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Secondary metabolites of endophytic fungus Aspergillus sp. J218 from

Anectochilus roxburhii
HE Xuhui, LI Xiang-ang, CHEN Meiyan, WANG Yiding, WU Rui, ZHENG Chengjian( School of Pharmacy, Naval Medical
University, Shanghai 200433, China)

[Abstract] Objective To isolate the secondary metabolites of endophytic fungus Aspergillus sp. 1218 from Anectochilus
roxburhii. Methods Different chromatographic methods, including Sephadex LH-20 and silica gel chromatography as well as
HPLC, were used to isolate compounds from the EtOAc fraction of the solid fermentation of J218, and their structures were
identified by spectral methods. Results Ten compounds were isolated from the fermentation of J218 and their structures were
individually identified as kotanin( 1), flavasperone(2), aurasperone B(3), fonsecinone B(4), fonsecinone D(5), ensidol A(6),
fonsecinone A(7), fonsecinone C(8), aurasperone A(9), and fonsecinone F(10). Conclusion Most compounds isolated from
endophytic fungus Aspergillus sp. J218 in Anectochilus roxburhii were identified as dimeric naphthopyrones. These results suggest
that this strain contains rich dimerization synthase, which could provide clues for the further exploration of the rational biosynthesis
pathway of dimeric naphthopyrones in this strain.
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ELIE KR Aspergillus sp. 1218, SR FH KA [ AA & e 1
PEAT R, IR I SR L BRAS I vh o3 B
afifl SER R 10 MEEW (B 1) o e il
2 " RERIFMIRERSAL G, PR RN A LR
AR RS U, ARV BB REA
—BAZIA AN

1 MR5EE

1.1 ALE 5K A]

Agilent 1200 Series > il £ %I AH {0 3543 (55
Agilent 3 7] ) ; Eclipse XDB-C18 2] £ {2 i A
(250 mmx9.4 mm, 5 pm;3E [ Agilent 23 7] ) ; Bruker
Avance 600 MHz(f%[% Bruker /A 7] ); APEX7.0 FT-
MS % Ji %% (£ €] Bruker /A 7 ) ; RE-52C Ji€ % 7%
RALC PP AT T A PR A F]) ; HWS-24 #U
PR KV B (1 —fE R A 28 AT BR A F] ) 5 SHZ-
DI BUAE IR K XI5 3 (N LTRSS A BR DA
Al ); Sephadex LH-20( 3£ [&] Pharmacia 2\ H] ) ; S A
FEAEfEE 12 nm S-50 pum (H ARk 254t YMO);
FE 8 3% i i (200 ~ 300 H ) A1 GF254 ( 100 mm x
100 mm) fit et (F B AL T ) T R SRz
CPROTE . W S b (g 28 R ey A
BT ; (i . NG (L 2R B A
BRZA D)5 Ja B IR Z=ARK O P B PGl OB BR
o) KRR K R 25 B K i A0 50 0 A R - AR R
WA (12 g FHEEE, 250 ml LB, 200 ml KR,
500 ml 7518 7K) o
1.2 ##t

ARSI [T BRRE A 2020 4F M7= F 4 2 me o 1Y

— Mk 4 2k 3% (Anectochilus roxburhii) 15 B 153
SR AR R 28 v 5 24 R 2 SR o RI 9 D 2 e
h&ELE, NERERAIEEFEE ihEEE
Aspergillus sp., 95k 1218, BT Tl 44 5 K
S 2R BT E

13 HHAB

ORI 1Y) 42 S N AE FLE TR AR Aspergillus sp.
J218 4P B 26 5 K B 1Y PDA AR EE#73E |, F
REFRAAIG AL RE 3% 7 d, LK B 03T FLAs 4T FLECH F
BT RA 250 g RAKEEFR AR 1000 ml HEEHEH,
3 40 I, HIRLEE 30 d.

1.4 R#ZHRBE 55

K= EHIUF 500 ml 95% £ PR SR E
WK, BEK 45min, 2398, D8R IR 40 2 JCEEM, ¥ &
PEE A (1 1.5 WG 2 I, RIGH TR
Fig (12 2) AW 3 K, G I LR LTRF 57 FE WU, Ik
P 4iie B E (R H 24.7 g0 15 24.7 g IR B HE
i IR AR, T FET Sephadex LH-20 A% {4 3%, LA
80% HEEEHEA TR, 458 S 4143 (Fr. 1~5).

Fr.2 M7 IR B (45, 22 300 ~ 400 H fE AL (4
WL AW b BR300 DEREEI LY
1(49.2 mg) . Fr.3 #4342 200 HEEAH: A3, LA —
A BE: FEE(200 ¢ 17 = 1) PEFTEEEEVERL, TR
FH TLC #E 47 SUBRAI, & 7159 5] 5 44 5 Fr.3-
1 ~3-5, Fr.3-4 25 300 ~ 400 I ff i (533 DL — 580
Bt HEE(TS « 1)V B L 59 2(5 mg) ; Fr.3-
5 4 Sephadex LH-20 #E i #1 (80% HI B 3t i ) il
300 ~ 400 H i 3% DL ik £ 08 LR F
(5:10:0.5) WEMiAE 2165 3(22.6 mg); Fr.3-2

OCH,0H O

E1 ®E91-~10 MLEERR
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25200 HAERAE: ik (s H be, S H ke H iE=
1000 : 1—100 : 1) 35 5 4~F4 5 Fr.3-2-1 ~ 3-2-
5. Fr.3-2-5 £ 300-400 H ke o ik L — 50 e /Y
F (105 : 1) Ve A5 24k &% 4(27.7 mg) ; Fr.3-2-
4 L) 65% HE-0.05% HIFR/KCHISIE, 28 Agilent 1 200
Series il 75 AL AH (A 15, 5354 Eclipse XDB-
Cys, LN 2 ml/min, WCEE 22 min 1438 R M 4615
F4E Y 5(49.3 mg); Fr.3-2-2 45 300-400 H fif it
e L T e (135« DIERSEMLEY 6
(10.7 mg) ik &% 7(6.8 mg) ; Fr.3-2-2 £ 300 ~
400 HEER RS DL A be: FHBE(120 « 1) PERAS
#4bA Y 8(15.7 mg) Ffb &9 9(11.5 mg) . Frd
W28 200 H RE R AT 035, DL A B e B R
(800 : 1—80 : 1) HEATHEFE VR, 15 2L5 W 10
(23 mg).

2 #R

EY 1 AR, 13 CyuH,,04, ESI-
MS m/z: 439 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) 6y4: 6.73 (s, 1H, H-6, 6"), 5.51 (s, 1H,
H-3, 3"), 3.93 (s, 3H, 4,4-OCHj), 3.80 (s, 3H, 5, 5'-
OCH,), 2.70 (s, 3H, 7, 7'-CH;). *C NMR (150 MHz,
Chloroform-d) 6-:169.88 (C-4, 4"), 163.12 (C-2, 2"),
159.57 (C-7, 7"), 153.49 (C-8a, 8a’), 138.52 (C-5, 5"),
111.43 (C-6, 6'), 108.45 (C-8, 8'), 107.47 (C-4a, 4a’),
87.72 (3, 3'-CH3), 56.11 (7, 7'- OCH,), 55.89 (4, 4'-
OCHj), 24.06 (5, 5'-CH;) ", DL - i 3 Bodis 5 SCik
X RE—3%, i LB 1 4 kotanin,

&Y 2: EEmA., 5T C¢H,O0s, ESI-
MS m/z: 285 [M-H]. 'H NMR (600 MHz,
Chloroform-d) &y: 12.81 (s, 1H, 5-OH), 6.88 (s, 1H,
H-6), 6.60 (d, J=2.2 Hz, 1H, H-7), 6.41 (d, ] =2.2 Hz,
1H, H-9), 6.29 (s, 1H, H-3), 3.99 (s, 3H, 10-OCHj),
3.94 (s, 3H, 8-OCHj,), 2.51 (s, 3H, 2-CH;); *C NMR
(150 MHz, Chloroform-d) ¢: 182.83 (C-4), 166.54
(C-2), 161.43 (C-8), 159.05 (C-10), 156.61 (C-5),
155.79 (C-11), 141.18 (C-13), 110.21 (C-3), 108.84
(C-14), 105.77 (C-6), 104.88 (C-12), 97.93 (C-7),
96.98 (C-9), 55.85 (10- OCH3), 55.44 (8- OCHj,),
20.46 (2-CH3) M, LA b i i #5415 SCikoxd BE— 2%,
#iE b &%) 2 4 flavasperone.,

WEY 3: mEHAK, 43+ CyHy00,,, ESI-
MS m/z: 607 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) 6y: 14.53 (s, 1H, 5’-OH), 14.17 (s, 1H,
5-OH), 6.88 ~ 6.78 (m, 1H, H-9), 6.69 (d, J = 17.8 Hz,

1H,,H-10),6.37 (d, J=2.2 Hz, 1H, H-7"), 6.13 (dd, J =
8.5, 2.3 Hz, 1H, H-9"), 4.00 (s, 3H, 6'-OCH3;), 3.79 (d,
J = 9.8 Hz, 3H, 8-OCHj;), 3.68 ~ 3.61 (m, 3H, 8'-
OCHs;), 3.38 (d, ] = 3.1 Hz, 3H, 6-OCH3;), 3.07 ~ 2.99
(m, 2H, 3-H,), 2.98 ~2.87 (m, 2H, 3’-H,), 1.79 (d, ] =
6.0 Hz, 3H, 2-CH,), 1.48 (d, ] = 3.8 Hz, 3H, 2'-CHj);
“C NMR (150 MHz, Chloroform-d) §q: 197.60 (C-
4"), 196.89 (C-4), 164.85 (C-8"), 163.81 (C-8), 162.15
(C-6"), 161.81 (C-6), 161.01 (C-5"), 158.18 (C-5),
153.19 (C-10a), 151.34 (C-10a '), 142.66 (C-9a),
142.39 (C-9a’), 117.81 (C-7), 110.55 (C-5a), 107.73
(C-5a"), 106.44 (C-10"), 103.79 (C-4a), 103.58 (C-
4a "), 102.77 (C-9), 102.24 (C-10), 100.21 (C-2),
100.11 (C-2"), 97.37 (C-7"), 96.21 (C-9"), 61.58 (C-6),
56.17 (C-6"), 55.89 (C-8), 55.16 (C-8"), 47.33 (C-3),
46.92 (C-3"), 29.24 (2'-CH3), 28.69 (2-CH;) "> "1 1]
U A 5 SCRR N R — B e A 3R
aurasperone B,

G 4 W AR R o 0T 3 CyHy0yy,
ESI-MS m/z: 587 [M-H]. 'H NMR (600 MHz,
Chloroform-d) éy: 14.77 (s, 1H, 5-OH), 14.52 (s, 1H,
5'-OH), 7.12 (s, 1H, H-10), 6.97 (s, 1H, H-9), 6.36 (d,
J=22Hz, 1H, H-7"), 6.13 (d, J = 2.3 Hz, 1H, H-9),
6.04 (s, 1H, H-3), 4.00 (s, 3H, 6'-OCH3;), 3.82 (s, 3H,
8-OCH;), 3.64 (s, 3H, 8 -OCHj;), 3.42 (s, 3H, 6-
OCHs;), 2.92 (d, ] = 8.7 Hz, 2H, 3'-H,), 2.40 (s, 3H, 2-
CH;), 1.48 (s, 3H, 2'-CH;); *C NMR (150 MHz,
Chloroform-d) dc: 197.49 (C-4 '), 184.46 (C-4),
167.68 (C-2), 164.96 (C-8"), 162.18 (C-8), 161.89 (C-
6"), 161.86 (C-6), 160.22 (C-5), 157.40 (C-5"), 153.18
(C-10a), 151.30 (C-10a"), 142.62 (C-9a), 140.21 (C-
9a’"), 118.64 (C-7), 111.39 (C-5a), 107.83 (C-5a’),
107.36 (C-3), 106.62 (C-10"), 104.72 (C-4a), 103.84
(C-4a"), 101.75 (C-9), 101.18 (C-10), 100.23 (C-2"),
97.44 (C-7"), 96.23 (C-9"), 61.78 (6-OCHs), 56.19 (6'-
OCHs;), 55.90 (8-OCHj;), 55.15 (8'-OCHj;), 46.88 (C-
3"), 28.86 (2'-CH3), 20.74 (2-CH;) " 151 DL | I 3% %
P85 TR IR, B A5 4 4 fonsecinone B.,

EW S IRE AR K. T3 CHi0y,
ESI-MS m/z: 589 [M+H]". 'H NMR (600 MHz,
Chloroform-d) 6y: 14.94 (brs, 1H), 14.17 (d,J=4.3 Hz,
1H), 7.00 (s, 1H, H-10), 6.86 (d, J = 3.7 Hz, 1H, H-9),
6.73 (d,J =3.3 Hz, 1H, H-7"), 6.43 (d, ] =2.2 Hz, 1H,
H-9),6.24 (d,J=2.3 Hz, 1H, H-3'), 6.00 (t,J = 15.3 Hz,
1H, 2-OH), 4.04 (s, 3H, 6'-OCHj;), 3.78 (s, 3H, 8-
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OCHjy), 3.65 (d, J = 1.4 Hz, 3H, 8'-OCH;), 3.44 (s,
3H, 6-OCHj;), 3.13 ~ 2.94 (m, 2H, 3-H,), 2.21 ~ 2.10
(m, 3H, 2'-CHj), 1.82 (s, 3H, 2-CH;); *C NMR (150
MHz, Chloroform-d) 8¢: 196.59 (C-4), 184.58 (C-4"),
167.56 (C-2"), 164.06 (C-8), 162.63 (C-8"), 161.43
(C-6"), 161.04 (C-6), 160.96 (C-5), 159.43 (C-5"),
153.32 (C-10a '), 150.80 (C-10a), 142.74 (C-9a),
140.71 (C-9a"), 116.80 (C-7), 110.70 (C-5a"), 108.57
(C-5a), 107.20 (C-3"), 105.17 (C-10), 104.25 (C-4a"),
103.51 (C-4a), 102.67 (C-9), 101.85 (C-10"), 100.12
(C-2), 96.96 (C-7"), 96.49 (C-9"), 61.87 (6'-OCHj,),
56.19 (6-OCH;), 55.91 (8'-OCHj3), 55.18 (8-OCHj),
47.35 (C-3), 28.68 (2-CHj3), 20.68 (2'-CH;) ">, 1)
b e S SO R — 3, etk B SR
fonsecinone D,

EW 6: Eak K, 43+ C3H;NO;, ESI-
MS m/z: 230 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) 6y: 9.11 (s, 1H, 4-OH), 8.75 (s, 1H, H-
2), 7.42 ~ 7.37 (m, 2H, H-9, 13), 7.37 ~ 7.31 (m, 1H,
H-11), 7.26 (dt, ] = 6.2, 1.4 Hz, 2H, H-10, 12), 6.27
(s, 1H, H-5), 6.03 (s, 1H, 3-OH), 3.91 (s, 2H, 7-H,);
C NMR (150 MHz, Chloroform-d) §.: 178.08 (C-3),
168.85 (C-6a), 164.15 (C-4), 162.07 (C-2), 133.79
(C-8), 129.12 (C-9,13), 127.83 (C-10,12), 119.26 (C-
3a), 116.06 (C-5), 39.60 (C-7) U, DL | it 44t 5
SCHRX B —2%, #2 fb A4 6 4 tensidol A

& 7. MK, 733 CyHy0,, ESI-
MS m/z: 571 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) &y: 15.22 (brs, 1H,5’-OH), 12.81 (brs,
1H, 5-OH), 7.08 (s, 1H, H-6), 7.00 (s, 1H, H-7), 6.46
(d,J=2.1Hz, 1H, H-7), 6.37 (s, 1H, H-3), 6.22 (d, ] =
2.1 Hz, 1H, H-9'), 6.04 (s, 1H, H-3"), 4.06 (s, 3H, 6'-
OCHjy), 3.81 (s, 3H, 8-OCH,), 3.65 (s, 3H, 8'-OCHj),
3.46 (s, 3H, 10-OCHj3), 2.52 (s, 3H, 2-CH,), 2.15 (s,
3H, 2'-CH,); *C NMR (151 MHz, Chloroform-d) 8¢:
184.59 (C-4"), 183.01 (C-4), 167.48 (C-2), 166.87 (C-
2"), 162.83 (C-5"), 161.61 (C-8"), 161.16 (C-6"),
160.07 (C-8), 156.96 (C-10), 156.69 (C-5), 155.15
(C-11), 150.86 (C-10a’), 140.82 (C-6a), 140.67 (C-
9a "), 117.16 (C-9), 110.68 (C-3), 108.65(C-5a "),
108.01 (C-10a), 107.37 (C-3"), 106.07 (C-6), 105.05
(C-10"), 104.28 (C-4a’), 101.57 (C-7), 97.03(C-7"),
96.36 (C-9 "), 61.21 (10-OCH3), 56.23 (6 '-OCHj;),
55.98 (8-OCHj3), 55.18 (8'-OCHj3), 20.67 (2'-CH3),
20.55 (2-CH3) > "7 DL b ik i Hic 4 5 Sk X i —

, WiE b &%) 7 A fonsecinone A,

G 8: Bl R, 431X Cy,Hy,Oyy, ESI-
MS m/z: 588 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) 6y: 14.55 (s, 1H, 5’-OH), 12.79 (s, 1H,
5-OH), 7.07 (s, 1H, H-7), 7.02 (s, 1H, H-6), 6.41 (d, ] =
2.2 Hz, 1H,H-7"),6.37 ~6.35 (m, 1H, H-3),6.17 (d,J =
2.2 Hz, 1H, H-9"), 4.04 (s, 3H, 6'-OCH,), 3.86 (s, 3H,
8-OCHs3), 3.67 (s, 3H, 8 '-OCH;), 3.42 (s, 3H, 6-
OCHs;), 2.97 (d, J = 18.4 Hz, 2H, 3'-H,), 2.51 (s, 3H,
2-CH;), 1.49 (s, 3H, 2'-CH;); "C NMR (150 MHz,
Chloroform-d) d¢: 197.18 (C-4"),182.70 (C-4), 166.66
(C-2), 165.11 (C-8"), 162.45 (C-8), 161.91 (C-6"),
160.06 (C-10), 156.55 (C-5), 155.61 (C-5"), 154.98
(C-11), 151.13 (C-10a"), 142.53 (C-6a), 140.45 (C-
9a’), 118.17 (C-9), 110.74 (C-10"), 109.4 (C-10a),
107.93 (C-5a"), 107.90 (C-3), 106.58 (C-10), 106.05
(C-4a), 103.71 (C-4a"), 102.01 (C-6), 100.22 (C-2"),
97.31 (C-7"), 96.49 (C-9"), 61.13 (10-OCHs), 56.20
(6’-OCHj;), 55.98 (8-OCHj3), 55.21 (8'-OCHy), 46.65
(C-3"), 29.16 (2'-CH3), 20.51 (2-CH;) ™, DL I~ i %
Bl 5 S B3, i k54 8 A fonsecinone C.,

WEY 9: WA, 57F 3 CyHyp0, ESI-
MS m/z: 571 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) 6y: 15.20 (s, 1H, 5’-OH), 14.79 (s, 1H,
5-OH), 7.11 (s, 1H, H-10), 6.93 (s, 1H, H-9), 6.37 (d,
J=22Hz, 1H, H-7"), 6.17 (d, J = 2.2 Hz, 1H, H-9’),
6.01 (d, J=0.8 Hz, 1H, H-3), 5.94 (d, ] = 0.8 Hz, 1H,
H-3"), 3.98 (s, 3H, 6'-OCHj3), 3.74 (s, 3H, 8-OCHj;),
3.58 (s, 3H, 8'-OCH,), 3.42 (s, 3H, 6-OCHs;), 2.37 (d,
J=0.7 Hz, 3H, 2-CHj;), 2.07 (d, J = 0.7 Hz, 3H, 2'-
CHs;); "C NMR (150 MHz, Chloroform-d) §: 184.60
(C-4"), 184.43 (C-4), 167.62 (C-2), 167.54 (C-2"),
162.72 (C-5"), 162.01 (C-5), 161.41 (C-8"), 161.07(C-
6", 160.20 (C-8), 158.61 (C-6), 153.37 (C-10a),
150.84 (C-10a "), 140.70 (C-9a), 140.55 (C-9a’),
117.63 (C-7), 111.45 (C-5a), 108.59 (C-5a’"), 107.44
(C-3), 107.26 (C-3"), 105.17 (C-10"), 104.73 (C-4a),
104.27 (C-4a"), 101.35 (C-9), 101.21 (C-10), 96.88
(C-7"), 96.53 (C-9"), 62.01 (6-OCHj;), 56.21 (6 '-
OCH;), 55.91 (8-OCHy), 55.13 (8'-OCHj3), 20.75 (2-
CHj), 20.68 (2'-CHy) 17, DL B4 5 S ikont
M —2, L B4 9 4 aurasperone A

&Y 10: B AR o 20 30 CyHye0y,
ESI-MS m/z: 575 [M+H]'. 'H NMR (600 MHz,
Chloroform-d) 6y: 15.11 (s, 1H, 5’-OH), 14.28 (s, 1H,
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5-OH), 7.05 (s, 1H, H-9), 6.68 (d, ] = 2.4, 1H, H-7"),
6.28 (d, J=2.4, 1H, H-9'), 5.95 (s, 1H, H-10), 5.91 (s,
1H, H-3"), 3.86 (s, 3H, 6'-OCH3), 3.69 (s, 3H, 8-
OCH,), 3.42 (s, 3H, 6-OCH3), 3.00 (dd, ]=16.9, 3.8 Hz,
2H, 3-H,), 2.14 (s, 3H, 2'-CHj;), 1.28 (s, 3H, 2-CH,);
C NMR (150 MHz, Chloroform-d) §¢: 196.48 (C-4),
184.14 (C-4"), 168.21 (C-2"), 164.48 (C-5), 163.38
(C-5"), 162.22 (C-8"), 160.92 (C-6"), 159.81 (C-8),
157.63 (C-6), 152.99 (C-10a), 151.98 (C-10a "),
142.79 (C-9a), 140.72 (C-9a"), 115.05 (C-7), 110.59
(C-5a), 108.45 (C-5a’), 107.32 (C-3"), 106.50 (C-9),
106.48 (C-10"), 104.14 (C-4a’), 103.30 (C-4a), 102.31
(C-10), 100.02 (C-2), 97.21 (C-9"), 95.94 (C-7"),
62.03 (6-OCHs,), 55.86 (6’-OCH3), 55.31 (8'-OCH;),
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