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SEABRNEER Verticillium sp. KY-18 FILF R 2R

EEEL, i F " pmAr Y, AR
LRGBS WHT A M AT AT 90, WL % 311300
2. WHTRM RS LR AR ES K S0 %, WRT %2 311300

W E:. BW WA Dendrobium officinale WAEFLH Verticillium sp. KY-18 HAELIFRUAEY). Ak RAGES S
HORBEAT 7 il JERL 2 B S G iiT . 53R A Verticillium sp. KY-18 BRI rh 73 B33 13 AN
WAL AW, 53 0 %58 A 2, 6-dihydroxy-2-methyl-7-(prop-1E-enyl)-1-benzofuran-3(2/H)-one( 1) nigrosporapyrone D(2).o0osponol
(3D, 2-HIE-4-MERER (4D 6-FIE-5-[(1E)- T Jfi2&]-2-k M fd (5D penicisochroman D (6)+ verrucosapyrone B (7). (18, 35)-1,
8-dimethoxy-3, 5-dimethyl-6-hydroxyisochroman (8). phomopsinone A (9). pseudohalonectrin A (10). dictafolin-A (11). 2,
3-dihydro-5, 7-dihydroxy-2, 6, 8-trimethyl-4H-1-benzopyran-4-one (12). 2-pyrone-4, 6-dicarboxylic acid (13). &t L& 2~
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Chemical constituents in endophytic fungus Verticillium sp. KY-18 isolated from
Dendrobium officinale
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Abstract: Objective To study the chemical constituents in the endophytic fungus Verticillium sp. KY-18, isolated from Dendrobium
candidum. Methods The compounds were isolated and purified by means of chromatographic techniques and their structures were
identified on the basis of spectral features. Results Thirteen known compounds belong to oxygen heterocyclic compounds, named 2,
6-dihydroxy-2-methyl-7-(prop-1E-enyl)-1-benzofuran-3 (2H)-one (1), nigrosporapyrone D (2), oosponol (3), 2-methyl-4-pyrone (4),
5-(1E-butenyl)-6-methylpyran-2-one (5), penicisochroman D (6), verrucosapyrone B (7), (1S, 3S)-1, 8-dimethoxy-3, 5-
dimethyl-6-hydroxyisochroman (8), phomopsinone A (9), pseudohalonectrin A (10), dictafolin-A (11), 2, 3-dihydro-5, 7-dihydroxy-2,
6, 8-trimethyl-4H-1-benzopyran-4-one (12), and 2-pyrone-4, 6-dicarboxylic acid (13). Conclusion Compounds 2—10 are first
isolated from the plants of Verticillium genus, and compounds 11—13 are first obtained from fungi.

Key words: Dendrobium officinale Kimura et Migo.; endophytic fungus; oxygen heterocycles; nigrosporapyrone D; 2-methyl-4-pyrone;
5-(1E-butenyl)-6-methylpyran-2-one
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IR R I, IRECIR AU ) BA U s B
PUWRE PRem ) AR A KRR B A
P2 8 B A1 8k Dendrobium officinale Kimura et Migo.
h R fRHE 2 M AR AR ) A, At
PR s, K SR 2, AR
A ANTUERES R SR 2T, AR E RS G
EZM . BT, TR A A A ORI A
WD o ARSI ER K A1 bt A SUIRT Verticillium sp.
KY-18 IR AT TRIEST, AR A
BRI 3 MEEY), ral%EE o 2, 6-dihydroxy-2-
methyl-7-(prop-1E-enyl)-1-benzofuran-3(2H)-one (1),
nigrosporapyrone D (2). oosponol (3). 2-FJt-4-
MR (2-methyl-4-pyrone, 4). 6-H13E-5-[(1E)-T
i H 1-2- 0tk WRj Bl [5-(1E-butenyl)-6-methylpyran-2-
one, 5]. penicisochroman D (6). verrucosapyrone B
(7~ (18, 35)-1, 8-dimethoxy-3, 5-dimethyl-6-hydroxy-
lisochroman (8). phomopsinone A (9). pseudohalo-
nectrin A (10). dictafolin-A (11). 2, 3-dihydro-5,
7-dihydroxy-2, 6, 8-trimethyl-4H-1-benzopyran-4-
one (12). 2-pyrone-4, 6-dicarboxylic acid (13), HH
WEY 2~10 IR B I T &8, (e
11~13 R MAZEC B T 43 B35
1 EFES5HMH

XRC—1 AL WA s A CRU IR R D
Bruker DRX—500 ! #1341 (Bruker A w]);
VG AUTO Spec—3000 Jii i (VG {XAFAF]D.
@I IRERZ (100~200 HAT 200~300 H) A=
S FHENR GFass 175 By e T 2™ o [AHM]
FHELRP s ) Merck 22 77 i o LA G4 0 73 A4l

ARSI P FH AR RR B A kP9 AR SO T AR AROK
TR TSR (G54 KY-18), JEM
Bk 7 A1 8t Dendrobium officinale Kimura et Migo. [
WA o EARRIN, A VA E A ok e
W 8 Verticillium sp. . 8% 5 A1 AT A2 LR YL
RIRR 27 T R o R SR T 5
2 RN

KR IR (CFALES 0.5 g BEIR — &40 0.1 g«
S 0.05 g BREREE 0.1 g %K 20.0 g« FEH
J5 15.0 g« 1000 mL /K. pH 6.0). ££ 1 000 mL [{]
AN 200 mL AR SRIE, KR oS
PR 8~10 mm® KN & 2~3 B N s
FrIE, SGAE 28 CINREIR LRFERTR 1 d, )5 120
r/min JEFRE G IR 6 d, JUKIE 30 L, 28 )n oy

I BRAG B 22 AR TR o
3 RESSE

Y S I =) v I 5 43 A B0 RN R 224,
PR 22 A F R P BRI 3 WS, ARG, Uk
WA B RE . WENRF I/KETT, ROk
JIE NG 5 T FH IS IR R A IS 228 9.5 go BE IR LT
oy At , & i-FlE (100 : 0—~0 1 100D
BEEEDEMG, T8 = A A& I AR R RS 2, 49
B 7 ANy Fr. 1~7. Fr. 2 Z&ER (200~300 H)D
Fefai, k-l (20 0 1—1: 1) BREEVERS,
I35 5 N9 Fr. 2A~2E . Fr. 2B £33 Sephadex
LH-20 (FED B EREIMAEY 1 (7.2 mg) 12
(5.9 mg); Fr. 2D 45 Sephadex LH-20 (FIfE) 43
B )G, PRl PTLC CAymBs-aE 5 0 1D Hl 735
th&5W 3 (6.3 mg). Fr. 3@ RPg tBil, HIEE-/K
(20 : 80—0: 100> FREEVEML, HIFAGE] 5 AN
Fr. 3A~3E. Fr. 3B 43t 2 ¥k PTLC (44 F - F i
15: 1) H3aY 4 (8.0 mg). 5 (7.8 mg) 6
(10.1 mg); Fr. 3C £ Sephadex LH-20 ( % -
HRE 1. D rE)a, A FRELS A EMGY 7
(6.6 mg) F18 (10.2mg). Fr.4 @il RP g thilh, H
fig-7K (20 1 80—0 : 100D BHAEVEINL, & 123 A
214y (Fr. 4A~4C), Fr. 4B &3¢ Sephadex LH-20 ( F
BED 5y B3 ), TS RPys 73 BRI G4) 9(5.9 mg)
110 (9.2 mg); Fr. 4C 3 Sephadex LH-20 ( i)
SYEJE, FHELE RPig 20 BA PTLC s (& H -
HEEo 1) HARE 11 (82mg). 12 (5.2 mg)
113 (6.9 mg).
4 HHETE

WEW 1: KA. "TH.NMR (500 MHz,
CD;0D) ¢: 7.18 (1H, dd, J = 16.0, 1.5 Hz, H-1"), 7.08
(1H, d, J= 8.0 Hz, H-4), 7.03 (1H, d, J = 8.0 Hz, H-5),
6.37 (1H, dd, J=16.0, 7.0 Hz, H-2), 1.86 (3H, dd, J =
7.0, 1.5 Hz, H-3"), 1.53 (3H, s, 2-CH3); *C-NMR (125
MHz, CD;OD) §: 202.7 (C-3), 160.3 (C-6), 143.5
(C-3a), 131.6 (C-7), 129.4 (C-2"), 126.9 (C-1"), 125.6
(C-5), 119.3 (C-4), 116.9 (C-7a), 105.1 (C-2), 22.6
(2-CH3), 19.1 (C-3"). LA 1%t 5 3cmikdhis —502), %
BEWAY 1 4 2, 6-dihydroxy-2-methyl-7-(prop-
1 E-enyl)-1-benzofuran-3(2H)-one.

&Y 2. BEFAK. 'HINMR (500 MHz,
CDCls) d: 6.68 (1H, d, J = 2.4 Hz, H-5), 5.72 (1H, d,
J=2.5Hz, H-3), 3.88 (3H, s, H-9), 2.53 (3H, s, H-8);
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BC-NMR (125 MHz, CDCl;) &: 192.1 (C-7), 169.9
(C-4), 161.6 (C-2), 154.5 (C-6), 103.9 (C-5), 93.3
(C- 2) 56.1 (C-9), 26.0 (C-8). LA I Hi¥in 15 SC ik HeiE —
HO, msE S 2 N nlgrosporapyrone D.

%Aﬁm s RS, . "H-NMR (500 MHz,
CDCly) d: 8.09 (1H, dd, J = 8.0, 0.8 Hz, H-5), 7.91
(1H, s, H-10), 7.75 (1H, dd, J = 8.0, 0.8 Hz, H-6), 7.14
(1H, dd, J=8.0, 0.8 Hz, H-7), 4.67 (2H, s, H-12); “C-
NMR (125 MHz, CDCls) 6: 196.2 (C-11), 164.1 (C-2),
162.0 (C-4), 150.6 (C-10), 138.7 (C-6), 134.3 (C-8),
117.6 (C-5), 116.1 (C-7), 115.9 (C-9), 106.0 (C-3),
65.6 (C-12). LA F3¥odhs 5 Scikapos —5, doei
%) 3 4 oosponol.

&Y 4. KWK, "THNMR (500 MHz,
CDCly) 6: 7.67 (1H, d, J = 6.0 Hz, H-6), 6.27 (1H, dd,
J = 6.0, 2.5 Hz, H-5), 6.16 (1H, d, J = 2.5 Hz, H-3),
2.26 (3H, s, H-2"); “C-NMR (125 MHz, CDCL) &:
179.4 (C-4), 166.8 (C-2), 155.4 (C-6), 116.7 (C-5),
115.5 (C-3),20.0 (C-2"). LA_b4de 5 sciirdiis —2,
WS e S 4 g 2-F I -4- LR

WEY 5. LEBCRY. 'THNMR (500 MHz,
CDCls) 8: 7.50 (1H, d, J = 9.5 Hz, H-4), 6.18 (1H, d,
J=9.5Hz, H-3), 6.14 (1H, d, J = 16.0 Hz, H-5a), 5.91
(1H, dt, J = 16.0, 6.5 Hz, H-5b), 2.29 (3H, s, H-6a),
2.20 (2H, m, H-5¢), 1.06 (3H, t, J = 7.5 Hz, H-5d);
BC-NMR (125 MHz, CDCly) 6: 162.2 (C-2), 157.9
(C-6), 142.8 (C-4), 133.3 (C-5b), 120.7 (C-5a), 113.7
(C-3, 5), 26.3 (C-5¢), 17.2 (C-6a), 13.8 (C-5d). LA I
e 5 ScuraE — 800, MR s 6-F k-
5-[(1E)- T M dk]-2-nk i 1 o

WA 6: LEBARY. "HNMR (500 MHz,
CDCls) 6: 7.12 (1H, t, J = 8.0 Hz, H-3), 6.74 (1H, d,
J = 8.0 Hz, H-2), 6.70 (1H, d, J = 8.0 Hz, H-4), 4.86
(1H, d, J = 13.0 Hz, H-8a), 4.79 (1H, d, J = 13.0 Hz,
H-8b), 3.91 (1H, m, H-6), 1.24 (3H, d, J = 6.0 Hz,
H-9); "*C-NMR (125 MHz, CDCl;) &: 156.3 (C-1),
137.8 (C-4a), 129.1 (C-3), 124.9 (C-8a), 122.6 (C-4),
115.0 (C-2), 69.2 (C-6), 58.6 (C-8), 41.8 (C-5), 23.5
(C-9). Lh 3t b5 scmkipos — 87, s
6 4y penicisochroman D,

& 7. KK K. 'HINMR (500 MHz,
CD;0D) 6: 6.06 (1H, d, J = 2.5 Hz, H-5), 5.45 (1H, d,
J=2.5Hz, H-3), 4.17 (1H, dd, J = 8.0, 4.5 Hz, H-1"),

3.77 (3H, s, 3-OCHs), 0.88 (3H, t, J = 7.5 Hz, H-3");
BC-NMR (125 MHz, CD;0D) 6: 175.8 (C-4), 170.8
(C-6), 169.2 (C-2), 102.0 (C-5), 90.7 (C-3), 74.4
(C-1"), 59.1 (C-3-OMe), 31.0 (C-2"), 11.8 (C-3"). LA L
Wi 5 ocmkapE -8, M Eam 1T oA
verrucosapyrone B.

a8 AtAIRE: . "H-NMR (500 MHz,
CD;0D) d: 6.27 (1H, s, H-7), 5.42 (1H, s, H-1), 4.16
(1H, m, H-3), 3.67 (3H, s, H-13), 3.40 (3H, s, H-14),
1.94 (3H, s, H-12), 1.28 (3H, d, J = 6.5 Hz, H-11);
BC-NMR (125 MHz, CD;0D) &: 157.2 (C-8), 157.0
(C-6), 136.1 (C-10), 114.9 (C-9), 114.5 (C-5), 97.7
(C-7), 97.4 (C-1), 63.9 (C-3), 55.9 (C-13), 55.2
(C-14), 34.7 (C-4), 21.7 (C-11), 10.1 (C-12). LA %k
a5 scmkapE — 50, M et 5 8 (1S, 39)-1,
8-dimethoxy-3, 5-dimethyl-6-hydroxyisochroman.

&Y 9. Ak, 'THINMR (500 MHz,
CDCls) d: 5.44 (1H, s, H-3), 4.58 (1H, d, J = 14.5 Hz,
H-5a), 4.34 (1H, d, J = 14.5 Hz, H-5b), 3.81 (3H, s,
4-OCHs), 3.66 (1H, m, H-7), 0.96 (3H, t, J = 7.0 Hz,
H-11); “C-NMR (125 MHz, CDCl;) 6: 168.6 (C-4),
164.2 (C-2), 156.6 (C-8a), 107.6 (C-4a), 88.0 (C-3),
73.9 (C-7), 56.1 (4-OCHs), 61.6 (C-5), 37.6 (C-9),
32.6 (C-8), 18.6 (C-10), 13.9 (C-11). LA %4k 5 ik
il — 0, WA 9 Sl phomopsinone A

WA 10: AT ERMA. "H-NMR (500
MHz, CDCls) &: 7.30 (1H, s, H-2), 5.34 (1H, s, H-7),
445 (1H, s, H-4), 2.19 (3H, s, H-15), 1.86 (3H, s,
H-14), 1.62 (2H, q, J = 7.0 Hz, H-12), 1.14 3H, s,
H-11), 0.86 (3H, t, J= 7.0 Hz, H-13); "“C-NMR (125
MHz, CDCl;) &: 201.4 (C-6), 154.8 (C-10), 144.8
(C-8), 144.5 (C-2), 120.1 (C-3), 112.2 (C-9), 105.6
(C-7), 74.6 (C-4), 50.5 (C-5), 24.6 (C-12), 18.9
(C-11), 18.4 (C-15), 13.3 (C-14), 9.2 (C-13), LA %k
5 ScmkaE S, WS et o 10 ok
pseudohalonectrin A,

A 11 kY. "TH-NMR (500 MHz,
CDCls) d: 7.50 (1H, dd, J = 8.5, 7.0 Hz, H-7), 7.05
(1H, d, J= 8.5 Hz, H-8), 6.88 (1H, d, J = 7.0 Hz, H-6),
4.51 (1H, m, H-2), 3.87 (3H, s, 3-OCH3), 1.39 (3H, d,
J = 6.0 Hz, H-11); “C-NMR (125 MHz, CDCl;) ¢:
186.9 (C-4), 161.3 (C-5), 141.9 (C-9), 134.4 (C-7),
119.9 (C-8), 113.8 (C-10), 110.9 (C-6), 74.1 (C-2),
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56.3 (3-OCHj3), 36.1 (C-3), 20.8 (C-11). LA %5
SCHRARIE S, M e A 11 0 dictafolin-A.
WA 12 AR EE. TH-NMR (500
MHz, CD;0OD) 6: 4.53 (1H, m, H-2), 2.00 (6H, s,
H-12, 13), 1.48 (3H, d, J = 6.5 Hz, H-11); "“C-NMR
(125 MHz, CD;0D) 8: 197.7 (C-4), 163.0 (C-7), 159.6
(C-5), 157.8 (C-9), 103.9 (C-6), 103.0 (C-8), 102.7
(C-10), 74.6 (C-2), 43.7 (C-3), 21.0 (C-11), 8.0
(C-12), 7.5 (C-13). LA - ¥cdia 5 Scikahis— 31",
YE A 12 24 2, 3-dihydro-5, 7-dihydroxy-2, 6, 8-
trimethyl-4H-1-benzopyran-4-one.

A 132 W FEAPIRY . "TH-NMR (500 MHz,
CD;0D) 6: 7.45 (1H, d, J = 1.5 Hz, H-3), 7.08 (1H, d,
J = 1.5 Hz, H-5); C-NMR (125 MHz, CD;0D) §:
165.1 (C-7); 162.1 (C-8), 161.7 (C-2), 151.3 (C-6),
145.8 (C-4), 122.7 (C-5), 109.8 (C-3). LI ¥ 53¢
pkIRE — 8, ek A 13 4 2-pyrone-4,

6-dicarboxylic acid.
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