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Abstract—Two polyoxygenated chromones,

5,7-dihydroxy-2-methylchromone (1) and 5,6-dihydroxy-7-

methoxy-2-methylchromone(2), and a glucosyloxychromone, 7-glucosyloxy-5-hydroxy-2-methylchromone (3),
have been isolated from an extract of the bulbs of Pancratium biflorum collected when the plants were in flower.
The compounds were characterized by chemical transformation, comprehensive spectral evidence and synthesis.
2 and 3 are new naturally occurring chromones, while 1 has been detected only once before in Daucus carota roots,

as a stress metabolite.

INTRODUCTION

The literature dealing with Amaryllidaceae alkaloids
shows no signs of abatement although practically
nothing is known about the non-nitrogenous con-
stituents of members of this family. The genus Pan-
cratium (family Amaryllidaceae, sub-family Amaryl-
lidoidae), for example, has attracted considerable
attention due to the complex structural types of its
alkaloids [2, 3] and the significant therapeutic proper-
ties of some of these compounds [3] but no in-
formation was available about the non-nitrogenous
constituents of this genus until this investigation. In
connection with our work on the anti-fungal prin-
ciples from plants [4,5]), we investigated both al-
kaloidal [3] and phenolic constituents of the P.
biflorum Roxb. for the first time. We propose to
investigate both alkaloidal and phenolic constituents
of ca 6 Pancratium species growing in India.

P. biflorum grows abundantly in the upper Gan-
getic Plain and is also cultivated in gardens as an
ornamental plant and for medicinal purposes.
Extracts of its flowers and bulbs are used in popular
medicine in the treatment of earache, chest ailments
and in fungal diseases. We report here the isolation
and characterization of two polyoxygenated
chromones (compounds 1 and 2) and a glucosyloxy
chromone (compound 3) from the bulb extract of this
species collected in flower. The investigation was
repeated for two consecutive years to establish that
the elaboration of chromones is a normal metabolic

excursion of P. biflorum and is not under conditions
of any stress. The biochemical significance of these

chemical characters is also appraised.
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RESULTS AND DISCUSSION

The phenolic constituents were obtained from the
dried and powdered defatted bulbs by re-extracting
the dark viscous EtOH extract with hot Me,CO. The
mixture in the Me,CO-soluble fraction was then
separated by CC and TLC over Si gel and polyamide.
Two polyoxygenated chromones (compounds 1 and 2)
and a glucosyloxychromone (compound 3) were
obtained in quantities sufficient for their complete
characterization.

Compound 1. This compound, C,0HzO, (elemental
analysis and M¥), mp 268-270°, gave a violet colour
with EtOH-ferric chloride and showed UV absorp-
tion maxima in EtOH characteristic of 5, 7-dioxy-
genated chromones [6]. The bathochromic shift of the
UV maxima observed by adding AICI; indicated the
presence of a free OH group peri (C-5 position) to the
carbonyl group. Analogous behaviour was reported in
flavonoids (7). A bathochromic shift of the maxima
was also observed by adding NaOAc which suggested
[71 a free OH group at C-7. The IR spectrum showed
bands characteristic of Ar-OH-benz-y-pyrones.
The structure of the compound followed from the
mass and 'H NMR spectra. The mass spectral frag-
mentation exhibited features characterlstlc of 5,7-
dihydroxy-2-methylchromone. Thus, the compound
exhibited fragment-ion peaks arising from path-
way I and pathway II, commonly encountered in
flavones [8]. The '"H NMR spectrum of the compound

showed signals due to two aromatic protons, as m-
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split doublets, one olefinic proton, as a vinylogously
coupled doublet, a C-Me group coupled with the
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ation with ethereal diazomethane afforded eugenin (4)
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chromone (1) as its structure. The chromone has been
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previously detected [9], in traces, in Daucus carota
roots as an abnormal metabolite formed under con-
ditions of stress [9]. It was identified before [9] on the
basis of limited data, viz. UV maxima and TLC
comparison with a synthetic sample, prepared by a
published procedure [10]. This is the first demon-
stration of the occurrence of 1 as a normal metabol-
ite, in appreciable quantity, in P. biflorum.

Compound 2. This compound, C,;H,,0; (elemental
analysis and M'), mp 242-244°, is a dihydroxy-
monomethoxy-2-methylchromone. It showed UV
maxima in EtOH and in EtOH-AICl, closely similar
to those of 1. The position of the UV maxima
remained unaltered by adding NaOAc. There was,
however, a hyperchromic effect of the K-band [11]
indicating the presence of a substituted oxygen func-
tion at C-7 and an additional OH function ortho to
the C-5 OH. The UV chromophoric system was des-
troyed in EtOH-NaOH supporting the presence of an
ortho-dihydroxy function [12]. The mass and
"H NMR spectra of the compound suggested a dihy-
droxy-monomethoxy-2-methylchromone structure.
The compound formed a diacetate, C,sH;s0-, in
which the aromatic proton singlet was shifted to ca
0.5 ppm downfield relative to its position in the cor-
responding permethyl ether. This suggested the
presence of an acetoxy function para to the aromatic
proton (H-8). This had precedents in flavones {7] and
xanthones [13]. Thus, 35,6-dihydroxy-7-methoxy-
2-methylchromone, structure 2, was assigned to this
compound. The compound has not been encountered
before in nature nor has it been prepared synthetic-
ally.

Compound 3. This compound, C,H;;0,-H,0,
obtained as a hygroscopic solid, was optically
active. It showed UV maxima similar to those of 1.
There was no change in the UV maxima in the
presence of NaOAc, the C-7 oxygen function was,
therefore, substituted. Addition of AICl;, however,
produced a bathochromic shift of the UV maxima,
thereby suggesting the presence of a free OH group
peri (C-5 position) to the carbony! function. As
expected for an O-glycoside, the mass spectrum of
the compound showed only the M™ of the aglucone
(m/z 192); hydrolysis with emulsin gave glucose and
the aglucone which was identical with 1. The negative
sign of rotation ([a]p) of the compound and its
acetate derivative, as also hydrolysis of the parent
compound with emulsin, suggested a B-linkage be-
tween the aglucone and the sugar moiety. The
'"H NMR spectrum of the compound showed signals
for two aromatic protons, as m-split doublets, one
olefinic proton, one glucosyl anomeric proton, one
Me group on a double bond, and a strongly chelated
OH group. The compound formed a tetraacetate,
under mild conditions of acetylation, which exhibited
a M" in its mass spectrum at m/z 522. Apart from the
M™, significant fragment-ion peaks appeared due to
tetraacetylglucose (mf/z 331) and dihydroxy-2-
methylchromone (m/z 192) moieties. The identity of
the tetraacetate derivative was established as -
hydroxy-7-0-2', 3', 4', 6'-tetra-O-acetyl-B-D-glucopy-
ranosyl)-2-methylchromone by its synthesis from
1 according to a published procedure of gluco-
sidation as applicable to flavonoid and xanthone
series [14], Compound 3 is the first example of
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a naturally occurring glucosyloxychromone. It was
present, in appreciable quantity, also in the roots of
P. biflorum.

The three chromones (1-3) appeared in appreciable
quantity only during the flowering time (September—
October) of P. biflorum when the vegetative growth
of the species commences. At this time, the roots
contain 3 as the major entity. The purpose of the
elaboration of these compounds could be either pre-
vention of ingress of predatory fungi from the
rhizosphere or growth promotion of the species, or
both. In order to examine these hypotheses, the three
compounds were separately tested for their possibie
antifungal activity against a number of pathogenic
Fusaria and Aspergilli, commonly encountered in the
area of vegetation of P. biflorum. No antifungal
activity was observed up to a concentration of 107° M
of each compound. The growth-promoting property
of the three chromones was indicated by the ac-
celeration of seed germination and abundant root
growth in lettuce and radish. Another role -of the
chromones could be associated with the transport of
metal ions (micronutrients) and/or metal-ion buffering
in vivo. All three compounds formed stable com-
plexes with metal ions (Cu?*, Zn**, Fe*"). The uptake
of Cu and Zn ions by the seedlings of P. biflorum was
enhanced by the addition of the chromones in
nutrient media in which the roots were submerged.
The comcomitant increase in the concentration of the
metal ions in the leaves of the chromone-metal-
complex-treated plants was estimated by atomic ab-
sorption spectroscopy. The initial results are
sufficiently impressive to warrant the expectation that
the role of chromones in plant biochemistry will
repay further and more detailed study.

EXPERIMENTAL

All mps are uncorr. UV spectra were recorded in al-
dehyde-free EtOH unless otherwise stated. The shift
reagents were prepared according to [7]. IR spectra were
determined in Nujol and only the major bands are quoted.
'"H NMR spectra were obtained at 90 MHz using TMS as int.
standard. MS spectra were determined at 70 eV. Sepn by CC
was carried out using Si gel (60-120 mesh, BDH) or poly-
amide (Macherey-Nagel SC;) as adsorbents. TLC was car-
ried out on Si gel G (Merck) using CHCL-HOAc (24:1,
solvent 1) and EtOAc-MeOH-H,O (20:5:3, solvent 2) as
developers. 1, vapour, EtOH-FeCl; and short-wave UV
lamp (A 254 nm) were used for staining and visualization
purposes.

Ashes obtained from weighed quantities of leaves of
control and chromone-metal-complex treated plants were
leached with HCl. The metal ton (Cu’', Zn") concns of
aliquots of the acidic solns were determined by atomic
absorption spectroscopy.

Plant materials were collected during September-October
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of 1979-80, from the Banaras Hindu University campus and
were properly identified. The species is now being cultivated
in the garden of the Department of Pharmaceutics, Banaras
Hindu University.

Extraction. In a typical expt, dried and milled bulbs (ca
200g) were continuously extrd in a Soxhlet with petrol
(60—80°) and then with EtOH (30 hr each). The two extracts
were separately processed.

Treatment of EtOH extract. The extract was concd to a
brown viscous liquid and then triturated with hot Me,CO.
The Me,CO-soluble portion showed several FeCl; positive
spots on TLC (solvents 1 and 2). The Me,CO soln was concd
and_chromatographed over a column of Si gel (24 X 2 cm).
Elution was carried out with C¢Hg (11.), C;He~CHCl,; (1:1,
500 ml), CHCl; (11.), and CHCI;-MeOH (49:1, 1 1.). Fractions
(100 ml) were collected and monitored by TL.C. Initial eluates
afforded phytosterols and steryl esters followed by a major
phenolic fraction from the middle CHC, eluates (fractions
18-22). These were combined and evapd to give a light brown
solid (62 mg). It showed two major FeCl; positive spots on
TLC, R, 0.35 and 0.5 (solvent 1), in the form of a streak. The
two components were separated by repeated prep. TLC.

5,7-Dihydroxy-2-methylchromone (1). TLC scrapings
of the upper R, zone were extrd with CHCl;-MeOH. The
soln was evapd and the residue crystallized from Me,CO as
cream-coloured needles (28 mg), mp 268-270°; UV: Ay nm
(log €) 228 (4.30), 250 (4.41), 255 (4.42), 295 (3.89), 325 sh
(3.52); Apex (EtOH-NaOAc) nm 260 sh, 268, 335; Ag.
(EtOH-AICL;) nm 254 sh, 266, ~ 310, 365; IR: v, cm™! 3400
(br), 1668, 1625, 1595; MS: m/fz 192 (M*, rel. intensity
100%), 164 (88), 163 (24), 152 (22), 124 (48), 69 (62), 43 (11),
39 (14); 'HNMR (CDCI;-DMSO-d): & 12.70 (1H, s,
exchangeable with D,0, C-5 OH), 6.30 (1H, d, J=2Hz,
H-8), 6.22 (1H, d, J =2Hz, H-6), 5.95 (1H, d, J=0.8 Hz,
H-3), 2.30 (3H, d, J =0.8 Hz, C-2 Me). (Found: C, 62.12; H,
4.24. C,yHO, requires: C, 62.50; H, 4.16.) Methylation of 1
with Et,0-CH,N, gave a monoMe ether which crystallized
from hexane-Me,CO as plates, mp 117-118°; UV: A, nm
230, 250, 256, 294, 322 sh; MS: m/z 206 (M*, 100%), 178 (5),
177 (42), 176 (11), 163 (14), 135 (5), 69 (7). The physical and
spectral properties of the Me ether were consistent with
those reported [9] for 5-hydroxy-7-methoxy-2-methyl-
chromone (= eugenin) (4).

5,6-Dihydroxy-7-methoxy-2-methylchromone (2). From
the TLC scrapings of the lower R; zone 2 was ob-
tained as a microcrystalline solid (18 mg), mp 242-244°;
UV: A, nm (log €) 230 (4.18), 250 (4.30), 258 (4.32), 292
4.02), ~315 sh (3.02); An. (EtOH-NaOAc) nm (loge€)
~ 255 (4.36), 298 (4.18), ~ 320 (3.66); An.x (EtOH-AICL;) nm
260, 265 sh, 315, 365; IR: v,,, cm™! 3450, 1665, 1612, 1592,
1040; MS. m/z 222 (M*, 100%), 204 (4), 194 (11), 193 (17),
182 (4), 179 (14), 167 (6), 151 (5), 150 (4), 139 (11); 222> 194
transition, m* 170, 194179 transition, m* 165.5; 'H NMR
(CDC1;-DMSO-dg): & 12.68 (1H, s, exchangeable with D,0,
C-5 OH), 6.29 (1H, s, H-8), 5.94 (1H, s, H-3), 3.98 (3H, C-7
OMe), 2.26 (3H, s, C-2 Me). (Found: C, 59.28; H, 4.35.
C;H4Os requires: C, 59.45; H, 4.50.) The diacetate of 2
(7 mg) prepared by treatment with Ac,O (0.5 ml) and NaOAc
(0.1g), under reflux for 3 hr, crystallized from hexane-
Me,CO as colourless crystals, mp 202-203°;, MS: m/z 306
(M*, 42%), 264 (64), 222 (100); 'H NMR (CDCly): 6 6.77 (1H,
s, H-8), 2.35-2.30 (6H, C-5,6 OAc); the perMe ether pre-
pared with NaH and Mel, in THF, according to [15] was
obtained as a homogeneous gummy material, MS: m/z 250
M*, 100%), 235 (9), 233 (7), 207 (22); '"H NMR (CDCl,): &
6.30 (1H, s, H-8), 3.98-3.90 (9H, C-5,6 OMe).
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Following further elution of the Si gel column, a second
major phenolic fraction was obtained from the later CHCl;-
MeOH eluates. Polyamide CC (50 X 2.5 cm) of this fraction
using MeOH-H,0 (2:1) as the eluent afforded the glucosy-
loxychromone as a homogeneous gummy material (88 mg).

7-Glucosyloxy-5-hydroxy-2-methylchromone  (3). The
glucosyloxy chromone was re-ppted from a Me,CO-
MeOH soln by adding Et,O as a hydroscopic solid, Ry 0.22
(solvent 2); [a]® —48.4° (¢ 0.55, CsHsN); UV: Ay, nm (log €)
228 (4.18), 248 (4.22), 255 (4.23), 290 (3.46); An., (EtOH-
NaOAc) no change in UV maxima; Ay, (EtOH-AICL;) nm
255, ~265, 360; IR: vy, cm™' 3450 (br), 1665, 1620, 1605,
1590, 1020; '"H NMR (DMSO-d;): 8 12.68 (1H, s, exchange-
able with D,0, C-5 OH), 6.32 (2H, d, J =2 Hz, H-8, H-6),
5.92 (1H, H-3), 5.08 (1H, br d, J = 10 Hz, glucosyl anomeric-
H), 224 (3H, C-2 Me). (Found: C, 51.28; H, 5.04.
C.sH 304'H,O requires: C, 51.61; H, 5.38.) Hydrolysis of 3
with emulsin, according to [12] afforded glucose (PPC) and
the aglucone 1. Acetylation of 3 (21 mg) with Ac,0
(2ml) and pyridine (0.5 ml), at room temp, afforded 5-hy-
droxy-7-0-(2', %', 4, 6'-tetra-O-acetyl-B8-p-glucopyranosyl)-2-
methylchromone, which crystallized from Me,CO as
colourless crystals, mp 108-110° [a]®—54.8° (c0.44,
CHCly); MS: m/z 522 (M*, 5%), 480 (2), 463 (1), 331 (58), 289
(7, 193 (37), 192 (48), 169 (100), 137 (35), 109 (92); 'H NMR
(CDClLy): & 12.72 (1H, s, C-5 OH), 6.64 (1H, d, J =2Hz,
H-8), 6.42 (1H, d, J =2Hz, H-6), 6.0 (1H, H-3), 53-49
(4H, m, glucosyl protons), 2.34 — 1.98 (15H, C-2 Me and C-2/,
3, 4,6 OAc).

Synthesis of tetraacetate of 3. Condensation of 1 (22 mg)
in pyridine (10 ml) with a-acetobromoglucose (55 mg) in the
presence of Ag,CO; (355 mg), according to [14], afforded a
brown gummy material (42 mg). This was acetylated with
Ac,0 (2ml) and pyridine (0.5 ml), at room temp. for 24 hr.
The product crystallized from Me,CO-hexane as colourless
crystals (18 mg), mp and mmp corresponding with the
tetraacetate of 3, 108-110°; co-TLC, R; 0.44 (solvent 1), m/z
522 (M*, 7%).
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