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Abstract—Two benzo[b]oxepine derivatives, edulisones A (1) and B (2), were isolated from the bark of Aglaia edulis, collected in
Indonesia. The relative stereochemistry of 1 was determined by single-crystal X-ray diffraction analysis. Treatment of compounds
1 and 2 with lithium hydroxide produced the same hydrolysis products, 1a and 1b, as a result of cleavage of the pyrrolidine ring to an
alkylated amide mixture in each case, which demonstrated that these substances are epimeric at their 2-aminopyrrolidine moiety.
� 2005 Elsevier Ltd. All rights reserved.
Since the first cyclopenta[b]benzofuran derivative, roca-
glamide, was isolated from Aglaia elliptifolia in 1982,1

many other representatives of this interesting group of
secondary metabolites have been obtained from plants
of the genus Aglaia (Meliaceae).2 These compounds
exhibit both potent insecticidal activity2,3 and cytotoxi-
city against human cancer cell lines.4,5 In addition to
the cyclopenta[b]benzofurans, two structurally related
groups of constituents, the benzo[b]oxepines and
benzo[b]pyrans, are also considered as characteristic
compounds of the genus Aglaia.2 Most of these
benzo[b]oxepines and benzo[b]pyrans have been
reported to possess a 2-aminopyrrolidine moiety as a
side chain.3,6–9 However, the determination of the con-
figuration of the 2-aminopyrrolidine moiety of these
compounds is quite challenging. For several compounds
in this series, the stereochemistry of this substituent has
been left unresolved3,8 or has been determined tenta-
tively as R or S on the basis of NOESY correlations.7,9
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Thus far, the structure and stereochemistry of only one
Aglaia benzo[b]oxepine has been supported by X-ray
crystallography, namely, forbaglin A.6 In the present
study, edulisones A (1) and B (2), two new benzo[b]oxe-
pine derivatives possessing a 2-aminopyrrolidine side
chain were isolated from the bark of Aglaia edulis
(Roxb.) Wall. collected in Indonesia.10 By interpretation
of their HRMS and NMR spectroscopic data, eduli-
sones A (1) and B (2) were suggested to be C-13 epimers
at their respective 2-aminopyrrolidine moiety. The struc-
tures and relative stereochemistry of these two new com-
pounds were determined by single-crystal X-ray analysis
of 1, and by alkaline hydrolysis of both 1 and 2, from
which unusual ring cleavage products were obtained
and characterized.

The MeOH extract of the bark of Aglaia edulis was par-
titionated in turn with n-hexane and chloroform against
water. Edulisones A (1)11 and B (2)12 were isolated from
the chloroform-soluble partition by open silica gel col-
umn chromatography and HPLC.

Compound 1 was obtained as colorless needles, mp
215–218 �C, ½a�20

D +55 (c 0.2, CHCl3). Its HRESIMS
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Table 1. NMR spectroscopic data of compounds 1, 2, 1a, and 1b in CD3ODa

Position 1 2 1a 1b

dC dH (J Hz) dC dH (J Hz) dC dH (J Hz) dC dH (J Hz)

1a 155.2 156.7 155.7 155.8
2 92.2 92.1 92.3 92.4
3 51.6 5.23 d (9.4) 53.3 4.97 d (10.3) 52.0 5.00 d (10.4) 52.0 5.01 d (10.3)
4 65.8 4.75 d (9.4) 64.3 4.74 d (10.3) 67.2 4.33 d (10.4) 67.3 4.33 d (10.3)
5 194.7 191.8 193.8 194.1
5a 118.7 118.4 118.9 118.8
6 142.2 142.6 142.5 142.6
7 134.4 135.2 135.0 134.8
8 154.5 154.1 154.1 154.1
9 98.7 6.69 s 100.0 6.69 s 99.5 6.66 s 99.4 6.67 s
10 172.0 172.0 172.3 172.3
11 168.8 169.0 169.2 169.2
13 64.2 5.28 d (4.6) 63.9 5.30 d (4.9) 39.9 3.00–3.03 m 39.9 3.08 m, 2.97 m
14 34.6 1.94 m, 1.66 m 35.1 1.30 m 25.8 1.30 m 25.6 1.30 m
15 22.1 1.89 m 22.5 1.84 m 32.8 1.40–1.29 m 32.7 1.43 m, 1.30 m
16 47.1 3.38 m 47.2 3.46 m, 3.12 m 81.9 4.88 m 82.0 4.88 m
18 174.2 174.0 176.0 176.2
19 46.0 1.94 m, 1.77 m 45.6 1.65 m, 1.40 m 46.4 2.07 m 46.5 2.12 m
20 27.4 1.91 m 27.0 1.62 m 27.3 2.05 m 27.3 2.09 m
21 23.1 0.84 d (6.2) 23.1 0.78 d (6.5) 22.8 0.96 d (6.0) 22.9 0.97 d (6.2)
22 22.5 0.88 d (6.3) 22.2 0.75 d (6.4) 22.8 0.94 d (5.4) 22.9 0.96 d (6.2)
1 0 128.2 128.4 128.3 128.4
2 0,6 0 130.7 7.31 d (8.7) 130.6 7.33 d (8.8) 130.7 7.34 d (8.9) 130.8 7.34 d (8.9)
3 0,5 0 114.8 6.74 d (8.9) 114.7 6.75 d (8.9) 114.7 6.76 d (9.0) 114.8 6.76 d (8.9)
4 0 161.5 161.4 161.4 161.5
100 141.3 140.8 140.8 140.9
200,600 131.0 7.55 m 130.8 7.66 br d (8.9) 130.6 7.54 br d (6.8) 130.7 7.55 br d (7.0 )

129.4 7.21–7.32 m
300,500 129.3 7.27 m 129.0 7.21–7.32 m 129.3 7.28 m 129.3 7.28 m
400 128.8 7.27 m 129.3 7.21–7.32 m 128.9 7.28 m 128.9 7.28 m
MeO-6 61.0 3.81 s 61.3 3.67 s 61.2 3.73 s 61.2 3.73 s
MeO-10 52.7 3.12 s 52.6 3.01 s 52.6 3.11 s 52.7 3.11 s
MeO-16 55.7 3.24 s 55.8 3.24 s
MeO-4 0 55.7 3.72 s 55.7 3.71 s 55.7 3.70 s 55.8 3.72 s
OCH2O 103.5 6.01 s 103.5 5.95 s 103.6 5.98 s 103.6 5.98 s

5.96 s 5.92 s 5.93 s 5.93 s

a 1H and 13C NMR spectra were acquired at 400 and 100 MHz, respectively; TMS was used as internal standard; assignments are based on 1H–1H
COSY, HMQC, HMBC, and NOESY spectra.
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Figure 1. Structures of compounds 1 and 2.
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exhibited a sodiated molecular ion peak at m/z 695.2554,
consistent with a molecular formula of C37H40N2O10.
The 1H NMR spectroscopic data of compound 1 in
CD3OD (Table 1) showed characteristic signals for three
methoxy groups at dH 3.81 (3H, s, MeO-6), 3.72 (3H, s,
MeO-4 0), and 3.12 (3H, s, MeO-10), for a para-substi-
tuted aromatic ring at dH 7.31 (2H, d, J = 8.7 Hz, H-
2 0,6 0), and 6.74 (2H, J = 8.9 Hz, H-3 0,5 0), and for a
mono-substituted aromatic ring at dH 7.55 (2H, m, H-
200,600) and 7.27 (3H, m, H-300,400,500). In addition, reso-
nances for a methine pair appeared at dH 5.23 (1H, d,
J = 9.4 Hz, H-3) and 4.75 (1H, d, J = 9.4 Hz, H-4),
and were mutually coupled in the 1H–1H COSY spec-
trum. Based on the observed HMQC correlations, these
two signals were found to correspond to the 13C NMR
signals at dC 51.6 (C-3) and 65.8 (C-4), respectively.
Characteristic signals of a pyrrolidine-type bisamide
unit in 1 were apparent, with two carbonyl groups at dC

168.8 (C-11) and 174.2 (C-18). The 13C NMR spectrum
of 1 also exhibited a conjugated keto signal at dC 194.7
(C-5). All the above-mentioned NMR observations sug-
gested that compound 1 is a benzo[b]oxepine derivative
containing a bisamide side chain (Fig. 1).6,7 HMBC cor-
relations from two methine protons, dH 5.23 (H-3) and
4.75 (H-4), to dC 168.8 (C-11), and from the proton at
dH 5.23 (H-3) to dC 131.0 (C-200,600) of the monosubsti-
tuted aromatic ring, indicated that the locations of the
pyrrolidine-type bisamide unit and the aromatic ring
are at C-4 and C-3, respectively (Fig. 2a). NOESY
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Figure 2. Selected (a) HMBC and (b) NOESY correlations of compounds 1 and 2 (CD3OD).

Figure 3. ORTEP plot of the X-ray crystallographic structure of
compound 1.
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Figure 4. Structures of compounds 1a and 1b.
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NMR correlations were used to establish the relative
configurations at all chiral centers in 1 except for C-13
(Fig. 2b).

Compound 2, ½a�20
D +48.5 (c 0.2, CHCl3), was isolated as

an amorphous powder. A molecular formula of
C37H40N2O10, the same as that of 1, was determined
for 2 by HRESIMS. Both the 1H and 13C NMR spectro-
scopic data of compound 2 (Table 1) were closely com-
parable to those of 1, and suggested this to be also a
benzo[b]oxepine derivative possessing a pyrrolidine-type
bisamide side chain. The gross structure of compound 2
was assigned as being the same as that of compound 1,
based on the observed correlations in its 2D 1H–1H
COSY, HMQC, and HMBC spectra. The chemical
shifts of H-3, H-4, C-3, and C-4 of 1 and 2 (Table 1)
were very similar. This information, in combination
with the observed NOESY correlations from H-3 to
H-2 0 and H-6 0, and from H-4 to H-200 and H-600

(Fig. 2b), was used to establish that the configurations
of C-2, C-3, and C-4 of 2 are the same as those of 1.
Therefore, edulisone B (2) is the C-13 epimer of eduli-
sone A (1).

The configuration at C-13 of several previously reported
benzo[b]oxepine derivatives has been proposed based on
certain NOESY correlations (e.g., H-20,21/H-200,600 for
13R, and H-22/MeO-6 for 13S).6,7 However, in the pres-
ent study, NOESY cross peaks H-21/H-200,600 and H-22/
MeO-6 were not observed for either compound 1 or 2,
possibly due to the free rotation of their respective bis-
amide side chain. Accordingly, a suitable single crystal
was obtained for one of the epimers, edulisone A (1),
and X-ray crystallographic analysis was used to estab-
lish its relative stereochemistry at C-13 as R (Fig. 3).13

Thus, compound 2 could be assigned with the 13S con-
figuration. To confirm this, compounds 1 and 2 were
separately hydrolyzed under the same conditions, by
refluxing for 4 h in MeOH–1 N LiOH (1:1). Both eduli-
sones A (1) and B (2) gave the same hydrolysis products,
1a and 1b (Fig. 4 and Table 1), which confirmed that the
parent compounds are epimeric isomers with different
configurations at C-13 in their side chain.

As shown in Table 1, most of 1H and 13C NMR spectro-
scopic data of 1 and 2 are very similar. However, several
protons close to the epimeric site (C-13) of these two
compounds have different 1H NMR chemical shifts.
For example, H-14a and H-14b of the 13R epimer (1)
were displayed at dH 1.94 and 1.66, respectively, while
these two protons in the 13S epimer (2) were overlapped
in a relatively upfield region at dH 1.30. Similarly, H-16a
and H-16b of 1 were almost magnetically equivalent and
showed an overlapping signal at dH 3.38, while these two
protons of 2 were separately displayed at dH 3.46 and
3.12, respectively. The relative stereochemistry of the
pyrrolidine-type bisamide side chains of other structurally
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similar benzo[b]oxepine derivatives may thus be
assigned by comparison of their 1H NMR data with
those of edulisones A (1) and B (2), described herein.

The cytotoxic activities of compounds 1 and 2 were evalu-
ated in a small panel of human cancer cell lines, but
neither compound exhibited discernible activity.14
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