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Abstract-Four B-ring oxygen-free trioxygenated xanthones, viz. 1-OH-2,3-(OMe)2-, 1,2,3-(OMe)J-, l-OH-2,3- 
(OCH,O)-, 1-OMe-2,3-(OCH,O)-xanthone, two B-ring oxygen-free glucosyloxyxanthones, viz. l-O-gl.-2-OH-3- 
OMe- and l-O-gl.-2,3-(OCH,O)-xanthone, and a pentaoxygenated xanthone, l-OMe-2,3,6,7-(OCH,O),-xanthone, 
have been isolated from the flowering top of Po/ygu/a tripltylla. The xanthones have been characterized on the basis of 
chemical transformation, comprehensive spectral evidence, and by direct comparison where possible. This is the first 
report of occurrence of the glucosyloxyxanthones in nature. The biochemical significance of these chemical characters in 
higher plants is appraised. 

INTRODUCTION 

Polygala triphylla Buch.-Ham. (Polygalaceae) is a small 
herb which grows abundantly in the Kumaon region of 
the Western Himalayas up to 2133 m. Its extract is used as 
a tonic and in chest ailments in popular medicine. 
Phytochemical investigation of this species has not been 
reported before. The present paper deals with the 
isolation and characterization of the xanthone con- 
stituents of this species. Additionally, xanthone con- 
stituents of the Polygala species investigated so far have 
been recorded and biochemical significance of these 
chemical characters is appraised. 

RESULTS AND DISCUSSION 

Extensive column and layer chromatography of the 
petrol and EtOH extracts of the flowering top of P. 
triphylla afforded five known polyoxygenated xanthones, 
viz. 1-OH-2,3-(OMe)z- (l), 1,2,3-(OMe)3- (2). l-OH-2,3- 
(OCH,O)- (3), l-OMe-2,3-(OCH,O)- (4) [2], 1-OMe- 
2,3,6,7-(OCH,O),-xanthone (7) [3], and two new gluco- 
syloxyxanthones (5 and 6). The characterization of only 
the two new compounds is described here. 

Compound 5, C,,H,,O,, . H,O, showed UV and IR 
spectra characteristic of a 1,2,3_trioxygenated xan- 
thone [2]. The changes in the UV maxima in presence of 
the usual shift reagents indicated the presence of a 2-OH 
with added oxygen functions at l- and 3-position [4,5]. 
As expected for an 0-glucoside, the mass spectrum 
showed only the ion of the aglycone (m/e 258); hydrolysis 
with emulsin gave glucose, and the aglycone found to be 
identical with a synthetic sample of 1,2-dihydroxy-3- 
methoxyxanthone. The parent compound formed a 
pentaacetate which also did not exhibit any molecular ion 
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peak in its mass spectrum but showed significant 
fragment ion peaks due to a dihydroxy-monomethoxy- 
xanthone moiety and ions arising from an acetylated 
glucose moiety [6]. The compound was permethylated 
according to a published procedure [6], followed by 
hydrolysis when 1-hydroxy-2,3-dimethoxyxanthone and 
2,3,4,6-tetra-O-methylglucose were obtained. Thus the 
compound was identified as l-glucosyloxy-2-hydroxy-3- 
methoxy-xanthone (5). This glucosyloxyxanthone was 
not reported before in nature or synthetically. 

Compound 6, C2,,H1s0,,, . H,O, also showed UV and 
IR spectra characteristic of a 1,2,3_trioxygenated xan- 
thone [2]. There was, however, no change in the UV 
maxima in presence of the usual shift reagents [4,5]. As 
expected for an 0-glucoside, the mass spectrum showed 
only the molecular ion of the aglycone (m/e 256); 
hydrolysis with emulsin gave glucose, and the aglycone 
which was identical with 1-hydroxy-2,3_methylenedioxy- 
xanthone [2]. The parent compound formed a tetra- 
acetate which also did not exhibit any molecular ion peak 
in its mass spectrum but showed significant fragment ion 
peaks due to a monohydroxy-methylenedioxyxanthone 
moeity (m/e 256) and ions arising from the acetylated 
glucose moiety. On the basis of the above evidence, the 
new compound was assigned 1-glucosyloxy-2,3- 
methylene-dioxyxanthone structure (6). 

The concentration of the glucosyloxyxanthones of P. 
triphylla was maximum during the flowering time and 
declined rapidly at l-4 the post-flowering stage. The 
plants collected in fruit contained l-4 and 7 as the only 
xanthone constituents but their concentration was low. 
Similar observations were earlier made with a number of 
xanthone-bearing species, viz. Swerria chirata, S. angusti- 
fbliu [7] and Canscora decussata [8] (Gentianaceae). 
These observations would seem to suggest that like 
flavonoids [9], the xanthones have a quick turnover and 
the degradation products play a major role in the 
metabolism of higher plants. 
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Table 1. Xanthones occurring in the genus Polygala 

Species 
Plant part(s) 
investigated Xanthone present 

P. arillata [2,11] stems, roots 

P. macradenia [3,13] roots 

l-OH-2,3-(OMe),, 1,2,3-(OMe),, 
I-OH-2,3-(OCH,O), l-OMe-2,3-(OCH,O), 
1,3,4-(OMe),, 1,2,3,4,7-(OMe), 

1,2,3-(OMe),, 1,2,4-(OMe),, 
l-OH-2,3,4-(OMe),, 1,2,3,4-(OMe),, 
l-OH-2,3,6,7-(OCH,O),, 
l-OMe-2,3,6,7-(OCH,O),, 

P. paenaea [14,15] 

P. spectabilis [16] 

P. tenuifolio [17] 

-. 

R. triphylla 

roots 

bark 

roots 

flowers and stalk, roots 

1,6,7-(OMe),-2,3-(OCH,O), 
1,2,3,4-(OMe),-7-OH, 
l-OH-2,3,4,7-(OMe),, 1,2,3,4,7-(OMe), 

l-OH-2,3,4,7-(OMe),, 1,2,3,4,7-(OMe),, 
l-OH-2,4-(OMe),-6,7-(OCH,O), 
1,2,4-(OMe),-6,7-(OCH,O) 

1,3-(OMe),-2-OH-7,8-(OCH,O), 
1,2,3,7,8-(OMe),, 1,2,3-(OMe),-6,7-(OCH,O) 

1,2,3,7-(OMe),, 1,2,3,7-(OMe),-6-OH, 
1,2,3,6,7-(OMe),, 1,2,3-(OMe),-6,7-(OCH,O), 
1,2,3,4,7-(OMe), 

l-7 

Twenty-six species of the genus Polygala have so far 
been chemically investigated, revealing a variety of 
constituents of both chemical and biological 
significance [lo, 111. The members of this genus showed 
the following two broad patterns of distribution of 
chemical characters-(a) triterpene saponins, lactone- 
containing lignans and flavonols and (b) triterpene 
saponins, lactone lignans, and xanthones. Esters of 
cinnamic acid, methyl salicylate and esters of phenolic 
acids with oxygenation at the 24 or 2,4,5-position were 
also found to be associated with these patterns. The six 
xanthone-bearing Polygala species (Table 1) were found 
to be devoid of flavonol constituents. The oxygenation 
patterns of the xanthones are curious, frequently revealing 
the w-occurrence of oxygen-free B-rings and 7- or 6,7- 
oxygenated compounds (in lieu of flavonol derivatives). 
The substitution offlavonol constituents by 1,3,7-, 1,3,6,7- 
oxygenated xanthones, frequently with added oxygen 
functions at the 2- and 4-position, and the B-ring oxygen- 
free xanthones seems to suggest a ‘switching’ pheno- 

0 OR, 

menon as was observed in the case of C-glycosyl flavones 
by mangiferin [ 121. On the basis of the above circumstan- 
tial evidence it would be tempting to conclude that the 
xanthones of the Polygalu, like mangiferin, are formed by 
the condensation of a C,-C, moiety with two acetate 
units, rather than by the coupling of condensation 
product of a C,-C, unit with three acetate units. 

EXPERIMENTAL 

The general methods have been reported in a recent 
paper [18]. The plant materials were collected 6 times during its 
growing period (July-September of 1976-77) from Ranikhet, 
Uttar Pradesh, and were properly identified. A voucher specimen 
has been preserved at the Pharmaceutical Chemistry Research 
Laboratory, Department of Pharmaceutics, Banaras Hindu 
University, Varanasi-5, India. 

Extraction of‘ P. triphylla. In a typical experiment, dried and 
milled plant material (flowers and stalk, ca 200g) was 

0 OMe 

I R, = H. RL = R, = Me 
2 R, = RL = R, = Me 
3 R, = H. Rz + R, = --CH?- 
4 R, = Me. RZ + R, = -CH?- 
5 R, = Glc, R2 = H. R, = Me 
6 R, = Glc. Rz + R, = --CH2- 
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