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Abstract

A preparative overpressure layer chromatography (OPLC) method was successfully used for the
separation of two new natural compounds, 4-hydroxy-5,6-dimethoxy-2-naphthaldehyde (1) and
Δ12,13-20,29-dihydrobetulin (2) together with nine known compounds including 7-methyl-juglone
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(3), diospyrin (4), isodiospyrin (5), shinanolone (6), lupeol (7), betulin (8), betulinic acid (9),
betulinaldehyde (10), and ursolic acid (11) from the acetone extract of the roots of Diospyros
virginiana. Their identification was performed with mono and bidimensional NMR spectroscopy
and HR-ESI-MS methods. All the isolated compounds were evaluated for their antifungal activity
against Colletotrichum fragariae, C. gloeosporioides, C. acutatum, Botrytis cinerea, Fusarium
oxysporum, Phomopsis obscurans, and P. viticola using in vitro micro-dilution broth assay. The
results indicated that compounds 3 and 5 showed high antifungal activity against P. obscurans at
30 μM with 97.0 % and 81.4 % growth inhibition and moderate activity against P. viticola (54.3
% and 36.6 %). It appears that an optimized OPLC system offers a rapid and efficient method of
exploiting bioactive natural products.

Introduction
Discovery of new crop protections from natural products has received considerable interest
as alternatives to synthetic agrochemicals for use as pest and disease control agents. This
stems from these generally being safer for human health and the environment. Biologically
active natural products can be used in modern crop protections or can serve as lead
structures for the development of new semi-synthetic analogs. Our current research efforts
are to identify natural product-based fungicides. In this research program, we evaluated 37
plant extracts using a direct bioautography bioassay to detect antifungal activity against
Colletotrichum. Of these, Diospyros virginiana root extract showed the most promising
activity. Based on preliminary screening results, a bioassay-guided fractionation of D.
virginiana root extract was conducted in order to isolate and identify the pure metabolites
possessing antifungal activity. Diospyros belongs to the family Ebenaceae that contains
approximately 500 species of trees and shrubs [1], of which more than 350 species are
distributed in tropical and subtropical regions worldwide [2–3]. The most well-known
species is Diospyros kaki, which originated in East China and has been cultivated in Japan
for centuries [4]. Some of the Diospyros species, such as D. peregrina and D. melanoxylon,
have been used in folk medicine for the treatment of inflammation, urinary discharges and
enrichment of blood [5]. Diospyros virginiana, the American persimmon, is native to North
America and the fruits were reported to show cholesterol lowering activity, and usefulness
to treat bloody stools, thrush and sore throats [6]. The literature shows reports of nine
compounds being isolated and identified from either the leaves or the wood of D. virginiana
[7–9]. However, there are no reports in the literature on chemical fractions from the roots of
D. virginiana.

OPLC was developed by Tyihák and Mincsovics in the late seventies [10]. In this process, a
TLC plate is covered by a sheet of flexible material and subjected to a high external
pressure. The high external pressure, which is generated by a programmable pump, pushes
the mobile phase through the analytical or preparative adsorbent layer. This allows a faster
separation and more compact spots than conventional TLC. Generally, the Rf of the
migrated compounds is two to five times greater than in conventional TLC. OPLC also
offers an advantage over traditional TLC as it is a sealed system, which results in less
solvent loss through evaporation [11–12]. As such, OPLC has been widely used in analytical
and preparative applications [13–15]. Compared to conventional methods, OPLC offers a
more rapid and reliable method for the isolation of naturally occurring compounds. In the
present paper, we report the use of a preparative OPLC technique to isolate co-migrating
bioactive metabolites from the roots of Diospyros virginiana.

Results and Discussion
The roots of D. virginiana were extracted using acetone in a Soxhlet extractor. The
constituents of this extract were separated by flash chromatography, OPLC and preparative
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TLC. A new naphthyl derivative, 4-hydroxy-5,6-dimethoxy-2-naphthaldehyde (1), and a
triterpene, Δ12,13-20,29-dihydrobetulin (2) were isolated from a natural source for the first
time, along with nine known compounds: 7-methyl-juglone (3) [16], diospyrin (4) [17],
isodiospyrin (5) [16–18], shinanolone (6) [19], lupeol (7) [20], betulin (8) [21], betulinic
acid (9) [22], betulinaldehyde (10) [23], and ursolic acid (11) [24]. Although they are
common in most of the Ebenaceae family [5], compounds 10 and 11 were isolated for the
first time from D. virginiana. The structures of the known compounds were confirmed by
comparison of their spectroscopic data (MS, 1H and 13C NMR) with literature values.

The HR-ESI-MS of compound 1 indicated a molecular formula C13H12O4 and its IR
spectrum exhibited characteristic absorption bands for hydroxyl and conjugated carbonyl
groups. The 1H NMR spectrum showed signals for an aldehyde group at δ 10.03 ppm, one
aromatic AB system at δ 7.37 (d, J = 9.0 Hz) and 7.78 (d, J = 9.0 Hz). The above data
suggested a 2-naphthaldehyde structure with the presence of two methoxyl groups at δ 4.06,
and 4.13 ppm, and a hydroxyl substituent at δ 9.75 ppm. The 13C-NMR spectrum showed
thirteen signals with ten typical aromatic carbons. Assignment of structure was
accomplished by HMBC experiment. The NOESY experiment showed a correlation
between the methoxyl group at δ 4.06 and H-7 (δH 7.37, d) and methoxyl group at δ 4.13
and the hydroxyl signal at δ 9.75 ppm, corroborating the location of the methoxyl groups at
C(5) and C(6). Thus, 1 was characterized as 4-hydroxy-5,6-dimethoxy-2-naphthaldehyde.

Compound 2 was obtained as a white solid. The molecular formula was determined as
C30H51O2 by HR-ESI-MS ([M + H]+ at m/z = 443.3874). The 13C NMR data of 2 indicated
the presence of 30 carbons comprising seven methyl groups, ten methylenes, seven methines
and six quaternary carbons. The seven methyl groups resonated at δH 0.79 (s, 6H), 0.93 (d,
6H, J = 6.8), 0.98 (s, 3H), 0.99 (s, 3H), and 1.10 (s, 3H) in the 1H NMR spectrum indicating
the lupane triterpene skeleton for 2 [25]. The 13C NMR spectrum also revealed the presence
of one olifenic methine (δ(C) 125.0) correlated in the HMQC spectrum with the proton at
δ(H) 5.20 (H-C(12)). The last proton showed HMBC correlation with C(9), C(14), and
C(18), this correlation led to the placement of the double bond between C(12) and C(13).
This was confirmed by the COSY correlation between H-C(12) (δ(H) 5.20) and H2-C(11)
(δ(H) 1.90) and further supported by the HMBC correlation of H3-C(27) (δ(H) 1.10) and
C(13) (δ(C) 136.7) (Fig. 1). From these data, the compound 2 was deduced to be
Δ12,13-20,29-dihydrobetulin. This is the first report for the full spectral data and isolation of
2 from a natural source, although it has been prepared synthetically and only the 1H NMR
data was reported [26].

The antifungal activity of compounds 1–11 was examined using a 96-well micro-dilution
broth assay against the plant pathogens: Botrytis cinerea, Fusarium oxysporum, Phomopsis
obscurans, P. viticola and three Colletotrichum species. Phomopsis species were the most
sensitive fungi to these compounds. 7-methyl-juglone (3) and isodiospyrin (5) showed the
most antifungal activity against P. obscurans. Compound 3 showed 97.0 % growth inhibition
of P. obscurans at 120 h at 30 μM, whereas compound 5 showed 81.4 % growth inhibition.
The antifungal activity of 3 and 5 at 30 μM against P. viticola was 53.4 % and 57.7 %,
respectively.

The newly reported compounds, 4-Hydroxy-5, 6-dimethoxy-2-naphthaldehyde (1) and
Δ12,13-20,29-dihydrobetulin (2) at 30 μM showed weak antifungal activity with 26.9 % and
22.1 %, respectively (Fig. 2). Compound 3 and compound 5 at 30 μM caused 54.3 % and
36.6 % growth inhibition of P. viticola at 120 h. Any test compound possessing < 50 %
growth inhibition at 30 μM is considered to have weak antifungal activity in this bioassay.
Compound 1 was more active against P. viticola at 120 h than at 144 h. This response is
often seen when an inducible enzyme system is turned on and a compound is detoxified by
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the fungus. However, the upward slope of the graph for compound 1 in Fig. 3 from the low
to high concentration is indicative of precipitation in the aqueous microdilution broth assay.
Because the microtiter plate reader measures changes in optical density it does not
discriminate between fungal growth and precipitation. Compound 1 appears to have come
out of solution at the higher concentration (30 μM) in the P. viticola testing (Fig. 3).
Lipophilic compounds are problematic in in vitro aqueous bioassays and follow-up
antifungal testing will take place using a detached leaf bioassay [27]. Interpretation of the
graphical results indicated that compounds 2, 3, and 5 appear to remain soluble at 120 h and
144 h.

Commercial fungicides standards captan and benomyl are significantly more active than any
of the compounds tested. Azoxystrobin, which is commercially used to control
Colletotrichum and Botrytis diseases, shows poor activity against P. viticola. Both captan
and azoxystrobin show 100% growth inhibition at 3 μM against P. obscurans. Although
once an excellent agent for controlling anthracnose and other diseases of strawberries and
ornamentals, resistance developed by pathogens has resulted in benomyl being less useful
[28]. While the test compounds appear inherently antifungal, we hypothesize that these
compounds are probably present in the plant as constitutive defense compounds that act to
deter infection or fungal growth. Since these compounds were found without elicitation they
are probably constitutive in nature [29–30] and may have a potential role in preventing
fungal infection in D. virginiana.

Conclusions
Using a bioassay-guided fractionation of the acetone extract D. virginiana were able to
isolate the antifungal constituents of the roots of this plant. This research demonstrates that
OPLC is a powerful technique that can be used to separate and isolate co-migrating natural
products produced by plants. These constituents were tested for the first time against
Colletotrichum spp, B. cinerea, F. oxysporum, P. obscurans, and P. viticola. The most
promising agricultural lead compounds against the pathogen P. obscurans are 3 and 5.
Phomopsis leaf blight and fruit rot is a serious disease with strawberries and causes serious
economic loss of this fruit each year. Our results suggest that compounds 3 and 5 warrant
further in vivo testing as plant protectants to control Phomopsis species [27].

Experimental Part
Chemistry

General—UV spectra were obtained in MeOH using a Varian Cary 50 spectrophotometer
and IR spectra were recorded using Bruker Tensor 27 spectrophotometer. 1H- and 13C-NMR
spectra were obtained on Bruker model AMX-500 and 400 NMR spectrometers with
standard pulse sequences, operating at 500 and 400 MHz for 1H and 125 and 100 MHz
for 13C. High resolution electrospray ionization mass spectroscopy (HR-ESI-MS) was
recorded on a Micromass Q-Tof Micro mass spectrometer with a lock spray source. OPLC
separations were performed with the Personal OPLC 50 instrument (OPLC-NIT, Budapest,
Hungary) at 50 bars external pressure. OPLC silica gel layer, F254 20 × 20 cm on glass plate
(LG 011, OPLC-NIT Ltd, Budapest Hungary) with 200 μm sorbent thickness, 11 μm
particle size, 6 nm pore size, and 20 × 20 cm on aluminum sheet (BSLA 001, OPLC-NIT
Ltd, Budapest Hungary) with 200 μm sorbent thickness, 5 μm particle size, 6 nm pore size.
An AS-30 sample applicator (DESAGA, Wiesloch, Germany) was used for the sample
application. Classical TLC analysis was performed on silica gel 60 F254 20 × 20 cm on
aluminum sheet (Gibbstown, New Jersey, USA). Detection was carried out under UV light
(254 nm, 366 nm) and visualization made with vanillin-H2SO4 (1 g vanillin in 100 ml of 20
% H2SO4 in EtOH) reagent followed by heating at 105 °C for 5 min. ACS-grade solvents,
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acetonitrile, acetone, chloroform, dichloromethane (DCM), diethyl ether, ethyl acetate
(EtOAc), EtOH, n-hexane, isopropanol (IPA), methanol and toluene from Fisher Scientific
(New Jersey, USA) were used for silica gel column chromatography and TLC separations.
HPLC-grade solvents (acetonitrile, chloroform and DCM) from Sigma-Aldrich (St. Louis,
USA) were used for OPLC chromatograms.

Plant materia—The roots of D. virginiana were collected from the Missouri Botanical
Garden, U.S.A., in June 2009. The plant material was identified by Dr. Vaishali C. Joshi,
and a voucher specimen CON310700-2-A was deposited at the National Center for Natural
Products Research, School of Pharmacy, University of Mississippi.

Extraction and Isolation—Dried powdered roots (66 g) were extracted in a Soxhlet
extractor with acetone (600 ml) for 8 h and the extract was subsequently evaporated under
vacuum to yield the dry residue (2 g). The crude extract was fractionated on a silica gel
column (100 g, 50 × 5 cm, ChemGlass) using n-hexane (500 ml), 5 % EtOAc in n-hexane
(600 ml), chloroform (600 ml), 5 % IPA in chloroform (600 ml) and methanol (600 ml),
respectively. Four fractions were obtained in total F-1 to F-4. Direct-bioautography guided
assay showed that the activity was found to reside in F-1 (120 mg) and F-2 (240 mg), with
some activity in F-3 (710 mg), while F-4 (800 mg) did not show activity against three
notorious plant pathogenic fungi of the Colletotrichum species. A portion of F-1 (10 mg)
showed one major product and was purified using preparative TLC (SiO2, n-hexane-
chloroform 1:1) to furnish 7-methyl juglone (3, 1.5 mg). A portion of F-2 (20 mg) was
purified using OPLC with DCM as the eluent. Elution conditions were as follows: flash
volume, 300 μl; eluent volume, 30,000 μl; flow-rate, 500 μl min−1; development time, 3606
s; external pressure, 50 bars. Eighty-eight sub-fractions (1 ml/fraction) were obtained in
total, of which sub-fractions 49–54 gave betulinaldehyde (10, 0.8 mg). Sub-fractions 72–88
afforded ursolic acid (11, 1.3 mg). Sub-fractions 28–37 were combined (7.9 mg) and further
purification was performed by OPLC with n-hexane-ether (6/4, v/v, 20,000 μl; flash
volume, 300 μl; flow-rate, 500 μl min−1; development time, 2406 s) as eluent and 66 sub-
fractions (1 ml/fraction) were obtained, among which sub-fractions 10′–18′ furnished
lupeol (7, 2 mg). Sub-fractions 19′–66′ (marked as fraction A) were combined to give a
mixture of 3.6 mg containing four compounds with close Rf values in several TLC systems
(SiO2, n-hexane-EtOAc 6:4, DCM-IPA 9:1, CHCl3-MeOH 19:1). In order to obtain enough
material for further purification, OPLC procedures were repeated six times for F-2 using the
same conditions, then fraction A (19.6 mg) was obtained and purified by OPLC with DCM
(100 %, 20,000 μl; flash volume, 300 μl; flow-rate, 400 μl min−1; development time, 3007
s) as mobile phase. Sub-fraction 12″ yielded a new product 4-hydroxy-5, 6-dimethoxy-2-
naphthaldehyde (1, 1 mg). Sub-fractions 9″–11″ gave diospyrin (4, 2 mg). Sub-fractions
14″–21″ afforded isodiospyrin (5, 2 mg). Fraction 3 (24 mg) was chromatographed using
OPLC with CHCl3-EtOAc (95/5, v/v, 40,000 μl) with flash volume 300 μl, flow rate 500 μl
min−1 and an elution time of 4806 s. One hundred and twenty-three sub-fractions (1 ml/
fraction) were collected. Sub-fractions 54–66 yielded betulin (8, 3.4 mg). Sub-fractions 67–
90 (7.4 mg), containing at least four compounds, were purified by OPLC with CHCl3-
acetonitrile (98/2, v/v) and flash volume 300 μl, flow rate 300 μl min−1 and a total elution
time of 4806 s. Sub-fractions 79′–87′ gave shinanolone (6, 1.5 mg). The other minor
compounds were in such small quantity that they were impossible to isolate. In order to
obtain enough material for further purification, flash chromatography of F-3 (400 mg) using
a BIOTAGE (Isolera One) with CHCl3-EtOAc (0–5 %, 200 ml) and CHCl3 (100 %, 201
ml–640 ml), and flow rate, 5 ml min−1 (Si, SNAP 25 g column)was conducted. A total of 81
sub-fractions (1 ml/fraction) were collected. Subfractions 38–51 were combined to yielded a
30 mg mixture. This mixture was subjected to the OPLC system with CHCl3-acetonitrile
(98/2, v/v, 40,000 μl) with flash volume 300 μl, flow rate 250 μl/min and total elution time
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9624 s. One hundred and eighty-three subfractions (1 ml/fraction) were obtained.
Subfractions 100–112 were combined and identified as betulin (8, 2 mg). Subfractions 136–
144 yielded betulinic acid (9, 1 mg). Subfraction 114–126 gave a new triterpene,
Δ12,13-20,29-dihydrobetulin (2, 1 mg) as a natural product.

4-hydroxy-5,6-dimethoxy-2-naphthaldehyde (1)—Yellow amorphous solid; UV
(MeOH): λmax nm (log ε): 375 (4.1), 320 (4.2), 270 (3.8); IR (neat): νmax 3332, 2923, 2851,
2360, 2341, 1687, 1372, 1274, 1055 cm−1; 1H- NMR (500 MHz, CDCl3): δ 4.06 (3H, s,
OMe), 4.13 (3H, s, OMe), 7.29 (1H, s br, H-C(3)), 7.37 (1H, d, J= 9.0 Hz, H-C(7)), 7.78
(1H, d, J=9.0 Hz, H-C(8)), 7.81 (1H, s br, H-C(1)), 9.75 (1H, OH-C(4)), 10.03 (1H, s, H-
C(11)); 13C-NMR (125 MHz, CDCl3): δ 56.67 (OMe), 62.20 (OMe), 106.14 (C(3)), 115.46
(C(7)), 121.49 (C(10)), 126.02 (C(1)), 127.19 (C(8)), 130.120 (C(9)), 134.09 (C(2)), 143.46
(C(5)), 149.95 (C(6)), 154.28 (C(4)), 191.79 (C(11)); HR-ESI-MS: m/z = 233.0812 ([M +
H]+, C13H13O4; calc. 233.0814).

Δ12,13-20,29-dihydrobetulin (2)—White amorphous solid; [α]20
D = +79.2 (c 0.05,

MeOH ); IR (KBr): νmax 3340, 2940, 2867, 1446, 1372, 1027 cm−1; 1H-NMR (400 MHz,
CDCl3): δ 0.73 (1H, d, J=7.2 H-C(5)), 0.79 (6H, s, Me-24, Me-26), 0.89 (1H, m, H-C(20)),
0.93 (6H, d, J= 6.8 Hz, Me-29, Me-30), 0.98 (3H, s, J=9.0 Hz, Me-25), 0.99 (3H, s, Me-23),
1.10 (3H, s, Me-27), 1.20-1.81 (8CH2), 1.90 (2H, m, H2-C(11)), 3.19 (1H, d, J=10.4, H-
C(28a)), 3.22 (1H, m, H-C(3)), 3.53 (1H, d, J=10.4, H-C(28b)), 5.13 (1H, bs, H-C(12)); 13C
NMR (100 MHz, CDCl3): δ 15.6 (C(29)), 15.7 (C(24)), 16.7 (C(25)), 17.3 (C(26)), 18.3
(C(6)), 21.3 (C(30)), 23.2 (C(21)), 23.3 (C(27)), 23.4 (C(11)), 25.9 (C(2)), 27.2 (C(15)),
28.1 (C(23)), 30.6 (C(16)), 32.8 (C(7)), 35.2 (C(1)), 36.9 (C(14)), 38.7 (C(22)), 38.0 (C(4)),
39.3 (C(20)), 39.4 (C(19)), 40.0 (C(10)), 42.0 (C(8)), 42.3 (C(17)), 47.6 (C(18)), 54.0
(C(9)), 55.1 (C(5)), 69.9 (C(28)), 79.0 (C(3)), 125.0 (C(12)), 136.7 (C(13)). HR-ESI-MS m/
z = 443.3874 ([M + H]+, C30H51O2; calc. 443.3889).

Biological Assay
Direct-bioautography assay—Bioautography procedures were described in our
previous studies [31–32]. The acetone extract of D. virginiana roots was applied at 80 and
160 μg/spot in chloroform onto a silica plate. Technical fungicide grade standards benomyl,
cyprodinil, azoxystrobin, and captan (Chem Service Inc., West Chester, PA) were used as
positive controls at 2 mM in 2 μl of 95% ethanol. TLC profiles of F-1 to F-4 in chloroform
were tested against Colletotrichum spp and mild polar compounds appear to be responsible
for antifungal activity.

Micro-dilution broth assay—A standardized 96-well micro-dilution broth assay
developed by Wedge and Kuhajek [33] was used to evaluate the antifungal activity of pure
compounds from D. virginiana that were identified as active by bioautography.

Isolates of Colletotrichum acutatum Simmonds, Colletotrichum fragariae Brooks,
Colletotrichum gloeosporioides (Penz.) Penz & Sacc. In Penz, Botrytis cinerea Pers.:Fr,
Fusarium oxysporum Schlechtend:Fr, Phomopsis obscurans (Ellis and Everh.) B. sutton, and
P. viticola Sacc., were used to evaluate the antifungal activity of the test compounds using in
vitro micro-dilution broth assay. Each fungus was challenged in a dose-response format
using test compounds where the final treatment concentrations were 0.3, 3.0 and 30.0 μM.
Technical grade commercial fungicides captan, azoxystrobin, and benomyl, which represent
three different modes of actions, were used as positive fungicide standards. Each compound
was evaluated in duplicate and the experiment was performed three times in time. Mean
absorbance and standard errors were used to evaluate fungal growth after 48 and 72 h,
except for P. obscurans and P. viticola (120 and 144 h).
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Fig. 1.
Relevant 1H-13C HMBC (→) and 1H-1H COSY (↔) correlations of 2
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Fig. 2.
Mean fungal growth inhibition (%) of Phomopsis obscurans after exposure to 1, 2, 3 and 5
using a dose-response format at 120 and 144 h. Abreviations: Cap: Captan; Azo:
Azoxystrobin; Ben: Benomyl
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Fig. 3.
Mean fungal growth inhibition (%) of Phomopsis viticola after exposure to 1, 2, 3 and 5
using a dose-response format at 120 and 144 h. Abreviations: Cap: Captan; Azo:
Azoxystrobin; Ben: Benomyl
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