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Indole alkaloids from roots of Rauvolfia yunnanensis and its antibacterial activities
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Abstract: Objective To study the indole alkaloids from the roots of Rauvolfia yunnanensis, and its antibacterial activities, so as to
clarify the antibacterial active ingredients of the plant. Methods The constituents were isolated and purified by silica gel column
chromatography (CC), RP-Cis, Sephadex LH-20 and semi-preparative chromatography, their structures were identified by the
combination of physicochemical properties, spectral data and literature comparison. Then, the antibacterial activities of these
compounds were detected by the method of micro broth dilution. Results Totally twenty indole alkaloids were obtained and
identified as vinorine (1), perakine (2), tetraphyllicine (3), raugalline (4), sitsirikine (5), geissoschizol (6), corynantheol (7),
dihydrocorynantheol (8), antirhine (9), isoantirhine (10), pelirine (11), 10-hydroxy-16-epi-affinine (12), yohimbine (13), normacusine
B (14), lochnerine (15), akuammidine (16), deacetylakuammiline (17), reserpine (18), harman (19) and melinonine F (20). Moreover,
compound 20 showed significant antibacterial activity against Canidia albicans with MIC value of 3.12 pg/mL. Compounds 1 and 11

S HER: 2022-05-08

HEEWA: MEERRAESHH (32000274); FRARBEREESTH (31900290); =HAHE ITAWHEESTH (2020J0139); =FHIER
BEFE (202101AU070069); = F%4 A B2 FIRWEHF ST H  (202005AE160004)

fEHREN: B 8 (1997—), B, LA, NFHEPLFFAR . E-mail: 1326069381@qq.com

*BIEEE: TRER, B, 0, witASm, WFERARAYEYERS A PG 7. E-mail: dingcaifeng@kmmu.edu.cn
Tk, A, mIEeR, BRI, NIRRT S EYEEDT AL . E-mail: yaohaofei@kmmu.edu.cn



© 1034 ¢

FED 20232 H $54% B4 Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 4

showed certain antimicrobial activity against Escherichia coli, and compounds 11, 13, and 20 showed certain antimicrobial activity

against Bacillus subtilis, the MIC values were 6.25—12.50 pug/mL respectively. And their activities were comparable to antibiotics

berberine. Conclusion Compound 20 was firstly reported from the genera Rauvolfia, and compounds 6, 8—13, 16—18 were firstly

reported from this plant. Some compounds showed potential antimicrobial activities.

Key words: Rauvolfia yunnanensis Tsiang; indole alkaloid; antimicrobial activity; melinonine F; vinorine; pelirine; dihydrocorynantheol;

yohimbine
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AR = SRR, FESMTRE M. 5
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(vinorine, 1). @%57 & FEAM, (perakine, 2). PYAf
8 S AHT B, (tetraphyllicine, 3). 811 (raugalline,
4). VORI H A Csitsirikine, 5). 284 A BE
(geissoschizol, 6). Ff#l# (corynantheol, 7). —
Z M # B ( dihydrocorynantheol , 8 ) . & 4% il
(antithine, 9). FEZH (isoantirhine, 10). {f3L
fE B Cpelirine, 11). 10- ¥ F-16- % - 1€ 4 B2
( 10-hydroxy-16-epi-affinine , 12 ) . & F &
(yohimbine, 13). FFE4EEH B (normacusine B,
14) . ¥ F§d (lochnerine, 15). [ #42K & 3
( akuammidine , 16 ) « 2 & Bt B #5 K R
(deacetylakuammiline, 17)+ F|Ifl*f* (reserpine, 18)-
5 7K #H% (harman, 19). #E#Ki1%5* F (melinonine F,
20). HH, AP 20 NEIRMNE ZEKEH B
F, (k&Y 6. 8~13. 16~18 HLINE XM ZHEY)
Hr AR IR B4R B AR S AT T 3L
WG PEDE . X ARG RANEE T am & TR
TEE AR, R H SRR 2 AR ) B IR it
TSR
1 MRENEE
1.1 #

ZEE IR T 20194E9 AR E ZFEEE
M, & EHERREAMEZ RS E N o EE
K Rauvolfia yunnanensis Tsiang BT MR, FrA
(20190910 IAE T R EERL R #2552 B mE K
SREY 2 TSI = . SR (ATCC 2091),
KWk B (ATCC 8739), 4 #j¥kE (ATCC
2592), FAEZEMIAFER (ATCC 6633) 2k H 36 F
RIRE IR R 0 (Rockville USA). /NEERR (1
R EMREA R AR, #t5 B21379), M
(B AT, #5 C11990398).
1.2 N5

AVANCE-400/AVANCE-600 % 2% 1 3t 415 i A%
(f [E] Ari & v A 7] ), Waters Xevo TQ-S = JY 24T
JRVEAX (SEERFFTA T, LC-52 il 4% 7 i 5o Ar
R (b TG BB AR AR, Cis-MS-1I
B (250 mmX 10 mm, 5um, HAEHAFD,
Sephadex LH-20 #i SEHEEER it 22 R B PE L AR )
FARNT], kifk 40~70 pm, 5 10276077), T
Ji& GFass T )2 ISR (B Sk T, 100~
200 H, #t5 20200601), F:EEEER (200~300
H, & &ELT], #i5 01901700, RP-18 fE:fh
AR (BEEE AR, KifE 40~63 pum, #t5

KU00503), HBS-1096B BUEEARX (R 5 =R A FD,
RO FT R G R a3 B4 L 2 51
HIRAF, #it5 WXBD4328V), HARFIL AT
Wk (EZEJEERD.
2 Rk
21 REASHE

SEEIEARATEM (13.0kg) #HE, i 100 H
o F 80% FHEERIHEI 5 Ik (BRI 8O L, [H
Wit 3 b, PREURRUEEINGE R, BERERE 1.0kg,
IR pH=2~3 FI#hf-/K o sUE e, S8l A
ZUKIH pH=9~10, BERRCEEAHL, JLARHEIR LMK
JZIRE (60.0 g). BERRLTEZERE (60.0 g) SAEA
(200~300 H) FE: i, S0-FEE 120,10
1.9:1.8:1.7:1.5: 1. 0: 1) BREESRM, &
HH1E 5 MR (Fr,A~FrE). FrA (5.0 g) &
A RE, & fh-NEd (1021, 5213214 1
D BEEETR, 73 5 N4 (Fr. A1~A5). Fr. A3 (3.2
g) £ RP-18 i, FEL-/K (10 1 90~100 : 0)
BEREWEN, 96E% 1 (100.0 mg). 5 (20.0 mg).
Fr. B (11.0 g) ZRERFEEE, AmBE-IEE (30 1.
2014 10D BREESERL, 13 6 NMAL4r (Fr. B1~B6).
Fr. Bl (2.5 g) % Sephadex LH-20 f1:tait (FEE)
Tl K ) 2% RO s alifb L S 2 (4.0
mg, ZJ§-7K 70 130, 2 mL/min, =18 min). 16
(4.0mg, ZJE-7K 60 : 40, 2 mL/min, x=14 min).
19(1.2 mg, ZJi5-7K 65 : 35,2 mL/min, k=17 min)-
20(1.5 mg, ZJ5-7K 65 © 35,2 mL/min, g =20 min),
Fr. C (5.0 g) &REMRAE A, S A7-0EE (51,3 :
1. 10D B, 15 6 MR (Fr. C1~C6).
Fr. C4(53.1 mg) 4 Sephadex LH-20 o i 4fifh, ( H
B Ve, f54b&93 (5.0 mg). 4 (10.0 mg). Fr.C5
(326.3 mg)%: RP-18 3 -7k (10 2 90~100 :
0) BEEEWEML, Sephadex LH-20 F:faif (HIEE) ¥
It % 2] 6 v AR £ B A5 A4 13(2.0 mg,
ME-7K 55 1 45,2 mL/min, r=18 min).Fr. C6(17.0
mg) % Sephadex LH-20 fHtaE (HEE) B
il 2 i RO B R AL AR LAY 6 (2.0 mg,  LJI-
7K 5545, 2mL/min, ®=21min). 8 (5.0mg, 4
i§-7K 55 45, 2 mL/min, &_R=25 min). Fr. D (3.2 g)
SEcAE e, S5-FEE (2001, 100 1) BB
fii, 35 MNfi4 (Fr.D1~D5). Fr.D4 (38.4mg)
L Sephadex LH-20 #: 2ii CFHEE) et 2 Y-l £
4tk BEY 14 (6.0 mg, ZfE-/K 50 & 50, 2
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mL/min, =21 min). 15 (4.0 mg, ZJ§-/K 55
45, 2mL/min, &rR=27 min). Fr. D5 (300.7 mg) &
RP-18 F:fith FEE-/K (10 : 90~100 & 0) BfEFHEM,
MARAEAE, S0-NEH-— Ok (1:1:0.D

SRR S 11 (2.0 mg). 18 (3.0 mg). Fr. E
(1.0 g ZRERA A, &47-FEE (1001, 511D
FEEEWEM, 75 2 MAL4> (Fr. E1~E2). Fr. E1 (600.0
mg) % RP-18 FEAHEFEE-7K (10 1 90~100 : 0)

BEEEVEME, Sephadex LH-20 #:ffits (HIEE) Pefi,

BUEY) 7 (30.0 mg). 12 (10.0 mg). Fr. E2 (317.3
mg) % Sephadex LH-20 fE&i% (FHEL) B/li &
il G S A AR A 17 (11.0 mg, -
7K 40 : 60, 2 mL/min, =21 min). 9 (4.0 mg, 4
JiE-7K 40 : 60, 2 mL/min, &=27 min). 10 (2.0 mg,
ZJiE- 7K 40 : 60, 2 mL/min, &x=231 min).

2.2 IMEUEMNE

2201 B EEMH S BURE I PR ORI AT
Escherichia coli~ Fi% 2B Bacillus subtilis+ 4
(0] % BR W Staphyloccus aureus 1t 2 BRI
Candida albicans ¥ Fh 2B AR E AR _E, FF &K
S R T VR R B e A g SR b, BT
37 °C. 180 r/min #AfF NEGEFEEN M. 1E%
AMa3 FEHEEETE I E HRAE 600 nm FIEEE (4D

B, FHFURHE T B AR BRI VR 6 2% BETE 0.10 (0.5 F K
25 RRE), B Fl MHB A7 5% 37 505 B O R 21
1 X106 CFU/mL 1%,

222 FRUFESBIHIE BURFURES (&) 1~
20 S PHEZ5 ) m MR INEERD , TN 10% — F A&
TEER (DMSO) ¥, EIAE it BRI 2K FE 9 200
pg/mL 25 o

223 K #0 B WK 2 ( minimum  inhibitory
concentration, MIC) e EHITCH I 96 AL
B AL RN 100 uL Wiz iR, RIS
1 HEZNFLA N 100 pL CA BC L R RE i, HE
TP EFREMIRES, BEEIMA 100 pL F#FE S5 15
W, PRSI AT 5, A i B B 2540 1)
R JTREIRFELE 0.78~100 pg/mL. JRBA1E# 96 1
SRS 4N E T 37 'C FE9% 24 h, HE&ER
HHET 28 C TR 48 he LullEiEEIRE, Ml
PRI 58 BEVRAE 600 nm AL 4 {8, FW%2 96 FLIR
MVEME, FRRRe S 2 B E /N T 25T 2 o IR
R B8 B oA 300 D S Ve P R o L B DA AR5 U i
1) MIC {H, 40 SEAFMIFE & 7Y MIC {E KT 100 pg/mL,

MRZAE SR A PTG, BN SEEFAT 3 K.
3 RS9
3.1 HmEE

&9 1: AR A, ESI-MS m/z 335 [M+H]",
237N C2iHuN202, 'H-NMR (400 MHz, CD;0D)
8:7.62 (1H, d, J = 7.6 Hz, H-9), 7.46 (1H, d, J = 7.6
Hz, H-12), 7.39 (1H, t, J = 7.6 Hz, H-10), 7.22 (1H, t,
J=17.6 Hz, H-11), 5.31 (1H, q, J = 6.8 Hz, H-19), 5.04
(1H, d, J = 0.8 Hz, H-17), 422 (1H, t, J = 4.8 Hz,
H-3), 3.54 (2H, m, H-21), 3.39 (1H, t, J = 6.8 Hz,
H-5), 3.27 (1H, m, H-15), 2.74 (1H, dd, J = 11.6, 4.8
Hz, H-6a), 2.43 (1H, t, J = 6.8 Hz, H-16), 2.17 (3H, s,
H-23), 1.93 (2H, t, J = 4.8 Hz, H-14), 1.69 (1H, m,
H-6b), 1.67 3H, d, J= 6.8 Hz, H-18); '3C-NMR (100
MHz, CD;OD) ¢: 183.8 (C-2), 169.9 (C-22), 156.5
(C-13), 137.9 (C-20), 136.4 (C-8), 128.6 (C-11), 125.4
(C-10), 123.8 (C-9), 120.9 (C-12), 115.6 (C-19), 77.7
(C-17), 64.3 (C-7), 58.0 (C-3), 56.1 (C-5), 54.1
(C-21), 48.9 (C-16), 37.3 (C-6), 27.4 (C-15), 26.4
(C-14),21.1 (C-23), 12.9 (C-18). VL L%k 5 kst
L, B A 1 YA

&9 2: Ak A, ESI-MS m/z 351 [M+H]",
7 AN C2iHN203, 'H-NMR (600 MHz, CDCl3)
5: 9.85 (1H, s, H-21), 7.62 (1H, d, J = 7.8 Hz, H-9),
7.49 (1H, d, J=7.8 Hz, H-12), 7.40 (1H, t, J = 7.8 Hz,
H-10), 7.23 (1H, t, J = 7.8 Hz, H-11), 4.95 (1H, s,
H-17), 4.18 (1H, d, J = 9.6 Hz, H-3), 3.63 (1H, t, J =
6.0 Hz, H-5), 3.33 (1H, m, H-19), 2.88 (1H, t, J= 6.0
Hz, H-15), 2.80 (1H, dd, J = 12.0, 4.8 Hz, H-6a), 2.47
(1H, t, J = 6.0 Hz, H-16), 2.18 (1H, m, H-20), 2.17
(3H, s, H-23), 1.77 (1H, m, H-14a), 1.65 (1H, d, J =
12.0 Hz, H-14b), 1.64 (1H, d, J = 12.0 Hz, H-6b), 1.27
(3H, d, J = 6.0 Hz, H-18); '3C-NMR (150 MHz,
CDCl3) d: 201.6 (C-21), 182.7 (C-2), 170.1 (C-22),
156.5 (C-13), 136.2 (C-8), 128.8 (C-11), 125.6 (C-10),
123.9 (C-9), 121.0 (C-12), 78.0 (C-17), 64.9 (C-7),
56.9 (C-3), 56.4 (C-19), 51.6 (C-5), 49.9 (C-16), 48.7
(C-20), 37.4 (C-6), 26.2 (C-15), 22.6 (C-14), 21.1
(C-23), 18.9 (C-18). LA -Hud 5 scmkxs Lel2), %5
W 2 s B TR

&9 3: Ak A, ESI-MS m/z 309 [M+H]",
23RN CaoHaaN2O, 'H-NMR (600 MHz, CDCl3) §:
7.47 (1H, d, J = 7.8 Hz, H-9), 7.14 (1H, t, J = 7.8 Hz,
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H-10), 6.77 (1H, t, J = 7.8 Hz, H-11), 6.63 (1H, d, J =
7.8 Hz, H-12), 5.19 (1H, q, J = 6.6 Hz, H-19), 4.42
(1H, brs, H-17), 3.47 (1H, d, J = 9.6 Hz, H-3), 3.41
(1H, d, J = 15.6 Hz, H-21a), 3.34 (1H, d, J = 15.6 Hz,
H-21b), 3.13 (1H, t, J = 6.0 Hz, H-15), 3.05 (1H, t, J =
6.0 Hz, H-5), 2.79 (3H, s, N-CH3), 2.65 (1H, s, H-2),
2.34 (1H, m, H-16), 2.05 (1H, t, J = 12.0 Hz, H-14a),
1.92 (1H, d, J = 7.8 Hz, H-6a), 1.84 (1H, t, J = 12.0
Hz, H-6b), 1.68 (3H, d, J = 6.6 Hz, H-18), 1.61 (1H,
m, H-14b); *C-NMR (150 MHz, CDCls) o: 154.4
(C-13), 140.0 (C-20), 132.8 (C-8), 127.3 (C-11), 122.8
(C-10), 119.3 (C-9), 114.9 (C-19), 109.4 (C-12), 79.4
(C-17), 76.7 (C-2), 56.1 (C-3), 55.3 (C-21), 54.9
(C-7), 52.2 (C-5), 49.2 (C-16), 35.0 (C-6), 34.6
(N-CH3), 29.5 (C-14), 28.1 (C-15), 12.8 (C-18). LLL
s 5 SO0 LR, B2 E A 3 DU I B SRR

&9 4: ALK AR, ESI-MS m/z 327 [M~+H],
73T N CoHaeN20,, 'TH-NMR (600 MHz, CDCls)
0: 7.52 (1H, d, J = 7.2 Hz, H-9), 6.67 (1H, t, J = 7.2
Hz, H-10), 7.05 (1H, t, J = 7.2 Hz, H-11), 6.62 (1H, d,
J=17.2Hz H-12),4.63 (1H, d, J= 7.2 Hz, H-21), 4.40
(1H, s, H-17), 4.20 (1H, m, H-15), 3.60 (1H, d, J= 7.2
Hz, H-3), 2.96 (1H, m, H-5), 2.80 (3H, s, N-CH3),
2.62 (1H, s, H-2), 2.20 (1H, m, H-16), 2.01 (1H, m,
H-14b), 1.95 (2H, m, H-6), 1.55 (1H, dd, J=13.2, 5.4,
Hz, H-20), 1.41 (1H, m, H-14a), 1.39 (1H, m, H-19a),
1.34 (1H, m, H-19b), 0.98 (3H, t, J = 6.1 Hz, H-18);
13C-NMR (150 MHz, CDCl3) J: 154.0 (C-13), 134.5
(C-8), 126.7 (C-11), 123.1 (C-10), 118.5 (C-9), 109.1
(C-12), 87.6 (C-21), 81.4 (C-17), 79.4 (C-2), 57.7
(C-7), 54.7 (C-3), 50.5 (C-5), 46.9 (C-16), 44.4
(C-20), 35.3 (C-6), 34.3 (N-CH3), 31.6 (C-19), 28.4
(C-15),25.5 (C-14), 12.3 (C-18). LA % 5 ikt
Lei4, S E 4 NEMR .

&Y 5: Ak (REE, mp 239~241 C,
ESI-MS m/z 355 [M+H]*, 4373 A CaiHaeN2O3,
'H-NMR (400 MHz, CDCl3) &: 8.64 (1H, brs, N-H),
7.45 (1H, d, J= 7.6 Hz, H-9), 7.32 (1H, d, J= 7.6 Hz,
H-12), 7.13 (1H, t, J = 7.6 Hz, H-10), 7.07 (1H, t, J =
7.6 Hz, H-11), 5.58 (1H, m, H-19), 5.23 (1H, dd, J =
17.2, 1.6 Hz, H-18a), 5.18 (1H, dd, J = 10.0, 1.6 Hz,
H-18b), 4.00 (1H, dd, J = 11.2, 7.2 Hz, H-3), 3.77
(1H, dd, J = 11.2, 6.0 Hz, H-21a), 3.72 (2H, m, H-17),

3.66 (3H, s, 22-OCH3), 3.34 (1H, m, H-5a), 3.19 (1H,
d, J =112 Hz, H-15), 3.13 (1H, m, H-6a), 3.05 (1H,
m, H-21b), 2.79 (1H, m, H-6b), 2.52 (1H, m, H-5b),
2.40 (2H, m, H-14), 2.20 (1H, m, H-16), 1.41 (1H, d,
J = 7.6 Hz, H-20); '3C-NMR (100 MHz, CDCl;) §:
174.4 (C-22), 138.1 (C-19), 136.2 (C-13), 136.1 (C-2),
127.1 (C-8), 121.5 (C-11), 119.4 (C-10), 118.5 (C-9),
118.1 (C-18), 111.0 (C-12), 107.6 (C-7), 61.9 (C-21),
60.8 (C-17), 59.7 (C-3), 52.6 (C-5), 51.7 (22-OCH3),
47.9 (C-16), 44.3 (C-20), 40.3 (C-15), 31.5 (C-14),
21.8 (C-6). VA -%dls 53Tk bS], b &)
5 vt i B 8

e 6: AEEE (HEE, mp216~218 C,
ESI-MS m/z 297 [M+H]*, 7 T3~ CioH24N20,
'H-NMR (400 MHz, CD;OD) 6: 7.37 (1H, d, J= 7.6
Hz, H-9), 7.28 (1H, d, J = 7.6 Hz, H-12), 7.03 (1H, t,
J=1.6 Hz, H-10), 6.96 (1H, t, J = 7.6 Hz, H-11), 5.39
(1H, q, J = 6.6 Hz, H-19), 447 (1H, m, H-17a), 3.91
(1H, m, H-3), 3.71 (1H, d, J = 7.6 Hz, H-17b), 3.40
(1H, m, H-21a), 3.18 (1H, m, H-5a), 3.05 (1H, m,
H-6a), 2.83 (1H, m, H-21b), 2.78 (1H, m, H-6b), 2.51
(1H, m, H-5b), 2.01 (1H, m, H-14a), 1.90 (1H, m,
H-14b), 1.67 (3H, dd, J = 6.6, 1.2 Hz, H-18), 1.55
(1H, m, H-16a), 1.40 (1H, m, H-16b), 1.33 (1H, m,
H-15); BC-NMR (100 MHz, CD;0D) d: 136.8 (C-13),
136.6 (C-20), 134.2 (C-2), 126.9 (C-8), 120.0 (C-11),
118.4 (C-10), 117.2 (C-9), 116.1 (C-19), 110.5 (C-12),
106.2 (C-7), 60.3 (C-3), 59.3 (C-17), 55.0 (C-21), 52.4
(C-5), 37.5 (C-16), 35.8 (C-14), 33.8 (C-15), 20.8
(C-6), 11.7 (C-18). LA % ds 5 3Cifons tlel, %54k
EW) 6 MUK KRB,

&Y 7: AER A, ESI-MS m/z 297 [M~+H]*,
737N CioHaaN20, TH-NMR (600 MHz, CDCl) 6:
10.66 (1H, s, N-H), 7.27 (1H, d, J= 7.8 Hz, H-9), 7.22
(1H, d, J = 7.8 Hz, H-12), 6.93 (1H, t, J = 7.8 Hz,
H-10), 6.86 (1H, t, J = 7.8 Hz, H-11), 5.59 (1H, m,
H-19), 4.99 (2H, m, H-18), 4.34 (1H, brs, H-17a), 3.75
(1H, brs, H-3), 3.70 (1H, m, H-17b), 3.51 (1H, dd, J =
10.2, 4.2 Hz, H-21a), 3.42 (1H, dd, J = 10.2, 4.2 Hz,
H-5a), 2.95 (1H, dd, J= 11.4, 4.8 Hz, H-5b), 2.76 (1H,
m, H-21b), 2.68 (1H, m, H-6a), 2.54 (1H, m, H-6b),
2.19 (1H, m, H-14a), 1.96 (1H, m, H-14b), 1.80 (1H,
m, H-16a), 1.51 (1H, m, H-16b), 1.34 (1H, m, H-20),
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1.28 (1H, m, H-15); '3C-NMR (150 MHz, CDCl;) §:
140.5 (C-19), 135.7 (C-13), 135.6 (C-2), 127.5 (C-8),
120.6 (C-10), 118.6 (C-11), 117.7 (C-9), 116.6 (C-18),
111.4 (C-12), 106.6 (C-7), 63.3 (C-3), 62.9 (C-17),
54.6 (C-21), 52.3 (C-5), 48.5 (C-20), 35.0 (C-14), 37.2
(C-15), 35.8 (C-16), 25.9 (C-6). LA L H 4k 5 ik
L0, A T ARG .

&Y 8: Ak (HEE, mp 175~177 C,
ESI-MS m/z 299 [M+H]*, 7T 3N CioHa6N20,
'H-NMR (400 MHz, CDCls) 6: 8.24 (1H, brs, N-H),
7.45 (1H, d, J= 7.6 Hz, H-9), 7.30 (1H, d, J= 7.6 Hz,
H-12), 7.12 (1H, t, J = 7.6 Hz, H-10), 7.07 (1H, t, J =
7.6 Hz, H-11), 3.73 (1H, t, J = 7.6 Hz, H-17a), 3.08
(1H, m, H-3), 3.07 (1H, m, H-17b), 3.04 (1H, m,
H-5a), 3.00 (1H, m, H-6a), 2.71 (1H, dd, J = 11.2, 4.4
Hz, H-6b), 2.51 (1H, m, H-5b), 2.24 (1H, d, J = 12.4
Hz, H-16a), 2.05 (1H, m, H-21a), 1.96 (1H, m,
H-14a), 1.90 (1H, m, H-16b), 1.62 (1H, m, H-19a),
1.44 (1H, m, H-21b), 1.42 (1H, m, H-20), 1.31 (1H,
m, H-14b), 1.28 (1H, m, H-15), 1.10 (1H, m, H-19b),
0.89 (3H, t, J= 7.6 Hz, H-18); '3C-NMR (100 MHz,
CDCLy) 0: 136.1 (C-13), 127.3 (C-2), 124.1 (C-8),
121.3 (C-10), 119.3 (C-11), 118.1 (C-9), 110.9 (C-12),
107.8 (C-7), 60.5 (C-21), 60.2 (C-17), 59.8 (C-3), 53.0
(C-5), 41.6 (C-20), 36.9 (C-15), 35.4 (C-16), 352
(C-14), 23.4 (C-18), 21.5 (C-6), 11.0 (C-19). L ¥
P55 30T DS, e B 8 T A A

&4 9: A A, ESI-MS m/z 297 [M+H]",
737N CioHaaN20, TH-NMR (600 MHz, CDCl) 6:
8.01 (1H, brs, N-H), 7.47 (1H, d, J = 7.8 Hz, H-9),
7.34 (1H, d, J= 7.8 Hz, H-12), 7.15 (1H, t, J = 7.8 Hz,
H-10), 7.10 (1H, t, J = 7.8 Hz, H-11), 5.60 (1H, m,
H-19), 5.22 (1H, d, J = 10.2 Hz, H-18a), 5.16 (1H, d,
J=10.2 Hz, H-18b), 4.17 (1H, brs, H-3), 3.74 (1H, m,
H-21a), 3.60 (1H, dd, J = 10.2, 7.8 Hz, H-21b), 3.21
(1H, d, J = 7.8 Hz, H-5a), 3.03 (1H, m, H-5b), 3.00
(1H, m, H-6a), 2.77 (1H, m, H-6b), 2.75 (1H, m,
H-17a), 2.65 (1H, m, H-14a), 2.62 (1H, m, H-17b),
2.25 (1H, m, H-20), 2.01 (1H, m, H-14b), 1.74 (1H,
m, H-16a), 1.54 (1H, m, H-15), 1.52 (1H, m, H-16b);
3C-NMR (150 MHz, CDCl;) §: 138.1 (C-19), 135.8
(C-13), 133.5 (C-2), 127.6 (C-8), 121.4 (C-10), 119.5
(C-11), 118.6 (C-18), 118.0 (C-9), 111.0 (C-12), 108.0

(C-7), 63.7 (C-21), 54.1 (C-3), 51.8 (C-5), 49.7
(C-20), 47.1 (C-17), 31.8 (C-14), 31.7 (C-15), 28.8
(C-16), 18.5 (C-6). LA F¥#m 5 3Clkxf b, %5
e 9 NEZ.

&P 10: HER A, ESI-MS m/z 297 [M+
H]*, 3N CioHuN,O, 'H-NMR (600 MHz,
CDCls) 6: 8.30 (1H, brs, N-H), 7.47 (1H, d, J = 7.8
Hz, H-9), 7.33 (1H, d, J = 7.8 Hz, H-12), 7.14 (1H, t,
J=1.8Hz, H-10), 7.09 (1H, t, J = 7.8 Hz, H-11), 5.51
(1H, q, J = 7.2 Hz, H-19), 4.21 (1H, brs, H-3), 3.63
(2H, m, H-21), 3.55 (1H, m, H-5a), 3.25 (1H, m,
H-5b), 3.07 (1H, m, H-6a), 3.04 (1H, m, H-17a), 3.02
(1H, m, H-6b), 2.95 (1H, m, H-17b), 2.66 (1H, dd, J =
14.4, 4.8 Hz, H-14a), 2.17 (1H, dt, J = 14.4, 4.8 Hz,
H-14b), 2.03 (1H, m, H-16a), 1.64 (3H, d, /= 7.8 Hz,
H-18), 1.54 (1H, m, H-15), 1.52 (1H, m, H-16b):
BC-NMR (150 MHz, CDCl3) &: 137.2 (C-20), 135.0
(C-13), 133.0 (C-2), 127.5 (C-8), 121.5 (C-10), 119.5
(C-11), 118.1 (C-9), 115.4 (C-19), 111.0 (C-12), 107.5
(C-7), 61.8 (C-21), 53.9 (C-3), 53.5 (C-5), 512
(C-17), 35.9 (C-14), 32.8 (C-15), 31.6 (C-16), 18.2
(C-6), 12.9 (C-18). LA E##s 5 Ciifons Ei2, %5Efl
EY10 N FEH.

&Y 11 FERK, ESI-MS m/z 355 [M+
HI*, T3~ CuHeN203, 'H-NMR (400 MHz,
CDCls) 0: 9.07 (1H, brs, N-H), 7.29 (1H, d, J = 8.8
Hz, H-12), 7.08 (1H, d, J = 2.4 Hz, H-9), 7.02 (1H, dd,
J=8.8,2.4Hz H-11), 5.51 (1H, q, J = 6.4 Hz, H-19),
3.89 (3H, s, 10-OCH3), 3.73 (1H, d, J = 13.6 Hz,
H-21a), 3.63 (2H, m, H-17), 3.51 (1H, m, H-6a), 3.40
(1H, m, H-5), 3.38 (1H, m, H-15), 3.31 (1H, m,
H-21b), 3.10 (1H, m, H-6b), 3.07 (1H, m, H-14a),
2.66 (1H, dd, J = 8.8, 2.4 Hz, H-14b), 2.62 (3H, s,
N-CH3), 1.70 (3H, d, J = 8.8 Hz, H-18), 1.25 (1H, m,
H-16); '3C-NMR (100 MHz, CDCl;) 8: 191.1 (C-3),
154.5 (C-10), 136.0 (C-2), 135.0 (C-20), 132.2 (C-13),
128.5 (C-8), 121.1 (C-19), 120.0 (C-7), 118.6 (C-12),
113.5 (C-11), 100.4 (C-9), 67.0 (C-17), 56.5 (C-5),
55.8 (10-OCH3), 52.3 (C-21), 43.5 (C-14), 419
(N-CH3), 384 (C-16), 31.4 (C-15), 194 (C-6), 12.1
(C-18). LA REE 5 SCBRRTLLRY, &Y 11
AASZATR o

& 12: EER A, ESI-MS m/z 341 [M+
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HI*, 2 73X A CoHuN,03, 'H-NMR (600 MHz,
DMSO-ds) 8: 7.29 (1H, d, J = 8.8 Hz, H-12), 6.99
(1H, d, J= 1.8 Hz, H-9), 6.90 (1H, dd, /= 8.8, 1.8 Hz,
H-11), 5.51 (1H, m, H-19), 3.60 (1H, m, H-21a), 3.58
(2H, m, H-17), 3.50 (1H, m, H-6a), 3.46 (1H, m, H-5),
3.40 (1H, m, H-15), 3.37 (1H, m, H-21b), 3.20 (1H,
m, H-6b), 3.14 (1H, m, H-14a), 2.68 (1H, dd, J = 8.8,
2.4 Hz, H-14b), 2.59 (3H, s, N-CH3), 1.70 3H, d, J =
8.8 Hz, H-18), 1.26 (1H, m, H-16); '3C-NMR (150
MHz, DMSO-ds) 6: 191.5 (C-3), 151.0 (C-10), 135.9
(C-2), 135.0 (C-20), 132.5 (C-13), 128.8 (C-8), 126.0
(C-19), 121.2 (C-7), 117.7 (C-11), 112.8 (C-12), 102.6
(C-9), 642 (C-17), 55.6 (C-5), 51.9 (C-21), 42.9
(C-14), 40.9 (N-CH3), 39.9 (C-16), 29.9 (C-15), 19.5
(C-6), 10.8 (C-18). LA F&#m 5 Chkxf th22), g qk
HEW 12 4 10-525E-16-R- 15 BE .

&P 13: HER A, ESI-MS m/z 355 [M+
HI*, 4rF 3 A C2iHxN203, 'H-NMR (600 MHz,
CDCls) 8: 7.46 (1H, d, J = 7.8 Hz, H-9), 7.32 (1H, d,
J=7.8Hz H-12), 7.14 (1H, t, J= 7.8 Hz, H-11), 7.08
(1H, t, J = 7.8 Hz, H-10), 4.23 (1H, d, J = 2.4 Hz,
H-17), 3.60 (3H, s, 22-OCH3), 3.21 (1H, d, J = 12.0
Hz, H-3), 3.08 (1H, dd, J = 12.0, 5.2 Hz, H-5a), 2.99
(1H, m, H-6a), 2.94 (1H, m, H-21a), 2.78 (1H, m,
H-6b), 2.71 (1H, m, H-5b), 2.61 (1H, t, J = 7.8 Hz,
H-14a), 2.20 (1H, m, H-16), 2.17 (1H, m, H-21b),
2.13 (1H, m, H-15), 2.07 (1H, m, H-18a), 1.74 (1H, d,
J=13.2 Hz, H-18b), 1.52 (1H, m, H-20), 1.41 (2H, m,
H-19), 1.37 (1H, m, H-14b); '*C-NMR (150 MHz,
CDCLy) §: 172.4 (C-22), 136.3 (C-2), 136.0 (C-13),
127.7 (C-8), 121.4 (C-11), 119.5 (C-10), 118.2 (C-9),
110.8 (C-12), 108.2 (C-7), 67.3 (C-17), 62.2 (C-3),
60.4 (C-21), 53.3 (C-5), 51.5 (C-16), 50.9 (22-OCHj),
39.4 (C-20), 36.9 (C-15), 33.9 (C-14), 28.7 (C-18),
23.7(C-19), 21.6 (C-6). LA b%ds 5 Cihxf b3, %
ENEY 13 NE 7 E.

thE&Y14: FHEKK, ESI-MS m/z 295 [M+
HI*, 70 TN CiyHuN,0, 'H-NMR (600 MHz,
CDCl3) 0: 7.39 (1H, d, J = 7.8 Hz, H-9), 7.28 (1H, d,
J=17.8Hz, H-12), 7.05 (1H, t, J = 7.8 Hz, H-10), 6.91
(1H, t, J = 7.8 Hz, H-11), 5.45 (1H, q, J = 6.0 Hz,
H-19), 4.17 (1H, d, J = 7.8 Hz, H-3), 3.59 (1H, m,
H-21a), 3.47 (2H, m, H-17), 3.43 (1H, m, H-21b),

3.02 (1H, dd, J = 15.6, 5.4 Hz, H-6a), 2.86 (1H, brs,
H-15), 2.73 (1H, t, J = 6.0 Hz, H-5), 2.70 (1H, d, J =
15.6 Hz, H-6b), 2.10 (1H, t, J = 7.8 Hz, H-14a), 1.85
(1H, m, H-16), 1.75 (1H, m, H-14b), 1.64 3H, d, J =
6.6 Hz, H-18); '3C-NMR (100 MHz, CDCls) 6: 137.8
(C-2), 136.8 (C-13), 134.8 (C-20), 127.4 (C-8), 120.6
(C-11), 118.4 (C-10), 117.2 (C-9), 116.8 (C-19), 110.6
(C-12), 102.9 (C-7), 63.7 (C-17), 55.2 (C-21), 54.7
(C-5), 50.4 (C-3), 44.1 (C-16), 33.1 (C-14), 27.3
(C-15), 26.4 (C-6), 11.6 (C-18). LA -3 5 ik vt
Ee24, S B9 14 NS 20 B.

&Y 15: HEKHAK, ESI-MS m/z 325 [M+
HI, 47304 CaHuN202, 'H-NMR (400 MHz,
CD;0D) 6: 7.17 (1H, d, J = 9.0 Hz, H-12), 6.91 (1H,
d, J = 1.8 Hz, H-9), 6.72 (1H, dd, J = 9.0, 1.8 Hz,
H-11), 5.44 (1H, m, H-19), 4.14 (1H, d, J = 9.0 Hz,
H-3), 3.80 (3H, s, 10-OCH3), 3.59 (1H, m, H-21a),
3.49 (1H, m, H-21b), 3.46 (2H, m, H-17), 2.99 (1H,
dd, J = 15.6, 5.4 Hz, H-6a), 2.85 (1H, brs, H-15), 2.72
(1H, m, H-5), 2.65 (1H, m, H-6b), 2.08 (1H, m,
H-14a), 1.85 (1H, m, H-16), 1.74 (1H, m, H-14b),
1.63 (3H, d, J = 9.0 Hz, H-18); 3C-NMR (100 MHz,
CD;0D) &: 153.7 (C-10), 138.7 (C-20), 134.7 (C-2),
132.0 (C-13), 127.8 (C-8), 116.8 (C-19), 111.2 (C-12),
110.4 (C-11), 102.9 (C-7), 99.3 (C-9), 63.7 (C-17),
55.2 (C-21), 54.9 (C-5), 54.3 (10-OCH3), 50.4 (C-3),
44.1 (C-16), 33.1 (C-14), 27.2 (C-6), 26.4 (C-15),
11.6 (C-18). LA EHH 5 3Ll xS LLPY, S a
15 A o

&Y 16: HEOK K, ESI-MS m/z 337 [M+
HI, 4> 738 CuHuN,02, 'H-NMR (400 MHz,
CD;0D) d: 7.36 (1H, d, J = 7.6 Hz, H-9), 7.26 (1H, d,
J=17.6 Hz, H-12), 7.03 (1H, t, J = 7.6 Hz, H-11), 6.95
(1H, t, J = 7.6 Hz, H-10), 5.44 (1H, q, J = 7.6 Hz,
H-19), 4.21 (1H, d, J = 9.6 Hz, H-3), 3.76 (1H, d, J =
9.6 Hz, H-17a), 3.65 (1H, m, H-17b), 3.63 (1H, m,
H-21a), 3.60 (1H, m, H-21b), 3.52 (1H, m, H-5), 3.40
(1H, d, J = 13.2 Hz, H-6a), 3.24 (1H, m, H-15), 2.93
(3H, s, 22-OCH3), 2.81 (1H, m, H-6b), 2.68 (1H, m,
H-14a), 1.89 (1H, m, H-14b), 1.62 (3H, d, J = 7.6 Hz,
H-18); 3C-NMR (100 MHz, CD;0D) 6: 174.1 (C-22),
138.6 (C-2), 138.5 (C-13), 137.9 (C-20), 127.9 (C-8),
122.0 (C-11), 119.7 (C-10), 118.6 (C-9), 118.2 (C-19),
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112.0 (C-12), 106.1 (C-7), 68.9 (C-17), 59.0 (C-5),
54.7 (C-21), 51.6 (C-3), 50.5 (C-16), 50.1 (22-OCH3),
30.3 (C-14), 30.1 (C-15), 25.0 (C-6), 13.3 (C-18).
A $ s 5 SCikox Eh2S), 55 e Ak A 16 B oK
SE -

&Y 17: AL CREE, mp 190~192 C,
ESI-MS m/z 353 [M+H]*, 43 F3 A C2iHuNO3,
'H-NMR (400 MHz, CDCl3) 6: 7.47 (1H, d, J = 7.8
Hz, H-9), 7.45 (1H, d, J = 7.8 Hz, H-12), 7.25 (1H, t,
J=17.8Hz, H-10), 7.11 (1H, t, J= 7.8 Hz, H-11), 5.44
(1H, q, J = 7.8 Hz, H-19), 4.36 (1H, d, J = 4.8 Hz,
H-3), 3.99 (1H, d, J = 16.8 Hz, H-21a), 3.70 (3H, s,
17-OCH3), 3.66 (1H, m, H-5a), 3.63 (1H, m, H-15),
3.13 (1H, m, H-21b), 2.81 (1H, d, J = 12.0 Hz,
H-17a), 2.61 (1H, m, H-6a), 2.59 (1H, m, H-17b), 2.41
(1H, m, H-14a), 2.38 (1H, m, H-6b), 1.88 (1H, dd, J =
15.0, 4.2 Hz, H-5b), 1.85 (1H, m, H-14b), 1.65 (3H,
dd, J = 7.2, 2.4 Hz, H-18); BC-NMR (100 MHz,
CDCl3) 6: 190.7 (C-2), 173.2 (C-22), 154.5 (C-13),
144.4 (C-8), 138.5 (C-20), 128.0 (C-9), 126.0 (C-12),
125.2 (C-11), 120.2 (C-19), 120.0 (C-10), 63.0 (C-17),
60.5 (C-7), 58.8 (C-16), 54.3 (C-3), 52.8 (C-21), 51.3
(C-5), 51.0 (17-OCH3), 37.4 (C-6), 33.6 (C-15), 30.0
(C-14), 12.5 (C-18). LA Hdf S5 oclkxt bhiel, %5
& 17 2 CERTARK R

&9 18: ki CHEED, mp 264~266 C,
ESI-MS m/z 609 [M+H]*, 43 F3 A C33HaN20o,
'H-NMR (600 MHz, CDCl;) d: 7.63 (1H, s, N-H),
7.32 (2H, m, H-2', 6'), 7.31 (1H, m, H-9), 6.82 (1H, d,
J = 2.4 Hz, H-12), 6.78 (1H, dd, J = 8.4, 2.4 Hz,
H-10), 5.05 (1H, m, H-3), 4.51 (1H, s, H-18), 3.90
(9H, s, 3', 4', 5-OCH3), 3.84 (3H, s, 11-OCH3), 3.83
(3H, s, 17-OCH3), 3.49 (3H, s, 22-OCH3), 3.21 (1H,
m, H-17), 3.19 (1H, m, H-21a), 3.01 (1H, m, H-5a),
2.96 (1H, m, H-21b), 2.70 (1H, dd, J = 8.4, 2.4 Hz,
H-6a), 2.51 (1H, m, H-6b), 3.51 (2H, m, H-19), 2.35
(1H, m, H-5b), 2.31 (1H, m, H-16), 2.08 (1H, m,
H-15b), 2.02 (1H, m, H-15a), 1.94 (1H, m, H-14a),
1.84 (1H, m, H-14b); '3C-NMR (150 MHz, CDCL;) &
172.8 (C-22), 165.5 (C-24), 156.3 (C-11), 153.0 (C-3/,
C-5"), 142.3 (C-4"), 136.4 (C-13), 130.2 (C-2), 125.4
(C-1"), 122.1 (C-8), 118.6 (C-9), 108.0 (C-10), 107.3
(C-7), 106.8 (C-2', 6), 95.2 (C-12), 77.9 (C-17), 77.8

(C-18), 60.8 (3', 4, 5-OCH3;), 56.3 (17-OCH3), 55.8
(22-OCHj3), 53.8 (11-OCH3), 53.7 (C-3), 51.5 (C-16),
51.2 (C-5), 49.0 (C-21), 33.9 (C-20), 32.2 (C-15), 29.7
(C-19), 24.2 (C-14), 16.7 (C-6). LA B 5 SC Rk xF
FR7, %A 18 AR

&Y 19: HEK K, ESI-MS m/z 183 [M+
HJ*, 4> 72N CiaH N2, 'TH-NMR (400 MHz, CDCls)
d: 8.36 (1H, d, J = 3.2 Hz, H-3), 8.12 (1H, d, J = 5.2
Hz, H-5), 7.83 (1H, d, J = 3.2 Hz, H-4), 7.55 (1H, m,
H-7), 7.53 (1H, m, H-8), 7.30 (1H, t, J= 3.2 Hz, H-6),
2.84 (3H, s, 1-CH3); '*C-NMR (100 MHz, CDCl;) ¢:
141.7 (C-1), 140.1 (C-8a), 138.7 (C-3), 134.5 (C-9a),
128.4 (C-6), 128.3 (C-4b), 122.1 (C-4a), 121.9 (C-5),
120.2 (C-7), 113.0 (C-4), 111.6 (C-8), 20.2 (1-CH3). LA
FHAE S SCRROTEERS), St A 19 ARG IR .

&Y 20: HEKAR, ESI-MS m/z 198 [M+
H]", 13N Ci3Hi3N,, 'TH-NMR (400 MHz, CDCl3)
d: 8.36 (1H, d, J = 3.2 Hz, H-3), 8.11 (1H, d, J = 5.2
Hz, H-5), 7.84 (1H, d, J = 3.2 Hz, H-4), 7.55 (1H, m,
H-7), 7.53 (1H, m, H-8), 7.30 (1H, t, J = 3.2 Hz, H-6),
3.77 (3H, s, N-CH3), 2.84 (3H, s, 1-CH3); '3C-NMR
(100 MHz, CDCl3) 6: 141.6 (C-1), 140.1 (C-8a), 138.5
(C-3), 134.5 (C-9a), 128.5 (C-4b), 128.4 (C-6), 122.0
(C-4a), 121.9 (C-5), 120.2 (C-7), 113.0 (C-4), 111.6
(C-8), 63.7 (N-CH3), 20.2 (1-CH3). LA -%dE 5 cikoxt
PO, %A 20 MM T F.
32 EMMEEMER

F22.27 W7 MR S0 1~20 FIPTRE S 1,
SERWE 1 Fn. LAY 20 XA SR R I
B PTREE T, MIC {EAN 3.12 pg/mL, SRt
LB 250 R MIC [EMH . (&9 1. 11 XK
it B R I — % PTEE M, MIC {HN 6.25
ng/mL, LAY 11, 13, 20 XA E 2EAUAT B R L
— & HIPLETEE, MIC {HA 12.50 pg/mL, &S
TEADIRST 254/ N BERRUA 4
4 g

RS FEACNTE “FEER” N CFIILT 1
[kl BAERERE, R, SURKER. MRS
A E BRI 7, DR Rl 2 B AT
IV AHIF FLE X 25 e 5 2SRRI 4k 2% 1y 1
ITT R, FEAHERR CBERAL 7 215 2] 20
AR AE IR, LHE 4 ANEF JEARHR (ajmaline) 7Y,
6 M (corynantheine) %Y, 2 ANk
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=1 L&YW 1~20 89 MIC

Table1 MIC values of 1—20

MIC/(ug'mL™")

TR SRR AT R I BT 1 R BT RS T, A
HRER R ITRT, S S R T fe
HORFEGUREAE R R BE . X SRR 1 LA
W/ NEEAS A AT — MRl BT AR IR R
DURE 23R 7 IR SR BEAN 73 AR . A AT
LERPPP AL T mr AN, Nx
F L ARG T R AR I T B IR S 4.
HAAR PTAEEYERARELEF G R

SE0

I
W e amkm e mERE AR R
1 NA 25.00 6.25  25.00
2 NA 50.00 1250  NA
3 NA NA 1250 25.00
4 NA 25.00 1250 12.50
5 50.00 50.00 50.00  25.00
6 100.00 50.00 25.00  100.00
7 NA NA 12.50  25.00
8 100.00 25.00 100.00  25.00
9 NA 50.00 25.00  25.00
10 NA 50.00 50.00  50.00
11 NA 6.25 625  12.50
12 50.00 50.00 50.00  25.00
13 NA 50.00 50.00  12.50
14 NA 50.00 100.00  25.00
15 100.00 100.00 50.00  25.00
16 NA 100.00 100.00  25.00
17 NA NA 1250 25.00
18 NA 50.00 1250 50.00
19 6.25 25.00 50.00  25.00
20 3.12 6.25 1250 12.50
FE A% R 3.122 3.12°0 6.25°  12.50

a- SR b-/NBERR NA-BAEME, MIC>100 pg-mL™
a is fluconazole for fungi and b is berberine for bacteria NA-no activity
MIC >100 pg'mL™!

(vobasine) M, 2 NEFEHE (yohimbine) Y, 3
ANIR V& S B8 (sarpagine ) B, 1 ANl by oK A5
(akuammiline) &, 2 4™ B-RyE AR (B-carboline) %Y,
Hr ey 20 HIRONERARBE 7 E1e2], E
Y 6. 8~13. 16~18 HIXMIZIEY T 7> #1535,
XA BV B FE T = IR TR

T, BE N HUER LA RS2
s, LT RTIT AR BRI 251 A A R R
N, AFAS A PR PSSR TR B
TRAFTWERZFE, HEAZH A, ARKMN/
(RIRE R, IEAE N % BT 2500 Ak B BAFARR T K il
AR 25 ) B ERYRBO . A R KR A A
STIR IR RS SRR, X LE AR T e S 4
BT A BRoR R . AWFFCRA T B
WIHIIE MIC 753, Tk T = & R A5 3|
1) FEEZ BRI AT 1~20 FIPURETEVE, 45 R REL
S E D) B T A A e . N —ERE R b
2 I NG| RS A W AT RE A 2 e 8 S AR P A
MR BIEER 2 —. HAP A 20 X 3 AR Ek
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