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Abstract-1,3,7&Tetrahydroxyxanthone 1,7,8-trihydroxy-3-methoxyxanthone, 1,8-dihydroxy-3,7- 
dimethoxyxanthone, I-hydroxy-3,7,8-trimethoxyxanthone, and 1 -hydroxy-3,4,7,8_tetramethoxyxan- 
thone have been identified in Swertia lawii. In addition, 1,3,&S-tetrahydroxy- and 1-hydroxy-3,5,8- 
trimethoxyxanthone has been detected by analytical TLC. Chemotaxonomic significance of the poly- 
oxygenated xanthones occurring in the Swertia is appraised. 

INTRODUCTION 

In connection with our work on xanthones of Gen- 
tianaceae, we undertook investigation of Swertia 
lawii, which is distributed in the mountains of the 
Western Peninsula and in the Nilgiris and is used 
as a substitute for S. &rata in the Indian system 
of medicine [ 11. Previously, the isolation of eryth- 
rocentaurin from the whole plant was reported from 
this laboratory [a]. The isolation and identifica- 
tion of the polyoxygenated xanthones from the 
whole plant of S. lawii constitute the subject of 
this paper. 

RESULTS AND DISCUSSION 

The entire plants were milled and extracted for 
xanthones. The isolation and purification of the in- 
dividual compounds were accomplished by solvent 
extraction, column chromatography, preparative 
layer chromatography and derivatization. The 
identity of the known compounds was established 
by spectral (UV, PMR, MS) evidence and by direct 
comparison with reference samples [3,4]. The 
characterization of only the new naturally occur- 
ringxanthone, viz. I -hydroxy-3,4,7,8_tetramethoxy- 
xanthone, is described here. 

* Part 15 in the series “Chemical Constituents of Gentiana- 
ceae”. For Part 14 see Ref. [28]. 

I-Hydroxy-X4,7,8-tetrarnethoxyxanthone (3). 
The compound, m.p. 192Z194”, C,7H,,0, (M+, 
332), is a monohydroxytetramethoxyxanthone in 
which the hydroxyl group is strongly chelated, 
since it remained unaffected with ethereal diazo- 
methane, but formed the permethyl ether with 
dimethyl sulphate and alkali. Its UV spectrum is 
characteristic of 1,3,4,7,8_pentaoxygenated xan- 
thones [S, 61. The 60MHz PMR spectrum of the 
compound, in CDCI,, showed one strongly che- 
lated proton at 13.04 (Cl-OH), four methoxyl 
groups at 6 3.944.02, and three aromatic protons 
at 6 6.40 (lH, s, C,-H), 7.05 (lH, d, J 9 Hz, C,-H), 
7.28 (lH, d, J 9 Hz, C,-H). In the MS of the xan- 
thone, aside from the molecular ion peak which is 
the base peak, significant fragment ion peaks 
appeared at tnjr 317 (35x), 302 (48) 289 (20), 259 
(lo), associated with the loss of Me, CH,O, 
C2H,0 complex, and CHzO + C,H,O frag- 
ments, respectively. There were significant abun- 
dances of metastable ions to support the postu- 
lated rationalizations [3,4; &S]. On the basis of 
the above observations, the pentaoxygenated xan- 
thone is assigned 1 -hydroxy-3,4,7,8_tetramethoxy- 
xanthone structure (3). which was confirmed by 
direct comparison with an authentic synthetic 
sample. 
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Members of the genus Swertia are known to 
make 1,3,5,8- and 1,3,7,8_tetraoxygenated xan- 
thones [3,6,9] but the occurrence of pentaoxy- 
genated xanthones (1,3,4,5,8 and 1,3,4,7,8) in this 
genus was reported only once before (in S. purpur- 
LISC~‘IZS) [6]. The tetra and penta oxygenated xan- 
thones occurring in Swe~tia were also encountered 
in Gerltialza [S]. The close similarity between the 
polyoxygenated xanthones of the Swertia and 
those of the Gentiarza seems to indicate a close rela- 
tionship between the two genera. Members of the 
genus Swrrtiu were initially identified with those of 
Frasera and Halerzia. Subsequently, however, on 
the basis of elaboration of oxygenation patterns of 
the xanthonic constituents of a number of Frasera 
and Halenia species, a closer phytochemical rela- 
tionship between the latter two than between 

either and Swertiu was proposed [IO]. Phytoche- 

mica1 examination of a number of Swrrticr species 
in the authors’ laboratory, however, indicated that 
the above categorization is rather premature. 
Thus. S. himaculata has been recently found [I I] 
to contain polyoxygenated xanthones whose oxy- 
genation and methylation patterns are closely 
similar to those of Fraseru u/hicuuIis [I21 and F. 
cciroliensi,s [ 133. It is also interesting to note in this 

connection that marked variation in the relative 

abundance of 1.3,5,8- and 1.3,7,8-tetraoxygenated 
xanthones was observed in the members of the 
Stivrtiu and Gr~lti~nu. The content of the two types 

of xanthones in several members of these two 
genera was found to be inversely proportional. In 
the present investigation of S. luwii also, the pres- 
ence of the 1,3,X8-tetraoxygenated xanthones 

Table I The distribution of ranthones in Gentianaceae* : species: xanthones 

Cutworu &cussutu [4, 7. 8, 141 
1,5-(OH)z-3-OMe, I-OH-3,5-(OMe),. 1,5,6-(OH),-3-OMe, 1,3.6-(OH),-5-OMe. 1.3.5-(OH),-6-OMe, 1.6-(OH)z-3.5-(OMe),, I- 
OH-3.5.6(OMe),. 1.3.7,8-(OH),. 1,3,8-(OH),-7-OMe, I-OH-3,7.8-(OMe),. 1,3,5,6,7-(OH),, 1,3.7-(OH),-5.~%(OMc)~. l,6,7- 
(OH),-3.5-(OMe)z. 1.7-(OH),-3.5,6-(OMe),. I-OH-3.5,6,7-(OMe),. 1.3.6,7,8-(0Me);t. 1.3,5.6.7.X-(OMe),t. 

Frtrseru a/hicu2r/is [ 121 
1,3.5-(OMe),, 1-OH-3,7-(OMe)l, I-OH-2,3.5-(OMe),. l,3-(OH)z-4,5-(OMe),, I-OH-2,3.7-(OMe),. 1,3.7-(OMe),-2-OH. l-OH- 
3,4,5-(OMe),, 1.3.4.5~(OMe),, I-OH-3,4,7-(OMe),. 1,3.4.7-(OMe),, I-OH-2.X4.5-(OMe),, I-OH-2.3.4.7-(OMe),. 1.X4.7- 
(OMe),-2-OH. 1.2.3.4.7.(OMe),. 

F. ctrrlirrlsts [ 131 
l-OH-2,3,5-(OMe),, I-OH-2,3.7-(OMe),, 1,3-(OH)z-4,5-(OMe)z, 1.8-(OH)Z-3.5-(OMe)z. I-OH-2,?.4.5-(OMc),, I-OH-2,3.4.7- 
(OMe),. 1,1.3.5,X-(OMe),t. 

Getrricmu hellidifdiu [S] 
1.3.5.8-(OH),. I.?&(OH),-S-OMe. 1,5.8-(OH),-3-OMe, l.8-(OH),-3,5-(OMe)Z, l.3.8-(OH),-4,5-(OMe)L. 1,3,8-(OH),-4,7- 
(OMc):. 

G. corymhjfitYr [S, 151 
1,3,X-(OH),-4,S-(OMe),. 

G. kochia/nz [ 16, 171 
1.7,8-(OH),-3-OMe, 1.3-(OH),-7.8-(OMe)Z, 1,7-(OH)z-3.8-(OMe)z. l.7-(OMe),-3.8-(OH),. 1.OH-3.7.X-(OMe),. 

G. ILrtCa [18] 
1,3.7-(OH),, l.3-(OH)z-7-OMe, l.7-(OH)z-3-OMe. I-OH-3.7-(OMe)z. 

G. lfrtcu x G. hegetschwelrrii [ 197 
1.7-(OH),-SOMe. 
G. lutru x G. p~~pw~~~ [XI] 
1.7-(OH)Z-3-OMc. 

G. turkrstmorun~ 121 J 
1.5.X-(OH),-3-OMe. 

G. 1’(11’,1‘1 [N] 
I-OH-3,7.&(OMe),. 

Hahia usclrpidro (HBK) G. Don (tentative identification) [IO] 
I-OH-2,3,5-(OMe),, I-OH-2,3,4,5-(OMe),, I-OH-2.3,4,7-(OMe),. 

Macrocarpueu yltrhru [22] 
I-OH-3.7-(OMe),, l-OH-3.7.S(OMe),. 

Swrrtiu hirnuculata [I 1, 231 
1,3-(OH),-4,5-(OMe),, 1.8-(OH),-3.5-(OMe)z, 1,3,5-(OMe),-E-OH. I-OH-3.7%(OMc),. 1.4-(OH),-2.3.7-(OMe),. I-OH- 
2.3.4.5-(OMe),. I-OH-2.3.4.7-(OMe),. 
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S. chirata$ [3, 191 
l,3,5,8-(OH),, 1,3,8-(OH),-5-OMe, 1,5,8-(OH),-3-OMe, 1,8-(OH),-3.5(OMe),, l-OH-3,5.&(OMe),, 1,3,7,8-(OH), 1,7,8- 
(OH),-3-OMe, 1,8-(OH)Z-3,7-(OMe),, l-OH-3,7,8-(OMe),. 

S. decussata [24,25] 
1,7,8-(OH),-3-OMe, 1,3-(OH),-7,8-(OMe),, I-OH-3,7,8-(OMe),. 

S. difatata [26] 
1,3,7,8-(OH),. 

S. gracilescens [26] 
1,3,7,8-(OH),. 

S. japortica [19, 271 
1,3,5,8-(0H)4, 1,3,8-(OH),-5-OMe, l,S&(OH),-3-OMe, 1,8-(OH),-3,5-(OMe),, 1,8-(OH),-3,7-(OMe),, 1,3,7,8-(OH)4, 1,7,8- 
(OH),-3-OMe. 

S. lawiis 
1,3,5,8-(OH),, l-OH-3,5,8-(OMe),, 1,3,7,8-(OH),, 1,7,8-(OH),-3-OMe, 1,8-(OH),-3,7-(OMe),, l-OH-3,7,8-(OMe),, l-OH- 
3,4,7,8-(OMe),. 

S. neruosa [26] 
1,7,8-(OH),-3-OMe, 1,7-(OH),-3,8-(OMe),. 1,8-(OH)2-3,7-(OMe),, l-OH-3,7,8-(OMe),. 

S. perennis [20,25] 
1,5,8-(OH),-3-OMe, 1,8-(OH),-3,7-(OMe),. 

S. pseudochinensis [ 191 

l,3,5,8-(OH),, lS,8-(OH),-3-OMe, l,8-(OH),-3,5-(OMe),, 1,3,7,8-(OH),, 1,7,8-(OH),-3-OMe, 1,8-(OH),-3,7-(OMe),, l-OH- 
3,7,8-(OMe),. 

S. purpurascens$ [28] 
L3,5,8-(OH34, l,3,8-(OH),-5-OMe, 1,5,8-(OH),-3-OMe, 1,3,7,8-(OH), l-OH-3,7,8-(OMe),, l-OH-3,4,5,8-(OMe),, l-OH- 
3,4,7,8-(OMe),. 

S. racemosa [26] 
1,3,5,8-(OH),, l,5,8-(OH),-3-OMe, 1,8-(OH)Z-3,5-(OMe),, l,3,7,8-(OH)4, 1,7,8-(OH),-3-OMe, 1,8-(OH),-3.7-(OMe),. 

S. randaiensis [ 191 
1,3,5,8-(OH),, 1,3,7,8-(OH),, 1,7,8-(OH),-3-OMe. 

S. swertopsis [19] 

l,8-(OHb-3,5-(OMe),, l,3,7,8-(OH),, 1,7,8-(OH),-3-OMe, l,8-(0H)z-3,7-(OMe),. l-OH-3,7,8-(OMe),. 

S. tosaensis [19] 
l,3S,8-(OW,, 1,3,8-(OH),-5-OMe, 1,5,8-(OH),-3-OMe, l&(OH),-3,5-(OMe),, 1,3,7,8-(OH),, 1,7,8-(OH),-3-OMe, l,8-(OH)Z-3,7- 
(OMe),. 

* The distribution of glycoxanthones, glycoflavones and xanthone-O-glycosides in Gentianaceae has recently been reported [6]; 
t identified as the permethyl ether’ , $ denotes 1,3,5,8_tetraoxygenated xanthones occurring as the major constituents; $ denotes 
1,3,7,8_tetraoxygenated xanthones occurring as the major constituents. 

could only be detected by TLC while the 1,3,7,8 
and 1,3,4,7,8 patterns were obtained in high yields. 
This observation has a direct bearing on the bio- 
genesisofpolyoxygenatedxanthones.Table 1 listsall 
the polyoxygenated xanthones that have been iso- 
lated so far from Gentianaceae (Table 1). 

EXPERIMENTAL 

The general procedures used are the same as reported in a 
recent paper [3]. 

Isolation of xanthones from S. lawii. Dried and milled whole 
plants (1.2 kg) were continuously extracted (24 hr) in a Soxhlet 
with light petrol. (60-80”) and the defatted plant material was 
then extracted with alcohol (24 hr). The two extracts were 
separately processed. 

Treatment of petrol. extract. The petrol. extract was cont. 
(ca 500 ml) and the concentrate was kept overnight at ordinary 
temp. when a yellow amorphous solid (Fraction A, 4.3 g) separ- 
ated. The solid was collected by filtration and the mother liquor 
was evaporated (Fraction B). 

Separation of xanthones present in Fraction A. The solid 
(2.4 g), from Fraction A, was mixed with equal amount of silica 
gel and packed over a column (20 x 3 cm) of silica gel. C,H, (8 1.) 
and CHCl, (4.1) were used as the eluents. Earlier C,H6 fractions 
gave a solid, m.p. 218-220” (0.47 g) which showed one major 
and one minor spots on TLC. 

1,7,8,-Trihydroxy-3-methoxyxanthone (1). A portion of the 
above solid on repeated crystallizations from MeOH afforded 
yellow needles, m.p. 220”. The m.p., UV, PMR and MS of the 
compound were identical with those of 1,7,8-trihydroxy-3- 
methoxyxanthone [27]. The dimethyl ether, prepared with eth- 
ereal diazomethane, was identical with decussatin [4] in all res- 
pects. 

Separation of xanthones present in Fraction B. The solid 
(12.8 g), from Fraction B, was dissolved in Et,0 (1 1.) and the 
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phcnolic and neutral components were separated in the usual 
way [3]. The mixture ofphenolic constituents (I -2 g) was chro- 
matographcd o\cr silica gel column (IX x 3 cm) using light 
petrol. (I litre). petrol. C,H, (I : I. 3 1.). C,,H, (2 I.), and CHCI, 
(3 I.). The light petrol. eluates gave onI> a small amount of an 
amorphous solid v~ hich was not processed further. 

I.X-D;/I~~~,~~!~-~.~-~~II~~~~/I~)~~~.~~~/~~/~~~I~, (2). The petrol. C‘,,H,, 
eluatcs. on cont. furnished a yellow solid (72 mg) which crystal- 
lized from EtOF-I as yellow needles. mp. and mixed m.p. 185 
186 The co-TLC‘. I’\’ and MS of the compound WI-~: also 
identical uith those of I.X-dih~ilro~y-.~.7-dl~~ct~io~y~a~~- 
thonc [3]. Treatment of the compound with othcrcal diaro- 
methane gave decussatin (m.p., m. m.p.. co-TLC‘). The middle 
benzene eluates showed one major and one minor spots on 
TLC. The tw(c components were separated bl preparative TLC 
using CHCI, 

I-lf~dro.\-~,-3.~.~.~-t~r~~~~~~~,f~~~~.~~.\-~~~~~/~~~~~~ (3). The ma,jor com- 
ponent (preparative layer 101x. R, - 0.2) was cluted with 
CHCI, from one chromatoplate. The residue. obtained from the 
CHCI, soln. crystallized from EtOH as yellow ncedles (I? mg). 
m.p. 192 194 (Ref. 5. m.p. 19’ I93 I; UV: L ,,,,, .(EtOH) 240 
(063). 262 (0.7X). 270 175 ,517 (044). 3 I? (0.305). 3X0 nm (0.09). It 
was l’ound to be identxal with a >>nthctic ample of I -h)dl-oxy- 
3,4,7.X-tetrametho\~xanthone. prepared from decussatin by 
pcrsulphatc oxidation followed hq methylation with cthercal 
diazomethanc. The minor component (from the upper prcpara- 
tive layer 7onc. R / - OHS). obtained in a similar “a~ as above. 
was shokn to he idcntlcal with I-hqdro~q-3.5.X-trimetholyxan- 
thonc [3] by direct comparison (co-TLC. I’V). The CHCI, 
cluates of Fraction B showed several spots on TLC‘ and could 
not be disentangled due to their close K, values and small 
quantity. 

I-ff~~rl~o\-~-3.~.~-t~i~)~~,~/~~~.\-!/~~~~~~’ (4). The solid (0.43 g) 
appeared at the Ft,O~~H,O mterface. during separation of the 
phenolic constituents of Fraction B. was washed Lvith dil. HC‘I 
and then with H?O. and then drlcd. It crystallircd from EtOH 
as~ellow need& (I I2 mg). m.p. 14X 149 The m.p.. m.m.p. R,. 
and IJV spectrum were identical with those of an authentic 
sample of decussatin. 

77wfrwr1t of’ EtOH c.xwwt. The EtOH extract was cont. to 
a syrupy liquid. It was poured into aq. HOAc (4”,,. 300 ml.) and 
the mixture was kept at ordinary temp. overnight. The solid was 
collected by filtration and was kept for further processing for 
more polar compounds. The clarilicd acidic solu was extracted 
with Ft,O I IO 300 ml portions) and the comblncd extl-acts \va\ 
uorkcd-up fol- wnthoncs to give ;I ~c‘lto\\ solid 1.7-4 gl. 

I ..1.7.X-T~,rru/l~tlr-o.~?‘~~1~~r/~(~17(,(5). Theabow solid has repeat- 
edly rxtractcd with hot CHCI, (5 100 ml portIons). The com- 
bined CHCI, extracts WIT cont. when a CHCl,-sparingly sol- 
uble solid separated. The mother liquor was marked Fraction 
C. The solid crystallized from MeOH as light yellow micro nee- 
dles(O.32 g). m.p. 37X-339 (Ref. 17. m.p. 335 ), The correspond- 
ing tri- and tetramcthyl ethers. prepared in the usual day. were 

found to be identical. respectively, aith dewssatin 131 and 
1.3,7.8-tctramethox) santhone r3]. The MeOH mother liquor, 
after separation of 1,3,7.X-tetrnhydroxyranthone. showed the 
presence of 1.3,5.X-tetrah?dror~~atittlonc (co-TLC‘. I!V). 

Srpcrructio~~ of w~~flw~~~~\ p~‘~,.w~t 111 Frrrc,rioJr (‘. The CHCI, 
concentrate was chromatographcd over silica gel (23 x 3 cm). 
Elution was carried out with ChHb (31.). CHCI, (4 1.) and 
MeOH (4 I.). Fractions (500 ml) WI-C collcctcd. The C,,H,,. 
CHCI, and MeOH eluates on concn gave further crops of xan- 
thoncs 4 (380 mg). 1 (727 mg). and 5 (I 78 mg). respectively. 
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