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Aliphatic chemical constituents and antimalarial activities of Rhodiola fastigiata
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Abstract: Objective To study the aliphatic chemical constituents and antimalarial activity of the dried whole plant Rhodiola
fastigiate. Methods The chemical constituents from 95% ethanol extract of R. fastigiate were isolated and purified by repeated silica
gel column chromatography, combined with the other column chromatography padded with RP-18, MCI, and sephadex LH-20,
respectively, and their structures were identified by physicochemical properties and spectral data. Meanwhile, the isolated compounds
were evaluated for antimalarial activity. Results Fifteen compounds were isolated and identified as 10a-cucurbita-7,24-diene-3f-ol
(1), B-amyrin acetate (2), stigmastan-3-one (3), stigmast-4-en-3-one (4), B-sitosterol (5), schleicheol 1 (6), stigmast-4,6,8(14),22-
tetraen-3-one (7), (22E,24R)-50,8a-epidioxyergosta-6,22-dien-3-ol (8), stigmast-4-en-6$-o0l-3-one (9), 7-oxositosterol (10), stigmast-
4-ene-60-0l-3-one (11), stigmastane-3,6-diol (12), 1-docosanol (13), tetracosanol (14), and dehydrocostus lactone (15). Conclusion
Compound 1 wais a new compound and named epi-10a-cucurbitadienol, compounds 2, 13 and 14 wasere isolated from this plant for
the first time and compounds 3, 4, 6—12 and 15 were firstly isolated from Rhodiola genus. Compound 15 has certain antimalarial
activity against Plasmodium falciparum 3D7 strain.
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K ¥F 21 5 K Rhodiola fastigiata (Hook. f. et
Thoms.) S. H. Fu, A& TEHLI5R. BESR. K
HER, BTARKEMEY, NEBFEELR, 2T
REVGRE. =Fg. WS, TR 2500~5 400
m s AR, R KR UK. B
HMUAFHEA 73 AR A2 (U )14 8 24 M4 B it (2020 4F
FONRLIMRE RIS (FA = /N (AN & BN -
B RIFRIThRE, HTEITRE RN, E
Ry HR FE (WP ARFELFR) PHdd8dmin
JTERFT IR, TREERSIEYT IS K AN G521, i
R, ARKEEA TR Z R, K%
SR 5T 5 156 FH AR A 2 i o AT o A, L2453
W FRIRA I o AR VR BT Z A AT B s M
i RIACHELL R BT — e Puelintt, HiztEy)
FEAEK TV R EAR X, BT RGeS
V& m s t X P & A R E sy 2 —, B
Ry DY R ESZ M EZE AR, BA—E
R FE . i, ARBFFE XKLL R P i i
Wi A ST RS T, IWAKHELL 5OREE SR
B R 15 MEE, 73 0 %58 N 100-8 77,24
“J#EE (10a-cucurbita-7,24-diene-3B-ol, 1) B-F5
fElE £ MR EE (B-amyrin acetate, 2). & & Hi-3-Hi
(stigmastan-3-one, 3). 57 {-4-/%-3-fi (stigmast-4-
en-3-one, 4). -7+ ¥ (B-sitosterol, 5). schleicheol
1 (6). T & -4,6,8(14),22- 1Y 4% -3- fi [stigmast-
4,6,8(14),22-tetraen-3-one , 7] - (22E,24R)-50,80-
epidioxyergosta-6,22-dien-3B-ol (8). & {-4-4%-6p-
Fi-3- (stigmast-4-en-6B-ol-3-one, 9). 3p-F2IHE
8 -5-45-7-1H (7-oxositosterol, 10). 6a-F23E T S -4-
Jfi-3-Fi (stigmast-4-ene-60-0l-3-one, 11). 5. & ¥t-
3,6- I (stigmastane-3,6-diol, 12). I1F .+ —hil#
(1-docosanol, 13). — 1 PU%ilE (tetracosanol, 14).
FEAREFWES (dehydrocostus lactone, 15). H AL
G NFRE, dr R IR S
2. 13 f 14 A E RN E 57 B3], a3,
4 M 6~15 ¥INE RN S RIEFT 755153 FIH
AUREH TER, KA SYBR Green I iEXL &40
JEVEMEREAT IR IE, KIALAH) 15 17E 50 pmol/L T X}
WME R B 3D7 MR E BUETETE,  fi SRk
65.24%.

1 {UEEMH

Bruker Avance I11-400 #% L HRAY (48 E A6 7

A7), TMS APIFR); Dionex Ultimate 3000 Y

RO B A3 (32 [E 3522 A 7] ) ; Bruker Daltonics MS
ARG EEAAE LA TD; EYOLS RS EX30 (7
W TEFANEEE R ATD; BSC-1000 ITA2 B A=Y 24
M (TR 2 e S HARA FRA 7] varioskan LUX %
ThEeMFbRiX (& [E Thermo Fisher Scientific 23 ]);
FRAZKAL CEIAZRAERA R AR D5 5510E Y 4
w9548 (SEHE NuAire A#]); Al FHRER AN
GFosq 2 B RE AR (35 5L T )5 RE-52AA
R 78 A C ISR AEAAN AR ) )5 AL204 BUH
TRV GERFE-FER 2008 BiARAFD: MCI
gel CHP-20/P120 (75~150 pm, HAZ=ZEAA]);
Sephadex LH-20 #ij 5 ¥# &t )X (i #i Amersham
Biosciences /A ] ); RP-18 (40~75um, HZA Fuji A
Ay WakE (orbrgl, FERERHEERAFD: FN
fig Coppfradi, bigsm il 2R A PR A T s Al
SAh BERR MG TAER. H RN Tt AR 5
H: DMSO CREMRFERA ZAFA R ARD; &
W IR & (3E[H Sigma A ], #it'5 BCBK7067V);
SYBR Green I (£ [E Molecular Probes A7) ).

ARSI BT SR MEE R (3D7 M) N ERE
Bt G 2 5 SR AT 9 BTV B xR A2 s i
HEYIFES T 2020 4 9 HRH =B, HAREKR
SR kK T S KL S K Rhodiola
fastigiata (Hook.f. & Thomson) S. H. Fu, YA
(20200922-7) 17 T KERK 5 25 7 44 VE P DU SR AT
VTR IR T 70 B SR
2 EESENE

KA SR TR AR 9.17 kg, 95% L
B4k, ik 24h, GIHIER, BUEKRFR SR
1792 g, SRERAFMRIK A AMES. B 206 TARR
HEE AT B A AR, 1A MEE . BERR 0. TR A
HEE 4 ANRERGERAL, A e 2 R A (ot U
THIEBE-BERR 208 (100 @ 1~0 : 1D BERN, 2HE
iERIR, SIFMER . 15 9 MES Frs. 1~9.
Hor Fr. 4 HEERHE GG B, AlBE-EE IR LB
(100 : 1) Pelt, BUEY 2 (95mg); Fr.7 SRER
FEEE, DUAME-BER 41 (100 @ 1) e, #)2
ORER ARG I ER 4y, 13 3 MRS Fr. 7-1~7-3,
Fr. 7-2 ZRERFE G OF O -BER 406 90 & 1. 3
CLE-TN I 60 @ 1) RREVEML, 1946E4 3 (12mg);
Fr. 8 ZRERAE il DUA VI E- AR (100 & 1) BEME,
3 (Fr. 8-1—~8-5) 5 M44), Fr. 8-4 SrEGH
W (A E-TAER 140 0 1) B, 154H4) Fr.8-4-1~
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Fr. 8-4-6, Fr. 8-4-6 R &l AE (il (FF Cfe-S7 A I
100 : 1) ¥elt, 15 Fr. 8-4-6-1~8-4-6-3, Fr. 8-4-6-3
SRR CE-PHEE (100 ¢ 1~0 : 1) 2 IREERAE: (i,
L&Y 13 (10 mg); 414) Fr. 8-3 SrERH: G
CAmBE-I R 140 @ 1) ¥, 15 Fr. 8-3-1~Fr. 8-3-
81X 8 NWAH4Y, Fr. 8-3-4 HARERA AR i
fok-PI R 32 0 1) i, £33 N5 Fr. 8-3-4-1~8-3-
4-3, Fr. 8-3-4-1 HAMEE-INEH R4 (32 1 1) Bl
73 (Fr. 8-3-4-1-1~8-3-4-1-4) 4 ANifi4r, Fr.8-3-4-1-
1 Fi4 Sephadex LH-20 A4l CE5-FHEE 11 1D
Veli, B46E 1 (20 mg). BEER ZH8 [ AH A HE
PR R A1 DL - R 40 (1 :0~0: 1) 6
Ve, 3 (Fr. A~H) 8 N %r. 414) Fr. A FikE
JeAE B, A HEE-BETR LR R4 (80 & 1) Pk
B, 2 EIERRFEIMRERS, 5 (Fr A-1~
A-9), 9NIRSY: Fr. A-7 ZRERAR (OIS G-
MR 2. g 70 © 1) M2 Sephadex LH-20 C&4-FEE 1 :
1) REEBSMLEY 14 (25 mg); Fr. A8 &
Sephadex LH-20 CZf5-HEE 1 1) Pefli, #ZEANE
FRORG IR 2, 1538 6 Ny (Fr. A-8-1~
A-8-6), Fr. A-8-4 ZMERAE(IE (AEN RS, A
HEE-NE R 550 1) REEREIEY) 4 (64
mg), Fr. A-8-5 ZrERGH il (LS RS Velhifs
(Fr. A-8-5-1~Fr. A-8-5-5) 5 N4, Fr. A-8-5-1
2 RP-18 il (60% T EE-7K) BEMAFILED 15
(27 mg); Fr. B H MCI A 3% CFFEE-7K 10%~100% )
BEEEVEDIAS (Fr.B-1~B-9), 9 MI44), Fr.B-9 &
RIS A T e - PR (6 & 1) Bef, R34k E
Y5 (500 mg); Fr. B-8 &tk ity Cfiimk-iA
il 60 : 1) ¥eMt, L#ZEEEEIREGHMHERHS 1S
(Fr. B-8-1~Fr. B-8-13) 13 N W41%, Fr.B-8-8 &%
REERAE A CAMBE-BEIR R RA 5 1 1, SAdi-
BER OB R4 60 2 1) Wi, 19EAY 6 (23 mg);
Fr. B-8-3 &RERAE A AAL G R, &2
ORERAR A IS (Fr. B-8-3-1~B-8-3-7), 7 M4,
Fr. B-8-3-2 FR & RER A (il (S5-I 80 @ 1) ¥k
e, &% 7 (14 mg); Fr. B-9 & Sephadex LH-
20 BERCAE IS CRO-FEE 1D D e, R
AR & IR 453458 (Fr. B-9-1~B-9-3) 3 M,
Fr. B-9-2 A A (E-INEH RS 30 - 1D
i, 2R S, 1§ (Fr.B-9-2-1~B-9-2-5),
5 AT, Fr. B-9-2-2 FARERHRE, fim-ES
IRME (40 1) Helii, {46AY 8 (34mg); Fr.B-

9-2-3 St A CAMBE-BERR COlE 4 0 1. & 4i-
BETR 4,16 10 © 1) A5, BUE9 9 (11
mg). 10 (12mg). 11 (7mg). Fr.C FARERFE ik,
DU BE-THER R4 (80 1 1~0: 1) BEEEeH, &
HE RN, I ER S, 8 13 MR (Fr.C-
1~C-13), Fr.C-7 & Sephadex LH-20 (J#) fit,
Bk EY 12 (10 mg).
3 HlkE
31 HEMNEE

& 1. Atk R (ED, mp121~124 C;
[ +63.80 (c 0.1 MeOH); UV Aay - (nm): 201 (3.80)
nm; HR-ESI-MS %0 T3 7 [M+Na]™T m/z
4494727, 185130 CyoHso0, AEFE N 6. IR i
B RUAEY) 1 fAERE (3477, 3317 ecm™) Al
WU (1608 cm™) ZEEFAERILIE . TH-NMR BELE oy
5.17 (1H, dd, J=6.5,2.1 Hz), 61 5.10 (1H, tt,J=7.1,
1.4Hz) A 2 MEERTES, on3.43(1H,t,J=2.8
Hz), A 1 MEFRRFERE 55, on1.68 3H,s).
1.60 (3H, s)~ 1.06 (3H,s). 1.02 (3H,s). 0.96 (3H, s)-
0.86 3H,s). 0.76 3H,s) A 7 MHIEH R TE 5,
on0.89 3H, d,J=6.2Hz) 3 1 X FET 115
55 BC-NMR F1 DEPT 3 SRz &9 30 4>
BT, AL 2 A= BB (5 156.3,131.1, 125 4,
117.8), 4 NI S (6c52.8,42.9,38.8,36.4), 5
MRHEBRES (5c 76.6,54.1,46.8,36.4,354), 9
M HFIEBE S (6c36.3,33.9,33.7,32.3,28.7,28.3,
25.2,24.3,20.0) 18 MHIEGRAES (oc 28.3, 25.9,
25.4,23.9,21.3,19.9,18.7,17.8). LA EHE £ %4k
W 1 D= A", 5 10a-cucurbitadienol
BB EEAE. 2 AMES YT R BE i
B RIZRAE T, 100-cucurbitadienol #] C-5. 6 L
WU (5c 141.9, 121.8) TEALEY 1 R A T AiF% (Sc
156.3, 117.8), &G4 1 5 10a-cucurbitadienol
1) 22 Sl SEAZAE T OV ) A7 B B HMBC 3 B m] A
ou 2.14 (1H, ddd, J = 18.4, 10.0, 2.1 Hz, H-6a) 5 C-7
(0c117.8) F1C-8 (0c156.3) MK, 0u5.17(dd,J=
6.6, 2.1 Hz, H-7)5 C-5 (dc 35.4). C-6 (Jc 24.3).
C-9 (5c36.4) Fl C-14 (6¢52.8) FHK, AIHiE %ML
ENEERY IR P U LE C-7.8 i@ 1T 'H-"H COSY
A HMBC R4 R, & 1B C-7. 8
r X E e T 10a-cucurbitadienol [ C-5. 6 7 Xk
A, B EEMII S 10a-cucurbitadienol — . KN Sy
3.43 (1H, t,J = 2.8 Hz) M 75 5 H-3 N o i
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A, Ni#Eid ROESY %W %2%] Me-21/H-17, Me-
18/Me-19, Me-19/H-5, H-10/H-3 [HRA5S,
E T A VIRARN Y, S FF6 37 b Y =il
SERRFIE. ZE LY B Y45 RN 100-cucurbita-
7,24-diene-3B-ol, il SciFinder JE RGtAI R, INE %
WEI G, fr R IR0 EYL
ML 1, BEEAOCRNE 2, NMR HdE % 1.

'H-"H cOSY

— > HMBC (H—>C)

1 &M 1 5l

Fig. 1 Structure of compound 1

<----» ROESY

2 &1 /%% 1H-1H COSY. HMBC 71 NOESY %55
Fig.2 Key 'H-'H COSY, HMBC and NOESY correlations of compound 1

F1 €AY 14 'H-NMR 71 BC-NMR ##& (400/100 MHz, CDCl3)
Table1 'H-NMR and '*C-NMR data of compound 1 (400/100 MHz, CDCl3)

B n dc Rz Ju de
1 1.41 (2H, m) 20.0 16 1.71 (1H, overlapped), 1.69 (1H, overlapped) 28.7
2 1.94 (1H, overlapped), 1.69 (1H, overlapped) 28.3 17 1.49 (1H, m) 54.1
3 343 (1H,t,J=2.9 Hz) 76.6 18 0.86 3H, s) 239
4 38.8 19 1.06 (3H, s) 213
5 1.94 (1H, overlapped) 354 20 1.37 (1H, overlapped) 36.4
6 2.14 (1H, ddd, J=18.4,10.0, 2.1 Hz) 243 21 0.89 3H, d, /= 6.3 Hz) 18.7

1.84 (1H, overlapped) 22 1.44 (1H, overlapped), 1.02 (1H, overlapped) 36.3
7 5.17 (dd,J=6.6, 2.1 Hz) 117.8 23 2.05 (1H, m) 252
8 156.3 1.87 (1H, overlapped)
9 36.4 24 5.10 (1H, tt,J=17.1, 1.4 Hz) 125.4
10 1.08 (1H, overlapped) 46.8 25 131.1
11 1.64 (1H, overlapped), 1.43 (1H, overlapped) 323 26 1.68 (3H, s) 259
12 1.75 (1H, overlapped), 1.65 (1H, overlapped) 33.9 27 1.60 (3H, s) 17.8
13 42.9 28 0.96 (3H, s) 254
14 52.8 29 0.76 (3H, s) 19.9
15 1.88 (1H, overlapped), 1.42 (1H, overlapped) 33.7 30 1.02 (3H, s) 28.3

32 EBHUEIMEE

& 2: Totakt i (1), CaHs202. 'TH-NMR
(400 MHz, CDCLs) &: 5.17 (1H, t, J = 3.7 Hz, H-12),
4.49 (1H, m, H-3), 2.04 (3H, s, -CH3CO), 1.93 (1H, m,
H-8), 1.88 (1H, m, H-2a), 1.85 (1H, m, H-11a), 1.81
(1H, m, H-2b), 1.78 (1H, m, H-16a), 1.76 (1H, m, H-
15a), 1.75 (1H, m, H-11b), 1.70 (1H, m, H-1a), 1.69

(1H, m, H-15b), 1.68 (1H, m, H-16b), 1.54 (1H, m, H-
19a), 1.52 (2H, m, H-6), 1.50 (1H, m, H-7a), 1.44 (2H,
m, H-22), 1.41 (1H, m, H-7b), 1.38 (1H, m, H-1b), 1.31
(1H, m, H-21a), 1.27 (1H, m, H-9), 1.22 (1H, m, H-
21b), 1.12 (3H, s, H-27), 1.10 (1H, m, H-19b), 1.08
(1H, m, H-5), 0.96, 0.95 (each 3H, overlapped, H-25,
26), 0.86, 0.86, 0.86, 0.86 (12H, overlapped, 4 X CH3,
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H-23, 24, 29, 30), 0.82 (3H, s, H-28); '*C-NMR (100
MHz, CDCl3) 0: 38.3 (C-1), 23.6 (C-2), 80.9 (C-3), 37.7
(C-4), 55.2 (C-5), 18.3 (C-6), 32.6 (C-7) 39.8 (C-9),
47.6 (C-9), 37.1 (C-10), 23.5 (C-11), 121.6 (C-12),
145.2 (C-13), 41.7 (C-14), 26.1 (C-15), 26.9 (C-16),
32.5(C-17),47.2(C-18),46.8 (C-19),31.1 (C-20), 34.7
(C-21), 37.1 (C-22), 28.1 (C-23), 15.6 (C-24), 16.7 (C-
25),16.8 (C-26), 26.0 (C-27), 28.4 (C-28), 33.4 (C-29),
23.7(C-30), 171.0 (-CH3CO), 21.4 (-CH5CO). LA -5k
P 53R IE A — 3, W RS 2 y B
BRI R -

&Y 3: Bk AR (47D, CoHso0- 'H-NMR
(400 MHz, CDCls) d: 2.35 (2H, m, H-2), 2.24 (2H, m,
H-4), 1.82 (2H, m, H-1), 1.81 (1H, m, H-5), 1.76 (1H,
m, H-12a), 1.67 (1H, m, H-16a), 1.66 (1H, m, H-7a),
1.63 (1H, m, H-25), 1.60 (1H, m, H-16b), 1.55 (1H, m,
H-14), 1.54 (1H, m, H-9), 1.43 (1H, m, H-7b), 1.42
(1H, m, H-15a), 1.41 (1H, m, H-11a), 1.39 (1H, m, H-
20), 1.36 (1H, m, H-11b), 1.34 (1H, m, H-22a), 1.31
(1H, m, H-6a), 1.26 (2H, m, H-23), 1.23 (2H, m, H-28),
1.20 (1H, m, H-6b), 1.17 (1H, m, H-22b), 1.14 (1H, m,
H-17), 1.06 (1H, m, H-24), 1.00 (3H, s, H-19), 0.90
(3H, d, J = 6.4 Hz, H-21), 0.82~0.85 (6H, m, H-26,
29),0.80 (3H, d, J=6.8 Hz, H-27), 0.67 (3H, s, H-18);
3C-NMR (100 MHz, CDCls) d: 38.7 (C-1), 38.4 (C-2),
210.2 (C-3),44.9 (C-4),46.8 (C-5),29.1 (C-6),31.9 (C-
7), 35.5 (C-8), 53.9 (C-9), 35.8 (C-10), 21.6 (C-11),
40.0 (C-12),42.7 (C-13),56.3 (C-14),24.4 (C-15),28.4
(C-16), 56.4 (C-17), 12.2 (C-18), 11.6 (C-19), 36.3 (C-
20), 18.9 (C-21), 34.0 (C-22), 26.1 (C-23), 45.9 (C-24),
29.2 (C-25),19.9 (C-26), 19.1 (C-27),23.2 (C-28), 12.1
(C-29). VM 5 SRR IE R A — 0, B et
E 3 N S -3 .

WEY 4: BER AR (A7), CoHagO. 'H-NMR
(400 MHz, CDCls) 0: 5.72 (1H, s , H-4) , 2.41 (2H, m,
H-2), 2.35 (2H, m, H-6), 1.83 (2H, m, H-1), 1.67 (1H,
m, H-16a), 1.62 (1H, m, H-25), 1.61 (1H, m, H-8), 1.60
(1H, m, H-12a), 1.59 (1H, m, H-16b), 1.57 (1H, m, H-
11a),1.53 (2H, m, H-7), 1.52 (1H, m, H-12b), 1.50 (1H,
m, H-14), 1.42 (1H, m, H-15a), 1.42 (1H, m, H-11b),
1.39 (1H, m, H-20), 1.34 (1H, m, H-22a), 1.26 (2H, m,
H-23), 1.25 (1H, m, H-15b), 1.23 (2H, m, H-28), 1.15
(1H, m, H-22b), 1.17 3H, s, H-19), 1.14 (1H, m, H-17),

1.05 (1H, m, H-24), 1.01 (1H, m, H-9), 0.91 (3H, d, J=
6.5 Hz, H-21), 0.83 (3H, t, J= 7.2 Hz, H-29), 0.82 (3H,
d, J = 6.5 Hz, H-26), 0.80 (3H, d, J = 6.6 Hz, H-27),
0.70 (3H, s, H-18); *C-NMR (100 MHz, CDCls) §:
35.8 (C-1), 33.9 (C-2), 199.9 (C-3), 123.8 (C-4), 171.9
(C-5), 33.0 (C-6), 32.1 (C-7), 35.7 (C-8), 53.9 (C-9),
38.7(C-10),21.1 (C-11), 39.7 (C-12), 42.4 (C-13), 55.9
(C-14), 24.3 (C-15), 28.3 (C-16), 56.1 (C-17), 12.0 (C-
18), 17.5 (C-19), 36.2 (C-20), 18.8 (C-21), 34.1 (C-22),
26.1 (C-23),45.8 (C-24),29.2 (C-25), 19.9 (C-26), 19.1
(C-27), 23.1 (C-28), 12.1 (C-29). A%k 5 Clkik
TEHRA 0O, MU E A 4 N5 -4-00-3-
&P 5 Bk R (& A7), CaoHs0. 'TH-NMR
(400 MHz, CDCl3) §: 5.35 (1H, d, J = 5.3 Hz, H-6),
3.51 (1H, m, H-3), 2.27 (2H, m, H-4), 1.94 (1H, m, H-
la), 1.83 (2H, m, H-7), 1.77 (1H, m, H-11a), 1.76 (1H,
m, H-1b), 1.70 (2H, m, H-2), 1.65 (1H, m, H-16a), 1.63
(1H, m, H-25), 1.61 (1H, m, H-12a), 1.55 (1H, m, H-
15a), 1.54 (1H, m, H-11b), 1.51 (1H, m, H-12b), 1.43
(1H, m, H-8), 1.42 (1H, m, H-17), 1.40 (1H, m, H-20),
1.36 (1H, m, H-16a), 1.34 (1H, m, H-22a), 1.32 (1H, m,
H-15b), 1.27 (2H, m, H-23), 1.24 (2H, m, H-28), 1.17
(1H, m, H-22b), 1.15 (1H, m, H-14), 1.06 (1H, m, H-
24),1.00 (3H, s, H-19), 0.96 (1H, m, H-9), 0.91 (3H, d,
J=6.6 Hz, H-21), 0.84 (3H, t, J = 7.5 Hz, H-29), 0.83
(3H, d, J= 7.1 Hz, H-27), 0.80 (3H, d, /= 7.1 Hz, H-
26), 0.67 (3H, s, H-18); '3C-NMR (100 MHz, CDCl5)
8:37.3 (C-1),32.0 (C-2), 71.94 (C-3), 42.4 (C-4), 140.8
(C-5), 121.8 (C-6), 31.7 (C-7), 32.0 (C-8), 50.2 (C-9),
36.6 (C-10),21.2 (C-11),39.9 (C-12), 42.4 (C-13), 56.8
(C-14), 24.4 (C-15), 28.4 (C-16), 56.1 (C-17), 12.0 (C-
18), 19.9 (C-19), 36.3 (C-20), 19.55 (C-21), 34.0 (C-
22),26.1 (C-23), 45.9 (C-24), 29.2 (C-25), 18.7 (C-26),
19.2(C-27),23.2(C-28), 12.1(C-29). L %5
BRIRGE A —, M EEY) 5N B-15 .
EW 6. LmRBiA (i), CioHs0:0
'H-NMR (400 MHz, CDCl;) 0: 5.42 (1H, s, H-6), 3.52
(1H, m, H-7), 3.34 (1H, m, H-3), 3.27 (3H, s, 7-OMe),
2.30 (2H, m, H-4), 1.83 (1H, m, H-14), 1.76 (1H, m, H-
la), 1.70 (1H, m, H-2a), 1.68 (1H, m, H-8), 1.66 (1H,
m, H-2b), 1.63 (1H, m, H-25), 1.60 (1H, m, H-12a),
1.59 (1H, m, H-15a), 1.55 (1H, m, H-12b), 1.53 (1H,
m, H-11a), 1.44 (1H, m, H-1b), 1.42 (1H, m, H-11b),
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1.39 (1H, m, H-16a), 1.38 (1H, m, H-20), 1.37 (1H, m,
H-15b), 1.35 (1H, m, H-22a), 1.32 (1H, m, H-16b), 1.28
(2H, m, H-23), 1.26 (1H, m, H-9), 1.24 (2H, m H-28),
1.19 (1H, m, H-17), 1.17 (1H, m, H-22b), 1.04 (1H, m,
H-24), 1.02 (3H, s, H-19), 0.91 (3H, d, J = 6.4 Hz, H-
21), 0.83 (3H, t,J= 7.2 Hz, H-29), 0.82 (3H, d, J= 7.0
Hz, H-27), 0.79 (3H, d, J = 6.9 Hz, H-26), 0.67 (3H, s,
H-18); 3C-NMR (100 MHz, CDCl3) d: 37.0 (C-1), 31.7
(C-2), 71.5 (C-3), 42.0 (C-4), 144.1 (C-5), 121.5 (C-6),
82.0(C-7),37.2 (C-8),48.5 (C-9), 36.5 (C-10), 21.3 (C-
11), 39.7 (C-12), 42.9 (C-13), 56.5 (C-14), 25.8 (C-15),
28.6 (C-16), 55.6 (C-17), 11.9 (C-18), 19.1 (C-19), 36.2
(C-20), 18.9 (C-21), 34.0 (C-22), 26.0 (C-23), 45.9 (C-
24),29.2 (C-25), 19.1 (C-26), 19.9 (C-27), 23.1 (C-28),
12.1 (C-29), 54.9 (7-OMe). LA % 5 ik 4R %
AR—FB, W% e b5 6 A schleicheol 1.

WA T: WARIEAR (F A, CoHaO. 'TH-NMR
(400 MHz, CDCl3) 6: 6.60 (1H, d, J = 9.5 Hz, H-7),
6.02 (1H, d, J = 9.5 Hz, H-6), 5.73 (1H, s, H-4), 5.22
(2H, dd, J=10.9, 7.4 Hz, H-22, 23), 2.53 (1H, m, H-9),
2.51 (1H, m, H-2a), 2.42 (1H, m, H-2b), 2.12 (2H, m,
H-15), 2.05 (1H, m, H-20), 1.79 (2H, m, H-1), 1.73
(1H, m, H-11a), 1.64 (1H, m, H-16a), 1.63 (1H, m, H-
12a), 1.60 (1H, m, H-11b), 1.59 (1H, m, H-12b), 1.58
(1H, m, H-24), 1.57 (1H, m, H-25), 1.52 (1H, m, H-
16b), 1.36 (1H, m, H-28a), 1.28 (1H, m ,H-17), 1.22
(1H, m, H-28b), 1.05 (3H, d, J = 6.7 Hz, H-21), 0.98
(3H, s, H-19), 0.95 (3H, s, H-18), 0.92 (3H, d, J= 6.8
Hz, H-26), 0.85 (3H, d, J = 6.8 Hz, H-27), 0.83 (3H, t,
J=6.8 Hz, H-29); '3C-NMR (100 MHz, CDCls) d: 34.2
(C-1, 2), 199.7 (C-3), 123.1 (C-4), 164.6 (C-5), 124.5
(C-6), 134.2 (C-7), 124.5 (C-8), 44.4 (C-9), 36.8 (C-
10), 22.8 (C-11), 35.6 (C-12), 44.1 (C-13), 156.3 (C-
14), 25.4 (C-15), 27.8 (C-16), 55.7 (C-17), 19.7 (C-18),
16.7 (C-19), 39.5 (C-20), 21.3 (C-21), 135.1 (C-22),
132.6 (C-23), 42.9 (C-24), 33.2 (C-25), 17.8 (C-26),
20.1 (C-27), 19.1 (C-28), 14.3 (C-29). L\ E¥uE 5
PR IE B A — 3, W EWEY T N stigmast-
4,6,8(14),22-tetraen-3-one.

& 8: B AR (M), CasHasOs. 'TH-NMR
(400 MHz, CDCls) 6: 6.49 (1H, d, J = 8.5 Hz, H-7),
6.21 (1H, d, J = 8.5 Hz, H-6), 5.11~5.23 (2H, m, H-
22, 23), 3.95 (1H, m, H-3), 2.10 (1H, m, H-20), 2.07

(1H, m, H-4a), 1.99 (1H, m, H-4b), 1.88 (1H, m, H-24),
1.83 (1H, m, H-12a), 1.81 (1H, m, H-1a), 1.79 (1H, m,
H-2a), 1.67 (1H, m, H-14), 1.58 (1H, m, H-1b), 1.57
(1H, m, H-2b), 1.54 (1H, m, H-25), 1.53 (1H, m, H-9),
1.52 (1H, m, H-15a), 1.51 (1H, m, H-16a), 1.50 (1H, m,
H-11a), 1.48 (1H, m, H-15b), 1.46 (1H, m, H-16b), 1.44
(1H, m, H-17), 1.23 (1H, m, H-11b), 1.20 (1H, m, H-
12b), 0.98 (3H, d, J = 6.8 Hz, H-21), 0.88 (3H, d, J =
6.9 Hz, H-28), 0.86 (3H, s, H-19), 0.82 (3H, d, J = 6.8
Hz, H-27), 0.81 (3H, s, H-18), 0.79 (3H, d, /= 6.3 Hz,
H-26); 3C-NMR (100 MHz, CDCl3) 8: 34.7 (C-1), 30.1
(C-2) 66.4 (C-3), 36.9 (C-4), 82.3 (C-5), 135.5 (C-6),
130.8 (C-7), 79.5 (C-8), 51.1 (C-9), 37.0 (C-10), 23.4
(C-11), 39.4 (C-12), 44.6 (C-13), 51.7 (C-14), 20.7 (C-
15),28.7 (C-16), 56.2 (C-17), 12.9 (C-18), 18.2 (C-19),
39.8 (C-20), 20.9 (C-21), 135.3 (C-22), 132.3 (C-23),
42.8 (C-24),33.1(C-25),19.6 (C-26), 19.9 (C-27),17.6
(C-28). DA EHdiE 5 SCHRIRGE A — B0, Mkse
&Y 8 N(22E,24R)-50,8a-epidioxyergosta-6,22-
dien-3f-ol.

WEY 9: AR (A7), CooHasO2. 'H-NMR
(400 MHz, CDCIl3) o: 5.78 (1H, s, H-4), 4.32 (1H, t,
J = 2.8 Hz, H-6), 2.48 (2H, m, H-2), 2.02 (1H, m, H-
1a), 2.00 (1H, m, H-7a), 1.97 (1H, m, H-1b), 1.71 (1H,
m, H-8), 1.69 (1H, m, H-16a), 1.63 (1H, m, H-25), 1.61
(1H, m, H-12a), 1.59 (1H, m, H-16b), 1.56 (1H, m, H-
11a), 1.55 (1H, m, H-14), 1.53 (1H, m, H-12b), 1.46
(1H, m, H-11b), 1.39 (1H, m, H-7b), 1.38 (1H, m, H-
20), 136 (2H, m, H-15), 1.35 (3H, s, H-19), 131 (1H,
m, H-22a), 1.30 (1H, m, H-23a), 1.25 (1H, m, H-23b),
1.23 (2H, m, H-28), 1.16 (1H, m, H-22b), 1.13 (1H, m,
H-17), 1.06 (1H, m, H-24), 1.02 (1H, m, H-9), 0.90
(3H, d, J = 6.5 Hz, H-21), 0.83 (3H, t, J = 7.8 Hz, H-
29),0.81 (3H, d,J= 7.3 Hz, H-26), 0.78 (3H, d, J = 7.0
Hz, H-27), 0.72 (3H, s, H-18); '3C-NMR (100 MHz,
CDCl3) 6: 37.1 (C-1), 34.3 (C-2), 200.9 (C-3), 126.2
(C-4), 169.1 (C-5), 73.1 (C-6), 38.6 (C-7), 29.8 (C-8),
53.6 (C-9), 38.1 (C-10), 21.1 (C-11), 39.6 (C-12), 42.5
(C-13), 55.9 (C-14), 24.2 (C-15), 28.3 (C-16), 56.1 (C-
17), 12.1 (C-18), 19.9 (C-19), 36.2 (C-20), 18.8 (C-21),
33.9(C-22), 26.0 (C-23), 45.8 (C-24),29.1 (C-25), 19.5
(C-26), 19.1 (C-27), 23.1 (C-28), 12.0 (C-29). LI F-%k
5 R E A — Y, WS EEY 9 S
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&Y 10: AEFER (i), CrHisOr. 'H-
NMR (400 MHz, CDCl3) 6: 5.68 (1H, s, H-6), 3.66 (1H,
m, H-3), 2.39 (2H, m, H-4), 2.23 (1H, t, J = 7.6 Hz, H-
8), 1.90 (1H, m, H-9), 1.85 (1H, m, H-1a), 1.75 (1H, m,
H-2a), 1.72 (1H, m, H-14), 1.71 (1H, m, H-16a), 1.68
(1H, m, H-2b), 1.63 (1H, m, H-27), 1.62 (1H, m, H-
11a), 1.57 (2H, m, H-12), 1.50 (1H, m, H-11b), 1.48
(1H, m, H-15a), 1.47 (1H, m, H-20), 1.42 (1H, m, H-
16b), 1.40 (1H, m. H-15b), 1.35 (1H, m, H-22a), 1.34
(1H, m, H-1b), 1.26 (2H, m, H-23), 1.24 (2H, m, H-28),
1.19 (3H, s, H-19), 1.17 (1H, m, H-17), 1.16 (1H, m, H-
22b), 1.06 (1H, m, H-24), 0.92 (3H, d, J = 6.5 Hz, H-
21), 0.84 (3H, t, J = 7.5 Hz, H-29), 0.82 (3H, d, J= 6.8
Hz, H-26), 0.80 (3H, d, J = 6.9 Hz, H-27), 0.67 (3H, s,
H-18); 3C-NMR (100 MHz, CDCl3) 8: 36.4 (C-1), 31.2
(C-2),70.5 (C-3), 41.9 (C-4), 165.4 (C-5), 126.1 (C-6),
202.6 (C-7), 45.5 (C-8), 49.9 (C-9), 38.4 (C-10), 21.3
(C-11), 38.7 (C-12), 43.1 (C-13), 50.0 (C-14), 26.4 (C-
15), 28.6 (C-16), 54.7 (C-17), 12.1 (C-18), 17.4 (C-19),
36.2 (C-20), 19.1 (C-21), 34.0 (C-22), 26.1 (C-23), 45.8
(C-24), 29.2 (C-25), 19.1 (C-26), 19.9 (C-27), 23.1 (C-
28),12.1(C-29). VA% 5 SOk ioE B A — 307,
R EA A 10 N 3B-F2FE T K -5-45-7- .

& 11: AEME (E45), CoHisOr. 'H-
NMR (400 MHz, CDCl3) 6: 6.17 (1H, s, H-4), 4.31 (1H,
m, H-6), 2.38 (2H, m, H-2), 1.97 (2H, m, H-1), 1.89
(1H, m, H-7a), 1.65 (1H, m, H-16a), 1.62 (1H, m, H-
7b), 1.60 (1H, m, H-8), 1.59 (1H, m, H-16b), 1.58 (1H,
m, H-25), 1.57 (2H, m, H-12), 1.55 (1H, m, H-14), 1.47
(2H, m, H-11), 1.35 (1H, m, H-20), 1.34 (2H, m, H-15),
1.33 (1H, m, H-22a), 1.24 (2H, m, H-23), 1.21 (2H, m,
H-28), 1.17 (3H, s, H-19), 1.14 (1H, m, H-22b), 1.09
(1H, m, H-17), 1.03 (1H, m, H-24), 1.01 (1H, m, H-9),
0.91 (3H, d, J= 6.5 Hz, H-21), 0.84 (3H, t, J = 6.5 Hz,
H-29), 0.83 (3H, d, J= 7.3 Hz, H-27), 0.81 (3H, d, J =
7.3 Hz, H-26), 0.69 (3H, s, H-18); 3*C-NMR (100 MHz,
CDCls) 6: 36.3 (C-1), 33.9 (C-2), 199.8 (C-3), 119.7 (C-
4), 171.1 (C-5), 68.7 (C-6), 41.5 (C-7), 34.2 (C-8), 53.8
(C-9), 39.0 (C-10), 21.1 (C-11), 39.5 (C-12), 42.5 (C-
13), 55.6 (C-14), 24.2 (C-15), 28.2 (C-16), 56.0 (C-17),
12.1(C-18), 18.8 (C-19), 36.2 (C-20), 18.4 (C-21), 33.9
(C-22), 26.1 (C-23), 45.8 (C-24), 29.1 (C-25), 19.9 (C-

26), 19.0 (C-27), 23.1 (C-28), 12.1 (C-29). LI EHHE
ko EE A ), S AEY 11 8 60-F2
1T 1 -4-075-3 -1

& 12: AFE (E4), CwHs0.. 'H-
NMR (400 MHz, CDCl3) §: 3.57 (1H, m, H-3), 3.42
(1H, dt, J = 11.0 Hz, 4.0 Hz, H-6), 1.96 (1H, m,H-5),
1.80 (1H, m, H-4a), 1.78 (1H, m, H-12a), 1.70 (1H, m,
H-7a), 1.68 (1H, m, H-16a), 1.65 (2H, m, H-2), 1.64
(1H, m, H-8), 1.63 (1H, m, H-4b), 1.62 (1H, m, H-25),
1.59 (1H, m, H-16b), 1.58 (1H, m, H-7b), 1.46 (2H, m,
H-1), 1.44 (1H, m, H-15a), 1.41 (2H, m, H-11), 1.40
(1H, m, H-12b), 1.40 (1H, m, H-20), 1.39 (1H, m, H-
17), 1.35 (1H, m, H-22a), 1.27 (1H, m, H-23a), 1.24
(2H, m, H-28), 1.23 (1H, m, H-23b), 1.23 (1H, m, H-
15b), 1.17 (1H, m, H-22b), 1.12 (1H, m, H-14), 1.06
(1H, m, H-24), 0.91 (1H, m, H-9), 0.90 (3H, d, J = 6.3
Hz, H-21), 0.79~0.85 (12H, overlapped, H-19, 26, 27,
29), 0.64 (3H, s, H-18); '3C-NMR (100 MHz, CDCl5)
5:37.3 (C-1), 31.1 (C-2), 71.3 (C-3), 32.3 (C-4), 51.7
(C-5), 69.6 (C-6), 41.7 (C-7), 34.3 (C-8), 53.8 (C-9),
36.3 (C-10),21.2 (C-11), 39.9 (C-12), 42.6 (C-13), 56.2
(C-14), 24.3 (C-15), 28.3 (C-16), 56.1 (C-17), 12.1 (C-
18), 13.5 (C-19), 36.2 (C-20), 18.8 (C-21), 33.9 (C-22),
26.1 (C-23),45.8 (C-24),29.2 (C-25), 19.9 (C-26), 19.3
(C-27), 23.1 (C-28), 12.1 (C-29). LA b ¥4 5 Ciik
I8 B A — ), W e A 12 T BE-3,6-
.

e 13: AEBAR (F45), CnHiO. 'H-
NMR (400 MHz, CDCl3) 0: 3.63 (2H, t, J = 6.6 Hz, H-
1), 1.55 (2H, m, H-2), 1.24 (38H, brs, H-3~21), 0.87
(3H, t,J= 6.8 Hz, H-22). EI-MS m/z: 325 (M-H), 308
(M-H>0), 280 (M-H,O-CH,=CH>), VA& I &5
JREHULI 14 (CHa) BIREFr e, AL 72 2 4F
A E SRR R . DA R S SRR s g
A0, S EAE) 13 IE A R .

wE 14: AR (Ei), CuHs0. 'H-
NMR (400 MHz, CDCl3) d: 3.63 (2H, t, J= 6.7 Hz, H-
1), 1.55 (2H, m, H-2), 1.24 (42H, brs, H-3~23), 0.87
(3H, t, J = 6.7 Hz, H-24). EI-MS m/z: 336 (M-H,0),
308 (M-H,0-CH>=CH>), LAJ5 H I 2R 515 & 20k
% 14 (CHy) [0, AR e 25 & sl
BENRIEE I RFAE . DA 8 5 SOk i B A — 201,
WOk LAY 14 DU,
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WEW 15: WREE (&45), CisHisO2. 'H-
NMR (400 MHz, CDCl3) 6: 6.20 (1H, d, J= 3.3 Hz, H-
13a), 5.48 (1H, d, J= 3.3 Hz, H-13b), 5.25 (1H, d, J =
2.3 Hz, H-15a), 5.05 (1H, d, J = 2.3 Hz, H-15b), 4.88
(1H, s, H-14a), 4.79 (1H, s, H-14b), 3.95 (1H, t, J =
9.2Hz, H-6), 2.82~2.93 (3H, m, H-1, 5, 7), 2.44~2.54
(3H, m, H-3a, 3b, 9a), 2.10~2.27 (2H, m, H-8a, 9b),
1.81~1.97 (2H, m, H-2a, H-2b), 1.34~1.45 (1H, m,
H-8b); 3C-NMR (100 MHz, CDCl3) 8: 45.1 (C-1), 32.6
(C-2), 30.3 (C-3), 151.4 (C-4), 52.0 (C-5), 85.4 (C-6),
47.6 (C-7), 31.0 (C-8), 36.4 (C-9), 149.3 (C-10),
139.7(C-11), 170.4 (C-12), 120.3 (C-13), 109.6 (C-14),
112.6 (C-15). VA 3R 5 S0k HaE A — 300, g
YA 1S NEEAARE NS,

4 EYEMAR

FIF ARG TR, X5 218 B & kT
TUETE IR . SR SYBR Green I VU7, kit &
PIRIPUETE . BRI A DMSO EEHPA 10 mmol/L
it 3, A AR R e T UL 1%, 2040
JEFR 2%, SEOG VB 25 A4 (BT A HUm AT 1%
DMSO 0, B HE 2L i i fey 3 e I R 1 24
S IR SR VAVRD, BT RR AL (R fr 7 s af A
1% DMSO ¥ JAE b CHEH 2 s ARE &
WD, FHP AT TR ERTZ 1210 96 LIk, %45
254039 500 5 pmol/L 2 NS EE, SRR EEfi
3WEHAREL . HIRERGTE CO B AR E 72 h,
i H 4590 )5 748 SYBR Green I { £ SE %G, 1HE
HilR . BIYIEIRE, RIMELEW 15 7E 50 pmol/L
TAPEMEIE IR B 3DT MR e MR, I ERIE
(65.24+13.21) %, MM{E 5 umol/L IRE N3
JiE 1 3D7 R TCHAIME [FH M R 2 e kR £k
76 0.5 pmol/L FXEMIEJFE dt 3D7 HEANHIHR K
(95.12+0.37) %]

5 g

AR S5 R FH 22 Bk (3 2 88 F B DA K Ak &
W% Tk, WKHEL SR TR SR R T o
BEEH 15 MEWEREY, Hhas 2 M=
TR (b a1 80 2)0 1 Mk &9 (b
E15). 10 NSRBI EY (&% 3~12) L
Ko 2 ANREWAEE (LA 13 Al 14), Hoh DLESARZS L
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