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Introduction

The dried fruit of Evodia rutaecarpa, called 

Wu-Chu-Yu in Chinese, is a commonly used tradi-

tional Chinese medicine (TCM) in the treatment of 

headache, gastrointestinal disorders, postpartum 

haemorrhage, amenorrhea, and hypertension1,2. 

Rutaecarpine (Fig. 1) is a main quinazolinocarboline 

alkaloid isolated from Evodia rutaecarpa, which has 

shown a variety of pharmacological effects such as 

anti-inflammatory3, antiplatelet aggregatory4, anti-

cancer5 and vasodilator effects6. 
Our previous report demonstrated that rutaecar-

pine was metabolized by liver microsomal enzymes 

and yielded four rutaecarpine metabolites, 3-, 10-, 

11-, and 12-hydroxyrutaecarpine (Fig. 1) which were 

identified by using high-performance liquid chroma-

tography (HPLC) with UV and 1H NMR comparison7. 

In this report, the detailed synthesis of these four 

metabolites was described, and their anti-inflam-

matory activity to repress lipopolysaccharide (LPS)-

induced nitric oxide (NO) production in RAW264.7 

macrophages was also evaluated.

Materials and Methods

I. General experimental procedures
Melting points were determined on a Yanaco 

MP-13 micro-melting point apparatus and are uncor-

rected. IR spectra were obtained on a Nicolet Avatar 
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320 FTIR spectrophotometer. Nuclear magnetic reso-

nance spectra were recorded on a Varian Unity Inova 

500 MHz FT-NMR spectrometers. Chemical shifts 

are reported in parts per million (δ) units relative to 

internal tetramethylsilane. The EI-MS spectra were 

measured with direct insertion probe on a Finnigan 

DSQ II mass spectrometer at 70 eV. The ESI-MS 

spectra were measured on a Finnigan LCQ mass spec-

trometer. Column chromatography was performed 

with E. Merck 230–400 mesh silica gel.

II. Synthesis
Ⅰ 3-Methoxyrutaecarpine (10)

To a mixture of 6 (372 mg, 2.0 mmol) in dry 

benzene (30 mL) was added POCl3 (6.0 mL), and 

the reaction mixture was refluxed for 30 min under 

nitrogen. After cooling, 5-methoxyanthranilic acid 

(368 mg, 2.2 mmol) was added and the reaction 

mixture was refluxed for additional 5 hr. After cooling, 

the reaction mixture was poured into ice water and 

extracted with CHCl3 three times. The combined 

organic layer was dried over Na2SO4, filtered, and 

evaporated. The residue was purified by column 

chromatography eluting with CHCl3 to give 10 (292 

mg, 46%) as a pale yellow solid: mp 278–280°C; IR 

(KBr) νmax 3073, 2497, 1702, 1581, 1493, 1359, 1250, 

1092, 1017, 752 cm-1; 1H NMR (500 MHz, DMSO-d6) 

δ 3.16 (t, J = 7.0 Hz, 2H, H-8), 3.88 (s, 3H, OCH3), 4.45 

(t, J = 7.0 Hz, 2H, H-7), 7.08 (t, J = 8.0 Hz, 1H, H-10), 

7.24 (t, J = 8.0 Hz, 1H, H-11), 7.42 (dd, J = 9.0, 3.0 Hz, 

1H, H-2), 7.46 (d, J = 8.0 Hz, 1H, H-12), 7.55 (d, J = 

3.0 Hz, 1H, H-4), 7.63 (d, J = 9.0 Hz, 1H, H-1), 7.63 

(d, J = 8.0 Hz, 1H, H-9), 11.7 (s, 1H, NH); 13C NMR 

(125 MHz, DMSO-d6) δ 18.9 (C-8), 40.9 (C-7), 55.6 

(OCH3), 106.8 (C-4), 112.5 (C-12), 117.0 (C-8a), 119.6 

(C-10), 119.8 (C-9), 121,5 (C-4a), 123.8 (C-2), 124.4 

(C-11), 125.0 (C-8b), 127.2 (C-13a), 128.2 (C-1), 138.5 

(C-12a), 141.8 (C-14a), 143.4 (C-13b), 157.4 (C-3), 160.3 

(C-5); EI-MS m/z (%) 317 (100) [M+], 302 (21).

Ⅱ 11-Methoxyrutaecarpine (11)

Compound 11 was prepared from 7 and anthra-

Fig. 1. The chemical structures of rutaecarpine and four metabolites.
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nilic acid using the same procedure as for 10, and was 

obtained in 81% yield as a white solid: mp 282–284°C; 

IR (KBr) νmax 3337, 1650, 1595, 1372, 1255, 1229, 763 

cm-1; 1H NMR (500 MHz, DMSO-d6) δ 3.13 (t, J = 7.0 

Hz, 2H, H-8), 3.79 (s, 3H, OCH3), 4.42 (t, J = 7.0 Hz, 

2H, H-7), 6.74 (dd, J = 9.0, 2.0 Hz, 1H, H-10), 6.92 (d, 

J = 2.0 Hz, 1H, H-12), 7.43 (t, J = 8.0 Hz, 1H, H-3), 

7.52 (d, J = 9.0 Hz, 1H, H-9), 7.64 (d, J = 8.0 Hz, 1H, 

H-1), 7.78 (t, J = 8.0 Hz, 1H, H-2), 8.13 (d, J = 8.0 

Hz, 1H, H-4), 11.7 (s, 1H, NH); 13C NMR (125 MHz, 

DMSO-d6) δ 19.0 (C-8), 40.7 (C-7), 55.2 (OCH3), 94.4 

(C-12), 110.9 (C-10), 118.5 (C-8a), 120.5 (C-4a), 120.9 

(C-9), 119.3 (C-8b), 125.6 (C-3), 125.9 (C-13a), 126.3 

(C-1), 126.6 (C-4), 134.4 (C-2), 139.9 (C-12a), 145.2 

(C-13b), 147.5 (C-14a), 158.1 (C-11), 160.6 (C-5); EI-

MS m/z (%) 317 (100) [M+], 302 (23), 274 (15).

Ⅲ  3-[2-(5-Methoxy-3-indolyl)ethyl]-2-(trifluoro-

methyl)-4-(3H)-quinazolinone (14)

To a mixture of isatoic anhydride (0.9 g, 5.5 

mmol) in pyridine (16 mL) was added trifluoroacetic 

anhydride (0.8 mL). After the reaction mixture was 

refluxed for 30 min, 5-methoxytryptamine (1.70 g, 

8.9 mmol) was added and the reflux was continued 

for 1 hr. After cooling, the reaction mixture was 

poured into ice water, and then extracted with CHCl3 

three times. The combined organic layer was dried 

over Na2SO4, filtered, and evaporated. The residue 

was purified by column chromatography eluting with 

10% EtOAc in n-Hexane to give 14 (0.7 g, 38%) as a 

white solid: mp 206–208°C; IR (KBr) νmax 3379, 1686, 

1610, 1203, 1146 cm-1; 1H NMR (500 MHz, DMSO-

d6) δ 3.08 (t, J = 8.0 Hz, 2H), 3.74 (s, 3H, OCH3), 4.25 

(t, J = 8.0 Hz, 2H), 6.73 (dd, J = 8.5, 2.0 Hz, 1H), 

7.12 (d, J = 2.0 Hz, 1H), 7.19 (d, J = 2.0 Hz, 1H), 7.25 

(d, J = 8.5 Hz, 1H), 7.74 (t, J = 7.5 Hz, 1H), 7.85 (d, 

J = 7.5 Hz, 1H), 7.95 (t, J = 7.5 Hz, 1H), 8.29 (d, J = 

7.5 Hz, 1H), 10.8 (s, 1H, NH); 13C NMR (125 MHz, 

DMSO-d6) δ 24.1, 45.7, 55.2, 99.9, 109.8, 111.2, 112.3, 

118.2 (q, J = 275 Hz), 121.7, 123.9, 126.6, 127.3, 128.2, 

129.6, 131.5, 135.3, 141.7 (q, J = 35.4 Hz), 144.6, 153.2, 

160.9; ESI-MS m/z 388 (M+H)+.

Ⅳ  3-[2-(7-Methoxy-3-indolyl)ethyl]-2-(trifluoro-

methyl)-4-(3H)-quinazolinone (15)

Compound 15 was prepared from isatoic anhy-

dride and 7-methoxytryptamine using the same 

procedure as for 14, and was obtained in 39% yield 

as a white solid: mp 230–231°C; 1H NMR (500 MHz, 

DMSO-d6) δ 3.08 (t, J = 8.5 Hz, 2H), 3.90 (s, 3H, 

OCH3), 4.24 (t, J = 8.5 Hz, 2H), 6.65 (d, J = 8.0 Hz, 

1H), 6.94 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 2.0 Hz, 1H), 

7.25 (d, J = 8.0 Hz, 1H), 7.75 (t, J = 7.5 Hz, 1H), 7.85 

(d, J = 7.5 Hz, 1H), 7.97 (t, J = 7.5 Hz, 1H), 8.29 (d, J 

= 7.5 Hz, 1H), 11.0 (s, 1H, NH); 13C NMR (125 MHz, 

DMSO-d6) δ 24.1, 45.8, 55.1, 101.7, 110.6, 110.9, 119.2, 

118.2 (q, J = 275 Hz), 121.7, 122.8, 126.4, 126.6, 128.2, 

128.5, 129.6, 135.2, 141.6 (q, J = 34.4 Hz), 144.5, 146.3, 

160.8; ESI-MS m/z 388 (M+H)+.

Ⅴ  13b-(Trif luoromethyl)-13b,14-dihydro-10-

methoxyrutaecarpine (16)

The mixture of 14 (0.50 g, 1.33 mmol), acetic 

acid (1.4 mL), and 37% HCl (0.3 mL) was stirred 

under reflux for 30 min. After cooling, the reaction 

mixture was poured into ice water and the white 

precipitate was collected by filtration and recrystal-

lized from MeOH to give 16 as a white solid (0.14 

g, 37%): mp 248–250°C; IR (KBr) νmax 3349, 1647, 

1492, 1164 cm-1; 1H NMR (500 MHz, DMSO-d6) δ 

2.71-2.77 (m, 1H), 2.90-2.94 (m, 1H), 3.20–3.26 (m, 

1H), 3.77 (s, 3H, OCH3), 5.09–5.13 (m, 1H), 6.83–6.87 
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(m, 3H), 7.05 (d, J = 2.5 Hz, 1H), 7.36 (t, J = 8.0 Hz, 

1H), 7.41 (d, J = 9.0 Hz, 1H), 7.71 (s, 1H), 7.75 (d, J = 

8.0 Hz, 1H), 10.8 (s, 1H, NH); 13C NMR (125 MHz, 

DMSO-d6) δ 19.9, 37.2, 55.4, 70.5 (q, J = 29.6 Hz,), 

100.4, 111.9, 113.1, 113.6, 114.6, 114.8, 119.0, 125.2 (C 

x 2), 125.5 (q, J = 298 Hz), 127.7, 131.9, 133.9, 143.8, 

153.7, 161.4; ESI-MS m/z : 388 (M+H)+.

Ⅵ  13b-(Trif luoromethyl)-13b,14-dihydro-12-

methoxyrutaecarpine (17)

Compound 17 was prepared from 15 using the 

same procedure as for 14, and was obtained in 87% 

yield as a white solid: mp 281–282°C; 1H NMR (500 

MHz, DMSO-d6) δ 2.75–2.82 (m, 1H), 2.92 (dd, J 

= 16.0, 4.5 Hz, 1H), 3.24–3.30 (m, 1H), 3.97 (s, 3H, 

OCH3), 5.12 (dd, J = 14.0, 6.0 Hz, 1H), 6.76 (d, J = 

8.0 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.82 (t, J = 8.0 

Hz, 1H), 7.03 (t, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 

1H), 7.39 (t, J = 8.0 Hz, 1H), 7.81 (s, 1H), 7.74 (d, J = 

8.0 Hz, 1H), 10.8 (s, 1H, NH); 13C NMR (125 MHz, 

DMSO-d6) δ 19.6, 36.8, 55.2, 70.9 (q, J = 29.6 Hz), 

103.5, 111.7, 112.3, 113.3, 113.8, 118.8, 120.3, 124.8, 

125.5 (q, J = 300 Hz), 126.3, 126.9, 127.8, 134.2, 143.9, 

146.1, 161.2 (C=O); ESI-MS m/z 388 (M+H)+.

Ⅶ  10-Methoxyrutaecarpine (18)

To a hot well-stirred solution of KOH (0.13 g) 

in ethanol (1.0 mL) and water (0.3 mL) was added 

16 (0.10 g, 0.26 mmol), and the reaction mixture was 

refluxed for 2.5 hr. After cooling, the crude product 

was collected by filtration and recrystallized from 

CHCl3/MeOH to give 18 (61 mg g, 75%) as a white 

solid: mp 262–263°C; IR (KBr) νmax 3337, 1655, 1603, 

1497, 1473, 1400, 1221, 814, 762, 689 cm-1; 1H NMR 

(500 MHz, DMSO-d6) δ 3.14 (t, J = 7.0 Hz, 2H, H-8), 

3.78 (s, 3H, OCH3), 4.43 (t, J = 7.0 Hz, 2H, H-7), 6.91 

(dd, J = 9.0, 2.0 Hz, 1H, H-11), 7.10 (d, J = 2.0 Hz, 

1H, H-9), 7.37 (d, J = 9.0 Hz, 1H, H-12), 7.45 (t, J = 

8.0 Hz, 1H, H-3), 7.65 (d, J = 8.0 Hz, 1H, H-1), 7.79 

(t, J = 8.0 Hz, 1H, H-2), 8.14 (d, J = 8.0 Hz, 1H, H-4), 

11.7 (s, 1H, NH); 13C NMR (125 MHz, DMSO-d6) δ 

19.0 (C-8), 40.9 (C-7), 55.3 (OCH3), 100.5 (C-9), 113.4 

(C-12), 115.9 (C-11), 117.4 (C-8a), 120.6 (C-4a), 125.1 

(C-8b), 125.9 (C-3), 126.4 (C-1), 126.6 (C-4), 127.4 (C-

13a), 134.0 (C-12a), 134.4 (C-2), 145.3 (C-13b), 147.4 

(C-14a), 153.9 (C-10), 160.6 (C-5); EI-MS m/z (%) 317 

(100) [M+], 302 (50), 274 (23).

Ⅷ  12-Methoxyrutaecarpine (19)

Compound 19 was prepared from 17 using the 

same procedure as for 18, and was obtained in 84% 

yield as a white solid: mp 262–263°C; IR (KBr) νmax 

3456, 1681, 1599, 1546, 1473, 1330, 1260, 774, 696 cm-1; 
1H NMR (500 MHz, DMSO-d6) δ 3.14 (t, J = 7.0 Hz, 

2H, H-8), 3.92 (s, 3H, OCH3), 4.43 (t, J = 7.0 Hz, 2H, 

H-7), 6.81 (d, J = 8.0 Hz, 1H, H-11), 7.02 (t, J = 8.0 

Hz, 1H, H-10), 7.22 (d, J = 8.0 Hz, 1H, H-9), 7.46 (t, 

J = 8.0 Hz, 1H, H-3), 7.67 (d, J = 8.0 Hz, 1H, H-1), 7.79 

(t, J = 8.0 Hz, 1H, H-2), 8.14 (d, J = 8.0 Hz, 1H, H-4), 

11.7 (s, 1H, NH); 13C NMR (125 MHz, DMSO-d6) δ 

19.1 (C-8), 40.7 (C-7), 55.5 (OCH3), 105.0 (C-11), 112.3 

(C-9), 118.6 (C-8a), 120.5 (C-10), 120.6 (C-4a), 125.9 

(C-3), 126.4 (C-8b), 126.5 (C-4), 126.7 (C-1), 127.1 

(C-13a), 129.2 (C-12a), 134.3 (C-2), 145.1 (C-13b), 146.7 

(C-12), 147.4 (C-14a), 160.6 (C-5); EI-MS m/z (%) 317 

(100) [M+], 303 (13), 288 (23), 274 (11).

Ⅸ 3-Hydroxyrutaecarpine (2)

To a mixture of 10 (100 mg, 0.32 mmol) in dry 

CH2Cl2 (80 mL) was added BBr3 (2.0 mL), and the 

reaction mixture was reflux for 5 hr under nitrogen. 

After cooling, the reaction mixture was poured into 
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ice water, basified with 1N NaOH solution, and then 

partitioned with CHCl3. The H2O layer was collected, 

acidified with 1N HCl solution, and then extracted 

with CHCl3 three times. The combined organic layer 

was dried over Na2SO4, filtered, and evaporated. 

The residue was purified by column chromatography 

eluting with CHCl3 to give 2 (70 mg, 73%) as a light 

yellow solid: mp 270–271°C; 1H NMR (DMSO-d6, 500 

Mz) and 13C NMR (DMSO-d6, 125 MHz) see Table 1 

and 2; IR (KBr) νmax 3134, 1696, 1641, 1585, 1499, 1352, 

1302, 1224, 745 cm-1; EI-MS m/z (%) 303 (100) [M+].

Ⅹ 10-Hydroxyrutaecarpine (3)

Compound 3 was prepared from 18 and BBr3 

using the same procedure as for 2, and was obtained 

in 52% yield as a yellow solid: mp 295–297°C; 1H 

NMR (DMSO-d6, 500 Mz) and 13C NMR (DMSO-

d6, 125 MHz) see Table 1 and 2; IR (KBr) νmax 3421, 

1676, 1591, 1496, 1474, 1211, 772 cm-1; EI-MS m/z (%) 

303 (100) [M+].

Ⅺ 11-Hydroxyrutaecarpine (4)

Compound 4 was prepared from 11 and BBr3 

using the same procedure as for 2, and was obtained 

in 80% yield as a light yellow solid: mp 295–297°C; 
1H NMR (DMSO-d6, 500 Mz) and 13C NMR (DMSO-

d6, 125 MHz) see Table 1 and 2; IR (KBr) νmax 3301, 

1661, 1579, 1471, 1374, 1248, 1202, 767 cm-1; EI-MS 

m/z (%) 303 (100) [M+].

Ⅻ 12-Hydroxyrutaecarpine (5)

Compound 5 was prepared from 19 and BBr3 

using the same procedure as for 2, and was obtained 

in 86% yield as a light yellow solid: mp 292–293°C; 

IR (KBr) νmax 3119, 1685, 1634, 1578, 1484, 1423, 

1312, 1247, 1143, 740 cm-1; 1H NMR (DMSO-d6, 500 

Mz) and 13C NMR (DMSO-d6, 125 MHz) see Table 1 

and 2; EI-MS m/z (%) 303 (100) [M+].

III. Biological activity
Ⅰ Cell culture and nitrite assay

The murine macrophage cell line RAW 264.7 was 

obtained from ATCC (Rockville, MD) and cultured 

in Dulbecco’s modified Eagle’s medium (DMEM) 

containing 10% heat-inactivated fetal calf serum, 

100 U/mL penicillin and 100 µg/mL streptomycin 

Table 1. The 1H-NMR spectral data of 2, 3, 4, and 5 in DMSO-d6.a

position 2 3 4 5
1 7.57 (d, 9.0) 7.65 (d, 8.0) 7.63 (d, 8.0) 7.68 (d, 8.0)
2 7.27 (dd, 9.0, 3.0) 7.79 (t, 8.0) 7.77 (t, 8.0) 7.82 (t, 8.0)
3 7.45 (t, 8.0) 7.42 (t, 8.0) 7.48 (t, 8.0)
4 7.47 (d, 3.0) 8.14 (d, 8.0) 8.13 (d, 8.0) 8.16 (d, 8.0)
7 4.42 (t, 7.0) 4.42 (t, 7.0) 4.40 (t, 7.0) 4.44 (t, 7.0)
8 3.14 (t, 7.0) 3.08 (t, 7.0) 3.10 (t, 7.0) 3.15 (t, 7.0)
9 7.62 (d, 8.0) 6.88 (d, 2.0) 7.43 (d, 9.0) 7.11 (d, 8.0)
10 7.07 (t, 8.0) 6.62 (dd, 9.0, 2.0) 6.93 (t, 8.0)
11 7.23 (t, 8.0) 6.80 (dd, 8.5, 2.0) 6.67 (d, 8.0)
12 7.45 (d, 8.0) 7.28 (d, 8.5) 6.83 (d, 2.0)
NH 11.8 (s) 11.6 (s) 11.4 (s) 11.3 (s)
OH 10.1 (s) 8.96 (s) 9.40 (s)

a(Multiplicity, J in Hz) in ppm.
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and grown at 37°C with 5% CO2 in fully humidified 

air. Cells were plated at a density of 2 × 105 cells/well 

in 96-well culture plate and stimulated with 100 ng/

mL of LPS (Escherichia coli serotype 0128:B12) in 

the presence or absence of different concentrations of 

tested compounds (1–30 µM) for 18 hr simultaneously. 

All compounds were dissolved in dimethyl sulfoxide 

(DMSO) and further diluted with sterile phosphate 

buffer saline (PBS) and sterilized via a 0.2 µm filter. 

The final concentration of DMSO in the culture 

medium (less than 0.3%) had no detectable effect on 

NO production. Nitrite (NO2
−) accumulation in the 

medium was used as an indicator of NO production 

which was measured by adding Griess reagent (1% 

sulfanilamide and 0.1% naphthylenediamine in 5% 

phosphoric acid). NaNO2 was used to generate a stan-

dard curve, and nitrite production was determined by 

measuring optical density at 550 nm. All experiments 

were performed in triplicate.

Ⅱ Cell viability

Cell respiration, an indicator of cell viability, 

was determined by the mitochondrial-dependent 

reduction of 3-(3,4-dimehylthiazol-2-yl)-2,5-diphen-

yltetrazolium bromide (MTT) to formazan. In brief, 

after cultured with LPS and tested compounds for 

18 hr, 20 µl of 5 mg/mL MTT solution was added 

to each well and incubated for 4 h. The supernatants 

were aspirated, the formazan crystals in each well 

were dissolved in 200 µl of DMSO for 30 min at 

37°C, and optical density at 550 nm was read on a 

Microplate Reader (Bio-Rad, Hercules, CA). The 

Table 2. The 13C-NMR spectral data of 2, 3, 4, and 5 in DMSO-d6.

position 2 3 4 5
1 128.2 126.4 126.2 125.8
2 123.8 134.4 134.3 134.6
3 155.8 125.8 125.5 126.2
4 109.7 126.6 126.6 126.7
4a 121.7 120.6 120.4 120.5
5 160.3 160.7 160.6 160.4
7 40.8 40.8 40.7 40.9
8 19.0 19.0 19.1 19.0
8a 116.6 116.8 118.7* 119.2
8b 125.0 125.5 118.6* 126.9
9 119.7* 102.7 120.7 111.0
10 119.6* 151.2 111.3 121.1
11 124.3 116.0 156.1 109.4
12 112.4 113.1 96.8 143.7
12a 138.4 133.5 140.4 128.8
13a 127.4 127.3 125.3 126.0
13b 142.6 145.4 145.3 145.3
14a 140.5 147.5 147.6 146.4

*interchangeable
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mean absorbance for the duplicate cultures of each 

drug was calculated and the mean blank value was 

subtracted from these. 

Ⅲ Statistical analysis

Results were expressed as mean±S.E. Nitrite 

production is indicated as absolute concentrations 

in µM. Computation of 50% effective concentration 

(EC50) to inhibit LPS-induced NO production and 50% 

toxic concentration (TC50) to reduce the cell viability 

were computer-assisted (PHARM/PCS v.4.2). 

Results and Discussion

I. Synthesis
The synthetic procedure of 3-hydroxyrutaecar-

pine (2) and 11-hydroxyrutaecarpine (4) was shown in 

Scheme 1. The starting materials 1,2,3,4-tetrahydro-β-

carboline-1-one (6) and 7-methoxy-1,2,3,4-tetrahydro-

β-carboline-1-one (7) were prepared according to the 

literature method8. The 1,2,3,4-tetrahydro-β-carboline-

1-ones (6, 7) were reacted with POCl3 and anthranilic 

acids (8, 9) to yield 3-methoxyrutaecarpine (10) and 

11-methoxyrutaecarpine (11), respectively9. Demeth-

ylation of methoxyrutaecarpines (10, 11) with BBr3 in 

dichloromethane produced 3-hydroxyrutaecarpine (2) 

and 11-hydroxyrutaecarpine (4), respectively.

The synthetic procedure of 10-hydroxyrutaecar-

pine (3) and 12-hydroxyrutaecarpine (5) was shown 

in Scheme 2. The starting material 5-methoxytrypta-

mine (12) was commercial available and 7-methoxy-

tryptamine (13) was prepared according to the litera-

ture method10. Following the Bergman’s method11, 

2-(trif luoromethyl)-4H-benzo[d][1,3]oxazin-4-one 

was in situ prepared from isatoic anhydride and 

trifluoroactic acid in pyridine, and then reacted with 

tryptamines (12, 13) to yield 14 and 15, respectively. 

The acid-catalyzed ring closure of 14 and 15 yielded 

pentacyclic intermediates (16, 17), which converted to 

10-methoxyrutaecarpine (18) and 12-methoxyrutae-

carpine (19) in basic condition, respectively. Demeth-

ylation of methoxyrutaecarpines (18, 19) with BBr3 in 

dichloromethane produced 10-hydroxyrutaecarpine 

(3) and 12-hydroxyrutaecarpine (5), respectively.

The structures of four rutaecarpine metabolites 

(2–5) were confirmed by detailed 1D and 2D NMR 

(COSY, HMQC, HMBC) and MS analyses. The 1H 

and 13C NMR assignments of these compounds are 

shown in Table 1 and 2.

II. Biological activity
The anti-inflammatory effects of compounds 

Scheme 1. Synthesis of 3-hydroxyrutaecarpine and 11-hydroxyrutaecarpine.
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synthase inhibitor aminogianidine (EC50: 22 µM) 

and a reference anti-inflammatory natural product 

resveratrol (EC50: 28 µM). Cell viability under this 

condition was still greater than 95% as measured 

by MTT assay, indicating that the inhibition of NO 

production by these compounds was not due to cell 

death. These results suggested that the additional 

1–5 on LPS-induced NO production in RAW264.7 

macrophages were shown in Table 3. Compounds 1, 3, 

4, and 5 slightly inhibited LPS-induced NO production 

with EC50 values ranged from 90 to 182 µM. Results 

showed that compound 2 was more potent than 1, 

3, 4, and 5 to repress NO production (EC50: 27 µM) 

and was comparable to the well-known inducible NO 

Table 3. The inhibitory effects of selected compounds and resveratrol on lipopolysaccharide-induced nitric 
oxide (NO) production in RAW264.7 macrophages.a

compound EC50 (µM) TC50 (µM)
rutaecarpine (1) 110.2 ± 1.5 > 1000
3-hydroxyrutaecarpine (2) 27.1 ± 0.2 > 1000
10-hydroxyrutaecarpine (3) 181.7 ± 3.9 > 1000
11-hydroxyrutaecarpine (4) 169.3 ± 1.4  > 1000
12-hydroxyrutaecarpine (5) 90.4 ± 0.9 > 1000
resveratrol 28.3 ± 3.5 > 1000
aminoguanidine 21.6 ± 0.3 > 1000

a�Results were expressed as the mean ± SE of triplicate tests. EC50 represented the 50% effective concentration to inhibit 
NO production. TC50 represented the 50% toxic concentration to reduce the cell viability.

Scheme 2. Synthesis of 10-hydroxyrutaecarpine and 12-hydroxyrutaecarpine.
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hydroxyl group in ring A of compound 2 might be 

important for the anti-inflammatory activity as 

compared to compounds 1, 3, 4, and 5. In conclusion, 

four rutaecarpine metabolites were synthesized in a 

few steps and 3-hyroxyrutaecarpine (2) displayed the 

most potent inhibition on LPS-induced NO produc-

tion in RAW264.7 macrophages.
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吳茱萸次鹼代謝物之合成與抗發炎活性評估

陳泰宏 1、游錫榕 2、來姿君 1、邱文慧 1、董明兆 1,2,*
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（100年03月18日受理，100年05月04日接受刊載）

吳茱萸次鹼是中藥吳茱萸中主要的成份，其結構屬於 quinazolinocarboline，在先前的研
究我們發現吳茱萸次鹼被肝微粒體酵素代謝成四個代謝產物，分別為 3-羥基吳茱萸次鹼、10-
羥基吳茱萸次鹼、11-羥基吳茱萸次鹼及 12-羥基吳茱萸次鹼，本研究以簡易的合成方式合成
出這四個吳茱萸次鹼的代謝產物，並探討這些化合物對脂多醣誘導之 RAW264.7巨噬細胞生
成一氧化氮之抑制效果，結果顯示 3-羥基吳茱萸次鹼具有最好的抗發炎活性，其 EC50值為

27.1 µM。

關鍵字：吳茱萸、吳茱萸次鹼、羥基吳茱萸次鹼、抗發炎活性


