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Eighteen new and sixteen known acyl glucoses having caffeoyl, coumaroyl, galloyl, and hexahydroxydiphe-
noyl groups were isolated from a medicinal parasitic plant, Balanophora japonica. Their structures were deter-
mined by spectroscopic and chemical methods. Caffeoyl ellagitannins, which have been rarely found in nature,
were major phenolic constituents of this plant, and this is the first report of the isolation of ellagitannins from

Balanophoraceae.
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Balanophora japonica MAKINO is a parasitic plant growing
on the roots of Symplocos plants (Symplocaceae), and is dis-
tributed in the southern part of Japan and China. Its under-
ground parts become adhesive when exposed to the air and
have been used as birdlime. The whole plant is medicinally
used as an antipyretic, an antidote and a hemostatic agent in
China. Previous chemical studies revealed the presence of
triterpenes, phenylpropanoids, lignans, methyl gallate, and
palmatic acid;" however, the occurrence of significant
amounts of polyphenolic compounds was suggested by TLC
analysis on our preliminary experiment. In a subsequent
study in large scale, we have isolated thirty-four acyl glu-
coses having caffeoyl, coumaroyl, galloyl, and hexahydroxy-
diphenoyl (HHDP) groups. This paper describes the isolation
and structures of these compounds.

Results and Discussion

The underground and aboveground parts of the plant were
separately extracted with MeOH. The extract of underground
parts was fractionated by silica gel column chromatography,
and the fractions containing polar compounds were further
separated by a combination of chromatography of MCI gel
CHP20P, Sephadex LH-20, Chromatorex ODS, Bondapak
ODS, and silica gel to give caffeic acid and eight acyl glu-
coses, 1, 2, 4, 6—9, and 14. Among them, compounds 1 and
2 were easily determined to be 1-O-(E)-p-coumaroyl and 1-
O-(E)-caffeoyl-B-p-glucopyranoses,” respectively, by 'H-
and *C-NMR analysis.

Extracts of the aboveground parts were suspended in water
and successively partitioned with hexane and ethyl acetate.
The ethyl acetate and aqueous layers were separately chro-
matographed over MCI gel CHP20P, Sephadex LH-20, Toy-
opearl HW40F, Chromatorex ODS, and Bondapak ODS to
afford caffeic acid, methyl caffeate, gallic acid and twenty-
nine acyl glucopyranoses, 1—3, 5, and 10—34, among
which fourteen were identified as 1-O-(E)-feruloyl-S-p-glu-
copyranose (3),2* 1-O-(E)-caffeoyl-4-O-galloyl-b-p-glucopy-
ranose (10),Y 1-O-(E)-caffeoyl-6-O-galloyl-B-p-glucopyra-
nose (11),Y 1,4-di-(20),Y 1,2,4-tri-(22),Y 1,2,6-tri-(23),”
1,3,4-tri-(24),> 1,4,6-tri-(25),” and 1,3,4,6-tetra-(27)¥-O-gal-
loyl-3-p-glucopyranoses, 2,6-di-(21)” and 3,4,6-tri-(26)'” O-
galloyl-p-glucopyranoses, 1-O-galloyl-4,6-(S)-HHDP-3-p-glu-
copyranose (strictinin) (32),'" 3-O-galloyl-4,6-(S)-HHDP-j3-
p-glucopyranose (gemin D) (33), and 1,3-di-O-galloyl-4,6-
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(S)-HHDP- 8-p-glucopyranose (34)'? by direct comparison
with authentic samples or comparison of spectral data with
those in literature.

Compounds 1—9 were acyl glucoses with hydroxycin-
namoyl group(s), and 4—9 have not been reported so far in
literature (Table 1). Compounds 4 and 5 were shown to be di-
caffeoyl glucoses by FAB-MS and '"H-NMR spectral compar-
ison with those of 2. The location of caffeoyl groups was in-
dicated to be at C-1 and C-2 in 4 [6 5.79 (H-1), 5.06 (H-2)]
and C-1 and C-3 in 5 [0 5.77 (H-1), 5.20 (H-3)] by the obser-
vation of large down field shifts of the corresponding me-
thine signals. The circular dichroism (CD) spectrum of 4
showed a split Cotton effect arising from two caffeoyl groups
(negative Cotton at 370nm and a positive one at 353 nm),
confirming that the absolute configuration of the glucose
core was b form.!> The '"H-NMR spectrum of 6 was related
to the spectra of 1 and 4, and indicated the presence of an
(E)-p-coumaroyl and a caffeoyl group at the glucose C-1 and
C-2 positions [6 5.82 (H-1), 5.09 (H-2)]. The location of
each acyl group on glucose core was determined by het-
eronuclear multiple bond coherence (HMBC) showing a
long-range H-C correlation of anomeric proton and glucose
H-2 with carboxyl carbons of p-coumaroyl (6 167.2) and caf-
feoyl (6 168.3) groups, respectively. Assignment of the car-
boxyl carbons was easily established by the correlation with
respective p-hydroxybenzene and catechol ring protons
through olefinic carbons. Related 1,6-diacyl glucoses having
caffeoyl and coumaroyl groups had been isolated from a
Prunus sp.'¥ Compound 7 was characterized as 1,2,6-tricaf-
feoyl glucose by the FAB-MS [m/z: 665 (M—Na) ] and the
'H-NMR spectrum, which showed three sets of signals aris-
ing from caffeoyl groups and glucose H-1, H-2 and H,-6 sig-
nals in the lower fields [ 5.84 (H-1), 5.11 (H-2), 4.56, 4.38
(H-6)1.

The 'H- and C-NMR spectra of 8 resembled those of 2,
however, the presence of an additional hexose moiety was in-
dicated by the appearance of twelve aliphatic carbon signals
in the "C-NMR spectrum and the [M+Na]* peak at m/z:
527 in the FAB-MS. The large down field shift of one of the
hexoses, C-6 (6 69.1), indicated glycosidation at this posi-
tion, and chemical shift comparison of the sugar carbon sig-
nals with those described in literature!® revealed that the
sugar part was [-gentiobiose (6-O-glucopyranosyl-f-glu-
copyranose). Location of the caffeoyl group at the anomeric
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Table 1. Acyl Glucoses Isolated from Balanophora japonica M
R.3 HO
‘o %ﬁ o= 7
5 2 Q
O HS
p-coumargyl - R=H
caffecyl : R=0H gallaoyt

No Yield (%)” Yield (%)” gle-1 glc-2 glc-3 glc-4 glc-6

1 0.0088 0.0035 B Coumaroyl H H H H

2 0.7069 0.0827 B Caffeoyl H H H H

3 0.0044 B Feruloyl H H H H

49 0.0287 B Caffeoyl Caffeoyl H H H

59 0.0014 B Caffeoyl H Caffeoyl H H

69 0.0032 B Coumaroyl Caffeoyl H H H

79 0.0150 B Caffeoyl Caffeoyl H H Caffeoyl

89 0.0012 B Caffeoyl H H H Glucosyl

99 0.0026 B 3-glc-caffeoyl H H H H
10 0.0376 B Caffeoyl H H Galloyl H
11 0.0243 B Caffeoyl H H H Galloyl
129 0.0304 B Caffeoyl H Galloyl H H
139 0.0039 H H Caffeoyl Galloyl H
149 0.0859 0.1069 B Caffoyl H Caffeoyl Galloyl H
159 0.0294 B Galloyl H Caffeoyl Galloyl H
169 0.0035 B Caffeoyl H Galloyl Galloyl H
179 0.0421 B Caffeoyl H H Galloyl Galloyl
189 0.0283 B Galloyl H Galloyl Galloyl Caffeoyl
199 0.0353 B Galloyl H Galloyl H H
20 0.0026 B Galloyl H H Galloyl H
21 0.0003 H Galloyl H H Galloyl
22 0.0010 B Galloyl Galloyl H Galloyl H
23 0.0047 B Galloyl Galloyl H H Galloyl
24 0.0009 B Galloyl H Galloyl Galloyl H
25 0.0007 B Galloyl H H Galloyl Galloyl
26 0.0101 H H Galloyl Galloyl Galloyl
27 0.0028 B Galloyl H Galloyl Galloyl Galloyl
289 0.2231 B Caffeoyl H H HHDP
299 0.0008 B Coumaroyl H H HHDP
309 0.1245 B Caffeoyl H Galloyl HHDP
319 0.0092 B Caffeoyl H Caffeoyl HHDP
32 0.0158 B Galloyl H H HHDP
33 0.0045 H H Galloyl HHDP
34 0.0687 B Galloyl H Galloyl HHDP

a) Isolation yields from underground parts (1.01 kg, fresh weight).

position was obvious from the chemical shift of the anomeric
proton [8 5.67 (d, J=8Hz, H-1)]; thus, compound 8 was
characterized as 1-O-(E)-caffeoyl-S-gentiobiose.

Compound 9 was shown to be an isomer of 8§ by FAB-MS
[m/z: 527 (M+Na)*] and the *C-NMR spectrum, which in-
dicated the presence of a caffeoyl and two hexose moieties.
The chemical shifts of one of the hexoses were analogous to
those of B-glucose of 2; however, the signals of the other
sugar moiety were similar to those of the terminal S-glucosyl
moiety of 8. The location of this glycosidic glucose moiety
was determined to be phenolic oxygen at C-3 of the caffeoyl
group by a differential nuclear Overhauser effect (NOE) ex-
periment, which showed NOE between the anomeric proton
and H-2 of the caffeoyl group. Thus, the structure of 9 was
concluded to be 1-O-(3'-O-B-p-glucopyranosyl)-(E)-caf-
feoyl-B-p-glucopyranose.

Compounds 10—18 were acyl glucoses having caffeoyl
and galloyl groups, in which seven (12—18) were new com-
pounds. Assignments of the sugar proton signals of these

b) Isolation yields from aboveground parts (1.73 kg, fresh weight).

¢) New compounds.

compounds were achieved by 'H-'H correlation spec-
troscopy (COSY) or a spin-decoupling technique, and the
chemical shifts of the glucose ring protons revealed the posi-
tions of acylation in each molecule. In addition, the location
of each acyl group was unambiguously established by selec-
tive hydrolysis of galloyl esters with tannase. Namely, on the
enzymatic hydrolysis, 1-O-caffeoyl-B-p-glucopyranose (2)
was obtained from 10—12, 16, and 17, 3-O-(E)-caffeoylglu-
copyranose (13a) from 13 and 15, 1,3-di-O-(E)-caffeoyl-f-p-
glucopyranose (5) from 14, and 6-O-(E)-caffeoylglucopyra-
nose (18a)'¥ from 18. These results unequivocally confirmed
the location of galloyl and caffeoyl groups in each molecule.
Some related acyl glucoses with galloyl and phenylpropanoid
esters were isolated from rhubarb;'® however, cinnamoyl or
coumaroyl groups were attached only to C-2 or C-6 positions
and no caffeoyl esters were found in the acyl glucoses of
rhubarb.

Compounds 19—27 were gallotannins and were character-
ized as di-, tri- and tetra-O-galloyl-3-p-glucoses, as shown in
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Table 1. Among these compounds, 1,3-di-O-gallyol-S-p-glu-
copyranose (19) was isolated for the first time from nature.
This compound was characterized by 'H-NMR analysis in-
cluding a spin-decoupling technique. Furthermore, com-
pounds 32—34 were known ellagitannins having (S)-HHDP
esters at the glucose 4,6-positions. Although ellagitannins
having a 4,6-(S)-HHDP group are rather widely distributred
in the plant kingdom,'” this is the first report of hydrolysable
tannins from Balanophoraceae (Santalales).

In addition to these known ellagitannins, four new (S)-
HHDP glucoses with caffeoyl or coumaroyl groups, 28—31,
were isolated. The '"H-NMR spectrum of 28 was closely re-
lated to that of 1-O-galloyl-4,6-(S)-HHDP-f-p-glucopyra-
nose (32). The only difference in the spectra was the appear-
ance of a set of signals due to a caffeoyl group in the spec-
trum of 28 instead of the galloyl group of 32. The FAB-MS
[m/z: 643 (M—Na) ] and the *C-NMR spectral comparison
also indicated this compound to be a caffeoyl-HHDP-glu-
cose. Furthermore, strong deshielding of one of the glucose
H,-6 signals [ 5.23 (1H, dd, J=6, 13 Hz)] is peculiar to the
(S)-HHDP group attached to the C-4 and C-6 positions.'®
This was confirmed by acid hydrolysis with 2.5% HCI yield-
ing 4,6-(S)-HHDP-p-glucopyranose (28a)'” and caffeic acid.
The (S)-configuration of the HHDP group was also con-
firmed by measurement of the CD spectrum showing a nega-
tive Cotton effect at 266 nm (Ae —7.2) and a positive one at
240nm (Ag 31.5).2” Accordingly, compound 28 was charac-
terized as 1-O-(E)-caffeoyl-4,6-(S)-HHDP--p-glucopyra-
nose.

Compound 29 was characterized as 1-O-(E)-p-coumaroyl-
4,6-(S)-HHDP-f-p-glucopyranose by FAB-MS [m/z: 627
(M—H) ] and NMR spectral comparison with 28. The 'H-
and C-NMR spectra exhibited signals due to an (E)-p-
coumaroyl group instead of a caffeoyl group, and the remain-
ing signals in each spectrum were superimposable on those
of 28.

Compound 30 was deduced to be glucose having caffeoyl,
galloyl and HHDP esters from the '"H-NMR and FAB-MS
[m/z: 795 (M—H) "] comparison with those of 28. The down
field shift of glucose H-1, H-3, H-4 and H,-6 protons [§ 5.85
(d, /=8Hz, H-1), 548 (t, J=9Hz, H-3), 5.33 (dd, J=6,
13 Hz, H-6), 5.04 (t, J=10Hz, H-4)] indicated acylation at
these positions. The structure of 30 was finally established as
1-0-(E)-caffeoyl-3-O-galloyl-4,6-(S)-HHDP- 6-p-glucopyra-
nose by selective hydrolysis of the galloyl ester with tannase
yielding 28.

Compound 31 was shown to be dicaffeoyl-HHDP glucose
by comparison of the 'H- and *C-NMR spectra with those of
28—30 and observation of the [M—H]™ peak at m/z: 805 in
the FAB-MS. The proton and carbon signals due to a S-glu-
copyranose core was almost identical to those of 30; espe-
cially, the chemical shifts of the glucose H,-6 signals [§ 5.32
(dd, J=6, 13 Hz) and 3.81 (brd, J=13 Hz)], which were simi-
lar to those of 28, indicated that the HHDP group was at-
tached to the C-4 and C-6 positions.'® On the basis of these
spectral analyses, 31 was characterized as 1,3-di-O-(E)-caf-
feoyl-4,6-(S)-HHDP- -p-glucopyranose.

Since only one caffeoyl ellagitannin (gemin F) had been
determined as a minor constituent of Geum sp. before this
work,?" the caffeoyl ellagitannins 28—31 would be regarded
as characteristic constituents of B. japonica. In addition, it
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was notable that compounds 28 and 30 were the major phe-
nolic metabolites of the above ground part (isolation yield:
0.22 and 0.12%, respectively, from fresh aboveground part),
and these were not isolated from underground part. On the
other hand, a simple caffeoylglucose, 2, was abundantly iso-
lated from the underground part (0.71%). In this work, only
three compounds, 1, 2, and 14, were isolated as common acyl
glucoses in the under- and aboveground parts (Table 1). Fur-
ther study on other minor phenolic metabolites of this plant
iS NOW in progress.

Experimental

Optical rotations were measured with a JASCO DIP-370 digital polarime-
ter. "H- and "*C-NMR spectra were recorded in CD,OD with Varian Unity
plus 500 and Varian Gemini 300 spectrometers operating at 500 and
300 MHz for 'H, and 125 and 100 MHz for "*C, respectively. Coupling con-
stants were expressed in Hz, and chemical shifts were given on a § (ppm)
scale with tetramethylsilane as an internal standard. MS were recorded on a
JEOL JMS DX-303 spectrometer, and glycerol was used as a matrix for
FAB-MS measurement. Column chromatographies were performed with
Kieselgel 60 (70—230 mesh, Merck), MCI-gel CHP 20P (75—150 um,
Mitsubishi Chemical Co.), Sephadex LH-20 (25—100 ym, Pharmacia Fine
Chemical Co. Ltd.), TSK gel Toyopearl HW-40F (Tosoh), Bondapak C,g
(125 A, Waters) and Chromatorex ODS (100—200 mesh, Fuji Silysia Chem-
ical, Ltd.). TLC was performed on precoated Kieselgel 60 F,s, plates
(0.2 mm thick, Merck) or on a precoated cellulose plate (Merck), and spots
were detected by ultraviolet (UV) illumination and by spraying with 2%
ethanolic FeCl; and 10% sulfuric acid reagent.

Extraction and Isolation. a) From the Underground Part The un-
derground part (1.01kg) of fresh B. japonica collected in Nagasaki prefec-
ture was cut into small pieces and extracted with MeOH at room tempera-
ture. After filtration, the filtrate was concentrated, and the residue (131g)
was separated into four fractions by silica gel column chromatography first
with CHCl,-MeOH (97:3—91:9) and then with CHCl;-MeOH-water
(90:10:1—80:20:2—70:30:5—6:4:1). The third fraction, which was
positive to a FeCl; reagent, was further fractionated into six fractions (ffs.
1—6) by chromatography on MCI-gel CHP 20P with water containing
MeOH. From ft. 2, compound 2 (7.14 g) was isolated by silica gel column
chromatography with CHCl,-MeOH-water (70:30:5). Fraction 3 was
chromatographed over Chromatorex ODS (30—50% MeOH) to give 1
(89 mg). Fraction 5 was subjected to column chromatographies over Chro-
matorex ODS, Sephadex LH-20 (20—100% MeOH) and Bondapak C18
(0—40% MeOH) to afford caffeic acid (119mg), 4 (290mg), and 14
(868 mg). Similar separation of fr. 6 yielded 6 (32 mg) and 7 (151 mg). The
last fraction obtained by the first silica gel chromatography was chro-
matographed over MCI-gel CHP20P and then Chromatorex ODS and Toy-
opearl HW-40 (water—-MeOH) to yield 8 (12.2 mg) and 9 (26.8 mg).

b) From the Aboveground Part The aboveground part (1.73kg) of
fresh B. japonica was extracted with MeOH at room temperature. The ex-
tract (223.7 g) was suspended in water and successively partitioned with n-
hexane and EtOAc. The aqueous layer was subjected to MCI-gel CHP20P
column chromatography (water-MeOH) to give three fractions. The first
fraction (140 g) mostly consisted of sugars. The second fraction (19.5 g) was
repeatedly chromatographed over Chromatorex ODS, MCI-gel CHP20P, and
Sephadex LH-20 to give 12 (149 mg), 19 (500 mg), 32 (240 mg), and 34
(614mg). On similar column chromatographies, from the third fraction
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(13.75 g) caffeic acid (53 mg), 2 (813 mg), 3 (51 mg), 10 (210mg), 11 (320
mg), and 28 (2.3 g) were isolated. The EtOAc layer was applied to a column
of TSK gel Toyopearl HW-40F (water-MeOH) to give two fractions. The
first fraction (6.7 g) was separated by a combination of Chromatorex ODS,
silica gel, Sephadex LH-20, and MCI-gel CHP20P column chromatogra-
phies to yield gallic acid (88 mg), caffeic acid (1.23 g), 1 (60 mg), 2 (624
mg), 3 (25mg), 10 (441 mg), 19 (110 mg), 28 (1.56 g), and 33 (77 mg). The
second fraction (58.0 g) of the EtOAc layer was repeatedly chromatographed
over columns similar to those used for the first fraction to furnish methyl
caffeate (674 mg), 5 (24mg), 11 (100mg), 12 (377 mg), 13 (68 mg), 14
(1.85g), 15 (509 mg), 16 (60 mg), 17 (728 mg), 18 (489 mg), 20 (45 mg), 21
(5mg), 22 (17mg), 23 (82mg), 24 (16 mg), 25 (12mg), 26 (175mg), 27
(48 mg), 29 (13 mg), 30 (2.15g), 31 (160 mg), 32 (32 mg), and 34 (574 mg).
1,2-Di-O-(E)-caffeoyl--p-glucopyranose (4): A yellow amorphous pow-
der, [a]} —11.7° (¢=0.8, MeOH), FAB-MS m/z: 527 (M+Na)*, 'H-NMR
(500 MHz, CD,0OD) ¢: 7.58, 7.57 [each 1H, d, J=16 Hz, caffeoyl(caf)-7],
7.04 (2H, d, J=2Hz, caf-2), 6.93, 6.91 (each 1H, dd, J=2, 8 Hz, caf-6),
6.76, 6.75 (each 1H, d, J=8 Hz, caf-5), 6.27, 6.18 (each 1H, d, J/=16Hz,
caf-8), 5.79 [1H, d, J=8 Hz, glucose (glc)-1], 5.06 (1H, dd, /=8, 9 Hz, glc-
2), 3.94 (1H, dd, J=2, 12 Hz, glc-6), 3.74 (1H, dd, J=5, 12 Hz, glc-6), 3.72
(1H, t, J=9 Hz, glc-3), 3.53 (1H, t, J=9 Hz, glc-4), 3.49 (1H, m, glc-5). As-
signments were confirmed by '"H-'"H COSY spectral analyses. '*C-NMR
(75MHz, CD,0D) 8: caffeoyl: 127.4, 127.2 (C-1, 1'), 115.2, 115.3 (C-2,
2"), 146.7 (2C) (C-3, 3"), 149.6, 149.9 (C-4, 4"), 116.5 (2C) (C-5, 5"), 123.1,
123.4 (C-6, 6'), 147.7, 148.9 (C-7, 7"), 113.7, 114.6 (C-8, 8'), 167.2, 168.3
(C-9, 9'); glucose: 93.9 (C-1), 74.2 (C-2), 75.9 (C-3), 71.1 (C-4), 78.9 (C-5),
62.2 (C-6). CD (3.0X10™*m, MeOH) Ag,,, —40.8, Agys, 20.8. Anal. Caled
for C,,H,,0,,-3/2H,0: C, 54.24; H, 5.12. Found: C, 54.52; H, 5.00.
1,3-Di-O-(E)-caffeoyl-B-p-glucopyranose (5): A yellow amorphous pow-
der, [a]5 —33.4° (¢c=0.6, MeOH), FAB-MS (negative ion mode) m/z: 503
(M—H)~, 'H-NMR (300 MHz, acetone-d;) &: 7.58, 7.65 (each 1H, d,
J=16Hz, caf-7), 7.18 (2H, brs, caf-2), 7.07 (2H, m, caf-6), 6.89 (2H, brd,
J=8Hz, caf-5), 6.32, 6.30 (each 1H, d, J=16Hz, caf-8), 5.77 (1H, d,
J=8Hz, glc-1), 5.20 (1H, t, J=9 Hz, glc-3), 3.88 (1H, dd, J=2, 12 Hz, glc-
6), 3.77 (1H, dd, J=5, 12 Hz, glc-6), 3.74 (1H, t, J=9 Hz, glc-4), 3.69 (1H,
dd, /=8, 9 Hz, glc-2), 3.61 (1H, ddd, /=2, 5, 9 Hz, glc-5). Assignments were
achieved by a spin decoupling technique. >*C-NMR (75 MHz, acetone-d;) &:
caffeoyl: 127.3, 127.6 (C-1, 1"), 114.7, 115.1, 115.2, 115.8 (C-2, 8), 145.8,
146.28, 146.32, 147.2 (C-3, 7), 148.7, 149.1 (C-4), 116.3, 116.7 (C-5),
122.5, 122.8 (C-6), 165.9, 167.5 (C-9, 9"); glucose: 95.2 (C-1), 72.2 (C-2),
78.2, 78.8 (C-3, 5), 69.4 (C-4), 62.1 (C-6). Anal. Calcd for C,,H,,0,,-2H,0:
C, 53.34; H, 5.22. Found: C, 53.52; H, 5.18.
2-O-(E)-Caffeoyl-1-O-p-(E)-coumaroyl--p-glucopyranose (6): A yellow
amorphous powder, [¢]5; —268.6° (c=0.8, MeOH), FAB-MS (negative ion
mode) m/z: 487 (M—H)~, '"H-NMR (500 MHz, CD;0D) §: 7.65 [1H, d,
J=16Hz, coumaroyl(coum)-7], 7.58 (1H, d, /=16 Hz, caf-7), 7.43 (2H, brd,
J=9Hz, coum-2, 6), 7.01 (1H, d, /=2 Hz, caf-2), 6.91 (1H, dd, /=2, 8 Hz,
caf-6), 6.78 (2H, brd, /=9 Hz, coum-3, 5), 6.74 (1H, d, /=8 Hz, caf-5), 6.27
(1H, d, J=16Hz, caf-8), 6.25 (1H, d, J=16Hz, coum-8), 5.82 (1H, d,
J=8Hz, glc-1), 5.09 (1H, dd, J=8, 9 Hz, glc-2), 3.90 (1H, dd, /=2, 12 Hz,
glc-6), 3.76 (1H, dd, J=5, 12 Hz, glc-6), 3.73 (1H, t, J=9 Hz, glc-3), 3.56
(1H, t, J=9 Hz, glc-4), 3.54 (1H, m, glc-5). Assignments were achieved by
'H-"H COSY spectral analyses. '*C-NMR (125 MHz, CD,0D) §: caffeoyl:
127.5 (C-1), 115.2 (C-2), 146.6 (C-3), 149.5 (C-4), 116.4 (C-5), 123.1 (C-6),
148.5 (C-7), 115.2 (C-8), 168.3 (C-9); coumaroyl: 126.8 (C-1), 131.4 (C-2,
6), 116.8 (C-3, 5), 161.5 (C-4), 147.7 (C-7), 114.6 (C-8), 167.2 (C-9); glu-
cose: 93.8 (C-1), 74.1 (C-2), 75.9 (C-3), 71.1 (C-4), 78.9 (C-5), 62.1 (C-6).
Anal. Caled for C,,H,,0,,-1/2H,0: C, 57.95; H, 5.07. Found: C, 57.56; H,
5.08.
1,2,6-Tri-O-(E)-caffeoyl-B-p-glucopyranose (7): A yellow amorphous
powder, [a]5 —218.6° (c=0.4, MeOH), FAB-MS (negative ion mode) m/z:
665 (M—H)~, '"H-NMR (300 MHz, CD,0D) &: 7.60, 7.58 (2H and 1H, re-
spectively, each d, /=16 Hz, caf-7), 7.07 (1H, d, /=2 Hz, caf-2), 7.02 (2H,
brs, caf-2), 6.96, 6,92 (1H and 2H respectively, dd, /=2, 8 Hz, caf-6), 6.79,
6.76 (1H and 2H, respectively, d, /=8 Hz, caf-5), 6.32, 6.30, 6.20 (each 1H,
d, /=16 Hz, caf-8), 5.84 (1H, d, /=8 Hz, glc-1), 5.11 (1H, dd, /=8, 9Hz,
glc-2), 4.56 (1H, dd, J=2, 12 Hz, glc-6), 4.38 (1H, dd, J=5, 12 Hz, glc-6),
3.80 (1H, ddd, J=2, 5, 9 Hz, glc-5), 3.79 (1H, t, J=9 Hz, glc-3), 3.60 (1H, t,
J=9Hz, glc-4). Assignments were confirmed by a spin decoupling tech-
nique. *C-NMR (75 MHz, CD,0D) §: caffeoyl: 127.4, 127.6, 127.7 (C-1),
113.6, 114.5, 114.7, 1152 (2C), 115.3 (C-2, 8), 146.7 (2C), 147.3 (2C),
147.8, 149.0 (C-3, 7), 149.5, 149.6, 149.9 (C-4), 116.5 (3C) (C-5), 123.1,
123.2, 123.5 (C-6), 167.1, 168.3, 169.1 (C-9); glucose: 93.8 (C-1), 74.1 (C-
2), 758, 76.4 (C-3, 5), 714 (C-4), 642 (C-6). Anal. Calcd for
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C;3H;500,5°3/2H,0: C, 57.15; H, 4.80. Found: C, 57.25; H, 4.65.

1-O-(E)-Caffeoyl-B-gentiobiose (8): A yellow amorphous powder, [o]})
—26.0° (¢=0.3, MeOH), FAB-MS m/z: 527 (M+Na)*, 'H-NMR (300 MHz,
D,0) 6: 7.73 (1H, d, J=16 Hz, caf-7), 7.17 (1H, brs, caf-2), 7.12 (1H, brd,
J=8Hz, caf-6), 6.92 (1H, d, /=8 Hz, caf-5), 6.38 (1H, d, /=16 Hz, caf-8),
5.67 (1H, d, J=8Hz, glc-1), 448 (1H, d, J=8Hz, glc-1"), 4.21 (1H, d,
J=12Hz, glc-6), 3.89 (1H, dd, J=5, 12Hz, glc-6). *C-NMR (75 MHz,
D,0) §: caffeoyl: 127.7 (C-1), 116.2 (C-2), 145.3 (C-3), 149.0 (C-4, 7),
117.1 (C-5), 124.1 (C-6), 114.1 (C-8), 168.6 (C-9); glucose: 95.0 (C-1), 74.1
(C-2), 76.6 (C-3), 70.6 (C-4), 76.4 (C-5), 69.1 (C-6), 103.5 (C-1"), 73.0 (C-
2"),76.8 (C-3"), 70.0 (C-4"), 76.9 (C-5"), 61.7 (C-6").

1-0-(3'-0-B-p-Glucopyranosyl)-(E)-caffeoyl-3-p-glucopyranose  (9): A
yellow amorphous powder, [a] —438.4° (c=0.5, MeOH), FAB-MS m/z:
527 (M+Na)*, 'TH-NMR (500 MHz, D,0) &: 7.70 (1H, d, J=16 Hz, caf-7),
7.40 (1H, d, J=2Hz, caf-2), 7.22 (1H, dd, /=2, 8 Hz, caf-6), 6.94 (1H, d,
J=8Hz, caf-5), 6.38 (1H, d, /=16 Hz, caf-8), 5.64 (1H, d, /=8 Hz, glc-1),
5.00 (1H, d, J=7Hz, glc-1"), 3.92 (2H, m, glc-6, 6), 3.76 (2H, m, glc-6, 6").
BC-NMR (75 MHz, D,0) §: caffeoy: 127.7 (C-1), 117.0 (C-2), 145.9 (C-3),
148.5, 149.7 (C-4, 7), 117.5 (C-5), 126.6 (C-6), 114.6 (C-8), 168.4 (C-9);
glucos: 95.2 (C-1), 73.9 (C-2), 76.5 (C-3), 70.5 (C-4), 77.8 (C-5), 61.5 (C-
6), 102.3 (C-1"), 73.1 (C-2"), 76.6 (C-3"), 70.2 (C-4"), 77.4 (C-5"), 61.6 (C-
6).

1-O-(E)-Caffeoyl-3-0-galloyl--p-glucopyranose (12): A yellow amor-
phous powder, [@] —48.9° (c=0.8, MeOH), FAB-MS (negative ion mode)
m/z: 493 (M—H)~, 'H-NMR (300 MHz, CD,0D) §: 7.67 (1H, d, J=16 Hz,
caf-7), 7.14 (2H, s, galloyl-2, 6), 7.06 (1H, d, /=2 Hz, caf-2), 6.97 (1H, dd,
J=2, 8 Hz, caf-6), 6.78 (1H, d, J=8 Hz, caf-5), 6.30 (1H, d, J=16 Hz, caf-8),
5.71 (1H, d, J=8 Hz, glc-1), 5.22 (1H, t, J=9 Hz, glc-3), 3.88 (1H, dd, /=2,
12 Hz, glc-6), 3.74 (1H, dd, J=>5, 12 Hz, glc-6), 3.69 (1H, t, J=9 Hz, glc-4),
3.68 (1H, dd, /=38, 9 Hz, glc-2), 3.55 (1H, ddd, /=2, 5, 9 Hz, glc-5). Assign-
ments were confirmed by a spin decoupling technique. '*C-NMR (75 MHz,
CD,0D) ¢&: caffeoyl: 127.5 (C-1), 115.3 (C-2), 146.4 (C-3), 148.6 (C-4),
116.6 (C-5), 123.3 (C-6), 148.6 (C-7), 114.2 (C-8), 168.3 (C-9); galloyl:
121.7 (C-1), 110.5 (C-2, 6), 146.4 (C-3, 5), 139.8 (C-4), 167.7 (C-7); glu-
cose: 95.7 (C-1), 79.1, 78.7 (C-3, 5), 72.6 (C-2), 69.4 (C-4), 62.0 (C-6).
Anal. Caled for C,,H,,0,5-H,0: C, 51.57; H, 4.72. Found: C, 51.57; H,
4.99.

Tannase Hydrolysis of 12 A solution of 12 (10 mg) in water (2 ml) was
shaken with tannase (kindly provided by Dr. M. Kanaoka, Sankyo Co., Ltd.)
at 37 °C for 30 min. The mixture was applied to MCI-gel CHP20P column
chromatography with water containing increasing proportions of MeOH to
yield gallic acid (1.5 mg) and compound 2 (4 mg).

3-0-(E)-Caffeoyl-4-O-galloyl-p-glucopyranose (13): A yellow amorphous
powder, [a]5 —144.2° (¢=0.7, MeOH), FAB-MS (negative ion mode) m/z:
493 (M—H)~, '"H-NMR (300 MHz, acetone-dg) 6: 7.48 (1H, d, J=16Hz,
caf-7), 7.10 (1H, d, J=2 Hz, caf-2), 7.08, 7.07 (2H in total, each s, galloyl-2,
6), 6.99, 6.98 (1H in total, each dd, /=2, 8 Hz, caf-6), 6.83 (1H, d, /=8 Hz,
caf-5), 6.19 (1H, d, /=16 Hz, caf-8), 5.64 (3/5H, t, J=9Hz, a-glc-3), 5.64
(2/5H, t, J=9 Hz, B-glc-3), 5.32 (3/5H, d, J=4Hz, a-glc-1), 5.17 (3/5H, t,
J=9Hz, a-glc-4), 5.13 (2/5H, t, J=9 Hz, B-glc-4), 4.79 (2/5H, d, J=8 Hz,
p-gle-1), 4.17 (2/5H, ddd, J=2, 5, 9Hz, B-glc-5), 3.75 (3/5H, ddd, J=2, 5,
9Hz, a-glc-5), 3.56—3.68 (m, glc-6, a-glc-2), 3.56 (3/5H, dd, /=8, 9Hz,
B-glc-2). Assignments were achieved by a spin decoupling technique. '*C-
NMR (75MHz, acetone-dg) d: caffeoyl: 127.4 (C-1), 115.2, 115.3 (C-2),
146.0, 146.2 148.7 (C-3, 4, 7), 116.3 (C-5), 122.5 (C-6), 115.1 (C-8), 166.9,
167.2 (C-9); galloyl: 120.4, 120.9 (C-1), 110.1 (C-2, 6), 145.9, 146.0 (C-3,
5), 139.1 (C-4), 166.2 (C-7); a-glucose: 93.5 (C-1), 73.7, 71.9, 71.0, 70.4
(C-2, 3,4, 5), 62.0 (C-6); B-glucose: 98.2 (C-1), 75.7, 75.6, 74.5, 70.5 (C-2,
3, 4, 5), 62.1 (C-6). Anal. Calcd for C,,H,,0,5-2H,0: C, 49.82; H, 4.94.
Found: C, 49.99; H, 4.85.

Tannase Hydrolysis of 13 A solution of 13 (10 mg) in water (1 ml) was
hydrolyzed in a manner similar to that described for 12 to yield gallic acid
(3.2mg) and 13a (5.7 mg).

3-0-(E)-Caffeoyl-p-glucopyranose (13a): a yellow amorphous powder,
'H-NMR (300 MHz, acetone-d;+D,0) &: 7.61 (1H, d, J=16 Hz, caf-7), 7.18
(1H, d, J=2Hz, caf-2), 7.05 (1H, dd, J=2, 8Hz, caf-6), 6.90 (1H, d,
J=8Hz, caf-5), 6.38 (1H, d, J=16 Hz, caf-8), 5.32 (2/5H, t, /=9 Hz, a-glc-
3), 5.27 (2/5H, d, J=4Hz, a-glc-1), 5.09 (3/5H, t, J=9Hz, f-glc-3), 4.74
(3/5H, d, J=8Hz, B-glc-1), 3.96 (2/5H, ddd, J=2, 5, 9Hz, o-glc-5), 3.92
(3/5H, dd, J=2, 12 Hz, B-glc-6), 3.87 (2/5H, dd, J=2, 12 Hz, o-glc-6), 3.76
(2/5H, dd, J=5, 12 Hz, o-glc-6), 3.74 (3/5H, dd, /=5, 12 Hz, B-glc-6), 3.67
(2/5H, dd, J=4, 9 Hz, a-glc-2), 3.65 (3/5H, t, J=9 Hz, -glc-4), 3.63 (2/5H,
t, J=9 Hz, a-glc-4), 3.55 (3/5H, ddd, J=2, 5, 9Hz, B-glc-5), 3.43 (3/5H, dd,
J=8, 9Hz, B-glc-2).
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1,3-Di-O-(E)-caffeoyl-4-O-galloyl-B-p-glucopyranose  (14): A  yellow
amorphous powder, [0 —100.4° (c=0.7, MeOH), FAB-MS m/z: 679
(M+Na)*, 'H-.NMR (500 MHz, CD,0D) &: 7.69, 7.50 (each 1H, d,
J=16Hz, caf-7), 7.08, 6.99 (each 1H, d, /=2Hz, caf-2), 7.01 (2H, s, gal-
loyl-2, 6), 6.89, 6.98 (each 1H, dd, /=2, 8 Hz, caf-6), 6.75, 6.80 (each 1H, d,
J=8Hz, caf-5), 6.20, 6.33 (each 1H, d, J=16Hz, caf-8), 5.81 (1H, d,
J=8Hz, glc-1), 5.45 (1H, t, J=9Hz, glc-3), 5.25 (1H, t, J=9 Hz, glc-4),
3.88 (1H, ddd, J=2, 5, 9Hz, glc-5), 3.82 (1H, dd, /=8, 9Hz, glc-2), 3.71
(1H, dd, J=2, 12 Hz, glc-6), 3.59 (1H, dd, J=5, 12 Hz, glc-6). Assignments
were confirmed by 'H-'H COSY spectral analysis. *C-NMR (75 MHz,
CD,0D) §: caffeoyl: 127.5, 127.6 (C-1), 115.2, 115.3 (C-2), 146.6, 146.7
(C-3), 149.5, 1499 (C-4), 116.4, 116.6 (C-5), 123.1, 123.3 (C-6), 147.6,
148.6 (C-7), 114.0, 114.5 (C-8), 167.4, 168.5 (C-9); galloyl: 120.5 (C-1),
110.4 (C-2, 6), 146.4 (C-3, 5), 140.2 (C-4), 167.3 (C-7); glucose: 95.5 (C-1),
76.6, 76.2 (C-3, 5), 72.3, 70.1 (C-2, 4), 61.7 (C-6). Anal. Calcd for
C;,H,30,4°3/2H,0: C, 54.47; H, 4.57. Found: C, 54.85; H, 4.55.

Tannase Hydrolysis of 14 A solution of 14 (20 mg) in water (2 ml) was
hydrolyzed in a manner similar to that described for 12 to yield gallic acid
(4mg) and 5 (11 mg).

3-O-(E)-Caffeoyl-1,4-di-O-galloyl- B-p-glucopyranose  (15): A yellow
amorphous powder, [o]}; —123.7° (¢=0.7, MeOH), FAB-MS (negative ion
mode) m/z: 645 (M—H)~, "H-NMR (300 MHz, acetone-d,) &: 7.52 (1H, d,
J=16Hz, caf-7), 7.12 (1H, d, J=2Hz, caf-2), 7.22, 7.09 (each 2H, s, gal-
loyl-2, 6), 6.98 (1H, dd, /=2, 8 Hz, caf-6), 6.85 (1H, d, /=8 Hz, caf-5), 6.23
(1H, d, J=16 Hz, caf-8), 5.94 (1H, d, /=8 Hz, glc-1), 5.57 (1H, t, J=9 Hz,
glc-3), 5.24 (1H, t, J=9 Hz, glc-4), 3.96 (1H, m, glc-5), 3.93 (1H, dd, /=8,
9Hz, glc-2), 3.72 (1H, dd, J=2, 12 Hz, glc-6), 3.69 (1H, dd, J=5, 12 Hz,
glc-6). Assignments were confirmed by a spin decoupling technique. *C-
NMR (75 MHz, acetone-dy) §: caffeoyl: 127.1 (C-1), 114.9, 114.7 (C-2, 8),
146.2, 146.5, 148.9 (C-3, 4, 7), 116.2 (C-5), 122.5 (C-6), 167.1 (C-9); gal-
loyl: 120.5, 120.6 (C-1), 110.0, 110.2 (C-2, 6), 145.9, 146.0 (C-3, 5), 139.2,
139.5 (C-4), 165.5, 165.3 (C-7); glucose: 95.3 (C-1), 76.3, 75.6, 72.0, 69.9
(C-2, 3, 4, 5), 61.6 (C-6). Anal. Calcd for C,yH,0,,-5/2H,0: C, 50.37; H,
4.52. Found: C, 50.29; H, 4.62.

Tannase Hydrolysis of 15 A solution of 15 (7 mg) in water (1 ml) was
hydrolyzed in a manner similar to that described for 12 to yield gallic acid
(1 mg) and 13a (1.4 mg), which was identified by 'H-NMR comparison.

1-O-(E)-Caffeoyl-3,4-di-O-galloyl-B-p-glucopyranose  (16): A  yellow
amorphous powder, []; —74.9° (c=0.4, MeOH), FAB-MS (negative ion
mode) m/z: 645 (M—H)~, 'TH-NMR (300 MHz, acetone-d,) &: 7.70 (1H, d,
J=16Hz, caf-7), 7.22 (1H, d, J=2Hz, caf-2), 7.08 (1H, dd, /=2, 8 Hz, caf-
6), 7.08, 7.05 (each 2H, s, galloyl-2, 6), 6.89 (1H, d, /=8 Hz, caf-5), 6.36
(1H, d, /=16 Hz, caf-8), 5.89 (1H, d, /=8 Hz, glc-1), 5.61 (1H, t, J=9 Hz,
gle-3), 5.29 (1H, t, J=9 Hz, glc-4), 3.98 (1H, m, glc-5), 3.92 (1H, dd, /=8,
9Hz, glc-2), 3.72 (1H, dd, J=2, 12 Hz, glc-6), 3.62 (1H, dd, J=5, 12 Hz,
glc-6). Assignments were confirmed by a spin decoupling technique. *C-
NMR (75 MHz, acetone-dy) §: caffeoyl: 127.0 (C-1), 114.2, 115.0 (C-2, 8),
146.0, 146.3, 147.8 (C-3, 4, 7), 116.2 (C-5), 122.9 (C-6), 166.5 (C-9); gal-
loyl: 120.4, 121.1 (C-1), 110.0 (4C) (C-2, 6), 145.8, 145.9 (C-3, 5), 138.7,
139.2 (C-4), 166.1, 166.3 (C-7); glucose: 95.0 (C-1), 76.3, 75.9, 72.0, 69.8
(C-2, 3,4, 5), 61.5 (C-6). Anal. Calcd for C,4H,,0,,°5/2H,0: C, 50.37; H,
4.52. Found: C, 50.54; H, 4.84.

Tannase Hydrolysis of 16 A solution of 16 (1 mg) in water (0.5 ml) was
hydrolyzed with tannase. The reaction mixture was analyzed by reversed-
phase HPLC [Cosmosil 5C,4-AR II (4.6 mmX250 mm), 10 to 30% (20 min)
CH,CN in 50 mm H,PO,, flow rate: 0.8 ml/min, detection: UV 280nm] to
detect 2 (t;=8.07 min) and gallic acid (1 =4.92 min).

1-O-(E)-Caffeoyl-4,6-di-O-galloyl-B-p-glucopyranose  (17): A yellow
amorphous powder, [o]}; —177.8° (¢=0.2, MeOH), FAB-MS (negative ion
mode) m/z: 645 (M—H)~, '"H-NMR (300 MHz, acetone-d,) &: 7.66 (1H, d,
J=16Hz, caf-7), 7.20 (1H, d, J=2Hz, caf-2), 7.15, 7.16 (each 2H, s, gal-
loyl-2, 6), 7.08 (1H, dd, J=2, 8 Hz, caf-6), 6.88 (1H, d, /=8 Hz, caf-5), 6.31
(1H, d, J=16 Hz, caf-8), 5.79 (1H, d, /=8 Hz, glc-1), 5.25 (1H, t, J=9 Hz,
glc-4), 491, 4.87 (each 1H, d, J=5Hz, C-2-OH, C-3-OH), 4.46 (1H, brd,
J=12Hz, glc-6), 4.15 (2H, m, glc-5, 6), 3.96 (1H, dt, J=5, 9Hz, glc-3),
3.65 (1H, dt, J=5, 8 Hz, glc-2). Assignments were achieved by a spin decou-
pling technique and D,O exchange experiment. '*C-NMR (75 MHz, ace-
tone-dg) O: caffeoyl: 126.9 (C-1), 114.7, 115.3 (C-2, 8), 146.0, 146.3, 147.4
(C-3,4,7), 116.4 (C-5), 122.9 (C-6), 166.5 (C-9); galloyl: 120.4, 121.1 (C-
1), 110.0 (4C) (C-2, 6), 146.0 (4C) (C-3, 5), 138.9, 139.0 (C-4), 166.0 (2C)
(C-7); glucose: 95.1 (C-1), 75.5, 74.1, 73.9, 71.6 (C-2, 3, 4, 5), 63.3 (C-6).
Anal. Caled for C,0H,(0,,-3H20: C, 49.72; H, 4.60. Found: C, 49.86; H,
4.80. Tannase hydrolysis of 17 was conducted in a manner similar to that de-
scribed for 16, and yielded gallic acid and 2.
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6-0-(E)-Caffeoyl-1,3,4-tri-O-galloyl-B-p-glucopyranose (18): A yellow
amorphous powder, [}y 14.9° (¢=0.6, MeOH), FAB-MS (negative mode)
m/z: 797 (M—H)~, 'H-NMR (300 MHz, acetone-d) o0: 7.51 (1H, d,
J=16Hz, caf-7), 7.13 (1H, d, J=2 Hz, caf-2), 7.22, 7.08, 7.06 (each 2H, s,
galloyl-2, 6), 7.00 (1H, dd, J=2, 8 Hz, caf-6), 6.86 (1H, d, /=8 Hz, caf-5),
6.18 (1H, d, J=16Hz, caf-8), 6.02 (1H, d, J/=8Hz, glc-1), 5.67 (1H, t,
J=9Hz, glc-3), 5.43 (1H, t, J=9Hz, glc-4), 4.32 (3H, m, glc-5, 6), 4.05
(1H, brt, J=8 Hz, glc-2). Assignments were achieved by a spin decoupling
technique. *C-NMR (75 MHz, acetone-d,) §: caffeoyl: 127.5 (C-1), 115.0,
115.3 (C-2, 8), 146.0, 146.1, 148.8 (C-3, 4, 7), 116.4 (C-5), 122.6 (C-6),
166.9 (C-9); galloyl: 120.7, 120.8, 121.4 (C-1), 110.1, 110.2, 110.4 (C-2, 6),
145.8, 145.9, 146.2 (C-3, 5), 138.8, 139.1, 139.5 (C-4), 165.2, 165.8, 166.1
(C-7); glucose: 95.4 (C-1), 75.7, 73.5, 72.3, 70.0 (C-2, 3, 4, 5), 63.2 (C-6).
Anal. Caled for C;iH,,0,,-5/2H,0: C, 51.25; H, 4.18. Found: C, 51.55; H,
4.52.

Tannase Hydrolysis of 18 A solution of 18 (17.4mg) in water (1 ml)
was hydrolyzed in a manner similar to that described for 12 to yield gallic
acid (5.2 mg) and a hydrolysate 18a (7 mg).

6-O-Galloyl-B-p-glucopyranose (18a): a yellow amorphous powder, 'H-
NMR (300 MHz, acetone-dy+D,0) o: 7.58 (1H, d, J=16Hz, caf-7), 7.19
(1H, brs, caf-2), 7.03 (1H, brd, /=8 Hz, caf-6), 6.89 (1H, d, /=8 Hz, caf-5),
6.35, 6.36 (each 1/2H, d, /=16 Hz, caf-8), 5.16 (1/2H, d, /=4 Hz, o-glc-1),
4.59 (1/2H, d, J=8Hz, B-glc-1), 4.52, 4.46 (each 1/2H, dd, J=2, 12 Hz,
o, f-gle-6), 4.31, 4.28 (each 1/2H, dd, J=5, 12 Hz, o, -glc-6).

1,3-Di-O-galloyl-B-p-glucopyranose (19): A white amorphous powder,
[als 17.3° (¢=0.7, MeOH), FAB-MS (negative ion mode) m/z: 483
(M—H)~, '"H-NMR (300 MHz, acetone-d,+D,0) §: 7.19, 7.18 (each 2H, s,
galloyl-2, 6), 5.82 (1H, d, /=8 Hz, glc-1), 5.30 (1H, t, J=9 Hz, glc-3), 3.89
(1H, dd, J=2, 12 Hz, glc-6), 3.67 (1H, ddd, J=2, 5, 9 Hz, glc-5). Assign-
ments were achieved by "H-'"H COSY spectral analyses. *C-NMR (75 MHz,
acetone-d+D,0) 6: galloyl: 120.1, 120.2 (C-1), 109.9, 110.1, 110.4 (C-2,
6), 145.7, 145.9 (C-3, 5), 138.9, 139.5 (C-4), 165.9, 167.1 (C-7); glucose:
95.4 (C-1), 78.6, 78.0, 71.8, 68.9 (C-2, 3, 4, 5), 61.6 (C-6). Anal. Calcd for
C,oH,,0,4°3/2H,0: C, 46.97; H, 4.53. Found: C, 47.20; H, 4.50.

1-O-(E)-Caffeoyl-4,6-(S)-HHDP--p-glucopyranose (28): A yellow amor-
phous powder, [a]5 —19.0° (c=0.3, MeOH), FAB-MS (negative ion mode)
m/z: 643 (M—H)~, UV 4., (EtOH) nm (log €): 296 (4.26), 324 (4.21). CD
(3.4X107° M, EtOH) Agygq —7.2, A&,y 31.5. 'H-NMR (300 MHz, acetone-
dg) 6:7.69 (1H, d, J=16 Hz, caf-7), 7.22 (1H, d, /=2 Hz, caf-2), 7.07 (1H,
dd, J=2, 8 Hz, caf-6), 6.89 (1H, d, /=8 Hz, caf-5), 6.73, 6.61 (each 1H, s,
HHDP-3, 3'), 6.34 (1H, d, J=16Hz, caf-8), 5.68 (1H, d, /=8 Hz, glc-1),
5.21 (1H, dd, J=6, 13 Hz, glc-6), 4.89 (1H, t, J/=10Hz, glc-4), 4.10 (1H,
brdd, J=6, 10Hz, glc-5), 3.81 (1H, t, J=9Hz, glc-3), 3.78 (1H, brd,
J=13Hz, glc-6), 3.64 (1H, dd, J=8, 9Hz, glc-2). 'H-NMR (300 MHz,
CD,0D) &: 7.68 (1H, d, /=16 Hz, caf-7), 7.03 (1H, d, /=2 Hz, caf-2), 6.99
(1H, dd, /=2, 8 Hz, caf-6), 6.79 (1H, d, J=8 Hz, caf-5), 6.69, 6.56 (each 1H,
s, HHDP-3, 3"), 6.29 (1H, d, J=16 Hz, caf-8), 5.59 (1H, d, J=8 Hz, glc-1),
5.23 (1H, dd, J=6, 13 Hz, glc-6), 4.84 (1H, t, J=10Hz, glc-4), 4.03 (1H,
brdd, J=6, 10Hz, glc-5), 3.77 (1H, brd, J=13 Hz, glc-6), 3.71 (1H, t,
J=10Hz, glc-3), 3.57 (1H, dd, J=8, 10Hz, glc-2). *C-NMR (75 MHz,
CD,0D) ¢&: caffeoyl: 127.5 (C-1), 115.3 (C-2), 146.8 (C-3), 149.9 (C-4),
116.5 (C-5), 123.3 (C-6), 148.6 (C-7), 114.0 (C-8), 167.5 (C-9); HHDP:
116.5, 116.8 (C-1, 1"), 126.3, 126.5 (C-2, 2'), 108.3, 108.6 (C-3, 3"), 144.7,
144.8, 145.7, 145.8 (C-4,4', 6, 6'), 137.3, 137.5 (C-5, 5"), 169.6, 169.8 (C-
7,7'); glucose: 96.0 (C-1), 73.6, 73.2 (C-2, 4), 74.6, 75.8 (C-3, 5), 64.3 (C-
6). Anal. Calcd for C,4H,,0,,-5/2H,0: C, 50.51; H, 4.24. Found: C, 50.75;
H, 4.16.

Hydrolysis of 28 A solution of 28 (100 mg) in 2.5% HCI (10ml) was
heated at 90 °C for 30 min. The mixture was separated by MCI-gel CHP20P
column chromatography (10—70% MeOH) to give caffeic acid (5 mg), 28a
(19.8 mg) and 28 (15 mg). The product 28a was identified as 4,6-(S)-HHDP-
D-glucopyranose by direct comparison with the authentic sample prepared
by tannase hydrolysis of 32.

1-O-p~(E)-Coumaroyl-4,6-(S)-HHDP-3-p-glucopyranose (29): A yellow
amorphous powder, []; —33.2° (c=0.3, MeOH), FAB-MS (negative ion
mode) m/z: 627 (M—H)~, 'H-NMR (300 MHz, acetone-d,) &: 7.75 (1H, d,
J=16 Hz, coum-7), 7.59 (2H, d, /=9 Hz, coum-2, 6), 6.92 (2H, d, /=9 Hz,
coum-3, 5), 6.74, 6.62 (each 1H, s, HHDP-3, 3'), 6.41 (1H, d, J=16Hz,
coum-8), 5.68 (1H, d, /=8 Hz, glc-1), 5.21 (1H, dd, /=6, 13 Hz, glc-6), 4.88
(1H, t, J=10Hz, glc-4), 4.20 (1H, brdd, J=6, 10Hz, glc-5), 3.81 (1H, t,
J=9Hz, glc-3), 3.79 (1H, brd, J=13 Hz, glc-6), 3.64 (1H, dd, /=8, 9 Hz,
gle-2). *C-NMR (75MHz, acetone-d) &: coumaroyl: 126.3 (C-1), 131.2
(C-2, 6), 116.6 (C-3, 5), 161.1 (C-4), 147.2 (C-7), 114.2 (C-8), 166.2 (C-9);
HHDP: 115.8, 116.1 (C-1, 1"), 126.2, 126.6 (C-2, 2"), 107.7, 108.1 (C-3, 3"),



892

144.1, 144.4, 145.1 (2C) (C-4,4', 6, 6"), 136.1, 136.4 (C-5,5"), 168.2, 168.5
(C-7, 7"); glucose: 95.5 (C-1), 72.5, 73.2 (C-2, 4), 74.3, 75.3 (C-3, 5), 63.6
(C-6). Anal. Caled for C,oH,,0,4-5/2H,0: C, 51.72; H, 4.34. Found: C,
51.62; H, 4.60.

1-O-(E)-Caffeoyl-3-O-galloyl-4,6-(S)-HHDP-B-p-glucopyranose (30): A
yellow amorphous powder, [¢]5 —5.5° (¢=0.6, MeOH), FAB-MS (negative
ion mode) m/z: 795 (M—H)™-, 'H-NMR (300 MHz, acetone-d,) &: 7.70 (1H,
d, J=16Hz, caf-7), 7.21 (1H, d, J=2Hz, caf-2), 7.10 (1H, dd, /=2, 8 Hz,
caf-6), 7.03 (2H, s, galloyl-H), 6.89 (1H, d, /=8 Hz, caf-5), 6.64, 6.44 (each
1H, s, HHDP-3, 3"), 6.33 (1H, d, /=16 Hz, caf-8), 5.85 (1H, d, /=8 Hz, glc-
1), 5.48 (1H, t, J=9 Hz, glc-3), 5.33 (1H, dd, J=6, 13 Hz, glc-6), 5.20 (1H,
d, J/=5Hz, C-2-OH), 5.04 (1H, t, J/=10Hz, glc-4), 4.34 (1H, brdd, J=6,
10 Hz, glc-5), 3.92 (1H, ddd, J=5, 8, 9 Hz, glc-2), 3.83 (1H, brd, /=13 Hz,
glc-6). ®C-NMR (75 MHz, acetone-d,) §: caffeoyl: 127.4 (C-1), 115.3 (C-
2), 146.3 (C-3), 149.1 (C-4), 116.5 (C-5), 123.3 (C-6), 147.6 (C-7), 1144
(C-8), 166.5 (C-9); galloyl: 121.4 (C-1), 110.2 (C-2, 6), 145.7 (C-3, 5),
138.8 (C-4), 165.7 (C-7); HHDP: 115.8, 115.3 (C-1, 1"), 126.1, 126.6 (C-2,
2"), 107.8, 108.1 (C-3,3"), 144.3, 144.4, 145.1, 145.2 (C-4,4', 6, 6"), 136.4,
136.5 (C-5,5"), 167.6, 168.0 (C-7, 7'); glucose: 95.5 (C-1), 75.6, 72.9, 72.5,
70.7 (C-2, 3,4, 5), 63.3 (C-6). Anal. Calcd for C;;H,;0,,-5/2H,0: C, 51.38;
H, 3.95. Found: C, 51.47; H, 4.25.

Tannase Hydrolysis of 30 A solution of 30 (29.3 mg) in water (2 ml)
was hydrolyzed in a manner similar to that described for 12 to yield gallic
acid (4 mg) and 28 (19.7 mg).

1,3-Di-O-(E)-caffeoyl-4,6-(S)-HHDP-3-p-glucopyranose (31): A yellow
amorphous powder, [o]5 —4.2° (¢=0.6, MeOH), FAB-MS (negative ion
mode) m/z: 805 (M—H)". '"H-NMR (300 MHz, acetone-d;) &: 7.70, 7.51
(each 1H, d, /=16 Hz, caf-7), 7.21, 7.09 (each 1H, d, /=2 Hz, caf-2), 7.10,
6.98 (each 1H, dd, /=2, 8 Hz, caf-6), 6.90, 6.82 (each 1H, d, /=8 Hz, caf-5),
6.63, 6.52 (each 1H, s, HHDP-3, 3"), 6.33, 6.17 (each 1H, d, /=16 Hz, caf-
8), 5.83 (1H, d, /=8 Hz, glc-1), 5.37 (1H, t, /=10 Hz, glc-3), 5.32 (1H, dd,
J=6, 13Hz, glc-6), 5.00 (1H, t, J=10Hz, glc-4), 4.32 (1H, brdd, J=6,
10Hz, glc-5), 3.90 (1H, dd, J=8, 10Hz, glc-2), 3.81 (1H, brd, /=13 Hz,
gle-6). *C-NMR (75MHz, acetone-d,) J: caffeoyl: 127.2, 127.3 (C-1),
114.4, 114.9, 115.0, 115.2 (C-2, 8), 146.1 (2C), 146.3, 147.6, 148.7, 149.2
(C-3, 4, 7), 116.2, 116.3 (C-5), 122.6, 122.9 (C-6), 165.8, 167.1 (C-9);
HHDP: 115.7, 116.7 (C-1, 1"), 126.3, 126.4 (C-2, 2"), 107.8, 108.1 (C-3, 3"),
144.3 (2C), 145.1 (2C) (C-4, 4', 6, 6"), 136.3, 136.4 (C-5, 5"), 167.6, 168.0
(C-7,7"); glucose: 95.4 (C-1), 75.5, 72.7, 72.2, 70.9 (C-2, 3, 4, 5), 63.2 (C-
6). Anal. Calcd for Cy3H,,0,,-3H,0: C, 53.03; H, 4.22. Found: C, 53.13; H,
4.40.
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