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Abstract—A 4’-O-sulphated analogue of wedeloside. a new flavanone, 7.4’-dihydroxy-8.3"-dimethoxyflavanone
and its related chalcone, together with the 4'-O-f-D-glucopyranoside of the latter, and a number of known
compounds were isolated from the aerial parts of Wedelia asperrima. Their structures were established by
spectroscopic techniques and by synthesis of the flavanone and chalcone. ©) 1998 Elsevier Science Ltd. All

rights reserved

INTRODUCTION

The herb, Wedclia asperrima Benth. (Compositae) is
distributed in parts of northern Australia where it has
been shown to be responsible during drought con-
ditions for severe loss of sheep [1]. The major toxic
components of the plant have been identified as the
kaurene aminoglycoside. wedeloside (1), and its two
4’-O-rhamnosyl analogues (2) and (3) [2, 3]. They act
by inhibiting ADP/ATP transport across the mito-
chondrial membrane by binding to the carrier protein
[4, 5]. These compounds were isolated from the plant
using a toxicity -testing monitoring procedure which
would not detect the presence of any minor or less
toxic componerits.

The present non-selective investigation of com-
ponents of W. asperrima was undertaken mainly to
look for additional analogues or precursors of wed-
eloside which might be present in the plant in small
quantities or be of low toxicity and would not have
been detected previously. These could help to define
those structural features which are essential for the
inhibitory properties of wedeloside, since chemical
modification of wedeloside for this purpose posed
difficulties. One new sulphated derivative (4) of wed-
eloside was isolated and identified, together with the
previously unreported compound, 7.4’-dihydroxy-
8.3 -dimethoxyflavanone (5), its related chalcone (7)
and the 4’-O-glucopyranoside (9) cf the chalcone. The
preposed structures of § and 7 were confirmed by
synthesis.

* Author to whom correspondence should be addressed.

RESULTS AND DISCUSSION

The milled, air-dried stems and leaves of W. asper-
rima were extracted first with ethyl acetate, then with
methanol-water (1:1) and the extracts worked up as
described in the Experimental. The less polar fraction
of tha ethyl acetate extract after chromatography pro-
vided the readily identifiable (NMR. MS) triterpenes,
B-amyrin (12-oleanen-38-ol), f-amyrin acetate and fj-
amyrone [6, 7]. while the more polar fractions con-
tained mixtures of phytosterols as evidenced from
their "H NMR and mass spectra.

The methanol soluble fraction of & dichloromethane
extract of the concentrated aqueous residue from
the original methanol-water extract, after chro-
matography on a PVP column followed by reversed-
phasz HPLC of individual fractions from the column,
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yielded flavanones (5) and (6) and their related chal-
cones (7) and (8). the methanol soluble fraction of a
n-butanol extract of the same aqueous residue after
LH-20 chromatography and reversed-phase HPLC,
provided a mixture of the known 4’-O-rhamnosyl
wedelosides (2) and (3) [3], 4’-O-sulphowedeloside (4)
and the two chalcone glycosides (9) and (10).

The negative FAB mass spectrum of 4 showed an
{M-H] " ion at m/=- 836.318 (C,,H:,NO,(S) which cor-
responded to wedeloside (1) plus one sulphate group.
The presence of one sulphur atom in the molecule was
confirmed by microanalysis. The EI mass spectrum of
the per-TMSi derivative of 4 showed a strong frag-
ment ion at »/z 651 corresponding to the tetra-TMSi
aglycone fragment ion A™ [2, 3] suggesting that the
sulphate group was on the glycosidic portion of the
molecule.

Both the '"H and ""C NMR spectra of 4 were very
similar to those of wedeloside (1) [2.3]. Its *C NMR
spectrum contained the same number of carbon res-
onances as that of 1 and characteristic signals for the
diterpene aglycone and the 3-phenylpropanoyl and 3-
methyl-1-oxobutyl substituents on the aminosugar.
There were, however, significant differences between
the chemical shifts of the C-37, C-4" and C-5" glycosidic
carbons in 4 compared with those in 1. C-4" was
deshielded by 5 ppm while both C-3" and C-5" were
shielded by 1 ppm and 2.4 ppm, respectively. In keep-
ing with the sulphate shift rules [8] this placed the
sulphate group on C-4'.

Assignment of structures 5 and 6 to the flavanones

glycosides was based initially on UV, mass and NMR
spectrometric analysis. The EI mass spectrum of §
showed an [M]* at m/z 316 which accurately mass
measured for the composition C;H O, 1ts mass spec-
trum contained significant fragment ions at m/z 167
(A, +1. CgH,0,) and 150 (B;, C710H,,0.) which
placed one hydroxy and one methoxy substituent on
each of the aromatic rings [9]. The "H NMR spectrum
showed the two methoxy singlets at o 3.81 and 3.87
and three doublet of doublets centred at & 5.45, 3.10
and 2.75, corresponding to H-2 and the H-3 methylene
protons. Two ortho-coupled aromatic protons at o
6.56 and 7.51 were consistent with the presence of
either a 5,6-, 7,8- or 5,8-disubstitution pattern on the
A ring. The absence of a bathochromic shift of Band
I in its UV spectrum in MeOH on addition of AlCI+

OCH,
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HCI implied that the compound did not contain a 5-
hydroxy group [10}, while a shift of 54 nm (284 nm —
338 nm) on addition of sodium acetate confirmed the
presence of a 7-hydroxy substituent. Thus, the ring A
substituents could be placed at the 7,8-positions.

In ring B, H-2" appeared as a doublet at § 7.13 in
the '"H NMR spectrum, meza-coupled to H-6"at § 6.96
which in turn was ortho-coupled to H-5" at é 6.82.
Since H-2" was deshielded compared with H-6, this
placed the methoxy substituent on C-3’ [11]. In the
3C NMR spectrum of §, a signal at 56.5 ppm could
be assigned to the 3'-OMe. being characteristic of a
methoxy substituent with at least one unsubstituted
ortho-position [12]. The other methoxy signal at 61.2
ppm placed this substituent at C-8 which has no artho-
protons. Since there had been no previous report of
a compound possessing the proposed structure 5. a
synthesis was carried out to confirm its structu:e (see
below).

The second flavanone (6) showed the characteristic
"H NMR signals and coupling constants for the ring
C protons and had one less methoxy signal compared
with 5. Its EI mass spectrum contained an [M}* ion
at mjz 286 (C (H,,0;) and fragment ions at m z 137
(A;+1, C;H;0;) and 150 (B;. CoH,,0,) which indi-
cated that ring B contained a hydroxy and methoxy
substituent while ring A had one hydroxy substituent
only. Comparison of its UV. 'H and "*C NMR spectra
with those of 5 showed that it lacked the methoxy
group at C-8 and could be assigned structure 6.

The structures of the chalcones (7) and (8) cor-
responding to the ring-opened flavanones (5} and (6).
respectively. were readily determined from analvsis of
their 'H and *C NMR and mass spectra. Compeound 7
was isolated as a single compound from the n-butanol
extract, while compound 8 was present as an insep-
arable mixture with (7) m the dichloromethane
extract. The spectral data for 8 could be obtaired by
subtraction of that of 7 from the spectra of the
mixture. Both the flavanone (6) and its chalcone (8)
have been reported previously as synthetic com-
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pounds [13, 14] while 8, called homobutein, has been
tentatively identified as a natural product from two
plant sources (15, 16].

The two chalcone glycosides, isolated in small
amounts from the n-butanol fraction, were assigned
structures 9 and 10 based on a comparison of their 'H
and '*C NMR and mass spectra with those of the
corresponding aglycones (7) and (8). The negative
FAB mass spectrum of 9 showed an [M-H]™ ion at
m/z 477, while in the positive FAB mass spectrum
there was a prominent [MH]* ion at m/z 479 which
mass measured for C,;H,,0,,, corresponding to chal-
cone (7) plus a hexose unit. Comparison of the 'H
NMR spectrum of 9 with that of the chalcone (7)
showed that the aromatic rings in both compounds
had the same substitution patterns. The identity of the
glycoside as a f-glucopyranoside was determined by
comparison with reported *C NMR data for different
hexosides {17], while the 4’-site of glycosylation was
inferred from the diagnostic upfield shift of C-4' (—6.9
ppm) and downfield of C-3" (+2.1 ppm), C-5" (+ 1.1
ppm) and C-1" (+2.0 ppm) compared with the cor-
responding carbon resonances in 7 [18] (Table 1).

From the FAB mass spectral data on the second
chalcone glycoside and similar comparisons of its
NMR data with that of 8 (Table 1), its structure could
be assigned as 10. A synthesis of 10 has been reported
but it has not been previously identified as a natural
product.

An unambiguous synthesis of the flavanone (5) and
its related chalcone (7) was carried out to confirm
their proposed structures (Scheme 1). Aldol con-
densation of 4-benzyloxy-2-hydroxy-3-methoxy-
acetophenone (11), prepared from gallacetophenone
using modifications of reported procedures [20], with
4-benzyloxy-3-methoxybenzaldehyde (12) gave the
prorected chalcone (13). On heating in ethanol con-
taining a trace of H,;PO,, 13 cyclized to the protected
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Table 1. “C NMR spectral date of the chalcones (7) and (8)
and their 4'-O-glucosides (9) and (10) (75.5 Hz, 4, CD;OD)

C 7 9 8 10

1 127.9 127.6 128.4 128.2
2 112.2 112.4 112.1 1123
3 151.1 151.7 151.0 149.6
4 149.5 149.7 149.4 148.0
5 116.9 117.8 116.5 116.7
6 125.1 125.5 125.1 1253
I’ 114.7 116.7 114.7 116.7
2 159.4 157.5 166.6 166.9
R 136.2 138.3 103.8 105.1
4 158.6 151.7 167.4 165.1
5 109.0 107.9 109.2 109.3
6 131.9 136.3 133.5 1331
x 118.5 118.5 118.6 1183
B 145.8 147.2 146.0 147.6
B 194.0 194.6 193.5 194.0
3-OMe 56.5 56.6 56.5 56.5
3-OMe 608 61.4 - -

1" -— 101.8 101.4
2" 74.8 74.8
3 78.5 - 78.3
4” 71.2 71.2
5 - 78.0 - 77.9
6" —

62.5 .

flavanone (14). Removal of the benzyl protecting
groups from 13 and 14 proved more difficult than
expected. Hydrogenation (Pd/C/H.) of the flavanone
(14) resulted in debenzylation but was accompanied
by reduction of the ketone to a methylene group.
However, treatment of 14 with TMSil gave a low yield
of the didebenzylated product together with some
monodebenzylated compound as determined by 'H
NMR. Work-up of the reaction mixture resulted in
the isolation of the flavanone (5) and its chalcone

OCH;4

OBz BzO.
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H,CO
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isomer (7) as a 4:3 mixture which were separated by
reversed-phase HPLC. The spectral data (UV. MS,
'"H NMR, "*C NMR) for the synthetic compounds 5
and 7 matched that obtained for the natural products
from W asperrima, confirming their structures.

The facility with which the flavanone (§) ring-opens
to the chalcone (7) casts some doubt, however, on
whether the latter occurs naturally or is formed during
the isolation procedure.

EXPERIMENTAL

General. Mps: uncorr. 'H and '"C NMR: 300 and
75.5 MHz, respectively, TMS int. standard. MS:
7070F(EI) and ZAB-2SEQ(+FAB) mass spec-
trometers. TLC: Merck silica gel 60; Merck RP-18.
CC: silica gel 230400 mesh: PVP; Sephadex LH-20.
HPLC: Waters 510 pump with UV detection (column
Nova-Pak HR C18, 60 A, 6 um, 7.8 mm x 30 cm).

Plant material. Details have been reported pre-
viously [21].

Extraction and isolation. Milled, air-dried stems and
leaves of W. asperrima (170 g) were extracted with
EtOAc (1.2 1) at room temp. by mechanical shaking.
After filtration, the conced extract was adsorbed on
silica gel, and flash chromatography, using hexane
with increasing concs of EtOAc, providing eight frs.
The first fr. was subjected to centrifugal TLC (CTLC)
with 10% EtOAc--hexane. yielding f-amyrin acetate
(45.7 mg) and f-amyrone (18 mg). CTLC of the
second 11. using 5-20% E1OAc-hexane gave ff-amyrin
(15 mg). Purification of the other frs was attempted
by a4 combination of CC and CTLC. and gave only
mixts of phytosterols, based on 'H NMR and mass
spectral data.

The plant residue was then soaked in 50% MeOH-
H.O (800 ml) and kept at 5 for 2 months. After
filtration, the concd extract was partitioned between
hexane and H,O. The ag. phase was then extracted
successively with CH,Cl, and n-BuOH. The less polar
components of the combined CH.CIl. and hexane
extracts were discarded. while the MeOH-soluble ones
were passed through a PVP column using EtOAc—
MeOH (4:1) as eluent. Frs containing compounds 5-
8 were further purified by reversed-phase HPLC using
a C18 column. A gradient of MeOH-H-O (9:11 —
3:2)yover 25 min at 2.0 ml min ' yielded 5 (5mg) alter
16.5 min and 6 (7.4 mg) after 17.9 min. The mixt. of
the chalcones (7) and (8) (9.4 mg) eluted after 21.7 min
using a gradient of MeOH -H.O (17:3 —» 9:1) over 25
min at 3.0 ml min~".

The MeOH-soluble portion of the n-BuOH extract
was chromatographed on a Sephadex LH-20 column
(MeOH) and four major frs were collected. Reversed-
phase HPLC of the first fr. using a H.O-MeOH
(3:7 - i:9) gradient over 15 min resulted in the mixt.
of (2) and (3) (17 mg) eluting after 5.6 min, and the
pure compound (4) (16 mg) after 6.5 min.

The last fr. obtained from gel chromatography was
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purified by reversed-phase HPLC using H,0-MeOH
(3:17) as solvent. The chalcone (7) (4.8 mg) eluted
after 10.7 min while the glycosides (9) (0.4 mg) and
(10) (0.7 mg) eluted as a mixt. after 8.07 min.

4'-O-Sulphowedeloside (4). Off-white solid. Nega-
tive HRFAB MS [M-H]", found 836.3182 [M-H] .
C,HyNO, S requires 836.3163. Found: S. 3.0.
CHs,NO(S requires S, 3.8. 'H NMR (75.5 MHz.
CD,0OD): 6 0.84 (3H, bs, H-10"), 0.89 (3H, bs. H-11").
1.00 (3H, s, H-20), 3.76 (1H, s, H-15), 4.32 (IH, d.
J = 7.2 Hz, H-1), 5.20 (1H. s, H-17), 5.23 (1H. s, H-
17), 7.1-7.4 (5H, m, H-16’"-H-20"). 3C NMR (75.5
MHz, D.O):  17.2 (C-20), 19.8 (C-11), 22.2 (C-11),
22.4(C-10"), 23.3 (C-6). 26.8 (C-9"), 30.3 (C-13"), 35.1
(C-7), 35.6 (C-14"), 38.8 (C-12), 40.2 (C-3), 40.4 (C-
10), 42.8 (C-14), 45.8 (C-8"), 46.2 (C-8), 47.0 (C-1),
51.8(C-5), 52.1(C-9), 54.2 (C-2), 61.0 (C-4). 61.1 (C-
6), 73.7 (C-2), 74.8 (C-4"), 75.0 (C-5"), 75.2 (C-3").
79.8 (C-13), 81.5 (C-15), 100.0 (C-1"), 109.3 (C-17),
127.2 (C-18%), 129.0 (C-16". C-20"), 129.5 (C-17", C-
19%). 141.4 (C-15"), 158.9 (C-16), 172.7 (C-127), 175.5
(C-7), 177.3 (C-18, C-19).

Silylated derivative of 4. Compound 4 (1.0 mg) was
dissolved in dry pyridine (10 pl) and treated with
BSTFA-TMCS (9:1) 50 ub) at 70* for 20 min. EIMS
(probe) 70 eV, mjz above 600 (rel. int.) 1114(34),
998(18). 958(22), 842(12), 728(25), 651[A]* (100).

4'-O- Rhamnosyl wedelosides (2) and (3). Identified
by comparison of their FAB MS and ""C NMR with
those previously reported [3].

7.4"-Dihydroxy-8,3 -dimethoxyflavanone (8). White
solid. Mp: 149-150° [o],— 6.7 (¢ 0.15, MeOH); HRE-
IMS [M]*. found 316.0947. C,;H,,O, requires
316.0945. Found 167.0344. C;H,0, requires 167.0345.
Found 150.0681. C,H,,0; requires 150.0681. UV 4,,...
nm: 284 (MeOH), 253, 338 (MeOH + NaOMeji, 256.
338 (MeOH 4 NaOAc), 284 (MeOH + AICl,+ HCl).
EIMS (probe) 70 eV mjz (rel. int.): 316 [M]* (17), 167
(86). 150 (99), 138 (84). '"HNMR (300 MHz, CD.,OD):
6 2,75, (IH. dd. J = 3, 17 Hz. H-3eq), 3.16 (1H, dd.
J = 13,17 Hz, H-3ax), 3.81 (3H, s, 3'-OCH,). 3.87
(3H, 5, 8-OCH,), 5.45 (1H, dd. J = 3, 13 Hz, H-2ax),
6.56 (IH, d.J = 9 Hz, H-6), 6.82 (1H, d, J = 8 Hz, H-
5),696(1H. dd,J = 2,8 Hz, H-6"), 7.13 (1H. d. J = 2
Hz, H-2"),7.51 (1H. d, J = 9 Hz, H-5). *C NMR (75.5
MHz, CD;0D): 6 44.9 (C-3), 56.5 (3’-OCH,), 6().8 (8-
OCH;), 81.5 (C-2). 111.3 (C-6), 112.1 (C-10), 115.7
(C-27), 116.2 (C-6), 120.5 (C-5"). 124.0 (C-5), 132.1
(C-17), 136.9 (C-8). 148.2 (-4, 149.2 (C-2), 157 8
(C-9). 159.8 (C-7). 193.6 (C-4).

7.4°-Dihydroxy-3'-methoxyflavanone  (6).  White
solid. [#],—6.5" (¢ 0.19, MeOH): HREIMS [M]".
found 286.0841. C, H,,0: requires 286.0840. F'ound
137.0239. C.H;0; requires 137.0239. Found 150.0681.
CyH ,O- requires 150.0681. UV /.. nm: 277, 312
(MeOH). 253, 335 (MeOH+ NaOMe)., 253. 335
(MeOH + NaOAc), 277, 311 (MeOH + AICl, + HCl).
EIMS (probe) 70 eV, m/z (rel. int.): 286 [M]' (26).
163 (10}, 150 (65), 137 (100). 'H NMR (300 MHz.
CDy0D): 0 2.79 (1H, dd. J = 3, 17 Hz, H-3eq). 3.18
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(1H. dd, J = 13, 17 Hz, H-3ax), 3.44 (3H, s, 3'-OCH,,.
547 (1H, dd, J = 3, 13 Hz, H-2ax), 6.44 (1H.d. J = 2
Hz, H-8), 6.58 (IH, dd, J = 2, 9 Hz, H-6), 6.91 (1H.
d, J =8 Hz, H-5), 7.02 (1H, dd. J = 2. 8 Hz, H-6"),
7.18 (1H, d, J = Hz, H-2"), 7.82 (1H, d, J = 8 Hz, H-
5). *C NMR (75.5 MHz, CD;0D): é 45.1 (C-3), 56.4
(3'-OCH,;), 81.3 (C-2), 103.9 (C-8). 111.2(C-2"), 112.1
(C-6), 114.7 (C-10), 116.1 (C-6), 120.5 (C-5"), 129.8
(C-5), 132.0(C-1"), 148.0 (C-4"), 149.1 (C-3), 165.6 (C-
9), 167.7 (C-7), 193.5 (C-4).

2'.4' 4-Trihydroxy-3',3-dimethoxvchalcone (7).
Orange-yellow solid. HREIMS [M] ¥, found 316.0947.
C,H,0¢ requires 316.0961. Found 167.0344. C;H,0,
requires 167.0332. Found 150.0681. CH,,0- requires
150.0681. UV 4,,, nm: 271, 341 {(MeOH) 272, 398
(MeOH + NaOMe), 271, 353 (MeOH + NaOAc), 279.
365 (MeOH +AICL;), 281, 361 (MeOH+ AICL +
HC1), EIMS (probe) 70 eV, m/z (rel. int.): 316 [M]*
(26),167 (85), 150 (100), 138 (71). '"H NMR (300
MHz, CD;OD): § 3.83 (3H, s, 3-OCH,), 3.97
(3H, s, 3'-OCH.), 6.47 (1H, d, J = 9 Hz, H-5'). 6.84
(1H, d, J =9 Hz, H-5), 7.22 (1H, dd, J = 2, 9 Hz H-
6), .37 (1H, d, J =2 Hz, H-2), 7.64 (IH, d, J = 15
Hz, H-a), 7.80 (1H, d, J = 15 Hz. H-$8), 7.83 (IH. 4,
J =9 Hz, H-6"). *C NMR (75.5 MHz, CD:OD): see
Table 1.

2 4" A-Trihydroxy-3-methoxychalcone (8). Orange-
yellow solid. Mixt. with (7). Spectral data obtained
after subtraction of that of 7. HREIMS [M]", found
286.0841. C,H,,0; requires 286.0840. Found
137.0239. C,H:0; requires 137.0239. Found 150.0681.
CyH 00, requires 150.0681. EIMS (probe) 70 eV, m/z
(rel. int.): 286 [M]* (12), 150 (36), 137 (49). 'H NMR
(300 MHz, CD;0D): § 3.93 (3H, s, 3-OCH,), 6.28
(1H.d,J =2Hz H-3), 640 (1H. dd. J = 2,9 Hz, H-
5. 6.84 (1H, 4. J = 8 Hz, H-5), 7.21 (1H. dd, J = 2.
8 Hz, H-6). 7.36 (1H, d, J = 2 Hz, H-2). 7.63 (1H. 4.

= 15 Hz, H-2), 7.77 (1H, d. J = 15 Hz, H-p). 8.01
(IH, d, /=9 Hz, H-6). “C NMR (75.5 MHz,
CD;0OD): See Table 1.

4-0-f-p-Glucopyranosyl-2’ A-dihydroxy-3'.3-dine-
thoxychalcone (9). Orange-yellow solid. [«],—48.9" (¢
0.045, MeOH); HR FAB-MS [MH]*, found 479.1553.
C;3H,,0,, requires 479.1554. Negative FAB-MS /-
477 [M-H]", 315 [A-H]~ EIMS (probe) 70 eV. m/z
(rel. int.): 316 [A]* (19), 167 (91), 150 (81). UV /.,
nm: 265, 379 (MeOH), 291, 453 (MeOH + NaOMe),
291, 465 (MeOH+NaOAc), 271, 434 (MeOH +
AlCL), 273, 408 (MeOH+ AICL +HCH. '"H NMR
(300 MHz, CD.OD): 6 3.5-4.0 (6H, m, H-2"-H-6"),
3.9¢ (3H, s, OCH,;), 4.04 (3H, s, OCH,), 5.20 (IH,
d. J =7 Hz, H-1"), 6.93 (1H, d, J =9 Hz, H-3),
6.95(1H, d, J = 8 Hz, H-5), 7.35 (1H, dd, J = 2. 8Hz,
H-6),749(1H,d,J =2 Hz, H-2). 7.78 (I1H.d. J = 15
Hz, H-a), 7.96 (1H, d, J = 15 Hz, H-f), 8.06 (1H. 4,
J =9 Hz, H-6"). "C NMR (75.5 MHz, CD,OD): see
Table 1.

4-0-Glucopyranosyl-2' 4-dihvdroxy-3-methoxy -
chaicone (10). Orange-yellow solid. [a], —40.0 (¢ 0.06,
MeOH); EIMS (probe) 70 eV, mjz (rel. int.): 286 [A]*
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(8), 130 (65), 137 (97). Negative FAB-MS my/z 447.0
[M-H]". UV 4, nm: 265, 379 (MeOH), 284, 453
(MeOH + NaOMe), 282. 461 (MeOH + NaQAc), 273,
443 (MeOH+AICL), 273, 434 (MeOH+AICL+
HCl). 'H NMR (300 MHz, CD.OD): § 3.54.0
(6H, m, H-2"-H-6"). 4.04 (3H. 5, OCH.,), 5.13 (1H,
d, J = Hz, H-1), 6.72 (1H, d, J = 2 Hz, H-3"), 6.79
(1H, dd, J =2, 9 Hz, H-5"). 6.94 (IH, d, J = 8 Hz,
H-5), 7.34 (1H, dd, J = 2, 8 Hz, H-6), 7.49 (1H, d,
J =2 Hz, H-2), 7.79 (1H. 4, J = 15 Hz, H-o), 7.94
(IH, d, J =15 Hz, H-f), 8.24 (IH, d. J = 9 Hz, H-6).
"C NMR (75.5 MHz, CD,0D): see Table 1.

4-Benzyloxy-2 3-dihvdroxyacetophenone. To a soln
of gallacetophenone (0.007 mol, 1.20 g) in DMF (18
ml) were added Li,CO; (0.007 mol. 0.59 g ) and benzyl
bromide (0.1 mol, 1.17 ml) dropwise. The resulting
suspension was stirred under N, at 60° for 24 hr. The
reaction mixt. was poured into cold, dilute aq. HCI
and extracted with CHCl;. The organic phase was
washed with H,O and satd brine, dried (MgSQ,) and
concd. under red. pres. The reaction product was pur-
ified by repeated CC using PVP and eluting with
MeOH. The required compound was obtained as a
vellow solid (0.90 g, 49%). Mp 136--137", 1it. [20] 137-
138>, 'H NMR (300 MHz, CDCl,): § 2.53 (3H. s.
COCH;), 5.20 (2H, s, OCH,Ph). 6.51 (IH, d, J = ¢
Hz. H-5),7.24 (1H,d,J = 9 Hz, H-6), 7.34--7.43 (5H.
m. ArH), 12.52 (1H, s, 2’-OH). *C NMR (75.5 MHz,
CDCl): 626.7,71.3,104.7, 115.2, 122.8, 127.8, 128.7.
129.1, 134.1, 136.3, 150.9, 151.4, 208.9.

4-Benzyloxy-2-hydroxy-3-methoxyacerophenone
(11). A soln of the above monobenzylated gall-
acetophenone (0.0024 mol. 0.631 g) in dry Me,CO (20
ml) was added to K,CO, (2.2 g) under N.. Dimethyl
sulphate (0.23 ml) was added in batches and the mixt.
stirred for 20 hr at 5°. The mixt. was filtered and the
residue washed with Me,CO. The tiltrate on evapn
gave a pale yellow solid which was purified by CC
(PVP) using MeOH as eluent. The monomethylated
product (11) was obtained as a yellow solid (0.5976 g,
90%). Mp 143--145 lit. [20] 146". TLC R, 0.52 (30%
EtOAc-—petrol). EIMS (probe) 70 eV, ni/z (rel. int):
272 [M]™ (2). 230 (1), 153 (1), 135 (1). 91 (100). 'H
NMEK (300 MHz, CDCl,): § 2.56 (3H, s, COCH,),
3.90 (3H, s, OCH3;), 5.22 (2H, s, OCH,Ph). 6.51 (1H,
d,J = 9 Hz, H-5), 7.39-7.40 (SH, m. ArH). 7.44 (1H,
d. J =9 Hz, H-6), 12.59 (1H. s, 2-OH). “C NMR
(75.5 MHz, CDCL,): 6 26.4. 60.7, 70.7, 104.6, 115.4,
126.8, 127.1, 128.2, 128.7, 136.2, 137.0. 157.3, 157.6,
203.2.

4’ 4-Dibenzyvloxy-2'-hydroxy-3',3-dimethoxy-
chalcone (13). To a soln of the protected acetophenone
(11) (0.0019 mol. 0.51 g) in EtOH (30 mi) and 40%
aq. NaOH (18 ml) was added 4-benzyloxy-3-methoxy-
benzaldehyde (12), prepd by benzylation of vanillin,
(0.0019 mol, 0.45 g) while keeping the reaction temp.
between 0-5°. The soln was stirred at this temp. for 2
hr, then at room temp. for 7 days. The mixt. was
neutralized using cold 10% aq. HCI, and then
extracted with CH,Cl,. The organic extract was
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washed with satd NaHCO;, then dried (MgSO,) and
reduced under vacuum. The residue was passed
through a silica gel column using CH,Cl,-EtOAc-
petrol (4:1:5) as eluting solvent. The first compound
eluted was the recovered starting acetophenone (11),
then the desired condensation product (13) (0.723 g,
79% yield). Compound (13. Mp 133-135“. Found: C,
74.7, H, 5.9. C;,H,50¢ requires: C, 75.0; H, 5.7. EIMs
(probe) 70 eV, m/z (rel. int.): 496 [M]* (25), 177 (12),
91 (100). '"H NMR (300 MHz, CDCl,): § 3.96 (6H, s,
3-OCH,;, 3-OCHs), 5.23 (2H, 5, OCH,Ph), 5.26 (2H,
s, OCH,Ph), 6.55 (1H, d, J = 9 Hz, H-5"), 6.92 (1H,
d, J =9 Hz, H-5), 7.17 (1H, dd, J = 2, 9 Hz, H-6),
7.35-7.47 (12H, m, 2 x 5 ArH, H-2, H-o), 7.64 (1H, 4,
J =9 Hz, H-6"), 7.84 (1H, d, J = 15 Hz, H-p). *C
NMR (75.5 MHz, CDCl,}: 6 56.1 (3-OCH,), 60.1 (3"~
OCH,), 70.7 (OCH,Ph), 70.8 (OCH,Ph), 104.5 (C-5,
110.7 (C-2), 113.3 (C-17), 115.7 (C-5), 117.9 (C-),
123.2 (C-6), 125.7 (C-1), 127.1 (C-2", C-6"), 127.2 (C-
2", C-6"), 128.0 (C-4"), 128.2 (C-4"), 128.7 (C-3", C-
5"), 128.8 (C-3", C-5"), 136.3 (C-1"), 136.4 (C-1"),
137.1 (C-3), 1449 (C-4),. 150.8 (C-3), 157.5 (C-4),
158.5(C-2), 192.3 (C-5").

7.4'-Dibenzyloxy-8,3'-dimethoxyflavanone (14). To
a soln of the chalcone (13) (0.114 mmol, 0.0566 g) in
EtOH (20 ml), was added 5 drops of 85% aq. H;PO,,
and the mixt. refluxed for 24 hr. The soln was concd
under red. pres. and the residue dissolved in CH,CL.
The organic extract was washed with satd NaHCO;,
H,0, dried (MgSO,) and concd under vacuum. The
residue was chromatographed on silica gel (20%
EtOAc—petrol) to yield the recovered starting material
(13) in the first fr., while the second fr. yielded the
flavanone (14) (0.337 g, 60% vield), TLC, R, 0.34
(30% EtOAc—petrol). Compound (14). Mp 40--42".
Found: C, 75.0; H, 5.4. C; H,O, requires: C, 75.0; H,
5.7. EIMS (probe) 70 eV, m/z (rel. int.): 496.3 [M]*
(20), 269 (49), 177 (8), 91 (100). 'H NMR (300 MHz,
CDCl,): 6 2.85 (1H, dd, J = 3, 17 Hz, H-3eq), 3.02
(1H, dd, J = 12,17 Hz, H-3ax), 3.87 (3H, s, 3-OCHy;).
3.90 (3H, s, 8-OCH,), 5.16 (2H, s, OCH,Ph), 5.20 (2H,
s, OCH,Ph), 5.44 (1H, dd. J = 3, 12 Hz, H-2ax), 6.66
(1H, d, J = 9 Hz, H-6), 6.88 (1H, 4, J = 8 Hz, H-5"),
6.92 (1H, dd, /=2, 8 Hz, H-6"), 704 (1H, d, J = 2
Hz, H-2), 7.29-7.44 (10H, m, 2x 5 ArH), 7.62 (1H,
d, J =9 Hz, H-5). C NMR (75.5 MHz, CDCl,): é
442 (C-3), 56.2 (3'-OCH,), 60.5 (8-OCH;), 70.7
(OCH,Ph), 70.8 (OCH,Ph), 79.5 (C-2), 107.4 (C-10),
109.8 (C-6), 110.7 (C-2’). 113.5 (C-5"), 116.3 (C-6"),
118.4 (C-5), 122.6 (C-8), 127.0 (C-2", C-6"), 127.1 (C-
2", C-6"), 127.8 (C-4"), 128.0 (C-4"), 128.5 (C-3", C-
5"),128.6(C-3",C-5"), 131.7(C-1"), 136.1 (C-1"), 136.8
(C-17), 148.3 (C-3), 149.6 (C-4"), 155.5 (C-9), 157.8
(C-7), 190.9 (C-4).

Debenzylation of protected flavanone (14). Hexa-
methyldisilane (100 ul) was added to /, (0.21 mmol.
0.053 g) in a flame-dried flask fitted with a condenser
under N,. The mixt. was heated at about 55° for 2 hr
until a colourless soln was formed [22]. The protected
flavanone (14) (0.05 mmole, 26.2 mg) in dry CCl, was
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then added at room temp. and the mixt. stirred for 24
hr while maintaining the temp. of the reaction between
30-35°. The reaction was quenched with MeOH and
then concd under red pres. The residue was dissolved
in EtOAc and washed with NaHSO; and H,0, then
dried. Evapn of the soivent and initial HPLC puri-
fication (RP C-18 column/10% H,0-MeOH) resulted
in partially purified frs. Re-chromatography (silica
gel/70% EtOAc—petrol) yielded first the mono-
debenzylated product (2 mg, 10%) and then the fully
deprotected products (6 mg, 38%) as a mixt. of the
flavanone (5) and its chalcone isomer (7). Compounds
5 and 7 were sepd by reversed-phase HPLC using
MeOH-H,O (11:9) as eluent. The UV, MS, 'H NMR
and C NMR spectra of the synthetic 5 and 7 were
identical to those of the natural products.
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