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Three new stilbene oligomers (1-3) were isolated from the stem bark of Vatica pauciflora. The structures
of a resveratrol heptamer (pauciflorol D) (1), a resveratrol dimer (pauciflorol E) (2), and an indanone
derivative (pauciflorol F) (3) were elucidated by means of spectroscopic data interpretation, especially
HMBC and NOESY NMR experiments.

A number of resveratrol (3,5,4′-trihydroxystilbene) oli-
gomers have been recently discovered in plants belonging
to the Dipterocarpaceae.1-6 Much attention has been paid
to resveratrol and its oligomers because of their multifunc-
tional bioactivities, e.g., cytotoxic,3,4 antibacterial,5,6 and
anti-HIV effects.4 Vatica, a genus comprising 65 species,
belongs to the largest subfamily of Dipterocarpoideae in
the Dipterocarpaceae, most of which are natural to South-
east Asia.7 The genus Vatica is well known for its abun-
dance of resveratrol oligomers.3,8-10 In our preceding
papers, the structures of resveratrol oligomers in the stem
bark of V. rassak and V. pauciflora were described.11-15 To
further reveal the variation of resveratrol oligomers in this
genus, an acetone extract of V. pauciflora Korth. was
investigated and yielded a novel resveratrol heptamer,
pauciflorol D (1), a new resveratrol dimer, pauciflorol E
(2), and an indanone derivative, pauciflorol F (3). The
structures of isolates 1-3 were elucidated by means of 2D
NMR techniques such as 1H-1H COSY, 13C-1H COSY, and
HMBC, and their stereostructures have been proposed by
analysis of the NOESY spectra.

Results and Discussion

Pauciflorol D (1), a dark yellow amorphous powder,
showed a positive reaction to Gibbs reagent. The molecular
weight was determined to be 1586 based on a [M + Na]+

ion at m/z 1609 in the positive-ion ESIMS. The molecular
formula of C98H74O21 was confirmed by HRESIMS (m/z [M
+ Na]+ 1609.4583). The UV spectrum displayed an absorp-
tion maximum at 284 nm, which was consistent with one
or more nonconjugated phenyl rings. The 1H and 13C NMR
spectral data and analysis of 1H-1H COSY, 13C-1H COSY,
and HMBC spectra [Tables 1 and S1 (Supporting Informa-
tion)] exhibited the presence of seven 4-hydroxyphenyl
groups (designated as A1-G1), two 3,5-dihydroxyphenyl
groups (D2 and G2), four 3,5-dioxygenated-1,2-disubstituted
benzene rings (A2, C2, E2, and F2), and five series of
aliphatic protons, in the order H-7a/H-8a, H-7b/H-8b/H-
7c/H-8c, H-7d/H-8d, H-7e/H-8e/H-8f/H-7f, and H-7g/H-8g.

The 1H NMR spectrum exhibited signals for 18 phenolic
hydroxyl groups (δ 4.70-8.53), which disappeared upon
addition of D2O. Considering the molecular formula, the
remaining three oxygens could be allotted to ether linkages.
In the HMBC spectrum (Table S1), significant 3J correla-
tions were observed between H-7a/C-2a(6a), H-14a/C-8a,
H-7b/C-2b(6b), H-7c/C-2c(6c), H-8c/C-14c, H-7d/C-2d(6d),
H-8d/C-10d(14d), H-7e/C-2e(6e), H-8e/C-10e, H-7f/C-2f(6f),
H-8f/C-14f, H-7g/C-2g(6g), and H-8g/C-10g(14g), indicating
that rings A1, A2, B1, C1, C2, D1, D2, E1, E2, F1, F2, G1, and
G2 are attached at C-7a, C-8a, C-7b, C-7c, C-8c, C-7d, C-8d,
C-7e, C-8e, C-7f, C-8f, C-7g, and C-8g, respectively. Further
correlations were observed between H-7b/C-11a, H-7d/C-
10c, H-7f/C-11e, and H-7g/C-10f, which supported the
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connections between C-7b/C-10a, C-8d/C-10c, C-7f/C-10e,
and C-8g/C-10f, respectively. After complete assignment of
all the quaternary carbons in rings A1-G1, A2, and C2-
G2, the remaining six quaternary aromatic carbons (C-9b-
C-14b) in the 13C NMR spectrum (δC 138.26, 116.01, 155.48,
113.90, 150.73, 119.62) were assigned to those of a 1,3-
dioxygenated benzene ring (B2). Similar patterns were also
observed in vaticanols I and J,11 where one of the aromatic
rings was fully substituted and based on a 1,3-dioxygenated
pattern. Two oxygenated carbon signals (C-11b and C-13b)
correlated with H-7e, which indicated that C-7e was linked
to C-12b. The other C-C linkages attached to ring B2 (C-
8a-C-10b, C-8b-C-9b, and C-8c-C-14b) were substanti-
ated by the correlations of H-8a/C-10b, H-7b/C-9b, and
H-8c/C-13b, respectively. Additional cross-peaks observed
between H-7d/C-11c and H-7g/C-11f supported the presence
of two ether linkages (C-7d/O/C-11c and C-7g/O/C-11f), both
of which formed dihydrobenzofuran rings (C-7d/C-8d/C-10c/
C-11c/O and C-7g/C-8g/C-10f/C-11f/O). Although no long-
range correlation between H-7a/C-11b was observed, the
presence of another dihydrobenzofuran ring (C-7a/C-8a/C-
10b/C-11b/O) was deduced after considering the carbon
chemical shifts and the molecular formula. The planar
structure of pauciflorol C, which included three dihydro-
benzofuran rings, was concluded to be 1. The other cor-
relations in the HMBC spectrum, as summarized in Table
S1, were in accordance with this proposed planar structure.
The structure is a resveratrol heptamer and can be regard-
ed as a complex product composed of a resveratrol tetramer
unit [resveratrols A-D (resveratrol A: ring A1-C-7a-C-
8a-ring A2)] and a resveratrol trimer unit (resveratrols
E-G). The planar structure of the tetrameric unit is
identical to four known diastereomeric resveratrol tetram-
ers of vaticaphenol A3 (vaticanol B14) (4), isovaticanol B,15

and viniferols B and C.16

The stereostructure of 1 was determined by analysis of
the NOESY spectrum (Table S1). The trans orientations
of H-7a/H-8a and H-7d/H-8d on the dihydrobenzofuran
rings in the tetrameric unit were confirmed by the distinc-
tive NOEs between H-7a/H-14a, H-8a/H-2a(6a), H-7d/H-
10d(14d), and H-8d/H-2d(6d). The chemical shift of H-8a
(δ 4.61) was regarded as a typical value observed when
H-8a and H-7b occupy anti positions on a dibenzo[2,1]-
heptadiene ring (C-8a/C-9a/C-10a/C-7b/C-8b/C-9b/C-10b).3
Further evidence for this relationship was the distinctive
NOE between H-8a/H-2b(6b). Significant NOEs between
H-2c(6c)/H-8b and H-2c(6c)/H-8c indicated that H-8b and
H-8c were of syn orientation on a benzocyclopentane ring
(C-8b/C-9b/C-14b/C-8c/C-7c). The large coupling constant
values of H-8b/H-7c (J ) 11.1 Hz) and H-7c/H-8c (J ) 11.1
Hz) also supported the trans stereo-relationship of H-8b/
H-7c and H-7c/H-8c.3,6 In addition, the syn orientation of
ring B1, H-7c, and ring C2 was supported by NOEs between
H-2b(6b)/H-7c, H-7c/H-14c, and H-2b(6b)/H-14c. The ori-
entations of four sequential methine protons (H-7b, H-8b,
H-7c, and H-8c) were finally determined as R, R, â, and R,
respectively. In this experiment, the NOEs observed in the
tetrameric unit were similar to those of vaticaphenol A.3
The signals have close similarity to those of vaticaphenol
A. In a dihydrobenzofuran ring of the trimeric unit, NOE
interactions between H-7g/H-10g(14g) and H-8g/H-2g(6g)
indicated that the orientations of protons (H-7g and H-8g)
were trans. Small coupling constant values of three vicinal
methine protons (H-8e, H-8f, and H-7f) on the benzocyclo-
pentane ring (C-8e/C-9e/C-10e/C-7f/C-8f) suggested that all
the protons were equatorial and that all of their dihedral
angles were approximately 90°. These signals are similar

to those of davidiol B17 and vateriaphenol A,18 both of which
have benzocyclopentane moieties with equatorial protons.
Further NOEs were observed between H-2f(6f)/8f and H-7f/
H-14f, leading to the conclusion that the relative stereo-
chemistry of the benzocyclopentane ring is the same as
those of davidiol B and vateriaphenol A [H-8e(â), H-7g(R),
and H-8g(â)]. The relationship between H-7e and H-8e was
trans on the basis of the J value (12.5 Hz). The relative
stereochemistry of the trimeric unit was elucidated. There-
fore, the structure of pauciflorol D can be represented as 1
including relative stereochemistry.

Although three dihydrobenzofuran rings in 1 have the
same orientation (trans), the 1H-1H coupling constants of
the methine protons were quite different (H-7a/H-8a, J )
11.9 Hz; H-7d/H-8d, J ) 3.7 Hz; H-7g/H-8g, J ) 2.2 Hz).
The conformational differences based on a molecular model
are shown in Figure 1. The dihydrobenzofuran ring bearing
H-7a and H-8a (C-7a/C-8a/C-10b/C-11b/O: furan A) was
condensed to the dibenzobicyclo[5.3.0]decadiene system (C-
8a/C-9a/C-10a/C-7b/C-8b/C-7c/C-8c/C-14b/C-9b/C-10b), while
the furans D and G (C-7d/C-8d/C-10c/C-11c/O and C-7g/C-
8g/C-10f/C-11f/O) were not condensed to additional rings.
In the case of the furan A (left figure), the relative
stereochemistry of the decadiene system and placement of
ring A2 requires a nearly trans diaxial conformation
between H-7a and H-8a. As a result, rings A1 and A2 may
be situated near one another. The distinct NOE between
H-2a(6a)/H-14a and the coupling constant (J ) 11.9 Hz)
were well compatible. On the other hand, the protons on
the furan rings D and G displayed small values (J ) 3.7
Hz and J ) 2.2 Hz). In these cases, the nearly trans diaxial
conformation of the rings D1/D2 [G1/G2 (right figure)]
resulted in much smaller angles of H-7d/H-8d (H-7g/H-8g).
As a result, the lack of an NOE between H-2d(6d)/H-
10d(14d) and H-2g(6g)/H-10g(14g) was reasonable. The C-8
position (C-8a, C-8d, and C-8G) of the dihydrobenzofuran
rings behaved like an envelope.

Figure 1. Stereostructure of dihydrobenzofuran rings in the molecular
model of 1.
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Previously, the relative stereochemistry of vaticaphenol
A isolated from the stems of V. diospyroides was proposed
by analysis of the NOESY spectrum and computer-aided
energy-minimized stereostructures.3 We have also reported
the same oligomer named vaticanol B as a major constitu-
ent in the stem bark of V. rassak.14 However, the stereo-
relationship between 4A and 4B in Figure 2 has not been
dealt with in both papers. The differences of stereochem-
istry at H-7d and H-8d being either R and â or â and R
were not resolved by analysis of NOESY spectra, and
therefore the stereo-relationship in pauciflorol D (1) still
remains unclear. Biogenetically, pauciflorol D (1) is pre-
sumed to be formed by the oxidative coupling of the
tetrameric unit (vaticaphenol A) and the trimeric unit that
could be regarded as a hypothetical precursor of resveratrol
trimers (Figure 2). The relative stereochemistry of the
dihydrobenzofuran ring and the benzocyclopentane ring in
the trimeric unit is the same as those of a hypothetical
precursor of resveratrol trimers (stenophyllol B19 and
davidiol B17), all of which are constituents of V. pauciflora.15

The occurrence of various resveratrol trimers and vatica-
phenol A suggested that a resveratrol heptamer such as
pauciflorol D (1) might be biologically synthesized by
coupling these cognates. The occurrence of pauciflorol D is
the second instance of a resveratrol heptamer. The first
was vaticanol J isolated from the stem bark of V. rassak.11

Pauciflorol E (2), a yellow amorphous powder, showed a
positive reaction to Gibbs reagent. The [M - H]- ion peak
at m/z 467.1136 in the HRFABMS in the negative-ion mode
corresponded to a molecular formula of C28H20O7. An
absorption band in the IR spectrum (1659 cm-1) and a
signal in the 13C NMR spectrum (δC 195.26) indicated the
presence of a carbonyl group (C-8b) in the molecule. The
1H and 13C NMR spectra, supported by 1H-1H COSY, 13C-
1H COSY, and HMBC spectra (Table 2), revealed the
presence of two 4-hydroxyphenyl groups (rings A1 and B1),

two 1,2,3,5-tetrasubstituted benzene rings (rings A2 and
B2), and a set of mutually coupled aliphatic protons (H-
7a/H-8a). The spectrum further showed signals due to a
methine proton (H-7b) and five phenolic hydroxyl groups
(δ 8.42-8.94). Their positions on four aromatic rings (A1,
B1, A1, and B2) were established by analysis of correlations
in the HMBC spectrum. Considering the molecular for-
mula, the remaining oxygen was attributable to an ether
linkage. In the HMBC spectrum (Table 2), the correlations
between H-2a(6a)/C-7a, H-14a/C-8a, H-2b(6b)/C-7b, H-14b/
C-8b, and H-7b/C-11a revealed the linkages between C-1a/
C-7a, C-8a/C-9a, C-1b/C-7b, C-8b/C-9b, and C-7b/C-10a,
respectively. The spectrum also displayed significant cor-
relations between H-7b/C-8b and H-7b/C-9b, which con-
firmed the linkages between C-8b/C-9b. Although no long-
range correlation between H-7a/C-11b was observed, the
presence of a dihydrobenzofuran ring [C-7a/C-8a/C-10b/C-
11b/O] was clear considering the existence of an ether
linkage. The planar structure of pauciflorol E was thus
determined. To confirm the relative stereochemistry, a
NOESY experiment was conducted (Table 2). Cross-peaks
between H-7a/H-14a, H-8a/H-2a(6a), and H-2a(6a)/H-14a
were observed, and cross-peaks substantiated the relative
stereochemistry of the methine protons as trans. The
relationship between H-7b and H-8a was determined to be
anti on the basis of an NOE interaction between H-8a/H-
2b(6b). The relative stereostructure of 2 was fully estab-
lished.

Pauciflorol F (3), a yellow amorphous powder, showed a
positive reaction to Gibbs reagent. The [M]+ ion peak at
m/z 364.0938 in the HREIMS corresponded to a molecular
formula of C21H16O6. Analysis of the 1H and 13C NMR, 1H-
1H COSY, 13C-1H COSY, and HMBC spectra (Table 3)
indicated that 3 had the following partial structures; a
4-hydroxyphenyl group (ring A1), a 3,5-dihydroxyphenyl
group (ring A2), a 1,2,3,5-tetrasubstituted benzene ring

Figure 2. Possible biosynthetic formation of 1, stenophyllol B, and davidiol B.
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(ring B), and a set of mutually coupled aliphatic protons
(H-7a/H-8a). The presence of five hydroxyl groups and a
carbonyl group was deduced from its IR bands (3369, 1694
cm-1) and the five broad signals due to hydroxyl groups (δ
8.02-8.76) in the 1H NMR spectrum. In the HMBC
spectrum (Table 3), significant 3J long-range correlations
were observed between H-2a(6a)/C-7a, H-10a(14a)/C-8a,
and H-8a/C-3b, indicating that three rings (A1, A2, and B)
and two methine carbons (C-7a and C-8a) were connected
by three C-C bonds (C-1a/C-7a, C-8a/C-9a, and C-8a/C-
2b). Other 3J long-range correlations between H-8a/C-7b,
H-7a/C-1b, and H-6b/C-7b suggested that the carbons were
connected in the order C-7b, C-1b, and C-6b. The planar
structure of pauciflorol F, which had an indanone skeleton,
was thus determined. The orientation of two methine
protons (H-7a and H-8a) was determined to be trans on
the basis of NOESY data (Table 3). Previously Oshima et
al. in the course of their structure elucidation20 reported a
permethyl ether of 3 that is afforded by methylation of a
resveratrol dimer (ampelopsin D) followed by ozonolysis.
As described in our latest report, ampelopsin D is one of
the constituents in this plant.15 Biogenetically, the oxida-
tive elimination of a C6-C1 unit from ampelopsin D and/
or related cognates might produce pauciflorol F (3).

In our previous paper, variations of 25 resveratrol
derivatives ranging from monomers to tetramers in the
same extract have been disclosed.15 The representative
skeletons consist of dihydrobenzofuran rings, benzocyclo-
pentane rings, dibenzo[2.1]octadiene systems, dibenzobicyclo-
[3.2.1]octadiene systems, and tribenzobicyclo[3.3.2]octatriene
systems. Isolation of pauciflorols D (1)-F (3) adds complex-
ity to the constituents due to their much higher order
condensation (pauciflorol D) and the presence of a dibenzo-
[2.1]octadienone system (pauciflorol E) and an indanone
skeleton (pauciflorol F).

Experimental Section

General Experimental Procedures. The following in-
struments were used: optical rotations, JASCO P-1020 pola-
rimeter; UV spectra, Shimadzu UV-2200 spectrophotometer
(in methanol solution); IR spectra, JASCO FT-IR-8000 spec-
trophotometer (KBr microplate); 1H and 13C NMR spectra,
JEOL JNM LA-300 (chemical shift values in 1H NMR spectra
are presented as δ values with TMS as internal standard);
EIMS and FABMS, JEOL JMS-DX-300 instrument; ESIMS,
JEOL JMS-T100LC mass spectrometer. The following ad-
sorbents were used for purification: analytical TLC, Merck
Kieselgel 60 F254 (0.25 mm); preparative TLC, Merck Kieselgel

Table 1. 1H and 13C NMR Spectral Data of 1a

position δH δC position δH δC

1a 130.1 1e 136.9
2a, 6a 7.37 (d, 8.6) 129.4 2e, 6e 6.78 (d, 8.6) 129.5
3a, 5a 6.76 (d, 8.6) 115.3b 3e, 5e 6.19 (d, 8.6) 115.2
4a (OH) 7.89 (br s) 157.5c 4e 154.8
7a 5.75 (d, 11.9) 89.2 7e 4.18 (d, 12.5) 46.0
8a 4.61 (br d, 11.9) 48.1 8e 4.10 (d, 12.5) 56.1
9a 140.9 9e 148.1f

10a 123.9 10e 122.7
11a (OH) 8.15 (br s) 154.5 11e (OH) 7.52 (br s) 153.3
12a 6.25 (d, 2.0) 100.8 12e 6.35 (d, 2.0) 101.6c

13a (OH) 8.02 (br s) 155.7 13e (OH) 8.05 (br s) 157.5c

14a 6.12 (br d, 2.0) 105.2 14e 6.37 (d, 2.0) 106.2d

1b 132.6 1f 136.3
2b, 6b 7.20 (d, 8.6) 129.9 2f, 6f 6.08 (d, 8.6) 129.1
3b, 5b 6.89 (d, 8.6) 115.3b 3f, 5f 6.54 (d, 8.6) 114.4
4b 154.9 4f 154.7
7b 5.15 (d, 3.7) 36.1 7f 4.01 (s) 53.3
8b 3.01 (br d, 11.1) 52.2 8f 3.03 (s) 54.6
9b 138.3 9f 150.3f

10b 116.0 10f 118.2
11b 155.5 11f 160.6
12b 113.9 12f 6.16 (d, 2.0) 94.4
13b (OH) 4.70 (s) 150.7 13f (OH) 8.24 (br s) 158.9
14b 119.6 14f 5.92 (d, 2.0) 103.8
1c 129.7 1g 133.8
2c, 6c 6.34 (d, 8.6) 128.3 2g, 6g 7.01 (d, 8.6) 126.7
3c, 5c 6.45 (d, 8.6) 115.0 3g, 5g 6.87 (d, 8.6) 115.3b

4c 155.2 4g 156.8
7c 3.95 (t, 11.1) 57.0 7g 5.11 (d, 2.2) 92.7
8c 4.32 (d, 11.1) 49.1 8g 3.22 (d, 2.2) 54.0
9c 139.4 9g 149.0
10c 120.1 10g, 14g 5.90 (d, 2.2) 106.3
11c 162.0 11g, 13g 158.6
12c 6.44 (d, 2.2) 96.0 12g 6.42 (t, 2.2) 101.0
13c (OH) 8.53 (br s) 160.0
14c 6.51 (d, 2.2) 106.9 OH 8.49 (2H), 8.41(2H), 8.34 (1H),
1d 133.5 8.04 (1H), 7.94 (1H), 7.62 (1H)
2d, 6d 7.10 (d, 8.6) 126.2 (each, br s)
3d, 5d 6.81 (d, 8.6) 115.6 [OH-4b, 4c, 4d, 4e, 4f, 4g, 11g, 13g]
4d 156.7
7d 5.43 (d, 3.7) 93.7
8d 4.14 (d, 3.7) 57.1
9d 146.4
10d, 14d 5.95 (d, 2.0) 106.2d

11d, 13c (OH) 8.05 (br s) 159.0
12d 6.26 (t, 2.0) 101.6e

a Measured in CD3COCD3 at 300 MHz (1H NMR) and 75 MHz (13C NMR). b-e Overlapping signals. f Interchangeable.
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60 F254 (0.5 mm); column chromatography, Merck Kieselgel
60, Pharmacia Fine Chemicals AB, Sephadex LH-20, and Fuji
Silysia Chemical Chromatorex, Waters Sep-Pak C18 cartridges;
vacuum-liquid chromatography (VLC), Merck Kieselgel 60.

Plant Material. Vatica pauciflora was cultivated at Bogor
Botanical Garden, Bogor, Indonesia, and its stem bark was
collected in May 2000 with identification by one of the
coauthors (D.D.), and a voucher specimen (number DP-011)
was deposited at the herbarium of Gifu Prefectural Institute
of Health and Environmental Sciences.

Extraction and Isolation. Dried and ground stem bark
(500 g) of V. paucifora was extracted successively with acetone
(2 L × 24 h × 3), MeOH (2 L × 24 h × 3), and 70% MeOH (2
L × 24 h × 2) at room temperature. The solvent was removed
to yield the following residues: 38 g (acetone), 23 g (MeOH),
and 15 g (70% MeOH). The acetone extract (37 g) was
subjected to column chromatography on silica gel eluted with
a mixture of CHCl3-MeOH increasing in polarity to give a
total of 60 fractions (Fr. 1-60). The combined fractions of Fr.
42-Fr. 46 [CHCl3-MeOH (4:1), 910 mg] were further sub-
jected to Sephadex LH-20 column chromatography (MeOH) to
give 22 fractions (Fr. 42-46A-Fr.42-46V). The combined
fractions of Fr. 42-46Q-Fr. 42-46V (450 mg) were further
subjected to reversed-phase column chromatography (H2O-
MeOH gradient system, 20%-60% MeOH) to give 10 fractions.

Compound 1 (60 mg) was purified from the 10th fraction (80
mg) after purification by preparative TLC [EtOAc-CHCl3-
MeOH-H2O (15:8:4:1)]. Compounds 2 (4 mg) and 3 (2 mg)
were obtained from Fr. 13 [CHCl3-MeOH (10:1), 90 mg] after
separation by VLC [EtOAc-CHCl3-MeOH-H2O (240:60:11:
2)] and preparative TLC [EtOAc-CHCl3-MeOH-H2O (80:40:
11:2)].

Pauciflorol D (1): dark yellow amorphous powder; [R]25
D

-69° (c 0.1 MeOH); UV (MeOH) λmax (log ε) 223 (5.2), 284 (4.1)
nm; IR (KBr) νmax 3360, 1612, 1513, 1450 cm-1; 1H and 13C
NMR spectral data, see Table 1; HMBC and NOESY correla-
tions, see Table S1 (Supporting Information); ESIMS m/z 1609
[M + Na]+; HRESIMS m/z 1609.4583 (calcd for C98H74NaO21,
1609.4620) [M + Na]+.

Pauciflorol E (2): yellow amorphous powder; [R]25
D -228°

(c 0.1 MeOH); UV (MeOH) λmax (log ε) 223 (4.6), 276 (4.1), 342
(3.7) nm; IR (KBr) νmax 3371, 1659, 1611, 1513, 1449 cm-1; 1H
and 13C NMR spectral data and HMBC and NOESY correla-
tions, see Table 2; FABMS m/z 467 [M - H]-; HRFABMS m/z
467.1136 (calcd for C28H19O7, 467.1130).

Pauciflorol F (3): yellow amorphous powder; [R]25
D -80°

(c 0.1 MeOH); UV (MeOH) λmax (log ε) 224 (4.6), 274 (4.0), 336
(3.5) nm; IR (KBr) νmax 3369, 1694, 1609, 1513, 1471 cm-1; 1H
and 13C NMR spectral data and HMBC and NOESY correla-
tions, see Table 3; EIMS m/z (rel int) 364 (M+, 100), 362 (33),

Table 2. 1H and 13C NMR Spectral Data of 2a

position δH δC HMBC NOESY

1a 130.1
2a, 6a 7.19 (d, 8.5) 129.5 4a, 7a 7a, 8a, 14a
3a, 5a 6.83 (d, 8.5) 115.9 1a
4a (OH) 8.71 (br s) 158.2 3a(5a), 4a
7a 5.94 (d, 10.8) 88.4 2a(6a), 8a, 9a 2a(6a), 14a
8a 4.52 (d, 10.8) 50.8 7a, 9a, 10a, 10b 2a(6a), 2b(6b)
9a 142.0
10a 113.9
11a (OH) 8.94 (br s) 159.0 10a, 11a, 12a 12a, 7b
12a 6.49 (br d, 2.2) 101.7 10a, 11a, 13a, 14a OH-11a, OH-13a
13a (OH) 8.57 (br s) 158.0 12a, 13a, 14a 12a, 14a
14a 6.39 (br s) 105.3 8a, 10a, 12a, 13a 2a(6a), 7a, OH-13a
1b 128.2
2b, 6b 6.77 (dd, 8.5, 1.1) 128.0 4b, 7b 8a, 7b
3b, 5b 6.70 (d, 8.5) 115.8 1b OH-4b
4b (OH) 8.42 (br s) 156.8 3b(5b), 4b 3b(5b)
7b 6.06 (br s) 54.8 9a, 10a, 11a, 2b(6b), 8b, 9b 2b(6b), OH-11a
8b 195.3
9b 133.7
10b 123.9
11b 160.4
12b 6.45 (d, 2.4) 102.2 10b, 11b, 13b, 14b OH-13b
13b (OH) 8.84 (br s) 158.5 12b, 13b, 14b 12b, 14b
14b 7.12 (d, 2.4) 106.5 8b, 10b, 12b, 13b OH-13b

a Measured in CD3COCD3 at 300 MHz (1H NMR) and 75 MHz (13C NMR).

Table 3. 1H and 13C NMR Spectral Data of 3a

position δH δC HMBC NOESY

1a 130.9
2a, 6a 6.82 (d, 8.6) 128.7 4a, 7a 7a, 8a, 10a(14a)
3a, 5a 6.65 (d, 8.6) 115.4 1a, 4a OH-4a
4a (OH) 8.25 (br s) 156.4 3a(5a), 4a 3a(5a)
7a 3.36 (d, 2.6) 64.4 1a, 2a(6a), 8a, 9a, 1b, 2b, 7b 2a(6a), 10a(14a)
8a 4.23 (d, 2.6) 51.2 1a, 7a, 9a, 10a(14a), 1b, 2b, 3b 2a(6a), 10a(14a)
9a 146.5
10a, 14a 5.89 (d, 2.2) 105.4 8a, 11a(13a), 12a 2a(6a), 7a, 8a, OH-11a(13a)
11a, 13a (OH) 8.02 (br s) 158.6 10a(14a), 11a(13a), 12a 10a(14a)
12a 6.05 (t, 2.2) 100.8 10a(14a), 11a(13a)
1b 139.1
2b 133.9
3b (OH) 8.48 (br s) 155.8 2b, 3b, 4b
4b 6.58 (s) 109.4 2b, 3b, 5b, 6b
5b (OH) 8.76 (br s) 159.4
6b 6.58 (s) 99.6 2b, 4b, 5b
7b 204.8

a Measured in CD3COCD3 at 300 MHz (1H NMR) and 75 MHz (13C NMR).
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345 (6), 270 (28), 258 (31), 242 (6), 213 (8); HREIMS m/z
364.0938 (calcd for C21H16O6, 364.0947); FABMS m/z 363 [M
- H]-; HRFABMS m/z 363.0876 (calcd for C21H15O6, 363.0868).
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