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Abstract : In order to find new, potentially biologically active compounds from marine microorganisms, we investigated the
metabolites of an endophytic fungus named Aspergillus fumigatus, which was separated from Coelarthrum boergesenii
(collected from Paracel Islands in South China Sea). Accordingly, 16 compounds were isolated from the EtOAc-soluble
portion of the fermentation broth of Aspergillus fumigatus. On the basis of extensive spectroscopic analyses (1D and 2D
NMR,HR-ESI-MS) and by comparison with the spectroscopic data in the published literature, they were determined as
gliotoxin (1) ,bis (dethio)bis ( methylsulfanyl) gliotoxin(2) , fumiquinazoline C (3), (-) -chaetomium (4) , verruculo-
gen (5) ,fumitremorgin C (6) ,brevianamide F (7) ,fumigaclavine C (8) ,decanedioic acid,2-methylene (9) ,2-meth-
ylene-, 1-methyl ester (10) ,2-undecenedioic acid (11) ,2-undecenedioic acid, 1-methyl ester (12) ,decanedioic acid,
helvolic acid (13) ,and di-2-ethyl hexyl phthalate (14) ,physcion (15) ,emodin (16) ,respectively. Among them , com-
pounds 9,10 and 12 are new natural products.
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A (SunFire C il % #%,10 x 250 mm,5 pm) F1 Wa-
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15

OH O OH
I8

10a)] 4a A 3°CHy
[o}

~14 3t 14 A4, Fr. 5 34> H HPLC ( CH,CN-
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Fr.8 #4% FHI 1l % % HPLC ( CH,CN-H,0 5:95—100
20) I EAE S 1(21.6 mg) 14 (11.4 mg) F
15(23.4 mg), Fr. 9 #43 H £ % HPLC ( CH,CN-
H,0 5:95—100: 0) Zfifk 155 {L45 4 3(10.0 mg) 13
(11.7 mg) 1 3 DA, J5 3 221 il %5 2 RP-
HPLC ( CH,CN-H,0 5:95—100: 0) i#f— 4 4lifb 15 5|
EY 4(3.5 mg) 5(3.3 mg) 9(26.4 mg) ;Fr. 10
45 1 4% %1 HPLC (CH,CN-H,0 5:95—100: 0) 43
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HEEAEY 12(7.2 mg) A1 10(10.3 mg) ; Fr. 12 3
4y il 4 % HPLC ( CH,CN-H,0 5:95—100: 0) 4}
B 28k ) 4 7 RP-HPLC ( CH,CN-H,0 5: 95—
100: 0) ZlifL 132654 7 (4.5 mg) 8(20.3 mg) .11
(15.6 mg) ,
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Chemical structures of compounds 1-16

(3H,s,CH,-11),3.64 (1H,dd,]=9.7,5.9 Hz, H-
3a),3.74 (1H,m,H-10),4.25 (1H,dd,J = 12.8,
9.7 Hz,H3a),4.42 (1H,dd,J =12.8,5.9 Hz, H-
5a),4.81 (1H,s,H-6),5.78 (1H,d,J =9.6 Hz,H-
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7),5.94 (1H,dd,J=9.3,4.7 Hz,H-8),5.99 (1H,
m,H-9) ;" C NMR (CDCL,, 100 MHz) §:27.6 (C-
11),36.7 (C-10),60.8 (C-3a),70.0 (C-5a),73.3
(C-10a),75.7 (C6),77.3 (C-3),120.4 (C-9),
123.5 (C-8),130.2 (C-7),130.9 (C9a),165.5
(C4),166.2 (C-1), LA b &03% FBk 3% 54 5 S
Bk HRE A9 A4 gliotoxin —F(,

e 2wk E 4 H NMR (CD,0D,
400 MHz) 6:2.25 (3H,s,H-13),2.27 (3H, s, H-
14),2.95 (1H,d,J =15.7 Hz,H-10) ,3.12 (3H,s,
H-11),3.12 (1H,d,J =15.6 Hz,H-10) ,3.87 (1H,
d,J=11.5 Hz,H-12) ,4.26 (1H,d,J =11.5 Hz, H-
12),4.85 (1H,m,H-6),4.93 (1H,m,H-5a) ,5. 68
(1H,d,J=9.7 Hz,H-7),5.94 (1H,m,H-8),5.99
(1H,m,H-9);”C NMR (CD,0D,100 MHz)§:13.6
(C-14),15.2 (C-13),29.1 (C-11),39.7 (C-10),
64.6 (C-12),70.5 (C-5a),73.1 (C-10a),74.3 (C-
3),75.7 (C-6),120.8 (C9),124.8 (C-8),130.7
(C-7),134.0 (C9a),167.7 (C-1),168.4 (C4).,
DA 3 R B3 5 Sk I A Ak A 9 bis
(dethio) bis ( methylsulfanyl) gliotoxin —Z%{ ,

EW3 EEAKAK;'H NMR (CDCl,,400
MHz)8:1.02 (1H,d,J=7.7 Hz,H-19),1.07 (3H,
d,J =6.8 Hz, H-29),2.06 (3H,s, H-16),2. 14
(1H,d,J =15.1 Hz, H-15b),2.98 (1H,dd,J =
15.1,7.4 Hz, H-15a),3.71 (1H, m, H20),5.34
(1H,d,J=6.9 Hz,H-18),5.73 (1H,d,J=7.7 Hz,
H-14),7.20 (1H,t,J =7.7 Hz,H26),7.31 (1H,
dd,J=7.7,1.2 Hz,H25),7.35 (1H,dd, ] =6.4,
4.5 Hz,H-27),7.46 (1H,d,J =7.8 Hz,H-24) ,7.61
(1H,m,H-9),7.80 (1H,d,J=7.1 Hz,H-7),7.85
(1H,m,H-8),8.36 (1H,dd,J =8.2,1.3 Hz, H-
10);”C NMR (CDCI,, 100 MHz)§:18.9 (C-29),
24.8 (C-16),31.6 (C-15),51.6 (C-14),58.8 (C-
20),84.3 (C-3),87.2 (C-17),87.3 (C-18),115.6
(C-24),121.6 (C-11),125.0 (C=27),126.3 (C-
26),127.2 (C-10),128.6 (C-7),128.8 (C9),
130.4 (C-25),135.1 (C-8),135.9 (C-23),138.5
(C-28),146.5 (C-6),150.5 (C4),159.6 (C-12),
170.5 (C-1),171.0 (C21) o LA &3 Ak I 24
53k R 38 194k A fumiquinazoline C —3K

wEm4 PHEaBA;'H NMR (CDCL, 400
MHz) 8:1.75 (3H,d,J=7.0 Hz,H-12) ,2. 64 (1H,

d,J=12.8 Hz,H-13a),2.80 (1H,m, H-13b) ,4. 44
(1H,q,J/=7.0 Hz,H-11),5.52 (1H,s,H-2),7.22
(1H,td,J =7.4,1.2 Hz,H6),7.39 (1H,td, J =
7.6,1.3 Hz,H-7),7.49 (1H,d,J =7.8 Hz,H-5),
7.43 (1H,d,J=7.8 Hz,H-8),7.63 (1H,t,/=7.6
Hz,H-20),7.69 (1H,d,J =8.1 Hz, H-22),7.88
(1H,td,J =7.2,1.4 Hz,H21),8.22 (1H, m, H-
19);"”C NMR (CDCl,, 100 MHz) §:14.7 (C-12),
38.3 (C-13),50.9 (C-14),60.5 (C-11),77.8 (C-
3),83.4 (C2),115.9 (C8),121.8 (C-18),124.3
(C5),126.3 (C-6),127.1 (C-19),127.8 (C-22),
127.6 (C-20),131.3 (C-7),134.9 (C-21),134.6
(C4),139.3 (C9),147.2 (C23),147.7 (C-25),
161.2 (C-15),166.3 (C-17),171.7 (C-10), DI I
ST R O S Se Y I e A (-)-
chaetomium —%{

&M s L f{k;'"H NMR (CDCl,, 400
MHz)§:1.01 (3H,s,H-28),1.65 ~2.55 (2H,m, H-
7),1.65 ~2.55 (2H, m,H-8),1.65-2.55 (2H, m,
H-26),1.72 (3H,s,H-29),1.74 (3H,s, H24),
2.00 (3H,s,H-25),3.65 (2H,dd,J =8.7,4.7 Hz,
H9),3.85 (3H,s,H-30),4.03 (1H,brs, OH-12),
4.48 (1H,dd,J=9.5,7.3 Hz,H-6) ,4.77 (1H,brs,
OH-13),5.05 (1H,d,J=8.0 Hz,H=22),5.66 (1H,
s,H-13),6.05 (1H,d,J =10.1 Hz, H3), 6.60
(1H,d,J =2.2 Hz,H-19) ,6.64 (1H,d,J=8.1 Hz,
H-21),6.83 (1H,dd,J =8.8,2.2 Hz,H-17),7.90
(1H,d,J =8.7 Hz, H-16) ;" C NMR (CDCl,, 100
MHz) 5:18.8 (C-24),22.6 (C-8),24.2 (C25),
25.6 (€-29),27.1 (C-28),29.0 (C-7),45.3 (C-
26),48.9 (C-3),51.2 (€C9),55.8 (C-30),58.7
(C6),68.7 (C-13),82.1 (C27),82.5 (C-12),
85.8 (C-21),94.0 (C-19),105.5 (C-14),109.4
(C-17),118.5 (C-22),121.0 (C-15),121.6 (C-
16),131.6 (C-2),136.2 (C20),143.1 (C-23),
156.4 (C-18),166.2 (C-5),170.7 (C-11), Vi I
SRR B 5 SCk e 3l 191k A4 verruculo-
gen —H(,

wEWe6 IRE KA ;'H NMR (CD,0D,400
MHz,)8:1.65 (3H,s,H-23),1.96 (1H, m,H-8),
2.00 (3H,s,H-24),2.06 (1H,m,H-8),2.33 (2H,
m,H-7),2.99 (1H,dd,J=15.6,11.8 Hz,H-13b),
3.43 (1H,dd,J=15.7,5.0 Hz,H-13a) ,3.58 (2H,
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m,H9),3.80 (3H,s,0CH,-18),4.25 (1H,d,J =
7.8 Hz,H-6) ,4.29 (1H,m,H-12),6.02 (1H,d,J =
9.5 Hz,H-3),6.71 (1H,m,H-17),6.87 (1H,d,J =
1.7 Hz,H-19),7.37 (1H,d,J =8.6 Hz,H-16);"C
NMR (CD,0D,100 MHz)§:18.3 (C-24),22.8 (C-
13),23.9 (C-8),25.9 (C-23),29.5 (C-7),46.4
(C9),52.4 (C-3),56.0 (18-OCH,) ,57.9 (C-12),
60.4 (C-6),96.0 (C-19),106.1 (C-14),110.1 (C-
17),119.2 (C-16),122.0 (C-15),125.2 (C-21),
133.6 (C-2),135.1 (C-22),138.9 (C-20),157.6
(C-18),168.1 (C-11),171.6 (C-5), Lk L& iEH
ﬁ?}%}%ﬁ?ﬁ'—ﬁxﬁtm WE S fumitremorgin C —
#H,

w&EW 7 EEKBORK;'H NMR (CD,0D,400
MHz) §:0.94 (1H, m, H-19b),1.67 (1H, m, H-
18b),1.74 (1H, m,H-18a),1.98 (1H,m,H-19a),
3.23 (1H, m, H-17b),3.28 (1H, m, H-10b) , 3. 32
(1H,m,H-10a),3.45 (1H,m,H-17a),3.99 (1H,
ddd,J=10.8,6.6,1.8 Hz,H-14) ,4.41 (1H,dt,J =
4.8,1.8 Hz,H-11),7.01 (1H,m,H-6),7.09 (1H,
s,H2),7.10 (1H,m,H-7),7.33 (1H,d,J =8.1
Hz,H-8),7.58 (1H,d,J=7.9 Hz,H-5);”C NMR
(CD,0D,100 MHz)§:22.5 (C-18),29.1 (C-19),
29.2 (C-10),46.0 (C-17),57.2 (C-11),60.1 (C-
14),109.5 (C-3),112.3 (C-8),119.8 (C5),
119.9 (C-6),122.6 (C-7),125.6 (C-2),128.7 (C-
4),138.0 (C9),167.5 (C-16),170.7 (C-13), LA
A RS RO 5 Sk R B AL A ) breviana-
mide F —&{,

w&ws L FA;'H NMR (CDCL,, 400
MHz)6:1.35 (3H,d,J =7.4 Hz,H-18),1.50 (3H,
s,H-20),1.50 (3H,s,H-21),1.87 (3H,s,H-25),
2.05 (1H,m,H-8),2.64 (3H,s,H-17),2.88 (1H,
m,H4a),2.93 (1H, m,H-7a),2.99 (1H, m, H-
7b),3.06 (1H,br d,J =12 Hz,H-5),3.55 (1H,d,J
=10.4 Hz, H-10),3.55 (1H,d, J = 10.4 Hz, H-
4b),5.09 (1H,m,H-23a),5.13 (1H, m, H-23b),
5.67 (1H,br s,H9),6.07 (1H,dd,J=17.6,10.4
Hz,H22),6.70 (1H,d,J =7.1 Hz, H-12),7.03
(1H,m,H-14),7.09 (1H,br d,J =8.0 Hz,H-13);
“C NMR (CDCL,, 100 MHz)§:16.1 (C-18),21.2
(C-25),26.4 (C4),27.4 (C21),27.5 (C20),
32.9 (C-8),38.3 (C-19),39.1 (C-10),42.9 (C-

17),56.8 (C-7),61.8 (C-5),70.6 (C9),104.7
(C-3),108.2 (C-13),112.0 (C-23),112.9 (C-
12),122.3 (C-14),127.7 (C-16),127.7 (C-11),
132.3 (C-15),137.3 (C-2),145.7 (C-22),170.7
(C-24) o DAL Z03% MR35 H0ds 45 Sk #2381 1k
4% fumigaclavine C —3(,

aw9 ik Y; HR-ESI-MS m/z:
213.1200 [M-H] ;'H NMR ¥4 2 MEERT 6
5.56 (1H,d,J=1.4 Hz,H3a) fi16.11 (1H,d,J =
1.5 Hz,H-3b) , 7~ A — 4> AR it 5 5 5 — 2 K S e
361.34 (6H,m,H-5,6,7),1.49 (2H, m, H-8),
1.61 (2H,m,H9),2.28 (2H,t,J =7.4 Hz,H4),
2.28 (2H,t,J=7.4,H-10) ;*C NMR &+ 0] LI 5|
11 AN, 4335 2 R EERR 8 170.7 (C-1),177.8 (C-
11) ,2 DR Uik 6 125.2 (C-3),142.7 (C-2) FI
7 AR S26.1 (€C9),29.7 (C-8),30.1 (C-5),
30.1 (C6),30.1 (C-7),32.9 (C4),34.9 (C-
10) . H C-1 fyfb2pfi ks 5 3Cmk' ™ i C2 A ok
Uil B A6 A 9 decanedioic acid #H Eb 7] & 5 % )
T UEWA SR b s 5 BB (C-1) A%, "H-"H CO-
SY %5 sx H4/H-5,H9/H-10 fH%, B/~ C4 5 C-
5 #i%E,C9 5 C-10 A%, AR #5 DL 1 1D 2D 3558,
HEMZAL A Y 5 3k &) dimethyl 2-methyle-
neoctanedioate BONARML, 5 3 ALAEREE /b T R4S
CH,, H ik & i i A& 55 1 g 1k i0OR W5, JF 45
A 'H-"H COSY & (& 2) B A4 9 Mz 5
SRk 2 RS AL A ) decanedioic acid, 2-methylene
—3, ZUEWRE RN BR T ERH, R
B RIR =), SR S e s an F

'"H NMR (CD,0D,400 MHz) §:1.34 (6H,m,
H-5,6,7),1.49 (2H, m,H-8),1.61 (2H,m,H9),
2.28 (2H,t,/=7.4 Hz,H4) ,2.28 (2H,t,/ =7.4,
H-10),5.56 (1H,d,J =1.4 Hz,H-3a),6. 11 (1H,
d,J=1.5 Hz,H-3b) ;" C NMR (CD,0D,100 MHz)
8:26.1 (€C9),29.7 (C-8),30.1 (C-5),30.1 (C-
6),30.1 (C-7),32.9 (C4),34.9 (C-10),125.2

(C-3),142.7 (€C2),170.7 (C-1),177.8 (C-11)

0]

OH
5 7 9 11
(o}

1
HO™ 3
= H.1H COSY

2 EWI EERH-H COSY XX RE
Fig.2 Key HMBC correlations of compound 9
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& 10 JoEl AR Y; HR-ESI-MS m/z:
227.1349 [M-H] ;'H NMR ¥4 2 MEE R T 6
5.58 (1H,d,J =1.4 Hz,H-3a),6.11 (1H,d,J =
1.5 Hz,H-3b) , s 1 A b i, — > FH 4805k 6
3.74 (3H,s,CH;0-1) , —4H B4 bi ke 6 1. 34 (6H,
m,H-5,6,7),1.46 (2H,m,H-8),1.60 (2H,m, H-
9),2.28 (2H,t,J =7.4 Hz,H4),2.28 (2H,t,] =
7.4,H-10) ;" C NMR ji s n] LB 21 12 A8k, A4 1
ANRTRIEE 5 177.8 (C-11),1 A HESH I 5§ 169.3
(C-1) ,2 M5k 8125.4 (C-3),142.7 (C-2),1 4~
F4R 3L § 52. 3 (CH,0-1) F1 7 A 3§ 26. 1 (C-
9),29.6 (C-8),30.1 (C-5),30.1 (C-6),30.1 (C-
7),32.9 (C4),35.0 (C-10), HMBC ji H4/C-1,
H-3/C-1,H-3/C4,CH,0-1/C-1 ,H-9/C-11 f{HH %
F (F3) BaaH A C-1 BEEME, C-1 kS
ARimdfis C-2 #Hi%E,C-2 5 C4 fHi%,C9 5 C-10
#,C-10 5 C-11 PRILARE, H 0% A i 5o 5
ik kA dimethyl 2-methyleneoctanedioate %%
AR, JE E AR EE /D T IS CH, , B AR b2 3
BRACHGER 5L, 285 1D 2D NMR fi##r, H 5469
9 Bl LA A 10 UL A 9 19 C-1 FR L
TR B, 1 2 59 10 B9 254928 decanedioic
acid,2-methylene-, 1-methyl ester, 22 F, , iZib &5
SE— A R 22 OB, R E RN AR gy
B E), IF H kPR S0 5 s, B — R R
PR AR S e B T

'"H NMR (CD,0D,400 MHz) §:1.34 (6H,m,
H-5,6,7),1.46 (2H,m,H-8),1.60 (2H,m,H9),
2.28 (2H,t,/=7.4 Hz,H4) ,2.28 (2H,t,] =7.4,
H-10),3.74 (3H,s,CH,0-1),5.58 (1H,d,/=1.4
Hz,H-3a) ;" C NMR (CD,0D,100 MHz) §:26.1 (C-
9),29.6 (C-8),30.1 (C-5),30.1 (C-6),30.1 (C-
7),32.9 (C4),35.0 (C-10),52.3 (CH,0-1),
125.4 (C-3),142.7 (C2),169.3 (C-1),177.8 (C-

1),
o]
TMes>a 6 0
~ 2 OH
0M1
N L
HMBC('H —13C)

3 &AW 10 EEH HMBC XX RE
Fig. 3 Key HMBC correlations of compound 10

WEW 11 iRy ;' H NMR %4 W6
SJEF685.79 (1H,d,J =15.6 Hz,H-2) ,6.94 (1H,

dt,J=7.0,15.5 Hz,H-3) , BRA — R EAL
ki, — KBS 6 1.35 (2H, m, H5),1.35
(2H,m,H-6),1.35 (2H,m,H-7),1.48 (2H, m, H-
8),1.60 (2H, m,H9),2.22 (2H,d,J =1.3,8.2
Hz,H4),2.28 (2H,t,] =7.4 Hz,H-10) ;" C NMR
W ERA 1 ARG, 64 2 SRR 8 170.5
(C-1),177.9 (C-11),2 Mam § 122.7 (C-2),
151.0 (C-3), M7 AMEHHS26.1 (C9),29.2 (C-
8),30.1 (C-5),30.1 (C-6),30.1 (C-7),33.1 (C-
4),35.0 (C-10), Hymst S A (C-1)Mi%, U
R RO R B KO 5 Sk PR B Y trans-2-de-
cenedioic acid JE 5 AL, A & A ALE Bk 85 £ — 4>
CH,,% 1D.2D NMR 43 #7, fb &% 11 4544 5 3
Wk d gy 2-undecenedioic acid — #F{.'H NMR
(CD,0D, 400 MHz) §:1.35 (2H, m, H-5),1.35
(2H,m,H-6),1.35 (2H,m,H-7),1.48 (2H,m, H-
8),1.60 (2H, m,H9),2.22 (2H,td,J =1.3,8.2
Hz,H4),2.28 (2H,t,J =7.4 Hz, H-10),5.79
(1H,d,J =15.6 Hz,H2),6.94 (1H,dt,J =7.0,
15.5 Hz,H-3) ;" C NMR (CD,0D,100 MHz) §:26. 1
(C9),29.2 (C-8),30.1 (C-5),30.1 (C-6),30.1
(C-7),33.1 (C4),35.0 (C-10),122.7 (C=2),
151.0 (C-3),170.5 (C-1),177.9 (C-11),

L& 12 ik ¥; HR-ESI-MS m/z:
227.1362 [M-H] ;'H NMR 4 2 NMa & F o
5.84 (1H,d,J =15.7 Hz,H-2),6.97 (1H,dt, ] =
15.8,6.9 Hz, H-3),1 B & % 6 3.71 (3H, s,
CH,0-1) , —#H K&kt 6 1.34 (2H, m,H-5) ,1. 34
(2H,m,H-6),1.34 (2H,m,H-7),1.47 (2H, m, H-
8),1.60 (2H, m, H9),2.28 (2H,m, H4),2.28
(2H,m,H-10) ;°C NMR B/RA 12 Mgl 5, 45
1 MRERIE 5 178.0 (C-11),1 ANFESERIL 5 168.9
(C-1),2 ANssak § 121.8 (C-2),151.3 (C-3),1
K S 51.9 (C-OCH, ), F1 7 A7 H1 3 8 26. 1
(€C9),29.1 (C-8),30.0 (C-5),30.1 (C-6),30.1
(C-7),33.1 (C4),35.0 (C-10) ; HMBC & ([
4) CH,0-1/C-1, H-2/C4, H-3/C-1, H9/C-11 L)
J2'H-"H COSY jrfr (& 4)H-3/H4 H4/H-5,H-9/
H-10 AH G R Bn AL S C-1 BRI AHIE, C-1
B S IREEARIE,C3 5 C4 fHi%,C4 5 C-5 M,
C-9 5 C-10 fHi#,C-10 5 C-11 A%, LA LA
B $ 4 5 ekt Ak & W) trans-2-decenedioic
acid AEH AL, 7 (AEEE h Z —4> CH,, H. C-1
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REEBRALBUR 3, 28 1D 2D NMR 4347 0F 5465
WL A AW 12 {2 EY) 11 1/ C-1 R LR
Al 2 TP 3, 0 8 A A 12 B2 45 Sek ™ g
2-undecenedioic acid,1-methyl ester —%{, ZibE¥)
RE U BRI AR, & — BRI, H
RSB

'"H NMR (CD,0D,400 MHz) 8:1.34 (2H,m,
H-5).1.34 (2H,m,H-6),1.34 (2H,m,H-7) ,1.47
(2H,m,H-8),1.60 (2H,m,H-9),2.28 (2H,m, H-
4),2.28 (2H,m, H-10),3.71 (3H,s, CH,0-1),
5.84 (1H,d,J =15.7 Hz,H2),6.97 (1H,dt,J =
15.8,6.9 Hz,H-3);”C NMR (CD,0D,100 MHz) §:
26.1 (C9),29.1 (C-8),30.0 (C-5),30.1 (C-6),
30.1 (C-7),33.1 (C4),35.0 (C-10),51.9 (C-
OCH,),121.8 (C2),151.3 (C3),168.9 (C-1),
178. 0 (c-11)

HMBC(‘H — > 13C),'H-"H COSY( =)

4 L&Y 12 =EH HMBC #1'H-'H COSY #AX X R E
Fig. 4 Key HMBC and 'H-'"H COSY correlations of com-
pound 12

wEW 13 LEAHR A 'H NMR (CDCL,,
400 MHz) 6:0.94 (3H,s, H-18),1.18 (3H, s, H-
29),1.28 (3H,d,J =6.8 Hz,H-28),1.45 (3H,s,
H-19),1.57 (1H,m,H-11a),1.61 (3H,s,H26),
1.69 (3H,s, H27),1.81 (1H, m, H-12a),1.92
(1H, m, H-15a),1.97 (3H, s, 16-OCOCH, ), 1. 98
(1H,m,H-11b),2.09 (1H,m,H-23),2. 11 (3H,s,
6-0COCH,),2. 14 (1H,m,H-23),2.22 (1H,m,H-
15b),2.27 (1H,d,J =12.2 Hz,H-5) ,2. 41 (1H,m,
H-12b),2.47 (2H,m,H=22),2.57 (1H,m,H-13),
2.62 (1H,m,H9),2.77 (1H,dd,J =12.3,6.7 Hz,
H4),5. 11 (1H,m,H-24),5.24 (1H,s,H-6),5.86
(1H,d,J=9.9 Hz,H2),5.91 (1H,d,J =7.9 Hz,
H-16),7.30 (1H,d,J =10.0 Hz,H-1), LI F4&%
BOE 550k HRAE 1AL A helvolic acid —EL,

& 14 JCEikY ;' H NMR (CD,0D,400
MHz)§:0.92 (6H,m,H-7',7""),0.96 (6H,m, H,.
9',9),1.27 ~1.47 (16H,m,H4’,4"",5',5" 6,
6'",8",8""),1.69 (2H,m,H-3",3"") ,4.22 (4H,dd,
J=5.7,1.9 Hz,H-2",2""),7.62 (2H,dd,J =5.7,

3.3 Hz,H-3,4),7.72 (2H,dd,J =5.8,3.3 Hz, H-
2,5);”C NMR (CD,0D,100 MHz)§:11.4 (C-7',
7'"),14.4 (C9',9'),24.0 (C4',4"),25.0 (C-
5'.5'"),30.1 (C6",6""),31.6 (C-8',8'""),40.2
(C3",3""),69.1 (C2",2"),129.9 (C-3,4),132. 4
(C-1,6,2,5),169.4 (C-1",1""), DL E&IE S miE
B 5 SC kT R 8 L A W di2-ethyl hexyl
phthalate —Z{

e 15 a5k ; ESI-MS m/z.285. 0758
[M+H]";'"H NMR (CD,0D, 400 MHz) §:2.42
(3H,s,CH,),3.97 (3H,s,0CH,) ,6.83 (1H,d,J =
2.4 Hz,H-7),7.09 (1H,brs,H-2),7.29 (1H,d,J =
2.4 Hz,H-5),7.53 (1H,s,H4) . LI _S3E Fgs
Bl 550k R Bk A4 physcion —2K,

& 16 Tk fh;'H NMR (CD,0D, 400
MHz) §:2.43 (3H,s,CH;-3),6.55 (1H,d, J =
2.4Hz,H4),7.09 (1H,d,J = 1.6Hz, H-5),7. 17
(1H,d,J =2.4Hz,H-2),7.56 (1H,d,J =1.6Hz,H-
7)o DAL S MBS SO 5 Sk s L A
emodin —Z{,
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