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Abstract-A series of gallotannins and ellagitannins based on a scyflo-quercitol core have been isolated from the bark 
of Quercus sre~p~y~l~. On the basis of chemical and spectroscopic evidence, the structures of the ~llo~nnins have been 
established as 2-U-, 1,2-di-O-, 1,2,3-t&0-, 1,2,3,4-tetra-O- and 1,2,3,4,5-penta-O-galloyl-scylfo-quercitols, and the 
ellagitannins as 1,5di-0-galloyl-2,3-(S)-hexahydroxydiphenoyl-~y~~o-quer~~ol and 1,4-(or 4,S)-di-0-galloyl-2,3-(S)- 
hexahydroxydiphenoyl-scyllo-quercitol. 

INTRODUCTION 

The bark of Quercus sfe~p~yflu Makino (Fagaceae) is 
shown to produce an exceptionally complicated mixture 
of polypheuols (more than sixty compounds), including 
hydrolysable [l-5], condensed [ 11 and unclassifiable [6] 
tannins. Among these compounds, the gallo- and ellagi- 
tannins are particularly complex, containing a variety of 
polyalcohol cores, i.e. D-glucose (in both pyranose and 
open-chain forms) [6], phenol glucosides (salidroside, 
etc.) [l, 23, quinic acid [S], proto-quercitol [3,4] and 
glycerol [Nishimura, H., unpublished results]. In continu- 
ation of our systematic chemical analysis of Q. sfe~~~yllu 
we have found a series of new gallotannins (1-5) and 
ellagitannins (6 and 7) based on a pentahydroxycyclo- 
hexane (scyllo-quercitol) core. We now report their iso- 
lation and structure dete~ination. 

RESULTS AND DIS;“SSION 

Repeated Sephadex LH-20 and reverse-phase 
chro~to~phy of the ethyl acetate-soluble portion of an 
80% aqueous acetone extract of Q. stenophyllu afforded 
compounds 3-7, while compounds 1 and 2 were isolated 
by a similar method from the aqueous solution after 
extraction with ethyl acetate. All except for f,6 and 7 were 
obtained as off-white amorphous powders, and all gave 
dark blue colours with ferric chloride. The ‘HNMR 
spectra of 1-5 showed the presence of galloyl groups in 
the range 66.9-7.1, together with one methylene and 
five methine signals in the aliphatic regions, and the 
13CNMR spectra clearly indicated five methines bearing 
an oxygen function (S67-80) and one methylene (635-39) 
in each molecule. On the other hand, 6 and 7 were shown 
by ‘H and “CNMR spectroscopy to possess one 

l Part 44 in the series “Tannins and Related Compounds”. For 
Part 43 see Furuichi, E., Hayashi, K., Nonaka, G. and Nishioka, 
I., Agric. &of. Chem. (in press). 

tTo whom correspondence should be addressed. 

4,4’,5,5’,6,6’-hexahydroxydiphenoyl ester and two galloyl 
groups in each molecule. 

Enzymatic hydrolysis of 2 with tannase afforded gallic 
acid and a polyalcohol(8). The “C NMR spectrum of 8 
shows six aliphatic resonances consisting of one meth- 
ylene (637.5) and five hydroxy-bearing methines [&69.3 (2 
x C), 74.8, and 77.6 (2 x C)], and from this signal pattern, 
it is evident that 8 is a symmetrical pentahydroxycyclo- 
hexane (quercitol) derivative. Among ten possible con- 
figurational isomers of pentahydroxycyclohexane deriva- 
tives, four (scyllo-, muco-, cis- and neo-quercitols) are 
symmetrical meso-types Et]. On the other hand, the 
‘H NMR spectrum of 2 displays an unsymmetrical signal 
pattern, showing, together with two galloyl peaks (67.04 
and 7.10, each 2H, s), methine resonances, two of which 
are shifted considerably downfield (65.10 and 5.36) by 
galloylation. The observation of large coupling constants 
of all of these signals suggests that these methine protons 
have axial orientations. The identity of 8 with scyllo- 
quercitol was confirmed by comparison of the ‘H NMR 
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spectrum with that of an authentic sample [8] which had 
been prepared from an inositol derivative. In the *H NMR 
spectrum of 2, the above-mentioned lowfield signals are 
assignable to H-2 and H-l on the basis of their splitting 
patterns (t, J = 9 Hz and sextet, .I = 4,9 Hz, respectively), 
thus establishing the locations of two galloyl groups at the 
C-l and C-2 positions. 

The absolute configurations of the scyllo-quercitol 
moiety in 2 were determined as follows. The hexamethyl 
ether (2a) obtained by methylation of 2 was subjected to 
periodic acid oxidation. Without purihcation, the al- 
dehyde was treated with 2,4dinitrophenylhydrazine to 
yield a phenylhydrazone (2b) (Scheme l), which was 
shown to be identical in all respects with the product 
similarly prepared from 4,5di-O-galloyl-proto-quercitol 
(9) [33. Accordingly, the C-l and C-2 atoms in 2 have the 
same absolute configurations (lR, 2s) as those of the C-5 
and C-4 atoms, respectively, in prom-quercitol whose 
absolute configuration was previously established to be 
lR, 28, 35, 4s and 5R [9]. and the structure of this 
compound, including absolute configuration, can be 
represented by 2. 

Similar enzymatic hydrolysis of 1, 3, 4 and 5 with 
tannase afforded, in all cases, gallic acid and scyllo- 
quercitol, the latter being identified by GC. The ‘H NMR 
spectrum of 1 showed the presence of one galloyl group, 
consistent with the observation of the [M + HJ+ peak at 
m/z 317 in the FAB-MS. The appearance of a lowfield 
triplet (64.99, J = 10 Hz) due to a methine bearing a 
galloyl group, suggested that the galloyl group is at either 
the C-2, C-3 or C-4 position, but because of the unsym- 
metrical signal pattern the galloyl group must be located 
at C-2 or C4 (cf. C-2 and C-4 atoms are relatively 
equivalent). Thus 1 is either 2 (or 4kO-galloyl-scyllo- 
quercitol. 

The ‘H NMR spectra of 3,4 and 5 clearly indicate the 
occurrence of three, four and five galloyl groups, respect- 
ively. In addition, ’ H and ’ % NMR examination suggest 

that 3 and 4 are unsymmetrical and that 5 is symmetrical. 
The locations of galloyl groups in these compounds were 
determined as follows. The ‘H NMR spectrum (measured 
in pyridine-d,) of 4 exhibited four lowfield signals 
(65.6-6.5, m), together with an isolated upfield signal 
(64.42) attributable to a methine bearing a hydroxyl 
group. Since spin-decoupling showed coupling between 
the upfield signal and C-6 methylene signals, the methine 
signal can be assigned to H-5 (or H-l). Thus, the galloyl 
groups in 4are located at the C-l, C-2, C-3 and C-4 (or C- 
2, C-3, C-4 and C-5) positions. In the ‘H NMR spectrum 
of 3, three lowfield and two upfield signals appeared as 
multiplets at 65.1-5.7 and 63.5-3.8, respectively. 
Irradiation of C-6 methylene signals at 6 1.76 (dd, J = 12, 
12 Hz) and 2.47 (m) caused a change in both these 
multiplets, indicating that there is one galloyl group either 
at the C-l or C-5 position. These findings, in conjunction 
with the above results, indicated the location of three 
galloyl groups at the C-l, C-2 and C-3 or the C-l, C-2 and 
C-4 positions. Comparison of the i3C NMR spectrum of 
3 with that of 2 showed that in 3 the C-3 signal appeared at 
a lower field ( + 62.9) than that in 2, while the neighbour- 
ing C-2 and C-4 atoms were observed at higher field 
(-64.0 and -2.1, respectively) (Table 1). In addition, 
when compared with the ‘% NMR spectrum of 4, the C-4 
resonance in 3 appeared at a higher field ( - 64. l), and C-3 
and C-5 at lower field ( + 64.1 and + 1.9, respectively). 
Thus the galloyl groups are attached to the C-l, C-2 and 
C-3 hydroxyls. The five galloyl groups in 5 were located at 
the C-l, C-2, C-3, C-4 and C-5 positions from the 
observed downfield shift of all five methine signals in the 
‘H NMR spectrum and also from the symmetrical nature 
of the molecule. 

The FARMS of 6 and 7 exhibit the same [M + H] + 
peak at m/z 771, consistent with the ‘H and ‘%NMR 
data which suggest the occurrence of a quercitol moiety 
and one hexahydroxydiphenoyl and two galloyl groups in 
each molecule. Tannase hydrolysis of 6 and 7 yielded 
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Carbon No. 1 2 3 4 6 7 8. 

ScylI0-quetitol 
1 
2 
3 
4 
5 
6 
Galloyl 
1 

67.8 
19.8 
73.4 
78.2 
69.4 
38.3 

121.6 

2 110.1 

3 145.7 

4 138.8 

Hexahydroxydiphcnoyl 
1 

2 

3 

4.6 

5 

coo- 167.7 

10.1 
78.2 
13.2 
76.6 
69.1 
35.3 

120.7 
121.2 

109.9 
110.0 
145.8(2(3) 

139.1 

70.5 70.1 72.07 
14.2 14.2 78.37 
76. I 72.0 77.8f 
14.5 76.8 123t 
69. I 61.2 68.27 
35.2 35.5 32.8 

120.3 120.2(2C) 
120.5 120.5 
120.9 120.9 
1 lO.O(3C) I lO.O(4C) 

145.8(3(Z) 145.5(3C) 
146.2 

139.4(3C) 139.1 
139.3 

166.7 166.7 166.6(2(3) 
167.4 167.1 166.9(2(3) 

121.2 
121.7 

68.17 69.3 
78.2t 71.6 
76.2t 74.8 
15.47 77.6 
67.3t 69.3 
35.7 31.5 

120.6 
121.0 

109.9 110.0 
110.1 110.1 
145.1 145.1 
145.3 145.9 
138.9 139.2 
139.2 139.4 

114.4 
114.6 
127.0 
127.2 
107.2 
107.8 
144.3 
146.1 
136.1 
136.3 
166.1 
166.3 
169.2(2(3) 

114.5(2(3) 

126.3(2(3) 

107.4(2(3) 

144.3 
146.0 
136.3(2(3) 

166.7 
167.0 
169.3 
169.4 

*Measured in D20 with l+dioxanc (667.4) as int. standard. 
tAssignments in any vertical column may be interchanged. 

gallic acid and an identical hydrolysate (6a). The ‘H and 
‘CNMR spectra of 6a showed the presence of a 

hexahydroxydiphenoyl ester (66.70 and 6.71, each lH, s) 
and no galloyl peak, agreeing with the observation of a 
[M + Hj + peak at m/z 467 in its FAR-MS. Subsequent 
alkaline methanolysis of the methyl ether (6b) prepared 
from 6a by methylation afforded scylloquercitol(8) and 
dimethyl4,4’,5,5’,6,6’-hexamethoxydiphenoate (10). The 
negative sign of the optical rotation ( - 27.3”, CHC&) of 
10 confirmed the chirality of the atropisomerism to be in 
the S-series. 

The locations of the hexahydroxydiphenoyl ester group 
were determined by ‘HNMR spectroscopy with spin- 
decoupling Because of the broad signals in acetone-de or 
acetone-& +D20 and the overlapping of one of the 
scylIo_quercitol methylene signals with solvent peaks in 6a 
and 6b, the permethyl ether (6c), obtained by the Kuhn 
methylation [lo], was chosen for study. In the spectrum 
(in CD&) of aC, two methines bearing the ester groups 
appearad as symmetrical multiplets at S5.30, suggesting 
that the esters are located at vicinal positions. In addition, 
since irradiation of each of the C-6 methylene signals 
(61.21, dd, J = 12, 13 Hz and 62.16, dt, J = 13, 5 Hz) 

caused no change of these multiplets, the esters are 
considered to be present at the C-2 and C-3 (or C-3 and C- 
4) positions. 

‘HNMRe xamination of 6 and 7 provided information 
concerning the allocations of the galloyl groups. Thus, in 6 
the upfield signal (64.18, t, J = 10 Hz) due to a hydroxy- 
bearing methine was shown by spindecoupling not to be 
coupled with the C-6 methylene signals, indicating that 
the galloyl groups are located at both the C-l and C-5 
positions and that 6 is therefore 1,5diQ3alloyl-2,3- (or 
3,4b(S)-hexahydroxydiphenoyl-scylloquercitol. In con- 
trast, the spin-decoupling of 7 showed coupling of the 
methylene protons and the hydroxy-bearing methine 
(64.20, m), indicating that the methine signal is assignable 
to either H-l or H-5 and that one of the galloyl groups is 
attached at the C-5 or C-l hydroxyl. From these observa- 
tions, two structures (7a and 7b) are possible for 7, but 
there was not sulhcient sample to allow complete 
characterixation. 

As far as we know, of the ten possible structural isomers 
of quercitols, only two compounds (prom and uibo- 
quercitols) have hitherto been found in nature [l 11, and 
scylloquercitol therefore represents the third example of 
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a naturally occurring quercitol. In addition, compounds 
l-7 can be classified as a new class of hydrolysable tannins 
containing a xylloquefcitol core. 

EXPERIMENTAL 

Mps are uncorr. ‘H and “C NMR spectra were recorded at 
100 and 25.05 MHz, respuztively, with TMS as refcrcnce. FDMS 
were measured at 14-25 mA (emitter current) and 1.5-3 kV 
(accekrating voltage), while FAB-MS at 2-3 kV (accckrating 
voltage) and with DMSO-glycerol as matrix. GLC (with FID 
detector) was performed at 120” on glass columns (2 m x 3 mm) 
packed with 1.5% QF-1 and 5% l&butanediol succinate, and 
the carrier gas, N1, was set at a flow rate of 40 ml/min. TLC was 
conducted on silica gel and Avicel SF cellulose, and compounds 
visualized by FeCl, and by spraying 10% HISO, and heated. 
Plant material was collected in Tokushima Prefecture, Japan. A 
voucher spazimen is deposited at the Herbnrium, Faculty of 
Pharmaceutical Sciences, Kyushu University. 

Extraction and isolation. Airdried, ground material (4.74 kg) 
of Q. stenophylla was extracted x 5 with 800% aq. Me2C0, and 
the conal extract re-extracted sequentially with Et20 and 
EtOAc. The aq. layer was mixed with Celite 545 (1.2 kg) and air- 
dried. The EtOAc extract was conal, redissolved in EtOH and 
applied to a column of Sephadex LH-20. Elution with an 
EtOH-HI@Me2C0 solvent system as outlined previously [12] 
afforded six fractions; 1 (94.5 g), 2 (25.8 g), 3 (5.7 g), 4 (9.5 g), 5 
(4.4 g) and 6 (4.2 g). Subsequent separation of fraction 2 on 
Sephadex LH-20 CC in Hz0 with increasing amounts of MeOH 
and then in Me2C0 yielded 3 (0.001%). Fraction 4 was 

chromatographed on Sephadex LH-20 with H20-MeOH 
(1:4) to give five further fractions. Repeated CC of fraction 4-3 on 
MCI-gel CHP-2OP with H20-MeOH (7:3) and on Avkel 
cellulose with 2 % HOAc yielded 4 (0.0014 %) and 6 (0.009 %), 
while fraction 4-4 gave, on similar repeated CC, 7 (0.0090/,). 
Chromatography of fraction 5 on Sephadex LH-20 with 
H,O-MeOH, followed by puriEcation on MCI-gel CHP-2OP 
CC, furnished 5 (0.0004 %). The above air-dried aq. extract was 
packed in a glass column, and cluted with Me&O. The MezCO- 
soluble portion was subjected to Sepbadex LH-20 CC. Elution 
with Hz0 containing increasing amounts of MeOH gave seven 
fractions; 1 (2% g), 2 (122 g), 3 (198 g), 4 (41 g), 5 (138 g), 6 (24 g) 
and 7 (44 g). Chromatography of fraction 1 on MCI-gel CHP- 
20P with Hz0 and then on Bondapak Cls Porasil B with Hz0 
afforded l(O.0016 %). Similar CC of fraction 2 gave 2 (0.0026 %). 

2-0-Galloyl-scylloquercitol (1). c010ur1ess needles 
(CHCl,-EtOH), mp 254-257” (dec.), [a];: +3.6” (Me2CO; 
~0.14). FARMS m/z 317 [M+H]‘. ‘HNMR (Me#Od& 
61.62 (IH, dd , J = 12, 12Hq H-6), 2.26 (lH, dt, J-12, 
4Hz, H-6), 3.3-4.0 (4H, m, H-l, -3, -4 and -5). 4.99 (lH, 1, 
J = 10 Hz, H-2), 7.15 (2H, s, galloyl H). (Found: C, 48.23; 
H, 5.14. C,3H1609. l/2 Hz0 requires: C, 48.00; H, 5.27 “/,) 

1,2-Di-O-galloyl-scyll~uerciro~ (2). An off-white amorphous 
powder, [a]:: -95.6” (MeOH; c 0.31). FABMS m/z 469 [M 
+H]+. ‘HNMR (MclCO-d,+D20): 61.74 (lH, dd, I = 12, 

12Hz,H-6),2.43(1H,d&J = 124 H&H-6),3.51,3.73(eacblH,r, 
J = 9 & H-3andH-4),3.74(1H,m,H-5),5.10(1H,sextet,J Q 4. 

9 Hz, H-l), 5.36 (lH, I, J = 10 & H-2), 7.04, 7.10 (each 2H, s, 

galloyl H). (Found: C, 46.16; H, 4.81. C&JH~~O,~.~ H20 
requires: C, 45.98; H, 5.02 %.) 

Tamuse hydrolysis of 2. A soln of 2 (50 mg) in Hz0 (10 ml) 
was incubatal with tannase at 37” for M min. The solvent was 
coned under red. pres.. and the residue treated with MeOH. The 
MeOH-soluble portion was CC on Sephadex LH-20 with Hz0 
and then on silica gel with CHQ-MeOH-Hz0 (7:3:0.5) to 

yield gallic acid and scyll+qutitol (8, lOmg), colourless 
needles, mp 233-237”. 
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