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Abstract

In this research, the synthesis of 1,3,5,7-tetrahydroxy-9,10-anthraquinone (1) and two anthrone derivatives,
1,3,5,7-tetrahydroxy-10H-anthracene-9-one (2) and 1-hydroxy-3,5,7,9-tetramethoxyanthracene (3) has been done.
Compound 1 was synthesized by a symmetrical condensation reaction of 3,5-dihydroxybenzoic acid in
concentrated sulfuric acid. Reduction of the carbonyl group in compound 1 with SnCl,/HCI-HOAc affords
compound 2. Compound 3 was prepared by modifying the hydroxy groups of compound 2 by a methylation
reaction. The synthesized compounds were identified using nuclear magnetic resonance spectroscopy (NMR) and
a high-resolution mass spectrometry (HR-ESI-MS). The antibacterial activity test of the synthesized compounds
against four pathogenic bacteria, Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Salmonella typhi,
was carried out using the microdilution method. Compound 3 showed moderate activity against B. subtilis, E. coli
and S. typhi with a MIC value of 37.5 pg/mL. Moderate activity was also shown by compound 2 against S. aureus,

while compound 1 showed weak activity with a MIC value of 75 pg/mL against the four test bacteria.
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1. INTRODUCTION

Anthraquinone is a polycyclic aromatic
compound consisting of an anthracene ring with
two ketone groups at positions C-9 and C-10.
The reduction of one of the ketone groups in
anthraquinone produces anthrone compound.
Different types of anthraquinone have been
successfully isolated from plants (Dave &
Ledwani, 2012; Xu et al., 2014), fungi (Masi &
Evidente, 2020), lichen (Manojlovic et al.,
2010), and insects (Shamim et al., 2014). The
variety and position of functional groups on the
aromatic rings of anthraquinone and anthrone
affect their biological activity. The results of
research on anthraquinone and anthrone
derivative compounds (Figure 1) show various
biological activities, including anticancer (Ali
et al., 2000; Li et al., 2020), antiviral (Barnard
et al., 1992; Feilcke et al., 2019), antioxidant
(Malterud et al., 1993; Zengin et al., 2016; Al-

Tamimi et al., 2020) and antibacterial (Park et
al., 2006; Hamed et al., 2015; Bunbamrung et
al., 2018). As antibacterials, some
anthraquinone-derived compounds (Figure 2)
show a MIC (minimum inhibitory
concentration) value of less than 10 pg/mL
(Chukwujekwu et al., 2006; Kuete et al., 2007).
Therefore this group of compounds has the
potential to be developed as antibiotic raw
materials.

The development of anthraquinone and
anthrone as antibacterial compounds must be
followed by anticipation of their provision, one
of which is a provision by synthesis. The
synthesis of anthraquinone derivatives is mainly
carried out through the Friedel-Crafts reaction
between phthalate anhydride and substituted
benzene using catalysts such as AICIs/H,SO4
(Naeimi & Namdari, 2008) and
KAI(SO4)2.12H,0 (Madje et al., 2010).
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Figure 1. Biological activity of anthraquinone and anthrone-derived compounds (Barnard et al., 1992; Malterud

etal., 1993; Ali et al., 2000; Park et al., 2006)
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Figure 2. Antibacterial activity of anthraquinone-derived compounds (Chukwujekwu et al., 2006; Kuete et al.,

2007)

Another method was carried out by
Murschell & Sutherland (2010), who succeeded
in synthesizing anthraquinone derivatives,
rufigallol (1,2,3,5,6,7-hexahydroxy-9,10-
anthraquinone) through the self-condensation
reaction of gallic acid (3,4,5-trihydroxybenzoic
acid) in concentrated sulfuric acid. The
synthesis of this method relies on the presence
of a free hydroxy (-OH) group in benzoic acid
and is very suitable for manufacturing
anthraquinones with a symmetrical hydroxy (-
OH) group in both aromatic rings.

Therefore, this study synthesized
anthraquinone derivatives, 1,3,5,7-
tetrahydroxy-9,10-anthraquinone, through the
self-condensation reaction of 3,5-
dihydroxybenzoic acid in concentrated sulfuric
acid.  Anthrone-derived compounds are
synthesized by reducing anthraquinone
compound, followed by modification of
functional  groups through  methylation
reactions. All pure synthesized compounds are
tested for antibacterial activity in vitro using the
microdilution method to obtain MIC values.

2. MATERIALS AND METHODS
Tools and Materials

The tools and instruments used in this
study include *H-NMR and **C-NMR (1D and
2D) with Agilent DD2 and JEOL ECA 500
spectrometers working at 500 MHz (*H) and
125 MHz (*3C), high-resolution mass
spectrometry (HR-ESI-MS) with Waters LCT
XE ESI-TOF (Electrospray lonization-Time of
Flight), melting point measurement using
Fisher-Johns tools, thin-layer chromatography
(TLC) using silica gel 60 GF2s4 silica coated
aluminium plates, radial chromatography
(stationary phase of silica gel Merck 60 GFzs4),
and glassware commonly used in laboratories.

The chemicals used in synthesis reactions
include 3,5-dihydroxybenzoic acid (Aldrich),
SnCIz (A'drICh), (CH30)2802 (Merck), K>CO3
(Merck), NaHCO3; (Merck), NaCl (technical
grade), Na;SO4 anhydrous  (Merck),
concentrated H,SOs (Merck), HCI (Merck),
acetic acid glacial (Merck), dichloromethane
(Merck), hexane (technical grade), ethyl acetate
(technical grade), and acetone (technical grade).
The solvents and reagents used for the reactions
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are pro-analytical (p.a), while pre-distilled
technical solvents are used for separation and
purification. The staining reagent on TLC uses
a solution of 1.5% (w/v) Ce(SOa), in HSO4 2N.
The chemicals used for antibacterial tests
include DMSO (Merck), NaCl (Merck), MHB
(Mueller Hinton Broth) and MHA (Mueller
Hinton Agar).

3,5-dihydroxybenzoic Acid Condensation
Reaction

3,5-dihydroxybenzoic acid (0.45 g; 2.80
mmol) was put in a round flask, and then
concentrated sulfuric acid (5 mL) was added.
The mixture was reacted at 120 °C (reflux).
During the reaction, monitoring was carried out
using TLC analysis by comparing the retention
factor (Rf) value of the reagent spot to the
reaction results after spraying the staining
reagent. After heating for 2 hours, the reaction
was completed, where no more reactant spots
were observed with TLC. Next, the mixture was
poured into cold distilled water and filtered. The
residue was dissolved in acetone and filtered,
and the obtained filtrate was concentrated. The
obtained compound 1 was tested for melting
point and identified with NMR and HR-ESI-
MS.

Reduction Reaction with SnCI,/HCI-HOACc

Compound 1 (0.10 g; 0.37 mmol) was
added with acetic acid glacial (10.6 mL) and
heated (reflux) at 118 °C. Then, a solution of
SnCl; (1.32 g; 5.85 mmol) in 37% HCI (2.75
mL) was slowly dripped into the mixture. The
mixture is reheated for up to 18 hours, then
removed and cooled. The mixture was poured
into the distilled water, and added NaOH
solution until the pH of neutral. The mixture
was extracted with ethyl acetate. The organic
phase was washed with distilled water, and a
saturated NaHCO3 was added. Furthermore, the
organic phase was separated and concentrated.
The resulting solid (compound 2) was tested for
melting point and identified with NMR and HR-
ESI-MS.

Methylation Reaction with Dimethyl Sulfate

Compound 2 (0.10 g; 0.39 mmol) was
dissolved in acetone (5 mL), added K,COj3 (0.32
g; 2.34 mmol) and heated (reflux) for 2 hours,
then dimethyl sulfate (CH30),SO; (0.15 mL;
1.56 mmol) was added. The reaction was
carried out for 18 hours. Next, the mixture was
added distilled water and extracted with
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dichloromethane. The organic phase was
washed with a saturated NaCl solution and
evaporated. The residue was purified by radial
chromatography using the hexane-ethyl acetate
8:2. The obtained pure compound 3 was tested
for melting point and identified with NMR and
HR-ESI-MS.

Antibacterial Activity Test

Antibacterial activity test of synthetic
compounds was carried out in vitro against four
pathogenic bacteria, including two Gram-
positive bacteria (Bacillus subtilis and
Staphylococcus aureus) and two Gram-negative
bacteria (Escherichia coli and Salmonella
typhi). The bacteria test used was local isolates
of the Bandung Health Polytechnic
Microbiology Laboratory. Antibacterial activity
test by microdilution method, referring to the
CLSI standard method (CLSI, 2012). This test
was carried out to determine the value of
minimum inhibitory concentration (MIC).

The antibacterial test begins with the
preparation of a bacterial suspension. Bacteria
in the MHA medium were incubated for 24
hours at 37 °C (aerobic conditions).
Furthermore, the bacteria were suspended in a
0.9% (w/v) NaCl solution and equalized to a 0.5
Mc Farland standard (approximately 1-2x10°
bacterial cells/mL). The sample was dissolved
in  dimethylsulfoxide (DMSO) to a
concentration of 300 pug/mL. A total of 200 puL
of MHB liquid medium was put into the
microplate wells (96 wells). Into the first well
was added 200 pL of test solution. Preparation
of the solution concentration series was created
by transferring 200 pL of solution from the first
well to the second well. From the second well,
another 200 uL was taken and put into the third
well. The same was done until the eighth well.
The amount of solution in each well is 200 pL.
Then into each well was inserted 10 pL of
microbial ~ suspension.  Furthermore, the
microplates were incubated at 37 °C for 24
hours. Microbial growth was determined using
a microplate spectrometer at 600 nm. The MIC
is the lowest concentration that can inhibit
microbial growth. The antibiotic
chloramphenicol was used as a positive control.

3. RESULTS AND DISCUSSION
Compound 1

Compound 1 was obtained as a dark
green solid with a melting point above 300 °C.
The results of the HR-ESI-MS measurement of
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compound 1 showed the [M-H] ion at m/z
271.0245 according to the molecular formula
C14HgO¢ (calculation [M-H] 271.0243). The
H-NMR spectrum of compound 1 (Figure 3)
shows the presence of a singlet signal from OH-
chelates (o 12.81) and a pair of doublet signals
from meta-oriented aromatic protons (J = 2.3
Hz) at &y 6.65 and 7.30 ppm. Since there are no
other proton signals, compound 1 is suggested
to have a symmetry structure corresponding to
the structure of 1,3,5,7-tetrahydroxy-9,10-
anthraquinone.

Self-condensation or cyclodehydration
reaction of 3,5-dihydroxybenzoic acid in
concentrated sulfuric acid produced 1,3,5,7-
tetrahydroxy-9,10-anthraquinone (1) of 0.35 g

P-ISSN: 2460-6065, E-ISSN: 2548-3013

with a yield of 92% (Figure 4). This result was
better than Murschell & Sutherland (2010)
when performing the self-condensation reaction
of gallic acid in concentrated sulfuric acid to
synthesize ruffigalol with a yield of 78%. The
difference in amendments is due to the
Murschell & Sutherland (2010) method with a
microwave, while this study used heating with
reflux. Another example of a cyclodehydration
reaction that produces anthraquinone is the
reaction of o-benzoyl benzoic acid in
concentrated sulfuric acid. The
cyclodehydration mechanism of o0-benzoyl
benzoic  acid  involves  intramolecular
electrophilic substitution, wherein an acylium
ion (oxocarbonium) acts as an electrophile
(Liler, 1971).
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Figure 3. 'H-NMR spectrum (500 MHz, acetone-ds) of compound 1

COOH

H,SO,

HO OH

reflux, 120 °C, 2 h

1 (92%)

Figure 4. Synthesis of 1,3,5,7-tetrahydroxy-9,10-anthraquinone (1)
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Figure 5. Proposed mechanism of 3,5-dihydroxybenzoic acid condensation reaction

The mechanism of the 3,5-
dihydroxybenzoic acid condensation reaction is
estimated to occur as in Figure 5. First, the
concentrated sulfuric acid protonates oxygen-
hydroxy from carboxylic acids, forming
hydronium ions. Furthermore, the release of
water molecules (dehydration) occurs so that
oxonium ions are produced. The resonance of
oxonium ions produces acylium ions, a stable
carbocation. The acylium ions act as
electrophiles against other 3,5-
dihydroxybenzoic acid molecules. Electrophilic
substitution takes place at C-2, which is the
ortho- and para- positions of the two hydroxy
groups of the 3,5-dihydroxybenzoic acid.
Furthermore, protonation, dehydration and
cyclization occur again to form 1,35,7-
tetrahydroxy-9,10-anthraquinone (1).

Compound 2

Compound 2 is a brown solid with a
melting point above 300 °C. Based on the
results of mass spectrum measurements of HR-
ESI-MS, this compound shows [M+H]* ion at
m/z 259.0612, which corresponds to the
molecular formula C14H100s (calculation [M+H
]* 259.0606). The *C-NMR  spectrum of
compound 2 (Figure 6) shows one ketone
signal (dc 188.8 ppm) and methylene carbon (8¢

27.8 ppm), indicating that one of the two ketone
groups of compound 1 has been reduced. It was
confirmed by the presence of one OH-chelate
signal (81 13.43 ppm), three OH-phenol signals
(61 8.62; 9.04 and 9.53 ppm) and one methylene
proton singlet signal (8+ 4.06 ppm) on the H-
NMR spectrum (Figure 7).

Further evidence regarding the structure
of compound 2 was obtained from a long-
distance correlation of *H-3C on the HMBC
spectrum. Based on the spectroscopic analysis
data (Table 1), it suggested that compound 2 is
1,3,5,7-tetrahydroxy-10H-anthracene-9-one.

Reduction of 1,3,5,7-tetrahydroxy-9,10-
anthraquinone (1) with SnCl, in HCI-HOAc
obtained 74 mg of anthrone derivative, 1,3,5,7-
tetrahydroxy-10H-anthracene-9-one (2) with a
yield of 77% (Figure 8). The reagent SnCl,
reduces only one of the two ketone groups in
compound 1 to a hydrocarbon. Prinz et al.
(1996) also used this reagent to selectively
reduce other anthraquinone derivatives to
anthrone with a vyield range of 34-71%.
Although several other reduction agents like
NaBH. and LiAlH, reduce anthraquinone, they
do not produce an anthrone but
dihydroanthracene-9,10-diol and 9,10-
dihydroanthracene (Criswell & Klanderman,
1974; Shyamasundar & Caluwe, 1981).
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Figure 7. *H-NMR spectrum (500 MHz, acetone-ds) of compound 2
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Table 1. NMR spectrum data of compound 2 in acetone-ds

Nurbayti, et. al.

No. C 31 ppm (multiplicity, J Hz) Scppm HMBC (*H « *C)
1-OH 13.43 (s) 166.6 C-1,C-2,C9
2 6.30 (d, 1.8) 101.6 C-1,C-3,C-4, C-9a
3-OH 9.53 (s) 164.9 C-2,C-3,C4
4 6.54 (d, 1.8) 107.9 C-2, C-3, C-9a, C-10
4a - 146.0 -
5-OH 9.04 (s) 156.4 C-5, C-6, C-10a
6 6.74 (d, 2.3) 108.1 C-5, C-7, C-8, C-10a
7-OH 8.62 (s) 157.8 C-6, C-7, C-8
8 7.27 (d, 2.3) 104.0 C-6, C-7, C-9, C-10a
8a - 1335 -
9 - 188.8 -
9a - 1111 -
10 4.06 (s) 27.8 C-4, C-4a, C-5, C-8a, C-93a, C-10a
10a - 120.3 -
(0] OH
HO
SnCly HCI, HOAc
“O OH reflux, 118°C, 18h

OH O

1

Figure 8. Synthesis of 1,3,5,7-tetrahydroxy-10H- anthracene-9-one (2)

Compound 3

Compound 3 is a black solid with a
melting point of 105-106 °C. The *C-NMR
spectrum (Figure 9) shows that there are 18
carbon signals, including five carbon oxyaryl
signals (6¢ 150.1; 154.1; 156.8; 157.3 and 157.7
ppm) and four methoxy carbon signals (6¢ 55.4;
55.6; 55.9 and 63.0 ppm). The presence of four
methoxy groups is confirmed by the appearance
of four singlet signals (64 3.91, 3.97, 4.03 and
4.11 ppm) in the H-NMR spectrum (Figure
10). The 'H-NMR spectrum also showed the
presence of a singlet signal from the OH-phenol
group at 6n 9.76 ppm and a singlet signal from
methine protons at 54 8.36 ppm.

The positions of the methoxy and
hydroxy groups were determined based on a
correlation of *H-13C on the HMBC, HSQC and
NOESY spectra. Based on the analysis of these
spectroscopic data (Table 2), compound 3 is
suggested to have a structure of 1-hydroxy-
3,5,7,9-tetramethoxyantrachene.

Alkylation of functional groups is carried
out in order to create a derivative of a compound
and protection of functional groups. The
alkylation of  1,3,5,7-tetrahydroxy-10H-
anthracene-9-one (2) with dimethyl sulfate and
K»COs obtained a tetramethylated product 1-
hydroxy-3,5,7,9-tetramethoxyanthracene (3) of
20 mg with a yield of 16%. The yield obtained
is relatively small, this could be due to side
reactions so that the synthesis of compound 3
did not run perfectly. The synthesis reaction of
compound 3 is shown in Figure 11. It explains
compound 2 (enone) tautomer equilibrium with
2a (enol). The enone form (2) is preferred over
its enol form (2a) because the hydrogen chelate
bond with the carbonyl group is stronger than
the hydroxy group. However, the solvent also
influences the ratio of enone to enol. Solvents
that can be acceptors of hydrogen bonds raise
the amount of enol in equilibrium (Korth &
Mulder, 2013). In this study, an acetone solvent
was used, an acceptor of hydrogen bonds, so
that compound 2 is possible in its enol form
(2a).
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Figure 10. 'H-NMR spectrum (500 MHz, CDClIs) of compound 3
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Table 2. NMR spectrum data of compound 3 in CDCls

Nurbayti, et. al.

No. C 31 ppm (multiplicity, J Hz) dcppm HMBC (*H < C)
1-OH 9.76 () 154.1 C-1,C-2,C-9a

2 6.60 (d, 2,2) 102.7 C-1,C-3,C-4, C-9a
3 - 157.7 -

4 6.82 (d, 2,2) 97.5 C-2, C-3,C-9,, C-10
4a - 132.6 -

5 - 156.8 -

6 6.44 (d, 1.9) 98.1 C-5, C-7,C-8, C-10a
7 - 157.3 -

8 6.89 (d, 1.5) 89.9 C-6, C-7, C-9, C-10a
8a - 123.3 -

9 - 150.1 -

9a - 113.5 -

10 8.36 (s) 116.5 C-4, C-5, C-8a, C-9a
10a - 123.8 -

11 3.91 () 55.6 Cc-3

12 4.03 (s) 55.9 c5

13 3.97 (s) 55.4 c-7

14 4.11 (s) 63.0 c-9

: O‘O
OH

(CH30),80; (4 eq)

K,CO3 (6 eq), acetone

reflux, 24 h “NFT"N0CH,

H
3 3(16%)

Figure 11. Synthe5|s of 1-hydroxy-3,5,7,9-tetramethoxyanthracene 3)
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Figure 12. Methylation reaction mechanism of alcohol

The mechanism of alkylation with dimethyl
sulfate (Figure 12) is the Williamson ether
formation reaction through the Sn2 reaction
(Solomon & Fryhle, 2011). The alcohol
compound reacts with K.COs to form alkoxide
ions. Then, alkoxide ions attack the carbon atom
on dimethyl sulfate, simultaneously releasing
methyl sulfate ions as a leaving group to obtain
methyl ether products.

Antibacterial Activity

The three synthesized compounds were
tested for the bacteria Bacillus subtilis,
Staphylococcus aureus, Escherichia coli and
Salmonella typhi wusing the microdilution
method. Their MIC values show the synthesized
compounds' ability to inhibit bacterial growth.
The smaller the MIC value means the higher its
antibacterial  activity. The results of

GO o

antibacterial tests of synthesized compounds are
shown in Table 3.

The antibacterial activity of the three
synthesized compounds was lower than the
positive control of chloramphenicol. The
activity of compound 2 against S. aureus, with
a MIC value of 37.5 pg/mL, is higher than
compound 1. The compound 2 structure
exhibited the ketone group in C-10 has been
reduced to methylene. It is suspected that a
methylene group in C-10 can increase activity
against S. aureus. Next, when compound 3 and
compound 2 are compared to their activity
against the four bacteria, the activity of
compound 3 is higher except for S. aureus. It
indicates that the presence of four methoxy
groups in anthrone compounds increases
activity against B. subtilis, E. coli and S. typhi
but decreases activity against S. aureus.
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Table 3. MIC value of the synthesized compounds
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MIC value (ng/mL)
Compound B. subtilis S. aureus E. coli S. typhi
1,3,5,7-Tetrahydroxy-9,10-anthraquinone (1) 75 75 75 75
1,3,5,7-Tetrahydroxy-10H-anthracene-9-one (2) 75 37.5 75 75
1-Hydroxy-3,5,7,9-tetramethoxyanthracene (3) 37.5 75 37.5 37.5
Chloramphenicol 9.38 9.38 9.38 4.69
4. CONCLUSIONS Derivatives from the Terrestrial
Synthesis of 1,3,5,7-tetrahydroxy-9,10- Actinomycete, Actinomadura Sp.

anthraquinone (1) and two anthrone derivatives
1,3,5,7-tetrahydroxy-10H-anthracene-9-on (2)
and 1-hydroxy-3,5,7,9-tetramethoxyanthracene
(3) has Dbeen successfully carried out.
Compound 3 exhibits moderate activity against
B. subtilis, E. coli and S. typhi, while compound
2 shows moderate activity against S. aureus.
Compound 1 has weak activity against the four
test bacteria.

ACKNOWLEDGMENTS

The author would like to thank the
Research and Publishing Center (Puslitpen)
LP2M UIN Syarif Hidayatullah Jakarta for the
research grant of Development/Beginner
Capacity cluster for the fiscal year 2019 with the
contract number UN.01/KPA/508/2019.

REFERENCES

Ali, A. M., Ismail, N. H., Mackeen, M. M., Yazan,
L. S., Mohamed, S. M., Ho, A. S. H., & Lajis,
N. H. (2000): Antiviral, Cytotoxic and
Antimicrobial Activities of Anthraquinones
Isolated from the Roots of Morinda elliptica.
Pharmaceutical Biology, 38, 298-301.

Al-Tamimi, M., Al-Massarani, S. M., EI-Gamal, A.
A., Basudan, O. A., Abdel-Kader, M. S., &
Abdel-Mageed, W. M. (2020). Vacillantins A
and B, New Anthrone C-glycosides, and a
New Dihydroisocoumarin Glucoside from
Aloe vacillans and Its Antioxidant Activities.
Plants, 9(12), 1632.

Barnard, D. L., Huffman, J. H., Morris, J. L. B,,
Wood, S. G., Hughes, B. G., dan Sidwell, R.
W. (1992): Evaluation of the Antiviral
Activity of Anthraquinones, Anthrones and
Anthraquinone Derivatives against Human
Cytomegalovirus. Antiviral Research, 17, 63-
77.

Bunbamrung, N., Supong, K., Intaraudom, C.,
Dramae, A.,  Auncharoen, P, &
Pittayakhajonwut, P. (2018). Anthrone

BCC47066. Phytochem. Lett., 25, 109-117.

Chukwujekwu, J. C., Coombes, P. H., Mulholland,
D. A., & van Staden, J. (2006): Emadin, an
Antibacterial Anthraquinone from the Roots
of Cassia occidentalis. South African Journal
of Botany, 72, 295-297.

CLSI (Clinical and Laboratory Standards Institute).
(2012). Methods for Dilution Antimicrobial
Susceptibility Test for Bacteria that Grow
Aerobically: Approved Standard-9th edition.
CLSI Document M07-A9, 32(2).

Criswell, T., & Klanderman, B. H. (1974). Studies
Related to the Conversion of 9,10-
Anthraquinones to Anthracenes. Journal of
Organic Chemistry, 39, 770-774.

Dave, H., & Ledwani, L. (2012). A Review on
Anthraquinones Isolated from Cassia Species
and Their Applications. Indian Journal of
Natural Products and Resources, 3, 291-319.

Feilcke, R., Arnouk, G., Raphane, B., Richard, K.,
Tietjen, 1., Andrae-Marobela, K., Erdmann,
F., Schipper, S., Becker, K., Arnold, N.,
Frolov, A., Reiling, N., Imming, P., &
Fobofou, S. A. T. (2019). Biological activity
and stability analyses of knipholone
anthrone, a phenyl anthraquinone derivative
isolated from Kniphofia foliosa Hochst. J
Pharm Biomed Anal., 174, 277-285.

Hamed, M. M., Refahy, L. A., & Abdel-Aziz, M.
(2015). Evaluation of Antimicrobial Activity
of Some Compounds Isolated from Rhamnus
cathartica L. Oriental Journal of Chemistry,
31, 1133-1140.

Korth, H. G., & Mulder, P. (2013). Anthrone and
Related Hydroxyarenes: Tautomerization and
Hydrogen Bonding. Journal of Organic
Chemistry, 78, 7674-7682.

Kuete, V., Nguemeving, J. R., Beng, V. P., Azebaze,
A. G. B, Etoa, F.X., Meyer, M., Bodo, B., &
Nkengfack, A. E. (2007): Antimicrobial
Activity of the Methanolic Extracts and

230



Synthesis and Antibacterial Activity of 1,3,5,7-Tetrahydroxy-9,10-Anthraquinone and Anthrone

Compounds from Vismia laurentii De Wild
(Guittiferae). Journal of Ethnopharmacology,
109, 372-379.

Li, Y., Guo, F., Guan, Y., Chen, T., Ma, K., Zhang,
L., Wang, Z., Su, Q., Feng, L., Liu, Y., &
Zhou, Y. (2020). Novel Anthraquinone
Compounds Inhibit Colon Cancer Cell
Proliferation via the Reactive Oxygen
Species/JNK Pathway. Molecules, 25(7),
1672.

Liler, M. (1971). Reaction Mechanisms in Sulphuric
Acid and other Strong Acid Solutions,
Volume 23. Academic Press.

Madje, B. R., Shelke, K. F., Sapkal, S. B., Kakade,
G. K., & Shingare, M. S. (2010). an Efficient
One-Pot  Synthesis of  Anthraquinone
Derivatives Catalyzed by Alum in Aqueous
Media. Green Chemistry Letters and
Reviews, 3, 269-273.

Manojlovic, N. T., Vasiljevic, P. J., Gritsanapan, W.,
Supabphol, R., & Manojlovic, 1. (2010).
Phytochemical and antioxidant studies of
Laurera benguelensis growing in Thailand.
Biological Research, 43, 169-176.

Masi, M., & Evidente, A. (2020). Fungal Bioactive
Anthraquinones and Analogues Title. Toxins,
12(11), 714.

Malterud, K. E., Farbrot., T. L., Huse, A. E., & Sund,
R. B. (1993): Antioxidant and Radical
Scavenging Effects of Anthraquinones and
Anthrones. Pharmacology, 47, 77-85.

Murschell, A. E., & Sutherland, T. (2010).
Anthraquinone-Based  Discotic  Liquid
Crystals. Langmuir, 26, 12859-12866.

Naeimi, H., & Namdari, R. (2008). Facile, Efficient
and One-Pot Synthesis of Anthraquinone
Derivatives Catalyzed by AICI3/H2SO4 under

Nurbayti, et. al.

Heterogeneous and Mild Conditions. Chinese
Journal of Catalysis, 29, 86-90.

Park, B. S., Lee, H. K., Lee, S. E., Piao, X. L.,
Takeoka, G. R., Wong, R. Y., Ahn, Y. J.,, &
Kim, J. H. (2006): Antibacterial Activity of
Tabebuia impetiginosa Martius ex DC
(Taheebo) against Heliobacter  pylori.
Journal of Ethnopharmacology, 105, 255-
262.

Prinz, H., Wiegrebe, W., & Miller, K. (1996).
Synthesis of Anthracenones. 1. Sodium
Dithionite Reduction of peri-Substituted
Anthracenediones. Journal of Organic
Chemistry, 61, 2853-2856.

Shamim, G., Ranjan, S. K., Pandey, D. M., &
Ramani, R. (2014). Biochemistry and
biosynthesis of insect pigments. European
Journal of Entomology, 111(2), 149-164.

Shyamasundar, N., & Caluwe, P. (1981). Lithium
Aluminium Hydride Reduction of peri-
Alkoxy-9,10-anthraquinones.  Journal  of
Organic Chemistry, 46, 1552-1557.

Solomon, T. W. G., & Fryhle, C. B. (2011). Organic
Chemistry (10th ed.). John Wiley & Sons.

Xu, K., Wang, P., Wang, L., Liu, C., Xu, S., Cheng,
Y., Wang, Y., & Li, Q. (2014). Quinone
Derivatives from the Genus Rubia and Their
Bioactivities. Chemistry & Biodiversity, 11,
341-363.

Zengin, G., Locatelli, M., Ceylan, R., & Aktumsek,
A. (2016). Anthraquinone profile, antioxidant
and enzyme inhibitory effect of root extracts
of eight Asphodeline taxa from Turkey: can
Asphodeline roots be considered as a new
source of natural compounds?. Journal of
Enzyme Inhibition and Medicinal Chemistry,
31(5), 754-759.

231



