºC, filtered the reaction mass and
distilled off the solvent under reduced pressure. To the sticky
residue, added 5 mL methanol and heated to 45-50 ºC for 15
min. Filtered the hot reaction mass to isolate the product and
dried under reduced pressure for 1 h at 40-45 ºC (4f = 0.52 g,

55% yield, 4g = 0.29 g, 31% yield, 4h = 0.44 g, 42% yield, 4i
= 0.39 g, 35% yield and 4j = 0.43 g, 43% yield) (Scheme-II).

2-(Azepan-1-yl)-3-chloro-1,4-naphthoquinone (3a):
m.f.: C16H16NO2Cl, m.p.: 87-90 ºC, 1H NMR (300 MHz, CDCl3,
δ ppm): 7.95- 8.09 (2H, m), 7.61-7.71 (2H, m), 3.71-3.74 (4H,
t, J = 6.5 Hz), 1.68-1.84 (8H, m). MS (m/z): 290.05 (M+), LC-
MS (purity): 95.47%.

2-Chloro-3-(2,3-dihydro-1H- indol-1-yl)-1,4-
naphthoquinone (3b): m.f.: C18H12NO2Cl, m.p.: 176-178 ºC,
1H NMR (400 MHz, CDCl3): 8.17-8.19 (1H, d, J = 7.36 Hz),
8.07-8.09 (1H, d, J = 7.44 Hz), 7.71-7.77 (2H, m), 7.07-7.26
(2H, m), 6.33-6.95 (2H, m), 4.39-4.43 (2H, t, J = 7.8 Hz),
3.17-3.21 (2H, t, J = 7.7 Hz). MS (m/z): 308.0 (M+ -2), 308.7
(M+-1), 310.0 (M+), 310.8 (M++1).

2-Chloro-3-[2-(diphenylmethylidene)hydrazinyl]-1,4-
naphthoquinone (3c): m.f.: C23H15N2O2Cl, m.p.: 235-237 ºC,
1H NMR (400 MHz, CDCl3): 9.18 (1H, s), 8.17-8.19 (1H, d, J
= 7.68 Hz), 7.94-7.96 (1H, d, J = 7.64 Hz), 7.60-7.75 (7H, m),
7.36-7.40 (5H, m). MS (m/z): 387.0 (M+), 388.0 (M++1), 389.0
(M++2).

2-Chloro-3-[(3,4-difluorophenyl)amino]-1,4-naphtho-
quinone (3d): m.f.: C16H8NO2F2Cl, m.p.: 263-265 ºC, 1H NMR
(400 MHz, CDCl3, δ ppm): 8.18-8.20 (1H, d, J = 7.6 Hz),
8.11-8.13 (1H, d, J = 7.56 Hz), 7.77-7.80 (1H, t, J = 7.56 Hz),
7.69-7.73 (1H, t, J = 7.48 Hz), 7.53 (1H, bs), 7.10-7.17 (1H,
m), 6.91-6.96 (1H, m), 6.82-6.84 (1H, m). MS (m/z): 319.9
(M+), 3.18.9 (M+-1), 318.0 (M+-2).

2-Chloro-3-{[4-(1H-1,2,4-triazol-1-ylmethyl)phenyl]-
amino}-1,4-naphthoquinone (3e): m.f.: C19H13N4O2Cl, m.p.:
224-226 ºC, 1H NMR (400 MHz, CDCl3, δ ppm): 8.19-8.21
(1H, d, J = 8.0 Hz), 8.11-8.13 (1H, d, J = 8.0 Hz) 8.09 (1H, s),
7.99 (1H, s), 7.76-7.80 (1H, t, J = 7.48 Hz),7.68-7.72 (1H, t, J
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= 7.56 Hz), 7.64 (1H, bs), 7.24-7.26 (2H, d, J = 8.0 Hz), 7.06-
7.08 (2H, d, J = 8.0 Hz), 5.56 (2H, s). MS (m/z): 363.0 (M+-1),
364.0 (M+), 365.0 (M+ +1), 366.1 (M+ +2).

2-Chloro-3-{[4-(trifluoromethoxy)phenyl]amino}-
naphthalene-1,4-dione (3f): m.f.: C17H9NO3F3Cl, m.p.: 206-
208 ºC, 1H NMR (400 MHz, CDCl3, δ ppm); 8.12-8.21 (2H, m),
7.77-7.81 (1H, t, J = 7.5 Hz), 7.69-7.73 (1H, t, J = 7.6 Hz),
7.62 (1H, s), 7.19-7.22 (2H, d, J = 8.6 Hz), 7.08-7.10 (2H, d,
J = 8.8 Hz). MS (m/z): 366.0 (M+-1), 367.0 (M+), 367.9 (M++1),
368.9 (M++2).

2-Chloro-3-[4-(4-chlorophenyl)piperazin-1-yl]-1,4-
naphthoquinone (3g): m.f.: C20H16N2O2Cl2, m.p.: 152-155 ºC,
1H NMR (400 MHz, CDCl3, δ ppm): 8.11-8.13 (1H, d, J = 7.3
Hz), 8.01-8.03 (1H, d, J = 7.3 Hz), 7.65-7.73 (2H, m), 7.23-
7.25 (2H, d, J = 8.6 Hz), 6.92-6.94 (2H, d, J = 7.6 Hz), 3.77-
3.78 (4H, t, J = 4.8 Hz), 3.32-3.35 (4H, t, J = 4.8 Hz). MS (m/
z): 386.1 (M+ -1), 387.0 (M+), 388.0 (M+ +1), 389.2 (M+ +2).

2-Chloro-3-(4-phenylpiperazin-1-yl)-1,4-naphtho-
quinone (3h): m.f.: C20H17N2O2Cl, m.p.: 125-127 ºC, 1H NMR
(400 MHz, CDCl3, δ ppm): 8.12-8.14 (1H, d, J = 7.4 Hz),
8.02-8.04 (1H, d, J = 7.4 Hz), 7.65-7.73 (2H, m), 7.28-7.32
(2H, t, J = 8.4 Hz), 6.97-6.99 (2H, d, J = 8.0 Hz), 6.89-6.93
(2H, t, J = 7.28 Hz), 3.77-3.79 (4H, t, J = 4.8 Hz), 3.35-3.38
(4H, t, J = 4.8 Hz). MS (m/z): 352.1 (M+ -1), 353.1 (M+), 354.1
(M++1), 355.1 (M++2).

2-Chloro-3-(2,3-dihydro-1H-inden-1-ylamino)-1,4-
naphthoquinone (3i): m.f.: C19H14NO2Cl, m.p.: 177-180 ºC,
1H NMR (400 MHz, CDCl3, δ ppm): 8.17-8.19 (1H, d, J =
7.76 Hz), 8.03-8.05 (1H, d, J = 7.64 Hz), 7,72-7.76 (1H, t, J =
7.56 Hz), 7.61-7.65 (1H, t, J = 7.6 Hz), 7.24-7.37 (4H, m),
6.26 (1H, m), 6.09-6.14 (1H, m), 3.03-3.11 (1H, m), 2.90-
2.98 (1H, m), 2.67-2.76 (1H, m), 2.00-2.17 (1H, m). MS (m/z):
323.8 (M+), 325.8 (M++2).

2-Chloro-3-[(2,2-diethoxyethyl)amino]-1,4-naphtho-
quinone (3j): m.f.: C16H18NO4Cl, m.p.: 62-65 ºC, 1H NMR
(300 MHz, CDCl3, δ ppm): 8.13-8.16 (1H, d, J = 7.8 Hz),
8.02-8.05 (1H, d, J = 7.5 Hz), 7.60-7.75 (2H, m), 6.29 (1H,
bs), 4.67-4.70 (1H, t, J = 5.4 Hz), 3.98-4.01 (2H, t, J = 5.7
Hz), 3.71-3.81 (2H, m), 3.54-3.65 (2H, m), 1.23-1.28 (6H, t,
J = 6.9 Hz). MS (m/z): 324.05 (M+), LC-MS (purity): 95.28%.

2-Chloro-3-[4-(2,3-dichlorophenyl)piperazin-1-yl]-1,4-
naphthoquinone (3k): m.f.: C20H15N2O2Cl3, m.p.: 173-175 ºC,
1H NMR (300 MHz, DMSO-d6, δ ppm): 7.97-8.02 (2H, m),
7.79-7.86 (2H, m), 7.33-7.35 (2H, d, J = 4.8 Hz), 7.20-7.23
(1H, t, J = 4.8 Hz), 3.71 (4H, bs), 3.16-3.32 (4H, m). MS (m/z):
421.0 (M+), LCMS (purity): 100%.

4-[(3-Chloro-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-
amino]benzoic acid (3l): m.f.: C17H10NO4Cl, m.p.: 245-247
ºC, 1H NMR (300 MHz, DMSO-d6, δ ppm): 12.81-12.82 (1H,
bs), 8.07-8.12 (1H, t, J = 6.9 Hz), 7.91-7.98 (2H, m), 7.72-
7.88 (4H, m), 7.40-7.43 (2H, d, J = 8.1 Hz), 5.01-5.03 (2H, d,
J = 6.9 Hz). MS (m/z): 342.0 (M+).

2-Chloro-3-{[6-(trifluoromethoxy)-1,3-benzothiazol-2-
yl]amino}-1,4-naphthoquinone (3m): C18H8N2O3SF3Cl, m.p.:
171-173 °C, 1H NMR (400 MHz, DMSO-d6): 8.01-8.08 (2H,
m), 7.84-7.91 (2H, m), 7.31-7.33 (3H, m). MS (m/z): 423.0
(M+ -1), 424.0 (M+), 425.0 (M++1), 426.0 (M++2).

2-Amino-3-[trans-4-(4-chlorophenyl)cyclohexyl]-1,4-
naphthoquinone (4a): m.f.: C22H20NO2Cl, m.p.: 263-265 ºC,

1H NMR (400 MHz, CDCl3, δ ppm): 8.06-8.08 (1H, d, J = 8.0
Hz), 8.00-8.02 (1H, d, J = 8.0 Hz), 7.68-7.71 (1H, t, J = 8.0 Hz),
7.57-7.61 (1H, t, J = 8.0 Hz), 7.26-7.28 (2H, d, J = 8.0 Hz),
7.16-7.88 (2H, d, J = 8.0 Hz) 5.22 (2H, s), 2.75-2.81 (1H, m),
2.62-2.68 (1H, m), 2.16-2.23 (2H, m), 2.00-2.03 (2H, m), 1.79-
1.82 (2H, m), 1.51-1.58 (2H, m). MS (m/z): 365.31 (M+),
366.23 (M++1), 367.32 (M++2).

2-Morpholino-3-[trans-4-(4-chlorophenyl)cyclohexyl]-
1,4-naphthoquinone (4b): mf.: C26H26NO3Cl, m.p.: 194-196
ºC, 1H NMR (400 MHz, CDCl3, δ ppm): 7.98-8.03 (2H, m),
7.64-7.71 (2H, m), 7.27-7.29 (2H, d, J = 8.0 Hz), 7.18-7.20
(2H, d, J = 8.4 Hz), 3.84-3.87 (4H, t, J = 4.6 Hz), 3.32-3.34
(4H, t, J = 4.6 Hz), 2.97-3.03 (1H, m), 2.67-2.73 (1H, m),
2.33-2.43 (2H, m), 2.00-2.03 (2H, m), 1.70-1.73 (2H, m), 1.44-
1.54 (2H, m). MS (m/z): 436.1 (M+), 437.0 (M++1), 438.2
(M++2).

2-Pyrrolidino-3-[trans-4-(4-chlorophenyl)cyclohexyl]-
1,4-naphthoquinone (4c): m.f.: C26H26NO2Cl, m.p.: 168-171 ºC,
1H NMR (400 MHz, CDCl3, δ ppm): 7.96-7.98 (1H, d, J = 7.6
Hz), 7.82-7.84 (1H, d, J = 7.56 Hz), 7.61-7.65 (1H, t, J = 7.48
Hz), 7.52-7.56 (1H, t, J = 7.52 Hz), 7.24-7.26 (2H, d, J = 8.4
Hz), 7.16-7.18 (2H, d, J = 8.4 Hz), 3.68-3.72 (4H, m), 2.68-
2.74 (1H, m), 2.45-2.62 (3H, m), 1.92-2.01 (6H, m), 1.73-
1.75 (2H, m), 1.39-1.48 (2H, m). MS (m/z): 420.1 (M+), 421.1
(M++1), 422.1 (M++2).

2-Piperidino-3-[trans-4-(4-chlorophenyl)cyclohexyl]-
1,4-naphthoquinone (4d): m.f.: C27H28NO2Cl, m.p.: 192-194
ºC, 1H NMR (300 MHz, CDCl3, δ ppm): 7.89-8.00 (2H, m),
7.54-7.62 (2H, m), 7.19-7.22 (2H, J = 9.0 Hz), 7.11-7.14 (2H,
d, J = 9.0 Hz), 3.26-3.27 (4H, m), 3.13-3.18 (6H, m), 1.62-2.97
(10H, m). MS (m/z): 434.1 (M+), 435.2 (M++1), 437.1 (M++2).

2-Thiomorpholino-3-[trans-4-(4-chlorophenyl)-
cyclohexyl]-1,4-naphthoquinone (4e): m.f.: C26H26NO2SCl,
m.p.: 223-225 ºC, 1H NMR (300 MHz, CDCl3, δ ppm): 8.00-
8.06 (2H, m), 7.66-7.73(2H, m), 7.29-7.32 (2H, d, J = 8.4 Hz),
7.20-7.22 (2H, d, J = 8.4 Hz), 3.51-3.55 (4H, t, J = 4.8 Hz),
3.20-3.23 (1H, m), 3.00-3.08 (1H, m), 2.81-2.84 (4H, t, J =
4.8 Hz), 2.68-2.76 (1H, m), 1.46-2.44 (8H, m).

2-Benzylamino-3-[trans-4-(4-chlorophenyl) cyclohexyl]-
naphthalene-1,4-dione (4f): m.f.: C29H26NO2Cl, m.p.: 209-
211 ºC, 1H NMR (400 MHz, CDCl3, δ ppm): 7.88-7.91 (2H,
m), 7.66-7.79 (2H, m), 7.22-7.40 (8H, m), 7.10-7.12 (2H, d, J
= 8.44 Hz), 4.69-4.71 (2H, d, J = 6.92 Hz), 2.65-2.70 (1H, m),
2.20-2.29 (2H, m), 1.63-1.66 (2H, m), 1.44-1.46 (2H, m), 1.02-
1.06 (2H, m). MS (m/z): 456.0 (M+), 457.2 (M++1), 458.2
(M++2).

2-(Azepan-1-yl)-3-[trans-4-(4-chlorophenyl)cyclo-
hexyl]-1,4-naphthoquinone (4g): m.f.: C28H30NO2Cl, m.p.:
196-198 ºC, 1H NMR (400 MHz, CDCl3, δ ppm): 7.97-8.03
(2H, m), 7.63-7.69 (2H, m), 7.26-7.28 (2H, d, J = 8.4 Hz),
7.18-7.20 (2H, d, J = 8.4 Hz), 3.22-3.25 (5H, m), 2.67-2.73
(1H, t, J = 12.1 Hz), 2.31-2.41 (2H, m), 2.03 (2H, m), 1.75 (9H,
s), 1.48-1.71 (3H, m). MS (m/z): 448.2 (M+), 449.2 (M++1),
450.1 (M++2).

2-(4-Phenylpiperazin-1-yl)-3-[trans-4-(4-chloro-
phenyl)cyclohexyl]-1,4-naphthoquinone (4h): m.f.:
C32H31N2O2Cl, m.p.: 140-142 ºC, 1H NMR (400 MHz, CDCl3,
δ ppm): 7.99-8.10 (2H, m), 7.64-7.71 (2H, m), 7.16-7.33 (7H,
m), 6.89-7.02 (2H, m), 3.49-3.52 (4H, t, J = 4.76 Hz), 3.34-
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3.36 (4H, t, J = 4.72 Hz), 3.01-3.07 (1H, m), 2.66-2.72 (1H,
m), 2.32-2.45 (2H, m), 1.44-2.03 (6H, m). MS (m/z): 511.2
(M+), 512.2 (M++1), 513.1 (M++2).

2-[4-(4-Chlorophenyl)piperazin-1-yl]-3-[trans-4-(4-
chlorophenyl)cyclohexyl]-1,4-naphthoquinone (4i): m.f.:
C32H30N2O2Cl2, m.p.: 212-214 ºC, 1H NMR (400 MHz, CDCl3,
δ ppm): 7.92-8.02 (2H, m), 7.75-7.77 (2H, m), 7.60-7,69 (2H,
m), 7.44-7.46 (2H, d, J = 7.68 Hz), 7.09-7.21 (4H, m), 3.10-3.90
(8H, m), 2.70-2.73 (1H, m), 2.59-2.66 (1H, m), 1.47-2.51 (8H,
m). Mass: m/z: 545.2 (M+), 546.2 (M++1), 547.2 (M++2).

2-[(2,2-Diethoxyethyl)amino]-3-[trans-4-(4-chloro-
phenyl)cyclohexyl]-1,4-naphthoquinone (4j): m.f.:
C28H32NO4Cl, m.p.: 108-110 ºC, 1H NMR (300 MHz, CDCl3,
δ ppm): 7.97-8.05 (2H, m), 7.56-7.71 (2H, m), 7.26-7.28 (2H,
d, J = 7.2 Hz), 7.16-7.19 (2H, d, J = 8.4 Hz), 5.82-5.85 (1H, t,
J = 5.4 Hz), 4.64-4.67 (1H, t, J = 5.4 Hz), 3.71-3.78 (2H, m),
3.55-3.65 (4H, m), 2.70-2.76 (2H, m), 2.43-2.48 (2H, m), 1.74-
2.02 (4H, m), 1.46-1.56 (2H, m), 1.25-1.33 (6H, t, J = 12.6
Hz). MS (m/z): 482.25 (M+). LC-MS (purity): 100%.

Antimalarial activity: Assessment of in vitro antimalarial
activity was done using the test model, in vitro Plasmodium
falciparum (strain 3D7). All the analogues were evaluated for
antimalarial activity against 3D7 (CQ-sensitive) and K1 (CQ-
resistant) strains of Plasmodium falciparum by employing
Malaria SYBR Green-I nucleic acid staining dye based
fluorescence (MSF) assay [27]. The stock (5 mg/mL) solution
was prepared using the solvent dimethylsulphoxide and test
dilutions are prepared in culture medium (RPMI-1640-FBS).
Chloroquine-diphosphate (CQ) and ATQ were being used as
reference drugs for the activity evaluation.

Assessment methodology: 50 µL of culture medium was
dispensed in 96 well plate followed by the addition of 50 µL
of highest concentration of test compounds (in duplicate wells)
in row B. Subsequent two fold serial dilutions are prepared
and finally 50 µL of 1.0% parasitized cell suspension contain-
ing 0.8% parasitaemia was added to each well except 4 wells
in row A had received non parasitized erythrocyte suspension.
The plates are incubated at 37 ºC in carbon dioxide incubator
in an atmosphere of 5% CO2 and air mixture for about 72 h.
Later 100 µL of lysis buffer containing 2x concentration of
SYBR Green-I (nitrogen) was added to each well and incubated
for 1 h at 37 ºC. The plates were evaluated at 485 ± 20 nm of
excitation and 530 ± 20 nm of emission for relative fluores-
cence units (RFUs) per well using the fluorescence plate reader
(FLX800, BIOTEK).

Cytotoxicity assay: The cytotoxicity estimation of the
synthesized compounds was done using Vero cell line (C1008:
Monkey kidney fibroblast) [28]. The cells were incubated with
compound dilutions for 72 h and MTT was used as the reagent
for the estimation of cytotoxicity. 50% cytotoxic concentration
(CC50) was determined by employing nonlinear regression
analysis of dose response curves using pre-programmed excel
spreadsheet.

Anticancer activity: Human tumor cell lines Panc-1
(pancreatic cancer), HCT 116 (colorectal cancer), ACHN (renal
cell carcinoma), Calu-1 (lung carcinoma) were grown in
Minimal Essential Media with Eagle’s Basal salts (MEM-EBS)
obtained from AMIMED (BioConcept, Switzerland), H460

(Small Cell Lung Cancer) were cultured in RPMI 1640
(AMIMED, BioConcept, Switzerland). All the tumor cell lines
were supplemented with 10% of fetal bovine serum (FBS)
(GIBCO), 1% of penicillin/streptomycin (Sigma) and 1% of
anti-anti (GIBCO) and were grown in T-175 tissue culture
flasks (Nunc). MCF-10A non-tumourigenic cell line was
cultured in Mammary Epithelial Basal Medium (MEBM) with
all standard conditions (Lonza, Catalog. No.CC-3150). All the
cells were grown at 37 ºC with 5% CO2. Cells were passaged
at 80-90% confluence. Adherent cells were trypsinized using
Trypsin-EDTA (Sigma) and maintained. All the cell lines were
procured from ATCC (Rockville, USA).

Sample preparation: All the compounds were weighed
accurately and dissolved in specific quantity of DMSO to give
a required stock solution of 20 mmol. Eight different concen-
trations of the compound were prepared by serial dilution of
stock solution finally resulting in a (compared to the test
concentration) 200-fold lower concentration. Each compound
was tested at 0.01, 0.03, 0.1, 0.3, 1.0, 3.0, 10 and 30 µm. Every
concentration was evaluated in duplicates. All the analogues
of the present work were taken through the similar preparations
and the activity aspects were estimated.

The IC50 determination: Cells were plated in 96-well flat-
bottom microtiter plates at a cell density of 3000 cells/well.
After 24 h of recovery period to allow the cells to resume expo-
nential growth, the compound was added at 8 concentrations
in duplicates for 48 h. Post 48 h of incubation, cell toxicity was
determined by CCK-8 reagent (Dojindo Molecular Technologies,
Inc, Japan). The 5 µL/well CCK-8 reagent was added and plates
were incubated for 2 h. The synthesized compounds induced
anti-proliferation/toxicity were determined by measuring the
absorbance on Tecan Sapphire multiflourescence micro plate
reader (Tecan, Germany, GmbH) at a wavelength of 450 nm,
corrected to 650 nm and normalized to controls.

Cell growth inhibition (%)

OD of vehicle control OD of treated cells
100

OD of vehicle control

=
− ×

THP-1 assay protocol: The human monocytic cell line
THP-1 (ATCC, Manassas, USA) was maintained in RPMI-
1640 (Bioconcept) supplemented with 10% FBS (GIBCO).
Prior to LPS-stimulation, 25,000 cells per well were cultured
for 24 h in the presence of 10 ng/mL of phorbol 12-myristate
13-acetate (PMA, Sigma-Aldrich) to enhance their response
to activation stimuli [29]. These cells were then stimulated
with 1.0 µg/mL LPS (Sigma-Aldrich) for 24 h in presence or
absence of compound doses at 0.5% DMSO concentration.
At the end of 24 h, the cell supernatant was used for cytokine
measurements and the cells used for determining the toxic
effects of the compounds by the exposure to CCK-8 (DoJindo).
For all experiments, the THP-1 monocytes were used only up
to passage and utilized within two months post revival of a
new vial.

R E S U L T S A N D   D I S C U S S I O N

The chloro group present in the key starting materials 1
(Scheme-I) and 2 (Scheme-II) was replaced by substituted
amines to prepare the corresponding novel analogues.
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Mild reaction conditions were sufficient for the synthesis
of substituted amino analogues of compound 1 and the rate of
reaction was extremely fast with good yield. Whereas drastic
reaction conditions were required for the synthesis of amino
analogues of compound 2 and the reaction was sluggish, in
many cases reaction did not go for completion. The average
yield observed for the amino analogues of compound 1 was
80.23%, similarly it was found to be 36.5% for the amino
analogues of compound 2. This behaviour leading to low yield
can be linked to substantial steric hindrance offered by compound
2, which was not observed in the case of compound 1. All the
synthesized analogues were characterized by spectral analysis.

The mass spectrum of compound 3a showed an intense
molecular ion peak with m/z value of 290.05 (M+) with
molecular weight of 289.75 (C16H16NO2Cl). The chromato-
graphic purity of compound 3a was found to be 95.47% by
LC-MS. The 300 MHz 1H NMR spectrum of compound 3a
showed a multiplet in the range δ 7.95-8.09 ppm, integrated
for 2 protons attached to C5 and C8. The multiplet in the range
δ 7.61-7.71 ppm integrated for 2 protons attached to C6 and
C7. The triplet (J = 6.5 Hz) in the range δ 3.71-3.74 ppm,
which was integrating for 4 protons attached to C11 and C12.
The remaining 8 protons attached to C13, C14, C15 and C16
respectively were resonated as multiplets in the range δ 1.68-

1.84 ppm. The 300 MHz 1H NMR spectrum of compound 4e
showed a multiplet in the range δ 8.00-8.06 ppm integrated
for 2 protons attached to C5 and C8. The multiplet in the range
δ 7.66-7.73 ppm was assigned for 2 protons attached to C6
and C7. The 4 aromatic protons attached to C22, C23, C24
and C25 were resonated as 2 doublets (J = 8.4 Hz each) in the
range δ 7.29-7.32 ppm and 7.20-7.22 ppm. A triplet (J = 4.8
Hz) in the range δ 3.51-3.55 ppm was assigned for 4 protons
attached to C13 and C14. The multiplet in the range δ 3.20-
3.23 ppm integrated for one proton attached to C15. The multi-
plet in the range δ 3.00-3.08 ppm integrated for one proton
attached to C20. The triplet (J = 4.8 Hz) in the range δ 2.81-
2.84 ppm was assigned for 4 protons attached to C11 and C12.
The multiplet in the range δ 2.68-2.76 ppm was assigned for
two protons, one each attached to C16 and C17. Remaining
six protons attached to C16, C17 (one proton each) and C18,
C19 (two proton each) were resonated as multiplets in the range
δ 1.46-2.44 ppm. Similarly, the structures of other newly
synthesized analogues were also established.

Antimalarial activity: The IC50 values are obtained by
logistic regression analysis of dose response curves using pre-
programmed excel spreadsheet. Atovaquone and chloroquine-
diphosphate were used as the reference standards for the
evaluation. The antimalarial screening data (Tables 1 and 2)

TABLE-1 
IC50, CC50 AND SELECTIVITY INDEX (SI) OF ANALOGUES 

Compd. No. IC50 µg/mL CC50 µg/mL SI Compd. No. IC50 µg/mL CC50 µg/mL SI 

3a > 200 31.43 NA 4a 59.93 36.79 613.88 
3b > 200 4.75 NA 4b > 200 10.41 NA 
3c > 200 31.5 NA 4c 92.09 41.61 451.84 
3d > 200 > 100 NA 4d > 200 80.03 NA 
3e > 200 55.3 NA 4e 26.58 54.06 2033.86 
3f > 200 96.31 NA 4f > 200 85.03 NA 
3g > 200 6.47 NA 4g 61.92 73.18 1181.84 
3h > 200 6.17 NA 4h 65.77 24.32 369.77 
3i 35.07 40.41 1152.26 4i > 200 61.56 NA 
3j > 200 17.84 NA 4j > 200 45.73 NA 
3k > 200 51.29 NA ATQ (mean ± sd) 0.393 ± 0.06 0.4 1019 
3l > 200 19.94 NA CQ (mean ± sd) 2.45 ± 1.028 > 100 Std 

3m > 200 7.1 NA     
Note: NA = Not applicable, ATQ = Atovaquone, CQ = Chloroquine-diphosphate 
 

TABLE-2 
IC50 AGAINST (3D7 AND K1) AND CC50 OF ANALOGUES 

Compd. 
No. 

IC50 (µg/mL) 
against strain 3D7 

IC50 (µg/mL) 
against strain K1 

CC50 
(µg/mL) 

Compd. No. IC50 (µg/mL) 
against strain 3D7 

IC50 (µg/mL) 
against strain K1 CC50 (µg/mL) 

3a > 200 Nd 31.43 4a 59.93 169.7 36.79 
3b > 200 Nd 4.75 4b > 200 Nd 10.41 
3c > 200 Nd 31.5 4c 92.09 192.63 41.61 
3d > 200 Nd > 100 4d > 200 Nd 80.03 
3e > 200 Nd 55.3 4e 26.58 100.71 54.06 
3f > 200 Nd 96.31 4f > 200 Nd 85.03 
3g > 200 Nd 6.47 4g 61.92 143.32 73.18 
3h > 200 Nd 6.17 4h 65.77 80.77 24.32 
3i 35.07 149.09 40.41 4i > 200 Nd 61.56 
3j > 200 Nd 17.84 4j > 200 Nd 45.73 
3k > 200 Nd 51.29 ATQ (mean ± sd) 0.39 ± 0.06 0.31 ± 0.05 0.4 
3l > 200 Nd 19.94 CQ (mean ± sd) 2.45 ± 1.03 135.34 ± 28.72 > 100 

3m > 200 Nd 7.1     
Note: Nd = Not detected, ATQ = Atovaquone, CQ = Chloroquine-diphosphate 
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TABLE-3 
ANTICANCER ACTIVITY RESULTS OF ANALOGUES 

Compd. No. H460 (non small 
cell lung cancer 

HCT116 
(colon cancer) 

ACHN (renal 
cancer) 

Calu1 (lung 
cancer) 

Panc-1 (pancreatic 
cancer) 

MCF110A 
(normal cells) 

HTS ranking 

3a 4.0 NA NA 9.0 4.0 NA Active 
3b 3.1 1.7 1.9 3.7 1.1 > 10 Active 
3c > 10 > 10 > 10 > 10 > 10 > 10 – 
3d > 10 > 10 > 10 > 10 > 10 > 10 – 
3e 1.1 0.7 1.0 1.1 0.7 > 10 Potent 
3f > 10 > 10 > 10 > 10 > 10 > 10 – 
3g > 10 > 10 > 10 > 10 > 10 > 10 – 
3h > 10 > 10 > 10 > 10 > 10 > 10 – 
3i > 10 > 10 > 10 > 10 > 10 > 10 – 
3j 8.0 NA NA 7.0 20.0 T Potent 
3k 5.0 NA NA 6.0 6.0 NT Active 
3l 10.0 NA NA 9.0 19.0 NA Active 

3m 3.7 1.7 3.1 3.4 1.9 > 10 Active 
4a > 10 > 10 > 10 > 10 > 10 > 10 – 
4b > 10 > 10 > 10 > 10 > 10 > 10 – 
4c > 10 > 10 > 10 > 10 > 10 > 10 – 
4d > 10 > 10 > 10 > 10 > 10 > 10 – 
4e > 10 > 10 > 10 > 10 > 10 > 10 – 
4f > 10 > 10 > 10 > 10 > 10 > 10 – 
4g > 10 > 10 > 10 > 10 > 10 > 10 – 
4h > 10 > 10 > 10 > 10 > 10 > 10 – 
4i > 10 > 10 > 10 > 10 > 10 > 10 – 
4j 21.0 NA NA 30.0 90.0 NA Active 

GEM 92.0 69.0 81.0 71.0 70.0 NA Std. 
Note: GEM = Positive control gemcitabine, NA = Not applicable, T = Toxic, NT = Non toxic 
 

of the synthesized substituted amine analogues of 1,4-naphtho-
quinones revealed that the compounds such as compounds
3i, 4a, 4c, 4e, 4g and 4h have shown substantial antimalarial
activity.

Anticancer activity: Gemcitabine, a renowned anticancer
drug was used as the positive control during the in vitro anti-
cancer evaluation process. The investigation of the anticancer
screening data (Table-3) of the synthesized substituted amine
analogues of 1,4-naphthoquinones revealed that the
compounds 3a, 3b, 3k, 3l, 3m and 4j were active. Moreover,
compounds such as compounds 3e and 3j were found to be
potent. Interestingly the compound 3e was non-toxic to normal
cell but compound 3j was found toxic to normal cells.

Conclusion

A few novel substituted amino analogues of compounds
1 and 2 were synthesized, purified, characterized and screened
for antimalarial and anticancer activities. In case of derivatives
of compound 1, the synthetic pathway required mild reaction
conditions where as drastic reaction conditions were required
for the synthesis of analogues of compound 2. This behaviour
can be attributed to substantial steric hindrance offered by
compound 2 contributing to lower yields. The investigation of
the antimalarial activities of the synthesized substituted amine
analogues of 1,4-naphthoquinones revealed that compounds
3i, 4a, 4c, 4e, 4g and 4h have shown the substantial activity.
The investigation of the anticancer activities of analogues
revealed that compounds 3a, 3b, 3k, 3l, 3m and 4j were found
to be active. Moreover, the compounds such as compound 3e
and 3j were found to be potent. Interestingly, compound 3e
was non-toxic to normal cell but compound 3j was found to
be toxic to normal cells.

A C K N O W L E D G E M E N T S

The authors would like to thank the Management of SDM
Educational Society (Ujire) and Alkem Laboratories Limited
(Mumbai), for providing the support and essential facilities.
The authors extend their thanking to Dr. S.K Puri and Dr. A.K.
Srivastava, CSIR-Central Drug Research Institute, Lucknow,
for their support towards the antimalarial screening of analogues.

R E F E R E N C E S
1. C. Asche, Antitumour Quinones, Mini Rev. Med. Chem., 5, 449 (2005);

https://doi.org/10.2174/1389557053765556
2. L. Garuti, M. Roberti and D. Pizzirani, Nitrogen-Containing

Heterocyclic Quinones: A Class of Potential Selective Antitumor
Agents, Mini Rev. Med. Chem., 7, 481 (2007);
https://doi.org/10.2174/138955707780619626

3. B.J. Stefanska, M.J. Dzieduszycka, S. Martelli, I. Antonini and E.
Borowski, 2-Amination of Quinizarin via Michael Addition of
Hydrazines or Amines, J. Org. Chem., 58, 1568 (1993);
https://doi.org/10.1021/jo00058a045

4. T.S. Lin, L.Y. Zhu, S.P. Xu, A.A. Divo and A.C. Sartorelli, Synthesis
and Antimalarial Activity of 2-Aziridinyl- and 2,3-bis(Aziridinyl)-1,4-
naphthoquinonyl Sulfonate and Acylate Derivatives, J. Med. Chem.,
34, 1634 (1991);
https://doi.org/10.1021/jm00109a016

5. S. Ganapaty, P. Steve Thomas, G. Karagianis, P.G. Waterman and R.
Brun, Antiprotozoal and Cytotoxic Naphthalene Derivatives from
Diospyros assimilis, Phytochemistry, 67, 1950 (2006);
https://doi.org/10.1016/j.phytochem.2006.05.039

6. T.M.S. Silva, C.S. Camara, T.P. Barbosa, A.Z. Soares, L.C. DaCunha,
A.C. Pinto and M.D. Vargas, Molluscicidal Activity of Synthetic
Lapachol Amino and Hydrogenated Derivatives, Bioorg. Med. Chem.,
13, 193 (2005);
https://doi.org/10.1016/j.bmc.2004.09.043

7. A. Mäntylä, T. Garnier, J. Rautio, T. Nevalainen, J. Vepsälainen, A.
Koskinen, S.L. Croft and T. Järvinen, Synthesis, in vitro Evaluation, and
Antileishmanial Activity of Water-Soluble Prodrugs of Buparvaquone,

Asian Journal of Organic & Medicinal Chemistry  129



J. Med. Chem., 47, 188 (2004);
https://doi.org/10.1021/jm030868a

8. V.K. Tandon, H.K. Maurya, A. Tripathi, G.B. Shivakeshava, P.K. Shukla,
P. Srivastava and D. Panda, 2,3-Disubstituted-1,4-naphthoquinones,
12H-Benzo[b]phenothiazine-6,11-diones and Related Compounds:
Synthesis and Biological Evaluation as Potential Antiproliferative and
Antifungal Agents, Eur. J. Med. Chem., 44, 1086 (2009);
https://doi.org/10.1016/j.ejmech.2008.06.025

9. H. Nagaoka and Y. Kishi, Further Synthetic Studies on Rifamycin S,
Tetrahedron, 37, 3873 (1981);
https://doi.org/10.1016/S0040-4020(01)93261-2

10. S. Omura, A. Nakagawa, H. Yamada, T. Hata, A. Furusaki and T.
Watanabe, Structures and Biological Properties of Kinamycin A, B, C,
and D, Chem. Pharm. Bull. (Tokyo), 21, 931 (1973);
https://doi.org/10.1248/cpb.21.931

11. G. Lancini and W. Zanichelli, Eds.: D. Perlman, Structure-Activity
Relationships among the Semi-Synthetic Antibiotics, Academic Press:
New York, p. 531 (1977).

12. T. Lanz, S. Tropf, F.J. Marner, J. Schroder and G. Schroder, The Role
of Cysteines in Polyketide Synthases, J. Biol. Chem., 266, 9971 (1991);
https://doi.org/10.1016/S0021-9258(18)92914-5

13. H.K. Maurya, Synthetic and Biological Utility of 2,3-Dichloro-1,4-
naphthoquinone: A Review, Int. J. Res. Granthaalayah, 7, 293 (2020);
https://doi.org/10.29121/granthaalayah.v7.i10.2019.399

14. D.R. Williams and M.P. Clark, Synthesis of Atovaquone, Tetrahedron
Lett., 39, 7629 (1998);
https://doi.org/10.1016/S0040-4039(98)01691-8

15. J.C. Calandra and E.C. Adams Jr., The Preparation of Amine Derivatives
of 2-Chloro-1,4-naphthoquinone, J. Am. Chem. Soc., 72, 4804 (1950);
https://doi.org/10.1021/ja01166a130

16. C.K. Ryu, J.D. Oh and M.E. Suh, Synthesis of Anticoagulant 3-(N-
Arylamino)-1,4-Naphthoquinones(II), Yakhak Hoeji, 33, 273 (1989).

17. J.C. Lien, L.J. Huang, J.P. Wang, C.M. Teng, K.H. Lee and S.C. Kuo,
Synthesis and Antiplatelet, Antiinflammatory and Antiallergic Activities
of 2-Substituted 3-Chloro-1,4-Naphthoquinone Derivatives, J. Biorg.
Med. Chem., 5, 2111 (1997);
https://doi.org/10.1016/S0968-0896(97)00133-8

18. J.A. Van Allan, G.A. Reynolds and R.E. Adel, Polynuclear Heterocycles.
IV. The Synthesis of Some New Heterocyclic Quinones, J. Org. Chem.,
28, 524 (1963);
https://doi.org/10.1021/jo01037a066

19. Z. Gokmen and H. Alahmad, Novel Amino- and Thio(substituted)-
1,4-naphthoquinone (NQ) Compounds: Synthesis and Characterization,
Phosphorus Sulfur Silicon Rel. Elem., 195, 718 (2020);
https://doi.org/10.1080/10426507.2020.1755973

20. K.B. Akar, Novel O-Propyl, S-Propyl, and N-Propyl Substituted 1,4-
Naphthoquinones and 1,4-Anthraquinones as Potential Fingermark
Development Reagents for Porous Surfaces, J. Forensic Sci., 66, 161
(2020);
https://doi.org/10.1111/1556-4029.14596

21. H.V. Farahani, M. Bayat and S. Nasri, Synthesis of New 2-Amino-3-
(2-Oxothiazol-Methyl)-Substituted-1,4-Naphthoquinone Derivatives
Based on Silica Nanoparticles as a Reusable Heterogeneous Catalyst,
Silicon, 12, 41 (2020);
https://doi.org/10.1007/s12633-019-0098-z

22. M. Gholampour, H. Seradj, S. Pirhadi and M. Khoshneviszadeh, Novel
2-Amino-1,4-naphthoquinone Hybrids: Design, Synthesis, Cytotoxicity
Evaluation and in silico Studies, Bioorg. Med. Chem., 28, 115718 (2020);
https://doi.org/10.1016/j.bmc.2020.115718

23. J.H. Li, C.C. Fu, H.L. Kuo, P.W. Jih, M.T. Che and C.K. Sheng,
Synthesis of New Steroidal Isoxazoles: Inhibitors of Estrogen Synthase,
Bioorg. Med. Chem., 6, 1525 (1998);
https://doi.org/10.1016/S0968-0896(98)00097-2

24. V. Prachayasittikul, R. Pingaew, A. Worachartcheewan, C. Nantasenamat,
S. Prachayasittikul, S. Ruchirawat and V. Prachayasittikul, Synthesis,
Anticancer Activity and QSAR Study of 1,4-Naphthoquinone Derivatives,
Eur. J. Med. Chem., 84, 247 (2014);
https://doi.org/10.1016/j.ejmech.2014.07.024

25. L. Salmon-Chemin, E. Buisine, V. Yardley, S. Kohler, M.-A. Debreu,
V. Landry, C. Sergheraert, S.L. Croft, R.L. Krauth-Siegel and E. Davioud-
Charvet, 2- and 3-Substituted 1,4-Naphthoquinone Derivatives as
Subversive Substrates of Trypanothione Reductase and Lipoamide
Dehydrogenase from Trypanosoma cruzi: Synthesis and Correlation
between Redox Cycling Activities and in Vitro Cytotoxicity, J. Med.
Chem., 44, 548 (2001);
https://doi.org/10.1021/jm001079l

26. S.S. Sanjay, H.S. Shashikumar and K. Shashiprabha, Shridhara, R.R.
Koottungalmadhom, A. Veerasamy, J. Govindarajulu, S.R. Kothapalli
and N. Kuppuswamy, Preparation of Naphthoquinone Compounds
using 2,3-Dihalonaphthoquinone, US Patent 8283499 B2 (2012).

27. S. Singh, K.S. Rajeev, S. Mukesh, S.K. Puri and K. Srivastava, In-vitro
Culture of Plasmodium falciparum: Utility of Modified (RPNI) Medium
for Drug-sensitivity Studies using SYBR Green I Assay, Exp. Parasitol.,
127, 318 (2011);
https://doi.org/10.1016/j.exppara.2010.08.007

28. K.V. Sashidhara, M. Kumar, R.K. Modukuri, R.K. Srivastava, A. Soni,
K. Srivastava, S.V. Singh, J.K. Saxena, H.M. Gauniyal and S.K. Puri,
Antiplasmodial Activity of Novel Keto-Enamine Chalcone-Chloroquine
Based Hybrid Pharmacophores, Bioorg. Med. Chem., 20, 2971 (2012);
https://doi.org/10.1016/j.bmc.2012.03.011

29. A. Kulkarni-Almeida, A. Suthar, H. Goswami, R. Vishwakarma, V.S.
Chauhan, A. Balakrishnan and S. Sharma, Novel Leads from
Heliotropium ovalifolium, 4,7,8-Trimethoxy-naphthalene-2-carboxylic
Acid and 6-Hydroxy-5,7-dimethoxy-naphthalene-2-carbaldehyde show
Specific IL-6 Inhibitory Activity in THP-1 Cells and Primary Human
Monocytes, Phytomedicine, 15, 1079 (2008);
https://doi.org/10.1016/j.phymed.2008.04.013

130  Sanjay et al.

https://doi.org/10.1016/S0040-4020(01)93261-2
https://doi.org/10.1016/S0021-9258(18)92914-5
https://doi.org/10.1016/S0040-4039(98)01691-8
https://doi.org/10.1016/S0968-0896(97)00133-8
https://doi.org/10.1016/S0968-0896(98)00097-2

