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Abstract-A new flavonoid glycoside was isolated from the leaves of Ginkgo hi/oh and its structure elucidated as 
kaempferol 3-O-a-(6”‘-p-coumaroylglucosyl-~-1,4-rhamnoside). 

____- 

INTRODUCTION 

Earlier chemical investigations of the leaves of Ginkgo 
bilogn L., the one and only member of the Ginkgoaceae, 
led to the isolation and characterization of lactonic 
terpenes proper to this tree [l] and of biflavonoids [2]. 
The present communication describes the isolation and 
the structural elucidation of an unusual kaempferol 
derivative, the 3-0-a-(6”‘-p-coumaroylglucosyl-~- 1,4- 
rhamnoside. The structure of this compound was pre- 
viously described [3] but without any mention of the 
isolation method nor were any structural data included. 

RESULTS AND DISCUSSION 

Dried leaves of Ginkgo biloba were exhaustively ex- 
tracted with aqueous acetone. The aqueous acetone 
residue, defatted first with diethyl ether, was extracted with 
ethyl acetate. After evaporation, the ethyl acetate extract 
was passed through an anion exchange resin column. The 
unadsorbed fraction gives the crude flavonoid extract 
which was successively refractionated on silica gel and 
polyamide columns. Finally, the flavonoid 1 was purified 
on a Sephadex column, and obtained as a pale yellow 
amorphous solid, mp 337 + 2”. 

Upon acid hydrolysis of 1, kaempferol, p-coumaric 
acid, D-glucose and L-rhamnose were identified by TLC. 
Kaempferol and p-coumaric acid were also identified by 
UV and ‘H NMR spectroscopy. In UV light, 1 appeared 
as a dull brown flavone-like fluorescent spot on silica gel 
and polyamide plates, indicating substitution of the C-3 
hydroxyl group. This spot changed to yellow with am- 
monia and to yellowish-green with NA indicating respect- 
ively the presence of free 5- and 4’-hydroxyl groups and 
the absence of an ortho-dihydroxyl group in the B ring. 
UV maxima in ethanol at 3 IO and 263 nm and the shifts 
obtained with diagnostic reagents (see Experimental) 
suggested the presence of three free hydroxyl groups at 
positions C-5, C-7 and C-4’ [4]. Therefore. the position of 
the linkage between kaempferol and the other moiety, 
occurs at C-3. It is noteworthy that the A,,, of band 1, at 
310 nm shows a very low value (a typical kaempferol C-3 
linked glycoside shows a corresponding i,,, located 
about 350.-360 nm). This hypsochromic shift of band 1 is 

due to the presence of the p-coumaroyl group in the side 
chain. 

The MS of 1 exhibited a molecular ion peak at m/z 740 
in accordance with a p-coumaroyl ester of a kaempferol 
bioside. The fragment ions at m/z 595, 433 and 287 
showed that glucose was located between rhamnose and 
p-coumaric acid. The MS of peracetylated 1 gave [M] + at 
m/z 1119, corresponding to the quasi-molecular ion of 
this derivative. The fragments at m/z 707 and 477 
suggested that p-coumaric acid is in the terminal position. 
This was confirmed by alkaline hydrolysis, the products of 
which were identified by TLC as p-coumaric acid and a 
kaempferol bioside. The MS of this kaempferol bioside 
had fragments at m/z 595, 433, and 287, suggesting that 
rhamnose is directly attached to the kaempferol aglycone. 

The ‘H NMR spectrum exhibited two doublets at 66.10 
and 7.45 with large coupling constants (16 Hz) which 
assigned the trans configuration to p-coumaric acid. The 
anomeric proton (H-l”‘) of the glucose appeared as a 
doublet at 4.18 (J = 8 Hz). This chemical shift confirmed 
that glucose is not attached to the kaempferol nucleus. 
The diaxial coupling (J = 8 Hz) between H-l Glc and H- 
2 Glc indicated that the glucose has a @configuration. The 
signal at 5.61 (J = 2 Hz) was assigned to H-l rhamnose, 
confirming the position of linkage between sugar and 
aglycone at C-3, and diequatorial coupling (J = 2 Hz) 
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between H-l rhamnose and H-2 rhamnose indicated the 
a-configuration [4]. 

The 13C NMR spectrum of the sugar moiety of 1 shows 
a downfield shift of C-6 glc (A + 2.1) from the chemical 
shift values reported, for the corresponding carbon reson- 
ances of unlinked C-6 glucose (such as flavonol 3-0- 
glucopyranosides) [s]. These shifts are expected from the 
substituent effect of C-6 glucose acylation [6]. Otherwise, 
in the “C NMR spectrum of kaempferol-3-O-(rhamno( l- 
6) glucoside) [7] the glucose C-6” signal shift downfield 
from 661.0 to 67.1 due to rhamnosylation at C-6”. This 
evidence excludes other possible acylation sites in the 
glucose moiety of 1 and shows that tram-p-coumaric acid 
is linked to C-6 glc. Comparison of the rhamnose carbon 
chemical shifts in the spectrum of 1 and those of 
unsubstituted methyl40-glycosylated-a-L-rhamnoside 
showed similarities. Thus, the chemical shift for the 
carbon atom linked to the second sugar in the case of a 2- 
0-glycosylation is at 679.0, that of a 3-0-glycosylation is 
at 78.8 and in the case of a CO-glycosylation is at 80.4 [8]. 
The corresponding atom in 1 resonates at 8 1.6 indicating 
that glucose must be linked to the Chydroxyl group of the 
rhamnose moiety. The signal assigned to the rhamnose C- 
2 (671.7) appears to be far downfield compared to the 
value found for kaempferol3-0-glucorhamnoside (670.4) 
and its monoacetate (670.1) [9]. On the basis of these 
data, we conclude that 1 is kaempferol 3-O-a-(6”‘-p- 
coumaroylglucosyl-j?-1,4_rhamnoside). This glycoside is 
unique in two ways. First, there is the sequence of the 
sugars in the side-chain in which rhamnose, and not 
glucose, is directly linked to the C-3 hydroxyl of the 
aglycone. Secondly, there is the esterscation of glucose to 
p-coumaric acid. To our knowledge, only two such 
glucorhamnosides have been previously reported [9], and 
a p-coumaroyl ester of a flavonol bioside has never been 
described. 

EXPERIMENTAL 

General techniques. Chromatography columns employed: ion 

exchange resin: Amberlite IRN-78 (Prolabo); Silica gel 60 

(E. Merck); Polyclar AT (Touzart 8~ Mat&non) and Sephadex 

LH-20 (Pharmacia); Prccoated silica gel plates 60F 254 (E. 

Merck), cellulose (E. Merck) and micropolyamide foils F 1700 15 

x 15 cm (Schleicher & Schiill). The solvent systems were: 

A, EtOAc-McCOEt-HCO,H-H,O (5: 3 : 1: 1); B, MeCOEt 

-MeOH-HOAc (3 : 1: 1); C, H,O-MeCOEt-MeOH (4: 3 : 3); 
D, HOAc 60%. Flavonoids were visualized by UV light and by 

spraying with NA (Naturstoffreagenz-A) in EtOH. Sugars were 
visualized by spraying with anisaldehyde soln and after heating at 

120”. 
Isolation ofl. Ground, dried leaves (10 kg) were extracted with 

60% aq. Me&O in a Soxhlet. The extract was evaporated to 

dryness under red. pres. The residue was then extracted with 
CHClo and EtOAc. The CHC13 extract was discarded. The coned 

EtOAc extract (48 g) was chromatographed over an ion resin 
exchange column 100 g) using Hz0 with an increasing ratio of 
MeOH and then MeOHa.05 N HCl. The fractions (250 ml) 
were collected and controlled by TLC. The fraction (22.3 g) 
eluted with aq. MeOH contained the flavonoids. It was chro- 

matographed over a silica gel column (1.0 kg) packed with EtOAc 

and eluted with a mixture of EtOAc-MeOH with an increasing 
ratio of MeOH. The fraction (3 g) containing 1 was chromato- 

graphed over a Polyclar column (1OOg) packed with 

CHCls-MeOH (4:l) and eluted with the same solvent. The 

kaempferol p-coumaroyl glycoside was finally purified on three 

successive Sephadex columns (15 g) eluted with MeOH. 470 mg 

of pure glycoside were obtained as an amorphous solid. 

The acetate (prepared via A@-pyridine) recrystallized from 
EtOH, mp 145”; CIMS 70 eV, m/z (rel. int.): 1136 [M + NH41 (7), 
1119 [M+H]+ (42), 1076[M-OAc]+ (9),724(11),707 (lOO), 

477 (92), 412 (IO), 370 (8), 328 (8), 286 (8); ‘H NMR (200 MHz, 
CDCls): SO.86 (3H, d, J = 6 Hz, Me rhamnose.), 1.97 (3H), 2.02 

(6H), 2.08 (3H), 2.11 (3H), (5 OAc disaccharide), 2.30 (3H), 2.33 
(3H), 2.34 (3H), 2.40 (3H), (4 OAc phenolics), 3.2-5.2 (sugar 

protons), 5.65 (lH,d,.J = 2 Hz, H-l rha), 6.37 (lH,d,J = 16 Hz, 

H-8coum), 6.81 (IH, d, J=2.5Hz, H-6). 7.05 (2H,d,J=9Hz, 

H-3’ and H-S), 7.49 (2H, d, .I = 9 Hz, H-2 coum and H-6 coum), 

7.61 (lH,d, J = 16 Hz, H-7coum), 7.85 (2H,d, J = 9H, H-2’and 

H-6’). 
Kaempferol 3-0-a-(6”-p-coumaroyl glucosyl-p-1,4-rhamno- 

side). Mp 337 f 2”; [a] g - 60 (EtOH; c 1). UV lEtoH nm: 355 sh, 

310,263; + NaOAc: 370 sh, 304,267; + NaOAc-?;nBO,: 355 sh, 
310, 263: +AICI,: 396 sh, 307 sh, 302, 275, 225; + AICI,-HCI: 

397 sh, 307 sh, 303, 275, 225; ‘H NMR (200 MHz, DMSO-de): 

60.92 (3H, d, .I = 6 Hz Me rhamnose), 3.064.24 (m, sugars 

protons), 4.35 (lH,d,J = 8 Hz, H-l gk) 5.61 (lH,d, .I = 2Hz, H-l 

rha), 6.11 (lH,d, J = 2.5 Hz, H-6), 6.10 (IH, d, J = 16 Hz, H-8 

coum), 6.25 (lH, d, J = 2.5 Hz, H-8), 6.72 (2H, d, J = 9 Hz, H-3 

coum and H-5 coum), 6.91 (2H, d, J = 9 Hz, H-3’, and H-6’) 7.37 

(2H, d, J = 9 Hz, H-2 coum and H-6 coum), 7.45 (1 H, d, J 
= 16Hz, H-7 coum), 7.72 (2H, d, J = 9Hz, H-2’ and H-6’), 8.49 

(s, OH phenolic), CIMS 70eV, m/z (rel. int.): 741 [M + H]+ (2), 

595(10),472(14),433(100),287(f).L3CNMR(50MHz,DMSO- 

d,): 6 17.4 (C-6 rha), 63.1 (C-6 glc), 69.8 (C-5 rha), 70.2 (C-4 glc), 

70.4 (C-3 rha), 71.7 (C-2 rha), 73.6 (C-2 glc, C-5 glc), 76.0 (C-3 glc), 

81.6 (C-4 rha), 93.9 (C-8). 99.2 (C-6), 100.6 (C-l rha), 103.3 (C-l 

glc), 106.0 (C.lO), 113.7 (C-8 coum), 115.4 (C-3, C-S), 115.7 (C-3 

coum, C-5 coum), 120.3 (C-l ‘), 124.8 (C-l coum), 130.0 (C-2, C- 

6’), 130.4 (C-2 coum, C-6 coum), 134.2 (C-3), 144.2 (C-7 coum), 

156.2 (C-S), 156.5 (C-2), 160.0 (C-4’), 160.2 (C4coum), 161.2 (C- 

5) 165.9 (C-7), 166.4 (C-9 coum), 177.4 (C-4). 
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