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ET OSMAC RIS GNPS 77 FRERARMEE AL EE Chaetomium
elatum FH-3 PIEEXE G40 R

Foeamen, MARE, FME, T¥K, TRA, 2RF, T B, R, KEF, ¥ &
Bevh R 25 K2R 2 e, BRIEE  RA-LAM AR SN HE SRS, B BH 712046

i E: BM WEAGSENEEE Chaetomium elatum FH-3 XK R EE = W)H ST E B X AEARM =Y. B3k RA—WZUHE
¥ Cone strain many compounds, OSMAC) FE#& [ 4 BRR IR =M 41 23 53 F M 4% (global natural product social molecular networking,
GNPS) 73 FRGH AR Z W/, 18 GRS =MDV E S B 4 o 183 B 22 28 Kl SR b B 0 A TR IELAT B4 1) 40
HNEPELER M Chaetomium elatum FH-3 ISR LB FREUY #0143 2545 2 12 MBS, 7 5% 8 N 4”-methoxy-asperianas
A (1. (3S49)-4-F3-6-FAKBEEME R (2a). GRAR)-4-FIE-6-PEIEEIME R 2b), IR -4,6- RIS HMF X
(3), M-4-FR I HE MR (). 6-FALEEME R (5. 6,8-HFHE3-FIHI34-“HAREFTE (6). 3-FH-6-75-8-H
EHE-34-ZE R AT E (7). xenofuranone B (8). WIS B (9), WRFKEHEE (100 FHEERHFRFEE (11). HUws:
WR, 1AW 1~4 XA R R IEF & B H0E % R E R THEG 2w R, HPHCHABKRE (half-maximal effective
concentration, ECso) 774 15.02, 25.31. 37.89. 47.86 pg/mL. £&i L&Y 1 Fl 2a NHI T A ERISH — AR & TR K
W&, il e T %A A (butenolide A) AL A 77 & 3% C (dihydroisocoumarin C); .54 8~9 E IR M %
B B A R AW 1~9 X ARJURIEF B A M 1E A .
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Antifungal secondary metabolites from Chaetomium elatum FH-3 of Valeriana
officinalis endophytic fungus based on OSMAC strategy and GNPS molecular
networking
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Abstract: Objective To investigate the antifungal secondary metabolites from the rice fermentation products of the Valeriana
officinalis endophytic fungus Chaetomium elatum FH-3. Methods The one strain many compounds OSMAC (OSMAC) strategy and
global natural products social molecular networking (GNPS) molecular networking technology were employed for targeted separation.
Chromatographic and spectroscopic methods were used for structural identification. The antifungal activity of the compounds against
Colletotrichum gloeosporioides was evaluated using the mycelial growth rate method. Results A total of 12 compounds were targeted
and isolated from the ethyl acetate extract of Chaetomium elatum FH-3. These compounds were identified as 4"-methoxy-asperianas
A (1), (35,45)-4-hydroxy-6-methoxymellein (2a), (3R,4R)-4-hydroxy-6-methoxymellein (2b), cis-4,6-dihydroxymellein (3), cis-4-
hydroxymellein (4), 6-methoxymellein (5), 6,8-dihydroxy-3-methyl-3,4-dihydroisocoumarin (6), 3-methyl-6-hydroxy-8-methoxy-3,4-
dihydroisocoumarin (7), xenofuranone B (8), flavipesin B (9), p-hydroxybenzaldehyde (10), and p-hydroxybenzoic acid methyl ester
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(11). Antifungal testing showed that compounds 1—4 exhibited significantly stronger inhibitory activity against C. gloeosporioides

than the positive control carbendazim, with half-maximal effective concentration (ECso) values of 15.02, 25.31, 37.89, and 47.86

pg/mL, respectively. Conclusion Compounds 1 and 2a are new butenolide and dihydroisocoumarin derivatives, named butenolide A

and dihydroisocoumarin C respectively, and compounds 8 and 9 are reported for the first time from this strain. Compounds 1—9

demonstrate significant inhibitory activity against C. gloeosporioides.

Key words: Valeriana officinalis L.; Chaetomium elatum FH-3; OSMAC strategy; GNPS molecular networking; structural identification;

antifungal

TP S L TR 5] K R T 7 B B AR AR
&, oA R — KBRS . RE A R
A AIERTE R E RS 7 R ER, ERIAH
O FBUR IR BTG o, FEr RS ET5 4em
77 i Z A RS U R, FRARGEAL 450
MRy BB 2 FAE AL R SR Pt 5 BT PR o
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4 Valeriana officinalis L. 1E NAE 425 I HE
Yy, BATIZ MBS, A AR U B A AR
PRI FEAIAR T D, e H R AE DU 9 SR L 1R 1Y)
EYWEPI T . AWK OSMAC (one strain
many compounds) SEB&, 18I AT IR B BOR S
SUEE N A E Chaetomium elatum FH-3 ;=4 AN[F
AR, JE4 & RER KRR 25 T M %%
(global natural product social molecular networking,
GNPS) H AN H & W B kA7 43 A A [ 43 B9
I IX —J7 R ABE IR SRR I 4y B A5 2 11 A
W), 5345 N 4"-methoxy-asperianas A (1)

R Y 2
OH 5 R,=OH R,=OCH,
3R=OH 6 R,=OH R,=OH
4R=H

7 R,=OCH; R,=OH

(35,45)-4- 2 B -6- H1 4 Hk i & i T 3K [(35.45)-4-
hydroxy-6-methoxymellein, 2a]. (3R, 4R)-4-F25£-6-H
HOE g E b % ( (3R,4R)-4-hydroxy-6-
methoxymellein, 2b). Jix-4,6- 2 FE % H B &=
(cis-4,6-dihydroxymellein, 3). NiT-4-F5L 4 2 th
B % (cis-4-hydroxymellein, 4). 6-F 4 Jkig % ih 4
% (6-methoxymellein, 5). 6,8-_f23E-3-F %3 4-
— A B & B & ( 6,8-dihydroxy-3-methyl-3,4-
dihydroisocoumarin, 6). 3-FJk-6-F2 2 -8- F 4 Jik-
34- A+ ETER (3-methyl-6-hydroxy-8-methoxy-
3,4-dihydroisocoumarin, 7). xenofuranone B (8).
HNERS B (flavipesin B, 9) X ERIEKHEE (p-
hydroxybenzaldehyde, 10) FX} #8374 R g (p-
hydroxybenzoic acid methyl ester, 11) , 5N 1
fiame HAb &4 1 F 2a NEL &Y, ard il
B THMEE A (butenolide A) I A FEHE K
C (dihydroisocoumarin C); L5547 8~9 HIXRMiZ
WK 7 B3
1 5
1.1 Y&

LC-6AD =il & W AH (1 (1 A 8y 7], SPD-
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Fig.1 Chemical structures of compounds 1—11
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{8324 (Applied PhotoPhysics); Welch Ultimate
XB-Cistf (250 mmX 10 mm, 5pm); RV10 JeZ%1X
(P IKA AFD. HEEERER (200~300 H, #H 5
WPEAL T ). il i CREETTRFE WAL 2,5
FRAFD, gl CORigei R 55 A IR A
FD o ARINIRIEFE (7R B LM R B LA 55T
. ZH R (Bl FERAEEMRHARA A, #t5
$202510202), KK, LEEET 1.

1.2 A S5EHKKIR

Bk FH-3 70 & H BRI R I K 3 IS v
officinalis L. HrifiR=ZE, ZBkph e 2 K5 £k
Y N R R R A S (bR AR5 SZY-
XC20250610). ITS J¥%1 (GenBank 5 OK093306.1)
L6558 SN Chaetomium elatum . T8 A R5R T PG h
PR 25 K222 B K A L2 5T 5 N H A= .
2 7k
2.1 OSMAC KB RN BIEFETFIX

KAKFEFREE (1 53R KoK 100 g, 7K
115 mL/Aff . #8 6.5%.

FHRIGFHE QSRFRE: FEL 100 g0, K
115 mL/Af . 5 6.5%.

WG (3SR T 100 g0, K
115 mL/Af . 5 6.5%.

HOREIREE (4 SRR 4%FHHE. 5%
UL 13%ERFE . 1.0%WRHKE . 0.05% (% L
0.03%MgSO47H,0+ 0.05%KH>PO4. 5/ 6.5% (pH
6.5~7.0),

E B8 (5 SH5983E): 4% H &R, 15K
400 g/L. #:FF 15% (HER pH).

PDB F;7i%: (6 THiFREE): 2%H &M, L5
7K 200 g/L. #E 6.5% (HIR pH).

N7 534248 Chaetomium elatum FH-3 &R
WHERE, 1E 6 MG TRk rh g AT KPS IR IF 0 A AR
FEMESR, UIfE IR EEL. K4 LC-
MS 43#7, UPLC %MK 0~2.5 min, 10%~30%Z.
i, 2.5~15 min, 30%~90%Z M, AFHE 0.7
mL/min.

22 AF. ERSHESE

HURh I 10 mL 2R 245 100 g ROKEF LR
1L ¥ 980 d, JLREE100L (25 C. 30d). KE
VICABETR BRI IHEEL, R GIHRE 65¢g. 17
BAMERAE (& R-FEE 80 1 151 1 1) BEEYE
fii, 136 M (E1~F6). F3 (145g) 4 ODS

F CHEE-/K 20 © 80—100 : 0) 4375 F. 3-1~F. 3-
5. 254 GNPS 73+ M2 SR RIB R, W& s 347
el g HPLC 20 E5: F 3-1 (12 g) &% (-
K 35165 BUAY 11 (k=17.0 min, 11.0 mg).
10 (r=23.5min, 8.5mg). F.3-2 (2.8 g) ZFHi
7% (HIfE-/K 40 0 60) 19L& 2 (r=25.0 min,
4.0mg) 3 (/g=32.0 min, 9.0 mg). 4 (g=38.2 min,
12.0mg). 7 (g=39.2min, 6.0mg), F.3-3 (1.5¢)
2l % (FPEE-K 45 0 55) 134ba 5 (k=155
min, 6.0mg). 6 (;g=21.0min, 12.0 mg). F.3-4 (2.5
g) A% (HEE-/K 651 35) a1 (r=
10.0 min, 6.0 mg). 8 (x=19.0 min, 13.5mg). 9
(r=31.5min, 5.0 mg).
2.3 GNPS 3 FRIESHT

B 5 1 LC-MS/MS ¥4 1% % GNPS -
& Chttp://gnps.ucsd.edw) HE 5T M4 . SHKE :
BESFIREARZ 0.02, M TFAZE 0.02, RiZH
fH>0.7, f/DULECIER>6. M2 EIfE Cytoscape
3.7.2 AR,
24 IMEREEMNE

KA B 22 KRR EMN, LAY S PDA B
FRER A, FUH & BRIy 100, 50, 25, 12.5.
6.25 pg/mL [ 5 25°FAR . BFhEARY 5 mm KR DF,
28 CHiFE 3d, TR XENMERFEES, THEM
il R K 2 F A AR B (half-maximal effective
concentration, ECso) {f. ALK N AXTIE, £
B R BHPEXT IR, BRI LR 3 AT
3 HR
3.1 OSMAC REETHBIEREER

3T OSMAC R WEfE 6 Fift 15 77 3t o Xt
Chaetomium elatum FH-3 B #k IR AR BT T
R, TR ARE R, SRER, NARBEFEE
LRI BACH = AR (B 2D SR8k
], Chaetomium elatum FH-3 BHFR7E 1 S8 553E
HIRFBACE F=148 LC-MS MR8 H 2 AL £
A INF[A) AN = 5 e i, PR e e HOMZ B R A
BN LE
3.2 GNPS#ENE

JERRRN AR A SR E R, Ot
W) 4-hydroxykigelin A4REH 5 Chaetomium elatum
FH-3 KAKE: FREEEE R R H BN SR 1Y — i
F.3-1~F.3-5 3L4 GNPS 7 74 (& 3). g5HE
B, {E Cluster-3 #% F. 3-1~F. 3-4 {4 HHIRAFER
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T 1ERERE

2 IRt
— 3 SRR
— 4 SR
— 5 SRR
—— 6 THFHE

2 Chaetomium elatum FH-3 EFRTE 6 TP FR R b X 15
P48 LC-MS Xt
Fig.2 Comparison chart of LC-MS of Chaetomium elatum

FH-3 cultured in six different media

H,CO

BECAREIERRLED.
33 HMEE

WA 1 R EHIRY), HR-ESI-MS 45 Hi 1)
WS T8 T8 m/z: 407.149 9 [M—H]™ GiHEE
407.149 5), 4i# 1D NMR #iE 01T N
C24H2406, AEAIFEA 13, '"H-NMR (400 MHz,
CDs;OD) HEER/R, HEARIE ST ou 7.70
(2H, m, H-2', 6), 7.43 (2H, m, H-3', 5), 7.35 (1H, m,
H-4): 1A 1 1,34-=HAREHE S ou 6.42 (1H,
d, J = 1.6 Hz, H-2"), 6.52 (1H, d, J = 8.2 Hz, H-5"),
6.52 (1H,d, J=8.2 Hz, H-6"); LK 1 NM&HIER 115
5 6u 5.07 (1H, s, H-8""). 13C-NMR (100 MHz,
CD;OD) KRR 24 NMifs 5, HFER 3 MNHEE
F5. 2N EREES . 9 NEHIEESH 10 Mk
JRFACHR IR TE 5 . HSQC 45 AL &4 1 s A

OH O

—d

OH O
H;CO.
H;CO 7
OH
4-hydroxykigelin

L AR

3 GNPS 5 FMELEHEE

Fig.3 GNPS molecular network targeted isolation map

J& (£ 1), 'H-'HCOSY &K (K 4) #/~: H-2"/H-
3'/H-4'/H-5'/H-6' H-5"/H-6". H-7"/H-8", HMBC i

K (K4 4 H-6'5C-5. C-7. C-1". C-2"#1C-6"

M H-8 55 C-4"HI5%; H-5"5 C-1"] C-3"H15%;
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£1 1L&4 15 'H-F0 BC-NMR #4E (400/100 MHz, CD30D)
Table 1 'H- and '*C-NMR data for compound 1 (400/100 MHz, CD3OD)
{ZDA SH Jc, type BRAL OH dc, type
2 169.4,C 1" 131.2,C
3 141.2,C 2" 6.42 (d, J=1.6 Hz) 132.4,CH
4 128.0,C 3" 124.4,C
5 86.4,C 4" 1545, C
6 3.45 () 39.0, CH2 5" 6.52 (d, J =8.2 Hz) 114.6,CH
7 170.9,C 6" 6.52 (d, J =8.2 Hz) 129.3,CH
8 3.74 (s) 535,CHs | 7" 3.08 (dd, J=7.8,3.9 Hz) 28.3, CH2
1 127.6,C 8" 5.07 (s) 123.1,CH
2', 7.70 (m) 128.1, CH g" 131.9,C
3, 7.43 (m) 129.3, CH 10" 1.64 (s) 25.5, CHs
4 7.35 (m) 129.3,CH | 11" 1.55 (d, J = 1.4 Hz) 17.4, CHs
60~ —— Exp. ECD of 1
------ Cal. ECD of (5R)-1
Cal. ECD of (55)-1
= IH!HCOoSsY ~ % HMBC 2
B4 HEWI1HEHKREER 'H-'H COSY #1 HMBC #H
EiES =07
Fig. 4 Chemical structures and key 'H-'H COSY and
. —60 T T T 1
HMBC correlations of compound 1 200 300 400
S N A/nm
H-2"5 C4" % C-6"#H5%; H-7"5 C-2" ¢ C-4"HH5;
H-8"5 C-10"J C-11"#13%; H-11"5 C-10"#H3%; H- E5 (L& 1 KMt E ECD iEE
10”5 C-8" K C-9"F13. 5kl 2L, L& Fig. 5 Experimental and calculated ECD spectra of
15 E LA butyrolactones T 45251, i compound [
PR SCHRA, RIS 1 b T 6y 735 223.060 60, Zi & 1D NMR i 5& o5 1 500y

(1H,m) AbHIL 1 ANEAM 55 3l 715 5, A)EH H-
4, [F BB Ca b = AL RS (Oc 129.3) B
butyrolactones 1 H1 X} 7 iy #2 3& B AR B C-4' (d¢
158.8) MR M mEalhits, R EW 1 8] 460N
HEMAEm L. WA, EW 11 C-5 2R
FEHFME, W1 3E butyrolactones I HHH gL ; C-4"
Ao AL, B HMBC i H-8 5 C-4"#)
FIRAZ TR Kk, thEY 1 BT TH 451 5E
PG A G BORIED, FAEY 1 B4ant e 1
Wi N SR, FFiEIE ECD 1HEMS 2| AE (K 5).
2 Scifinder £ %, 1 JyoR W SCEARE KL &4,
w4 A T E B A

EY) 2: IRFEREAR, HR-ESI-MS 45 H
FIHE D T B T8¢ m/z: 223.061 1 [M—H] GHEAE

CiHi20s, AHMAEHRN 6. 'HNMR (400 MHz,
CD;OD) H:FRIFAE 2 NMARMEAE S on 6.55 (1H,
d, J=2.5Hz), 6.48 (1H, d, J = 2.5 Hz). ou4.65 (1H,
dd, J= 6.6, 2.0 Hz), 4.51 (1H, d, J = 2.0 Hz) N2 4
BRI R 55, ou 3.86 (3H, s) A 1 HHH
R 1155, oul.48(3H,d,J=6.6Hz) Jy 1 HHHE
i 755 . BC-NMR (100 MHz, CDsOD) i &/R~7F
E ARG S, B3 | MG S 6 MR
55 2 MERRBERE S 1 DN ARERE S5 A
1 MRS 5. HSQC 44 LAY 2 MikE s
(£2). 'H-'HCOSY Kl (K 6) E/nfift 1 HH
JEfB & 245 Hz-9 (oun 148, d, J = 6.6 Hz)/H-3 (Jn
4.65,dd, J= 6.6, 2.0 Hz)/H-4 (du 4.51, d, J= 2.0 Hz).
HMBC ## K (/] 6) # 6-OMe (6n3.86,5) 5 C-6 (dc
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2 LE&42 BY 'H-F0 BC-NMR #3#E (400/100 MHz, CD;0D)
Table 2 'H- and *C-NMR data for compound 2 (400/100

MHz, CD;0D)

TAr OH dc, type

1 171.0,C
4.65 (dd, J = 6.6, 2.0 Hz) 79.5, CH

4 451 (d,J=2.0Hz) 67.8, CH
4a 1448, C
5 6.55 (d, J =2.5 Hz) 107.5, CH
6 167.7,C
7 6.48 (d, J =2.5 Hz) 101.8, CH
8 165.3,C
8a 101.4,C
9 1.48 (d, J = 6.6 Hz) 16.2, CHs
6-OMe 3.86 (s) 56.3, -OCH3

167.7, C) KM E T A FEAE C-6 ks H4 (On
4.51,d,J=2.0Hz) 5 C-5(6c 107.5, CH) #%, #%
TNRFIERAE C-5 b 455 H-9 5 C-1 (6¢ 171.0,
C)/C-3 (6c 79.5, CH)/C-4 (6c 67.8, CH) #H5%, H-3 (ou
4.65,dd) 5 C-1/C-4a (6c 144.8, C) %, HiE C-3
ALEA R, B A Ml C-4a—C-8a 5 B MUt
I I, fhEY) 2 T g f e e,

IS A 2 1 J54= 2.0 Hz 5)50-4,6-
TRBEGEMER (3) (La=19Hz) WIFIFEN-4-
FRILEEIE R (4) (4= 1.8 Hz) U4 J34 fEH i
frxtEe, s C-3 Al C-4 AN MR IR, BT
b &Y 2 ELHEEEN [y +0.10 (c0.10, MeOH) #%
i+ 0 H ECD LA & Cotton 23, H#ENH A4k

OH OH O

= IH.'H COSY X HMBC

El6 1L&42a 0 2b AR EZER 'H-"H COSY 1 HMBC HHX{ES
Fig. 6 Chemical structures and key 'H-'H COSY and HMBC correlations of compounds 2a and 2b

HIEREY) . i F AR S A i, KIN
A2 MERLN 101 1, #E—PuEst 74k
G VNN o e & TR B AR 3] 2 A
SLAULAEY) 22 1 2b, MAFIECIEEREE als +39.1
(c0.10,MeOH). [a]5—35.9 (c0.10, MeOH). FHlll5E H
2 AMeEAlifk &4 2a A1 2b 1 CD B (B 7D, BT
] Cotton RN MIZR IFIF 2B B KRR #H—PKH
ECD 1515 2a Ml 2b [IZEXHRL5 58 35,48 Fl
3RAR. % Scifinder Fi2%, 2a A I SCHRIRIE FIHT10
“Y), fnb e SR E SR C.

WG 3: W AR, [a]5-26.1(c0.10,
MeOH), HR-ESI-MS % H #4775 7 mi/z:
209.043 9 [M—H]™ GIF5AE 209.045 0), 454 1D
NMR & 3 5 F 2N CioH100s. "H-NMR (400
MHz, CD;OD) d: 6.46 (1H, s, H-5), 6.36 (1H, s, H-7),
4.66 (1H, dd, J= 6.6, 1.9 Hz, H-3), 4.28 (1H, d, J=1.9
Hz, H-4), 1.44 (3H, d, J = 6.5 Hz, 3-CH;); *C-NMR
(100 MHz, CD;0D) 8: 170.9 (C-1), 167.1 (C-6), 166.9
(C-8), 145.0 (C-4a), 109.8 (C-5), 103.9 (C-7), 99.9 (C-
8a), 79.2 (C-3), 68.4 (C-4), 15.9 (3-CH3). VL E¥E S
SCHRARE B A — Y, B E A 3 NIi-4,6-
TR EME R

— Exp. ECD of 2a
- = - Exp. ECD of 2b
----- Cal. ECD of (35,45)-2a
= Cal. ECD of (3R,4R)-2b

757

Ag

-504,

200 250 300 350
Anm

7 L&Y 2a 7 2b MSLIFITE ECD 1EE
Fig. 7 Experimental and calculated ECD spectra of

compounds 2a and 2b

B 4: IRTFEREA, [a]y —43.1(c0.10,
MeOH), HR-ESI-MS %5 Hi #7137 U§ m/z:
193.050 9 [M—H] GHEAE 193.050 1), 454 1D
NMR # E H 73 735N CioH1004. "H-NMR (400
MHz, CD;0D) 6: 7.45 (1H, m, H-6), 6.96 (1H, d, J =
8.2 Hz, H-7), 6.93 (1H, d, J = 8.2 Hz, H-5), 4.69 (1H,
dd, J=6.5, 1.8 Hz, H-3), 4.45 (1H, d, J= 1.8 Hz, H-4),
1.49 (3H, d, J= 6.5 Hz, 3-CH3); '3C-NMR (100 MHz,
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CD;0D) 6: 170.3 (C-1), 170.3 (C-8), 142.8 (C-10),
142.0 (C-5), 137.9 (C-6), 119.9 (C-7), 108.4 (C-9), 79.9
(C-3), 68.1 (C-4), 16.4 (C-11). LA B 5 ClkikiE
FER ), MU BB 4 Iia-4-5 25 g % i

&S WEOMPIRIE, [o]5-35.6 (¢0.10,
MeOH), HR-ESI-MS %5 HiHIHE S F 55 F U m/z:
207.065 0 [M—H]™ GF&EAE 207.065 7), 4i& 1D
NMR #5& H 5 F XN CiiHi20s. "H-NMR (400
MHz, CDs0D) ¢: 6.37 (1H, d, J = 2.0 Hz, H-5), 6.22
(1H, dd, J=2.0, 1.0 Hz, H-7), 3.86 (3H, s, 6-OCH3), 3.36
(1H, m, H-3), 1.89 (1H, m, H-4), 1.42 (3H, d, J= 6.5 Hz,
3-CH3); '3C-NMR (100 MHz, CD;0D) 6: 169.2 (C-1),
167.6 (C-8), 166.7 (C-6), 145.2 (C-4a), 107.9 (C-5), 103.6
(C-8a), 100.1 (C-7), 75.6 (C-3), 57.8 (C-4), 37.8 (C-10),
21.0 (C-11). VA EEHR S SOl A — 300, s
EWEY) 5 R 6- A S E R 2

EY 6: W OARIRE, [0]5-29.9(c0.10,
MeOH), HR-ESI-MS % #E5> + & 1§ mi/z:
193.050 3 [M—H]" (IFHAH 193.050 1), &4 1D
NMR #f & H 7 F XA CioH1004. 'H-NMR (400
MHz, CDsOD) ¢: 6.38 (1H, d, J = 2.0 Hz, H-5), 6.18
(1H, d, J = 2.0 Hz, H-7), 4.66 (1H, m, H-3), 2.82 (1H,
dd, J=16.0, 4.5 Hz, H-4b), 2.77 (1H, dd, J=16.0, 11.2
Hz, H-4a), 1.42 (3H, d, J= 6.0 Hz, 3-CH3); 3C-NMR
(100 MHz, CDs0D) 8: 170.1 (C-1), 165.9 (C-8), 145.5
(C-4a), 108.9 (C-5), 101.2 (C-7), 100.8 (C-8a), 78.2 (C-
3), 67.1 (C-6), 35.4 (C-4), 19.9 (3-CH3). VL E¥uE S
SCHRRIE FE AT, MO ENED 6 N 6,8- %
R3HEI4 AR EGTER.

WEM 7. WEEMPIRIRE, [o]f -32.2(c0.10,
MeOH), HR-ESI-MS % H #7757 m/z:
207.066 0 [M—H] (iF5AE 207.065 7), 454 1D
NMR i & H 7 7 X8 CiHi204. "H-NMR (400
MHz, CD;0D) ¢: 6.67 (1H, d, J = 2.0 Hz, H-7), 6.38
(1H, d, J = 2.0 Hz, H-5), 4.67 (1H, m, H-3), 3.86 (3H,
s, 8-OCH3), 2.88 (1H, dd, J = 16.0, 3.5 Hz, H-4b), 2.79
(1H, dd, J = 16.0, 11.2 Hz, H-4a), 1.43 (3H, d, J= 6.0
Hz, 3-CHz); '*C-NMR (100 MHz, CD;0D) ¢: 170.0
(C-1), 165.9 (C-8), 163.5 (C-6), 145.6 (C-4a), 108.8
(C-5),106.8 (C-8a), 101.2 (C-7), 78.2 (C-3), 37.9 (C-
10), 35.5 (C-4), 20.0 (3-CH3). A% 5 SCiik i
A, HEEENEY TR 3-Hk-6-F k-

8-HE I3 4-—ARETER.

&Y 8: ik E ElRIRAE, [o]p +145.6 (¢ 0.10,
MeOH), HR-ESI-MS %5 Hi T & F g m/z:
265.085 5 [M—H] GiI5HfH: 265.086 5), #54 1D
NMR 52 H 4 F XN Ci7H1405. 'H-NMR (400
MHz, CD;OD) d: 7.66 (2H, m, H-2', 6), 7.56 (2H, m,
H-3', 5'), 7.44 (1H, m, H-4"), 7.26 (2H, m, H-4", 6"),
7.24 (1H, m, H-5"), 7.06 (2H, m, H-3", 7""), 5.58 (1H,
dd, J = 6.0, 3.0 Hz, H-4), 3.44 (1H, dd, J = 14.0, 3.0
Hz, H-1a'"), 2.99 (1H, dd, J = 14.0, 6.0 Hz, H-1b");
BC-NMR (100 MHz, CD;0D) 6: 170.1 (C-1), 140.2
(C-2), 135.7 (C-2"), 130.5 (C-3', 5"), 130.5 (C-4"),
129.8 (C-1"), 129.6 (C-2', 6'), 129.6 (C-3), 129.3 (C-3",
7', 129.2 (C-5""), 128.5 (C-4", 6'"), 80.7 (C-4), 40.2
(C-1")o LA EHUR 5 SCRIRGE A — 207, e
&%) 8 4 xenofuranone B.

WG 9: IR EHPIRAE, [o]r +86.9 (c0.10,
MeOH), HR-ESI-MS %5 Hi 7 T & F g mi/z:
323.092 5 [M—H]" GF5AE 323.091 9), 454 1D
NMR #fi & H 7 ¥ X~ CisHi403. 'H-NMR (400
MHz, CD;0D) d: 7.76 (2H, m, H-2', 6'), 7.57 (2H, m,
H-3', 5"), 7.44 (1H, m, H-4"), 7.24 (2H, m, H-4", 6""),
7.23 (1H, m, H-5"), 6.89 (2H, m, H-3", 7""), 3.99 (1H,
d, J=14.5, Hz, H-1b"), 3.64 (1H, d, J = 14.5, Hz, H-
la’”"); 3C-NMR (100 MHz, CD;OD) &: 170.5 (C-1),
170.1 (C-8"), 140.3 (C-2), 133.7 (C-2""), 130.6 (C-3', 5"),
130.6 (C4), 130.3 (C-3", 7", 129.7 (C-1"), 129.7 (C-2',
6'), 129.5 (C-5"), 128.6 (C-3), 128.6 (C-4", 6", 81.0 (C-
4),56.5(C-9"),40.3 (C-1"). DL EHE 5 3CikikiEHA
—8N, HEEAY 9 NHENS B,

&4 10: AEH AR, HR-ESI-MS 43 HivEr 7
27U m/z: 121.028 7 [M—H]™ GH5AE 121.0290),
454 1D NMR i€ Hor 108 C/HeO2. 'H-NMR
(400 MHz, CD;0D) §: 9.97 (1H, s, H-7), 7.69 (2H, d,
J=8.0 Hz, H-2, 6), 6.87 (2H, d, J = 8.0 Hz, H-3, 5);
13C-NMR (100 MHz, CD;OD) &: 190.9 (C-7), 164.4
(C-4), 132.3 (C-2, 6), 127.8 (C-1), 115.9 (C-3, 5). LA
I H R SRR E AR S, s et A 100
XL F I

&4 11: kA, HR-ESI-MS 45 HivE 7
B TUE m/z: 151.048 0 [M—H]™ GiHEH 151.0473),
454 1D NMR i€ 251308 CsHsO3. 'H-NMR
(400 MHz, CD;0D) ¢: 7.59 (2H, d, J= 8.0 Hz, H-2, 6),
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6.67 (2H, d,J=8.2 Hz, H-3, 5),3.80 (1H, s, H-7); 3C-
NMR (100 MHz, CD;0D) 6: 162.8 (C-4), 131.3 (C-2,
6), 123.8 (C-1), 115.9 (C-3, 5), 53.7 (C-7). LA_L-%dfE
HCE R A ST, M EEY 11 X
BRI S .
34 MEREFEMY

KW 2 A KERENE THEY) 1~11 MR
JRBRIEAT B M5, ECso B L3R 3. S5 R IR,
TEREERBMEY (2~T7) WHZRIEE R
AN E)RE B 0 35 M, ECso {H7E 25.31 ~89.86
pug/mL. HA, HEY 1 (EC5p=15.02 pg/mL). 2
(ECs50=25.31 pg/mL). 3 (ECso=37.89 pg/mL) I
4 (ECs0=47.86 pg/mL) [1J ECso EAKTFHMEZG 2 14
R (ECs50=49.58 ng/mL), RIFEALIGZM T, X
3AMLEAENEEIR T 2 W R EW 5~T7 1
ECso {53714 79.69. 89.86. 69.98 pg/mL, JiF LS
TZHER. THENEERNEY 8 F1 9 X AJNARIEF
BRI — 5 (R4 E 1%, ECso {5314 80.54
76.68 ng/mL. YRG0 10 F1 11 £ 100 pg/mL
W FE R AR I B 40 7 H (ECs0> 100 pg/mL).
£33 HAYW I~ HAMREFERELE K ECs &

(Xts,n=3)

Table 3 ECso values of compounds 1—11 against mycelial

growth of Colletotrichum gloeosporioides (X £ s, n=3)

&Y ECsol(ug-mLh) waEM ECso/(ug-mL %)
1 15.0240.15 7 69.9840.20
2 25.31+0.24 8 80.54+0.11
3 37.89+0.21 9 76.68+0.17
4 47.86+0.22 10 >100
5 79.69+0.14 11 >100
6 89.86+0.13 Z W R 49.58+0.10
4 g

A FURF OSMAC 5Hg Fl1 GNPS 431 W2 1
A, INSEEL T X 45 N A B Chaetomium elatum
FH-3 " 470 5 b 1 P 20 190 v RECHE 1) 4 8 o il e i —
J7iE, oy EAR R 12 MEEY), HPaREmASEL
Y (A1, 22). i BERANLEY FEA
FBoEAREER. THANE. MIRSEANFEZEAMIX
AR o I OB R TR R TR IR AR
REfs A BRI B R AR AT, B3RS AS [ AR
B IRE . GNPS 70 T ESH AR I N H X A &
SERBUEVRERRE T EES%E, FH LC-
MS/MS EHE IR, BefS A s o B FE

WE B, NESAETR S ESiR At T R .

PUHEBEIEVESLIGR, (&Y 1~4 RIHBE
5 U TR IE AT B 36 12, ELYAE PR A0 T P % B 24
MEZWR. W EHT, WEY 2~4 ¥E5F C-
4 7 e, 1M C-4 N ARBFRFL BRI &4 5~7
RILHBE I PR IENE, R C-4 [R5 2 ix et
ST EIEVE R R Th e R A . AHIE TSI
W AE B AR 2 RE SRt TR, B
HFKH OSMAC SBSAZHR I AT FL i A S et 7
HIIREAAE, BRSSP EA N AT 5.

&t ;M B XSRS E AR RS
A= GNPS 5T M4AH R E4F X X,

FBAR PAEEAEARFEA ST R

SE R
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