AW i (P S0) 2024, 33(2) ; 182-188
JOURNAL OF BIOSAFETY http; // www.jbscn.net

DOI: 10.3969/j.1ssn.2095-1787.2024.02.011

25 A e A R N B TR PEAL & i 0 1 B B e

MR, Ackog, | R, BULT, BRRET, X M
RBERRRFHD R FR,AEEDAEENASHRARELERT,
EHRABENFANFZHFHREEEZHRT AE 4N 350002

FEE . [ B ] RIS TURY 72 s —Fh i 22 B o SR B0, LA ) BRI A% 3 B A
PUAAC AT NE . AIESE B T8 B I %08 G e e f R e P A0 , LAY S 9 a2 A iy v 114 I 4
B, [ iR ) T E AR NG ESEHR A, marginata WYTF2017-01 KBRS s b &9, 45 BY
W1l T BUSE HAL SIS oAb S RO RE M . [ SR ) AIIREILEE T 12 M8 4, 445 Methyl
24-methylene-3-oxolanost-8-en-26-oic ester (1) \Ergosta-5,7,22-trien-3-ol ,4-methyl-, (38,4a,22E) (2) F:iT 9?7'1‘(&:11%21_:;“\53
7 (3) \3B-acetoxy-15a, 22-dihydroxyhopane (4) .7 ffi [E % (5) .4-( Hydroxymethyl ) -3-furancarboxylic acid

(6) .Eupenicisirenin B (7) .4,6-dihydroxy-1(3H) -isobenzofuranone (8) .B-%F £ B (9) X R T FEZK H ER 5 (10) | 2-benzyl-
4H-pyran-4-one( 11) Fl 6-benzyl-4-oxo-4H-pyran-3-carboxamide (12) , A LG 1.2.6~12 S IR E HUW JFE L E b o B U8
B LAY 1.2.3.6.7.8 11 A1 12 X FLRR B B HAT AN [ 2 B2 940 i35 1, MIC {59 3.13~50.00 pg - mL™' . LEH 7.8
F12 M TE MR R 2 A A 7 X RIGAF R MIC 64 3.13 pg » mL™" O8R5 BHM: X HREE R R AH W], 117 8 1 12 ¢ 4
55 /R BRI MIC (B35 6.25 H112.50 pg « mL™" A0 T 8AE A FHERE R (MIC H29 12.50 pg - mL™") o [Z5i8 ] G52
WA 1) Z2 R B RAF RS P, WoR T B A 10 77,

KER: THE,; G MY, SWEE; RSN

Isolation, identification, and antimicrobial activity of metabolites
from Aschersonia marginata ( Ascomycota, Clavicipitaceae)
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Key Lab of Biopesticide and Chemical Biology, Ministry of Education/State Key Laboratory of Ecological Pest Control for Fujian
and Taiwan Crops, College of Plant Protection, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China

Abstract: [ Aim] Aschersonia is a genus of insect pathogenic fungi used for the control of whiteflies and scale insects. The metabo-
lites of the fungi have antibacterial, insecticidal, anti-tumor, antioxidant, and other biological activities. This study aim to isolate
and identify the metabolites in the fermentation of A. marginata, and test their antibacterial activity, so as to provide the basis for
expanding the application of this biocontrol bacteria. [ Method] Chromatographic techniques and spectroscopic methods were used to
isolate and identify compounds from fermented cultures of A. marginata WYTF2017-01. The activities of identified components a-
gainst fungal and bacterial pathogens were evaluated. [ Result] Twelve compounds were isolated from A. marginata WYTF2017-01
cultures, which included methyl 24-methylene-3-oxolanost-8-en-26-oic ester (1), ergosta-5,7,22-trien-3-ol, 4-methyl-, (38, 4a,
22E) (2), dustanin (3), 3B-acetoxy-15a,22-dihydroxyhopane (4), ergosterol (5), 4-( hydroxymethyl)-3-furancarboxylic acid
(6), eupenicisirenin B (7) , 4,6-dihydroxy-1(3H) -isobenzofuranone (8) , B-sitosterol (9) , methyl 4-tert-butylbenzoate (10), 2-
benzyl-4H-pyran-4-one (11), and 6-benzyl-4-oxo-4H-pyran-3-carboxamide (12), in which compounds 1, 2, and 6-12 were firstly
identified from entomopathogenic fungi. Compounds 1, 2, 3, 6, 7, 8, 11, and 12 displayed antifungal or antibacterial activities to
varying degrees, with MIC (minimal inhibitory concentration) values of 3.13-50.00 wg - mL™". Relatively higher antibacterial ac-

tivities were observed for compounds 7, 8, and 12, in which the activity of compound 7 against Escherichia coli was comparable with
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that of streptomycin, with an MIC value of 3.13 pg - mL™'. Compounds 8 and 12 displayed high antibacterial activities against Ral-

stonia solanacearum , with MIC values of 6.25 and 12.50 wg - mL™", respectively, which were better than or comparable to positive

control streptomycin ( MIC=12.50 wg - mL™"). [ Conclusion] Some compounds isolated from A. marginata WYTF2017-01 showed

antifungal and/or antibacterial activities, indicating their potential for biocontrol of plant diseases.

Key words: Ascomycota; Aschersonia marginata; metabolites; structure identification; antimicrobial activity

JESE LR Aschersonia Montagne & 5 %2 Y B L
Wl A, SR8 T % 1] Ascomycota 370 B 24
Sordariomycetes A J & H Hypocreales 72 ff1 W F}
Clavicipitaceae, ]~ {Z 73 A T~ #4f7 Fl W2 #RH7 4 IX
(Chaverri et al. ,2008) , Z2 K0 hl 51 & Pk %5 4= 35 Bk
A A e g, A E R AR e, s 5 H
Tl EC R SR, 7E R A A b A=y A AR )
PR 5 AR Z AR EL A 7 AR A 7 1, T AR 3R
BERYIE R T 5, 125 Ik, B HRIE ST A
A A A 100 434> ( Boonphong et al.,
2001 ; Isaka et al.,2005,2010; Kornsakulkarn et al. ,
2013; Sadorn et al.,2020,2021) , F & 19162 WL 5F
FRALAE PR RS (RS RS FNmE S 55 Iz i 2y
PR FIVE BB A% 3L PR Bl B B8 A
USRS

T JE ¢ £t B 1 TR 35 % 75 T, Boonphong et al.
(2001) M\ A. tubulata BCC 1785 1Ri§H4) 43 2544 5]
AL % T dustanin B AT 235 B950 70 BOFF AR
Chutrakul et al. (2009) M\ A. luteola BCC 8774 4lifk
F|—Fp 7 B — 2R K ascherxanthone B, X A& B
Magnaporthe grisea ( Herbert) Barr H. A 8 R A H
(1Cyo=0.58 pg - mL™") , BERKEAE(2013) K I, A.
placenta Jos 009 fCI P4 150, 22- — F2 A e X 70
[TERAFE Salmonella Uk R FE AT Serratia marc-
escens A —EIWHIVEH , F/NP T E (minimal in-
hibitory concentration, MIC ff) 4 0.5 mg - mL™",
H A 22 Y AR e R TRTAS [] 490 b A8 0 1) 490 T 0 A
TR S, ST (A marginata A P55y it
N TEHSAR B8N B Moelleriella reineckiana) , HACIE )
A TRAE P AT 4R 08, A SCIDLAE % 38 58 16 R BE W)
R AR, A B2 EHOR S e HAR Y I F i
MRS, 40 R A BT Y ISR AR
1 #R5FE=E
11w
L1l EARFERE G CATER AN 5
HRABZL R Moelleriella reineckiana) WYTF2017-01,

AR R L E AT For e aife e, K
¥ Escherichia coli .5 R 55 /R IR Ralstonia so-
lanacearum A 5. 2F S AT B Bacillus subtilis | 4: 5 18,
HWIZBRE Staphylococcus aureus F19 7615k 71 1 78 JI
BALAY Fusarium oxysporum f. sp. niveum 7 S
FERAFHIRR ., PDB I LB J3 51 A FH LT A0 40 TR R
(UNAERISTEE
1.1.2 (U FR A BRI N-1100D-WD #jig % 7%
KA CA-1111 BRI HUKIEIN A B DTC-22 B AS
B (IR RHL E PR R S A IR ) ;0DS 2F il %
@ 35HE 10x250 mm ( HAS YMC 23] ) ; Alltech AR
A (il ) (3£ Alltech A F] ) ; AVACE NEO
R IRDTE 1L (600 M) (Hi-L: Bruker 24
ml) R LR O AT O TAGEUR S A AL
R (25 2R AL AR A IRA 7)) s8R R RIS
V0 ELFN - F AR ( dimethyl sulfoxide, DMSO) ( I
1322 AR BT IR A F] )
1.2 Fi&
1.2.1 A8 FEUEILR WYTF2017-01 H (1 cm
x1 cm) BEFNTE PDB 353, & T (25+1) °C 160 r
- min” FERESR T dAE AT, LA 15% R R
MR EIORIE SR I BT (251) CHIFRAE
NEESR 30 d, JeAT B FR Y0 A TGS
122 REMrEER K8 kg KW,
TIMAGEARFR R 1 (ethyl acetate, EA) #7245 B
3 WA, & T A OB e % 78 K ve 4, 14 B IR W)
TE B SCAIRE S (reverse phase silica gel, RPC ) #E)2
M )2 435 25 (thin layer chromatography, TLC )
WA 35925 (high performance liquid chromatography ,
HPLC) XJHUAY#E4T 43 B alifl, SR 5 5L T Bl 2k
ASCFI BT RS AR EA T H 5
1.2.3  #EEEIFN S Rl R A S
ZEHREDZ (Clinical and Laboratory Standards Insti-
tute, CLSI) ¥ ( Varma et al. ,2006) #E47, K53k
PRARIERP AL 5 TR, 30036 B il vk B 1x10°
CFU - mL™" (4HE) Al 1x10° 4> » mL™ ( ELPH &
W) o TE 96 LA 0 il FH M RC 8 A vk
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(0.78.1.563.13 ,6.25 ,12.50,25.00,50.00 , 100.00
pg - mL) I AL G, B LRI RS AR Sy 200
wL,Ff 96 LA 5 B T IR AN . RAlR g
Py e 3 AN E A, BAYEXT IR DMSO , BH X A 2R
YD RS, 411 37 CH59% 24 h, ELH 28 C
Big% 5~7 d, KA P A K W s D REIE A
VR P10 R 1B X BRI 119 S5/ N 6 Ve B

2 ZBRESW
21 HEYNSBHEL

PR HAR W 2 131 g, S MR Ak S b R AT
I3 B B - 7K (30% H B 50% H B 70% H I
90% FH AT 1009% FF 2 ) o6 1 J0E , WSO 46 1 Jd i 445 31
5445 A B.C.DFE, 25 A FI Bl TIRES
WD R K C A I TR R
WA, T A R REI LH-20 38, R A5 -
B (1 : 1) S REVet, AR 2 Gk & A R 41
333 C1~C5 MR G W5 C4 kSR FH IEAH R AT
JEMTA S VR A - ZPRAHR(20 ¢ 1) 5%
JEVEBIARTHE S 1 (32 mg) F1 2 (26 mg) , R ¥l
C5 iR T35 MEE T H B0 M T, 2R FH B 45 Y
TR Bk S 3 f 4 IR G, i — 4 A
EE IR (10 @ 1) YR, 2545 TLC fE 2 Fh R I 7]
TSI BRI A9 3 (50 mg) Fil4 (43 mg)

FHIEAIEE R EAT 40 B 45y D, LT « B
(100 : 0~0 : 100) BB EEPEML , 245G TLC YR G IFAH
2073545 D1~ D5, % R W& I LH-20 % i
D1, VEBARZR AT - HEE(1 2 1) 383t TLC 2 #r
BEMEAY 5 (7.1 mg) , it HPLC 438 D2, ¥Ei
R R 60% H /7K, B 2L G 6 (10 mg, i,
=17.0 min) , FIEAHREBCAE 2143 85 D3, LAl
B : CMROTR(5 1) FHUBMATILEH 7 (6.1
mg) . LTI E EARRE A Z AT 52 D4, DAL ¢
P (30 : 1,20 : 1,15 = 1,10 = 1) BHREBERAS 21k
A8 (12 mg) 19 (8.9 mg) , il i il £ AH 4l
R4y D5, VEIRAR 2 409 W s/ 7K Ve B 4l 4k 45 3]
A 10 (19 mg,1,=7.4 min) ,

Wdlsr £ LLA s © LR TR (100 2 0~0 ¢
100) BHEEVEIE , & IR 15 2141 4 E1~ES,ES DLIEAHRE
JeAE AL © ZFRABRE(20: 1,10 : 1,10 : 1.5 1)
FREEVERL, SRAL 4 11 (5.3 mg) #1112 (18 mg) .
22 LEMEHERE

L&Y 1 IR, S T R S5 SEA PL

FMER T7K 254 nm 2EHMT R S IUREEE, U5 6
NERFEBER, 70T C,Hy, 0557011 :482.37,'H
NMR (600 MHz,DMSO-d, )8,,:4.96 (q,J=1.1 Hz,2H) ,
3.66(s,3H),3.17~3.11 (m,1H),231~220 (m,2H),
220~2.10 (m,2H),1.74 (s,3H),1.72(d,J =2.4 Hz,
2H),1.51 (d,J=63 Hz,4H), 146~1.40 (m,2H),1.12
(d,J=7.7 Hz,3H) ,1.09 (d,J=14 Hz,3H) ,1.04 (d,J=
1.5 Hz,3H), 1.03 (d,J=1.4 Hz,3H),0.93 (dd,J=5.1,
1.5 Hz,3H),0.75 (s,3H),0.68 (s,3H).”C NMR (150
MHz,CDCl,-d, )6,.:217.5 (C=0),175.0 (C=0),148.5
(C-27),135.0 (C-10),132.9 (C-9),110.9 (C-29),51.9
(C-4),51.2 (C-OCH,) ,48.2 (C-4),47.4 (C-17),45.6
(C-11),40.5 (C-12) ,37.4 (C-28),36.9 (C-3),36.7 (C-
21),36.2 (C-5),34.6 (C-6),34.3 (C-1),32.1 (C-22),
27.8 (C-21),27.4 (C-5),26.3 (C-26) ,21.8 (C-15),20.3
(C-13),18.7 (C-16),18.6 (C-8),16.3 (C-14),16.0 (C-
7)o FZREEES He et al. (2006) XfLL, $ELGH)
1 & Methyl 24-methylene-3-oxolanost-8-en-26-oic ester
(F1A),

a2 R AR, 2 s T e A0 S5 AL
FIMER T 7K ,254 nm $5MT T RIS HE, WU 5 W6
FERF OB S, TR CH, 057> 7. 410.68,'H
NMR (600 MHz,CDCl,-d, )8,,:5.96 (ddt,/=7.5,2.0,1.1
Hz,1H),5.85 (did,/=7.5,1.8,1.0 Hz,1H) ,5.24~5.17
(m,1H),5.16~5.10 (m,1H) ,3.85~3.77 (m,2H) ,2.53
~242 (m,1H),2.17~2.09 (m,1H),1.11(s,3H),1.05
(d,J=6.9 Hz,3H) ,091 (dd,J=3.3,1.1 Hz,3H),0.91~
0.89 (m,3H),0.83 (s,3H),0.82 (s,3H),0.78 (s,
3H),“C NMR (150 MHz,CDCl,-d, )8, :148.8 (C-4),
141.3 (C-9),134.2 (C-24),133.8 (C-23),120.5 (C-7),
119.6 (C-8),52.6 (C-2),51.4 (C-17) ,44.1 (C-11) ,42.9
(C-10) ,42.2 (C-25) ,41.3 (C-12) ,40.0 (C-3),37.9 (C-
21),36.0 (C-5),33.6 (C-13),33.4 (C-6),33.1 (C-26),
31.4 (C-16),30.5 (C-1),28.3 (C-15),27.0 (C-14) ,21.8
(C-19),21.2 (C-27),21.1 (C-28),20.4 (C-29),19.9
(C-19),17.8 (C-30),17.7 (C-29) . B#ZREEIE S Ry-
der et al. (1986) %Lt %4EGH) 2 1 Ergosta-5,7,22-
trien-3-ol ,4-methyl-, (38,4a,22F) (& 1B) .

G 3. FHERR, G T 07, M T H i K
SR, 254 F1365 nm EEAMT R AN A RS A
BB COJF B AR AR T, 3T G H,,
0,;%r T 1. 444.0,'"HNMR (600MHz, CDCl,-d, ) 8, :
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3.34 (ddt,J=9.5,7.0,2.5 Hz,1H) ,2.54~2.46 (m,
1H),2.25 (di,J=12.8,6.5 Hz,1H) ,2.14~2.06 (m,
1H),1.98-1.90 (m,1H),1.80~1.72 (m,1H),1.72~
1.66 (m,1H),1.66~1.56 (m,3H),1.56~1.44 (m,
4H),1.43~1.20 (m,9H),1.22 (s,3H),1.07 (d,J=
1.5 Hz,3H) ,1.08~0.98 (m,6H),0.97 (s,3H),0.87
(d,J=1.5 Hz,3H) ,0.83 (d,/=1.5 Hz,3H),0.76 (s,
3H),0.79~0.71 (m,1H),0.65(s,3H).,"”C NMR (150
MHz,CDCl,-d, ) 8.:76.1 (C-15),73.5 (C-22),55.4
(C-5),54.6 (C-9),51.4 (C-17),48.9 (C-21),48.6
(C-13),46.7(C-14),44.0 (C-18),43.1 (C-8),42.2
(C-3),41.1 (C-1),40.5 (C-10),39.4(C-7),37.1 (C-
23),33.3 (C-4),33.0 (C-16),29.4 (C-30),27.3 (C-
29),26.7 (C-20),22.4 (C-24),21.3 (C-11),20.9 (C-
6),19.2 (C-2),18.0 (C-28),16.8 (C-25),15.9 (C-
26),11.0 (C-27), ¥ w84 5 Van Eijk et al.
(1986) XF Lt , %€ A4 3 A Dustanin (& 1C)
G 4. FHERR, G T8 05 Mas T oK
SEAT L FE 254 F1365 nm SAMT TR B A, L 5
AR G R RT6, 571KC,
H.,0, ;5> F4.502.40,'H NMR (600 MHz,CDCl,-d, )3, :
447 (u,]=89,1.6 Hz,1H) ,034 (ddt,J=95,70, 2.5 Hz,
1H),2.50 (ddd,J=12.3,9.4,8.3 Hz,1H),2.25 (ddd,J=
125,68,5.7 Hz,1H) ,2.04 (s,3H),1.98~1.90 (m,1H),
1.85~1.75 (m,2H) ,1.73~1.66 (m,1H),1.65~1.57 (m,
2H),1.55~1.45 (m,3H),1.41~1.36 (m,3H),1.34~1.31
(m,1H),131~128 (m,2H),1.28~1.23 (m,3H),1.22 (s,
3H),1.08~1.01 (m,2H),097 (s,3H),091 (d,/=1.5 Hz,
8H),0.90 (d,J/=1.5 Hz,3H) ,0.84 (d,J=1.5 Hz,3H) ,0.84
(s,3H),0.76 (s,3H),"C NMR (150 MHz,CDCl,-d, )8, :
1708 (C-0Ac),78.0 (C-3),76.1 (C-15),55.8 (C-22),
556 (C-5),51.4 (C-21),48.9 (C-17),48.6 (C-9),46.7
(C-13) ,44.0 (C-14),43.1 (C-18),41.1 (C-8),40.3 (C-
19),38.7 (C-1),384 (C-10),37.1 (C-4),33.0 (C-7),325
(C-16),27.8 (C-30),26.5 (C-29),24.8 (C-23),22.4 (C-
2),219 (C-0Ac) 213 (C-6),21.2 (C-11),19.3 (C-26),
180 (C-25),168 (C-24),15.9 (C-28),11.0 (C-27), #F
BRI Boonphong et al. (2001) X} He, %&b &
¥ 4 SN 3B-acetoxy-15a,22-dihydroxyhopane ([ 1D)
WA 5 FERIR, B s T8 05, e T HEE K
SEUSH, E 254 nm S5AMT ORI ISR S 68 Rk
W JEE A e E w0, 13X CgH, 055

TH:396.34,'H NMR (600 MHz, CDCl,-d, ) 8,:5.57
(dp,J=7.3,1.0 Hz,1H) ,5.38 (dp,/=7.3,1.1 Hz,1H) ,
523 (dt,J=3.1,1.2 Hz,2H) ,3.62 (tt,/=10.2,7.5 Hz,
1H),2.62~2.57 (m,2H),2.39~2.30 (m,2H),2.02~
1.92 (m,2H),1.92~1.83 (m,2H),1.78~1.66 (m,2H),
1.57~1.41 (m,4H) ,1.35~1.19 (m,4H) ,1.09~1.00 (m,
2H),0.99 (q,J=1.1 Hz,3H),0.97 (1,/=1.3 Hz,2H),
0.93 (d,/=7.2 Hz,3H),0.85 (d,J=4.9 Hz,3H),0.80
(d,J=5.1 Hz,3H),0.77 (1,J=1.5 Hz,3H) ., C NMR
(150 MHz, CDCl,-d, ) 8, : 141.4 (C-8),139.9 (C-5),
135.3 (C-17),132.5 (C-23),119.7 (C-6),116.4 (C-7),
704 (C-3),55.8 (C-17),54.6 (C-14),46.2 (C-9),42.9
(C-24) ,40.8 (C-13),40.3 (C-4),39.2 (C-20),38.4 (C-
12),37.1 (C-1),33.1 (C-10),32.0 (C-25),28.3 (C-2),
230 (C-15),21.1 (C-21),21.0 (C-26),19.9 (C-27),
17.7 (C-28),16.3 (C-18),12.1 (C-19) ., ¥itZmsdda 5
Kwon et al. (2002) bbA:, %6 G 9 5 N Ergosterol
(F1E),

a6 I EBAR, B T80 B MER T
IKEFEH, #E 254 nm AT REBE, WU S G 60k B
., 13 CHgO, ;57 F 1t 142.03,"H NMR (600
MHz,CDCl,-d, )8,,:8.89 (d,J=1.8 Hz,1H),7.79 (d,
J=1.8 Hz,1H),5.10 (s,2H). “C NMR (150 MHz,
CDCly-d, )8, :162.7 (C-2),147.5 (C-3),137.9 (C-
4),124.5 (C-3),116.7 (C-5),55.9 (C-7) . FiHEwE%L
P55 Evidente et al. (2009) X}, RKEEW 6 H 4-
( Hydroxymethyl ) -3-furancarboxylic acid (& 1F)

WEY 7. HEMAR, s THEE A0 MER T
IKEFFRF AE 254 nm N A3 EHE, LSR5 B A (e, o
F:C H, 0,54 Fi:196.07,'H NMR (600 MHz,
CDCl,-d,)6,,:6.61 (ddt,J=6.4,1.9,1.0 Hz,1H),2.60
(tt,/=63,0.9 Hz,1H) ,2.51~2.38 (m,2H) ,2.02 (tdd,J
=6.7,4.1,1.8 Hz,1H),1.85 (dddd,J=12.9,7.5,5.5,4.0
Hz,1H),1.70 (dddd,J=12.4,7.7,6.8,5.4 Hz,1H),1.33
(s,3H),"C NMR (150 MHz, CDCl,-d, )6,.:180.2 ( C-
8),171.8 (C-10),137.1 (C-2),1289 (C-3),31.4 C-7),
28.5 (C-1),28.4 (C-6),25.5 (C-4),23.0 (C-5),13.8
(C-9), FIRZHEEIE S Li er al. (2014) X0, % 5E 1k
AT R Eupenicisirenin B ( Kl 1G),

EY 8. KK, b i T 45 HEESEA L
VA MER T K . 7E 254 nm 22T T B IR BE Al
5 W0y wm AR, gr 1 CHGO, 5 20 T
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166.03,'"H NMR (600 MHz,CDCl,-d,)8,:7.01 (d,J
=2.2 Hz,1H) ,6.65 (d,J=2.2 Hz,1H),5.23 (s,
2H), C NMR (150 MHz, CDCl,-d,)8.:171.7 ( C-
1),157.6(C-6),154.8 (C-4),128.2 (C-4a),127.6
(C-7a),108.0 (C-7),104.9 (C-5),67.9 (C-3) ., *
KBRS Luo et al. (2007) %1, BELEY) 8
41 4,6-dihydroxy-1(3H) -isobenzofuranone (¥l 1H) ,

B 9. IR, S T 0555 A AL ) HE
WK TE 254 nm SEAMT T SRS BE, il )5 ) (R
wEf, 5T CyHy 05 90 F 5. 414.39,'"H NMR
(600 MHz,CDCl,-d, )8,,:5.37~5.32 (m,1H) ,3.52 (p,J
=8.5 Hz,1H),2.29 (ddt,J=12.3,10.8,7.5 Hz,1H) ,2.24
~2.18 (m,1H),2.13 (dddd,J=9.8,8.3,7.1,2.4 Hz,
1H),2.08~1.99 (m,1H),1.99~1.95 (m,1H),1.95~
1.88 (m,1H),1.88~1.79 (m,2H),1.76~1.64 (m,5H),
1.62~1.52 (m,3H),1.51~1.42 (m,4H),1.41~134 (m,
2H),1.35~1.27 (m,3H),1.19~1.11 (m,3H),1.00 (s,
3H),0.92 (dd,J=5.9,1.3 Hz,3H),0.85 (d,/=4.0 Hz,
3H),0.85~0.83 (m,3H),0.80 (d,/=4.2 Hz,3H),0.68
(s,3H),"C NMR (150 MHz, CDCl,-d, )6, :141.3 (C-
5),121.7 (C-6),71.3(C-3) ,56.7 (C-14),56.1 (C-17),
502 (C-9),45.9 (C-24),42.8 (C-4) ,42.4 (C-13),40.0
(C-12),37.2 (C-1),36.6 (C-10),36.2(C-20),33.9 (C-
22),31.9 (C-7),31.7 (C-8),29.4 (C-2),28.3 (C-25),
262 (C-16),24.3 (C-23),23.3 (C-15),21.1 (C-28),
19.5 (C-11),19.2 (C-26),18.6 (C-19),13.5 (C-27),
122 (C-29), WA md % 5 XS5 (2012) X L,
YEAY 9 K B EE (1)

EY 10 R, B TE0 P EEEA L
VR MEVE TK ,7E 254 nm 224MT R WLIRKEBE, 365
nm $LAMT T W 9O U S A8 AR A
5 FaCLH, 0,5 Fi:192.12,'H NMR (600
MHz,CDCl,-d, )8,,:7.92~7.87 (m,2H) ,7.55~7.50
(m,2H),3.94 (s,3H),1.31 (s,9H).”C NMR
(150 MHz, CDCl,-d,)8,.:166.7 (C=0),155.1 (C-
2),129.7 (C-4),127.6 (C-5),125.4 (C-1),52.2
(C-OCH3),34.8 (C-7),31.2 (C-8) . W iZmi ks
5 Hu & Li (2017) Xt He, 2 0G0 10 X80T
R RHE(E 1)) .

&Y 11 kR, 5 TR0 AL
) MR T K, 1E 254 nm 2 AMT R WL BE, At
EiER A hERA, 55 CLH,0,; 50 F .

186.07,'"H NMR (600 MHz, DMSO-d,)8,,:7.71 (d,J=
8.3 Hz,1H),7.32~7.26 (m,2H),7.26 ~7.21 (m,
1H),7.20 (ddt,/=7.5,1.8,1.0 Hz,2H) ,6.35 (dd,J=
8.3,1.3 Hz,1H),5.75 (q,J=1.1 Hz,1H) ,4.47 (q,J=
1.0 Hz,2H) ,”C NMR (150 MHz,CDCl,-d, )8, :183.7
(C-12),170.0 (C-8),154.3 (C-10),135.0 (C-2),
129.0 (C-3),128.8 (C-6),127.2 (C-1),114.7 (C-
11),112.3 (C-9) ,43.1 (C-7) . A5 B b At
ZE(2007) XTI, %58 6B 11 R 2-benzyl-4H-pyran-
4-one (K1 1K),

G 12, kR, 5 TE B ESFEA L
VA MER 7K, TE 254 nm RN T B BERS BE,
JRiRa yERRA, 737 C H, NOy; 43 712 229.
07.'H NMR (600 MHz, CDCl,-d,)8,,:7.94 (s,1H),
7.34~7.28 (m,2H),7.28~7.23 (m,1H),7.22~7.17
(m,2H),6.04 (t,/=1.0 Hz,1H) ,4.47 (q,J=1.0 Hz,
2H),®C NMR (150 MHz, CDCl,-d, )8, :182.0 ( C-
12),170.7 (C-8),167.8 (C=0),158.1 (C-4),135.2
(C-5),129.0 (C-3),128.8 (C-6),127.2 (C-1),114.9
(C-13),114.6 (C-11),43.2 (C-7), ¥ REEIE S
Zhang et al. (2007) % kb, 2@ 46590 12 2~ 6-benzyl-
4-ox0-4H-pyran-3-carboxamide (& 1L)

2.3 WEE RN

A3 IR 12 MEA X 1 BRELH 2 B 22 1R
BEP: TR T 2 R A 2 B T A 0 o 3 ke, 285 2R
1 Fim, 24 e 1.2.3.6.7.8.11,
12 3£ 8 MEE I A [F) R B A0 40 3 3% 1, MIC
E43.13~50 pg - mL™', fb&W 7 X KIGAFHERY
IHIAE F fci , MIC {Eo8 3.13 pg - mL™' (659 8
XiF 2 BRI D B (4 4k T BN A 57 /R G B ) MIC
EH¥IR 6.25 pg - mL™" A BSRAGHIIHITEE (L G
12 XA TR T 457 7R [T LR i g 41
M MIC B 20514 6.25 112,50 g » mL™',

3 g

AR5 R FH R K 3475 35 35 XoF 2% e 7 0 7 14 7 [
TR R, e < TR < T8 5 S BRI ™= 1, 1 Bh 2
P a4 8 T B B 3K A% 12 AN Rb 59, il
PSR AR E T e al, X sdYE
BEA = 4 A JE2E 2 A R AR 2 A A HLIR
1A EEZE 1A BOHA S AR 45 b b 5 1.2 .6~
12 B 78 B B I BT i IR B A
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Table 1 Antimicrobial activities of compounds 1-12

Fe/INI B Minimum inhibitory concentration MIC/ (g » mL™")

A
Cji;)ﬁjds ITELHE 7]V VY T {2 KIGHT B GBI WRZFTE SR OHERE
Fusarium oxysporum {. sp. niveum  Escherichia coli ~ Ralstonia solanacearum  Bacillus subtilis  Staphylococcus aureus
1 25.00 12.50 25.00 - -
2 12.50 12.50 25.00 25.00 -
3 12.50 - 50.00 25.00 -
6 < 12.50 - 50.00 12.50
7 - 3.13 - - 12.50
8 6.25 - 6.25 12.50 25.00
11 25.00 - 25.00 12.50 50.00
12 6.25 - 12.50 - -
R A Ciprofloxacin 0.78 0.78 3.13 0.78 1.56
BEFFZE Streptomycin 1.56 3.13 12.50 0.78 1.56

“—7 IR MIC>50 g - mL™" G TE A%
“~" means value of MIC>50 pg - mL™",

SERCEY T CEYURR) PURTE TR 2,
XoF KT B 0 10 T 0 5 P e TR AR X AR B
8 (WKMRIAITAE 4 ) Yo 35 Ak 57 IR B A 110 3 M A T
B ah, S ARAHR T ) MIC 155 6.25 wg - mL™';
TR 12 S5 Ak 97 7R BB 0 10 8 006 1 5 2 4
AN, IR LAY 7 B R4 BT
J1, A 8 AN 12t BLAT I K A AR g L T A Y
Wi, MG 2 (=) 8 F1 11 (NHLFgHER ) XF 4 #
3o DR R 40 J B HE A [ R B 4 4 T, LA ARG
A iOENZ R I U R et/ DO g A R |
(KIGFFI RS R TR ) B9 PR I S8 T 22 [
PHAE P (G R 2R AT B & B R A R ) o
AL R R 2= 5 5 40 B BLAE R ML A OC

which suggests poor antimicrobial activities.

A& T LA 20 T i N sl 22 454 184 n T 22
£ L PS5 P | 0 BT 22 A G X R T AR A
PEPER T XA B E BRI AL & . B 2R S
YT S0 50S B OS] ZE A DT i 40
T 25 55 A ( Fulle & Gohlke,2009; Nissen et al.
2000) , TR B AT 2I B w28 A PLER Fnmk
MR T A5 P AR R R HE AN [ R BE RN ) BE BT T T 1, T
PIRAFZ 38 HAE AL,

5% 0k
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