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Abstract: Objective To investigate secondary metabolites of the Weizhou Island coral-associated fungus Alternaria sp. GXIMD
02516 and their antibacterial activities. Methods The compounds were isolated and purified by chromatographic methods
exemplified by silica gel column. The structures of the compounds were identified by extensive spectroscopic methods, including
NMR, MS, etc. Their antibacterial activity was further evaluated by methods of the Kirby-Bauer test and the modified broth dilution.
Results 15 compounds were isolated and identified from the fungus Alternaria sp. GXIMD 02516, which were identified as
leptosphaerin N (1), leptosphaerin L (2), clearanol D (3), 3-(1-hydroxyethyl)-7-methoxyphthalide (4), porriolide (5), tenuissimasatin
(6), (R)-3,4-dihydro-4,6,8-trihydroxy-4,5-dimethyl-3-methyleneisochromen-1-one (7), 1-deoxyrubralactone (8), djalonensone (9),
stemphyperylenol (10), phaeosphaeride A (11), para-hydroxybenzaldehyde (12), chaxine B (13), BB (14), and demethylincisterol A3
(15). Compounds 9 —11 and 13 —15 showed inhibitory activity against Pseudomonas aeruginosa, with minimal inhibitory
concentration (MIC) values of 0.78—25 pg/mL. Moreover, compounds 13—15 showed inhibitory activity against Staphylococcus
epidermidis albus and Methicillin resistant Staphylococcus aureus, with MIC values of 0.78—3.13 pg/mL. Conclusion Compound

1 was a new compound, and compound 4 was a new natural benzofuranone derivative. Besides, compounds 11 and 13—15 were
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obtained from the Alternaria genus for the first time. Compounds 9—11 and 13—15 showed antibacterial activities.

Key words: marine fungus; Alternaria sp.; secondary metabolites; benzofuranone; antibacterial activity; leptosphaerin N
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B (40%) EHEHE (12%) RIFEHHR (5%), H
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02516, NHROKEE IR R BE - h /- %€ 1 1A
BB R IR ISR AL S (D 1 ANFTRIR =) (4D
L 13 AMEEEY, 5l hiEmfilE s N
(leptosphaerin N, 1), #Jiiffii# 2 L (leptosphaerin
L, 2). clearanol D (3). 3-(1-$8 £3%)-7-F HIE HKEL
[3-(1-hydroxyethyl)-7-methoxybenzofuran-2-one, 4].
porriolide(5) tenuissimasatin(6 )+ (R)-3,4- —5(-4,6,8-
—FRdk-4.5- T I3 AL R AR -1-B [(R)-3,4-
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12 EHFKIEREE
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Y| 5Btk Alternaria sp. 2YHY-2018 (accession No.
MH141264.1) FIARELEE RIE 100%, HFI0H#HLE
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Fig.1 Chemical structures of compounds 1—15

5E N Alternaria sp. GXIMD 02516 CEERSTEEE . %
R L ORAE T 0 T R 24 K 24 25 it 7 e AL T
MG EY SR PR

2 HE
2.1 BHkRIEFZFSAEE
ETLHEIE T, % L0kl mE ik

GXIMD 02516 #7112 MB iR E; 7R3, AR H
BT 27 CREIRHPENIAREFE (180 t/min) 3 d, M
SR B IR B TR ORI Y 5 H B TR R AERT, B AT
W AR A ORI 1 L = MK E AR %
I (120 g KK 2% E . 0.1%F KK 0.05%ER
B2 o, =R TEREKRE30d, FLREE 100 .
22 AREFFYRIERS B

RS G ORI =), NN I& B AR T
B IO, AR 20 min, ERIUKZEE
WS PR TR 2 AR, SIS EREE 199 .
K R AR SR B T 43, R A
fiok- — S bE-FEEAR &R (100 0 2 0~0 © 50 : 500 33k
ITRRIEVENL, &3k TLC i fa &3R8 2] 9 My
Fr.1~9. Fr.4 (5.6 g) Zid i & [ MR e b (i 43
B, R HEE-K (10%~100%) B 5 e i it 77 3tk
235 10 N4> Fr. 4-1~4-10. Fr. 4-5 (8 mg) 43¢
fil# HPLC (ZEX:AE, ZfiE-7K 65 135, 2 mL/min)
itk 5 E &) 8 (k=21 min, 1.3 mg). Fr.4-2 (51
mg) £l HPLC (FEHEAE, 4JF-7K 30170, 2

mL/min) 73 B 152454 6 (1r=23 min, 24.4mg).
Fr. 5 (1.0 g) &ad & SO it (il 7 85, R H
FEE-7K (10%~100%) #HFEBEM R 77 353 14
AN Fr. 5-1~ 5-14. Hfr, Fr. 59 (37 mg) &2
il HPLC (Cis#¥, £ M§-7K 65 135, 2 mL/min)
i B EM A 9 (k=19 min, 4.9 mg). Fr. 5-3
(10mg) Z2FH4 HPLC (Cis ¥, ZJf-7/K 40 : 60,
2 mL/min) 4L EAEY 12 (#=16.5 min, 1.9
mg). Fr.7 (1.9g) Z&idh & RARTER A i 7 5

HEE-7K (10%~100%) #HEEGEMAFE] 16 MAt5 Fr.
7-1~7-16. Hr, Fr.7-13 (100 mg) £ 4% HPLC
(Cig#E, ZH5-7K 60 : 40, 2 mL/min) Zifk 55404
Y11 (xk=21.5min, 9.3 mg). Fr.7-8 (73 mg) &
4l % HPLC (Cis#, ZJE-7K 50 © 50, 2 mL/min)
i B2 A 7 (k=17.8 min, 3.6mg). Fr.7-11
(66 mg) ZFH#4% HPLC (Cis#E, Zfi§-7K 40 : 60,
2 mL/min) 40415214654 10 (k=34.5 min, 2.3
mg). Fr.8 (6.1g) &k & AHRER il 75,
KHHEE-/K (10%~100%) FEEEVERAS 2] 16 N
7% Fr. 8-1~8-16. H:r' Fr. 8-9 (70 mg) Z-H4%
HPLC (Cis#%, ZJfE-7K 40 : 60, 2 mL/min) 73 5515
FMLEY 5 ((r=27.9 min, 3mg). Fr.8-12 (509 mg)
2224 HPLC (Cis ki, ZME-7K 95 05, 2 mL/min)
it 3 EML A 13 (r=42.8 min, 18.8mg). 14
(tr=46.6min, 10.3mg) 115 (x=34.5min, 17.5
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mg). Fr.8-6 (79.6 mg) £l HPLC (ZEH:A:,
ZE-7K 24 176, 2mL/min) 4ifbBEILEY 4 (r=
29min, 10.6mg). Fr.9 (4.8¢g) Zoid & S AHRERA:
itk B, SR HEE-/K (10%~100%) BAEESE T
HALAEF] 12 MRS Fr. 9-1~9-12. Hdt Fr. 9-5 (457.6
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mL/min) 2B EIEDI 1 (k=47 min, 4.2 mg).
2 (k=32min, 7.5mg) A3 (x=52min, 4.5mg).
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3 HBRE5NR
31 hEMEHETE
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Iy ¥ HR-ESI-MS 1E m/z 237.076 9 45 HivED T
BFUE [M—H] GFEA{E 237.076 3, C1oHi30s), it
B H> 7R A CioHisO0s. 'H-NMR Al BC-NMR i

K, 3E45E HSQC 45t 3 NS5, RN dwe
1.49 (s, H3-9)/21.6, 1.11 (d,J= 6.3 Hz, H3-10)/17.9,
2.06 (s, H3-11)/10.8; 1 MEHIXF % 6nic 4.07 (d,J=
6.3 Hz, H-8)/68.5; 1 NNJ5 & XM Suc 6.37 (s, H-
6)/101.9, LA K 7 2805k, 4% 5 AN J5 &k (6c 162.2,
155.3,153.2,109.2,103.9), 1 Mt (5c167.8) il 1
MMEEEDR (0c88.1), LA MR S5HEY 2 1)
AR AR AL (R D, #—2 04 —4E NMR
FHOCIEE (B 2) KILW#H BA —FE P s,
FEX HIAET W 6] 8-OH F1 CH3-10 HIL 075,
HEWOAL A 1 A0 2 h—Xt 8 AL 2 m Ffk, HAL
AW 1A 3 Sl ECD #hZkfasi AR —2, HEm
P B AR, 5Kk ECD &
ST RIALEY) 1 IS ECD #hiZks (3R,8R) -1
A ECD Mgk rtass (B 3) FEAR—2, W
& 1 43R 7N 3R,8R, 4 1E Scifinder $#E
FErh R RN EG G, N T R
N (leptosphaerin N),

& 2: AR AR HR-ESI-MS m/z 237.076 9
[M—H] (caled for C12H 305, 237.076 3); 43 TN
C12H1405. 'TH-NMR (500 MHz, DMSO-ds) 0: 6.41 (1H,
s, H-6), 4.05 (1H, m, H-8), 2.01 (3H, s, Hs-11), 1.58
(3H, s, H3-9),0.71 (3H, d, J= 6.5 Hz, H3-10); *C-NMR
(125 MHz, DMSO-ds) J: 167.8 (C, C-1), 162.6 (C, C-
5), 155.8 (C, C-7), 153.0 (C, C-3a), 108.8 (C, C-4),
103.0 (C, C-7a), 102.2 (CH, C-6), 88.1 (C, C-3), 68.7
(CH, C-8), 21.1 (CH3, C-9), 17.1 (CHs, C-10), 11.0
(CHs, C-11); AL EWHIEAHRE 5 Sl iE — 20,
W 2 A W) 2 N leptosphaerin L.

tEY) 3: Atk R; 213 CisHi606; HR-ESI-
MS m/z 291.084 5 [M+Na]" (calcd for Ci3HisNaOe,
291.084 5). 'H-NMR (500 MHz, DMSO-ds) 0: 6.45
(1H, s, H-6), 4.62 (1H, t, J= 6.0 Hz, H-8), 3.94 (1H, m,
H-10a), 3.61 (1H, m, H-10b), 3.80 (3H, s, H3-12), 2.10
(3H, s, Hs-11), 1.55 (3H, s, H3-9); '3C- NMR (125
MHz, DMSO-ds) 0: 167.6 (C, C-1), 163.3(C, C-5),
155.8 (C, C-7), 152.4 (C, C-3a), 110.4 (C, C-4), 104.4
(C, C-7a), 98.5 (CH, C-6), 87.4 (C, C-3), 73.7 (CH, C-
8), 62.3 (CH,, C-10), 56.0 (CH3, C-12), 21.7 (CHs, C-
9),10.8 (CHs, C-11); ZALEWIIEHE 5 SClk s —
31, WS EWEY) 3 N clearanol D,

&Y 4: AEHR; 7073 CiHi204: HR-ESI-
MS m/z 231.063 2 [M+Na]* (caled for C1;H2NaOs,
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#x1 1LE% 1~4 B 'TH-NMR (500 MHz) #1 BC-NMR (125 MHz) #i2
Table1 'H-NMR (500 MHz) and '*C-NMR (125 MHz) data of compounds 1—4
Bl 1? 2 3 4
OH de, type n de, type On dc, type o de, type

1 167.8,C 167.8,C 167.6,C 168.7,C
3 88.1,C 88.1,C 874,C 526(d,J=35Hz)  833,C
3a 153.2,C 153.0,C 1524,C 149.7,C
4 109.2,C 108.8,C 1104,C 7.07(d,J=8.0Hz)  114.6,CH
5 162.2,C 162.6,C 163.3,C 7.62(t,J=8.0Hz)  136.5,CH
6 6.37 (s) 101.9,CH 641 (s) 102.2,C 6.45 () 98.5,CH  694(d,J=80Hz) 111.2,CH
7 155.3,C 155.8,C 155.8,C 158.7,C
Ta 103.9,C 103.0,C 104.4,C 1143,C
8 4.07 (m) 68.5,CH  4.05(m) 68.7,CH  4.62(tJ=60Hz)  73.7,CH  4.12(m) 68.9, CH
9 1.49 (s) 21.6,CH;  1.58(s) 21.1,CHs  1.55(s) 21.7,CH;
10 1.11(d,J=65Hz) 179,CHs 0.71(d,/=6.5Hz) 17.1,CH2  3.94 (m), 3.61 (m) 623,CH,  1.36(d,J=6.5Hz) 18.9, CH;
11 2.06(s) 10.8,CHs  2.01(s) 11.0,CHs  2.10(s) 10.8, CHs
12 3.80 (s) 56.0,CHs  3.98(s) 56.1, CHs

8-0H 4.81(d,J=6.0Hz) 5.09 (d, J=6.0 Hz) 5.00(d, J=6.0 Hz)

2DMSO-ds, °CDCls»

OH ¢

ij;o
O <o

HO (J N, ‘\OH

HMBC /2 'H-'"H COSY —

2 k&1 %04 89E= HMBC #1 'H-'H COSY #H*%

Fig. 2 Key HMBC and/or '"H-'"H COSY correlations of

compounds 1 and 4

exptl. for 1
exptl. for 2
exptl. for 3
== =-calcd. for 1

CD [mdeg]

200 250 300 350 400
A/nm

231.063 3). 'H-NMR (500 MHz, CDCl;) J: 7.62 (1H,
t, J = 8.0 Hz, H-5), 7.07 (1H, d, J = 8.0 Hz, H-4), 6.94
(1H, d, J= 8.0 Hz, H-6), 5.26 (1H, d, J= 3.5 Hz, H-3),
4.12 (1H, m, H-8), 3.98 3H, s, Hs-12), 1.36 (3H, d, J =
6.0 Hz, H:-10); '*C-NMR (125 MHz, CDCls) 6: 168.7
(C, C-1), 158.7 (C, C-7), 149.7 (C, C-3a), 136.5 (C, C-
5), 114.6 (C, C-4), 114.3 (C, C-7a), 111.2 (C, C-6), 83.3
(C, C-3), 68.9 (C, C-8), 56.1 (CHs, H3-12), 18.9 (C, C-

6
! ——exptl. for 4
e 49\ ----calcd. for 4
<
E 2
8
0
-2
200 300 400

A/nm

B3 kEa¥ 1~4 BENFITE ECD iEE
Fig. 3 Experimental and calculated ECD spectra of compounds 1—4

10): DA ARG B 5 SOk & 1) & B ) 3-(1-
hydroxyethyl)-7-methoxyphthalide [3-(1- % £ 3% )-7-
PR AIR] B —300), R —=4E NMR AHK
WAUFSE [ 5 IR (B 2), Z3Cikie g Ktk
GV 4 EH RN

A A AT 9349, 2 B R A A I R R SR A 540

RIL 3 ALFHERZ A A1) CD 208 32 22 A
=05, (L&Y 4 sl ECD 1 K B 5 s
Y11 (sl ECD 1A AN R, WG HERiL
EY 4 1) 3 AR SR, RAMEEY) 4 R IY
10 7 I BAL AL RS BRI (R 1), WD T ¥ H
B8 8R R, DL EHEWT it —25 R ECD i3
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AT, TR EY) 4 S2ll ECD fhzk S
(3S,8R)-4 M5 ECD k& (& 3) HEA—
B, MU EA G 4 LR R 3S,8R

&Y 5: AR AR; HR-ESI-MS m/z 217.047 3
[M+ Na]* (caled for CioH;oNaO4, 217.047 7). 'H-
NMR (500 MHz, CD;0D) §: 6.90 (1H, s, H-7), 5.45
(2H, s, H»>-3), 3.89 (3H, s, H3-8), 2.13 (3H, s, H3-8);
BC-NMR (125 MHz, CD;0D) d: 173.6 (C, C-1), 159.2
(C, C-4), 154.6 (C, C-6), 127.6 (C, C-7a), 125.6 (C, C-
5), 124.7 (C, C-3a), 105.1 (CH, C-7), 70.1 (CHa, C-3),
59.5 (CHs, C-11),9.7 (CH3, C-8); iZfb &M% 5
SCHRARIE —E T, WO EALEY) 5 O porriolides

&Y 6: LAY ; HR-ESI-MS m/z
245.042 9 [M+Na]" (caled for C11H;oNaOs, 245.042 6).
'H-NMR (500 MHz, CDCl3) §: 7.55 (1H, t,J = 8.0 Hz,
H-6), 6.94 (2H, d, J = 8.0 Hz, H-7, 5), 5.89 (1H, t, J =
7.0 Hz, H-3), 3.76 (3H, s, 9-OCH3), 2.90 (2H, dd, J =
7.0, 6.0 Hz, Ho-4); '3C-NMR (125 MHz, CDCl;) ¢:
171.5 (C, C-1), 169.7 (C, C-9), 156.7 (C, C-8), 149.0
(C, C-4a), 137.3 (CH, C-6), 116.2 (CH, C-7), 113.5
(CH, C-5), 111.0 (C, C-8a), 78.3 (CH, C-3), 52.4 (CH3,
9-OCH3), 39.3 (CHa, C-4) . ZAL AW IEHE 5 STk
TE—E08], W A 6 N tenuissimasatin.

WA 7. TotRY; HR-ESI-MS m/z259.058 9
[M+Na]* (calcd for C12H1;2NaOs, 259.058 2). 'H-
NMR (500 MHz, CD;OD) §: 6.32 (1H, s, H-7), 5.06
(1H, d, J = 1.5 Hz, H-9a), 4.85 (1H, d, J= 1.5 Hz, H-
9b),2.37 (3H, s, H3-11), 1.64 (3H, s, H3-10); '3C-NMR
(125 MHz, CD;0D) §: 168.1 (C, C-1), 166.3 (C, C-6),
163.8 (C, C-8), 163.0 (C, C-3), 145.6 (C, C-4a), 116.6
(C, C-5), 102.3 (CH, C-7), 98.6 (C, C-8a), 95.2 (CH,,
C-9), 72.5 (C, C-4), 29.5 (CH3, C-10), 12.2 (CH3, C-
11); ZAEYEIEER 5 SCERAIE — 30, et
EW T N (R)-3.4-5-4,6,8-—F 3 -4,5-  HEL-3-
. FH S A - 1-

th&¥) 8: AR A; HR-ESI-MS m/z 283.058 3
[M+Na]" (caled for CisHi2NaOs, 283.058 2). 'H-
NMR (500 MHz, CDCls) d: 11.35 (1H, s, 8-OH), 6.70
(1H, d, J=2.5 Hz, H-5), 6.69 (1H, d, J = 2.5 Hz, H-7),
3.94 (3H, s, 6-OCH3), 3.44 (1H, m, H-11), 2.95 (1H,
dd, J=19.0, 6.5 Hz, H-10a), 2.32 (1H, dd, J=19.0, 1.0
Hz, H-10b), 1.46 (3H, d, J=7.0 Hz, H3-12); '3C-NMR
(125 MHz, CDCl3) d: 195.5 (C, C-9), 166.9 (C, C-6),

165.4 (C, C-8), 165.1 (C, C-1), 148.3 (C, C-3), 144.8
(C,C-4),134.6 (C, C-4a), 103.4 (CH, C-7), 103.2 (CH,
C-5), 100.9 (C, C-8a), 56.2 (CH3, 6-OCHz), 42.9 (CHa,
C-10), 28.5 (CH, C-11), 21.2 (CH3, C-12). ZiL&WD
R 5 SCRRAROE — B, M e & 8 N 1-M
S LLAT NS

WEM9: BEMA: HR-ESI-MS m/z 295.058 4
[M+Na]J* (caled for CisHi;2NaOs, 295.058 2). 'H-
NMR (500 MHz, DMSO-ds) 6: 7.22 (1H, brs, H-5),
6.72 (1H, d,J=2.0 Hz, H-11), 6.65 (1H, d, /= 2.0 Hz,
H-9), 6.62 (1H, brs, H-7), 3.90 (3H, s, 6-OCH3), 2.73
(3H, s, H3-13); BC-NMR (125 MHz, DMSO-ds) J:
166.2 (C, C-6), 164.2 (C, C-8), 158.8 (C, C-10), 152.7
(C, C-3), 1384 (C, C-12), 137.9 (C, C-4a), 117.7 (CH,
C-11), 108.7 (C, C-4), 103.4 (CH, C-5), 101.7 (CH,
CH-9), 99.2 (CH, C-7), 98.5 (C, C-8a), 55.8 (C, 6-
OCHs), 25.1 (C, C-13). ZALEWIHIEE 5 iRk IE
— 2, WA 9 N djalonensone.

&P 10: FAERK; HR-ESI-MSm/z375.084 0
[M+Na]* (calcd for Ca0Hi6NaOs, 375.084 5). 'H-
NMR (500 MHz, DMSO-ds) 8: 12.04 (2H,s, 4, 10-OH),
8.01 (2H, d, J=9.0 Hz, H-5, 11), 6.87 (2H, d, /=9.0
Hz, H-6, 12), 5.80 (2H, brs, 1, 7-OH), 4.61 2H, t, J =
9.0 Hz, H-1, 7), 3.73 (2H, d, J = 9.0 Hz, H-6b, 12b),
3.15(2H, dd, J=15.5, 7.5 Hz, H-2a, 8a), 2.93 (2H, dd,
J = 15.5, 4.5 Hz, H-2b, 8b); '3C-NMR (125 MHz,
DMSO-de) d: 203.6 (C, C-3, 9), 159.2 (C, C-4, 10),
142.9 (C, C-3b, 9b), 134.7 (CH, C-6, 12), 130.0 (C, C-
6a, 12a), 114.9 (C, C-3a, 9a), 114.5 (CH, C-5, 11), 66.6
(CH, C-1,7),48.6 (CH, C-6b, 12b), 46.9 (CH,, C-2, 8);
A E Y BB 5 SCRRGE — 302, S E S
10 9 F .

W& 11: BRI EMIRY; 7330 CisH2sNOs;
HR-ESI-MS m/z 320.1476 [M + Na]* (caled for
CisH23NNaOs, 320.147 4); HR-ESI-MS m/z 320.147 6
[M+Na]" (caled for CisH23NNaOs, 320.147 4). 'H-
NMR (500 MHz, CDCL3) 6: 5.08 (1H, d, J= 1.0 Hz, H-
14a), 5.03 (1H, d, J = 1.0 Hz, H-14b), 4.46 (1H, s, H-
6), 4.04 (1H, d, J = 6.0 Hz, H-8), 3.90 (3H, s, H3-16),
1.80 (2H, m, H»-9), 1.58 (1H, m, H-12a), 1.33 (4H, m,
H»-10, 11), 1.32 (1H, m, H-12b), 1.27 (3H, s, H3-15),
0.89 (3H, t, J=7.0 Hz, H3-13); *C-NMR (125 MHz,
CDCl) 0: 166.7 (C, C-1), 156.3 (C, C-4), 136.4 (C, C-
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3), 104.5 (C, C-5), 92.9 (CH,, C-14), 86.4 (CH, C-8),
71.9 (C, C-7), 64.7 (CH, C-6), 64.7 (CHs, C-16), 31.6
(CHa, C-11), 27.6 (CHa, C-9), 26.3 (CHa, C-10), 22.7
(CHa, C-12), 22.7 (CH3, C-15), 14.2 (CH3, C-13); 1%
AV 5 SRkl — 80, e a 11
A phaeosphaeride A .

&P 12: HEHAK: 'H-NMR (500 MHz,
CD;0D) 6: 9.71 (1H, s, H-7), 7.72 (1H, d, J = 8.6 Hz,
H-3),7.72 (1H, d, J = 8.6 Hz, H-5), 6.86 (1H, d, J= 8.6
Hz, H-2), 6.86 (1H, d,J= 8.6 Hz, H-6); 13C-NMR (125
MHz, CD;OD) d: 192.8 (CH, C-7), 165.6 (C, C-1),
133.5 (CH, C-3), 133.5 (CH, C-5), 130.1 (C, C-4),
117.0 (CH, C-2), 117.0 (CH, C-6). Zib &%
5acmkikiE — 50, M a ) 12 xR
%

WEY) 13: TotiiRY); 7§30 CasHaOs; HR-
ESI-MS m/z 481.295 5 [M+Na]" (caled for C2sH4NaOs,
481.293 0). 'H-NMR (500 MHz, CD;0D) 6: 5.63 (1H,
d, J=2.3 Hz, H-2), 5.27 (1H, dd, J=15.3, 7.8 Hz, H-
14), 5.20 (1H, dd, J=15.3, 8.4 Hz, H-13), 3.70 (1H, m,
H-5'), 2.78 (1H, m, H-6'b), 2.71 (1H, m, H-6'a), 2.59
(1H, m, H-5b), 2.53 (1H, m, H-8), 2.45 (1H, m, H-5a),
2.25 (1H, m, H-3'b), 2.15 (1H, m, H-6a), 2.10 (1H, m,
H-12), 1.91 (1H, m, H-4'b), 1.85 (3H, m, H-4'a, 10b,
15), 1.73 (1H, td, J=13.1, 5.4 Hz, H-6b), 1.60 (3H, m,
H-9b, 3'a, 16), 1.48 (1H, m, H-10a), 1.41 (2H, m, H-9a,
11), 1.35 (3H, s, H3-7"), 1.05 (3H, d, J= 6.6 Hz, H3-20),
0.93 (3H, d, J = 6.8 Hz, H3-21), 0.90 (3H, s, H3-19),
0.85 (3H, d, J= 6.9 Hz, H3-17), 0.83 (3H, d, J=7.1 Hz,
H3-18); BC-NMR (125 MHz, CD;0D) 6: 206.5 (C, C-
1), 205.2 (C, C-4), 166.9 (C, C-1), 157.8 (C, C-3),
136.3 (CH, C-13), 133.9 (CH, C-14), 118.2 (CH, C-2),
84.0 (C, C-2'), 71.8 (CH, C-5"), 58.5 (CH, C-8), 56.5
(CH, C-11), 48.9 (CH,, C-6'), 47.4 (C, C-7), 44.3 (CH,
C-15),41.5 (CH, C-12), 39.7 (CHa, C-5), 38.8 (CHa, C-
6),35.2 (CHa, C-3"), 34.3 (CH, C-16), 30.6 (CHa, C-4"),
30.2 (CHa, C-10), 22.9 (CH,, C-9), 21.5 (CH3, C-20),
20.5 (CH3, C-7", 20.1 (CH3, C-17), 19.3 (CH3, C-18),
18.2(CHs, C-21),12.3 (CH3, C-19); iZEWIRIEHE S
SCHRIRIE— RS, WS AW 13 2 chaxine B

&Y 14: TEAMIRY; HR-ESI-MS m/z
481.294 6 [M~+Nal" (calcd for CasH4oNaOs, 481.293 0).
TR CsHOs: 'H-NMR (500 MHz, CDs;OD) §:

5.60 (1H, d, J=2.4 Hz, H-2), 5.27 (1H, dd, J=15.2,7.8
Hz, H-14), 5.18 (1H, dd, J = 15.3, 8.4 Hz, H-13), 4.31
(1H, m, H-5"), 3.01 (1H, m, H-6'b), 2.70 (2H, m, H-6"a,
5b), 2.58 (1H, m, H-8), 2.45 (1H, m, H-5a), 2.28 (1H,
m, H-3'b), 2.23 (1H, m, H-6a), 2.03 (1H, m, H-12), 1.96
(1H, m, H-4'b), 1.90 (2H, m, H-4'a, 10b), 1.84 (1H, m,
H-15), 1.74 (1H, td, J =13.0, 5.5 Hz, H-6b), 1.58 (2H,
m, H-9b, 3'a), 1.48 (4H, m, H-10a, 9a, 16, 11), 1.36
(3H, s, H3-7'), 1.04 (3H, d, J= 6.4 Hz, H3-20), 0.92 (3H,
d,J=6.4 Hz, Hy-21), 0.88 (3H, s, H3-19), 0.84 (3H, d,
J = 6.8 Hz, Hy-17), 0.82 (3H, d, J = 6.8 Hz, H3-18);
3C-NMR (125 MHz, CD;0D) 6: 207.5 (C, C-1"), 205.4
(C, C-4), 167.3 (C, C-1), 155.8 (C, C-3), 136.3 (CH, C-
13), 133.9 (CH, C-14), 118.8 (CH, C-2), 85.5 (C, C-2'),
71.1 (CH, C-5'), 58.2 (CH, C-8), 56.6 (CH, C-11), 47.1
(CHa, C-6'), 47.0 (C, C-7), 44.3 (CH, C-15), 41.5 (CH,
C-12),39.6 (CH», C-5), 38.6 (CH», C-6), 35.8 (CH;, C-
3"), 34.3 (CH, C-16), 30.2 (CH,, C-4"), 28.9 (CH,, C-
10), 23.0 (CHa, C-9), 21.5 (CH3, C-20), 20.6 (CH3, C-
77, 20.5 (CHs, C-17), 20.1 (CH3, C-18), 18.2 (CHs, C-
21), 12.3 (CH3, C-19); WA YR EHE 5 kI iE
—HB), W EREY) 14 4 BB,

AP 15: IRFTEIRY); 43730 CoH30s;
HR-ESI-MS m/z 355.225 0 [M + Na]* (calcd for
C21H::NaOs, 355.224 9). 'H-NMR (500 MHz, CD;OD)
9:5.65 (1H, d, J= 1.7 Hz, H-2), 5.26 (1H, dd, J= 15.2,
8.2 Hz, H-14), 5.19 (1H, dd, J = 15.2, 7.5 Hz, H-13),
2.64 (1H, ddd, J = 12.4, 7.0, 1.9 Hz, H-8), 2.21 (1H,
ddd, J = 13.9, 4.1, 2.5 Hz, H-5a), 2.06 (1H, m, H-12),
1.95 (1H, ddd, J = 13.2, 4.6, 2.5 Hz, H-6a), 1.90(1H, m,
H-10a), 1.85 (1H, dt, J=13.5, 6.9 Hz, H-15), 1.77 (td,
J=13.8, 4.5 Hz, H-9a), 1.69 (1H, m, H-6b), 1.58 (1H,
m, H-11), 1.48 (3H, m, H-9b, 10b, 16), 1.04 (3H, d, /=
6.6 Hz, H3-20), 0.92 (3H, d, J = 6.8 Hz, H3-21), 0.84
(3H, d,J=6.7 Hz, H3-18), 0.82 (3H, d, /= 6.9 Hz, Hs-
17),0.62 (3H, s, H3-19); *C-NMR (125 MHz, CD;0D)
d: 173.6 (C, C-1), 173.0 (C, C-3), 136.4 (CH, C-13),
133.8 (CH, C-14), 112.6 (CH, C-2), 107.0 (C, C-4),
56.7 (CH, C-11), 51.7 (CH, C-8), 49.9 (C, C-7), 44.3
(CH, C-15), 41.6 (CH, C-12), 36.4 (CH,, C-5), 36.2
(CHa, C-6), 34.3 (CH, C-16), 30.1 (CHa, C-10), 22.2
(CH,, C-9), 21.6 (CH3, C-20), 20.5 (C, CH3-18), 20.1
(CH3, C-17), 18.2 (CH3, C-21), 12.1 (CH3, C-19); 1%
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1B PR E R 5 SCRR AR IE — ), WM e A 15
S FER ARG S B Ao
32 HIEIEMER

IR 15 AN AR S R B A 3R B
% BREE A1 MRSA [RHIRCR, 85 R ERb&9) 9~
11 56 4] S A B0 T ) FL e BRIV F . MIIC B 73701
N 1.56. 25, 25 pg/mL (3K 2); &Y 13~15 Xt
R EERTE A2 5 R B DA S i R A 4 v
HIEERE B AMSIEA, X MIC {H8 0.78~3.13
pg/mL. FIPAREE R 7T K& 13 H ik 2'R 1)
R F) T3 T MRSA FIHTASR R A B S

£2 AW I1~15 WREEY
Table 2 Anti-bacterial activity of compounds 1—15

MIC/(ug-mL™")

WwaEr iR REWEE ARSI
ik} BREA R BRI
1~8 — — —
9 1.560 — —
10 25.000 — —
11 25.000 — —
12 — — —
13 0.780 1.560 0.780
14 1.560 1.560 3.130
15 1.560 0.780 1.560
ARV 0.048 0.045 0.039
— EANEEE.
—: no bacteriostatic activity.
4 g

AHIE TR B AL B A2 BB Alternaria sp.
GXIMD 02516 HJICKIGFRIL R~ , 77 B 45 €
T 15 AR A, AFE 1 ASFTIG IR IR R 2
AW (DL 1AFRIRATY (4. 3 A THIR
HWEE2EAE A (27 3 A1 5). 4 IR RS
WEY (6~9). 1 NMERWEY (100, 1 ANV
(D, 1 MREBERAAEY (12) F 3 ASE R
HY (13~15), K ad 11 F1 13~15 N E RN
ZEH o EAR . PUREET RIS 9~11
A 13~15 XRZ AR M5 R A DA B
A0 4 0 T 2 B LA I RIE L, MIC BN
0.78~25 pg/mL. VIR R KB ED) 13
W) 2'R F B R T4 S H T MRSA R AR S {5 0
MBI TE. BbAh, (hE 8 widhoE B B i
R, LB 10 HOE A R HIPTE FE IS

FUEPIEE VR, &1 13 AL &1 14 IEpERE e
et fhe T A B G JE ) AT U T Alternaria
R HENR L 2R, NPUER BT FOT
RARBALESLNE S

FBAHR FANEH ARG LEA 5 F R
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