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Abstract

by spectral analysis and chemical evidences as ginnol (1), palmitone (2), B-sitosterol (3), stigmast-3, 6-dione

Nine compounds were isolated from the exopleura of Ginkgo biloba . Their structures were elucidated

(4), stigmast-4-ene-3, 6-dione (5), ginkgolic acid (6), ginkgoneolic acid (7), triacotanoic acid (8) and ginkgo-
nine (9). Compounds 2-5 and 7-9 were isolated from the exopleura of Ginkgo biloba for the first time. Compounds
7 and 9 were novel natural products. The inhibition test against phytopathogenic fungi showed that total ginkgolic
acids from the exopleura of Ginkgo biloba had strong anti-fungal activity.
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BRA (Ginkgo biloba L. ) Je: Mff He 57 R A AR T
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IR, A TR SN B B A2 13 M B B
ATV 1 3E—2B 0050, R 20 B 15 30 9 ME &
Yy, 5350 % € R F1R T (ginnol , 1) (AR R ( palmi-
tone,2) \B-7 i [ ( B-sitosterol ,3) | . {§§-3,6- il
(stigmast-3 , 6-dione ,4) | 5§ -4-45-3, 6- i ( stig-
mast-4-ene-3 ,6-dione, 5) , [ 5 g ( ginkgolic acid,
6) . H R H i ( ginkgoneolic acid,7) \ =+ 4E MR ( tria-
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cotanoic acid,8) Fll [ 7 ( ginkgonine,9) , H 7,
a2 ~5.7 ~9 Iy E IR MNERAY S B2 b p B 45
N, A6EY T F19 Ry R W SCHRHR I B R IR )
R EEE T 1997 46 5 B n « [
PRARAT I 25 #0451 o 40 i 0 SO T I
WEFEB , SR B A s 1 2R R AT DA ) — 25 DL
BRI AR AR, JEHRX T 20 R IR
H.J& X00(Fu) X001 (Rs 68) Fll Ps 4 4R 5 14 41
YER AT LA E .

1 # #

XF-4 %0 H 4 A0 GO S0 e A (e BE R G
1E) ;PE-241 MC HIjEYG{Y ; Perkin Elemer 983 4]
HMSERHL(KBr [5 )7 ) s Bruker ACF-300 U R4 M4k
135 Nicolet FT-2000 HY 57343 ; )2 (0,35 A (35 M
TERE N T By AL T 7 il s Sephadex LH-20 Jy 3¢
[ Pharmacia 23 &) 7 i HeAR a3 Ry o3t 4l
BRAY SN R F LR A5

2 REFSH

BRAS AN (4 kg) , T4 Ky, F 80% ~90%
CFERIEREL 3 YK, BK 3 h, A IO, s [0k
CAHRE IR E KRS KR R CERANE T
P, LR CERAEBGHRAL (40 g) LURE W BT, F
FRICHE R F A v ok 1] 3 42 B, 75 T k2 B )
(10 g) , LR At (i, £ T k- £ R £ R A FE VG
SrEfREME S 1(500 mg) ,2(18 mg),3(20 mg),
4(12 mg),5(14 mg) ,6(30 mg) ,7(45 mg) F18(11
mg) . 1E T FEAPCERAL (20 g) , 20T Ak S A £
T, - HVRER BRI, 3 B AR 2L 5 9 L,
#E—2 2 Sephadex LH-20 A% €4 3i% ( FH - /K 6 i )
alifl 13k 5 9(5 mg) .

3 ZHERE

et T S, mp:78 ~79 °C (AFrififik) ,
FeCl, @40, IR(KBr,y,, ,cm™"):3 060 ~2 500
(br,COOH),3 450 (OH),3 020 ( Ar-H),2 960,
2920,1 650(C =0),1 600,1 470,1 450 (Ar),
1 310,1 250,1210,890,820,740,710, EI-MS m/z:
321[M +1]%,320[M]*,302[ M - H,0] ", 284,
276,259,241,199, 185,161 ( }: %), 108,91, 77,
SCI-MS m/z: 321 [M + 1]%,303[ M - H,0 +

17*,'"H NMR(CDCI,,300 MHz)§8:0.87 (3H,t,J =
6.6 Hz),1.25(20H,s),1.60(2H,m) ,2.97(2H,t,
J=7.8 Hz) ,6.77(1H,dd,J=1.1,7.6 Hz) ,6.87
(1H,dd,J=1.2,8.3 Hz),7.36 (1H,dd,J =7.6,
8.3 Hz),11.03(1H) ;"*C NMR(CDCl;,75 MHz)$:
14(CH,),23 (CH,),29-30 (nCH,) ,32(CH,),36
(CH,),111(C),116(CH) ,123(CH) ,135(C) ,148
(C),164(C),176(COOH) ,

WEW T v T Ak, LALLM
5 AR ARL, AR B R RS, MRS EI-
MS F1 SCI-MS fify i HoAH XS 43 F i i oy 320, 43 F-5X
N CooHy, Oy, MIBE H— 1 Fil i JE-( CH, ), CHy o #E
MRZ GG IE N TR IESP AL, TR LM AL, 2544 =K
mE 1 R, BREZE AR I E L (E 1)
3 AR 6 B, H, =7.26 + ( -0.45) +
0.25+(-0.10) =6.96,H, =7.26 + ( =0.10) +
0.20 +( -0.10) =7.26,H, =7.26 + ( —0.40) +
0.25+( -0.10) =7.01, 54352 (H, 6. 77,
H,:7.36,H,:6.87) JEAMFRF . S iEG 3 2R
i Z B R A By 5 J,, =8.3 Hz J,, =7.6
Hz.J, =1.2 Hz,yEB] H, 1 H, 48467, H, F1 H,
AR H, A1 H, SRR, 5 B A A
Wi 8177 AbA — IR 5 ,8100 ~ 170 2 [H]
A5 6 NIk, 4% DEPT 3%, i & Forf 3 45 ik
KRR, 53 3 A5 UK, UERH R IR B 3 N E
PRI, R 7R 620 ~ 40 Al A4 CH, #1 CH, 5
5 WA CHAES uE A oy B A6 HOm FE A
FX'H-"H COSY #H1,62. 97 By LA 5 H, H iz
FEMISE  TERA Le S0 55 )% 5 H, 4%, 78'H-"H iz
FRAE SR I, 18 B[], Db 665 5 H, |
H, H, #HIA OGS H5 H, ARG S R0,
[F]ERF H BRAN B v S 5 H, AR OCAR 5, 1k I i
BURALE A 1 Frs . d@at DL BB, ikt
BT R 6-+ = BEHIKG IR , 2R DL HGE AET A AR
R A G W, o 24 4 AR BT R ( ginkgoneolic
acid)

COOH
HOL_AN\G CIql‘lz(Cl‘lz)llléi'h
2 S
Hﬂ 3 4 H¢
# Long-range H-H COSY

Figure 1  Structure of compound 7 and long-range' H-'H COSY con-

nections for compound 7
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a9 Jof R R, mp: 140 ~ 142 °C,
[a]? -0.02°(c 1.0,H,0) ,H,S0, ¥ MiES
B, IR(KBr, v, ,cm™"):2 400 ~3 400 (br,
COOH),3 320 (OH), 3200 (OH),?2 880,2 850,
1700(C =0),1 450,1 420,1 370,1 350,1 310,
1280,1 260,1 220,1 170,1 120, 1 070, 1 035,
1 010,910, 830, 780, 740, 690, 600, EI-MS m/z:
142,124 ,116,97,88,73,70, SCI-MS m/z:321[ M +
1]*, 303, 285, 267, 257, 143, 124, 97.'H NMR
( DMSO-d, ,300 MHz)$:1.33(1H,dq,J =3.4,12.0
Hz),1.41 ~1.62(3H,m),1.77 (1H,ddd, J =12.8
Hz),1.86(1H,ddd,J =14.3 Hz) ,2. 46 (1H,tt,J =
3.6,11.3 Hz),3.37(1H,ddd, J =2.7 Hz),3.74
(1H,t,J =2.2 Hz),4.31 (1H, i1 D0 J5i4%%),
4.38(1H, fit D0 J5i4%<),12.00(1H) " C NMR
(DMSO-d,, 75 MHz) 8:26 (CH,),28 (CH,), 34
(CH,), 36 (CH,), 68 (CH,), 70 (CH, ), 177
(COOH) ,

&Y 9 5 FoRME B, A TN, H
IR Yt ,2 400 ~3 600 em ™' 2 [i] (il SEIE AT 1 700
em R R UG R S5 R R B3t . AR SCI-MS )
FERA R 43 BT & O 320, A g 303 [ M+ 1 -
H,0] 285[M +1 —-2H,0] 267[M + 1 —3H,0] il
257[ M +1 -2H,0 - CO | ERRZ5 44 R AT R BN 24~
A, g WoR 7 MMk E S, 4 DEPTOO® FI
DEPT135°3% , {EBH 8177 Ab A #R 3 ik FL i 5 5,
570 568 1836 3 Ak (CH) {55,526 528 Fl
834 2y :3 Pk (CH, ) 55, R e 451 h oA 3
A~ CH,3 4~ CH,,—> COOH , LI 5, AjH,812
WA —ARIETRTES, HRES1E 61 ~5 ZH,
FKHAE R 84. 31 F1 4. 39 LIPS WTE IR A
(fn D,0 JEIHR) , 451 N A P 5E, 63. 57 17
SN KRS 2 63. 80 BT, MK IE,83. 37 il 83. 74
Wb 53 AR T . DMSO U (82. 50) 55 62. 45 4k
WESES A EA, M B A W, 62. 45 4k —
AE,81.86 81.77 W43k 1 A~A,81. 41 ~ 1. 62
ZEM2ZEEN 3 AE,81.33 1 ME. H
BC-"H COSY & 0] %01, 626 4ok (C,) 5 81.33
(Hg,) \81.77 (Hg, ) Kb i 5 4> S AH 3¢, 528 Ab 1) filk
(Cg) 5 8141 ~ 1.62 [0] (1 P4~ A (Hg, Fl Hy, ) #H
K,834 AhHy Kk (Cs) 55 61.4 ~ 1.62 [A] ] — &
(H,,) 1 61. 86 Abry—A%((Hy, ) A5G, 636 b1k

(C,) 55 82.46 4b iy —4% (H,) #1868 b 955
(Cy) 5 83. 74 A% (H,) #156,870 Lbtik (C, )
5 63,37 AR (H,) RS, Fh eI 2 4 oy —
A~ CHCOOH, i/~ CHOH, 3 4~ CH,, {22 3t W
C,H,,0, , i HARX 43 F B i 320, BAL &4 9 1
FHREEHE , o F Xk € H,, O (MW =320) , 4514
&4 Wi~ CHCOOH ,4 4~ CHOH #16 4~ CH,, 1}
BHAMAIE Q= (2x14 -24)/2 +1 =3, HA
AR AR R EH , 57— AN A AL A
H—IRRH, ML S 9 25X &A™
ARIE 4 AFIEI+ T BRIMEA D

g, 62. 46 Kb E (H, ) 2552 J [m] f i) o
F ARG (1 0, J = 11. 3Hz,3. 6 Hz) e &
W4~ CH, A8, 5t A R B 1 (B 2) i diE 1k
EY 9 A WINRILR T T BRIFXTFREE M HEE | 1%
FBERATA . AR A6 6 KA P
A R, P A R B 2(E 2) o ¥ bk
FrBePrE i 9 S5l 2 B, 48 S0k RS
R, ARWMEBE TS, B IART
(ginkgonine) ., DA% >, st — 25 o 5 HL o7 14
ZE58

6 7 8 5 4 3 2 1 12
—CH,~CH—CH,—  —CH,~CH—CH—CH—CH—CH,—
COOH OH OH OH OH

fragment 1 fragment 2

Figure 2  Structure of compound 9 and its structural fragments

a1 HEE ), mp:80 ~ 81 °C (Al
k), MLZE R B, Bk B R 40, EI-MS m/z;
424[M]*,409[ M - CH, ] *.,'"H NMR ( CDCL, , 300
MHz)5:0. 88(6H,t) ,1.25 ~1.43,3.58 (1H,0H) ,
55 SR s o R B R — 3, TLC 20 B Ry —
2, EEEY 1 FHREE(ginnol ) .

b2 Ef iR, mp:82 ~83 C (1),
WiZE S B A @, SCI-MS m/z: 451 [M + 1]%;
'"H NMR ( CDCL,, 300 MHz) §:0.88 (3H,1t),1.25
(24H,br.s),1.53 ~1.59(2H, m),2.38 (2H, 1),
DL B 5k 15 T il — 3%, B a 2 i
PR ( palmitone ) .
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b3 S ER, mp: 136 ~ 137 C (&
17) .5 -4 S B v it % B, 98 28— B, TLC 43
R, —8, @G Y 3 Jy B-43 Hi i (B-sitosterol )

b 4 FAE R, mp: 199 ~200 C (&
15) , Libermann J 1 fHf . EI-MS m/z:429 [ M +
117,428 [ M ] " ,287,259,245 ( F%),231,137;
SCI-MS m/z:429[M + 1]*;'H NMR ( CDCL,, 300
MHz)§:0. 69 (3H,s,C-CH,) ,0.81(3H,d,J=6.7
Hz,C,,-CH,) ,0.84 (3H,d,J =6.6 Hz,C,-CH,),
0.85(3H,t,/=7.0 Hz,C,-CH,),0.93(3H,d,J =
6.5 Hz,C,,-CH,;),0.96 (3H,s, C,,-CH, ), 1. 00 ~
2.70(m) . DL EEUE S CEk(16] —2, BE S
Wy 4 35 §§-3,6- [ ( stigmast-3 ,6-dione) ,

o5 W EAMA, mp:170 ~ 172 C (&
1j5) , Libermann JZ i fA4 . ELI-MS m/z:426[ M ] ",
411[M - CH, ]*,408[ M - H,0]",398 [ M -
CO]*;'"H NMR (CDCl,,300 MHz)§:0.73 (3H, s,
C,-CH;) ,0.82(3H,d,J =6.8 Hz,C,,-CH, ) ,0. 84
(3H,d,J=6.6 Hz,C,-CH,),0.85(3H,t,/=7.0
Hz,C,-CH,),0.94 (3H,d,J =6.5 Hz, C,-Me),

Table 1 Anti-fungal test results of total ginkgolic acids

1.17(s,C,y-Me) ,1.25,6.17(1H,d,J =0.6 Hz),
DA EREE 53k 17 - 18 ] — 2, E AW S A
58 4-15-3 ,6- T ( stigmast-4-ene-3 ,6-dione)

a6 HEEE, mp:72 ~74 °C (£l
fit) ,FeCl, 2 FHPE,'H NMR( CDCI,,300 MHz)§:
0.85(3H,t).1.20(s),3.00 (2H, m),5.32 (1),
6.50 ~7.50(3H) . 5 A AR B bR o IR, R,
R E G — 3, BEE &Y 6 R
(ginkgolic acid) ,

a8 HEBAR, mp:.82 C ¥ T 41 Mk
SEA DL N, BRR R OK 2k (. EL-MS m/z: 452
(M) RLERHE 530k 19 ] il B HA —2,
Y BA G 8 =1 kiR (triacotanoic acid)

4 EERBUEMBREREIRE

UTAER I ZG BERTTE R, SRR B SR B 22 Fh
O LA A AR SR T P T B SRR VT i
JCA AT LG M T B . AR SR
BV KA A AR X BRI AL o 1 R Y
VEFIHERT TR A2 R 3R 1,

Strain Gibberella Fusarium Verticillium Rhizopus Phytophthora X00(Fu) X001 (Rs 68) Ps
A/em B/% A/em B/%  A/em B/%  A/em B/%  A/em B/%  A/em B/%  A/em B/%  A/em B/%
Control 3.5 - 3.5 - 3.5 - 3.5 - 3.5 - 1.0 - 1.0 - 1.0 -
Carbendazim (0. 1% ) .o 7.5 L5 572 2.0 42.8 25 285 30 143 1.0 0 1.0 - 1.0 -

Total ginkgolic acid 0.1% 2.0 42.8 3.5 0 3.0 14.3
0.5% 2.5 285 3.0 143 3.0 143
1.0% 2.0 42.8 2.0 42.8 2.5 28.5

2.0 42.8 .o 71.5 0.2 80 0.2 80 0.2 80
2.0 42.8 1.0 71.2 0.2 80 0.2 80 0.2 80
.S 572 1.0 7.5 0.1 90 0.2 80 0.2 80

A; Colony size ; B:Inhibition

PO W B0 H 0 R 45 R R L0 1% ~
1% & 2R TR X IR 5 16 ( Gibberella ) | it 1 % i
( Fusarium) 5S4 85 #H ( Verticillium ) A5 %% 1 ( Rhizo-
pus) FE Rz & ( Phytophthora ) 55 22 TR ) 0 £ EL
PR AN RS B A4 iV P, o AR 2 o AR 2 25 A A 1
MAIETZHR . B R R EOR T E B X00 (Fu) |
X001 (Rs 68) F1 Ps (40 R34 =T 80% |, il 22 # R
X EARERETCR AT UL, MRS SR R 4 B S
R AT LA — 265 WAR Y Bom P B W i A,
HIEX T2 T R IO E A AR R M I E

5 ZR5itie

1994 AR AR AT SMFP B2 1 YR 43 315 3]

FURBTIRI % Hah i 5K, 1997 SAE LA H T Y
“O7 [EPMRA BT 27 _EAE T e, 2007 4 fi) Hh [
2 i A RS RE I 4R 3t 1 2R BT MR R IR R
i, B A R IL A [E 24 L) (2010 4FRit) (—3F)
2 AR T T S R R P A

FUR T D R Hh 0 B A3 2 A B AR =),
TR A, J AT A b 2
P e Har AR Y

TR G AE B, BEAR A FAR A KA AR
ARSI, W AF 2 D) BE T L 5, 3 BRI 1 ™
190 e ABFTERI, WA SR B & 5 B RS T,
B A RIS AR TGS S T P A
SRR 2RI AT LA il i LA ) S0 1 3 T Y
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At WARXHARAT SN BN AT A, AT LA
NN R A Ay 3 a] LA DRI 5
[l R, XEERAY SR B2 i A2 o3 AN R (B
HE— B IRADTTE , WA F) T A BEIR A 255 R
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