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A new ginkgolide from Ginkgo biloba
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Ab s trac t　A im : To study new chem ical constituents of the leaves of Ginkgo biloba L1M e tho d s: Isolation and
purification were carried out by several chromatographic methods1The structures of the compounds were elucida2
ted by detailed analysis of their UV, IR,MS, 1 H NMR and 13 C NMR spectra1R e su lts: A new ginkgolide, ginkgol2
ide N (1, 7, 102trihydroxy23, 142dehydroginkgolide, II) , along with a known compound, was isolated from the leav2
es of G1biloba1The structure of the known one was elucidated as ginkgolide L ( I) 1Co nc lu s io n: Compound IIwas
a new compound1The comp lete spectroscop ic data of compound Iwere reported for the first time1
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银杏叶中一个新的萜内酯类成分
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摘 　要 　目的 :研究银杏 (Ginkgo biloba L1)叶中新的化学成分。方法 :运用柱色谱方法分离纯化 ,利用 UV、IR、MS、
1 H NMR、13 C NMR等色谱技术鉴定化合物结构。结果 :从银杏叶中分离鉴定出 1个新化合物 : 1, 7, 102三羟基 23, 142去氢银

杏内酯 (Ⅱ)和 1个已知化合物 :银杏内酯 L ( ginkgolide L) (Ⅰ)。结论 :化合物 Ⅱ为新化合物 ,命名为银杏内酯 N ( ginkgolide

N) ;化合物 Ⅰ的光谱数据为首次报道。

关键词 　银杏 ;银杏萜内酯 ;银杏内酯 N;化学成分 ;新化合物

　　Ginkgo biloba, often referred to as a “living fos2
sil”, is the oldest living tree species on earth and is

the only surviving species of the ginkgoaceae fam i2
ly1 Its use as a herbal p reparation dates back to ap2
p roximately 5000 years ago when ancient Chinese in2
gested brewed leaf extracts to treat cardiovascular and

bronchial diseases
[1 ] 1 In recent years, standardized ex2

tracts of ginkgo leaves are amongst the top2selling

phytomedicines in the world
[2 ] 1Ginkgo leaves contain

many pharmacologically active ingredients such as fla2
vonoid glycosides and terpene trilactones1 In general,
flavonoid glycosides are considered to increase periph2
eral and cerebral blood flow, and terpene trilactones

are well known for their antagonistic action to p latelet2
activating factor ( PAF ) and ginkgolide B has the

strongest activity[3 - 4 ] 1
In order to search the biologically active and

structurally unique compounds from G1biloba, we car2
ried out the chem ical investigation on the total lactone

fraction of G1biloba, which led to the isolation of a

new ginkgolide [ 1, 7, 102trihydroxy23, 142dehydro2
ginkgolide ( II) ] ( Figure 1 ) , together with a known

compound[ginkgolide L ( I) ]1The new compound was

named ginkgolide N1Herein, we reported the isolation

and structural elucidation of the new

compound1Moreover, compound I ( Figure 1 ) had

been isolated p reviously without NMR data1 In this

paper, we reported its NMR data with unp recedented

full assignment for the first time1
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F igure 1　Chem ical structures of compound I and II

　 　

Compound II was obtained as white needles

(MeOH) 1 Its molecular formula was determ ined to be

C20 H22 O10 by HR2ESI2MS ( found m / z: 4451109 7

[M +Na ] + ; calcd for C20 H22 NaO10 : 4451110 5) 1The
1
H NMR spectrum of compound II showed three meth2

yl signals atδH 1111 (9H, s) , indicating the p resence

of a tert2butyl1The
13

C NMR spectrum of II disp layed

20 carbon signals1The signals atδ 174107 (C211 ) ,

173143 (C215) and 169139 (C213) in the lowest field

indicated the p resence of three carbonyls1There were

two carbons of double bond atδ 155120 (C23 ) and

125119 (C214 ) , one carbon of hem iacetal carbon at

δ109135 (C212 ) , and three methyls of tert2butyl at

δ28193 (C218～20)1From the above data, it was sug2
gested that the structure of compound II was charac2
teristic of ginkgolide′s skeleton1

Further, by comparison of the
1
H NMR and

13
C NMR spectra of compound II with those of

ginkgolide K
[5 - 6 ]

, it was observed that compound II

was very sim ilar to ginkgolide K, excep t for the addi2
tional signal atδ 5168 (1H, d, J = 614 Hz, 72OH )

which led to the chem ical shifts of H27 (δ 4104 )

moved to lower field 2 and C27 (δ73193) moved to

higher field 381Based on the above evidence, com2
pound II could be concluded to be an additional hy2
droxy of ginkgolide K at C271Moreover, comparison of

the
1
H NMR and

13
C NMR spectra with those of

ginkgolide C
[7 ]

revealed that compound II was sim ilar

to ginkgolide C, especially the signals of C26, 7, 8 and

H26, 7, 8, suggesting that the spatial location of H27
was in good agreement with those of ginkgolide C,

namely, H27 was on theα2face1 In addition, the differ2
ence between compound II and ginkgolide C was that

the additional double bond between C214 and C23 of

compound II1Based on the above results, the structure

of compound IIm ight be 1, 7, 102trihydroxy23, 142de2
hydroginkgolide1

The 1 H21 H COSY, HMQC and HMBC spectra of

compound II allowed the assignment of all p rotons and

carbon signals (Table 1)1 In the
1
H21 H COSY spectra

of compound II, the correlations betweenδ3178 (1H,

dd, J = 412, 719 Hz, H21) andδ5152 (1H, dd, J =

212 Hz, 719 Hz, H22 ) , as well as those between

δ5117 (1H, d, J = 410 Hz, H26) ,δ4104 (1H, brd,

J = 414 Hz, H27) andδ1167 (1H, d, J = 1216 Hz,

H28) , indicated the p resence of two sp in2sp in system s

(C21 to C22, and C26 to C28) 1The HMBC correlations

(Figure 2 ) were observed between the hydroxyl at

δ5116 (1H, d, J = 719 Hz, 12OH ) and carbons bear2
ing oxygen atδ73145 (C21) , 85134 (C22) ; the hydrox2
yl atδ5168 (1H, d, J = 614 Hz, 72OH ) and carbons

bearing oxygen atδ 73193 (C27 ) , 81120 (C26 ) ; the

p roton atδ5152 (1H, dd, J = 212, 719 Hz, H22) and

double bond carbons atδ155119 (C23 ) , 125119 (C2
14) 1Therefore, compound II was identified as 1, 7,

102trihydroxy23, 142 dehydroginkgolide, and named as

ginkgolide N1 It is the third examp le of natural p roduct

possessing double bond of ginkgolide1

F igure 2　Key HMBC correlations of compound II

Compound Iwas obtained as white needle crystal

(MeOH) 1 Its molecular formula was determ ined to be

C20 H22 O8 by HR2ESI2MS ( Found m / z: 4131116 96

[M +Na ]
+

; Calcd1for C20 H22 NaO8 : 4131120 7) 1The
1
H NMR and

13
C NMR data (Table 2) of compound I

were sim ilar to those of compound II, excep t for two

additional methylenes and two absent hydroxyls1Based

on the 1D2 and 2D2NMR experiments, all the p roton
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and carbon signals of compound Iwere assigned accu2
rately (Table 2) 1These findings led to the assignment

of compound I as 102hydroxy23, 142didehydroginkgol2
ide, namely ginkgolide L1

Table 1　NMR data of compound II (DMSO2d6 )

Position δC δH HMBC

1 73145 3178 (dd, 412, 719) 5116 (12OH) , 5117 (6) , 5152 (2)

2 85134 5152 (dd, 212, 719) 3178 (1) , 5116 (12OH)

3 155120 1192 (16) , 5152 (2)

4 92106 6110 (12)

5 65144 4104 (7) , 3178 (1) , 4199 (10) , 5116 (12OH) , 6110 (12)

6 81120 5117 (d, 410) 4104 (7) , 5168 (72OH) , 3178 (1)

7 73193 4104 (br1d, 414) 1167 (8) , 5168 (72OH)

8 48161 1167 (d, 1216) 1111 (18220) , 4104 (7) , 5168 (72OH) , 5117 (6)

9 69118 1167 (8) , 4104 (7) , 3178 (1) , 4199 (10) , 5117 (6) , 6110 (12)

10 71111 4199 (d, 516) 7125 (102OH)

11 174107 4199 (10) , 6110 (12)

12 109135 6110 ( s) 1167 (8)

13 169139 5117 (6)

14 125119 1192 (16) , 5152 (2)

15 173144 1192 (16)

16 8188 1192 (d, 212)

17 31195 1111 (18220) , 4104 (7) , 5168 (72OH) , 1167 (8)

18220 28193 1111 ( s) 1167 (8)

12OH 5116 (d, 719) 73145 (C21) , 85134 (C22)

72OH 5168 (d, 614) 73193 (C27) , 81120 (C26)

102OH 7125 (d, 516) 71111 (C210)

Table 2　NMR data of compound I (DMSO2d6 )

Position δC δH HMBC

1α 35108 1184 (dd, 1512, 714) 5112 (6) , 5151 (2)

1β 2172 (dd, 1512, 714)

2 86199 5151 ( t, 714) 1184 (1)

3 160166 1192 (16) , 5151 (2)

4 92194 6105 (12)

5 72151 2105 (7) , 1184 (1α) , 2172 (1β) , 4197 (10) , 6105 (12)

6 80146 5112 (d, 410) 2105 (7) , 1184 (1α) , 2172 (1β)

7α 37151 2105 (m)

7β 2105 (m)

8 48167 1171 ( t, 916) 1105 (18220) , 2105 (7) , 5112 (6)

9 68125 1171 (8) , 2105 (7) , 1184 (1α) , 2172 (1β) , 4197 (10) , 5112 (6) , 6105 (12) , 6176 (102OH)

10 69106 4197 (d, 412) 6176 (102OH)

11 174129 4197 (10) , 6105 (12) , 6176 (102OH)

12 109168 6105 ( s) 1171 (8)

13 169129 5112 (6)

14 124117 1192 (16) , 5151 (2)

15 173155 1192 (16)

16 8170 1192 (d, 710)

17 31189 1105 (18220) , 2105 (7) , 1171 (8)

18220 28175 1105 ( s) 1171 (8)

12OH

72OH

102OH 6176 (d, 412)
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211　Genera l experim en ta l procedu res

Melting points were measured on an XT24 m icro

melting2point apparatus ( uncorrected ) 1SCO P21020

polarimeter1 IR spectra were recorded on a N icolet In2
strument Nexus 870 FT2IR spectrometer1NMR spectra

were recorded on B ruker AV2400 spectrometers, MS

were determ ined on Agilent 6210 LC /MSD TOF spec2
trometer1Column chromatographic separations were

performed on silica gel (2002300 mesh; Q ingdao Ma2
rine Chem ical L td1, Q ingdao, China ) 1Thin2layer

chromatography was performed on p recoated silica gel

GF254 p lates (Q ingdao Marine Chem ical L td1, Q ingd2
ao, China) 1A ll other common chem ical reagents were

purchased from Guangzhou Reagent Co1, L td11
212　P lan t m ateria l

The leaves of ginkgo were collected in Nanjing,

J iangsu p rovince of China, in Ap ril 2008, and were

authenticated by Prof1Q IN M in2jian (China Pharma2
ceutical University ) 1A voucher specimen

(No1080412) was deposited in the Herbarium of the

China Pharmaceutical University, Nanjing, China1
213　Extraction and isola tion

The pulverized leaves of Ginkgo biloba L1 (810

kg) were extracted by refluxing with 95% ethanol(40

L ×3)1The EtOH extract was concentrated under vac2
uum to yield the crude extract(800 g) , which was dis2
persed in water and extracted successively with petro2
leum ether, EtOAc and n2BuOH1The EtOAc extract

was subjected to silica gel column chromatography

(mesh 2002300) , using gradient m ixture of CH2 C12 2
MeOH (100∶12100∶100, v / v) as eluants to yield total

lactone, which can be isolated and purified by recrys2
tallization and column chromatography1The residue

(36 g) from the recrystallization mother liquor of total

lactone was chromatographed on a silica gel (mesh

2002300) using gradient m ixture of petroleum ether2
EtOAc (1∶020∶1) as eluants to yield compounds I (50

mg) and II (42 mg) , respectively1

　 　

Compound I: white needle crystal (MeOH) , mp >

300 °C1 IR: v
KB r
max (cm - 1 ) : 3 585, 3 470, 3 350, 1 790,

1 770 cm - 1 1HR2ESI2MS m / z: 4451109 7 [M + Na ] +

(calcd1for C20 H22 NaO10 : 4451110 5 ) 1The data of
1 H NMR and 13 C NMR (400 MHz, DMSO2d6 ) can be

seen from Table 21
Compound II: white needles crystal (MeOH ) , mp

> 300 °C1 IR: v
KB r
max ( cm

- 1 ) : 3 558, 3 520, 3 500,

3 130, 1 610, 1 785, 1 757 cm
- 1 1HR2ESI2MS m / z:

4131117 0 [M + Na ]
+ ( calcd1for C20 H22 NaO8 :

4131120 7) 1The data of
1
H NMR and

13
C NMR (400

MHz, DMSO2d6 ) can be seen from Table 11
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