
From ancient times, agarwood (“jinkoh” in Japanese) has
been used as incense in the Orient. About 40 years ago, In-
dian chemists isolated and characterized several sesquiter-
penes from agarwood originating from Aquilaria agallocha
ROXB. (Aquilariaceae),1—4) and almost 20 years ago, Japanese
researchers isolated many sesquiterpenes from two types of
agarwood, the first probably Aquilaria malaccensis LAM., and
the second called kanankoh in Japan.5—7) An oxygenated
chromone derivative has been reported as another constituent
of agarwood8) and Chinese researchers isolated two new
chromone derivatives in 1989 and 1990.9,10)

In the course of our studies to evaluate the quality of agar-
wood products, we have reported the structures of many
kinds of 2-(2-phenylethyl)chromone derivatives.11—13) In the
present paper, we describe the isolation and structure eluci-
dation of six new 2-(2-phenylethyl)chromones (2—7) from
agarwood, together with those of a known 2-(2-phenylethyl)-
chromone (1), flidersiachromone.14,15)

Results and Discussion
The ether extract of agarwood was purified by silica gel

column chromatography to yield compounds 1—7. The
known compound 1 was identified as 2-(2-phenylethyl)-
chromone, flidersiachromone, by comparison of the physical
and spectral data with those already reported.14,15)

Compound 2 had the molecular formula C19H18O5 as de-
termined by high-resolution electron impact-MS (HR-EI-
MS). The presence of hydroxyl (3200 cm21), unsaturated car-
bonyl and olefin (1628, 1582 cm21), ether (1124 cm21), and
phenyl groups (1476, 1458, 1236, 839, 824 cm21) in the mol-
ecule were determined from the IR spectrum. The UV spec-
trum showed the presence of an a ,b-unsaturated carbonyl
group owing to the distinct absorption maxima at 242 and
322 nm. 1H-NMR spectrum (Table 1) of 2 showed the pres-
ence of two methoxyl groups at dH 3.82 and 3.89 (each 3H,
s), one broad hydroxyl signal at dH 5.61, and two sets of
ABX coupling systems at dH 6.67 (1H, d, J52.0 Hz, H-69),
6.70 (1H, dd, J52.0, 8.0 Hz, H-59), and 6.84 (1H, d,
J58.0 Hz, H-29) and one at dH 7.25 (1H, dd, J53.0, 9.0 Hz,
H-7), 7.38 (1H, d, J59.0 Hz, H-8), and 7.55 (1H, d,
J53.0 Hz, H-5). The 13C-NMR spectrum (Table 2) of 2 dis-
played the presence of two methylene groups at dC 32.8 and
36.5, a trisubstituted double bond at dC 109.5 (d) and 168.4,
two methoxyl groups at dC 55.8 and 55.9, and a carbonyl

group at dC 178.2. Based on these findings, compound 2 was
presumed to be a 2-(2-phenylethyl)chromone derivative with
one hydroxyl and two methoxyl groups. The heteronuclear
multiple-bond correlation (HMBC) spectroscopy and nuclear
Overhauser and exchange spectroscopy (NOESY) correla-
tions shown in Fig. 1 determined the positions of two
methoxyl groups and the hydroxyl group in C-6, C-39 and C-
49, respectively. These indications were confirmed by the
agreement of the 13C-NMR data with the calculated values
shown in Table 2 using the hydroxyl and methoxyl sub-
stituent increments of the chromone ring described previ-
ously,13) and the substituted effects in monosubstituted ben-
zenes.16) Consequently, compound 2 was established to be 6-
methoxy-2-[2-(3-methoxy-4-hydroxyphenyl)ethyl]chromone.

Compound 3, C17H14O4, indicated the presence of a hy-
droxyl group in the IR spectrum. The 1H-NMR (Table 1)
spectrum of 3 was similar to that of 1 except for the signals
of two meta-coupled doublets at dH 7.35 and 7.73 (each 1H,
d, J52.8 Hz) in the chromone ring moiety. Thus it was in-
ferred that compound 3 was the same chromone derivative
with additional hydroxyl groups. The locations of hydroxyl
groups were assigned at C-6 (dC 156.5) and C-8 (dC 149.4)
by comparison with the 13C-NMR data of 1 and the calcu-
lated values shown in Table 2.  Consequently, the structure of
3 was determined to be 6,8-dihydroxy-2-(2-phenylethyl)-
chromone.

Compound 4 was suggested to be the same chromone de-
rivative with hydroxyl groups as 3 by the IR, UV, and HR-EI-
MS spectra. Its 1H- and 13C-NMR spectra (Tables 1 and 2)
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showed the presence of an ABX coupling system [dH 8.06
(1H, dd, J50.3, 2.5 Hz); dC 109.0, dH 7.50 (1H, dd, J52.5,
9.0 Hz); dC 123.5, dH 7.54 (1H, dd, J50.3, 9.0 Hz); dC

119.8], and an A2B2 coupling system at dH 7.15; dC 116.4,
and dH 7.22; dC 129.9 (each, 2H, d, J58.5 Hz). Two hydroxyl
groups were located at C-6 or C-7 in the chromone ring moi-
ety, and at C-49 in the phenylethyl moiety. The carbon signals

showed excellent agreement with the calculated values, as
shown in Table 2. Thus compound 4 was determined to be 6-
hydroxy-2-[2-(4-hydroxyphenyl)ethyl]chromone.

The MS, IR, and NMR spectra indicated that compound
5 was another dihydroxyl derivative of 2-(2-phenylethyl)-
chromone. These spectral data for 5 were very similar to
those of 4 except for the difference in the substitution site for
the hydroxyl group in the phenylethyl moiety, with the for-
mer being a ortho-hydroxyphenyl group [dH 6.92 (1H, ddd,
J51.5, 7.5, 7.5 Hz), 7.15 (1H, dd, J51.5, 7.5 Hz), 7.22 (1H,
ddd, J51.5, 7.5, 7.5 Hz), 7.29 (1H, dd, J51.5, 7.5 Hz)], while
the latter was a para-hydroxyphenyl derivative. This was sup-
ported by the agreement of the 13C-NMR data with the calcu-
lated values, as shown in Table 2. Consequently, compound 5
was established to be 6-hydroxy-2-[2-(2-hydroxyphenyl)-
ethyl]chromone.

The IR spectrum of 6, C17H14O3, showed a hydroxyl ab-
sorption band (3326 cm21). The 1H-NMR spectrum showed
the signals of the ABX coupling system at dH 6.89 (1H, d,
J52.2 Hz), 6.95 (1H, dd, J52.2, 8.6 Hz), and 8.06 (1H, d,
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Table 1. 1H-NMR (300 MHz) Data for Compounds 2—7 (TMS50)a)

Proton 2 (CDCl3) 3 (C5D5N) 4 (C5D5N) 5 (C5D5N) 6 (CDCl3) 7 (C5D5N)

3 6.16 s 6.35 s 6.35 s 6.42 s 6.12 s 6.32 s
5 7.55 d (3.0) 7.73 d (2.8) 8.06 dd (0.3, 2.5) 8.06 dd (0.3, 2.5) 8.06 d (8.6) 8.12 s
6 6.95 dd (2.2, 8.6)
7 7.25 dd (3.0, 9.0) 7.35 d (2.8) 7.50 dd (2.5, 9.0) 7.46 dd (2.5, 9.0)
8 7.38 d (9.0) 7.54 dd (0.3, 9.0) 7.49 dd (0.3, 9.0) 6.89 d (2.2) 7.14 s
79 2.97 (2H) m 2.94 (2H) m 2.97 (2H) m 3.29 (2H) m 3.03 (2H) m 3.01 (2H) m
89 2.90 (2H) m 2.81 (2H) m 2.88 (2H) m 3.08 (2H) m 2.91 (2H) m 2.88 (2H) m
29—69 6.67 d (2.0) 7.1—7.3 (5H) m 7.15 (2H) d (8.5) 6.92 ddd (1.5, 7.5, 7.5) 7.17—7.32 (5H) m 7.22—7.36 (5H) m

6.70 dd (2.0, 8.0) 7.22 (2H) d (8.5) 7.15 dd (1.5, 7.5)
6.84 d (8.0) 7.22 ddd (1.5, 7.5, 7.5)

7.29 dd (1.5, 7.5)
OH 5.61 br s 12.3 br s 11.9 br s

12.7 br s
OMe 3.82 s 3.98 s

3.89 s

a) Expressed as d values in ppm, with J values in Hz in parentheses.

Table 2. 13C-NMR (75 MHz) Data for Compounds 1—7 (TMS50)a)

Carbon 1 (CDCl3) 2 (CDCl3) 3 (C5D5N) 4 (C5D5N) 5 (C5D5N) 6 (CDCl3) 7 (C5D5N)

2 168.4 168.4 167.8 168.6 169.2 168.6 167.5
3 109.5 109.5 109.4 109.4 109.3 109.6 109.7
4 178.2 178.2 178.0 177.8 177.8 178.2 177.2
5 104.8 104.8 (102.1) 99.1 (103.1) 109.0 (106.5) 108.9 (106.5) 127.4 (126.9) 109.1 (108.4)
6 156.8 156.8 (158.8) 156.5 (157.7) 156.2 (155.5) 156.1 (155.5) 114.9 (115.6) 146.7 (144.8)
7 133.5 123.6 (124.3) 109.5 (116.0) 123.5 (123.4) 123.3 (123.4) 161.8 (162.5) 154.2 (153.4)
8 117.8 119.2 (118.4) 149.4 (149.0) 119.8 (119.0) 119.6 (119.0) 102.9 (102.3) 100.5 (100.8)
9 156.4 151.3 (151.8) 140.6 (143.3) 150.6 (150.2) 150.7 (150.2) 158.4 (158.4) 151.8 (152.0)

10 123.7 124.2 (124.0) 126.4 (123.5) 125.4 (125.1) 127.5 (125.1) 115.0 (117.7) 118.3 (119.2)
19 139.7 131.6 (135.4) 141.6 (141.7) 130.9 (134.3) 128.8 (128.9) 139.7 (141.7) 140.8 (141.7)
29 128.6 114.5 (116.7) 128.8 (128.5) 129.9 (129.9) 156.8 (155.4) 128.6 (128.5) 129.0 (128.5)
39 128.2 144.2 (140.8) 128.6 (128.3) 116.4 (115.5) 115.7 (115.5) 128.3 (128.3) 128.8 (128.3)
49 126.5 146.5 (144.5) 126.7 (125.9) 157.5 (152.8) 128.1 (127.3) 126.6 (125.9) 126.8 (125.9)
59 128.2 110.8 (115.3) 128.6 (128.3) 116.4 (115.5) 119.8 (120.9) 128.3 (128.3) 128.8 (128.3)
69 128.6 120.9 (122.1) 128.8 (128.5) 129.9 (129.9) 130.6 (129.9) 128.6 (128.5) 129.0 (128.5)
79 33.0 32.8 33.1 32.4 32.4 33.0 33.1
89 36.1 36.5 35.9 36.5 36.5 36.0 35.9
OMe 55.8 55.3

55.9

a) Expressed as d values in ppm, calculated values shown in parentheses.

Fig. 1. The Principal NOE and HMBC Correlations of 2 and 7



J58.6 Hz) in the chromone ring. The only significant differ-
ence between the 13C-NMR spectra of 6 and 1 was in the res-
onance for C-7: a singlet at dC 161.8 for 6 vs. a doublet at dC

133.5 for 1. This is consistent with the presence of a hy-
droxyl group at C-7 in 6. Thus compound 6 was confirmed to
be the 7-hydroxy-2-(2-phenylethyl)chromone.

Comparison of 1H- and 13C-NMR spectra with those of 6
showed that compound 7, C18H16O4, differed from 6 only in
an additional methoxyl group (dH 3.98) on the chromone
ring. The 1H-NMR spectrum exhibited two singlet protons at
dH 8.12 and 7.14, which are assumed to be located at C-5
and C-8. The position of the methoxyl group was confirmed
by the observation of NOE correlations between H-8 and the
methoxyl group in the difference NOE experiment. The
agreement of the 13C-NMR data with the calculated values
supports the conclusion that 7 is 6-hydroxy-7-methoxy-2-(2-
phenylethyl)chromone.

The 2-(2-phenylethyl)chromones identified in this paper
(2—7) and previous studies11—13) were all isolated from the
resinous tissues of the agarwood A. malaccensis (“jinkoh”).
Such chromones have not been isolated from the nonresinous
tissues of the genus of Aquilaria, except for the two 2-(2-
phenylethyl)chromones that have been isolated from the
roots of Aquilaria sinensis.9,10) The application of the calcu-
lated values described previously is very useful for the struc-
ture elucidation of new chromone derivatives using the only
one-dimensional (1D) NMR measurements without 2D
NMR experiments.

Experimental
IR spectra were obtained using a Shimadzu FT-IR-8100A spectrometer

with samples prepared as a KBr disk. UV spectra were recorded on a Shi-
madzu UV-1600 spectrophotometer. EI-MS (ionization voltage, 70 eV) were
measured using a JEOL MS-BU 20 spectrometer. 1H- and 13C-NMR spectra
were recorded on a Varian XL-300 spectrometer. Chemical shifts were ex-
pressed in d (ppm) downfield from tetramethylsilane (TMS) as an internal
standard, and coupling constants (J) were reported in Hertz (Hz). The NMR
spectra data of compounds 3—5 and 7 were recorded in C5D5N, because
these compounds did not dissolve in CDCl3. HMBC and NOESY data were
recorded on a Varian UNITY INOVA 400NB spectrometer. Column chro-
matography was performed on silica gel 60 (70—230 mesh, Merck). TLC
was carried out on precoated silica gel 60 F254 plates (0.25 mm thick,
Merck), and spots were detected by illumination with an ultraviolet lamp or
spraying 2% H2SO4–MeOH, followed by heating.

Plant Material Agarwood was purchased from a drug market in Hong
Kong. This agarwood was imported via Singapore from Kalimantan Island,
Indonesia. The source plant belongs to the genus Aquilaria and has been
identified by Mr. K. Gotoh (Medicinal Plant Garden, Kyoto Pharmaceutical
University, Kyoto, Japan) as A. malaccensis LAM. A voucher specimen (KP-
1979123) is deposited in the herbarium of Kyoto Pharmaceutical University.

Extraction and Isolation Powdered agarwood (245.0 g) was extracted 3
times with ether (1 l) under reflux for 3 h. The combined filtrate was concen-
trated under reduced pressure to give a brown viscous ether extract (36.8 g).
The residual plant material was refluxed for 3 h in acetone, yielding the ace-
tone extract (45.0 g). The ether extract (36.8 g) was adsorbed onto silica gel.
The preliminary silica gel column chromatography of the ether extract of the
powdered agarwood has been reported previously.13) Rechromatography of
fraction 6 (1.5 g) collected from the preliminary column chromatography
with hexane–AcOEt (1 : 1) on silica gel (100 g) with hexane–AcOEt (1 : 2)
afforded four fractions 6-1—6-4. Fraction 6-1 (457.6 mg) was subjected to
silica gel column chromatography with hexane–AcOEt (2 : 3) to give com-
pounds 3 (42 mg), 4 (18.9 mg), and 5 (71.9 mg) as well as flidersiachromone
(1, 10.7 mg). The physical and spectral data of 1 were in good agreement
with those reported in the literature. Fraction 6-2 (570.0 mg) was separated
as described above for fraction 6-1 to afford compound 2 (10 mg). Fraction
6-3 (430.5 mg) was further separated by silica gel column chromatography
with hexane–acetone (4 : 1) to yield pure compounds 6 (17.6 mg) and 7
(3.1 mg).

6-Methoxy-2-[2-(3-methoxy-4-hydroxyphenyl)ethyl]chromone (2): Color-
less needles, mp 152—153 °C (MeOH). UV (MeOH) lmax nm (e): 228
(30241), 242.0 (26636), 274 (8035), 322 (6136). IR (KBr) nmax: 3200 (OH),
1628, 1582 (g-pyrone), 1476, 1458, 1236, 1124, 972, 839, 824 cm21. EI-MS
m/z (rel. int.): 326 [M]1 (16.6), 310 (7.5), 190 (100), 137 (29.8), 91 (32.1),
77 (5.8); HR-EI-MS m/z: 326.1149 [M]1 (Calcd for C19H18O5: 326.1154).
The 1H- and 13C-NMR spectral data are given in Tables 1 and 2, respectively.

6,8-Dihydroxy-2-(2-phenylethyl)chromone (3): Colorless needles, mp
218—220 °C (MeOH). UV (MeOH) lmax nm (e): 204 (25568), 244.5
(26062), 263.0 (11750), 338.0 (4254). IR (KBr) nmax: 3310 (OH), 1634,
1592 (g-pyrone), 1554, 1490, 1399, 1300, 1142, 852, 839 cm21. EI-MS m/z
(rel. int.): 282 [M]1 (18.2), 176 (2.4), 91 (100); HR-EI-MS m/z: 282.0898
[M]1 (Calcd for C17H14O4: 282.0892). The 1H- and 13C-NMR spectral data
are given in Tables 1 and 2, respectively.

6-Hydroxy-2-[2-(4-hydroxyphenyl)ethyl]chromone (4): Colorless needles,
mp 215—218 °C (MeOH). UV (MeOH) lmax nm (e): 227.5 (36052), 240.0
(27427), 273 (8930), 328.5 (7003). IR (KBr) nmax: 3326 (OH), 1635, 1626
(g-pyrone), 1589, 1516, 1472, 1226, 978, 843, 822 cm21. EI-MS m/z (rel.
int.): 282 [M]1 (30.3), 176 (100), 147 (73), 137 (15.09), 107 (69.7), 91
(33.4), 77 (14.3); HR-EI-MS m/z: 282.0895 [M]1 (Calcd for C17H14O4:
282.0892). The 1H- and 13C-NMR spectral data are given in Tables 1 and 2,
respectively.

6-Hydroxy-2-[2-(2-hydroxyphenyl)ethyl]chromone (5): Colorless needles,
mp 185—186 °C (MeOH). UV (MeOH) lmax nm (e): 226.5 (29174), 243.4
(23253), 274 (8434), 329 (6255). IR (KBr) nmax: 3279 (OH), 1635, 1595 (g-
pyrone), 1483, 1370, 1285, 1246, 1208, 1034, 966, 849, 839 cm21. EI-MS
m/z (rel. int.): 282 [M]1 (37.7), 176 (100), 137 (29.6), 107 (22.2), 91 (20.4),
77 (12.3); HR-EI-MS m/z: 282.0888 [M]1 (Calcd for C17H14O4: 282.0892).
The 1H- and 13C-NMR spectral data are given in Tables 1 and 2, respectively.

7-Hydroxy-2-(2-phenylethyl)chromone (6): Colorless needles, mp 163—
164 °C (MeOH). UV (MeOH) lmax nm (e): 207 (20287), 242 (13336), 249
(13424), 280 (6898), 296 (6703). IR (KBr) nmax: 3326 (OH), 1636, 1576 (g-
pyrone), 1456, 1395, 1250, 1175, 1093, 993, 849 cm21. EI-MS m/z (rel. int.):
266 [M]1 (48.9), 249 (3.3), 137 (8.5), 121 (2.2), 91 (100), 65 (4.9); HR-EI-
MS m/z: 266.0940 [M]1 (Calcd for C17H14O3: 266.0943). The 1H- and 13C-
NMR spectral data are given in Tables 1 and 2, respectively.

7-Hydroxy-8-methoxy-2-(2-phenylethyl)chromone (7): Colorless needles,
mp 187—188 °C (MeOH). UV (MeOH) lmax nm (e): 207 (34932), 234
(27118), 279 (9976), 322 (10687). IR (KBr) nmax: 3320 (OH), 1630, 1586
(g-pyrone), 1472, 1458, 1390, 1270, 1264, 1218, 1200, 1197, 1082,
847 cm21. EI-MS m/z (rel. int.): 296 [M]1 (60.5), 190 (4.1), 167 (3.1), 121
(3.8), 91 (100), 65 (4.5); HR-EI-MS m/z: 296.1041 [M]1 (Calcd for
C18H16O4: 296.1048). The 1H- and 13C-NMR spectral data are given in Ta-
bles 1 and 2, respectively.
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