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Secondary metabolites of the endophytic fungus Myrothecium sp. from

Pinellia ternata
YU Juping, YANG Minghua, HE Xiaorong™
School of Engineering, China Pharmaceutical University, Nanjing 211198, China

Abstract Using a series of purification methods including silica gel, Sephadex LH-20 and preparative high per-
formance liquid chromatography, secondary metabolites of Myrothecium sp. were purified from the ethyl acetate
extract of the solid fermentation product. Based on structure characterization and investigation on the physical

and chemical properties a, twelve monomeric compounds were identified as 3'-hydroxyverrucarin A (1), verruca-
rin A (2), verrucarin L acetate (3), verrucarin J (4), verrucarin K (5), roridin A (6), roridin D (7), roridin H (8),
roridin J (9), verrol 4-acetate (10), (3S, 3aS, 6, 6aR)-dihydrosporothrioride (11) and 4,6-dihydroxy-1(3H)-
isobenzofuranone (12). Compounds 1, 5 and 9-12 were isolated from Myrothecium sp. for the first time. Com-

pounds 2, 3, 4, 7 and 8 exhibited strong inhibitory effects on Candida albicans, with a minimal inhibitory concen-

tration (MIC,,) of 0. 318, 0. 218, 0. 047, 0. 569 and 0. 558 p.g/mL, respectively.
Key words  Pinellia ternata; endophytic fungi; Myrothecium sp.; verrucarin; roridin
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AT P A LR P A SE AR R P B e B B AR
FEHE , 53— 5 T A A= BT ] LA™ A — 263 PR AR
WA B T EAEYBURPIRE R S E R
AAFREST . HHT, A A B TP 2 40 S
JE A O RAR W, 0 A e R IR S
b G MRS G Y55 X e B W B A Bt
AN EE PUAEAZ OB R O R S Iz 1 A
Pum e D, XA P9 A A 8
WS HA A T S HREZ R AEDE L EY . N
W 254 it — A R R AR

A 5T N BB Y P25 3R e 3 A5 3 — Bk
VR TR A R ELTA X ORI ) TR L TR A IR ) E
77 B E PERI O, R B B AT B S
PREG M il 2P0 B AR B 124 &,
M RE A 3 - A R A (D) HEMRE R A2)
CMEIEPEA TR R L(3) JEAITE R J(4) JEAHE R K
(5) R R A6) KRR D(7) BEWHEHRH
(8) . & B @ K J (9) . verrol 4-acetate (10) .
(38, 3aS, 6a, 6aR) -dihydrosporothrioride (11)
4,6- " FHE-1(3H) -5 R FF Ik (12) , %573 # 1 i
A& W AT B R T I, R AL E )
2.3.4.7 F18 X (0 & PR AT B Ay 0 AR
MIC,, 5351 A7 0. 318.0. 218.0. 047 .0. 569 F1 0. 558
wg/mlg

1 SEIgEY

1.1 MHE5E

1100 % 1] LC/MSD Trap Ji i A% I % ( 26 [®
Agilient 23 7] ) 3 ACF-500 MHz %! A% @4 2L R 4L (TMS
WHR) ; ACF-600 MHz BUAZ G ILARAL (TMS AR (15
[ Bruker 23 7)) 5 1260 7 /55 2500 AH €2 335 4 ( 52 =
Agilient 23 7] ) s LC-8A HI il £ 7Y 5 25 7 A €335 A%
(H A B HEZ F]) 5100 ~ 200,200 ~ 300 H A,
GF,o FEE (5 AL T A B F]) ; Sephadex LH-
20 (%fi #t Amershan Pharmacia /A 7] ) ; RPMI 1640 ¥}
A, BRI (2 [ Gibeo AT 5 43 HT % 4 1% 2 H i
(VLHDIREHE A RA R ; LiE (ERE9R, bu %
AT PR R ) 5 A7) 22k i B 2 B 4l

A S B R T 2016 4F M 7= 1 OH R B2k =
Pinellia ternate B 229 70 B 4545, il i PCR 7 R~
1 H 18S DNA, il 7 45 S 5 & 0 B % B H R
Myrothecium sp. (MG 562611. 1) 100% F [a]EH: .

52 &
1.2 7# &
1.2.1 WA BAERKEDSREHEENEEE

(PDB) 4 45 3% 5 1 19 N A2 EL T Myrothecium sp.
FE P 3| B % B A W 3 E (PDA) WA 85 55 v
28 °C, 160 r/min 7EFE R P15 4 dVE NP4
HES 101> 2 LIWHETE R, B0 ke A KOK 320 g FlIuK
450 mL, IR G , 16 121 CEA%FF KB 20 min.
FOK B SR ot 2 =R W E A U R Fh - W 4 b
FHE AP ER TR 40 do RRESEUE , WE
L DA R A [ A ) R TR 7R 4R B 3 IR
PO e 4 Je 15 204 BRI 16 .
1.2.2 #BE5455H EHEH100~200 HAERK 1:1
PEATHERE , FEZR 3 200~300 H fif e A ] A i k- 2
M2 M6 (40:1.,20:1,10:1,5:1.2: 1, 1:1.1:2)Bp
VR, >R I TLC A1 HPLC A0 43 B 43 IF 45 2] 7 /418
{3 (Fr. A ~ G) . Fr. B4 id Sephadex LH-20 £ {0, 3%

AR G- EE 1 DR 4B (Fr. B, ~ B,
Fr. B, 23 il & S AR AR 2659 1(3 mg) .3
(7.6 mg) F112(6 mg) , Fr. B, 253 i 4% 25 200 A 45
b A% 2(20 mg) F14(6 mg) . Fr. CHOIR Zad B
JBE Cf - 2R 21 20:1,10:1.,5:1.2:1.1:1) .
Sephadex LH-20 A1 ¢4 3% ( — G W - e 1:1) , fH48
il £ O AR 1S B A5 ) 5(4. 5 mg) 6(5. 8 mg)
F7(2.7 mg), Fr. D £ 3 Sephadex LH-20 1 {7, %

AW - DA RS 8(10 mg) Al
9(3 mg) , Fr. E &3 il % S SOR A5 26 G4 10
(3.5 mg)fl11(3.2 mg) .

1.3 “#Mm%Ex

a1 HEK K, ESI-MS m/Az: 541 [M +

Nal*. 'H NMR (600 MHz, CDCl,) 8:8.25(1H, dd,
J=15.6 Hz,12. 1 Hz,H-3"),6.73(1H,t,J = 12. 1
Hz,H-4"),6.14(1H,d,J = 11.6 Hz,H-5"),6.01
(1H,d,J =15.6 Hz,H-2"),5.75(1H,dd, J = 8.2
Hz,4.4 Hz,H-4),5.44(1H,d,J = 5. 3 Hz, H-10) ,
4.56(1H,d,J = 12.3 Hz, H-15b) , 4. 50 (1H, m, H-
5'b),4.36(1H,d,J = 12.3 Hz,H-15a) ,4. 21 (1H,
m, H-5"a) ,4.10(1H,d, J = 5.9 Hz, H-2" ), 3. 87
(1H,d,J =4.9 Hz,H-2),3.62(1H,d, ] = 5. 3 Hz,
H-11),3.14(1H,d,J = 3.9 Hz,H-13b),2. 88(1H,
d,J=3.9 Hz,H-13a),2.49(1H,dd, J = 15. 3 Hz,
8.2 Hz,H-3b),2.22(1H,m,H-3a),2. 02(1H, m, H-
8b),2.00(1H, m, H-4'b) , 1.97 (1H, m, H-7b) ,



552 EH 4 W)

BB, A - — PR A A AR O B U A = ) O 5 433

1.85(1H, m, H-7a) , 1.78 (1H, m, H-4"a) , 1.77
(1H,m,H-8"a),1.74(3H,s,H-16),1.24(3H,s,H-
6'),0.81(3H,s,H-14) ; *C NMR (150 MHz, CD-
Cl,) 6:173.2(C-1"),166.4(C-1"),165.2(C-6"),
141.4(C-9),139.5(C-4"),139.3(C-3"),126.9(C-
5"),125.4(C-2"),117.9(C-10),78.9(C-2),78. 1

(C-2"),75.7(C-4),73.2(C-3"),67.3(C-11),65.5
(C-15),65.0(C-12),60.3(C-5"),49.3(C-5),48.0
(C-13),44.1(C-6),35.2(C-3),34.9(C-4"),27.9
(C-8),23.3(C-16),23.1(C-6"),20.4(C-7),7.6
(C-14) . HPE SR 5 SCmki il —307 s e b
BV R 3 REIERE R A, HE5 WA 1,

Figure 1  Structures of compounds 1-12

a2 HEKAE, ESI-MS m/Az: 525[M +
Na]*, 'H NMR (600 MHz,CDCI,) §:8.03(1H, dd,
J=15.6 Hz,11.6 Hz,H-3"),6.69(1H,t,J = 11.6
Hz,H-4"),6.16(1H,d,J = 11.6 Hz,H-5"),6. 06
(1H,d,J=15.6 Hz,H-2"),5.82(1H,dd, J = 8.2
Hz,4.0 Hz,H-4),5.45(1H,d, J = 4. 7 Hz, H-10) ,
4.81(1H,d,J = 12.1 Hz,H-15b) ,4. 52(1H, m, H-
5'b),4.23(1H,d,J = 12. 1 Hz,H-15a) ,4. 16(1H,
s,H-2"),4.00(1H,m,H-5"a),3.88(1H,d,J=5.1
Hz, H-2) ,3.58 (1H, d, J = 4.7 Hz, H-11) , 3. 14
(1H,d,J = 4.0 Hz, H-13b) ,2. 88 (1H,d, J = 4.0
Hz, H-13a) ,2.50(1H, m, H-3b) , 2. 37 (1H, m, H-
3'),2.25(1H,m,H-3a),1.97(1H,m,H-7b) , 1. 96
(IH,m,H-4'b),1.80(1H,m,H-4"a),1.77(3H,s,
H-16) ,1.72(1H, m, H-7a) ,0.89(3H,d, J = 6. 8

Hz,H-6"),0.86(3H,s,H-14); “C NMR (150 MHz,
CDCl,) 8:174.7(C-1"),166.1(C-1" ), 165.5(C-
6”),141.2(C-9),139.0(C-3"),138.8(C-4" ),
127.5(C-2"),125.8(C-5") 117.9(C-10),78. 9(C-
2),75.5(C-4),74.2(C-2"),66.9(C-11),65. 2(C-
12),63.5(C-15),61.1(C-5"),49. 5(C-5),47. 8(C-
13),44.2(C-6),34.9(C-3),33.2(C-3"),32. 2(C-
4"),27.5(C-8),23.3(C-16),20.0(C-7),10.0(C-
6'),7.3(C-14) , U iEHE 5 SClk s — 50,
S G Y) 2 IR A, A ILE 1,
a3 HERAK, ESI-MS m/k: 565[M +
Nal*., 'H NMR (600 MHz,CDCl,) 6:8.01(1H,dd,
J=15.7Hz,11.6 Hz,H-8" ) ,6. 62(1H,t,/=11.3
Hz,H-9'),6.08(1H,d,J = 11.3 Hz,H-7' ) ,6.01
(1H,d,J=15.7 Hz,H-10"),5.93(1H,dd,J =8.2
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Hz,4.3 Hz,H-4),5.77(1H,s,H-2"),5. 70(1H, ] =
5.4 Hz,H-10),5.19(1H,m,H-8) ,4. 54(1H,d, ] =
12.5 Hz,H-15b) ,4.49(1H, m,H-5'b) ,4. 21 (1H,
d,J=12.5Hz,H-15a) ,4. 13(1H,m,H-5"a) , 3. 84
(1H,d,J=5.1Hz,H-11),3.80(1H,d,J = 5.5 Hz,
H-2),3. 11(1H,d,J = 3.9 Hz,H-13b),2. 84(1H,d,
J=3.9Hz,H-13a),2.46 ~ 2. 57(3H,m,H-3a,4" ),
2.28(3H,s,H-12"),2.17 ~2.22(3H, m,H-3b,7),
1.95(3H,s,H-18),1.76(3H,s, H-16) ,0. 81 (3H,
s, H-14) ; C NMR (150 MHz, CDCI;) §:170.9(C-
13'),165.8(C-11"),165.7(C-6"),165.5(C-1"),
157.0(C-3"),139.9(C-8"),138.8(C-9"),136.5
(C-9),127.8(C-7"),125.1(C-10"),123. 8(C-10),
117.7(C-2"),78.9(C-2),74.8(C-4) ,68.7(C-8),
67.0(C-11),65.3(C-12) , 64.4(C-15) , 60. 4 (C-
5'),49.0(C-5),47.9(C-13),42.2(C-6) ,40. 2(C-
4'),34.9(C-3),26.5(C-7),21. 1(C-16),20. 5(C-
14"),17.1(C-12"),7. 0(C-14) o H P %5045 5 3¢
BRAGE — B s e A 3 ST A TR R
L, HA5H) WLIE 1,

a4 Ok K, ESI-MS m/4z: 507 (M +
Na]*., 'H NMR (600 MHz, CDCI,) §:8.08(1H, dd,
J=15.7Hz,11.6 Hz,H-3"),6.64(1H,t,J = 11.6
Hz,H-4"),6.12(1H,d,J = 11.6 Hz,H-5") ,6.02
(1H,d,J =15.7 Hz, H-2" ) ,6.01 (1H, m, H-4) ,
5.85(1H,s,H-2"),5.48(1H,d,J=5.2 Hz,H-10),
4.48(1H,m,H-5'b) ,4.44(1H,d, J = 12. 6 Hz, H-
15b),4.17(1H,m,H-5"a),3.99(1H,J = 12. 6 Hz,
H-15a),3.87(1H,d,J=5.1Hz,H-2),3.77(1H,d,
J=5.2Hz, H-11),3.16 (1H, d, J = 4.0 Hz, H-
13b),2.85(1H,d,J = 4.0 Hz, H-13a) , 2. 55 (1H,
m,H-3b),2.53(2H,m,H-4"),2.30(3H,m,H-6"),
2.18(1H, m, H-3a),2.04(2H, m, H-8),1. 98 (1H,
m,H-7b),1.84(1H,m,H-7a),1.73(3H,s,H-16) ,
0.85(3H,s,H-14); *C NMR (150 MHz, CDCl,) &:
166.1(C-1"),165.8(C-6"),165.6(C-1"),156.6
(C-3"),140.5(C-9),139.5(C-3"),139. 1(C-4"),
127.4(C-2"),125.5(C-5"),118.6(C-10),79. 0(C-
2),75.3(C-4),67.3(C-11),65.5(C-12),63. 3(C-
15),48.8(C-5),48.1(C-13),43.0(C-6) ,40. 2(C-
4'),35.1(C-3),27.7(C-8),23.3(C-16),20. 8(C-
7),17.2(C-6"),7.0(C-14) . HP ks 5 SCiik i

B, e G 4 A ME R T, A5
UL 1,

a5 HE A, ESI-MS m/Zz: 509[M +
Na]*, 'H NMR (600 MHz,CDCl,) 8:8.04(1H,dd,
J=15.7Hz,11.6 Hz,H-3"),6.67(1H,t,J=11.6
Hz,H-4"),6.09(1H,d,J = 11.6 Hz,H-5"),6.06
(1H,d,J =15.7 Hz,H-2"),5.81(1H,dd,J = 8. 1
Hz,3.8 Hz,H-4),5.40(1H,d,J = 5.1 Hz,H-10) ,
5.18(1H,s, H-13b) ,4.77(1H,d, J = 12. 0 Hz, H-
15b) ,4.77(1H, s, H-13a) , 4. 52(1H, m, H-5'Db) ,
4.47(1H,d, J = 5.1 Hz, H-2) ,4.22(1H,d, J =
12.0 Hz,H-15a) ,4. 16(1H,d,J = 5.5 Hz,H-2" ),
4.00(1H,m, H-5"a) ,3.58(1H,d, J = 5.1 Hz, H-
11),2.50(1H, m,H-3),2.38(1H, m,H-3"),2.25
(1H,m,H-3),1.97(1H, m,H-7b),1.96(1H,m, H-
4'h),1.80(1H, m, H-4"a) , 1. 72 (3H, s, H-16) ,
1.68(1H, m,H-7a),1.09(3H,s,H-14),0. 89(3H,
d,J=6.8 Hz,H-6" ) ; *C NMR (150 MHz, CDCL,)
8:174.7(C-1"),166.0(C-1"),165.5(C-6"),151. 6
(C-12),140.8(C-9),138.9(C-3"),138.8(C-4"),
127.5(C-2"),125.7(C-5"),118.2(C-10) , 106. 5
(13),78.7(C-2),75.6(C-4),74. 1(C-2"),66. 6(C-
11),63.7(C-15),61.2(C-5"),52. 1(C-5) ,44.3(C-
6),36.0(C-3),33.2(C-3"),32.2(C-4"),27.5(C-
8),23.3(C-16),18.8(C-7),12.2(C-14),10. 0(C-
6’ ). BRI 5 ek RoE — 20 U S
Y15 MY R K, 50 WL 1,

a6 HE kA, ESI-MS m/4z: 555[M +
Na]*, 'H NMR (600 MHz,CDCl,) 8:7.65(1H,dd,
J=15.6Hz,11.6 Hz,H-8'),6.66(1H,t,/=11.6
Hz,H-9'),6.01(1H,d,J=15.6 Hz,H-7"),5.79
(1H,dd,J=11.5 Hz,H-10"),5. 78(1H, m,H-4) ,
5.43(1H,d, J = 4.2 Hz, H-10) ,4.42(2H,d, J =
12.3 Hz,H-15) ,4.09(1H,s,H-2"),3.85(1H, d,
J=5.0Hz,H-2),3.68(1H,m,H-6"),3. 62(1H,m),
H-13),3.60(1H, m, H-11) ,3.53(2H, m, H-5" ),
3.11(1H,d,J = 3.9 Hz,H-13b) ,2.80(1H,d, J =
3.9 Hz,H-13a),2.45(1H,d, J = 15.4,8. 3 Hz, H-
3b),2.20(1H, m, H-3a),2.03(2H, m, H-8) , 2. 01
(1H,m,H-3"),1.90(2H, m,H-7),1. 78(2H, m, H-
4"),1.73(3H,s,H-16),1. 18(1H,d,J = 6. 3 Hz, H-
14'),1.08(1H,d,J = 6.9 Hz,H-12"),0. 80(3H,s,
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H-14) ; “C NMR (150 MHz, CDCl,) &: 174. 8 (C-
1'),166.5(C-11"),143.9(C-9" ), 140.9(C-9) ,
139.3(C-7"),125.9(C-8" ), 118.2(C-10),117. 4
(C-10"),83.9(C-6"),79.0(C-2),75.6(C-2"),
74.3(C-4),70.6(C-13"),69.7(C-5"),67.1(C-
11),65.2(C-12),64.4(C-15),49.3(C-5),47.7(C-
13),43.7(C-6),37.0(C-3"),34.8(C-3),33.0(C-
4"),27.6(C-8),23.3(C-16),20.2(C-7),18. 2(C-
147),14.7(C-12"),7.5(C-14) o HIE i 5
BRI IE — B MR R G 6 MR R R A, L
SE LA 1,

AT HOHK K, ESI-MS m/4: 553[M +
Na]*, 'H NMR (600 MHz,CDCl,) §:7.53(1H,dd,
J=15.6 Hz,11.4 Hz,H-8' ) ,6.62(1H,t,J = 11.4
Hz,H-9"),5.98(1H,dd, J = 15. 6 Hz, 3. 3 Hz, H-
7"),5.85(1H,m,H-4),5. 83(1H,m,H-10"),5. 45
(1H,d,J = 4.8 Hz,H-10) ,4.39(1H,d, J = 12.4
Hz,H-15b),4.28(1H,d,J = 12. 4 Hz,H-15a) ,3. 87
(1H,d,J=5.1Hz,H-2),3.83(1H,m,H-6") 3. 65-
3.70(2H, m, H-5" ) ,3.65(1H,d, J = 4. 8 Hz, H-
11),3.36(1H,m,H-13"),3.32(1H,s,H-2"),3. 14
(1H,d,J = 4.0 Hz,H-13b) ,2.83(1H,d,J = 4.0
Hz,H-13a); 2.51(1H, m, H-3b) , 2. 48 (1H, m, H-
4'h),2.18(1H, m, H-4"a) ,2. 04 (1H, m, H-3a) ,
1.95(2H, m, H-8),1.83(1H, m, H-7a) , 1. 74(3H,
s,H-16),1.63(3H,s,H-12"),1.48(1H,m,H-7b) ,
1.22(3H,d, J = 6.2 Hz, H-12" ) , 0. 85(3H, s, H-
14); “C NMR (150 MHz, CDCl,) 6:168. 1(C-1"),
166.4(C-11"),143.1(C-9" ), 140.7(C-9),138.3
(C-7"),126.3(C-8" ), 118.4(C-10) , 118.1 (C-
10'),85.6(C-6"),79.0(C-2),74.4(C-4),70.9(C-
13'),67.4(C-5"),67.0(C-11),65.4(C-12),64. 6
(C-15),63.3(C-3"),58.2(C-2"),49.2(C-5),47.8
(C-13),43.2(C-6),39.6(C-4"),35.1(C-3),27.6
(C-8),23.3(C-16),20.6(C-7),18.2(C-14"),17.4
(C-127),7.0(C-14) o FHUE 35 ¥ 5 SCik 4 iE —
;O LMEEAY T NERE XD, H4W
LI 1.

a8 kA, ESI-MS m/4: 535[M +
Nal*. 'H NMR (600 MHz, CDCL,) 6:7.71(1H, m,
H-8'),6.58(1H,t,J=11.4 Hz,H-9"),5.98(1H,
dd,J=13.3 Hz,0.8 Hz,H-7"),5.96(1H,m,H-4),

5.82(1H,d,J=11.1 Hz,H-10"),5.70(1H, s, H-
2"),5.55(1H,dd,J = 8.5 Hz,3.3 Hz,H-5"),5. 46
(1H,d,J = 4.2 Hz,H-10) ,4.34(1H,d, J = 12.5
Hz, H-15b) ,4.08 (1H,m,H-6" ) ,4.06(1H,d, J =
12.5 Hz, H-15a) ,3.86(1H,d, J = 5.1 Hz, H-2) ,
3.69(2H,m,H-11,13"),3.15(1H,d,J = 4. 1 Hz,
H-13b),2.84(1H,d,/=4.1Hz,H-13a),2. 66(1H,
dd,J=12.4 Hz,2.9 Hz,H-4'b),2.50(1H,dd, J =
15.3,8,4 Hz, H-3b) ,2.30(3H, s, H-12" ) , 2.28
(1H,m,H-3a),2. 19(1H, m,H-4"a),2.03(2H, m,
H-8),1.89(2H, m,H-7),1.72(3H,s,H-16),1. 36
(3H,d,J =6.0 Hz, H-14" ), 0. 88 (3H, s, H-14) ;
“C NMR (150 MHz,CDCI,) 8:166.3(C-11"),166. 2
(C-1"),154.9(C-3"),142.9(C-9" ), 140.5(C-9),
134.8(C-7"),126.1(C-8"),119.0(C-2"),118.8
(C-10"),100.9(C-2"),82.0(C-6"),79.2(C-2),
76.7(C-13"),73.9(C-4),67.7(C-11) , 65.6(C-
12),63.2(C-15),49.0(C-5),48.0(C-4"),47. 6(C-
13),43.2(C-6),34.9(C-3),27.6(C-8),23.3(C-
16),20.5(C-7),18.4(C-12"),16.5(C-14"),7.3
(C-14) o ok i B 5 Skl — 80 i e
EY 8 MR B = H, HA5 WL 1,

e Hm9 HEK K, ESI-MS m/Az: 551 [M +
Na]*. 'H NMR (500 MHz, CDCl,) 8:7.65(1H,dd,
J=15.0Hz,11.3 Hz,H-8'),6.55(1H,t,J = 11.3
Hz,H-9'),5.92(1H,m,H-7"),5.89(1H, m,H-4),
5.79(1H,d,J=11.1 Hz,H-10"),5. 76 (1H, s, H-
2'),5.44(1H,dd,J = 3.9 Hz,H-10),5.25(1H,d,
J=6.9Hz,H-5"),4.39(1H,d, J = 12. 5 Hz, H-
15b),4.09(1H,d,J=8.7 Hz,H-6") ,4. 02(1H,d,
J=12.5Hz,H-15a),3.78-3.79(2H, m,H-2,4" ),
3.65(2H, m,H-11,13"),3. 12(1H,d,J = 3.9 Hz,
H-13b),2.82(1H,d,J=3.9 Hz,H-13a),2. 47(1H,
dd,J =15.3 Hz,8.4 Hz,H-3"a),2.27(3H, s, H-
12"),2.18(1H, m,H-3'b), 1. 88-2. 04 (4H, m, H-
7,8),1.71(3H,s,H-16),1.37(3H,d,J = 6. 0 Hz,
H-14'),0.85(3H, s, H-14) ; *C NMR (125 MHz,
CDCl,) §:166.2(C-11"),165.9(C-1"),155.3(C-
3'),143.1(C-9" ), 140.4(C-9) , 134.5(C-7" ),
126.1(C-8"),119.9(C-2"),118.8(C-10"),118.6
(C-10),103.3(C-5"),82.2(C-6"),79.7(C-4"),
79.2(C-2),76.4(C-13"),73.8(C-4),67. 8(C-11),
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65.5(C-12),63.4(C-15),49.2(C-5),48.0(C-13),
43.2(C-6),34.7(C-3),27.6(C-8),23.3(C-16) ,
20.4(C-7),15.9(C-12" ), 13.1(C-14" ) , 7.4 (C-
14) o HP SR 5 SCk el — 80 s e b &
Y9 BB R ), HAH LA 1,

oM 10 KK, ESI-MS m/z: 443[M +
Na]*., 'H NMR (600 MHz, CDCI,) 8:5.95(1H, dd,
J=7.8Hz,3.4 Hz,H-4),5.83(1H,d,/ = 1.0 Hz,
H-2'),5.48(1H,d, ] = 4. 8 Hz,H-10) ,4. 16 (1H,
dd,J =12.5 Hz,H-15) ,4.13(1H,d, J = 12. 5 Hz,
H-15),3.88(1H,m,H-2),3.86(1H,d, J = 4. 8 Hz,
H-11),3.84(1H, m,H-5"),3.82(1H, m,H-5" ),
3.16(1H,d, J = 4.0 Hz, H-13) ,2.85(1H,d, J =
4.0 Hz,H-13),2.31(1H,m,H-3),2.30(1H, m, H-
8),2.23(3H,d,J=1.0Hz,H-6"),2.08(3H, s, H-
2"),1.97(2H, m,H-4"),1.95(1H, m,H-3), 1. 838
(1H,m,H-8),1.73(3H,s,H-16),1.31(2H, m, H-
7),0.88(3H,s,H-14) ; *C NMR (150 MHz, CDCI,)
8:171.1(C-1"),165.9(C-1"),157. 1(C-3"),140. 8
(C-9),118.4(C-10) ,117.2(C-2"),79.1(C-2),
75.4(C-4),66.7(C-11),65.4(C-12),63.0(C-15),
59.8(C-5"),48.6(C-5),48.0(C-13),43.8(C-4"),
43.0(C-6),36.7(C-3),27.9(C-15),23.2(C-16) ,
21.5(C-7),21.1(C-2"),18.9(C-6"),6.7(C-14) .
LU 1S B 5 SOk Rl — 2 s e A P 10
A verrol 4-acetate , EoZ5 A WK 1,

a4 11 JoE R, ESI-MS m/z: 263[M +
Nal*, 'H NMR (500 MHz,CDCl,) 6:5.16(1H, dd,
J=6.0,4.0 Hz,H-6a) ,4. 60(1H,ddd,J = 7.9 Hz,
6.5 Hz,3.9 Hz, H-6) ,3.19(1H, dd, J = 6. 1 Hz,
1.0 Hz,H-3a),3. 12(1H,dd, J =7. 6 Hz, 1. 0 Hz, H-
3),1.96(1H, m, H-8a) , 1. 87(1H, m, H-8b) , 1. 55
(2H,m,H-9),1.50(3H,d,J=7.6 Hz,H-7),1.42
(2H, m, H-10),1.36 (2H, m, H-11) , 1. 35(2H, m,
H-12),0.94 (3H,t,J = 6.8 Hz, H-13) ; “C NMR
(125 MHz, CDCl,) 8:176.8 (C-4) , 174.7(C-2) ,
82.4(C-6),78.3(C-6a),49.0(C-3a),38.4(C-3),
31.6(C-11),28.9(C-10),28. 8(C-8),25.3(C-9),
22.5(C-12),17. 1(C-7) ,14. 0(C-13) . H s
53Ck s — 250, s e A 11 2 (38, 3aS,
6a,6aR )-dihydrosporothrioride , FZ5 4 TLIE 1,

e 12 HEFE K, ESI-MS m/4z: 189[M +
Na]*c 'H NMR(600 MHz,DMSO) §:9.90(1H,s,4-
OH),8.49(1H,s,6-0H),6.66(2H,s,H-5,7),5. 82
(1H,dd,J = 8.2 Hz,4.0 Hz,H-4),5.45(1H,d, J =
4.7 Hz, H-10) ,4.81(1H,d, J = 12. 1 Hz, H-15),
5.81(2H,s, H-3); “C NMR (150 MHz, DMSO) &:
170.8(C-1),159.6(C-6) , 153.0(C-4) , 127. 0(C-
4a),124.4(C-7a),108.0(C-7),100.6(C-7),67.9
(C-3). Ui 5 Sk il — 30 il e ik
W12 4,6- " F2F-1(3H)-FIEIFnkng , Hg5
INES IS
1.4 ROEAKRAEBRIR

X 85 S WAL G W AT T P A S R
(Candida albicans, ATCC 24433) 1% VLT , 25 5 00
o RHAMGE AR REE B SR e
T e FE FH RPMI-1640 55 3% W0 ff B 2 B 2 T+ 5 %
10°CFU & H , HDMSO %&b 5911 ~ 12 )5, B A
RPMI 1640 3552 W AT A% W B, i AL 59 0 o
B E > 9 M 25,12.5,6.25,3.125,1.562 5,
0.781 25,0.390 625 pg/mL(DMSO < 1%) .
WA Ay BE P o R, i LR R 2,1,0.5,0. 25,
0.125,0.062 5 pg/mL. HUECH] G SR R
BRI TR E MG ~ 1245100 pL T
96 fL Al H VE M 25 W 41, BT W 100 L A1 RPMI
1640 AR E; 723 100 wL T 96 FLik 7, FAE A= KXt
HEZH , B RPMI 1640 W 1A $5 95 55 200 wL T 96 fLAR
AR R as LR IR A . K 96 FLARE E T 35 CHE 5
FE 57 24 hJE AR A (540 nm) 0528 W WA
TR MIC,, (I 50% B8 A K s i X iz i Ak 54
WeBE , 5K IAM) . B ERE 3. 4558
(£ D ERAAEW2.3.4.7H8X HOEHKEH
A B B 30 VR L MIC,, 4% B J2& 0.318.0. 218,
0.047.0. 569 f10. 558 pg/mL.

2 % it

AT T D BAE 1R LA [ A R B 1 2R &
BeiR B b B8 T 1240 &8, bk &
1.5.9 ~ 12 5 IR AR B JE B o s 3, 1k
HW2.3.4.7 F1 8 X 0 & 2R A B 5 1Y 4
YEM .
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Table1 MIC,, values of the twelve compounds

Compound MICy, /(ug/mL)
1 >25
2 0.318 £ 0.087
3 0.218 £ 0.063
4 0.047 £ 0.015
5 4.387 £0.742
6 1.581 £0.136
7 0.569 +0.259
8 0.558 + 198
9 2.567 £ 0.652
10 1.275£0.233
11 >25
12 >25
Fluconazole 0.25 +0.018
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