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BEHRNEEREEMSE Aspergillus ustus TK-5 L FER AR

A F#02 Zwee! & E! Belma Konuklugil’, 2 &', T %'

(1. PEPBER BRI SR AEY FE AR, IR HE 2660715 2. PEBER R, Jba
100049; 3. Department of Pharmacognosy, Faculty of Pharmacy, Ankara University, 06110 Ankara, Turkey)

WE: £ EUspergillus ustus)TK-5 58 O £ F L5 REI (Pyura momus)# 824040 69 —Hk A &
A8, AR EAL RABAIAR BAT. F) BABESAL Sephadex LH-20 42 BAT VA B & 3R AR &5 &34 5 %
INE LB FP B35 1T ALy, Bl —%, Btk RiEEHRRETTHAEY L
M, R A d TR RS ¥ 5k K10 A4) strobilactone A(1), ustusolate E(2), ustusolate C(3), ustusolate D(4),
11-hydroustusolate E(5), 11, 6’-hydroustusolate E(6), (2’E, 4’E, 6’E)-6-(1’-carboxyocta-2’, 4’, 6’-triene)-11,
12-epoxy-9, 11-dihydroxydrim-7-ene(7), 12-hydroxy-6-epi-albrassitriol (8), ustusolate A (9), deoxyuvidin B
(10)F= = 4% ¥ 75 £ 1A 6-epi-ophiobolin G(11), (6a)-21, 21-O-dihydroophiobolin G(12), 6-epi- op-
hiobolin K(13), ophiobolin P(14) ophiobolin H(15), ophiobolin Q(16)% ophiobolin R(17). 7& it i & BA 4L

AW 2.0 6. 7. 9. 11 Fo 13 AP 2 RBAEE LA — T a9 dp & E 04, L F 575 RE(Cs) 2514 31.8.

37.3. 28.4. 36.8. 46.6 #2 37.6 umol/L,

KEEIR: HH, NARR; BuE; BE AVERBRE ST K

FESES: 0629 XEAFRIRED: A
DOI: 10.11759/hykx20180320002

T VE PR3 0 52 e M RN A W) 5 S ) AR PR RS S T
T A ) R %) A A AR R I AL, R vl T
W 2 S5iETEE) AEYIIEME AR, AR TR LU
PRI A3 7 A 25 A A . B AT 22 o A ) T P 1 A
G W . Ok B2 B A 9T T Ik SE AR VR T HE
BN b 43 B 3 A T 5T L OE AR 7R A R AR iy 3
BEAE A= U2, DR LAY Bh A R T R IR
BT R TR AT 2 K, RS
PERIRF= I F Bk JE 2 — B,

TR AR Y E s, HNAEER
KIRP=W G AD AT H il . A SCHGE R A - H-
HIF T SS (Pyura momus)ZH 4R T 4388 B — R N A4
. Aspergillus ustus TK-5, fRYESCHAIRIE 4. ustus
Ty [ AR RN, (E R 7 R i A
BURE LG AN A5 2w &, LA E DA b4l
A = AN 2ok H T A &, T2 A, ustus H BHAY
=PI N AL ustus TK-5 KR F2 Wy h 4y 85 %
SET 17T AMEEIE 1), a4k YRR R
Bk SO RS E TIPS Y g, 5 S0k
0 TE A AT 32 R A 0 e B A 2 0 2 (1-10) I A%
i 216 & Y (11-17), 5r 942 strobilactone A (1)1,
ustusolate E (2)!°, ustusolate C (3)!%, ustusolate D (4)!%),

X EHS: 1000-3096(2018)05-0130-08

11-hydroustusolate E (5)'*, 11, 6’-hydroustusolate E
(6)!'¥, (2’E, 4E, 6’F)-6-(1"-carboxyocta-2’, 4°, 6’- trie-
ne)-11, 12-epoxy-9, 11-dihydroxydrim-7-ene (7)!"*), 12-
hydroxy-6-epi-albrassitriol (8)"'*], ustusolate A (9)°!, de-
oxyuvidin B (10)!"*, 6-epi-ophiobolin G (11)!'*), (6a)-21,
21-O-dihydroophiobolin G (12)!""), 6-epi-ophiobolin K
(13)!'%1 ophiobolin P (14)!"", ophiobolin H (15)!"",
ophiobolin Q (16)"""Fil ophiobolin R (17)!' %t FirG 1b&

I T R T AL
1 AR5

1.1 ARE L5 KA

Bruker Avance 500 MHz ##53L4R{Y; Dionex
A3 AT AU RN Al A% 78 R 25O A BT 2 i i A
GF254 FIH: O3 RE RS (200~300 F)Y N Bl T
4y 77 Lobar LiChroprep RP-18 fEfiE (40~63 pm,

Wk H 41: 2018-03-20; & Inl H #1: 2018-04-13

BAaTH: EE A RRRE RS R RS- RAE RS OIS
4:(U1606403)
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11 R= CHO
12 R= CH,0H

16 R=OH
17 R=OCH,

B 1 AW a-17)

Fig. 1 Structures of compounds 1-17

Merck); (5551 g 11 7 B BRI ORI, BT AT HLES
R Ry B 7 ) Tl )

1.2 BAHMAE
1.2.1 Bk

WRE A. ustus 538 A GRS (Pyura momus) ) fif
A, ZRENT 201548 5 H 27 HRE +H L,
1.2.2 Bk EE

PR ABRR -2 2R B 3R 0 4°CIRA R . RIERG R0k
KRR B IRIE, 1000 mL = fAI1E N K BEA RS,
FHRAMAKK 70 g, EAKIK 0.2 g, AR 0.3 g, Wbk
0.5 g, HHk5 0.6 g, MK 100 mL., BB & 100 i,
76 121°C R & E K 20 min, FRRHG M, 28°C#
HHEFR 304,

1.3 RREL5E

RET™ W) 48 TR TR 76 B U6l v 4 15 2 R 12
Y 107.5 g, KEHLEEY UEATRE S B A AR 2 AT, AR
PE M INE K (I Bk / 218 £ T8 31 — 58 FF bt/ ) 2R 4 7
KBBEVEIE, £ TLC M HPLC #, &35 10 440
7 (Fr.1~10),

Horp, Fr.5(8.3 @) & A RERCAE JZ MY | 1EAH A A
EM (& H e 0 B EE=150 : 1-50 : 1), Kt
Sephadex LH-20( H i) 4% 2 A1 il il 45 38 )2 2 b 0 5
BEAY 1 (8.8 mg). 2(10.2 mg). 3 (22.4 mg).
5 (15.3 mg). 13 (8.0 mg); Fr.6(9.5 g)Z [ ML HE )2

Br . IEARRERAE)ZAT (AR S © NE=100 : 1~40 : 1),
il £ 2 2 BT FEEE SephadexLH-20( F B5)HE )2 M7 43
EREEAY) 6 (8.2 mg). 7 (7.9 mg). 11 (26.4 mg).
12 (6.1 mg). 14 (7.3 mg). 15 (6.1 mg); Fr.8(12.4 g)%&
SAHRERAEZNT . BEE Sephadex LH-20(FFEE:)ZHT .
Tl 22T R 25 B R RN S ) 4 (6.8 mg)
8 (11.9mg), 9(9.9mg). 10 (17.2 mg). 16 (21.1 mg),
17 (16.3 mg).
1.4 FHR

I R A 2 2 il A #1790 7 3 1) S (R AR A R
T IO 00 2% PP . PR TR . P 2 SR O IE
P, Milli-Q 7K )4 74 28 R W10 1 0 Pk k™)
1.41 HHHES

W5 15 DU A A5 R I 2 o B ) A 5 ) R 0 31
B i) R B2 SR 100 wmol/L AR
1.4.2  HEERI A

£ 96 FLAGHEEFR AR N B LA 70 pL #48
RATRBER I ZZ vh i . 10 uL M Z FRRE . FIRCE Y
o U 22 114) P 2 1 Tt A0 1) 7004 5 8 B 1 o) 1R L ] i
TV (R SRR IR A 0, 1.2, 5. 7.5, 10 uL)
K Milli-Q 7K (10, 9. 8. 5. 2.5, 0 pL, {4l EMK
R 90 uL), BAFE S =117
1.4.3 W

PREMEAIZ 1 min; 37°CHEE 2 min {3057 A1
@RI A EAE R, BALIMA 10 uL ME%
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MR ZCIR Y FHIRSIEAIZ 1 min; 37CHE
30 min JE#EATIOLIME, WORBK Ny 322 nm, K4t
Pty 450 nm.
144 it&E

BB S E B LAY EOGIE(OD ). BC=ALFH
OD {H, % IR% =(OD w1141-OD 1)/ OD 1< 100%X
THARE L P2 Z R B R 4 8 (IR %), 153 1Cs0.

2 HEMBEH LT o & AR H
2.1 e ERE

&9 1. AR, "C NMR (125 MHz,
DMSO-dq) d¢c: 175.0 (C, C-11), 132.0 (C, C-8), 127.3
(CH, C-7), 73.4 (C, C-9), 68.3 (CH,, C-12), 63.3 (CH,
C-6), 45.2 (CH, C-5), 44.4 (CH,, C-3), 37.0 (C, C-10),
33.7 (C, C-4), 32.3 (CH3, C-15), 29.7 (CH,, C-1), 24.3
(CH3, C-14), 18.4 (CH;, C-13), 17.5 (CH,, C-2); 'H
NMR (500 MHz, DMSO-dg) dy: 5.95 (1H, s, 9-OH),
5.80 (1H, s, H-7), 4.84 (1H, d, J=12.2 Hz, H-12), 4.72
(1H, d, J=12.2 Hz, H-12), 4.65 (1H, d, J=5.7 Hz,
6-OH), 4.31 (1H, s, H-6), 1.90 (1H, td, J=13.6, 3.9 Hz,
H-1), 1.76 (1H, d, J=13.4 Hz, H-1), 1.65 (1H, d, J=4.9
Hz, H-5), 1.59 (1H, d, J=13.6 Hz, H-2), 1.43 ( 1H, d,
J=13.3 Hz, H-2), 1.28 (1H, d, J=13.5 Hz, H-3), 1.25
(3H, s, H-14), 1.16 (1H, t, J=12.8 Hz, H-3), 1.03(3H, s,
H-15), 0.96 (3H, s, H-13). HiiERdE strobilactone
AMRSCERAEE—S A 1 RIS Aay -130.0
(c 0.10, CHCl3) 5 SCHkARAE o]y —110.0 (c 0.70, CHCLy) 4%
T, YA R HAH [R]

&Y 2: FalEE, PC NMR (125 MHz, CDCl,)
Sc: 192.7 (CH, C-6°), 174.8 (C, C-11), 164.7 (C, C-1),
146.7 (CH, C-4’), 141.4 (CH, C-3"), 137.6 (CH, C-5),
135.7 (C, C-8), 129.6 (CH, C-2°), 123.4 (CH, C-7),
74.8 (C, C-9), 69.1 (CH,, C-12), 67.5 (CH, C-6), 45.0
(CH, C-5), 45.0 (CH,, C-3), 38.1 (C, C-10), 34.1 (C,
C-4), 32.6 (CHs, C-13), 30.5 (CH,, C-1), 25.0 (CHs,
C-14), 18.6 (CH;, C-15), 17.8 (CH,, C-2); 'H NMR
(500 MHz, CDCl3) dy: 9.68 (1H, d, J=7.6 Hz, H-6),
7.40 (1H, dd, J=15.4, 11.2 Hz, H-3"), 7.16 (1H, m,
H-4%), 6.44 (1H, dd, J=15.5, 7.6 Hz, H-5), 6.30 (1H, d,
J=15.4 Hz, H-2"), 5.94 (1H, s, H-7), 5.79 (1H, s, H-6),
4.97 (1H, d, J=12.4 Hz, H-12), 4.74 (1H, d, J=12.5 Hz,
H-12), 2.13 (1H, d, J=8.1 Hz, H-1), 2.06 (1H, d, J=4.6
Hz, H-5), 1.71 (1H, d, J=8.0 Hz, H-1), 1.60 (1H, m,
H-2), 1.45 (1H, d, J=11.6 Hz, H-2), 1.32 (1H, m, H-3),
1.26 (1H, d, J=7.7 Hz, H-3), 1.20 (3H, s, H-13), 1.13
(3H, s, H-15), 1.01 (3H, s, H-14), H it 5
ustusolate B SCRkHE — 2., 1bE Y 2 B HLHECE N
[a]y —300.0 (¢ 0.10, MeOH)5 kil [a]y —320.0

) H@ART/CLE

(c 0.10, MeOH) Ay HZIT, 156 HH 48 X #4 AU L AH 7] .

k&Y 3 AEEAK, PC NMR (125 MHz,
DMSO-dy) dc: 174.3 (C, C-11), 165.4 (C, C-1°), 145.7
(CH, C-3°), 142.7 (CH, C-5°), 136.6 (C, C-8), 129.6
(CH, C-4%), 121.3 (CH, C-7), 119.0 (CH, C-2°), 73.1
(C, C-9), 68.2 (CH,, C-12), 65.7 (CH, C-6), 65.4 (CH,
C-7°), 44.4 (CH,, C-3), 44.2 (CH, C-5), 42.5 (CH,,
C-6"), 37.2 (C, C-10), 33.3 (C, C-13), 32.9 (C, C-4),
29.5 (CH,, C-1), 24.0 (CH;, C-14), 23.2 (CH;, C-8”),
18.2 (CH;, C-15), 17.4 (CH,, C-2); '"H NMR (500 MHz,
DMSO-ds) 6y: 7.18 (1H, m, H-3’), 6.31 (1H, dd,
J=15.4, 10.4 Hz, H-4"), 6.30 (1H, s, 9-OH), 6.27 (1H,
dd, J=15.4, 7.1 Hz, H-5"), 5.88 (1H, d, J=15.4 Hz,
H-2°), 5.78 (1H, s, H-7), 5.58 (1H, s, H-6), 4.88 (1H, d,
J=12.6 Hz, H-12), 4.78 (1H, d, J=12.7 Hz, H-12), 4.61
(1H, s, 7’-OH), 3.70 (1H, dd, J=11.8, 5.9 Hz, H-7"),
2.21 (1H, t, J=5.3 Hz, H-6"), 2.02 (1H, dd, J=4.8 Hz,
H-5), 1.96 (1H, dd, J=13.6, 3.5 Hz, H-1), 1.84 (1H, d,
J=13.3 Hz, H-1), 1.60(1H, dd, J=17.8, 9.0 Hz, H-2),
1.47 (1H, d, J=13.3 Hz, H-2), 1.34 (1H, d, J=12.5 Hz,
H-3), 1.21 (1H, m, H-3), 1.07 (3H, s, H-15), 1.06 (3H,
s, H-13), 1.05 (3H, d, J=6.6 Hz, H-8’), 0.92 (3H, s,
H-14) H i 5dE 5 ustusolate CAY SCHRARIE — 2L
&Y 3 B9 HEHEYEEE R[aly —700.0 (c 0.10, MeOH)5
SCHRHGE [0 —700.0 (¢ 0.10, MeOH)AY 524 —3, 1
I ¢ Yo} 4 754t AR [A]

k&Y 4 LAWK, PC NMR (125 MHz,
DMSO-dy) dc: 174.3 (C, C-11), 165.1 (C, C-1°), 143.9
(CH, C-3"), 138.8 (CH, C-5°), 136.7 (C, C-8), 130.4
(CH, C-4%), 122.7 (CH, C-7), 121.2 (CH, C-2), 101.2
(CH, C-6%), 73.1 (C, C-9), 68.2 (CH,, C-12), 66.0 (CH,
C-6), 52.4 (CH;, 6’-OCH3), 52.4 (CHs, 6’-OCHj3), 44.4
(CH,, C-3), 44.1 (CH, C-5), 37.2 (C, C-10), 33.3 (C,
C-4), 32.1 (CHs, C-14), 29.5 (CH,, C-1), 24.3 (CHs,
C-15), 18.3 (CHs, C-13), 17.4 (CH,, C-2); '"H NMR
(500 MHz, DMSO-dy) dy: 7.26 (1H, dd, J=15.2, 11.1
Hz, H-3"), 6.54 (1H, dd, J=15.5, 11.1 Hz, H-4"), 6.19
(1H, dd, J=15.5, 4.8 Hz, H-5"), 6.10 (1H, d, J=15.4 Hz,
H-2"), 5.79 (1H, s, H-7), 5.59 (1H, s, H-6), 4.90 (1H, d,
J=4.0 Hz, H-6), 4.87 (1H, s, H-12), 4.80 (1H, m,
H-12), 3.22 (6H, s, 6’-OCH3), 2.03 (1H, d, J=4.3 Hz,
H-5), 1.97 (1H, dd, J=11.7, 7.0 Hz, H-1), 1.83 (1H, d,
J=21.2, 8.6 Hz, H-1), 1.48 (1H, m, H-2), 1.45 (1H, m,
H-2), 1.34 (1H, d, J=12.3 Hz, H-3), 1.19 (IH, d,
J=17.6 Hz, H-3), 1.07 (3H, s, H-13), 1.06 (3H, s,
H-15), 0.92 (3H, s, H-14), HIEIE 5 ustusolate DI
[ SCHRITE — 3. fbB Y 4 M HLIEGEE Aalh —280.0
(c 0.10, MeOH)5 3CHikHRE [a]5 —300.0 (¢ 0.10, MeOH)H)
BRI, T2 Bt A [

&Y 5 EAMIRBAK, PC NMR (125 MHz,

DMSO-dg) d¢: 194.2 (CH, C-6), 164.6 (C, C-1),
147.9 (CH, C-4%), 143.3 (C, C-8), 141.4 (CH, C-3°),
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137.3 (CH, C-5"), 129.6 (CH, C-2°), 116.6 (CH, C-7),
97.2 (C, C-11), 76.3 (C, C-9), 67.4 (CH, C-6), 65.6
(CH,, C-12), 44.9 (CH, C-5), 44.3 (CH,, C-3), 37.9 (C,
C-10), 33.1 (C, C-4), 32.4 (CHs, C-14), 31.4 (CH,,
C-1), 24.3 (CHs, C-15), 18.4 (CH;, C-13), 17.6 (CH,,
C-2); '"H NMR (500 MHz, DMSO-d;) dy: 9.63 (1H, d,
J=1.9 Hz, H-6"), 7.46 (2H, ddd, J=33.2, 14.6, 11.2 Hz,
H-3°, 4°), 6.60 (1H, dd, J=14.8, 7.8 Hz, H-5"), 6.51
(1H, d, J=14.7 Hz, H-2’), 6.34 (I1H, d, J=8.2 Hz,
9-OH), 5.51 (1H, s, H-6), 5.21 (1H, d, J=8.2 Hz, H-7),
4.85 (1H, s, 11-OH), 4.39 (1H, d, J=12.8 Hz, H-12),
4.09 (1H, d, J=12.9 Hz, H-12), 2.09 (1H, d, J=4.5 Hz,
H-5), 1.87 (1H, t, J=14.0 Hz, H-1), 1.58 (1H, dd,
J=26.7, 13.3 Hz, H-1), 1.43 (1H, d, J=12.9 Hz, H-2),
1.33 (1H, d, J=12.3 Hz, H-2), 1.22 (2H, d, J=5.0 Hz,
H-3), 1.14 (3H, s, H-13), 1.08 (3H, s, H-15), 0.93 (3H,
s, H-14), H:% %% 5 11-hydroustusolate EM' 2 3¢
R AR — B, ORI LS Y L E G R
i, HLEY 5 B HIEEEE Haly —100.0 (c0.10,
MeOH), 5 B MHRALE W AT S5 AR, $2ms H4
X R R 5 R A WA T

k&Y 6 @A, C NMR (125 MHz,
DMSO-dg) dc: 165.5 (C, C-1°), 145.5 (CH, C-4’),
144.9 (CH, C-3), 142.8 (C, C-8), 133.2 (CH, C-5°),
126.6 (CH, C-2°), 117.0 (CH, C-7), 97.4 (CH, C-11),
76.3 (C, C-9), 75.1 (CH, C-6"), 69.5 (CH, C-6), 65.8
(CH,, C-12), 44.9 (CH, C-5), 44.3 (CH,, C-3), 37.8 (C,
C-10), 33.1 (C, C-4), 32.5 (CHs, C-14), 31.4 (CH,,
C-1), 24.2 (CH;, C-15), 18.4 (CH;, C-13), 18.2 (CHs;,
C-7°), 17.6 (CH,, C-2); '"H NMR (500 MHz, DMSO-d)
Su: 7.20 (1H, ddd, J=10.8, 5.8, 3.0 Hz, H-3"), 6.43 (1H,
m, H-4), 6.30 (1H, ddd, J=15.4, 10.1, 4.9 Hz, H-5"),
5.91 (1H, d, J=15.3 Hz, H-2"), 5.57 (1H, s, H-7), 5.48
(1H, s, H-6), 5.21 (1H, s, 11-OH), 4.38 (1H, d, J=
12.6 Hz, H-12), 4.08 (1H, d, J=12.9 Hz, H-12), 2.07
(1H, d, J=4.5 Hz, H-5), 1.87 (1H, dd, J=13.7, 10.0 Hz,
H-1), 1.59 (1H, d, J=12.8 Hz, H-1), 1.43 (1H, d,
J=13.3 Hz, H-2), 1.32 (1H, d, J=12.1 Hz, H-2), 1.22
(2H, d, J=10.8 Hz, H-3), 1.13 (3H, s, H-14), 1.08 (3H,
s, H-15), 1.03 (3H, d, J=6.2 Hz, H-7°), 0.92 (3H, s,
H-13), HI% %% 5 11, 6’-hydroustusolate 'R
3, SR A AL S I LG EERE, (AL
AW 6 1 LLE G N [y —60.0 (¢ 0.10, MeOH), 5 I+
WA UL A P A5 AR TR, s FLZa Xp A 7 5 ik
L& YA

&Y 7: @R, °C NMR (125 MHz,
DMSO-ds) 6c: 165.4 (C, C-1°), 145.1 (CH, C-4’),
142.6 (CH, C-3), 141.6 (C, C-8), 135.4 (CH, C-5°),
131.2 (CH, C-6’), 127.4 (CH, C-2°), 120.0 (CH, C-7°),
117.1 (CH, C-7), 97.2 (CH, C-11), 76.3 (C, C-9), 66.4
(CH, C-6), 65.6 (CH,, C-12), 44.9 (CH, C-5), 44.3
(CH,, C-3), 37.8 (C, C-10), 33.1 (C, C-4), 32.5 (CH;,

) H@ART/CLE

C-14), 31.4 (CH,, C-1), 24.2 (CHs, C-15), 18.4 (CHs,
C-13), 18.2 (CH;, C-8°), 17.6 (CH,, C-2); 'H NMR
(500 MHz, DMSO-dg) 8y 7.21 (1H, dd, J=15.2, 11.3 Hz,
H-3%), 6.69 (1H, dt, J=17.8, 8.9 Hz, H-5"), 6.34 (1H,
dd, J=14.8, 11.4 Hz, H-4’), 6.22 (1H, dd, J=27.8,
12.8 Hz, H-6"), 6.01 (1H, dt, J=13.8, 6.8 Hz, H-7’),
5.91 (1H, d, J=15.2 Hz, H-2"), 5.57 (1H, d, J=4.3 Hz,
H-7), 5.48 (1H, d, J=1.8 Hz, H-6), 5.20 (1H, s, 9-OH),
4.82 (1H, s, 11-OH), 4.38 (1H, d, J=12.8 Hz, H-12),
4.08 (1H, d, J=12.9 Hz, H-12), 2.07 (1H, d, J=4.6 Hz,
H-5), 1.87 (1H, dd, J=13.6, 9.6 Hz, H-1), 1.80 (3H, d,
J=6.8 Hz, H-8"), 1.57 (1H, m, H-1), 1.43 (1H, d,
J=12.9 Hz, H-2), 1.32 (1H, d, J=12.2 Hz, H-2), 1.21
(2H, m, H-3), 1.13 (3H, s, H-13), 1.08 (3H, s, H-15),
0.92 (3H, s, H-14). HIEEHHE 5 (2 F, 4°E, 6°E)- 6-
(1’-carboxyocta-2’, 4°, 6’-triene)-11, 12-epoxy- 9, 11-
dihydroxydrim-7-ene! i SCHkHZIE — 2. fbA Y 7 1
FEBE G A aly —260.0 (¢ 0.10, MeOH)5 SCHR R iE
[a]p —266.0 (c 0.10, MeOH)RY G T, i W 48 % 14
AU AH TR

k&Y 8 H@EMA, "C NMR (125 MHz,
DMSO-dq) dc: 138.1 (C, C-8), 131.9 (CH, C-7), 74.6
(C, C-9), 67.0 (CH, C-6), 61.9 (CH,, C-11), 61.5 (CH,,
C-12), 48.2 (CH, C-5), 43.3 (CH,, C-3), 42.0 (C, C-10),
36.5 (CHj, C-14), 32.8 (C, C-4), 32.3 (CH,, C-1), 22.9
(CHs, C-15), 18.3 (CH,, C-2), 17.4 (CH,, C-13); 'H
NMR (500 MHz, DMSO-d) dy: 5.65 (1H, s, H-7), 4.87
(1H, s, 12-OH), 4.61 (1H, s, 11-OH), 4.25 (1H, d,
J=6.9 Hz, 6-OH), 4.07 (1H, s, 9-OH), 4.05 (1H, s,
H-12), 4.02 (1H, s, H-6), 3.99 (1H, s, H-12), 3.48 (1H,
m, H-11), 3.43 (1H, d, J=11.0 Hz, H-11), 1.72 (1H, d,
J=10.2 Hz, H-5), 1.61 (1H, t, J=11.2 Hz, H-1), 1.46
(1H, d, J=12.7 Hz, H-1), 1.36 (2H, m, H-2), 1.25 (2H, t,
J=13.1 Hz, H-3), 1.10 (3H, s, H-14), 1.01 (3H, s,
H-15), 0.90 (3H, s, H-13), H{ %4504 5 12-hydroxy-
6-epi-albrassitriol " SCHRARE — B0, SCBk %A X
&Yy el B HGE, BALE) 8 MLt
[a]y—140.0 (¢ 0.05, MeOH), 5 _FiRMIBIL AW HIFT
SAHR, R HAXA RS RS PIAE R

& 9: LEIIREAR, "C NMR (125 MHz,
DMSO-dg) dc: 165.6 (C, C-1°), 144.8 (CH, C-3°),
144.4 (C, C-8), 141.3 (CH, C-5"), 135.3 (CH, C-7"),
131.2 (CH, C-6’), 127.5 (CH, C-4’), 120.4 (CH, C-2"),
119.9 (CH, C-7), 74.1 (C, C-9), 66.2 (CH, C-6), 61.7
(CH,, C-11), 60.6 (CH,, C-12), 44.6 (CH, C-5), 44.0
(CH,, C-3), 40.1 (C, C-10), 33.3 (C, C-4), 32.6 (CHs,
C-14), 31.8 (CH,, C-1), 24.5 (CHs, C-15), 18.6 (CHs,
C-13), 18.3 (CH;, C-8), 18.2 (CH,, C-2); 'H NMR
(500 MHz, DMSO-dg) y: 7.19(1H, dd, J=15.2, 11.3 Hz,
H-3"), 6.67 (1H, m, H-5"), 6.33 (1H, m, H-4"), 6.22
(1H, dd, J=19.1, 8.1 Hz, H-6"), 6.01 (1H, td, J=14.0,
6.8 Hz, H-7"), 5.89 (1H, d, J=15.2 Hz, H-2"), 5.77 (1H,
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dd, J=9.3, 5.1 Hz, H-7), 5.54 (1H, m, H-6), 4.87 (1H, s,
12-OH), 4.74 (1H, s, 11-OH), 4.46 (1H, s, 9-OH), 4.43
(2H, s, H-12), 5.32 (1H, d, J=10.1 Hz, H-11), 3.45 (1H,
d, J=11.4 Hz, H-11), 1.98 (1H, dd, J=7.0, 4.3 Hz, H-5),
1.87(4H, dd, J=15.8, 7.1 Hz, H-8, 1), 1.60 (1H, d,
J=14.2 Hz, H-2), 1.43 (2H, t, J=15.0 Hz, H-2, 1), 1.29
(1H, d, J=12.3 Hz, H-3), 1.23 (1H, s, H-3), 1.17 (3H, s,
H-13), 1.05 (3H, s, H-15), 0.91 (3H, s, H-14)., Hiki
e S ustusolate AYNK—E, tLEY 9 W HLHELIE
Hlaly =70.0 (¢ 0.10, MeOH)5 C#kR B[]y —68.0
(c 0.10, MeOH) Y B Ha 230, 158 W & %o 44 24t A ]

k&Y 10 F@E R, °C NMR (125 MHz,
DMSO-ds) dc: 198.8 (C, C-6), 158.9 (C, C-8), 127.8
(CH, C-7), 76.6 (CH, C-3), 61.8 (CH, C-5), 57.8 (CH,,
C-11), 57.1 (CH, C-9), 41.4 (C, C-10), 37.3 (C, C-4),
36.5 (CH,, C-1), 28.3 (CHs, C-14), 26.5 (CH,, C-2),
21.4 (CH;, C-12), 15.6 (CH;, C-13), 15.3 (CHs, C-15);
'H NMR (500 MHz, DMSO-d¢) dy: 5.70 (1H, s, H-7),
5.62 (1H, s, 11-OH), 4.38 (1H, d, J=4.8 Hz, 3-OH),
3.73 (1H, d, J=11.2 Hz, H-11), 3.60 (1H, m, H-11),
3.01 (1H, m, H-3), 2.24 (1H, s, H-9), 2.12 (1H, s, H-5),
1.65 (1H, d, J=4.9 Hz, H-5), 1.98 (3H, s, H-12), 1.90
(1H, d, J=12.4 Hz, H-2), 1.45 (3H, ddd, J=20.4, 10.3,
6.9 Hz, H-2, 1), 1.11 (3H, s, H-14), 0.99 (3H, s, H-15),
0.83 (3H, s, H-13), HJ§ %5 deoxyuvidin B!"
() SCHR T — 35, SCRikH B 14k & 90 1) L e DG B
i, (HAEY 10 B LLHESE R A [als —85.0 (¢ 0.10,
MeOH), 5 LR LLE W AT 5 AR, $Em 4
XF RS RIS AR .

A 11 (@B E, °C NMR (125 MHz,
DMSO-dq) d¢c: 207.1 (C, C-5), 193.1 (CH, C-21), 177.4
(C, C-3), 157.8 (CH, C-8), 140.3 (C, C-7), 136.6 (C,
C-19), 135.9 (CH, C-16), 130.5 (CH, C-4), 124.2 (CH,
C-17), 120.2 (CH, C-18), 52.3 (CH, C-14), 50.2 (CH,
C-6), 49.3 (CH, C-2), 46.1 (CH,, C-1), 45.6 (C, C-11),
44.5 (CH,, C-12), 44.1 (CH, C-10), 32.8 (CH, C-15),
31.1 (CH,, C-9), 27.9 (CH,, C-13), 26.6 (CH;, C-25),
23.1 (CHj, C-22), 21.4 (CHs, C-23), 18.4 (CHs, C-24),
17.3 (CHs, C-20); '"H NMR (500 MHz, DMSO-dg) dy:
9.27 (1H, s, H-21), 6.80 (1H, d, J=6.2 Hz, H-8), 6.10
(1H, t, J=11.2 Hz, H-17), 6.02 (2H, d, J=15.4 Hz,
H-18, 4), 5.12 (1H, t, J=10.0 Hz, H-16), 3.38 (1H, s,
H-6), 2.92 (1H, d, J=20.5 Hz, H-9), 2.60 (3H, dd,
J=31.9, 12.4 Hz, H-2, 10, 15), 2.21 (1H, m, H-9), 2.07
(3H, s, H-20), 2.03 (2H, d, J=3.4 Hz, H-2, 1), 1.90 (1H,
m, H-14), 1.84 (3H, s, H-25), 1.77 (3H, s, H-24), 1.69
(1H, m, H-13), 1.44 (2H, dd, J=11.1, 8.9 Hz, H-12),
1.17 (2H, dd, J=24.1, 14.8 Hz, H-1, 13), 0.98 (3H, d,
J=6.7 Hz, H-23), 0.87 (3H, s, H-22), HIFiEsiE 5

6-epi-ophiobolin Gy SCHkZIE—2., LA 111
FEHEEE Aol +107.0 (¢ 0.10, MeOH)5 3k i

) H@ART/CLE

[a]s +117.0 (¢ 1.05 MeOH)EEHT, 64X 14
LARUER N

L&Y 12 B4 6B E A, °C NMR (125
MHz, DMSO-dy) d¢c: 210.6 (C, C-5), 181.0 (C, C-3),
136.4 (CH, C-16), 135.8 (C, C-19), 133.4 (C, C-7),
133.1 (CH, C-4), 130.2 (CH, C-8), 123.7 (CH, C-17),
120.4 (CH, C-18), 67.9 (CH,, C-21), 53.5 (CH, C-6),
52.3 (CH, C-14), 51.1 (CH, C-2), 46.6 (CH,, C-1), 45.1
(C, C-11), 44.4 (CH,, C-12), 43.9 (CH, C-10), 32.6
(CH, C-15), 29.3 (CH,, C-13), 28.0 (CH,, C-9), 26.6
(CH,, C-24), 23.0 (CHs, C-23), 21.3 (CHs, C-22), 18.3
(CHs, C-25), 17.6 (CHs, C-20); 'H NMR (500 MHz,
DMSO-dg) di: 6.02 (2H, m, H-18, 17), 5.94 (1H, s,
H-8), 5.73 (1H, d, J=5.2 Hz, H-4), 5.11 (1H, t, J=
9.9 Hz, H-16), 4.15 (1H, d, J=11.9 Hz, H-21), 3.87
(1H, d, J=11.8 Hz, H-21), 3.60 (1H, d, J=2.6 Hz, H-6),
2.77 (1H, d, J=12.8 Hz, H-2), 2.51 (3H, m, H-10, 15,
9), 2.07 (3H, s, H-20), 2.03 (1H, dd, J=13.1, 3.4 Hz,
H-9), 1.87 (2H, m, H-14, 1), 1.80 (3H, s, H-25), 1.74
(3H, s, H-24), 1.63 (1H, s, H-13), 1.50 (1H, dd, J=11.8,
4.3 Hz, H-12), 1.39 (1H, ddd, J=10.8, 8.9, 4.4 Hz,
H-12), 1.27 (1H, m, H-13), 1.12 (1H, t, J=13.0 Hz,
H-1), 0.98 (3H, s, H-22), 0.94 (3H, d, J=6.7 Hz, H-23).,
Hk 1% BE 5 (60)-21, 21-O-dihydroophiobolin GH"
) SCHERRGE — 3. AW 12 BB EE Ry +35.0
(c 0.05, CHCI3) 5 SCHRARIE [a]y +49.0 (c 0.10, CHCIy)
(RSO AR AT, 50 & o) 4 750 5 Sk — 3

& 13: Bk, °C NMR (125 MHz,
DMSO-dq) d¢: 216.0 (C, C-5), 194.6 (CH, C-21), 159.7
(CH, C-8), 141.5 (C, C-7), 136.1 (CH, C-16), 135.3 (C,
C-19), 123.3 (CH, C-17), 120.1 (CH, C-18), 74.6 (C,
C-3), 54.7 (CH,, C-4), 51.4 (CH, C-14), 49.6 (CH, C-2),
48.3 (CH, C-6), 44.9 (CH,, C-12), 44.3 (C, C-11), 43.2
(CH, C-10), 41.0 (CH,, C-1), 31.9 (CH, C-15), 30.0
(CH,, C-9), 27.1 (CH,, C-13), 26.1 (CH;, C-25), 25.2
(CH3, C-20), 22.9 (CH;, C-22), 21.1 (CHs, C-23), 17.9
(CH,, C-24); 'H NMR (500 MHz, DMSO-d) dy: 9.13
(1H, s, H-21), 6.97 (1H, d, J=5.3 Hz, H-8), 6.11 (2H,
m, H-17, 18), 5.27 (1H, m, H-16), 4.68 (1H, s, 3-OH),
3.05 (1H, d, J=10.7 Hz, H-6), 2.77 (1H, d, J=16.1 Hz,
H-4), 2.63 (2H, dd, J=28.7, 14.6 Hz, H-9), 2.47 (1H, d,
J=10.5 Hz, H-10), 2.29 (2H, m, H-15, 2), 2.21 (1H, d,
J=16.0 Hz, H-4), 1.97 (2H, m, H-14, 1), 1.80 (3H, s,
H-24), 1.71 (3H, s, H-25), 1.66 (1H, dd, J=13.7, 4.3 Hz,
H-13), 1.59 (1H, m, H-1), 1.41 (2H, m, H-12), 1.27
(3H, s, H-20), 1.09 (1H, dd, J=14.9, 7.1 Hz, H-13),
0.93 (3H, d, J=6.6 Hz, H-23), 0.93 (3H, s, H-22), Hik
TEXE 5 6-epi-ophiobolin K" SCHkIRE —%k . 1k
AW 13 W HHEEEE M [a]? +170.0 (¢ 0.10, MeOH),
kB [a]E +155.0 (¢ 0.08 MeOH)H R 3T,
i B 446 6] ) Ut A (]
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L&Y 14: LB FEAR, °C NMR (125 MHz,
DMSO-dg) 6c: 171.1 (C, C-21), 145.2 (CH, C-8), 136.4
(C, C-19), 135.6 (CH, C-16), 126.2 (C, C-7), 124.1
(CH, C-17), 120.2 (CH, C-18), 112.2 (C, C-5), 80.5 (C,
C-3), 54.0 (CH,, C-4), 53.0 (CH, C-2, 6), 52.1 (CH,
C-14), 44.8 (CH,, C-12), 44.1 (C, C-11), 42.5 (CH,
C-10), 41.7 (CH,, C-1), 33.1 (CH, C-15), 29.7 (CH,,
C-9), 28.1 (CH,, C-13), 26.6 (CH;, C-25), 24.9 (CHs,,
C-20), 23.7 (CHs, C-22), 21.4 (CH;, C-23), 18.3 (CHs,
C-24); 'H NMR (500 MHz, DMSO-dg) dy: 6.97 (1H, s,
H-8), 6.03 (2H, m, H-17, 18), 5.13 (1H, t, J=9.9 Hz,
H-16), 3.33 (1H, m, H-6), 2.58 (1H, d, J=20.7 Hz,
H-15), 2.50 (1H, dd, J=16.2, 9.5 Hz, H-9), 2.36 (1H, d,
J=12.3 Hz, H-10), 2.30 (1H, d, J=14.6 Hz, H-4), 2.19
(1H, d, J=14.4 Hz, H-4), 2.04 (1H, m, H-9), 1.89 (1H,
dd, J=18.7, 7.9 Hz, H-14), 1.83 (3H, s, H-24), 1.69 (3H,
s, H-25), 1.69 (2H, dd, J=12.7, 9.0 Hz, H-1, 2), 1.49
(2H, m, H-12, 1), 1.30 (3H, s, H-20), 1.21 (2H, m,
H-13), 0.98 (3H, d, J=6.7 Hz, H-23), 0.79 (3H, s,
H-22), H)E%dE5 ophiobolin P! SCRkHR i —
H. B 14 B HELE R ald +100.0 (¢ 0.05,
MeOH) 5 SRR 1B [0 ]2 +93.8 (¢ 0.67, MeOH)HY B
AHIE, Ul B 8 X A 78 5 SOk — 2

AP 15 AEBEAFEE, °C NMR (125 MHz,
DMSO-dg) d¢c: 139.4 (C, C-7), 138.0 (CH, C-16), 135.1
(C, C-19), 123.0 (CH, C-8), 121.9 (CH, C-17), 120.5
(CH, C-18), 119.7 (C, C-5), 79.8 (C, C-3), 71.7 (CH,,
C-21), 55.3 (CH, C-10), 52.8 (CH, C-6), 50.1 (CH,
C-2), 50.3 (CH,, C-4), 47.4 (CH, C-14), 43.7 (C, C-11),
43.2 (CH,, C-12), 36.2 (CH,, C-1), 35.7 (CH, C-15),
26.8 (CH,, C-13), 26.5 (CHs, C-25), 25.9 (CHs, C-20),
25.2 (CH,, C-9), 20.4 (CH,, C-23), 18.9 (CH;, C-22),
18.2 (CHj, C-24); 'H NMR (500 MHz, DMSO-ds) dp:
5.96 (2H, m, H-18, 17), 5.60 (1H, dd, J=8.2, 6.3 Hz,
H-8), 5.20 (1H, m, H-16), 4.47 (2H, s, H-21), 3.01 (1H,
d, J=9.8 Hz, H-6), 2.68 (1H, dd, J=15.9, 9.2 Hz, H-15),
2.48 (1H, dd, J=13.8, 8.5 Hz, H-9), 2.24 (1H, d,
J=13.3 Hz, H-4), 2.19 (1H, dd, J=16.8, 7.0 Hz, H-2),
2.05 (1H, dt, J=18.4, 9.4 Hz, H-14), 1.91 (1H, d,
J=13.3 Hz, H-4), 1.90 (3H, s, H-25), 1.72 (3H, s,
H-24), 1.67 (2H, m, H-13, 9), 1.55 (3H, m, H-12, 10,
1), 1.38 (3H, m, H-13, 12, 1), 1.23 (3H, s, H-20), 0.89
(3H, s, H-22), 0.89 (3H, d, J=6.7 Hz, H-23), JLik ik
%5 ophiobolin H""f) SCHkIRIE — 5. (AW 15 19
i 6 B R[]y +17.0 (¢ 0.10, MeOH)5 3¢k i
[a]3 +25.0 (¢ 0.10, CHCI)MUIT, BEIA4%I4
R A ]

&9 16: TTABHTAK, °C NMR (125 MHz,
DMSO-dg) d¢: 205.8 (C, C-5), 193.1 (CH, C-21), 177.1

(C, C-3), 158.3 (CH, C-8), 139.6 (CH, C-16), 138.6 (C,
C-7), 129.4 (CH, C-4), 128.0 (CH, C-17), 73.5 (CH,

.hmAmmf

C-18), 71.4 (C, C-19), 51.2 (CH, C-14), 49.1 (CH, C-6),
48.6 (CH, C-2), 44.9 (C, C-11), 44.8 (CH,, C-1), 43.7
(CH,, C-12), 42.8 (CH, C-10), 32.1 (CH, C-15), 30.2
(CH,, C-9), 27.1 (CH,, C-13), 26.0 (CH;, C-25), 25.2
(CH3, C-24), 22.4 (CH;, C-22), 20.1 (CHs;, C-23), 16.6
(CHs, C-20); '"H NMR (500 MHz, DMSO-d;) dy: 9.21
(1H, s, H-21), 6.92 (1H, d, J=4.5 Hz, H-8), 5.93 (1H, s,
H-4), 5.32 (2H, m, H-17, 16), 4.48 (1H, d, J=4.9 Hz,
H-18), 4.01 (1H, d, J=9.7 Hz, H-6), 3.08 (1H, d,
J=20.4 Hz, H-9), 2.68 (1H, dd, J=17.4, 6.9 Hz, H-2),
2.59 (1H, m, H-15), 2.27 (2H, ddd, J=20.7, 14.4, 6.5
Hz, H-9, 10), 2.03 (3H, s, H-20), 1.97 (1H, m, H-1),
1.94 (1H, m, H-14), 1.57 (1H, m, H-13), 1.45 (1H, dd,
J=11.5, 4.6 Hz, H-12), 1.38 (1H, td, J=11.1, 4.5 Hz,
H-12), 1.27 (1H, m, H-13), 1.16 (1H, m, H-1), 1.06
(3H, s, H-24), 1.04 (3H, s, H-25), 0.92 (3H, d, J=
6.5 Hz, H-23), 0.81 (3H, s, H-22). H ik S
ophiobolin QU SCikIIE—L. LAY 16 BIHIEEEE
H[a]y +140.0 (¢ 0.10, MeOH) 5 SCHkHE [a]5 +126.0
(c 0.39, MeOH) £ AHIT, 156 B 26 X 44 AU 5 SCiik
— 3

A% 17 BRI, °C NMR (125 MHz,
DMSO-dg) d¢: 205.8 (C, C-5), 193.1 (CH, C-21), 177.0
(C, C-3), 157.8 (CH, C-8), 141.9 (CH, C-16), 139.8 (C,
C-7), 129.4 (CH, C-4), 126.4 (CH, C-17), 82.9 (CH,
C-18), 71.8 (C, C-19), 56.7 (CH,, 18-OCHj,), 51.6 (CH,
C-14), 49.1 (CH, C-6), 48.7 (CH, C-2), 44.9 (CH,, C-1),
44.8 (C, C-11), 43.7 (CH,, C-12), 42.7 (CH, C-10),
31.6 (CH, C-15), 31.3 (CH,, C-9), 27.1 (CH,, C-13),
26.8 (CH;, C-25), 24.8 (CHs, C-24), 22.3 (CHs, C-22),
21.1 (CHs, C-23), 16.6 (CH3, C-20); "H NMR (500 MHz,
DMSO-dq) dy: 9.20 (1H, d, J=6.7 Hz, H-21), 6.81 (1H,
m, H-8), 5.93 (1H, s, H-4), 5.66 (1H, m, H-16), 5.20
(1H, t, J=10.6 Hz, H-17), 3.67 (1H, d, J=9.9 Hz, H-18),
3.25 (3H, s, 18-OCHs), 3.08 (1H, d, J=20.7 Hz, H-6),
2.74 (1H, t, J=12.4 Hz, H-2), 2.61 (1H, m, H-9), 2.53
(1H, m, H-15), 2.24 (1H, m, H-9), 2.05 (1H, m, H-1),
2.03 (3H, s, H-20), 1.98 (1H, m, H-14), 1.94 (1H, m,
H-13), 1.59 (1H, m, H-12), 1.46 (1H, m, H-12), 1.39
(1H, m, H-10), 1.29 (1H, m, H-13), 1.17 (1H, m, H-1),
1.14 (3H, s, H-25), 1.05 (3H, s, H-24), 1.02 (3H, d,
J=6.6 Hz, H-23), 0.80 (3H, s, H-22), HIFissiE 5
ophiobolin R SCHRARIE—2. fba¥r 17 B LD
JE Aoy +70.0 (¢ 0.10, MeOH)5 SCHRIR B [a]h +60.8
(c 0.24, MeOH)RY A5 AH T, i BH 28 %0 #4) 4 5 SCik
— 3,
22 MRRBEEIPHEMHLER

SIS R B REAEY 2. 6, 7, 9, 11, 13 Xf
25 S R T EL AT B S 0% B0 A e, H s B o vk
(ICso) 435I 31.8. 37.3, 28.4, 36.8. 46.6. 37.6 uM,
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1T BHPEXS B 1Cso WIS 1.2 uM. ARHESZ 045 R Ak
USRI, X TS Y, 11-0H fil C-6
JIT AU 110 A R T R ey L 2 R I S 7
PE, T AR A G N C-21 AR AT 4R
i A 2% R D 3 1
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Chemical constituents of Aspergillus ustus TK-5, an endo-
phytic fungus derived from the ascidian Herdmania momus
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Abstract: Cultivation of the fungal strain Aspergillus ustus TK-5, an endophytic fungus which was isolated from
the fresh tissue of ascidian Herdmania momus, resulted in the identification of 17 compounds. These compounds
were isolated by a combination of silica gel, Sephadex LH-20, and Lobar LiChroprep RP-18 column chromatogra-
phy as well as by preparative high-performance liquid chromatography (pHPLC). The structures were elucidated to
be drimane sesquiterpenoids (1-10) and sesterterpenes (11-17) by analysis of their spectroscopic data, including
strobilactone A (1), ustusolate E (2), ustusolate C (3), ustusolate D (4), 11-hydroustusolate E (5), 11, 6’- hydrous-
tusolate E (6), (2’E, 4’E, 6’E)-6-(1’-carboxyocta-2’, 4°, 6’-triene)-11, 12-epoxy-9, 11-dihydroxydrim-7-ene (7),
12-hydroxy-6-epi-albrassitriol (8), ustusolate A (9), deoxyuvidin B (10), 6-epi-ophiobolin G (11), (6a)-21,
21-0-dihydroophiobolin G (12), 6-epi-ophiobolin K (13), ophiobolin P (14), ophiobolin H (15), ophiobolin Q (16),
and ophiobolin R (17). Regarding to the neuraminidase inhibitory activity, compounds 2, 6, 7, 9, 11, and 13 were
found to possess moderate activity, with ICs, values of 31.8, 37.3, 28.4, 36.8, 46.6, and 37.6 umol/L.
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