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ABSTRACT 

Twelve compounds, including three flavonoids, 5-hydroxy-4,7- dimethoxyflavone (1) [22], luteolin-7,3,4-trimethyl ether 

(2) and 5,3- dihydroxy-7,4-dimethoxyflavone (3), five benzenoids, methylparaben (4), vanillic acid (5), p-hydroxybenzoic 

acid (6), syringic acid (7), and isovanillic acid (8) and four steroids, -sitosterol (9), stigmasterol (10), -sitostenone (11) 
and stigmasta-4,22-dien-3- one (12) were isolated from the leaves of Aquilaria agallocha (Thymelaeaceae). All of these 
compounds (1-12) were obtained for the first time from the leaves of this plant. 
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INTRODUCTION 

Lignum Aquilariae Resinatum has been widely used in the treatment of various kinds of pain, cough and anaphylaxis for 
hundreds of years in Asia, especially in China, Vietnam, and Indonesia. The genus Aquilaria (Thymelaeaceae) is widely 
distributed in Asia. Aquilaria sinensis (Lour.) Gilg. is of particular interest economically because it is the principal source of 
agarwood, one of the most highly valuable forest products currently traded internationally. The leaves of A. sinensis 
(Lour.) Gilg., which widely cultivated in Guangdong, Hainan and Taiwan provinces in China are orally reported to be used 
locally in trauma-related diseases such as fracture, bruise, etc [1]. Previous phytochemical investigation on Chinese 
eaglewood revealed characteristic sesquiterpenes and chromone derivatives [2-15], but few reports about the chemical 
constituents of the leaves of A. agallocha [16, 17]. The analgesic and anti-inflammatory activities of the ethanol extract of 
A. sinensis (Lour.) Gilg. Leaves were observed in various experimental models related to nociception and inflammation, so 
as to provide some evidence for its traditional use. By investigation of interrelated studies, agarwood has significant 
anticancer activities [18], analgesic and anti-inflammatory activities [19], and anti-depression activities [20, 21]. In 
continuation of our interest in the phytochemical study of flavonoids in the species Aquilaria plant, we report here of twelve 
compounds isolated from the leaves of A. agallocha. 

EXPERIMENTAL 

General experimental procedure  

IR, Hitachi 260-30 spectrophotometer; 1D
 
and 2D NMR, Varian (Unity Plus) NMR spectrometer; Low-resolution ESI-MS, 

API 3000 (Applied Biosystems); High-resolution ESI-MS, Bruker Daltonics APEX II 30e spectrometer; Silica gel 60 for CC 
and precoated silica gel plates (Merck) were used for TLC, visualized with 10% H2SO4. 

Plant material 

The specimen of A. agallocha was collected from Shanshang District, Tainan City, Taiwan in May, 2008. A voucher 
specimen was identified by Professor Fu-Yuan Lu (Department of Forestry and Natural Resources College of Agriculture, 
National Chiayi University) and was deposited in the School of Medical and Health Sciences, Fooyin University, 
Kaohsiung, Taiwan. 

Extraction and isolation 

The leaves (1.5 kg) of A. agallocha were airdried and extracted repeatedly with MeOH (5 L× 6) at room temperature. The 
combined MeOH extracts (29.2 g) were then evaporated and further separated into 5 fractions by column chromatography 
on silica gel (5.1 kg, 70-230 mesh) with gradients of n-hexane/CH2Cl2/acetone/MeOH. Part of fraction 1 (10.2 g) was 
subjected to silica gel chromatography by eluting with n-hexane-acetone (60:1), enriched with acetone to furnish three 

further fractions (1-11-3). Fraction 1-1 (2.5 g) was further purified on a silica gel column using n-hexane/acetone mixtures 

to obtain 5-hydroxy-4,7- dimethoxy-flavonoid (1) (5.9 mg). Part of fraction 1-2 (2.1 g) was subjected to silica gel 

chromatography, by eluting with n-hexane-acetone (60:1), enriched gradually with acetone, to furnish two fractions (1-2-

11-2-2). Fraction 1-2-1 (0.6 g) was further purified on a silica gel column using n-hexane/acetone mixtures to yielded 

luteolin-7, 3, 4-trimethyl ether (2) (3.7 mg) and 5,3-dihydroxy-7,4- dimethoxyflavone (3) (3.1 mg). Fraction 1-2-2 (0.6 g) 

was further purified on a silica gel column using n-hexane/acetone mixtures to yielded a mixture of -sitosterol (9) and 

stigmasterol (10) (27.5 mg) and mixture of -sitostenone (11) and stigmasta-4,22-dien-3-one (12) (11.2 mg). Part of 
fraction 2 (6.8 g) was subjected to silica gel chromatography by eluting with n-hexane-acetone (45:1), enriched with 

acetone to furnish two further fractions (2-12-2). Fraction 2-1 (3.2 g) was further purified on a silica gel column using n-
hexane/acetone mixtures to obtain methylparaben (4) (5.2 mg), vanillic acid (5) (3.7 mg) and p-hydroxybenzoic acid (6) 

(4.5 mg). Part of fraction 3 (5.1 g) was subjected to silica gel chromatography by eluting with CH2Cl2–MeOH (100:1), 
enriched with MeOH, to furnish two fractions (3-1–3-2). Fraction 3-2 (2.1 g) was further purified on a silica gel column 
using CH2Cl2/MeOH mixtures to obtain syringic acid (7) (6.5 mg) and isovanillic acid (8) (3.1 mg). 

5-hydroxy-4,7-dimethoxy-flavonoid (1) as in [22], Yellow needles (MeOH), mp 170-173 ℃, UV λmax 267, 300, 350 nm, 

IR νmax 3300, 1645, 1595 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 3.88 (3H, s, C7-OCH3), 3.90 (3H, s, C4-OCH3), 6.37 (1H, d, 

J = 2.5 Hz, H-6), 6.48 (1H, d, J = 2.5 Hz, H-8), 6.58 (1H, s, H-3), 7.01 (2H, d, J = 8.5 Hz, H-3 and H-5), 7.84 (2H, d, J = 

8.5 Hz, H-2 and H-6), 12.81 (1H, br s, C5-OH), ESI-MS m/z : 298 [M]
+
. 

luteolin-7, 3, 4-trimethyl ether (2) as in [22], Yellow needles (MeOH), mp 188-190 ℃, UV λmax 270, 298, 350 nm, IR 

νmax 3300, 1645, 1595 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 3.89 (3H, s, C7-OCH3), 3.97 (3H, s, C3-OCH3), 3.99 (3H, s, C4-

OCH3), 6.38 (1H, d, J = 2.5 Hz, H-6), 6.50 (1H, d, J = 2.5 Hz, H-8), 6.59 (1H, s, H-3), 6.98 (1H, d, J = 8.5 Hz, H-5), 7.35 

(1H, d, J = 2.0 Hz, H-2), 7.53 (1H, dd, J = 8.5, 2.0 Hz, H-6), 12.80 (1H, br s, C5-OH), ESI-MS m/z : 328 [M]
+
. 

5,3-dihydroxy-7,4-dimethoxyflavone (3) as in [24], Yellow needles (MeOH), mp 211-213 ℃, UV λmax 270, 299, 350 nm, 

IR νmax 3300, 1645, 1595 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 3.89 (3H, s, C7-OCH3), 4.01 (3H, s, C4-OCH3), 6.37 (1H, d, 

J = 2.4 Hz, H-6), 6.49 (1H, d, J = 2.4 Hz, H-8), 6.57 (1H, s, H-3), 7.04 (1H, d, J = 8.4 Hz, H-5), 7.33 (1H, d, J = 2.4 Hz, H-

2), 7.49 (1H, dd, J = 8.4, 2.4 Hz, H-6), 12.80 (1H, br s, C5-OH), ESI-MS m/z : 314 [M]
+
. 

methylparaben (4) as in [25], Colorless needles (CH2Cl2), mp 130- 131 ℃, UV λmax 225, 258, 312 nm, IR νmax 3400, 

2960, 2850, 1690 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 3.89 (3H, s, COOCH3), 6.86 (2H, d, J = 8.8 Hz, H-3 and H-5), 7.95 

(2H, d, J = 8.8 Hz, H-2 and H-6), ESI-MS m/z : 152 [M]
+
. 
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vanillic acid (5) as in [26], Colorless needles (MeOH), mp 210-212 ℃, UV λmax 220, 265, 300 nm, IR νmax 3600, 1670, 

1550, 1215 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 3.89 (3H, s, C3-OCH3), 6.80 (1H, d, J = 8.2 Hz, H-5), 7.50 (1H, dd, J = 

8.2, 2.0 Hz, H-6), 7.58 (1H, d, J = 2.0 Hz, H-2), ESI-MS m/z : 168 [M]
+
. 

p-hydroxybenzoic acid (6) as in [27], Brown powder (CH2Cl2), UV λmax 250, 284, 290 nm, IR νmax 3500, 1660, 1590, 

1280 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 6.85 (2H, d, J = 8.6 Hz, H-3 and H-5), 7.97 (2H, d, J = 8.6 Hz, H-2 and H-6), 

ESI-MS m/z : 138 [M]
+
. 

syringic acid (7) as in [28], Brown needles (CH2Cl2), mp 203-205 ℃, UV λmax 212, 235, 310 nm, IR νmax 3255, 1670, 

1590, 1515 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 3.81 (6H, s, C3-OCH3 and C5-OCH3), 7.37 (2H, s, H-2 and H-6), ESI-MS 

m/z : 198 [M]
+
. 

isovanillic acid (8) as in [28], Colorless needles (MeOH), mp 208-210 ℃, UV λmax 215, 260, 292 nm, IR νmax 2925, 2852, 

1690, 1563, 1278 cm
-1

, 
1
H NMR (400 MHz, CD3OD) : δ 3.92 (3H, s, C4-OCH3), 7.27 (1H, dd, J = 8.8, 2.5 Hz, H-6), 8.01 

(1H, d, J = 8.8 Hz, H-5), 8.18 (1H, d, J = 2.5 Hz, H-2), ESI-MS m/z : 168 [M]
+
. 

-sitosterol (9) and stigmasterol (10) as in [29], White needles (MeOH), mp 138-140 ℃, IR νmax 3400, 2900, 1625, 1450 

cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 0.68 (3H, s, H-18), 0.81 (3H, d, J = 6.8 Hz, H-26), 0.84 (3H, d, J = 6.8 Hz, H-27), 0.86 

(3H, t, J = 7.0 Hz, H-29), 0.92 (3H, d, J = 6.4 Hz, H-21), 1.01 (3H, s, H-19), 3.53 (1H, m, H-3), 5.02 (1H, dd, J = 16.1, 8.3 
Hz, H-22), 5.12 (1H, dd, J = 16.1, 8.3 Hz, H-23), 5.35 (1H, br s, H-6), ESI-MS m/z : 414 [M]

+
, 412 [M]

+
. 

-sitostenone (11) and stigmasta-4,22-dien-3-one (12) as in [29], White needles (CH2Cl2), mp 85-86 ℃, IR νmax 1675, 

1620, 1450, 1375 cm
-1

, 
1
H NMR (400 MHz, CDCl3) : δ 0.68 (3H, s, H-18), 0.81 (3H, d, J = 6.7 Hz, H-26), 0.84 (3H, s, H-

27), 0.86 (3H, d, J = 7.0 Hz, H-29), 0.94 (3H, d, J = 6.0 Hz, H-21), 1.02 (3H, s, H-19), 5.01 (1H, dd, J = 16.1, 8.2 Hz, H-
22), 5.12 (1H, dd, J = 16.1, 8.2 Hz, H-23), 5.72 (1H, d, J = 1.4 Hz, H-3), ESI-MS m/z : 412 [M]

+
, 410 [M]

+
. 

RESULTS AND DISCUSSION 

These observations provide useful information for potential chemopreventive drug design. The MeOH extract of its leaves 
were subjected to solvent partitioning and chromatographic separation to afford twelve pure substances. Twelve 

compounds, including three flavonoids, 5-hydroxy-4,7-dimethoxy-flavonoid (1) [22], luteolin-7,3,4-trimethyl ether (2) [23] 

and 5,3-dihydroxy-7,4-dimethoxyflavone (3) [24], five benzenoids, methylparaben (4) [25], vanillic acid (5) [26], p-

hydroxybenzoic acid (6) [27], syringic acid (7) [28], and isovanillic acid (8) [28] and four steroids, -sitosterol (9) [29], 

stigmasterol (10) [29], -sitostenone (11) [29] and stigmasta-4,22-dien-3- one (12) [29] were isolated from the leaves of A. 
agallocha. All of these compounds (1-12) were obtained for the first time from the leaves of this plant. 
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Fig 1: The structure of isolated compounds 

ACKNOWLEDGMENTS 

This investigation was supported by grants from the Fooyin University. 

REFERENCES 

[1] Zhou, M., Wang, H., Suolangjiba, Kou, J., Yu, B., 2008. Antinociceptive and anti-inflammatory activities of Aquilaria 
sinensis (Lour.) Gilg. leaves extract. J. Ethnopharmacol., 117, 345-350. 

[2] Yang, J. S., Chen, Y. W., 1983. Studies on the constituents of Aquilaria sinensis (Lour.) Gilg. I. Isolation and structure 
elucidation of two new sesquiterpenes, baimuxinic acid and baimuxinal. Acta Pharm. Sin., 18, 191-198. 

[3] Yang, J. S., Chen, Y. W., 1986. Studies on the constituents of Aquilaria sinensis (Lour.) Gilg. II. Isolation and structure 
of baimuxinol and dehydrobaimuxinol. Acta Pharm. Sin., 21, 516-520. 

[4] Yang, J. S., Wang, Y. L., Su, Y. L., 1989. Studies on the constituents of Aquilaria sinensis (Lour.) Gilg. IV. Isolation 
and characterization of 2-(2-phenylethyl) chromone derivatives. Acta Pharm. Sin., 24, 678-683. 

[5] Yang, J. S., Wang, Y. L., Su, Y. L., He, C. H., Zheng, Q. T., Yang, J., 1989. Studies on the constituents of Aquilaria 
sinensis (Lour.) Gilg. III. Elucidation of the structure of isobaimuxinol and isolation and identification of the 
constituents of lower boiling fraction of the volatile oil. Acta Pharm. Sin., 24, 264-268. 

[6] Yang, J. S., Wang, Y. L., Su, Y. L., 1990. Studies on the chemical constituents of Aquilaria sinensis (Lour.) Gilg. V. 
Isolation and characterization of three 2-(2-phenylethyl) chromone derivatives. Acta Pharm. Sin., 25, 186-190. 



    ISSN 2321-807X 

3556 | P a g e                                                     F e b r u a r y  0 4 ,  2 0 1 5   

[7] Yang, J. S., 1998. Review of the chemical constituents isolated from Chen-Xiang. Nat. Prod. Res. Develop., 10, 99-
103. 

[8] Yagura, T., Ito, M., Kiuchi, F., Honda, G., Shimada, Y., 2003. Four new 2-(2-phenylethyl) chromone derivatives from 
withered wood of Aquilaria sinensis. Chem. Pharm. Bull., 51, 560-564.  

[9] Yagura, T., Ito, M., Kiuchi, F., Honda, G., Shimada, Y., 2005. Three novel diepoxytetrahydrochromones from 
agarwood artificially produced by intentional wounding. Tetrahedron Lett., 46, 4395-4398. 

[10] Mei, W. L., Zeng, Y. B., Liu, J., Dai, H. F., 2007. GC-MS analysis of volatile constituents from five different kinds of 
Chinese eaglewood J. Chin. Med. Mat., 30, 551-555. 

[11] Liu, J., Wu, J., Zhao, Y. X., Deng, Y. Y., Mei, W. L., Dai, H. F., 2008. A new cytotoxic 2-(2-phenylethyl)chromone from 
Chinese eaglewood. Chin. Chem. Lett., 19, 934-936. 

[12] Mei, W. L., Zeng, Y. B., Wu, J., Cui, H. B., Dai, H. F., 2008. Chemical composition and anti-MRSA activity of the 
essential oil from Chinese eaglewood. J. Chin. Pharm. Sci., 17, 225-229. 

[13] Dai, H. F., Liu, J., Zeng, Y. B., Han, Z., Wang, H., Mei, W. L., 2009. A new 2-(2-phenylethyl) chromone from Chinese 
Eaglewood. Molecules, 14, 5165-5168. 

[14] Qi. J., Lu, J. J., Liu, J. H., Yu, B. Y., 2009. Flavonoid and a rare benzophenone glycoside from the leaves of Aquilaria 
sinensis. Chem. Pharm. Bull., 57, 134-137. 

[15] Wang, Q. H., Peng, K., Tan, L. H., Dai, H. F., 2010. Aquilarin A, a new benzenoid derivative from the fresh stem of 
Aquilaria sinensis Molecules, 15, 4011-4016. 

[16] Chen, C. T., Yeh, Y. T., Chao, D., Chen, C. Y., 2012. Chemical constituents from the bark of Aquilaria sinensis Chem. 
Nat. Comp., 48, 1074-1075. 

[17] Chen, C. T., Yeh, Y. T., Chao, D., Chen, C. Y., 2013. Chemical constituents from the wood of Aquilaria sinensis. 
Chem. Nat. Comp., 49, 113-114. 

[18] Gunasekera, S. P., Kinghorn, A. D., Cordell, G. A., Farnsworth, N. R., 1981. Plant anticancer agents. XIX. 
constituents of Aquilaria malaccensis J. Nat. Prod., 44, 569-572. 

[19] Zhou, M. H., Wang, H. G., Suolang, J. B., Kou, J. P., Yu, B. Y., 2008. Antinociceptive and anti-inflammatory activities 
of Aquilaria sinensis (Lour.) Gilg. leaves extract. J. Ethnophamacol., 117, 345-350. 

[20] Okugawa, H., Ueda, R., Matsumoto, K., Kawanishi, K., Kato, A., 1993. Effects of agarwood extracts on the central 
nervous system in mice. Planta Med., 59, 32-36. 

[21] Okugawa, H., Ueda, R., Matsumoto, K., Kawanishi, K., Kato, A., 1996. Effect of jinkoh-eremol and agarospirol from 
agarwood on the central nervous system in mice. Planta Med., 62, 2-6. 

[22] Babu, T. H., Manjulatha, K., Kumar, G. S., Hymavathi, A., Tiwari, A. K., Purohit, M., Rao, J. M., Babu, K. S., 2010. 
Gastroprotective flavonoid constituents from Oroxylum indicum Vent. Bioorg. Med. Chem. Lett., 20, 117-120. 

[23] Jiang, W., Kou, J., Zhang, Z., Boyang, Y., 2009. The effects of twelve representative flavonoids on tissue factor 
expression in human monocytes: Structure-activity relationships. Thromb Res., 124, 714-720. 

[24] Fraga, B. M., Hernández, M. G., Fernández, C., Santana, J. M., 2009. A chemotaxonomic study of nine Canarian 
Sideritis species. Phytochemistry, 70, 1038-1048. 

[25] Tsai, I. L., Jeng, Y. F., Jayaprakasam, B., Chen, I. S., 2001. Cytotoxic constituents from the leaves of Litsea akoensis. 
Chin. Pharm. J., 53, 291-301. 

[26] Lo, W. L., Wu, Y. C., Hsieh, T. J., Kuo, S. H., Lin, H. C., Chen, C. Y., 2004. Chemical constituents from the stem of 
Michelia compressa. Chin. Pharm. J., 56, 69-75. 

[27] Chen, C. Y., Huang, L. Y., Chen, L. J., Lo, W. L., Kuo, S. Y., Wang, Y. D., Kuo, S. H., Hsieh, T. J., 2008. Chemical 
constituents from the leaves of Michelia alba. Chem. Nat. Comp., 44, 137-139. 

[28] Chen, C. Y., Chang, F. R., Teng, C. M., Wu, Y. C., 1999. Cheritamine, a new N-fatty acyl tryptamine and other 
constituents from the stems of Annona cherimola. J. Chin. Chem. Soc., 46, 77-86. 

[29] Chen, C. Y., Chang, F. R., Wu, Y. C., 1997. The constituents from the stems of Annona cherimola. J. Chin. Chem. 
Soc. 44, 313-319. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gastroprotective%20flavonoid%20constituents%20from%20Oroxylum%20indicum%20Vent.##
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20effects%20of%20twelve%20representative%20flavonoids%20on%20tissue%20factor%20expression%20in%20human##

