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ABSTRACT

  Juglans mandshurica bark was collected and extracted with 70% aqueous acetone. The extracts were 

concentrated and then sequentially fractionated using n-hexane, CH2Cl2, EtOAc, and H2O to be freeze 

dried. A portion of H2O fraction was chromatographed on a Sephadex LH-20 column using aqueous meth-

anol to isolate (S)-2,3-HHDP-D-glucopyranoside (1). Some of EtOAc fraction was also treated on a 

Sephadex LH-20 column using aqueous methanol and EtOH-hexane mixture to purify pedunculagin (2). 

The structures of these two epimeric ellagitannins were elucidated by spectroscopic tools, NMR and MS.
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1. INTRODUCTION

  Juglans mandshurica Maxim. (Juglandaceae), 

a fast growing deciduous tree, is widely dis-

tributed in China, Russia, and Korea. The tree 

has been used as a folk medicine for treatment 

of esophageal, gastric, cardiac and lung cancer 

(Kim, 1994). Other researchers reported that the 

volatile compounds of the species inhibit the 

growth of the neighbor plants and can be devel-

oped for chemurgy. Several naphthoquinones, 

naphthalenyl glycosides, α-tertalonyl glucopyr-

anosides, flavonoids and diarylheptanoyl gluco-

pyranosides have been isolated from this plant 

(Li et al., 2003; Min et al., 2003). In the pre-

vious study, we have already reported the iso-

lation of several flavonoids and their glycosides, 

including two ellagitannins, from the bark of J. 

mandshurica (Kim et al., 2006; Si and Bae, 

2007). In the present study, we report the iso-

lation and structure elucidation of 2 ellagi-

tannins from H2O and EtOAc fractions of J. 

mandshurica. The compounds were separated 

by column chromatography using Sephadex 

LH-20 and their structures were identified by 

spectroscopic tools using 
1
H NMR and 

13
C 

NMR, including HMBC, and MALDI-TOF-MS.  

2. MATERIALS and METHODS

2.1. Plant Material

  A tree of Juglans mandshurica was collected 

in the experimental forest of Kangwon National 

University, Bong-Myung Ri, Gangwon Pro-

vince, Korea in April 2007. The bark was strip-
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ped and then air-dried at room temperature for 

2 weeks before grinding.

2.2. General Experimental

  1
H (600 MHz) and 

13
C NMR (125 MHz) 

spectra were recorded on a Bruker Avance DPX 

600 MHz spectrometers using tetramethylsilane 

(TMS) as an internal standard and chemical 

shifts are given in δ (ppm). MALDI-TOF-MS 

was performed with a Voyager-DE STR spec-

trometer. Column chromatography was done on 

a lipophilic Sephadex LH-20 (25∼100 µm, 

Sigma) column. Eluents were collected using a 

fraction collector (Gilson FC 204). Thin layer 

chromatography (TLC) was performed on DC- 

Plastikfolien Cellulose F (Merck) plates and de-

veloped with TBAW (t-BuOH-HOAc-H2O (3 : 1 

: 1, v/v/v)) and 6% aqueous HOAc. Visualiza-

tion was done by UV light (254 and 365 nm) 

or by spray with 1% ethanolic FeCl3 solution 

followed by heating.

2.3. Extraction and Isolation

  The air-dried, ground bark of J. mandshurica 

(3.2 kg) was immersed in 70% aqueous acetone 

at room temperature for 3 days. After filtration 

(Advantec No. 2), the bark sample was ex-

tracted two more times. The filtrates were com-

bined and evaporated on a rotary evaporator un-

der the reduced pressure at 40°C. The aqueous 

residue (500 g) was successively fractionated on 

a separatory funnel and freeze dried to give n- 

hexane (15.6 g), CH2Cl2 (20.6 g), EtOAc (130.0 g), 

and H2O (237.6 g) soluble fractions. 

  A portion of EtOAc fraction (33 g) was chro-

matographed on a Sephadex LH-20 column us-

ing MeOH-H2O (4:1, 4 ℓ) as an eluting solvent 

to give 5 fractions: EF-1 (1.06 g), EF-2 (17.1 

g), EF-3 (7.8 g), EF-4 (3.2 g), and EF-5 (2.8 g). 

EF-3 (7.8 g) was rewashed with MeOH-H2O 

(3:1, 3 ℓ) on a Sephadex LH-20 column to af-

ford 3 fractions: EF-3-1 (20 mg), EF-3-2 (160 

mg), and EF-3-3 (7.6 g). EF-3-3 (7.6 g) was 

treated again on a Sephadex LH-20 column 

with MeOH-H2O (1:2, 2 ℓ) to get 4 subfrac-

tions: EF-3-3-1 (150 mg), EF-3-3-2 (860 mg), 

EF-3-3-3 (2.28 g), and EF-3-3-4 (3.7 g). EF-3- 

3-2 (860 mg) was rechromatographed on a 

Sephadex LH-20 column with MeOH-H2O (1:2 

and 1:5, 1.5 ℓ) and EtOH-Hexane (3:2, 1 ℓ) 

to isolate compound 2 (80 mg). 

  The H2O fraction (32 g) was treated on a 

Sephadex LH-20 column with MeOH-H2O (1:1, 

4 ℓ) to afford 4 fractions: WF-1 (24.2 g), 

WF-2 (1.8 g), WF-3 (2.4 g), and WF-4 (3.0 g). 

WF-1 (15.0 g) was reapplied on a Sephadex 

LH-20 column with MeOH-H2O (1:3, 2 ℓ) to 

get 3 subfractions: WF-1-1 (10.9 g), WF-1-2 

(630 mg), and WF-1-3 (520 mg). WF-1-2 (600 

mg) was chromatographed again with MeOH- 

H2O (3:1 and 1:5, 1 ℓ) to give compound 1 

(320 mg).

2.3.1. Compound 1

  Yellowish amorphous powder. Rf : 0.22 (TBAW) 

and 0.53 (6% HOAc). MALDI-TOF-MS : Cal-

culated for C20H18O14 482, Found m/z 505 [M + 

Na]
+
, 521 [M + K]

+
. 
1
H and 

13
C-NMR see Table 1. 

2.3.2. Compound 2

  Yellowish amorphous powder. Rf : 0.33 (TBAW) 

and 0.71 (6% HOAc). MALDI-TOF-MS; Calcu-

lated for C34H24O22 784, Found m/z 807 [M + 

Na]
+
, 823 [M + K]

+
. 

1
H and 

13
C-NMR see 

Table 2. 

3. RESULTS and DISCUSSION

  (S)-2,3-HHDP-D-glucopyranoside (1) and pe-

dunculagin (2) (Fig. 1) were isolated from  H2O 

and EtOAc fractions of J. mandshurica bark, 

respectively, by Sephadex LH-20 column chro-
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Table 1. 
1
H (600 MHz) and 

13
C-NMR (125 MHz) values of compound 1 (CD3OD, J in Hz)

1
H

13
C

α-Anomer β-Anomer α-Anomer β-Anomer

Glucose

1 5.32 d (J = 3.4) 4.90 d (J = 8.1) 91.86 95.19

2 4.96 dd (J = 3.4, 9.5) 4.73 t (J = 8.6) 76.11 78.41

3 5.36 t (J = 9.4) 5.04 t (J = 9.5) 78.86 81.17

4 3.71∼3.79 m 3.71∼3.79 m 68.71 68.49

5 3.93 m 3.46 m 73.24 78.37

6 3.73∼3.92 m 3.73∼3.92 m 62.14 62.28

Galloyl-A,B

1', 1'' 126.84, 126.92, 127.11, 127.19

2', 2'' 115.23, 115.35

3', 3'' 144.56, 144.61

4', 4'' 137.22, 137.31

5', 5'' 145.77, 145.82

6', 6'' 6.59 s, 6.67 s 6.60 s, 6.67 s 107.73, 107.96, 108.00, 108.06

7', 7'' 170.68, 170.51, 171.28, 171.25

Table 2. 
1
H (600 MHz) and 

13
C-NMR (125 MHz) values of compound 2 (CD3OD, J in Hz)

1
H

13
C

α-Anomer β-Anomer α-Anomer β-Anomer

Glucose

1 5.36 d (J = 3.8) 4.95 d (J = 8.1) 92.29 95.83

2 4.86
a

4.86
a

76.31 78.84

3 5.47 t (J = 9.7) 5.26 t (J = 9.5) 76.50 78.25

4 5.09 m 5.09 m 70.48 70.05

5 4.57 m 4.14 m 67.83 73.33

6
3.81 dd (J = 1.7, 12.8)

5.31 m

3.81 d (J = 12.6)

5.31 m
64.16 64.23

Galloyl-A,B,C,D

1', 1'', 1''', 1''''
125.94, 126.02, 126.19, 126.24

126.43, 126.51, 126.64, 126.72

2', 2'', 2''', 2''''
114.93, 115.02, 115.45, 115.59 

115.66, 116.62

3', 3'', 3''', 3''''
144.66, 144.74, 144.82, 144.89

145.04

4', 4'', 4''', 4'''' 137.16, 137.25, 137.56

5', 5'', 5''', 5'''' 145.90, 145.85

6', 6'', 6''', 6''''
6.58 s, 6.35 s,

6.52 s, 6.61 s

6.60 s, 6.36 s 

6.49 s, 6.61 s

107.70, 107.78, 107.87, 108.25 

108.68

7', 7'', 7''', 7''''
169.10, 169.16, 169.63, 169.76

170.27, 170.42, 170.85, 170.89
a
Overlapped with solvent signal.
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(S)-2,3-HHDP-D-glucopyranoside (1) Pedunculagin (2)

Fig. 1. Chemical structures of compounds 1 and 2.

matography using aqueous methanol and EtOH- 

hexane mixture as eluting solvents. The struc-

tures were elucidated by NMR, including 2D- 

NMR (HMQC, HMBC), and MALDI-TOF MS.

  Compound 1 was obtained as yellowish 

amorphous powder. The molecular formula was 

deduced to be C20H18O14 on the basis of the 

peak at m/z 505 [M + Na]
+
 in the positive MALDI- 

TOF MS. In the 
1
H-NMR spectrum, the two 

galloyl protons gave the signals at δ 6.59, 6.67 

(Hα-6',6'' ) and δ 6.60, 6.67 (Hβ-6',6''). Two 

symmetric protons of galloyl group should show 

one signal at about δ 7.10 (Si and Bae, 2007). 

However, the signals of H-6' and H-6'' in the 

spectrum were upfield shifted about 0.5∼0.6 

ppm due to the mutual steric effect from the ad-

jacent substituent group, the galloyl moiety that 

is linked between C-2' and C-2''. The anomeric 

protons showed two signals at δ 5.32 (J = 3.4 

Hz) and 4.90 (J = 8.1 Hz) suggesting α-D- 

and β-D-glucose, respectively (Hobley et al., 

1996). H-2 and H-3 signals were observed at δ 

4.96, 4.73 and δ 5.36, 5.04, respectively, that 

were downfield shifted about 1.5 ppm due to 

the bonding of the galloyl group to C-2 and 

C-3. H-4, H-5 and H-6 gave multiple signals at 

between at δ 3.71 and 3.93. According to the 

above 
1
H-NMR data, compound 1 suggest an 

epimer of a digalloyl glucose. In the 
13

C-NMR 

spectrum, two galloyl groups showed very com-

plicate overlapped signals. Two carbonyl car-

bons appeared at δ 170.68, 170.51 (Cα-7',7'') 

and δ 171.28, 171.25 (Cβ-7',7''), methine car-

bons at δ 107.73, δ 107.96 (Cα-6',6'') and 

δ 108.00, 108.06 (Cβ- 6',6''), respectively. 

C-2' and C-2'' signals appeared at δ 115.23, 

115.35 for both α- and β- anomer. These 

chemical shift values were downfield shifted 

about 7∼8 ppm compare to those of C-6' and 

C-6'' and suggest that C-2' and C-2'' are linked 

together (Moharram et al., 2003). The other six 

epimeric carbons (C-3',4', 5',3'',4'',5'') showed 

overlapped six signals at δ 137.22∼145.82. In 

the glucose moiety, anomeric carbon signals 

were observed at δ 91.86 (Cα-1) and δ 

95.19 (Cβ-1), respectively. C-2 and C-3 sig-

nals appeared about 4 ppm downfield signals 

compare to those of the original glucose at δ 

76.11, 78.41 and δ 78.86, 81.17. These facts 

mean that the galloyl groups are attached to C-2 

and C-3 of the glucose. In the HMBC spectrum, 

correlations were observed between H-2 and 

C-7', H-3 and C-7'', H-6' and C-2', and H-6'' 

and C-2'', which confirm the proper structure 
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linkages of compound 1 as shown in Fig. 1. 

According to the combination of spectroscopic 

and literature data (Yoshida et al., 1984; 

Moharram et al., 2003), compound 1 was eluci-

dated as (S)-2,3-HHDP (hexahydroxydiphenoyl)- 

D-glucopyranoside.

  Compound 2 was obtained as yellowish 

amorphous powder. The molecular formula was 

deduced to be C34H24O22 on the basis of the 

peak at m/z 807 [M+Na]
+
 in the positive 

MALDI-TOF MS. The 
1
H- and 

13
C-NMR spec-

trum is similar to those for compound 1, except 

for the difference of the hydroxy group located 

on the hexahydroxydiphenoyl (HHDP) moiety 

at C-4 and C-6 position. In the 
1
H-NMR spec-

trum, the galloyl protons signal were observed 

at δ 6.35∼6.61 (Hα/β-6',6'',6''',6''''), and the 

anomeric protons at δ 5.36 (J = 3.8 Hz) and 

4.95 (J = 8.1 Hz). Hα/β-2,3,4,6 showed down-

field shifted multiple signals at δ 4.86∼5.47 

increasing about 1.5 ppm compare to those of 

normal glucose unit. In the 
13

C-NMR spectrum, 

the carbonyl carbon of galloyl groups appa-

rently showed 8 signals at δ 169.10∼170.89 

indicating the presence of four galloyl of α- 

and β-glucose units. The other galloyl carbons 

indicated the chemical shift values that are sim-

ilar to those of compound 1. Anomeric carbon 

signals were observed at δ 92.29 (Cα-1) and 

δ 95.83 (Cβ-1), Cα/β-4,6 signals gave 

about 2 ppm downfield shifted signals at δ 

64.16∼70.48 indicating that these two carbons 

contain galloyl units. In the HMBC spectrum, 

correlations were observed between H-2 and 

C-7', H-3 and C-7'', H-4 and C-7''', H-6 and 

C-7'''', H-6' and C-2', H-6'' and C-2'', H-6''' and 

C-2''', and H-6'''' and C-2'''' which confirmed 

the proper structure linkage as shown in Fig. 1. 

According to the combination of spectroscopic 

and literature data (Lee and Yang, 1994; Chang 

et al., 1995; Naoki et al., 2008), compound 2 

was elucidated as pedunculagin.

4. CONCLUSIONS

  Two epimeric ellagitannins, (S)-2,3-HHDP-D- 

glucopyranoside (1) and pedunculagin (2), were 

isolated from H2O and EtOAc fractions, respec-

tively, of Juglans mandshurica bark by Sephadex 

LH-20 column chromatography using aqueous 

methanol and EtOH-hexane mixture as eluting 

solvents. Their structures were characterized by 

NMR, including two dimensional HMBC, and 

MALDI-TOF MS. To our best knowledge, these 

epimeric ellagitannins are first isolated from the 

bark of Juglans mandshurica. 
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