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X/ AFIEFO—FEEHTH Y | T ED D WIIMSE LTS &
TRHHEND, ¥/ T LMPORERITIRNZ L EHOEN TN D,

ARFUCBT T, (727 V=07 EWHEARIZR ) apTFENR
U ZRIZHEEL, ZER Y U RICHIRFR G Z 2 L CEL LRI ES
LBG. (T2 00 LWHF I HTRBOX ) apfEE TV LHHEYIC
FEL, MO ELZWRET HBR R ENG, ¥ apEi EREmE
AT D ENRBINTND, EHFE, ¥/ 2 HROEM MR RIS
MBI TND, 1O Z ORREY R LS DR R Z O
VERST DAL R0 2w oS A L CHEFICEE CTh 5,

AW ETIE, HYREFREGEHE L T7 I Y X% (Agocybe
praecox) DIEEJEW /> 5 agrocybyne 8. ¥~ 7 < & 4 (Hericium erinaceus)
DORGFEJEHE )5 erinaceolactone $H, 77 % & (Armillaria spp.) OLGEEE
W5 armillariol 238 X O melleolide ¥E23 BBt ST 5 (Fig. 1), 9

o} O
e}
A/\/\NHZ )Ddo
N HO!

agrocybyne B erinaceolactone A HO

cl
OCH,
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10-dehydroxymelleolide D

0
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P =z Ho o : o
x Z HO OH

agrocybyne D erinaceolactone B armillariol C

Fig. 1. Plant grow regulators from mushrooms



AHFFEICBNT, BELE LTHW=3 2 2 Y (Tricholoma flavovirens)
IFXFATEFIAVEDOX ) aThD (Fig. 2), KFIZY Y72 EDFHHIE
BT 7 . I XF TR EDT TEOIREEBMAH FIZHAE L, bRk
—HIZIRS I LTS, < b afBHEOFx 7 a2t LTRIHESNTE
W, ALFRIBFEIRIZ & A ERE ST iRnoTz,

Fig. 2. Tricholoma flavovirens”

i

WA IIURTOMRE T, ZOF ) anbiRERTGILEH TH 5
4-ethoxymethyl-2-methylindole 3 X O 4-methoxymethyl-2-methylindole @
HEEHZE) L7z (Fig.3), ® Z i, F I XA VFHERICH RS DAk
EHETEEILEMOER DR Z B E LT,

N

o)

N N
H H
4-ethoxymethyl-2-methylindole 4-methoxymethyl-2-methylindole

Fig. 3. Plant growth regulators isolated from Tricholoma flavovirens



1H YA TR R OE S O Hif - kR

¥ A UFEKRE EtOH, acetone |2 &K - THERMH 21T > 7=, HhHIK
LRGSR, e — N2 AW TR-IRSELT 5 2 212K Y . n-hexane
AAHR, EtOAC FIIAHER. n-BuOH mIEHERIC/rE Lz (Fig. 4), TD 5 5,
15 b TIZA I EEE 0 DAL B O BiRE 277 % 72812, n-hexane RI¥A#lIS X
O" EtOACc FIIEHROD 53 24T > 7,

Fresh fruiting bodies of Tricholoma flavovirens [20.6 kg]

Extracted with EtOH, acetone
concenfrated under reduced pressure

Extracted with n-hexane

Residual soluble part n-hexane soluble part
[39.8 g]
= Extracted with EtOAc
Residual soluble part EtOACc soluble part
[16.4 g]

Extracted with EtOAc

n-BuOH soluble part
[9.42 g]

H,O soluble part
Fig. 4. Extraction of the fruiting bodies of Tricholoma flavovirens

n-hexane AR E S VB FENHE S AT Sy arza~< NI 57 4 —|2
L. 200777 a ALz (Fig.5), Honicr7 773 ar 1 %



VUANTNADTIET T yarsua~v N7 7 4—THEL, 14 DT T 7
varEGE, BonhlET I ary 74 & S~ NS T 7 4 —IT
kL 2 A, ke 1L OHBRICREI LT, $£72, 77273 a v 73 &
KfEI/a~ 77740 — L2 ZA (LEW 2 OBEBEIZKRII LT

(Fig. 5),

n-hexane soluble part of the extracts from 7. flavovirens [39.8 g]

Flash C.C. (silica gel 60 N)
CH,Cl,/acetone/MeOH=100/0/0,
90/10/0,80/20/0,90/0/10, 80/0/20

| |
1 7 20
[6.78 ¢]

Flash C.C. (silica gel 60 N)
CH,Cl,/acetone=100/0,95/5,90/10,

80/20
| |
1 3 4 14
[28.5 mg] [23.3 mg]
Sep-Pak (silica) e S ep-Pak (silica)
CH,Cl, CH,CL )
1 ! 1 2
CH,Cl, soluble part CH,Cl,
[15.1 mg] soluble part
——Sep-Pak (ODS) [13.1 mg]
MeOH e NP-HPL.C
e RP.HPLC YMC-Pack Diol-60-NP
Cosmosil tNAP hexane/CHC1:,=70/30
80%MeOH |
I I ] Compound 1 20
1 Compound 2 20 [1.5 mg]

[1.5 mg]

Fig. 5. Purification of compounds 1 and 2 from n-hexane soluble part

EtOAc RIS EZ T U BTN AT LT Ty ara~w N7 T 7 4 — |t
L. 170777 vaiZsmiiz (Fig. 6), ffbhiz77 7 ar 8 &



Sep-pak THHE L, —>DT7 T 7 v a w572 (8-1~8-2), 77 7 a > 8-1
EVUBENITAT Ty arsa~vw N5 7 4—THEIL. 8T
va v ES (8-1-1-8-1-8), o7 T/ v ay 815 & K/ a~
N7 4=l LT 2 A, (bEW 3 OHBfICERII LTz, 1o, 77
7vay 10 5 VATNIT LT Tyara~vy 87T 7 4 —ThHH
L. D757y arki5 (10-1~10-11), Gbniz7 727 2 a > 10-4,
10-5 B 1062 F &0, FHEI/u~ I 7 —IfiLizE 25, 1k
G 4 OHBEHZEREI LT (Fig. 6).

EtOAc soluble part of the extracts from I flavovirens [16.4 g]

Flash CC (silica gel 60N)
CH,CL,/EtOAc=100/0,95/5,
90/10,80/20,70/30,50/50,0/100

1 8 10 17
[426 mg] [740 mg]
Sep-Pak (ODS) == Flash CC (silica gel 60N)
80% MeOH CH,Cly/acetone=100/0,90/10,0/100
1 2 1 4 5 6 11
80% MeOH [5.5 mg] [7.2 mg] [20.5 mg]
soluble part . . .
214 mg] = Sep-Pak (silica) [=Sep-Pak(silica) [=Sep-Pak(silica)
[ g CHCl4 CHCl; CHCl;
Flash CC (silica gel 60N) =NP-HPLC =NP-HPLC =NP-HPLC
CH,Cly/acetone=100/0, 95/5, Senshu Pak AQ Senshu Pak AQ Senshu Pak AQ
90/10, 80/20 hexane/CHCl;= hexane/CHCl;= hexane/CHCl,=
I I I 70/30 70/30 70/30
15 s | | | | | I
[46.0 mg] 1 4 6 1 5 9 1 5 9
f— Preparative TLC [0.6 mg] [1.1 mg] [0.2 mg]
CH,Cl,/acetone=95/5 I I
I =NP-HPLC
1 6 10 Senshu Pak AQ
[10.9 mg] hexane/CHCL=70/30
j— RP-HPLC
Cosmosil tNAP Compound 4
75% MeOH [1.2 mg]

1 Compound 3 10
[7.7 mg]

Fig. 6. Purification of compounds 3 and 4 from EtOAc soluble part
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tea¥ 1 ITAAOIENE L L TH ST,

ESI-TOF-MS 123\ T miz 206 |2 [M+H]" OS5 FA F o v —27 &L
(Fig. 7). £72. HR-ESI-TOF-MS 23 T m/z 206.1165 (A4 -1.6 mmu)
& [M+H]* D531 A Ao 80— DR SF, 5312 CoHi1sNO2 & IRTE L7z,
IO ENG, pED 205, REIFIEN 6 THDHI ENRBINT,
IR A7 FUZEBWT 3362 cm? OWINAHER INTZZ LD, N-H D

FAEN R S 7= (Fig. 8).

IH-NMR A7 kL, BC-NMR A7 kL, DEPT A7 FLBIW
HMQC A~Z Rz kv fbEW 1 13 ATFIVEED 4 {8 [612.31(5), 2.41
(s), 3.83 (s), 3.91 (s); 8c11.4, 13.7, 58.6, 55.5]. A F L L HA 2 f# [6n 6.14
(br. s), 6.36 (s); 6c 99.4, 92.3], VU#kiRk&EAS 6 fH [5c 109.2, 121.7, 130.6,
135.0, 143.5,151.1] A9 % L& L7z (Fig. 9-12; Table 1),

COSY AXZ MVIZEBWTAF LT r b [64241 ()] L AF T H
K> [8n6.14 (br.s)] OFOFEEIN L &7z (Fig. 13; Table 1), £ 7=, HMBC
AT FUIZBWT, AF 7 a by [642.41(5)] &R#%E [6c135.0, 99.4]
OO, AF 7 a b [6n 2.31 (8)] & RFE [6¢c 130.6, 109.2, 151.1]
DOFOMHBEB LI OAF L7 1 b [6n 6.36 (5)] &IkFE [6¢ 109.2, 151.1,
1435, 121.7] O OFHEIIZ X Y | 2,4-dimethylindole DERIHEIE DS RIE X 4
7= (Fig. 14; Table 1), —J5. AF 7 & h > [6n13.83(s)] & 1k [5c 151.1]
DOEIOMHBEB IO AT 7 m Fo [6n 3.91 (5)] &/RFE [6c 143.5] DREID
FABIZ — oD A hF T EEN 2,4-dimethylindole @ 5 (7 & 7 (LICZENZEN
B\,Ro Z e i (Fig. 15; Table 1),
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°<

5,7-dimethoxy-2,4-dimethylindole

UbtozZ bicky, k& 1 ofEzkE L=, (LAWY 11X
5,7-methoxy-2,4-dimethylindole T&H v, #FHlLEMTH -7,
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Table 1. H and *C NMR data for 1 (in CDCls)

. IH 13C
Position § (multiplicity, Jin Hz) & COsY  HMBC
1 7.92 (br. s)
2 135.0
3 6.14 (br. ) 99.4 2 Me
3a 130.6
4 109.2
5 151.1
6 6.36 (s) 923 4.5.7.7a
7 1435
7a 121.7
2 Me 241 (s) 13.7 3 2.3
4-Me 231 (s) 114 3a. 4.5
5.0Me 3.83 (s) 58.6 5
7-OMe 3.91 (s) 55.5 7
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2-2-2 L& 2 OREEmENT

t&¥ 2 1ITAAOIENE L L TH ST,

{b&¥ 2 1L ESI-TOF-MS I2BWT miz 174 12 [M-H] 4+ A 4
v'— 2 %% L72, HR-ESI-TOF-MS (23 T m/z 174.0910 (4 -0.9 mmu) (Z
[M-H] O3 A F B — 7 PR I, 710 CuHiNO EIRE L7,
ZDZEND Sy ED 175, REFIEN 6 ThoHZ &R, IR
AT R ZEWNT 3393 em?t OWIN B SN2 Z & KD N-H OfF(E
MR S v7e (Fig. 16),

H-NMR 5 X OV BC-NMR AXJ hL7p EOXKFEART fund, fbh
¥ 2 % 5-methoxy-2,4-dimethylindole & [Fl%E L 7= (Fig. 17, 18; Table 2).,

Irz

5-methoxy-2,4-dimethylindole
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Table 2. *H and *C NMR data for 2 (in CDCls)

. IH 13C
Position 5 (multiplicity, Jin Hz) & COSY  HMBC
1 7.68 (br. s)
> 1357
3 6.16 (br. s) 98.3 2-Me 2, 3a, 7a, 2-Me
3a 1303
4 116.5
5 1512
6 6.78 (d. 8.9) 108.3 7 4.5.%. 7a
7 7.04 (d. 8.9) 1074 6 3a, 4, 5
7a 1314
2 Me 241 (s) 13.8 3 2.3
4-Me 238 (s) 12.0 3a. 4. 5
5.0Me 3.83 (s) 577 5
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2-2-3 {bE¥ 3 OREEMENT

t&¥ 3 ITAAOEHKRREE L CHEBES U,

ESI-TOF-MS 1238\ T miz 214 12 [M+Na]* O FA F o ¥ — 7 &5
L 7= (Fig. 19) . ¥ 72, HR-ESI-TOF-MZS (23 T m/z 214.0475 (A -0.6 mmu)
(2 [M+Na]* DA F =7 BB S, 7020 CwoHiNOs & iRJE L
oo ZTOTEMB, FED 191, REIFEN 7 THHI ENREIN
720 IR AT " UZHEWT 3336 cm?t OWRINAHER SN2 & XD N-H
DIFED R~ 7= (Fig. 20),

IH-NMR A7 kL, BC-NMR A7 kL, DEPT A7 MBI
HMQC A~ Rz XV ALEW 3 1ZAT/VEDN 1l [Sn 2.24 (s), Sc
249]. AF U HEM 4 fH [on 5.28 (), 7.08 (d, J=7.6 Hz), 7.60 (dd, J=7.6, 8.2
Hz), 8.50 (d, J=8.2); 8¢ 69.9, 115.9, 136.3, 118.3]. VUikicFE 7S 5 fiH [5c111.4,
138.8, 146.6, 169.1, 172.1] A7 5 L ki€ L7z (Fig. 21-24; Table 3),

COSY A FLZBWTAF 7 kv [64 7.08 (d, J=7.6 Hz)] & A
F o7 kv [8k 7.60 (dd, J=7.6, 8.2 HZ)] DREIOAHBEB IO AF 7
> [5n7.60 (dd, J=7.6,8.2Hz)] & AF > 710 b2 [648.50 (d, J=8.2 Hz)] ®
M OFREN B 5 4u7= (Fig. 25; Table 3), F£72. HMBC A7 hLIZHW
T, AFr7m b [615.28 (s)] &3 [6c172.1, 146.6, 115.9, 111.4] DfH
DO, AF 7 ua b [6n 7.08 (d, J=7.6 Hz)] & ®FE [6c 69.9, 146.6,
136.3, 118.3, 138.8, 111.4] DOAIDFHRE, AF 71 | [64 7.60 (dd, J=7.6,
8.2 Hz)] &k [6c146.6, 115.9, 118.3, 138.8, 111.4] DM DOFHEER L O A F
> 7'u kb [n 850 (d, J=8.2 Hz)] & /%3 [5c 146.6, 115.9, 136.3, 138.8,
111.4] OMOFEBEIC LY, 7% U RO EED =~ S 4172 (Fig. 26; Table
3), — 5. AFNLT bk [6n2.24(5)] &RFE [6c169.1] DM DOFHEGIZ X
.7 EH I REOFENRBINZ, &5, 7 F7 e [619.56 (br.
)] &% [6c 118.3, 138.8, 111.4] OO L W 7 ¥ I FER T #
U RO TALEER DRI TS (Fig. 27; Table 3),

-24-
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7-acetamidophthalide

UbEoFEIicky, k&YW 3 oEZRELLE, L&Y 3 I
7-acetamidophthalide T®» % & [RE L 7=,

-25-
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Table 3. 'H and *C NMR data for 3 (in CDCls)

IH 13C

Position 5 (multiplicity, Jin Hz) & COSY  HMBC

1 172.1

2

3 5.28 (s) 69.9 1.3, 4, 7a
3a 146.6

4 7.08 (d: 7.6) 1159 5 3.3a.5.6.7. 7
5 7.60 (dd: 7.6, 8.2) 1363 4.6 3a. 4.6, 7. Ta
6 8.50 (d: 8.2) 1183 5 3a.4,5.7.7a
7 138.8

7a 111.4

I 224 (s) 24.9 >

2 169.1

3 9.56 (br. ) 6.7a, 2
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2-2-4 L& 4 DOREEMNT

t& 4 1TAAOIENE L L THB ST,

L& 4 1% ESI-TOF-MS (28T miz 341 (2 [M+Na]* %A 4
B — 2 & LT (Fig. 28), HR-ESI-TOF-MS (28T m/z 341.1657 (4
2.68 mmu) (2 [M+H]* D4y 1-A F 2 B — 27 23R S, 0120 CaH2N20
EWRE LT, TOZ LD, oy En 318, AafifEN 12 ThDHZ &N
IR ENT-, IR AT FLZEBWT 3396 cm?t ORISR S-Z &
£V, N-HDOFEEDN RSz (Fig. 29).

IH-NMR 3 LV BC-NMR 2L R L7 EOFFREART MAds, bE
¥ 4 % 4-methoxymethyl-3-[(2-methyl-4-indolyl)-methyl]-2-methylindole &
[Al@E L7= (Fig. 30, 31; Table 4),

N\

4-methoxymethyl-3-[(2-methyl-4-indolyl)-methyl]-2-methylindole
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Table 4. *H and *C NMR data for 4 (in CDCls)

. IH 13C
Position 5 (multiplicity, Jin Hz) & COSY  HMBC
1 7.91 (br. s)
2 133.1
3 100.4
3a 127.5
4 129.5
5 6.96 (d: 7.3) 121.0 6 7.9, 3a
6 7.05 (dd: 7.3, 7.9) 120.5 5.7 4. 7a
7 727 (d: 7.9) 1103 6 32, 5
7a 136.0
8 233 (s) 11.7 2.3
436 (s) 733 3a. 4.5, 10
10 3.20 (s) 57.6 9
’ 7.88 (br. s)
2 1343
3 6.42 (s) 98.8 g >, 32
3 128.0
" 1333
5 6.40 (d: 5.8) 118.0 6 7.9 3
6 6.85 (dd: 5.8, 7.6) 121.1 5.7 Ta, 4
7 7.08 (d, 7.6) 107.8 6 327, 5°
T2’ 135.7
g 248 (s) 13.9 3 > 3
o 441 (s) 27.9 330, 32, 4, 5
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53 Hi M RCR AT

F A VTR n-hexane RIEEESIS KUY EtOAC RITAHS N & HLEE L 721k
BV RCKTT 2B ETRDHT-DI12, V¥ 22 W TR FENS
YRR 21T o 72,

Ib&® 3 © 7 D74 I REOREEIEEMEZ2E23 570, bh
¥ 3 O¥EkxK phthalide ZfH L7=, IWEE EBROFRLEEZEE L, b
B 4 1 TEMERBRICHE L T,

&Y 1 BXO 2 1% 1 umollpaper DM FTL Z 2 DRl D %
AEICHFELEZ—F, VX AOROMELZAEIBE L, L&Y 3 B
L O phthalide 1% 100 nmol/paper DA FTL Z A DIROME 2 HEIZ
fHEL7—07 ke 3 idtsomE b AREICHE L., £ tEaw 3
F L O phthalide (% 1 pmol/paper D5 F T L % 2 DR X UUR D
B9 5% LOBEEEM 2~ L7z (Fig. 32),
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50

45

40

H+
1+t

35

30 T T T T T E3

@ Hypocotyl
ORoot

Length [mm]
&
e

20 —

%
L
*

e

(nmol/paper)
Cont. 1 10 100 1000 1 10 100 1000 1 10 100 1000 1 10 100 1000 1 10 100 1000

24D 1 2 3 phthalide

Fig. 32. Growth regulating activity against lettuce

Note: Green and orange columns indicate the length of the hypocotyl and the
root, respectively. 2,4-Dichlorophenoxyacetic acid (2,4-D) was used as positive
control. Results are the mean =%standard deviation (n=9). [*p < 0.05, **p < 0.01
(growth inhibition); “p < 0.05, ""p < 0.01 (growth promotion)]
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W4 H LA 1—4 OEER

{b&% 2 1% T. flavovirens L EIED T. lascivum 72> & BLEE S 7= 50k
BHTh o lascivol ZifRIcf L7cEM L LT THELNL, 9 72, T
sciodes 75 O HLFER LY T. caligatum 72>6 OB HAHE STV 5, 1010
AEMEPEIZ DWW TIEHRE ST TWVRLY,

L&Y 3 1 G & LTHMBN TV D, D AYTEEIC OV Ciis &
LT,

IbEY 4 13 LAY 2 LIREAEIC T. sciodes 7> DHEEEA AL ST
%o 10 AMIEVEIC OV TS ST Ruy,

L& 212t B R RETE RIS L7z & 2 A, 1 umol/paper D54
TT LA 1 L LT, bEW 2 13X D EEWIRDR R I3 A i
EEE R LTz, ZOFE)N 5, 5-methoxy-2,4-dimethylindole ‘B# D 7 LD
A NFVEOFEIZI LV Z ZADROEEITK T D RENEH 25563 550
R E 7= (Fig. 33A), 1 pumol/paper DZ{f T C. phthalide & Eeifs L7= &
A, LB 3 1TFRVR & RO RISKTT S EEEZ R L., 20
H/ D, phthalide BAED 7 (DT & H I RIEOTFEEIZ L X A DR L Ini
DR DFIEE 22T F R S (Fig. 33B),
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n=9, p <0.01 (growth promotion)

A 50 7-methoxy group: +
45 RR{BEEEZHLT S [
40 \ 1
= 35 I J
£
E 30 ! H |
=]
£ 25 ypocoty
o ORoot
o 20
-l
15
10
5 2
0
1 2
(1 umol/paper) (1 umol/paper)
B n=29, *p < 0.01 (growth inhibition)
14 7-acetamido group : FERAZEME%ERT
12 l |
— 10 l
E
= 3
5 8 = Hypocotyl
g 6 * ORoot
-
4
2
0 phthalide
3 phthalide
(1 umol/paper) (1 umol/paper)

Fig. 33. A) Structure activity relationship of compounds 1 and 2
B) Structure activity relationship of compounds 3 and phthalide
Note: Green and orange columns indicate the length of the hypocotyl and the
root, respectively. Results are the mean *standard deviation (n=9). [*p < 0.01,

(growth inhibition); *p < 0.01 (growth promotion)]
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3-1-1 f&astE

ARk L O

AWPFECTHA LIRS T oY TH 5,

NMR:

MS:

HPLC:

JMN-EX-270 FT NMR Spectrometer (JEOL)
Lambda 500 FT NMR Spectrometer (JEOL)

AccuTOF LC-plus JIMS-T100LP MS Spectrometer (JEOL)

A-102 Diffraction Grating Infrared Spectrometer (JEOL)

Pump:

Detector:

Recorder:

Software:

Interface:

Column:

PU-2089 Plus Quaternary Gradient Pump (JASCO)
L-2130 (HITACHI)

PU-987 intelligent Prep. pump (JASCO)

UV-2075 Plus Intelligent UV/VIS Detector (JASCO)
MD-2010 Plus Multinavelength Detector (JASCO)
diode Array Detector L-2455 (HITACHI)

Waters 484 Tunable Absorbance Detector (Waters)
807-IT Integrator (JASCO)

Chromatography Data Station ChromNAV (JASCO)
ELITE (HITACHI)

LC-Netll/ADC (JASCO)

COSMOSIL nNAP Waters (nacalai tesque)
YMC-pack Diol-60-NP (YMC Co., Ltd.)

Senshu Pak AQ (Senshu Scientific Co., Ltd.)
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Incubator: GROWTH CABINET (SANYO)

Centrifugal Evaporator: EZ-2 plus HCI COMPATIBLE (genevac)

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

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

Sep-Pak:  Silica cartridge (Waters)
ODS cartridge (Waters)

TLC: DC-Alufolien Kieselgel 60F2s4 (Merck)
DC-Alufolien RP-18F2s4 (Merck)

Preparative TLC: DC-Alufolien Kieselgel 60F2s4 (Merck)

3-1-2 #ME

LB SRAS 22 HRE L 2B AEF /7 20 % > A ¥ (Tricholoma
flavovirens) A/ L7z,

MR E R EETERER T L & A DFfE T (lactuca sativa L. cv. Cisco, and
Great Lakes 366) #fifH L7,

-47-



285 VA UFEEHME RO AW O HEE - L
3-2-1 F AT EEROH

F A TTEN (206 kg) % EtOAc, acetone CHEUHI L. UL RAE
%, e — AW T, K—EoEd 5 2 LI2& V| n-hexane FIVAH

(39.80) . EtOAC AIVAHS (16.49) . n-BUOH AI¥AHS (9.429) $5 L T% H0
AR A LTz,

3-2-2 F T A Y n-hexane RIIRHERHISEDVEW) D HiEE - AL

X A ¥ n-hexane AITERS (39.89) Z VAT NI T LT Ty al~
N2 7 4 — (silica gel 60N; ¢7>50 cm; CH.Cl,/acetone/MeOH = 100/0/0,
90/10/0, 80/20/0, 90/0/10, 80/0/20) (ZfitL, 20 » 7 T 7+ 3 U IZhE L E
Lic (727332 1~20), 5ohicr77 27 a7 (6789) # U
TNITINTTyarzua~x 7T 74— (silica gel 60N; ¢7>50 cm;
CH,Cly/acetone/MeOH = 100/0/0, 95/5/0, 90/10/0, 80/20/0) Z L - T4y L |
14 D777 vaviaE - (7773 ar11~714), 777 ay 7-4

(23.3 mg) % Sep-Pak (silica) I3 EiL, 2 D7 T 7 avrzfgic (7
Ty arv 141 ~742), 777 a 7-4-1 %JEF HPLC (YMC-pack
Diol-60-NP; ¢ 20>250 mm; hexane/CHCIs = 70/30) T4y L7=fEH, (LAWY
1(15mg) OHBEIZHKT) LT, £7-. 75 27 L 2+ 7-3(285mg) % Sep-Pak

(silica) L. 2 7o 7 arvaifl (7773 a2 731 ~1732), 7
Z 7 v a 7-3-1 Z W HPLC (Cosmosil tNAP; ¢ 20>250 mm; 80% MeOH)
Torm L7=AER. b 2 (L5mg) OHBEIZERE) LT,

3-2-3 ¥ AT EtOAc A[VEHRHI K DAL-A9) D B - FE 5
X AT EtOAc FIIRHES (164 9) S VW TNAT AT Ty al~
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k272 7 4 — (silica gel 60N; ¢ 7560 cm; CH2Cl,/EtOAC = 100/0, 95/5, 80/20,
70/30, 50/50, 0/100) (ZfkL., 17 7T 7 v a Al BELE Lz (757
var1l~17), Gobhi=77 7 a3 8 (426 mg) % Sep-Pak (ODS) I
DEL, 2 07T varvERE (7773 a81~82), 777 v4
»8-11Umg) LV ATNIT AT T yarsuvw 7T 74— (silica
gel 60N; ¢4>50 cm; CH,Cly/acetone = 100/0, 95/5, 90/10, 80/20) (Z L - T4y
WL,.8 7T arEll (7773 381-1~81-8), 7773
> 8-1-5 (46.0mg) % X &V TLC (Preparative TLC) (Z47® L. 10 &
7T varEGlE (777 ay 8151 ~ 8-1-5-10), 7T/ v a v
8-1-5-6 (10.9 mg) % i1 HPLC (Cosmosil tNAP; ¢ 205250 mm; 75% MeOH)
ThHE L7ZfER, AbE 3 (7.7mg) OBBECKII LT, £/, 777
2210 (740 mg) VAT NAT AT Ty azavw NI T77 4 —

(silica gel 60N; ¢ 7>60 cm; CHCl,/acetone = 100/0, 90/10) (Z & - T/ L,
11 777 v ar&fi (10-1~10-11), £DON, 7727 a2 10-4 (55
mg) . 10-5 (7.2 mg) . 10-6 (20.5 mg) Z= 1 E1UIEFH HPLC (Senshu Pak AQ;
¢ 20>250 mm; hexane/CHCI3 = 70/30) T4yl L7553, {LA&% 4 (1.2 mg)
D HBEIZRR) LT,

-49-



5 38 AR A TS PR

3-3-1 L& RIZxPT HHEY Ak RS E TE SR ©)

7 AMDT ¥ —1 (60 ¢=x20 mm) ZFEH L., 1 mL OEZEKERE
EH7-78#% (Advantec No. 2,55 ¢) |2 L% ZDFET-Z#HE L, 25C BEATD
FMETT 1 HEAEEZAT 272, — 07, BlOT T Z2H-O v ¥ — 1 (60 ¢ x
20mm) ZHWT, v ha— LZiZA ¥/ — /L ClEMEZRE SIS, K5
AZIZA Z ) — /L TR U 72 B b G 2 18U RS S 7o, B R
D, TNTNDOY v — LI 1mL ORBEKZIMZ, IEHKICIRE SE, B
BECHIE LT VX AOH 2RO EICBM LTz, 25T, BEATORMT
T 3 HEAEZEEIT 72, HEK, LY AOREZBIRT S LIz, R
B OO E S 2 JE LT,
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i S H

¥ A (Tricholoma flavovirens) (¥ A VRF U A VEDOF ) 2T
b5, MO AMERMEDF 7 2L UTHIA SN TE 722, (LRI
& EWE SN TR, BIHTOAFETIX, ZOF / i bEY R E
it & ¥ T » % 4-ethoxymethyl-2-methylindole & X O
4-methoxymethyl-2-methylindole DHEEIZAII LT, £ DT, AWFFETIL
F VAV ERITHKRT DM R HETE D E O E e HERE 2 By &
L7,

¥ A VT FEKRE EtOH, acetone TIEWHI L. WUERM%., D=
— N AN TH— IS T 5 = L1250 . n-hexane A, EtOAC AJYE
. n-BUOH RIS/ L7e, 15 DAL RV D H AL H O HEfE 2 3K
7%, n-hexane FIIEEI LY EtOAC FIVEE 2T U DTNV T AT T v a
ra~ 777 0= 2L, S5 BMEEDTFEER, (LAY 14 ©
HEEICR D L7z, {b&% 1 1% 5,7-methoxy-2,4-dimethylindole & & L,
HHALEwThH-oT-, (LEW 2 1% 5-methoxy-2,4-dimethylindole & [F7E L
72 ALE¥ 3 1% 7-acetamidophthalide & [FIE L. KRS OEBENH)8 T
< »Hh o = . b A& W 4 % 4-methoxymethyl-
3-[(2-methyl-4-indolyl)-methyl]-2-methylindole & [Fl7E L 7=,

b&# 1-3 1LV 2 ATk D kR EiE BRIt L=, (kB 1 B
LV LA 2 13 1 umol/paper D5 TL ¥ Al O E %2 A EIZ
PRELE—FH., L2 ADOROMELZAEICMREL, (&% 3 1T 100
nmol/paper 35 XY 1 pumol/paper O5AFE T TL X ZADIR & RO R 24
EICPAE LT,
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Summary

Tricholoma flavovirens belongs to the family Tricholomataceae. This
mushroom is widespread in northern temperate zones throughout the world and
recognized as an edible mushroom from the ancient. Up to the present date, there
are still few chemical studies about this mushroom. In our previous study, we
have reported the isolation of 4-ethoxymethyl-2-methylindole and
4-methoxymethyl-2-methylindole as plant growth regulators from the mushroom.
With the purpose of finding other plant growth regulating compounds from the
mushroom, we continued the studies.

The fresh fruiting bodies of T. flavovirens were extracted with EtOH and then
with acetone. After the solutions were combined and concentrated under reduced
pressure, the concentrate was partitioned between n-hexane and H20O, EtOAc and
H-20, and then n-BuOH and H.O. The n-hexane soluble part and EtOAc soluble
part were fractionated by silica gel flash column chromatography, respectively.
After repeated chromatography of the fractions from the two soluble parts,
compounds 1 to 4 were successfully purified. The novel compound (1) was
determined to be 5,7-methoxy-2,4-dimethylindole. Compound 2 was identified to
be 5-methoxy-2,4-dimethylindole. Compound 3 was identified to be
7-acetamidophthalide. This compound was isolated as a natural compound for
the first time. Compound 4 was identified to be 4-methoxymethyl-
3-[(2-methyl-4-indolyl)-methyl]-2-methylindole.

The plant growth regulating activities of compounds 1 to 3 against lettuce
were tested. Compounds 1 and 2 showed inhibited the hypocotyl growth but
promoted the root growth of lettuce at 1 umol/paper significantly. Compound 3
inhibited the hypocotyl growth and root growth of lettuce at 100 nmol/paper and
1 umol/paper significantly.
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o 2 5

A B (Cordyceps militaris) HSgD
BEREME LB DERER
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A
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E=q

IR A M ERIZIRAR EICHFAL FEERERAET L EHM

(Ascomycota phylum) 7 > %~ % i (Sordariomycetes class) ~% %
7 B (Hypocreales order) / A3 % /7%t (Clavicipitaceae family) @/ A3
%/ (Cordyceps) BIZIRBE SN TWNDEFX aThHY, tHFRAYIZH 400 FE
DHERS STV D, FRE A BERIIFEOF Ny b LG EFICEEE
3% =2vE Y 4 (Hepialus armoricanus Oberthur) D% HIZZF4E L TRk %
749 % Cordyceps sinensis (Berk.) Sacc. @ Z & #Z 9 (Fig. 1A), Y

AW BRI NSO RE, BAR, #EFORT U7 OREE T OAHE
E LTSN TE e, 1757 FITEWRMIE N EHE L. TREWER] <
X T&HRER, HF, R, kiR, 1k95mk 22 Eo& R E R
T HEWMPO Tiedk S iz, BHPFZEicis VT, & hUE I aE i EiiE
. SRR b/ER. PUBiER. 74 b— 2AFEER 7 EABIEEEZET 5
HEHRWEI N TG, 4D

FIROA B E B TLAEICRINES L D72, FOEEN 2RI L, 1l
BEBIZe>oTnD, £AREEOFIZREHEETH S C. sinensis (Berk.)
Sacc. (2%, 2012 A2 1 ¥ v 7 T ADOHAEN 111,560 KL THh D EIH
HEINTW5S, 2 207, NLTHIZHEET 5 FIZ L - T C. sinensis
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(Berk.) Sacc. ZHfG 4 A2 HENEH IN TS, FEE72D 5, C. sinensis
(Berk.) Sacc. D N LA OMFZEN SIT2N, =7 4+ — L DOERIEH 50
ZTFFEZERDBTERLTE 220, 2

C. militaris 1Z7 2 7 H (Lepidoptera) DO#fIZZ% 4 L?’*%%%%‘iﬁ“é
7=, BARTIEHFEX LI\ 5 (Fig. 1B), ICBNT,

C. militaris ®AFEIEM:N C. sinensis (Berk.) Sacc. O)@fi%ﬁ (ZHEIL T
WHHFEERL TS, D Fi= KARO C.militaris ITEETH D2, AL
AIZHEE T D HFD RIS 72 > T D, £ D72, C. militaris |% C. sinensis
(Berk.) Sacc. DR E LTH ?‘*ﬂzéﬂ“b P dh E 72 ISR B & L TR < F
HainuTwad, LIRTOMEIC . C. militaris E>#{&7>5 cordycepin 72
E? nucleoside %8, isoflavone i:éﬁi‘ﬁﬂi%’ﬁéhfb\éoms) F7-. C. militaris
T RIED S LD nucleoside FAIL AW S BEE S L TWDIEH, HTH
steroid LAY L OSFED macrolide L&MW OHEENIE SN TV D
20,29,30)

C. militaris ONTHEIFIZBT MR Z I HESN TN D, 39 20D
9B, 18 EIZANTAIC C. militaris BRI 2 ESRGE L, TREERETD
FEF—ENICHEA SN HFiETH D, ¥ ax Ay (Mimela
splendens) ., > =27 > F .2V (Protaetia orientalis) <> 77 -1 = (Bombyx mori)
72 EDREFEEENT 5 N THRIGOMIERHE S TWD 25, B mori 135
HEHENTWAHETETH S, B. mori OEFIZA TANZEY: S TRAES
72 C. militaris 25 Bk OAZBNENE £ 7213 ABE MW EIZ BT S 15
N ETz— ALFRIRZERNIE & AHE STV Ly, 4659
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Fig. 2. Cordyceps militaris appeared from the pupa of Bombyx mori by

articifal injection

AR TIX, A 2 ORI A TR S & TR S 72 C. militaris
(Fig. 2) Mkt oS i fmia (A549 HiIfE) (x4 DM drEEA B
LV 2Tk DR EREEEZ R Lz, £ 2T, 210 O % el
(Z L. C.militaris itk OEReM b EMORFEZ HBY & LTz,
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51 81 A RE R SR O LS O B FER

AMEE [NLTAIZH A = (Bombyx mori) (TGS TRAEIEY
F25% 47 (Cordyceps militaris) ] %z aife 1A 2201, EBREITH-
7o

2-1-1 A HEESX ) affflm i kol o HifkE - iE5

A B EE X ) a4 EtOH. acetone & K » TIEXKIMH 247V, HiH&E D
WERLE U=, T 0%, E-IRECT 5 Z L2 X D | n-hexane "] HL. EtOAC
AIEEHR. MeOH RIEERIZ /il L7z (Fig. 3),

Fresh fruiting bodies of Cordyceps militaris [1.44 kg]
—Extracted with EtOH, acetone
Concentrated under reduced pressure

Crude extracts of the fruiting bodies
—Extracted with n-hexane

Residue n-hexane soluble part

— Extracted with EtOAc [7.17 gl

Residue EtOAc soluble part
[1.65 g]

MeOH soluble part
[70 g]

— Extracted with MeOH

H,0 soluble part

Fig. 3. Extraction of the fruiting bodies of Cordyceps militaris
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13 BT 2 IR A (AB49 HEfE) (2xtd B Afa BRIk L
& 2 A, Bl Ml S Ml I E 2R L7z, FfIZ n-hexane 7]
TRk KOV EtOAC FIVEE S L 0 sV viila s 2~ L7 (Fig. 4), £7-, L
B ANCKT D EREFAETRBIC A Lz & 2 A SRS L ¥ AT ELE
EMEE R LTz (Fig. 5), YL EOIEVERBROER A BIEIC X -~ T, (LAEYD

N4 S— .
HEE 21T o 72,
120
~ 100 1
E * %k 2 3 J—— o Sk
— * % 1 * %k
§ 80 - s M ok
ok
s - ]
X 60 1 *x H * %
< 2
T 40 A
£
D
= 20 -
&}
0 (ng/mL)
CT 005 05 5 005 05 5 005 05 5 0.05 05 5
n-hexane EtOAc MeOH H,0

Fig. 4. Cell viabilities of the A549 cancer cells treated with the extracts of

50

Cordyceps militaris

45

-

35

30

25

@ Hypocotyl

20

ORoot

Length [mm)]

15

b

10

e dedk ke

Ik

ok .
BE BE

Cont.

n-hexane

EtOAc

(1 mg/paper)
MeOH H,0

Fig. 5. Inhibitory activity of the extracts of Cordyceps militaris against

growth of lettuce
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n-hexane FIEEZ S Y DTN AT AT Ty arsua~vw N7 7 4 —IT
kL, 20 O7 T 7 a AW Lic (79273 a31-20), 77733
BBEIONTIV7vary 14 28~ NI 7 4 —THETHHEIZK
ST, LB 1 OHBECREE L7 (Fig. 6),

n-hexane soluble part of the extracts from C. militaris [7.17 g]

Flash C.C. (silica gel 60 N)
CH,Cly/EtOAc/acetone/MeOH=100/0/0/0,
90/10/0/0, 50/0/50/0, 0/0/100/0, 0/0/50/50

[p—

13 14 20
[223 mg] [464 mg]

Filtration Sep-pak (Silica)
CH,Cl, CH,Cl,/MeOH=90/10

1 2 1 2

CH,Cl, soluble part CH,Cl,/MeOH=90/10
[123 mg] soluble part
Preparative TLC |414 mg]
CH,Cl,/MeOH=90/10 N
P1
| | | CH,CL,/MeOH=90/10
1 14 15 soluble part
[15.2 mg] [80.0 mg]
== Sep-Pak (ODS) NP-HPLC
99% MeOH Senshu Pak AQ
RP-HPLC CH,C1l,/MeOH=97/3
Cosmosil PBr
99% MeOH | | |
1 4 13
| | [34.5 mg]

1 Compound1 20
[4.4 mg]

RP-HPLC
Cosmosil PBr
95% MeQOH

1 Compound1 15
[10.6 mg]

Fig. 6. Purification of compound 1 from n-hexane soluble part of

Cordyceps militaris
EtOAc FIVEERA S VBTN T LT Ty varzav N7 77 4 —|Zfk

L .19 757 a iyl (75973 a2 119, Eoni-757
vay 14 % Sep-pak THWL, 3 7T 7 a &5 (14-1~14-3),
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7Z 7 ay 14-1 R HPLC 2k L& Z A, k&Y 2 OHEEICH
L7 (Fig.7),

EtOAc part of the extracts from C. militaris [7.17 g]

Flash C.C. (silica gel 60 N)
CH,Cl,/MeQH=99/1,97/3, 95/5,90/10,
85/15,80/20,70/30,50/50,30/70,0/100

[48.3 mg]

e —

e Sep-pak (ODS)
40% MeOH, MeOH

1 2 3
40% MeOH  MeOH soluble part
soluble part

[20.1 mg]
= RP-HPLC
Cosmosil PBr
40% MeOH
1 Compound 2 9

[1.2 mg]

Fig. 7. Purification of compound 2 from EtOAc soluble part of
Cordyceps militaris
2-1-2 A HE B A A Rk DA o B - g
A E DN A 8% EtOH., acetone |2 X » TIEKMH 247\, ik

DERZE LT, Z0%%, [E-RoET 5 2 &1L Y. n-hexane RIFEHT,
EtOAC "I, MeOH mI¥aHTIC /o L 72 (Fig. 8).
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Fresh bodies of Bombyx mori infected with C. militaris [14.3 kg|

— Extracted with EtOH, acetone
Concentrated under reduced pressure

Crude extracts of the fresh bodies
— Extracted with n-hexane

Residue n-hexane soluble part

— Extracted with EtOAc 420 g]

Residue EtOAc soluble part
— Extracted with MeOH [45.0 ¢]
MeOH soluble part
H,0 soluble part 1301 g]

Fig. 8. Extraction of the bodies of Bombys mori infected with

Cordyceps militaris

EtOAC RV E L VWA NI T LT T v vazu~< NI T 7 0 —12fk
L.24 D7 Z 7 a gl (7727 ar1-24), Boni-777
T ay 21 & Sep-Pak THEIL, 3 7TV ariihl- (21-1~21-3),
777 vay 21-1 Wi HPLC It L7624, 23 7T 7 v a il
Sy L7z (21-1-1~21-1-23) ., £ DN, fbEW 2 OBBEIRII LT, —T7.
777 v ay 21-1-11 WL HPLC (2t L7z & 2 A, LAY 3 O HHBEC
R Uiz, £7o. 777 a2 21-1-7 2wl HPLC ICfEL7=& 2 A, 1k
Y 4 OHBECERY L7z (Fig. 9),
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EtOAc soluble part of the extracts from B. mori infected with C. militaris [45.0 g]

Flash C.C. (silica gel 60 N)
CH,Cl,/acetone/MeOH=99/1/0. 95/5/0, 80/20/0, 70/30/0, 50/50/0,
30/70/0,99/0/1,95/0/5, 80/0/20,70/0/30, 50/0/50,30/0/70

k. —

21 24
[726 mg]
Sep-pak (ODS)
50%MeOH. MeOH
1 2 3
40% MeOH soluble part MeOH soluble part
[520mg]
Sep-pak (ODS)
30% MeOH
RP-HPLC
Cosmosil PBr
30%MeOH
1 7 11 17 23
[12.4 mg] [5.3 mg] Compound 2
RP-HPLC rp-HPLC [41.0mg]
Cosmosil PBr Cosmosil PBr
10% MeOH 20% MeOH

1 Compound4 11 1 Compound3 20
[2.2 mg] [2.2 mg]

Fig. 9. Purification of compounds 2-4 from the EtOAc soluble part of the

extracts from Bombyx mori infected with Cordyceps militaris
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o 2 i A REER Y BROILEW DO FE

2-2-1 {bLEW 1 OREERRT

tea¥ 1 ITAAOIENE L L TH ST,

A% 11X ESI-TOF-MS (28T m/z 748 (2 [M+Na]® 4514 4
v'—27 %z L7 (Fig. 10), HR-ESI-TOF-MS (23 T m/z 748.5326 (4-0.9
mmu) (& [M+Na]* O%4FA 42 ¥ — 7 iR S v, 4317 CaHsNOg &
WELZ, ZOZENS, BN 725, RAFEN 5 THDHZ LR
X7, HENEE [a]®p=12 (¢=0.3, MeOH) TH -7,

IR A7 kb, IH-NMR A7 F/LB LN BC-NMR A7 K7y
DEFEANT L&V, Fig. 14 TR LTV 2 E ot & fighr L7

(Fig.11-14; Table 1), 7=, A X 2 UL RIZL - T, {bEW 1 OiENE
HABLORT 4 a4 RESOT LI AHOE S 2HE L (Fig. 15),
U bEOF =212z T, AT hMVTF— 2 CEE L O 6, (LAY 1
I% cordycerebroside A TdH 5 LIFE LT, 30

o
T

?‘

0
Hﬂ&/o\/\(\/\/ﬁ/\/\/\/\/
OH
OH

cordycerebroside A
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Table 1. *H and *C NMR data for 1 (in CsDsN)

. IH 13C

Position & (multiplicity, Jin Hz) Cosy"  HMBC

NH 832 (d: 8.24) ) 21

1 473 (m) : Ha 69.0 2,17 2.3.1
423 (m) : Hb

2 476 (m) 547 L3NH 1.3

3 473 (m) 723 2.4 2.4

4 5.97 (m) 132.2 3.5 2.3.5.6

5 5.94 (m) 131.8 4.6 6

6 2.14 (m) 33.0 5.7 4,57

7 214 (m) 282 6.8 6.8.9

8 5.26 (m) 1242 19 6.7.19

9 135.5

10 2.01 (m) 39.9 8.9.19

11-17 1.20-1.41 22,0297

18 0.88 (s) 143

19 1.62 (s) 16.1 8 8.9.10

I 173.8

> 5.09 (br. ) 734 3 1,3

3 6.10 (m) 130.0 > 4 1,2, 4

& 6.16 (m) 132.3 3. 5 3,5

5 2.09 (m) 327 ¥ 3,4

6-15° 1.20-1.41 22,9297

16 0.87 (s) 143

17 490 (d: 7.63) 105.6 1,27 1,27, 3", 5"

2” 401 (m) 75.1 17,37 1”37, 57

3» 420 (m) 784 2, 47 2”47 57

4 419 (m) 715 3, 5% 37, 57

5 3.89 (m) 78.5 4. 6 17,37, 47 67

6 449 (m) - Ha 62.4 57 4, 57
433 (m) : Hb

oz
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2-2-2 bW 2 OREERET

t&® 2 ITHRADOIFSE L L THEES U,

{b&¥ 2 1 ESI-TOF-MS I28W\WTC m/z 274 |2 [M+Na]* O4+A 4
v’'— 7 %7~ L7= (Fig. 16) , HR-ESI-TOF-MS (23T m/z 274.0890 (4 -2.59
mmu) (& [M+Na]* D411 A2 B — 7 Bk S v, 57173 CioH1sNsOs &
WE LT, 2O &G, o1& 251, REFEN 7 Thd I LR
e Xz,

'H-NMR A7 FLEB LN BC-NMR A7 /L% cordycepin 12D
AR MVEWER LT E A, FIANT T MER—ETh o779, 1k
A 2 % cordycepin (3’-deoxyadenosine) & [7E L 7= (Fig. 17, 18; Table 2),

NH,
N
X
<1
Ho -
9] N
OH
cordycepin
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Table 2. *H and 3C NMR data for 2 (in CDzOD)

» q 13C

Position 5 (multiplicity, Jin Hz) &

1

2 819 (s) 153.6

3

4 149.9

5 1207

6 157 4

7

3 839 (s) 1411

9

5 5.94 (d: 2.6) 93.6

> 470 (m) 76.6

3 237 (m) - Ha 345
2.06 (m) : Hb

& 451 (m) 82.6

5 391 (dd: 12.3, 2.6) - Ha 64.2

3.66 (dd; 12.3, 3.3) : Hb
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2-2-3 {bE¥ 3 OREEMENT

t&¥ 3 1TAADOIENE L L THE ST,

A% 3 1 ESI-TOF-MS (28T m/z 275 (2 [M+Na]* O55 1A 4
v'— 7 % L7= (Fig. 19), HR-ESI-TOF-MS 23T m/z 275.0751 (4 -0.5
mmu) (2 [M+Na]* O FA 4 B — 27 DR &, 4373 CroH12N4O4 &
WE LT, ZOZEDDL, T8N 252, REFEN 9 THDH I LR
e X iz,

IR, H-NMR B LT BC-NMR A7 kL7 EDEKFEAALT RN,
&% 3 % 3’-deoxyinosine & [FlE L 7= (Fig. 20-22; Table 3),

OH
N
a8
HO )
o. I N
OH

3’-deoxyinosine
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Table 3. 'H and *C NMR data for 3 (in CDzOD)

. IH 13C
Position 5 (multiplicity, Jin Hz) & COSY  HMBC
]
2 8.04 (s) 147.1 4.6
3
4 149.4
5 125.8
6 159.4
7
8 8.38 (s) 140.3 4.5
9
1 5.99 (d: 2.1) 934 2 48,273, 4
2 4.65 (m) 772 1,3 "
3 233 (m) - Ha 34.5 > 4 1", 2. 4
2.02 (m) : Hb
& 451 (m) 828 3.5
5 3.90 (dd; 12.2, 2.7) : Ha 63.9 34

3.67 (dd: 12.2, 3.7) - Hb
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2-2-4 L& 4 DOREEMNT

bEaw 4 IZTEAORMSE L THEES T,

LAY 4 13 ESI-TOF-MS (28T m/z 234 (2 [M+Na]* O45 1A 4
v'— 27 %R L7= (Fig. 23) , HR-ESI-TOF-MS (235 T m/z 234.0847 (A4-0.74
mmu) (& [M+Na]* O5FA A4 B — 7 s S v, 43130 CoH13NsOs &
WE LT, 2O EMND, T8N 211, REEFEN 5 THD Z LR
e X7z, HEEXEIE [«]®p=-55 (c=0.1, pyridine) TH -7,

IH-NMR B X UBC-NMR A7 kL7 EDOEKFEALT R umnd | LA
¥ 4 % cyclo(L-Pro-L-Asn) & [Fl7E L7c (Fig. 24, 25; Table 4),

NH O

NH,
@)

cyclo(L-Pro-L-Asn)
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Table 4. *H and *C NMR data for 4 (in CsDsN)

. IH 13C

Position § (multiplicity, Jin Hz) & COSY  HMBC

Pro-CO (1) 170.3

Pro-aCH (2)  4.14 (dd;7.5, 8.6) 59.5 3 1,3

Pro-BCH, (3) 221 (m) : Ha 286 2,4 1,2.4,5
2.20 (m) : Hb

Pro-yCH, (4)  1.64 (m) : Ha 228 3,5 2.3,5
1.57 (m) : Hb

Pro-8CH, (5)  3.56 (m) : Ha 460 4 2,3,4,1°
3.40 (m) : Hb

Asn-NH 9.17 (br. s 2,2°.3

Asn-CO (17) 166.2

Asn-aCH (2°)  4.93 (m) 53.1 3 1,3, 4

Asn-BCH, (3°)  3.66 (m) : Ha 367 2 1,2, 4
2.99 (m) : Hb

Asn- yCO (4°) 173.0

Asn- 0NH, 7.95 (s) 3
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B3 H MR 2 e EE

L&Y 2 BLO 3 oM (A549, PANC-1 3 X T8 MCF-7) IZ%f1 %
HRE AR R BR 21T o T2,

{b&% 2 BLO 31X PANC-1 & MCF-7 AR LT, Rl
LR OMaEEZ R UTc, 1EMERBRTIL, 30 uM THLEE L 7-RRIZ, W
bW & b b VIR E 2R LTz, AB49 Jafiiie 2 F W 7= iR ¢
X, ALEY 2 FRERGFICHIREEZ R Li—F, b&% 3 1355V
famEtE &~ L7 (Fig. 26),
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120 ~

0k
< 100 L * % *%
= L B kK ek
% Ll *k - i
O 80 A *%
s ol o Kk
- = ok
E\’ 60 - OA549
E B PANC-1
s 40 BMCF-7
@)
E 20 -
0 T T T T T T T
CT 30 1 10 30 1 10 30 (rM)
SFN 2 3

Fig. 26. Cytotoxicity against cancer cells

Note: Orange, blue and red columns indicate the cell viability of the A549,
PANC-1 and MCF-7 cancer cells, respectively. The concentrations of compounds
2 and 3 were adjusted to be 1 uM, 10 uM and 30 puM, respectively. Sulforaphane
(SEN; 30 uM) was used as positive control. All data are shown as means £SD
(n=5-6). Differences among the all groups were evaluated using a 1-way analysis
of variance (ANOVA) followed by the Dunnet test.* indicates significant
difference compared with CT (P < 0.05); ** indicates significant difference
compared with CT groups (P < 0.01). Sulforaphane (30 uM) was used as the

positive control.
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54 Hi R RCR AT

L& 1-3 D L 7 2Tk % R HE TG ERR 217 - 72,

{b&% 2 1% 100 nmol/paper & 1 umol/paper DS T TL & X DfdH
BLXOROMEICHEEICHE L, {LA® 3 i% 100 nmol/paper & 1
umol/paper DA T TL X ZDOBRDOMERICHREIZIHE LZ, {t&% 1 1%
mMEZE RS 7o 7= (Fig. 27),
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30 T
=2 | —
E 20 || * E Hypocotyl
gn 15 ] ORoot
| %*

L *
il

Cont. 1 10 100 1000 1 10 100 1000 1 10 100 1000 1 10 100 1000

(nmol/paper)

2,4-D 1

Fig. 27. Growth regulating activity against lettuce
Note: Green and orange columns indicate the length of the hypocotyl and the
root, respectively. 2,4-Dichlorophenoxyacetic acid (2,4-D) was used as positive
control. Results are the mean =standard deviation (n=5). [*p < 0.01 (growth
inhibition]
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%5 Hi ALEW 1—4 OEER

EEY 1 XK TRER S, JERL L 72 C.militaris @150 5 4]
D CHEESNIALEHTH Y . RAW264.7 il (~7 a7 7 — UHila)
@ LPS (Lipopolysaccharide) #HJi#iZ &k v pEAT D NO OEZMHIT HIE
HERHE SN TS, 0

b& 2 13352 Lz C.militaris BSR KD S0 THEES VLG
TH D, 2 [EJED C.sinensis, C.cicadae 3 L % Aspergillus nidulans 7>
DOHEBEENRE SN TWD A, b OHEEHIHE STy, 5 %
= ZOEEITIIBALIE S TURIETE R EOAMIEER HE STV 5,
56-59)

IEE® 3 IXARGE LTI THELNT, O (LA 2 £72iF
3’-deoxyguanosine 7% adenosine deaminase |2 &> C L&Y 3 IZEH I
5 ERHEINTND, L8 [{LAY 3 1342 (Abelmoschus esculentus)
DD OHBENHRE STV DA, S OEBEOHE T2, ) 72, (b
A% 3 1% Trypanosoma cruzi, Leishmania tropica 72 & D HIZ % 5 HUR
HEMEZ FFOFERHE SN TN D, 48

EEW 4 1FaaT7 M RBLOT oo ANLORENHRE SN
TWa 23, C.militaris (RSN A 203D OHBERFIH TTH 5,
6667 F 7= {LA¥ 4 1% Sphaerisporangium album 7> 5 O HEfER L OVEME
HREPE A E A (K562) (237 D MiamEtE s S <Tnd, 9

L 2k 2 iR IR ETE R TiE. 100 nmol/paper 35 XY
lumol/paper THEE L7854, {LAW 3 LHEEL T, /LAY 2 1T LV i#
WIHETEMEZ R LT, MEEMHAEE S 25 & ke 2 ke 3 @
BT 6 LD NH2 & OH THY ALEW 2 ® NHp 725 Z DiFTEICERS
B LTWs &2 b5 (Fig 28),
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n=29,*p <0.05,**p < 0.01 (growth inhibition)
FEHORET. L&YW 2 138V EEEEEZTT

25

E 15 1
= il 4 = Hypocotyl
i) * ORoot
g Yo
X N
[. I i
2 3 2 3
(100 nmol/paper) (1 pmol/paper)
OH

\Nl

I/Jz

Fig. 28. Structure activity relationship of compounds 2 and 3
Note: Green and orange columns indicate the length of the hypocotyl and the
root, respectively. Results are the mean *standard deviation (n=9). [*p < 0.05,
**p < 0.01 (growth inhibition)]
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%3 E SRR

5 O1H B X ORR

3-1-1

ARHt5E

NMR:

MS:

HPLC:

P an i

T LIS EIILL T oY TH 5,

JMN-EX-270 FT NMR Spectrometer (JEOL)
Lambda 500 FT NMR Spectrometer (JEOL)

AccuTOF LC-plus JIMS-T100LP MS Spectrometer (JEOL)

A-102 Diffraction Grating Infrared Spectrometer (JEOL)

Pump: PU-2089 Plus Quaternary Gradient Pump (JASCO)
L-2130 (HITACHI)
PU-987 intelligent Prep. pump (JASCO)
Detector: UV-2075 Plus Intelligent UV/VIS Detector (JASCO)
MD-2010 Plus Multinavelength Detector (JASCO)
diode Array Detector L-2455 (HITACHI)
Waters 484 Tunable Absorbance Detector (Waters)
Recorder: 807-IT Integrator (JASCO)
Software: Chromatography Data Station ChromNAV (JASCO)
ELITE (HITACHI)
Interface: LC-NetllI/ADC (JASCO)
Column: Cosmosil PBr (nacalai tesque)
Develosil C30-UG-5 (Nomura chemical Co., Ltd.)
Senshu Pak AQ (Senshu Scientific Co., Ltd.)

-94-



Incubator: GROWTH CABINET (SANYO)

Centrifugal Evaporator: EZ-2 plus HCI COMPATIBLE (genevac)

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

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

Sep-Pak: Silica cartridge (Waters)
ODS cartridge (Waters)

TLC: DC-Alufolien Kieselgel 60F254 (Merck)
DC-Alufolien RP-18F254 (Merck)

Preparative TLC: DC-Alufolien Kieselgel 60F254 (Merck)

3-1-2  #E

MRS HILOREMIET L VA LA R ER [N T A =
(Bombyx mori) (ZJgGe S TRA &7 %% & (Cordyceps militaris) |
ZEA L7z,

it il B AR EITTE MERRBR 1L L % A OFfE1- (lactuca sativa L. cv. Cisco, and
Great Lakes 366) % fifi f§ L 7=,

FEARIE I3 2 MR AR BRI ATCC 22D L7z A549 (b KT
MifE) . PANC-1 (b IR ANE) d6 XY MCF-7 (b ¥ i)
ERHA L, TRCOEMBIZA > Ehay o0 nbEALTE 10% 7Y
BUEMYE, 100 pg/mL A h L7 b= A > B L TN100 units/mL =31
Y EMFE LT DMEM E5HECIRAE L7z, TRAFSRAIFIL 37T, 5% CO2 DNl
mEHKR ThH T,
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fope

%02 fHi A HRE SR HSEOE Y O BB - RS T

AME R LX) aff (VX2 715K, 37 % /7 : Cordyceps militaris)
BLOI A 2E5 (P2 IS A =25 714 = : Bombyx mori)
(ZENENT ., FEREAIT T2,

3-2-1 AWMEHEX ) aiofht

AHEEYX ) a¥f (1.44kg) % EtOH. acetone CTHEVHH L. I8 #72 [
L7c, 0%, E—ABT 52 Li2X D, n-hexane AI¥EEE (7.179) .
EtOAc FI{AES (1.659). MeOH mI¥EES (70g) I LN HO AIFAETRIC A H|
L7z,

3-2-2 A M EEX ) 2 n-hexane FIEAESH SR DOALE W) 0 BLEHE - k5

AHMFEEFx 28 n-hexane wIIAES (7.179) > VBTN T LT T
vay~ ~J7Z 7 +— (silicagel 60N; ¢ 7>50 cm;
CH.Cl,/EtOAc/acetone/MeOH = 100/0/0/0, 90/10/0/0, 50/0/50/0, 0/0/100/0,
0/0/50/50) 12t L. 20 D7 F 7 a L (7527 a2 1~20),
7773 ar13 (223mg) HIEHTHHFICLD, 2 DT T a &G
72 (13-1~13-2), 77 7 < 3 > 13-1 (123 mg) &= & v TLC (DC-Alufolien
Kieselgel 60F2s4; CH2CI2/MeOH =90/10) (2L > THmiL, 16 777 &
a v &5 (13-1-1~13-1-15), 77 7 3 3 > 13-1-14 (15.2mg) % Sep-Pak

(ODS; 99% MeOH) L. i#fH HPLC (Cosmosil PBr; ¢ 20>250 mm; 99%
MeOH) ([ZHEL7-F558. kAW 1 (44mg) OHBECERS LIz, £/, 7
Z 7 v a v 14 (464 mg) % Sep-Pak (Silica; CH2Clo/MeOH =90/10) L. 2 @
T valgmLs (7T v ay 14-1~14-2), 777 v a s 14-1
D—H7 77 v a v 14-1-P1 (80.0mg) % JIEAH HPLC (Senshu Pak AQ;
¢ 205250 mm; CH,Clo/MeOH =97/3) (Zk > THmiL, 13 7T 7 v a v
87 (79273 a3 14-1-P1-1~14-1-P1-13), =D Hb, 7T 7 a v
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14-1-P1-4 (34.5 mg) % ii#H HPLC (Cosmosil PBr; ¢ 20>250 mm; 95% MeOH)
(CHE LR R, A 1 (10.6 mg) DR 7R D HAEECERh L7z,

3-2-3 AHEE X ) 3l EtOAc A H Sk Db-E o HEf - 5l

AMFE X ) 28 EtOAc FIIRES (1.659) 23 VAT NVAT AT Ty
Va7 N7Z 7 4 — (silica gel 60N; ¢ 7>60 cm; CH2Cl./MeOH = 99/1, 97/3,
95/5, 90/10, 85/15, 80/20, 70/30, 50/50, 30/70, 0/100) (ZfkL. 19 D7 T 7 v
aNIGELELRE (797 var 1~19), FON, 7973 14

(48.3mg) % Sep-Pak (ODS; 40% MeOH, MeOH) L., 3 7T/ g
wiFl (79733 14-1~14-3), 757 3 14-1 ZiifH HPLC

(Cosmosil PBr; ¢ 20>250 mm; 40% MeOH) (Zfit L 7=fE R LA&® 2 (1.2 mg)
D HBEIZRR) LT,

3-2-4 AMEENA 2EOAH

ABHE G A 23 (14.3kg) % EtOH. acetone CHEVHIH L. J8E [
L7z, T D%, [E—ikET 5 Z L2 X 0 n-hexane RIS (420 g) . EtOAC
AIYAER (45.09) . MeOH AI¥AHR (301 @) X OV H0 AlVEEIZ/ ] L 7=,

3-2-5 XHEE A ai EtOAC FIIEENH Sk DAy o BLEf - H5 5l

AME R A 2 EtOAC WisHi 2 VBTN T LT Ty vasn
~ ~ 72 7 4 — (CHCl/acetone/MeOH = 99/1/0, 95/5/0, 80/20/0, 70/30/0,
50/50/0, 30/70/0, 99/0/1, 95/0/5, 80/0/20, 70/0/30, 50/0/50, 30/0/70) |Zfit L. 24
DT7Z7a Bl (777 ar124), Bonicr777vay
21 % Sep-Pak (ODS;30% MeOH) THEIL, 3 D7 T 7 v a &5

(21-1~21-3), 77 7 =3 > 21-1 ##FH HPLC (Cosmosil PBr; ¢ 202250
mm; 30% MeOH) (ZflEL72b 2 A, 23 DT F 7 2 a B LT
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(21-1-1~21-1-23), =OWN, {b&W 2 OB L=, —J, 777
v = 2 21-1-11 Z W HPLC (Cosmosil PBr; ¢ 20>250 mm; 20% MeOH) (Z
fitL7=& 2 A, ka3 (22mg) OHEBEECKI LT, £72. 777 ¥ =
> 21-1-7 Z M. HPLC (Cosmosil PBr; ¢ 205250 mm; 10% MeOH) ZftL
=LA ALEY 4 OHEBRICRI LT
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o5 3EN MR

3-3-1 AN K 2 ML ST AR ©9

FEAAD (A549, PANC-1 33X 1Y MCF-7) (X 96 V= /LD~ A /707 L —
NC 24 FEMIATESSE L7, AiESEE L2 MAic 1 uM, 10 uM & 30 uM @
fbEmaE N ZnasimL ., 48 FEfIkEE3& L7z, 30 uM @ sulforaphane

(SFN) ZiEtE=r bm—v b LTER L7, £D%. DMEM E7

(Dulbecco's modified eagle's medium) % fRZE L. £ 2 OEMIaIC
0.05% MTT k% 100 uL ZEshn L, 5IZ 4 FEfEER#E L72,100 uL @ lysis
buffer [20% SDS, 50% N,N-dimethyl formamide (DMF), pH 4.7] Z¥#shi - 53
THHEICEY, A s Lo, AR OWICE % 595 nm TH|
EL\%%®$ﬁ$%ﬁ%LtoTNT@%ﬁiWT\WMDz@%@T
THA&E LT,

L

332 L& RITHT B R R T

T2 ¥ —1L (60 gx20mm) ZEH L., 1mL OEEKEIRE
EH7-78#% (Advantec No. 2,55 ¢) (ZL % ZDFET-Z#EHE L, 25C BEATD
FHETT 1 HERSEEZIT 270, —H., MO 7 ZA8-O T v — 1 (60 ¢ %
20mm) ZHWT, ar he—/LlidA ¥/ — )L CIEHRE RS IE, AR
XAZIZA X ) — NV CREFRR L =& 0Mb A 2 BRICIR S S, AR
BD%, THENDT ¥ —1IZ 1mL OREKZINZ., BRICES SE,
%%%T%%Lkv&x®@%%%%@i:?ﬁbko%%Hﬁﬁm@i
T 3 HMAEEZIT T2, &K, L2 ADBRELBILT L L3t
R L OE o R X 2 11E Lz,
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A LAWMW1 OAK YA

t&¥ 1 (52mg) Z 0.1NHCI @ MeOH ik (6 mL) I[CIEfEL . 73T
DEEMT T, 18 KEM Lo, KIGHEHIZ n-hexane (6 mL) % Adv, %
e — s 2RV, K-kl A2 2 BiTo72 (6mLX2), 554172 n-hexane
AIPEE 2 KEE L (12mLX2), K NaSOs Tl L7, & Dk,
n-hexane FI{EHZ e - JRiE L, Fohic7 727 a3 (1.3mg) %
ESI-TOF-MS {ZHEL 7=, AR L LT, m/iz307 T [M+Na]* O v —7 23Hk
WEI, DFRFEWM T d HRENEE A F L= 2T WAERE D4y A CizH3203
THDHLENTN-T-, £72, MeOH "IFERICEEE KOH (conc. KOH)
D MeOH HRZHM FT42FI2LD ., pH BRI THR LN G, RO
pH % 9~10 IZFHfi L7, Rk L7- KCl ZIER L The ., WIRATE L
7o TD%. HO (12mL) BI O EO (12mL) DIRATAIE CIfiFE L.
e — N E AWK RO 21T -T2, 155472 ELO Al &2 /K L
(12 mLX2), /K Na;SOs T—MhrzE L7, £ D%, EO RITAHS A gt -
BiE L. Bobn=7F7 2733 (1.5mg) % ESI-TOF-MS ICfk L7, #i
L LT, miz334 12 [M+Na]* O — 7 NHER S L. OEEY T D A
7 434 FEED TS CioHaiNO, Th A FN o177,
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i S H

A W B (Cordyceps militaris) (X7 = 7 H (Lepidoptera) DHfIZ% 4L
FHEELHAETLF aThHY, ARTIIVFFZ 7 LI TS, LA
ATOMFZEIZ LD, A B EE (C. militaris) FRIAR L OTFFEIEN S
nucleoside %H. isoflavone #H35 U8 macrolide 873 & DALEH D HiEED
HENTWD, £TDO—J7, & (Bombyx mori) DIz N LAY XH T
FAE S AR E (C.omilitaris) IZBT 2008 1E L A E STV 720,
Z 2T, AHhEE (Comilitaris) fiiYHkOfEREMA LS ORTE &2 BHY
& L7,

A MEHX ) 2% EtOH, acetone |2 & - CIAEKMH 24TV, HhHIK
ZWIERLE LT, 2 O%, E-KET 5 2 £12 XKV, n-hexane AITAEHES.
EtOAc ¥a#R. MeOH RIVEHRIC/ I L7z, 45 6 L7245 i ER 2 il i

(A549 fifia) (Xt DB L & 2 A, &SRS i
(AR EREEA 278 L7, HFFIZ n-hexane AIIRTRIS LY EtOAC RITAHRAS
X VRV EIEEZ R Uiz, 72, LA AR 2 EFRERERICHE L7
&AL BREHEN V2 AR FEEMEZ R Uiz, UL EOTEMEER DR
REFFEIZL ALEYOHBEEZIT > 1=, & DOFfER. n-hexane AITEEIZ XL D |
b 1 OHRBEIZREI L, EtOAC FITAHIZ L0 | LB 2 O HEEICY)
L7z,

ZRFEDOI A affiIF /) il & Rk 72 I71EIZ K- Thitl - -0l
ZATV . n-hexane FIEEED, EtOAC AI¥AER, MeOH RI¥SERIZ /0 H] L 72, EtOAC
AIEEIC L0 ALEY 2-4 OHEBEIZ RS LT,

IO DA OREEILMS, IR BLOEKE NMR 247 hLIZ KDk
E L7, {bE&Y 1-4 %ZiZ 1 cordycerebroside A (1). cordycepin (2).
3’-deoxyinosine (3). cyclo(L-Pro-L-Asn) (4) &I[RIE L7=,

ta¥ 2 & 3 Zmile (A549, PANC-1 B X MCF-7) (Zx3 2
Rz RS TR ICH L7 L 2 A (a2 & 3 1THIED PANC-1 BT
MCF-7 JMIal 3 DR ERF oMo st 2R Lz, £/, L&Y 2 1
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AB49 FEARNI 6 D IR FOMa#EE 2R Lc, —J7, fL&W 3 1F
A549 JE AR e 2 S5V il s 2R LT,

t&W 1-3 % L Z AT DR METEHRRRICAE L2 & 2 A, bE
¥ 2 1% 1 umol/paper & 100 nmol/paper DT T L Z ADHR & Il o
FEE2AEICE L, /LAY 31X 1 umol/paper & 100 nmol/paper O 5<f4:
FTTULZ ZORDOMEEZARICHE Lz, k& 1 ITEHE RS ho
7o
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Summary

Cordyceps militaris is the mushroom, which parasites the Lepidoptera pupa and
forms its fruiting bodies. It is called sanagitake in Japanese. In previous studies,
the isolation the compounds, such as nucleoside compounds, isoflavone
compounds and macrolide compounds, from the mycelia and fruiting bodies of C.
militaris have been reported. On the other hand, there are few studies on the
mushroom, which parasites Bombyx mori through an artificial injection and
forms its fruiting bodies. With the purpose of finding out the bioactive
compounds from the mushroom, we started the study.

The fresh fruiting bodies of C. militaris were extracted with EtOH and then
with acetone. After the solutions were combined and concentrated under reduced
pressure, the concentrate was extracted with n-hexane, EtOAc, and then MeOH,
respectively. The crude fractions were tested the cytotoxicity against A549 cancer
cell line and the activity against the growth of lettuce. n-Hexane soluble part and
EtOAc soluble part showed relatively strong cytotoxicity as well as inhibitory
activity against the growth of lettuce. n-hexane soluble part and EtOAc soluble
part were fractionated by repeated chromatography for their activities. As a result,
compound 1 was purified from n-hexane soluble part and compound 2 was
purified from EtOAc soluble part.

The fresh bodies of B. mori, the host of C. militaris, was extracted and
fractionated by the same method as that of the mushroom. EtOAc soluble part
was fractionated by repeated chromatography. As a result, the purification of
compounds 2-4 were succeeded.

Compound 1-4 were identified to be cordycerebroside A (1), cordycepin (2),
3’-deoxyinosine (3), and cyclo(L-Pro-L-Asn (4), respectively.

Compounds 2 and 3 were offered to test the cytotoxicity against the cancer cells
(A549, PANC-1 and MCF-7). The results indicated that both the two compounds
have the similar dose-dependent cytotoxicity against PANC-1 and MCF-7 cells.
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Compound 2 also showed dose-dependent cytotoxicity against A549 cells, but
compound 3 just showed a weak cytotoxicity against the cells.

Compounds 1-3 were offered to test the activity against the growth of lettuce.
Compound 2 showed inhibitory activities against both the hypocotyl and root
growth at 100 nmol/paper and 1 umol/paper, significantly. Compound 3 just
show the inhibitory activities against the root growth at the same concentration

with that of compound 2. Compound 1 didn’t show any activities in this bioassay.
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