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Abstract—Four new acylated flavonol glycosides have been identified from leaves of Strychnos variabilis: quercetin 3-
{4"-trans-p-coumaroyl) robinobioside and its cis derivative, kaempferol 3-(4"-trans-p-coumaroyl) robinobioside and
1ts cis derivative. Quercetin and kaempferol 3-robinobtoside-7-glucosides were also identified.

INTRODUCTION

We recently isolated four new acylated flavonol triglycos-
ides from the butanol soluble fraction of the leaves of S.
variabilis [1] (variabilosides A, B, C and D). From the
ethyl acetate soluble fraction, we have now isolated four
acylated diglycosides, variabilosides E (1), F (2), G (3) and
H (4). As far as we know, such p-coumaroy! diglycosides
have not previously been described. Furthermore, varia-
bilosides B, D, F and H are the first cis derivatives of
flavonols to be characterized. The first p-coumaroyl! ester
of a flavonol diglycoside was isolated from Ginkgo biloba
[2]. A cis dertvative was previously 1solated from the
petals of Eustoma grandifiorum [3] but its structure has
only been partially elucidated. The variabilosides of S.
variabilis might be of pharmaceutical interest because p-
coumaroyl esters of quercetin and kaempferol diglycosi-
des are the major components of the pharmaceutical
extract of Ginkgo biloba [4], which has a significant effect
on the symptoms of cerebrovascular mnsufficiency and
poor arterial circulation [5]. Flavonoids are considered
as a class of natural products of high pharmacological
potency [6] but unfortunately, many of them have a low
solubility in water. We have also isolated two flavonol
glycosides very soluble in water: quercetin and kaem-
pferol 3-robinobioside-7-glucoside (5 and 6). Similar
compounds have been previously isolated from leaves of
Atropa belladonna [ 7] but their structures have not been
fully elucidated.

RESULTS AND DISCUSSION

Structure of variabilosides E and G

Acidic hydrolysis afforded galactose, rhamnose and
aglycones: quercetin from 1 and kaempferol from 3. The
UYV spectra showed an unusual band at ca 315 nm due to

*Part 3 1n the series ‘Flavonol glycosides from leaves of
Strychnos variabihis’ For Part 1, see ref. [10] and for Part 2, ref
(1]

the p-coumaroyl unit (see below). Compounds 1 and 3
submitted to alkaline hydrolysis [8] gave p-coumaric
acid and quercetin 3-rhamnogalactoside (7) and kaem-
pferol 3-rhamnogalactoside (8) respectively (Table 1).

The 'H NMR spectra of the sugar and p-coumaroyl
moieties of 1 and 3 were stmilar. The spectra exhibited
two doublets with large coupling constant (16 Hz) which
showed the trans configuration of p-coumaric acid. The
doublet at about 5.45 ppm with 7.5 Hz coupling constant
was assigned to the anomeric proton (H-1") of f-galac-
tose and confirmed linkage at C-3 [9]. The chemical shift
of the singlet for the anomeric proton of a-rhamnose (H-
1"’) at about 4.38 ppm was identical with the one for the
rhamnose of quercetin and kaempferol 3-robinobioside
[10] and indicated a (1—6) linkage between rhamnose
and galactose. The anomeric proton (H-1") of galactose
exhibited a small downfield shift (0.15 ppm) compared
with quercetin and kaempferol 3-robinobioside [10]
This indicated that the acyl group was linked to the
galactose and was confirmed by !3C NMR spectroscopy.

The !3C NMR spectra of 1 and 3 (Table 2) showed the
signals of a a-L-rhamnopyranosyl umt not directly atta-
ched to the aglycone. The shift of the C-1" signal of
galactose (101.5) was the one of a 3-0-8-D-galactopyran-
osyl unit. The downfield shift of the C-6" (4.6 ppm) was
due to the rhamnosylation and confirmed a (1-6) Iin-
kage between the sugars. The C-5" and C-3" signals were
shifted upfield (2.1 ppm) while the C-4" signal was shifted
downfield (1.7 ppm), indicating that trans-p-coumaroyl
acid was linked to C-4". The shifts for trans-p-coumaric
acid were in agreement with published data [11]. Thus 1
is quercettn  3-rhamnosyl (1-6) (4"-trans-p-
coumaroyl)galactoside and 3 is kaempferol 3-rhamnosyl
(1-6) (4"-trans-p-coumaroyl)galactoside.

Structure of variabilosides F and H

Acidic hydrolysis afforded galactose, rhamnose and
the aglycones: quercetin from 2 and kaempferol from 4.
The UV spectra of 2 and 4 were similar to those of 1 and
3 but the band at 315 nm was smaller. Compounds 2 and
4 submitted to alkaline hydrolysis [8] gave an acid with a
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Table 1 Chromatographic data for flavonol glycosides

Flavonol glycoside

1 Quercetin 3-(4"-trans-p-coumar-
oyl) robinobioside (variabiloside
E)

2 Quercetin 3-(4"-c15-p-coumaroyl)
robinobioside (variabiloside F)

3 Kaempferol  3+(4"-trans-p-cou-
maroyl) robinobioside (variabilo-
side G)

4 Kaempferol 3-(4"-cis-p-coumar-
oyl) robinobioside (variabiloside

H)

5 Quercetin 3-robinobioside-7-glu-
coside

6 Kaempferol 3-robinobioside-7-
glucoside

7 Quercetin 3-robinobioside
8 Kaempferol 3-robinobioside

R, values*

Syst Syst
I 2 Fluorescence

067 037 orange
073 037 orange
073 042  green
079 042 green
007 065 orange-red
009 074 green
036 051 orange
043 055 green

*For system details see Experimental

lower R, than trans-p-coumaric acid and quercetin-3-
rhamnosylgalactoside (7) and kaempferol 3-rhamnosyl-
galactoside (8) respectively (Table 1)

The '"H NMR spectra of the sugar moiety of 2 and 4
were similar to those of 1 and 3 The spectra exhibited
two doublets at 59 and 691 ppm with a large coupling
constant (13 Hz) and two doublets at 6 75 and 7 75 with
an 8.5 Hz coupling constant The signals were assigned to
a cis-p-coumaroyl unit 1n agreement with published data
[12]

The '3C NMR spectra of 2 and 4 were similar to those
of 1 and 3 except for the c1s-p-coumaroyl signals (Table
2). Compound 2 1s thus quercetin 3-rhamnosyl (1-+6) (4"-
as-p-coumaroyl)galactoside (Fig 1) and 4 1s kaempferol
3-rhamnosyl (1 -6) (4”-cis-p-coumaroylgalactoside

Structure of water soluble flavonol glycosides

Acidic hydrolysis afforded galactose, glucose, rham-
nose and the aglycones quercetin from 5 and kaempferol
from 6 The UV spectra showed no unusual bands and
that the 3-and 7-hydroxyl groups were substituted Com-
pounds 5§ and 6 submutted to S-glucosidase hydrolysis
gave quercetin 3-robmobroside (7) and kaempferol 3-
robmobioside (8) respectively (Table 1). The '"H NMR
spectra showed signals for the anomeric protons of §-
galactose (H-1") and f-glucose (H-1"") linked at C-3 and
C-7, respectively The chemical shift of the anomeric
proton of x-rhamnose (H-1"") was similar to that of
quercetin and kaempferol 3-robmobrostde [10] and mnds-
cated a (1—6) linkage between the sugars. The "“C NMR
spectra showed signals for 3-0-f-D-galactopyranose, 7-
O-f-D-glucopyranose and #-L-rhamnopyranose not dir-
ectly attached to the aglycone The downfield shift
(52 ppm) of the C-6" signal of galactose was due to
rhamnosylation and confirmed a (1—6) inkage between
the sugars

EXPERIMENTAL

Plant material Leaves of Strychnos variabilis were collected 1n
1951 at the Botanical Garden of Kisantu (Zaire) and dark-stored
1 the laboratorium of Pharmacognosy (Liege University) Her-
barium specimens are kept 1n the Botanical Garden of Belgium
at Metse and 1n the University of Liege (Duvigneaud 147 et 725)

General techmques TLC of glycosides were carried out on
silica gel 60 F 254 precoated plastic sheets Merck™ with
EtOAc-HCO,H-H,0 (6 1 1) (syst 1) and on cellulose pre-
coated plastic sheets Merck® with HOAc-H,0 (3 17) (syst 2)
TLC of aglycones on cellulose with HOAC-H,O (3 2).
CHCl,-HOAc-H, O (109 1) and n-BuOH-HOAc H,0
4 1 1) Glycosides and aglycones were visualized with amin-
oethyldiphenylborinate-PEG 400 [13]. TLC of sugars on silica
gel 60 F 254 with #-BuOH-Me,CO-NaH,PO, 1 6% in H,O
(4 5 1) and visualized with anmiline phthalate reagent, TLC of
coumaric acids on silica gel 60 F 254 precoated plates with
CH,Cl,-MeOH (4 1) and visualized with Paskova and Munk’s
reagent [14]

Isolation Leaves (100 g) were extracted with EtOH and the
concd extract taken up in hot water The filtrate was successive-
ly extracted by Et,0, EtOAc and n-BuOH The residual aq
extract (4 7 g) was purified by LC (Lobar® LichroPrep® RP-§,
10% aq Me,CO and then Sephadex® LH 20 column, H,0), and
finally freeze-dried The crude EtOAc extract purified by LC
(Lobar® LichroPrep® RP-8, 30-50% agq Me,CO) was sub-
mitted to DCCC with (CHCl,-MeOH-H,O (5 6 4} n the
descending mode (150 columns, 40 x 2 mm, instrument DCC-A,
Tokyo Rikakikai, Japan) Finally, the vanabilosides were puri-
fied on a Sephadex® LH 20 column eluted with MeOH

Quercetin 3-rhamnosy! (1 = 604" -trans-p-coumaro)l)-
galactoside  (vanabioside  E)  UVARO%am 314, 266
257, (NaOMe) 368, 271, (AIC1;) 437, 309, 300, 277, (AICI, + HCI)
398, 313. 300, 275, (NaOAc) 376, 317. 274, (NaOAc + H,BO,)
377,315,264 'H NMR (400 MHz. DMSO-d,} 6 764 (1 H.dd. J
=11and 2 Hz, H-6'), 762 (IH,d, J=2Hz, H-2), 753 (2 H.d. J
= 85Hz, H-2coum H-6coum), 752 (1H, d. J=16Hz H-
7 coum), 688 (1 H. d, J= 8 5Hz H-5). 6 82 (2 H.d, J=85Hz,
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Table 2 '3C NMR data for flavonol glycosides*

Compound
C 1 2 3 4 5 6
2 156.5° 156.4° 156.4° 156 5¢ 1572 1571
3 1333 133.0 133.1 1329 1339 1336
4 1775 1774 1774 1774 17717 1776
5 1614 161.2 1612 161.2 1610 1609
6 988 98.7 987 988 99.5 994
7 1643 164.1 1642 1644 1630 162.9
8 937 936 93.7 938 94.7 946
9 156 6° 156 7¢ 156 6* 156 8° 156 1 1560
10 1040 1039 1039 1039 1057 1056
Iy 121.3 1211 1209 1209 121.1 1207
2 1153 1152 1309 131.0 1154 1311
3 1450° 1449 1150 1150 1450 151
4 148.8 148.5 1601 160.1 1489 1602
5 116.5 116.3 115.0 1150 1164 1151
6 1218 1217 1309 1310 1221 1311
17 1015 1012 1015 1014 1020 1018
2" 718 71.7 717 71.7 713 711
3 712 710 70.9 710 73.2¢ 730°
4" 70.0 698 699 69.9 683 68.0
5" 71.6 714 715 715 738 736
6" 64.9 64.8 648 65.0 654 653
1" 1004 1003 100.3 100 3 100.2 1001
2" 70.5¢ 70 4¢ 70.3¢ 70 4¢ 70 6° 70 4¢
3 70.6¢ 70 5¢ 70 4¢ 70.5¢ 707 70 6°
4" 720 717 71.8 717 721 719
5 68 5 68.4 683 68.5 684 683
6" 17.9 17.7 17.7 177 180 179
1 100.0 999
2 73 3¢ 73 1¢
3 713 772
4" 69.7 69 6
s 76.5 76.4
6" 608 60.6
| 1253 1255 1251 1254
2 1304 1330 1302 1329
3 116.0 1149 1158 114,94
4 1599 1588 1598 1589
5 116.0 1149 1158 114.9¢
6" 1304 133.0 1302 1329
7 144.9° 1438 144.7 1437
8 1144 1150 1142 11504
g 166 1 1651 1658 165.2

*13C NMR (100 MHz, DMSO-d;)

“=¢, Values marked with the same superscript within spectrum are interchangeable.

H-3 coum H-5coum), 64(1 H,d, J= 2 Hz, H-8),6.39(1 H, 4, J
=16 Hz, H-8 coum), 62 (1 H, 4, J=2Hz, H-6), 546 (1H, d, J
=7 5Hz, H-1 gal), 438 (1H, s, H-1 rha), 3.3 (m, sugar protons),
093 (3H, d, J=6 Hz, Me-rha).

Quercetin 3-rhamnosyl (1-6)4"-c1s-p-coumaroyl)galactoside
(vanabiloside F) UV AM:OMnm. 313, 267 sh, 258, (NaOMe),
368, 271, (AICly), 433, 306, 275, (AICl;+HCI) 396, 303, 273;
(NaOAc) 380, 318, 273, (NaOAc+H;BO,), 375, 313, 264.
'H NMR (400 MHz, DMSO-dgy 6 775(2 H, d, J=8.5Hz, H-2
coum H-6 coum), 763 (1 H, dd, J=8 and 2 Hz, H-6), 756 (1 H,
d,J=2Hz,H-2),691(1 H,d,J=13 Hz, H-7 coum), 6.85(1 H, 4,
J=85Hz, H-5),675 (2 H d, J=8 5 Hz, H-3 coum H-5 coum),
64(1H,d,J=2Hz, H-8),62(1 H,d,J=2Hz, H-6),59 (1 H, d,
J=13 Hz, H-8 coum), 548 (1 H, d, J=7 5 Hz, H-1 gal),44 (1 H,

s, H-1rha), 33 (m, sugar protons), 096 (3 H, 4, J=6 Hz, Me-
rha)

Kaempferol 3-rhamnosyl (1—6) (4’-trans-p-coumaroyl)
galactoside (vanabiloside G) UV M9 nm 315, 267, (NaOMe)
372,275, (AICl,) 396, 322 sh, 306, 276; (AIC1; + HCI) 394, 321 sh,
308, 277, (NaOAc) 376, 313, 275, (NaOAc + H,BO,), 317, 268
'HNMR (400 MHz, DMSO-d,) 681 (2H, d, J=9 Hz, H-2' H-
6), 7.53 (2H, d, J = 8 § Hz, H-2 coum H-6 coum), 752 (1H, d, J
=16 Hz, H-7 coum), 6 9 (2H, d, J =9 Hz, H-3' H-5'), 6 8 (2H, 4,
J=85Hz, H-3 coum H-5 coum), 64 (1H, d, J=2Hz, H-8), 635
(1H, d, J =16 Hz, H-8 coum), 62 (1H, d, J =2 Hz, H-6), 5.44
(1H, d, J =75 Hz, H-1 gal), 437 (1H, s, H-1 rha), 3 3 (m, sugar
protons), 093 (3H, d, J = 6 Hz, Me-rha)

Kaempferol  3-rhamnosyl  (1-6)  (4”-cis-p-coumaroyl)
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Fig. 1

galactoside (Vaniabiloside H) UV AM<OH nm 316, 266, (NaOMe)
378, 275, (AICl;) 394, 306, 275, (AICl,+HCI) 391, 305, 276,
(NaOAc) 381, 312, 275, (NaOAc+ H;3BO,) 315, 267. '"H NMR
(400 MHz, DMSO-d;) 68052 H,d, J=9 Hz, H-2' H-6'), 774 (2
H, d, J= 85 Hz, H-2 coum H-6 coum), 692 (1 H, d, /=13 Hz,
H-7 coum), 689 (2 H, d, J=9 Hz, H-3 H-5), 675 2H, d, J
=8 5 Hz, H-3 coum H-5 coum), 642 (1 H, d, J=2 Hz, H-8), 62
(1H, d, J=2Hz, H-6), 581 (1 H, d. J=13 Hz, H-8 coum), 546
(1 H, d, J=75Hz, H-1 gal), 438 (1 H, 5, H-1rha), 3 3 (m, sugar
proton), 096 (3 H, d, J=6 Hz, Me-rha)

Quercetin  3-rhamnosyl (1 —6)galactoside-T-glucoside UV
AMeOM nm 359, 266 sh, 256; (NaOMe) 404, 266, (AIC1,) 440, 275,
(AICL; + HC1) 405, 364 sh, 270, (NaOAc) 416, 263, (NaOAc
+H;BO,) 381, 261 'H NMR (400 MHz, DMSO-d;) 6764
(1H,dd, J=8SHzand 2 Hz, H-6'). 7 57 (1 H, d, J =2 Hz, H-2'),
6.84 (1 H, d, J=8 5Hz, H-5), 6 75 (1 H, d, J=2 Hz, H-8), 644
(1H, d. J=2Hz H-6), 534 (1H, d, J=75Hz, H-1gal), 506
(1 H, d, J=75Hz H-1¢glc), 44 (1 H, s, H-1rha), 3 3 (m, sugar
proton), 105 (3 H, d, J=6 Hz Me-rha)

Kaempferol 3-rhamnosyl (1—+6)galactoside-7-glucoside
UV iMOH nm 350, 267, (NaOMe) 399, 268, (AICI,), 397, 354,
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300, 275, (AICL; + HCI) 396, 349, 300, 275, (NaOAc) 400, 266,
(NaOAc+H,BO,) 353, 266 *H NMR (400 MHz, DMSO-d,). §
81(2H,d J=9Hz H-2" H-6') 687 (2 H, d, J =9 Hz, H-3' H-5'),
678(1 H,d,J=2Hz, H-8),645(1 H,d, J=2 Hz, H-6), 5 35(1 H,
d,J=T75Hz H-1gal), 507(1 H,d, J=7 5 Hz, H-1 glc), 44 (1 H,
s, H-1rha), 33 (m, sugar protons), 106 (3 H, d, J=6 Hz, Me-
rha)
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