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C¢HeEtOAc 9 1) Tt gave green colour with FeCl,, appeared
yellow in visible ight and was characterized as 2 by UV,
'HNMR, IR and MS UV MY nm 220, 250, 280, 310
'HNMR (DMSO-d,, 80 MHz), 6162, 172 (s, s, 3H each,
=CMe,), 32 (br, 2H, CH,), 392 (s, 3H, OMe), 508 (br, 1H,
=CH), 6 58 (d, J =8 8 Hz, 1H, H-6), 664 (s, tH, H-4), 724 (d, J
=88 Hz, 1H, H-7), 1091 (br, 1H, 5-OH), 11 02 (br. 1H, 1-OH),
1103 (br, 1H, 8-OH) MS m/z (rel 1nt) 343 (17 7), 342 (83 3), 327
(61 1), 326 (31 7), 299 (90 4), 287 (100), 286 (16 2), 285 (13 9), 274
(173), 271 (509)

Compound 2, on acetylation with Ac,O-pyridine and re-
peated cryst from CHCl,—EtOH afforded the acetate 3 (30 mg),
mp 172-175° UV A nm 310, 360 'HNMR (CDCl,,
60 MHz) 6169, 175(s, s, 3H each, =CMe,), 241 (s, 3H, OAc),
245(s, 3H, OAc), 330 (br, 2H, CH,), 393 (s, 3H, OMe), 5 10 (br ¢,
=CH), 6 33 (s, 1H, H-4),6 97 (d, 1H, J =8 8 Hz, H-6) and 743 (4,
1, S=88 Hz, H-7) MS my/z {rel mt) 426-(9); 384 (30-6) 341
(41 4), 326 (23 4), 298 (32 4), 286 (30 6), 56 (100)

The mother liquor of 2 on acetylation with Ac,O-pyridine
yielded 3 and 4 which were separated on PTLC silica-gel,
C¢H,—CHCI; 1 1) Compound 3 was identical with the acetate
of 2 while 4 (25 mg), mp 162°, R, 040 (silica gel, CsHg~CHCl,
1 1)showed UV A% nm 310, 360, 'H NMR (CDCl,, 60 MHz)
6170, 180 (s, 5, 3H each, =CMe,), 2.48 (s, 3H, OAc), 339 (4, J
=6 Hz, CH,), 398 (s, 3H, OMe), 5 20 (br t, =CH), 6 43 (s, 1H, H-
4),740(d, 1H, J=9 Hz, H-8), 748 (d, 1H, J =3 Hz, H-5), 8.38 (d,
1H, J =9, 3 Hz, H-7) MS m/z (rel 1nt) 368 (M*, 88 7), 353 (34),
325 (80), 313 (100), 283 (50) and 271 (51) The deacetylation of a
small quantity (15 mg) of 4 with EtOH-HC] yielded the parent
compound 5 (10 mg), mp above 240°, MS m/z (rel nt) 326 (M ™,
525), 311 (14). 271 (100) and 241 (10)
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Abstract—Two new xanthone glycosides have been isolated from the root of Gentiana lutea The structures were
determined as 7-hydroxy-3-methoxy-1-O-primeverosylxanthone and 1-hydroxy-3-methoxy-7-O-primeverosylxantho-

ne on the basis of spectroscopic evidence

INTRODUCTION

The dried root of Gentiana lutea (genttan) 1s one of the
most important crude drugs used as bitter stomachic and
sedative Tt 1s known to contain bitter glycosides, such as
gentiopicroside [1-3] and amarogentin [4], and xan-

thone glycostdes, gentioside [5, 6] and mangiferin [6]
The gentian, used m Japan, 1s mainly mmported from
Europe. In past decades, 1t has been also cultivated 1n
Hokkaido (Japan). The gentian imported from Europe
has a yellowish brown internal colour, but that produced
in Hokkaido has a white internal colour Tt 1s considered
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1 R! = primeverose, R? = H
2 R! = H, R? = priumeverose
Gentisin (3) R! = R*? = H

that the difference between them is due to the drying
process. In order to clarnify the difference, we studied the
components of the gentian produced in Hokkaido, and
isolated two new xanthone glycosides. The present paper
describes the isolation and structure determination of
these xanthone glycosides.

RESULTS AND DISCUSSION

A methanol extract of the dried roots was separated
into chloroform, n-butanol and water-soluble portions.
Preparative liquid chromatography of the n-butanol-
soluble portion on reversed phase column with water
containing increasing amounts of methyl cyanide affor-
ded two new xanthone glycosides (1, 2) along with known
xanthone glycoside, gentioside [, 6].

Compound 1, obtained as colourless needles, had a
molecular formula C,sH,50,,. IR absorption estab-
lished the presence of hydroxyl group (3250 cm ™ 1), con-
jugated carbonyl (1640cm™') and double bonds
{1600 cm ~ ). The UV spectrum showed the characteristic
absorption of xanthone chromophore at 238, 251, 304
and 360 nm.

Acid hydrolysis of 1 afforded D-glucose, D-xylose and
the aglycone (3), yellow needles, mp 268-269°, C, ,H,,Os.
The UV spectrum of 3 showed maxima at 235, 257, 305
and 368 nm, a bathochromic shift with alumimium tri-
chloride and the absence of shift with sodium acetate
characteristic of the xanthone chromophore. The
'H NMR spectrum (Table 1) showed signals due to five
aromatic protons and a methoxyl goup located at 3-
position. Signals of a pair of 1H doublets (J=2 Hz) at
0 6.38 and 6.61 were assignable to the protons located at
2- and 4-posttions. Three aromatic protons at 6 7 51 (1H,
d,J=9Hz),7.31 (1H, dd, J=3 and 9 Hz) and 743 (1H, 4,
J =3 Hz) were assignable to the protons located at 5-, 6-
and 8-positions, respectively. Based on these spectral data
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and *3*C NMR spectral data (Table 2), 3 was 1dentified as
gentisin (1,7-dihydroxy-3-methoxyxanthone) [5, 10~12].

The 'H NMR spectrum (Table 1) of 1 showed signals
at 0387 (3H, s, —OMe), 6.67 (1H, d, J =2 Hz, 4-H), 7.35
(1H, d, J=2 Hz, 2-H), 745 (1H, d, J=9 Hz, 5-H), 759
(1H, dd, J=3 and 9 Hz, 6-H) and 8 17 (1H, d, J=3 Hz,
8-H) due to gentisin mozety. It also showed the signals at
6494 (1H, d, J=7 Hz) and 3 5-4.5 (12H, m) assignable to
a sugar residue. The '3C NMR spectrum showed the 11
carbon signals due to the sugar residue. The chemical
shift of C-6 carbon of glucose motety, shifted downfield to
8 65.6, indicated the existence of primeverosyl residue in 1
[12] It also showed (Table 2) the signal due to C-1
carbon of gentisin moiety at 6 159.2 ppm shifted upfield
(—3 7 ppm) as compared with that of 3. The signal due to
a carbonyl carbon (C-13) also shifted upfield (— 5.6 ppm)
to 6174.4 ppm suggested no chelation with the hydroxyl
group at t-position [12] These data clearly showed that
the primeverosyl residue in 1 was attached to the C-1
hydroxyl group of gentisin (3). The result was supported
by the absence of UV bathochromic shift {13] of 1 with
AICl;. Thus, the structure of 1 was determined as 7-
hydroxy-3-methoxy-1-O-primeverosylxanthone.

Compound (2), obtained as colourless needles, had a
molecular formula C,sH,30,,. The IR and UV spectra
indicated the presence of xanthone chromophore as same
as 1 Acid hydrolysis of 2 afforded D-glucose, D-xylose
and gentisin (3). The 'H NMR spectrum (Table 1) of 2
showed signals due to five aromatic protons and meth-
oxyl protons of gentisin moiety. Furthermore, an ano-
meric proton at 4562 (1H, d, J=6Hz) and multiplet
signals at §4 0-5 0 (12H, m) were assignable to the sugar
residue The !'3C NMR chemical shifts of 11 carbon
signals, due to the sugar residue revealed the presence of
primeverosyl residue 1n 2 The chemical shifts (Table 2) of
aromatic carbons 1n ortho (C-6 and 8) and para (C-11)
positions of C-7 carbon, shifted downfield to 61256
(+10ppm, C-6), 110.6 (+2.3ppm, C-8) and 150.7
(+ 1.5 ppm, C-11) as compared with those of 3, indicated
the primeverosyl residue was attached to the C-7 hydro-
xyl group of the gentisin moiety This result was suppor-
ted by the presence of UV bathochromic shift [13] of 2
with alummium trichloride and the chemical shift of the
carbonyl carbon (6174.7 ppm), suggesting monochel-
ation with the hydroxyl group at 1-position [12] Conse-
quently, the structure of 2 was determined as 1-hydroxy-
3-methoxy-7-O-primeverosylxanthone.

HPLC analysis of the yellowish brown gentian import-
ed from Europe showed that it also contain these two new
xanthone glycosides and gentioside. These xanthone gly-

Table 1 'HNMR chemical shifts for compounds 1-3 (6, ppm)

Compounds 2-H 4-H 5-H 6-H 8-H —OMe
1* 7.35 667 745 759 8.17 3.87
(1H,d, J=2) (1H,d, J=2) (1H,d, J=9) (1H,dd, J=3,9) (1H,d, J=3) (3H,s)
2* 6.55 650 753 793 820 3.82
(1H,d,J=2) (1H,d,J=2) (1H,d,J=9) (1H,dd, J=3,9) (1H,d,J=3) (3H,s)
3t 6.38 6.61 751 731 743 3.89
(lH,d, J=2) (1H,d, J=2) (1H,d, J=9) (1H,dd, J=3,9) (1H,d, J=3) (3H,s)

*In pyridine-d,.
+In DMSO-d,.
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cosides were determimed by HPLC, [Europe] 1,
0.30 mg/g; 2, 0.91 mg/g, gentioside, 1 51 mg/g, [Hokkat-
do}: 1,153 mg/g, 2, 1 56 mg/g, gentioside, 1 31 mg/g The
contents of xanthone glycosides in the yellowish brown
gentian are smaller than those 1n the white one produced
in Hokkaido Thus 1t 1s supposed that the colourless
xanthone glycosides were hydrolysed to yellow xan-
thones during the drymng process to give yellowish brown
gentian

EXPERIMENTAL

Mps uncorr 'H and '*C NMR spectra were determined at
100 and 25 MHz, respectively, with TMS as int standard UV
spectra were taken 1n MeOH Mass spectra were determined at
70eV GC was carried out on a Hitachh model 163 gas chro-
matograph using a glass column (3mm 1d x 2m) packed with
2% OV-1 on 80-100 mesh Chromosorb WAW DMCS at 2657,
with N, carrier gas at a flow rate of 30 ml/min Prcp LC was
performed on a Waters’ System 500 using a C,g cartndge
column (57 cmtd x 30 cm) HPLC was performed on a Hitachi
model 655 hquid chromatograph A Nucleosil 5C 4 column
(4 mm 1d x 250 mm, Macherey-Nagel) was used for analysis
The mobile phase was MeCN-H,O-AcOH (20 80 1) The flow
rate was | ml/min The peaks were detected at 280 nm

Extraction and 1solation Dried, milled roots (200 g) of Gen-
tiana lutea, cultivated at Hokkaido Prefectural Kitami Agricul-
tural Experiment Station, were extracted three times with
MeOH (200 ml) at room temp The combined extracts, after
evaporation of MeOH under red pres . was dissolved in H,O
(200 ml) The aq soln was successively extracted with CHCly
(200 ml), EtOAc (200 ml) and n-BuOH (200 ml) The n-BuOH-
soluble portion (795g) was separated by prep LC on an
octadecylsilyl bonded column, eluting with H,O contaming
increasing amount of MeCN to give fractions contaiming 1, 2 and
gentioside, respectively Crystallization of these fractions from
pyridine-H,O afforded 1, 86 1 mg, 2, 86 4 mg and gentioside,
850 mg, showing single peaks by HPLC analysis, respectively
Retention ttme 1, 6 3 mun, 2, 15 5 min, gentioside 13 ! mun

7-hydroxy-3-methoxy-1-O-primeverosylxanthone (1) Colour-
less needles, mp 259-260" (decomp) [2]3° —81 5*(pyridine, ¢
040) Found C, 5405, H,508 C,;H,,0,, requires C, 5435, H,
511% IRvY'em™ 3250, 1640, 1620, 1600, 1570
UV AMeO% nm (log ¢) 238 (4 54, sh), 251 (4 55). 284 (4 08, sh), 304
(4 14), 360 (3 83) No change was observed when the spectra were
determimed on addition of NaOAc or AICI; '*C NMR (Table 2,
DMSO-d,) carbon signals of primeverosyl residue at 61040,
025,765,759 (2C), 733 (2C), 097,69 5,686,656

1-Hydroxy-3-methoxy-7-O-primeverosy Ixanthone (2) Colour-
less needles, mp 293-294° (decomp) [«]3° —694 (pyridine, ¢
036) Found. C, 54 22, H, 505 C, H,,0,, requires C, 54 35, H,
511% IR vNuo em™! 3300, 1650, 1600, 1560 UV AMOH nm
(log ) 235 (4 46), 256 (4 54), 305 (4 17), 360 (3 77) + AICl; 227,
269, 327, 412 nm Wo change was observed when the spectrum
was determuned on addition of NaOAc '3C NMR (Table 2,
DMSO-d) carbon signals of primeverosyl residue at 1040,
1014, 764 (2C), 759, 733 (2C), 69 6 (2C), 68 3, 65 6

Acid hydrolysis of 1 and 2 A soln of 1 or 2 1n conc HCI was
heated at 100 for 15 mm The reaction mixture wdas poured nto
H,0 and the H,0 insoluble part recrystallized from MeOH to
give yellow needles of gentisin (3, 1,7-dihydroxy-3-methoxy-
xanthone) mp 268-269° EIMS m/z 258(M*) Found C, 6502,
H,379 C,H,,05 require C, 6512, H. 390% IR vitcm™!
3350, 1650, 1620, 1600, 1580 UV MM nm (log &) 235(4 46), 257

max

(457),305(4 17), 368 (381) +AICl, 230, 271, 324 and 416 nm

OMe
(149)
560
561
559

C=0
(13)
1744
1797
1800

C-12
1227
1202
1205

1481
1507
1492

C-11

C-10
106 5
102.7
1029

C-9
1585
1572
1574

108 8
1106
108 3

C-8

1538
1538
1541

C-7

C-6
1234
125.6
124.6

1185
1191
1181

C-5

C-4
954
926
923

C-3
166 4
166.3

164 5

C-2
969
967

100 4

1592
162.3
1629

Table 2 '*CNMR chemucal shifts for compounds 1-3 (J, ppm, in DMSO-d)
C-1

Compounds
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No change was observed when the spectrum was determined on
addition of NaOAc.

The H,O-soluble part was evapd to dryness for the identifica-
tion of the sugar The residue was dissolved in 8% HCI-MeOH
and refluxed for 16 hr. After evapn of the solvent, the residue was
dissolved 1n dry pyrnidine and added with hexamethyldisifazane
and trimethylchlorosilane The reagent was removed 1n a stream
of N, and the residue was dissolved in MeOH GC analysis of the
resulting soln showed the existence of methylglycoside TMS
ethers of D-glucose (rt 8 8, 9.8 min) and D-xylose(room temp , 3.4,
37 min), by comparison with the authentic samples

Gentioside (1-hydroxy-T-methoxy-3-O-primeverosylxanthone)
Colourless needles, mp 278-279° (decomp.) [«]3° —50.0° (pyr-
dine; ¢ 030) Found C, 54.15; H, 507 C,;H,50,, requires C,
54.35, H, 511%. IRvN2'cm™! 3400, 1640, 1600, 1580
UV AMOH nm (lag 2) 234 (4 35), 258 (4 53), 300 (4 03), 368 (3.72)
+AICl; 231, 273, 318, 419 nm No change was observed when
the spectrum was determmed on addition of NaOAc. 'H NMR
(pyridine-ds) 63 74 (3H, s, —OMe), 4.0-5.0(12H, m), 5.71 (1H, d,
J=7Hz),685(1H,d, J=2 Hz,4-H), 7.15(1H, d, J =2, 2-H), 7.36
(1H, dd, J=3 and 9 Hz, 6-H), 770 (1H, d, J=9 Hz, 5-H), 772
(1H, d, J=3 Hz, 8-H) 3CNMR (DMSO-d): 5 180.0 (C=0),
164 2 (C-3), 162.2 (C-1), 1574 (C-9), 155.8 (C-7), 150.3 (C-11),
124.9 (C-6), 1202 (C-12), 119 5 (C-5), 105 3 (C-8), 103.5 (C-10),
98 8 (C-2) 94 6 (C-4), 55.8 (OMe); carbon signals of primeverosyl
residue at 6 104 2,99.9, 76.5,76.4, 756,73 4,73.1,69 7, 69 6, 68 7.
65.6.

Acid hydrolysis of gentioside by the same treatment as 1 or 2,
gave D-glucose, D-xylose and 1sogentisin. D-glucose and D-xylose
were 1dentified by the same method for 1 or 2.

Isogentisin (1,3-dihydroxy-T1-methoxyxanthone). Yellow need-
les (MeOH), mp 241-242°, EIMS m/z- 258 (M *). Found: C, 64 93,
H, 398 C,,H,,0; requires. C, 65.12; H, 3.90% IR v}t cm ™
3350, 1640, 1615, 1600, 1570. UV A MO nm (log ¢). 234 (4.52), 258
(4.60), 308 (417), 366 (391) +AICl;. 230, 271, 324, 414 nm.
+NaOAc 230, 259, 268 (sh), 345, 380 (sh)nm "HNMR (pyn-
dine-d;)y 63.87 (3H, s, —OMe), 622 (1H, d, J =2 Hz, 2-H), 6 39
(1H,d, J=2,4-H),7.40 (1H, dd, J =3 and 9 Hz, 6-H), 7.59 (1H, 4,
J=9Hz, 5-H), 752 (IH, d, J=3Hz, 8-H). '*CNMR
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(DMSO-dg) 6179 3 (C=0), 1657 (C-3), 1629 (C-1), 157 4 (C-9),
1556 (C-7), 1506 (C-11), 123 8 (C-6), 120 3 (C-12), 118.7 (C-5),
105 6 (C-8), 102 1 (C-10), 98 1 (C-2), 93.9 (C-4), 556 (OMe)
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