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SERNYE EE Aspergillus sp. FH-2 1 1 M T HBREER L EY)

I &, ¥

fk, ZI6%, RW4E, KTIM, FEF, KER, T B, Rk, # &
74 R 2 KA 2 2

Bevig KA AR SN ESPIRE, By B 712046

W E. BW WRYE Valeriana officinalis WEETH Aspergillus sp. FH-2 JCK & R R ZE PR EEH IRAERW . 73k
RFAEERZAN ODS A il UK i s UM (i S5 7 VA AT 70 B alifl, IR 5 BRI ML IR (NMR) Z04h (IR). J7
HE (MS) PG A BARGAT SR R B 228 K SRIENE T FrE L SRR B Colletotrichum gloeosporioides
M EEEE. $5R M Aspergillus sp. FH-2 BFRINEEER ZERIRBGHA - B1F 5] 8 MLEY, # 7% %A 3-methoxy-4'-
hydroxyphenyl-5-[4"-hydroxy-3"-(9""-hydroxy-3"-methylbutyl)benzyl]-2-oxo0-2,5-dihydrofuran-5-carboxylate (1). HEHEZE=1 A
(2). K#EZE (3). 7-hydroxy-3-(2-hydroxypropyl)-5-methyl-isochromen-1-one (4). 2,5-dimethyl-7-hydroxychromone (5). 2,4-
dihydroxy-3-methylacetophenone (6). 2,4-dihydroxy-5-methylacetophenone (7) Fl 4-acetyl-resorcinol (8). H:H', (L& 1.

2. 4. 7 SRR 7 B $0 15 FH A 2506 204 . (half-maximal effective concentration, ECso) {7354 85.14. 66.18. 81.45.
74.68 pg/mL. £51%  WEW 1 AEWEY, w4 3-HERE-E T MBS B (3-methoxy-aspernolide B). HUILE I MM 5T
KW, WEW 1. 20 4 17 XA TR IES B 28 I SR 2502R

KA WL, Aspergillus sp. FH-2; 4y @4ifh, 5%, 3-HEE-E TN B;, HERW
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A new butenolide from endophytic fungus Aspergillus sp. FH-2 of Valeriana
officinalis
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Abstract: Objective To investigate antifungal secondary metabolites produced by the endophytic fungus Aspergillus sp. FH-2,
isolated from Xiecao (Valeriana officinalis) and cultured on a high-salt rice medium. Methods Compounds were isolated and purified
using silica gel and ODS column chromatography, semi-preparative HPLC, and related techniques. Their structures were elucidated
through analysis of physicochemical properties and spectroscopic data, including nuclear magnetic resonance (NMR), infrared (IR),
and mass spectrometry (MS). The antifungal activities of all compounds against Colletotrichum gloeosporioides, a papaya anthrax
pathogen, were determined by the mycelial growth rate method. Results A total of eight compounds were obtained from the ethyl
acetate extract of the Aspergillus sp. FH-2 strain. They were identified as 3-methoxy-4'-hydroxyphenyl-5-[4"'-hydroxy-3"'-(9"'-
hydroxy-3""-methylbutyl)benzyl]-2-ox0-2,5-dihydrofuran-5-carboxylate (1), penicillocitrin A (2), emodin (3), 7-hydroxy-3-(2-
hydroxypropyl)-5-methylisochromen-1-one (4), 2,5-dimethyl-7-hydroxychromone (5), 2,4-dihydroxy-3-methylacetophenone (6), 2,4-
dihydroxy-5-methylacetophenone (7), and 4-acetyl-resorcinol (8). Compounds 1, 2, 4 and 7 for the inhibitory effect on C.
gloeosporioides exhibited the half-maximal effective concentration (ECso) values of 85.14, 66.18, 81.45 and 74.68 pg/mL, respectively.
Conclusion Compound 1 is a new compound designated 3-methoxy-aspernolide B. Compounds 1, 2, 4 and 7 demonstrated moderate

antifungal activity against C. gloeosporioides.
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R a5 kP4, fEX—H 5N, MYNAEE
B R HMURR IR AR S T T 2 3 02 o0y, AR ™4
FIRIETE, R 2 G R A2 A I O AEARE 1, T2
RIRRERTE Y 5L 1) B E T )l (AT R,
XL YA A P e I HE 3 AR e, DU HAE
U RIS, A HAELMR Fax a5 LA &
B 24 N D7 TS 1T R R -8

VEN KIS PE R B FU — 010,
AHIF ST — R e 7 28 0 DK F L SRR VR PR 40 B N A
Aspergillus sp. FH-2 " B R AARE = 13k 4 T
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WHFE. MIZBE R OOK & B B TR R B R £ B
BRI 8 IMEEH, 4377 %5 7€ N 3-methoxy-4'-hydroxy-
phenyl-5-[4"-hydroxy-3"'-(9"-hydroxy-3''-methylbutyl)
benzyl]-2-0x0-2,5-dihydrofuran-5-carboxylate (1) 1%
8 — M A (penicillocitrin A, 2). K# 2 (emodin,
3). 7-hydroxy-3-(2-hydroxypropyl)-5-methyl-isochromen-
l-one (4). 2,5-dimethyl-7-hydroxychromone (5).

C6). 24-
dihydroxy-5-methylacetophenone (7 ) Hl 4-acetyl-
resorcinol (8), WL 1. Hr, 1b&EW 1 NELE
Y, firda o 3-HESE-#h 5 T AN B. PLE R SRISS
FEIR, B 2 4 F1 7 RILH R SEMHIRCR,

AP RRE (half-maximal effective concentration,
ECso) 1H4>51 85.14. 66.18. 81.45. 74.68 ug/mL.

2,4-dihydroxy-3-methylacetophenone
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Fig.1 Chemical structure of compounds 1—8

1 {EEHH

LC-6AD B4 -l 2 VRUAH i A ( H AR By A A,
SPD-20A BUEAMAT WOGAT IS ), AVANCE B
HLPRP G (P& Burker A 7)), Triple TOF™ 5600*
Ay HER R B A (2 E AB SCIEX A #]),
IR Afinity-1 % B 284 2 AN CH A A
FDD s RAM AT CHEMIBE AR HIE R A D,
7 — i 4% (JL[E Applied PhotoPhysics A ] ),
Welch Ultimate XB-Cis il % 515 #% (250 mm X 10
mm, 5um), FEEHHTAC CRIRACRYIEE A E
AIRAFD, RVIO etz kA (HEE IKA A 7D,
B TAES (IRt D, M HER
(200~300 H, F &0 TAHRARD, Mk HEE

(REETRFE A AFA R A A, rHEE,. =
AR TR LB COREETT R Il AE R A F)D,
ARICRIEAT B (R4 AR B B 7T D,
Z W R (Carbendazim) W H Bkt 5 R A AV R
HIRAR . W KoK, L5 (HIHWE), En
R Al K .
2 Bk
2.1 EHRKRIR

Aspergillus sp. FH-2 2 M BRI ZR U4 K 1L 455
B Ry B 1R B, ARk R 2K EAREIR
U8 AR R B V. officinalis L. IR
25, XTH M Aspergillus sp. FH-2 #E4T DNA $2HL, i
it PCR ¥ 3 B AL MR ITS ZEF X B, By Fd
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% (GenBank 5: KF367546.1) 5 NCBI W k[
GenBank H#f 2 1 AP I HEAT EEXT, 2858 1 7 H:
N Aspergillus sp.. SLERTER T B P4 22 24 K 22 2% B
KA SN HE RS
22 EFLEE

¥ Aspergillus sp. FH-2 00T 0 PDA [ 44
BRI . FPHERRRETEG, HEREREA 500
mL PDB WA FR AL 3 TR . K5I E TE
EFEAR T (28 C. 165 /min) RFHEIFE2d, 15
Rl BUZAP T 10 mL, R0 Rk B 973 Ok
K100 g/iffi~ 7K 115 mLAff 2% 6.5%) 1)1 L&
FeH, T 25 CHRAFTRFERTR 30 do BRI
B 7R R AR ARA 50 Lo
23 REERSESE

RGN G, MEEFEMEMA 250 mL B2
LSRG, B TR _LLL 165 t/min JR1E, JRIEHR
HY 8 ho JEWERIR IR, & FEIATR LR AHFF 2%
WAL EE, RIGETR CFRE 35 go FHBAIR L
FrAFERATE Aoy 5, R A e-HEE (80 : 1-
121 SATEREESENL, 193] 6 N4 F.1~F6. F2
(9.5g) & ODS ik 4By, KM HEE-/K (20 : 80-
100 : 0) FATEREEGEL, 1532 5 M5 F2-1~F2-
5. F2-2 (0.5g) &l il (FHEE-/K 35 ¢
65, ABUFE 2 mL/min) 3 EERLEY 6 (k=
9.5min, 8.5mg). 7 (fk=13.5min, 11.0mg) F18
(rR=22.5min, 7.5 mg). F2-3 (1.1 g) &}
FHERE (FEE-ZK 55 145, AFURE 2 mL/min) 4}
BAEALAY 2 (k=160 min, 15.0mg) A3 (r=
24.5min, 10.5mg). F2-4 (1.2g) &R
i (HEE-K 60 40, FAFIE 2 mL/min) 7 B543
FMLAEY 1 (k=22.5min, 14.5mg). F2-5 (0.5g)
ZepHf AR Rl (HEE-/K 65 135, MRFRTiE 2
mL/min) 7> E53 2L EY) 4 (,R=27.5 min, 16.5mg)
5 (R=34.0 min, 9.2 mg).
24 EFHFECDITE

&1 BN 244 2= KA SYBYL X 2.1.1
FEF5e i, 1l MMFF94s 431 713%, HWEET
2R /ME 10 keal/mol FIRERRIMIE, LB H] 12
NI R B )G 7F Gaussian 09 B AF 57, 5% B3LYP/6-
3HG(A) IR /KFRAT R AL, 152] 7 MaE
Fo EFREFIAE T, FFEE B3LYP/6-31+G(d)
HIRKP B, SRS RS E M RIEAT TiE— 2
T 41 (electronic circular dichroism, ECD) it

Ao BRSNS AR BECD 1 kAT
BCEINFIERT, BG5S 5043 ECD %
AT ELAR . BT B ECD 1 338 13k SpecDis 1.70.1
AR R0,
2.5 IMERIEMSLR

K 22 A KRR E, 75 100, 50, 25,
12.5. 6.25 pg/mL JFIsmIRERLEE T, WEPHN Tk
EWIRIARTRIEIR # Colletotrichum gloeosporioides
MIPTEEETE . RA 3 APt KARRK
FE W B TR R 2 H, [Fi LLG 7K PDA
B R ESP AR A RS AR . AT ILA R
224, FEPhT PDA B5FRESFAR g 75 28 ClEIESS
7:3dJ5, IZHR (Carbendazim) NFHMEXSE, X
FA-H728 SR D 58 T 76 BAR RS 22 A K%
DAZGFRIR FERTEON AR, B 22 AR KA 2 AL bR
BT RS, THEA AR R R B AR TR ECsolls

B 22 A K ) R = On B 9 LR — AL B R
) TRV BLAR — R AR
3 %
3.1 SZHEE

WA 1: IRIEEHEIR, [o]f +58.9 (c 0.10,
MeOH); UV ATM (nm): 197 (2.62), 307 (3.42);
IR vier (ecm™): 3 323, 1 737, 1 608, 1 259; HR-ESI-
MS %5 H BIHE 7> T3 716 m/z: 455.170 7 [M—H] (it
HAE 455.170 6), 454 1D NMR i & ifi & Ho o 72
N CasH280s, ANVLANEE A 12, 124 13C-NMR A2 DEPT
WEEE B E T (254 C: 44 CHsy 34~ CHa.
7/ CH. 114 C). NMR # B E/RIEAE 1 ANXr
BTG E (AB 1A R) [6n 7.59 (2H, d, J = 8.8 Hz, H-
2',6'); 6.85(2H, d,J=8.8 Hz, H-3',5"); dc 130.3 (CH,
C-2,6'),116.6 (CH, C-3',5'), 123.5 (C, C-1") #l159.2
(C, C-4N], 1N ABX ARSI [0n6.48 (1H, d, J =
8.2 Hz, H-5""), 6.52 (1H, dd, J = 8.2, 2.0 Hz, H-6""),
6.41 (1H, d, J = 2.0 Hz, H-2"); dc 125.2 (C, C-1"),
132.9 (CH, C-2""), 129.4 (C, C-3"), 155.3 (C, C-4"),
115.2 (CH, C-5"), 129.7 (CH, C-6'")]« 2 ML [dc
170.7 (C, C-2), 171.7 (C, C-D)]+ 1 MBIt B
ANEFANEEFR [oc 170.7 (C, C-2), 140.3 (C, C-3),
128.7(C,C-4),86.9 (C,C-5)] I3 NMEHIEEFES [ou
3.38 (1H, d, J = 14.5 Hz, H-6a), 3.47 (1H, d, J= 14.5
Hz, H-6b),1.52 (1H, m, H-7"")A1 2.29 (1H, ddd, J =
13.5, 12.0, 5.2 Hz, H-8"a), 2.45 (1H, ddd, J = 13.5,
12.0, 5.2 Hz, H-8''b); 0c39.5 (CHa, C-6). 25.2 (CHa,
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C-7") H140.0 (CHz, C-8")]. R4 LA L g FI {5 B35
& 1 5 25L& aspernolide B A 9 AHAL,
SR ENT REAFAEARRI S5 0 B, (a1 5
aspernolide B AHLL RGN 7 1 NHIEES ou 3.18
(3H, s, H-9), 6c 49.4 (C-9).

2 3HT 2D NMR %4, HSQC BL&i 1
) NMR $#a 2 TIRJE (K 1). 'H-'H-COSY i
(B 2) HAfeqe 3 M iRAHIERMH R R H-

2'(6")/H-3'(5")~ H-5"/H-6"#1 H-7""/H-8" . HMBC 1%
1 H-6/C-4. C-5. C-7. C-6"; H-7"/C-3". C-4"}% C-
9", H-8"/C-3". C-9”; H-11"/C-8". C-9". C-10"; H-
9/C-3; H-8/C-7; H-2'/C-4; H-3'/C-1'. C-5' &% H-5"/C-
1", C-3"[FRBEAH R KR, HiE &Y 1 H-FInss
¥ (B 2), i@t & P2 ECD 1HEiE C-5 M4t
9By 5R (B 3). % SciFinder #6728 AK WARE,
EHNHAL AW, fr R 3-H A S Ih 8 T 1 NS Bo

#z1 L& 1 H 'H-F0 BC-NMR #%#3#E (400/100 MHz, CD30OD)
Table 1 'H- and 3C NMR nuclear magnetic resonance data of compound 1 (400/100 MHz, CD30D)

DA OH dc, type [i3bs OH dc, type

2 170.7,C 1" 125.2,C

3 140.3,C 2" 6.41 (d, J = 2.0 Hz) 132.9, CH
4 128.7,C 3" 1294, C

5 86.9,C 4" 155.3,C

6 3.38 (d, J =14.5 Hz) 39.5, CH2 5" 6.48 (d, J =8.2 Hz) 115.2, CH

3.47 (d, J = 14.5 Hz)

7 171.7,C 6" 6.52 (dd, J = 8.2, 2.0 Hz) 129.7, CH
8 3.79 (s) 53.8, CHs 7" 1.52 (m) 25.2, CH,
9 3.18 (s) 49.4, CHs 8" 2.45 (ddd, J =135, 12.0, 5.2 Hz) 40.0, CH2
1 1235,C 2.29 (ddd, J =135, 12.0, 5.2 Hz)

2'6’ 7.59 (d, J=8.8 Hz) 130.3,CH 9" 76.3,C
35  6.85(d,J=8.8Hz) 116.6, CH 10" 1.16 (s) 25.6, CHs
4 159.2, C 11" 117 (s) 25.6, CHa

2 AW 1 NEMMEE 'H-'H-COSY(=). X% HMBC (—) H*XREE
Fig.2 Structure of compound 1 and main 'H-'H-COSY (=) and key HMBC (—) correlations

401 —— Exp. ECD of 1

- =+ Cal. ECD of (5R)-1
,,,,, Cal. ECD of (55)-1

200 300 400
A/nm

3 WA 1 MSSIRITE ECD 4
Fig.3 Experimental and calculated ECD spectra of
compound 1

& 2. WEOH AR, HR-ESI-MS %45 k5
TB T m/z: 299.056 2 [M—H] (11451 299.0556) ,
454 1D NMR 5 73 73200 CieH1206. H-NMR
(400 MHz, CD30D) ¢: 6.23 (1H, s, H-3), 6.31 (1H, d,
J = 2.0 Hz, H-6), 6.28 (1H, d, J = 2.0 Hz, H-8), 6.34
(1H, d, J = 2.5 Hz, H-9), 6.22 (1H, d, J = 2.5 Hz, H-
14), 2.23 (3H, s, 15-CHs); 3C-NMR (100 MHz,
CD30D) 6: 165.6 (C-2), 112.2 (C-3), 182.5 (C-4),
112.1 (C-4a), 139.3 (C-5), 109.8 (C-6), 160.7 (C-7),
101.2 (C-8), 157.2 (C-8a), 105.2 (C-9), 94.8 (C-10),
160.1 (C-11), 161.9 (C-12), 165.2 (C-13), 99.5 (C-14),
20.4 (C-15). LA F#UE 5 SCoRRE A —S02, #)
e a2 IEEEEH =8 A.

&Y 3: I F K, HR-ESI-MS 25 itk 7
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BT m/z: 269.046 3 [M—H]™ G548 269.045 0),

454 1D NMR #fiE H5r 1208 CisH100s. 'H-NMR
(400 MHz, CD;0D) ¢: 7.15 (1H, s, H-2), 7.49 (1H, s, H-
4),7.15 (1H, d, J = 2.0 Hz, H-5), 6.66 (1H, d, J = 2.5 Hz,
H-7), 232 (3H, s, 11-CH3); C-NMR (100 MHz,
CD3;0D) §: 161.6 (C-1), 113.4 (C-2), 147.5 (C-3), 120.1
(C-4), 132.1 (C-4a), 108.3 (C-5), 165.8 (C-6), 107.7 (C-
7),164.2 (C-8), 107.9 (C-8a), 189.2 (C-9), 112.5 (C-9a),
180.8 (C-10), 134.1 (C-10a), 21.2 (C-11). LI E¥E S
SCRRARIE FE A — S, MRt A 3 NRE R

&Y 4. AEEAE, (o] +23.5 (¢ 0.10,
MeOH), HR-ESI-MS % H #5757 mi/z:
233.081 0 [M—H]™ (it%i{4 233.081 4) , 4% 1D
NMR i & H 4 F 208 CisH1404. 'H-NMR (400
MHz, CDs;0D) ¢: 5.89 (1H, s, H-4a), 6.61 (1H, d, J =
2.0 Hz, H-6), 6.63 (1H, d, J = 2.0 Hz, H-8), 2.59 (1H,
dd, J = 14.0, 7.0 Hz, H-9a), 2.60 (1H, dd, J = 14.0, 5.0
Hz, H-9b), 4.09 (1H, m, H-10), 1.19 (3H, d, J = 6.5 Hz,
11-CHa), 2.49 (3H, s, 12-CHg); *C-NMR (100 MHz,
CD30D) &: 177.6 (C-1), 164.5 (C-3), 111.4 (C-4),
114.1 (C-4a), 141.3 (C-5), 116.8 (C-6), 160.7 (C-7),
99.9 (C-8), 158.9 (C-8a), 42.2 (C-9), 64.8 (C-10),
23.5 (C-11), 20.2 (C-12). LA -¥¥E 5 CkkiE 3t
R—04, W ENEY) 4 9 7-hydroxy-3-(2-
hydroxypropyl)- 5-methyl-isochromen-1-one.

&Y 5. REAREE, [a]f +58.9 (¢ 0.10,
MeOH), HR-ESI-MS & H I #E 7 T & 7 0§ m/z:
198.054 9 [M—H]™ (115K 198.055 2) , 454 1D
NMR i & H 5 738 CuH10s. H-NMR (400
MHz, CD30D) §: 6.35 (1H, s, H-5), 6.37 (1H, s, H-7),
2.30 (3H, s, 10-CH3), 2.49 (3H, s, 11-CH3); 13C-NMR
(100 MHz, CD30D) ¢: 182.6 (C-1), 116.2 (C-2), 164.5
(C-3), 161.1 (C-4), 98.3 (C-5), 163.8 (C-6), 114.5 (C-
7), 142.9 (C-8), 115.2 (C-9), 19.7 (C-10), 22.9 (C-11).
DA b Hd 5 SRR B AR — S, Wi e S 5
°AJ 2,5-dimethyl-7-hydroxychromone.

&Y 6: I AEM, HR-ESI-MS 45 Hi#E5
TB T m/z: 165.054 9 [M—H] (iH511H 165.0552) ,
454 1D NMR i€ 2531309 CoH100z. H-NMR
(400 MHz, CD30D) ¢: 6.11 (1H, d, J = 8.0 Hz, H-5),
7.62 (1H, d, J = 8.0 Hz, H-6), 2.60 (3H, s, 8-CH3), 2.19
(3H, s, 9-CH3); 3C-NMR (100 MHz, CD;0D) ¢: 114.6
(C-1), 164.2 (C-2), 111.5 (C-3), 164.1 (C-4), 108.3 (C-

5), 129.8 (C-6), 201.7 (C-7), 26.9 (C-8), 8.2 (C-9). LA
R EAR S SRR TE HE AR08, e S 6
2,4-dihydroxy-3-methylacetophenone.

WEM 7. WA, HR-ESI-MS 245 HifE 7
TB T m/z: 165.055 0 [M—H] (P51 165.0552) ,
454 1D NMR #fi € H 701309 CoH100z. H-NMR
(400 MHz, CD30D) 4: 7.72 (1H, s, H-2), 6.41 (1H, s,
H-5), 2.59 (3H, s, 8-CHgs), 2.18 (3H, s, 8-CHa); 3C-
NMR (100 MHz, CD3;0D) §: 134.6 (C-1), 112.2 (C-2),
116.7 (C-3), 164.2 (C-4), 102.2 (C-5), 164.0 (C-6),
201.6 (C-7), 26.8 (C-8), 14.2 (C-9). LA %#5 153k
T HE A — O, W e A 7 N 2,4-dihydroxy-
5-methylacetophenone.

& 8: E R, HR-ESI-MS 45 Hi#ES)>
TB T m/z: 151.038 2 [M—H] (1418 151.0395) ,
454 1D NMR #7010y CeHgOz. H-NMR
(400 MHz, CD30D) 6: 6.42 (1H, d, J = 2.5 Hz, H-3),
6.53 (1H, dd, J = 8.5, 2.5 Hz, H-5), 7.81 (1H, d, J = 8.5
Hz, H-6), 2.61 (3H, s, 8-CH3); C-NMR (100 MHz,
CD30D) 6: 114.6 (C-1), 164.3 (C-2), 104.1 (C-3),
164.3 (C-4), 108.5 (C-5), 134.8 (C-6), 201.9 (C-7), 26.8
(C-8). LA 2# 5 ST i Fe A — 08T, eife s Ak
&) 8 A 4-acetyl-resorcinol
32 MEREM

XHEEY) 1~8 HATHREIE . 258 %
B, b e 1. 20 4 R 7 SEARIURIEAT B B A 25
R, ECso 058 (85.1440.75). (66.18+
0.15). (81.45+0.45). (74.68+0.53) ng/mL. L&
W) 3. 5. 6 Al 8 XA AR IEAT B AR I H HIHIE 1 -
4 g

AT TN L N AL BB Aspergillus sp. FH-2 7E
KK 57 R 85 7 2 v e AR BB 3R B TR R AR AR
YIHATIFC o GBI B PR EE IR BRI BGH AL R4t
[y B aift, rEsE T 8 MUEY), HAEY
1 8 TGN BRI G, dn e 3-H AL T
Wl B 7EVEM AT B AL S PLE RvE E H, ASAT
iR FH TR 22 4 K 2832 8 A TR R JELAT B R ) v
Mo GRER, A1, 2. 4 F17 I P
R, H ECso 1873 9(85.14+0.75).(66.18 +0.15)
(81.45+0.45), (74.68+0.53) pg/mL.

RARTWANBE ) CRIETHEY) . Y B0
HAAMED, ML S wE AR, XT3
Bi. NERAR RGFEWEUN, AR TRl
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KRN, BANE G FEOR A LB, WA
BOEZEHTAVERI A S HAT, R CRGIE
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