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Abstract—Ten new compounds (1–10), pruniflorone A–J, together with 21 known compounds (11–31) were isolated from the roots and barks
of Cratoxylum formosum ssp. pruniflorum. Their structures were determined by spectroscopic methods. Compounds 1 and 11 were also
confirmed by X-ray diffraction data. In addition, antibacterial and cytotoxic activities of the isolates were also evaluated.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Cratoxylum belongs to the family Guttiferae, which is dis-
tributed in several Southeast Asian countries. Six species
are found in Thailand;1 Cratoxylum arboresens, Cratoxylum
cochinchinense, Cratoxylum maingayi, Cratoxylum suma-
tranum ssp. neriifolium, Cratoxylum formosum ssp. formo-
sum (Jack) Dyer and Cratoxylum formosum (Jack) Dyer
ssp. pruniflorum (Kurz) Gogel. The last two species, which
are subspecies of C. formosum, can be differentiated through
the young twigs, leaves, pedicels and sepals. Those of C. for-
mosum ssp. formosum are glabrous, whereas C. formosum
ssp. pruniflorum are densely villous.2 Some species of this
genus have been used for the treatment of diuretic, stomachic
and tonic effects,3 as well as for diarrhoea and flatulence,4

and for food poisoning and internal bleeding.5 They produce
various types of secondary metabolites, including xantho-
nes,6a–c triterpenoids6b,7 and flavonoids.3 We have previ-
ously isolated a number of xanthones from the roots of
C. formosum ssp. formosum.8 As a continuation of our study
on this genus, we report herein nine new xanthones (1–9):
pruniflorones A–I, and nine known xanthones (11–19) from
the roots, a new anthraquinone (10): pruniflorone J, six
known anthraquinones (20–25) and six known xanthones
(26–31) from the barks of C. formosum ssp. pruniflorum. In
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addition, the antibacterial and cytotoxic activities of selected
compounds are also reported.

2. Results and discussion

The CH2Cl2 extracts of the roots and barks of C. formosum
ssp. pruniflorum were subjected to column chromatography
to give nine new xanthones (1–9) and a new anthraquinone
(10). All isolated new xanthones gave characteristic signals
in the UV spectrum, showing absorption bands in the range
of 236–261 and 312–380 nm. The IR spectra also exhibited
characteristic conjugated carbonyl and hydroxyl functional-
ities in the range of 1632–1646 and 3170–3414 cm�1, re-
spectively. Moreover, the 1H and 13C NMR spectral data
suggested that the isolated new xanthones 1–6 had the
1,3,6,7-oxygenated xanthone skeleton, whereas xanthones
7–8 and 9 were 1,3,5,6- and 1,3,6-oxygenated xanthones,
respectively.

Pruniflorone A (1) was isolated as a pale yellow powder,
which was further recrystallized from CHCl3–MeOH (4:1,
v/v) to yield pale yellow single crystals. The X-ray structure
(Fig. 1) confirmed a molecular structure with a prenylated
xanthone skeleton and a molecular formula C25H30O7. Its
structure was supported by 1H and 13C NMR spectral data
(Tables 1 and 2). The 1H NMR spectral data of 1 (Table 1)
showed two aromatic protons at d 6.29 (s, H-4) and 6.72 (s,
H-5), and two methoxyl groups at d 3.90 (s, 3-OMe) and
3.84 (s, 7-OMe). In addition, the 1H NMR spectral data also
exhibited a dimethylchromane ring9 at d 2.73 (2H, br t,
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J¼7.5 Hz, H-10), 1.72 (2H, br t, J¼7.5 Hz, H-20) and 1.34
(6H, s, H-40 and H-50). A 3-hydroxyl-3-methylbutyl group9

was evident from signals at d 3.38 (2H, m, H-100), 1.78 (2H,
m, H-200) and 1.30 (6H, s, H-400 and H-500). From these data,
the structure of pruniflorone A was deduced to be 1.

Pruniflorone B (2) was obtained as a yellow powder with
a molecular ion peak at m/z 456.2116 [M]+ in the HREIMS,

Figure 1. The ORTEP plot of 1. There are two molecules in asymmetric unit
of 1, only one molecule was shown for clarity.
corresponding to a molecular formula of C26H32O7. The UV,
1H and 13C NMR spectral data of 2 (Tables 1 and 2) were
similar to those of 1, indicating the presence of a xanthone
skeleton. However, an additional methoxyl singlet signal
was apparent in both the 1H+13C spectra (dH 3.35, dC 49.2).
This methoxyl group was located at C-300 from the HMBC
correlation with C-300 (75.1). The completed HMBC correla-
tions were summarized in Table 3. Thus, the structure of
pruniflorone B was assigned as 2.

Pruniflorone C (3) showed a molecular formula of C25H30O7

by HREIMS. The 1H and 13C NMR spectra of 3 (Tables 1 and
2) were similar to those of 1, except for the presence of sig-
nals for a prenyl group at dH 3.33 (2H, d, J¼7.2 Hz, H-10),
dC 21.1; dH 5.21 (1H, br t, J¼7.2, H-20), dC 122.1; dH 1.79
(3H, s, H-40), dC 17.5; dH 1.68 (3H, s, H-50), dC 25.6 and dC

131.6 (C-30) instead of the dimethylchromane ring present
in 1. HMBC data confirmed the position of the prenyl group
in 3 (Table 3) at C-2 by the 2J correlation of H-10 with C-2,
and the 3J correlations of H-10 with C-1 and C-3. The struc-
ture of pruniflorone C was therefore assigned as 3.

Pruniflorone D (4) showed a molecular formula of C26H32O7

by HREIMS. The 1H NMR spectral data (Table 1) of 4 were
similar to those of 3, except for an additional methoxyl sin-
glet signal at dH 3.32, dC 49.2. This group replaced the
hydroxyl group at C-300 in 3. HMBC correlations between

Structures of pruniflorone A-J
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Table 1. 1H NMR spectral data of 1–6 (d in ppm, multiplicities, J in Hz)

Position 1a 2b 3c 4b 5c 6a

4 6.29 s 6.33 s 6.32 s 6.34 s 6.38 s 6.35 s
5 6.72 s 6.76 s 6.75 s 6.82 s 6.78 s 6.74 s
10 2.73 br t (7.5) 2.63 br t (7.0) 3.33 d (7.2) 3.36 d (7.5) 2.72 m 2.64 t (6.9)
20 1.72 br t (7.5) 1.83 br t (7.0) 5.21 br t (7.2) 5.23 br t (7.5) 1.71 m 1.82 t (6.9)
40 1.34 s 1.41 s 1.79 s 1.81 s 1.29 s 1.46 s
50 1.34 s 1.41 s 1.68 s 1.69 s 1.29 s 1.46 s
100 3.38 m 3.37 m 3.39 m 3.38 m 4.12 d (6.9) 3.58 t (6.9)
200 1.78 m 1.79 m 1.77 m 1.77 m 5.26 m 1.84 t (6.9)
400 1.30 s 1.31 s 1.32 s 1.30 s 1.85 s 1.36 s
500 1.30 s 1.31 s 1.32 s 1.30 s 1.69 s 1.36 s
1-OH d 13.60 s d

3-OMe 3.90 s 3.89 s 3.90 s 3.91 s 3.92 s 3.90 s
7-OMe 3.84 s 3.83 s 3.84 s 3.86 s 3.80 s
300-OMe 3.35 s 3.32 s

a Recorded at 300 MHz in CDCl3.
b Recorded at 500 MHz in CDCl3.
c Recorded at 300 MHz in CD3OD/CDCl3.
d Exchangeable with CD3OD.
300-OMe and dC 74.9 (C-300), and H-200 with dC 22.2 (C-100)
and 74.9 (C-300) (Table 3) proved this assignment. Thus,
the structure of pruniflorone D was assigned as 4.

Pruniflorone E (5) was isolated as a yellow gum, which
showed a molecular ion peak at m/z 442.2000 [M]+ in the
HREIMS, corresponding to a molecular formula of
C25H30O7. The UV and IR spectra of 5 exhibited the same
patterns as those of 3 and 4. Extensive 1D and 2D NMR anal-
ysis of 5 showed that this xanthone has the same substituents
as 3; a 3-hydroxyl-3-methylbutyl, a prenyl and two methoxyl
groups (Tables 1 and 2). However, the 1H NMR spectral data
of 5 (Table 1) and 3 exhibited different chemical shifts for
the 3-hydroxyl-3-methylbutyl and prenyl moieties. From

Table 2. 13C NMR (75 MHz) spectral data of 1–6 in CD3OD/CDCl3

Position 1 2a 3a 4a,b 5a 6b

1 155.2 155.3 159.1 159.8 159.8 155.6
2 105.6 105.4 111.3c 111.5 103.6 105.2
3 162.0 161.4 163.3 163.5 163.3 161.3
4 89.6 89.6 88.7 88.8 88.9 89.7
5 101.3 100.8 101.7 101.4 101.7 99.7
6 154.6 154.5 156.0 154.5 155.1 150.1
7 143.3 142.3 143.1 142.6 143.0 137.7
8 138.4 138.5 138.4 138.8 137.2 122.0
9 177.5 176.4 181.8 182.0 181.9 177.4
4a 157.1 156.9 155.1 155.2 155.4 157.2
4b 155.2 152.9 155.6 155.8 155.6 151.7
8a 113.8 115.5 111.2c 112.5 112.0 114.1
9a 107.2 107.9 103.5 103.8 111.9 107.8
10 16.9 17.1 21.1 21.4 16.9 17.1
20 31.3 31.4 122.1 122.3 42.1 31.5
30 75.7 75.2c 131.6 131.7 71.1 75.2c

40 26.1 26.5 17.5 17.8 28.9 26.6
50 26.1 26.5 25.6 25.8 28.9 26.6
100 21.8 21.8 21.8 22.2 26.4 22.6
200 43.9 39.7 44.0 39.9 123.2 33.1
300 70.7 75.1c 70.8 74.9 131.9 75.3c

400 28.7 25.3 28.7 25.2 18.1 26.5
500 28.7 25.3 28.7 25.2 25.8 26.5
3-OMe 55.6 55.7 55.3 55.8 55.8 55.7
7-OMe 60.9 62.0 61.2 62.2 61.4
300-OMe 49.2 49.2

a Recorded at 125 MHz.
b Recorded in CDCl3.
c May be interchangeable.
HMBC spectral data (Table 3), the methylene protons of
H-10 of a 3-hydroxyl-3-methylbutyl group showed correla-
tions with dC 163.3 (C-3), 159.8 (C-1) and 103.6 (C-2),
and the methoxyl group at dH 3.92 showed a cross peak
with dH 6.38 (H-4) in the NOESY spectrum (Table 4). It
was therefore apparent there that the 3-hydroxyl-3-methyl-
butyl and methoxyl substituent groups were located at C-2
and C-3 in ring A, respectively. In addition, the signal for
H-100 of the prenyl group (d 4.12, 2H, d, J¼6.9 Hz) in 5
appears further downfield than the expected values for this
functionality (ca. d 3.5–3.3).10 This can be explained by
the fact that H-100 is in a deshielding region of the carbonyl
functionality. The HMBC experiment was also used to con-
firm the position of attachment of the prenyl group in 5
(Table 3) at C-8 by the 2J correlation of H-100 with C-8.
Thus, the structure of pruniflorone E was assigned as 5,
a constitutional isomer of 3.

Pruniflorone F (6), a pale yellow powder, was deduced as
C24H26O6 from an exact mass measurement. The 1H and
13C NMR spectral data of 6 (Tables 1 and 2) were closely re-
lated to those of 1. The major difference was the replacement
of the 1H NMR signals for the methoxyl and 3-hydroxyl-3-
methylbutyl groups at C-7 and C-8, respectively, of 1 with
a dimethylchromane ring at d 3.58 (2H, t, J¼6.9 Hz,
H-100), 1.84 (2H, t, J¼6.9 Hz, H-200) and 1.36 (6H, s, H-400

and H-500) in 6. The observed HMBC correlations (Table
3) confirmed the assignment of this structure.

Pruniflorone G (7), a brown powder, was deduced as
C28H30O6 from an exact mass measurement. The 1H NMR
spectral data of 7 (Table 5) were similar to those of gerontox-
anthone I (29),11 except for the appearance of the signal of
a chromene ring bearing a methyl group and six-carbon
side chain (Table 5) instead of the prenyl moiety present in
gerontoxanthone I. The proposed structure was further sup-
ported by the appearance of an abundant fragment ion m/z
379 ([M]+ �83), resulting from loss of the 4-methylpent-
3-enyl moiety. The location of a chromene ring was con-
firmed by HMBC (Table 6), in which the methine proton
H-10 at dH 6.83 was correlated with dC 81.1 (C-30), 105.2
(C-2), 156.8 (C-1) and 159.2 (C-3), while the methine proton
H-20 at dH 5.58 was correlated with dC 26.9 (C-90), 41.8
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(C-40), 81.1 (C-30), 105.2 (C-2) and 159.2 (C-3), respec-
tively. From these data, the structure of pruniflorone G was
assigned as 7.

Pruniflorone H (8) was obtained as a yellow powder, which
showed a molecular ion peak at m/z 476.2215 [M]+ in
the HREIMS corresponding to a molecular formula of
C29H32O6. The 1H and 13C NMR spectral data of 8 (Table
5) showed characteristics similar to those of 7, except that
an additional signal of a methoxyl group was observed at
dH 3.32, dC 56.6 in 8, this methoxyl group was located at
C-6 due to the correlation with dC 149.0 (C-6) from HMBC
experiment (Table 6). Thus, the structure of pruniflorone H
was assigned as 8.

Pruniflorone I (9) showed a molecular formula of C28H32O5

by HREIMS. The 1H and 13C NMR spectral data of 9 (Table
7) showed characteristics similar to those of cowanin,12

except for the appearance of an aromatic proton at dH 7.18
(s, H-7), dC 123.7 instead of the methoxyl group at dH 3.80
(s, 7-OMe) present in cowanin. Therefore, the structure of
pruniflorone I was deduced as 9.

O
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Pruniflorone J (10) was isolated as orange viscous oil, which
was assigned as C25H26O6 from an exact mass measurement.
The UV spectrum of 10 exhibited absorption maxima at 269,
283, 366 and 440 nm, suggesting an anthraquinone as a basic
structure.13 IR absorption bands at 1673 and 1625 cm–1and
13C NMR chemical shifts at 190.8 and 182.0 also indicated
the presence of carbonyl and chelated carbonyl groups, re-
spectively. Chelated hydroxyl protons were shown at dH

12.30 (1H, s) and 12.13 (1H, s). The 1H and 13C NMR spectral
data of 10 (Table 8) showed characteristics similar to those of
3-geranyloxy-6-methyl-1,8-dihydroxyanthraquinone,14 ex-
cept for the appearance of trans-olefinic protons at dH 5.62
(1H, dd, J¼6.5, 15.5 Hz, H-50) and 5.69 (1H, d, J¼15.5 Hz,
H-60) in 10 instead of methylene protons at C-50 and an olefin
at C-60. The chemical shift of the methylene protons at C-40

was shifted downfield (dH 2.79 (2H, d, J¼6.5 Hz, H-40)) com-
pared to dH 2.11,14 due to the double allylic status of these
protons. The location of H-40 at C-40 was supported by
HMBC correlations. The chemical shift of C-70 (d 70.8)
suggested an oxy-quarternary carbon, whose position was
confirmed by HMBC correlations with H-50 and H-60.
Thus, the structure of pruniflorone J was assigned as 10.

The following known compounds were also isolated from
the roots and barks of C. formosum ssp. pruniflorum: dulxis-
xanthone F (11),15 b-mangostin (12),16 a-mangostin (13),16

formoxanthone A (14),8 3-isomangostin (15),16 3,4-dihydro-
5,9-dihydroxy-8-methoxy-7-(3-methoxy-3-methylbutyl)-
2,2-dimethyl-2H,6H-pyrano-[3,2-b]xanthen-6-one (16),17
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Table 4. NOESY (300 MHz) spectral data of 1–6 in CDCl3

Position 1a 2b 3a 4b 5a 6

4 3-OMe 3-OMe 3-OMe 3-OMe 3-OMe 3-OMe
5
10 H-20 H-20 H-20, H-40 H-20 H-20

20 H-10, H–40, H-50 H-10, H-40, H-50 H-10, H-50 H-10, H-50 H-40, H-50 H-10, H-40, H-50

40 H-20 H-20 H-10 H-20 H-20

50 H-20 H-20 H-20 H-20 H-20 H-20

100 7-OMe, H-200 H-200 H-200 H-200 H-200

200 H-100, H-400, H-500 H-400, H-500, 300-OMe H-100, H-400, H-500 H-100, H-400, H-500, 300-OMe H-500 H-100, H-400, H-500

400 H-200 H-200 H-200 H-300 H-200

500 H-200 H-200 H-200 H-300 H-200 H-200

1-OH
3-OMe H-4 H-4 H-4 H-4 H-4
7-OMe
300-OMe H-400, H-500, 300-OMe

a Recorded in CD3OD/CDCl3.
b Recorded at 500 MHz.
3,4-dihydro-5,9-dihydroxy-7-(3-hydroxy-3-methylbutyl)-8-
methoxy-2,2-dimethyl-2H,6H-pyrano[3,2-b]xanthen-6-one
(17),17 isocudraniaxanthone B (18),18 10-O-methylmaclur-
axanthone (19),19 3-geranyloxy-6-methyl-1,8-dihydroxy-
anthraquinone (20),14 11-hydroxy-5-methoxy-2,2,9-trimethyl-
2H-anthra-[1,2-b]pyran-7,12-dione (21),20 vismiaquinone A
(22),21 madagascin (23),22 physcion (24),23 emodin (25),24

formoxanthone B (26),8 macluraxanthone (27),25 xanthone
V1 (28),26 gerontoxanthone I (29),11 6-deoxyjacareubin
(30)27 and 3,4-dihydrojacareubin (31).28 These compounds

Table 5. 1H and 13C NMR spectral data of 7 and 8 in CDCl3

Position 7 8

1H (J in Hz)a 13C (d)b 1H (J in Hz)a 13C (d)b

1 156.8 156.6
2 105.2 104.9
3 159.2 159.3
4 112.7 113.0
5 131.0 133.4
6 149.0 151.4
7 6.96 d (9.0) 112.8 6.97 d (9.0) 108.2
8 7.69 d (9.0) 117.5 7.75 d (9.0) 116.8
9 180.7 181.0
4a 154.1 154.8
4b 144.5 144.3
8a 113.7 114.2
9a 102.9 103.0
10 6.83 d (9.9) 116.7 6.81 d (9.9) 116.7
20 5.58 d (9.9) 125.6 5.56 d (9.9) 125.6
30 81.1 81.1
40 1.91 mc 41.8 1.89 mc 41.7

1.72 mc 1.70 mc

50 2.14 m 23.2 2.10 m 23.3
60 5.13 br t (7.2) 123.7 5.12 br t (7.5) 123.7
70 132.1 132.0
80 1.60 s 17.6 1.59 s 17.6
90 1.47 s 26.9 1.45 s 26.9
100 1.69 s 25.7 1.68 s 25.6
100 41.4 41.3
200 6.75 dd (10.8, 17.7) 156.7 6.66 dd (10.5, 17.4) 154.9
300 5.05 dd (1.2, 10.8) 103.3 5.04 dd (1.2, 10.5) 104.5

5.23 dd (1.2, 17.7) 5.18 dd (1.2, 17.4)
400 1.66 s 28.0 1.66 s 28.4
500 1.66 s 28.4 1.66 s 28.4
1-OH 13.50 s 13.50 s
6-OMe 3.32 s 56.6

a Recorded at 300 MHz.
b Recorded at 75 MHz.
c Reduced from HMQC experiment.
were identified by comparison of their spectroscopic data
with those reported in the literature. In addition, the X-ray
structure of 11 was reported here for the first time (Fig. 2).

Only stable compounds of sufficient quantity were evaluated
for their antibacterial activity against both Gram-positive
(Bacillus substilis and Staphylococcus aureus) and Gram-
negative (Streptococcus faecalis, Salmonella typhi, Shigella
sonei and Pseudomonas aeruginosa) bacteria. Cytotoxicity
against MCF-7 (breast adenocarcinoma), HeLa (Human cer-
vical cancer), HT-29 (colon cancer) and KB (human oral
cancer) cell lines was also evaluated. The results of antibac-
terial activity of the tested compounds are given in Table 9.
Pruniflorone E (5) and 13 showed potent antibacterial activ-
ity against B. substilis, S. aureus and S. faecalis, whereas
pruniflorone C (3) and 31 exhibited strong activity against
B. substilis and S. aureus. Compounds 28 and 29 showed
strong and broad spectrum of antibacterial activity compared
to vancomycin. For this investigation, only 29 showed inhi-
bition against S. sonei and P. aeruginosa. It is interesting to
note that, compounds 12, 17 and 30 were highly active spe-
cifically against S. aureus therefore it might be worthwhile to
further investigate the structure–activity relationships (SAR)
of these compounds against S. aureus. Compounds 20–25
exhibited no antibacterial activity. According to the MIC
values shown in Table 9, it seems that the isoprenyl or
3-hydroxyl-3-methylbutyl moiety at C-2 and C-8, and the
catechol unit are both important for antibacterial activity,
whereas isoprenyl unit at C-8, which was cyclized to 3,3-
dimethylchromene or 3,3-dimethylchromane rings might
decrease the antibacterial activity as shown in compounds
6 and 11. In addition to antibacterial activity, compound
29 strongly inhibited all cancer cell lines used in this inves-
tigation compared to camptothecin, whereas compounds 12,
13, 28 and 31 showed less inhibitory activity. Compounds 1,
5, 6, 11 and 20–25 were found to be inactive for cytotoxic
activity (Table 10).

3. Experimental

3.1. General experimental procedures

Melting points were determined on the Fisher-John melt-
ing point apparatus. Optical rotations were measured on
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a JASCO P-1020 digital polarimeter. UVand IR spectra were
recorded on SPECORD S 100 (Analytikjena) and Perkin–
Elmer FTS FTIR spectrophotometer, respectively. The 1H
and 13C NMR spectra were recorded on a 500 MHz Varian
UNITY INOVA and/or 300 MHz Bruker FTNMR Ultra
Shield� spectrometers in CDCl3 or CD3OD with TMS as
Table 6. HMBC and NOESY (300 MHz) spectral data of 7 and 8 in CDCl3

Position 7 8

HMBC NOESY HMBC NOESY

7 H-8 C-5, C-6, C-8a H-8, 6-OMe
8 C-6, C-9 H-7 C-6, C-9 H-7
10 C-1, C-2, C-3, C-30 H-20 C-1, C-2, C-3, C-30 H-20

20 C-2, C-3, C-30 C-40, C-90 H-10, H-40 C-2, C-30 H-10

40 C-30, C-50 H-20, H-60 C-30

50 C-30, C-40, C-60, C-70 H-60 C-40

60 C-50, C-80, C-100 H-40, H-50 C-40

80 C-60, C-70 C-60, C-70

90 C-20, C-30, C-40 C-30, C-40

100 C-60, C-70 C-60, C-70

200 C-4, C-100 H-300 C-4, C-100 H-300

300 C-100, C-200 H-200 C-100, C-200, C-400, C-500 H-200, H-400, H-500

400 C-4, C-100 C-4, C-100, C-200 H-300

500 C-4, C-100 C-4, C-100, C-200 H-300

1-OH C-1, C-2, C-9a C-1, C-2, C-9a
6-OMe C-6 H-7
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Table 7. NMR (300 MHz) spectral data of 9 in CDCl3

Position 9

1H (J in Hz) 13C (d) HMBC NOESY

1 160.7
2 108.5
3 162.1
4 6.19 s 93.2 C-2, C-3, C-9,

C-4a, C-9a
5 7.17 s 116.7 C-6, C-9,

C-4b, C-8a
6 152.0
7 7.18 s 123.7 C-6, C-8
8 127.1
9 183.4
4a 155.3
4b 151.3
8a 118.4
9a 104.1
10 3.35 d (6.9) 21.5 C-1, C-2, C-3,

C-20, C-30
H-20, H-40

20 5.19 br t (6.9) 121.4 C-40 H-10, H-50

30 135.5
40 1.66 s 25.8 C-20, C-30 H-10

50 1.74 s 17.9 C-20, C-30 H-20

100 4.20 d (6.6) 25.6 C-7, C-8, C-4a,
C-8a, C-20, C-30

H-200, H-900

200 5.16 br t (6.6) 121.5 C-8, C-40, C-90 H-100, H-400

300 138.6
400 1.98 m 39.7 C-30, C-90 H-200

500 1.98 m 26.4 C-40, C-60, C-70 H-600

600 4.94 m 123.8 C-40, C-50, C-80 H-500, H-800

700 132.0
800 1.55 s 25.8 C-60, C-70 H-600

900 1.77 s 16.4 C-20, C-30 H-100

1000 1.48 s 17.7 C-60, C-70

1-OH 13.54 s C-1, C-2, C-9a

Table 8. NMR (500 MHz) spectral data of 10 in CDCl3

Position 10

1H (J in Hz) 13C (d) HMBC NOESY

1-OH 12.30 s 165.1 C-1, C-2, C-9a
2 6.68 d (2.5) 107.6 C-1, C-4 H-10

3 165.8
4 7.37 d (2.5) 108.7 C-3, C-10, C-9a H-10

5 7.62 br s 121.3 C-7, C-10,
C-8a, C-6(Me)

6-Me

6 148.4
7 7.08 br s 124.5 C-5, C-8,

C-8a, C-6(Me)
6-Me

8-OH 12.13 s 163.0 C-7, C-8, C-8a
9 190.8
10 182.0
4a 135.2
4b 133.2
8a 113.7
9a 110.1
10 4.68 d (6.5) 65.8 C-3, C-20, C-30

20 5.50 br t (6.5) 119.0 C-40

30 141.5
40 2.79 d (6.5) 42.1 C-20, C-30, C-50,

C-60, C-90

50 5.62 dd
(6.5, 15.5)

123.9 C-40, C-70

60 5.69 d (15.5) 140.5 C-40, C-70,
C-80, C-100

70 70.8
80 1.33 s 29.8 C-60, C-70

90 1.77 s 16.8 C-20, C-30, C-40

100 1.33 s 29.8 C-60, C-70

6-Me 2.45 s 22.2 C-5, C-6, C-7 H-5, H-7
the internal standard. Chemical shifts are reported in d (ppm)
and coupling constants (J) are expressed in Hertz. EI and
HREIMS were measured on a Kratos MS 25 RFA spectro-
meter. Quick column chromatography (QCC) and column
chromatography (CC) were carried out on silica gel 60
F254 (Merck) and silica gel 100 (Merck), respectively.

3.2. Plant material

Barks and roots of C. formosum ssp. pruniflorum were col-
lected in May 2004 from Nong Khai Province, northeastern
part of Thailand. Identification was made by Professor
Puangpen Sirirugsa, Department of Biology, Faculty of Sci-
ence, Prince of Songkla University and a specimen (No.
0012677) was deposited at Prince of Songkla University
Herbarium.

3.3. Isolation and extraction

Air-dried roots (5.30 kg) were extracted with CH2Cl2
(2�20 L, for 5 days) at room temperature. The crude
CH2Cl2 extracts were evaporated under reduced pressure to
afford a brownish crude (30.04 g) extract. The crude extract
was subjected to QCC on silica gel using hexane as the first
eluent and then increasing polarity with EtOAc and acetone,
respectively, to give eight fractions (FR1–FR8). Fraction
FR2 was separated by CC eluting with CH2Cl2–hexane
(4:1, v/v) to afford four subfractions (FR2A–FR2D). Sub-
fraction FR2A was further purified by CC with EtOAc–hex-
ane (3:7, v/v) to give 12 (45.0 mg). Subfraction FR2B was
further purified by CC eluting with acetone–hexane (1:9, v/v)
to give 13 (15.0 mg). Subfraction FR2C was further purified
by CC on reversed-phase silica gel C-18 with MeOH to
give 7 (8.0 mg) and 18 (2.5 mg). Fraction FR3 (2.56 g) was
separated by CC with acetone–hexane (3:17, v/v) to give
14 (15.0 mg), 6 (5.8 mg) and 11 (10.2 mg), which was further
recrystallized in CHCl3–MeOH (4:1, v/v) to yield yellow
needle single crystals. Fraction FR4 was subjected to CC
with acetone–hexane (1:4, v/v) to afford five subfractions
(FR4A–FR4E). Subfraction FR4B was separated by CC
with acetone–hexane to give three fractions (FR4BA–
FR4BC). Subfraction FR4BC was further purified by CC
on reversed-phase silica gel C-18 with MeOH to give 9
(15.0 mg). Subfraction FR4D was further purified by CC
on reversed-phase silica gel C-18 with MeOH to give 8
(3.0 mg) and 19 (3.0 mg). Fraction FR6 was purified by CC
with acetone–hexane (1:4, v/v) to give 2 (3.3 mg), 15
(5.0 mg) and 16 (5.0 mg). Fraction FR7 was further purified
by CC with EtOAc–hexane (2:3, v/v) to give 3 (8.2 mg),

Figure 2. The ORTEP plot of 11.
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Table 9. Antibacterial activity of compounds isolated from C. formosum ssp. pruniflorum

Compound Minimum inhibitive concentration (mg/mL)

B. substilis S. aureus S. faecalis S. typhi S. sonei P. aeruginosa

1 300 18.7 — — 300 —
3 <1.1 <1.1 150 — 300 —
5 <1.1 <1.1 <1.1 — 300 18.7
6 300 9.3 4.6 — 300 37.5
10 300 75 150 — 300 —
11 75 18.7 — — 300 —
12 18.7 <1.1 75 — — —
13 <1.1 <1.1 <1.1 — 18.7 18.7
14 18.7 37.5 — — — —
17 9.3 <1.1 — — — —
27 4.6 4.6 2.3 9.6 — —
28 <1.1 <1.1 <1.1 <1.1 — 9.3
29 <1.1 <1.1 4.6 37.5 <1.1 <1.1
30 4.6 <1.1 75 — 150 150
31 <1.1 <1.1 37.5 — — 37.5

—¼ Inactive at >50 mg/mL.
4 (1.5 mg) and 5 (2.0 mg). Fraction FR8 was separated by CC
with a gradient of acetone–hexane to give four fractions
(FR8A–FR8D). Subfraction FR8C was further purified by
CC with a gradient of acetone–hexane to give 17 (2.1 mg)
and 1 (32.2 mg), which was further recrystallized from
CHCl3–MeOH (4:1, v/v) to yield pale yellow single crystals.

Ground-dried barks (4.00 kg) were extracted with CH2Cl2
and acetone (each 2�20 L, for 5 days) at room temperature,
successively. The crude extracts were evaporated under re-
duced pressure to afford brownish crude CH2Cl2 (76.28 g)
and acetone (21.74 g) extracts. The crude CH2Cl2 extract
was subjected to QCC eluting with increasing polarities of
EtOAc and acetone in hexane to afford 10 fractions
(F1–F10). Fraction F1 (2.01 g) was separated by CC with
acetone–hexane (1:19, v/v) to afford three subfractions
(F1A–F1C). Subfraction F1B was further purified by CC
with EtOAc–hexane (1:9, v/v) to give 22 (3.3 mg) and 23
(5.6 mg). Fraction F2 (58.06 g) was further separated by
CC using a gradient of hexane with EtOAc to afford eight
subfractions (F2A–F2H) and 27 (150.0 mg). Subfraction
F2C (120.02 g) was further purified by CC with EtOAc–
hexane (1:4, v/v) to give 10 (5.2 mg) and 20 (68.2 mg). Sub-
fraction F2D was purified by CC with CH2Cl2–hexane (3:2,
v/v) to give three fractions (F2DA–F2DC). Subfraction
F2DB was further purified by prep TLC with CH2Cl2–hexane
(3:7, v/v) to give 26 (1.5 mg). Subfraction F2G was subjected
to CC with acetone–hexane (1:9, v/v) to give 24 (5.0 mg).
Fraction F3 was separated by CC with acetone–hexane
(1:9, v/v) to afford five fractions (F3A–F3E). Subfraction

Table 10. In vitro cytotoxic activity of compounds isolated from C. formo-
sum ssp. pruniflorum

Compound Cell line

MCF-7 HeLa HT-29 KB

IC50 (mg/mL)

12 3.6 4.9 4.8 4.6
13 3.7 3.2 4.5 3.2
28 >25.0 4.7 6.0 2.7
29 0.6 0.7 0.7 0.6
31 >5.0 3.4 >5.0 >5.0
F3D was purified by CC with acetone–hexane (3:17, v/v)
to give 29 (25.0 mg). Fraction F6 was separated by CC
with acetone–hexane (3:17, v/v) to afford seven subfractions
(F6A–F6G). Subfraction F6B was further purified by CC
with EtOAc–hexane (3:7, v/v) to give 28 (8.0 mg). The crude
acetone was subjected to QCC eluting with a gradient of
hexane–acetone to afford 12 fractions (FA1–FA12). Frac-
tion FA2 (1.98 g) was further separated by CC with
acetone–hexane (3:97, v/v) to give six subfractions (FA2A–
FA2F). Subfraction FA2B (422.0 mg) was further purified
by CC with acetone–hexane (1:19, v/v) to give 21 (3.0 mg).
Fraction FA3 was further purified by CC with EtOAc–hexane
(1:9, v/v) to give 30 (4.0 mg). Fraction FA7 was separated by
CC with acetone–hexane (1:4, v/v) to give 25 (3.1 mg) and 31
(5.0 mg).

3.3.1. Pruniflorone A (1). Pale yellow needle crystals, mp
259-260

�
C, ½a�26

D �5.1 (c 0.430, CHCl3); UV (CHCl3) lmax

(log 3) 247 (4.29), 261 (4.34), 314 (4.17), 355 (3.55) nm;
IR (KBr) nmax 3414, 1642, 1614 cm�1; HREIMS m/z [M]+

442.1994 (calcd for C25H30O7, 442.1992); 1H NMR
(CDCl3, 300 MHz), see Table 1; 13C NMR (CD3OD/
CDCl3, 75 MHz), see Table 2.

3.3.2. Pruniflorone B (2). Yellow powder, mp 215–217
�
C,

½a�26
D �4.0 (c 0.165, CHCl3); UV (CHCl3) lmax (log 3) 246

(4.01), 299 (3.79), 334 (3.40) nm; IR (neat) vmax 3177,
1639, 1611 cm�1; HREIMS m/z [M]+ 456.2116 (calcd for
C26H32O7, 456.2148); 1H NMR (CDCl3, 500 MHz), see
Table 1; 13C NMR (CD3OD/CDCl3, 125 MHz), see Table 2.

3.3.3. Pruniflorone C (3). Yellow solid, mp 134–136
�
C,

½a�27
D �5.5 (c 0.145, CHCl3); UV (CHCl3) lmax (log 3) 245

(3.89), 259 (3.86), 313 (3.75), 353 (3.25) nm; IR (KBr)
nmax 3414, 1632, 1614 cm�1; HREIMS m/z [M]+ 442.1995
(calcd for C25H30O7, 442.1992); 1H NMR (CD3OD/
CDCl3, 300 MHz), see Table 1; 13C NMR (CDCl3/
CD3OD, 125 MHz), see Table 2.

3.3.4. Pruniflorone D (4). Yellow viscous oil, ½a�26
D 17.5

(c 0.075, CHCl3); UV (CHCl3) lmax (log 3) 249 (5.00), 259
(4.98), 312 (4.92), 352 (4.35) nm; IR (neat) nmax 3170,
1646, 1597 cm�1; HREIMS m/z [M]+ 456.2198 (calcd for
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C26H32O7, 456.2148); 1H NMR (CD3OD/CDCl3, 500 MHz),
see Table 1; 13C NMR (CD3OD/CDCl3, 125 MHz), see
Table 2.

3.3.5. Pruniflorone E (5). Yellow gum, ½a�27
D �4.4 (c 0.130,

CHCl3); UV (CHCl3) lmax (log 3) 245 (3.91), 260 (3.88), 312
(3.78), 353 (3.25) nm; IR (KBr) nmax 3414, 1635, 1614 cm�1;
HREIMS m/z [M]+ 442.2000 (calcd for C25H30O7,
442.1992); 1H NMR (CD3OD/CDCl3, 300 MHz), see Table
1; 13C NMR (CD3OD/CDCl3, 125 MHz), see Table 2.

3.3.6. Pruniflorone F (6). Pale yellow powder, mp 235–
236

�
C, ½a�26

D �9.2 (c 0.290, CHCl3); UV (CHCl3) lmax

(log 3) 255 (3.94), 258 (3.99), 302 (3.77), 349 (3.40) nm;
IR (KBr) nmax 3177, 1614 cm�1; HREIMS m/z [M]+

410.1728 (calcd for C24H26O6, 410.1729); 1H NMR
(CDCl3, 300 MHz), see Table 1; 13C NMR (CDCl3,
75 MHz), see Table 2.

3.3.7. Pruniflorone G (7). Brown powder, mp 143–145
�
C,

½a�27
D �7.4 (c 0.425, CHCl3); UV (CHCl3) lmax (log 3) 243

(4.56), 288 (4.81), 335 (4.53) nm; IR (KBr) nmax 3414,
1646, 1628, 1580 cm�1; EIMS m/z 462 (11) [M]+, 447 (5),
379 (100); HREIMS m/z [M]+ 462.2063 (calcd for
C28H30O6, 462.2042); 1H NMR (CDCl3, 300 MHz), see
Table 1; 13C NMR (CDCl3, 75 MHz), see Table 3.

3.3.8. Pruniflorone H (8). Yellow powder, mp 175–177
�
C,

½a�27
D �56.5 (c 0.050, CHCl3); UV (CHCl3) lmax (log 3) 252

(4.06), 289 (4.22), 336 (4.01) nm; IR (KBr) nmax 3400,
1632, 1597, 1573 cm�1; EIMS m/z 476 (31) [M]+, 461
(15), 393 (100), 279 (15), 167 (39), 149 (94), 97 (21), 85
(22), 83 (29); HREIMS m/z [M]+ 476.2215 (calcd for
C29H32O6, 476.2199); 1H NMR (CDCl3, 300 MHz), see
Table 1; 13C NMR (CDCl3, 75 MHz), see Table 3.

3.3.9. Pruniflorone I (9). Brown viscous oil, ½a�27
D �11.3

(c 1.150, CHCl3); UV (CHCl3) lmax (log 3) 264 (4.70),
310 (4.45), 380 (3.94) nm; IR (neat) nmax 3400, 1642,
1608 cm�1; HREIMS m/z [M]+ 448.2277 (calcd for
C28H32O5, 448.2250); 1H NMR (CDCl3, 300 MHz), see
Table 1; 13C NMR (CDCl3, 75 MHz), see Table 4.

3.3.10. Pruniflorone J (10). Orange viscous oil, ½a�27
D �98.4

(c 0.250, CHCl3); UV (CHCl3) lmax (log 3) 269 (4.33), 283
(4.32), 366 (3.37), 440 (3.86) nm; IR (neat) nmax 3414, 1673,
1625 cm�1; HREIMS m/z [M]+ 422.1737 (calcd for
C25H26O6, 422.1729); 1H NMR (CDCl3, 500 MHz), see
Table 1; 13C NMR (CDCl3, 125 MHz), see Table 5.

3.4. X-ray crystallographic studies of 1 and 11

Crystallographic data were collected at 100.0(1) K with the
Oxford Cyrosystem Cobra low-temperature attachment. The
data were collected using a Bruker Apex2 CCD diffracto-
meter with a graphite monochromated Mo Ka radiation at a
detector distance of 5 cm and with APEX2 software.29 The
collected data were reduced using SAINT program,29 and
the empirical absorption corrections were performed using
SADABS program.29 The structures were solved by direct
methods and refined by least-squares using the SHELXTL
software package.30 All non-hydrogen atoms were refined
anisotropically, whereas all H atoms were placed in
calculated positions with an O–H distance of 0.82 Å and
C–H distances in the range 0.93–0.98 Å after checking their
positions in the difference map. The Uiso values were con-
strained to be 1.5Ueq of the carrier atoms for methyl H atoms
and 1.2Ueq for hydroxyl and the other H atoms. The final
refinement converged well. Materials for publication were
prepared using SHELXTL30 and PLATON.31

Crystal data for 1: C25H30O7, M¼442.49, 0.52�
0.19�0.05 mm3, monoclinic, P21/n, a¼11.9303(4) Å,
b¼19.3361(7) Å, c¼19.6631(7) Å, b¼96.64(2), V¼
4505.1(3) Å3, Z¼8, Dx¼1.305 Mg m�3, m(Mo Ka)¼
0.097 mm�1, 79,107 reflection measured, 7928 unique
reflections, R¼0.0759, Rw¼0.1699.

Crystal data for 11: C24H24O6, M¼408.43,
0.54�0.22�0.08 mm3, triclinic, P-1, a¼8.1342(6) Å,
b¼8.9103(6) Å, c¼14.2437(9) Å, a¼82.229(4)�,
b¼80.494(4)�, g¼83.065(4)�, V¼1003.70(12) Å3, Z¼2,
Dx¼1.351 Mg m�3, m(Mo Ka)¼0.097 mm�1, 25,932 reflec-
tion measured, 3926 unique reflections, R¼0.1064,
Rw¼0.2883

The crystallographic-information files for 1 and 11 have
been deposited in the Cambridge Crystallographic Data
Center as CCDC293266 and CCDC293267, respectively.
These data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/data_request/cif, or by e-mailing
data_request@ccdc.cam.ac.uk, or by contacting the Cam-
bridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

3.5. Bioassays

3.5.1. Antibacterial assay. The isolated compounds from
roots and barks of C. formosum ssp. pruniflorum were tested
against the microorganisms, B. substilis (obtained from
Department of Industrial Biotechnology, PSU), S. aureus
(TISTR517) (obtained from Microbial Resources Center
(MIRCEN), Bangkok, Thailand), S. faecalis, S. typhi, S.
sonei and P. aeruginosa. The last four microorganisms
were obtained from Department of Pharmacognosy and Bot-
any, PSU. The antibacterial assay employed was the same as
described in Boonsri et al.8 Vancomycin, which was used
as a standard, showed antibacterial activity of 75 mg/mL.

3.5.2. Cytotoxic assay. The procedure for cytotoxic assay
was performed by the sulphorhodamine B (SRB) assay as
described by Skehan et al.32 In this study, four cancer cell
lines obtained from National Cancer Institute, Bangkok,
Thailand, were used: MCF-7 (breast adenocarcinoma), KB
(human oral cancer), HeLa (Human cervical cancer) and
HT-29 (colon cancer). Camptothecin, which was used
as a standard, showed cytotoxic activity in the range of
0.2–2.0 mg/mL.
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