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Abstract: Objective To investigate the chemical constituents of Basidiomycete Clitocybe clavipes. Methods  Chromatographic
techniques including silica gel, Sephadex LH-20 column chromatography and semi-preparative liquid chromatography were
employed to isolate and purify the compounds. Their structures were characterized and interpreted by modern wave spectroscopy
techniques. The in vitro cytotoxic activity of compounds was determined by MTT assay. Results A total of ten compounds were
isolated from the 95% EtOH extract of C. clavipes, which were identified as (1aR,11R,11aR,Z)-9-(aminomethyl)-7,10-dihydroxy-
5-methyl-3,6,11,11a-tetrahydro-2H-11,1a-(epoxymethano)benzo[4,5]cyclodeca[1,2-b]oxiren-13-one (1), clavilactone C (2),
clavilactone D (3), clavilactone F (4), clavilactone G (5), clavilactone J (6), clavilactone K (7), arnebinol A (8), clavipyrrine A (9) and
cyclo (Trp-Ala) (10). The results of cytotoxicity experiments showed that compounds 1—10 had different degrees of inhibitory
effects on the proliferation of human gastric cancer cells HGC-27, and the median inhibition concentration (ICso) values of
compounds 1, 3, 8, and 9 were 13.57, 3.62, 7.31 and 11.51 umol/L, respectively. Conclusion Compound 1 is a new compound
named clavilactone Q, and compound 10 is isolated for the first time from Basidiomycete C. clavipes. Compounds 1, 3, 8, and 9 had
significant cytotoxicity.

Key words: Clitocybe clavipes (Pers.) Fr.; meroterpenoid; clavilactone Q; cytotoxicity; clavilactone C; arnebinol A

a5 HHA: 2024-01-23
HEeWmB: EXRAARFEIEETH (8216130391)
EEREN: FHZE (1995—), B, B-EHFRAE, 55 NF 255, E-mail: 1484395040@qg.com
FBEMEE: A&F% (1977, B, fit, 7, MEPZHZEHI. E-mail: shileiling@sina.com
B A& Q978—), B, 4, EEMNFMAEMER TREBIZ . &7 A AR Gy T AR WA S U 9T . E-mail: Ivjie@xju.edu.cn



¢HH 202467 $55% FEUP  Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

3603 °

HERIAR <= Clitocybe clavipes (Pers.) Fr. Ay E #1]
( Eumycota) = 4 ( Hymenomycetes ) <> H
(Agaricales) HESEl (Tricholomataceae ) # <&
Clitocybe (Fr.) Staude K H B, 78 [EH F 2046
HroE. VU 1R, DUNEEHLX, AR
ZIEPIHRERE. Tk, BT EERIRBA ™
V) B IR A2 SR R A s v, (156
KBZ WK BN L3250 T H R K
ARG VDAH SR FT 70T 1 R R ) %R 1131, R
A — 2R B 2R BERV A 28 43 1 SO BR A R I O
BRRBYE, GO T eI E
B R AN, AHSCHTFEARIE 7Ok B B TR IR
R GV AAMLEA B Z HBRI LR, 1 HIERA
2 A& . Clavilactones /& — 2B e i &
M3 B 05 30 R B A T G B 2RI R
S5 K B TR IR 2R 16 54, 1 Arnone 25T~ 1994
GENE PV S L 7 Y 7 e S R | P S N T
1 7 clavilactones Z54b & HA W3 ) AEYE M,
ALAEHTE L, B B O, SR 181 g L AR A 14
PLAR U6, PR LRI, [HAF TR, i E
HREMKILEY clavilactone D BEWSIIHIF K 4=
KA 7521k (epidermal growth factor receptor,
EGFR) BRE BRI, H 1Cso {54 5.5 pmol/LI8), %
T SO G R T 2 S TR P P, T DA
TX G (U A 7R A A T e — AP E BT R SR
W&o AU AT — BB T KBBR8
TICINE Sy, BATKIL 30 AMHKIRIE
i, HZTH R TR 2 MR I o R IR
AEVE I R S R S e, BAT IR TT
RAME . itk — 3Dt T 40 B A A AR < 2R
TCRRIRNIE B3, AN FUIE G 0 B AR < 95%
T S B Hh B A 2 B O AT R o B A4k, N
13 E 10 MEE, %N (18R ,11R,118R,Z)-
9-(aminomethyl)-7,10-dihydroxy-5-methyl-3,6,11,
11a-tetrahydro-2H-11,1a-(epoxymethano)benzo[4,5]
cyclodeca [1,2-bJoxiren-13-one (1), clavilactone C
(2). clavilactone D (3). clavilactone F (4).
clavilactone G (5). clavilactone J (6). clavilactone
K (7). arnebinol A (8). clavipyrrine A (9). cyclo
(Trp-Ala) (100, Hrr, (b& 1 8 1 ASHHIZRIE+
TCHRIRIRIE A S, % R N T Q.
B 10 N IRMMAE T B AR R <P 43 B 13 3
PRANE M B335 1 S IR 25 R R, AW 1~10 XA

B HGC-27 4t BA A [FIFE B (s i s e A,
HEAEY 1. 3. 8. 9 HABANEENMIEEIEE,
HP 4 (median inhibition concentration,
ICs0) {H 4 %N 1357, 3.62. 7.31. 11.51 pmol/L.
1 {NE5HH

R-1005 BUJiE#% 75 KAX Gl A e SE 90 = WA
FE /2 7)) ; Bruker Avance 11T 600 Y NMR (£ [E Bruker
AT FEER K LTQ-Obitrap X U5 B AL (3£
Thermo Fisher A %]); KH-700DB 7 & i i vk 24
(TP PR A F]D; ZF-7 BIFHEE M HTL
G T RAX AR RS A R AF]D; LumtchK-501 24>
il 2 BYBAR B 1A AL GIFEE R R A FD:
DLSB-5/10 RUIGi ¥ ARG CGHRIH IR T 51
HIRATD; A rE A O HF s (5
SPEL TAHIRA D AHEERL Lichroprep Rp-18
AERER AR AR ); HW-40C Bl (b gk
TR R EE TR AT HGC-27 4 (rhERFp L
WA ST s E I N Al e (R
225 A IR AT, LS 86903942000421)

ARSI BT R 20 R AR T B s 4k /K BE IXOR
H X, ZBrsmdEE /R Bi6 X 2 RIE 240 7T A
RV HIT I 01 % 2 A<= C. clavipes (Pers.) Fr.,
SEIFZG MR A (20200842) fR-AF T HrsB4EE /R HIA
X iR 25 R ST 290 =
2 FHiE
21 REBS5SE

W 3.2 kg FAHE UKAR =T i R BT 158 s R 1
2 95% L TE R AR 3 X, B 1.5 h, A IFFEEUR
HIUEIRAE IR BIR, 543 550.2 g MIRE . L7
BIKIRRE, KK AME. BERR LEEE, 45
AR AT 92.9 g BEFR CEREBAL 156.3 9o HUH
R B IRALIR B B R A R R AT (i (100~
200 H) 738, orml LA hEE-BE IR SRR R4 (20 ©
110 : 155 152 11 D M-S Bk &
4 (15: 1>10: 155 : 1>1 1 150 : 1) BN,
0 o e P V2 A AR AL i, SEAR 2 8 MR
4y (Fr.1~8). Fr.1 (15.8 g) ZERAL G (200~
300 H )43 ES, 3 il A i k- R IR (50 & 120 -
1-10 : 152 1) BEEEVENL, & IFALBE RS 2
35 (Fr. 1-1~1-3). HAr, Fri1-2 (5.8 g)
— il e SRR A A 3 (6.2 mg, k=
32.3min, 45%ZJi%, 2.0 mL/min). Fr.2 (25.0g)
ZRERFEEIE (200~300 H) 208, DA -
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MR BB R S5(10 : 155 0 11 © 150 & DB,
RN i T 2 A U AR AL v AS 21 3 AN 4 (P
2-1~2-3). H:r1, Fr. 2-1 (5.8 g) £ Sephadex LH-20
R (R 4 Bt — Dt el s AR Al ik
REMAEY 4 (35 mg, tk=36.5 min, 40%Z 1,
2.0 mL/min). Fr. 4 (15.3 g) £ Sephadex LH-20 #i:
il (R 55, dE—ddp & aife /5
FHL &Y 5 (45 mg, tk=26.6 min, 42%ZfE, 2.0
mL/min). 7 (4.3 mg, tr=35.8 min, 2.0 mL/min),
Fr.5 (24.59) ZRERAEEIE (200~300 H) 40 &,
SN IR T Z A S AR LR B AS 2 5 AN 5 Fr.
5-1~5-5, Hrh, Fr.5-1 (5.7 ¢) ikt 24
WA AR R EY) 2 (5.5 mg, tR=23.1 min, 40%
4, 2.0 mL/min). 6 (6.5mg, tg=33.2min, 2.0
mL/min). Fr.6 (15.8 ) &rERFEEIE  (200~300
H) D& HFR-FRERS (10155115211
BEEEBEML, & AR LG AS 2 3 AN 5 (Fr. 6-1~
6-3). Fr. 6-2 (3.8 g) £ Sephadex LH-20 ¥ &3 (H
fe) 7, Pl kS AR 2 A
1 (6.5mg, tr=25.2min, 48%Z.JE, 2.0 mL/min).
8 (25mg, tk=33.1 min, 2.0 mL/min). 9 (7.5 mg,
tr=43.5min, 2.0 mL/min). Fr.8 (17.6 g) %4 ODS
iy 5, DIREEK (20%—100%) NEIAHE
FEBEME, ZRERE EA I A AR R AR 2 2
AN4H 4y Fr. 8-1 1 Fr. 8-2. Fr. 8-2 (5.8 ) it—3i#
Tk 2 ] % VAR A4 15 2 A6 54 10(13.5 mg, te=30.2
min, 35%Z. M, 2.0 mL/min).
2.2 {KSMEREESITEE

K MTT L kg il 73 5545 2 540 1~10
XN B HGC-27 My sEsns /e . fE&fA
10%J6 4 1175 1Y) DMEM 1537 2 Fh 55 9% HGC-27 41l
EXEAEKIA, PBS YekIEFR, H 0.25%J5RH 1t
B A R IRERRE, DL 6X 10N mL 7£ 96 FLIME:
WER TR, 4L 100 pL, B TIEER SRR
7% 240 J5, SRIGTERE LTI 5 FASFIIR S —
FEEEAK (DMSO) A B4 & W AN BH 14 24 I BT
37 C. 5% CO, "1 H 48 h, RIFAIEFLINA MTT
W (5mg/mL) 10 pL, Zk8E0E 4 h s Lg%
o Ba LI 150 uL DMSO R4, =i T
BEAARIER 15 min, fE4s SR iE g, ARGy
A% 570 nm FAALMEBOGEE (A fH, THEZX0T
YA MR, Excel #4H5E 1ICso 1

FIHIRE=1—A sa/A 21

3 4
31 ST

a1 kR, 5inT HEE. HR-ESI-MS
SR E T4 miz 340.118 3 [M+Na]* (iH5AE
340.115 6, Ci/H1sNOs), #&miZE&on XN
CiH1oNOs, THHEAMAIE N 9. IR i E EIRZL
G LAEAEEIE (3270 cm™Y) AIERIE (1 774 cmY)
SRS RIS . *H-NMR (600 MHz, DMSO-dg) i
(XD PERIANFEDES 0x7.60 (1H, s, H-2).
1 ANHEREEES 0w1.52 (3H, s, H-15). 1 MEAGES
015.25 (1H, t, J = 7.2 Hz, H-11). 2 MEHEAE S on
6.80 (1H, s, H-6), 4.50 (1H, s, H-7). 4 N HEE(E
5 614 4.82 (2H, m, H-17), 3.68 (1H, d, J = 16.8 Hz,
H-13a), 2.98 (1H, d, J = 15.6 Hz, H-13b), 2.31 (1H,
m, H-10a), 2.18 (1H, m, H-10b), 2.57 (1H, dd, J =
14.4, 2.4 Hz, H-9a), 1.28 (1H, dd, J = 13.2, 3.0 Hz,
H-9b). 7£ 3C-NMR (150 MHz, DMSO-ds) it & n
TEE LT M-S S, 454 'H-NMR.3C-NMR & HSQC
WENE R, X 17 MRS 5 LN 6 AN 05 &S
F1 WEY1RYH-FIBC-NMR £4E (600 MHz/150 MHz,

DMSO-ds)
Table 1 'H- and ®C-NMR spectral data of compound 1
(600 MHz/150 MHz, DMSO-ds)

3 SH dc (type)
1 154.4 (C)
2 7.60 (1H,s) 108.4 (CH)
3 125.7 (C)
4 147.1(C)
5 126.3 (C)
6  6.80 (1H,s) 77.9 (CH)
7 450 (1H,s) 62.9 (CH)
8 61.2 (C)
9 257 (1H,dd,J=14.4,2.4 Hz) 24.5 (CHy)
1.28 (1H, dd, J = 13.2, 3.0 Hz)
10 2.31(1H, m), 2.18 (1H, m) 22.1 (CH2)
11 5.25(1H,t,J=7.2 Hz) 121.7 (CH)

12 137.1(C)

13 3.68 (1H, d, J = 16.8 Hz) 27.0 (CH>)
2.98 (1H, d, J = 15.6 Hz)

14 133.4(C)

15 152 (3H,5s) 21.1 (CHs)

16 172.1(C)

17 482 (2H, m) 61.0 (C)
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5 oc 154.4 (C-1), 108.4 (C-2), 125.7 (C-3), 147.1
(C-4), 126.3 (C-5), 133.4 (C-14), 1 PMHERE T oc
21.1 (C-15), 4 EHEGRAE 5 Jc 61.0 (C-17), 24.5
(C-9), 22.1 (C-10), 27.0 (C-13), 2 MNIEEIK T RS
5 0c 77.9 (C-6), 62.9 (C-7), 1 MEAFTWES oc
61.2 (C-8), 1 MHREEIK(E S 6c172.1 (C-16), 2 M
155 0c121.7 (C-11), 137.1 (C-12). ¥zBHERizik
E YRR IEA TORI R IR R A

WA 1 PE R 5 Ok &) clavilactone
A BENAIRL, ANEZATET, C-3 BRI H
5o AW 1 a s Eon g b A R Ak,
%5 clavilactone A, L& 1 1) 3C-NMR %idiE &
7~ C-2 KA T 6 10.0, H C-3 MEshits 7
6 10.418); @I ZAL A 1D 2D NMR HE H 454
WA 1 NERWHEE, G600 FRHE
HR-ESI-MS  H4E ik Sk 1 24 1 B 1 A7 AE SO e A
H. B H-H COoSY i (E 1 FritftfEE,
i H-11 5 H-10 fil H-10 5 H-9 AH5eRT LAFiAML &
V)1 SR AR B [=CH-(CH2)2-]. IEAF,
5 HMBC % (& 1) nJ LI %EF] H-6 5 C-4/C-5/
C-7/C-14/C-16, H-7 5 C-6/C-8/C-16, H-9 5 C-7,
H-10 5 C-12, H-11 5 C-13 fl H-13 5 C-4 #3%, #
BT A 1 7R C-5 AT LI o, B-FR4-y- P BiE R
JG; 8L H-2 5 C-1/C-4/C-5/C-3/C-14 MFFK L&
V) 1 S5 RAEAEX R IR G, £5E 8 1D, 2D K&
HR-ESI-MS ##fs, #hE &4 1 (1P, WK 2.

— 'H-'HCOSY —> HMBC —-> NOESY

E1 {k&4189EZ H-H COSY. HMBC #1 NOESY 8%
Fig.1 Key !H-'H COSY, HMBC and NOESY correlations
of compound 1

2 LEW 1RGN

Fig. 2 Chemical structure of compound 1

L NOESY i rf LIWL%EE] H-11 5 15-CHs 2
[EfFEEAEAH OGS, Uil C-11 5 C-12 Z [ XU
g 5 e e R A1 HT, SR T C-11/C-12 XU
B Z s A, RAEIGEY) 1 e e]? +89.8 (c
0.10, MeOH) 5 S AIHEMLE I BA o B-FRA-y- B
SERIETTIALE Y clavilactones A 1L &It GIE AR
LARA, HEMAL A 1 () C-6, C-7, C-8 RINTARL X H4 7Y
N 6R,7R8R. N T BB AW 1 (Lax #
& T HFE a3 (ECD), SRH [B3LYP/6-311G (d, p),
MeOH] /K~ ()% iz sk 36 (DFT) #7115 CD,
ARSI, (AW 1 ELR T ECD B 55
ECD Jtif—2 (¥ 3), MimiffiE &4 1 1) C-6, C-7,
C-8 i fkLixt#9% Ky 6R,7R,8R. LR LA Er#T, i
WA L RHEY), i <= AEE Q.

10

0

o g™

o 20
£
s ~ Exp. ECD for 6R,7R 8R-1
5 %0 - Cal. ECD for 6R,7R,8R-1
< —40

50

60

200 250 300 350 400

Alnm

3 EW1REIITE ECD Bk
Fig. 3 Experimental and calculated ECD spectra of
compound 1

wEY 2. BeEHmAR (HEE; ESI-MS m/z
305.102 6 [M+H]*. H-NMR (600 MHz, CDCls) &:
6.86 (1H, d, J = 8.4 Hz, H-2), 6.75 (1H, d, J = 8.4 Hz,
H-3), 6.38 (1H, s, H-6), 5.53 (1H, s, H-13), 5.45 (1H,
t, J = 8.4 Hz, H-11), 3.99 (1H, s, H-7), 2.72 (1H, m,
H-9a), 2.47 (1H, m, H-10a), 2.38 (1H, m, H-10b), 1.72
(3H, s, H-15), 1.25 (1H, m, H-9b); 13C-NMR (150
MHz, CDCls) 6: 172.4 (C-16), 151.9 (C-1), 148.3
(C-4), 140.3 (C-12), 127.3 (C-11), 126.4 (C-14), 120.3
(C-2), 117.8 (C-5), 117.2 (C-3), 74.6 (C-6), 69.5
(C-13), 64.2 (C-7), 61.7 (C-8), 24.5 (C-9), 23.3
(C-10), 18.7 (C-15). LA b %i#E 5 SCaikHi e Xt fE—
HE, W5 2 4 clavilactone C.

&Y 3. kR (HEL; ESI-MS miz:
302.102 8 [M+H]*. H-NMR (600 MHz, CDCls) &:
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6.05 (1H, s, H-6), 5.91 (1H, d, J = 10.2 Hz, H-2), 5.31
(1H, t, J = 7.4 Hz, H-11), 3.98 (1H, s, H-7), 3.75 (1H,
d, J = 14.5 Hz, H-13a), 2.85 (1H, d, J = 145 Hz,
H-13b), 2.71 (1H, d, J = 13.2 Hz, H-9a), 2.38 (1H, m,
H-10a), 2.25 (1H, m, H-10b), 1.50 (3H, s, H-15), 1.28
(1H, m, H-9b); 3C-NMR (150 MHz, CDCl3) J: 184.1
(C-1), 182.3 (C-4), 172.6 (C-16), 152.3 (C-5), 145.0
(C-3), 135.4 (C-12), 133.6 (C-14), 123.8 (C-11), 103.3
(C-2), 71.9 (C-6), 62.9 (C-7), 60.7 (C-8), 27.3 (C-13),
24.5 (C-9), 23.1 (C-15), 22.8 (C-10). LA _F %4 5 ik
B IR — B0, W % e A4 3 4 clavilactone Do

e 4. kR (HED; ESI-MS miz:
302.102 9 [M+H]*. H-NMR (600 MHz, CDCls) &:
6.21 (1H, s, H-6), 5.85 (1H, s, H-3), 5.34 (1H, t, J =
7.5 Hz, H-11), 3.95 (1H, s, H-7), 3.59 (1H, d, J = 14.4
Hz, H-13a), 2.94 (1H, d, J = 14.4 Hz, H-13b), 2.70
(1H, d, J = 12.1 Hz, H-9a), 2.38 (1H, m, H-10a), 2.25
(1H, m, H-10b), 1.51 (3H, s, H-15), 1.25 (1H, m,
H-9b); 3C-NMR (150 MHz, CDCls) 6: 184.2 (C-1),
183.1 (C-4), 171.8 (C-16), 146.4 (C-2), 145.2 (C-5),
137.7 (C-14), 135.1 (C-12), 124.2 (C-11), 102.4 (C-3),
72.1 (C-6), 63.2 (C-7), 60.8 (C-8), 26.6 (C-13), 24.5
(C-9), 23.0 (C-15), 22.9 (C-10). LA _F-%# 5 SC k4R i
i RE—E 10, Wb 54 4 4 clavilactone F.

&Y 5. WEMAK (FE; ESI-MS m/z
327.084 3 [M+Na]*. H-NMR (600 MHz, CDCls) &:
6.78 (1H, d, J = 8.4 Hz, H-2), 6.65 (1H, d, J = 8.4 Hz,
H-3), 6.30 (1H, s, H-6), 5.28 (1H, t, J = 7.8 Hz, H-11),
4.02 (1H, s, H-7), 3.70 (1H, d, J = 15.6 Hz, H-13a),
3.47 (1H, dd, J = 12.0, 3.0 Hz, H-9), 3.01 (1H, d, J =
15.6 Hz, H-13b), 2.85 (1H, m, H-10a), 2.27 (1H, m,
H-10b), 1.55 (3H, s, H-15); BC-NMR (150 MHz,
CDCls) §: 172.7 (C-16), 151.0 (C-1), 151.0 (C-4), 141.2
(C-12), 128.1 (C-14), 120.7 (C-5), 119.8 (C-11), 118.9
(C-2), 115.7 (C-3), 77.1 (C-6), 64.5 (C-7), 62.8 (C-8),
28.6 (C-13), 71.3 (C-9), 33.4 (C-10), 22.1 (C-15). VAL
HHE 5 SO R IE X IR — 020, e A 5 N
clavilactone G.

&Y 6: HEMK (FED; ESI-MS m/z:
305.102 6 [M+H]*. H-NMR (600 MHz, CDCls) &:
6.84 (1H, d, J = 8.4 Hz, H-2), 6.73 (1H, d, J = 8.4 Hz,
H-3), 6.18 (1H, s, H-6), 4.48 (1H, s, H-7), 3.25 (1H, d,
J = 15.0 Hz, H-13a), 2.68 (1H, dd, J = 10.2, 5.4 Hz,

H-11), 2.58 (1H, m, H-9a), 2.34 (1H, m, H-10a), 1.95
(1H, d, J = 15.0 Hz, H-13b), 1.58 (1H, m, H-10b),
1.22 (1H, dd, J = 10.3, 3.4 Hz, H-9b), 1.05 (3H, s,
H-15); 3C-NMR (150 MHz, CDCls) 6: 172.5 (C-16),
149.6 (C-1), 149.4 (C-4), 124.8 (C-14), 119.3 (C-5),
118.2 (C-2), 115.2 (C-3), 75.1 (C-6), 64.1 (C-11), 63.1
(C-7), 61.5 (C-8), 60.8 (C-12), 26.4 (C-13), 24.5
(C-9), 21.9 (C-10), 21.8 (C-15). LA %l 5 kIR
TE AR —E U, e &9 6 24 clavilactone J.

&Y 7. HEBRAR (FED; ESI-MS miz:
396.145 2 [M+Na]*. H-NMR (600 MHz, CDCl3) &:
7.14 (1H, s, H-2), 6.15 (1H, s, H-6), 5.25 (1H, t, J =
8.4 Hz, H-11), 4.10 (1H, s, H-7), 3.77 (1H, d, J = 15.6
Hz, H-13a), 3.25 (1H, m, H-18), 3.16 (1H, d, J = 15.6
Hz, H-13b), 2.77 (1H, m, H-9a), 2.51 (1H, m, H-10a),
2.34 (1H, m, H-10b), 1.58 (3H, s, H-15), 1.46 (3H, d,
J=7.2 Hz, H-19), 1.46 (3H, d, J = 7.2 Hz, H-20), 1.33
(1H, m, H-9b); 3C-NMR (150 MHz, CDCl3) §: 172.4
(C-17), 171.5 (C-16), 152.1 (C-1), 146.0 (C-4), 139.7
(C-3), 137.6 (C-12), 123.8 (C-5), 122.2 (C-11), 115.4
(C-14), 106.5 (C-2), 75.3 (C-6), 62.8 (C-7), 61.2
(C-8), 29.0 (C-18), 25.4 (C-13), 24.9 (C-9), 22.6
(C-10), 21.4 (C-15), 20.4 (C-19), 20.3 (C-20). LA ¥
I 5 SCHRROE X I — B0, WS ENEY TR
clavilactone K.

EY 8: EMmRY (HED; ESI-MS m/z:
295.094 8 [M+Na]*. H-NMR (600 MHz, CD;0D) 6:
6.85 (1H, s, H-7), 6.74 (1H, s, H-6), 6.68 (1H, d, J =
8.4 Hz, H-2), 6.56 (1H, d, J = 8.4 Hz, H-3), 5.21 (1H,
t, J = 7.8 Hz, H-11), 2.72 (1H, m, H-9a), 2.43 (1H, d,
J =16.8 Hz, H-13b), 2.30 (1H, d, J = 16.8 Hz, H-13a),
2.21 (1H, m, H-10a), 1.95 (1H, m, H-10b, 9b), 1.22
(3H, s, H-15); 3C-NMR (150 MHz, CDz0OD) ¢: 178.2
(C-16), 152.8 (C-7), 151.0 (C-1), 151.0 (C-4), 142.1
(C-12), 129.8 (C-8), 128.0 (C-14), 121.8 (C-11), 118.6
(C-5), 118.4 (C-2), 115.4 (C-3), 27.6 (C-13), 26.3
(C-9), 24.9 (C-10), 22.4 (C-15). VA L-%dli 5 CiikikiE
X —E22, % e A9 8 Ol arnebinol A,

wEY 9: HEMK (FE; ESI-MS m/z:
353.145 3 [M+H]*. H-NMR (600 MHz, CDCls) &:
6.84 (1H, s, H-2), 6.76 (1H, s, H-6), 5.28 (1H, t, J =
7.8 Hz, H-11), 4.08 (1H, s, H-7), 4.04 (2H, m, H-20),
3.70 (1H, d, J = 15.6 Hz, H-13a), 3.21 (1H, d, J = 15.6
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Hz, H-13b), 3.04 (2H, m, H-18), 2.75 (1H, m, H-9a),
2.71 (2H, m, H-19), 2.52 (1H, m, H-10a), 2.22 (1H, m,
H-10b), 1.55 (3H, s, H-15), 1.29 (1H, m, H-9b);
BC-NMR (150 MHz, CDCls) ¢: 172.8 (C-16), 160.7
(C-17), 151.0 (C-1), 144.3 (C-4), 137.4 (C-12), 131.0
(C-3), 123.7 (C-5), 122.1 (C-11), 121.8 (C-14), 97.7
(C-2), 76.8 (C-6), 63.7 (C-7), 61.5 (C-8), 43.0 (C-20),
27.7 (C-13), 26.3 (C-19), 25.3 (C-9), 23.6 (C-18), 22.9
(C-10), 21.6 (C-15). LA b-2#5 5 SChRARIE X e — 502,
WS B AT 9 N clavipyrrine Ao

&Y 10: BHEHR (HEE; ESI-MS miz:
258.125 3 [M+H]*. H-NMR (600 MHz, CDs0D) 6:
7.46 (1H, d, J = 144 Hz, H-1), 7.32 (1H, d, J = 7.8
Hz, H-4), 7.07 (1H, m, H-3), 7.01 (1H, s, H-7), 6.98
(1H, m, H-2), 4.24 (1H, t, J = 4.8 Hz, H-11), 4.10 (1H,
t, J = 4.8 Hz, H-14), 3.41 (1H, dd, J = 14.4, 4.2 Hz,
H-10a), 3.09 (1H, dd, J = 15.0, 4.2 Hz, H-10b), 2.65
(3H, s, H-17); 3C-NMR (150 MHz, CDs0D) §: 169.2
(C-15), 168.1 (C-12), 137.9 (C-5), 128.9 (C-9), 125.8
(C-7), 122.8 (C-3), 120.2 (C-2), 119.8 (C-1), 112.6
(C-4), 109.3 (C-8), 59.2 (C-11), 57.5 (C-14), 32.5 (C-17),
315 (C-10). LA 3 5 SCHRARGE X HE— 35020, i s
EWAW) 10 4 cyclo (Trp-Ala).
32 EMMYKARD

KH MTT ERl 7 DRI <R ER 2 AL
T EARRI A Y 1~10 %F HGC-27 HI 4 Mo 2595 14
SE R BRI AW 1~10 Xt HGC-27 4 B A A2
FEMIBEREANHIER (R 2), Hy k&9 1. 3. 8. 9
BB e 40 M B T H0 &, 3 1Cso {H
4y 9N 13,57, 3.62. 7.31. 11.51 ypmol/L, HALEW
3. 8 EMEIL T BHIEZ . N TR T R IFE Ik
IRV S 51 -G PEOC R, 25 R A 74L&
Y1, 3. 4. 7~9 M4 EEIE
*2 LEAM1I~103 HGC-27 IR EM (x+5,n=3)
Table 2 Cytotoxicity of compounds 1—10 against HGC-27

cell lines (x +s,n=3)

EY)  1Cso/(umol L) | AW 1Cso/(umol L72)
1 13.57+0.17 6 >50

2 33.25+1.35 7 35.16+1.26
3 3.62+0.04 8 7.31+0.07
4 24.36+0.15 9 11.51+0.16
5 >50 10 >50
JIiEH 8.90+0.05

o, XLTE AT AR ARt
BRIAEER TG, HEMIL S S5 R 2R I F 1 Je iR IR &5
AT e R A S A TEVE Bl AR L
HEY 1. 3. 4. 7. 9 SRR S RENR HALE
Y 3. 4 ZIME— X R A BN, 1
T C-3 MRAREEIARMIAEY 3 BARGRNE
PE,  HEHEN R A S aE f R 1 B S R
J LR B AT BEXT A& P0G v A B s gt
Gb, AW 8 MU BEIENE, B A5MRE
5l 2 b A C-7/C-8 A7 TR R FA 2 B0 JiF M B e WU
FH UEAERT A S 0 (G T P B C-7/C-8 2 [AIEE# 7
XX, AL EYIE C-7/C-8 T Rbu bk Xk i o}
A A WIS 1 A 8 )RR
4 g

ASHIF T I X HERR AR < 95% £ BESE HUY 1k
YO RAT RGN, 53] 10 MEEY), B9
NI TOIRIMRIRREFD L N IRIRBU G, H
HAEY 12 1 ANHT PRI eI RIE R, L E
Y 10 NE XM BEFERA D B 15 2] BT
R, I IOBRIER R A R A PE. Bt
HE DU, DAY Pidt. a2
IR, AR SR T T ke s .
I, W TSR A M EEE T, R A 4
F-TE PR RIAT b o 5 R R EY) 1~10 XA
BRI HGC-27 HA A [FIFE B (3G 4kl fE H
H B 1. 3. 8. 9 HARONEE AN EE 1,
HAEY 3. 8 HETET-RHPEZ, I 1Cs0 {EH 3.62.
7.31 pmol/L; (AWM EEF-IETE IS RFIARI 1 I0hk
G ITR AT RE SR LA S A TE TR At AL
HYNEERTS AT RS S A A A HIURALE AL, [
25 R C-7/C-8 2 [A XU Il REA I a2 AL B0 S
PERITER, (EAHRNIE T . AW RN EE— DI R FIF]
FHE-FRBEIAGE 35 HA B Pt 1 B 2
fitl, JERTC T Z I OBV IR RS A0 B 1 S A
RORHR, NS HZG AN E IR AR KR

RBAR FAVEEH ARG EFE TR

SE R
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