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Abstract-Twelve llavonol glycosides have been isolated from the leaves of Securid~a diuersi$ofolio. The separation of 
ten quercetin 3glycosides and two kaempferol3glycosides was achieved by droplet counter-current chromatography 
(DCCC), preparative reversed-phase chromatography and gel chromatography. The structures were established on the 
basis of partial and total acid hydrolysis and spectral data (UV, ‘“C NMR, FAB MS, D/C1 MS). The four apiosides: 
quercetin 3-(2”+I-Dapiofuranosyl-B-Dglucopyranoside), 3-(2”+I-D-apiofuranosyl+D@actoside), 3-(2”~/3-~ 
apiofuranosyl-a+arabinopyranoside) and 3-(2”-/I-papiofuranosyl-fl+-xylopyranoside) are new natural products. 
The structure of kaempferol3-(2”-fl-~apiofuranosyl-/?-Dghtcopyranoside), previously isolated from Cicer arietinum, is 
confirmed. 

INTRODUCITON 

Very little is known about the secondary plant con- 
stituents of the genus Securidaca from the Polygalaceae, 
although species such as S. longepedunculata Fres. are 
widely used in African folk medicine, as well as fish 
poisons [l-3]. Saponins (derived from presenegenin) and 
methyl salicylate in the fresh roots have been previously 
reported from some Securidaca species [2-53. Within the 
scope of an investigation of different Polygalaceae for 
biologically-active compounds [6-83, we therefore 
studied S. diuersifolia S. F. Blake. This shrub grows in the 
subtropical regions of the American continent. No pre- 
vious phytochemical work on this species has been 
published. We now report on the isolation and structure 
elucidation of glycosidic constituents from the leaves of 
the plant. 

RESULTS 

A thin-layer chromatographic screening of the meth- 
anolic leaf extract of S. diversifoliu showed a complex 
pattern in UV light. The deep purple colour of the spots 
under UV 366 nm light changed to a yellow fluorescence 
after spraying with aluminium chloride, suggesting the 
presence of tlavonoids. Acid hydrolysis of the crude 
methanol extract with 2 N HCl, followed by the usual 
workup gave quercetin and kaempferol. 

The methanol extract was submitted to DCCC using 
CHCl,-MeOH-n-BuOH-HZ0 (10: 10: 1:6) as solvent 
system in the ascending mode and 9 fractions (I-IX) were 
collected. The fractions VI, VIII and IX consisted of the 
pure flavonoid monoglycosides 12,9 and 11, respectively. 
Fractions I, III, IV, V and VII were further separated by 
chromatography on Sephadex LH 20 with methanol as 
eluent. Fraction I yielded compound 1; fractions III and 
IV afforded pure diglycosides 4 and 6, and 4 and 5, 

respectively. V and VII contained further tlavonoid 
monoglycosides. From fraction V, compounds 7 and 8 
were obtained, VII could be separated into 10 and 12. The 
two quercetin derivatives 2 and 3 were isolated from 
fraction II by preparative reversed-phase chromato- 
graphy with MeOH-HzC&HCOOH (25: 73 : 2). 

Acid hydrolysis of 4 and 11 afforded kaempferol as 
aglycone, whilst all the other compounds yielded quer- 
cetin. The sugars of the monoglycosides 7-12 were 
identified by TLC. The position of attachment of the 
sugar moieties was determined by the UV spectra 
measured in methanol and after addition of the usual shift 
reagents [9]. The glycosidation site was found to be in 
each case at C-3 of the aglycone. Compounds 7-12 were 
therefore identified as quercetin 3galactoside (hypero- 
side) 7 [lo], quercetin 3ghrcoside (isoquercitrin) 8 [ 111, 
quercetin 3-xyloside (reynoutrin) 10 [12], quercetin 3- 
rhamnoside (quercitrine) 12 [13], quercetin 3-a-~- 
arabinopyranoside (guaijaverin) 9 [ 141 and kaempferol3- 
a-L-arabinopyranoside 11. For the latter two compounds, 
the pyranoside form of the sugar was established on the 
basis of “C NMR spectral data [15]. 

The sugars, obtained after hydrolysis of the diglyco- 
sides with 2 N HCl were identified by TLC as glucose for 
1,3 and 4, galactose for 2, arabinose for 5 and xylose for 6. 
Mild acid treatment ofcompounds 2-6 with 0.1 N HzSO., 
according to Shoji [personal communication] afforded 
apiose in addition to the above mentioned sugars. 

The desorption chemical ionization MS (D/C1 MS) 
[16] of 1 showed a quasimolecular ion at m/z 627 ([M 
+ HI+). The fragment peaks at m/z 465 ([(M +H) 
- 162]+) and 303 ([(M+H)- 324]+) were due to the 
consecutive loss of two glucosyl units. Confirmation of 
these results was obtained by fast atom bombardment 
(FAB MS) [17], measured in the negative ion mode, where 
signalsat m/z625 ([M - HI-)and 301 (FM-H)- 324]-) 
could be observed. On the basis of the ‘C spectral data, 
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glycoside 1 was identified as the already known quercetin 
3-sophoroside [ 181. 

The mass spectra of both 2 and 3 showed identical 
fragmentation patterns. A weak quasimolecular ion at m/z 
597 ([M + HI+) was obtained by the D/C1 technique. 
Fragment peaks at m/z 465 ([M + H) - 132]+) and 303 
([M + H) - 294]+) indicated the successive cleavage of 
the terminal apiosyl and the inner galactosyl or glucosyl 
moiety. In the FAB spectrum very intense quasimolecular 
ions at m/z 595 ([M-H]-) appeared, together with a 
signal at m/z 301 ([M +H)-294]-). The position of 
attachment of the sugar moiety and the interglycosidic 
linkage were deduced from 13C NMR spectral data 
(Table 1). For both compounds, the C-2and C-3 signals of 
the aglycone appeared at 155.6 and 133.2 ppm, respect- 
ively. Thus, the site of glycosidation is at C-3 [lS]. The 
chemical shifts of the C-atoms of the glucose moiety of 3 
indicated that the apiose was attached at position 2. The 
C-2 was shifted downfield by 2.9 ppm in comparison with 
quercetin 3-fl-Dglucopyranoside [15], and appeared at 
77.2 ppm. On the other hand the anomeric carbon was 
observed upfield at 98.6 ppm, whereas the other signals 
were not affected. The chemical shift values of the sugar 
moiety were in good agreement with reported data for 
apigenin 7-(2”-O-/%~apiofuranosyl+Dglucopyrano- 
side) (apiin) [15]. However, due to the different glyco- 
sidation site, the signal for C-l” of 3 appeared at 1.1 ppm 
higher field than the corresponding signal for apiin. Thus, 
3 was established as the previously unknown quercetin 3- 
0-(2”-0-/?-t+apiofuranosyl+r&copyranoside). 

In the “C NMR spectrum of 2 (Table l), the signals 
attributable to the galactosyl moiety indicated a linkage of 
the terminal apiose at C-2”. The signal for this C atom was 
shifted downfield by 3.7 ppm with regard to quercetin 3- 
O-b-Dgalactopyranoside and appeared at 75.0 ppm, 
while the adjacent anomeric carbon underwent an upfield 
shift of 3.3 ppm. The other signals remained unchanged. 2 
was therefore identified as quercetin 3-O-@“-o-fl-~- 
apiofuranosyl-B-D-galactopyranoside), a new flavonoid 
glycoside. 

The sugar sequence of 4 was established by D/C1 MS. A 
quasimolecular peak at m/z 581 ([M +H]+), together 
with fragment ions at m/z 449 ([(M +H)- 132]+) and 

Table 1. ‘“C NMR chemical shifts of 2-6 (sugar 
moieties) in d,-DMSO 

2t 3t 4t St 6t 

C-l” 99.0 98.6 98.7 99.3 99.5 
C-2” 75.0 77.2’ 77.3* 75.2 76.6. 
C-3” 73.7 77.0 77.0 69.8 76.1. 
C-4” 68.3 70.3 70.3 65.2 69.4 
C-5” 75.6 77.3+ 77.3* 62.5 65.7 
C-6” 60.1 60.9 60.8 

C-l”’ 108.8 108.6 108.7 108.6 108.5 
C-2”’ 76.3 76.2 76.2 76.1 76.1* 
C-3” 79.1 79.1 79.1 78.8 79.0 
C-4” 73.9 73.9 73.9 73.7 73.8 
C-5” 64.4 64.3 64.2 63.8 64.2 

*Assignments interchangeable. 
t 50.29 MHz. 
$100.54 MHz. 

287 ([M + H)-294]+) proved that apiose was the ter- 
minal sugar. A similar fragmentation pattern was ob- 
served in the FAB spectrum with ions at m/z 579 ([M 
-HI-), 447 ([(M-H)-132]-) and 285 ([(M-H) 
- 294]-). In the ’ %Z NMR spectrum the signals attribu- 
table to C-2 and C-3 of the aglycone were at 155.6 and 
133.0 ppm. Thus, the sugar chain is attached at C-3. As the 
chemical shifts of the sugar signals were virtually identical 
with 3 [Table 11, the structure of 4 was identified as 
kaempferol 3-O-(Y-O-/GD-apiofuranosyl-8-Dgluco- 
pyranoside), which has probably been isolated from Cicer 
arietinum [20]. 

Similar D/C1 MS were obtained for 5 and 6. A 
quasimolecular ion at m/z 567 ([M + H] ‘) was followed 
by successive elimination of two pentose units, leading to 
fragment peaks at m/z 435 ([M +H)- 132]+) and 303 
([(M +H)-264]+). The glycosidation site on the agly- 
cone was at C-3 for both 5 and 6, as could be deduced from 
the “C NMR signals of C-2 and C-3, which appeared at 
156 and 133 ppm, respectively. The sugar sequence of 
both compounds was established by sequential hydrolysis 
of the sugar chains. Selective cleavage of the terminal 
apiose with 0.1 N methanolic HCl at room temperature 
yielded 9 and 10, which were further hydrolysed to yield 
arabinose and xylose respectively as the inner sugars. The 
interglycosidic linkage was established on the basis of the 
“C NMR data. In comparison with 9 [15], the signal 
attributable to the C-2” of the arabinopyranosyl moiety of 
5 was shifted downfield by 3.6 ppm and appeared at 
75.2 ppm, whereas the signal of the adjacent anomeric 
carbon atom appeared upfield at 99.3 ppm. Thus, the 
apiose was attached at C-2” of the arabinosyl moiety. For 
compound 6, a similar behavior could be observed for the 
signals of the xylose unit. 5 and 6 were therefore identified 
as the two new flavonol apiosides quercetin 3-0-(2”-0-@- 
Dapiofuranosyl-a-L-arabinopyranoside) and quercetin 
3-O-(2”-O+apiofuranosyl-/?-pxylopyranoside), respect- 
ively. 

DlSCUSSION 

The application of droplet countercurrent chromato- 
graphy @CCC) to the separation of flavonoids has been 
reviewed recently [ 193. For the isolation of closely related 
flavonol glycosides, the combination of DCCC with 
preparative reversed-phase chromatography and gel 
chromatography proved to be very efficient, due to the 
different selectivities of these chromatographic tech- 
niques. Thus, each of the twelve glycosides could be 
separated in just two steps. 

Among the isolated compounds, the apiosides 2, 3, 5 
and 6 are new natural products. The kaempferol3-O-(2”- 
O-/&D-apiofuranosyl+Dglucopyranoside) 4 is probably 
identical with a kaempferol3-0-apiosylglucoside isolated 
from Cicer arietiwm L. [20]. However, the interglycosidic 
linkage of the latter compound was not established with 
certainty. Flavones with apiose as a sugar moiety are 
known [21], but very few flavonol glycosides containing 
that sugar have been reported. 

Apiose seems to occur frequently in glycosides of the 
Polygalaceae, and this fact might be of chemotaxonomic 
interest. Apart from the above described tlavonoids, this 
rare pentose has also been found as a sugar moiety in 
several Polygala saponins [23, 24-j. Very little is actually 
known about the tlavonoids of the Polygalaceae, since 
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