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Abstract—The heartwoods of Acacia giraffae and A. galpinii were selected from South African Acacias
as representative of those with abnormally high and minimal tannin contents respectively. A.galpinii
contains amongst other analogues, the first natural (+)-2,3-trans-3 4-trans-teracacidin (7,8,4'-trihydroxy-
flavan-3,4-diol) and novel 3-O-methyl-, 7,.8-di-O-methyl- and 7,8,4'-tri-O-methylflavonol analogues.
(—)-2,3-cis-3,4-cis-Melacacidin (7,8,3 4'-tetrahydroxyflavan-3,4-diol) is also present, but tannins are
absent. By contrast, from the large excess of leucofisetinidin tannins which characterizes the wood
of A.giraffae, only (+)-catechin, (+)-2,3-trans-3.4-trans-leucofisetinidin (7,3 4’ trihydroxyflavan-3,4-
diol) and all-trans-(+ )-leucofisetinidin~(+ )-catechin could be isolated.

INTRODUCTION

Acacia giraffae Willd. [camel-thorn or kameeldor-
ing (Afrikaans)] is the conspicuous great tree of
the desert regions of Southern Africa, whereas A.
galpinii Burtt Davy [monkey-thorn or apiesdor-
ing (Afr.)] with its bright green luxuriant foliage
is found along the rivers of the Transvaal bush-
veld [1].

The woods of both species are hard and heavy.
The dark red-brown of the heartwood of A. giraf-
fae is associated with an excess of polyflavonoids
with 7,3’ 4’- and 5,7,3'.4'-phenolic substitution pat-
terns. These fall within the category of condensed
tannins and exhibit a high incidence of rotational
isomerism [2]. By comparison the dark brown
heartwood of A. galpinii is almost free of tannins
(other than oxidation products) and contains, in
common with many Australian Acacias [3],
7,84 -trihydroxyflavan-3,4-diols (teracacidins), a
full range of related 7,84 -trisubstituted fla-
vonoids and also (—)-melacacidin (7,8,3' 4 tetra-
hydroxyflavan-3,4-diol). In this paper the basis for
the striking difference in tannin content between
the two species is investigated by complete analy-
sis.

RESULTS AND DISCUSSION

A. galpinii represents the first South African
Acacia known to contain flavonoid analogues of

the 7,8,4'-trihydroxyphenolic substitution pattern,
but these analogues were subsequently demon-
strated in the closely-related A. burkei Benth.
(black monkey-thorn) [4]. (—)-7,8,4-Trihydroxy-
2,3-cis-flavan-3,4-cis-diol  [(—)-teracacidin [5]]

predominates in the wood extract and is accom-
panied by three diastereoisomers, (—)-2,3-cis-3.4-
trans, (+)2,3-trans-3,4-cis and (+)-2,3-trans-3,4-
trans (1a) as well as by (—)-melacacidin [6] [(—)-
7.8,3 4'-tetrahydroxy-2,3-cis-flavan-3,4~cis-diol].
The (+)-trans-trans isomer (1a) was isolated from
a natural source for the first time.

OR,

(1a}) R, =Ry =H
(1b) Ry = Me; Rp=H
(1c) Ry = Me; Rz= Ac

(2a) Ry = Rp= H; Ry=Me
(2b) R|=Me; Rz=R3z= H
(2c) R, = R, = Me; Ry= H

Attempts to purify the free phenolic form of
(+)-2,3-trans-3,4-trans-diol by preparative PC
were not successful due to overlap with the (—)-
2,3-cis-3,4-trans diastereoisomer. However, after
methylation with CH,N, their methyl ethers
could be separated by TLC. The PMR spectrum
of the (+)-7,8,4-trimethoxy-2,3-trans-flavan-3,4-
trans-diol (1b) and that of its diacetate (1c) were
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in agreement (J, 3 90, J3 4 6:3 Hz) with results
of previous work on flavan-3,4-diols [7]. Simi-
larly, their optical rotations {{«], —10-8°, —17-1"
resp.} were in agreement with those of the cor-
responding derivatives of (2R:3S:4R)-flavan-
3,473 4-pentaol  [(+ }mollisacacidin, —94°,
—196°] [8] and the same absolute configura-
tion for (+)-7,8.4'-trihydroxy-2,3-trans-flavan-3,4-
trans-diol (Ia) follows.

The four diastereoisomeric flavan-3.4-diols are
associated with the usual pattern of (+)-2,3-trans-
dihydroflavonol, (+)-flavanone, flavonol and
chalcone analogues [9], new derivatives of the
first two being formed. Small quantities of natural
partially methylated 7,84 -trihydroxyflavonols
were isolated from the wood extract, namely
7.8.4'-trihydroxy-3-methoxyflavone  (2a), 3,4-
dihydroxy-7.8-dimethoxyflavone (2b) and 3-hyd-
roxy-7,8.4'-trimethoxyflavone (2c).

The presence of 7,8.4'-trihydroxy-3-methoxytla-
vone (2a) was indicated by the characteristic blue
colour [10] under UV on PC. The PMR spec-
trum of 2a indicated only one methoxy group.
An additional three acetyl groups were shown
after preparation of the tri-acetate. which con-
firmed the presence of three hydroxyls in the par-
ent compound. Degradation with anhydrous
alkali [ 11] resulted in fragments which were iden-
tified as pyrogallol and p-hydroxybenzoic acid
representing the A- and B-rings respectively.

The substitution pattern of 3-hydroxy-7,8.4'-tri-
methoxyflavone (2c) was established by NMR and
MS. Chemical shifts (Table 1) after acetylation in-
dicate a 3-OH function (At +0-54 for 2" and 6'-H)
whereas the MS exhibited the anticipated m/e 181
(20%,), m/e 180 (3%)) frdgments for ring A and m/e
135 (15%) for the B-ring. The structure was con-
firmed by synthesis using (+)-7.8,4'-trimethoxy-
2.3-trans-dihydroflavonol as starting material.

E. MarLaN and D. G. Roux

Oxidation of the dihydroflavonol in hot 20%
NaOH solution by bubbling air produced the
desired 3-hydroxy-7.8.4'-trimethoxyflavone (2¢)
due to trans-elimination of hydrogens at positions
2 and 3 to give the more stable conjugated fla-
vone molecule.

Comparison of the PMR spectrum (Table 1)
of the acetylated 3.4-dihydroxy-7.8-dimethoxyfla-
vone (2b) with that of the original compound in-
dicates chemical shifts (At —0-61 for 3 and 5-H
and +013 for 2" and 6-H) which indicate free
hydroxyls on both the 3- and 4’-positions in the
de’Cl’lt compound. The MS with fragments m/¢
181 (2-5%;) and mje 127 (16%;) for the A- and B-
rmgs respectively. supported this structure, which
was confirmed by synthesis. Starting materials
were 4-methoxymethoxybenzaldehyde and 2-hyd-
roxy-3.4-dimethoxyacetophenone. In the presence
of alkali these undergo crossed aldol condensa-
tion to form 2-hydroxy-4-methoxymethoxy-3.4'-
dimethoxychalcone 3. Cyclization of the chalcone
(3) via the Algar-Flynn-Oyamada (AFO) reaction
and subsequent hydrolysis of the 4-ether link
resulted in the desired flavonol (2b).

OCH,0Me
30% H,0;

20% NaOH
HCL (12m)

(2b)

(3}

Chemical shifts [12. 13] in Table 1 indicate the
anticipated deshiclding effect on protons ortho
and para to the hydroxyl of acetylation. For the
A-ring At is —0-60 (pura) and —0-43 (ortho), while
for the B-ring At is —0-40 to —0-60 (ortho). Ace-
tylation of the 3-OH resulted in a shielding effect
on 2'- and 6'-protons (+ At) which might be diag-
nostic for this position.

Table 1. Chemical shifts in the aromatic region of the derivatives of 3.7.8.4-tetrahydroxyfavone

-Values (DMSO-d,,) of protons

2+ 6 3+ 5 5 6
7.8.4'-Trihydroxy-3-methoxyflavone 1-87 297 247 297
1.8.4'-Tri-O-acetyl-3-methoxyflavone 193 2.57 187 230
3-Hydroxy-7.8.4'-trimethoxyflavone 1-76 2-80 20 270
3-0-acetyl-7.8 4'-trimethox yflavone 230 276 210 263
34-Dihydroxy-7.8-dimethoxyflavone 1-83 2:96 210 270
3.4'-Di-O-acetyl-7.8-dimethoxyflavone 196 2-35 2:10 2:60
3.7.8.4"-Tetramethoxyflavone 1-90 2:80 213 2:69
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Two new derivatives of the natural (+)-7,8.4-
trihydroxy-2,3-trans-dihydroflavonol  (4a) were
prepared, namely (+)-7,8,4'-trimethoxy derivative
(4b) and its 3-acetate (4¢c). (4)-7,8,4'-Trimethoxy-
flavone (4d) is also a new derivative of the natural
parent compound (4 R, =R, = H).

RO OR,
RO O 0
Rz

[o]
(4a) Ry=H; Ry=OH
(4b) R, = Me; R, = OH
(4c) Ry = Me; Rp = OAc
(4d) Ry=Me; R =H

The reddish colour of the heartwood of A. gir-
affae should be linked with the presence of leuco-
fisetinidin tannins [14]. Alkali fusion of the
various tannin fractions obtained by partition
separation gave the fragments resorcinol, phlor-
oglucinol and protocatechuic acid only. All frac-
tions also gave fisetinidin chloride (3,7,3' 4'-tetra-
hydroxyflavylium chloride) when treated with 3N
HC(l-isoPrOH under pressure. The isolated (+)-
catechin (5) [(+)5,7.3 4 -tetrahydroxy-2,3-trans-
flavan-3-0l] and (+ )-leucofisetinidin (6) [(+)-
7,3 4 trihydroxy-2,3-trans-lavan-3,4-trans-diol ]
accordingly represent biogenetic precursors and
all-trans-(+ )-leucofisetinidin-(+ }-catechin ~ (7a),
the most likely prototype of the remainder of the
tannins. The link in the biflavanoid is most likely
4,8, since all methoxy resonances of its hepta-
methyl ether (7b) show chemical shifts [15] dur-
ing progressive addition of C,D, to CDCl; solu-
tions of the compound during PMR spectro-
metry.

The biflavanoid (7a) was first isolated from the
bark of A. meatnsii [16] and later from the wood
of Colophospermum mopane [15].

The wood material selected for the present
study represent the extremes of tannin content
among the heartwoods of some 450 species of the
genus Acacia examined hitherto [3]. Ignoring any
enzymic contribution to tannin formation and
presuming that the mechanism of formation is
ionic, one might examine flavonoid constituents
for their potential propertics as strong electro-
philes and/or nucleophiles in the equivalent of
benzene substitution reactions between units.
Thus, ‘the wood of A. giraffae is unique amongst
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Scheme 1. Flavonoids and their predisposition towards con-
densation in tannin formation.

the Acacia heartwoods for its exceptional tannin
content and presence of (+ )}-catechin. The latter
(5) provides exceptionally strong nucleophilic
centres at position 6 and 8, due to its meta-oxy-
genated substitution pattern. Of these the 8-pos-
ition, being more accessible, provides the most
favoured site for electrophilic substitution by a
resonance-stabilized 4-carbonium ion arising
from the flavan-3,4-diol, (+ )-leucofisetinidin (6).
A parallel situation of low residual (+ )-catechin
and (+ )leucofisetinidin content associated with
an excess of polyflavonoids (tannins) comprised
of these units exists, for example, in the woods
of Schinopsis spp. (quebracho) [17], Rhus lancea
(karee) [ 18] and in the bark of A. mearnsii (black
wattle) [16, 19], where (+ )-leucorobinetinidin
[(+)-7,3.4,5-tetrahydroxyflavan-3,4-diol] accom-
panies the above pair in the presence of an excess
of leucorobinetinidin and leucofisetinidin tannins
of type 7 with a (4 )-catechin “terminal” group.
Other examples where tannins of this type exist
are A. luederitzii {207, C. mopane {15] and in the
barks of a variety of Australian Acacia [21]
related to A. mearnsii.

The tetraflavonoid tannin from R. lancea [18]
and a triflavonoid from C. mopane [2,15] show
that extension of this presumed principle of con-
densation involves electrophilic attack at the ster-
ically most available strong nucleophilic centre,
namely the 6-position in the upper resorcinol-type
unit of the biflavanoid (cf. 7a).
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Where (+ )-catechin or related strongly nucleo-
philic flavanoids of the phloroglucinol type are
absent as, for example, in the heartwood of the
black wattle (A. mearnsii). but where the predomi-
nant flavan-3.4-diol, (+ )-leucofisetinidin (6) can
act as both clectrophile (at C-4) and nucleophile
{at C-6). self-condensation of the flavan-3,4-diol
occurs to form a variety of 4.6-linked biflavanoids
[22]. triflavanoids [23] and higher condensates.
Since phloroglucinol itself is a stronger nucleo-
phile than resorcinol [24], the tendency for self-
condensation of the resorcinol-type flavan-3,4-
diol in wattle wood is conccivably somewhat less.
This is in line with the observation that the per-
centage of polyflavanoid units formed is low rela-
tive to the (+ )-leucofisetinidin (6) content. This
situation exists throughout the section Botryoce-
phaleae and the section Uninerves subsection
Racemosae of the genus Acacia [3] and also in
the heartwood of Robinia pseudacacia [(+ )-leu-
corobinetinidin] which has been studied in detail
[25].

Finally, where flavan-3.4-diols of the (—)-tera-
cacidin (8a) and (—)-melacacidin (8b) type pre-
dominate as in A. galpinii, 7.8-dihydroxy substitu-
tion leads to a general distribution of electron
density of the unsubstituted S- and 6-positions on
the A-ring. in contrast to the strong nucleophilic
sites 1n resorcinol- (at 6; to a lesser extent at &)
and phloroglucinol-based (at 8; to a lesser extent
at 6) flavonoids.* This implies that structures of
type 8 are poorer nucleophiles, and for the same
reason the 4-carbonium ions which could presum-
ably also originate from them, will be less ade-
quately stabilized by delocalization of the charge
(through resonance). This explains their lack of
self-condensation and consequent absence of (4,6-
or 4,5-linked) condensed tannins, other than
phenol oxidation (autoxidation) products. This
phenomenon is observed in all of the many Aca-

* In the absence for obvious reasons (ortho-substitution) of
the relative Hammett-Brown ¢ values for specific sites on
phloroglucinol. resorcinol and pyrogallol nuclei. the above
notions are supported by the observation that in phenol-for-
maldechyde cold-set adhesive applications under “neutral™ con-
ditions {(pH 7-3-7-8) and at ambient temperatures, resorcinol
is the phenol of choice. phloroglucinol being too reactive and
pyrogallol insufficiently so. The sequence of reactivity based
on both nucleophilic substitution and on the stability of p-
hydroxycarbonium ions formed under these conditions is as
follows: phloroglucinol > resorcinol > pyrogallol » cate-
chol.
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cia spp. containing (— )-melacacidins and (—)-ter-
acacidins and their analogues. particularly
amongst the section Juliflorae [3].

The validity of these assumptions may be tested
by random examination of those plant sources
which contain phloroglucinol-type flavan-3.4-
diols as precursors. From the bark of the red
mangrove (Rhizophora mucronata Lam.). the
barks of many Acacia spp. [21] to the testa of
the giant sword-bean Entada purseatha DC, traces
of leucocyanidin (9b) accompany highly con-
densed polyleucocyanidin  tannins. The same
applies to leucopelargonidins (92) and leucodel-
phinidins (9¢) in Acacia barks [21].

R2

OH OH
v C
HO o._ .- R HO O © Ry

s - OH OH

5 B
OH HO  OH
(8a) R =H (9a) Ry = Rz=H
(8b) R = OH (9b) Ry=OH; Ra=H
{9¢c) Ry = Ry = OH

It is of interest that the carbonyl containing
flavanones, dihydroflavonols or 2-hydroxy-2-ben-
zylcoumaranones do not participate in tannin for-
mation of this type. presumably because the clec-
tron withdrawing effect of the 4-carbonyl function
{or its equivalent) renders these compounds poor
nucleophiles for attack by 4-carbonium ions. This
leaves Aavan-3.4-diols and flavan-3-ols to partici-
pate in tannin formation, with their B-rings non-
functional, due to poor nucleophilic properties
resulting from monohydroxylation (4-hydroxyl);
a general distribution of ring reactivity due to
ortho-dihydroxylation (3".4'-dihydroxyls). or pre-
dominant steric factors due to high substitution
(34,5 -trihydroxyls).

The accuracy of these chemical predictions sug-
gest that enzymic condensations, if operative, fol-
low the most likely electrophilic substitution
paths.

EXPERIMENTAL

PMR spectra were recorded at 60 MHz n the solvents indi-
cated with TMS as internal standard; optical rotations were
in EtOH and IR spectra in CHCl;. All mps are uncorr. 2D
PC was run by ascent on Whatman No. I (28 x 46 ¢m) sheets
in sec-BuOH satd with H,O and in 2%, HOAc: R, values
are indicated in this sequence. Preparative PC (PPC) was run
by ascent in 2%, HOAc or by descent in sec-BuOH satd with
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H,O on Whatman No.3 (46 x 57 cm). Bands cut from these
chromatograms were eluted with 70% EtOH. TLC was on
Si gel PF,5, (025mm) and PLC on the same adsorbent
(1 mm). Plates were air-dried and unactivated, and sprayed
with H,S80,-40% HCHO (40:1). Evaporations of all cluates
from PC were under red pres at 60°.

CC was carried out on 2'5 x 90 cm columns using Si gel
(120-230 mesh) and the flow rate was 10-12 mi per 30 min.
Fractions were collected with an automatic fraction collector.

Methylations were in MeOH-Et,O soln with an excess of
CH,N, at —15° for 48 hr. Hydrolysis of acetates were carried
out by dissolving the compound in CHCl; (ca 16 mg/mi) and
adding conc HCl dropwise (ca 0-5 mi/100 mg compound)
while the mixture was refluxed at 75°. After refluxing for 45
min the mixture was neutralized with NaHCO,, extracted
with Et,0, the solvent removed and the work-up continued.

Cross-sections of the trunk of the Acacia giraffae were cut
from trees in the vicinity of Hoopstad, O.F.S.,, while the A.
galpinii specimens were collected by the Government Forester
in the vicinity of Louis Trichardt, Northern Transvaal.

Extraction and separation of A.giraffae. Drillings (1-22kg)
from the heartwood [after dewaxing with n-hexane (3 x 2-51)
at room temp] were extracted over 2 x 48hr periods with
Me,CO (165g). The extract (52g) was partitioned using a
Steady State Distribution Apparatus and H,O-sec. BuOH-
hexane (5:4:1). After 124 transfers the contents of every fifth
tube were examined by 2D chromatography. The dimeric and
higher MW flavonoids were distributed between tubes 7-25,
and the monomeric phenolic compounds between tubes 77—
103.

(a)  All-trans-(+ )-leucofisetinidin-{(+ )-catechin-heptamethyl
ether (4,8-linked) and its diacetate. The material (10g) in tubes
7-25 was separated by PPC using 2%, HOAc and the band
R, 0-6 was cluted and then methylated. The product was puri-
fied by TLC in C¢H¢-Me,CO (7:3). The band, R, 041, gave
a light yellow amorphous solid (117 mg), mp 105-108° (lit [16]
110°), M™* 660 (70%). The PMR spectrum was identical with
that in the literature [16]. Acetylation of the heptamethyl
ether (50 mg) with (Ac),O-CsHN gave an amorphous white
solid (41 mg), mp 101-102° (lit [16] 103°); M* 744 (5%) and
the PMR spectrum was the same as given in the lit [16].

(b) (+)-7,3,4", Trimethoxy-2,3-trans-flavan-3 4-trans-diol. The
material (6g) in tubes 77-103 was purified by PPC using 2%,
HOACc. The band R, 0-65 was eluted and methylated. Purifica-
tion of the product by TLC (R, 0-37) and crystallization from
CH¢~EtOH gave white needles (27 mg), mp 128° (lit [7] 129-
130°); [213* —75° (¢ 06 in sym. C,H,Cl,) {lit [7] [«]p
—9-5°}. The PMR spectra supported the suggested structure
with J; 3 95 and J; 4 80 Hz.

(©) (+)-5,7,3 4-Tetramethoxy-2,3-trans-flavan-3-ol. From the
same PC from which (b) was obtained, the band R, 0-41 was
eluted and methylated. The product was purified by TLC in
Ce¢Hg-Me,CO (8:2) and from the band R, 0-39, white needles
(32 mg) were obtained from Me,CO-MeOH. mp 1457 (lit [26]
143-144%); [213% —12:5° (c 1-1 in Me,CO) (it [26] [alp
—13-4° in Me,CO}. The PMR spectrum supported the sug-
gested structure.

Numerous tannin fractions from the countercurrent separ-
ation were worked up by methods used for the biflavanoid
leucofisetinidin under (a), but all exhibited rotational isomer-
ism (or diastereoisomerism), thus precluding spectral analysis.
All fractions gave resorcinol, phloroglucinol and protocate-
chuic acid on fusion with alkali under anhydrous conditions
[11], and fisetinidin chloride with 3 N HCl-isoPrOH (1:4)
under pressure at 97°.

Extraction and separation of A. galpinii. Heartwood material
(205 kg drillings) [after dewaxing with n-hexane (3 x 3 1) at
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room temp] was extracted over 2 x 48 hr with Me,CO
(142g). By countercurrent separation 103g of dry extract was
dissolved and separated in a H,O-sec BuOH-hexane (5:4:2).
After evaluation of the distribution of components by 2D PC,
the following combination of tubes were made: 6-13, 15-31,
49-74 and 80-94.

(@) (—)7.8.3 &4-Tetramethoxy-2,3-cis-flavan-3,4-cis-diol {(—)-
cis-cis-melacacidin] and ( ~)-7.8,4"-trimethoxy-2,3~cis-flavan-3,4-
cis-diol [(—)-cis-cis-teracacidin]. Material from tubes 6-13 was
separated by descending PPC in H,O satd sec BuOH solvent.
Bands with R, 0-38 and 057 were eluted and methylated
separately. The product from the lower R, band gave white
needles (45 mg) from C,H,-MeOH. This compound was iden-
tified as the tetramethyl ether of (—)-cis-cis-melacacidin, mp
142° (lit [5] 144-145°); [2]3* =760 (c 061 in EtOH) {lit
[57 («}8% —835° ¢ 10 in EtOH}. The PMR spectrum was
the same as in the lit {27]. From the higher R, band (0-57)
a product was obtained, giving fine white needles (910 mg)
from Me,CO-MeOH. This was identified as the methyl ether
of (—)-cis-cis-teracacidin, mp 161° (Iit (6] 159°); [«J3> —680°
(c 065 in EtOH) {lit [27] [213° ~71-0° ¢ 08 in EtOH;.
The PMR spectrum corresponded to that in the lit {6,27].
(b) (~)-7.84-Trimethoxy-2.3,-cis-flavan-3,4-trans-diol, (+)-
7.8.4 -trimethoxy-2,3-trans-flavan-3.4-trans-diol (and its diace-
tate) and (+)-7.84'-trimethoxy-2,3-trans-flavan-3,4-cis-diol.
Material from tubes {5-31 was separated by PPC in the same
way as described in (a). Two bands R; 0-50 and 0-61 were
obtained and both were cut in half, eluted and methylated.
The lower half of band 05 gave a white amorphous solid
(27mg) which was identified as (—)-7.8.4'-trimethoxy-2,3-
cis-flavan-3 4-trans-diol, mp 65-68° (lit [27] 68-78°%); [a]3°
—34-5° (¢ 04 in EtOH) {lit [27] [x]3° —40-3° ¢ 07 in EtOH}
and with a PMR spectrum the same as the lit (27]. The meth-
ylated product from the lower half of the R, 0-5 band was
purified by PLC in C¢H-EtOH (95:5). The band R, 0-21
proved to be the (—)-cis-trans-diastereoisomer. The band R,
0-26 was identified as (+)-7.8.4-trimethoxy-2,3-rrans-flavan-
3,4-trans-diol, crystallizing as white needles (52 mg) from
EtOH-H,0, mp 95-96° (with H,O of crystallization) and
154-155° after drying for 24 hr over P,O; (lit [28] 157°);
[213* — 10:8% (¢ 05 in EtOH). The diacetate (Ac,O-CsH;N)
crystallized from EtOH as white needles (41 mg), mp 142-143°
(it [28] 143°); [ad3® —196° (¢ 0-52 in EtOH); © (CDCly)
2:60 (d, 2" and 6-H), 3-07 (d. 3’ and 5'-H), 3-37 (d. 6-H), 3-74
(d., 4-H), 447 (ss, 3-H), 482 (d, 2-H), 6-13, 620 (s, 3 x OMe),
802, 813 (s, 2 x OAc), J,3 90, J3 4 63 Hz

The upper part of the R, 0-61 band from PPC was treated
the same way as described above and the methylated product
was identified as (+)-7,8,4'-trimethoxy-2,3-trans-flavan-3,4-cis-
diol. Tt was a white amorphous solid (36 mg), mp 164-166~
(lit [27] 168-170%); [«13° +45° (¢ 047 in EtOH) ilit [27]
[«}3" +70° ¢ 03 in EtOH]. The PMR spectrum corres-
ponded to that in the lit [27].

(¢} (£)-7.8,4-Trimethoxy-2,3-trans-dihydroflavonol (its mono-
acetate) and (1)-7,8,4 -trimethoxyflavanone. The material from
tubes 49-74 was separated by ascending PPC in 2%, HOAc.
Two bands R, 019 and 035 were removed. From the band
R, 035, after elution and methylation, white needles (163 mg)
were obtained from Me,CO-MeOH. The compound was
identified as (+)-7.8,4-trimethoxy-2,3-trans-dihydroflavonol
with mp 1777; MS M* 330 (26%,), m/e 301 (11%), 181 (100),
121 (22); v,,, CHCl; 1686 cm™ ' (CO-stretching); v (CDCl3)
229 (d, 5-H), 243 (d, 2’ and 6-H), 300 (d, 3 and 5-H), 3-27
(d, 6-H), 490 (d, 3-H), 546 (d, 2-H), 604, 6:16 (s, 3 x OMe),
J23 12 Hz. Acetylation produced (+)-3-O-acetyl-7,8.4'-tri-
methoxy-2.3-trans-dihydroflavonol as a white amorphous solid
(44 mg). mp 45-47°; MS M* 372 (43%); © (CDCly) 2:27 (4,
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5-H), 2:51 (d, 2’ and 6-H}), 3-03 (d. 3" and 5'-H), 3-27 {d. 6-H),
417 (d, 3-H), 461 (d. 2-H), 6:04, 6:14 (s, 3 x OMe). 797 (s
3-OAc). J, 5 12 Hz

The band R, 0-19 from PPC was treated as beforc and
vellow needles (32 mg) were obtained from Me,CO-EtOH.
The compound was identified as (+)-7.8.4-trimethoxyfla-
vanone mp 110-1117; MS M™ 314 (43%): v . CHCl; 1683
cm™ ! (CO-stretching); v (CDCly) 217 (d, 2 and 6-H),
223 (d. 5-H), 30l (d. 3 and ¥-H). 329 (d. 6-H), 447
(. 2-H), 603, 610, 613 (5. 3 x OMe). 700 (m, CH,). Js ;3

8 Hz. The heterocyclic ABX couplings were typical of

flavanones.

(d) Derivatives of 784 -trihydroxyflavonol 2. R, = R, =
R: = H). The contents of tubes 80-94 were dried and acety-
lated and separated by column chromatography. Four related
compounds were isolated and when examined on TLC their
respective R, values were 056, 0-30. 044 and 042 in
C.H,~Me,CO-EtOAc (7:1:2), 3.7.8.4-Tetra-O-acetylflavone
(2. Ry = R, = Ry = Ac) (R, 0-56) crystallized in light yellow
needles from CyH~Me,CO-EtOH (510 mg). mp 170-173" (it
[297 170-1757), 7.84"-Tri-O-acetyl-3-methoxyfluvone (2. Ry =
R, = Ac; Ry = Me) (R; 0-50) crystallized as colourless necdles
(111 mg) from EtOAc-EtOH. mp 165-166": MS M~ 426
(959;). m/e 384 (48), 342 (75), 341 (76) 300 (78). 299 (100),
152 (38). t21 (72); v, CHCly 1650 (CO-stretching). 1775
em™ ! (acetyl); T (DMSO-d,) 1-87 (d, 5-H). 193 {d. 2 and 6'-H),
2:50 (d. 6-H). 2:57 (d. 3" and 5-H). 610 (s, OMe), 7-50, 7-57.
763 {s. 3 x OAc); Found: C. 621: H. 44; Calc. for
C,5,H 304 C. 619; H. 42°,. 784 -Trihvdroxy-3-methoxyflu-
vone (2a) was prepared from the tri-acetate by acid hydrolysis.
Brown dendritic crystals (63 mg. 82°, vield) were formed from
MeOH-C Hy. mp 245-252° (decomp.): MS M™ 300 (76%,).
mie 299 (100), 272 (5). 271 (14). 257 (24), 153 (35), 152 (66).
121 (20): © (DMSO-d,) 1-87 (d. 2" and 6'-H), 247 (d. 5-H).
297 (d. 6-H), 297 (d. 3’ and 5-H), 3-97 (OH-resonance), 6:16
(s. OMe); 4, MeOH 339. 315, 270. 216 (¢ x 10* 1-7. 19,
23, 26) 4, (MeOH + NaOAc + H,BO;) 260, 310. 270
nm. 3-O-Acetyl-7.8.4 -trimethoxyflavone (2. R, = R, = Me:
Ry = Ac) (R, 0-42), crystallized as white needles (41 mg) from
EtOAc-EtOH, mp 151-1527: MS M * 370 (4°,). m/e 328 (100),
299 (4). 285 (3), 279 (6). 181 (10), 180 (12). 152 (8), 135 (10):
Voa CHCly 1605 (CO-stretching), 1775 cm”™ ! (acetyl);
(DMSO-d,} 210 (d, 5-H). 230 (d. 2" and 6-H), 2:63 (d, 6-H),
276 (d. 3 and 5-H), 597. 6:00. 6:10 {s. 3 x OMe). 763 (s
3-OAc). 3-Hydroxy-784-trimethoxyflavone (2¢) was prepared
from the acetate by acid hydrolysis and yellow needles (31
mg) were obtained from C Hqs~EtOH. mp 1992007 (lit [30]
1987, synthetic): MS M ™ 328 (100%)). m/e 329 (20). 327 (8).
313 (20). 299 (4:5), 285 (12), 181 (38). 165 (10), 152 (8). 15]
(5). 148 (11), 137 (4:5) 135 (18): v {DMSO-d,) 1-76 {d, 2" and
6-H). 210 (d. 5-H). 2770 (d. 6-H). 280 (d. 3 and 5'-H). 6:00.
603,613 (s, 3 x OMe); /4, MeOH 358, 318, 265. 219 nm.
(e x 10* 2:8. 1-5, 2:0. 2-8); Accurate mass: 328-100: Calc for
CyeH O 328-093. 3.4'-Di-O-acetvl-7.8-dimethox yflavone. (2.
R, = Me; Ry = Ry = Ac) (R, 0-44). white crystals (32 mg)
were obtained after crystallization from EtOAc-EtOH. mp
170-171°; MS M™ 398 (16%) mic 356 (56). 314 (100), 299
(7), 285 (6), 279 (33), 236 (12), 181 (38). 180 (%0). 152 (31),
121 (20); v, CHCly 1625, 1645 (CO-stretching). 1775 em ™!
(acetyl); T (DMSO-d,) 196 (d. 2" and 6'-H), 210 (d. 5-H), 2-35
{d. 3 and 5-H). 2:60 {d. 6-H). 596. 600 (s. 2 x OMe). 763
(s. 2 x OAc). 3.4-Dihydroxy-7.8-dimethoxytlavone (2b). Acid
hydrolysis of the diacetate and subsequent crystallization from
CoH--MeOH gave yellow crystals (23 mg). mp 226-2277: MS
M?™ 314 (100%). mfe 315 (22), 299 (4), 285 (4), 271 (8). 18]
{2:5). 165 (8). 137 (6), 134 (4). 121 (16); t (DMSO-d,) 1'&3
(d. 2" and 6-H). 2:10 (d. 5-H). 270 {d. 6-H). 296 (d. ¥ and
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5-H). 6:00 (s. 2 x OMe) 763 {s. 2 x OAck 4, MeOH
358, 287, 270 sh. 221 nm (e x 10% 09, 1-3, 1'1. 3:0): Found:
C. 64-8; H, 46: Calc for C-H,404: C, 649: H, 439 3784
Terramethoxyflavone (2. Ry = R, = Ry = Muy). Separation
of the original crude extract by ascending PPC (2%, HOAC)
gave a band R, 0-02. After clution and methylation, the prod-
uct was purified by TLC using C,H,- EtOAc Me,CO (7:2:1).
The band R, 0-38 gave vellow needles (71 mg) from C.H,
Me,CO, mp 1457 (lit [31] 1431447 MS M " 342 (7R ) 1
(DMSO-dg) 190 (d. 2" and 6'-H). 213 {d. 5-H). 269 (d. 6-H).
2-80 (d. 3" and §-H). 6:00. 603, 6:13. 6:17 (5. 4 x OMe),

Synthesis of 3-hvdroxy-T.84-trimethoxyflavone (2¢). Oxi-
dation of 7.8.4'-trimethoxydihydrotlavonol (4b) in strong alka-
line soln gave the desired flavonol. The dihvdroflavonol
(50mg) was heated in 3mt 20°, NaOH soln for 10 min at
100" with the passage of air, The soln was neutralized with
209, HCl to pH 3, extracted with Et,O and the solvent
removed under vacuum. The material was purified by TLC
in CoHg-Me,CO-EtOAc (7:1:1) and from the band R, 0-38,
yellow crystals (22 mg, 44%,) were oblained from C H,, - EtOH.
mp and mmp with the corresponding compound derived from
A.galpinii. 198-199°. The PMR spectra of these compounds
were identical.

Syathesis of 34 -dihvdroxy-7.8-dimethox pflavone (2b). This
was carried in 4 stages. 1) d-(Methoxvmethoxybenzaldehyde
[321. To a stirred suspension of finely-divided Na (0-6g) in
toluene (20ml), a soln of 4-hydroxvbenzaldehyde (3 g) in EtOH
{4ml) was added. The mixture was refluxed with stirring to
complete the salt-formation. After removal of EtOH, the sus-
pension of the Na salt in toluene was treated with monochlor-
odimethyl ether (20ml) and the mixture cooled in ice. Et,O
(50 ml) was added to the mixturc and the soln washed with
2% NaOH, dried and evaporated to yicld 300mg (177,) of
a colourless liquid. bp 149 130 (20mm Hg) (it [32] bp 152
1537, 21 mm Hg): © (acetone-d,) —0-07 (s. ~CHO, 2-05 (d. 2
and 6-H). 2273 (d. 3 and 5-H), 4:66 (s. CH,). 6:20 (. OMe),
i1) 2-H ydroxy-34-dimethox vacetophenone. 2.34-Trihydroxyace-
tophenone (500 mg) in dry Et;O was treated with CH,N,
in Et,O. After 12hr the solvent was removed under vacuum
and white crystals (406 mg) of 2-hydroxy-3.4-dimethoxyaceto-
phenone were obtained from Me,CO-EtOH. mp 827 (lit [33]
837): 1 (CDCly) =270 (5. 2-OH). 243 (d. 5-H)L 346 (d. 6-H).
6:03.6:07 (5. 2 x OMe). 740 (5. Me). 1) 2-H yvdroxy-d4-(methoxy-
methoxy)»-3 &-dimethoxychalcone (3). To a soln of 4-{meth-
oxymethoxy)benzaldehyde (420 mg) and 2-hydroxy-3.4-dimeth-
oxyacetophenone (400mg) in EtOH (20mi) was slowly
added a 40%, KOH soln (5 ml). The mixture was stirred for
24 hr at 23" and poured into ice/H,O. The ppt was collected
and purified by TLC using C H, EtOAc Me,CO (20:2:1).
The band R, 043 gave a yellow amorphous solid (182 mg).
From the¢ PMR spectrum it was shown to be a mixture of
the cis- and trans-chalcones. MS M ™ 344; v CHCl, 1645
cm ! (CO-stretching): © (acetone-d,) — 345 (5. 2-OH), 193
(d. 5-H), 210 {s. »-H) 2-10 (s f-HL 213 (d. 2 and 6-H) 283
(d. 3 and 3-H). 327 (d 6-H) 470 {5, CH,). 616, 6:03 (5. 2
x OMe), 653 (5. OMe). iv) 34-Difivdroxy-7.8-dimethox yfla-
tone {2b). To soln of 2-hydroxy-4-(methoxymethoxy)-3.4'-
dimethoxychalcone (100 mg) in MeOH {3 ml) was added 307,
NaOH soln followed by dropwise addition of 40°, H,0O, [34]
{2ml). The mixture was heated for 20 min at 607 acidified
with 12M HCI (dml) and heated for a further 5 min at 95,
The reaction mixture was poured ito cold H,O and cx-
tracted with Et,O. After removal of the solvent yvellow crystals
(22 mg) were obtained from C.Hg MeOH. mp and mmp
with the corresponding compound isolated from 4. galpinii,
225-227". The PMR spectra of these compounds was
identical.
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