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Abstract-Six new gallotannins: l-O- and 1,4-d&0-galloyl proto-quercitols, l+di-O- and 1,3,4-tri-0-galloylquinic 
acids and 4-O- and 5-0-galloyl( - )&ikimic acids have been isolated from Quercus mongolica and Q, ntyrsinaefolia and 
their structures elucidated on thd basis of chemical and spectroscopic evidence. 

INTRODWCTION 

Recent chemical studies of polyphenolic constituents in 
fagaceous plants have revealed the occurreflcc of many 
gallotannins containing a variety of polyalcohol cores 
such as bglucose [l J, Dhamamclosc C2-43, proto- 
quercitol [S], scylloquercitol [6], quinic acid [73, (- )- 
shikimic acid [8] and simple phenolic glycosides (salid- 
roside, etc.) [9, lo]. In continuing our systematic chemical 
examinations of fagaceous plants, we have now is&ted 
six additional gallic acid esters with protoquercitol (1,2), 
quinic acid (3, 4) and (-bshikimic acid (S, 6), together 
with previously reported compounds (7-12), from acorns 
of Quercus mwolica Fisch. ex Turcz. and leaves of Q. 
myrsinaefoIia Blume. 

RESULTS AND DISCUSlON 

The aqueous acetone extract of fresh acorns of Quercus 
mongolica was subjected to a combination of Sephadex 
LH-20 and MCI-gel CHP-2OP chromatography using 
various solvent systems to afford compounds 1, 5,6 and 
12. Extraction of the fresh leaves of Quercus myrsinaefolia 
with aqueous acetone, followed by similar chromatograp- 
hit separation, gave compounds 2-4 and 7-11. Among 
these compounds, 7-12 were identified as 3-0-galloyl 
proto-quercitol(7) [ 51,3-O-, 4-O-, 3,4di-O- and 3,5di-O- 
galloylquinic acids (8-l 1) [7j and 3-0-galloyl-( -b 
shikimic acid (12) [8] by comparison of their physical and 
spectral data with those of authentic samples. 

Compound 1 gave a blue colouration (characteristic of 
gallotannins) with ferric chloride. The ‘I-I and “C NMR 
spectra indicated the presence of a galloyl group C67.13 
(2H, s). 6 110.1 (2C), 120.8, 139.4, 1459 (2C), 166.63 and a 
polyalcohol moiety with one methylene (632.3) and five 
rnethines carrying an oxygen function (S70.1, 70.8, 72.4, 

* Part 57 in the series “Tannins and Rehtod Compounds”. For 
Part 56 see Hashimoto, F., Nonaka, G. and Nishioka, 1. Chum. 
Pharm. Bull. (submitted for publication). 

t To whom correspondence should be addressed. 

72.7,75.5). On enzymatic hydrolysis with tannase, 1 gave 
gallic acid and a polyalcohol which was shown to be 
identical with protoquercitol [5] by comparison of its 
physical and spectral data with those of an authentic 
sample. The location of the galloyl group was determined 
as follows. In the ‘H NMR spectrum of 1 a signal due to a 
methine bearing the galloyl group appeared considerably 
downfield [S 5.19 (lH, dt, J = 3,4 Hz)] and this signal was 
considered to be assignable to the C-l proton from its 
coupling pattern. This assignment was confirmed by a 
spin-decoupling experiment; on irradiation at the 
frequency of the C-6 methylene signal (S2.10), this 
doubletriplet signal changed into a doublet having a 
small J-value (4 Hz). Since the C-5 proton, which was also 
coupled with the C-6 methylene, has an axial orientation, 
this methine signal was assignable to the C-l protqn. On 
the basis of these results 1 was characterized as I-0-galloyl 
protoquercitol. 

Compound 2 liberated gallic acid and ptoto-quercitol 
on treatment with tannase. The ‘H NMR spectrum of 2 
showed the occurrence of two galloyl groups [S 7.15,7.16 
(each 2H, s)] in the molecule. In addition, two methine 
signals were observed in the lotield [S 5.26 (1 H, dt, J = 3, 
4 Hz), 5.36 (lH, t, J = 9 Hz)]; the former double-triplet 
signal could be assigned to the C- 1 proton based on the 
coupling pattern similar to that of I, and the latter to the 
C-4 proton from its large coupling constant (the 
neighbouring C-3 and C-5 protons both possess axial 
orientations). From these spectral data the locations of the 
galloyl groups were concluded to be at the C-l and C4 
positions. Accordingly 2 was characterized as l&G-O- 
gaUoy1 prot~uercitol. 

The ‘H and 13C NMR spectra of compound 3 showed 
the existence of two galloyl groups [67.16,7.18 (each 2H, 
s)] and a polyakohol moiety with two methylenes (6 35.7, 
40.4), three methine carbons bearing an oxygen function 
(665.1, 67.2, 78.9), a quarternary carbon (680.6) and a 
carboxylic acid (6173.5). On enzymatic hydrolysis with 
tannase, 3 gave gallic acid and a hydrolysate, which was 
identified as quinic acid by direct comparison. The 
‘H NMR spectrum of 3 showed a lotield methine signal 
[a4.% (lH, dd, J = 9,3 Hz)], ascribable to the C-4 axial 
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Table I. ‘% NMR spectral data of compounds l-6 at 25.05 MHz (6 values) 

1’ 2t 3t 4t 3 6t 

Polyalcohol 

C-l 
c-2 

c-3 
C-4 
c-5 
C-6 

COOH 
Galloyl 
C-l’ 

72.q 
724 

70.8% 
75.5 
70.1 
32.3 

120.8 

c-2 110.1 

C-3 145.9 

C4 139.4 

-coo- 166.6 

72.0$ 
71.6t 

71.6: 
18.4 

68.4 
33.2 

121.5 
122.2 

109.9 
110.2 

145.8 
146.1 
138.6 

139.1 
165.7 
167.3 

80.6 80.1 
40.4 37.7 
65.1 67.4 
78.9 75.4 
67.2 68.2 
35.7 35.5 

173.5 172.8 

122.0(x2) 

110.2 (x 2) 

145.8 ( x 2) 

121.2 
121.3 
121.8 

110.0 
110.1 
110.3 

145.8 ( x 3) 

138.8 ( x 2) 138.9(x3) 

165.9 
166.7 

165.9 
166.3 
166.4 

129.9 132.4 
31.8 31.5 

65.3% 68.3 
74.5 70.43 

65.6% 70.6$ 
138.9 134.5 
168.1 167.9 

121.9 121.6 

110.1 110.2 

146.0 146.0 

138.9 138.9 

166.5 166.4 

*In Me&O-d, + DIO. 
t In MetCOd,. 
$Signals may lx interchanged in each column. 

proton. On the other hand, the “C NMR spectrum of 3 
showed lowfield shifts of the C-l and C-4 signals (680.6, 
78.9)as compared with those (676.5,77.9) in 9. From these 
spectral data, the locations of two galloyl groups were 
concluded to be at the C-l and C-4 positions. Thus, 3 was 
determined to be l&ii-0-galloylquinic acid. 

Compound 4 afforded gallic acid and quinic acid on 
enzymatic hydrolysis with tannase. The ‘HNMR spec- 

trum of 4 exhibited the presence of three galloyl groups 
cS7.08, 7.12, 7.27 (each 2H, s)] and two methine carbons 
bearing a galloyl group [SK32 (1 H, dd, J = 9,3 Hz), 5.92 
(lH, m)]; the former double-doublet methine signal could 
be assigned to the C-4 axial proton, and the latter 
multiplet signal to the C-3 proton owing to its large half- 
wdith value (J,, = 20 Hz). Furthermore, the “C NMR 
spectrum of 4 showed the lowfield shift of the C-l signal 
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(680.1) analogous to that (680.6) observed in 3. From 
these results, 4 was concluded to be 1,3,4&-i-O- . . . 

galTlohJ1qy~~~di3CNMR spectra of 5 revealed the 
presence of a galloyl group C67.10 (2H, s)] and a 
polyalcohol moiety with a methylene (631.8), three meth- 
ines carrying an oxygen function (~65.3,65.6,74.5), a tri- 
substituted double bond (6 129.9,138.9) and a carboxylic 
acid (6168.1). On enzymatic hydrolysis with tannase, 5 
gave gallic acid and a hydrolysate, which was identified as 
(- )-shikimic acid by direct comparison. The location of 
the galloyl group was determined by analysis of the 
‘HNMRspectrumofS;a1owfie1dsignal[S5.16(1H,dd)], 
corresponding to the methine proton geminal to the 
galloyl group, was assignable to the C-4 proton on the 
basis of its J-value (7,4 Hz). Thus, 5 was characterized as 
4-O-galloyl-( - )-shikimic acid. 

Compound 6 yielded gallic acid and (- )-shikimic acid 
on enzymatic hydrolysis with tannase.. The ‘H and 
“C NMR spectra of 6 were similar to those of 5 showing 
the presence of a galloyl group. In addition, the ‘H NMR 
spectrum gave a lowfield methine signal [S 5.80 (lH, t, J 
= 4 Hz)], which was assignable to the C-5 proton, 
indicating the location of the galloyl group at this 
position. Consequently, 6 was concluded to be 5-O- 
galloyl-( - )-shikimic acid. 

Several gallic acid esters with protoquercitol [S] and 
quinic acid [7,1 l] are known, but this is the first reported 
isolation of gallic acid esters substituted at the C-l 
positions of proto-quercitol and quinic acid. 

EXPERIMENTAL 

Mps are uncorc. ‘H and 13C NMR spectra were recorded at 
100 and 25.05 MHz, respectively, with TMS as reference. TLC 
was performed on silica gel and Avicel SF cellulose, and the spots 
were detected by spraying FeCls, 10% HISO* and 
NH40H-AgNOx reagents. Plant materials were collected at 
Fukuoka prefecture, Japan. Voucher specinmm are deposited at 
the Herbarium, Faculty of Pha rmaceutical Sciences, Kyushu 
University. 

Extraction and isolation. (a) From acorns of Quercus mon- 
golica: fresh acorns (12.3 kg) were mashed and extracted x 5 at 
room temp. with 80 % aq. Me2C0. The combined extracts, after 
concn under red. pres. to ca 3 I, were subjected to Sephadex LH- 
20 CC using Ha0 with increasing amounts of MeOH to atTord 6 
fractions: frs. 1 (6.1 g), 2 (ca 130 g), 3 (299) 4 (ca 315 g), 5 (20 g) 
and 6 (29 g). Fraction 2 was rechromatographed over MCI-gel 
CHP-20P [HrO-MeOH (l:C-1:9)] and Sephadex LH-20 
(EtOH, 60% aq. MeOH) to yield I (86 mg), 5 (12 mg), 6 (25 mg) 
and 12 (12 mg). (b) From leaves of Q. myrsinacfolia: fresh leaves 
(7.9 kg) were extracted x 4 at room temp. with 80 % aq. MerCO. 
The combined extracts were coned under red. pres., and the ppt. 
was filtered off. The filtrate (ca 1 L) was subjected to CC over 
Sephadcx LH-20 using H&MeOH (1:0-O: 1) to give 5 fractions 
(frs. l-5). Fraction 1 (4.8 g) was rechromatographed over MCI- 
gel CHP-2OP (H,O-MeOH) and Fuji-gel ODS-G3 
(H2@MeOH) to afford 7 (55 mg) and 9 (498 mg). Fractions 3 
(32 g) and 4 (6.1 g) were separately purified by CC over Sephadex 
LH-20 (EtOH, 60% aq. MeOH), MCI-gel CHP-20P 
(HI@MeOH) and Bondapak CIs Porasil B (H,O-MeOH) to 
giveZ(87 mg),3(1 g),8(55 mg), lO(198 mg)and ll(1 g)(fromfr. 
3) and 4 (458 mg) (from fr. 4). 

General procedure for enzymatic hydrolysis. A solution of the 
sample (5-30 mg) in HZ0 (2 ml) was treated with tan-at room 
temp. for 1 hr. The reaction mixture was filtered, and the filtrate. 

coned to dryness ia uacuo. The residue was subjected to Sephadex 
LH-20 CC using H&MeOH (1 :O: 1) to furnish gaBic acid 
and a hydrolysate. 

LO-Galloyl proto-quercifol (1). Colourkss needles, mp 
282~284“, [a]: - 10.6” (MeOH; c 0.4). ‘H NMR (MezCO-d6 
+ DsO): 620-2.2 (2H, m, H-6), 3.6-3.9 (3H, m, H-3, -4 and -5), 
4.4.1 (lH, m, H-2), 5.19 (lH, dt, J = 3,4 Hz, H-l), 7.13 (2H, s, 
gaRoyl-H). ‘%NMR: see Table 1. (Found: C, 49.40, H, 5.24. 
CrsOsHre requires: C, 49.37; H, 5.10x.) 

1,4-Di-O-galfcyl proto-qucrcirol (2). Colourless needles, mp 
185187”, [a]; - 10.1” (MesCO; c 0.8). ‘HNMR (MelCO-ds):. 
S2.0-2.4 (2H, rn, H-6), 3.8-4.2 (3H,m, H-2, -3 and -5), 5.26 (lH, dt, 
J=3,4Hz,H-1),5.36(1H,t,J=9Hz,H4),7.15,7.16(each2H, 
s, galloyl-H). “C NMR: see Table 1. (Found: C, 48.30, H, 4.71. 
Cr0HZ00L3.3/L HZ0 requires: C, 48.49; H, 4.68%) 

l&Di-O-galloylquinic acid (3). Colourless needles, mp 
213-215”, [a]g - 18.9” (MesCO; c 1.1). ‘HNMR (Me2CO-de): 
62.0-29 (4H, nr, H-2 and -6), 4.4-4.7 (2H, m, H-3 and -5), 4.96 
(lH, dd, .I = 9, 3 Hz, H-4), 7.16, 7.18 (each 2H, s, galloyl-H). 
13CNMR: see Tabk 1. (Found: C, 49.41; H, 4.51. 
CarHao0r4~Ha0 requires: C, 49.03; H, 4.31%) 

1,3;4-Tri-O-galloylquinic acid (4). Colourkss needlq mp 
220-225” (dec.). [a]g - 5.2” (Me&O; c 0.9). ‘H NMR (Me2CO- 
de): 62.0-3.0 (4H, m, H-2 and -6), 4.68 (lH, m, Jwk,z = 8 Hz, H- 
S), 5.32 (lH, dd, J = 9,3 Hz, H-4), 5.92 (lH, m, Jw ,,,* = 20 Hz, H- 
3), 7.08,7.12,7.27 (each 2H, s, galloyl-H) “C NMR: see Table 1. 
(Found: C, 48.38; H, 4.21. CasHa401s~5/2 HZ0 requires: C, 
48.49; H, 4.22 %.) 

4O-Gulloyl-( -)-shikimic acid (5). An amorphous powder, 
[a]g- 138.9” (MesCO; c 0.4). ‘H NMR (Me2CO-d6 )I 82.36 
(lH, dd, J = 618 Hz H-2), 2.74 (lH, dd, .I = 618 Hz, H-2), 4.36 
(lH, m, H-3), 4.72 (lH, t, .J = 4 Hz, H-5), 5.16 (lH, dd, J = 4, 
7 Hz, H-4), 688 (lH, d, J = 4 Hz, H-6), 7.10 (2H, s, galloyl-H) 
“CNMR: see Table 1. (Found: C, 48.61; H, 4.56. 
C,4H1.+09.H20 reqti C, 48.84; H, 4.68”/,) 

5-0-Galloy&(-)-shikimic acid (6). An amorphous powder, 
[aIF- 142.0” (MeaCO;c0.5). ‘HNMR (MeaCO-de):82.36 (lH, 
dd, J -6, 18Hz, H-2), 2.81 (lH, dd, J = 6, 18Hz, H-2), 
4.0-4.3 (2H, m, H-3 and 4), 5.80 (lH, t, J = 4 Hz, H-5), 6.86 (lH, 
d, J = 4 Hz H-6), 7.16 (2H, s, galloyl-H). r3C NMR: see Table 1. 
(Found: C, 48.59; H, 4.65. C14H1409.H20 requires: C, 48.84, H, 
4.68 %.) 
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