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IDENTIFICATION,  STRUCTURE  ELUCIDATION,  AND  ANTIOXIDANT
POTENTIAL  OF  A  NEW COMPOUND  FROM  Diospyros  lotus

Abdur Rauf,1* Taibi Ben Hadda,2 Seema Patel,3 Ghias Uddin,4

Saud Bawazeer,5 Tareq Abu-Izneid,5 and Bashir Ahmad6

A new dimeric naphthoquinone, named 5,8,5�-trihydroxy-8�-methoxy-6,6�-dimethyl-7,3-binaphthyl-1,4,1�,4�-
tetraone (1), was isolated from Diospyros lotus stem. The structure of the compound was elucidated by
advance spectroscopic analysis including 1D and 2D experiments such as HMBC, NOESY, and J-resolved
(JRES). Compound 1 was assessed for antioxidant activity, which showed good activity even at low
concentration.

Keywords: Diospyros lotus, 5,8,5�-trihydroxy-8�-methoxy-6,6�-dimethyl-7,3-binaphthyl-1,4,1�,4�-tetraone,
antioxidant activity.

Diospyros lotus belongs to the family Ebenaceae, prevalent in subtropical and tropical regions. Different parts of the
genus Diospyros are used as medicinal remedies �1�. The extracts and derived compounds of D. lotus have been studied for
their antioxidant, anti-inflammatory, antimicrobial, muscle relaxant, and sedative activities [2–6]. Our research group has
empirically validated some of the traditional uses of D. lotus collected from Pakistan. Phytochemical profiling of D. lotus
extract showed the presence of an array of bioactive secondary metabolites. The current finding deals with the isolation,
structure elucidation, and antiradical potential of a new dimeric naphthoquinone (1) from the plant extract.

Compound 1 (mp 254–256�C) was purified as a reddish amorphous powder from the chloroform fraction of D. lotus.
Its EI-MS exhibited a molecular ion peak at m/z 420.4 consistent with the molecular formula C23H16O8. The IR spectrum
showed absorption bands at 3646 for an OH group, 2985 cm–1 for a CH group, 1650 cm–1 for a conjugated CO group, and
1618, 1605, and 1464 cm–1 for a CH aromatic moiety. The UV spectrum exhibited absorptions at 256, 294, and 434 nm. The
assignment of protons and carbons was carried out by HMBC, HMQC, 1H–1H COSY, and J-resolved experiments (Table 1).
The types of carbons were identified by 13C NMR (BB, DEPT). The 1H NMR spectrum of compound 1 revealed two tertiary
methyl groups [� 1.98, 2.01 (each 3H, s)], one methoxy moiety at 3.61 (3H, s), three quinoid protons H-2  [� 6.55 (d, J = 10.5 Hz),
H-3 [� 6.91 (d, J = 10.5 Hz)], and H-2� (��7.72, s),  and one aromatic proton H-7��(��6.71, s). The 13C NMR and DEPT spectra
(Table 1) exhibited 23 carbons signals for two methyl carbons, one methoxy carbon and 20 carbons for two naphthoquinone
units. The substituents were placed with the help of HMBC correlations as shown in Fig. 1.

Compound 1 shows significant quenching effect on the free radical in a dose-dependent manner with percent activity
of 84.11% at 100 	g/mL. The compound showed IC50 of 40.21 
 0.90 	g/mL against vitamin C (IC50 12.18 
 0.77 	g/mL).
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EXPERIMENTAL

General Procedure. The melting point of compound 1 was determined in BioCote (Bibby Scientific limited). UV of
compound 1 was measured using a Hitachi-U-3200 UV-visible spectrometer. IR spectrum was recorded on an FT-IR (Nicolet
380; Thermo Scientific) spectrometer. 1H (600 MHz) and 13C NMR (150 MHz) spectra were recorded on an Avance AV-600
Cryoprob NMR instrument in CDCl3. HR-EI-MS were measured on a JEOL JMS 600H mass spectrometer; EI source 70 eV.
Normal phase column chromatography (CC) was performed using silica gel 60 (0.062–0.200 mm; Merck). TLC was run using
aluminum plates precoated with silica gel 60 (F254; Merck).

Plant Material. The root samples of D. lotus were collected from Dir district of KPK Province, Pakistan in July
2015. The specimen was identified by Prof. Dr. Abdur Rashid from the Department of Botany, University of Peshawar, Pakistan.
A voucher specimen  (Bot. 20036(PUP) has been deposited in the Department.

Extraction and Isolation. The shade-dried roots fragments of D. lotus (4 kg) were pulverized and repeatedly extracted
with chloroform at room temperature. The extracts were concentrated by evaporating the solvents under reduced pressure at a
temperature below 55�C using a rotary evaporator to obtain a dark red residue (67 g). The crude extract was defatted with
hexane through a Soxhlet apparatus to remove color and dye [7–9]. Ten grams of the defatted extract was subjected to column
chromatography using silica gel. The column was eluted with n-hexane–ethyl acetate (100:0�0:15�0:100) as the solvent
system. A total of 50 fractions was obtained based on TLC profiles. Fractions 10–15 were pooled based on their TLC profile
and were subjected to pencil column chromatography using n-hexane–ethyl acetate (100:0�12:100), which yielded a new
compound, 5,8,5�-trihydroxy-8�-methoxy-6,6�-dimethyl-7,3-binaphthyl-1,4,1�,4�-tetraone (1). Identification of compound 1
was conducted by advanced 2D NMR.

DPPH Free Radical Scavenging Assay. The antioxidant activity was studied using the DPPH radical scavenging
assay according to standard protocol as discussed earlier [10]. Hydrogen atom or electron donating abilities of the corresponding
fractions and standards were measured from the bleaching of the purple-colored methanol solution of DPPH. For this, 1 mM
of methanol-based DPPH radical solution was prepared, of which 1 mL was mixed with 3 mL of methanol-based sample solutions.
The concentration of the samples varied with fractions, pure compounds, and control containing 10–100 	g/mL, 5–100 	g, and
no sample, respectively. The solution was incubated for 30 min in the dark, followed by absorbance measurements at 517 nm.

TABLE 1. 1H (600 MHz) and 13C (150 MHz) NMR Spectral Data for Compound 1 (CDCl3, �, ppm, J/Hz)

C atom �H �C (DEPT) HMBC C atom �H �C (DEPT) HMBC 

1 – 184.9 (C) – 2� 7.72 s 125.9 (CH) C-1�, 3� 
2 6.55 (d, J = 10.5) 140.3 (CH) C-1, 4 3� – 139.1 (C) – 
3 6.91 (d, J = 10.5) 139.0 (CH) C-1, 4 4� – 190.4 (C) – 
4 – 190.2 (C) – 5� – 159.7 (C) – 
5 – 161.5 (C) – 6� – 148.5 (C) – 
6 – 144.1 (C) – 7� 6.71 s 126.5 (CH) C-6�, 8� 
7 – 145.7 (C) – 8� – 157.8 (C) – 
8 – 160.0 (C) – 9� – 112.9 (C) – 
9 – 114.9 (C) – 10� – 114.6 (C) – 
10 – 112.1 (C) – 11� 2.01 s 20.6 (CH3) C-5� 
11 1.98 s 20.7 (CH3) C-5, 7 12� 3.61 s 55.91 (OCH3) C-8�, 9� 
1� – 190.5 (C) –     
 

Fig. 1. Key HMBC correlations for compound 1.
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The decrement of the DPPH solution absorbance indicated the  increase in the DPPH radical-scavenging activity. The percent
radical scavenging activity (%RSA) was calculated as follows:

% DPPH = (ODcontrol – ODsample) � 100/ODcontrol,
where ODcontrol is the absorbance of the blank sample, and ODsample is the absorbance of the sample. All the experiments were
carried out in triplicate.
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