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T IVFH T (Agrocybe praecox) \ZHIRT 5
Y REREYE DRSR




B1E

2007 £, FBROBHEZ—IINTARBNWT, BHELOBIEK LA FI (Fragaria
ananassa Duchesne) DEMNTIN, T DH. WITOLEMSF / ANFBET B E NI BHEH K
wailfc, ZOF ) IZFELILEZ A, TIVF Y (Agrocybe praecox) TdH 3 = & /HBA
LinETEo e, —h, FIVFRITBOBERA FIOT AEREZFIFHITHRERE L
THREINTVS . TNEOXNBHRBERIE. T OEAEMA ) E > ORI AT %
AR ERGVEZEEAL TWAIEEZRBLTWS (Fig 1),

Fig. 1. Interaction between A. praecox and strawberry in a greenhouse.
(A) In a greenhouse in Niigata prefecture, Japan, soil culture of strawberry fruits. (B) Growth
stimulation and suppression toward strawberry fruits by Agrocybe genus.

TIT, EREOEZ—IINTANSHEEL ZEREEE L, EREEEEARICHBEL
TAFICHITEREEZBR L. THREO F IO L TREREOUE 2T, K
HBEOA FIDORKRITH L TIIIERAROUNE ZTo . TOME. LHRETIHEY
KROREREENBRR SN, I5I1T, TOH, WITOLEH 5 FEAORENBRI N,
. BARKOHEMEANDBRARBRRINT, LEAOIEMNBRIN, ABEE T
WEYEDOREBENBREINE (Fig.2) INSOBRICED, 7IVFI X OEAREDEK
NTEASNEMRERDDENMENCHE I, 1 FIORERH L THEES5XT
WBRIREMN BB T & EHR LTz,

AFIRNTROEYTHD, HRPTRESNTVUSEELREND 1D TH S, 35



control treatment

Fig. 2. Effect of A. praecox on the growth of strawberry.

(A) Effect of A. praecox on the growth of strawberry in soil culture. After 5 months of the
inoculation of the mycelia, the leaves of the fungus-infected plant grew bigger than the
control, and after 10 months the fruiting bodies of the fungus appeared at the plant's base.
(B) Effect of A. praecox on the growth of strawberry in water culture. After 5 months of the
inoculation of the culture broth, the leaves of the fungus-affected plant was dwarfed and

altered in color.

. NOROEYDOHFTHS ) AAVKS W, BHEEMNE N, A5 ICHEMENRRET 2 &
WORBZ S DI ENG, PR (BE™, @™, ey (g™, mE', His
B Py 2 ML RICH U T E b OBETFEREOTEIZINTNSY, £, K
A EJRHE (Botrytis cinerea) *°RIAIRHE (Colletotrichum acutatum, C. fragariae %) 131 F
CHEHELHEEZEZA2EMHRERETH 2072, 4 F I (E)-hex-2-enal™>®, triterpenes
(euscaphic acid, myrianthic acid, tormentic acid)*®, proanthocyanidins®”?® %0 — KA BMEY % 4
BRI BT LTINS OFFEICH L THERISZEZT (Fig 3)7.
7IVFITREEUTEBRFIILSEBLTRERADF /2THS., Z0F /1
BHEMPOLBCERTIVY—MRETDH Y., IR RICEEEZEE LU TS W
§5 I ETHBITHB LR EDRL TWBY, 2O+ MR FI
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Fig. 3. Chemical structures of phytoalexins and antifungals from strawberry.

INBHED., THRPOYERBIIBWTEERHEIELZ L TWD, £, ZOEBEOERES
BT DMK EEEFE (0-glucosidase, B-glucosidase, B-celiobiosidase ). 1 7 = > /) Rk
# (laccase, manganese peroxidase %§) OBERIEHEIINA T L AT 4 T— 3 DAQBHIC
I TWw2Y, Lhl., 73VF8 7 Lo HERERIC X 3 HERRICDW TS
FRFFEIR S T,

P, YRV ES ELTRMINTNS auxins™ ¥, gibberellins™ *, abscisic acid** %,
jasmonic acid*® Y 1ZFENFNOHE L SRIKE OERAKFENMBI NS, 3512, HMEE
HOMAEEMICES T2 Y REFLGME & LT strigolactones™ * = 2-azahypoxanthine™,
imidazole-4-carboxyamide’® 3%, 3N 7- (Fig. 4).
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Strigolactone 2-Azahypoxanthine Imidazole-4-carboxyamide

Fig. 4. Chemical structures of plant hormones and plant growth regulators.
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B2 E X
B1E TIVFITHROEYREFGYE O BEE - HEE

TIVESrOMEERT FFFR N O— ZHAS I L T 3 AR
ZOW%, BONE. BBICE > THAKE EEARCHEEL T, B IIHAS RS kR
Uv nend 9>, BT F)V. T8/ —)b, KCIERBRMEEF N, s> g,
BT F VA, T8 ) — )Ll ARAME B, 2RSS, ML
FIV. 075 )=V TR T, BT FIVAGER, n-T 5 ) — V. Kl
RIREAE., BYRERGELRRET S CH20, 1 FIEMBELTERT 30
TSR EY S TINVENRLEERS D, KOBEICHKMTEZZENTEELYZ
EMEE LTHAI L. BoNESEMICONTL Y ZICHT B HEMK EREE R 2
fiol&Th, BRIEDTY ) — )L AAHE L U %A ROMBE T F ) (s EEs L
5 2 DHEHER SRS N (Fig. 5).
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from the mycelia (1 mg/mL) from the culture broth (1 mg/mL)

Fig. 5. Effect of each fraction from A. praecox on the growth of lettuce.

Lettuce seedlings were treated with extracted fractions from the mycelia (left) and the cultu-
re broth (right) (1 mg/mL). The lengths of the hypocotyl and the root were measured using a
ruler. Results are the rate of growth length compared with control + standard deviation (* P <
0.05, ** P < 0.01 vs control, n = 7).

FIT, ZOEHRBROBREBECLANSEEI/ O N T 7 4 — KX B0 21T
2. BEBABOKBIFINAIBERESUATINDOTI Iy ahILr0x T S5T7 04—
KD 12 BB L. B5r 3 3NEH HPLC 1I2&D 7 BICH/mEL, X512, s
3-6 MEYHH HPLC ICK>TILEY 7 ZHBEL /. B4 4 1JIEM HPLC LD 9 HE%H



WAE L, I 51T, 4 4-5 5 HPLC IZ&->TLEY 14,6 Z2FNFNMEEL /-,
B4 5 WIMEF HPLC 12Kk D 8 HAMCTHE L., 51T, B4 5-5, 5-6 133¥4 HPLC 12k
DENEN 7 BEHC/HE L, I 51T, B 5-5-6,5-6-6 S MM HPLC 2k > TLEY
2,5 2ENTHHEEL /= (Fig. 6).

A. praecox

T— centrifuged and filtrated

Culture broth (75,
— concentrated under reduced pressure
— partitioned between EtOAc and water

EtOAc soluble part (145

|— Flash c.C. (silica gel 60 N)

CH,Cl; / EtOAc =100/0, 90 /10, 80/ 20,
701730, 60/ 40, 50/ 50,

EtOAc / MeQH =100/ 0, 50/50, 0/ 100

| J :] |
1 3 (54.1 mg) | 4 (3486 mg) I 12

lﬂ

NP-HPLC (Senshu PAK AQ) NP-HPLC (Senshu PAK AQ)
n-hexane/ CHCI; =20/ 80, 0/ 100 n-hexane/ CHCI; =20/80, 0/ 100

1 6 (8.0 mg) 7 1 5 (20.6 mg) 9
RP-HPLC (COSMOSIL nNAP waters) — RP-HPLC (COSMOSIL nNAP waters)
MeOH/ H,0 = 40/60,100/0 MeOH / H-O =40/ 60, 100/ 0

compound 7 (2.3 ma) compound 1 (5.6 mg)
compound 2 7 g
compound 3 14 g
compound 4 5, g
E‘_ compound 6 55 g

— NP-HPLC (Senshu PAK AQ)
n-hexane/ CHCI, = 20/ 80, 0/ 100

1 5 (529 mg) 8 (20.0 mg) 8
— RP-HPLC (COSMOSIL xNAP waters) — RP-HPLC (COSMOSIL xNAP waters)
MeOH / H,0 = 40/ 60, 100/ 0 MeOH / H,0 = 40/ 60, 100/ 0
1 6 13mg) 7 1 6 (39 mg) 7
RP-HPLC (COSMOSIL 5PYE waters) [— RP-HPLC (COSMOSIL SPYE waters)
MeOH / H,0 = 40/ 60, 100/ 0 MeOH / H;0 = 40/ 60, 100/ 0
compound 2 g5 g compound 5 35 g

Fig. 6. Purification procedure of culture broth of A. praecox.



Tz, B4 4-5 BEUHE S 5-6-6 MO HBEL -/LAEY 1-5 12, UV-VIS 2 ERH %
M L7z HPLC 2T K » TR UV AR LSS —NBRIX N (Fig 7).
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Fig. 7. HPLC analysis of fractions 4-5 and 5-6-6.
Fractions 4-5 and 5-6-6 were analyzed by HPLC (column, COSMOSIL tNAP Waters, 20 ¢ x
250 mm; solvent, MeOH/H,0 40:60, 0.5 mL/min; detect, UV = 260 nm) and compounds 1-4
and 5 were detected, respectively. Compound 1: tg = 41.5 min; UV (Amax), 200, 218, 233,
247, 261, 276 nm. Compound 2: tg = 45.6 min; UV (Amax), 250 nm. Compound 3: tg = 34.2
min; UV (Amax), 220, 271, 287, 306 nm. Compound 4: tz = 36.6 min; UV (Amax), 218, 271, 287,
306 nm. Compound 5: tg = 38.0 min; UV (Amax), 200, 215, 232, 246, 260, 276 nm.



B2 H TIVEFYTrEROEYREFRSYE OB ERT

TIVFErOBERSBROBEE T IVAIEEN S BB L & LEMTONT, KK
AT X BRERAT 21T o Tz,

2-2-1 (L&Y 1 OREMRHT

LEaY 1 AR R E U THBS N/, HR-ESIMS IZB T m/z 158.0559 [M+Na]'
(caled for CsHgNNaO, 158.0582) O F1 A E— I NEEISI . 0 FRX%E CHNO, AREFT
x5 LRELE (Fig. 9). IR IZBWNT 1652 (C=0), 2244 (C=C). 3136 cm” (NH,) IZZh
ZFNRINE—27 BNl E N7z (Fig. 10). 'H-NMR, C-NMR, DEPT. HMQC I2&£ 0., AF
W1 D, AFL M 2 D, 4 RRFWN 5 DEET DT ENHENIAR- - (Fig. 11-14,
Table 1), ZNHDTEME, 2 DO=FEHE LT I ROBFENRE I N/, COSY DR
(H7/H6, H8) $ XN HMBC DAHBE (H6/C7, C8; H7/C6, C8; H8/C6,CT7) 2k, FOEILD
Motz ke Lz (Fig. 8, 15,16). S 512, HMBC DR (H6/C2 to C5; H7/C5) B X ML
¥ 7 MOl (8¢ 63.7, 67.0, 71.7, 87.3) IC& D, TH¥ A > OE K ERE LT (Fig 8,
16, Table 1). LAEICE D, {6EW 1 % octa-2,4-diynamide EHEE L7z, I 51T, X ks &
WIEMTICE D, LY 1 OEZRE LT (Fig. 17). {L&H 1 BHBILLAWTHD,
agrocybyne A & finfa L7z (Fig. 18).

./  cosY HMBC
>

Fig. 8. COSY and HMBC correlations in 1.
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Fig. 10. IR spectrum of 1.
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Fig. 11. "TH NMR spectrum of 1 (in CDCIs).
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Fig. 12. '*C NMR spectrum of 1 (in CDCls).
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Fig. 13. DEPT spectrum of 1 (in CDCI;).
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Fig. 15. COSY spectrum of 1 (in CDCI;).
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Fig. 16. HMBC spectrum of 1 (in CDCl,).

Fig. 17. ORTEP drawing of 1.
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Table 1. 'H and "*C NMR data for 1 (in CDCls).

Position 'H I o HMBC
8 (multiplicity, J in Hz) 5 'Hto *C
1 153.5
2 67.0°
3 71.7
4 63.7°
5 87.3
6 2.30 (t, 7.0) 21.3* 2,3,4,5,6,7,8
7 1.57 (m) 214> 56,8
8 0.99 (t, 7.3) 134 6,7

[

' Interchangeable between the same letter.

% NH,
F

Fig. 18. Agrocybyne A (1).
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2-2-2 (bLEY) 2 DGR

ey 2 BEASHRERE L THEBS /-, HR-ESIMS IZBWT m/z 160.0731 [M+Na]
(caled for CgH; NNaO, 160.0738) D4F1 F o E—IMEHlch. 217K %E CH, NO, i
% 4 SWPRE LT (Fig 20). IR IZBWNT 1652 (C=0), 2197 (C=C), 3136 cm™ (NH,) IZ
ZTNENRIRE — 7 BRI N/ (Fig. 21). 'H-NMR, “C-NMR, DEPT, HMQC i2& 0.
AFIR 1 Dy AFL UM 2 D0 AF UM 2 D, 4 BREN 3 DEET B EMNHES
MIT/E > fz (Fig. 22-25, Table 2). HFFANRY MIVT—F DLBIZX D L&Y 2 1JMEEY 1
O 1 DOO=EHFEAN_ERAICRSHERETH S Z EARBI N, COSY DB
(H7/H6, H8) B L TX HMBC DFHPE (H6/C7, C8; H7/C6, C8; H8/C6,C7) I2k b, FOELD
ok EZ=RE L (Fig 19, 26,27), & 512, COSY DOHEE (H5/H4, H6), HMBC DA
(H4/C2, C6; H5/C3, C6, CT7; H6/C4, C5; H7/C5) BL W 8y 5.52 (1H, d, J=16.2 Hz, H4) D#ES
EBIZX D (E)-T b-Z 21 > O & ZRE LT (Fig. 19, 26,27, Table 2). LA LIz Xk D,
{L&¥ 2 % (E)-oct-4-en-2-ynamide &RFE L7z, (LAY 2 13HHILEMTH V., agrocybyne
B L@t L7z (Fig. 28).

g COSY HMBC
P

Fig. 19. COSY and HMBC correlations in 2.
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Fig. 20. ESIMS (+) spectrum of 2.
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Fig. 21. IR spectrum of 2.
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Fig. 22. '"H NMR spectrum of 2 (in CDCl5).
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Fig. 23. °C NMR spectrum of 2 (in CDCl,).
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Fig. 24. DEPT spectrum of 2 (in CDCl,).
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Fig. 26. COSY spectrum of 2 (in CDCI,).

-18-




R N

5
fYI’IIIll ||l|||l||lllll|II‘II]l!I‘I[|III!III.iIIIin'IKYll
| 800 5.00 400 3.00 2.00 1.
: N
I
| : ~
|
1
|
|
|
— 4

Fig. 27. HMBC spectrum of 2 (in CDCIl,).
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Table 2. 'H and '*C NMR data for 2 (in CDCl;).

Position 'H - Bc HMBC
& (multiplicity, J in Hz) 5 T'Hto"c

1 154.8

2 81.0

3 85.5

4 5.52 (d, 16.2) 1073 2,6

5 6.42 (ddd, 16.2,7.3,7.2) 1512  3,6,7
6 2.13 (m) 35.4 7,8

7 1.43 (m) 215 56,8
8 0.90 (t, 7.3) 135 6,7

o)

% NH

Fig. 28. Agrocybyne B (2).
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2-2-3 (L&Y 3 DOEERIT

ke 3 FAAEMEE L THESIN/Z, HR-ESIMS IZBWT m/z 156.0415 [M+Na]"
(caled for CsH;NNaO, 156.0425) O FA > E—Z BB, 2T RE CHNO, REaf
EZE 6 LWRELE (Fig. 30). IR IZBWNT 1611 (C=0), 2216 (C=C). 3160 cm™ (NH,) 2%
NENRINE — 27 BN E - (Fig. 31). 'H-NMR, “C-NMR, DEPT. HMQC 2k D, #
FIVE 1 Dy AF M 2 D, 4 BRFEDN 5 DEETHIENHS M- - (Fig. 32-35,
Table 3), RFEANRY MIVT—FDHERICED, (LEW 3 ZLEH 1 O 2 DOAFL UM
AV T4 DB RERATH S Z EWRE I N/, COSY DOAHEE (H7/H6, HR), HMBC @
FHBE (H8/C4,C5,C6,CT) BL N 84 5.62 (1H, dd, J=11.0 Hz, H6) DFEEERICLD. (2-
P h-IA OO REEEYE LT (Fig. 29, 36, 37, Table 3). LAEICED., (kAW 3 %
(2)-octa-6-en-2,4-diynamide EWRE L7z, L&YW 3 BHFHBELEMTH D, agrocybyne C &
% U7z (Fig. 38).

cosy HMBC
—

Fig. 29. COSY and HMBC correlations in 3.
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Fig. 30. ESIMS (+) spectrum of 3.

105

100

80 |- . (C=C) 1611 cm”
%T {C=0})
60 |-
50 i [ I I ] i i
4000 3000 2000 1000 400

Wavenumber [em-]

Fig. 31. IR spectrum of 3.
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Fig. 32. "H NMR spectrum of 3 (in CD;0D).
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Fig. 33. *C NMR spectrum of 3 (in CD;0D).
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Fig. 34. DEPT spectrum of 3 (in CD,0D).
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Fig. 35. HMQC spectrum of 3 (in CD,0D).
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Fig. 36. COSY spectrum of 3 (in CD;0D).
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Fig. 37. HMBC spectrum of 3 (in CD;0D).
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Table 3. 'H and '3C NMR data for 3 (in CD;0D).

Position 'H 3c HMBC
& (multiplicity, J in Hz) 5 'Hto"c

1 156.3

2 75.5°

3 76.8°

4 70.5°

5 80.9°

6 5.62 (d, dd, 11.0, 1.5) 108.8

7 6.37 (dq, 11.0, 7.0) 147.3

8 1.93 (dd, 7.0, 1.5) 16.7  4,5,6,7

3

Interchangeable between the same letter.

4 NH,
F

Fig. 38. Agrocybyne C (3).
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2-2-4 {LEY 4 DOREERAT

ey 4 BREERKTE L THEINZ, HR-ESIMS IZBWT mkz 156.0411 [M+Na]®
(caled for CgH,NNaO, 156.0425) D5F1 A > E— U NERlE . 51FH%E CHNO, Rfafl
Ez 6 LPEL (Fig. 40), IR IZBWNT 1650 (C=0), 2222 (C=C). 3158 cm™ (NH,) =%
NENRINE — 27 BEM S N/ (Fig. 41). 'H-NMR. “C-NMR, DEPT. HMQC ik, A
FIVIR 1 Dy AF UM 2 D, 4 RRikEN 5 DHEETEH I ENHS NI - (Fig. 42-45,
Table 4), BFEARY MV T—FOHBICED., (LAY 4 13LEH 3 O cis-BMUEKTH S
T EARM I NI, COSY DOFHRE (H7/H6, H8), HMBC DR (H6/C4, C7, C8; H7/CS, C8;
H8/C4, CS, C6,C7) BLU 84 5.67 (1H, dd, J= 15.8 Hz, H6) DFEEERKICL D, (BE)-R> b-
I2A > DEHREEZEPE LT (Fig. 39, 46,47, Table 4). LA EIZE D, LAY 4 % (E)-octa-
6-en-2,4-diynamide LIRE L7z, (LAY 4 WARPHEE L TH SN TN EH2E, X/
MOBEEINZDITRA)TH D, agrocybyne D s L7- (Fig. 48).

4 NH;
f COSY  HMBC
— =

Fig. 39. COSY and HMBC correlations in 4.
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Fig. 40. ESIMS (+) spectrum of 4.
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Fig. 41. IR spectrum of 4.
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Fig. 42. "H NMR spectrum of 4 (in CD;0D).
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Fig. 43. "*C NMR spectrum of 4 (in CD;0D).
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Fig. 44. DEPT spectrum of 4 (in CD;0D).
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Fig. 45. HMQC spectrum of 4 (in CD;0D).
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Fig. 46. COSY spectrum of 4 (in CD;0D).
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Fig. 47. HMBC spectrum of 4 (in CD;0D).
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Table 4. 'H and *C NMR data for 4 (in CD;0D).

Position 'H 3¢ HMBC
& (multiplicity, J in Hz) 5 'Hto"®c

1 156.4

2 70.9°

3 74.2°

4 70.8°

5 83.1

6 5.67 (dd, 15.8, 1.8) 1096  4,7,8

7 6.50 (dq, 15.8, 7.0) 148.4 5,6,8

8 1.85 (dd, 7.0, 1.8) 19.1 4,5,6,7

3

Interchangeable between the same letter.

% NH,
F

Fig. 48. Agrocybyne D (4).
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2-2-5 {b&Y) 5 OREE/RHT

L&Y 5 BHAESEE L THEBSI N/, HR-ESIMS IZ8BWT m/z 216.0608 [M+Na]"
(caled for CgH NNaO3, 216.0637) O3 F1 4 > E— BB, 2 TFX%E CoH NO;, &
PAFIEZ 6 EPE L/ (Fig. 50). IR 2B T 1613 (C=0). 2243 (C=C), 3178 cm™ (NH,) IZ
ZTNTNRINE— 2 BNBR XN/ (Fig. 51). 'HANMR. “C-NMR. DEPT. HMQC 2k,
AFIVIR 1 Dy AFL 2 3 D, 4 frFED 6 DEET DI ENHASNITARS = (Fig.
52-55, Table 5)s REANRY MV T—FDBKICED ., {LEY 5 BILEW 1 ThILRF
BedbD 2 DORFEVHMELEERAETH S Z EARB I N/, COSY DB H2/HI,
H2) & HMBC DB (H1/C2, C3; H2/C1, C3; H3/C1,C2) 12k V., TOEIL D4 Hs
ZWRE LTz (Fig. 49, 56,57), & 512, HMBC O#E (HI/C1'; H2'/C1') BEME%ET 7 b
6 (8y 4.13; 8¢ 62.7, 170.9) Ik D, 7 MF I AFINOFEMHEEZRE LTz (Fig. 49, 57,
Table 5)e & 512, HMBC DOAHEE (H2/C4; H3/C4t0 C7) BLMEFES 7 DIl (8¢ 64.3, 67.5,
71.2,854) ITXD., THIA O EERE LT (Fig. 49, 57, Table 5)o LA EIZE D, L
&% 5 % 8-amino-8-oxoocta-4,6-diynyl acetate & HRE L7z, L&YW 5 3FHELAEMTHD.,
agrocybyne E &4, L 7= (Fig. 58).

(Y 2
- '\  cosy HMBC

Fig. 49. COSY and HMBC correlations in 5.
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Fig. 50. ESIMS (+) spectrum of 5.
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Fig. 51. IR spectrum of 5.
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Fig. 52. 'H NMR spectrum of 5 (in CDCl,).
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Fig. 53. *C NMR spectrum of 5 (in CDCl,).
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Fig. 54. DEPT spectrum of 5 (in CDCl;).
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Fig. 55. HMQC spectrum of 5 (in CDCl;).
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Fig. 56. COSY spectrum of 5 (in CDClIs).
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Fig. 57. HMBC spectrum of 5 (in CDCI,).
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Table 5. 'H and '*C NMR data for 5 (in CDCl,).

Position 'H Bc HMBC
3 (multiplicity, J in Hz) & 'Htoc

1 4.13 (dd, 6.4, 6.1) 627 2,3, 1

2 1.88 (m) 27.0 1,3,4

3 2.43 (dd, 7.3,6.7) 16.4 1,2,4,5,6,7

4 85.4°

5 64.3°

6 71.22

7 67.5

8 153.4

1 170.9

2 2.04 (s) 20.8 k

% Interchangeable between the same letter.

% NH,

o)
Fig. 58. Agrocybyne E (5).

.38.



2-2-6 {LEY 6 DREEMRHT

La® 6 EAMRKYE S L THEESI N/, HR-ESIMS 2B T m/z233.0410 [M+Na]
(caled for CjoH (NaOs, 233.0426) D FA A E—I BRI N, HFR2E CoH 105 EBE
L7z (Fig. 60). IR 12BN T 1627 (C=0), 3287 cm” (OH) IZZNENWILE — 27 WEHI = n
7= (Fig. 61). '"H-NMR, *C-NMR, DEPT, HMQC & D, AFILA 1 D, AFL A 1 D,
AF UM 3 D, 4 RRFEMN 5 DHEETHIENHS MR- (Fig. 62-65, Table 6),
HMBC D#B§ (C2-CHO/C2, C3, C4; 3-OH/C2, C3, C4; H4/C2, C3; H6/C2) BELUML¥ 7 k
Dl (81 10.1,12.3) & 84 6.35 (1H, d, J= 2.0 Hz, H4), 8y 6.45 (1H, d, J= 2.0 Hz, H6) D& 7E
BUTED . 2 DOKRFETNAIMICHEET 52-L ROF IR XTI T RO RS %
i€ L7z (Fig. 59, 66, Table 6). & 512, HMBC DB (C1-CH,/C1, C2, C6, C1’; H6/C1-CHy;
H2'/C1") BEMEZFES T b DA (8 5.29; 8¢ 62.5,170.3) 12X D, T MF I AF LD
WG ZE L 7= (Fig. 59, 66, Table 6) £7/z. HMBC A7 VDR (H4/C5, C6; H6/C4)
BEMEFES T MO (8c162.8) ICk D, E ROF L HOMMREEZRE LT (Fig. 59, 66,
Table 6), LALICL O, {EEW 6 % 2-formyl-3,5-dihydroxybenzyl acetate &iiE L7z, L&
Y6 O7IVI— IV TH 3 24-dihydroxy-6-(hydroxymethyl)benzaldehyde 13 KA & L
T Aspergillus rugulosus DZERAED 5 HEES N OBBRYTH 20 L&Y 6 13HiBLE
Y TdH- 7z (Fig 67, 68).

Fig. 59. HMBC correlation in 6.
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Fig. 60. ESIMS (+) spectrum of 6.
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Fig. 61. IR spectrum of 6.
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Fig. 62. '"H NMR spectrum of 6 (in CDCl,).
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Fig. 63. "*C NMR spectrum of 6 (in CDCI,).
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Fig. 64. DEPT spectrum of 6 (in CDCl5).
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Fig. 66. HMBC spectrum of 6 (in CDCI5).
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Table 6. 'H and *C NMR data for 6 (in CDCl,).

Position 'H 3¢ HMBC

& (multiplicity, J in Hz) & T'Hto®c
1 141.3
1-CH, 5.29 (s) 625 1,2,6,1
2 112.8
2-CHO 10.1 (s) 1925  2,3,4
3 166.4
3-OH 12.3 (s) 2,3,4
4 6.35 (d, 2.0) 103.7  2,3,5,6
5 162.8
6 6.45 (d, 2.0) 1105  2,4,1-CH,
1 170.3
2 2.11 (s) 209 T

OH o)

o)
HO
o)

Fig. 67. 2-formyl-3,5-dihydroxybenzyl acetate (6).

o

OH

OH
HO

Fig. 68. 2,4-dihydroxy-6-(hvydroxymethyl)benzaldehyde.
The compound have been isolated from mutant strains of A. rugulosus.
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2-2-7 L&Y 7 DREERIT

ey 7 BEAHRME S L THEBESI N/, ESIMS IZBWT mkz 175 [M+Na]" O4F
A1 F 2 E—I BB SN (Fig. 70). IR IZHBWT 1627 (C=0), 3245 cm™ (OH) IZZNEh
RN E— 27 BB XN (Fig. 71). 'H-NMR, “C-NMR BLUOKFEZR XY ML TF—% DL
BRICED, (L&MW 7 BILEH 6 OT L FFIAFUBAFINC R HERETH D 2 &
MR INF (Fig. 72, 73, Table 7). HEEMITICE D, LAY 7 % o-orsellinaldehyde (2,4-di
hydroxy-6-methylbenzaldehyde) & [Fl%E L7z (Fig. 69, 74). {b&¥ 7 \S&RFMEE L THS
NTHO®, RAME LT A rugulosus DERENSBEES NEZONBHITH DM, i,
EEMEE LT, & NIFES ML (Hep 3B cell) 12X U TRAEMICTYT R — 2255195
MBS HE SN TS,

HMBC
=l

Fig. 69. HMBC correlation in 7.
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Fig. 70. ESIMS (+) spectrum of 7.
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Fig. 71. IR spectrum of 7.
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" Fig. 72. "H NMR spectrum of 7 (in CDCl5).
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Fig. 73. *C NMR spectrum of 7 (in CDClj).
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Table 7. 'H and '3C NMR data for 7 (in CDCl,).

Position 'H *c HMBC
& (multiplicity, J in Hz) 5 'Hto"c
1 113.6
1-CHO 10.1 (s) 192.9 1,2,3
2 166.3
2-OH 12.4 (s) 1,2,3
3 6.19 (s) 101.3 1,2,4,5
4 163.2
5 6.19 (s) 110.5 1, 3, 4, 6-CH3
6 144.9
" 6-CH3 2.51 (s) 18.2 1,5,6
OH
HO

Fig. 74. o-Orsellinaldehyde (7).
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5 3 Hi AEYIREAETE AR

TIVFEI T DEERABROESE T IVAETN S HEEL =& LEMIOVWT. LI R (F
TR AR (AFR) BEUAFIT ONFR) TR 2 MR ETE AR 2175 72,

2-3-1 UF AT % Yk EFREiTE R

LA Z#BEL T | HMATEEZTWL, BHESIEHE, 1nmol ~ 1 pmol 12 EH
#% 7= agrocybynes A-E (1-5) BELMLEW 6,7 Z2TNFNUEL T 3 ARAKE#EZEZIT-
Fzo ZDFER, agrocybynes A (1), E (5), {t&% 6,7 & 10 nmol LA L, agrocybynes C (3), D (4)
& 1nmol LA L THENEZIZBOMEHEEMEEZR L. agrocybyne B (2) 13 10 nmol LL T
EOMEEEEEB LI OCBOMEREFEEEZR L, £/, agrocybynes A(1),B(2) 1 1
nmol THEHD M EREF OB B BRI N~ (Fig. 75).

160 S

xR
ey
| |
\Ga\Uq'.\G\ A \G%\GQ\U\ A \(5%\(51\6\ A \U'b\(iq'\ﬁ\ A :\U’b\@\(f N \63\0'1\(5\ A \0’5\@'\@ A ol
1 2 3 4 5 6 7

# hypocotyl, @ root

Fk

1 — R

20 T

100

growth rate (% of control)
8

0

Fig. 75. Effect of compounds 1-7 on the growth of lettuce.

Lettuce seedlings were treated with compounds 1-7 (1 nmol - 1 umol). The lengths of the
hypocotyl and the root were measured using a ruler. Results are the rate of growth length
compared with control + standard deviation (* P < 0.05, ** P < 0.01 vs control, n = 7).
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UEDZ EMS, 7IVFI T OEBAROBEE TFIVAIEEHN S BEES N 8LEY
(IR R ETE M E & U THEET 5 Z EARE Nz,

2-3-2 A RITHY B HEY AR B TS PR R

A XOETZBEL T 3 HMAEEZITV., BESELE. oM~ 1 uM ICEEREL
7z agrocybynes A-E (1-5) ZZNZIVLEL T | BMAREEZT- 2. T DR, agrocybyne
A1) X 1 nM LLE, agrocybyne C (3) IZ 100 nM TAROMEHEEEMEEZR L. £k,
agrocybyne A (1) & 1 uM THl LD EEHETEME. agrocybyne B (2) 1d 100 nM LI E Tl
EHEBROMEREFEEOBERBBE I N (Fig. 76).

® shoot, ¥ root

60 . ) L R
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Fig. 76. Effect of compounds 1-5 on the growth of rice.
Rice seedlings were treated with compounds 1-5 (1 nM - 1 uM). The lengths of the shoot

and the root were measured using a ruler. Results are the rate of growth length compared
with control + standard deviation (* P < 0.05, ** P < 0.01 vs control, n = 16).

2-3-3 A F KT 2 MY R EGTE R R

AFIOHEZRMEMLITEML T 1| HEATHEZT, 1 nmol/soil mL ICEBEFEL
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7z agrocybynes A-E (1-5) ZZNTHNUHEL T | BHAREERET 2. TORKE. agrocyb-
ynes A-E (1-5) £ TICHYAEDHIENBIR SNz, £/, agrocybyne B (2) 3B DHE HER
N7z (Fig. 7).

Fig. 77. Effect of compounds 1-5 on the growth of strawberry.

Strawberry seedlings were treated with compounds 1-5 (1 nmol/soil-mL, n = 3).
Agrocybynes A-E (1-5) 13BHERIESEZRLIZZENS, IIVFIIr N1 FITOEORE

I U TR B S A ERERYETH B AREEARR I NS, BIE, agocybyne B0 1
FIOERIHT 5 YR EBHIEERRE RS TV S,
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B 48 TIVEYTHROBEYRERGMEDERK

TIVEY OB ROEEE T F )L AEEHN S BEBEL - agrocybeynes VLI & AV 7z
W ENS, EYRERGEERRICOWTX OFEMAREREZAEEICT B0, &8
MOEEWRERNE L TERERZT> 2,

2-4-1 Agrocybyne A D& Hk

2-Hexyn-1-ol (1a) 1.8 g ZJFFt& L T, Swern FMLICK D hex-2-ynal 2b) %157-#%. Corey-
Fuchs RJSITE D 1,1-dibromohept-1-en-3-yne (1e) Z#% T octa-2,4-diynoic acid (1d) % 790.2
mg (NF 32%) H{lz. 51T, AFIVIZAFIALIZED methyl octa-2,4-diynoate (le) %
7184 mg (UK 82%) 157, 7 I FMLIZK D agrocybyne A (1) % 38.6 mg (INZ 5.4%) &
ik U7z (Fig. 78).

-
: o
/\\//\”‘ (€O, OMSO F o CBr:. PPh, { /\/ \/ mBuLi: Oy,
————p ———— i —
CH,Cl,,-78°C CH,Cly, 0°C {L Br THF.-78°Cto it
1a then ELN ib 1¢c 32%
* o o
/lL “ow /}\o/ Ny
# Mel. K;CO; /4/ N, iia.) A
e e Z — _F
// acetone, 0°C // E,0,50°C Z4
e 82% - /\// 5.4%
1d 1e Agrocybyne A (1)

Fig. 78. Synthesis of agrocybyne A.
2-4-2 Agrocybyne B D& ER

(E)-Hex-2-enal (2a) 2.0 g ZJR¥t&E LT, Corey-Fuchs KIRIZL D (E)-1,1-dibromohepta-1,3-
diene (2b) Z#& T (E)-oct-4-en-2-ynoic acid (2¢) % 2.0 g (INFE 73%) Bz, I 5T AF)L T
AT IALIZK D (E)-methyl oct-4-en-2-ynoate (2¢) & 1.76 g (IR 80%) B/, 7 I Rikiz
XD agrocybyne B (2) % 617.2mg (INZK 39%) & L7 (Fig. 79)

/\/_‘——/\o CBry, PPhs, [ = AN Sr} m-Buli; CO;,,
~

CH;Cl,. 0°C THF.-78Ctort
2a -~ 2b 73%
({3‘ o o
oH Mel, K;CO, g NHyflia) sty
F 7 &
= acetone. 0°C S Et,0, 50°C S

80% 9%

2¢ 2d Agrocybyne B (2}

Fig. 79. Synthesis of agrocybyne B.
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2-4-3 Agrocybynes C-E D& FRETHE]

Propargyl alcohol Z i} & U T, cis-bromopropene, trans-bromopropene, oxetane % 31241
RIS S B/, L EEROAIET Swem BE{L. Corey-Fuchs KiK. AFIVILZF )AL,
7 X REZTTW, agrocybynes C-E (3-5) OAREAA TS (Fig. 80).

A NH,
AN 4 oH 1) Swem oxidation %
— 2) Corey-Fuchsreaction N
................................. > comrmemsanereaasinn s smaar el
Sonogashira 3) methylation
coupling 3a 4) amination 3
[+
% NH,
_'/Er /\OH 1) Swem oxidation %
2) Corey-Fuchsreaction
/\ o P R =T D CoreyFushsreacto " =
Sonogashira 3) methylation
propargyl alcohol coupling 4a 4) amination 4
o
4 \NH;
AN
9 o % oH 1) Swern oxidation 4
2) Corey-Fuchs reaction
e >
nBuld 3) methylation &
Sa 4) amination 5
5) acetylation
o

Fig. 80. Synthetic strategy of agrocybynes C-E.
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B 5 ER

TIVFI T OEERARN S BEES N/ agrocybynes A-E (1-5) O#iE - IEMEMBICO W
TER LU, LY RITHTBFEEICBNT, D1 C OFIHiEZE B D agrocybynes A (1), C (3),
D @) 31 I OHHH#E%E HD agrocybyne B (2) LV bEEREMNHREINE—F
T agrocybyne E (5) ICIIBRMABRIEEEN MR INZZ ENG, OA VFBA > L DA
EANEETREE & FREIERICBES L. Kk DM/ HE O 2 MK 72 K & I MTEMITH T 581
PHICEE L TWA Z EMNRBENS (Fig. 81).

significant o]
position
(selectivity)

significant
position
(activity)

Fig. 81. Structure-activity relationship of agrocybynes toward lettuce.

A FTITK LTI, agrocybynes A-E (1-5) £ TICHHERIEMIMHRIN, 512, EHIE
EERICEIMNBR IO TOUNRRITA FIOHEMAEDOHELNHRINZZ EM5,
1 FIDENEZIZEI T agrocybyne ENERMEOHBEICR#HEINIZZ LTI FITOM
VIEDRRICEEBE 5 Z - REENRE I N5,

Agrocybynes A-E (1-5) & polyacetylene ¥HICHMEIN2{LEWEETH 5. Polyacetylene %
BRAME LT, BTE (Xerula melanotricha) 1 H1 %3 % xerulin®, dihydroxerulin®,
xerulinic acid’’. NV R (dngelica japonica) \ZH¥d % falcarindiol®®, japoangelols®, 71
A > (Petrosia (Strongylophora) Okinawa, Strongylophora durissima) \ZH 39 % durissimols™,
stron- gylodiols® ' %, # 2000 FEEOLEWNEEIN TS (Fig. 82)%, /=, 4%
# & U T, xerulin, dihydroxerulin 13 & 7= SIBRMA (Hela S3 cell) 1259 % Mz
falcarindiol 33X\ japoangelols A-D Xt b FEGMIE (MK-1 cell) BLUY T 2 K EEE
fAE (B16F10 cell) 12449 B MM, durissimol B &t M EEEMIM (NUGC cell) 12
A9 MM ENY, strongylodiols A-C I3k M EMLEMIE (MOLT-4) 1249 2 MRS %
M|EINTNS, TSI, FX b (Solanum lycopersicum) =2 > (Daucus carota) 7'
PEA9 % falcarindiol 133EH EIRE (Cladosporium fulvum) K71 EE (B. cinerea) T
Xt BHEE NS S, VI A (Vicia faba) DFEET 2 saffynol AR EBEAHE (B. fabae)
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X BHEIEIES, XZNF (Carthamus tinctorius) HEEET B wyerone 13V )L A 5H%
FEIRB (Phytophthora drechsleri). 18GBEEIRE (dlternaria carthami) 23S 2 P EE P
DHERINTBY, IS5 DILEWTEEEEY & OMEERICESE T2 phytoalexins &
LTREINTND (Fig. 82)% —H. 1 FOMNEET S (E)-hex-2-enal BIREH EFRE (B,
cinerea). FRILIFE (C. acutatum) KT HHIEEMEIHBEINTBY. 351, HEEICH
THEFMEZM LI B EOMEE U THEEL TWA I ERREINTNEES Y,

A I B ) A
. \\‘ g - ?;21
. Y eon
Xerulin Xerulinic acid
OR, HO_ L,
B N 1

Ry

Falcarindiol  (r.=H.R,=H)
Japoangelol A ®, =H.R,=X.Ry = 0CHy), B (R =X R;=H, Ry= 0CHy), C (Ry=H, Ry= X, Ry=H), D (R, =X, Ry = H, Ry = H)

o
RSN 1 )
P , A
A - U
e AN Wt
. A
A
“
Saffynol Wyerone
PN e -
oo S T o .
- RSN \"Am\ . L
N - k N e S Pl S N
9
Durissimol A B Strongylodiol A
“on l
T8 P T
S S o N St T
H S}' g
B c D
- N .
. . »,C/‘ o o
p— T ; ; )
S AT y“\ -7 e ’}:':\\ ;}7\
= i i
& B -
E F G
o e T
B # I l/::/,/,z// i ] = G
i
(N o SO P L P SO T T e
H H = N
& S =3
H | J

Fig. 82. Chemical structures of polyacetylenes.
Each compound has been isolated from natural source; xerulin, dihydroxerulin and xerulinic
acid from the mushroom (fUngus); falcarindiol, japoangelols, saffynol and wyerone from the

vegetables (plants); durissimols and strongylodiols from the sponges (animals).

TIVFRYrINELET D agrocybyne B A FIMNEAET S (E)-hex-2-enal 1IEiEE - <
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O BREICE> TEBRINS ZENFHINTT, agrocybyne $%° (E)-hex-2-enal 717
DEGHEBEREZHINTEZZETEVWOMEERICEEREEME S U THEAED 5 WIdAH

SNTVBIEMNREBRINDS (Fig. 83).

Acetyl-CoA + Malonyl-CoA
Acetate-malonate pathway

o

(E)-Hex-2-enal

A? Desaturase

T N

2
l A Acetylenase

e

1 1

s =z
22 Z
A

o

Agrocybyne B

4
l A* Acetylenase

i I

o E

o o o
= " Z

S
o T

Agrocybyne A

."x .-'/'

J Agrocybyne E

T

'Chemical
nteractions

(E)-Hex-2-enal

iy

p )
=

S

Agrocybyne C

: Agrocybyne D

Fig. 83. Hypothesis metabolic pathway of agrocybynes A-E and chemical interactions

between the fungus (A. praecox) and the plant (strawberry).

R Y & OMBEEMZ X DILENICRI TS Z & T, ELFWN, EWERILFH
RAEIEHE & BRENZISHEICH T3 EMEMFTE 5.
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51 H

%38 KR

fE R B X UR

3-1-1 H2533H

NMR

MS
IR
HPLC

Silica gel :
TLC

: JMN-EX-270 FT NMR Spectrometer (JEOL)

Lambda 500 FT NMR Spectrometer (JEOL)

: Accu TOF LC-plus IMS-T100LP Mass Spectrometer (JEOL)
: A-102 Diffraction Grating Infrared Spectrometer (JASCO)
: Column ; Senshu PAK AQ (Senshu scientific Co., Ltd.)

COSMOSIL nNAP Waters (nacalai tesque)
COSMOSIL 5PYE Waters (nacalai tesque)

Pump ; PU-2089 Plus Quaternary Gradient Pump (JASCO)
PU-2080 Plus Intelligent HPL.C Pump (JASCO)
L-2130 (HITACHI)

Detector ; UV-2075 Plus Intelligent UV/VIS Detector (JASCO)

875-UV Intelligent UV/VIS Detector (JASCO)
diode Array Detector L-2455(HITACHI)

Recorder ; 807-IT Integrator (JASCO)

Automatic sampler ; AS-2055 Plus Intelligent Sampler (JASCO)

Software ; Chromatography Data Station ChromNAV (JASCO)
ELITE(HITACHI)

Interface ; LC-Nell/ADC (JASCO)

60N for column chromatography (Kanto Chemical Co., Inc.)

: DC-Alufolien Kieselgel 60 Fys4 (Merck Ltd.)

DC-Alufolien RP-18 Fy54 (Merck Ltd.)

.56-



3-1-2 #1¥t

HIRBROEZ—INTZ X OB - AEINEZT7IVFYrOMEE (4grocybe praecox
F450) Z2fEM Uiz, 7 IV F 5 7 OB - FEIHIRERMITERT OMARIFTIC L > THb
Niz. MYREFTEERBRICIE. LY 2AOET (Lactuca sativa L. cv. Great Lakes 366), 1
F DT (Oryza sativa, AERWE). 1 FITDYIH (Fragaria x ananassa Duchesne, L1 - R)
ZEAL .
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%28 7IVEY T RROBEYRERLSYE OB -

TIVFITrOEREERT N TF A b O— AR (20 L; 0.4% R MlHEY. 2.0%
TF A hO—2R, Difco; 0.1% 7 %~ k31—l Takeda Chemical Industries Ltd.) &7EA L=
Y —7T 7 AF— (30 L; Biott Co., Ltd.) IZHH L. RE 25°C, EERE 100 rpm. /NTY >
7 1L/min QKT 3 BEEEETO . TO%, BLONEE. 2BICX > THRIKE RS
ARITHBEL Tz BRI REHEREL, n-AFY > (1E). BEBITFIL GE), ¥
J =)V (BED, K @GE) TIEREERMHEZTN, FRE @95 g) D5 n-AFY 2 AEH
(17.8 g). BEE T F IV RIEEEE (17.3 ) T4 / —IVRIVASE (15.7 g). K AJIRER (48.1g) =187,
BEAWIIPEEES, BFBEI IV @B, n-7% /=)L @E) TEX>EHHZT0D, 5
EAMW (175 L) DO BEEB T FIVAIET (19.8 g). n-7 ¥ J —)VANEES (742 g). K AIVAE
(1.75kg) =157,

BESROEEITFIVEER (198 ¢ 2 UATNOT Iy ahosravsrsT
4 — (silica gel 60N, 250 g, 35 ¢ x 520 mm; CH,Cl,, CH,CL/EtOAc 90:10, 80:20, 70:30, 60:40,
50:50, EtOAc, EtOAc/MeOH 50:50, MeOH) I KD 12 BE/MIHEL 72, B4 3 (54.1 mg) 1
JIEFH HPLC (Senshu PAK AQ, 20 ¢ x 250 mm; n-hexane/CHCl; 20:80) 12 XLV 7 4N A L.
I 51T, B 3-6 (8.0 mg) M5 HAH HPLC (COSMOSIL nNAP Waters, 20 ¢ x 250 mm;
MeOH/H,0 40:60) IZ& > TILEYW 7(23mg) ZHEEL /-, HE5 4 (348.6 mg) 1LJEAE HPLC
(Senshu PAK AQ, 20 ¢ x 250 mm; n-hexane/CHCl; 20:80) 2 XD 9 WM/ HE L, X512, M
73 4-5 (20.6 mg) A 5¥H HPLC (COSMOSIL nNAP Waters, 20 ¢ x 250 mm; MeOH/H,0
40:60) \Z& o TILEY 1 (5.6 mg), 2 (6.7 mg), 3 (1.1 mg), 4 (2.2 mg), 6 (0.6 mg) % FIFNH
BEL7z. ®2 5 (606.1 mg) 13JEM HPLC (Senshu PAK AQ, 20 ¢ x 250 mm; n-hexane/CHCl;
20:80) ITXK D 8 WHZMITEL., S 51T, EST 5-5 (52.9 mg), 5-6 (29.0 mg) 1E¥H HPLC
(COSMOSIL nNAP Waters, 20 ¢ x 250 mm; MeOH/H,0 40:60) 12 & D FHNFN 7 BT HE
L. 51T, B 5-5-6 (1.3 mg), 5-6-6 (3.9 mg) 7 54 HPLC (COSMOSIL 5PYE Waters,
20 ¢ x 250 mm; MeOH/H,0 40:60) 12Xk > Tieey 2 (0.6 mg, from fraction 5-5-6), 5 (3.5 mg,
from fraction 5-6-6) %I ZI BB L /-,

Agrocybyne A (1). Colorless needle; mp 101-103°C; IR (neat, vimy): 1652, 2244, 3136 cm™; UV
(Amax): 200, 218, 233, 247, 261, 276 nm; 'H and "*C NMR, see Fig. 11, 12 and Table 1; ESIMS m/z
158 [M+Na]"; HRESIMS m/z 158.0559 [M+Na]" (calcd for CsH,NNaO, 158.0582).

Agrocybyne B (2). Colorless needle; mp 114-116°C; IR (neat, vimy): 1652, 2197, 3136 cm™; UV
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(Amax): 250 nm; "H and °C NMR, see Fig. 22, 23 and Table 2; ESIMS m/z 160 [M+Na]"; HRESIMS
m/z 160.0731 [M+Na]" (calcd for CsH;;NNaO, 160.0738).

Agrocybyne C (3). White amorphous; mp 82-84°C; IR (neat, vpy): 1611, 2216, 3160 cm’l; UV
(Amax): 220, 271, 287, 306 nm; 'H and >C NMR, see Fig. 32, 33 and Table 3; ESIMS m/z 156
[M+Na]"; HRESIMS m/z 156.0415 [M+Na]" (calcd for CsH;NNaO, 156.0425).

Agrocybyne D (4). White amorphous; mp 86-88°C; IR (neat, vy,): 1650, 2222, 3158 cm™; UV
(Amax): 218, 271, 287, 306 nm; 'H and C NMR, see Fig. 42, 43 and Table 4; ESIMS m/z 156
[M+Na]"; HRESIMS m/z 156.0411 [M+Na]" (calcd for CsH;NNaO, 156.0425).

Agrocybyne E (5). White amorphous; mp 72-74°C; IR (neat, vi,): 1613, 2243, 3178 cm™'; UV
(Amax): 200, 215, 232, 246, 260, 276 nm; 'H and '>C NMR, see Fig. 52, 53 and Table 5; ESIMS m/z
216 [M+Na]; HRESIMS m/z 216.0608 [M+Na]" (calcd for C;oH;;NNaOs, 216.0637).

Compound 6. Colorless oil; IR (neat, Viy): 1627, 3287 cm™; 'H and '*C NMR, see Fig. 62, 63 and
Table 6; ESIMS m/z 233 [M+Na]'; HRESIMS m/z 233.0410 [M+Na]" (calcd for C;oH gNaOs,

233.0426).

o0-Orsellinaldehyde (7). Colorless oil; IR (neat, v,,): 1626, 3245 cm'l; 'H and C NMR, see Fig.
72,73 and Table 7; ESIMS m/z 175 [M+Na]".
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O3 HT X RS EAEEmAT

L&Y 1 BEGEHRERLE L T AFY UBEKRNSBBEINA, B F—412 Saturn70
CCD detector Zfi A ~H1F 7z RIGAKU AFC-8 diffractometer ZH L7z, 75w 7 ARy kD
SEAHIL HKL2000 program” Zffif] L7z, #4513 SIR2004 program™ % {fif U= EHEsk e &
O ##HT 2471 SHELXL-97 program”™ ZEMA L7z 7L< b U w 7 ZB/IN-TiEIC & 0 EEH(L
o Y e

Crystal data. CgH;ON, Mr = 133.15, triclinic P-1, a = 8.8879(17), b = 9.2843(19), ¢ = 10.594(2) A,

a=115.980(10), B = 95.452(8), y=92.299(6)°, V"= 779.1(3) A%, Dx = 1.135 Mg m’; Z = 4; (Mo
Ko)=0.076 mm™, 7= 90 K.
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4 i HEYRERSEERR
3-4-1 L Z AT YR ERETIE AR

HIZEMD v —L (60 ¢x20mm) ZFHL. I mL OXREKERBES A4 (Advan
-tec No. 2,55 ¢) ICLZ A DT 2FBERE L. 25°C. BEFTOLHET 1| BRIRTEEZ2TT- &,
MIRXIE CH,CL E£721d MeOH % AMUCERBIE, HMBRXIZ CH,CL /213 MeOH T
R L&Y N EAMICBRBESEE, BREBRZI BB, 1 mL OREKE A
WRESYE, BELELYZAZBM U, 25°C. BTOLMET 3 HEAREEET- 7, 12
BB LIADHBREOE(EZBRTZEEHIC. LY ZAOREEROBEZHIEL =,

3-4-2 1 RITHT B HEY R E RS R

1TFOETZEHBL. 70% T¥ /—)IV'T 3 53, 25% KEHEFEHEF R TAT 15 4
A2 2 MEDELUTHEL. WEKTHERELE, Z0%. 752AF v 7HOBET v—L
(85¢x10mm) ZfEMA L. 20mL OWEKEZEAL T, 1 XOETEFEMEL /2. 28°C. KR
DRHT 3 HMR(R#RZITo/2. 7Z7URY b (80¢x115mm) ZHHL. 04 g OMHFE
K. 50mL O FEHRAEEEH (0.40% NHNO;, 0.47% NaH,PO,4- 2H,0, 0.26% K,SO04, 0.22%
CaCl,-2H,0, 0.61% MgCl, + 6H,0, 0.095% Fe-EDTA, 0.15% H,BOs, 0.010% MnSO,-5H,0, 3.75
ppm CuSOy4- 5H,0, 10.0 ppm ZnSO, - 7H,0, 1.2 ppm NaMoO,:2H,0) % 1z THWEH. SRR
50 uL OLE J —JLEEHICIA. BEBRXIZ 50 uL DL J—) )V CEEREL - &EY >
TIERWITINA Tz, BREMZER LK., BRELA 2B L. 28°C. BT, 6 i
[l / 28°C. BAFT. 18 IFREIDSEMT 1 BHIAREEZT> k. BEE. 1 FOREDOELLE
BRTZEEHIT. 17O EMEBOMEEREL 2.

3-4-3 A F AT 2 R EATTE L RR

TIAFy 78OSy T (250mLl) ZEM L. WiEE L-EZALT Q50mL) KA FID
HPEEBE L 2. 18°C. WEFT. 12 FERE /25°C. BHPR. 12 BSRIOLHET 1 HRRS %217
o7z, MEXIL 250 pL @ DMSO ZEZEATICRB I, #HBRKIZ 250 ul @ DMSO T
RERBLAESHEY D TN ZEZHLICRBI /2, 18°C, BFT. 12 K /25°C, BEFF.
12 FFRIOEHT | BREAREBEZTo 2, BEE. 1 FIOBEBOLILEBEL-,
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£S5 H TIVEISHROEYRERSGYEO SR
3-5-1 Agrocybyne A DAk,

Step 1: Swern (L

-78°C RIFTF. 28mL P rnnAY > (#EK) 12 (COCL), (3.51 g, 27.6 mmol) % fNZ /-
. 4.0mL @ DMSO (#£K) (4.40 g, 56.4 mmol) % -60°C Z#ZBVAEICD > < DT L=,
-60°C T 30 SRR LR, MU 78°C 1Lk, 51T, 38 mL DD/ OUAY Y (M
7K) THM LTz 2-hexyn-1-ol (1a) (1.80 g, 18.4 mmol) % -50°C Z#EZ 2 WEEICWD 5 < D i
FUZ. -50°C T 1 BRSHR LM%, 5.0 mL O/ 00 RS > (Hk) THEMLI- Et;N
(13.7 g, 135 mmol) % -40°C ZEEA/RVRICO S DT L. -50°C 5> < D =Rz
LT 1 HEBHRU /2%, (IR THULIEM L. hex-2-ynal (1b) ZE7 (Scheme 1),

P 7

e mese

CH,Cl,-78°C
then Et;N

1a 1b

Scheme 1. Swern oxidation of hex-2-ynal (1b).

Step 2: Corey-Fuchs [ i

0°C &R T, 100mL OPZ7 OO AY > (#7K) 12 CBry (12.2 g, 36.8 mmol). PPh; (19.3 g,
73.6mmol) ZJEIZHNAT 15 SRIBIR L7, 50mL O/ 0nAy > (dEK) THMmLE
hex-2-ynal (1b) ZW><VH FL, 0°C 5> < DEEICEITFT 1 HR#E#RL 7248,
50mL DKRZEMR TRISZEIES®, & GHE). BERRHEK GE) OIETHEAE % 5% -
Vet Lretk, BB 7R3 A TR, BRCTREBHEL. SUBZLOBSAZ D
XY RMT T 7T 4 — (silica gel 60N, 50 g, 50 ¢ x 50 mm; n-hexane) 12 & D (1,1-dibromohept-1-en-
3-yne) (1e) ZHEH L7z, 51T, -78°C £ F, 150 mL OF rSERO75> () 12
1,1-dibromohept-1-en-3-yne (I¢) ZHIA T 10 SHIBHRL /2%, 142 mL @ #-Buli (2.36 g,
36.8 mmol in n-hexane) ZW> < D{HF L. -78°C 50> < VFIRIC LIFT 1 HEgH
L. 3512 100g ORSATAREMAT 4 BEHEBHRLEE, 50mL OKEML CRISE
FIEEEz, 1 N KB MU AKEREMATHBIF)L GE) TREE DK - %%
L. I5I IN HBKBRENATS 200X > GE) T/HE - i L, Hg< s
FIULTHREE, KR THIEEML. octa-2,4-diynoic acid (1d) (790.2 mg, 5.81 mmol,
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orange oil, 32%) %f%/= (Scheme 2).

B “oH
= x|  CBrs PPhy, P S| BuLiCOy, =
O V—— —e
CHoCly, 0°C & THF,-78°Cto 1t Y
32%
1b 1c 1d

Scheme 2. Corey-Fuchs reaction of octa-2,4-diynoic acid (1d).

Step 3: AF I T A7 UL

0°C &MFF, 60mL D7+t k1T octa-2,4-diynoic acid (790.2 mg, 5.81 mmol) (1d). K,CO,
(2.41 g, 17.4 mmol), Mel (4.13 g, 29.1 mmol) ZEIZIMA THELL =, 0°C "5 -> < DEE
WETT 1 HEERL 2%, KECTHERE L2, BT FIVTHBML. K GHE). ff
BHAK GE) DIETHBMEEZ MK - el Lk, MBI 322 ULATERIE, KETH
FEJR#E L . methyl octa-2,4-diynoate (1e) (718.4 mg, 4.79 mmol, yellow oil, 82%) %757/ (Scheme
3)

~

o
=7 Mel, K:CO; i
—_—
4 acetone, 0°C %
i 82%
1d 1e

Scheme 3. Methylation of methyl octa-2,4-diynoate (1e).

Step4: 7 I Rfk

50°C & F. 10 mL P TFI)IVT—F )L TR L 7= methyl octa-2,4-diynoate (718.4 mg,
4.79 mmol) (le) IZ 10mL @ 25% 7 > EZT/KBFKRZMA THEEL-.1 HEERL 2%,
FASEIRE L, SURNT VDRI LI O N T T ¢ — (silica gel 60N, 125 g, 40 ¢ x 200 mm;
CH,Cly/EtOAc 40:60) 12Xk D agrocybyne A (1) (38.6 mg, 286 pmol, white amorphous, 5.4%) %
57z (Scheme 4),

[s] o
. P
=] NH.
7 Nty (i) 7 2
————
Z Et,0, 50°C Z
5.4%
te Agrocybyne A (1)

Scheme 4. Amination of agrocybyne A (1).
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Agrocybyne A. IR (neat, vma): 1652, 2245, 3146 cm™: "H NMR (CDCl3): 0.99 (3H, t, 7.2,
H8), 1.58 (2H, m, H7), 2.30 (2H, t, 7.2, H6); "*C NMR (CDCl,): 13.5 (C8), 21.4 (C7%?, 215
(C6)°, 63.8 (C4)°, 67.2 (C2), 71.8 (C3)°, 87.4 (C5), 154.2 (C1); HRESIMS m/z 158.0560
[M+Na]" (calcd for CgHgNNaO, 158.0582).

ab Interchangeable between the same letter.

2-5-2 Agrocybyne B D&%

Step 1: Corey-Fuchs & J

0°C &M F. 100mL DIV AL > (#&K) I CBr, (13.3 g, 40.0 mmol), PPhs (21.0 g,
80.0 mmol) ZNEIZANA T 15 M LAE. S0mL O/ 00Xy > (%K) THEMRLE
(E)-hex-2-enal (2a) (2.0 g, 20.0 mmol) ZWP->< D FLZ, 0°C 5> < DEEIC FIFT
1 HEE# L%, S0mL OKZMATRISZELESI 2, Kk GHE). fgfakk GE) O
JETHBAHZ 2 - PR Lk, MY /X UL TERSE, KETHEERKL., U
HATNDHZ LT TR T T 74— (silica gel 60N, 50 g, 50 ¢x 50 mm; n-hexane) Ik D
(E)-1,1-dibromohepta-1,3-diene (2b) Z¥EW L /=, I 51T, -78°C £HEF, 150mL OF F S b
RO7 > (#&K) 12 (E)-1,1-dibromohepta-1,3-diene (2b) ZHNZ T 10 HREIEHEL 1%,
16.6 mL @ n-BuLi (2.56 g, 40 mmol in n-hexane) %> < DKL /=,-78°C M55 < D&
I VT 1 HREHRERL, 35612 100 g D RSA T A ZAZMAT 4 BERIBHRLZ%. 50
mlL OKZMATRIGEZE RSS2, 1 N KBEF N D LAKEREZMA THEIFIL 3
) THRMZDW-JEH L, S50 IN ERABKEZNA TS 700X% > BE) THk -
fith L7288, BB~ 7/ 120 A TR S B, (KIR THUEEM L. (E)-oct-4-en-2-ynoic acid (2¢)
(2.0 g, 14.5 mmol, orange oil, 73%) %%/~ (Scheme 5).

OH

A\

8
/\/———/\o CBr,, PPhg, /\/-—/\]/ B N ' n-BuLi; CO,,
s . —
CH,CL,. 0°C Br THF,-78°Ctort
73%

2a 2b 2c

Scheme 5. Corey-Fuchs reaction of (E)-oct-4-en-2-ynoic acid (2c).

Step 2: AF VT ATVt |
0°C & F. 60mL DY k1T (E)-oct-4-en-2-ynoic acid (2.0 g, 14.5 mmol) (2b). K,CO;
(6.0 g, 43.5 mmol), Mel (10.3 g, 72.5 mmol) ZEIZHMA THEI L. 0°C 505 < DHIRIC
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BT 1 HEERL 2%, RETHERKEL -, BEBETFIILTHML. K GH). ffa
HK GRE) DIETHEBMEZ MK - Lz, MBI/ R UATERIE, KRETRE
BHE L. (E)-methyl oct-4-en-2-ynoate (2d) (1.76 g, 11.6 mmol, yellow oil, 80%) %437z (Scheme
6),

% OH Mel, K,CO5 4 /o)
acetone, 0°C S
80%
2c 2d

Scheme 6. Methylation of (E)-methyl oct-4-en-2-ynoate (2d).

Step3: 7 X Rik

50°C &M F, 10mL O TF)T—FT)V THM LTz (E)-methyl oct-4-en-2-ynoate (1.77 g,
11.6 mmol) (2d) IZ 10mL @ 25% 7 > EZ7KBHKZMATHEBELZ, 1| BEE#BL -4,
W L, SUATNDOHAS LI O NI 57 4 — (silica gel 60N, 125 g, 40 ¢ * 200 mm;
CH,C1/EtOAc 40:60) {ZX D agrocybyne B (2) (617.2 mg, 4.51 mmol, white amorphous, 39%) %
572 (Scheme 7).

o} o}
~ .
s} NHgfliq.} NH;
Z —_— Z
Et,0, 50°C
39%
2d Agrocybyne B (2)

Scheme 7. Amination of agrocybyne B (2).

Agrocybyne B. IR (neat, vmay): 1658, 2197, 3166 cm™; "H NMR (CDCl5): 0.90 (3H, t, 7.2,
H8), 1.41 (2H, m, H7), 2.10 (2H, m, H6), 5.51 (1H, d, 16.1, H4), 6.40 (1H, ddd, 16.0, 7.2, 7.2,
H5); '®C NMR (CDCls): 13.6 (C8), 21.6 (C7), 35.4 (C6), 81.2 (C2), 85.5 (C3), 107.4 (C4),
151.2 (C5), 155.8 (C1); HRESIMS m/z 160.0768 [M+Na]" (calcd for CgHsNNaO, 160.0738).
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dA7FY)v/ a0 (Ganoderma applanatum) 17
B9 25 0 ENMEE S E ORR
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B1E ER

. @t ROETITEN, A% OBEICHTIELATE-> TS, BN THE
ETE R EEMEALRIC BT 5 A % D QOL (quality of life) XX ZHBERERTHD. T/
DITIEEC OENOBROEENLETH 2. DMPEER SV ZBEEEERR R
REYFRRT (DN, BERT (ERBHEERS), RERT EEEE) SoMafE
ADVFEREINTHO, K, ODERNHEICE > THIER I INSEFILERICHZ-
TARICHFLET 20, MREE LICBWTEEAMBETHS . £ O ORENIIE 400 &
LOEM, 100 B2 ETHROMENERL TR, INSOMEIXEY. HEm. KA
FETNAFTANLRTIINTFT—7 (IR BRSNS, TOTTHEEAROFKE & X
NDHREMIFIRE L Fusobacterium nucleatum, Porphyromonas gingivalis, P. intermedia,
Actinobacillus actionmycetemcomitans, Tannerella forsythensis FTH V. TNS DIREFEIC K >
TEGMRBICETRET 2ERESH 2 »°, HiZ. VI RERERZEETHS F
nucleatum V3 ER O EBRFRETHO “°, HAADD 5-15% O MIEKEFIERT
LTW3 S E nucleatum \IZOBENDONA 7 4 )V AOH THIOBFE & BEEKEBRT
B2 E, ZOERICE > TEBEEHRREESRIEEZI3REINS * 7% o T,
F nucleatum DHEFEMHISEL LI EBHEEEREBEOPHEIIBETLIIEICE
WTRIREITH %,

WEARO TR - BEEL T, TN T I OREPTEEORGICX 2 OENHE
DEREDELZ—RIITHN TN D, FIEEICIDBBECBNWT, N1 70V L%
R U 7o QTS S I O T & iR LT 1000-1500 fEEWEEbh s
HEFEOHDOBREG TIIREE ARSI EL I LIRRETHLZEINTNWS, LML, N1
AT AINLEBIRUTHAICHEEZ R G T 2%, MHAERE S LRREEZHAT
5 ETHRNBEENTELLHFBFINTVS, HE. FEEEHALZEEROBE
BT 282 BRI NTE Y. HEEOAEMEbIMESINTNS B, —F, HiFg®s
L T chlorhexidine % ciprofloxacin, metronidazole, minocycline, penicillins 2§ O fif Fi 233 &
S5NTNBEA, BERANENI &%, MEROFEEDHREINTE D, RfichiE 56
FARREEE SN T3 (Fig DPP. 5T BROFHICIIBFREOEEZMH L. O
NOREZEEICHRTDHIEDNEETH D, TORD, FEHOKE - HIEICH Y
HORR ML, BEEEEFHERE ZNICERT 22 HHEREBEOFH EBBEICRNIZ
BNEDFREMED B 5.

ZTIT, BEEEEREEBICEE T 28k 4 IR E I U TH O ERNMEEED Z 7 1)
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)4

iH

Hi
HO\)
E
[o]
cl Cl

Chlorhexidine Ciprofloxacin Metronidazole

ER £ d
AN AN
Minocycline Penicillin

Fig. 1. Chemical structures of antibiotic drugs.

—Z T RToREZA. ATFYIV AT N (Ganoderma applanatum) W H KT ZHIH
YT F nucleatum 12X 2 HIMIEE NSRRI Nz,

AT7FYIV AT AT RERFICEB L TWIEAOF /2 TH B, ZOF ) VI
TOBAKREZESBLEIAMBHETSH S, FICEFEPRREMELTRAINTED, H
JEBEHEME & LT Bglucan ZEELTNBZENWEINTNS 'O, Z Ok skmyE
HOEEING, DOBENOFMEERZT TR, TOREEZIEEICHRET 2HRHER BT
fEINs, LEXD, EHRETIE, 27FHIV ) 2T A7ICHRT 25 OBENMEEEY
BHORE - BEBIOEERITE NS L.
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B2E AR
B1E aTFHIV/ aTHTBEROGIO BN TR Y E OB - AR

J7FPIVATATOEEEZRT bTFFA MO — AREEHICBEL T 4 AREE
Z{Tol. TOH, ABICE > THARKEEBEAMICHBEL 2. BEURRVIBRS SR R
Uv neNFH 2 BERIFIV. T/ —)b, KTIERBEHMIEZTO. - FH AR,
FEfe T FI)VRIARS. T4 —I)VAIAEE. KAEMER . BEAWIBTERER. -FY
> BRI FIV. TF )b, KTIEKZREME 2T, a-NFY 2 rEH, Bl TF )L A]
B, Ty ) —IVRISER. KEERE /. BN BT W TH O AN ETE R
BREfToRkET A, HBRARD n-~\FH AN, B LTIV aAMICEER F nucleatum
W29 B HIM RIS M R S 317z (Table 1),

Table 1. Antibiotic effect of the each fraction from G. applanatum on the growth of F.

nucleatum.
MIC (ppm)®
Fraction n-hexane EtOAc EtOH H,O
(mycelia) 400 25° - -
Fraction n-hexane | étOAc ............ EtOH sz
(culture broth) <31 <6.3 - -
D e
200

@ Minimum inhibitory concentration.

® Growth suppression.

ZIZT, ZOEHRABROEREZEECLANSKREI/ O NS T 7 4 —IZ K 3008 217
D, WMBEAROMBEITINABHEUATIND TSy a AT OINTTT 4 —
IZED 13 BECHE LK, B 813 ODS ¥IVDT7 Sy ahho AR g 57 4 —
IZ&D 50% MeOH #HIEE & MeOH MAHIIRD 2 WMTHBE L. I 51, HEi5r 8-1 ¥
HPLC IZXD 12 BB LIz, 51T, B 8-1-8 M H it HPLC Ik > TS 6
EHEELE. HS O WS UNFNOT Ty aNnTAIOTRTTT 4 —IcED 15 ik
WKAEL, 3512, B 9-2,9-3,94 25k HPLC Ik > THLEW 14 2T Fn B
Lo /e, HE4r 9-5 13itH HPLC 12K D 9 BMCHBE L. I 51T, M5 9-5-4 N5
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# HPLC k> Tk 5 ZBEEL /= (Fig. 2).

G. applanatum
— filtrated

Culture broth (5,

— concentrated under reduced pressure
— extracted with EtOAc

EtOAc soluble part (455 g

— Flash C.C. (silica gel 80 N)
CH.Cl,/ EtOAc =80/10, 70/ 30, 50/ 50,
EtOAc f MeOH =100/ 0, 50/50,0/100

| |
‘ Bazo 13

[¢] 9]

— Flash C.C. (ODS gel Cosmosil 140Cz-OPN)

Flash C.C. (silica gel 60 N)
MeOH / H,0 =50/50, 100/ 0 CH,Cl; /acetone=100/0, 95/5, 90/10,
80/ 20,60/ 40,30/ 70,
] acetone/MeOH =100/0, 50/ 50,0/ 100
Tnag - [ |
— RP-HPLC (Develosil C30-UG-15/30) 1 15
MeQH / H,0 = 50/50, 100/ 0
| | I I ]
1 8 (50.7 mo) 12 ‘ 2 204 mql] [3 (30.4 mgﬂ ‘ 4 (527 mg}_| ‘ 5 (126.2 mg) ‘

— RP-HPLC (Develosil C30-UG-5)
MeOH / H,0 = 40/ 60, 100/ 0

compound 6 3 g g

9-2

RP-HPLC (Develosil C30-UG-5) RP-HPLC (Develosil C30-UG-5)
MeOH / H,0 =60/40, 100/ 0 MeOH / H;0 =60/ 40, 100/ 0
compound 1 ;4 g compound 2 g g
cornpound 4 (1.2 ma) compound 4 (1.0 mg)

o5
RP-HPLC (Develosil C30-UG-5) — RP-HPLC (CAPCELL PAK C18 AQ)
MeOH [ H,0=60/40, 100/0 MeOH /H,O=70/30, 100/0

4 (8.0 mg) 9

— RP-HPLC (CAPCELL PAK C18 AQ)
MeOH /H,0 =50/50, 100/0

compound 3 ;5 g 1

compound § ;4 g

Fig. 2. Purification procedure of culture broth of G. applanatum.
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B2 8 a7FYIV a0 BROH O RENMETE Y E O BEmT

AT7FHIN /AT AT OEEABROEE ZF)V BN S BEEL =& ez onT,
BFEHA OITIC K 2 HEMRAT 21T o 1=,

2-2-1 {LEY 1 OREERT

ey 1 BEAHMRME S U THESI N/, HR-ESIMS IZBWT m/z301.1761 [M+Na]'
(caled for C17H26Na0;, 301.1780) D F A A > E—IDNBHIEI N, 0 THE CHy0; EBE
L7z (Fig. 4). IR IZBWT 3460 cm™” (OH) I — 27 BRI XN/ (Fig. 5). 'H-NMR.
BC-NMR. DEPT, HMQC 12k D, AFILHM 5 D, AFL N 4 D AFIMN 2 DO, 4
R#EM 6 DIFET DI EMNPASNITAE -T2 (Fig. 6-9, Table 2). L% 7 h DO (8¢ 125.1,
133.7, 134.7, 135.3, 138.5, 140.8) IZ& D, ROV U BREZHIMEEICHD I ENRBI N
(Table 2). COSY D#HEY (H1°/H2'), HMBC MBI (H1°/C2’; H2'/C1’, C2’-OCH3; C2’-OCHy/
C2) BEMEFS T MOl (813.36,3.42; 8¢ 58.6,71.4) IZL D, A MF L ITFILOEH#EE
ZRE L. HMBC OB (C4-CH,/C3a, C4, C5; C6-CH4/C5, C6, C7; H7/CS, C6-CH;; H1'/C4,
CS, C6) ITKD, ARFIIFINE 2 DOAFIVBR Y U BEHICHERGT D E2MIAL
7z (Fig. 3, 10, 11, Table 2), & 512, HMBC DB (H1/C1-OCH;, C2, C2-CH,, C2-CH,OH, C3,
C3a, C7; C1-OCH,/C1; C2-CH;,/C1, C2, C2-CH,0H, C3; C2-CH,OH/C1, C2, C2-CH;, C3; H3/C1,
C2, C2-CHj, C2-CH,0H, C3a, C4, C7a; H7/C1, C3a) BX ML 7 hDfE (8y 3.42, 3.63,
3.76;8¢57.2,682) ICLD.2-A RFI-1-AFI 7 ORIFINAY ) — )L DERI> R % -
L. NOE DB (H1/C2-CHj) 1Tk D AN SRECE 2 & L7z (Fig. 3, 11, 12, Table 2), LA
Ei2kv, L&Y 1 % ((15*25%)-1-methoxy-5-(2-methoxyethyl)-2,4,6-trimethyl-2,3-dihydro-
1H-inden-2-yl)methanol &RE L7z, (L&YW 1 I3HHILAYTH V., applanatine A &4 L
7= (Fig. 13).

cosy HMBC \
vl

Fig. 3. COSY and HMBC correlations in 1.
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«10° B (80481) M + NaJ*

80 30124136
70+
80+
50+
404
304
215.19002
1 18517355
20+
1 30224738
10+ 17014814
I 159.15307
“‘.....,..T.‘l...ml,..?l..... —
100 200 200 I "s00 "800
RERFL(m/2) b » -
Fig. 4. ESIMS (+) spectrum of 1.
100
80 |-
i I
60 |- 3460 cm!
%T . (OH)
40 |-
20
0 " 1 L 1 1
4000 3000 2000 1000 400

Wavenumber [cm]

Fig. 5. IR spectrum of 1.
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1-OCH; || Z-OCH,

2\.\ 7 4-CH, 2-CH,
6-CH; /
\ 3
N\
2-CH,OH

T T _'; T T T ¥ a! T T T T A ¥ T T
Fig. 6. 'TH NMR spectrum of 1 (in CDCl;).

1 L
4 a ? 1

I
Solv.
2-CH
4 | *
8 2'-OCH 6-CH.
1iOCH 7 a-ch
g 2-CH,0H 23 4 —

Y T T T T T T T T T T T T Y T T T T T Y T T T Y T T Y
2] 1;5 lgn 75 5N 25 1

Fig. 7. °C NMR spectrum of 1 (in CDCl,).

7 2-0CH, || 1-0cH, 2-cH; |

1 N/ \

6-CH,
/| acH,

T T T T T T T T T T T T Y T Y T T ¥ T T T T T T T T T

T Y
n 125 inn 75 50 ki {

Fig. 8. DEPT spectrum of 1 (in CDCl).
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1-OCH, 6-CH, 4-CH, 2-CH,
N EEAS P X
7 2.cHoH||
N |
[ ] Y/ J
T T T I L} T T T i T PP"
750 5.00 250
4-CH, __EF 4
8-CHy —— —d
2iCH, —
T —
3 —
2 -
8
1.0cH, —__ {| o
2.0CH, = T
2:CHOH Y
1 it
-8
8
7 p—
Fig. 9. HMQC spectrum of 1 (in CDCI,).
1-0CH, 6-CH,§ 4.CH, 2-CH,
2\ 2'-0CH, 3\ / \\
7 2-CH,0H / «
N[
L 1
T T T T I T L T L} I T T LE pp“
750 5.00 2.50
H
2-CH——da| u &
’
4-CH, - L y
BCHL 3= | s B L ’.6,
11 . L4
"‘---.‘\___- ] 4 i
3 : .
2‘-0-?:;!‘,\“""‘-3 .._e.o. » =
1-OCH,, 2 A S gl <
/‘1 ' .
2.CH,OH I :
1 — "
8
n
7 - F . e

Fig. 10. COSY spectrum

of 1 (in CDCl,).
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1-0CHy;

2 " 3
S 2'-0CH, N

1 2.cH,0H /,.

4-CH, 2-CH,

# N

4CH, —
6-CH, ——

2-CHy; ———

1-0CH; ~_

20CH, =~ §F

2:CHOH ——% L —

2-CH,

w.m

R Tt |

; L e ¥ s
& ¥ A RS W B AR | F RS LR

Fig. 12. NOE difference experiment of 1 (in CDCI;).
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Table 2. 'H and *C NMR data for 1 (in CDCls).

Position 'H 3¢ HMBC
8 (multiplicity, J in Hz) & 'Hto®c
4.25 (s) 93.8  2,3,3a,7,1-OCHs, 2-CHj, 2-CH,OH
47.6
3 2.34 (d, 15.9) 39.2 1, 2, 3a, 4, 7a, 2-CHs;, 2-CH,OH
3.22(d, 15.9)
3a 140.8
133.7
135.3
134.7
7.00 (s) 125.1 1, 3a, 5, 6-CH3
7a 138.5
1-OCHj 3.42 (s) 57.2 1
2-CH; 1.00 (s) 23.7 1, 2, 3, 2-CH,OH
2-CH,OH  3.63(d, 11.6) 68.2 1,2, 3, 2-CH,
3.76 (d, 11.6)
4-CH, 2.22(s) 158  3a,4,5
6-CH, 2.34 (s) 204 56,7
1 2.95 (t, 7.9) 30.1 4,5,6,2
2 3.42(t, 7.9) 714 5,1, 2-OCHs
2'-OCHj 3.36 (s) 586 2

Fig. 13. Applanatine A (1).
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2-2-2 L&Y 2 DREERT

ta® 2 FERAHMRYEE LU THEBESN /2, HR-ESIMS {ZBWT m/4z301.1763 [M+Na]
(caled for C17HyNaOs, 301.1780) D4 FA1 F > E—I BRI N, 0 FXZE CH0; EHTE
L7 (Fig. 15). IR IZHBWT 3457 cm™ (OH) 1T E — 7 BRI S N/ (Fig. 16), 'H-NMR,
BC-NMR. DEPT, HMQC I2& D, AFIH 5 D, AFL UM 4 D, AFIN 2 D, 4 &%
RFED 6 DEET DI EMP SN (Fig. 17-20, Table 3). FFARY MILF—FD
BT XD, bt 2 13EEYW 1| OPT AT LAY —THDHIENRBEIN. ¥
T N O (8¢ 124.6,133.0, 134.6,135.1, 138.6, 139.9) I X D, ROV B ZHMHEECHD
T EMIRE I Nz (Table 3), COSY DAHBEY (HI°/H2’), HMBC ORI (H1°/C2’; H2'/C1’,
C2’-OCH;; C2°-OCH3/ C2') BEMEET 7 S DIE (8y3.35,3.40; 8¢ 58.6,71.4) 12L&V, A b
FIFINOE I HEZRE L. HMBC DB (C4-CHi/C3a, C4, C5; C6-CH3/CS, C6, CT;
H7/C5, C6-CHj; H1'/C4,C5,C6) IZ& D, ARFIITFIVE 2 DDOAFINRR UL FHIZ
T 5 EE2MB L (Fig. 14, 21,22, Table 3), & 512, HMBC DO#HE (H1/ C1-OCHs, C2,
C2-CH3, C2-CH,0H, C3, C3a, C7; C1-OCH,/C1; C2-CH;/C1, C2, C2-CH,0H, C3; C2-CH,0H/C1,
C2, C2-CH;, C3; H3/C1, C2, C2-CH;, C2-CH,0H, C3a; H7/C1, C3a) B ME¥S 7 hDfiE (84
3.47,3.49,3.50; 8¢ 58.4,69.8) 12XV, 2-A RFI-1-AFNIZORIFIVNAY ) =)L DER
I % RE L, NOE DAHBE (C1-OCH3/C2-CHs) 12 & D HIXSEARRL @ 2 H7E L 7= (Fig. 14,
22, 23, Table 3), LALEICE D, {tEW 2 % ((1R*,25*%)-1-methoxy-5-(2-methoxyethyl)-2,4,6-
trimethyl-2,3-dihydro-1H-inden-2-yl)methanol &RE L7z, L&YW 2 3HBILEMTH D,
applanatine B &5 L /= (Fig. 24).

COSY HMBC T
- / b

Fig. 14. COSY and HMBC correlations in 2.
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x10° I (50348) [M + NaJ*
50 301.24046
40+
| 185.17323
30+
4 215.18953
20+
] 170.14766
4 333.26269
104 1572.13745
| 145.13562
i 142.11256 274.34470 409.25995
ﬂ 21619463 233428073
04— PR SN .t L. 1A | e L L Y | A
T T s B e e e e B e o e e e B T T —r T —r—
100 200 300 400 600
RRRH L m/z)

Fig. 15. ESIMS (+) spectrum of 2.

108

100

90
%T

80

70
65

1
3457 cm!
(OH)

4000

Fig. 16. IR spectrum of 2.

2000

Wavenumber [em']
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1-0OCH; 2’<0CH,
/ 2'CH3
2-CH,OH 4-CH;
AN 6-CH, /
N
Solv. ] 2
7 ,
l \\ 17 3
l l . Al‘. l l.J.Jt. [ I T
T T ¥ T T A L3 ¥ T T T T T T T T T T T T T T T T T T lr‘r\N
T I I I ] ] : ]

Fig. 17. "H NMR spectrum of 2 (in CDCls).

1 l |
Solv.2" 2-CH,OH 2°-OCH, 1

5 / 1-OCH; /s
/ 2 3 4-CH,

3a / /

4 1 6-CH, 2-CH,

¥ T T T T T T T T T T T T v 1 T T T
n 126 nn 78 &n 25 1

Fig. 18. '*C NMR spectrum of 2 (in CDCI;).

7 2-OCH; 6-CH, 2-CH,

/ 1-OCH; .

Y T T T T T T T T T T T T Y T T T T T T T T T T T
] 125 mnn 7‘5 Slﬂ ?Iq

Fig. 19. DEPT spectrum of 2 (in CDCl3).
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2-CH,

4-CH, \

Fig. 20.

Fig. 21. COSY spectrum of 2 (in CDCl;).

7
L
.I I )
] T T I T PlpM
750 5.00 .50
4-CH,
2-6Hy
6-CH,
f
Z — p-g
1-0CH o
2-0CH; i
2-CH,OH
2' e
1 -
-8
&
r S
HMQC spectrum of 2 (in CDCI,).
1.0CH, 2'-0CH, 2-CH,
\ / 8-CH, 4-CH, \
5 1 z-cu,ou\z . 3\ /
a | '
L} l T T 1 L T plpu
150 5.00 250
2.CH ﬂ-t' *
.
4CHy — ] . ¥
s-cui e : - &
8 - '8 o .
1 - L < @
2'-0CH, .
L -
1-0CH, .
2.CH,OH
1 —_ o-
8
n
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7
L
|

N T
100.00

0\ S
: :-}___ _— _g_
8= -

-

Fig. 22. HMBC spectrum of 2 (in CDCI;).

1-OCH,

L

% 3¢
Fig. 23. NOE difference experiment of 2 (in CDCI,).
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Table 3. 'H and *C NMR data for 2 (in CDCl,).

Position 'H B¢ HMBC
3 (multiplicity, J in Hz) 5 'Hto ¥cC
4.39 (s) 88.0 2, 3,3a,7,1-OCHs, 2-CHg, 2-CH,OH
49.1
2.62 (d, 15.9) 40.3 1, 2, 3a, 2-CH3, 2-CH,OH
2.66 (d, 15.9)
3a 138.6
133.0
134.6
135.1
7.01(s) 124.6 1, 3a, 5, 6-CH3
7a 139.9
1-OCH; 3.49 (s) 58.4 1
2-CHj 1.12 (s) ' 17.6 1, 2, 3, 2-CH,OH
2-CH,OH  3.47(d, 10.7) 69.8 1, 2, 3, 2-CHj
3.50 (d, 10.7)
4-CHj 2.18 (s) 156  3a,4,5
6-CH, 2.32(s) 203  5,6,7
k 2.93(t, 8.1) 299 4,562
2 3.40 (t, 8.1) 71.4 5, 1', 2-OCH3
2'-OCHj 3.35(s) 586 2
O/

% OH
O‘ iy,
\o

Fig. 24. Applanatine B (2).
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2-2-3 1LY 3 OREERIT

L& 3 TEAHRYEE U THESNZ, HR-ESIMS IZHBWWT m/z301.1780 [M+Na]”
(caled for C17H,6Na0s, 301.1780) D4F1 F > E—INBEIEN. 5T E C-Hx0; EE
L7z (Fig.26). IR IZBWWT 3421 em™ (OH) 2N E— 27 RIS N7 (Fig. 27). 'H-NMR,
BC-NMR. DEPT, HMQC 12k, AF)UA 5 D AFL 2t 4 D, AFHN 2 D, 4
RFED 6 DIFET B I EMNHSMNIT/E - (Fig. 28-31, Table 4), FHEAXRY MILF—# D
BITED, (ka3 13MLEW 1, 2 OMERMEEKRTH D ZEMWRBI N, (L% 7 b
DfE (8¢ 124.7,133.2,135.5, 138.3, 140.9, 142.3) IZ&k D . RO LU ERE R HEICED I &
AIRME I N Tz (Table 4), COSY DAHES (H1'/H2’). HMBC O#IB§ (H1°/C2’; H2'/C1’, C2'-
OCH;; C2’-OCH,/C2") BEL ML 7 MDA (81 3.28,3.57; 8- 58.8,71.8) 12k, ARF
ITFIOEDHEEZRE L. HMBC DOFHE (C4-CH3/C3a, C4, C5; C6-CH,OH/CS, C6, C7;
H7/C5, C6-CH,OH; H1'/C4, C5,C6) BRMEHET T b DIl (5 4.56,4.62; 8¢ 64.1) 12X D, A
FFIFIN. AFI. E ROFAFIIBRENENREBERICER TS I & 2K
L7z (Fig. 25, 32,33, Table4), & 512, HMBC D#HBE§ (H1/C1-OCH3, C2, C2-CH;a, C2-CH;b,
C3, C3a, C7; C1-OCH,/C1; C2-CH;a/C1, C2, C3, C2-CH;b; C2-CH3b/C1, C2, C3, C2-CHja; H3/C1,
C2, C2-CHja, C2-CH3b, C3a, C4, C7a; H7/C1, C3a) BEML#ET 7 S Dl (5y 3.46; 5¢ 58.0)
IZED, 22ARF LI PAFINI 7 ORI Y COFMEEERE L. 2V HEEZRE L
7z (Fig. 25, 33, Table 4). LALICEK D, {LBY 3 % (1-methoxy-5-(2-methoxyethyl)-2,2,4-tri
methyl-2,3-dihydro-1H-inden-6-yl)methanol ERE L7z, (L&YW 3 BHBRILEWTHD.,
applanatine C &4, L /= (Fig. 34).

COSY HMBC "
q

\‘x_ \‘\__/T Nl - N

Fig. 25. COSY and HMBC correlations in 3.
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x10° WX (148379) [M + Na]*

4 301.25313

140

120

100

80

60 -

40 -

4 333.28553

20

T 17515792 19 2312172 547.48627

0 JI.AJ[llL.L.lI_ i il I. ln l I- LL Lk
ryrrrrrrrrryrrrr 1 VY7 T[T 1 ¥y r| 1T rrr1r T
100 200 300 500 600

RRE L)

Fig. 26. ESIMS (+) spectrum of 3.

105
100

80
%T

60

50

4000 3000 2000 1000

Wavenumber [cm']

Fig. 27. IR spectrum of 3.

-84-

400



2-CH,

1-OCH,
2°-OCH; 4-CH,
e
Solv.
7
1
/ i o3
’ 6-CH,OH | A
T T v T T T T T Ll Y L4 L] LA T L] T L3 Ll T T T T T T T T T T T 'Pm
] ! ! i 1 I J g
Fig. 28. '"H NMR spectrum of 3 (in CDCl5).
! 2"-OCH,
Solv. 2-CH,
> N
5 7 1 3 )
\
6|4 / 4-CH;
7a
3a
N
T T T T T T R4 T ¥ v L ¥ T ¥ L] T T T ¥ ¥ T Y ,p
n ' 1;5 IAQ 7‘5 5Iﬂ 7‘.‘3 ]

Fig. 29. *C NMR spectrum of 3 (in CDCl5).

T Y T T I T T T T T Y Y T T T v T T T T T T T T T T T T Y
n 125 inn 75 AN 78 1

Fig. 30. DEPT spectrum of 3 (in CDCI;).
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Fig. 31.

Fig. 32. COSY spectrum of 3 (in CDClI;).
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Fig. 33. HMBC spectrum of 3 (in CDCl;).
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Table 4. 'H and "*C NMR data for 3 (in CDCl5).

Position 'H (¢ HMBC
3 (multiplicity, J in Hz) 5§ 'Hto"cC
4.11 (s) 92.3 2, 3, 3a, 7, 1-OCH3, 2-CHaa, 2-CHsb
43.8
2.51 (d, 15.6) 451 1, 2, 3a, 4, 7a, 2-CHja, 2-CHsb
2.75 (d, 15.6)
3a 142.3
133.2
135.5
138.3
7.19 (s) 1247 1, 3a,5, 6-CH,0H
7a 140.9
1-OCH;  3.46(s) 580 1
2-CHsa 111 (s) 223 1,23, 2-CHgb
2-CHb 111 (s) 282 1,23, 2-CHsa
4-CH, 217 (s) 158  3a,4,5
6-CH,OH 4.56 (d, 11.9) 64.1 5,6,7
4.62 (d, 11.9)
1 3.03 (t, 5.5) 296  4,5,6,2
Py 3.57 (t, 5.5) 718 5,1, 2-OCH,
2.0CH;  3.28(s) 588 2
o—
HO
\O

Fig. 34. Applanatine C (3).
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2-2-4 LY 4 OREERT

te¥ 4 BEAHRYEE L THEEBIN/, HR-ESIMS IZHBWT m/z 303.1619 [M+H]'
(caled for CgHp304, 303.1596) DT 1 4> E—INEHAII N, 5 FE CgHp0y EWREL
7= (Fig. 36). IR IZBWNT 1718 cm™ (C=0) TR ¥ — 7 @RI SN/~ (Fig. 37). 'H-NMR,
BC-NMR. DEPT. HMQC 2k V., AFIM 4 D, AFL 2N 4 D, AF2N 2 D, 4
RFEN 8 DIFMET BT EMBASNMITA - (Fig. 38-41, Table 5). L7 b DY (8¢ 124.3,
125.7, 131.9, 138.8, 140.8, 150.0) IZ& D, NV BB EZMWMMEEICHD I ENRB I N/
(Table 5), COSY DAHBEH (H3/H4), HMBC (D#HB§ (H3/Cl, C4, C4a; H4/C3, C4a, C5, Clla;
H11/Cl, C4a), IR OWEINE—2 (1718 cm™) BEME¥ET 7 FDIE (8y 2.95, 4.47; 8¢ 25.3,
66.5,165.7) I2& V0. 8-T 7 b OHMEEEN T HBEOEHERE L. HMBC OFf
B8 (C5-CHs/a,5,5a) ICE D AFIVBNR B EHICHERT ST EE2MAL - (Fig. 35, 37,
42,43, Table 5), & 512, HMBC O#BS (H6/CS, C5a, C6a, C6a-CHj, C7, C10a, C10b; Céa-CHs/
C6, C6a, C7, C10a; H7/C6, C6éa, C6a-CHj, C9, C10a; C9-CH;a/C9, C9-CHjzb; C9-CH;b/C9, C9-
CHja; H10a/C5a, C6, C6a, C6a-CHs, C9, C10b, C11; H11/C5a, C10a) BXLMEFET 7 MO
(8w 3.77, 3.81; 8¢ 66.8, 98.1) 12L& D, 224a-b U AFIAFHNA RO 7 OXRF[d][1,3]
DFF L OB HEEERE L. NOE OAHREE (H10a/C6a-CHs) 1T & D X SEARRLE % T E
LTz (Fig. 35, 43, 44, Table 5). LAEICX D, (LB 4 % (6a5*,10a5%)-5,6a,9,9-tetramethyl-
3,4,6a,7,9,10a-hexahydrocyclopenta[d][8,10]dioxono[g]isochromen-1(6H)-one &IRE L /=, L&
¥ 4 BHHEILEWTHO, applanatineD &4 L7z (Fig. 45).

COosY HMBC
R

Fig. 35. COSY and HMBC correlations in 4.
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Fig. 36. ESIMS (+) spectrum of 4.
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Fig. 37. IR spectrum of 4.

Wavenumber [cm™]
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solv. 5-CH, 9-CH; 6a-CH;

10a
1 7

A ll A

T 11—}
Fig. 38. 'H NMR spectrum of 4 (in CDCl5).
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Fig. 39. *C NMR spectrum of 4 (in CDCl).
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Fig. 40. DEPT spectrum of 4 (in CDCI,).
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Fig. 41. HMQC spectrum of 4 (in CDCl;).
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Fig. 42. COSY spectrum of 4 (in CDCI;).
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§-CH, 9-CH 6a-CH,

PPM
PP

R

6a-CH,

10a

| ,J,‘ : e i

BRELET AR TR R IRy R G TRl S S VLA | A
Fig. 44. NOE difference experiment of 4 (in CDCI;).
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Table 5. 'H and *C NMR data for 4 (in CDCls).

Position 'H *c HMBC
8 (multiplicity, J in Hz) 5 'Hto ¥C
165.7
4.47 (m) 66.5 1, 4, 4a
2.95 (m) 253  3,4a,5,11a
4a 138.8
5 131.9
5a 150.0
6 2.51(d, 16.2) 40.7 5, 5a,6a, 7, 10a, 10b, 6a-CH;
3.38(d, 16.2)
6a 40.4
7 3.77 (d, 12.1) 66.8 6, 6a,9, 10a, 6a-CH;
3.81(d, 12.1)
9 98.1
10a 468 (s) 80.5  5a,6,6a,9, 10b, 11, 6a-CHj
10b 140.8
11 8.01 (s) 125.7 1, 4a, 5a, 10a
11a 124.3
5-CHs 2.21 (s) 153  4a,5,5a
6a-CHj 0.91 (s) 225  6,6a,7,10a
9-CHza 1.31 (s) 28.1 9, 9-CH3b
9-CHsb 1.53 (s) 204  9,9-CHsa

Fig. 45. Applanatine D (4).
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2-2-5 {LEW 5 DREEMRT

bay 5 TERaimRYE - U TSN/, HR-ESIMS T8 T m/z 285.1098 [M+Na]'
(caled for CysH gNaOy, 285.1103) D43 FA A E— I BEHBlS N, 530 FR%E CsH;g04 ERE
L7z (Fig. 47). IR I2BWT 1703 (C=0). 3400 cm™ (OH) IZZFNFNRINE — 27 B@EHI SN
7= (Fig. 48), '"H-NMR, "*C-NMR, DEPT, HMQC IZ& D, AFIA 2 D, AFL 2 4 O,
AF UM 2 D, 4 BRFEN T DFET S ENHSNITIR> /2 (Fig. 49-52, Table 6), %57
ARG MIVTF—FDOHBRICED, LEYW S 13MEEW 4 © 9 oAV TnENLE SR
HBATHDZEMRBEINT, L% 7 bOfE (8¢ 124.3, 124.6, 131.5, 138.5, 143.1, 148.2)
ICED ARV EREZHIEEICED I ENRB I N/ (Table 6), COSY DAHEE (H3/H4).
HMBC DO#iB§ (H3/C1, C4, Cda; H4/C3, C4a, C5, C9a; HI/C1, C4a), IR DRI E—72 (1703
em’) BEMEFET T FOFE (512.96,4.48; 8¢ 25.2,66.7,166.0) 12K D, 8-F 7 b > D5 %
EEREEREDEGEEZPE L. HMBC ORI (C5-CHy/4a, 5, 5a) I2& D, AFIMN
NV BRI T 52 &2 L= (Fig. 46, 48, 53, 54, Table 6). & 512, HMBC O
B (H6/CS5, C5a, C7, C8, C8a, C7-CH;, C7-CH,0H; C7-CH,/C6, C7, C8, C7-CH,OH; C7-CH,0H/
C6, C7, C8, C7-CHa; C8/C5a, C6, C7, C8a, C9, C7-CH;, C7-CH,OH; H9/C5a, C8) B X ML¥
7 N Off (84 3.72,3.77,4.89; 8¢ 68.1,83.6) 12XV, 2-(E ROF L AFIN)2-AF )L 70N
>5 )=V Db HEE Z PR E L NOE DOFBE (H8/C7-CH;) 1K U X (AL % ke L 7=
(Fig. 46, 54, 55, Table 6). LA LICX D, {EEW 5 % (75*85*%)-8-hydroxy-7-(hydroxymethyl)-
5,7-dimethyl-3,4,7 8-tetrahydrocyclopenta[glisochromen-1(6H)-one &RE L7z, (L& 5 3#H
BB TH O, applanatineE &4 L7z (Fig. 56).

cosy HMBC
ey

Fig. 46. COSY and HMBC correlations in 5.
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Fig. 47. ESIMS (+) spectrum of 5.
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Fig. 48. IR spectrum of 5.
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5-CH, 7-CH,

Solv.

P
AJ'&A’;‘T
Fig. 49. '"H NMR spectrum of 5 (in CDCl,).

Sollv 4 7-CH:
9a 1 7 6 \\ /
T-CHz\OH 5-CH,
4a 3
Sa 5 8 /7
8a 9
. /
T v T T T T T T T T T T T T ¥ T T T T ¥ T T L] T plpM
5 l;ﬂ 1258 H‘Y) 7’5 5!‘} ?'.'i 1

Fig. 50. '*C NMR spectrum of 5 (in CDCl;).

9 7"CH3
. 5-CH,
N s 4
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T T T - 1H T T m
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Fig. 51. DEPT spectrum of 5 (in CDCI;).
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5-CH, 7-CH,

5-CH; —— —

Kl

Fig. 52. HMQC spectrum of 5 (in CDCI,).
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Fig. 53. COSY spectrum of 5 (in CDCI,).
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Fig. 54. HMBC spectrum of 5 (in CDCl,).
i
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Fig. 55. NOE difference experiment of 5 (in CDCl,).
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Table 6. 'H and *C NMR data for 5 (in CDCls).

Position 'H 3¢ HMBC
8 (multiplicity, J in Hz) § 'Hto®c
166.0
4.48 (dd, 5.5, 5.5) 66.7 1,4,4a
2.96 (dd, 5.5, 5.5) 252  3,4a,5,9a
4a 138.5
5 131.5
5a 148.2
6 2.53(d, 16.8) 400  5,5a,7,8,8a, 7-CHs, 7-CH,OH
3.13(d, 16.8)
47.1
4.89 (s) 836  5a,6,7, 8a,9, 7-CHs, 7-CH,0H
8a 143.1
9 8.02 (s) 1246  1,4a,5a,8
9a 124.3
5-CH; 2.20 (s) 15.1 4a, 5, 5a
7-CHj 111 (s) 230  6,7,8,7-CH,0H
7-CH,0H  3.72(d, 11.3) 68.1 6,7, 8, 7-CHs
3.77 (d, 11.3)
o)
y  OH
OH
o)

Fig. 56. Applanatine E (5).
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2-2-6 L&MW 6 DREEMHT

e 6 BEAMRKYMEE L THEESINZ. ESIMS IZBWT m/iz 269 [M+Na]” O T
A= MEAlENT, IR IZHBWT 1715 (C=0), 3410 cm™ (OH) WX FNENIHI ¥ —
BRI N. 'HNMR, "CNMR BEUOEHARY MLF—F OBICED, (L&Y 6
W3EEH 5 @ 8 MO ROF L HEBBRWERATH S Z EARB I/~ (Fig 58, 59,
Table 7). #EMHTICE D, {LEY 6 % echinolactone D ((S)-7-(hydroxymethyl)-5,7-dimethyl-
3,4,7,8-tetrahydrocyclopenta[g]isochromen-1(6H)-one) & [Al%E L 7= (Fig. 57, 60). {L&% 6 &K
RELTATY IR 2N\N) Y (Echinodontium japonicum Imazeki) DI AHRM 5
HEEXNODNRNTH 'S, i, EPEEE LT, LY AICHT 2R EREFE D
mEINTNBY,

COSY HMBC

Fig. 57. COSY and HMBC correlations in 6.
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5-CH;  7-CH,

7-CH,OH

6.8

Sotv _ -

| d
R TR S e e SRR e 1
Fig. 58. '"H NMR spectrum of 6 (in CDCI).

9 solv 3 8| 6 4 | 7-CH;
OV,
VAR AN VAN V4
7-CH,0H I
\ N 5-CH,
ha 8ada Oa
1 5 /
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PEM
5 T ¥ T T 'sln T L] T L] ';5 T ¥ T T "l,’ T T T T 7]5 T T T T E'r’ T ¥ T T ’ls T T L] T .

Fig. 59. *C NMR spectrum of 6 (in CDCl,).
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Table 7. 'H and *C NMR data for 6 (in CDCl5).

Position 'H ¢ HMBC
& (multiplicity, J in Hz) 8 'Hto®c
1 166.3
3 4.38 (dd, 4.0, 4.5) 66.6 1, 4, 4a
2.87 (dd, 12.5, 14.5) 248  4a,5,9a
4a 136.2
5 130.8
5a 148.6
6 2.54 (d, 14.5) 42.1 5, 5a, 7, 8, 8a, 7-CHs, 7-CH,OH
2.88(d, 14.5)
44 .4
2.59 (d, 13.5) 424  5a,6,7,8a,09, 7-CHs, 7-CH,OH
2.88 (d, 14.5)
8a 1415
9 7.67 (s) 124.0 1, 4a, 5a, 8, 8a, %a
9a 123.3
5-CHs 2.10 (s) 15.1 4a, 5, 5a
7-CH, 1.09 (s) 24.1 6,7,8
7-CH,OH  3.44(s) 69.8  7,7-CHs;
0
OH

Fig. 60. Echinolactone D (6).

||l||““/
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58 Hi PP AR

ATFTIN/ ATHT OERASBROERE TFIVAERN S BEEL Z&LEMDOWT F
nucleatum xS 2 HIMIETEERBRZTT > /2.

F nucleatum % V) 7' F o — 2 A WARHNC B L C 2 HEIATREEZITW. F nuclea-
tum DFERIRIZIBEFE L /- applanatines A-E (1-5) BL N echinolactone D (6) & FN -2
WML T 3 HMARBRZTT > /2. TOMRR. XD thymol & kb L T, applanatines A (1),
B (2), D (4) TN ETE AR I 1. applanatine C (3), echinolactone D (6) 1Z1Z[R U
LTINS HIHIETE DR S N7z (Table 8).

Table 8. Antibiotic effect of the each compound from G. applanatum on the growth of

F. nucleatum.

MIC?
Compound 1 2 3 4 5 6
ppm 3.13 3.13 100 3.13 n.t? 200
(uM) (11.3) (11.3) (360) (10.4) : (813)
e e
ppm 100
(uM) (667)

# Minimum inhibitory concentration.
® Not tested.
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B4 Hi BE

AT7FH)V /) AR OEERAMN S HBES /- applanatines A-C (1-3) DS - 15 M4
BIIZDWTERL J2. F nucleatum \ZxT BIEHICBNWT, 270X OEaEICE
ROF 2 AF)LNEET S applanatines A (1), B (2) 1213 WM BEEHE R IO, R+
CDEAEEICE ROF U AFIVBFEIET S applanatine C (3) IZIETI W HTMIETE M R
INEIENS. ZOEROFIAFIIOMBENZ OFMEERICEETHS I ENER
X153 (Fig 61).

significant
position

%4 o—

~
| ™ 0H<:| significant
~ position
\O

Fig. 61. Structure-activity relationship of applanatines toward F. nucleatum.

Applanatines A-E (1-5) 3L TN echinolactone D (6) 13 illudalane sesquiterpenoid %812 433 &
N5LEYWEETH S, llludalane sesquiterpenoid I KA EL T, AIY I 22N
% ’r (E. japonicum Imazeki) IZHI¥$ % echinolactones'™ ", 1 /& L™ (Pteris multifida),
aN) A NI (Dennstaedtia scabra)., =3 /) ANFTa T % (P. kiuschivensis), 75
¥ (P. aquilinum, Pteridium bella) “§\Z #1383 % pterosing®™’, @B Y > =T (dlcyonium grandis,
A. paessleri) \ZH3¥3 % alcyopterosins™? %, HE< OILAYNEEINTVS (Fig. 62).

E2. EWIEMEE LT, echinolactones A, B, D & L% X123 2 HaM Rk BAR TS #4510,
pterosins B, N, O, alcyopterosins A, C, E, H 1d & BB MR I3 2 M2 230 &85
HINTWVS, LML, illudalane sesquiterpenoid %8I Hi 11 A B TS HEAVR S N2 DL EH)
DIETH 5. NIEEOEMMICHZ 2 EHITRE S N TS TH L WH O RN
EMMEZRALEZEBFERCTHDTH O, 351, CORBERELHOB VLAY
BRI SR 2MEECERXERORBICH T 2HMRZ G TE 2,
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G)
I
[
X

Fig. 62. Chemical structures of illudalane sesquiterpenoids.
Each compound has been isolated from natural source; echinolactones from the mushroom
(fungus); pterosins from the pteridophytes (plants); alcyopterosins from the soft corals (ani-

mals).
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51 Hi

B3 E ERK

2R B KL O R

3-1-1 HEE¥E

NMR

MS
IR
[alp
HPLC

Silica gel :
ODS gel :
TLC

: JIMN-EX-270 FT NMR Spectrometer (JEOL)

Lambda 500 FT NMR Spectrometer (JEOL)

: Accu TOF LC-plus JMS-T100LP Mass Spectrometer (JEOL)

: A-102 Diffraction Grating Infrared Spectrometer (JASCO)

: Digital polarimeter DIP-500 (JASCO)

: Column ; Develosil C30-UG-15/30 (Nomura Chemical)

Develosil C30-UG-5 (Nomura Chemical)
CAPCELL PAK C18 AQ (Shiseido)

Pump ; PU-2089 Plus Quaternary Gradient Pump (JASCO)
PU-2080 Plus Intelligent HPLC Pump (JASCO)
L-2130 (HITACHI)

Detector ; UV-2075 Plus Intelligent UV/VIS Detector (JASCO)

875-UV Intelligent UV/VIS Detector (JASCO)
diode Array Detector L-2455(HITACHI)

Recorder ; 807-IT Integrator (JASCO)

Automatic sampler ; AS-2055 Plus Intelligent Sampler (JASCO)

Software ; Chromatography Data Station ChromNAV (JASCO)
ELITE(HITACHI)

Interface ; LC-Nell/ADC (JASCO)

60N for column chromatography (Kanto Chemical Co., Inc.)
Cosmosil 140C5-OPN for column chromatography (nacalai tesque)

: DC-Alufolien Kieselgel 60 F,s, (Merck Ltd.)

DC-Alufolien RP-18 Fys4 (Merck Ltd.)
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3-1-2 #1#t

HFMBREMERICREINTWEITFY)IV /) AL AT OFERE (Ganoderma applanatum)
EEALE. SOBNMEEERRICE. Rt oy THRFRFRICRE SN TN 5%
IR (Fusobacterium nucleatum ATCC25586) & L7z,
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28 aT7FHIV/ 3T BskoFi O BENHTETE Y E O BLEE - A58

IT7FYIN AT ATOBEERT MTFF A MO—AMAETEH (250 mL; 0.4% R7 M
H#.2.0% 7+ X b O— X, Difco) ZIEALZZAT T AT (500mL) I[ZHHE L. IRE 22°C,
[EEEK 130 pm OLMET 4 BREEEET o2, TOHK. 2B K> THARKE BEAIKIC
SYEEL T EARRIEES R L, nNFY > ), BigTF)) @), ¥ /)b 3
[ED). 7K GE) THXEE#MT 2T, BERE (1.01g) M Sa-~F U 2 a¥AER (20.6 mg). B
B T 7 )L FIEER (207.3 mg), T¥ / —)LVRI¥AHER (238.0 mg). KA[¥EHEL (211.9 mg) %157z,
B#AWIMEBRRER, -NFY 2 GE). BTV SH). ¥/ —)V @E). K (1E)
TIERBEEMEET W, BEA|E 150 »5 n-~A"F Y uEE (23.0mg). BiEETF )L 7]
VAER (288.8 mg), L%/ —)LAIVAEE (263.7 mg). KA[IEER (420 g) k. IS, KE
BEEZTWV, BEAK G0L) NSEEEIFIVAEE (155 257,

EEAROBEBE T FIVAESR (155 ¢) 22 UATFNVOT Iy aiosrax sy o7
4 — (silica gel 60N, 250 g, 35 ¢ x 520 mm; CH,Cl,/EtOAc 90:10, 70:30, 50:50, EtOAc, EtOAc/
MeOH 70:30, 50:50, MeOH) {Z& ¥ 13 E/MNIAE L7z, ED 8§22¢g) & ODS ¥IILD7 S5
waRI LAY KT 57 4— (ODS gel Cosmosil 140C5-OPN, 200 g, 35 ¢ x 220 mm;
MeOH/H,0 50:50, MeOH) 12X D 50% MeOH ¥AH#E & MeOH B HIERD 2 BT E L,
I 51T, Hi4 8-1 (1.4 g) il HPLC (Develosil C30-UG-15/30, 50 ¢ x500 mm; MeOH/H,0O
50:50) IC& D 12 BT E U, 51T, HE5r 8-1-8 (50.7 mg) 725 ¥4 HPLC (Develosil
C30-UG-5, 20 ¢ x 250 mm; MeOH/H,0 40:60) {2 &k > TLEY 6 (31.8 mg) ZHEL /=, Hs
937 B UAFNDTSvIahSh70< T 57 4 — (silica gel 60N, 250 g, 35 ¢ x
520 mm; CH,Cl,, CH,Cl,/acetone 95:5, 90:10, 80:20, 60:40, 30:70, acetone, acetone/MeOH 50:50,
MeOH) 12KV 15 EAMIAE L. & 512, ES 9-2(20.4 mg), 9-3 (30.4 mg), 9-4 (52.7 mg) A
534 HPLC (Develosil C30-UG-5, 20 ¢ x 250 mm; MeOH/H,0 60:40) {2 X > TLEY 1 (4.0
mg, from fraction 9-2), 2 (9.0 mg, from fraction 9-3), 3 (2.3 mg, from fraction 9-4), 4 (2.2 mg, from
fraction 9-2 and 9-3) ZZNZNHBEL /=, /=, EHH 9-5 (1262 mg) ¥ HPLC
(CAPCELL PAK C18 AQ, 20 ¢ x 250 mm; MeOH/H,0 70:30) 12X 1D 9 E/MI/HHEL, I 51T,
B> 9-5-4 (8.0 mg) M 5WiAl HPLC (CAPCELL PAK C18 AQ, 20 ¢ x 250 mm; MeOH/H,O
50:50) ik > TILEY 5(2.0mg) ZHAELT,

Applanatine A (1). Colorless oil; [a]p> -26 (¢ 0.2, MeOH); IR (neat, Viy): 3460 cm™; 'H and *C
NMR, see Fig. 6, 7 and Table 2; ESIMS m/z 301 [M+Na]"; HRESIMS m/z 301.1761 [M+Na]" (calcd
for C17H26N303, 3011780)
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Applanatine B (2). Colorless oil; [a]p> -20 (¢ 0.9, MeOH); IR (neat, Viny): 3457 cm™; 'H and BC
NMR, see Fig. 17, 18 and Table 3; ESIMS m/z 301 [M+Na]"; HRESIMS m/z 301.1763 [M+Na]"
(calcd for C17H,6Na0s, 301.1780).

Applanatine C (3). Colorless oil; [o]p”’ -9.5 (¢ 0.2, MeOH); IR (neat, Vugy): 3421 cm™; 'H and °C
NMR, see Fig. 28, 29 and Table 4; ESIMS m/z 301 [M+Na]"; HRESIMS m/z 301.1780 [M+Na]"
(calcd for C17H26N303, 3011780)

Applanatine D (4). Colorless oil; [OL]D25 +45 (¢ 0.1, MeOH); IR (neat, vy,,): 1718 cm'l; 'H and ®C
NMR, see Fig. 38, 39 and Table 5; ESIMS m/z 303 [M+H]"; HRESIMS m/z 303.1619 [M+H]
(calcd for ClgH2304, 3031596)

Applanatine E (5). Colorless oil; [a]p> +24 (¢ 0.2, MeOH); IR (neat, vugy): 1703, 3400 cm™; 'H
and "°C NMR, see Fig. 49, 50 and Table 6; ESIMS m/z 285 [M+Na]"; HRESIMS m/z 285.1098

[M+Na]" (calcd for C;sH;sNaOy, 285.1103).

Echinolactone D (6). Colorless oil; [oc]D29 +1.0 (¢ 0,5 MeOH); IR (neat, vy,): 1715, 3410 cm'l; 'H
and °C NMR, see Fig. 58, 59 and Table 7; ESIMS m/z 269 [M+Na]"
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23 PO RN R

TLAUN— "> T7a—Ya  REREM (100mL;0.6% 70« DB, 04% 8
VIR - X7 A, 1.1% B 2 - BRIRIRIEEY. 0.4% BT MU YA 02% F
FAPO—2,02% U EEKFEZF MUT A 1.0% EX, BBL) TREI N/ F nucleatum
ATCC25586 #k& N1 7'F /7 — 2/ 1 Wik E # (100 mL; 3.0% K& k>, BBL:; 0.3% @
KRR, BD; 0.1% N2 -1 N'NaOH, Acros organics; 0.1% A 3774 >-50% EtOH, Sigma)
EZEALEZAT S0 (500mL) IZHAEL. 37°C OLMET 2 HEfIEEZfT-> 2, 20O
. F nucleatum DEEFEWEZ 10 HRL. 96 T L— RZ 100 uL OFREERIEZ N Z 7=,
AHXIE 100 uL @ 2% DMSO TRER®E % L7z thymol Z 1A, RERIXIT 100 uL @ 2%
DMSO TREFRBEL &M@Y > IV EMAT, 37°C OFMET 3 HMAEEEZT> -, £
D&, BRICKDE/NHEBFRE MIC) ZHERL .
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am SR H

EHE. F 7 2 S YR EFREEE, PUBBENE. FiEENR SRR EYTEEYEN
RRIN, BESHBIVOEERIBFTORANMMGEIN TS, KHXTRIIVFS
1 (Agrocybe praecox) BX AT FH)I ) AT 514 (Ganoderma applanatum) \Z Hik3 %4
YIEEEICB L CTUAF D 2 DOIHBIZDW TR L .

1) 73IVFF 7 (Agrocybe praecox) W HIK T 2 MR EF S WE OER

FEREDODHZEZ—IVN\NTAT, BELDBERLUIZA FITOENHEN., 0%,
DOLENS T IVF Y (Agrocybe praecox) NFRET D ENWIBBENHR I N, —FH. 7
IVFITBOENAFIOT S AEREFIZRITHERE L ThbIEIN TS, Z
N5 OMBABRSRIZ, ZOEMEMIIH L TREZAEToMEEEELTWSE I %
RBLTWS, KRFETIE. 7IVFITICHRT 2EYRERGYE OBE - Bilb L
SR EENE LUk,

FROEZ—INTIZADNE BT IVFS 5 2EEEL, RTFTFFAMO— 2K
RESHICRRE L T 3 ARNEZTo 2. Z0%, BOSH. 2BICXo THRKEEES
WICHEEL /=, HEARZR/LEES. BRIFIL TR ETY, EMEERBROKK
BRERERCLANSKEB IO N T7 4 — X XBDEETo R, LEY 17 2157,

WSRO R, a5 1-5 2ZNF N octa-2,4-diynamide (1). (E)-oct-4-en-2-yn amide (2).
(Z)-octa-6-en-2 4-diynamide (3). (E)-octa-6-en-2,4-diynamide (4). 8-amino-8-oxoocta-4,6-diynyl
acetate (5) EIRE L. agrocybynes A-E &St Uz, £72. (L& 6 % 2-formyl-3,5-dihydroxy
benzyl acetate ERE L. {LEY 7 % o-orsellinaldehyde (2,4-dihydroxy-6-methylbenzaldehyde)
ERELE.

HEEL 28 EEMCDONT, LIRA (FI7F)., 132 (ARF) BEXT1rFT ONFRD) I
Xt B R R EFEE AR 2T o . LY 2L TR LAY 1,57 1 10 nmol Bk,
t&¥ 3, 4 13 1 nmol LA L THEIEZISMOMEREEAEZRL. L&Y 2 1 10 nmol
AL TR0 EHEEE B L CIROMEREEEERUZ, £z, 6% 1,2 1 1 nmol
THEDMERREFEOEmMbBBERINL, AR LT L% 11 1aM Bk, {k
B4 3 12 100 aM THOBEREEREZRUZ, £, LAY 11 1 uM TH O
BIEEEMSE. (LAY 2 1 100 nmol DAL THE B E IR O EIEEE O HM bR S
N, A FTTH LTI, LAY 1-5 13 1 nmol/soil-mL TR TIZHYMKDIENBRE I N
oo El bE 2 IIBOMEBBEINLALEY 15 FHEELREEEZRLZIENG,
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TIVREITNAFIOEDOREICN L THEZGALERRRYEE L TERERLE
FIEEMA R I NS, BIE. LEY 1-5 OFRETWV. LEY 15 O FITDORIIHT 3
YRR A ETE B 2 A TN D,

o (@) O o) (0]
Z 1 NH, //\v/\v/ég)LNHz LV////ég)LNHZ ,/\v///;gg)LNHz \/~\////224}NH2
8 e} 1
1 2 3 4 5

OHO OHQ
1
@dov z Cﬁ
HO o N HO 8
O
6 7

2) 2 7F V) a3 H Y (Ganoderma applanatum) \Z 33 5 51 D ENMBEEEDE OKRR

SR HEERE Wo B AEERREDFEETH 2 NENMEICL > THERI SN
BZERIIEEEICOE > TAXEET 220, [RREELCBWTHELZHETH 5,
EBUEEEAERICEE T 2Rk4 BREEICH U THMEEHEERORA 7 -2 7D &
A, AT7FY)IVJ A H 5 (Ganoderma applanatum) Z H3E T 2 I8k EE O EE 7
WIRBE TdH 2 Fusobacterium nucleatum {39 S HIMEEMAHR I N, APE T, 3
THYI ) AT ATITHKT AN EE S E OBEE - BRE I UHEIEHETZ BEH
ELlZk,

AT7FYIN AT HT OBEERT FTFA S O—ABKEHITBEL T 4 BREER
BiTofk. TOH, A& > THARKEHEEAWITTEEL /2. B2E 5 RE BUERIER,
Bl TF )L TEREMH 270, EVEHRROBREERECLENS/REI ORI 5T
A= XB0HEZfTo MR, LG 1-6 2R,

KGR O R, L&Y 1-5 ZZ T ((15%,25%)-1-methoxy-5-(2-methoxyethyl)-2,4,6-tri
methyl-2,3-dihydro-1H-inden-2-yl)methanol (1). ((1R*,25%)-1-methoxy-5-(2-methoxyethyl)-2,4,6-
trimethyl-2,3-dihydro-1H-inden-2-yl)methanol (2). (1-methoxy-5-(2-methoxyethyl)-2,2,4-trimethyl-
2,3-dihydro-1H-inden-6-yl)methanol (3). (6aS*,10a5*)-5,6a,9,9-tetramethyl-3,4,6a,7,9,10a-hexahy
drocyclopenta[d][8,10]dioxono[g]lisochromen-1(6H)-one (4). (75%,85%)-8-hydroxy-7-(thydroxylme
thyl)-5,7-dimethyl-3,4,7,8-tetrahydrocyclopenta[g]isochromen-1(6H)-one (5) & #RiE L. applanati-
nesA-E &M% L7z, £72. /L& 6 % echinolactone D ((S)-7-(hydroxymethyl)-5,7-dimethyl-
3,4,7 8-tetrahydrocyclopenta[glisochromen-1(6H)-one) & [FE L 7z,

HEEL BB DONWT, E nucleatum (X DHIMBETEHHBRZIT> 2. TOHKER,
FHRX D thymol & Eb#iL T (positive control, MIC, 100 ppm, 667 uM). L& 1,2, 4 1IN
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FIHIBEIS DR X (1 and 2, MIC, 3.13 ppm, 11.3 uM; 4, MIC, 3.13 ppm, 10.4 uM). (L&Y
3, 6 BFECERZITNRNS FIMEEENER SN2 3, MIC, 100 ppm, 360 uM; 6, MIC,
200 ppm, 813 uM).

, 0 o~ o
> 20 HO
1 2 3
Q . H o . O , HOH 0
o toa O o s OH o “”/OH
S &:08
4 5 6
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Summary

Chapter 1. Agrocybynes A-E from the culture broth of Agrocybe praecox.

In 2007, abnormal enlargement of strawberry fruits was observed and a kind of mushroom
grew near the stimulated fruits in a greenhouse in Niigata prefecture, Japan. It was identified as
Agrocybe praecox (English name, Spring Fieldcap; Japanese name, Fumizukitake). On the other
hand, it has been reported that an Agrocybe sp. caused cringing of strawberry fruits. These widely
varying phenomena related to growth stimulation and suppression, suggest that Agrocybe genus
produces plant growth regulator(s). Our purpose is to find the plant growth regulators from the
fungus, and is chemical studies on effect of the metabolites from the mushroom on plants.

The fungus was cultivated and then it was divided into the mycelia and the culture broth. Each
part was successively extracted. The culture broth of 4. praecox, was concentrated under reduced
pressure, and was partitioned between EtOAc and water. The EtOAc-soluble part was fractionated
by each column chromatography, being guided by the result of the bioassay, leading to the
purification of compounds 1-7.

The structures of those compounds were determined by spectroscopic analyses. As a result,
compounds 1-5 were determined as octa-2,4-diynamide (1), (E)-oct-4-en-2-ynamide (2), (£)-octa-6-
en-2,4-diynamide (3), (E)-octa-6-en-2,4-diynamide (4), 8-amino-8-oxoocta-4,6-diynyl acetate (5)
and were named agrocybynes A-E, respectively. Furthermore, compound 6 was determined as 2-for
myl-3,5-dihydroxybenzyl acetate and compound 7 was identified as o-orsellinaldehyde (2,4-dihydro
xy-6- methylbenzaldehyde).

The effects of the compounds on plant growth were tested toward lettuce (4steraceae), rice
(Poaceae) and strawberry (Rosaseae). As a result, compounds 1, 3-7 inhibited the hypocotyl and the
root growth at 1 nmol to 1 umol, and compound 2 inhibited the hypocotyl and the stimulated the root
growth at more 10 nmol toward lettuce. Compounds 1 and 3 inhibited the root growth at 1 uM and
100 nM toward rice, respectively. Compounds 1-5 were dwarfed and altered in color at 1 nmol/soil-
mL toward strawberry. We are now trying to synthesize these compounds and planning cultivating

experiments of strawberry fruits using them.

o) 0} 0] o] O
/\/ILNHZ /\/\/LNHZ ‘\/‘\NHZ A/NHZ 8 NH,
- S - z 7, -
8 . S o \FrO 1
1 2 3 4 © 5

OHO OHQ
1
@dof z @i
HO™ 7 N HO ™%
o)
6 7
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Chapter 2. Applanatines A-E from the culture broth of Ganoderma applanatum.

Chronic-degenerative dental diseases, including periodontal diseases, are widespread in
human populations and represent a significant problem for public health. Fusobacterium nucleatum
is a Gram-negative obligate anaerobe and a prominent member of the oral microflora implicated in
periodontitis, a disease affecting 5-15% of most populations worldwide. During screening for the
antibiotic activity of extracts of various mushrooms against F. nucleatum growth, we found strong
inhibitory activity in the extract of the culture broth of a fungus Ganoderma applanatum (Japanese
name, Kofukisarunokoshikake), and tried to isolate the active molecules from the culture broth.

The fungus was cultivated and then it was divided into the mycelia and the culture broth. Each
part was successively extracted. The culture broth of G. applanatum, was concentrated under
reduced pressure, and was extracted with EtOAc. The EtOAc-soluble part was fractionated by each
column chromatography, being guided by the result of the bioassay, leading to the purification of
compounds 1-6.

The structures of those compounds were determined by spectroscopic analyses. As a result,
compounds 1-5 were determined as ((15*,25%)-1-methoxy-5-(2-methoxyethyl)-2,4,6-trimethyl-2,3-
dihydro-1H-inden-2-yl)methanol (1), ((1R*,25*)-1-methoxy-5-(2-methoxyethyl)-2,4,6-trimethyl-2,3
-dihydro-1H-inden-2-yl)methanol (2), (1-methoxy-5-(2-methoxyethyl)-2,2,4-trimethyl-2,3-dihydro-
1H-inden-6-yl)methanol (3), (6aS*,10a5*)-5,6a,9,9-tetramethyl-3,4,6a,7,9,1 0Oa-hexahydrocyclopenta
[4][8,10]dioxono[g]isochromen-1(6H)-one (4), (75*,85%)-8-hydroxy-7-(hydroxylmethyl)-5,7-dime
thy1-3,4,7,8-tetrahydrocyclopenta[g]isochromen—1(6H)-one (5) and were named applanatines A-E,
respectively. Futhermore, compound 6 was identified as echinolactone D ((S)-7-(hydroxymethyl)-
5,7-dimethyl-3,4,7,8-tetrahydrocyclopenta[g]isochromen-1(6 H)-one).

The antibiotic effects of the compounds on the growth of F. nucleatum were tested in vitro. In
this experiment, thymol was used as the positive control and its MIC was 100 ppm (667 mM). Com-
pounds 1 (MIC, 3.13 ppm, 11.3 mM), 2 (MIC, 3.13 ppm, 11.3 mM), and 4 (MIC, 3.13 ppm, 10.4
mM) were stronger inhibitors than the control, though 3 and 6 inhibited at higher concentrations, 100
ppm (360 uM) and 200 ppm (813 uM), respectively.

7

o o o
HO
1 2 3
Q L, HO¢ Q 5 HOH 0
o 10a O o s OH o ““/OH
0N
5 6
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KRR OEEHE TH 2 BHRLAER AR AR E R EARBEERNA A1 >
AEW I FIREM AT, TOXRTEH LD KRBHERES EInELEZEZ2ZT
WHEHOBEZRLET ., FRFER 8% s LA, 8 ELEE k. #HAEE
FESH A LR MR S AT, BIEE U THBMS 2B L& BITEART
OHIERICHZ VR ELS EINWE LA EEZ I ZIEROBEEZRLET,

KR DOHE 1 FITHBNWT, FRBHFAVITT RAATT RICE. 7IVFY rOdiRk
DOBEE - FERSRNICHBIZREL T EIVWELAEZEEZZZRXEHOEEZRLET.
AR EAR K, BREKZEAMICAEDCAR B8R EILEYE L4, &
AR Rici, 72VFFroBEL2TICH L 0EHEELZSNCHBIEEINnELEZ
LI IRXHERHOBERLET., BMRFRFHLENS AT T AFR #EBR U5
RN . ERE A, MK RITE, A FIOREZTIICH 0 HEELR S QI
HEEKEIVWELAZI L2 I IRXEROZEZEL T, HREN RFEZHMH)TFEEKA
AR B CEEEE oA, WRBIR EEBERE oA BB RIImE e BB R k.
AEBKH KIZIL. agrocybyne OB EITDICH - DB ELR S NITHBEFINWEL
RlEBIICRHAOREZERL 9, BHACEMIIH FBNKE 1121, agrocybyne 3D
HMEREZTOICHRZD X BERBERIT 2T > TS EIVNELAEZ L2 JITHEHD
BZ2RLET, HRBTRETETAM TR B8 REMR LA RIFEOEiHm
XEeRET2ICHh-0HBERSNCHBE<EIVELAEAI L2 I IREHOEZEL
I

AKHFRDOE 2 FITBNW T, RHBEER BEAE RITE, 27F0)V /a2 h 7 0k
BETOCHEVHEERS NICHMEEFSVWELAEZ L2 I IEHOBEERELET,
AR R E R AR IS F AR S &0 K, S8RFE RiCE, oL/ avhyr
CHRT 2 RBY OBEE - BRBIUOBEREZITI ICHI D EROEY RS N ER %
RELTSEIVNELEZEZIZREHOBREZXRL T, Aattoy FHhRprstif &
Bl @t BAE BRI FIOBNMBEEERRZT S ICH 0 HBROERR S NI
BRZRE L TKEIVWELEILE I ZICEHOEEZELET,

LR B A ES AR ER 802 BRI E BOKED k. BmAEE LG
EWEFER HEBER AMEREE L REDE BRE REZRB LD ET5EEF I,
BEHRERRN SEHRER S NCHBE<EINVELAZ L2 I IREHOEZERLET,
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