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A new chlorinated butenolide from endophytic fungus
Aspergillus sp. FH-1 of Valeriana officinalis
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[ Abstract] This study aims to investigate the antifungal secondary metabolites produced by the endophytic fungus Aspergillus sp.
FH-1 isolated from Valeriana officinalis via a high-salt rice medium. Compounds were isolated and purified by silica gel and ODS
column chromatography, semi-preparative HPLC, and other techniques. The chemical structures were elucidated through analysis of
physicochemical properties and spectroscopic data of nuclear magnetic resonance (NMR), infrared (IR), and mass spectrometry
(MS). The inhibitory effects of all the compounds against Colletotrichum gloeosporioides were evaluated via the mycelial growth rate
method. Eight compounds were obtained from the ethyl acetate extract of Aspergillus sp. FH-1. They were identified as asperchoried A
(1), butyrolactone II (2), isobutyrolactone II (3), aspernolide A (4), butyrolactone V (5), clavatone (6), 1-hydroxy-6,8-
dimethoxy-3-methylanthracene-9, 10-dione (7), and (S)-7-methoxy-2, 5-dimethyl-2, 3-dihydrobenzofuran-6-ol (8). Among them,
compound 1 is a novel chlorinated butanolide derivative and was designated asperchoried A. Compounds 1, 2, 6, and 7 possessed
inhibitory effects on C. gloeosporioides, with EC, values of 15. 08, 77.19, 89. 94, and 62. 02 wg-mL™", respectively.
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Fig. 1 Structure of compounds 1-8

1 M

LC-6AD AUl 25 WA G A ( H A B A ]
SPD-20A £LAM-1] WA ZE ) ; AVANCE 74 f 4t
PRI AL (75 Burker A H]) 5 Triple TOF™ 5600 5
Iy HRBUTERE FHAN (S5 AB SCIEX 23 #]) 5 B — (fii
1L (F=[E Applied PhotoPhysics 23] ) ; Welch Ultimate
XB-C,q il & 3% (10 mmx250 mm, 5 pm) ; JiE
A (A B A AR A FRA F]) s RVIO
e 78 KA (FEE KA 23 F]) B TAES (RN
TR ) s FE a3 Ak S (200 ~ 300 H 35 557
W TARA T 5 3% P (R E TR R 27 1R
ARRAF]) B mE @ be . SR CBR (RHEETT
RIMAAFRNABRA ) s ARSI (] RAE
AV BF A BER BT ) 5 L Ok L5 (il
SIS EERA S Alg oK (BN A IS SR TR D)

ifE A B Aspergillus sp. FH-1 Hyr B kA
WA TIESE . NIZBERRROK = R IR L1 R
LERFAL 7 515 3 8 MMEE W, 433k aspercho-
ried A (1), butyrolactone II (2) .isobutyrolactone II
(3) .aspernolide A (4) | butyrolactone V (5) | clava-
tone (6) \1-F23E-6, 8- Hl S Hk-3-F JL -9, 10- i
(7) (S)-7-H4EF-2, 5- " H 32 3- T F AR IF k-
6-f(8) (K 1), Kb k& 1 AR E AN
TIRNBREFL G . DU AR BN 18 5250 45 R
Bos G 1R ERTE TR 2 R 3.3 4,
HEC,, }15.08 wg-mL™"' k&9 2.6.7 LRI
T AR BOR, EC, 4351 77.19,89. 94
62.02 pg-mL™",

2 Uik

2.1 HEMKRIR  Aspergillus sp. FH-1 2 MBEPGZ 14
K L3R 244 S G AR 25 b o B A 2 i 2 1 22k
VG R R 285 R 5 T A A S D W o e A )
¥ Valeriana officinalis 1. FIARZE . XTRIME Aspergillus
sp. FH-1 #F17 DNA $2H¢, i if PCR &34 FC R A% B
& ITSs X B, ¥ 9 )7 45 B (GenBank 7.
KU504316. 1) 5 NCBI ™35 i) GenBank ¥t h E
FIF VAT EEXT , S8 58 FIWT LA Aspergillus sp. , BLAR
BT B PY v B 24 R 24 2 g oK L 2 RIS S I
=,

2.2 HEFREWE W Aspergillus sp. FH-1 #%F0 TG
i PDB [R5 SR B R0, 1o AP SR 7% ), e 4
ZAA 500 mL PDB MRS FR B n B g0 b 5
FRRE TR PR IR F (28 °C,165 1 min” VIR R
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2 d, RS F i BUZRR T 10 mL, 3R F ROk
B3 (BB 100 g KoK 115 mL /K, 87 6. 0% ) 1K)
1 LR, F 25 CAMATRERIE 30 d, LK
UL 7 B B AR R 100 L,
2.3 RHUFrE FFRSHRJE, &R SRR A
250 mL OPR SR KIGIF R TR . i IR I AR iR 1
W, A I CR CERAHIT 200 M 4R Ab 38 3R A5 2R 2
BRIZE 60 g, 4 LR CBEF A 48 fE AT 015 5 5,
K A - T (80 : 1~ 1 : 1) FEATHE B YR, 15
F 6 M F.1~F. 6, F.4(20.3 g) % ODS {4
Iy ES R FEE-7K (20 :80 ~ 100 :0) #1786 B BE i,
55 4 NHAY Fo4-1~F. 4-4, F.4-2(1.5 g) &2
FWAH (T EE-7K 55 :45) - AR EMEEY) 3 (1, =14.5
min, 15.5 mg) 4(#;,=19.5 min,9.0 mg) .5(¢,=21.5
min,13.2 mg) o F.4-3(1.9 g) &P 45 W AH ( H -
7K 55:45) B4 245 1 (1, =25.0 min, 5. 1
mg) 2(t;=30.5 min,9.0 mg) , F.4-4(2.6 g) &>}
il £ M (F =K 65 :35) A S8 2L &8 6 (1), =
15.5 min,6.0 mg) .7(t;=21.0 min,12.0 mg) , F.3
(12.5 g) 4 ODS #3432, R I BE-7K (20 :80 ~
100:0) HEATHEEEVENE, 758] 5 N4 F.3-1~F. 3-5,
F.3-4(2.5 g) &2l 2 WAH ( FEE-7K 65:35) /3 Bt
FML A 8(t,=16.5 min,6.5 mg) ,
2.4 PLEEEME SRR 2 A KERETFN A
W 2 G 7 WX 75 R IR R JE 6 B Colletotrichum
gloeosporioides MHTFL BTG TE o B¢ AN [RIHR BE (A~
JEBCE 3 AN EA ) 1Y G RBE AR IR L 4%
Fi. LB TCRKG PDA 5532 3 X IR 2 1
FAEPAMEXT R BRUE 37 4 10 05 Jiel 71 B %, i G
FATSLAR & R F, IR 4R T PDA SPAR e 4527
J& WA BT 28 CHEIREE SRR R SR 3 d, HERGS
WG s ORI R T EAR IR R R 224
Kl = [ (O B V5 BLAR - b3V B4R ) / (O
MR VR HAR - AR ) ] x100%
3 SESERE

a1 REOAMER, [a]] +66.9° (c
0.10, MeOH); UV (MeOH) A, (log &): 198
(2.42), 304 (3.33) nm; IR (neat) v, : 3 398,
1732, 1267 cm™' ;HR-ESI-MS %5 Hi 1 dHfi o T 1
[ M-H ]~ K H R (5 B[ M-H+2] " FI[ M-H+
417 H m/z 423.001 5.424.999 6 .426.997 6 (it
M C,,H,;CL,0,, 423.003 8) , H[M-H] [ M-H+

452

2] [M-H+4] AYFEELH N 9:6:1,454 1D NMR
WES TN CoH,,CLO, , NI R 12,

HREC-NMR & DEPT ¥ {5 B 25 &40 (19
A~ C:1 4> CH, .14 CH,.6 1~ CH.11 /4> C), NMR
T B R FETE 2 D ABX AR R I5IR[8,,7.00 (1H, d,
J=8.7 Hz, H-3"), 7.43 (1H, dd, J=8.7, 2.2 Hz,
H-2'),7.78 (1H, d, J=2.2 Hz, H-6'); 8, 124.0
(C, C-1'), 128.1 (CH, C-2'), 117.7 (CH, C-
3'), 155.0 (C, C-4"), 122.3 (C, C-5"), 130.6
(CH, C-6') | FI[6, 6.66 (1H, d, J=8.3 Hz, H-
3"), 6.58 (1H, dd, J=8.3, 2.2 Hz, H-2"), 6.75
(1H, d, J=2.2 Hz, H-6"); 6. 126.5 (C, C-1"),
130.9 (CH, C-2"), 116.9 (CH, C-3"), 153.4 (C,
C-4"), 120.9 (C, C-5"), 132.7 (CH, C-6") 1,24~
BRILRR 5. 169.6 (C, C-2),171.1 (C, C-7) ], 14
SRR IIC o, B AN S, 169.6 (C, C-
2), 140.7 (C, C-3), 127.3 (C, C-4), 86.4 (C,
C-5) ] 1 M HIEES[8,3.45 (2H, d, J=4.3
Hz, H-6) ;6. 39.1 (CH,, C-6) ], #¥E L B BEH
FEULIEAY 1 TIMERRAS Y, HSQC
LAY 11 NMR $dli45 7 H)E (£ 1) .'H-"H CO-
SY T P AEAE 2 AN E A E B AR OGO R . H-2'/
H-3'F1 H-2"/H-3", HMBC i+ A I, H-6/C-4 .C-5.C-
6";H-8/C-7;H-2"/C-4;H-3'/C-1 .C-5' } H-3"/C-1" .C-
S'HIOCHIAHOC RS etk &9 1 9P Zsie (&1 2)
it ECD A2 C-5 M 4aXi# 5 % SR
(E13), £ SciFinder KrZ A WARKIE , #E HOwH b &
Wt 44 M asperchoried A,

a2 R AR ARY, HR-ESI-MS m/z
355.083 0 [M-H] (i1%5{H 355.081 8) , 7+ T h
C,,H,,0,,'H-NMR ( CD,OD, 400 MHz) 8. 3.49
(2H, s, H-6), 3.77 (3H, s, 8-OCH,), 7.62 (1H,
d, J=8.8 Hz, H-2', 6'), 6.87 (1H, d, J=8. 8 Hz,
H-3',5'), 6.62 (1H, d, J=8.8 Hz, H-2", 6"),
6.53 (1H, d, J=8.8 Hz, H-3", 5”); “C-NMR
(CD,0D, 100 MHz) 8: 170.6 (C-2), 140.2 (C-
3), 129.5 (C-4), 86.0 (C-5), 39.9 (C-6), 171.9
(C-7), 53.7 (C-8), 123.1 (C-1"), 130.1 (C-2',
6'), 116.4 (C-3", 5"), 159.3 (C-4"), 125.2 (C-
1), 132.7 (C-2", 6"), 115.7 (C-3", 5"), 157.5
(C-4") . Lh Bl 5 Sk sA—50 o 2
LG9 2 4 butyrolactone 11
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#1 LAY 18 H-NMR #1"” C-NMR ¥ (CD,0D, 400/100 MHz)

Table 1 '"H-NMR and "C-NMR data of compound 1 (CD,0D, 400/100 MHz)

No. Sy, mult, (Jin Hz) 8¢, type No. Oy, mult, (Jin Hz) O, type
2 - 169. 6, C 4 - 155.0, C
3 - 140.7, C 5’ - 122.3, C
4 - 127.3, C 6 7.78, d (2.2) 130.6, CH
5 - 86.4, C G - 126.5, C
6 3.45, d (4.3) 39.1, CH, 2 6.58, dd (8.3, 2.2) 130.9, CH
7 - 171.1, C 3" 6.66, d (8.3) 116.9, CH
8 3.80, s 54.0, CH; 4" - 153.4, C
i - 124.0, C 5 - 120.9, C
2/ 7.43,dd (8.7, 2.2) 128.1, CH 6" 6.75, d (2.2) 132.7, CH
3’ 7.00, d (8.7) 117.7, CH

B2 B 1 IS iR £ 2 H-"H COSY 5 5¢6#E HM-
BC A
Fig.2 Structure and main "H-"H COSY and key HMBC corre-

lations of compound 1

K3 a1 mseill s ECD wE A
Fig. 3 Experimental and calculated ECD spectra of compound 1

k&% 3 W®EAKCIRY, HR-ESI-MS m/z
327.087 9 [M-H] (I1551E 327.086 9) , 7+ N
C,sH, 050" H-NMR ( CD,0OD, 400 MHz) &: 3.46
(2H, s, H-6), 3.77 (3H, s, 7-OCH,), 7.62 (1H,
d, J=8.8 Hz, H-2',6"), 6.88 (1H, d, J=8.8 Hz,
H-3', 5"), 6.63 (1H, d, J=8.8 Hz, H-2", 6"),
6.52 (1H, d, J=8.8 Hz, H-3", 5"); “C-NMR
(CD,0D, 100 MHz) &: 170.1 (C-2), 140.1 (C-

3), 129.8 (C-4), 86.6 (C-5), 39.5 (C-6), 53.7
(C-7), 123.6 (C-1'), 130.2 (C-2', 6'), 116.5
(C-3',5"), 158.6 (C-4'), 125.4 (C-1"), 132.6
(C-2", 6", 115.5 (C-3", 5"), 157.3 (C-4"), VA
B S SRR A etk a2 R
isobutyrolactone 1II .
a4 RO RRY, HR-ESI-MS m/z
423.143 6 [M-H] (i1%51H 423. 142 0) , 07X H
C,,H,,0,.,"H-NMR ( CD,0D, 400 MHz) &: 3.05
(2H, s, H-6), 3.78 (3H, s, 8-OCH,), 7.59 (1H,
d, J=8.8 Hz, H-2',6"), 6.88 (1H, d, J=8.8 Hz,
H-3',5'), 6.43 (1H, d, J=2.2 Hz, H-2"), 6.48
(1H, d, J=8.2 Hz, H-5"), 6.53 (1H, dd, J=8.2,
2.2 Hz, H-6"), 2.56 (2H, m, H-7"), 1.24 (3H,
s, 10"-CH,), 1.24 (3H, s, 11"-CH,); “C-NMR
(CD,0D, 100 MHz) §: 170.2 (C-2), 140.1 (C-
3), 129.4 (C-4), 86.5 (C-5), 39.6 (C-6), 171.7
(C-7), 53.7 (C-8), 121.6 (C-1"), 130.2 (C-2’,
6'), 116.6 (C-3", 5'), 159.6 (C-4'), 123.4 (C-
17), 132.6 (C-2"), 125.5 (C-3"), 154.3 (C-4"),
116.7 (C-5"), 130.3 (C-6"), 23.5 (C-7"), 33.6
(C-8"), 75.5 (C-9"), 27.1 (C-10"), 27.1 (C-
117) , LA EBOE5 SOk 8 A — 50 e e 1
EY) 4 K aspernolide A,
a5 R AR ARY, HR-ESI-MS m/z
439.138 7 [M-H ]~ (it%5{H 439. 139 3) , 7+ FXh
C,,H,,0,,"H-NMR ( CD,0OD, 400 MHz) &: 3.45
(2H, s, H-6), 3.78 (3H, s, 8-OCH,), 7.63 (1H,
d, J=8.8 Hz, H-2',6"), 6.98 (1H, d, J=8.8 Hz,
H-3",5'), 6.45 (1H, d, J=2.0 Hz, H-2"), 6.43
(1H, d, J=8.0 Hz, H-5"), 6.50 (1H, dd, J=8.0,
453
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2.0 Hz, H-6"), 2.52 (2H, m, H-7"), 3.67 (2H,
m, H-8"), 1.21 (3H, s, 10"-CH,), 1.21 (3H, s,
11"-CH,) ; "C-NMR (CD,0D, 100 MHz) &: 170.0
(C-2), 140.5 (C-3), 124.4 (C-4), 87.6 (C-5),
39.2 (C-6), 170.7 (C-7), 54.7 (C-8), 129.2 (C-
1), 130.4 (C-2', 6'), 116.8 (C-3', 5'), 159.2
(C-4), 124.7 (C-1"), 131.6 (C-2"), 119.5 (C-
3"), 153.8 (C-4"), 115.9 (C-5"), 129.3 (C-6"),
23.5 (C-7"), 70.5 (C-8"), 76.6 (C-9"), 25.7 (C-
107), 19.2 (C-11"), Ph % 5 SOk F A —
e e b A 5 M butyrolactone V

ey 6 R E AR CIR Y, HR-ESI-MS m/z
153.091 0 [M-H] (i%51H 153.091 6) , 7+ X K
C,H,,0,,"H-NMR(CD,0D, 400 MHz)8: 2.64 (1H,
m, H-4a), 2.46 (1H, m, H-4b), 2.63 (1H, m,
H-5), 4.09 (1H, m, H-6), 1.07 (3H, d, J=6.2
Hz, 7-CH,), 1.66 (3H, s, 8-CH,), 2.12 (3H, s,
9-CH,); "C-NMR (CD,0D, 100 MHz) &: 211.9
(C-1), 137.0 (C-2), 173.5 (C-3), 34.9 (C-4),
52.4 (C-5), 69.2 (C-6), 18.7 (C-7), 7.7 (C-8),
18.2 (C-9) . DAL 5 Sck i S A —5 ) ik
eI AW 6 4 clavatone,,

fk&Ww 7 AR RY, HR-ESI-MS m/z
297.076 0 [M-H] (3158 297.076 3) , /T h
C,,H,0,,"H-NMR ( DMSO-d,, 400 MHz) 8; 14.17
(1H, s, 1-OH), 6.46 (1H, s, H-2), 7.88 (1H,
s, H-4), 7.38 (1H, s, H-5), 6.91 (1H, s, H-7),
2.10 (3H, s, 11-CH,), 3.84 (3H, s, 12-CH,),
3.98 (3H, s, 13-CH,); “C-NMR ( DMSO-d,, 100
MHz) §: 165.9 (C-1), 120.2 (C-2), 148.3 (C-
3), 121.6 (C-4), 133.9 (C-4a), 105.8 (C-5),
18.7 (C-7), 166.2 (C-6), 105.9 (C-7), 165.8
(C-8), 187.7 (C-9), 116.2 (C-9a), 183.1 (C-
10), 135.4 (C-10a), 22.6 (C-11), 57.2 (C-12),
57.6 (C-13), DA b KO 55 Sciik i s A — 5
Wb A 7T N 1-5 56, 8- F A 3k -3- T L A -
9,10- ",

&Y 8 HEOKAR, HR-ESI-MS m/z 193.085 9
[M-H] (%814 193.086 5), 4 TN ¢, H,,0,,
"H-NMR ( DMSO-d, , 400 MHz)§: 1.41 (3H, d, J=
6.2 Hz, H-1), 4.90 (1H, m, H-2), 3.21 (1H,
dd, J=16.2, 8.5 Hz, H-3a), 2.65 (1H, dd, J=
454

16.2, 7.5 Hz, H-3b), 3.80 (3H, s, 7-OCH,),
6.30 (1H, s, H-8), 2.06 (3H, s, 11-CH,), 3.84
(3H, s, 12-CH;), 3.98 (3H, s, 13-CH;); "“C-
NMR (DMSO-d,, 100 MHz) &: 22.1 (C-1), 81.2
(C-2), 38.3 (C-3), 114.1 (C-4), 129.3 (C-5),
150.8 (C-6), 142.7 (C-7), 101.3 (C-8), 141.6
(C-9), 56.8 (7-OCH,), 12.5 (C-10), DL b %
53R AR 8T e e A 8 R (S)-T-
F AR E-2,5- 1 3E-2 | 3- AU 2R I A IR - 618
4 PLEHTEM

XA 1~ 8 TP BT M, 45 R %
W AEB Y 1.2.6 .7 % 7 AR TR 5 B EL A 01 2%
B OHH A 1(EC, =15.08 pg-mL™") & TF
PEXFIE 25 2 1 R (ECy, = 49.58 pg-mL™") 3.3 15,
AW 3~5 .8 X A A TR g 17 A 3% B LR 400 ) 0
PE(EK2) .

22 LAY 1-8 WEATSARE L K EC,,

Table 2 ECy, values of compounds 1-8 against the mycelial

growth of Colletotrichum gloeosporioides pgemL™
LEY ECs, &Y ECso
1 15.08 6 89. 94
2 77.19 7 62.02
3 >100 8 >100
4 >100 carbendazim 49. 58
5 >100

E : carbendazim i PHPEXT IR ZY

5 BE5HE

ARG R 45 8 N A ELTR Aspergillus sp. FH-1 7E
FOK B R b ™ A P BT MR AR A
AT TAFSY . B XN IZ R R G R TR GR A A T
RGN Bt B E T 8 MEE Y, Kb ik
S NARAECHANTHARELEY, I
fiT 44 A asperchoried A, 28 HI I AEXT KRR IR T
IENEREAS YR R G LR s rh R, H i SC
BRI I I A BB 176 A1 HOotR
L BUAR XS B — 28 R ZH0U & ik (C) VA (H) &
(0)JTHR,PEEA(N) LR, HEBTFEME, TH
JRFIJEHIE B (Br) STCERE B TN BRI 0L, 12
A oh 1k, A R SCRR R E B IR T R R RS
14 4>, HL¥5 26 5w me o i i > o ki, &
SCH B T 4 N RS 16 & 1 I AR UL SCik g
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#, NI, asperchoried A (1) 1Eh AR H BT A
T NERR AL, =0 T2 A P w2 BT
RT3 By B — A X T B 2 A e &
FOLER, FE T RN ST R A,

TEVEAS T 3 B A& PR BT B TR P AR
SR FH T 22 A AR 3R 0 I 5 3 A TR L T 1) 400 o %
P, @R B, BT NEE asperchoried A (1) Ji&
PR 3 ) BT BB TS, H EC,, R E 15.08 pg-
mL™" IO B S TR IR 2 R 3.3 £,
AN, A% 2 (butyrolactone Il , EC,,=77.19 pg-
mL™") .6( clavatone , EC,, =89.94 pg-mL™") 7(1-5
FH-6,8- " HI A JE-3-F HL -9, 10- il , EC,, = 62. 02
pg-mL") W FR I T AF RIS

L5 LTI AW 5T A E N AR LT Aspergillus
sp. FH-1 o Egsse T 8 MR ™=, Horh 48 A
RAE D H AT B AR B L &9 asperchoried
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