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Analysis and Instruments

The melting points of the products were determined using an XT-4 binocular microscope (Beijing Tech Instrument Co. Ltd., Beijing, China). Infrared spectra were recorded on a Bruker VECTOR22 spectrometer in KBr disks. 1H-NMR and 13C-NMR were recorded using a JEOL-ECX500 spectrometer at 22 °C, with tetramethylsilane as the internal standard and CDCl3, DMSO-d6, CD3COCD3, or CD3OD as the solvent. Column chromatography was performed using silica gel (200–300 meshes) (Qingdao Marine Chemistry Co., Qingdao, China) and silica gel H (Qingdao Marine Chemistry Co., Qingdao, China), Sephadex LH-20 (GE Healthcare Bio-Sciences AB, Uppsala, Sweden), HP-20 (Mitsubishi Chemical Corp., Tokyo Met, Japan), and MCI-gel CHP 20P (Mitsubishi Chemical Corp., Toukyu Met, Japan). All other chemicals were of analytical reagent grade and used without further purification.
Extraction and isolation

Dried roots of Toona sinensis (8 kg) were cut into pieces and extracted with 80% EtOH (3×40 L) under reflux, 6 h for the first time, 3 h for the second time and 1 h for the last time. The combined EtOH extracts were evaporated to dryness to yield a dried EtOH extract (2.5 kg). The extract was suspended in water and then extracted with petroleum ether (10 L×1 times), ethyl acetate (10 L×4 times) and n-BuOH (10 L×5 times) respectively. Petroleum ether extract (26 g), ethyl acetate extract (250 g), and n-BuOH extract (525 g) were obtained.

The viscous dark mass of the ethyl acetate extract (110 g) was subjected to CC on silica gel (200-300 mesh) eluted with a gradient of petroleum ether-EtOAc (20/1, 10/1, 5/1, 2/1 and 1/1, v/v), and finally a mixture of chloroform and methanol (10/1, 5/1 and 1/1, v/v, respectively) to get 10 fractions, namely, fractions 1-10. The fractions were monitored by TLC. Fraction 4 (15 g) was applied to a silica gel (200-300 mesh) column eluted with petroleum ether-EtOAc (10:1 to 1:1) to yield β-sitosterol (1, 42 mg), and yield 2 fractions, namely, fractions A and B.  Fraction A was purified using PTLC to yield α-amyrin (2, 25 mg). Fraction B was recrystallized with CHCl3-MeOH (20:1) to afford daucosterol (3, 29 mg). Fraction 5 (2.2 g) was applied to a silica gel H column eluted with petroleum ether-EtOAc (10:1-1:1) to yield a yellow powder (867 mg), which was purified using a Sephadex LH-20 column eluted with CHCl3-MeOH (1:1) to yield quercetin (4, 25 mg) and (+)-catechin hydrate (5, mg). Fraction 6 (2.8 g) was separated using HP-20 resineluted with 50%-100% MeOH-H2O and purified using a silica gel column to yield (-)-epicatchin (6, 14 mg), kampferol (7, 20 mg) and 3-oxours-12-en-28-oic acid (8, 26 mg). Fraction 7 (4.6 g) was separated using silica gel (300-400 mesh) eluted with petroleum ether-EtOAc (10:1) to yield  ursolic acid (9, 27 mg) and betulonic acid (10, 31 mg). Fraction 8 was decolorized and separated on MCI gel to yield gallic acid (11, 36 mg) and sucrose (12, 41 mg). Fraction 9 was purified using a sephadex LH-20 column eluted with CHCl3-MeOH (1:1) to yield white powder (943 mg). The white powder was purified using a silica gel (300-400 mesh) to yield betulinic acid (13, 21 mg), myricitrin (14, 18mg), and caffeic acid (15, 16 mg).

All spots on TLC were visualized by heating silica gel plates sprayed with 10% phosphomolybdic acid hydrate in EtOH and 1% FeCl3 in EtOH.

Data of compounds isolated from Toona sinensis
β-Sitosterol (1), white needle; mp 141-143 oC; IR (KBr, cm-1) νmax 3419, 1639, 1379, 1055; 1H NMR (500 MHz, CDCl3) δ: 5.35 (1H, brs, H-6), 3.51 (1H, m, H-3), 1.04 (3H, s, CH3), 0.90 (3H, s, CH3), 0.86 (3H, s, CH3), 0.84 (3H, s, CH3), 0.80 (3H, s, CH3), 0.63 (3H, s, CH3); 13C NMR (125 MHz, CDCl3) δ: 140.8 (C-5), 121.8 (C-6), 71.9 (C-3), 56.8 (C-14), 56.1 (C-17), 50.1 (C-9), 45.9 (C-24), 42.3 (C-13), 42.3 (C-4), 39.8 (C-12), 37.3 (C-1), 36.6 (C-10), 36.2 (C-20), 34.0 (C-22), 31.7 (C-2), 29.2 (C-25),  28.3 (C-16), 26.1 (C-23), 24.4 (C-15), 23.1 (C-28), 21.2 (C-11), 19.9 (C-26), 19.5 (C-19), 19.1 (C-27), 18.8 (C-21), 12.0 (C-29), 11.9 (C-18). The above data were identical to the literature data [1].

α-Amyrin (2), white powder; mp 168-170 oC; IR (KBr, cm-1) νmax 3312, 1502, 1041; 1H NMR (500 MHz, CDCl3) δ: 5.25 (1H, t, J = 3.5 Hz, H-12), 3.20 (1H, brs, H-3), 1.08 (3H, s, CH3), 0.98 (3H, s, CH3), 0.87 (3H, s, CH3), 0.85 (3H, s, CH3), 0.79 (3H, s, CH3); 13C NMR (125 MHz, CDCl3) δ: 138.0 (C-13), 125.9 (C-12), 79.1 (C-3), 55.3 (C-18), 52.8 (C-5), 47.6 (C-9), 42.1 (C-14), 40.0 (C-22), 39.1 (C-8), 38.9 (C-1), 38.8 (C-19), 38.7 (C-20), 37.1 (C-4), 36.8 (C-10), 33.1 (C-17), 30.7 (C-7), 29.8 (C-21), 27.3 (C-28), 24.3 (C-16), 23.6 (C-11), 23.4 (C-27), 21.2 (C-30), 18.4 (C-6), 17.2 (C-29), 17.0 (C-26), 15.6 (C-24),15.5 (C-25). The above data were identical to the literature data [2].

Daucosterol (3), white powder; mp 282-284 oC; IR (KBr, cm-1) νmax 3382, 2860, 1450, 1060; 1H NMR (500 MHz, DMSO-d6) δ: 5.28 (1H, s, H-6), 4.17 (1H, m, H-3), 0.95 (3H, s, CH3), 0.92 (3H, s, CH3), 0.87 (3H, s, CH3), 0.86 (3H, s, CH3), 0.85 (3H, s, CH3), 0.64 (3H, d, J = 10.5 Hz, CH3); 13C NMR (125 MHz, DMSO-d6) δ: 140.9 (C-5), 121.7 (C-6), 101.2 (C-1’), 77.4 (C-3’), 77.2 (C-3), 77.2 (C-5’), 73.9 (C-2’), 70.6 (C-4’), 61.6 (C-6’), 56.7 (C-14), 55.9 (C-17), 50.1 (C-9), 45.6 (C-24), 42.3 (C-13), 38.8 (C-4), 37.3 (C-1), 37.0 (C-20), 36.7 (C-10), 33.8 (C-22), 31.9 (C-8), 31.9 (C-7), 29.7 (C-2), 29.2 (C-25), 28.3 (C-16), 25.9 (C-23), 24.4 (C-15), 23.1 (C-28), 21.1 (C-11), 20.2 (C-27), 19.6 (C-26), 19.4 (C-19), 19.1 (C-21), 12.3 (C-18), 12.2 (C-29). The above data were identical to the literature data [3].

Quercetin (4), yellow powder; mp 283-285 oC; IR (KBr, cm-1) νmax 3339, 1650, 1620, 1510; 1H NMR (500 MHz, CD3OD) δ: 7.79 (1H, d, J = 1.5 Hz, H-2’), 7.59 (1H, dd, J = 2.5 Hz, 5 Hz, H-6), 6.77 (1H, d, J =3 Hz, H-5’), 6.30 (1H, d, J = 4.5 Hz, H-8), 6.11 (1H, d, J = 2.5 Hz, H-6); 13C NMR (125 MHz, CD3OD) δ: 175.8 (C-4), 163.8 (C-7), 161.5 (C-5), 156.9 (C-9), 147.8 (C-2), 147.6 (C-3’), 145.2 (C-4’), 123.0 (C-1’), 121.0 (C-6’), 114.8 (C-2’), 114.6 (C-5’), 103.5 (C-10), 97.9 (C-6), 93.2 (C-8). The above data were identical to the literature data [4].

(+)-Catechin hydrate (5), white powder; mp 134-136 oC; IR (KBr, cm-1) νmax 3350, 1635, 1511; 1H-NMR (500 MHz, CD3OD) δ: 6.81 (1H, d, J = 1 Hz, H-2’), 6.72 (1H, d, J = 8 Hz, H-6’), 6.70 (1H, d, J = 1.5 Hz, H-5), 5.90 (1H, d, J = 3 Hz, H-8), 5.82 (1H, d, J = 2 Hz, H-6), 4.54 (1H, d, J = 7 Hz, H-2), 2.83 (1H, dd, J = 5.5, 15 Hz, H-3), 2.47 (1H, dd, J = 10, 14 Hz, H-4); 13C-NMR (125 MHz, CD3OD) δ: 156.5 (C-7),  156.2 (C-9), 155.6 (C-5), 144.9 (C-4’), 144.9 (C-3’), 130.8 (C-1’), 118.7 (C-6’), 114.7 (C-5’), 113.9 (C-2’), 99.5 (C-10), 94.9 (C-6), 94.1 (C-8), 81.5 (C-2), 67.4 (C-3), 27.2 (C-4). The above data were identical to the literature data [5].

(-)-Epicatchin (6), white powder; mp 222-224 oC; IR (KBr, cm-1) νmax 3440, 1622, 1461, 1289; 1H NMR (500 MHz, CD3OD) δ: 6.79 (1H, d, J = 5 Hz, H-6’), 6.75 (1H, d, J = 2 Hz, H-2’), 6.70 (1H, d, J = 1.5 Hz, H-5), 5.93 (1H, d, J = 3 Hz, H-8), 5.84 (1H, d, J = 1.5 Hz, H-6), 4.80 (1H, s, H-2), 2.85 (1H, dd, J = 7.5 Hz, 12.5 Hz, H-3), 2.48 (1H, dd, J = 10, 12 Hz, H-4); 13C NMR (125 MHz, CD3OD) δ: 156.8 (C-9), 156.2 (C-7), 155.5 (C-5), 144.8 (C-3’), 143.9 (C-4’), 130.9 (C-1’), 118.0 (C-6’), 114.7 (C-2’), 113.9 (C-5’), 98.7 (C-10), 95.0 (C-6), 94.5 (C-8), 78.5 (C-2), 66.1 (C-3), 27.9 (C-4). The above data were identical to the literature data [6].

Kampferol (7), yellow powder; mp 279-281 oC; IR (KBr, cm-1) νmax 3409, 1649, 1511; 1H NMR (500 MHz, CD3OD) δ: 7.98 (2H, d, J = 1.5 Hz, H-2’, H-6’), 6.88 (2H, d, J = 4 Hz, H-3’, H-5’), 6.35 (1H, d, J = 1 Hz, H-8), 6.11 (1H, d, J = 2 Hz, H-6). 13C NMR (125 MHz, CD3OD) δ: 175.8 (C-4), 164.1 (C-7), 161.2 (C-9), 159.2 (C-4’), 156.9 (C-5), 146.2 (C-2), 135.8 (C-6’), 129.6 (C-2’), 122.5 (C-1’), 115.5 (C-5’), 115.4 (C-3’), 103.3 (C-10), 98.3 (C-6), 93.7 (C-8). The above data were identical to the literature data [7].

3-Oxours-12-en-28-oic acid (8), white powder; mp 261-262 oC；IR (KBr, cm-1) νmax 3438, 2930, 2864, 1638; 1H NMR (500 MHz, CD3OD) δ: 5.25 (1H, m, H-12), 2.18 (1H, d, J = 9.5 Hz, H-18), 1.24 (3H, s, CH3), 1.07 (3H, s, CH3), 1.04 (3H, s, CH3),1.01 (3H, s, CH3), 0.84 (3H, s, CH3), 0.79 (3H, s, CH3); 13C NMR (125 MHz, CD3OD) δ: 217.9 (C-3), 183.7 (C-28), 138.1 (C-13), 125.7 (C-12), 55.3(C-5), 52.7 (C-18), 48.1 (C-17), 47.5 (C-4), 46.8 (C-9), 42.1 (C-14), 39.5 (C-8), 39.3 (C-1), 39.1 (C-19), 38.9 (C-20), 36.7 (C-22), 36.7 (C-10), 34.2 (C-2), 32.5 (C-7), 30.7 (C-21), 28.0 (C-15), 26.6 (C-23), 24.1 (C-16), 23.6 (C-27), 23.5 (C-11), 21.5 (C-24), 21.2 (C-30), 19.7 (C-6), 17.1 (C-29), 17.0 (C-26), 15.3 (C-25) [8].

Ursolic acid (9), white powder; mp 253-255 oC；IR (KBr, cm-1) νmax 3442, 2918, 2856, 1688, 1420, 1011; 1H NMR (500 MHz, CD3OD) δ: 5.22 (1H, m, H-12), 3.14 (1H, m, H-3), 2.18 (1H, d, J = 10.5 Hz, H-18), 1.12 (3H, s, CH3), 0.96 (3H, s, CH3), 0.89 (3H, s, CH3), 0.84 (3H, s, CH3), 0.77 (3H, s, CH3); 13C NMR (125 MHz, CD3OD) δ: 180.1 (C-28), 138.3 (C-1), 125.6 (C-2), 78.4 (C-8), 55.4 (C-9), 53.1 (C-18), 41.9 (C-10), 39.5 (C-14), 39.1 (C-19), 39.0 (C-9), 38.7 (C-20), 38.5 (C-13), 36.7 (C-12), 36.8 (C-5), 33.0 (C-22), 30.4 (C-6), 27.8 (C-16), 27.4 (C-7), 26.5 (C-15), 24.0 (C-21), 23.0 (C-3), 22.7 (C-11), 20.2 (C-25), 18.1 (C-26), 16.4 (C-24), 16.3 (C-23), 15.0 (C-30), 14.6 (C-29). The above data were identical to the literature data [9].

Betulonic acid (10), white powder; mp 291-293 oC; IR (KBr, cm-1) νmax 3440, 2945, 1689, 1680; 1H NMR (500 MHz, CDCl3) δ: 4.71 (1H, s, H-29), 4.58 (1H, s, H-29), 3.01 (3H, m, H-2, 19), 1.71 (3H, s, CH3), 1.10 (3H, s, CH3), 0.99 (3H, s, CH3), 0.95 (3H, s, CH3), 0.93 (3H, s, CH3); 13C NMR (125 MHz, CDCl3) δ: 219.5 (C-3), 181.8 (C-28), 150.4 (C-20), 109.7 (C-29), 55.9 (C-17), 54.8 (C-5), 49.8 (C-9), 49.5 (C-18), 47.4 (C-4), 47.0 (C-19), 42.5 (C-14), 40.6 (C-8), 39.7 (C-1), 38.6 (C-13), 37.2 (C-22), 36.8 (C-10), 34.2 (C-2), 33.7 (C-7), 32.2 (C-16), 30.7 (C-21), 29.7 (C-15), 26.8 (C-23), 25.6 (C-12), 21.5 (C-11),21.3 (C-24), 19.5 (C-6), 19.4 (C-30), 16.1 (C-26), 15.8 (C-25), 14.5 (C-27). The above data were identical to the literature data [10].

Gallic acid (11), white powder; mp 258-260 oC; IR (KBr, cm-1) νmax 3401, 3259, 2363, 1611, 1230, 1029; 1H NMR (500 MHz, CD3OD) δ: 6.88 (2H, s, PhH); 13C NMR (125 MHz, CD3OD) δ: 169.1 (C=O), 145.6 (C-3, 5), 138.2 (C-4), 120.6 (C-1), 108.9 (C-2, 6). The above data were identical to the literature data [11]. 

Sucrose (12), colorless cubic crystal; mp 188-190 oC; 1H NMR (500 MHz, D2O) δ: 5.26 (1H, d, J = 5 Hz, H-1), 4.07 (1H, d, J = 10 Hz, H-2); 13C NMR (125 MHz, D2O) δ: 103.6 (C-2′), 92.1 (C-1), 81.3 (C-3′), 76.3 (C-4′), 73.9 (C-5′), 72.5 (C-2), 72.3 (C-3), 71.0 (C-5), 69.1 (C-4), 62.3 (C-1′), 61.2 (C-6′), 60.0 (C-6). The above data were identical to the literature data [12].

Betulinic acid (13), white powder; mp 238-340 oC; IR (KBr, cm-1) νmax 3440, 2925, 1690, 1460, 1039; 1H NMR (500 MHz, CD3OD) δ: 3.20 (1H, m, H-3), 0.98 (3H, s, CH3), 0.95 (3H, s, CH3), 0.93 (3H, s, CH3), 0.84 (3H, s, CH3), 0.74 (3H, s, CH3); 13C NMR (125 MHz, CD3OD) δ: 178.9 (C-28), 150.7 (C-20), 109.4 (C-29), 78. 4 (C-3), 55.5 (C-17), 51.0 (C-5), 50.9 (C-9), 48.9 (C-19), 45.0 (C-18), 42.4 (C-14), 40.7 (C-8), 38.9 (C-4), 38.9 (C-1), 38.5 (C-13), 37.0 (C-10), 36.9 (C-22), 34.3 (C-7), 32.2 (C-16), 30.7 (C-21), 29.9 (C-15), 25.6 (C-2),26.9 (C-23), 22.7 (C-12), 20.9(C-11), 18.4 (C-30), 18.3 (C-6), 15.5 (C-25), 15.4 (C-26), 14.7 (C-27), 13.7 (C-24). The above data were identical to the literature data [13].

Myricitrin (14), yellow needle crystal; mp 167-169 oC; IR (KBr, cm-1) νmax 3300, 2948, 1656, 1511, 1448; 1 H NMR (500 Hz, CD3OD) δ: 6.92 (2H, s, H-2’, 6’), 6.34 (1H, d, J = 2 Hz, H-8), 6.18 (1H, d, J = 2 Hz), 5.29 (1H, s, rha H-1), 0.95 (3H, d, J = 6.5 Hz, CH3); 13 C NMR (125 Hz, CD3OD) δ: 178.3 (C-4), 164.5 (C-7), 161.9 (C-5), 158.1 (C-2), 157.2 (C-9), 145.5 (C-3’, 5’), 136.5 (C-4’), 134.9 (C-3), 120.6 (C-1’), 108.2 (C-2’, 6’), 104.5 (C-10), 102.3 (rha C-1), 98.4 (C-6), 93.3 (C-8), 72.0 (rha C-4), 70.8 (rha C-2), 70.7 (rha C-3), 70.5 (rha C-5), 16.3 (rha C-6). The above data were identical to the literature data [14].

Caffeic acid (15), yellow powder; mp 178-180oC; IR (KBr, cm-1) νmax 3451, 1640, 1611, 1518; 1 H NMR (500 Hz, CD3COCD3) δ: 7.52 (1H, d, J = 14.5 Hz, H-7), 7.00 (1H, s, H-2), 6.84 (1H, d, J = 7.5 Hz, H-5), 6.24 (1H, d, J = 15 Hz, H-8); 13 C NMR (125 Hz, CD3COCD3) δ: 167.3 (C-9), 147.9 (C-4), 145.5 (C-3), 145.1 (C-7), 126.8 (C-1), 121.6 (C-8), 115.5 (C-2), 114.9 (C-5), 114.3 (C-6). The above data were identical to the literature data [15].
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