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Secondary Metabolites of a Fungus Isolated from a Tin Mine Tailings
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Abstract: The secondary metabolites of a fungus isolated from tin mine tailings were separated by silica gel column,
sephadex LH-20 gel column and HPLC. 14 compounds were obtained. Their structures were identified by mass spectrom-
etry and nuclear magnetic resonance analyses and elucidated as;Stachyflin (1) ,Brevicompanine E(2) , Brevicompanine
H (3),Brevicompanine D (4),(2S,3S)-3,5-dihydroxy-2-( ( Z) -4-( hydroxymethyl ) -8- methylnona-3,7-dien-1-yl ) -2-
methyl-3,4,8 ,9-tetrahydropyrano[ 2, 3-e ] isoindol-7 (2H ) -one ( Stachybotrin A) (5) 5-((1R,2R,5R,6R)-2,5-di-
hydroxy-7-oxabicyclo[ 4. 1. 0 ] heptan-2-yl )-3-( (1S, 2S, 4aR, 6S, 8aS) -2, 6-dimethyl-1,2,4a,5,6,7, 8, 8a-octa-
hydronaphthalene-1-carbonyl ) 4-hydroxypyridine-2 ( 1H) -one ( Apiosporamide) (6), (3s)-6,8- dihydroxy-3-methyl-3,
4-dihydro-1H-isochromen-1-one (7) , Adenosine (8) ,4-hydroxybenzaldehyde (9) ,methyl (5-amino-2-hydroxyphenyl)
acetate (10) ,Uridine (11) , Acetylstachyflin (12) , Nicotinamide (13) , (S)-7-benzyl -6-methyl-6,7-dihydrobenzo[ 6,
7][1,4]diazepino[ 2,1-b ] quinazoline-5 ,13-dione( Benzomalvin A) (14). Compound 5 showed antitumor activity with
EDy, values of 21.59,23.45 and 37.36 pg/mL against HT-29,A-549 and MCF-7 ,respectively.
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(5).5-((1R,2R,5R,6R)-2,5- 2 Be-7-5 2% — 3
[4.1.0] Bie-2-35)3-((1S,2S,4aR ,6S,8aS) -2 ,6-
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3,4 - ZE-TH-ZIFMEm-1 - [ (7) BR7(8) 4 - £
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7 21.59 23.45 wg/mL #137.36 pg/mL,
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BT AL (VG Auto Spec-3000, 3¢ [¥]) ; #% 1 M 4ig
X (Bruker AV. DRX500, i ) 5 /&5 250 W AH 0 3% 4
(Waters515-2996 , 51 ) ; HL25 gk 7% % % ( BUCHI,
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HEAT H A Y 12 (10 mg) FifL &4 13 (13
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75 B3, AL 0.5 mg/mL B MTT 100 pL, k4t
Higg 4 b, 3% [IE, BN 150 pnL DMSO, #z3% 10
min I %E OD g, , ¥ 41T 22 X B 2% |, IF48H]
Origin 8.0 & EDES] o
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2.1 ZHHMEE

HEW 1 PEBERHE) ;55728 CHy,
NO, ; ESI-MS m/z:408[ M + Na]*;'H NMR ( DMSO-
dy,500 MHz) §:1.59 ~1.23 (2H,m,H-1),2.36 ~
1.55 (2H,m,H-2),3.36 (1H,t,J =7.0 Hz,H-3),
1.47(1H,dd,J =13.1,3.2 Hz,H-5),2.14 ~ 1. 66
(2H, m, H6),1.99 ~ 1.27 (2H, m, H-7), 1.75
(1H,m,H-8),3.09 ~2.10 (2H,d,J =17.8 Hz, H-
11),0.93(3H,s,H-12),0.89 (3H,s, H-13),1.10
(3H,d,J =7.2 Hz,H-14),0.84 (3H,s, H-15),
6.63(1H,s,H-5") ,4.174.08 (2H,d, J =16.9 Hz,
H-8'),4.48 (1H, br s,3-0H),9.76 (1H, br s,6'-
OH),8.28 (1H,br s,NH) ;"”C NMR ( DMSO-d, 125
MHz) §:23.6(C-1),25.7(C-2),72.3(C-3),37.5
(C4),44.3(C-5),23.5(C6),27.6(C-7),39.2
(C-8),37.1(C9),83.1(C-10),32.0(C-11),30. 1
(C-12),26.8(C-13),16.9(C-14),20.1 (C-15),
112.0(C-1"),147.2 (C2"),120.6 (C-3"),131.7
(C4'),99.1 (C-5"),156.0(C-6"),170.6(C-7"),
42.6 (C-8") ., PLLKd-5 3ot 8 —3C kot
ZAE YN Stachyflin (FEflLHEAR)

wEW 2 HEERHFE, &0 ;70
C,sH,; N, 0, ; ESI-MS m/z:456 [M + Na]*;'H NMR
(CDCL,,500 MHz) §:3.94 (1H,dd,J =10.0,3.0
Hz,H-3),6.08(1H,s,H-5a) ,8.01 (1H,d,J =7.3
Hz,H-7),7.29(1H,dd,J =7.3,7.3 Hz,H-8),7. 14
(1H,dd,J =7.6,7.3 Hz,H9),7.26 (1H,d,J =
7.6 Hz,H-10) ,2.61 ~2.37 (2H,dd,J =12.7,5.7-
11.3 Hz,H-12),3.83(1H,dd,J =11.3,5.7 Hz, H-
1la),2.01-1.55 (2H, dd, 14.1,8.99.7, H-12),
1.71 (1H, m, H-13),0.97(3H,d,J =6.6 Hz, H-
14),0.91(3H,d,J =6.6 Hz,H-15),5.81(1H,dd,J
=17.2,10.9 Hz, H-17),5.12-5.10 (2H,dd,J =
10.9-17.2,5.3 Hz,H-18),0.96(3H,s,H-19) ,1. 15
(3H,s,H-20),3.53-2.57 (2H,m,H-22),1.21(3H,
t,J] =7.4,H-23),6.16(1H,br s,2-NH) ;" C NMR
(CDCl,, 125 MHz) §:169.1(C-1),108.1(C-3),
179.7(C4),116.2(C-5),139.8 (C-6),211.2(C-
7),54.1(C-8),37.6(C9),31.2(C-10),36.4(C-
11),34.7(C-12),43.0(C-13) ,43.4(C-14),131.5
(C-15),132.7(C-16),32.4(C-17),18.1(C-18),

23.3(C-19),70.7(C-1"),60.3(C-2"),57.5(C-3"),
67.4(C4"),25.6(C-5"),31.5(C-6"), VI ¥R
SCilfoxt iR — 37 , W E %4k & W A Brevicompa-
nine E

Ew 3w ER R, Q05 ;010N
C,,H; N;0,; ESI-MS m/z:432 [M + Na] " ;'H NMR
(CDCI1,,500 MHz) §:3.94 (1H,d,J =4.1 Hz, H-
3),6.22(1H,s,H-5a) ,8.06(1H,d,J =7.3 Hz, H-
7),7.31(1H,dd,J =7.3,7.3 Hz,H-8),7. 12(1H,
dd,J =7.6,7.3 Hz,H-9),7.28(1H,d,J =7.6 Hz,
H-10),2.60 ~2.28 (2H,dd,J =12.6,5.7-11.6
Hz,H-11),3.82(1H,dd,J =11.6,5.7 Hz,H-11a),
2.65(1H,m,H-12),1.05 (3H,d, J =6.8 Hz, H-
13),0.92(3H,d,J =6.8 Hz,H-14),5.78(3H,dd,J
=16.8,11.1 Hz, H-16),5.14-5.12 (2H,dd,J =
16.8,6.0 Hz,H-17),0.98 (3H,s,H-18),1. 16 (3H,
s,H-19),3.40-2.63(2H, m,H-21) ,1.23(3H,t,J] =
7.2, H22), 6.06 (1H, br s, 2-NH);"” C NMR
(CDCl,, 125 MHz) §:168.2 (C-1),60.1(C-3),
164.2(C4),78.4(C-5a) ,143.7 (C-6a),118.5 (C-
7),129.3(C-8),124.3(C9),124.8(C-10),132.0
(C-10a) ,61.1(C-10b) ,38.1(C-11),58.8(C-11a),
29.4(C-12),19.1(C-13),16.0 (C-14),40.8 ( C-
15),143.3(C-16),114.9(C-17) ,23.5(C-18),33.2
(C-19),173.9(C-20),28.5(C-21),9.1(C22), Lk
Rl e R — 2T WO E %A A Brev-
icompanine H,

&4 R R (HEE, &5 5072k
C,,Hy;N; 0, ; ESI-MS m/z:434 [M + Na] " ;'H NMR
(CDCL,,500 MHz) §:4.07 (1H,dd,J =8.3,3.6
Hz,H-3),5.91(1H,s,H-5a) ,6. 60 (1H,d,J =7.8
Hz,H-7),7.16(1H,dd,J =7.8,7.7 Hz,H-8) ,6.78
(1H,dd,J =7.7,7.2 Hz,H9),7.18 (1H,d,J =
7.2 Hz,H-10) ,2.53 ~2.35(2H,dd,J =12.5,6.0 ~
11.4Hz,H-11) ,4.03(1H,dd,J =11.4,6.0 Hz, H-
11a),1.97 ~1.66 (2H,dd,J =11.4 ~14.1,6.0-
9.0 Hz,H-12),1.73 (1H,m, H-13),0.98(3H,d,J
=6.7 Hz,H-14),0.93(3H,d,J =6.7 Hz, H-15),
5.92(1H,dd,J =16.9,11.0 Hz,H-17),5. 13 ~5.08
(2H,dd,J =16.9,5.6 Hz,H-18),1.01 (3H,s, H-
19),1.10 (3H,s,H20),4.97 ~4.86 (2H,d,J =
10.2,H-21),3.33(3H,s,H21),6.16 (1H,br s,2-
NH);"”C NMR (CDCl,,125 MHz) §:168.7(C-1),
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53.4(C-3),165.1(C4),80.4(C-5a),149.6 ( C-
6a),107.0(C-7),129.2(C-8),118.7(C9),125. 4
(C-10),129.8(C-10a) ,60.4(C-10b),38.8(C-11),
58.3(C-11a),28.4(C-12),24.2(C-13),23.3(C-
14),21.3(C-15) ,41.3(C-16),143.2(C-17) ,114.6
(C-18),23.1(C-19),22.6(C20),78.5(C-21),
55.7(C-22) . Lh_b-%de 5 Sckond B —20 7 ot
1ZALE )/ Brevicompanine D,

wEWS TEEAR R, & 05 ; 710
C, Hy NO, ; ESI-MS m/z:424 [M + Na]*;'H NMR
(CDCl,,500 MHz) §:6.78 (1H,s, H4), 3.0l ~
2.64 (2H,dd, J =17.7,5.7 ~7.3 Hz,H-7),3.90
(1H,dd,J =7.3,5.7 Hz,H-8) ,4.28 (2H, br s, H-
13),1.74(2H, m,H-14) ,2.30(1H, m, H-15) ,5. 33
(1H,dd,J =7.5,7.5 Hz,H-16),2.08 (2H, m, H-
18),2.06 (1H, m,H-19),5.09 (1H,dd, J =1.3,
1.3 Hz,H20),1.65(3H,s,H-22),1.57(3H, s, H-
23),4.11 ~4.07(2H,d,J =12.4 Hz,H=24),1.28
(3H,s,H-25) ;C NMR (CDCI,,125 MHz) §:174.5
(C2),132.4(C-3),101.3(C4),158.6 (C-5),
113.8(C-6),27.6(C-7),68.6(C-8),80.3(C9),
150.3(C-11),124.1(C-12) ,44.3(C-13),39.1(C-
14),22.3(C-15),129.0(C-16),139.9(C-17),36.2
(C-18),27.8(C-19),125.6(C20),132.2(C-21),
25.7(C-22),17.9(C-23),60.1(C-24),18.6 (C-
25) . LA boHs 5 Scmkoxr i — 20w e %Ak A
¥k Stachybotrin A { (25,3S)-3,5-—5#3£2-((Z)-
4-(JRMPAL) 8- -3, 7-pf-1-48 ) 2-H k-3 4,8,
9-PU SNk [2,3-¢ ] S0 M-7 (2H) - |

wEW6 PEBKCED) ;57 CuH,,
NO, ; ESI-MS m/z:452 [M +Na] " ;'H NMR ( CDCL, ,
500 MHz) §:7.51(1H,d,J =2.8 Hz,H-6),4.35
(1H,dd,J =10.8,6.0 Hz,H-8),1.50(1H,dd,/J =
10.8,2.8 Hz, H9),1.86 ~0.78 (2H, m, H-10) ,
1.66 ~0.97 (2H, m, H-11),1.45 (1H, m, H-12) ,
1.69 ~0.72 (1H, m, H-13),1.75 (1H, m, H-14) ,
5.30(1H, m, H-15),5.33 (1H, m, H-16),2.80
(1H,m,H-17),0.75(3H,d,J =7.3 Hz, H-18),
0.84(3H,d,J =6.3 Hz,H-19),3.52(1H,d, J =
3.3 Hz,H2"),3.33(1H,dd,J =3.3,2.9 Hz, H-
3),4.06(1H,m ,H4") ,1.80 ~1.31(2H,m,H-5") ,
2.14~1.68 (2H, m, H-6") ;" C NMR ( CDCl,, 125
MHz) $:169.1(C-2),108.1(C-3),179.7(C4),

116.2(C-5),139.8(C-6) ,211.2(C-7) ,54.1(C-8),
37.6(C-9),31.2(C-10),36.4(C-11) ,34.7(C-12)
43.0(C-13),43.4(C-14),131.5(C-15),132.7(C-
16),32.4(C-17),18.1(C-18),23.3(C-19),70.7
(C-1"),60.3(C2"),57.5(C-3"),67.4(C4"),25.6
(C-5'),31.5(C6") o LIS 5 st it —2
WO E %A G W) Apiosporamide {5-( (1R,2R,5R,
6R)-2,5- "R BT Z 3[4, 1.0 ] Pifi-2-2E) -3-
((1S,25,4aR ,6S,8aS)-2,6-—H 3-1,2,4a,5,6,7,
8,8a-/\E Z5-1-Fc kL) 4-F2 BLmb g2 (1H) -f |

EWT  wmaER PR, & 0558
C,,H,, 0,; ESI-MS m/z:217 [M + Na]*;'H NMR
(DMSO-d, ,500 MHz) §:4.68 (1H,m,H-3),2.91 ~
2.80(1H,dd,J =11.6,2.8 Hz,H4),6.23(1H,s,
H-5),6.18 (1H,s,H-7),1.38 (3H,d,J =6.3 Hz,
H-9);"”C NMR (DMSO-d,, 125 MHz) §:169.5 ( C-
1),75.4(C-3),33.8(C4),142.3 (C4a),106.9
(C5),164.6 (C-6),100.9 (C-7),163.4 (C-8),
100.0 (C-8a),20.3(C9) ., LA - Eda 5 Sk i —
U AL G Y (35)6,8 - R L3 -
3,4 - A-1H- R AH-1-1

EWS wAREAK(HEE); 57Xk CoH,
N,0,; ESI-MS m/z:290 [M + Na]*;'H NMR ( DM-
SO-d, ,500 MHz) §:8.12 (1H,s,H-2),8.34(1H,s,
H-8),5.86 (1H,d,J =6.2 Hz,H-1") ,4.59(1H,t,]
=5.3 x(2) Hz,H=2"),4.13(1H, m, H-3"),3.95
(1H,q,J =3.5x(3) Hz,H4'),3.66-3.55(2H,m,
H-5"),7.34(2H,br s,6-NH2) ;"C NMR ( DMSO-d, ,
125 MHz) §:152.3(C-2),149.1(C4),119.4(C-
5),156.1(C-6),139.8(C-8),87.9(C-1"),73.5(C-
2'),70.6(C-3"),85.5(C4"),61.6(C-5"), L\ L%k
5 Sk R —BC SO %A A R

LEW9 R EIACHE, &) ;00
C,H,0,; ESI-MS m/z; 155 [M + Na]";'H NMR
(DMSO-d, ,500 MHz) §:8.40 (1H,d,J =8.4 Hgz,
H-2,6),7.56 (1H,d,J =8.4 Hz, H-3,5),10.42
(1H,s, H-7);"” C NMR ( DMSO-d,, 125 MHz) §:
127.9(C-1),132.2(C-2,6),116.1(C-3,5),164.3
(C4),190.8 (C-7), Db L% ¥ 5 sClk X i —
WO AL S R R TR

LEW 10 B PR (HEE, & 05) 5 0120
5 Cy H,,NO, ; ESI-MS m/z:204 [M +Na] *;'H NMR
( DMSO-d,, 500 MHz) §:3.47 (2H,s, H-2),6.47
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(1H,dd,J =8.4,2.7 Hz,H-3") ,6.59 (1H,dd,J =
8.4,2.7 Hz,H4') ,6.53(1H,d,J =2.7 Hz,H-6"),
3.57(3H,s,H-7") ;" C NMR ( DMSO-d,,125 MHz)
8:171.8(C-1),35.2(C2),121.7(C-1"),149. 6 ( C-
2'),117.6 (C-3"), 115.4 (C4'), 147.8 (C-5"),
114.3(C-6") ,51.5(C-7") o VU Hdia 5 SCHR XS i —
B MO AL A oS- 2R I 2 R
[

Em 1 ok (R EE, E07) 507X
CoH,,N,0,; ESI-MS m/z;267 [M + Na]*;'H NMR
(DMSO-d, ,500 MHz) §:5.64 (1H,d,J =8.4 Hz,
H-5),7.88 (1H,d,/ =8.4 Hz,H-6),5.77 (1H,d,J
=5.4 Hz,H-2"),4.01 (1H,m,H-3"),3.95 (1H,m,
H4'),3.83 (1H,m,H-5"),3.57 (2H,m,H-6") ;"C
NMR (DMSO-d,, 125 MHz) §:150.7 (C-2),163.1
(C4),101.6 (C-5),140.6 (C-6),87.7 (C2"),
73.5 (C-3"),69.8 (C4'),84.8 (C-5'),60.8 (C-
6') . AE%ds 5 sckout i —a Y don 2 %4k A
VIl IR WEERZ AT

waw12 [EERPRE, S0 0Tl
C,sH,; NO,; ESI-MS m/z:450 [M + Na]*;'H NMR
(DMSO-d, ,500 MHz) §:2.09 ~1.70(2H,m,H-3),
2.39-1.61(2H,m,H-2) ,4.67(1H,t,J =7.3 Hz, H-
3),1.57(1H, m, H-5),1.95- 1.74 (2H, m, H-6) ,
2.05-1.34(2H, m,H-7),1.79 (1H, m, H-8) ,3. 11-
2.15(2H,d,J =17.6 Hz,H-11),1.04 (3H, s, H-
12),0.80 (3H,s, H-13),1.12(3H,d,J =7.3 Hz,
H-14),0.85(3H,s,H-15),2.07(3H,s,H-17) ,6. 65
(1H,s,H-5") ,4.16- 4.10(2H,d,J =17.1,H-8"),
9.76(1H, br s,6-OH),8.28 (1H, br s, NH) ;" C
NMR (DMSO-d,,125 MHz) §:24.1(C-1),22.7(C-
2),75.1(C-3),36.4(C4) ,43.5(C-5),23.0(C-6),
27.2(C-7),39.0(C-8),37.2(C9),82.6(C-10),
31.8(C-11),29.7(C-12),26.1(C-13),17.0 (C-
14),19.8(C-15),169. 8(C-16) ,20.8(C-17),112. 1
(C-1"),146.9(C-2"),120.7 (C-3"),131.8(C4"),
99.4(C-5"),156.1(C-6"),170.3 (C-7"),42.5(C-

8') o LUK 5 sckood B — 2 e i Ak A
Y1l Acetylstachyflin ( Lt R L 8HAK)

HEW 13 REARK(FE); 57 h
C,H,N,O; ESI-MS m/z; 145 [ M + Na]*;'H NMR
(DMSO-d, ,500 MHz) §:9.03 (1H,d,J =1.4 Hgz,
H-2),8.21(1H,d,J =7.5 Hz,H4),7.49 (1H,dd,
J =7.5,4.8 Hz,H-5),9.03(1H,d,J =1.4 Hz, H-
6);"C NMR (DMSO-d,,125 MHz) §:152.0(C-2),
129.7(C-3),135.2(C4),123.5(C-5),152.0( C-
6),166.6(C-7), L b Hd 5 3Ciikxt 18— ik
W E1Z S Y Nicotinamide (JE FEEIE ) o

waw 14 EORERPRE, S0 0N
C,,H,,N,0,; ESI-MS m/z:404 [M + Na]*;'H NMR
(€DCl,,500 MHz) 8:7.89 (1H,d,J =8.1 Hz, H-
4),7.60(1H,dd,J =8.1,7.2 Hz,H-5),7.69(1H,
dd,J =8.0,7.2 Hz,H-6),7.73(1H,d,J =8.0 Hgz,
H-7),8.28(1H,d,J =7.7 Hz,H-12),7. 64 (1H,dd,
J =7.7,7.3 Hz,H-13),7.94(1H,dd,J =8.2,7.3
Hz,H-14),7.91 (1H,d,J =8.2 Hz, H-15),4.86
(1H,dd, J =7.6,7.6 Hz H-19),3.82-3.41 (2H,
dd, J =14.8,7.6 Hz,H20),7.40(1H,br d,J =
7.4 Hz,H-22,26),7.28(1H,br t,J =7.4 Hz H-23,
25),7.23(1H,br d,J =7.4 Hz,H-24) ,3.05(3H,s,
H-27);”C NMR (CDCl,,125 MHz) :130.1(C4),
129.7(C-5),131.6(C-6),129. 1 (C-7),134.5(C-
8),125.4 (C-10),162.0 (C-11),123.1 (C-12),
128.4(C-13),135.8 (C-14),128.8 (C-15),147.5
(C-16),154.1(C-18),59.6(C-19),33.6(C20),
138.5(C-21),129.8(C-22,26),129.5(C-23,25),
127.7(C-24),28.2(C-27) . Lk b8l 5 SCHkox) #E
— 57O R %A A ) A Benzomalvin A { (S)-7-
AR HE-6-H -6 ,7- S 876,71 [1,4] A&
[2,1-b] mEmkmk-5,13-—f! ,

2.2 MTT ik s R

MTT SERE A 1 ~6 12 14 (KRB
W) X HT-29 [ A-549 F1 MCF-7 =Fh 41 o it 410 kil 3R
WMk 1 o,

®1 BAUEW(2S pg/mL) X =FIPEAEBAIEIZE (%, x +5)

Table 1 Inhibition rates of compounds 1 ~6,12 and 14 (25 wg / mL) on three tumor cells (% , x + s )
N
jh ) HT-29 A-549 MCF-7
Compound
1 15.2+1.8 13.7+1. 4 3.9+0.4



Vol. 27

L S Y ) < N R N SR AW 2 i T

2 7.0+0.9
3 6.6+0.4
4 5.7+0.5
5 63.5+5.8
6 1.7 +0.2
12 12.1£1.3
14 16.3+3.6

2045
9.1x1.2 13.2+1.4
14.4 3.6 8.0=+0.7
16.8+1.0 7.7+0.9
54.6 7.1 35.2+4.3
9.8+1.7 2.4+0.3
9.4+1.4 10.3 1.5
8.7+2.2 7.6+1.3

gERWOR  IE BRI A S B
F R AT TR T . RIS TRk B A AL A S
XoF i ses 24 g o o) %, 25 SR Al 1 R o

100 —
mm HT-29
CJA-549
—_ C=EMCF-
S 75 MCF-7 L
T
i
E £ 50
RE
:
= 25
L& I‘ﬂ

625 125 25 50 100
e
Concentration( . g/mL)

Bl &S xhhEammaH R

Fig. 1 Inhibition effect of compound 5 on three tumor cells

M1 AT LUE i, XF HT-29 F1 A-549 4 fitl, 75 6
~50 pg/mL (YR BEE I, BEAE AL 59 5 Vi
A SRR R, FEHRE D 50 g/ mlL B, 0]
SRIKRFN e KAH . X MCF-7 40 }fd, 7€ 6 ~ 100 pg/mL
AR BE VS [T P, I R B Wi B AL 5 4 5k B 34
TiHG 3R, — A0 41 i Y EDs, 43 5124 21,59 pg/mL,
23.45 pg/mL F137.36 pg/mL.

3 #ig

BT EL T P-20 Wi A K 8 4 b o3 B 1 B
14 Yy, B RA E G AR AR My O F 5T
HHE R 2 MTT A B4 &9 5 A 8 R i3t
PRSP o XTI S Al S W Y A A fp it — 2
e,

S 30k
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