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Abstract—The whole plant of Swertia bimaculata Hf. & T. has been shown to contain four tetra-
and five penta-oxygenated xanthones, three of which are previously unreported in nature. The xan-
thones are broadly based on 1,3,5- and 1,3,7-oxygenated systems with added oxygen functions at
C,, C4 and/or Cg positions and represent a number of methoxylated patterns. In addition, three
xanthones have been found to be present in a bound form, the sugar moiety containing glucose
and glucuronic acid. This is the first demonstration of the occurrence of xanthones and xanthone
disaccharides m a Swertia species which are common to both Swertia and Frasera species. The results

are thus of considerable phylogenetic significance.

INTRODUCTION

Swertia bimaculata Hf. & T. (Gentianaceae),
native to the mountains of the Eastern Hima-
layas, is a tall flowering species and differs con-
siderably in its form from the smaller members
of the genus, e.g. S. lawii 1] and S. purpurascens
[2]. Previously, Inouye et al [3] reported 1,3-
dihydroxy-4,5-dimethoxyxanthone and its 1- and 3-
O-glucosides 1n this species. The present investiga-
tion with the whole plant resuited in the 1solation
and structure elucidation of a number of tetra-
and penta-oxygenated xanthones and xanthone-
O-glycosides previously unreported m this species
as well as in this genus.

RESULTS AND DISCUSSION

Preliminary examination of the petrol and
EtOH extracts of the roots of S. bimaculata by
analytical TLC showed the presence of well over
a dozen xanthones of varying polarity. The TLC

* Part 18 1n the series “Chemical Constituents of Gentiana-
ceae” For Part 17 see Chaudhuri, R K, Smgh, A K and
Ghosal, § (1975) Chem Ind (Lond) 127

patterns of these constituents and those obtained
from the aerial portions did not show any signifi-
cant qualitative difference. The whole plant was
therefore used for the detailed chemical investiga-
tion.

From the whole plant, four tetra- and five
penta-oxygenated xanthones were isolated m
quantities sufficient for their complete characteri-
zation. Chemical transformation, spectral (UV,
IR, PMR, MS) properties and comparnson with
reference samples, where avauable, established
their structures as: 1,3-dihydroxy~4,5-dimethoxy-
xanthone (1); 1,8-dihydroxy-3,5-dimethoxyxan-
thone (2); 1,3,5-trimethoxy-8-hydroxyxanthone
(3); 1-hydroxy-3,7,8-trimethoxyxanthone (4); 1-
hydroxy-2,3,4,5-tetramethoxyxanthone (5); 1-hy-
droxy-2,3,4,7-tetramethoxyxanthone (6); 2-hyd-
roxy-1,3,4,7-tetramethoxyxanthone  (7); 14-di-
hydroxy-2,3,7-trimethoxyxanthone (8); 1,3-dihyd-
roxy-4,5,8-trimethoxyxanthione (9). In addition,
xanthones (1), (2) and (8) were found to be present
in a bound (O-disaccharide) form in which the
glycosidic linkage was located at C, position.
Acid hydrolysis of the glycosides yielded the cor-
responding xanthones, glucose and another sugar
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whose PPC and TLC characteristics were very
similar to those of glucuronic actd Xanthones (8)
and (9) were not encountered before in nature or
prepared synthetically, whide (3) was known
before only as a synthetic compound. The charac-
terization of only the new naturally occurring
xanthones 1s described here
1,3.5-Trumethoxy-8-hydroxyxanthone  (3). This
xanthone, mp 215216 . C, H,,0, (M™. 302), 1s
a monohydroxytrimethoxyxanthone m which the
hydroxyl group 1s strongly chelated since 1t
remained unaffected with ethercal diuzomethane
but formed the permethyl ether with dimethyl sul-
phate and alkali. Its UV spectrum s characteristic
of 1,3,5.8-tetraoxygenated xanthones [2] The
PMR spectrum of the compound showed signals
due to a chelated OH group, located erther at
C, or Cg [4]. three OMec groups, and four aro-
matic protons appearing as two pairs of doublets
with J’s of 3 and 9 Hz. These data suggest either
I-hydroxy-3.5.8-trimethoxyxanthone or 1.3.5-tri-
methoxy-8-hydroxyxanthone as its  structure
Comparison with the former compound [5]
showed that they were different although their
permethyl ether was dentical. Finally. direct com-
partson of the xanthone with the aglucone (1.3,5-
trimethoxy-8-hydroxyxanthone) of isoswertiano-
lin [6] confirmed their identity
L.4-Dihydroxy-2.3.7-trumethoxy xanthone (8)
This xanthone, mp 160--161 . (M*, 3i8), 15 a

dihydroxytrimethoxyxanthone m which one of

the OH groups may be placed at C, smce its
PMR spectrum showed a chelated OH group and
the UV spectrum 1s charactenistic of 1,2,3.4.7-pen-
taoxygenated xanthones [7]. The chromophoric
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and NaOAc-H;BO, but was destroyed 1w pros-
ence of EtOH-NaOH ndicating the presence of
a para dihydroxyl function. The xanthone res-
ponded to the goss-ypetone {81 and Tollens tests
The two OH groups are therefore located at €,
and C,. In the PMR spectrum, a coupled set of
three protons appecarcd m the aromatic region -
dicating the presence of a C-oxy substituent [7]
The chenmical shifts of these protons remaned un-
altered mn the corresponding acetyl derivative The
C, position 1s therefore methoxylated Selective
demethylation of 1-hydroxy-2.3.4.7-tetramethoxy-
xanthone with DDQ [9] afforded !.4-dihydroxy-
2.3.7-trimethoxyxanthone  together  with  1,2-
dihydroxy-3.4.7-trimethoxyxanthone {as a minor
entity) [10] The major product was found to be
identical with naturally occurring (8)

1.3-Dihydroxy-4.5.8-trimethoxyxanthone 9).
This xanthone, mp 210-212 . C,;H,,0; (M",
318). 1s also a dihydroxytrimethoxyxanthone in
which one of the OH groups may be placed at
C, since the PMR spectrum showed a strongly
chelated OH group and the UV spectrum 1s
closely similar to that of 4.5-di-O-methylcorymbin
{= 1.3.8-trthydroxy-4.5-dimethoxyxanthone) [ {].
It was soluble in ag. Na,CQ; and showed a batho-
chromic shift mn the UV maxima (4 300 and
350— 372 nm) m presence of NaOAc The second
OH group s therefore located at C;. The PMR
specttum showed signals duc to three OMe
groups, an aromatic proton singlet (0 64) and a
pair of doublets (J 9 Hz) The high-field position
of the singlet suggests C,-H as its source, The
monomethyl cther, prepared with cthereal diazo-
methane, was found to be dentical mn all respects
with I-hydroxy-3.4.5.8-tetramethoxyxanthone [2].
These data suggest 1.3-dihydroxy-4.5.8-trimethoxy-
xanthone as the structure for (9)

The oxygenation patterns of the xanthones of
some 15 Swertia species investigated so far are
the very common ones of 1,3.5.8 and 1,3.7.8 tetra-
oxygenated systems {as the hydroxylated and
methoxylated derivatives) [1] In two Swertia
species, viz S lawii and S. purpurascens, 1n addi-
tion to the tetraoxygenated xanthones. a number
of 1,34.58- and 1.34.7.8-pcntaoxygenated xan-
thones were encountered [1.2] These observa-
tions indicate a closc relationship between the
genera Swertia and Gentiana. the latter also hiber-
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genated xanthones. Also, interestingly, the “stan-
dard” 1,3,5- and 1,3,7-trioxygenated xanthones
[7,12] are mussing from members of both the
genera with the sole exception of Gentiana lutea
which produces 1,3,7-trioxygenated xanthones 1n
hieu of the tetra- and penta-oxygenated ones. The
genus Swertia was, however, initially often com-
bimed with Frasera [13] but was later separated
from it on the basis of difference in the oxygena-
tion patterns of ther contained xanthones
[7.14,15]. A number of other taxonomic differ-
ences were also cited [7,16] to support this separ-
ation. Investigation with about half-a-dozen Fra-
sera species [7,14] yielded the “standard” 1,3,5-
and 1,3,7-trioxygenated xanthones and xanthones
with added oxygen functions at C, and/or C,.
The oxygenation patterns of xanthones of the
Frasera were thus known to be significantly differ-
ent from those of the Swertia until this investiga-
tion. The present investigation has demonstrated
for the first time the occurrence in S. bimaculata
of xanthones which bear characteristics of both
Swertia (1,3,5,8- 1,3,7.8- and 1,3,4.5,8-oxygenated
systems) and Frasera (1345 12345 and
1,2,3,4,7-oxygenated systems) species Addi-
tionally, the occurrence of xanthone O-disacchar-
des in S. bumaculata finds precedent in the genus
Frasera [14]. In other Swertia species, the occur-
rence of only xanthone-O-monosaccharides has
been reported [6]. However, one notable differ-
ence between the xanthones of S. bimaculata and
those of the Frasera is the large abundance of
Cq-oxygenated xanthones m the former species.
In this respect, S. bimaculata 1s closer to the par-
ent genus

EXPERIMENTAL

The general descriptions are same as reported mn a recent
paper {6]

Isolation of xanthones from S bimaculata. Dried and mulled
whole plants* (2 kg) were continuously extracted in a Soxhlet
with light petrol (60-80°) and then with EtOH (24 hr, each)
The 2 extracts were separately processed

Tieatment of the petrol extract The petrol extract was con-
centrated (ca 500 ml) and the concentrate was kept overnight
at room temp when a dull yellow solid (Fraction A, 82 g)
separated The solid was collected by filtration and the petrol

* The plant material was supplied by Messrs Mukherjee &
Co. Kalimpong, India A voucher spectmen has been pre-
served at the Pharmaceutical Chemistry Research Laboratory,
Department of Pharmaceutics, Banaras Hindu University,
Varanasi
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mother liquor was evaporated to give a greenish-brown gum
(Fraction B. 154 g)

Separation of xanthones from Fraction 4 A portion of the
solid (3 g) was mixed with equal amount of S1 gel (BDH,
60-120 mesh) and was placed over a column of S1 gel (3 x 24
cm) C¢H, and CHCl; (61 each) were used as eluents Frac-
tions {500 ml) were collected Fractions 2-4 gave a complex
muxture of triterpenes and sterols and only traces of xanthones
and were not processed further at this stage Fractions §-20.
containing appreciable quantity of a mixture of xanthones,
were combined, concentrated and rechromatographed. Petrol
(500 ml), petrol-C H, (1 1. 1 1), CiH (5 1) and CHCl; (5 1)
were used as cluents Fractions (100 ml) were collected
The total petrol and early petrol- C,H, cluates showed spots
on TLC due to I major and 2 minor xanthones

1-Hydroxy-2,3.4.7-tetramethoxyxanthone (6) The major xan-
thone was punfied by repeated crystallization of the mixture
from EtOH {-Hydroxy-2,3.4,7-tetramethoxyxanthone was
obtained as bright yellow needles (138 mg), mp 116-117° [Lit
[7Jmp 116 7-1177"], R; 073 (C(H-AcOH, 50 1), UV 7,
235 (0 61), 270 (0 74), 303 (0 25), 390 nm (0 14), PMR (CDCl,)
6 1264 (1H. 5, C-OH), 761 (1H, g, H-8), 744 (2H, m, H-5,
H-6), 415-390 (12H, OMe) (Anal Calc for C,,H,,0, C,
6144, H, 481 Found C, 61:03; H, 466%) The permethyl
ether, prepared with dimethyl sulphate and K,CO; 1n dry
acetone, under reflux (40 hr), crystalbzed from EtOH as yellow
needles, mp 120-121° [Lat [7] mp 122-1227°]

One of the 2 mmor xanthones was separated by repeated
PLC and was 1dentified as 1,8-dihydroxy-3,5-dimethoxyxan-
thone by direct comparnison with an authentic sample [2]
(mmp, co-TLC, UV)

The later petrol-C¢H, and early C Hg eluates showed 3
spots on analytical TLC and were separated by PLC using
CHC,; as the developer

1.3.5-Tiumethoxy-8-hydroxyxanthone (3) The upper yellow
zone (R; ~ 08) from the PLC yelded 1.3,5-trimethoxy-8-hy-
droxyanthone as yellow needles (16 mg), mp 215-216° The
mmp 1emaned undepressed when admixed with an authentic
sample (6] The R,, UV, PMR. and MS data were also indis-
tinguishable from those of the aglucone of 1soswertianolin [6]
The permethyl ether. prepared n the usual way, crystallized
from EtOH as pale yellow needles. mp 208-210° The mp,
mmp and R 4's were identical with those of 1,3,5,8-tetrameth-
oxyxanthone [2. 5]

1,3-Dihydroxy-4,58-t1imethoxyxanthone  (9). The lower
brown streak 1n the PLC zone (R, ~ 08) was cut out, eluted
with EtOH and the EtOH solution on concn furmshed 1.3-
dihydroxy-4.5.8-trimethoxyxanthone as orange-yellow mucro-
crystals (8 mg), mp 210-212°, UV. 4, 232 (046), 258 (067),
278 (0 34), 300 sh (0089), 350 nm (028), PMR (CDCl;) &
1274 (1H, C,-OH), 715 (IH, 4, J 9 Hz, H-6), 678 (IH, d.
J 9 Hz, H-7), 640 (1H, s, H-2), 402-395 (9H, OMe), MS
mje 318 (M™. rel intensity, 100%), significant fragment 1on
peaks at m/e 303 (22), 289 (18), 275 (21) The 3-O-methyl ether,
prepared with ethereal CH,N,, crystalized from EtOH as
pale yellow needles, mp 187-188° The mp, mmp, and R/s
were found to be identical with those of 1-hydroxy-3.4.5.8-
tetramethoxyxanthone [6]

1-Hydroxy-2,3,4,5-tetramethoxyxanthone (5) The PLC of
the muddle layer zone (R, ~ 06) afforded a yellow sohid (22
mg) which crystallized from EtOH as needles, mp 147-148°
[Lit [7], mp 155-156°1, R; 068, UV i, 220 (025), 244
(0 39), 260 (0 50), 275 sh (0 33), 318 (0 14), 380 nm (0 09), PMR
(CDCly) 8 1266 (1H, s. C;-OH). 788 (1H, ¢, H-8), 734 (2H,
m, H-6, H-7), 41-392 (12H. OMe), MS mfe 332 (M", rel.
mntensity, 100%,), significant fragment 1on peaks at m/e 317
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(34) 303 (22). 302 (14). 289 (42) 287 (23). 274 (8). 260 (8),
259 (12) (Anal Calc for ¢-H,,0O- C 6144, H, 481 Found
C 6098, H. 449°)

2-Hydvoxy-1 34 T-retrametho xyxanthone (7)) The  brown
upper streak i the middle PLC zone was dissolved m CHCly
and the solution was filtered through a small column of Si
gel The residue from the CHCQly soln crystallized from
CH.CI, hexane as fine yellow needles (5 mg). mp 145 146
R, 077. MS me 332 (M rel intensity  100°,) significant
fragment 1on peaks at mr e 317 (28) 303 (8L 289 (35) 260
(121 259 16) 130 {5) Conrespondence ol the above data with
those reported for 2-hyvdrosy-1 34 7-tetiamethoxy xanthone [ 7]
showed that they are identical

LA-Dilivdioy-2 3 T-tnimethoxiy xanthone (8) The lower R,
zone { ~ 0 2) was cluted with CHCl;. the solvent was removed
and the residue crystallized from CH.Cl, hesane as orange
necedles (24 mg) mp [60- 161 . R, 032, LV ., 236 (032),
269 (038). 305 {(012). 392 nm (006), PMR (CDCly) o 1205
(IH « C,-OH) 764 (IH, ¢ H-8). 746 (2H m, H-6, H-7).
412 402 (9H, OMe), MS me 318 (M rel mtensity 100°)
significant fragment on peaks at me 303 (22) 289 (14), 288
(18)., 275 (14). 245 (&), 230 (5) (Anal C H ,O- rcquires €,
6037, H, 440 Found C 3988, H.472",} The monomethyl
cther, prepared with ethereal CH5 N, was found to be identical
with xanthone (6} m all respects

[ 3-Dinvdroxy-4 5-dimethoxyxanthone (1) The later C H,
and early CHCl; cluates afforded a vellow sohd which crystal-
lized from EtOH as bright yellow needles (388 mg), mp 262
The mp remained undepressed when admixed with an authen-
tic sample of | 3-dihydroxy-4 S-dimethoxyxanthone [3]. co-
TLC in 3 diflerent solvent systems also showed that they aie
identical  The permethyl ether prepared m the usual way.
crystallized trom C.H, as colourless ncedles mp and mmp
[3] 172 174

Separation of xanthones from fraction B A poition (ca 10
2) of the greenish brown gum was dissolved m Et.O (500
ml) and the phenohic and non-phenolic constituents were
sepatated n the usual way A pale yellow solid separated dur-
mg the processing at the mterface of the Et,O and aq NaOH
layers It was collected by filtration The solid was washed
with ag HCl and then with H,O untd the washing was neu-
tral The dull yellow sohd crystallized from F1OH to give
a further crop (252 mg) of santhone (6). while the FtOH
mother hiquor on further conen gave yellowish viange crystals
contamung 4 mixture of xanthones The phenolic constituents
obtamed as a dull yellow powder was dissolved in CHCI,
(15 ml) and chromatographed over a column of Si gel (2 > 24
cm) Petrol (500 ml) petrol CH, (I 1.2 1) C.H, (I 1)
C,H, CHCl; {1 1. 11) and CHCL, (1 1) were used as cluents
Fractions (100 m]) were collected The residue obtamed from
the petiol and early petrol C,H,, eluates was boiled m petiol.
the petrol-insoluble sohid was dissolved in CHCI, (15 ml), and
was subjected to PLC uwsing CHCI, HOAc (50 1) as the
developer Three distinet zones wete separated

L8-Dihydroy=3 S-dumethoxyanthone (2) The upper PLC
sone (R, ~ 075)was cluted with CHCI, and the 1esiduce from
the CHCly soln crystallized from FtOH as bright yellow
needles(91 mg) mp 183 184 Direct comparison {co-TLC mmp,
IR} with an authentic sample of [.8-dihydioxy-3.5-dimethoxy
xanthone cstabhshed that they are rdentical

The muddle PLC sonc (R, ~ 03) gave a further crop (7
mgj of xanthone (3)

L-Hydroxy-3 7 8-timethony xanthone (4) The lower PLC
cone (R, ~ 02) gave I-hydroxy-3 7 $-trimethoxyaanthone as
yellow crystals (12 mg). mp 149 150 The mp, mmp, co-TLC.
UV and PMR spectra of the compound were rdentical with
those of decussatin [5]
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The brown streaks appeared at the solvent front and base
hne were cluted with CHCl; The 1esidue from the CHCL,
soln from cach layer showed the presence of a new xanthone
the identity of which 15 bemg investigated

Ticatment of the LtOH extract The FTOH extract was con-
centrated under reduced pressuic to a syvrupy hquid Tt was
poured mto ag HOAc (4°, 400 ml} The minture was kept
at room temp overmught when a brown amorphous sohd
separated  The clanfied actdic ag soln was extracted with
Et,O(10 x 250 ml)and the combined Lt,O extracts was evapor-
ated to gnve o dull vellow tesidue (Fraction €. 68 g) The
aq layer was concentrated (co 100ml) and extracted with
EtOAc (5 x 250 mi) Residue from the combined ethyl acetate
extracts a dull yvellow sold (fraction D | 3 g} contamed only
strongly polar xanthones

Separation of xanthones from fiaction C A portion (05 g)
ot the solid was boiled with CHCly (250 ml) and the solution
was filtered It was concentrated and chromatographed over
Stogel (12 % 22 cmy) Flutions were catned out with C H,
CHCly and different proportions of muatures thercof when
further crops of santhone (1) (36 mg) santhone (9) (8 mg).
and of mixed xanthones (67 mg) were obtamned The CHCl;-
wsoluble solid showed several spots on TLC m which the
presence of santhones (1. 5, 6. 8) das magor entitics. was
detected by co-TLC and UV spectia of the mdividual entities

Separation of \anthones fiom fracton DA portion (01 g)
of the solid was hydiolysed with 2 N HCT (10 mly for 30
mmn on a steam bath The hydiolvsed product was passed
through a column of polyanude powder (1 x S em) packed
mn H,O The column was washed with H,O untl the chiate
was neutral  Subsequenthy  the column was washed with
MeOH TLC of the McOH washings showed the piesence
of xanthones (1, 2. 8) and 4 stiongly polar phenolic compound
Prelimmary exanunation of the last named compound showed
it to be a xanthone-C-glycostde [17] The ag washings were
combined ncutrahized and concentrated at otdmnary tempeta-
ture TLC and PPC [6] of the ag concentrate showed the
presence of glucose and another sugar whose R, values
3 solvents. were closely similar to those of glucuronic acid
Sugars weie detected with sodium metaperiodate-benzidine 1e-
agent

Another portion ol fraction D (01 g) was crystallized from
MeOH dioxane when vellow crystals (1§ mg) separated, mp
268 272 R, 012 (CHCl, HOAc, 20 1} Huydrolysis of this
compound (5 mg) with emulsin (2 mg) in purthed H,0O (3
ml} ywrelded 1 ¥-dihydrosy-3 S-domethosyxanthone  (co-TLC
UV} In the ag soln. the presence of glucose and a strongly
polat sugar component could be detected only after {uither
hydrolysts with 2 N HCl The iesidue hom the MecOH diox-
ane mother liquor after sepatation of the xanthone disacchar-
ide mp 268 272 was methylated with Meland NaH m tetra-
hydiofuian at room temp according to the method ol Stooch-
noff and Benorton {18] The product was dissolved m CH(Cl,
and chromdatographed over Srgel (12« 22 cm) Flunon was
carrted out with CHCl; and CHCI; FtOAc (10 1 to 1 1}
Fractions (25 ml) were collected and monttored by TLC Three
permethyvl ethets (R, 072 06 and 04 CHCl; HOAC 50 1)
were separated Lach was separately hydiolysed with 2 N H(
and extracted with CHCl; The aad hydiolysed product from
the permethyl cther, R, 072 aftoided I-hydioxy-3.5.8-thimeth-
ovyvanthone Likewise the othet 2 permethyl ctheis R, 06
and 04 yiclded 1-hvdiosy-2 34 7-tettamethoxyxanthone and
I-hydroxy-3 4 S-tnimethoxyxanthone  respectively

Selective demethylation of  1-Indroxy-2 34 T-etramethoxy -
vaithone with DDQ This xanthone (52 mg) and DDQ (40 mg)
were mied and refluved i C He (10 mly under NS for 3
ht The reaction was cooled filtered and the filtrate was eva-
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porated The orange-yellow amorphous powder was boiled with
MeOH The residue from the MeOH solution was dissolved
m CHCl; and chromatographed over Si gel (15 x 22cm) The
elution was carried out with C,H, and C(H-EtOAc (9 |
to L 1). 2 1 each The C.H -EtOAc (9 1) elnates. wielded
a yellow solid which was subjected to PLC (C¢H—HOAC,
100 3) The upper yellow zone (man band) was eluted with
CHCI,; and the solvent was removed The residue crystalhized
from CH,Cl,~hexane as yellow needles (7 mg), mp 159-161°
The mp., mmp, co-TLC and UV spectrum of the compound
were 1dentical with those of xanthone (8) From the lower
PLC  zone, 1,2-dihydroxy-3,4,7-trimethoxyxanthone was
obtained as an orange-yellow sohid which crystallized from
EtOH as microcrystals (3 mg), mp 234-236° Lack of a refer-
ence sample [10] precluded a direct comparison, but corre-
spondence of mp and spectroscopic data (UV. MS) of the
compound with the published data established 1ts dentity
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