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Chemical Constituents in the Broth of Myrothecium verrucaria
with Agrochemical Activities

KANG Min',GUO Da-le’ ,HU Jia' ,WAN Bo>,ZHOU Yan® ,DING Li-sheng’,GU Yu-cheng, DENG Yun'®
'Key Laboratory of Standardization of Chinese Herbal Medicine ,Ministry of Education ,State Key Laboratory
Breeding of Systematic Research Development and Utilization of Chinese Medical Resources ,Co-founded by Sichuan
Province and MOST , Pharmacy Department of Chengdu University of TCM ,Chengdu 611137 ,China;* Key Laboratory of
Mountain Ecological Restoration and Bioresource Utilization ,Chengdu Institute of Biology ,Chinese Academy of Sciences ,
Chengdu 610041 , China ;’ Syngenta Jealott’ s Hill International Research Centre , Berkshire RG42 6EY UK

Abstract: To study the chemical constituents of entophytes ( Myrothecium verrucaria) broth with agrochemical activities
in Notopterygium incisum Ting ex H. T. Chang,fourteen compounds were isolated from its ethyl acetate extracts by silica
gel , preparative HPLC and other column chromatography. On the basis of spectra data,they were identified as verrucarin
B (1) ,8-acetoxyroridin H (2) ,verrucarin M (3) ,verrucarin J (4) ,roridin D (5) ,verrucarin L acetate (6) ,isororidin
E (7),Roridin E (8) ,Roridin H (9) ,Roridin A (10) ,roridin E acetate (11) ,Isotrichoverrin A (12) ,Isotrichoverrin
B (13) ,verrucarin A (14). Among them,compounds 2,6 and 7 were isolated from the strain for the first time. In addi-
tion, the pesticidal and herbcidal activities of the isolated 14 compounds were tested. The results showed that most com-
pounds had positive activities on herbicidal assays and insecticidal assays. 10 ppm of compounds had significant growth
inhibition for Arabidopsis thaliana ,32 ppm of compounds had significant growth inhibition for Poa annua,the lethality
rate of 1000 ppm in Heliothis virescens was more than 70% . The results of this study will provide a theoretical basis for
the further developing trichothecenes as biological herbicides and insecticides.
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PR A AR W6 7 T BAT VAR BT R (E . e
PRI A 3 B A W O B A R 0 AL A
(Trichothecenes ) ' 3 3 A0 2 ) J& 452 F 1 1 41k
B, H C-12 F1 C-13 i Z (BB A 1 46 4 2 — 1
PESEM 24 C4 1 C-15 e Je 06 1L ) 19 i o P S
R R AR B R B B P Ay v] 5 R Y
S60 . KEZE 45, DI 2 11 84 5 hlo 3K Al 41 i)
R AR M 1 B0E LR, s )iz AR TR
ARG SURCEY T B B
A LR AR 24 5 16 1 A R R R

RSO IE TG A B — RN AT, X R B 2
PR ORI AL 16 PR R, 25 R R B R A9
A HURIBR BTG R o 12 P 28 58 78 DA e AL BRE oy, Xof e
PEATY ORISR, Kl S G, o0, e AR R B —
FILI 14 A i R AL 5 W) ( Trichothecenes)
22 MS J NMR 3% i Moo R 20 i 58 %€ T e 4s
Ay, B A B BT BR A R B RS I,
B AEAITFE AR B B o % VR T A8 Ao 1l o0 5
Tt , Xk ) B4 480 8 s O i Il g A 0 o e 5 R 3%
FAAHRIFEL,

1 MRS

1.1 E#

HIJETH AR N 73 B 459 31— bR BT (45 QHO25)
I AR S 5E A1 18S tDNA H Xt 4 #r, 28 W HE A 4
WFE i 3 5 R AIE 9 01 28 3 S JE AR BE TR Miyrotheci-
um verrucaria , K¢ i H BTAFHCT R B ORR A2 )
o
1.2 (UF5iH

Micromass Xevo Triple-quadrupole A Jfi 3% {1
(Waters /> ) ) ; Bruker Ascend 400 4% fif FeHp (%,
TMS & N #r; il 45 % HPLC & Waters 2545 HPLC |
Waters 2489 #5 %5 ; {435 £ : kromasil RP-C 4 (19 x
250 mm,5 pm) , kromasil RP-C;; (10 x 250 mm, 5
pm ) 3 R 3 G, AT 835 i g (300 ~ 400 H)
(F Bigre e ) s Ses fir kom0 B 4l , niER R
AT )

1.3 #ExE

Th A% T8 % Wl RO B 97 Bk (PDA) 5 R % 1% 5
B A I AYEVE R 0. 8%, ik 0. 5%, NaCl
0.2% , CaCO, 0. 2% , MgSO, + 7 H,0 0. 05% ,
K,HPO, 0.05% Fic i,

2 KWHE

2.1 HEXE

BB RE R Myrothecium verrucaria QH025 4}
A P AR T 30 AR JE I H (200 mL PDA 557 4E/
500 mL #EIEHH) , B 9% 3 d A5 Fh 73, 154 A 200 i
KW 37 5L (400 mL/1 L HEIE ) , £ 28 °C 250
rpm PRELIEFE 14 d 1530 L W
2.2 EEBREMERESEH

WUR BRSPS (1 A W (80 L), b U, B 25 A
224K IR, ARG IR CIEZEI, AR =R,
B IR W28 T 4 15 8 £ 1R L BR AR 4 18
25 g

B R TR MR E 25 ¢ L EAHRE AL 2T,
Ak : YR (10:0—9.5:0.559: 1—----- -
11 ,0/v) B BEVRINE, IR DR, TLC 48515 JF, 1%
AL A(1.2 g) B(0.7 g) \C(2.6 g) .D(2.3 g) .
E(1.8 g) \F(0.4 g) \G(0.9 g) H(1.5¢g). 4fy B
2 A i % HPLC, DL Bk Ve i, 75 214 6 49 1
(23 mg) 2(17 mg) ., A1 C AkLk Rk A (035 4l
&, ik IR (30: 1 ~ 102 1) B EE VR, 753 3 4
A2y C1,C2.C3,3 N4 28 i &2 il % HPLC 4fi
e, N C1 RS 2IfEEH) 3(11 mg) 4(13 mg) ,C2
B2 EY 5 (12 mg) ,C3 HERLEY 6(10 mg) .
Hin D Lk AT E AT, Ak : EH (200 1 ~10: 1)
FREEVEML, 155 5 4~ 414y D1.D2.D3 D4 D5, 4
il % HPLC Zlifk., )\ D1 1132454 7 (9 mg) .8
(16 mg) , )\ D3 iR EIfL5 4 9 (14 mg) , A D4 th
BEMEW 10012 mg) . A E SRR ZHT, A
e YR (200 1 ~ 10 1) BREEVER, 15 24659 3
MG E1E2 (E3, 128 [ & il %6 HPLC 2lifk, A
E2 PG EIfEEY) 11 (10 mg) , E3 g B k&4 12
(18 mg) \13(11 mg) . #fy F 22/ & i % HPLC 4
1, 1585 14(19 mg) .
2.3 SEBSRAEENE
2.3.1 HIEFEMHNR

HRHE SR 7k 4 14 MBS PR ShalE AT
BReEcis AL, 2000 10 ppm 32 ppm PR X
ZREAEY R T R BR B BR AR A, DR 74
FUFTRAT T do BARESCPAT I I, U1
{E
2.3.2  FxRFEHERK

R SCHR ™ 73k 6 14 AMESIRE R T
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AR SR/ B, FH 1000 ppm X
ZRAREY IRBEATINAR . BEAR P AT = U UL
fE.

3 KBWAER

3.1 EMEHERE

wEW1 HEJow Rk K ; ESI-MS m/z:501
([M+H]");'"H NMR (CDCl,,400 MHz) §: 7.91
(1H,dd,J=15.8,11.4 Hz,H-8') ,6.65 (1H,t,J =
11.3 Hz,H9'),6.19 (1H,d,J =11.2 Hz,H-7"),
6.08 (1H,d,J=15.8 Hz,H-10"),5.86 (1H,dd,J =
8.6 Hz,4.2 Hz,H4),5.45 (1H,d,J =5.2 Hz, H-
10),4.52 (1H,d,J =12.4 Hz, H-158) ,4.294.43
(3H,m,H-15«,5") ,3.87 (1H,d, J=5.0 Hz,H-2) ,
3.61 (1H,d,J=5.3 Hz,H-11) ,3.41 (1H,s,H2"),
3.16 (1H,d,J =3.9 Hz,H-138),2.85 (1H,d,J =
3.9 Hz,H-13a),2.50 (1H,dd,J =13.2 Hz,8.3 Hz,
H-38),2.33 (1H,td,J =15.5,6.0,2.7 Hz,H4'B) ,
2.22 (1H, m, H4' o), 1.76 (3H,s, H-16),1.72
(1H,m,H-3a),1.70 ~2.20 (4H,m,H-7,8),1.60
(3H, s, H-12"),0.90 (3H, s, H-14);"” C NMR
(CDCl,, 100 MHz) §: 167.3 (C-1"),166.0 ( C-
11),165.0 (C-6"),140.4 (C-9),138.3 (C-8'),
138.3 (C9'),127.5 (C-10"),125.5 (C-7"),117.9
(C-10),78.9 (C-2),75.5 (C4),67.1 (C-11),
64.8 (C-12),63.8 (C-15),61.3 (C-3"),60.5 (C-
5'),58.2 (C-2'),49.2 (C-5),47.6 (C-13),43.8
(C-6),37.0 (C4'),35.0 (C-3),27.5 (C-8),23.0
(C-16),20.0 (C-7),15.9 (C-12"),7.2 (C-14),
DA_E A BRSO 5 Sk R e L B 2 B (verru-
carin B) MR IEAZ BEELHE A — 30, i e ix b &
P FE 2 B(verrucarin B)

wEW2 HEJoERkAK; ESI-MS m/z:571
([M+H]");"H NMR (CDCIl,,400 MHz) §: 7.66
(1H,m,H-8"),6.58 (1H,t,J =11.4 Hz, H9"),
5.97 (1H,dd,J =15.3,2.2 Hz,H-7"),5.92 (1H,
dd,J=8.3,4.4 Hz,H4),5.81 (1H,d,J=11.1 Hgz,
H-10"),5.73 (1H,d,J =5.3 Hz,H-10),5.65 (1H,
s,H-2"),5.54 (1H,dd,J =8.6,3.4 Hz,H-5"),5.20
(1H,d,J=5.4 Hz,H-8) ,4.42 (1H,d,J =12.2 He,
H-158),4.37 (1H,d,J =12.2 Hz, H-15a),4.08
(1H,d,J=8.6 Hz,H-6") ,3.85 (1H,d,J =5.0 Hg,
H-2),3.77 (1H,d,J =5.5 Hz,H-11),3.68 (1H,

dq,J =12.1,5.9 Hz,H-13"),3.12 (1H,d,J =3.9
Hz,H-138),2.85 (1H,d,J =4.0 Hz,H-13a) ,2. 67
(1H,dd, J =12.3 Hz,H4'B8),2.50 (1H,dd,J =
15.4 Hz,8.3 Hz,H-38),2.29 (3H,s,H-12"),2.10
~2.27 (4H,m,H-3w,7,4"'a),1.94 (3H,s,H-18),
1.77 (3H,s,H-16),1.36 (3H,d,J =6.0 Hz, H-
14"),0.85 (3H, s, H-14);"” C NMR ( CDCl,, 100
MHz) §: 170.9 (C-17),166.2 (C-11"),165.8 (C-
1'),155.2 (C-3"),143.2 (C9'),136.4 (C9),
134.9 (C-7"),126.0 (C-8'),123.9 (C-10),118.6
(C2"),118.4 (C-10"),100.6 (C-5'),81.9 (C-
6'),79.1 (C-2),76.6 (C-13"),73.4 (C4),68.7
(C-8),67.2 (C-11),65.4 (C-12),64.5 (C-15),
49.0 (C-5),47.9 (C-13),47.7 (C4'),42.0 (C-
6),34.6 (C3),26.2 (C-7),20.9 (C-18),20.5
(C-16),18.2 (C-12'),16.4 (C-14"),7.2 (C-14),
AR R A 5 SC iR R 1 8- 2 T LV B R
H (8-acetoxyroridin H) 4% g 2035 Fe AR — 2, B 72
ZAL G W 8- T 5L R BE I 2 ( 8-acetoxyroridin
H),

wEW3I HEaJoE Rk K, ESI-MS m/z:501
([M+H]*);'H NMR (CDCl,,400 MHz) §:7.99
(1H,dd,J=15.7,11.7 Hz,H-8') ,6.65 (1H,t,J =
11.7 Hz,H9") ,6.18 (1H,d,J =11.7 Hz,H-10"),
6.03 (1H,d,J =15.7 Hz,H-7'),5.84 (1H,s, H-
2'),5.76 (1H,d,J=3.2 Hz,H4) ,5.58 (1H,d,J =
5.1 Hz,H-10) ,4.46 (1H,m,H-3) ,4.42 (1H,d,J =
12.7 Hz,H-158) ,4.40 ~4.50 (1H,m,H-5'B) ,4.22
(1H,d,J=5.5 Hz,H-11) ,4.13 ~4.40 (1H, m,H-
3),4.04 (1H,d,J=12.7 Hz,H-15),3.72 (1H,d,
J=4.9 Hz,H-2),3.11 (1H,d,J=3.9 Hz,H-138),
2.82 (1H,d,J =3.9 Hz, H-13a),2.40-2.60 (2H,
m,H-88,4'B8),2.28 (3H,s, H-12'),2.00 ~ 2. 10
(3H,m,H-78,8a,4"a),1.75 (3H,s,H-16),1.72
(1H, m, H7a), 0.83 (3H, s, H-14);"” C NMR
(CDCl,,100 MHz) §:166.5 (C-6"),166.2 (C-1"),
165.6 (C-11"),157.1 (C-3"),140.3 (C9),139.5
(C9'),139.1 (C8"),127.7 (C-7"),125.6 (C-
10),118.9 (C2"),118.3 (C-10),84.0 (C4),
79.3 (C-2),77.1 (C-3),68.3 (C-11),64.7 (C-
12),63.6 (C-15),60.7 (C-5"),49.1 (C-5),47.5
(C-13),43.9 (C6),40.4 (C4'),27.8 (C-8),
23.5 (C-16),21.2 (C-7),17.5 (C-12"),7.1 (C-
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14) o DA bR BB 5 3k IR R R M
(verrucarin M) FARZREEHE FEA — B, §0f E iZ AL &
Y R PE L E &= M (verrucarin M)

a4 HOICERIE K ESI-MS m/z:485
([M+H]*);'"H NMR (CDCL,,400 MHz) 5:8.06
(1H,dd,J =15.2,11.5 Hz,H-8') ,6.62 (1H,dd,J
—11.5,11.5 Hz,H9') ,6.18 (1H,d,J =11.5 Hz,
H-10") ,6. 11 (1H,d,J =15.2 Hz,H-7") ,6. 10 (1H,
m,H4),5.82 (1H,dd,J=8.2,4.3 Hz,H4),5.45
(1H,d,J =5.1 Hz, H-10) ,4.82 (1H,d,J = 12.2
Hz,H-158) ,4.52 (1H,m,H-5'8) ,4.23 (1H,d,J =
12.2 Hz,H-15a) ,4.16 (1H,s,H-2") ,4.00 (1H,m,
H-5'a),3.88 (1H,d,J =5.2 Hz,H-2),3.59 (1H,
d,J =51 Hz,H-11),3.14 (1H,d,J = 4.1 Hz, H-
138) ,2.82 (1H,d,J =4. 1 Hz,H-13a) ,2. 48 ~2. 60
(3H,m, H38,4'),2.18 (1H, m, H3a), 1.80 ~
2.10 (4H,m, H7,8),1.73 (3H,s, H-16),0.90
(3H, s, H-12"), 0.83 (3H, s, H-14);"” C NMR
(CDCI,,100 MHz) 5:166.1 (C-6'),165.8 (C-1'),
165.5 (C-11"),156.6 (C-3"),140.5 (C9),139.5
(C9'),139.1 (C8'),127.4 (C7'),125.5 (C-
10"),118.6 (C-2"),118.1 (C-10),79.0 (C-2),
75.3 (C4).67.3 (C-11),65.5 (C-12),63.3 (C-
15),60.4 (C-5"),48.8 (C-5),48.2 (C-13),43.0
(C-6),40.2 (C4') 35.1 (C3),27.6 (C8),23.3
(C-16),20.7 (C-7),17.2 (C-12"),7.0 (C-14),
Dh ARSI 5 S0k s A PE AL 3R T (verruca-
vin J) BRZRE S A — B0, SO e 1AL & Y S PE A
W% J(verrucarin J)

wEMS HEJCE B K ; ESI-MS m/z:531
([M+H]*);'"H NMR (CDCL,,400 MHz) 5:7.54
(1H,dd,J=15.4,11.2 Hz,H-8") ,6.62 (1H,1,] =
11.2 Hz,H9),5.98 (1H,dd,J =15.7,3.0 Hz, H-
7').5.85 (1H,m,H4).5.81 (1H,m,H-10") ,5.45
(1H,d,J =4.5 Hz, H-10),4.39 (1H,d,J = 12.4
Hz,H-158) ,4.28 (1H,d,J = 12.4 Hz,H-15a) ,3. 87
(1H,d,J=6.2 Hz,H2) ,3.81 (1H,m,H-6"),3. 60-
3.70 (3H, m, H-11,5"),3.50 (1H,s,H-2"),3.33
(1H,m,H-13"),3. 14 (1H,d,J =3.9 Hz, H-138),
2.83 (1H,d,J=3.9 Hz,H-130) ,2.43 ~2.54 (1H,
m,H38),2.002.24 (2H, m, H4"),1.79 ~ 1.98
(5H,m,H-3«,7,8),1.75 (3H,s,H-16) ,1. 63 (3H,
s,H-12"),1.22 (3H,d,J = 6.0 Hz, H-14'),0.85

(3H, s, H-14);"” C NMR ( CDCl,, 100 MHz) §:
167.89 (C-1"),166.34 (C-11"),143.10 (C9'),
140.06 (C9),138.17 (C-7'), 126.28 (C-8'),
118.44 (C-10),118.11 (C-10"),85.71 (C-6"),
79.01 (C-2),74.42 (C4),70.91 (C-13"),67.40
(C5"),66.96 (C-11),65.33 (C-12),64.54 (C-
15),63.22 (C3"),58.19 (C2'),49.19 (C5),
47.77 (C-13),43.23 (C-6),39.62 (C4'),35.11
(C-3),27.55 (C-8),23.27 (C-16),20.53 (C-7),
18.20 (C-14"),17.41 (C-12"),6.99 (C-14), LI I
RS 5 SCHk ™ R A9 BEE 2 D (roridin D) fY
WGBSR FE A — 3, W 2 iz Ak B W R BE R R D
(roridin D)

wEW 6 [T ERIK A ; ESI-MS m/z:543
([M+H]"),565([M +Na]*);'HNMR (CDCl,,
400 MHz) 8§:8.02 (1H,dd,J =15.9,11.2 Hz, H-
8'),6.64 (1H,t,/=11.2 Hz,H-9') ,6.09 (1H,d,J
=11.2 Hz,H-7'),6.03 (1H,d,J = 15.9 Hz, H-
10'),5.94 (1H,dd,J =8.2,4.3 Hz, H4),5.78
(1H,s,H2"),5.72 (1H,d,J =5.0 Hz,H-10) ,5. 21
(1H,m,H-8),4.57 (1H,d,J =12.5 Hz, H-158) ,
4.52 (1H,td,J =11.2,4.0 Hz,H-5'B) ,4.23 (1H,
d,/=12.5 Hz,H-15¢) ,4.13 (1H,m,H-5") ,3. 86
(1H,d,J=5.1 Hz,H-11),3.81 (1H,d,J=5.6 Hz,
H-2),3.13 (1H,d,J =3.9 Hz,H-138),2.87 (1H,
d,J]=3.9 Hz,H-13a) ,2.40 ~2.60 (3H,m,H3a,
4'),2.30 (3H,s,H-12"),2.10 ~2.30 (3H,m, H-
38,7),1.97 (3H,s,H-18),1.78 (3H,s, H-16),
0.83 (3H,s,H-14) ;”C NMR (CDCI,,100 MHz) §:
170.9 (C-13"),165.8 (C-11"),165.6 (C-6"),
165.5 (C-1'),157.0 (C-3"),140.0 (C-8'),138.7
(C9'),136.4 (C9),127.8 (C-7'),125.1 (C-
10"),123.8 (C-10),117.7 (C2"),78.9 (C=2),
74.7 (C4),68.8 (C-8),66.9 (C-11),65.3 (C-
12),64.4 (C-15),60.4 (C-5'),48.9 (C-5),47.9
(C-13),42.1 (C-6),40.1 (C4'),34.8 (C3),
26.3 (C-7),21.8 (C-16),20.5 (C-14"),17.1 (C-
12'),7.0 (C-14) o PR 80 5 ek ™ $RaE iy
LT A 2 L( verrucarin L acetate ) 3% G 5032
B3, M e Z AL G Y C BRI R L
(verrucarin L acetate)

wEW T [ K, ESI-MS m/z:515([ M +
H]*);'HNMR (CDCl,,400 MHz) §:7.60 (1H,dd,
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J=15.8,11.0 Hz,H-8') ,6.63 (1H,t,J =11.0 Hz,
H-9'),6.39 (1H,dd,J =8.0,4.1 Hz, H4),5.88
(1H,s,H2"),5.85 (1H,d, J = 4.6 Hz, H-10"),
5.73 (1H,dd,J=15.8,6.3 Hz,H-7") ,5.53 (1H,d,
J=5.18 Hz,H-10) ,4.05 ~4.20 (3H,m,H-11,15),
3.87 (1H,d,J=5.0 Hz,H2) ,3.85 (1H,m,H-6"),
3.70-3.80 (2H,m,H-5",13"),3.47-3.55 (1H,m,
H-5'8),3.20 (1H,d,J =3.9 Hz, H-138),2.85
(1H,d,J=3.9 Hz,H-130) ,2. 55 ~2.65 (3H,m,H-
38,4'),2.25 (3H,s,H-12"),1.98 ~2.57 (5H,m,
H-3a,7,8),1.75 (3H,s,H-16),1.19 (3H,d,J =
5.8 Hz, H-14"), 0.82 (3H, s, H-14);"” C NMR
(CDCl,,100 MHz) §:166.3 (C-1"),166.3 (C-11"),
158.0 (C-3'),142.0 (C9'),140.2 (C9),135.1
(C-7'),131.1 (C-8"),119.5 (C-2"),118.8 (C-
10),117.0 (C-10"),83.1 (C-6"),79.2 (C-2),75.3
(C4),69.7 (C-13"),67.0 (C-5"),66.7 (C-11),
65.7 (C-12),64.5 (C-15),48.5 (C-5),47.6 (C-
13),42.5 (C-6),39.8 (C4'),36.6 (C-3),27.6
(C-8),23.2 (C-16),22.6 (C-7),19.8 (C-12"),
18.5 (C-14'),6.4 (C-14), U P B REIES X
HRL R SRR BE R & E (sororidin E ) 4% 5
FEA B WO e 2 AL G W R IR BE R &R E (isorori-
din E),

LEW 8 IRk &K ESI-MS m/z: 515
([M+H]");'"H NMR (CDCl,,400 MHz) §:7.50
(1H,dd,J=15.8,11.4 Hz,H-8') ,6.56 (1H,t,J =
11.3 Hz,H9'),6.18 (1H,dd,J =8.0,3.9 Hz, H-
4),5.93 (1H,s,H-2"),5.89 (1H,d,J =4.0 Hz, H-
10),5.72 (1H,dd,J =11.3,4.7 Hz, H-7"),5.46
(1H,d,J =5.1 Hz,H-10),4.30 (1H,d,J =12.54
Hz,H-150),3.91 (1H,d,J = 12.54 Hz, H-158),
3.88 (1H,d,J =12.54 Hz,H-2),3.82 (1H,d,J =
5.1 Hz,H-11),3.60 ~3.69 (2H,m,H-5"«,13"),
3.51-3.58 (1H,m,H-5'8) ,3. 12 (1H,d,J =4.2 Hz,
H-138),2.80 (1H,d,J =4.2 Hz, H-13a) ,2.45 ~
2.55 (3H,m,H-38,4"),2.25 (3H,s,H-12") ,1.95-
2.60 (5H,m,H3«,7,8),1.69 (3H,s,H-16),1. 17
(3H,d,J =6.0 Hz,H-14") ,0.77 (3H,s,H-14);"C
NMR (CDCl,,100 MHz) §:166.4 (C-1"),165.8 (C-
11),159.2 (C-3"),143.7 (C-9'),140.2 (C9),
138.2 (C-7"),126.5 (C-8'),118.8 (C-10),117.6
(C-10"),117.1 (C-2"),83.7 (C-6'),79.2 (C=2),

74.1 (C4),70.4 (C-13"),69.7 (C-5"),67.2 (C-
11),65.5 (C-12),63.7 (C-15),48.4 (C-5),48.1
(C-13),42.7 (C-6),41.2 (C4'),35.7 (C3),
27.7 (C-8),23.2 (C-16),21.5 (C-7),20.2 (C-
12),18.2 (C-14"),6.7 (C-14) ., VI F&REIRS
SCHR 238 B B R E (Roridin E) BA% i 3
FHYE B 2 24k S YR B % E(Roridin E)

wEWM9 I ERK K ; ESI-MS m/z:513
([M+H]*);'H NMR ( CDCl,, 400 MHz) §:7.71
(1H,m, H-8'),6.58 (1H,t,J =11.3 Hz, H9'),
5.97 (1H,dd,J =13.2,0.8 Hz,H-7"),5.94 (1H,
m,H4),5.83 (1H,d,J =11.2 Hz, H-10"),5.70
(1H,s,H=2"),5.56 (1H,dd,J =8.4,3.2 Hz, H-
5'),5.46 (1H,J=0.8 Hz,H-10) ,4.35 (1H,d,J =
12.4 Hz, H-158) ,4.03 ~4.11 (2H, m, H-15a, H-
6'),3.87 (1H,d,J =4.9 Hz,H-2) ,3.69 (2H,m, H-
11,13"),3.15 (1H,d,J = 4.0 Hz, H-138),2.85
(1H,d,J =3.9 Hz,H-13a),2.67 (1H,d,J =12.7
Hz,H4'8),2.50 (1H,dd,J=15.2,8.3 Hz,H-3R),
2.30 (3H,s, H-12"),2.15-2.27 (2H, m, H3a, 4’
a),1.86 ~2.09 (4H,m,H-7,8),1.73 (3H,s, H-
16),1.36 (3H,d,J =6.1 Hz,H-14") ,0. 88 (3H,s,
H-14) ;" C NMR (CDCl,, 100 MHz) §:166.2 ( C-
1'),166.2 (C-11"),154.7 (C-3"),142.7 (C9'),
140.3 (C-9),134.8 (C-7'),126.2 (C-8'),119.0
(C-2),118.8 (C-10"),118.7 (C-10),100.8 (C-
5'),81.9 (C-6"),79.0 (C2),77.0 (C-13"),74.0
(C4),67.7 (C-11),65.5 (C-12),63.2 (C-15),
49.0 (C-5),47.8 (C4"),47.5 (C-13),43.2 (C-
6),34.8 (C3),27.6 (C8),23.2 (C-16),20.5
(C-7),18.3 (C-12'),16.5 (C-14"),7.2 (C-14),
AL A e 5 Sk R A A BE R 2 H ( Roridin
H) B REBARAIVI G, 5000 2 1A B A B R
H(Roridin H)

LEW 10 FRGA ESI-MS m/z:533 ([ M +
H]*);'HNMR (CDCL,,400 MHz) §:7.67 (1H,dd,
J=15.4,11.7 Hz,H-8'),6.66 (1H,dd,J =11.3,
11.3 Hz,H9'),6.01 (1H,dd,J=15.5,3. 1 Hz, H-
7'),5.82 (1H,m,H-10"),5.79 (1H,t,J =4.7 Hz,
H4),5.44 (1H,d,J =5.2 Hz,H-10) ,4.44 (2H,s,
H-15) ,4.11 (1H,s,H-2"),3.86 (1H,d,J =5. 1 Hz,
H-2),3.50 ~3.70 (5H,m,H-11,5",6",13"),3. 12
(1H,d,J =4.0 Hz, H-138),2.81 (1H,d,J =4.0
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Hz,H-13a),2.64 (1H,s,H-13"),2.46 (1H,m, H-
38),2.22 (1H,m,H-3a) ,1.80 ~2. 10 (7H,m,H-7,
8,3,4'8),1.75 (3H,s,H-16),1.58 ~1.69 (1H,
m,H4'«),1.21 (3H,d,J =7.0 Hz, H-14") ,1. 10
(3H,d,J=6.1 Hz,H-12"),0.82 (3H,s,H-14);"C
NMR (CDCl,,100 MHz) §:174.9 (C-1"),166.5 (C-
11'),143.9 (C9'),141.0 (C9),139.2 (C-7"),
126.1 (C-8"),118.2 (C-10),117.5 (C-10"),84.0
(C6"),79.1 (C-2),75.6 (C2"),74.3 (C4),70.8
(C-13"),69.9 (C-5"),67.2 (C-11),65.3 (C-12),
64.6 (C-15),49.4 (C-5),47.8 (C-13),43.8 (C-
6),37.1 (C3"),34.8 (C-3),33.0 (C4"),27.7
(C-8),23.3 (C-16),20.3 (C-7),18.2 (C-14"),
14.7 (C-12'),7.5 (C-14), U L EREIES X
R A A BT A (Roridin A) BYA% BE SR AR
W), SO E Z AL G B BETR & A (Roridin A) |
a1l [ETEERK K ESI-MS m/z:557
([M+HJ]*);'H NMR (CDCl,,400 MHz) §:7.48
(1H,dd,J=15.4,11.3 Hz,H-8'),6.59 (1H,t,] =
11.2 Hz,H9'),6.27 (1H,dd,J =8.1,4.1 Hz, H-
4),5.88 (1H,s,H=2"),5.81 ~5.87 (2H,m,H-7",
10"),5.51 (1H,d,J=5.0 Hz,H-10),5.09 (1H,m,
H-13"),4.28 (1H,d, J = 12.5 Hz, H-158),3.98 ~
4.05 (3H, m,H-11,15,6"),3.87 (1H,d,J =5.1
Hz,H-2),3.65~3.82 (2H,m,H-5"),3.17 (1H,d,
J=4.0 Hz, H-138),2.85 (1H,d,J =4.0 Hz, H-
13a),2.472.60 (2H, m,H4"),2.35 ~2.43 (1H,
m,H-38),2.26 (3H,s, H-12"),2.08 (3H, s, H-
16'),2.00-2. 10 (4H,m,H-3a,78,8),1.73 (3H,s,
H-16),1.62 (1H,m,H-7a),1.19 (3H,d,J =6.0
Hz,H-14") ,0.82 (3H,s,H-14) ;" C NMR (CDCl,,
100 MHz) §:170.5 (C-15"),166.4 (C-11"),166.3
(C-1),159.2 (C-3"),143.2 (C9'),140.3 (C9),
137.6 (C-7"),127.7 (C-8'),119.1 (C-10),117.7
(C-10"),117.4 (C2"),79.5 (C-2),79.2 (C-6"),
74.3 (C4),70.5 (C-13"),69.1 (C-11),67.6 (C-
5"),65.6 (C-12),63.8 (C-15),48.4 (C-5),48.1
(C-13),42.7 (C6),41.5 (C4'),35.7 (C3),
27.7 (C-8),23.3 (C-16),21.5 (C-7),21.3 (C-
16"),19.5 (C-12'),14.8 (C-14"),6.7 (C-14), LA
AR SR HGE Y LR A R E (ro-
ridin E acetate ) R REEHRAVI &, i 2 iz b 69
NI PR 2 E(roridin E acetate)

waEWw12 WA R ESI-MS m/z:533 ([ M
+H]");'H NMR (CDCI,,400 MHz) §:7.58 (1H,
t,/=12.8 Hz,H4') ,6.63 (1H,t,J =11.6 Hz, H-
3'),6.24 (1H,dd,J =15.5,7.6 Hz, H4), 6.11
(1H,dd,J =15.5,4.7 Hz,H-5"),5.89 (1H,d,J =
1.0 Hz,H2""),5.72 (1H,d,J =11.5 Hz,H2"),
5.50 (1H,d,J =5.0 Hz,H-10),4.07 (1H, m, H-
6'),4.03 (1H,d,J =5.0 Hz,H-11),3.88 (1H,d,J
=5.1 Hz,H-2),3.82 (1H,d,J =12.3 Hz,H-158),
3.60 ~3.92 (3H,m,H-7",5""),3.65 (1H,d,J =
12.3 Hz,H-15a) ,3. 19 (1H,d,J =4.0 Hz,H-138),
2.87 (1H,d,J =4.0 Hz,H-13a),2.60 (2H,m, H-
3),2.45 (2H,m,H4""),2.22 (3H,d,J =1.0 Hz,
H-6""),1.56 ~2.08 (4H,m,H-7,8),1.74 (3H,s,
H-16),1.19 (3H,d,J =6.3 Hz,H-8') ,0. 83 (3H,s,
H-14);”C NMR (CDCL,, 100 MHz) §:166.0 (C-
1'),165.9 (C-1""),157.1 (C-3""),143.8 (C-3"),
142.2 (C-5"),140.5 (C9),127.0 (C4'),118.5
(C-10),118.1 (C4"),116.9 (C2""),79.1 (C=2),
76.1 (C-6"),75.0 (C4),70.6 (C-7"),66.6 (C-
11),65.8 (C-12),63.4 (C-15),59.6 (C-5"") ,48.6
(C-5),48.2 (C-13),43.9 (C4'"),43.6 (C6),
36.9 (C-3),27.9 (C-8),23.2 (C-16),21.8 (C-
7),19.1 (C-6""),18.9 (C-8'),6.7 (C-14), D\ I
REREHHE 5 SClk ) 438 1Y Tsotrichoverrin A FY A% 1
BHRAVIE T 1240 -G Y0 M Isotrichoverrin A

WEW 13 TR ESI-MS m/2:533 ([ M
+H]");'HNMR (CDCl,,400 MHz) §: 7.56 (1H,
dd,J =15.5,11.3 Hz, H4'),6.63 (1H,dd, J =
11.4,11.3 Hz, H3"),6.11-6.21 (1H, m, H5"),
6.10 (1H,m,H4),5.85 (1H,d, J =1.0 Hz, H-
2'),5.70 (1H,d,J=11.3 Hz,H=2"),5.49 (1H,d,
J=5.4 Hz,H-10) ,4.25 (1H,m,H-6"),3.98 (1H,
d,J =5.4 Hz, H-11),3.93 (1H, m, H-7"),3.85
(1H,d,J=5.2 Hz,H-2),3.81 (1H,d,J=12.3 Hz,
H-158) ,3.75-3.80 (2H,m,H-5""),3.64 (1H,d,J
=12.3 Hz, H-15a),3.17 (1H,d,J = 4.0 Hz, H-
138),2.86 (1H,d,J =4.0 Hz,H-13a) ,2.58 (1H,
dd,J =7.8,15.4 Hz,H-38),2.42 (2H,t,] =6.0
Hz,H4'"),2.19 (3H,d,J=1.1 Hz,H6""),2.18
(1H,m,H-3a),1.91 ~2.16 (3H,m,H-78,8),1.72
(3H,s,H-16),1.59 (1H,m,H-7a),1. 14 (3H,d,J
=6.5 Hz, H-8'),0.81 (3H, s, H-14);"” C NMR
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(CDCl,,100 MHz) 6:166.1 (C-1"),166.0 (C-1""),
157.2 (C-3""),144.1 (C-3"),141.4 (C-5"),140.5
(C9),127.5 (C4"),118.5 (C-10),117.8 (C-2"),
116.8 (C-2'"),79.1 (C-2),75.4 (C-6"),75.1 (C-
4),70.2 (C-7"),66.6 (C-11),65.8 (C-12),63.4
(C-15),59.5 (C-5""),48.5 (C-5),48.2 (C-13),
43.6 (C4'"),42.8 (C-6),36.9 (C-3),27.8 (C-
8),23.2 (C-16),21.9 (C-7),19.2 (C-6""),17.9
(C-8'),6.7 (C-14) . DU -RimaHcdi 5 Scmk ™ izl
[ Isotrichoverrin B )42 i K5 41 JE A< — 5, B o 1%
14E-¥1R Isotrichoverrin B

HwEW 14 TLOHOR &K ESI-MS m/z. 503
([M+H]");'H NMR (CDCIL,,400 MHz) §:8.06

(1H,dd,J =15.5,11.7 Hz,H-8'),6.69 (1H,dd,J
=11.3,11.3 Hz,H9') ,6. 18 (1H,d,J =11.05 Hz,
H-10"),6.07 (1H,d,J=15.6 Hz,H-7") ,5.82 (1H,
dd,J=8.1,4.1 Hz,H4),5.45 (1H,d,J =5.2 Hz,
H-10),4.82 (1H,d, J = 12.1 Hz, H-158),4.52
H-5'8) ,4.23 (1H,d,J

(1H,dq,J=11.45,2.33 Hz,

Verrucarin B (1):R=CO
Roridin D (5§):R=C-CHOH-CH3

8-Acetoxyroridin H (2):R41=0OAc
Roridin H (9):R¢=H

=12.1 Hz,H-15a) ,4.16 (1H,d,J=1.8 Hz,H-2"),
4.00 (1H,td,J=11.9,3.3 Hz,H-5'),3. 88 (1H,
d,J =5.08 Hz,H2),3.59 (1H,d,J =5.2 Hz, H-
11),3.14 (1H,d,J =3.9 Hz,H-138) ,2.82 (1H,d,
J=3.9 Hz, H-13a),2.50 (1H, m, H-38),2.20 ~
2.40 (4H,m,H-3¢,2",3"),1.90 ~2.00 (4H,m, H-
78,8,4'8),1.75 (3H,s,H-16),1.70-1. 80 (2H,m,
H-7a,4"@),0.90 (3H,d,J =6.75,H-12"),0.87
(3H,s,H-14) ;" C NMR (CDCl,,100 MHz) §:174.7
(C-1),166.1 (C-11"),165.4 (C-6"),141.1 (C-
9),138.9 (C9'),138.8 (C-8'),127.5 (C-7"),
125.8 (C-10"),117.9 (C-10),78.9 (C4),75.5
(C-2),74.2 (C2"),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
(C4'),27.5 (C-8),23.3 (C-16),20.0 (C-7),
10.0 (C-12"),7.3 (C-14), UL BB @4 5 3
WK SRR EA R B 2 A (verrucarin A) FYRCRESCH 3
A—3, ﬁ&b‘ﬁ%ﬁ AV AR E A(verrucarin A)

11 1w

N
i(i\ D
s 5°Q

Verrucarin M (3YRy=OH,R,=H

Verrucarin J (4)R,=R;=H

Verrucarin L acetate (6):R,=H,R,=0A¢
2

10
=10 1) 3
7 2
8 g 8 4
\ 4 A\

16 (o)
~10 11 3 =10 11 Y3"\?
‘040 g 1|,°‘° v o‘IO
o 1 Az !'\T Y Ri- .\1' 2~
2 2Rq v OoH o
o R \‘,/E\O/Rg AR
Isororidin E7)R=C Roridin A (10):Rq= C-""OH Isotrichoverrin A (12): R= ct‘;_l
: Rom G wd
OH Rs=C.
Roridin E (8}R= 3=0e®  Isotrichovemin B (13): R=Cy
I Hho HO
OH H .
Roridin E acetate (11):R= c’\ Verrucarin A (14):Rq = C—==0H
S Noac Re=C
Ry =CO
Bl #®&Ew1~14 LR
Fig. 1  Chemical structures of compounds 1-14

3.2 R&yiEtE
3.2.1  REFEMN K

KT 14 AL G PR AL Y BR S DU IC4S
SRUAIAAE 99 80 27, Horp, 99 e 7m i iaCRE i i
SEAMFIZ R AR, A B BRI TR, 0 2R
R B BRFE L. MK R AR 1, iR

W, BRACE 8 11 50, HAR b5 Wy LA 10 ppm X
AR T AT 385 19 A KA R VR T R 2 Btk A
32 ppm (RS R ARA A KA HIE
3.2.2  FREHAK

T 14 AL G P RE AL IR B PE . AR T
Xof HRZEL A it A I 3 45 2R LASE T 33 AG , >R T 99 =
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0 SR &7, Hovh 99 & WIRE i o4 3 HUY A8 T2 Rl i

70% ,0 FUIILTHA R F s BA ST, MHLEE R I

x 1, RV, BREaY 12 5, Kt a1

1000 ppm HYHEEE T, X 24 BGER KT 70% .
®1 LEW1~ 14 HRERRFEIIKER

Table 1  Herbcidal and pesticidal activities of compounds 1 to 14

BRI 1 A EE
fearm e . el o
Compound Arabidopsis PR Heliothis
thaliana Poa annua virescens

1 99 0 99

2 99 0 99

3 99 49 99

4 99 0 99

5 99 49 99

6 99 0 99

7 99 99 99

8 99 49 99

9 99 99 99

10 99 49 33

11 49 99 99

12 99 49 0

13 99 49 99

14 99 0 99

4 BR5ITR

— LR, AR 5 AR T EURAE )
PR EESEME R o A4S i T R R AR
FN T2 T, X PR T R U 5 ARk,
T BURMEEEAR 25 T R Aol sr B A, LEWIBG
AT FE YRR o A B e 5] g HGRAR X T Al 2
W2 AUEA BRI FHARCR , i Hik BA AN 55
PRIE, NN S B S A it o i) 2 B X — 2
R A VB ME A ) (LK 2 ) AR, k2 By
AN THURRIA HH Bl FH A8 11 s AN B0 42 ol et
R IE R A Y BT A BETR B RGR B

ARSCNTET A AR B DE AL T8 BRE Bl K RV PR 2
FEbOr e B2l 14 A Pumfaela e 59, Hob e
“Y2.6.7 AE RN EE T AR FfE
XA P T A 25 15 I R K B, 10 ppm Y
PG PR I A 2 B AR A AR AT, 32 ppm X
FLARAT A AN EHT, 1000 ppm Xof 24 £% HLK 2
FEARRT 70% o XBEURAACH ™ P BA B, A% R

A, JEHXS A R4l R T AN SR £ L 1 TR
BLUF o B At A 0 A M) SR HRE R AR X TR
Fm IR IR AL W R A MR R R IR AE Y
MR T T 2% KRR % HUBT A AR 4 109 I 2 M) i

=R
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