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Study on secondary metabolites of endophytic fungus Aspergillus ochraceus from
Polygonatum cyrtonema
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Abstract: Objective To investigate the secondary metabolites of Aspergillus ochraceus, an endophytic fungus isolated from
Polygonatum Cyrtonema. Methods Compounds were isolated and purified from the EtOAc extract by using chromatography
technology and their structures were established on the basis of comprehensive spectroscopic analysis. Results A total of 15
compounds were obtained and their structures were elucidated as 6,7-dihydroindolizin-8(5H)-one (1), polygonatine A (2),
8-0x0-5,6,7,8-tetrahydro-3-indolizinyl methyl acetate (3), 8-hydroxyketone (4), cyclo-(L-Leu-L-Ile) (5), alternariol (6), seco-
patulolide C (7), n-butyl-B-D-fructopyranoside (8), NP-acetyltryptamine (9), N-trans-cinnamoyltyramine (10), 5-hydroxy-
methylfurfural (11), 5,7-dihydroxy-6,8-dimethyl-3-(4'-hydroxybenzyl) chroman-4-one (12), 5,7-dihydroxy-6-methyl-8- methoxy-3-
(4'-hydroxybenzyl) chroman-4-one (13), 25R-3-B-hydroxyspirost-5-en-12-one (14), and 25S-3-B-hydroxyspirost-5-en-12-one (15).
Conclusion All chemical constituents are isolated from A. ochraceus for the first time.

Key words: Polygonatum cyrtonema Hua.; Aspergillus ochraceus; endophytic fungi; secondary metabolites; 8-hydroxyketone; cyclo-
(L-Leu-L-Ile); alternariol

W EE B (endophytic fungus) A& $8 A 7% 175 i 5 BRI Z RS, BAEFEENEM 2, 2
AN BA S5 EE FHEYH SRS DERMRED T BHIRR . P2 R IR AT TN
TR —REE. WAREAESE FEYMEE TRV EERSEGGHEY. RRAHBE. #é
BUARBIREER Y. AAERRHEAREAS . B EREWEA—ERE L.

s HE: 2019-05-17

HEEUH: “HERREAREY— AN H (KIHS2019B05); Z#i74 B 2 [0l [ A 5 G500 H B4 28 Wit RIE 550 H (2017srst1); LHUE =
BRFTFEE T AAE AV T E (gxgnfx2019037); 14 A4 51 BRI LI H (2016xkjq004)

TEEREN: BTV (1982—), Z, Ril, UM, WFFI7 10 s 2 o SR B8 BRI B B 7E o Tel: (0559)2546556

HEEEE RkiE, 4L, BIEdR. Tel: (0559)2546552  E-mail: wyx2009sun@hsu.edu.cn



¢ $ 4 Chinese Traditional and Herbal Drugs 25 50 % 25 22 # 2019 £ 11 A

* 5425 -

ZHEMNERFREGFENEVZ N, H
R MEZ, FEGEY. 25, W, 5E. £
IREERWEY) . WA BB IR = P 7T 4% %2
KiE, HEEMWZHENE, DIRGERE VG TER 2
PR, JCHGRAE AR ANEE 25\ b BAG 0 0
WAE LB AU M B A TUME . i, JUnlE
AR B K R AR I (0 2R P PR

HERE (Liliaceae) K J& Polygonatum Mill.
24 FIAE W) 2 A8 FE Polygonatum cyrtonema Hua., X
4 CBRTERE, REFERAEY), £EESE
AR L ANFRIT 2, B AL T (R R,
WUMRZENY ., SEkEBAHEYENRSP sibiricum
Red. FNEEHEP. kingianum Coll. et Hemsl [FJHEZ%
— [ (PEZGH) 2015FE/—HIGEP. EREE
RNEEFRNEMREEH R, 20T ARILIGH
Fee R M X, 171 22 A6 SRORS 78 [ e 3 A X O3 A
Bedb. Berd. RALHIX WA DS, REAKT
HE4£500~2 000 miFHEEM . BRTR BT BT AR,
FENGIR _ERR AT CLYRTT R PRI et O e I I 55
TERSL, HEFMERT2FEET. BEETSH TR
BN, 2B —MEA T2 KRR 5
R EE . KA ZAET0R 25 2 2R EE R
2R A GRUR, RRORREE, 3E T AR BRI KA,
N LAREEAREW L T KRB R 7S 2T
BIRMIZRE R, BT N AR R A = A
WMT o

A SIS 16 FMGHT 8 22 16 3RS 25 0 B AR 21 1
PRI AE B BAR Aspergillus ochraceus AT IRAEAR,
WP TT,  HE— A NN AR LR TR A A R e
FHEMEE G . AR S R A AR
PN BT DB R K RS TR I A EUER A7
hr AR 15 Meam, Al EEN 6,7
dihydroindolizin-8(5H)-one (1) polygonatine A (2),
8-0x0-5,6,7,8-tetrahydro-3-indolizinyl methyl acetate
(3). 8-F2FEEEE (8-hydroxyketone, 4). ¥ (L-
L35 K [eyclo-(L-Leu-L-Ile), 5] 3CBE+
%3 Calternariol, 6) seco-patulolide C (7)+ 1E] 3&-B-D-
BRI SR BEF (n-butyl-p-D-fructopyranoside, 8). NP-
L% (NP-acetyltryptamine, 9). N-J 20-FE J7 ik
Ji% & ( N-trans-cinnamoyltyramine, 10). 5-¥2 1 3&-2-
BRI ARRE (5-hydroxymethylfurfural, 11). 5,7- %%
H-6,8- " R 3-(4-FR R OR L) AT -4- B [5,7-
dihydroxy-6,8-dimethyl-3-(4'-hydroxybenzyl) chroman-

4-one, 12]. 5,7- " F5FE-6-F3E-8-FH A FL-3-(4'-F0 %
HH) f)se-4-F [5,7-dihydroxy-6-methyl-8-methoxy-
3-(4'-hydroxybenzyl) chroman-4-one, 13]. 25R-3p-
¥ LR S -5-45-12-l (25R-3B-hydroxyspirost-5-en-
12-one, 14). 25S-3B-F23L 05 §-5-45-12- (25S-3p-
hydroxyspirost-5-en-12-on, 15). FrAtb&358E
M LE B Aspergillus ochraceus H1 57 Z 133
1 UBESHR

Buker AVANCE II1-600. Bruker DRX-500 A/l
AM-400 Bz SRS (X (42 Bruker A F)); VG
Autospec-300 i (9E[E VG A #]); Agilent 1260
R = OAE gAY, AN Agilent Zorbax SB-Cis
H (150 mmX9.4 mm, 5 um 1 150 mmX21.2 mm,
Sum); BUCHI e 75 kA% Giiit: BUCHI A #]);
V2 T AR SRR 1 FHAEE A (200~300 H D 2
HH S el T A2 5= #ER Sephadex LH-20 ok}
i3 # Amersham Biosciences 2 &) 24E 775 S AR T
W T EAl R A w] s m R B AR (FEE, &
i) AEgal, HARWE RN Al

ZITORE IR 2R E T WA H e, FiiE
AR FIE, B 1 22 Bl A0 T B AT A pl
BAREENEHSHNERKREEY Z 168K
Polygonatum cyrtonema Hua.. WA 45T %% H
R AE T A TEAR A A B . Aspergillus
ochraceus WK NHTEE Z AL BORE I 22 b 73 A5 3, 75
CEFJETRON 4 "CUKFE, BMORAE T3 LB S
BB Bt
2 kB RBOS7E

FEUKFERAF B AE Aspergillus ochraceus HeFT
B2 KR 1) PDA PAREFR2E B, 28 CHiFR
FEERE IR 7 do FKE G/ 6 mm T FLARFT FLECH
Y& 2% 400 mL PDB £5 75251 1 000 mL HETE I
t, 3t60 i, TNIRGEFRAT, T 28 C. 135
r/min #RFGHEFE 15d, SRBEAF 24 Lo ¥ R BER
(24 L) R4S J5 FIBEIR CIRACH 3 WK, & JFAR
BRI IR A 1S RN E 12.3 g, & IEM LR A il
LA - IR (100 & 0—0 © 100) BEEVEML/E] 6
A4 (Fr. A~G)s

Fr.C (6.4 g) % Sephadex LH-20 Jt/ik: (i,
L= GE-FEE (11D AdshAses, 433 8 /4
W20 53 Fr. C-1~8. 3 Fr. C-2~6 435l 28 3ok il 4 22
HPLC, LAZJE-/K (35%~65%) BHEHENL, 455
BEEM1 (2.6 mg). 3 (53mg). 4 (1.9 mg).
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7 (48mg). 9 (22mg) 10 (1.8 mg).

Fr.E (4.1 g) % Sephadex LH-20 #E A (AL 3E,
DA AN ARBE L, 152 5 AN 45 Fr. B-1~5.
HoHp Fr. B-3~4 /&t il 48 HPLC, LLZJE-/K
(35%~65%) B FEGEL, 7315 2IEY 2(2.9 mg)
A5 (3.1 mg)

Fr.F (3.1g) MFr.G (3.1 g) &V EFBIE
alift, 4rafS3) 4 NS Fr. F-1~4 F1 5 NI
4y Fr. G-1~5. Hrft Fr. F-3~4 fil Fr. G-3~5 7354
il %84 HPLC, LAZIE-7K (30%~60%) 65 i,
AR EMEY) 6 (33 mg). 8 (1.9mg). 14 (4.1
mg). 15 (2.1 mg). 11 (4.8 mg). 12 (2.3 mg) Fl
13 (1.7 mg),

3 SZHEE

&Y 1: A e K, ESI-MS m/z: 136 [M+H]',
233N CsHoNO. 'H-NMR (600 MHz, CDCls) 6
7.04 (1H, d, J = 3.6 Hz, H-3), 6.87 (1H, s, H-1),
6.25~6.28 (1H, m, H-2), 4.14 (2H, t, J = 6.0 Hz,
H-5), 2.61 (2H, t, J = 6.0 Hz, H-7), 2.27~2.32 (2H,
m, H-6); *C-NMR (150 MHz, CDCls) §: 23.7 (C-6),
36.4 (C-7), 45.3 (C-5), 110.3 (C-2), 114.2 (C-1), 115.9
(C-9), 125.9 (C-3), 187.4 (C-8). ik ¥ 5 kiR iE
— 301, W& 1 A 6,7-dihydroindolizin-
8(5H)-one.

AW 2: IRFLEIRIRY), ESI-MS m/z: 188 [M+
Na]", 2> 3N CoH;NO,. 'H-NMR (600 MHz,
CDCls) d: 6.79 (1H, d, J = 4.0 Hz, H-1), 6.17 (1H, d,
J = 4.0 Hz, H-2), 4.19 (2H, m, H-5), 2.27 (2H, m,
H-7), 2.51 (2H, m, H-3), 4.62 (2H, s, H-10); '*C-NMR
(150 MHz, CDCl3) 6: 24.0 (C-6), 36.6 (C-7), 43.2
(C-5), 56.4 (C-10), 110.4 (C-2), 112.9 (C-1), 132.1
(C-9), 138.8 (C-3), 187.7 (C-8). iRk ¥¥i 5 ik i
— M, W E LAY 2 4 polygonatine A

&) 3: IRFEIIRY), ESI-MS mi/z: 230 [M+
Na]", 73N CiiHi3NOs. 'H-NMR (600 MHz,
CDCls) 8: 6.97 (1H, d, J = 4.1 Hz, H-1), 6.31 (1H, d,
J = 4.1 Hz, H-2), 5.10 (2H, s, H-10), 4.09 (2H, d, J =
5.9 Hz, H-5), 2.61 (2H, t, J = 6.5 Hz, H-7), 2.32 (2H,
q, J = 6.1 Hz, H-6), 2.09 (3H, s, 12-CH3); '3C-NMR
(150 MHz, CDCl3) d: 187.4 (C-8), 170.5 (C-11), 132.0
(C-3), 131.6 (C-9), 113.4 (C-1), 112.6 (C-2), 57.1
(C-10), 42.5 (C-5), 35.9 (C-7), 23.2 (C-6), 20.8
(C-12). bRl 5 kb — 510, M e

¥ 3 4 8-0x0-5,6,7,8-tetrahydro-3-indolizinyl methyl
acetate.

&40 4: A A, ESI-MS m/z: 165 [M+H],
733N CoHs03. "H-NMR (500 MHz, CD;0D) 6:
7.29 (1H, d, J = 7.9 Hz, H-7), 7.02 (1H, dd, J = 1.6,
7.9 Hz, H-6), 6.83 (1H, d, J = 7.9 Hz, H-5), 4.56 (2H,
t, J = 6.5 Hz, H-2), 2.79 (2H, t, J = 6.5 Hz, H-3);
BC-NMR (125 MHz, CD;OD) §: 38.7 (C-3), 68.6
(C-2), 117.9 (C-5), 122.1 (C-6), 122.4 (C-7), 123.1
(C-4a), 147.8 (C-8), 152.2 (C-8a), 194.3 (C-4). ik
ol 5 SCuR R E — 51, MU AT 4 R 8-FR K
857 .

WEWS: REON AR, ESI-MS m/z: 227 [M+
HI", 413~ Ci2HuN202. 'H-NMR (600 MHz,
Pyr-ds) ¢: 4.22 (1H, m, Leu-H-a), 2.21 (2H, m, Leu-
H-B), 1.47 (3H, m, Leu-H-y), 0.94 (3H, d, J = 7.8 Hz,
Leu-H-61), 0.92 (3H, d, J = 7.2 Hz, Leu-H-52), 4.31
(1H, d, J = 9.0 Hz, Ile-H-), 2.34 (1H, m, Ile- H-H-B),
1.89 (2H, m, Ile-H-y1), 1.22 (3H, d, J = 6.6 Hz, Ile-
H-y2), 0.96 (3H, d, J = 6.6 Hz, Ile-H-0); '*C-NMR
(150 MHz, Pyr-ds) 8: 169.1 (C-1), 167.6 (C-4), 59.6
(C-2), 53.0 (C-5), 44.3 (C-10), 38.9 (C-6), 25.1
(C-7), 24.2 (C-13), 23.8 (C-9), 22.4 (C-8). 15.9
(C-11), 12.5 (C-12). bl ¥¥a 5 ks — 2,
HUEEAEY) 5 IR (L-7-L-75%) ks

& e6: HETELHA, EI-MS m/z: 259
[M+H]", 2> ¥R A C1aH100s5. 'H-NMR (500 MHz,
CD;0D) §: 7.27 (1H, d, J = 2.0 Hz, H-6), 6.70 (1H, d,
J=2.5Hz, H-5"), 6.61 (1H, d, J = 2.5 Hz, H-3"), 6.37
(1H, d, J=2.0 Hz, H-4), 2.76 (3H, s, CH3); '*C-NMR
(125 MHz, CD;0D) : 25.8 (CH3), 102.0 (C-4), 102.7
(C-3"), 105.5 (C-6), 110.9 (C-1"), 118.5 (C-5"), 139.8
(C-1), 140.0 (C-6"), 154.5 (C-2"), 160.0 (C-4"), 166.2
(C-3), 166.9 (C-5), 167.0 (C-7). iR ¥ 5 ik ki
—HO, W LAY 6 AR EEEY . 'H-"H COSY .
HSQC. HMBC 2§ —4it% iR it — P EsL 74k
HW) 6 BS54 .

WED T: HIEHIRY), ESI-MS m/z: 237 [M+
Na]*, 7+ ¥ A CiHigOs. 'H-NMR (600 MHz,
CDCl3) 6: 5.96 (1H, dd, J = 1.5, 15.6 Hz, H-2a), 5.96
(1H, dd, J= 1.5, 15.6 Hz, H-2b), 6.85 (1H, dd, J = 5.0,
15.6 Hz, H-3), 4.21 (1H, m, H-4), 1.55 (2H, m, H-5),
1.43 (2H, m, H-6), 1.32 (2H, m, H-7), 1.34 (2H, m,
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H-8), 1.33 (2H, m, H-9), 1.39 (2H, m, H-10), 3.68
(1H, m, H-11), 1.14 (3H, d, J = 6.3 Hz, CH3-12)
BC-NMR (150 MHz, CDCl3) §: 170.5 (C-1), 152.3
(C-3), 121.6 (C-2), 71.8 (C-4), 68.7 (C-11), 40.3
(C-10), 37.7 (C-5), 30.8 (C-7), 30.7 (C-8), 26.9
(C-9), 26.5 (C-6), 23.6 (C-12). LI E#¥E 5 kIR
), W% EAY) T A seco-patulolide C.

&) 8: IRFEIIRY), ESI-MS m/z: 257 [M+
Na]", 4T3~ C;1H»O0s. 'H-NMR (CD;OD, 600
MHz) 6: 0.92 (3H, t, J = 7.2 Hz, CH3), 1.37 (2H, m,
CH>), 1.51 (2H, m, CH,), 3.47~3.77 (7H, m, H-5, 6,
6', 1, 1, OCHy), 3.92 (1H, dd, J = 7.7, 7.8 Hz, H-4),
4.11 (1H, d, J= 8.1 Hz, H-3); '3C-NMR (CD;0D, 150
MHz) J: 14.4 (C-4"), 20.3 (C-3'), 33.5 (C-2'), 62.0
(C-1"), 64.2 (C-1), 65.0 (C-6), 77.3 (C-4), 78.4 (C-3),
83.3 (C-5), 105.2 (C-2). LA L-HddE 5 3cikfoE—2e,
W B A 8 N IE T BE-B-D-WRm R pE .

B 9: FEMARY), ESI-MS m/z: 225 [M+
Na]", 27~ CHuN,O. 'H-NMR (400 MHz,
CD;0D) §: 8.09 (1H, s, H-1), 7.05 (1H, d, J = 2.2 Hz,
H-2), 7.58 (1H, d, J = 2.3 Hz, H-4), 7.15 (1H, dd, J =
8.0, 8.0 Hz, H-5), 7.13 (1H, dd, J = 8.0, 8.0 Hz, H-6),
7.37 (1H, d, J = 8.0 Hz, H-7), 2.98 (2H, t, J = 6.5 Hz,
H-10), 3.60 (1H, dd, J = 6.0, 6.5 Hz, H-11), 1.94 (3H,
s, H-14); BC-NMR (100 MHz, CD;OD) ¢: 123.8
(C-2), 113.8 (C-3), 118.5 (C-4), 120.3 (C-5), 123.8
(C-6), 111.6 (C-7), 1382 (C-8), 128.8 (C-9), 26.2
(C-10), 40.2 (C-11), 169.8 (C-13), 23.8 (C-14), ik
B 5 Sk ikE — 250, MR EY 9 N M-
[ REN 7

B 10: B EEHIRES d (B, ESI-MS m/z:
306 [M+Nal]", 43~ Ci7H17NOs. 'H-NMR (400
MHz, CD;0OD) J: 7.24 (2H, d, J = 8.4 Hz, H-2, 6),
6.92 (2H, d, J = 8.4 Hz, H-3, 5), 2.94 (2H, t, J = 7.2
Hz, H-7), 3.68 (2H, t, J = 7.2 Hz, H-8), 7.71 (3H, m,
H-2',6',7"), 7.57 (3H, m, H-3', 4, 5'), 6.75 (1H, d, J =
15.8 Hz, H-8'); '3C-NMR (125 MHz, CD;0OD) 6:
131.3 (C-1), 130.8 (C-2, 6), 116.3 (C-3, 5), 157.1
(C-4), 36.0 (C-7), 42.6 (C-8), 168.7 (C-9), 136.3
(C-1"), 128.9 (C-2', 6'), 130.2 (C-3’, 5"), 130.8 (C-4"),
141.7 (C-7"), 122.0 (C-8"). ik % ¥s 5 Ciik kg —
U8, S A 10 R N-JaR-FE 7 B

& 11: FEHRY), ESI-MS m/z: 127 [M+

H]*, 4313 CeHs03. 'H-NMR (600 MHz, CDCls)
9: 9.60 (1H, s, H-6), 7.21 (1H, d, J = 3.5 Hz, H-3),
6.51 (1H, d, J = 3.5 Hz, H-4), 4.72 (2H, s, H-7);
BC-NMR (150 MHz, CDCl3) 6: 57.6 (C-7), 110.2
(C-3), 120.2 (C-4), 152.6 (C-2), 160.5 (C-5), 177.8
(C-6). iR sCkdoE — 1), W e EY)
11 Jy 5-52 H JE-2- IR I R

& 12: mEEHIRE f (FEE), ESI-MS miz:
315 [M+H]", TN CisHigOs. 'H-NMR (600
MHz, CDCl3) d: 12.38 (1H, s, 5-OH), 7.12 2H, d, J =
8.4 Hz, H-2', 6), 6.82 (2H, d, J = 8.4 Hz, H-3', 5'),
4.29 (1H, dd, J = 3.6, 10.8 Hz, H-2b), 4.12 (1H, dd,
J=17.2,10.8 Hz, H-2a), 3.15 (1H, dd, /= 4.2, 14.4 Hz,
H-9b), 2.69 (1H, dd, J = 11.4, 14.4 Hz, H-9a), 2.78
(1H, m, H-3), 2.07 (3H, s, 6-CHs), 2.05 (1H, s,
8-CH3); "*C-NMR (150 MHz, CDCl;) 0: 7.0 (8-CH3),
7.6 (6-CH3), 32.2 (C-9), 46.9 (C-3), 68.9 (C-2), 101.7
(C-4a), 102.5 (C-8), 102.9 (C-6), 115.7 (C-3', C-5"),
130.4 (C-2, C-6'), 154.5 (C-4"), 157.8 (C-8a), 159.7
(C-5), 160.7 (C-7), 198.6 (C-4). ik ¥ 5 kIR i
—FH20, e EY 12 N 5,7- 7 H-6,8-H
Fe3-(4-F ORI (B fi-4-1 .

&) 13: $E kA, EI-MS m/z: 331 [M+H]",
4313 N CisHis0s. 'H-NMR (600 MHz, CDCl3) §:
12.26 (1H, s, 5-OH), 7.12 (1H, d, J = 8.4 Hz, H-2',
H-6'), 6.81 (1H, d, J = 8.4 Hz, H-3', 5'), 4.34 (1H, dd,
J = 3.6, 10.8 Hz, H-2b), 4.19 (1H, dd, J = 7.2, 10.8
Hz, H-2a), 3.84 (3H, s, 8-OCH3), 3.18 (1H, dd, J =
4.2, 14.4 Hz, H-9b), 2.71 (1H, dd, J = 11.4, 14.4 Hz,
H-9a), 2.83 (1H, m, H-3), 2.17 (3H, s, 6-CHs);
BC-NMR (150 MHz, CDCl;) é: 7.3 (6-CH3), 32.2
(C-9), 47.1 (C-3), 61.6 (8-OCH3), 69.5 (C-2), 101.8
(C-4a), 104.4 (C-6), 115.5 (C-3', 5'), 129.8 (C-8),
130.4 (C-2', 6'), 150.6 (C-4'), 154.6 (C-8a), 156.1
(C-5), 158.2 (C-7), 197.9 (C-4). iR ¥ 5 ik kiE
— 3R, WS e A 13 N 5,7- R dk-6-FHFE-8-
HHAEE-3-(4/- R FE R0 (ubi-4-1

EY14: HEAERR AR, ESI-MS m/z: 451
[M+Na]*, T3 N Cr7Ha004. 'H-NMR (600 MHz,
CDCls) 6: 1.08 (3H, s, 19-CH3), 1.13 (3H, s, 18-CH3),
0.70 (3H, d, J = 6.0 Hz, 27-CH3), 1.33 3H, d, J = 6.6
Hz, 21-CH3); *C-NMR (150 MHz, CDCl3) 6: 212.7
(C-12), 141.9 (C-5), 120.9 (C-6), 109.4 (C-22), 79.7
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(C-16), 71.1 (C-3), 67.0 (C-26), 56.3 (C-14),

(C-13), 54.1 (C-17), 52.5 (C-9), 43.3 (C-4),

(C-20), 37.7 (C-10), 37.6(C-11), 37.4 (C-1),

(C-23), 31.7 (C-7), 31.6 (C-15), 31.0 (C-8), 30.7
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CDCls) d: 0.92 (3H, s, 19-CH3), 1.14 (3H, s, 18-CH3),
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