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Aromatic secondary metabolites of Fusarium solani PGS19
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Abstract: The study was to investigate the aromatic derivatives and evaluate their antimicrobila activity
from the endophytic fungus, Fusarium solani PGS19 , isolated from the mangrove plant Bruguiera
gymnorrhiza in the Nansha Wetland Nature Reserve. Firstly, the ethyl acetate extract of F solani
PGS19 was isolated and purified using various chromatographic techniques, including silica gel column
chromatography, reversed-phase ODS medium-pressure preparation, semi-preparative high-perfor-
mance liquid chromatography (HPLC) , and thin-layer chromatography (TLC). Then, the structures

of the purified compounds were elucidated by modern spectroscopic methods. Finally , the antimi-
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crobial activities of all isolated compounds were evaluated in vitro using broth microdilution method.

Sixteencompounds were obtained from Fsolani PGS19 and identified as 2-acetonyl-3-methyl-7-

methoxynaphthazarin (1) , 3-methyletherfusarubin (2 ) , solaniol (3) , anhydrofusarubin (4) , anhydroja-
vanicin (5) , 3-demethoxylfusarnaphthoquinone B (6) , (25, 3S, 45) -8-dehydroxy-8-methoxyldihy-
dronaphthalenone(7) , dihydronaphthalenone(8) , nepetoidin F(9) , 7-hydroxy-2, 5-dimethyl-4H-1-ben-
zopyran-4-one (10) , methyl ferulate (11) , p-hydroxyphenylacetic acid methylester (12) , p-hydroxy-

benzaldehyde(13) ,4-hydroxyacetophenone(14) , acetovanillone(15) ,and 3, 4-dimethoxyacetophenone

(16). Among them , compound 9 was isolated from an endophytic fungus for the first time, expanding

its biological source. Antibacterial activity assays indicated that compound 6 exhibited weak inhibitory
effects against MRSA and Staphylococcus aureus , with MIC values of 100 pg/mL for both, while the

remaining compounds showed no significant activity at the tested concentrations. This study further

enriches the chemical diversity of secondary metabolites from mangrove endophytic F. solani.

Key words: endophytic fungus; Fusarium solani; aromatic derivatives; antimicrobial activity

CLRIARA 28 R GEAE AT AT I 5 3 [ 7
PRFIR A B8, v A T4 5 28 A St SN B
Gy ARl 5 22 A % N AR L AR R
B IR PACG R AR, R SRR 3% 1k 3% R AR
) 1) F BRI (Jia et al., 20205 1 PR RL4E, 2022) , H
O A A ) (I Z8 I 5 75 R S 05 75 B 45 )
TEPU LR S5 sl R B 0 3 Y AR W TE M
h A 250 K ) B S S A0 A W K U (Tatum et al.,
1983; PrgE /R 45 ,2024) o FFXTaakbiA: R i 254 )
B H 25 08 (Murugaiyan et al., 2022) , 54k B A #
R QR T PR 05 R PR e G AR T
Y. S I W (Fusarium solani) VE R —254K
G RE AR R A N AR LR, B I IRE RE S A K
FFEEATAY), C RO E AR IR 7 ) Ak Sl
WFFE 5 (Niu et al.,2019; Gao et al.,2024) .

BT BIRTE B AW PR I R U0 1 b LR 4
DXET A PRAB ) AHE 1Y N A2 LT F. solani PGS194E K
WX 4, B 75 R G2 H 5 A, I
rhi e BA BTG TR e A B Y o i R R
IR WE A AL T4 B A 3% o0 5 Al Ak RN IR 2
FOR G %08 55 1A A5 16 MEE Y, 43 5
A 2-acetonyl-3-methyl-7-methoxynaphthazarin (1) .
3-methyletherfusarubin(2) ,solaniol(3) ,anhydrofusa-
rubin (4) | anhydrojavanicin (5) | 3-demethoxylfusar-
naphthoquinone B (6) . (2S, 35, 4S) -8-dehydroxy-8-
methoxyldihydronaphthalenone (7) | dihydronaphtha-
lenone(8) \nepetoidin F(9) ,7-hydroxy-2, 5-dimethyl-
4H-1-benzopyran-4-one(10) P ZE IR H g (11) (X572
HEOR LR WR (12) 6 R I (13) 0 52 R
LT (14) (AR (15) (3, 4- Z W EUBE R
(16). &P 1~16 L5k UIE 1 R,
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1.1 EENSEMIKXF

Agilent 6460 — T U 2% ¥ ¥ T 16 FH T 3% 4
YMC-Pack ODS-A (250 mmx10.0 mm, 5 pm) {2 %
# ; INM-ECZ 400NB . JEOL JNM-ECZR 600 MHz %
T HAR TSI s LC-20A =y S0 AH R 45 ; XHRE-2000C
ARG Z8 KA SI-CI-2FDQ i T/ 5 ; THZ-1038 H
T FERE IR s BioTek Inc. BFpRAN s J1 8 R (g 5o
AR AT BRI 7], w=98%, CAS 1404-90-6) ;
W B (T 22 s AR AR B e A R A A
w=98%, CAS 85721-33-1) ; 100~200,200~300 H %if
e (75 & AL T A PR ) s MH (A1 . PDA T3
B 5 (T AR ILAE D R A BR A R ) 5 4 2
(RIS 20 ) R O ARG Rk 4k
TRy A3 BR S T ) L RE SR B (bt B L A e
RARTHAEA A A H M (Oxoid Ltd.) KK (41}
PR (&2l FRahTi S R/ DI & v B by e
1.2 EHERESEE

KA ARG B VDT b AR X 2T AR ) ARG
A, LBRAMNER K, AR ETH B AR KA MUEY )G,
TR K e = ICHR 8 o Bl U6 230, ) 1 )
TE T PDA AR LTI FAE TR A . PRI
B 75 AR R 2RV E RN T PDA M b A Al b L,
BEAEZWEIES — 8, 9 B R g BRI 424 8
PGS19, #2 B 22 DNA, 4 PCR ¥ 14 3k 15 1TS
rDNA J¥51, 5 NCBIUEUE 217 BLAST Hex, BEHL
I 10/ ARRURE B = A (5 8 A R B
1.3 H#HEERIESE

Jic i PDA K5 323, 25 121 °C& K 15 min J5
BB SR, 45 [EA- M . B S, Ke 18 k PGS19
LR F L3R PDA A AT iE 4k, DLARAS B — T
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% o PREBUSIE S B9 PGS19 BT V& | 22 Fh 28 K B Ab 2
) GYP A 85 75 56 GE &l K v % 10 /L 7 25 0
10 g/L BERH R 5 /L 8 A 2 /L), T
30 °C . 120 r/min (YFE IR N 1555 3 d, H RN 1k, 1
4% HE 10 mL A 422 b 50 b W I 1 A 4 KR Ak
T A R A [ A4 5 35 35 (60 g KK (30 g/L KL T 6 1
120 mL 0.4 g BEREHE LY 0.4 g A% 0 ) b, 24
1200 i 500 mL HEJE I, 2 i i B 15 5% 30 d.

RS AR R R B A TR 3 YK, vk
AR JE ALY, P28 TR OO TR AR I, W 26 UHMR 46
J5 AR5 140.4 g TR L BEZERUR T .

Xof AU T R F 100~200 H Ak A (3 617 9)
e, LAt - 2R 4.5 (10:0,9:1,8:2,7:3,
6:4,5:5,4:6,2:8,0: 10, V/V) FI 2 R Z ik — 1 i
(95:5,9:1,5:5,V/V) Ry i 201 76 B R, il
2B (Fr.A~FrL) o 2518 00 5 SO 3%
(HPLC) 2T )& , ST XS AS [k B itE A T ilE— 200 5

Fr.B(54.6 g) % 200~300 H Al e (3%, LA
fik— 2.2 2,15 (100:0~0: 100, V/V) BEATHS BE VR , 15

15: R;=OCH,, Ry=H, R;=CH,
16: R;=OCH,, R,=CHj;, R;=CHj

LA 1~16 1454

Structures of compounds 1-16

3| 24 4~ F 4143 (Fr.B1~Fr.B24) . Hth Fr.B22(89.8
mg )3 182 i 2% RSO A (3 (A %A - YMC-Pack
ODS-A,250 mmx10.0 mm, 5 um; Fi s : 257K ;
B BE Pk i AR 2 0~30 min, 2 50%~65% ; i 3
2.0 mL/min; A1 : 28 °C; 2P ) 735 , 3Rk
AW 1(6.6 mg,,=13.4 min) .2(3.2 mg,£,=15.6 min) .
Fr.B11(345.6 mg) 7E [Al A (1 4335 25 41 1, 2R I BE B
FEF N 0~25 min, 2N 25%~40%, 73 2515 216 &9
11(5.1 mg, £=10.2 min) .12(4.2 mg, £=22.5 min) .
13(5.8 mg, #,=13.4 min) .16 (5.8 mg, #,=14.7 min) .
Fr.B12(387.3 mg) i iz~ il £ i RO AR (15 (kB
Z1F 1 0~30 min, Z )i 40%~80% ; HA %7 F) , 4
B384 &Y 5(4.8 mg, 4,=23.6 min) .6(3.9 mg,
%=20.2 min) .14(3.2 mg, £,=13.5 min) . 15(4.9 mg,
t,=15.5min) .

Fr.C(6.1 g) £ 200~300 H it i A (%, DL A i
Bk- 2, 1% 2,16 (95:5~0: 100, V/V) B BEVE M, TLC &
IF A 18 14 %3 (Fr.C1~Fr.C18) , Fr.C8(92.2 mg) i
a2 1 A% i O €3 (M 458 : 0~20 min, 2
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81% 55 B Y Bd s oA S8 F L) 7 s 2k &9
4(1.9 mg,%=16.8 min)., Fr.C11(92.2 mg){EFF:H (1
AT R HVEIARY A 0~25 min, Z K 25%~40%,
DEEFEY 3(6.3 mg, ,=12.3 min) , Fr.C12
(121.1 mg) 28 - 1l £ 8 OB AR 35 , BEBLRE Yy
0~25 min, ZJi§ 20%~25% , 13 #1L &5 4 10 (4.6 mg,
,=14.1 min) ., Fr.C14(235.7 mg) £ [FIFERY (3 , ¥k
R F A 0~20 min, ZJE 15%~30%, 41 B 15 2k A
¥19(5.1 mg,,=7.2 min) .

X} RN 53 Fr.G (3.9 g) , >R FH ODS At 47H
b0 B, LA H R - K (30 70~70: 30, V/V) £k PR #6
B Y Bt 240 min, i3 A 9 mL/min, 15 2 5 4~ 71
43 (Fr.G1~G5) . Fr.G3(132.7 mg) #k— 25 2Kl 4%
e 0 2 (B EE VR B - 0~20 min, £ 30%~
45% ;i 4 2 mL/min) 2lifk, RAFIL 54 7(4.6 mg,
t;=15.3 min) Fl18(5.8 mg,#,=13.5 min) .

1.4 HIEEMNE

K FH PR 2 s e 15 DPA P A A6 G P 6] 22 G P
P T 4 (048] 45 BR 18 (Staphylococcus aureus ATCC
29213) T 420 PG A 4 75 €5 ) %5 3K 18 (methicillin-
resistant S. aureus NCTC 10442) . #f B 2F 0 ¥ &
(Bacillus subtilis ATCC 6633 ) Fl#: = [C BH 1 B 4 4%
1B BBt T8 ( Pseudomonas aeruginosa ATCC 9027) i
T . KB AeA Y FH DMSO %t )e , £ MH A1
AT RGBT AL G W B 48 T VR B 3 Ol
200,100,50,25,12.5,6.25,3.13,1.56 #10.78 pg/mL
(B EERE 3RS, AL E A 200 uL
WARFERL . 35 °CIEIRIEIRAA T 5T 24 h 5 , MIRALER
FLAR 58 4 TE L B R JC B AR K I R AT R
B MIC, 25 X BB ZH 4 100 pL i MHB #1100 pL
PP . FRMEXTREZG Y i B R AT 2

2 g R

2.1 HEHREE

X ¥k PGS19 #:47 ITS rDNA il , 28 NCBI %k
P v BLAST [6] W b Xt 43 #r , = 5 E solani
(OKO021563) B 7 FIARALLEE 1K 99.0% , 5045 5 by it Ji5
ik )] W (F solani) . % @ #& (GenBank % 5% 5 .
PZ151823) BUARE T M EE R R 2= 252 B .
2.2 UEMHEHEE

A1 20O H K, HR-ESI-MS : m/z 291.085 4
[M+H]* (388 4 291.086 9,C,.H,,0,") , 45 & *CHfi
E 4y 12N CH,,0,, 2=9. 'H NMR (400 MHz,
CDCl,) ¢ 6.21(s, 1H,H-7) , 3.93 (s, 3H, 6-OCH,) ,
391(s,2H,H-9),2.30(s,3H,H-12),2.24(s,3H,
H-11)., "“C NMR(100 MHz, CDCl,) § 160.4(C-1),

142.6(C-2),134.3(C-3),160.8(C-4),109.8(C-4a),
184.6(C-5),161.4(C-6),56.9(6-OCH,),109.8(C-7),
178.1(C-8),108.5(C-8a),41.3(C-9),204.0(C-10),
30.1(C-11),13.0(C-12) . b &W1 55 H M 5%
(2023)#R 3B By 'H A1 °C NMR B A — 35, e
“ 2-acetonyl-3-methyl-7-methoxynaphthazarin,

&) 2: 41 (08 K ,HR-ESI-MS : m/z 343.078 8
[M+Na] ({8 K 343.078 4,C, H,N,0,") , 454 °C
€ 2 XN C,H,,0,,2=9., 'H NMR (600 MHz,
CDCL,) § 6.18 (s, 1H, H-2) , 4.87 (d, J=17.8 Hz,
1H,H-11a) ,4.59~4.54(m, 1H,H-11b),3.93(s, 3H,
3-OCH,),3.31(s,3H,10-OCH,),3.02(d,J=18.3 Hz,
1H,H-9a),2.71~2.63 (m, 1H, H-9b) , 1.55 (s, 3H,
H-12), C NMR (150 MHz,CDCI,) ¢ 184.9(C-1),
109.8(C-2),160.8(C-3),56.9(3-OCH, ), 178.4(C-4),
109.8(C-4a),160.8(C-5),133.5(C-6),137.6(C-7),
157.9(C-8),107.5(C-8a),33.1(C-9),96.8(C-10) ,
49.1(10-OCH,),58.8(C-11),23.0(C-12) ., k&2
AR AT AE (2009) 3 19 'H F1PC NMR s B A
— 2, #% 5 3-methyletherfusarubin

b & 3.4 @K, [al 7+32.6 (¢ 0.10,
MeOH) , HR-ESI-MS : m/z 293.101 2 [M+H |* (B ig
{84 293.101 9,C,;H,,O, ) , 45 & “C i & 7 Tk
C,H,0,, 2=8. 'H NMR (400 MHz, CDCl,) ¢ 6.17
(s, 1H,H-2),4.17~4.12(m, 1H, H-10) , 3.91 (s, 3H,
3-OCH,) ,2.94(d,J=6.3 Hz,2H,H-9),2.35(s, 3H,
H-12) , 1.33 (d, J=5.7 Hz, 3H, H-11) . "“C NMR
(100 MHz, CDCI,) § 184.2(C-1),109.6(C-2),56.9
(3-OCH,) , 160.6 (C-3) , 177.7(C-4) , 109.6 (C-4a) ,
162.7(C-5),138.6(C-6),142.5(C-7),161.0(C-8),
108.0(C-8a) ,36.3(C-9),67.9(C-10),24.1(C-11),
13.2(C-12) . t£4&% 3 5 Maharjan et al. (2020 ) %38
14 "H A1 °C NMR $54l HE A — 3, % 7€ 2 solaniol.,

&) 4. 22 (KK , HR-ESI-MS : m/z 289.070 2
[M+H " (38 {8 M 289.070 6,C,;H,,0,") , 454 BC Hff
&5 Ak CH,L,0,, 2=10, 'H NMR (600 MHz,
CDCl,) 6 6.18 (s, 1H,H-2),6.00(s, 1H,H-9) , 5.22
(s,2H,H-11),3.92(s,3H,3-OCH,) ,2.01(s,J=0.9 Hz,
3H, 12-CH,) . “C NMR (150 MHz, CDCl,) § 183.2
(C-1),111.4(C-2) , 160.1 (C-3) , 57.0 (3-OCH,) ,
178.2(C-4),110.1(C-4a),157.9(C-5),133.2(C-6),
122.9(C-7),157.9(C-8),108.0(C-8a) ,94.9(C-9),
161.7(C-10),63.1(C-11),20.3(C-12), k&4
Moni et al.(2022) {38 (1 'H £ °C NMR %5 4 FE A —
F, B %E & anhydrofusarubin,

& 5. 8 (B K , HR-ESI-MS: m/z 273.075 1
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[M+H (B8 (E 4 273.075 7,CH,,0,7) 454 “C
&5y Ak CH,0,, 2=10, 'H NMR (600 MHz,
CDCl,) 6 12.86(s,1H,0H-8),6.38(s, 1H,H-9),6.03
(s,1H,H-2),3.93(s,3H,3-0OCH,) ,2.54(s,3H,C-11),
2.38(s,3H,C-12) . "“C NMR (150 MHz, CDCL,) §
191.3(C-1),109.0(C-2),160.6(C-3),56.7(3-OCH,) ,
178.2(C-4),111.3(C-4a),147.1(C-5),138.5(C-6),
126.7(C-7),155.8(C-8),109.1(C-8a),101.7(C-9),
162.9(C-10),14.8(C-11),12.7(C-12), tkEW5YH
Kimura et al. (1988) 4 & ) "H A1 °C NMR % & J& A<
—3{, i %% 4 anhydrojavanicin.

G W 6: 15 ARy, [a] -61.8(c 0.10,
CHCL,) , HR-ESI-MS: m/z 247.096 7 [M+H]* ( B i
H M 247.096 4,C H,;0,") , &5 G “C#iE /r TN0
C,H,0,, 2=8. 'H NMR (400 MHz, Methanol-d,)
5 652(s,1H,H-9),540(dd,J=3.5,3.5 Hz, IH,
H-4),3.12(ddd, J=17.7,11.0, 7.0 Hz, 1H, H-2) ,
2.57(ddd, J=17.5,4.0,4.0 Hz, 1H,H-2) ,2.49 (s,
3H,H-11),2.27(m,2H,H-3),2.27(s,3H,H-12) ,
3C NMR (100 MHz, Methanol-d,) J 205.9 (C-1) ,
33.9(C-2),31.6(C-3),61.9(C-4),124.7(C-4a) ,
146.1 (C-5) , 139.0 (C-6) , 116.5 (C-7) , 156.7
(C-8),111.7(C-8a),103.2(C-9),162.8(C-10) , 14.4
(C-11),11.5(C-12) . L&Y 65 Xiao et al.(2018)
i 38 B 'H AT C NMR B SR — 30, i e
3-demethoxyfusarnaphthoquinone B,

&% 7. 1@k K, [a] 7-354 (c 0.10,
CHCI,) ,HR-ESI-MS :m/z 307.117 5 [M+H | (B (4
4y 307.117 6, C,H,,0," ) , &5 & CHi g TN
C,H,0,, 2=8. 'H NMR (400 MHz, Methanol-d,) §
6.67 (s, 1H,H-7) ,5.48(br s, 1H,H-4) ,4.17(dd, J=
9.1,5.5 Hz, 1H, H-12a) ,3.98 (s, 3H, 8-OCH,) , 3.87
(s,3H,6-OCH,),3.59(d,J=9.1 Hz, 1H,H-12b) ,2.94
(br d,J=5.4 Hz, 1H,H-2) , 2.81~2.68 (m, 2H, H-3,
H-9),2.67~2.53 (m, 1H, H-9) , 2.18 (s, 3H, H-11) ,
3C NMR (100 MHz, Methanol-d,) ¢ 200.0 (C-1) ,
57.4(C-2),44.5(C-3),76.0(C-4),133.2(C-4a) ,
137.2(C-5),157.9(C-6),56.7(6-OCH,) ,97.2(C-7),
155.5(C-8) , 56.5 (8-OCH,) , 111.8 (C-8a) , 44.9
(C-9),209.3(C-10),30.2(C-11),66.8(C-12) . L&
P17 5 Xiao et al.(2018) 54z 1& % "H F1 *C NMR i
FEAR— 5, % E M (28, 38, 4S) -8-dehydroxy-8-
methoxydihydronaphthalenone .

& 8: 1 kK, [a] 7-33.7 (¢ 0.10,
acetone) , HR-ESI-MS: m/z 293.101 9 [M+H |* (¥ it
{84 293.101 9,C,;H,,0,") , &5 & "C# & 4> F XU h

C,H,,O¢, 2=8. 'H NMR (400 MHz, DMSO-d,) ¢
11.68(s, 1H, OH-8),6.51 (s, 1H,H-7),5.75(s, 1H,
OH-5),5.25(s, 1H, H-4) , 4.14(dd, J=9.1, 5.5 Hz,
1H,H-12b),3.88(s,3H,6-OCH,),3.57(d,J=9.1 Hz,
1H,H-12a),2.95(br d,J/=5.3 Hz, 1H,H-2),2.58(dd,
J=16.3,5.2 Hz, 1H, H-3) , 2.72~2.62 (m, 2H, H-9) ,
2.13(s,3H,H-11), "“C NMR (100 MHz, DMSO-d,)
5204.1(C-1),53.4(C-2),43.8(C-3),74.0(C-4),129.7
(C-4a) , 134.8(C-5) , 156.2(C-6) , 56.3 (6-OCH,) ,
99.1(C-7),157.7(C-8) , 106.6 (C-8a) , 43.1(C-9) ,
206.8(C-10),30.0(C-11),65.5(C-12) ., k&85
Kornsakulkarn et al. (2011 ) 4§ i& % 'H F1 °C NMR ¢
PEIEA — 2, B4 %€ A dihydronaphthalenone.

& H9: K , HR-ESI-MS : m/z 341.102 5
[M-H ] (Fi&{E M 341.101 9,C,,H,,0, ) , 454 “CHi
A F ok C L HLO,, @=11, 'H NMR (600 MHz,
Methanol-d,) 6 7.59(d,J=15.8 Hz,2H,H-7,H-7") ,
7.17(br s,2H,H-2,H-2"),7.06(d,/=8.2 Hz,2H,H-6,
H-6'),6.81(d,J=8.1 Hz,2H,H-5,H-5"),6.31(d,
J=15.8 Hz,2H, H-8,H-8") , 3.89 (s, 6H, 3-OCH,,
3'-OCH,), "“C NMR(150 MHz, Methanol-d,) § 127.8
(C-1), 111.6 (C-2) , 149.3 (C-3) , 56.4 (3-OCH,) ,
150.4(C-4),116.4(C-5),124.0(C-6) , 146.8(C-7) ,
116.0(C-8),171.1(C-9),128.3(C-1'),114.7(C-2"),
148.3(C-3") , 56.3 (3'-OCH,) , 149.1 (C-4") , 115.6
(C-5'),126.3(C-6"),143.8(C-7"),117.7(C-8') . 1k
4419 5 Liu et al.(2022) iz /Y 'H F1 °C NMR %4l
HEAR 3, B2 %€ N nepetoidin Fo

A 10: A 8K, HR-ESI-MS :m/z 191.070 0
[M+H]"(BEi&{E 4 191.070 3,C,H,,0,") , 454 C #f
4y F Rk C H,,05, 2=7. 'H NMR (400 MHz,
Methanol-d,) ¢ 6.63 (s,2H, H-5,H-7),6.00(s, 1H,
H-2),2.71(s,3H,H-10),2.32(s,3H,H-11), “C NMR
(100 MHz, Methanol-d,) 6 166.6(C-1),111.4(C-2),
182.1(C-3),143.6(C-4),118.0(C-5),161.4(C-6) ,
101.7(C-7),163.1(C-8),115.5(C-9),23.1(C-10) ,
19.8(C-11). L&Y 10 5 R Z R4 (2000) B 'H
F1PC NMR Bl A — 3, #4808 o 7-hydroxy-2,, 5-
dimethyl-4H-1-benzopyran-4-one .,

a4 11 K , HR-ESI-MS : m/z 209.080 0
[M-+H " (B 1E 24 209.080 8,C, H,,0,") , 454 “CHf
Er TN C H,0,, 2=6. 'H NMR (600 MHz,
Methanol-d,) 6 7.61(d,J=15.9 Hz, 1H,H-7),7.18(d,
J=2.0 Hz, 1H, H-2) , 7.07 (dd, J=8.2, 2.0 Hz, 1H,
H-6),6.81(d,J/=8.2 Hz, 1H,H-5),6.36(d,J=15.9 Hz,
1H,H-8),3.89(s,3H,9-OCH,),3.76(s,3H,3-OCH,) .,
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3C NMR (150 MHz, Methanol-d,) § 127.7 (C-1) ,
111.6(C-2),150.6(C-3),56.4(3-OCH,), 149.4(C-4),
116.5(C-5),124.1(C-6) , 146.9(C-7) , 115.2(C-8) ,
169.8(C-9),52.0(9-OCH,) . k&% 11 5B/ %
(2021)4R 1A B4 "H F1°C NMR $di 54— 35, i % 8
Sy Bl BRI H R

a4 12: 8K  HR-ESI-MS :m/z 189.052 1
[M+Na]*(Fi&{8 4 189.052 2,C,H,,O,Na") , 454 1°C
1 & 2 1 3~ CH,,0;, 2=5. 'H NMR (600 MHz,
Methanol-d,) 6 7.07(d,J=8.5 Hz,2H,H-2,H-6),6.72
(d,J=8.6 Hz,2H,H-3,H-5),3.66(s, 3H, 8-OCH,) ,
3.52(s,2H,H-7), "“C NMR(150 MHz, Methanol-d,)
5126.3(C-1),131.3(C-2),116.3(C-3),157.5(C-4),
116.3(C-5),131.3(C-6),40.9(C-7),174.6(C-8) ,52.4
(8-OCH,) . L& W12 5 5264 (2022) HiR i /Y'H
F1C NMR A HA—3, B AR LR T

AP 13 Ak K , HR-ESI-MS:m/z 121.027 5
[M-H] (B {H K 121.029 0, C,H,0, ) , 454 “C i
E 4y XN CH0,, 2=5, 'H NMR (400 MHz,
Methanol-d,) 6 9.76(s, 1H,H-7),7.77(d,J=8.6 Hz,
2H, H-2, H-6) , 6.92 (d, J=8.6 Hz, 2H, H-3, H-5)
3C NMR (100 MHz, Methanol-d,) ¢ 130.3 (C-1) ,
133.5(C-2),116.9(C-3),165.2(C-4),116.9(C-5) ,
133.5(C-6) ,192.9(C-7) . tb& ¥ 13 5 i 5 R4
(2024) #Z 3B 1Y "H F1 °C NMR $d A — 3, i %
SRy R FE R i

A 14 HOF K , HR-ESI-MS :m/z 137.059 4
[M+H]* (B8 137.059 7, C,H,0,") , 454 "C i E
4y F & M CH0,, 2=5, 'H NMR (600 MHz,
Methanol-d,) ¢ 7.88 (d, J=8.8 Hz, 2H, H-2, H-6) ,
6.84(d,J=8.8 Hz,2H,H-3,H-5),2.52(s,3H,H-8) ,
3C NMR (150 MHz, Methanol-d,) ¢ 130.2 (C-1) ,
132.1(C-2),116.2(C-3),163.9(C-4) ,116.2(C-5) ,
132.1(C-6),199.5(C-7),26.3(C-8). k5145
JE B R4 (2024) %58 (19 H A C NMR Bods R A —
B, B R N R 2T

b & ¥ 15: ¥ 590k 4, HR-ESI-MS: m/z
167.069 9 [M+H]" (Fi{EH M 167.070 2,C,H,,0,") , 45
A BCHES TR CH,,05,92=5, '"HNMR(600 MHz,
Methanol-d,) 6 7.57 (dd, J=8.2, 1.9 Hz, 1H, H-6) ,
7.53 (d, J=2.0 Hz, 1H, H-2) , 6.86 (d, J=8.2 Hz,
1H,H-5),3.90(s, 3H, 3-OCH,) , 2.54(s, 3H, H-8) ,
3C NMR (150 MHz, Methanol-d,) § 130.5 (C-1) ,
111.8(C-2),149.0(C-3),56.3(3-OCH,), 153.5(C-4),
115.8(C-5),125.2(C-6) ,199.5(C-7) ,26.2(C-8)
1bE9 15 5 BEit 45 (2009) 17 18 () H ATPC NMR %4

P FEA B, MU A B L

& & W 16: ¥ 4 3 R ), HR-ESI-MS: m/z
181.085 5 [M+H | (# i {H 4 181.086 5,C,,H,;0,") ,
g5 4 °C # % 4y 7 X8 CH,,0,, 2=5. 'H NMR
(600 MHz, Methanol-d,) ¢ 7.66 (dd, J=8.4, 2.0 Hz,
1H,H-6),7.51(d,J=2.1 Hz,1H,H-2),7.02(d,J=8.4 Hz,
1H,H-5),3.90(s,3H,3-OCH,),3.87(s,3H,4-OCH,) ,
2.55(s,3H, H-8).""C NMR (150 MHz, Methanol-d,)
0131.4(C-1),111.5(C-2),150.4(C-3),56.4(3-OCH,) ,
155.2(C-4),56.5(4-OCH,), 111.6(C-5),124.9(C-6),
199.5(C-7) ,26.3(C-8) . L& 16 523 & %
(2022)#R 3B By 'H F1 °C NMR SR A — 35, s
3, 4-— ALK L
2.3 HMEFEEKRNSER

WAL T o B AE & W XS, aureus ATCC
29213 . methicillin-resistant S. aureus NCTC 10442 .
i 85 2 0T 1 (Bacillus subtilis ATCC 6633 ) Fl 4 4
1% 5B 18 ( Pseudomonas aeruginosa ATCC 9027) Y
G AU LAY 6 X MRSA FII S. aureus 3% 31
0 AR 55 B B TR T, SR /NI R VR B (MIC) ¥R
100 pg/mL ( BH 2 77 7 85 2 % MRSA | S. aureus 11
MIC ¥4 0.78 ng/mL) . HAx 1k AP0t B i s J5t 0
) MIC ¥ 755 F 200 pg/mL.

3 45 i

AT M FE solani PGS19 [ 2.1k 2. 15 #< BUEB
M BB 16 MBS Y, Hrb 1~8 R &
V1,9 11 R IE R AT AW, 10 o8 6 R R 251k &
Y, 12~16 M R 05 HHRALE W, R UGIESE T %
BRTE A 5 B AL A 5 T A 3 KW Ty . (EARTE
B LAY 9 BL T HGE T AR (A
2 ) AR ST B O AE B AR B 0 BE T X
AR A A R IE, 8 T k) EEE A
WO, SRR AR B S T B AR 2 R AR i =
W1 8 (R 2R A K - SR R B R T R R .

AT T PRI & B, AUA AW 6 X
MRSA I S. aureus 5% ¥ H 1055 1) 506 35 24 , H: MIC
B 4 100 pg/mL; 1k & % 3 F1 5 Al #E LPS if5 5 1Y
RAW264.7 i i #5574 b 3¢ B HE 551 o AR 1 i B R 7
M, HACHE B T BH X I8 0] Bk SE 57 (Liu et al.,
2020) . fbA W 4 X7 N I K-562 4 il 3¢ 30
R AF A gE A S VE T, FLIC, 4 3.97 pg/mL(Khan et
al.,2016) . fb&4 8 KRB H EEHT HIV i ¥, H 1C,,
4 11.6 ng/mL(Yang et al.,2013) . %5 [ rik, J5 4%
5% K 05 e 2L B W BT & BT R S TR
B SR W TR R O , LAY & B LT AR 25 (AL R



55 XX ] AR, e AT PGS19 35 A G ) ST 7
S FIEESS T
S WK
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