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Abstract-The heartwoods of Acacia girafSae 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-rrans-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-0-methylflavonol analogues. 
(-)-2,3-cis-3,4-cis-Melacacidin (7,8,3’,4’-tetrahydroxyflavan-3,4-diol) is also presenf but tannins are 
absent. By contrast, from the large excess of leucofisetinidin tannins which characterizes the wood 
of A. giru@e, only (+)-catechin, (+)-2,3-trans-3,4-trans-leucofisetinidin (7,3’,4’,trihydroxyflavan-3,4- 
diol) and all-trans-( + )-leucofisetinidin-( + )-catechin could be isolated. 

INTRODUCHON 

Acacia girafSae 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 [l]. 

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], 
7,8,4’-trihydroxyflavan-3,4-diols (teracacidins), a 
full range of related 7,8,4’-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&l’-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 [Sj] 
predominates in the wood extract and is accom- 
panied by three diastereoisomers, (-)-2,3-cis-3,4- 
mm, (+ )-2,3-tram-3,4-cis and (+ )-2,3-tram-3,4- 
tram (la) as well as by (- )-melacacidin [6] [( -)- 
7,8,3’,4’-tetrahydroxy-2,3-cis-flavan-3,4-c~s-diol]. 
The (+)-trans-tram isomer (la) was isolated from 
a natural source for the first time. 

(la) RI =R:!=H tea) RI = f?*= H; R3=Mc 
(lb) RI = Me; R2= Ii (2b) R, = Me; R2=R3=H 
(1 c) Rt = Me; R2= AC (2~) R, = R2=Me; R3=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 CHzNz their methyl ethers 
could be separated by TLC. The PMR spectrum 
of the (+)-7,8,4’-trimethoxy-2,3-rrans-flavan-3,4- 
trans-diol (lb) and that of its diacetate (lc) were 
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in agreement (J,,3 9.0. J3,4 6.3 Hz) with results 
of previous work on flavan-3,4-diols [7]. Simi- 
larly, their optical rotations i [x& - 10.X’-, - 17.1 
resp.; were in agreement with those of the cor- 
responding derivatives of (2R : 3S:4R)-flavan- 
3.4,7,3’,4’-pentaol [( + )-mollisacacidin. - 9.4.‘. 
- 19.6’1 [S] and the same absolute configura- 
tion for (+ )-7,8,4’-trihydroxy-2,3-fru/zs-flavan-3.4- 
trawls-diol (la) follows. 

Oxidation of the dihydrotlavonol in hot 20”$ 
NaOH solution by bubbling air produced the 
desired 3-hydroxy-7.8,4’-trimethoxyflavone (2~) 
due to trura-elimination of hydrogens at positions 
2 and 3 to give the more stable conjugated na- 
vone molecule. 

The four diastereoisomeric flavan-3.4-diols are 
associated with the usual pattern of (t )-2,3-tvuns- 
dihydroflavonol, (f )-Aavanone, flavonol and 
chalcone analogues [9], new derivatives of the 
first two being formed. Small quantities of natural 
partially methylated 7,8,4’-trihydroxyflavonols 
were isolated from the wood extract. namely 
7X4’-trihydroxy-3-methoxyflavonc (2a), 3,4’- 
dihydroxy-7,8-dimethoxyflavone (2b) and 3-hyd- 
roxy-7,8.4’-trimethoxyflavone (2~). 

The presence of 7,8.4’-trihydroxy-3-methoxyfa- 
vone (2a) was indicated by the characteristic blue 
colour [lo] 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 [ 1 I] resulted in fragments which were iden- 
tified as pyrogallol and p-hydroxybenzoic acid 
representing the A- and B-rings respectively. 

Comparison of the PMR spectrum (Table 1) 
of the acetylated 3,4’-dihydroxy-7.&dimethoxyfla- 
vone (2b) with that of the original compound in- 
dicates chemical shifts (Ar -0.61 for 3’ and 5’-H 
and +0.13 for 7’ and 6,-H) which indicate free 
hydroxyls on both the 3- and 4’-positions in the 
parent compound. The MS with fragments nnje 
181 (25:‘;,) and I?Z:(J 117 (16”,,) for the A- and B- 
rings respectively. supported this structure, which 
was confirmed by synthesis. Starting materials 
were 4-methoxymcthoxybcnzaldehyde and 2-hyd- 
roxy-3.4-dimethoxyacetophenone. In the presence 
of alkali these undergo crossed aldol condensa- 
tion to form 2’-hvdroxq-4-methoxymethoxy-3’,4- 
dimethoxychalco~;e 3. Cycliration of the chalcone 
(3) ri~i the Algar-Flynn-Oyamada (AFO) reaction 
and subsequent hydrolysis of the 4’-ether link 
resulted in the desired flavonol (2b). 

Me? 
H I 

, OCH,OMe 

fl 

“‘“V z 2 - (*b’ 

0 

The substitution pattern of 3-hydroxy-7,8.4’-tri- 
methoxyflavone (2~) was established by NMR and 
MS. Chemical shifts (Table 1 j after acetylation in- 
dicate a 3-OH function (At + 0.54 for 2’ and 6’-H) 
whereas the MS exhibited the anticipated t?z/r 1X 1 
(20’;,‘,), /n/e 180 (3”$) fragments for ring A and nz/o 
135 (ISo/;;) for the B-ring. The structure was con- 
firmed by synthesis using (-t )-7,8,4’-trimethoxy- 
2.3-trajzs-dihydroflavonol as starting material. 

Chemical shifts 112. 131 in Table 1 indicate the 
anticipated deshielding effect on protons o&o 
and pura to the hydroxyl of acetylation. For the 
A-ring AT is - 060 (pul-a) and - 0.43 (o&o), while 
for the B-ring AT is - 0.40 to -0.60 (o~t1~). Ace- 
tylation of the 3-OH resulted in a shielding effect 
on 2’- and h’-protons (-I- AT) which might be diag- 
nostic for this position. 

(3) 

Table 1. Chemical shifts in the aromatic region of the dcrlvatiws of 3.7.X,4’-t~tr3hcdrox~H~vone 

7X,4’-Trihydroxy-3-methoxyflavone 
7,8.4’-Tri-O-acetyl-3-methoxyflavone 
3-Hydroxy-7,8,4’-trimethoxyflavone 
3-0-acetyl-7.X.4’-trimethoxyflavone 
3.4’-Dihydroxy-7.X-dimethoxyflavonc 

3,4’-Di-O-acetyl-7&dimethoxyHawne 
3.7.X.4’-Tetramethoxyflavonc 

I___ 

2’ i 6’ 

1.87 
I .92 
1.76 
2.30 
I .x3 
1 .Y6 
I.90 
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Two new derivatives of the natural (-t )-7,8,4’- 
trihydroxy-2,3-nuns-dihydroflavonol (4a) were 
prepared, namely ( f )-7,8,4’-trimethoxy derivative 
(4b) and its 3-acetate (4~). (-I-)-7,8,4’-Trimethoxy- 
flavone (4d) is also a new derivative of the natural 
parent compound (4 R, = Rz = H). 

(41~1 R,= H; R2=OH 
(4b) R, = Me; R2 = OH 
(4~) RI = Me; R2 = OAc 
(ad) RI= Me; Rz= H 

The reddish colour of the heartwood of A. gir- 
u&e 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 3 N 
HCl-isoPrOH under pressure. The isolated (+)- 
catechin (5) [( +)-5.7,3’,4’-tetrahydroxy-2,3-trans- 
flavan-3-011 and (+ )-leucofisetinidin (6) [( + )- 
7,3’,4’,trihydroxy-2,3-trarzs-flavan-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 bitlavanoid (7a) was first isolated from the 
bark of A. nzeafnsii 1161 and later from the wood 
of Colophospermum mopane [ 1.51. 

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 [S]. Ignoring any 
enzymic contribution to tannin formation and 
presuming that the mechanism of formation is 
ionic, one might examine flavonoid constituents 
for their potential properties as strong electro- 
philes and/or nucleophiles in the equivalent of 
benzene substitution reactions between units. 
Thus,“the wood of A. girafSae is unique amongst 

F:: HO~;~o; 

OH ;H 
(5) (6) 

OR 
(7a) R=H 
(7b) R=Me 

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) [ 171, Rhus lancea 
(karee) [18] and in the bark of A. mearnsii (black 
wattle) [ 16, 191, 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 (+)-catechin “terminal” group. 
Other examples where tannins of this type exist 
are A. luederitzii [ZO], C. mopane [15] and in the 
barks of a variety of Australian Acacia [21] 
related to A. mearnsii. 

The tetraflavonoid tannin from R. lanceu [lS] 
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 bitlavanoid (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. rncamsii). but where the predomi- 
nant Aavan-3,6diol, (+ )-leucofisetinidin (6) can 
act as both clectrophile (at C-4) and nucleophile 
(at C-6). self-condensation of the iqavan-3,4-diol 
occurs to form a variety of 4.6-linked biflavanoids 
[22]. triflavanoids 1231 and higher condensates. 
Since phloroglucinol itself is a stronger nuclco- 
phile than resorcinol [24]. the tendency for sclf- 
condensation of the resorcinol-type flavan-X4- 
diol in wattle wood is conceivably 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 Uninervcs subsection 
Racemosae of the genus ilmcic~ [i] and also in 
the heartwood of Rohih psezrdacacic~ [( +)-leu- 
corobinetinidin] which has been studied in detail 
[ZS]. 

Finally, where flavan-3,4-diols of the (-)-tera- 
cacidin @a) and (-)-melacacidin (Sb) type pre- 
dominate as in A. galpinii, 7,X-dihydroxy substitu- 
tion leads to a general distribution of electron 
density of the unsubstituted 5- and 6-positions on 
the A-ring, in contrast to the strong nucleophilic 
sites in resorcinol- (at 6; to a lesser extent at 8) 
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.Slinked) condensed tannins, other than 
phenol oxidation (autoxidation) products. This 
phenomenon is observed in all of the many I1c~~- 

* In the absence for obvious reasons (ortlro-suhstittltion) of 
the relative Hammett-Brown (ii values for specific sitcs en 
phloroglucinoi. rcsorcinol and pyrog;tllol nuclei, the ;tbove 
notions arc supported by the observation that in phenol-for- 
maldchyde cold-set adhesive applications under “neutral” con- 
ditions (pH 75 7.8) and at ambient tcmpcratures, resorcinol 
is the phenol of choice. phloroglucinol being too rcactivc and 
pyopllol insufkientlg so. The sequence of reactivity based 
on both nucleophilic substitution and on the stahilitj of p- 

hydrouq.carhonium ions formed under these conditions is as 

filllows: phloro~lucinol > rcsorcinol 1 pyropallol % cate- 
CllOl. 

ciu spp. containing ( -)-melacacidins and (-)-ter- 
acacidins and their analogues. particularly 
amongst the section Juliforae [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 (Khi~phor~tr IIZUUYIH~~~O Lam.). the 
barks of many Acuciu spp. [-?I] to the testa of 
the giant sword-bean E~tatla prrxutha DC, traces 
of leucocyanidin (9b) accompany highly con- 
densed polyleucocyanidin tannins. The same 
applies to Jeucopelargonidins (9;~) and leucodel- 
phinidins (SC) in .4rrrc*irr barks 11211. 

(80) R = H (So) RI = Rz=H 

(8b) R=OH (Sb) R, = OH; A2=H 
(9c) R, = RZ=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 elec- 
tron withdrawing effect of the 4-carbonyl function 
(or its equivalent) renders these compounds poor 
nucleophiles for attack by ;I-carbonium ions. This 
leaves Bavan-3.4-diols and flavan-3-01s 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 
ol-tlzo-dih\ldroxylation (3’,4’-dihydroxyls). or pre- 
dominant steric factors due to high substitution 
(3’,4’,5’-trihydroxyls). 

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

PMR spectra were recorded at 60 MHL m the solvents indi- 
catcd with TMS as internal standard: optical rotations were 
in EtOH and IR spectra in CHC‘I,. ,411 mps are uncorr. ?D 
PC was run by ascent on Whatman No. I (78 x 46 cm) sheets 
in x+BuOH satd with H,O and in 2”,, HOAc: R, values 
are indicated in this sequence. Prepuratire PC‘ (PPC) was run 
by ascent in II”,, HOAc 01 by decent in YCY-BuOH satd with 
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Hz0 on Whatman No. 3 (46 x 57 cm). Bands cut from these room templ was extracted over 2 x 48 hr with Me,CO 
chromatograms were eluted with 70% EtOH. TLC was on (142g). By-c&ntercurrent separation 103g of dry extract-was 
Si gel PF154 (0.25mm) and PLC on the same adsorbent dissolved and seoarated in a H,G-set BuOH-hexane (5:4:2). 
(1 mm). Plates were air-dried and unactivated, and sprayed After evaluation’of the distributfion of components by iD Pd, 
with H,SO,-40% HCHO (40: I). Evaporations of all eluates the following combination of tubes were made: 6-13, 15-31, 
from PC were under red pres at 60”. 49-74 and 80-94. 

CC was carried out on 2.5 x 90 cm columns using Si gel 
(12&230 mesh) and the flow rate was IO-12 ml per 30 min. 
Fractions were collected with an automatic fraction collector. 

Methylations were in MeOH-Et,0 soln with an excess of 
CH,N, at - 15” for 48 hr. Hydrolysis of acetates were carried 
out by dissolving the compound in CHCI, (cu 16 mg/ml) and 
adding cone HCl dropwise (ca 0.5 ml/100 mg compound) 
while the mixture was refluxed at 75”. After refluxing for 45 
min the mixture was neutralized with NaHCO,, extracted 
with EtzO, the solvent removed and the work-up continued. 

Cross-sections of the trunk of the Acacia girufle 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 (1.22 kg) 
from the heartwood bfter dewaxing with n-hexane (3 x 2.51.) 
at room temp] were extracted over 2 x 4X hr periods with 
Me&O (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) A/l-trans-(+)-leuco~setinidin-(+)-catechin-heptamrthyl 
rther (4,FMnked) and its diucrtate. The material (log) in tubes 
7-25 was separated by PPC using 2% HOAc and the band 
R, 0.6 was eiuted and ihen methy&ed_The product was puri- 
fied bv TLC in C&H,-Me,CO (7:31 The band. R, 0.41. gave 
a light yellow amoipcous &lid (i 17 kg), mp 105-168” (lit f16] 
110”). Mi 660 (70%). The PMR spectrum was identical with 
that in the literature [16]. Acetylation of the heptamethyl 
ether (50mg) with (Ac),C&CSHSN gave an amorphous white 
solid (41 mg), mp 101-102” (lit [I61 103”); M+ 744 (5%) and 
the PMR spectrum was the same as given in the lit [16]. 

(a) (-)-7,8,3’,4’-Tutrarnrtlzoxy-2.3-cis_pav~ [( -)- 
cis-cis-melacucidift] and (-)-7.8.4’-trimethoxy-2,3-&s-JIuoun-3,4- 
cis-dial [( -)-cis-cis-trracucidin]. Material from tubes 6-13 was 
separated by descending PPC in HI0 satd set BuOH solvent. 
Bands with R, 0.38 and 0.57 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-melacdcidin. mp 
142” (lit 151 14&145’); rrlA3 -76.0 (c @61 in EtOH) (lit 

c51 CrlF - 
_ _- 

-83,5”, c 1.0 in EtOHi. The PMR spectrum was 
the same as in the lit C271. From the higher R, band (0.57) 
a product was obtdineld, giving fine whiye neehles (916 mgj 
from Me,CO-MeOH. This was identified as the methyl ether 
of (-)-cis-cis-teracacidin, mp 161 c (lit [6] 159”); [r];” -6X.0” 
(c 0.65 in EtOH) (lit [27] [a];” -71.0”. c 0.8 in EtOHj. 
The PMR spectrum corresponded to thdt in the lit [6,27]. 
(b) (-)-7.X.4’-T,-irtlrtho.uy-2.3,-cis-,puuu,l-3,4-trans-diol, (+)- 
7,8,4’-trimethol)-2,3-trans-flavLIn-3.4-trans-dioI (md its diucr- 
tate) and (+)-7,8,4’-tr;~zethosy-2,3-trans7flavLln-3,4~is-dio~. 
Material from tubes 15-31 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 0.5 gave a white amorphous solid 
(27mg) which was identified as (-)-7,8,4’-trimethoxy-2,3- 
cis-flavan-3,4-tram-diol, mp 65-68” (lit [27] 68-78’); [~]g~ 
-345” (c 0.4 in EtOH) [lit [27] [r]k -40.3” c 0.7 in EtOHj 

and with a PMR spectrum the same as the lit [27]. The meth- 
ylated product from the lower half of the Rj 0.5 band was 
purified by PLC in C,H,-EtOH (95:5). The band R, 0.21 
proved to be the (-)-cis-tram--diastereoisomer. The band Rf 
0.26 was identified as (+)-7,8.4’-trimethoxy-2,3-trans-flavan- 
3.4-tram-diol. crystallizing as white needles (52 mr) from 
EtOH-H20. rnp- 95-96” -(with H,O of crys&lizati&) and 
154-155’ after drvine for 24 hr over P,O, (lit r281 157”): 
[x1,$* - 10% (C 65 yn EtOH). The diac&aie iAcI-O-i’SH,ti) 
crystallized from EtOH as white needles (41 mg). mp 142-143’ 
(lit [ZXJ 143”); [a];’ -19.6” (c 0.52 in EtOH); t (CDCl,) 
2.60 (d. 2’ and 6-H). 3.07 (d. 3’ and 5’-H), 3.37 (d, 6-H), 3.74 
(d, 4-H). 4.47 (ss, 3-H), 482 (d, 2-H). 6.13, 6.20 (s, 3 x OMe), 
8.02, 8.13 (s, 2 x OAc), Jz,3 9.0, J,,, 6.3 Hz. 

(b) (+)-7,3’,4’,Trirnethoxy-2,3-trans~~u~~n-3,4-trans-dio~. The 
material (6g) in tubes 77-103 was purified by PPC using 29; 
HOAc. The band R, 0.65 was eluted and methylated. Purifica- 
tion of the product by TLC (Rf 037) and crystallization from 
C,H,-EtOH gave white needles (27 mg), mp 128” (lit [‘I] 129- 
130”); [x1: -7.5’ (c @6 in sym. C,H,Cl,) (lit [7] [r& 
-9.5’). The PMR spectra supported the suggested structure 
with J,,j 9.5 and J3,4 8.0 Hz. 

(c) (+)-5,7,3’,4’-Tetramethoxy-2,3-trans@1~~-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 
C,H,-Me*CO (X:2) and from the band RI 0.39, white needles 
(32 mg) were obtained from Me2C@MeOH. mp 145’ (lit [26] 
143-1441); [r]6” -12.5” (c 1.1 in MeJO) [lit 1261 [all, 
- 13.4” in Me,COJ. 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 
[l I], and fisetinidin chloride with 3 N HCl-isoPrOH (I :4) 
under pressure at 97”. 

Extractior? und srpurutior~ qfA.galpinii. Heartwood material 
(2.05 kg drillings) [after dewaxing with n-hexane (3 x 3 1.) at 

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-truns-tlavan-3,4-c& 
dial. It was a white amorphous solid (36 mg). mp 164-166’ 
(lit [27] 16X-170”); [x];‘~ +4.5’ (c @47 in EtOH) llit 12771 
rrl$’ +7.0”, c 03 in EtOHI. The PMR spectrum corres- _ _- 
ponded to that in the lit 1271. 

(c) (+_)-7.8,4’-7?itnetho.xy-2,3-trans-dihydrof~uonof (its mono- 
acetate) and (+)-7,8,4’-trimethou~~auunone. The material from 
tubes 49-74 was separated by ascending PPC in 2”/, HOAc. 
Two bands R, 0.19 and 0.35 were removed. From the band 
R, 0.35, after elution and methylation, white needles (163 mg) 
wkre obtained from Me,CcMeOH. The compound was 
identified as (+ )-7,8,4’-trimethoxv-2,3-truns-dihydroflavonol .-, 
with 177 mp ; MS M’ 330 (26%),-m/e 301 (II%), 181 (100). 

121 (22); vmax CHCl, 1686 cm-’ (CO-stretching); r (CDCIJ) 
2.29 (d, 5-H), 2.43 (d, 2’ and 6’-H), 3.00 (d, 3’ and 5,-H), 3.27 

(d, 6-H), 4.90 (d, 3-H), 5.46 (d, 2-H). 6.04. 6.16 (s, 3 x OMe), 

J2,3 12 Hz. Acetylation produced (f )-3-@acetyl-7,X.4’-tri- 
methoxy-2.3-puns-dihydroflavonol as a white amorphous solid 
(44 mg). mp 4547”: MS M+ 372 (437;); 7 (CDCI,) 2.27 (d, 
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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), 
4.17 (d. 3-H). 4.61 (d. 2-H). 6.04, 6.14 (s. 3 x OMe). 7.97 (s. 
3-OAcj. Jz j 12 Hz. 

The ha&J R, 0.19 from PPC was treated as before and 
vellow need& (32 mg) were obtained from Mc,C’O-EtOH. 
The compound was-identified as (5 )-7.X.4’-trilllethc,xyHa- 
vanone mn 110 III : MS M* 314 (4.1”,,): 1’,,, CHCll 1683 
cm- ’ (C&retching); 7 (CDC13) 2.1; (n:““? and h’-H), 
2.33 (d. 5-H). 3.01 (d. 3’ and 5,-H). 3,79 (d. 6-H). 447 
(q. 2-H). 6.03. 6-10. 6.13 (s. 3 x OMc). 7.00 (ne CHZ). Jz,, 
8 HI. The hetcrocyclic .ABX couplings WI-C typical 01 
flavanones. 

(d) Dr~,iwliw, of 7.8.4’-r~iili,~~~o~~fltrI.o/il,/ (2. R, = K3 = 
R-( = ff). The contents ol’tuhcs X()-Y4 ucrc’ dried and acctl- 
latcd and separated by column chromatography. Four rclatcd 
compounds wcrc isolated and when csamincd on TLC their 
respective R, values wcrc 0.56, 0~50. 04-l and 043 in 
C,H,,-Mc,CO -EtOAc (7: I :2), ?.7.S.4’-~,/ru-O-~~[,~~~.~~~~~~~/~~, 
(2. R, = R2 = R, = AC) (K, 0.56) crystallized in light yello\% 
necdlcs from C,H,,-MeZCO-EtOH (510 mg). mp 17@ 171 (lit 
1291 170 I75 1. 7.X,3’-~i-O-uc~~t~/-3-,t~rr/~o\-~~//ir~or~c~ (2. R , = 
Rz = AC; R, = MC) (R, 050) crystallized as colourless necdlcs 
(II I mg) from EtOAc~-EtOH. mp 165~166 : MS M+ 426 
(95<‘,>). /il’C’ 3x4 (48). 3-12 (751, 341 (76). ioo (7111. 2YY (loo), 
151 (381. (21 (71); vrn,_ CHCL, 1650 (CO-stretching). 1775 
cm- ’ (acetyl): T (DMSO-d,) 1.87 (d, 5-H). I.93 (ti. ? and 6,-H\. 
2.50 ((1. 6-H). 2.57 (il. 3’ and S-H). 6.10 (5. OMc). 7.50. 7.57. 
763 (s. 3 x OAc): Found: C. 67.1: H. 3.4; Calc. for 
CZ,H, 8O<j: C. 61.9; 1-l. 4.‘“,,. 7.X.3’-7i~ii7~~rl~~,\-1~-?-i~~c~tl1orq.~l~1- 
COW @a) was prepared from the tri-awtatc bq acid hydrolysis. 
Brown dcndritic crystals (63 mg. X2”,, yield) were formed from 
M&H-C’,H,. mp 745-252- (decomp.): MS M’ 300 (76”.), 
m/r 299 (100). 272 (51. 271 (14). 257 (24). I53 (351. 152 1661. 
121 (20): 5 (DMSO-tl,,) 1.X7 (c/. _ ?’ and 6,-H), 2.47 (d. 5-H). 
2.97 ((/. 6-H). 2,Y7 (tl. 3’ and 5,-H). 3%’ (OF-l-resonance). 6.16 
(s. OMe); in?,,, MeOH 33Y. 315. 270. 216 (E x IO4 1.7. 1.9, 
2.3. ?hl. i .,,,,, 1 (McOH + NaOAc + tI,BO,) 360. 110. 170 
nm 3-0-~~(,1~1-7.8.3’-lri/llr,thos~f/ul:of7r (2. R , = RZ = Ale: 
R, = .4c) (K, 0.42). crystallized as white needles (41 mg) from 
EtOAc EtOH, mp I51 153 : MS M+ 370 (3”,,1 I~I:P 328 (100). 
799 (4). 185 (3). 279 (6). IXI (IO), I80 (13). 152 (S). I.35 (IO): 

CHCI,3 1605 (CO-stretching). Ii75 cm- ’ (acetyl); 7 
$%SO-d,,) 2.10 (tl. 5-H). 2.30 (r/. 2’ and 6,-H), 763 (rl, 6-H), 
2.76 (d. 3’ and S-H), 5Y7. 6.00. 6.10 (r. 3 x OMc). 7.63 (,s. 
3-OAc). 3-1-1 ~~dro\-1~-7.8.4’-f~i~~1e~ho.~~~I~r1~o~~c~ 124~) uas prepared 
from the acetate by acid hpdroly& and yellow n&d& (31 
mg) wre ohtained from C,H,~EtOH. mp 199 200 (lit 1301 
19X synthetic): MS h/l’ 328 (IOV’,,). UI!P 329 (20). 327 (X). 
313 (20). 2YY (1-5). 7x5 (12). IX1 (3X). 165 (IO). 152 (8). I51 
(5). 13X (I I), 137 (1.5). 135 (IX): r (DMSO-0,) 1.76 td 7 and 
6’-H /. 2.10 (cl. 5-H). 2.70 ((/. 6-H ). 2.X0 (tl. 3’ and S’-H). 6.00. 
6.03. 6.13 (s. 3 x OMc); i _,,,, )1 MeOH 35X. 31X. 265. 210 nm. 
(E x IO4 2.8. 1.5. 20 2.X); Accurate mass: 32.8. 100: Calc for 
C, KH ,+,Oh: 3%. 093. 3.4’-D1-0-~1ct~rl./-7.8-t/i~~/~~f/~~~.~~~~/~1~/~11~. (2. 
RI = ,ML’; RL = R3 = AC) (R, 0.44t. !\hitc cry&Is (32 mgl 
were obtained after crvstallization from E tO.r\c EtOH. mp 
170~171‘: MS M’ 39X- (lh”,). /w:‘<, 356 (56). 314 (100). 2Y!9 
(7). 2X5 (61, 279 (33). ‘36 (121, 1X1 (38). 1X0 (c)O). 152 (31). 
121 (20); Vmax CHCI, 1625. 1645 (CO-stretching). 1775 cm- ’ 
(acetvl); T (DMSO-cl,,) 1% (0. 2’ and 6-H). _1,10 (0. 5-H), 2.35 
(il. 3’and S-H). 2+0 ((I. 6-H). 5 Yh. 6.00 (5. 2 x OMc). 7.67 
(.k. 2 x OAc). 3.4’-L)1/1J,tiro \J.-7,S-di,l7c,rho.\-!:fItr~o~,~, (2b). Acid 
hydrolysis ol the diacetate and suhsequcnt cr!;stalli;ration from 
C,H, MeOH save yellow crystals (23 mg). mp 126~ 327 ‘: MS 
M’ 314 (loo”,,). ill <’ 315 (21). 79Y (4). ‘X5 (4). 271 (S). IX1 
13.5). 165 (8). 137 (6,. 133 (4). 131 (16~: r (DMSO-tl,>) 1.X3 
(ti. 2’ and 6’.H). 1.10 (il. 5-N). 7.70 (r!. ~-HI. 1% (tl. 3’ and 

S-H). 6W (F. Z x OMc). 7.63 (. 2 x OAc); i_ M&H 
35X. 287, 270 sh. 271 nm (t x IO+ 0.Y. 1.3. 1.1. j.0): Found: 
C. 64.X; H, 4.6: Calc for C-,-I-i ,,(I,: c‘. 64’): H-1. 3.5”,,. 3.7.X.4 - 
7i~/,~o,lli~rho~J~~urollr~ (2. li ] = It, = R3 = ,hfz). Separation 
of the orginal crude c\tract 17) ascending PIT‘ (3”,, HOAc) 
g;tvc ;I hand R, 0+2. After clution and meth\laGon, the prod- 
uct was purified b) TLC’ usin, ‘7 C,,H, I:tOAc Mc$‘O (?:2: I ). 
The hand R, 0.3X gave !cllo\& nrcdles (7 I mg) Irom C,,H(, 
Me,CO, mp 145 (lit [:I] I43 1-U I: MS M 342 (7X”,,I: r 
(D&O-&j I.90 (ti. 2’ Ttnd 6,-H). 7 13 (d. 5-ll,. 3+Y (<i. 6-H). 
‘.X0 (ci. 3’ and 5,-H). h+O. 6.03. 6 I.?. h.1: I\. 1 Y OM\;). 

line soln gave the desired lla\onol. The dih!dr-oll~t\onol 
(5Ome) was hcatcd in ?ml I%‘,. NaOH soln filr IO mln 211 

100 with the passage ol’ air. Tl;c soln ~:IS neutral&d u ith 
W,, HCI to pH 3. extrncrcd \\ith Et,0 ctnti the solcent 
removed under vacuum The matwial [jab purified Iby T1.C 
in C,H, ~Me2C0 tt04c (7: 1 : 1 ) anti liom the hand R, 0.38. 
qellow crystals (22 mg, 31”,,) \\c‘rc obtamed li-om C’,,H,, EtOH. 
mp and mmp with the corrcspondm, (7 compound dcrivetl from 
,1,qrr/~~rnii. 19X IYY The PMR \pcctra ,,I” thcw compounds 
were identical. 

S~~thcsis (11’ 3.3’-t/i//J~d,o\ 1,-7,S-~(1,,rc,r/lo\ ~,fitrl.o/ir, (21~). This 
was carried in 4 stages. i I 1-(.bl~~r/ro ~~7wt/io ~r,)h~‘,i-~iltl~,il!,~~~, 
[32]. To a stirred suspension ol‘ lincly-dl\idcd N;I (Ohg) in 

tolucnc (20 ml), a soln of 1-h!tlro\!l,cn/aldch~dc (3 p) in EtOH 
(5ml) was added. The mlxtul-c U;IS r-clluwd with stirring to 
complete the salt-formation. 4f1c1 removal of I: tOH, the sus- 
pension ol’ the Na salt in tulucnc \z;ts trcarcd \vith monochlor- 
odimethyl ether (2Oml) and rhc mixturi‘ cvolcd 111 ice. Et20 
(50ml) was added to the mlsturc and the soln \vashcd L\lth 
2”,, NaOH, dried and e~aporatcd to bicld 500 mg ( I7”,,) of 
a coiourless liquid. by l3Y I50 (20 mm H~I (lit [ 711 hp IS2 
153 . 21 mm Hp): : (acetonc-tl,,) -0.07 (\. (‘110. ‘-05 (II. 2 
and 6-H). 2.73 (rl. .7 and 5-H ). 1-W 0. C‘H 1 I. (~3) CL OMe). 

The reaction mixture was poured into cold HI0 and cx- 
tracted with Ft,O. After remox-al of the solvent >cllow cl-lstals 
(33 mg) WCIC obtained iiom (‘,,H, McOH. mp and mmp 
with the corresponding compound isoiatcd l’rom .+ qolpir~~i. 
225 ~217 The PMR sp~crra d thcsc COIII~CJU~I~S MS 

identical. 
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