
The dried leaves of Ginkgo biloba (Ginkgoaceae) have
been used therapeutically for centuries, in the treatment of
asthma, bronchitis, ischemia, arteriosclerosis, and rheuma-
tism.1,2) Earlier phytochemical investigation into this species
resulted in the isolation of flavonoids,2—12) diterpenes,13—15)

sesquiterpenes,15,16) polyphenols, and others.9,17) In this
paper, we report the isolation and structural identification of
new biflavone glucosides (1, 2) from the leaves of G. biloba
collected in Korea.

The combination of silica gel and RP-18 column chro-
matography with the EtOAc soluble portion of the methano-
lic extract from the leaves of G. biloba yielded compounds 1
and 2. Both compounds were isolated as yellow amorphous
powders, which exhibited characteristic flavonol glycoside
color reactions, i.e., reddish-pink on Mg–HCl tests, and posi-
tive on Molisch tests.

The high-resolution (HR)-FAB-MS spectrum of 729.1819
[M�H]� for compound 1 yielded a molecular formula of
C38H32O15, which is consistent with biflavonoid glycoside.
Acid hydrolysis of compound 1 resulted in the isolation of
ginkgetin (1a) and glucose, both of which were identified via
direct comparison with TLC analysis, using authentic sam-
ples.18) The glucose was assumed to be in the common D-
configuration, as this is the configuration most often encoun-
tered among the flavonoid glycosides. The anomeric proton
signal at d 5.16 (J�7.8 Hz) in the 1H-NMR spectrum indi-
cated the b-configuration for the glucopyranosyl moiety. The
UV spectrum of compound 1 in methanol exhibited absorp-
tion maxima similar to those of ginkgetin.19) The addition of
sodium methoxide induced a shift in band I to 391 nm,
thereby indicating the presence of a free 4� or 4�-hydroxyl
group. The failure to detect any bathochromic shifts in band
II after NaOAc treatment suggested that the glucose was at-
tached to the gingetin at C-7�.20) The glycosidic linkage site

of b-D-glucose at C-7� was further verified by the HMBC ex-
periments, in which the anomeric proton at d 5.16 was corre-
lated with the C-7� at d 160.1. Detailed analyses of the
HMQC and HMBC spectra allowed for the assignment of all
of the 1H- and 13C-NMR signals of both the glucosyl and the
aglycone moieties. From the above data and the ROESY cor-
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Fig. 1. Structures of 1 and 2

Table 1. 1H- and 13C-NMR Spectral Data of Compounds 1 and 2 in
DMSO-d6

1 2
No.

13C 1H 13C 1H

2 163.9 162.7
3 103.9 6.97 (s) 103.6 6.79 (s)
4 182.0 181.2
5 161.1 161.3
6 98.0 6.37 (d, 1.9) 99.7 6.02 (s)
7 165.2 160.2
8 92.7 6.79 (d, 1.9) 94.7 6.31 (s)
9 157.4 157.7

10 105.0 102.4
1� 122.5 123.0
2� 131.0 8.11 (d, 2.6) 131.3 8.04 (d, 2.2)
3� 122.1 120.6
4� 160.9 159.8
5� 111.8 7.35 (d, 8.9) 111.4 7.36 (d, 8.9)
6� 128.4 8.22 (dd, 2.6, 8.9) 127.9 8.14 (dd, 2.2, 8.9)
2� 164.2 163.6
3� 103.8 6.84 (s) 103.3 6.98 (s)
4� 182.2 182.3
5� 161.0 160.9
6� 98.2 6.77 (s) 98.0 6.76 (s)
7� 160.1 160.8
8� 105.9 105.2
9� 153.6 153.6

10� 104.8 104.9
1� 121.0 122.6
2�, 6� 128.2 7.49 (d, 8.9) 127.9 7.64 (d, 8.6)
3�, 5� 116.1 6.66 (d, 8.9) 114.6 6.98 (d, 8.6)
4� 160.6 162.4
1�� 99.7 5.16 (d, 7.8) 99.7 5.16 (d, 7.8)
2�� 73.0 3.03 (m) 73.3 3.02 (m)
3�� 76.7 3.28 (t, 8.6) 76.7 3.29 (t, 8.6)
4�� 69.7 3.11 (t, 8.6) 69.5 3.09 (t, 8.6)
5�� 77.2 3.40 (m) 77.1 3.46 (m)
6�� 60.7 3.44 (d, 12.0), 60.6 3.43 (d, 13.2), 

3.76 (dd, 2.0, 12.0) 3.76 (dd, 2.1, 13.2)
OCH3 56.1 3.84 55.8 3.78
OCH3 55.9 3.76 55.5 3.76
OH 13.22, 12.97 13.14, 12.91



relations (H-2�/H-3, H-6�/H-5�, H-2��/H-3��, H-8/H-7), there-
fore, the structure of compound 1 was ginkgetin 7�-O-b-D-
glucopyranoside.

The HR-FAB-MS spectrum of compound 2 exhibited a
quasi-molecular ion peak at m/z 729.1811 [M�H]� (Calcd
729.1819) , which is consistent with a molecular formula of
C38H32O15, corresponding to the biflavonoid glycoside. The
IR and UV spectrum of compound 2 were determined to be
almost identical to those of compound 1, thereby pointing to
a similarity in their natures. Acid hydrolysis of compound 2
resulted in the isolation of isoginkgetin (2a) and glucose,
both of which were identified via direct comparison in TLC
analysis using authentic samples.18) The glycosidic linkage
site of D-glucose was determined to be C-7, based on the
HMBC spectrum. In the HMBC spectrum, the anomeric pro-
ton peak located at d 5.16 was correlated with the C-7 at d
160.2. Compound 2 was, therefore, determined to be
isoginkgetin 7-O-b-D-glucopyranoside. To the best of our
knowledge, this study is the first report of the natural occur-
rence of these compounds.

Experimental
General 1H- and 13C-NMR spectra were measured using a JEOL JNM-

ECP 400 (400 MHz for 1H, 100 MHz for 13C) spectrometer. ROESY,
HMQC, and HMBC spectra were recorded using pulsed field gradients. The
chemical shifts were referenced to the respective residual solvent peaks, and
the values recorded in d . FAB-MS data were collected on a JEOL JMS-
HX110/110A spectrometer. Column chromatography was carried out using
silica (Si) gel 60 (70—230 mesh, Merck, Germany) and RP-18 Lichroprep
(Merck, Germany). TLC was carried out on precoated Merck Kieselgel 60
F254s plates (0.25 mm) and RP-18 F254s plates (Merck) and spots were de-
tected under UV light using 50% H2SO4 reagent. All solvents for column
chromatography were of reagent grade, and were acquired from commercial
sources.

Plant Materials The leaves were collected directly from a G. biloba
tree, which had been grown at Andong National University, Andong, Korea.
The collection took place in November, 2001.

Extraction and Isolation The dried G. biloba leaves (1.18 kg) were re-
fluxed for 3 h with MeOH. The total filtrate was then concentrated to dry-
ness, in vacuo, at 40 °C, in order to make the MeOH extract (524 g). This ex-
tract was suspended in H2O, and then successively partitioned with CH2Cl2,
EtOAc, and n-BuOH, in order to yield CH2Cl2 (111.7 g), EtOAc (48.3 g),
and n-BuOH fractions (175.6 g), as well as H2O residue (146.0 g). The
EtOAc fraction (48.3 g) was then chromatographed on a Si gel column,
using CH2Cl2–MeOH (stepwise) and generating 20 subfractions (Fr. 1 to
20). Fraction 11 (6.03 g) was chromatographed over Si gel, using
CH2Cl2–MeOH (40 : 1 to pure MeOH) in order to obtain 13 fractions (Fr.
11-1 to 11-13). Fraction 8 (Fr. 11-8, 0.77 g) was subjected to column chro-
matography over a Si gel column with CH2Cl2–MeOH–H2O (5 : 1 : 1 to
MeOH), yielding 8 fractions (Fr. 11-8-1 to 11-8-8). Compounds 1 (12.8 mg)
and 2 (12.9 mg) were obtained via the RP-18 column chromatography (70%
MeOH) performed on Fraction 7 (Fr. 11-8-7, 0.43 g).

Ginkgetin 7�-O-b-D-glucopyranoside (1): Yellow amorphous powder.
[a]D

20 �5.5° (c�0.004, MeOH). IR nmax cm�1: 3436, 2359, 1657, 1607,
1575, 1506, 1370, 1259, 1186, 1169, 1026, 828. UV lmax (MeOH) 270
(log e 4.53), 330 (4.49) nm; �NaOMe 272 (4.52), 391 (4.34); �NaOAc 270
(4.53), 331 (4.45); �NaOAc�H3BO3 270 (4.53), 331 (4.49) ; �AlCl3 279
(4.50), 302 (4.38), 344 (4.48), 389 (4.31); �AlCl3�HCl 279 (4.50), 302
(4.39), 343 (4.48), 389 (4.28). HR-FAB-MS m/z: 729.1819 [M�H]� (Calcd

for C38H33O15: 729.1819). 1H- and 13C-NMR: see Table 1.
Isoginkgetin 7-O-b-D-glucopyranoside (2): Yellow amorphous powder.

[a]D
20 �0.77° (c�0.003, MeOH). IR nmax cm�1: 3445, 2360, 1634, 1558,

1362, 1260, 1180, 1068, 828. UV lmax (MeOH) 271 (log e 4.68), 328 (4.58)
nm; �NaOMe 277 (4.75), 298 sh (4.66), 369 (4.36); �NaOAc 271 (4.67),
329 (4.52); �NaOAc�H3BO3 272 (4.63), 328 (4.54); �AlCl3 281 (4.65),
341 (4.56), 391 (4.33); �AlCl3�HCl 280 (4.66), 341 (4.56), 391 (4.31).
HR-FAB-MS m/z: 729.1811 [M�H]� (Calcd for C38H33O15: 729.1819), 567
[M�162�H]�. 1H- and 13C-NMR: see Table 1.

Acid Hydrolysis of 1 and 2 Compounds 1 and 2 (each 5 mg) were dis-
solved in 5% aqueous HCl (5 ml), and separately refluxed for 3 h each. The
reaction mixture was extracted with EtOAc. The EtOAc fraction (aglycone)
and aqueous fraction (sugar) were concentrated to dryness for the purposes
of identification. The aglycone was crystallized from MeOH, in order to
yield 1a (mp 230—233°) from compound 1, and 2a (mp 209—210°) from
compound 2. The success of this step was confirmed by direct comparison
with TLC analysis, using authentic samples.18) The sugar component was
identified as glucose by TLC on Si gel (developing solvent
EtOAc/MeOH/H2O/AcOH�13 : 3 : 3 : 4, Rf 0.30), via direct comparison
with authentic samples.
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1) Ellnain-Wojtaszek M., Kruczyński Z., Kasprzak J., Food Chemistry,

79, 79—84 (2002).
2) Tang Y., Lou F., Wang J., Li Y., Zhuang S., Phytochemistry, 58,

1251—1256 (2001).
3) Geiger H., Naturforsch., 34C, 878—879 (1979).
4) Kang S. S., Kim J. S., Kwak W. J., Kim K. H., Arch. Pharm. Res., 13,

207—210 (1990).
5) Markham K. R., Geiger H., Jaggy H., Phytochemistry, 31, 1009—

1011 (1992).
6) Hasler A., Gross G. A., Meier B., Sticher O., Phytochemistry, 31,

1391—1394 (1992).
7) Hasler A., Sticher O., J. Chromatogr. A, 605, 41—48 (1992).
8) Bedir E., Tatli I. I., Khan R. A., Zhao J., Takamatsu S., Walker L. A.,

Goldman P., Khan I. A., J. Agric. Food Chem., 50, 3150—3155
(2002).

9) Matsumoto T., Sei T., Agric. Biol. Chem., 51, 249—250 (1987).
10) Victoire C., Haag-Berrurier M., Lobstein-Guth A., Balz J. P., Anton

R., Planta Med., 54, 245—247 (1988).
11) Joly M., Haag-Berrurier M., Anton R., Phytochemistry, 19, 1999—

2002 (1980).
12) Lobstein-Guth A., Briancon-Scheid F., Victoire C., Haag-Berrurier M.,

Anton R., Planta Med., 54, 555—556 (1988).
13) Okabe K., Yamada K., Yammura S., Tanaka S., J. Chem. Soc. (C),

1967, 2201—2206 (1967).
14) Weinges K., Hepp M., Jaggy H., Liebigs Ann. Chem., 1987, 521—526

(1987).
15) Major R. T., Science, 157, 1270—1273 (1967).
16) Weinges K., Bähr W., Liebigs Ann. Chem., 759, 158—172 (1972).
17) Ibata K., Mizuno M., Takigawa T., Tanaka Y., Biochem. J., 213, 305—

311 (1983).
18) Kang S. S., Kim J. S., Kwak W. J., Kim K. H., J. Pharmacogn., 21,

111—120 (1990).
19) Markham K. R., Phytochemistry, 23, 2053—2056 (1984).
20) Mabry T. J., Markham K. R., Thomas M. B., “The Systematic Identifi-

cation of Flavonoids,” Spinger, Heidelberg, 1990, pp. 41—61.

September 2005 1201


