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Chemical constituents of Euodia rutaecarpa var. officinalis and their antifungal
activities
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Abstract: Objective To study the chemical constituents from the fruits of Evodia rutaecarpa var. officinalis. Methods The
constituents were isolated and purified by chromatographic methods. The structures were elucidated by physicochemical properties and
spectroscopic methods. The antifungal activities were tested with mycelium growth method. Results Fifteen compounds were
obtained from the 70% ethanol extract of E. rutaecarpa var. officinalis, and were identified as evodiamine (1), rutaecarpine (2),
dehydroevodiamine (3), dihydroevocarpine (4), evocarpine (5), 1-methyl-2-undecyl-4 (1H)-quinolone (6), 1-methyl-2-[(4Z,77)-
4,7-tridecadienyl]-4 (1H)-quinolone (7), 1-methyl-2-[(6Z,92)-6,9-pentadecadienyl-4 (1H)-quinolone (8), limonin (9), shihulimonin A
(10), isolimonexic acid (11), wuzhuyurutine B (12), stigmasterol (13), B-sitosterol (14), and B-daucosterin. (15). Conclusion
Compounds 5—8 and 11—13 are isolated from E. rutaecarpa var. officinalis for the first time. Different types of compounds show
diverse antimicrobial activities against plant-pathogenic fungi.
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AW 1 REEEAR AT, LB N
BH P, ESI-MS m/z: 304 [M+H]", 2> F+R A
C1oH7N3;0. "H-NMR (600 MHz, DMSO-dq) d: 11.07
(1H, brs, N-H), 6.13 (1H, s, H-3), 3.20 (1H, m, H-5a),
4.64 (1H, m, H-5p), 2.79 (1H, m, H-6a), 2.91 (1H, m,
H-6B), 7.47 (1H, d, J = 7.5 Hz, H-9), 7.01 (1H, m,
H-10), 7.11 (1H, m, H-11), 7.36 (1H, d, J = 8.1 Hz,
H-12), 7.05 (1H, d, J = 8.1 Hz, H-16), 7.48 (1H, d, J =
1.5 Hz, H-17), 6.97 (1H, m, H-18), 7.80 (1H, dd, J =
1.2, 7.6 Hz, H-19), 2.88 (3H, s, N-CH3); "C-NMR
(150 MHz, DMSO-dg) 8: 130.6 (C-2), 69.7 (C-3), 40.8
(C-5), 19.5 (C-6), 111.6 (C-7), 125.9 (C-8), 118.2
(C-9), 118.9 (C-10), 21.8 (C-11), 111.5 (C-12), 136.5
(C-13), 148.8 (C-15), 117.4 (C-16), 133.4 (C-17),
120.3 (C-18), 128.0 (C-19), 119.3 (C-20), 164.2
(C-21), 36.4 (N-CH3). LA LEd 5 ks A —
HU, MO A1 R

WEY 2. HEER G, BUCERER N FH
¥, ESI-MS m/z: 288 [M+H]", 7 T8 C1sH 3N50,
'H-NMR (300 MHz, DMSO-d¢) &: 9.73 (1H, brs,
N-H), 4.58 (2H, t, J = 6.9 Hz, H-5), 3.21 2H, t, J =
6.9 Hz, H-6), 7.61 (1H, d, J = 7.6 Hz, H-9), 7.15 (1H,
t, J=7.0 Hz, H-10), 7.28 (1H, m, H-11), 7.30 (1H, m,
H-12), 7.65 (1H, m, H-16), 7.68 (1H, m, H-17), 7.41
(1H, m, H-18), 832 (1H, d, J = 8.0 Hz, H-19);
BC-NMR (75 MHz, DMSO-dg) J: 127.3 (C-2), 145.1
(C-3), 41.1 (C-5), 19.7 (C-6), 118.4 (C-7), 125.5
(C-8), 120.6 (C-9), 120.0 (C-10), 125.5 (C-11), 112.1
(C-12), 138.4 (C-13), 147.4 (C-15), 127.1 (C-16),
1343 (C-17), 1262 (C-18), 126.5 (C-19), 121.2
(C-20), 161.6 (C-21). LA_E%dfs 55 ek —x,
LA 2 N BB -

B 3: WIEEMAK (A7), MUALBRET N
B, ESI-MS m/z: 302 [M+H]", 2 FR N
CioHsN3O. "H-NMR (400 MHz, DMSO-dj) d: 12.90
(1H, brs, N-H), 4.46 (2H, t, J = 6.6 Hz, H-5), 3.32
(2H, t, J = 6.9 Hz, H-6) 7.87 (1H, d, J = 8.2 Hz, H-9),
7.26 (1H, t, J= 7.5 Hz, H-10), 7.51 (1H, t, J = 7.4 Hz,
H-11),7.73 (1H, d, J = 8.4 Hz, H-12), 8.18 (1H, d, J =
8.5 Hz, H-16), 8.13 (1H, dt, J = 1.0, 7.3 Hz, H-17),
7.80 (1H, t, J = 7.4 Hz, H-18), 8.34 (1H, dd, J = 0.9,
7.8 Hz, H-19), 4.42 (3H, s, N-CHs); "*C-NMR (100

MHz, DMSO-dg) d: 130.2 (C-2), 150.1 (C-3), 42.1
(C-5), 18.6 (C-6), 120.1 (C-7), 123.4 (C-8), 121.6
(C-9), 121.6 (C-10), 128.7 (C-11), 113.7 (C-12), 141.5
(C-13), 139.7 (C-15), 118.6 (C-16), 136.7 (C-17),
128.7 (C-18), 127.8 (C-19), 118.8 (C-20), 158.3
(C-21), 41.1 (N-CH3). LL_E¥eds 5 Scihaiin —s5,
M B AL 3 A R

AW 4: AEE i (R, ESI-MS m/z: 342
[M+H]", 7724 Co3H3sNO. 'H-NMR (500 MHz,
CDCly) 6: 6.24 (1H, s, H-3), 8.45 (1H, d, J = 8.0 Hz,
H-5), 7.37 (1H, t, J = 8.0 Hz, H-6), 7.66 (1H, t, J=7.8
Hz, H-7), 7.50 (1H, d, J = 8.5 Hz, H-8), 2.71 (2H, m,
H-1'), 1.68 (2H, m, H-2), 1.44 (2H, m, H-3'), 1.26~
1.34 (18H, m, H-4'~12'), 0.87 (3H, t, J = 6.8 Hz,
H-13"), 3.74 (3H, s, N-CH3); ""C-NMR (125 MHz,
CDCILy) 6: 154.7 (C-2), 111.2 (C-3), 177.8 (C-4), 126.7
(C-4a), 126.6 (C-5), 123.3 (C-6), 132.0 (C-7), 115.2
(C-8), 142.0 (C-8a), 34.8 (C-1'), 28.6 (C-2'), 29.3
(C-3"), 29.6 (C-4"), 29.3 (C-5'), 29.5 (C-6'), 29.2
(C-7"), 29.4 (C-8), 29.5 (C-9'), 29.5 (C-10"), 31.9
(C-11"), 22.6 (C-12'), 14.0 (C-13'), 34.1 (N-CH3). LA
s Sk A B, s etk A 4
TERIRYR

&Y 5: B EHRY (FEE, ESI-MS m/z: 340
[M-+H]", 4134 C3H3NO. 'H-NMR (500 MHz,
CDCly) 6: 6.21 (1H, s, H-3), 8.43 (1H, dd, J = 1.6, 8.0
Hz, H-5), 7.35 (1H, t, J = 7.5 Hz, H-6), 7.64 (1H, dt,
J =1, 7.8 Hz, H-7), 7.48 (1H, d, J = 8.7 Hz, H-8),
2.69 (2H, t, J = 6.9 Hz, H-1'), 1.67 (2H, m, H-2'),
1.31~1.33 (10H, m, H-3'~6’, 11'), 2.08 (4H, m, H-7',
10), 5.34 (2H, m, H-8', 9"), 1.43 (2H, m, H-12"), 0.89
(3H, t, J = 6.6 Hz, H-13"), 3.71 (3H, s, N-CHj);
BC-NMR (125 MHz, CDCI;) 6: 154.7 (C-2), 111.1
(C-3), 177.7 (C-4), 126.6 (C-4a), 126.5 (C-5), 123.2
(C-6), 132.0 (C-7), 115.3 (C-8), 142.0 (C-8a), 34.7
(C-1"), 28.5 (C-2'), 29.1 (C-3"), 29.2 (C-4'), 29.2
(C-5"), 29.6 (C-6'), 27.1 (C-7"), 129.6 (C-8'), 130.0
(C-9"), 26.9 (C-10"), 31.9 (C-11"), 22.3 (C-12'), 13.9
(C-13"), 34.1 (N-CH3). LA 3 5 ORI E A —
#M, M A 5 o R

&Y 6: YR AR CFEE), ESI-MS m/z: 314
[M+H]", 4 T34 CHy NO. 'H-NMR (500 MHz,
CDCILy) 6: 6.28 (1H, s, H-3), 8.44 (1H, dd, J = 1.4, 8.0
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Hz, H-5), 7.37 (1H, t, J = 7.5 Hz, H-6), 7.67 (1H, dt,
J=1.6, 7.8 Hz, H-7), 7.51 (1H, d, J = 8.6 Hz, H-8),
2.71 (2H, t, J = 7.8 Hz, H-1), 1.68 (2H, m, H-2), 1.43
(2H, m, H-3"), 1.27~1.36 (14H, m, H-4'~10"), 0.88
(3H, t, J = 6.9 Hz, H-11"), 3.75 (3H, s, N-CHs);
BC-NMR (125 MHz, CDCL) J: 154.9 (C-2), 111.1
(C-3), 177.6 (C-4), 126.6 (C-4a), 126.4 (C-5), 123.4
(C-6), 132.1 (C-7), 115.3 (C-8), 141.9 (C-8a), 34.7
(C-1"), 28.5 (C-2'), 29.5 (C-3'), 29.5 (C-4), 29.4
(C-5"), 29.4 (C-6"), 29.2 (C-7), 29.3 (C-8'), 31.8
(C-9"), 22.6 (C-10"), 14.0 (C-11"), 34.1 (N-CH3). PA_L-
Mol 55 ScmrioE A S, etk 6 1-
-2 B - 41 E)-ME V5 i

&) 7 B EMIRY) CFEE), ESI-MS m/z: 338
[M+H]", 7734 Cy3H3;NO. 'H-NMR (500 MHz,
CDCly) &: 6.26 (1H, s, H-3), 8.45 (1H, dd, J = 1.4, 8.1
Hz, H-5), 7.37 (1H, t, J = 7.5 Hz, H-6), 7.66 (1H, dt,
J =16, 8.6 Hz, H-7), 7.51 (1H, d, J = 8.6 Hz, H-8),
2.71~2.81 (4H, m, H-1', 6'), 1.80 (2H, m, H-2'), 2.23
(2H, m, H-3"), 5.32~5.49 (4H, m, H-4'~5', 7'~8"),
2.03 (2H, m, H-9"), 1.25~1.37 (6H, m, H-10'"~12"),
0.88 (3H, t, J = 6.7 Hz, H-13'), 3.73 (3H, s, N-CH3);
BC-NMR (125 MHz, CDCL) d: 154.6 (C-2), 111.1
(C-3), 177.8 (C-4), 126.7 (C-4a), 126.6 (C-5), 123.4
(C-6), 132.1 (C-7), 115.3 (C-8), 141.9 (C-8a), 34.1
(C-1"), 28.5 (C-2'), 26.7 (C-3"), 130.6 (C-4'), 127.3
(C-5"), 25.7 (C-6'), 128.1 (C-7"), 130.1 (C-8"), 27.2
(C-9), 29.3 (C-10"), 31.5 (C-11"), 22.5 (C-12'), 14.0
(C- 13’) 34.1 (N-CHs)o LA Fdli 55 Sk H A —
FM, MEA T N 1-HIE-2-[(42,72)-4,7-F
:ﬁi»%ﬁkm]-qm)-ﬂé‘iﬂlﬂo

&) 8: TR (HEE), ESI-MS m/z: 366
[IM+H]", 2734 CsH3sNO. 'H-NMR (500 MHz,
CDCl;) 6: 6.09 (1H, s, H-3), 8.35 (1H, d, J = 7.8 Hz,
H-5), 7.27 (1H, t, J = 7.4 Hz, H-6), 7.56 (1H, t, J = 7.8
Hz, H-7), 7.40 (1H, d, J = 8.7 Hz, H-8), 2.58 (2H, t,
J=17.7Hz, H-1"), 1.60 (2H, d, J = 6.0 Hz, H-2'), 1.41
(2H, d, J = 3.2 Hz, H-3"), 1.28~1.38 (8H, m, H-4,
12'~14"), 2.05 (2H, m, H-5', 11'), 5.30~5.40 (4H, m,
H-6'~7',9'~10"), 2.76 (2H, t, J = 5.5 Hz, H-8"), 0.88
(3H, t, J = 6.8 Hz, H-15), 3.62 (3H, s, N-CHj);
BC-NMR (125 MHz, CDCly) d: 154.7 (C-2), 110.5
(C-3), 177.4 (C-4), 126.2 (C-4a), 126.1 (C-5), 123.0

(C-6), 131.8 (C-7), 115.4 (C-8), 141.7 (C-8a), 34.1
(C-1'), 28.2 (C-2'), 28.7 (C-3'), 29.1 (C-4'), 26.9
(C-5"), 129.4 (C-6"), 127.6 (C-7"), 25.5 (C-8), 128.3
(C-9"), 130.2 (C-10"), 27.1 (C-11"), 29.2 (C-12'), 31.4
(C-13'), 22.4 (C-14"), 13.9 (C-15"), 34.0 (N-CH3). LA
S Sk A8, s e e A 8
1- I JE-2-[(62,92)-6,9- 1 Tl i ]-4(1LH)-ME T T o
&Y 9: Elé%‘ﬁk(%{ﬁ) ESI-MS m/z: 471
IM+H]", 4734 CyHy0s. 'H-NMR (500 MHz,
CsDsN) 0: 4.64 (1H, s, H-1), 3.05 (1H, d, J = 16.4
H-2a), 3.20 (1H, dd, J = 15.4, 3.6 Hz, H-2p), 2.57
(1H, dd, J = 11.9, 2.7 Hz, H-5), 2.01 (1H, m, H-6a),
2.63 (1H, d, J = 15.8 Hz, H-6p), 2.80 (1H, d, J=11.8
Hz, H-9), 1.85 (2H, m, H-11), 1.39 (2H, m, H-12),
431 (1H, s, H-15), 5.74 (1H, s, H-17), 1.27 (3H, s,
H-18), 4.71 (1H, d, J = 13.1 Hz, H-19a), 5.19 (1H, d,
J=13.1 Hz, H-19p), 7.72 (2H, s, H-21), 6.54 (1H, s,
H-22), 7.64 (2H, s, H-23), 1.29 (3H, s, H-28), 1.27
(3H, s, H-29), 1.23 (3H, s, H-30); *C-NMR (125
MHz, CsDsN) 6: 79.6 (C-1), 36.2 (C-2), 169.8 (C-3),
80.1 (C-4), 59.8 (C-5), 36.6 (C-6), 207.5 (C-7), 51.3
(C-8), 47.9 (C-9), 46.1 (C-10), 18.5 (C-11), 29.9
(C-12), 38.4 (C-13), 66.8 (C-14), 54.6 (C-15), 167.3
(C-16), 78.0 (C-17), 29.8 (C-18), 65.5 (C-19), 120.9
(C-20), 141.7 (C-21), 1103 (C-22), 143.5 (C-23),
21.4(C-28), 20.0 (C-29), 17.4 (C-30). L %5
BRI A S, MO 9 kT R
51 10: Eé%?ﬁ(%‘ﬁ%) ESI-MS m/z: 503
IM+H]", 43730k CosH30010- 'H-NMR (300 MHz,
DMSO-dq) 6: 4.12 (1H, s, H-1), 2.84 (1H, s, H-2a),
2.78 (1H, s, H-2p), 2.28 (1H, d, J = 14.3 Hz, H-5),
3.16 (1H, t, J = 11.5 Hz, H-6a), 2.51 (1H, t, J = 11.5
Hz, H-6B), 2.69 (1H, d, J = 3.7 Hz, H-9), 1.77 (2H, m,
H-11), 1.75 (2H, m, H-12), 4.07 (1H, s, H-15), 5.20
(1H, s, H-17), 1.13 (3H, s, H-18), 4.94 (1H, d, J=21.7
Hz, H-190), 4.46 (1H, d, J = 21.7 Hz, H-19B), 6.11
(1H, s, H-21), 6.30 (1H, s, H-22), 1.20 (3H, s, H-28),
1.04 (3H, s, H-29), 0.99 (3H, s, H-30), 8.11 (1H, s,
21-OH). *C-NMR (75 MHz, DMSO-d;) J: 78.4 (C-1),
35.6 (C-2), 170.1 (C-3), 79.5 (C-4), 58.2 (C-5), 36.1
(C-6), 207.8 (C-7), 50.6 (C-8), 46.4 (C-9), 452
(C-10), 17.6 (C-11), 28.7 (C-12), 37.9 (C-13), 66.2
(C-14), 53.1 (C-15), 166.1 (C-16), 77.6 (C-17), 19.6
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(C-18), 64.8 (C-19), 163.8 (C-20), 98.0 (C-21), 122.3
(C-22), 169.2 (C-23), 29.6 (C-28), 21.4 (C-29), 16.5
(C-30). LA_E$ds 55 Sk 2eA — 80, ket
G 10 A ARITE R A.

a1 AEFR (5D, ESI-MS m/z: 503
[M+H]", 4> T2 A CyH30010- 'H-NMR (300 MHz,
DMSO-d) 6: 4.11 (1H, s, H-1), 2.78 (1H, d, J = 16.3
Hz, H-2a), 2.65 (1H, d, J = 3.8 Hz, H-2p), 2.55 (1H,
m, H-5), 2.28 (1H, d, J = 12.9 Hz, H-6a), 3.09 (1H, t,
J=15.0 Hz, H-6pB), 2.57 (1H, d, J = 7.7 Hz, H-9), 1.79
(2H, m, H-11), 1.74 (2H, m, H-12), 4.25 (1H, s, H-15),
5.25 (1H, s, H-17), 1.20 (3H, s, H-18), 4.89 (1H, d, J =
13.0 Hz, H-19p), 4.48 (1H, d, J = 13.0 Hz, H-190),
7.54 (1H, s, H-22), 6.25 (1H, m, H-23), 1.02 3H, s,
H-28), 1.17 (3H, s, H-29), 1.11 (3H, s, H-30), 7.90
(1H, s, 23-OH); "“C-NMR (75 MHz, DMSO-dy) &:
78.5 (C-1), 35.6 (C-2), 170.1 (C-3), 79.6 (C-4), 57.2
(C-5), 36.1 (C-6), 207.9 (C-7), 49.8 (C-8), 45.8 (C-9),
45.1 (C-10), 18.6 (C-11), 29.7 (C-12), 38.4 (C-13),
67.0 (C-14), 54.2 (C-15), 166.7 (C-16), 75.0 (C-17),
17.5 (C-18), 64.6 (C-19), 152.8 (C-20), 98.2 (C-21),
130.3 (C-22), 166.5 (C-23), 27.1 (C-28), 21.4 (C-29),
17.1 (C-30). LA ¥l 5 scmiE A — 5, i
YKE2AE W) 11 2 isolimonexic acid.

& 12: AR CHED, ESI-MS m/z: 306
[M-+H]", 4> 724 C17H;N305. 'H-NMR (400 MHz,
DMSO-dg) d: 11.99 (1H, brs, N-H), 7.78 (1H, m, H-1),
7.79 (1H, m, H-2), 8.13 (1H, d, J = 7.6 Hz, H-4), 8.52
(1H, d, J = 8.0 Hz, H-9), 7.11 (1H, t, J = 7.4 Hz,
H-10), 7.23 (1H, t, J = 7.4 Hz, H-11), 7.58 (1H, d, J =
8.0 Hz, H-12); "“C-NMR (100 MHz, DMSO-d)
126.7 (C-1), 133.6 (C-2), 125.4 (C-3), 126.0 (C-4),
121.9 (C-4a), 162.7 (C-5), 169.5 (C-7), 114.7 (C-8a),
129.2 (C-8b), 123.7 (C-9), 120.6 (C-10), 123.9 (C-11),
112.2 (C-12), 135.6 (C-12a), 131.5 (C-13a), 149.4
(C-13b), 149.3 (C-14a). DL &l 5 CiRoE St A —
), % et &4 12 4 wuzhuyurutine B.

AW 13: IEEN ChMEE-BEIR LT, &
FORE R BRI R 40 0, ESI-MS m/z: 413 [M+
H]", 73RN CooHysOo FH 3 AN R G 5 TT 71
J&JF, TLC (1) RE {HZ XS 3, WA A
TR, WS RS 13 T

AW 14: FIEENT CRMEE-BEIR OT8), &

TR AR B KA (4, ESI-MS m/z: 415 [M+
H]", 513N CpHs0. H 3 NANFE RS T3
JETF, TLC [ RE {HIE XS —38, WAK A
N, WUSEGY) 14 ) B BIRE.

a5 AR (HEE, TR R
AR, 3 MARRFERRITFIEIF, TLC
() RE B34 56 B, — B, TR O S IR, e
AW S h B-THE M.
4 EYTEETFIE

KB 224 KB, WRR T 3 A P xt =
BIAZI B K RSOk 75 T R /N2 7 B9 B 1 0 R 1
o FEIIEE S H — LA (DMSO) FE il i
HIEE A 5 mg/mL [ BEER o PSA 3555 n#h ik
IEAEIZ 55 Chita, fE8F 200 T353R N
A 400 pL BEEEE DMSO GEFIN D, T4 Jq 403
REAE 9 em MREFRILPHI S 25 B 25 CHE
FEAH T (R T 222 K 1Y) PSA SFARAE Ay B U
M 5 mm BEARSTILAS TRV LS T, JHf
WA B 22 1 3R T3 25, RIEET 25 C
FEFRAE G TR, RTINS, B
o TR RN E R B, THE R 24K
HER ER) . WEER<0, LL “—” IR, 0~25%,
DL “+” FoR; 25%~50%, DL “++7 F£oR, =50%,
DL “+++7 FRon. ERIE 1.

IV = R 5 R O T AR R IR LA

#£1 10 pgml ! RERE THMLAMEINEER

Table 1

concentration of 10 pg-mL™"

Antifungal activities of some compounds at

ety CREE KREUE DERE
1 +++ +++ ++
2 - + -
3 + - -
4 - - +
6 - - ++
9 - - -
10 - - -
11 - - -
12 + - -
13 - - -

I, B 1R 3 PR A AT U
MIPUREREYE, A 4 R 6 X /N Ji 2505 AT e
FIPTRNE R, AL S 2 KK RE ORI B A A R
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