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Abstract
In this study, �rstly, �ve novel vitamin K3 analogues were synthesized by the reactions of vitamin K3 (2-
methyl-1,4-naphthoquinone, also known as menadione) with some aromatic and heterocyclic ring
substituted nucleophiles such as 2,4-dimethoxyaniline, 4-methoxyaniline, 4-benzylpiperidine and 1-(2-
aminoethyl)piperazine in ethanol/Na2CO3, and 1-(diphenylmethyl)piperazine in chloroform/triethylamine
(TEA) at room temperature. Their structures were elucidated by Fourier transform infrared spectroscopy
(FT-IR), 1H nuclear magnetic resonance (1H NMR), attached proton test nuclear magnetic resonance (APT-
NMR) and mass spectrometry (MS). Secondly, in vitro cytotoxic effects of vitamin K3 analogues were
investigated by MTT assay against three cancer cell lines (HeLa, U87 MG, and MCF-7) to evaluate their
anticancer activity and a human embryonic kidney cell line (HEK-293) to check their cancer cell selectivity.
One of the compounds, namely 2-((2,4-dimethoxyphenyl)amino)-3-methylnaphthalene-1,4-dione, was
found to inhibit the growth of HeLa cervical cancer cells selectively, even better than vitamin K3, at a non-
toxic concentration for healthy cells. The selectivity index of this compound for HeLa cells was calculated
approximately as 3. Vitamin K3 was more effective against U87 MG and MCF-7 cells than its derivatives,
moreover it was the only compound, which was signi�cantly toxic to breast cancer cells, but its selectivity
was poor. Furthermore, anticancer properties of piperazine derivatives of vitamin K3 were investigated by
us for the �rst time in this study.

1. Introduction
Vitamin K is the name given to a group of lipophilic and hydrophobic vitamins. Chemically, they are
derivatives of 2-methyl-1,4-naphthoquinone, and according to general belief, the main reason for their
effectiveness is the naphthoquinone ring in their chemical structure. From this point of view, the
mechanisms of action of all vitamins are similar in general. However, important differences may arise in
relation to absorption, transport and tissue distribution in the intestine. Vitamin K, which is highly
resistant to heat, is insoluble in water due to the aforementioned chemical properties. Since the human
body can store vitamin K, it does not need daily vitamin K supplementation. Vitamin K is mainly needed
for posttranslational modi�cation of some proteins during several biological processes such as blood
coagulation [1]. In addition, pro-vitamin K3 (menadione), one of the members of the vitamin K family
characterized by a naphthalene ring containing two carbonyl moieties at positions 1 and 4, and its
analogs are known to inhibit the cancer cell growth [2]. It is commonly used as anticancer drug, alone or
in combination with vitamin C [3] or along with other chemotherapeutics [4]. Vitamin K3 (2-methyl-1,4-
naphthoquinone) is a synthetic vitamin K form that is lack of aliphatic chain at position 3, but has a
methyl group at position 2. In fact, it is not a surprising activity for vitamin K analogs since they share
common structural groups (quinones) with antitumor agents that are used for the treatment of various
cancers, such as daunorubicin, doxorubicin, and idarubicin [5–7]. Anticancer potential of
naphthoquinones, and their possible mode of action have been recently well-documented by Pereyra et al.
[8]. Action mechanisms and targets for naphthoquinones described in this review re�ect the anticancer
potential of naphthoquinone derivatives.
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Vitamin K3 derivatives exhibit signi�cant anticancer activity against many human cancer cells, such as
renal (TK10), melanoma (UACC62), breast (MCF7), cervical (HeLa), prostate (PC3) and liver (HepG2)
cancer cells [9]. The main mechanism for the anticancer activity of vitamin K3 is suggested as generation
of cytotoxic reactive oxygen species (ROS) [10–12] such as hydroxyl radicals that induce DNA breaks [13,
14]. Redox modulation of vitamin K3 and other vitamin K forms in common has been reviewed by
Ivanova and coworkers [15]. The authors have also discussed the involvement of several molecular
mechanisms in various cancer cells reported by different research groups, such as overexpression of
proto-oncogene transcription factors c-myc and c-jun, phosphorylation of tyrosine in hepatocyte growth
factor receptor (HGFR or c-met) and epidermal growth factor receptor (EGFR) and so on.

Aminonaphthoquinone derivatives of vitamin K3 such as ansamycin antibiotics, represent an important
part of natural antibiotics [13, 14]. Also some synthetic 2-phenylaminonaphthoquinone analogues
showed good antiproliferative pro�les [16, 17]. Many are toxic to a number of cancer cell lines because of
their redox potential [18, 19]. For example, some alkylamino vitamin K3 derivatives were shown to be
cytotoxic against colon, brain and pancreas cancer cells [20]. We have published the syntheses and
application of a wide range of several quinone compounds about N(H)-, S- and S,S-substituted and N-
substituted vitamin K3 analogues in the past [21–30]. In addition, we found that one of the thiolated
naphthoquinone derivatives, namely 2-(tert-butylthio)-3-chloronaphthalene-1,4-dione, has shown the
highest antiproliferative effect on HeLa cells with an IC50 value of 10.16 µM [31].

Here we were encouraged to direct our synthesis at the discovery of novel aromatic- and heterocyclic ring-
substituted vitamin K3 analogues, and to check their cytotoxic activities against human cervical (HeLa),
glioma (U87-MG), and breast (MCF-7) cancer cells. We also tested their cytotoxic effects on a healthy cell
line (human embryonic kidney cell line, HEK-293) in order to evaluate their cancer cell selectivity.

2. Results And Discussion

2.1 Chemistry
As we known the reactions of naphthoquinones with amines such as primary or secondary aliphatic
amines, cyclic amines and anilines substituted with electron donating groups are highly reactive and
provide high yields of naphthoquinone amino derivatives. Reaction of 2,3-dichloro-1,4-naphthoquinone
with amines gives mono amino derivatives. Both halogen atoms can be replaced by using nitrogen
containing heterocycles such as piperazine, morpholine, piperidine [32]. When aryl amines with enhanced
nucleophilicity react with 2,3-dichloro-1,4-naphthoquinone, only a chlorine atom can displace due to the
electronic enrichment of the quinone system. The second substitution of the chlorine atom can be carried
out with the quinone unit containing an electron withdrawing group (EWG) [33] or using a catalyst [34].

The synthesis of new N-substituted vitamin K3 derivatives compounds (3, 5, 7, 9 and 11) were
investigated by the reaction of 2-methyl-1,4-naphthoquinone (vitamin K3) 1 with 1-
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(diphenylmethyl)piperazine (2), 2,4-dimethoxyaniline (4), 4-methoxyaniline (6), 4-benzylpiperidine (8) and
1-(2-aminoethyl)piperazine (10), respectively (Scheme 1).

A proposed mechanism of compounds 3, 5, 7, 9 and 11 formation is shown in the Scheme 2.
Mechanistically, it is predicted, that Michael addition of primary amine will lead to the generation of an
intermediate compound. It could be better represented by enolisation of the compound into the more
stable form (keto form). It could undergo oxidation under the in�uence of another mole of 2-methyl-1,4-
naphthoquinone as mentioned [20, 35]. All compounds could be formed through a similar mechanism.

2.2 Spectral study
The reaction of vitamin K3 (2-methyl-1,4-naphthoquinone) 1 with 1-(diphenylmethyl)piperazine 2 gave the
new compound 3. The reaction carried out in chloroform/TEA at room temperature. In the IR spectrum of
compound 3; stretching bands for (C-Harom) and (C-Haliph) appeared at ν = 3219, 2979, 2904 cm− 1 and

carbonyl group (C = O) appeared at ν = 1661 cm− 1. The 1H NMR spectrum shows that the methyl group
appeared at δ = 2.00 ppm as a singlet, protons of piperazine observed as tow broad singlet at δ = 2.51,
3.43 ppm. According to 13C(APT) NMR spectrum; two signals of carbonyl groups were found at δ = 
183.62, 185.40 ppm.

The reaction of 1 with 2,4-dimethoxy aniline 4 or 4-methoxyaniline 6 gave the new compounds 5 and 7,
respectively, under same conditions (re�ux in ethanol/Na2CO3). In IR spectrum for compound 5,

characteristic stretching bands for (N-H) was seen at ν = 3338 cm− 1. According to 1H NMR spectrum,
protons of methyl group and methoxy groups were observed at δ = 1.73, 3.85 and 3.85 as a singlet
respectively. (N-H) proton appeared at δ = 7.22 ppm as a singlet too. In the 13C(APT) NMR spectrum;
signals of methoxy groups appeared at δ = 55.52, 55.71 ppm, two signals at δ = 182.53, 184.21 ppm
related to carbonyl groups. In the IR spectrum for compound 7, characteristic stretching band for (N-H)
was seen at ν = 3248 cm− 1. According to 1H NMR spectrum; protons of methyl group and methoxy group
were observed at δ = 1.63 and 3.74 as a singlet, respectively. NH proton appeared at δ = 7.27 ppm as
singlet too. In the 13C(APT) NMR spectrum; signal of methoxy group appeared at δ = 55.45 ppm, two
signals at δ = 182.60, 184.35 ppm related to carbonyl groups.

The reaction of 2-methyl-1,4-naphthoquinone 1 with 4-benzylpiperidine 8 (re�ux in ethanol/Na2CO3), gave
a new unknown compound 9. As was shown in IR spectrum of compound 9; characteristic stretching
bands for (C-Haliph) were observed at ν = 2956, 2922, 2853 cm− 1, and carbonyl groups at ν = 1667 cm− 1.

According to the 1H NMR spectrum; methyl group in naphthoquinone was seen at δ = 2.11 ppm as a
singlet, and (CH2) in benzylpiperidine as a doublet at δ = 2.50 ppm. In the 13C(APT) NMR spectrum;
signals at δ = 13.58, 43.32 ppm are related to (CH3)naphth, and (CH2)benzyl, carbonyl group signals were
detected at δ = 183.90, 185.45 ppm.
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A new compound 11 obtained by the reaction of 1 with 1-(2-aminoethyl)piperazine 10; this reaction
re�uxed in ethanol and Na2CO3. In this compound, the nucleophile takes place between two
naphthoquinone compounds as a bridge, because the 1-(2-aminoethyl)piperazine contains two active
sites. In the IR spectrum; a broad and weak stretching band for (N-H) group appeared at ν = 3310 cm− 1,
characteristic stretching bands for (C-Harom) and (C-Haliph) were observed at ν = 3078, 2968, 2906 cm− 1

and carbonyl group at ν = 1661 cm− 1. Protons of methyl groups were shown as a singlet at δ = 1.94 and
2.05 ppm in the 1H NMR spectrum, and N-H at δ = 6.36 ppm as singlet peak. Two methyl group signals at
δ = 11.06, 13.60 ppm, and four signals for carbonyl at δ = 182.56, 183.48, 183.65 and 185.47 ppm, as
were shown in the 13C(APT) NMR spectrum of a new compound.

2.3 Anticancer activity of the compounds 1, 3, 5, 7, 9 and 11
In vitro anticancer activity of vitamin K3 and its derivatives on HeLa cervical, U87 MG brain, and MCF-7
breast cancer cells was investigated by MTT test. The IC50 (µM) ± SD value of each compound for each
cell line (Table 1) was predicted from linear regression analysis performed with different concentrations
of the compound (Fig. 1). Cytotoxicity of the compounds on noncancerous embryonic kidney cells (HEK-
293) was also exerted in order to evaluate cancer cell selectivity.

The results indicated that starting molecule vitamin K3 (1) was the most cytotoxic compound against all
cell lines, except HeLa. However, it was also toxic to healthy HEK-293 cells, probably due to the induction
of Fenton's reactions and the production of hydroxyl radicals [15].

The most promising compound was 5, namely 2-((2,4-dimethoxyphenyl) amino)-3-methylnaphthalene-
1,4-dione, exhibited the highest cytotoxic activity against HeLa cells. Treatment with compound 5 for 48 h
inhibited the growth of HeLa cells in a concentration-dependent manner. Its 50% growth inhibitory
concentration (IC50) was calculated as 66.2 ± 1.4 µM. Furthermore, this compound exerted a selective
anticancer activity because its cytotoxicity on healthy HEK-293 cells was signi�cantly low (> 200 µM, see
Table 1). Selectivity index (SI) of compound 5 was calculated as approximately 3. It means that healthy
cells are affected by at least three-fold concentrated compound 5. As a result, cells other than cancerous
ones may not suffer during the treatment with this compound at a concentration toxic to cancer cells. In
fact, all derivatives were able to inhibit all cancer cell lines, except the MCF-7 breast cancer cell line, to a
certain extent, at least in their concentrations tested here. However, their SI values were much lower than
that of compound 5. For example, approximate selectivity index of the compounds 1, 3, 5, 7, 9 and 11 for
Hela cells (SI = IC50 for HEK293/IC50 for HeLa cell line) were 1.09, 1.68, 3.00, 1.47, 1.17 and 1.70,
respectively. Although cell-selective toxicity of vitamin K3 for HeLa and A549 cells was reported
previously [36], it was not prominent here, presumably due to the use of different healthy control cells.
Sensitivity of HeLa cells to the anticancer effect of vitamin K3 has been found to be linked with
peroxiredoxin 1 (PRX1) expression in these cells, but not in healthy cells [36], indicating the critical role of
this enzyme on selectivity. While He and coworkers [36] used the human vascular endothelial cell line
HUVEC and primary normal dermal �broblasts as healthy control, we used the human embryonic kidney
cell line (HEK-293) in this study. Thus, each control cell line may respond to an anticancer drug in a
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different way than other control cell lines. A comparison of the antioxidant defenses (e.g. PRX1
expression) in various control cell lines might help to explain the reason for this difference.

Table 1
The half maximal inhibitory concentration (IC50) of the vitamin K3 (1)
and its analogues (3, 5, 7, 9 and 11) on the growth of HeLa, U87 MG,

MCF-7 and HEK-293 cells. Bold numbers in the table indicate the
highest activity (the lowest IC50 value-concentration that inhibits the
growth of the 50% of the cells) against each cell line in each column.
Compound IC50 (µM) against cell lines

HeLa U87 MG MCF-7 HEK-293

1 82.6 ± 1.1 109.1 ± 1.0 83.4 ± 1.4 90.6 ± 1.8

3 119.4 ± 5.8 158.5 ± 5.6 > 200 > 200

5 66.2 ± 1.4 164.4 ± 1.2 > 200 > 200

7 136.5 ± 1.1 > 200 > 200 > 200

9 167.9 ± 1.7 > 200 > 200 197.2 ± 5.2

11 117.5 ± 1.1 164.1 ± 3.2 > 200 > 200

The only difference between the N-substituted aromatic derivatives of Vitamin K3 (5 and 7) is the
presence of one more methoxy group at the meta position of the aminophenyl ring in compound 5
(Scheme 1). This additional methoxy group may increase the activity as compounds containing alkoxy
group at the meta position exhibit more stable radicals in general. Similar superiority of methoxy-
enrichment has been reported in quinolinequinone analogs containing alkoxy group(s) in aminophenyl
ring [37], and in cationic stilbenes as anticancer therapeutics [38], previously.

3. Conclusions
Due to the many side effects of the anticancer drugs in use, the need for the discovery of compounds that
kill cancer cells without harming healthy cells is increasing day by day. Vitamin K3 (menadione) was
chosen as the starting material in this study for the synthesis of new anticancer candidates because of
the high biological activities of vitamin K3. The new vitamin K3 analogues were synthesized by the
reaction of menadione with aromatic and heterocyclic ring substituted nucleophiles such as aniline,
piperazine, piperidine derivatives. Their structures were elucidated by Fourier transform infrared
spectroscopy (FT-IR), 1H nuclear magnetic resonance (1H NMR), attached proton test nuclear magnetic
resonance (APT NMR) and mass spectrometry (MS).

As far as we know, this is the �rst report on anticancer properties of piperazine derivatives substituted
vitamin K3. Within the novel vitamin K3 analogues that are synthesized in this study, one, carrying meta-
methoxy groups in the N-substituted aromatic ring [2-((2,4-dimethoxyphenyl)amino)-3-
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methylnaphthalene-1,4-dione] selectively inhibited the HeLa cell growth, better than vitamin K3. However,
for a better understanding of its mechanism of action, and to evaluate its potential as an anticancer
agent, further molecular studies on redox regulation and the cell death pathways in both cancer (HeLa)
and healthy (HEK-273) cells treated with this promising compound are needed.

4. Experimental

4.1 Materials and Methods
Melting points were measured on a Büchi B-540 melting point apparatus. FTIR spectra (cm-1) were
recorded as KBr pellets in nujol mulls on a Shimadzu IR Prestige 21 model Diamond spectrometer (ATR
method). 1H NMR and APT NMR spectrums were obtained using a Varian Unity Inova (500 MHz)
spectrometer by using TMS as the internal standard and deuterated chloroform as solvent. Mass spectra
were obtained on a hybrid triple quadrupole linear ion trap mass spectrometer (4000 QTRAP, ABSciex).
The 4000 QTRAP was operated in the triple quadruple mass spectrometer mode by use of electrospray
ionization (ESI) source. Elemental analyses were performed with a Thermo Finnigan Flash EA 1112
elemental analyzer. Products were isolated by column chromatography on silica gel (Fluka Silica gel 60,
particle size 63–200 µm). Kieselgel 60 F-254 plates (Merck) were used for thin layer chromatography
(TLC). All chemicals were of reagent grade and were used without further puri�cation. Moisture was
excluded from the glass apparatus with CaCl2 drying tubes.

4.2 General procedures

4.2.1 General procedure 1 for the synthesis of compound
(3)
2-Methyl-1,4-naphthoquinone (1) (Vitamin K3) and N-substituted nucleophile (2) were stirred in
chloroform (25 mL) at room temperature for approximately 9 h with presence of triethylamine (TEA). The
reaction mixture was monitoring with (TLC) until disappearance of starting naphthoquinone. The mixture
was extracted using 30 mL of chloroform, washed three times with water, then dried using sodium
sulphate (Na2SO4). Evaporator system was used to remove the extra amount of solvent. The crude dark
residue was puri�ed by column chromatography and dried using vacuum oven at the end.

4.2.2 General procedure 2 for the synthesis compounds (5,
7, 9 and 11)
2-Methyl-1,4-naphthoquinone (1) (Vitamin K3) and N-substituted nucleophiles (4, 6, 8 and 10) were
re�uxed in 50 ml of absolute ethanol in presence of Na2CO3 (0.2 g) for 8 hours. The reaction mixture was
monitoring by (TLC) until disappearance of starting material. The mixture was extracted using 30 ml of
chloroform, washed three times with water, then dried using Na2SO4. Evaporator system was used to
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remove the extra amount of solvent. The crude dark residue was puri�ed by column chromatography and
dried using vacuum oven at the end [39].

Synthesis of 2-(4-benzhydrylpiperazin-1-yl)-3-methylnaphthalene-1,4-dione (3)

According to procedure 1, 1.0 g (5.8 mmol) of 2-methyl-1,4-naphthoquinone (1) was reacted with 1-
(diphenylmethyl)piperazine (2) (1.46 g, 5.7 mmol) in chloroform with presence of TEA. The product (3)
was synthesized as a new compound.

Compound 3: Red solid, yield: 0.349 g, (15%), Rf :0.90 [EtAc/CHCl3(1:7 v/v)]; M.p: 100.5–101.0°C. FT-IR

(cm− 1): v = 3219 (C-Harom), 2979, 2904, (C-Haliph), 1661 (C = O), 1590 (C = C). 1H NMR (ppm): δ = 2.00 (s,
3H, CH3), 2.51 (s, br, 4H, Hpiper), 3.43 (br, s, 4H, Hpiper), 4.32 (s, 1H,-CH>), 7.27–7.77 (m, 10H, Harom), 7.80 (d,

J = 5.44 Hz, 2H, Hnaphth), 8.00 (dd, J = 6.84, 2.93 Hz, 2H, Hnaphth). 13C(APT) NMR (ppm): δ = 13.60 (CH3),
52.91 (CH2-N-CH2), 76.80 (–CH<), 125.75, 126.19, 126.55, 127.58, 127.73, 127.77, 128.01, 128.3, 128.50,
128.63, 128.85, 130.07, 132.53, 134.8 (CHarom, Carom), 168.24 (= C-N), 183.62, 185.40 (C = O); C28H26N2O2

(Mw= 422.53 g/mol). Calcd., %: C 79.59; H 6.20; N 6.63. Found, % : C 79.32; H 6.61; N 6.99. MS (+ ESI):

m/z = 423.1[M]+.

Synthesis of 2-((2, 4-dimethoxyphenyl) amino)-3-methylnaphthalene-1,4-dione (5)

According to procedure 2, 1.0 g (5.8 mmol) of 2-methyl-1,4-naphthoquinone (1) was re�uxed with 0.89 g
(5.8 mmol) of 2,4-dimethoxyaniline (4) in absolute ethanol with presence of Na2CO3 (0.2 g). The product
(5) was obtained as a new compound.

Compound 5: Red oil, yield: 0.456 g, (24%), Rf: 0.50 [CHCl3/hexane(1:4 v/v)]. FT-IR (cm− 1): ν = 3338 (N-H),

3063 (C-Harom), 2970, 2913, (C-Haliph), 1724, 1662 (C = O), 1597,1567 (C = C). 1H NMR (ppm): δ = 1.73 (s,
3H, CH3), 3.38 (s, 3H, -OCH3), 3.85 (s, 3H, -OCH3) 6.44–6.48 (m, 2H, Harom), 6.81 (d, J = 9.27 Hz, 1H, Harom),
7.22 (s, 1H, -NH), 7.61–7.73 (m, 2H, CHnaphth), 8.04–8.08 (dd, J = 0.98, J = 8.19 Hz, 2H, CHnaphth).
13C(APT) NMR (ppm): δ = 13.31 (CH3), 55.52, 55.70 (O-CH3), 98.95, 103.36, 116,41, 121.96, 124.36,
126.07, 130.49, 132.09, 133.46, 134.25, 143.07 ppm (CHarom, Carom), 153.55, 157.80 ppm (= C-O), 182.53,
184.21 ppm (C = O). C19H17NO4. (Mw = 323.35 g/mol). Calcd., %: C 70.58; H 5.30; N 4.33. Found, % : C

70.32; H 5.21; N 4.48. MS (+ ESI): m/z = 324.1[M + H] +.

Synthesis of 2-((4-methoxyphenyl)amino)-3-methylnaphthalene-1,4-dione (7)

According to procedure 2, 1.0 g (5.8 mmol) of 2-methyl-1,4-naphthoquinone (1) was re�uxed with 0.70 g
(5.6 mmol) of 4-methoxyaniline (6) in absolute ethanol with presence of Na2CO3 (0.2 g). The product (7)
was obtained as a new compound.

Compound 7: Purple solid, yield: 0.351 g (21%), Rf: 0.80 [CHCl3/hexane(1:4 v/v)]; M.p.: 69.5–70.0°C. FT-IR

(cm− 1): ν = 3248 (N-H), 2966, 2916, (C-Haliph), 1718, 1664 (C = O), 1594, 1563 (C = C), 1072, (C-O). 1H NMR
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(ppm): δ = 1.63 (s, 3H, CH3), 3.74 (s, 3H, -OCH3), 6.87–6.80 (m, 2H, Harom), 6.89–6.91 (m, 2H, Harom), 7.27

(s, 1H, NH), 7.55–7.66 (m, 2H, CHnaphth), 8.00-8.05 (m, 2H, CHnaphth). 13C(APT) NMR (ppm): δ = 13.22
(CH3), 55.45 (O-CH3), 114.12, 116.73, 124.86, 126.12, 130.83, 132.22, 133.39, (CHarom−Carom), 143.10 (= C-
N)naphth,156.48 (C-O)ph, 182.60, 184.35 (C = O). C18H15NO3(Mw =293.32 g/mol). Calcd., %: C 73.71; H

5.15; N 4.78. Found, % : C 73.32; H 5.61; N 4.99. MS (+ ESI): m/z = 294.1 [M + H] +.

Synthesis of 2-(4-benzylpiperidin-1-yl)-3-methylnaphthalene-1,4-dione (9)

According to procedure 2, 1.0 g (5.8 mmol) of 2-methyl-1,4-naphthoquinone (1) was reacted with 1.0 g
(5.7 mmol) of 4-benzylpiperidine (8) in 50 ml of absolute ethanol at room temperature with presence of
Na2CO3 (0.2 g), Product (9) was obtained as a new compound.

Compound 9: Red oil, yield: 0.612 g (32%); Rf: 0.71 [EtAc/PET(1:6 v/v)]. FT-IR (cm− 1): v = 2956, 2922, 2853

(C-Haliph), 1722, 1667(C = O), 1596 (C = C). 1H NMR (ppm): δ = 1.04–1.21, 1.26–1.36 (m, 4H, (CH2-CH-
CH2)piperi), 1.61–1.69 (m, 1H,, (CH2-CH-CH2)piperi), 2.11 (s, 3H, CH3), 2.50 (2H, d, J = 0.86 Hz, CH2), 3.10,
4.32 (m, 4H, (CH2-N-CH2)piperi), 7.07–7.20 (m, 5H, CHarom), 7.50–7.64 (m, 2H, CHnaphth.), 7.84–7.94 (m,

2H, CHnaphth). 13C(APT) NMR (ppm): δ = 13.58 (CH3), 33.21 (CH2-CH-CH2)piperi, 37.99 (CH2-CH-CH2)piperi,
43.32 (CH2), 52.00 (CH2-N-CH2)piper, 125.68, 126.12, 126.34, 128.24, 128.84, 129.01, 132.13, 132.48,
133.19, 133.67 (CHarom, Carom), 140.26 (CH2-Cph) 153.10 (= C-N), 183.90, 185.45 (C = O). C23H23NO2 (Mw

=345.44 g/mol). Calcd., %: C 79.97; H 6.71; N 4.05. Found, % : C 80.32; H 6.61; N 3.99. MS (+ ESI): m/z = 
346.30 [M]+.

Synthesis of 2-methyl-3-(4-(2-((3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)amino)ethyl)piperazin-1-
yl)naphthalene-1,4-dione (11)

According to procedure 2, 1.0 g (5.8 mmol) of 2-methyl-1,4-naphthoquinone (1) was reacted with 0.75g
(5.8 mmol) of 1-(2-aminoethyl)piperazine (10) in absolute ethanol with presence of Na2CO3 (0.2 g). The
product (11) was obtained as a new compound.

Compound 11: Red solid, yield: 0.558 g, (24%), Rf : 0.62 [EtAc/CHCl3(1:5 v/v)]: M.p.: 177.5–178.0°C. FT-IR

(cm− 1): ν = 3310 (N-H), 3078 (C-Harom), 2968, 2906, (C-Haliph), 1661 (C = O), 1594, 1563 (C = C). 1H NMR
(ppm): δ = 1.94, (s, 3H, CH3), 2.05 (s, 3H, CH3), 2.60 (s, 4H, Hpiper), 2.70 (t, J = 7.32, 2H, CH2-NH), 3.40 (t, J = 
4.8 Hz, 4H, Hpiper), 3.65 (m, 2H, CH2-Npiper), 6.36 (br, s, 1H, N-H), 7.51–7.61 (m, 4H, CHnaphth), 7.91–7.98

(m, 4H, CHnaphth). 13C(APT) NMR (ppm): δ = 11.06, 13.60 (CH3), 41.57 (CH2-NH), 51.20, 53.48 (CH2-N)piper

57.16 (N-CH2-), 125.78, 126.20, 128.71, 130.51, 131.82, 132.67, 133.48, 134. (CHarom, Carom), 146.61, (= C-
NH), 151.51 (= C-N), 182.56, 183.48, 183.65, 185.47 (C = O. C28H27N3O4, (Mw = 469.54 g/mol). Calcd., %: C

71.62; H 5.80; N 8.95. Found, % : C 71.32; H 6.01; N 9.09. MS (+ ESI): m/z = 470.2 [M] +.

4.3 Cytotoxicity Test
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Cytotoxic effect of each compound on cancer and healthy cells was detected by MTT [3 -(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay described by Mosmann et al. [40] with some
modi�cations [41]. All cell lines (1x105 cell/mL) were seeded on 96‐well plates �lled with proper medium
in a Class II laminar �ow, and incubated at 37ºC for 24 hours in a CO2 incubator providing 5% carbon
dioxide. HeLa (human cervical cancer) cells were maintained in Eagle's Minimum Essential Medium
(EMEM) while U87-MG (human glioma) cells in Dulbecco's Modi�ed Eagle Medium/High Glucose
(DMEM/High), MCF-7 (human breast cancer) and HEK-293 (human embryonic kidney) cells in Dulbecco's
Modi�ed Eagle Medium/Nutrient Mixture F-12 Ham (DMEM/F-12). All media were only supplemented
with 10% (v/v) heat-inactivated fetal bovine serum and antibiotic-antimycotic mixture containing
penicillin (100 U/mL), streptomycin (100 µg/mL), and amphotericin B (0.25 µg/mL), except one used for
U87-MG cells. The latter also included 1% non-essential amino acids (NEAA).

Test compounds were dissolved in medium, and sterilized by passing through the membrane �lter with
0.22 µm pore size. Cells treated with different concentrations of test compounds (1, 5, 10, 50, 100, 200
µM) (experimental groups) and untreated ones (control group) were grown at 37ºC for 48 h. Medium was
discarded, the cells were washed with phosphate buffered saline and then exposed to 30 µL MTT (5
mg/mL) at 37˚C for 4 h. Formazan crystals formed were dissolved by the addition of 150 µL DMSO. The
absorbance at 540 nm of each sample was recorded by a microplate reader. Nonlinear regression
analysis was used to �nd out half-maximal inhibitory concentration (IC50) of each compound, and IC50

value was calculated with a sigmoidal dose-response curve. “GraphPad Prism 8.0” software was used for
statistical analysis. Difference in mean values were considered signi�cant when p < 0.05. Each test was
performed at least in triplicate.
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Schemes
Schemes 1-2 are in the supplementary �les section.

Figures

Figure 1

Cytotoxic activity of compound 1, 3, 5, 7, 9 and 11 on cancer cell lines (HeLa, U87MG, and MCF-7), and a
human embryonic kidney cell line (HEK-293) by MTT assay.
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