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Abstract-The whole plant of Swertia birnuculata 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 
Cz, C, and/or C, posmons 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. Thts is the first demonstration of the occurrence of xanthones and xanthone 
disaccharides m a Swevtia species which are common to both Swertia and Frasera species. The results 
are thus of considerable phylogenetic significance. 

INTRODU(=TION 

Swertia bimaculuta 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 ul [3] reported 1,3- 
dihydroxy-4,5-dimethoxyxanthone and its 1- and 3- 
0-glucosides in this species. The present investiga- 
tion with the whole plant resulted in the isolation 
and structure elucidation of a number of tetra- 
and penta-oxygenated xanthones and xanthone- 
0-glycosldes 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. b~~ulata by 
analytical TLC showed the presence of well over 
a dozen xanthones of varying polarity. The TLC 

* Part 18 m the series “Chermcal Constituents of Gentlana- 
ceae” For Part 17 see Chaudhuri, R K , Smgh, A K and 
Ghosal, S (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 investlga- 
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 comparison with 
reference samples, where available, established 
their structures as: 1,3-dihydroxy-4,5-dimethoxy- 
xanthone (1); l&dihydroxy-3,5-dunethoxyxan- 
thone (2); 1,3,5-trimethoxy-8-hydroxyxanthone 
(3); I-hydroxy-3,7,%trimethoxyxanthone (4); l- 
hydroxy-2,3,4,5-tetramethoxyxanthone (5); l-hy- 
droxy-2,3,4,7-tetramethoxyxanthone (6); 2-hyd- 
roxy-1,3,4,7-tetramethoxyxanthone (7) ; 1,4-di- 
hydroxy-2,3,7-trimethoxyxanthone (8); 1,3-dihyd- 
roxy-4,5,%trimethoxyxanthione (9). In addition, 
xanthones (l), (2) and (8) were found to be present 
in a bound (O-disaccharide) form in which the 
glycosidic linkage was located at C1 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 
slmllar to those of glucuromc acid Xanthones (8) 
and (9) were not encountered before in nature or 
prepared synthetically, while (3) was known 
before only as a synthetic compound. The charac- 
terization of only the new naturally occurrmg 
xanthones IS described here 

1,3.5- Tv1rnrthcr?i!;-8-h~~~~~u~sul~thonc (3). This 
xanthone, mp 215~.216 . C,,H,,O, (M’. 302), IS 
a monohydroxytnmethoxyxanthone in which the 
hydroxyl group IS strongly chelated smce it 
remamed unaffected with ethereal dlazomethane 
but formed the permethyl ether with dlmcthyl sul- 
phate and alkali. Its UV spectrum IS characterlstlc 
of 1,3,5.%tetraoxygenated xanthones [2] The 
PMR spectrum of the compound showed signals 
due to a chelated OH group, located elthcr at 
C, or C, [4]. three OMc groups. and four aro- 
matlc protons appearmg as two pairs of doublets 
with J’s of 3 and 9 Hz. These data suggest elthcr 
1 -hydroxy-3.5%tnmethoxyxanthone or 1.3.5-trI- 
methoxy-8-hydroxyxanthone as 1tS structure 
Comparison with the former compound [5] 
showed that they were different although their 
permethyl ether was Identical. Fmally. du-ect com- 
parlson of the xanthone with the aglucone (I ,3,5- 
tnmethoxy-X-hydroxyxanthone) of isoswertlano- 
lm [6] confirmed their identity 

1,4-D1lz~u’~ou~~-2,3.7-t1~r,nc~rho~~ u~~~tlmw (8) 
This xanthonc. mp 160-161 . (M’, 31X), IS a 
dihydroxytnmethoxyxanthone 111 which one ol 
the OH groups may be placed at C, since Its 
PMR spectrum showed a chelated OH group and 
the UV spectrum 1s characterlstlc of 1.2,3,4.7-pen- 
taoxygenated xanthones 171, The chromophorlc 

and NaOAc--H,RO, but was destro>cd 11; j’ic’\- 
ence of EtOH-NaOH mdlcatmg the prescnc~ 01 
a 17nrtr dlhydroxyl function. The kanthonc‘ rcs- 
ponded to the goss-ypetone [X] and Tollens tests 
Tht: two OH groups are therefore located at c‘, 
and C+ In the PMR spectrum, a coupled set of 
three protons appeared IJI the aromatic region in- 
dicatmg the presence of a C,-ox! substltuent 17) 
The chemical shifts of these protons remamed un- 
altered III the corresponding acetyl derivative The 
C, posItIon IS therefore mcthoxylated Selective 
demethylatlon of 1 -hydroxy-2,3.4.-i-tetramethoxy- 
xanthone with DDQ [9] afTorded I ,4-dlhydrouq- 
2,3.7-trrmethoxyxanthonc tog&her w1tl1 1,2- 

dlhydroxy-3.4.7-trimethouqulznthone (as a mmor 
entity) [lo] The major product wab found to be 
Jdentlcal with naturally occurrmg (8) 

1.3-D~h~d~os~-4,5.8-trImethox~~antho~~e (9). 
This xanthone. mp 21&212 . C,,H,a07 (M’., 
3 18). IS also a dihydroxytnmethoxqxanthone m 
which one of the OH groups may hc placed at 
C, since the PMR spectrum showed a strongly 
chelated OH group and the UV spectrum IS 
closely rlmllar to that of 4,5-dl-0-mcthylcorymbm 
(= 1.3.X-tnhydroxy-4.5-dlmethoxyxanthone) [ 1 I]. 
It was soluble m aq. Na,CO, and showed a batho- 
chromic shift m the UV maxima (2 300 and 
350--t 372 nm) m presence of NaOAc The second 
OH group IS therefore located at C,. The PMR 
spectrum showed signals due to three OMe 
groups, an aromatlc proton smglet (6 6 4) and a 
pair of doublets (J c) Hz) The high-field positlon 
of the singlet suggests C,-H as Its source. The 
monomethyl ether, prepared with cthercal dlazo- 
methane, was found to be ldcntlcal 111 all respects 
with I-hydroxy-3,4,5.X-tetramethoxqxnnthon~ [2]. 
These data suggest I._?-dlhydroxq-4.5.Y-trnnethoxy- 
xanthone as the structure for (9) 

The oxygenation patterns of rhe xanthonas of 
some 15 SKIWUI specm mvestlgated so f;lr are 
the very common ones of 1.3.5.5 and 1,.1.7,8 tetra- 
oxygenated systems (as the hydroxylated and 
methoxylated derlvatlves) [ I] in two S~c‘r~filr 
species, VIZ S InG and S, ln4,‘l’fll’crs~cn.,, 111 addi- 
tion to the tetraoxygenated xanthones, a number 
of 1,3,4,5,X- and I .3.4,7.K-pentaoxygenated xan- 
thones were encountered [I.?] These observa- 
tions mdlcate a close rclatlonshlp between the 
genera Swerlrcr and Grnrrur~u. the latter also llber- 





(31) .x3 (21). 302 (14). 2x9 (42) x7 (25). ‘74 (8). 260 (X), 
‘59 (12) (Anal GIL for C,qH,,O- C‘ fil 43, H. 481 Found 

C 60 98, H. 4 49”,,) 

I .~-D//~w/I o\, -7 3 7-r/ i,,~tl~~ Y I vurrthw (8) Thu lo\\\1 K, 

zont’ ( - 0 2) \+a\ clutcd with CHCl,. the solvent was tcmovcd 
,md the rc\lduc cryhtalh7ed from CH-Cl, hckanc as orange 

needles (24 mg) mp I60 161 . K, 033, LC /,,_, 236 (032). 
369 (038). 305 (0 17~. 392 nm (006), PMR (C’DU,) 0 1205 

(1H \ C ,-OHJ 7 64 (IH, q H-8). 746 (?H ,,I. H-6. H-7). 
4 17 302 (YH, OMc). MS /)I’(, 31X (M rcl mten<lty IOO”,,) 
slgmficanl fragmenr ion peaks at I??~<’ 303 (72) XY (14). 288 
(IX). 275 (13). 245 (8). 30 (5) (Anal C’,,H,,O- rcquux5 C‘. 
60 37. H, 4 40 Found C‘ 59 88, H. 3 71”,, I The monometl~yl 
clhcr, prepared with cthclcal CH2N3 LVJ~ found to be ldentlcdl 

with xanthone (6) in all respects 

.Q(W i/t/o,1 of \tr/lt/io,lc’\ //O/U /1.~moH B A pm t1on (c L, 10 

g) of the grcenrsh bro\\n gum wds dlssol\cd m Et20 (500 
ml1 .md the phenohc and non-phenohc constlturnts were 
scpalatcd m the uul ~‘t\ 4 pale jcllou wild scpxated dur- 

ing the ptocessmg at the mterfacc of the Et20 and dq NJOH 
layerr It ans collected h> iiltratmn The sohd \~as bahed 
Rlth aq HCI dntl then wlrh HI0 until the Lvashmg wns neu- 
tral The dull qellm \olld clystalll7ed from CtOH to gfvc 
a further crop (32 mg) of \anthonc (6). whrle rhe kt0r-I 
mother Iquor on lurthcr COIICII gave ycllow\h o~qy crystals 
cont,umng d muturc of \,tnthonc\ The phcnohc constltucnt? 
ohtdtncd a’1 a dull )cllow powder wds dlssol~~cd 111 C HCI, 
(I 5 ml) end chrom,ltographcd o!er ;L column of SI gel (2 )I 74 
cm1 Petrol (500 ml) pctrnl C,H,, f I I. 1 I ) Cy,,H, (I 1 ) 
C,H, CHCI, (I 1. 11) and C’HCl, (I 1 )wc~r used ‘IS clutnts 
Fraztlon\ (100 ml) Ncrc collected The reslduc ohtamed from 
the pctlol and c,lrlJ petrol C ,H,, eluates wits boiled in petrol. 
the petrol-msolublc solrd URIS d~ssolvcd In C’I-ICI i ( 1.5 ml). .md 
\\a~ ,uh~ectcd tu PLC us,ng (‘HCI, HOAc (SO 1) <is the 
developer Three dlstlnct zones MZIC sepnr‘tted 

I.X-~/i~yi~o\ r-3 5-,ir/,l~t/io\!,\~l/itlfo,ir, (2) The upper PLC 
/one fR, . 0 75) n‘ts clutcd ~\~th C HCl,I and the ~eslduc from 
the CHCI, soln crq~tdlllred from FtOH a\ hrqht yello\% 
necdle~(91 mg) mp 183 I X4 Direct comparison (co-TLC mmp, 
IR) ~lth dn authontlL sample of l.XI-dlh\dlou!-:,j-dimctJlo~~ 
uanthonc cstabhshed Ihat they arc identical 

The mlddle PLC /one iR, . 0 5) g,?vc d further crop (7 
mg) of xanthonc (3) 

mellow c;-yst& (12 mg). m, 139. 150 The mp, n&p, co-TLC. 
UV and PMR spectr‘t of the Lompound wcrc ldcntal 1% rth 
fho\c of dccu++illn rsj 
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porated The orange-yellow amorphous powder was bolled with 
MeOH The residue from the MeOH solution was &solved 
m CHCI, and chromatographed over SI gel (1 5 x 22 cm) The 
elutlon was carried out with C,H, and C,H,-EtOAc (9 1 
tn !. !_!,_ 2. 1. %Zh ThP, C,&-E0A~ (9 1). &at-. y&ed 
a yellow solid which was subJected to PLC (CsH,-HOAc, 
100 3) The upper yellow zone (main band) was eluted with 
CHCl, and the solvent was removed The residue crystalhzed 
from CH,Clz-hexane as yellow needles (7 mg), mp 159-161” 
The mp. mmp, co-TLC and UV spectrum of the compound 
were ldentlcal with those of xanthone (8) From the lower 
PLC zone, 1,2-dlhydroxy-3,4,7-trlmethoxyxanthone was 
obtained as an orange-yellow solid which crystallized from 
EtOH as mlcrocrystals (3 mg), mp 234-236” Lack of a refer- 
ence sample [lo] precluded a direct comparison, but corre- 
spondence of mp and spectroscopic data (UV. MS) of the 
compound with the pubhshed data established Its ldentlty 
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