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=X NEEH Alternaria alternate 7 & L FE ¥ I R

IRE, BEE, TEN, 336, HRGE, ZRE, IR
ZRPEA R R, DA LR E A s, ZROE P 2R SR T R R L, 2B AR 230012

W E:. Bo WAZRAIWAERNR Alternaria alternate PJIRAERG =M. Fix  FIHRERK. SephadexLH-20. AH. HJE.
RO AR ) 45 S5 2 PP iR B A Y, RGOS A AT SIS E. ER INWAER Alternaria alternate I
RUF=) 53 B2 15 MEEW, 539 % 8 N methyl 4-acetamido-3-hydroxybenzoate (1) (E)-methyl-5-hydroxy-3-methylpent-
2-eno (2). SR IFFRRIEER A (3). XF 32K Z i (4). 6-hydroxy-isosclerone (5) talaroflavone (6)+ 7-hydroxy-2-hydroxymethyl-5-
methyl-4H-chromen-4-one (7). alternarienonic acid (8). 7-hydroxy-2,5-dimethy-4H-1-benzopyran-4-one (9). 5-hydroxy-
epialtenuene (10). ZZHEMIEE (11). methyl 3-hydroxybenzoate (12). stemphyperylenol (13). 4U&HE & (14). ZLHEMIG (15).
it HP AW 1. 3. 5~10. 12~13 NE RN AEE B Alternaria alternate IR =94 5 2515 2.
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Study on secondary metabolites of endophytic fungus Alternaria alternate from
Paeonia lactiflora
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Abstract: Objective This study focused on the secondary metabolites of endophytic fungus Alternaria alternate in Paeonia
lactiflora. Methods Compounds were isolated from the EtOAc extract by chromatography technology and their structures were
elucidated on the basis of comprehensive spectroscopic analysis. Results A total of 15 compounds were isolated and their structures
were identified as methyl 4-acetamido-3-hydroxybenzoate (1), (E)-methyl5-hydroxy-3-methylpent-2-eno (2), isobenzofuranone A (3),
4-hydroxyacetophenone (4), 6-hydroxy-isosclerone (5), talarojlavone (6), 7-hydroxy-2-hydroxymethyl-5-methyl-4H-chromen-4-one
(7), alternarienonic acid (8), 7-hydroxy-2,5-dimethyl-4H-1-benzopyran-4-one (9), 5-hydroxy-epialtenuene (10), alternariol (11),
methyl 3-hydroxybenzoate (12), stemphyperylenol (13), altenusin (14), and altenuene (15). Conclusion Compounds 1, 3, 5—10, 12,
and 13 are isolated from Alternaria alternatefor the first time.
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HREAEY . H O A M SRR IE T = AT 1
WA LB ORI — PRAB AR SR A A T A, R A2
AT FEE AR . I, B2 A R A
AR RAERE TP, BT+ & LKA
R, AE IS BT S R EY)
BEE IS LA

AL AT AT R ) — bR N A B
Alternaria alternate, % B RK ] 4 i BEIE AN 6
s QRO WEIED ST, ML R K B S
TR BRI 3 B4 2 15 MEEW, 7l %R
methyl 1.
(E)-methyl5-hydroxy-3-methylpent-2-eno (2). 7
FERIR R A (isobenzofuranone A, 3). XIF3EIK 2
fiil (4-hydroxyacetophenone, 4)+ 6-hydroxy-isosclerone

4-acetamido-3-hydroxybenzoate

(5). talarojlavone(6) . 7-hydroxy-2-hydroxymethyl-5-
methyl-4H-chromen-4-one (7). alternarienonic acid
(8)+ 7-hydroxy-2,5-dimethyl-4H-1-benzopyran-4-one
(9) . S5-hydroxy-epialtenuene (10 ). =& % #fJ i
(alternariol, 11). methyl 3-hydroxybenzoate (12).
stemphyperylenol (13). #i#4F % (altenusin, 14).
LEEfNE (altenuene, 15). HA, (L& 1. 3. 5~
10. 12~13 N IRM Alternaria alternate N F
A=Y > A5 2.
1 ES5HMH

ZATRERR AR T 22 100 22 M T VRSN X T A
TSR =AM R (IbZh 33°5112.74", K&
115°53'24.06"), 222 B IEE 245 K T7 s % €
RNFEIRIAT 25 JE AN A 2] Paeonia lactiflora Pall..
WAE B> %€ B Bl AE TAY TRA R AR 7%
.. Alternaria alternate PR B EEZATHE A 7 2 15
2, A PCR HARYHE 18 S DNA, Lt 5 A
7 LEXT JE % 58 Alternaria alternate, JEACUT SN 4
CUKFE, WM ORAT T 22 BUh R 25 KRR ML 27
Wt

IEAEE SRR (200~300 H, i Bl
T RAHFEEEREE RP-15 (45~70 pm), HA
B TAH AT Sephadex LH-20 (GE); MCI
FEOERER (MCI gelCHP-20P (75~150 pm, HZA
=2 T); #1458 HPLC (Agilent 1260 B! i
¥ ZorbaxSB-Cig, 150 mmX9.4 mm, 5 pm, RFIR
& 8 mL/min; 150 mmX21.2 mm, A E 16
mL/min); MPLC (Sepacore System, HC#7E#%H] £&
4i C-615, ZREMLH C-605, HAEEH C-600, R

RPg, 45~70 pm, 4.5~50 cm; ¥+ BUCHI 5256
FRARIRSAR A D; NMR # 1 BrukerAVIII-600-+
DRX-500 B AV-400 BUAZREILIRPIEACI 2 i
i B WatersAutoPremierP776 i i X .
AgilentG6230AATOF LC/MS Ji i3I 5E
2 AF. ERS5HE

FEARAAAE RN TP B Alternaria alternate
MRIEAT G, a4 3 AR5 BB AR K B S 4T FL
BITHUAEDIE T34 1 L PDB (MRELSRER S g
TN RS 15 g B 10 g LK 5 g &4k, SR
JEFRIEKERZE 1 L) BEsEMMERIET, B
THIRIRS R R4, T 28 ‘C. 135 r/min R 1T+
7 do B R LA 10% 6 E 1 20 S N 22K B8 1 KoK
RREPET 28 CHEEFAILRIE, HRek
W ROK KRG 7725 J5 B R R O B, 43 R I
W, SEHCIRUE IR AR5 2045 77 B IR E 63 g, & MPLC
(HIEE-7K 0 100—100 : 0) BAEFBER/AAS] 14 4L
45 (1~14).

oy 3 ZRERFE IS CHmBE-TNER 20 0 1) &
GuueMt, 19 11 M. Ao 3-1. 3-3 4 Sephadex
LH-20 ¥ CG5-F8E 12 1D 4ifb B8k &1 (1.1
mg) 2 (1.3 mg); 44 3-5 4 Sephadex LH-20
. (100%H B REAEEED 3 (2.1 mg) Al
4 (3.0mg); 44 3-9 %4 Sephadex LH-20 £ (100%
HEE) aiftb B4k &9 5 (2.3 mg); 43 3-10 Hr it
UE, VIS R E B RS EY 6 (5.0mg).
oy 4 SRERFE S CHMBE-TNET 10 & 1) RGN
Bit, 18 11 M. Hoy 4-11 SRR G
BE-TNER 10 0 1) RSGHEM A Sephadex LH-20 #F
(100%FEE) aitb b a9 7 (5.2 mg); Ao 4-6
Prfvive, REANERINEY 10 (3.9 mg);
Moy 4-8 ZmBiBMH e (ZiF-/K 15 85—30 !
70, IZATHFE] 20 min) #1525 8 (3.0 mg).
Hoyr 6 RERAE A CHMMEE-ARE 10 1 1) REHk
i, BEMLEY 9 (1.1 mg) A 10 NS> Aoy 6-2
LR ERE (ZF5-/K 12 0 88—30 1 70, E1T
i 1E] 40 min) 145 54 Sephadex LH-20 £ (100%
PR Atk 534k &4 11 (1.2 mg) F1 12 (2.0 mg);
Hoy 6-8 ZRERAE N CHIMEBE-TNE 10 1 1) RSt
Ve, Lmmiat (2K 15 0 85—25 1 75,
IZATHFE] 20 min) ] &1FEEAEY 13 (2.5 mg) M
14 (3.5 mg); 475y 8 LRERI il Cfy k- P i
10 : 1) RGHEM, 4 Sephadex LH-20 A (100%
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HEE REMALAEAEY 15 (3.5 mg).
3 SZHETE

th&EW1: AR, mp65~68 C, ESI-MS
miz: 211 [M+H]"; 'H-NMR (600 MHz, CDCl;) &
7.62 (1H, d, J = 7.6 Hz, H-7), 7.24 (1H, dd, J = 7.9,
1.5 Hz, H-6), 7.15 (1H, t, J = 8.0 Hz, H-3), 3.93 (3H,
s, OCHs-H-5b), 2.34 (3H, s, CH3); "“C-NMR (150
MHz, CDCl3) §: 169.0 (C-1), 128.8 (C-2), 125.9 (C-3,
6), 149.8 (C-4), 119.2 (C-5), 171.5 (C-5a), 122.9
(C-6), 52.7 (OCH3), 24.3 (CH3). LA L% 5 iRk
W, #EnELS Y 1 A methyl-4-acetamido-3-
hydroxybenzoate

WEY) 2. BRI EAMIRGAA . ESI-MS m/z: 143
[M—H]"; "H-NMR (500 MHz, CDCl3) &: 5.73 (1H,
m, H-3), 3.77 (2H, t, J = 6.3 Hz, H-4), 3.67 (3H, s,
OCHj3), 2.39 (2H, t, J = 6.4 Hz, H-5), 2.18 (3H, d, J =
1.3 Hz, CH3); "“C-NMR (125 MHz, CDCL3) 6: 166.9
(C-1), 156.4 (C-2), 117.2 (C-3), 60.1 (C-4), 43.7
(C-5), 50.9 (OCHs3), 18.7 (CH3). Ui ¥E 530k
- HP, et & 2 A (E)-methyl-5-
hydroxy-3-methylpent-2-eno.

WEY 3. KEMIRBIA. (o +2.9° (¢ 0.1,
MeOH), ESI-MS m/z: 245 [M+Na]"; 'H-NMR (500
MHz, CD;0D) 8: 7.52 (1H, dt, J = 8.4 Hz, H-5), 6.99
(1H, d, J= 7.6 Hz, H-4), 6.86 (1H, d, J = 8.2 Hz, H-6),
5.80 (1H, dd, J = 8.0, 4.6 Hz, H-3), 3.69 (3H, s, H-10),
3.05 (1H, dd, J = 16.6, 4.7 Hz, H-8), 2.78 (1H, dd, J =
16.6, 8.0 Hz, H-8); "*C-NMR (125 MHz, CD;0D) 6:
1712 (C-1), 78.4 (C-3), 152.2 (C-3a), 113.9 (C-4),
137.8 (C-5), 117.1 (C-6), 158.3 (C-7), 112.5 (C-7a),
40.0 (C-8), 171.6 (C-9), 52.5 (C-10). FHRiL#dE 5
RRiE—3"Y, HEEY 3 N isobenzofuranone A

th&Y 4: AN K. mp 107~108 C, ESI-MS
miz: 159 [M+Na]"; 'H-NMR (400 MHz, CD;0D) &:
7.88 (2H, brd, J = 8.6 Hz, H-2, 6), 6.85 (2H, brd, J =
8.7 Hz, H-3, 5), 2.51 (3H, s, CH;); C-NMR (125
MHz, CD;0D) d: 199.8 (C = 0), 130.2 (C-1), 132.2
(C-2, 6), 116.3 (C-3, 5), 163.9 (C-4), 26.3 (CH3). F
R S oo | s, Mtk 4 N
4-hydroxyacetophenone.

&Y S FEEHRE S (FED . mp 189~190
‘C, ESI-MS m/z:195 [M+H]"; "H-NMR (500 MHz,
CD;0D) d: 6.53 (1H, dd, J = 2.4, 1.0 Hz, H-5), 6.16

(1H, d, J=2.4 Hz, H-7), 4.70 (1H, dd, J = 8.7, 3.8 Hz,
H-4), 2.76 (2H, m, H-2B), 2.62 (2H, m, H-20), 2.21
(1H, m, H-3p), 2.03 (1H, m, 3a); “C-NMR (125
MHz, CD;0D) &: 203.7 (C-1), 32.7 (C-2), 35.7 (C-3),
68.5 (C-4), 107.3 (C-5), 166.8 (C-6), 102.4 (C-7),
166.8 (C-8), 110.1 (C-1a), 151.0 (C-4a). Hit%ds
53cwiont i —8", #Ek &Y 5 N 6-hydroxy-
isosclerone.

& 6: HEOK A . mp230~231 C, [a]h
+181° (¢ 0.74, MeOH), ESI-MS m/z: 299 [M+Na]";
'H-NMR (500 MHz, CDCl3) 6: 6.78 (1H, d, J = 1.9
Hz, H-4), 6.45 (1H, d, J = 1.9 Hz, H-3), 6.40 (1H, d,
J = 1.4 Hz, H-6'), 3.56 (3H, s, OCH3), 1.83 (3H, s,
H-2"); C-NMR (125 MHz, CDCl3) &: 169.6 (C-1),
932 (C-3), 103.6 (C-4), 166.9 (C-5), 100.2 (C-6),
160.3 (C-7), 13.4 (C-2'), 130.9 (C-3), 201.4 C-4"),
80.0 (C-5"), 151.0 (C-3a), 106.8 (C-7a), 55.7 (OCH3).
i v Bt Sk IR — 2, et A 6 A
talaroflavone.

WE 7. HEELR (B, mp 256~258
‘C, ESI-MS m/z: 207 [M+H]"; 'H-NMR (500 MHz,
CD;0D) 6: 6.65 (1H, d, J = 2.2 Hz, H-8), 6.64 (1H,
dd, J=2.3, 0.8 Hz, H-6), 6.22 (1H, t, J = 0.9 Hz, H-3),
4.43 (2H, d, J = 0.8 Hz, CH,0H), 2.71 (3H, s, CH3);
BC-NMR (125 MHz, CD;0D) 6: 168.8 (C-2), 109.1
(C-3), 182.1 (C-4), 143.8 (C-5), 118.1 (C-6), 163.3
(C-7), 101.7 (C-8), 116.0 (C-4a), 161.2 (C-8a), 61.3
(CH,OH), 23.2 (CH3)» Hii $odfe 5 Scifont e — 2,
&% 7 A 7-hydroxy-2-hydroxymethyl-5-
methyl-4 H-chromen-4-one.

WEY 8: mAMARBAA. [o]) +75° (¢ 0.1
MeOH), ESI-MS 279 [M+H]"; 'H-NMR (500 MHz,
CD;0D) d: 6.47 (1H, d, J = 2.4 Hz, H-6), 6.15 (1H,
dd, J = 13.5, 2.0 Hz, H-4), 430 (1H, dd, J = 7.4, 3.0
Hz, H-4'), 3.81 (3H, s, OCH3), 3.01 (1H, q, J = 17.7,
7.15 Hz, H-3'0), 2.55 (1H, m, H-3'B), 2.02 (3H, d, J =
12.6 Hz, CH3); "C-NMR (125 MHz, CD;OD) &
166.7 (C-1), 106.4 (C-2), 137.5 (C-3), 111.4 (C-4),
165.5 (C-5), 101.6 (C-6), 168.9 (C-7), 142.0 (C-1"),
167.1 (C-2'), 41.8 (C-3"), 73.1 (C-4"), 208.7 (C-5"),
56.0 (OCH3), 17.9 (CHs)o FCUR i £ 4 5 SOk xf e —
#W, w44 8 4 alternarienonic acid.

&Y 9: AR A . mp 253~255 ‘C, ESI-MS
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m/z: 191 [M+H]"; 'H-NMR (500 MHz, CD;0D) 6:
6.62 (1H, d, J=2.1 Hz, H-8), 6.62 (1H, d, J=2.3, 0.8
Hz, H-6), 5.99 (1H, d, J = 0.6 Hz, H-8a), 2.70 (3H, s,
H-5), 2.31 (3H, d, J = 0.6 Hz, H-2); “C-NMR (125
MHz, CD;0OD) &: 166.6 (C-2), 19.8 (2-CH3), 111.4
(C-3), 182.0 (C-4), 115.6 (C-4a), 143.6 (C-5), 118.0
(C-6), 163.1 (C-7), 101.6 (C-8), 161.5 (C-8a), 23.1
(5-CHs). Hil ¥ 5 ot e — 8, stk o
9 & 7-hydroxy-2,5-dimethyl-4H-1-benzopyran-4-one .

& 10: AEMAK. [a]y +3.6° (¢ 0.02
MeOH), ESI-MS m/z: 301 [M+Na]"; "H-NMR (500
MHz, CsDsN) d: 6.95 (1H, d, J = 2.2 Hz, H-6), 6.82
(1H, d, J = 2.2 Hz, H-4), 6.67 (1H, d, J = 2.9 Hz,
H-6'), 4.62 (1H, dd, J = 5.5, 2.9 Hz, H-5"), 4.44 (1H,
m, H-4'), 2.88 (1H, dd, J = 14.2, 3.8 Hz, H-3'B), 2.30
(1H, dd, J = 14.2, 8.8 Hz, H-3'0)), 1.68 (3H, s, CH3);
BC-NMR (125 MHz, CsDsN) d: 140.6 (C-1), 100.2
(C-2), 164.79 (C-3), 104.5 (C-4), 166.7 (C-5), 169.6
(C-7), 133.5 (C-1'), 81.8 (C-2'), 40.8 (C-3"), 70.4
(C-4), 72.2 (C-5"), 132.2 (C-6'), 56.4 (OCH3), 28.1
(CHa)o HLy it 40 5 Scihont B8 — 37, wete &4
10 A 5-hydroxy-epialtenuene.

A 11: Tt HARBAR . ESI-MS m/z: 281
[M+Nal"; "H-NMR (500 MHz, CD;0D) ¢: 7.25 (1H,
d, J = 2.0 Hz, H-6), 6.69 (1H, d, J = 2.5 Hz, H-5),
6.59 (1H, d, J = 2.6 Hz, H-3"), 6.36 (1H, d, J= 2.0 Hz,
H-4), 2.75 (3H, s, CH;); "“C-NMR (125 MHz,
CD;0D) 6: 110.4 (C-1), 98.5 (C-2), 165.6 (C-3), 101.4
(C-4), 166.3 (C-5), 105.0 (C-6), 166.5 (C-7), 139.3
(C-1"), 153.9 (C-2'), 102.2 (C-3"), 159.3 (C-4"), 118.0
(C-5"), 139.5 (C-6"), 25.3 (CH3). H:ili¥udh 5 ik
S R — U8, B A& 11 2 alternariol.

& 12: ABHEK. [a]) +7.5° (¢ 0.04
MeOH), ESI-MS m/z: 153 [M+H]"; "H-NMR (600
MHz, CD;0D) 6: 7.48 (1H, d, J = 7.7 Hz, H-2), 7.41
(1H, t, J= 2.0 Hz, H-3), 7.20 (1H, t, J = 8.0 Hz, H-6),
7.01 (1H, m, H-5), 3.87 (3H, s, CH;); *C-NMR (150
MHz, CD;OD) &: 168.6 (C-1), 132.6 (C-2), 117.0
(C-3), 158.9 (C-4), 121.2 (C-5), 130.6 (C-6), 121.6
(C-7), 52.6 (OCH3) . Hi 5 5 schoxt e — 2,
iAW) 12 24 methyl-3-hydroxybenzoate

&Y 13: AR, 250 CoHME: [o]s +506°
(¢ 0.16 MeOH), ESI-MS m/z: 375 [M+Na]';

'H-NMR (400 MHz, CD;0D) 6: 8.02 (2H, dd, J = 8.8,
3.8 Hz, H-6, 12), 6.80 (2H, dd, J = 8.8, 3.3 Hz, H-5,
11), 4.62 2H, m, H-1, 7), 3.68 (2H, dd, J = 7.5, 2.9
Hz, H-6b, 12b), 3.05 (4H, m, H-2B, 8f): “C-NMR
(125 MHz, CD;0D) d: 68.6 (C-1, 7), 48.0 (C-2, 8),
204.3 (C-3, 9), 161.3 (C-4, 10), 116.0 (C-5, 11), 135.6
(C-6, 12), 116.1 (C-3a, 9a), 131.2 (C-6a, 12a), 46.2
(C-6b, 12b), 144.0 (C-9b, 12¢). il ¥dE 5 SClkxt
1R —312%, i E S 13 9 stemphyperylenol.

b &Y 14: FEEAK A mp 193~195 °C, EI-MS
m/z: 289 [M—H]; 'H-NMR (500 MHz, CD;0D) &:
6.57 (1H, s, H-3"), 6.47 (1H, s, H-6), 6.41 (1H, d, J =
2.6 Hz, H-4), 6.15 (1H, d, J = 2.6 Hz, H-6), 3.79 (3H,
s, 5-OCH3), 1.90 (3H, s, 2'-CH3); "*C-NMR (125
MHz, CD;0D) 6: 174.4 (COOH), 148.0 (C-1), 107.7
(C-2), 164.8 (C-3), 100.5 (C-4), 165.7 (C-5), 111.3
(C-6), 135.6 (C-1"), 127.3 (C-2'), 116.6 (C-3'), 144.9
(C-4"), 143.7 (C-5"), 117.3 (C-6"), 55.9 (5-OCH3), 19.3
(2'-CH3)o il il it 5 scikoxt i — 8P, #ase i
&%) 14 A altenusin.

WED 15: BEMREA. [a]h —4° (¢ 0.1
MeOH), ESI-MS m/z: 293 [M+H]"; "H-NMR (500
MHz, CD;0D) ¢: 6.66 (1H, d, J = 2.3 Hz, H-6), 6.47
(1H, d, J = 2.2 Hz, H-4), 6.23 (1H, d, J = 2.7 Hz,
H-6"), 4.09 (1H, dd, J= 5.9, 2.7 Hz, H-5), 3.87 (3H, s,
OCHs), 3.79 (1H, m, H-4"), 2.40 (1H, dd, J = 14.5, 4.0
Hz, H-3'B), 1.97 (1H, dd, J = 14.5, 9.0 Hz, H-3'a),
1.50 (3H, s, CHs); "“C-NMR (125 MHz, CD;0OD) §:
140.8 (C-1), 101.8 (C-2), 165.2 (C-3), 103.8 (C-4),
168.0 (C-5), 170.4 (C-7), 134.7 (C-1'), 82.5 (C-2"),
101.6 (C-3"), 70.7 (C-4"), 72.3 (C-5"), 131.5 (C-6"),
56.4 (OCHs), 40.8 (C-3'a), 28.1 (CHj). Hik it ¥ 5
SCHRG IR — 2, A& 15 A altenuene.
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