S

306 Journal of China Phamaceutical University 2009, 40 (4): 306 - 309

A new ginkgolide fran Ginkgo biloba
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Abstract Am: To study nev chamical constituents of the leaves of Ginkgo biloba L.M ethods: Islation and
purification were carried out by several chromatogrgphic methods The structures of the compoundswere elucida-
ted by detailed analysisof theirUV, IR,MS,*H NMR and ®CNMR gpectra. Results: A nev ginkglide, ginkgol-
ideN (1, 7, 10-trihydroxy-3, 14- dehydroginkgolide, 11) , alongwith a known compound, was ilated from the leav-
esof G. biloba. The structure of the known onewas elucidated as ginkgolide L (1). Conclusion: Campound Il1was

a nev campound. The camplete gectroscopic data of compound | were reported for the first time.
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Ginkgo biloba, often referred © as a “ living fos
sil”, is the oldest living tree gecies on earth and is
the only surviving secies of the ginkgoaceae fami-
ly. Its use as a herbal preparation dates back o gp-
proximately 5000 years ago when ancient Chinese in-
gested braved leaf extracts o treat cardiovascular and
bronchial dissases™ . In recent years, standardized ex-
tracts of ginkgo leaves are anongst the top-<elling
phytomedicines in the world””’ . Ginkgo leaves contain
many phamacologically active ingredients such asfla-
wvonoid glycosides and temene trilactones In general,
flavonoid glycosides are considered 0 increase periph-
eral and cerebral blood flow, and tempene trilactones
arewell known for their antagonistic action  platelet-
activating facor (PAF) and ginkgplide B has the
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strongest activity > *.

In order o search the biologically active and
structurally unique compounds fran G. biloba, we car-
ried out the chemical investigation on the ttal lactone
fraction of G. biloba, which led o the ilation of a
nev ginkgolide [ 1, 7, 10-trihydroxy-3, 14-dehydro-
ginkgolide (11) ] (Figure 1), together with a known
compound[ ginkgolide L (1) ]. The nev campound was
named ginkgolide N. Herein,we reported the ilation
and structural elucidation  of the new
compound. M oreover, campound | (Figure 1) had
been iolated previousy without NMR data. In this
paper,we reported itsNMR data with unprecedented
full assigrment for the first time.
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Figurel Chenical structuresof compound | and Il

Compound |1l was obtained as white needles
MeOH) . Itsmolecular fomulawas detemined © be
CyoHx O by HR-ESHM'S (found m/z 445.109 7
[M +Na]"; caled for CyH,yNeDyg: 445. 110 5) . The
"H NMR gectrum of compound 11 showed three meth-
yl signalsatd ,; 1. 11(9H, 9, indicating the presence
of a tert-butyl. The “CNMR ectrum of |1 diplayed
20 carbon signals The signals atd 174.07 (C-11),
173. 43(C-15) and 169. 39 (C-13) in the lovest field
indicated the presence of three carbonyls There were
o carbons of double bond atd 155.20 (C-3) and
125.19 (C-14), one carbon of hamiacetal carbon at
0 109.35(C-12), and three methyls of tert-butyl at
0 28.93(C-18 20). Fran the above data, itwas ug-
gested that the structure of campound |1 was charac-
teristic of ginkgolide' s keleton.

Further, by comparion of the "H NMR and
“CNMR wectra of compound Il with those of
ginkgolide K it was observed that canpound 11
was very smilar o ginkgplide K, except for the addi-
tional signal atd 5.68 (1H, d,J =6.4 Hz, 7-OH)
which led to the chemical <hifts of H-7 @ 4.04)
moved © lower field 2 and C-7 © 73.93) moved o
higher field 38.Based on the above evidence, com-
pound |1 could be concluded to be an additional hy-
droxy of ginkgolide K at C-7.Moreover, canparion of
the ‘H NMR and °C NMR oectra with those of
ginkeplide C"! revealed that compound 11 was smilar
o ginkgolide C, epecially the signalsof C-6, 7, 8 and
H-6, 7, 8, suggesting that the gatial location of H-7
was in good agreament with those of ginkgolide C,

namely, H-7 wason thed -face. In addition, the differ-
ence betveen canpound 11 and ginkgolide C was that
the additional double bond betveen C-14 and C-3 of
campound 11. Based on the above reaults, the structure
of compound Il might be 1, 7, 10-trihydroxy-3, 14-de-
hydroginkgolide.

The'H-"H COSY, HMQC and HVMBC gectra of
campound |1 alloved the assigoment of all protons and
carbon signals (Table 1). In the'H-"H COSY 9ectra
of compound 11, the correlations betveend 3. 78 (1H,
dd,J =4.2,7.9 Hz, H-1) andd 5.52 (1H, dd, J =
2.2 Hz, 7.9 Hz H-2), as well as tho between
0 5.17 (1H,d,J =4.0 Hz, H-6),0 4.04 (1H, brd,
J=4.4Hz, H-7) andd 1.67 (1H, d,J =12.6 Hz
H-8), indicated the presence of wo Pin-pin systans
(C-1 o C-2, and C-6 o C-8). The HMBC oorrelations
(Figure 2) were observed betveen the hydroxyl at
0 5.16(1H,d,J =7.9 Hz, 1-OH) and carbons bear-
ing oxygen atd 73. 45(C-1), 85. 34 (C-2); the hydrox-
yl atd 5.68 (1H, d,J =6.4 Hz, 7-OH) and carbons
bearing oxygen atd 73.93 (C-7), 81.20 (C-6); the
proton atd 5.52 (1H, dd,J =2.2,7.9 Hz, H-2) and
double bond carbons atd 155.19 (C-3), 125. 19 (C-
14) . Therefore, compound 1l was identified as 1, 7,
10-trihydroxy-3, 14- dehydroginkgolide, and named as
ginkgolide N. It is the third example of natural p roduct
possessing double bond of ginkgolide.

Figure2 Key HMBC oorrelations of compound 11

Campound Iwasobtained aswhite needle crystal
(M e&dOH) . Itsmolecular fomula was detemined o be
Cy Hz Oy by HR-ESHM S (Found m/z 413. 116 96
M +Na]+ : Calcd. for CoH, N&D,: 413.120 7) . The
"H NMR and ®CNMR data (Table 2) of compound |
were smilar © those of campound I, except for two
additional methylenes and wo absent hydroxyls Based
on the 1D- and 2DNMR experiments, all the proton
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and carbon signalsof compound |were assigned accu-
rately (Table 2) . These findings led o the assigmment

Tablel NMR dataof canpound Il (DM S0-dg)

of campound | as 10-hydroxy-3, 14-didehydroginkgol-
ide, nanely ginkgolide L.

Position S ¢ Sy HMBC
1 73.45 3.78(dd,4.2,7.9) 5.16 (1-OH),5.17(6),5.52(2)
2 85.34 5.52(dd,2.2,7.9) 3.78(1),5.16 (1-OH)
3 155. 20 1.92(16),5.52(2)
4 92. 06 6.10(12)
5 65. 44 4.04(7),3.78(1),4.99(10),5. 16 (1-OH),6.10(12)
6 81. 20 5.17(d, 4.0) 4.04(7),5.68(7-OH),3.78(1)
7 73.93 4.04(br. d, 4. 4) 1.67(8),5. 68 (7-OH)
8 48. 61 1.67(d, 12.6) 1.11(18-20),4.04(7),5.68(7-0OH),5. 17(6)
9 69. 18 1.67(8),4.04(7),3.78(1),4.99(10),5.17(6), 6. 10(12)
10 71.11 4.99(d, 5. 6) 7.25(10-0H)
11 174.07 4.99(10),6.10(12)
12 109. 35 6.10(9 1.67(8)
13 169. 39 5.17(6)
14 125. 19 1.92(16),5.52(2)
15 173.44 1.92(16)
16 8.88 1.92(d,2.2)
17 31.95 1.11(18-20),4.04(7),5.68(7-0H), 1. 67(8)
18-20 28.93 1.11(9 1.67(8)
1-OH 5.16(d,7.9) 73.45(C-1), 85. 34(C-2)
7-OH 5.68(d, 6.4) 73.93(C-7),81. 20(C-6)
10-OH 7.25(d,5.6) 71.11(C-10)
Table2 NMR data of canpound | (DM SD-dg)
Position S ¢ Sy HMBC
ol 35.08 1.84(dd, 15.2,7.4) 5.12(6),5.51(2)
B 2.72(dd, 15.2,7.4)
2 86. 99 5.51(t,7.4) 1.84(1)
3 160. 66 1.92(16),5.51(2)
4 92.94 6.05(12)
5 72.51 2.05(7),1.84(0),2.72(B ), 4.97(10),6.05(12)
6 80. 46 5.12(d, 4.0) 2.05(7),1.84(1),2.72(B)
ot 37.51 2.05(m)
B 2.05(m)
8 48. 67 1.71(t,9.6) 1.05(18-20),2.05(7),5. 12(6)
9 68. 25 1.71(8),2.05(7),1.84(1x ),2.72(B ), 4.97(10),5.12(6) , 6. 05(12) , 6. 76 (10-OH)
10 69. 06 4.97(d,4.2) 6. 76 (10-OH)
11 174.29 4.97(10),6.05(12),6. 76 (10-0OH)
12 109. 68 6.05(9 1.71(8)
13 169. 29 5.12(6)
14 124. 17 1.92(16),5.51(2)
15 173.55 1.92(16)
16 8.70 1.92(d,7.0)
17 31.89 1.05(18-20),2.05(7),1.71(8)
18-20 28.75 1.05(9 1.71(8)
1-OH
7-OH
10-OH 6.76(d, 4.2)
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2.1 General expermental procedures

M elting pointswere measured on an XT-4 micro
melting-point gpparatus (uncorrected) . 0O P-1020
polarimeter. R gectrawere recorded on aNicolet In-
strunentNexus870 FT-IR fectrameter. NMR gectra
were recorded on Bruker AV -400 gectrameters M S
were detemined on Agilent 6210 LC/M D TOF gec-
trometer. Column chromatographic  sgparations were
perfomed on silica gel (200-300 mesh; Qingdao M a-
rine Chemical Ltd., Qingdao, China) . Thin-layer
chromatography was performed on precoated silica gel
GF.s, plates(Qingdao M arine Chemical Ltd. , Qingd-
a0, China) . A Il other conmon chemical reagentswere
purchased from Guangzhou Reagent Co. ,L td. .
2.2 Plantmaterial

The leaves of ginkgo were collected in Nanjing,
Jiangau province of China, in April 2008, and were
authenticated by Prof. Q N M in-jian (China Phamar
ceutical University ) .A  woucher  gecimen
(No. 080412) was deposited in the Herbarium of the
China Phamaceutical U niversity, Nanjing, China.
2.3 Extraction and isolation

The pulverized leaves of Ginkgo biloba L. (8.0
kg) were extracted by refluxingwith 95% ethanol (40
L x3). The EDH extractwas concentrated under vac-
uum o yield the crude extract(800 g) ,whichwas dis-
persed inwater and extracted successively with petro-
leum ether, EOAc and nBuOH. The EODAc extract
was dubjected o silica gel colunn chromatography
(mesh 200-300), using gradient mixture of CH,C1, -
MeOH (100 1-100 100, v/v) as eluants to yield otal
lactone, which can be ilated and purified by recrys
tallization and colunn chramatography. The residue
(36 g) fram the recrystallization mother liguor of total
lactone was chramatographed on a silica gel (mesh

200-300) using gradient mixture of petroleum ether-
EOAc(1 0-0 1) aseluants o yield canpounds | (50
mg) and 1l (42 mg), repectively.

Campound I white needle crystal M eéOH) ,mp >
300 °C. R: Vo (am™*): 3 585, 3 470, 3 350, 1 790,
1770 an *. HR-ESIM Sm /z 445. 109 7[M +Na]"
(calcd. for Cy Hy, N&D,o: 445.110 5) . The data of
"H NMR and ° C NMR (400 MHz, DM $O-d;) can be
sen fran Table 2.

Campound 1I: white needles crystal (M éOH) , mp
>300 °C. R: Vo (am™'): 3 558, 3 520, 3 500,
3130,1 610,1 785,1 757 an . HR-ESHMSm/z
413.117 0 [M + Na]" (calcd. for Cy Hy NaDg:
413.120 7). The data of "H NMR and *C NMR (400
MHz DM SD-d;) can be seen from Table 1.
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