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Ahsbact-The rightpurpk hear~~od of Acacia sax&l’s contains t t j-2,3rtvut~s-3,4-rruns- and \: f )-2,3-rrans-3,4- 
ri.~-diastereoisomers of X-methoxy-7,3’,4’-trihydroxy- and 7,3’,4’-trihydroxyflavan-3.4.diols as major com- 
POIlCllk Evidence was also obtained of the first 3-methyl ether of metabolites of this type, notably of (+)-8-meth- 
oxy-T.~‘:~itrliiydioxy-~~f~~J~~.s-ffavan-i~-~l~-oib~ FTavonoi, aiiiydi-offavonol’ and’ ffavanone analbgues accom- 
pany these. The correlation between colour of Acacia heartwoods and structure, phenolic substitution, stereo- 
chemistry and composition of their flavonoid components is discussed. 

INTRODUCTION 

FOLLOWING recent studieslP4 on the purple or purple-ringed heartwoods of Acacia crom- 
hi, A. carnei and A. peucr, which are hitherto unique amongst the Mimosaceae (Legu- 
minosae; Mimosoideae) for their peltogynoid content, attention was drawn to the some- 
what lighter purple of A. sn_~&k~ he~twood. Attempts were made to relate the unusual 
colcur to c&e structure a& ste~eodemisQ 0C its compocseaCs, at& t&e comparkoa is 
extended also to other Acacia species. 

RESULTS AND DISCUSSION 

A. saxatilis E. Moore represents an exceptionally rare Australian member of the genus. 
The leucoanthocyanidin reaction in conjunction with paper chromatography showed the 
prest~a5 &+&fi~ ~~~+f~~h~~i”;-r ~11 3,7iZSi& +k&Xi&T~ Chkkk ‘{,+k, Tcd&& t+fuie~c~Tx +r, 

UV light, R,- 0.50 in 3 N HCl-90% formic acid),’ %methoxy-7,3’,4’-trihydroxyflavylium 
chl&he )w’me-reh. sack in UU y@n’& X,- %%%y anh a %i~$%jy m&k )RJf %.?5) wine-reh 
anthocyanidin obviously bearing structural relationship with the latter, but with one free 
hydroxyl less. 

In view of the small quantity of heartwood available from the shrub, and the known 
instability7 of 7,8,3’,4’-tetrahydroxyflavonoids, fractions obtained from initial chroma- 
tographic separation of the extract were methylated to give the methyl ethers of no less 

’ TINI)ALF. D. M. and RWX. D. G. (1974) Ph~~rochrmistry 13, 829. 
.! BRAXIIT, E. V. (1973) Ph.D. Thesis, University of the Orange Free State. 
.’ BRANDT. E. V.. F~RRLXRA. D. and Roux, D. G. (1971) Clzenz. Commctn. I 16. 
“ BRANDT. E. V., F~KKEIRA, D. and Roux, D. G. (1972) J.C.S. Chem. Conumoz. 392. 
’ Roux, D. G. (1957) Nature 179, 305. 

‘I’ Du PRELZ, I. C. and Roux, D. G. (1970) J. Che,n. SW. (C). 1800. 
’ Fortan T. G.. D[! PRH 7. I. C. and Roux, D. G. ( 1972) Ph~.to~h~,rniatry 11, 1763. 
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TABLE I. NMR SPI:CTRA* or- 3- ANI> 4-0-methI derivatives. their acetates. and 
___- 

(a) 2,struns-3.4. 
cis 

(+ )-7.8.3’.~-tetramcthoxyflavan-3.4.dials 
H 

2 3 4 

3-O-methyl 

4-O-acetyl-3-0- 

methyl 
4-O-methyl 

3-o-acctyl-4-o- 

methyl 
3.4-dial 

3,4-di-O- 
acetyl 

(b) 2,T-traw 
3,4-tram 

3.4-dial 

3.4-di-O- 
acetyl 

473 6.37 5.17 
Jz,,8.0 J,,,35 

4.85 6.33 3 70 
J3.j IO.0 Jw3.6 

4.87 5% 5 70 

JZ,,‘).h J,.,?.5 
4.57 4.59 5.60 

J3.3 < I J3.4< I 
4.95 6.05 5.33 

J229.8 .I, +3.7 
3.75 4.50 3.81 

J,,310Tl J,,,3. I 

5.25 -62 5.23 

J2,39.5 J,.,g.O 
4.90 4.45 3.76 

J,,,9.0 .J,,j7.0 

(c) 7,sli.U,?.S- 
3,4-c;\ 

(i )-7,3’,4-trimethoxyflavan-3.4-diolst 
H 

2 3 J 

5 6 1’ 

2.87 j-37 -2.97 

2.9 I 342 .392 

30 I 340 - 297 

3-01 7.40 x1.98 

2.90 340 . 2.98 

2.95 3.40 - 3.00 

2.83 3.47 . .+oo 

3.08 3.3x . 300 

5 6 X 

3-O-methyl 3.82 6.3X 5.15 2.80 3.38 3.45 

J2,,9.0 J,,43.i 
4.0-methvl 4.93 5.95 5.70 2.80 342 3.48 

(d) 2,3-trun.~- 
3.4-tlYln.s 

3-O-methyl 

J2,,I0.0 J,,,32 

5.16 6.39 5.13 2.55 336 3.50 
J2,39+? JJ.,7fJ 

See Table 2 for footnotes. 

than six flavan-3,4-diols (l-6; R,=Me, R,=H) in the ratio of 6.4: 7.4:24:2: 1.7: 1 respect- 
ively. Four of these were readily recognized as the methyl ether derivatives of (+)-2.3- 
1~zrzs-3,4-trurzs- and (+)-2.3. trans-3.4~cis-diastereoisomers of the 8-methyl ether of 7,8,3’.4’- 

tetrahydroxyfavan-3.4-diol(8-O-methylmelacacidins: 1, 2; R,=Me) and 7.3’.4’-trihydroxy- 
flavan-3.4-diol (mollisacacidins: 5, 6; R=Me) by their coupling constants (Jz,3 _ 9.5, 
J ,,,-7,Sand J2,3-10.0, J3,4- 3.5 Hz respectively) and by the benzenoid AB- and ABX- 
spin systems respectively of the A-rings in the NMR-spectra of their methyl ethers and 
methyl ether diacetates (see Table I). Considering that no 7.8.3’.4’-tetrahydroxyflavylium 
chloride was generated during the leucoanthocyanidin reaction, the isolation of the full 
methyl ethers I and 2 (R,=Me) is indicative of the presence of g-methyl ethers of 1 and 
2 (R ,=H). as supported by the formation of 8-methoxy-7,3’,4’-trihydroxyflavylium chloride. 

Surprising was the simultaneous isolation from the high K, fraction of appreciable 
amounts of two (+)-7,8.3’,4’-tetramethoxy-2,3-tvcrns-flavan-3,4-~~~~s-diol derivatives (3 and 
4; R,=Me, R2=H), each of which showed a single aliphatic methoxy group to high field 
(5 6.73, 6.52 resp.) in their NMR spectra. These compounds proved to be the ?- and 4-0- 
methyl derivatives (3, 4: R,=Me. R2=H) respectively as shown by chemical shifts (As - 
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of diacetates of 7,3’,4’-trimethoxy- and 7,8.3’,4’-tetramethoxyflavan-3,4-diols 

-H -ocfi3 -OCOC& 
5 6 Phenolic 3 4 3 4 

3.10 - 2.97 6~09(x2).6.11.6~15 6.73 

3.10 ._ 2.92 6.07 ( x 2), 6.11, 6. I7 6.81 7.85 

3.10 - 2.91 6.10 (x 3), 6.17 652 _ 

3.13 - 2.98 610 (x 3), 6.13 6.52 8.03 

3.12 - 2.98 6.10 (x 2). 6.12, 6.15 

3.12 - 3.00 6.10 (x 3), 6.17 8.12 7.85 

3.16 - 3.00 6.13 (x 3), 6.23 - 

3.16 - 3.00 6.12(x4) 8.12 7.99 

-H -OC& 
2 7 5 6 Phenolic 3 4 

- 2.93 3.07 - 2.93 6.07 ( x 2), 6.25 6.71 

- 2.97 3.16 - 2.97 6.07 ( x 2). 6.21 6.47 

- 2.95 3.10 - 2.95 6.06 ( x 2), 6.22 6.90 

1.47, - 1.37) of protons geminal to the residual 4- and 3-hydroxyl functions respectively 
on acetylation (see Table 1). The allocations also correlate with the anticipated RDA-frag- 
ments obtained by mass spectrometry of the 3- and 4-O-methyl ethers (3,4; R ,=Me, R,=H) 
and of their respective 4- and 3-O-acetates (3,4; R,=Me, R,=Ac). 

Finally, the chemical shifts of the 3- and 4-O-methyl resonances were compared with 
those of the corresponding synthetic derivatives of the same relative configuration, but 
based on 7,3’,4’-trimethoxy substitution. Thus, complete methylation of (t_)-2,3-trnns-fus- 
tin, readily available from Rhus glabra,8 with dimethyl sulphate/anhydrous K2C03 in dry 
acetone gave ( f)-3,7,3’,4’-tetra-0-methyl-2,3-truns-fustin,9 which on reduction with 
LiAlH, gave a mixture of (+)-3,7,3’,4’-tetramethoxy-2,3-trans-3,4-truns- and -2,3-tram-3,4- 
cis-flavan-4-ols.” The chemical shift of the 3-methoxy function in the latter derivative 
(t 6.71) was almost identical (6.73) with that of the naturally-derived 3-methoxy analogue 
(3; R ,=Me, R,=H). Similarly synthetic (+ )-4,7,3’,4’-tetramethoxy-2,3-trans-3,4-c~~-flavan-3- 
01’ ’ and its acetate showed chemical shifts (r 6.50, 6.52) of its 4-methoxyl function almost 
* Roux, D. G. and PAULUS, E. (1960) Biochem. J. 77, 315. 
9 VAN DER MERWE, J. P., FERREIRA, D., BRANDT, E. V. and Roux. D. G. (1972) J.C.S. Chem. Commun. 521. 

I0 LILLYA. C. P.. DREWES. S. E. and ROLIX. D. G. (1963) Ckrrr~ I& (LOM~NI) 783. 



identical to those (T 6.52. 6.52) of the corresponding naturally-derived analogue (4; R ,=Me. 
R,=H) and its acetate. Chemical shifts of the 4- and 3-0-acetyl methyl resonances of the 
ncctates of the ?- and 4-O-methyl favan-3.4dials (3. 4: R ,=Me. R,=Ac) (r 7.X5. XG? IWS~.) 

uerc also representative of shilis (7 7.X5. X.l?) of the corresponding groups in (+ )-.?,4-ci.+di- 
O-acetyl-7.8.3’.4’-tetr~met~~o~~-~.~-~~~~~/~.s-~l~tv~~n (diacetate of 2: R-Me). Absolute configur- 
ations of the above compounds (1 ~6: R,=R,=H) follow from the specific rotations of 

derivatives in comparison with the literature. 

The 4-O-methyl flavandiol (4: R ,=Me. R,=H) could represent an artefact resulting from 
methylation of ( +)-8-O-methyl-7.8,3’.4’-tctrahydroxy-~.~-~/~~~~~~s-fl~lv~~~~-~.4-~~;.s-di~~l (2; 

R=H). since the 4-cl.\-ial-hvdroxyl exchanges with relative ease’Z for mcthoxy derived from 
the methanol-ether solution used during treatment with diazomethane. The substantial 
proportion of the corresponding 3-0-methylflavandiol(3; R ,=Me, R,=H) ohtaincd cannot. 
however, originate in this way (see Experimental) and its presence suggests that the parent 
compound (3; R ,=R 2=H) is formed biogenetically from the sequence z-hydroxychal- 

cone-tx-n~ethoxychal~oii~~~-O-methyldi~iydro~~~voiiol --t3-0-methqltluvandiol. t\\ o ol 
these representing new classes of compounds (x-hydroxychalcone. 3-C)-methyldihydrofla- 
vonols) which were recent11 found in Tr~ch~lohiu/~ I.C’I.I.LI(,OSIAIII.~ and subsequcntl>~ in PC>/- 
togym prihrsc~ns and P. w~os~~. ’ ’ and also in .il~~cj~l CLWJW~.’ The relative prominence of 
the high R,. anthocyanidin and its mobility, which is identical to that of 3.&dimethoxy- 
7,3’.4’-trihydroxy-flavylium chloride but differs from that of all other i-O-alkyl derivatives 
of 3.7.X.3,.4’-pentahydroxj- and X-metllo.~~-3,7,3’,4’-t~trahydroxy-t~~tv~li~~~~~ chlorides (SW 
Table 2 and Experimental). indicztes that the 3-0-metllqlfav;l~~diol exists natur;lll! as the 
X-methyl ether (3; R I=R2=H). 

The 7.X.3(,4’-tetra-substituted and 7.3’.4’-tri-substituted flavonoid substitution patterns 
arc also reflected in the low concentrations of associated dihydroflavonols. tlavonols and 
t?avanone. The dihydroflavonols were isolated as the methyl ethers of the 7,Y.3’.1’-tetI-ah~d- 



8-O-methylflavan-3,4-diols from Acacia savatilis 2511 

TAI~LE 2. R, VALUES OF 3-0-ALKYL DERIVATIVES OF 3,7,8,3',4'-PENTAHYDROXY- AND 3,7,3',4'-TETRAHYDROXY-8- 

METHOXYFLAVYLlUMCHLORlDESt 

Derivative 

R, in 3 N HCI-90% HCOOH (1: I) 
3,7,8.3’,4’-pentahydroxy- 
flavylium chloride and 8-methoxy-3,7,3’,4’-tetrahydroxy- 

derivatives flavylium chloride and derivatives 

Free phenol 0,35* 0,60* 
D-O-methyl 0.53 0.71 
3-O-ethyl 0.53 0.74 
3-0-n-propyl 0.58 0.75 
3-O-isopropyl 0.65 0.83 
3-0-n-butyl 0.59 0.76 
3-0-set-butyl 0.68 0.86 
3-0-tert-butyl 0.60 0.77 

* Used as reference-values in each group. 
t Notable is the gradational increase in R, in the sequence methyl, ethyl, n-propyl, n-butyl ethers, and also 

the unusually high R values of both secondary alkyl ethers, isopropyl and src-butyl (see ref.“). Increase in mobi- 
lity is related to pro ?J reswe loss of planarity in each series of 3-0-alkylanthocyanidins. 

roxy-2,3-trarzs racemate14 (7; R1=Me, R,=OMe) and 2,3-trans-fustin (7; R,=Me, R,=H), 
and the flavanone as racemic tri-O-methylbutin (8; R,=Me). Methylation of the immobile 
yellow fluorescent band (R,. 0.00 in 2:/, acetic acid) gave 3,7,8,3’,4’-pentamethoxyflavone (9; 
R ,=R,=R,=Me), and the high Rf 067 (water-satd. set-butanol) of the free phenolic form 
indicates that the parent compound exists as %methoxy-3,7,3’,4’-tetrahydroxyflavone. 
Present also was a powder-blue fluorescent compound, indicative of a 3-0-methylflavonol. 
Its position relative to the flavonol on two-dimensional chromatograms is characteristic 
of 3-0-methylflavonols’ “lh and NMR and mass spectral (M+ 456) examination of the 
crude acetate indicated the presence of two aromatic methoxyl resonances. This com- 
pound is most likely 3,8-dimethoxy-7,3’,4’-trihydroxy-flavone (9; R,=H, R2=R,=Me) 
related to the 3-0-methyl-2,3-trans-flavan-3,4-cis-diol(3; R ,=H, R,=Me). 

VI* @I* (9) 

*Racemates: 2R-(7) and 2S-(8) enantiomers indicated 

The colour ofAcacia heartwoods. The purple tinge of the heartwood of A. saxatilis is 
apparently due to a high proportion of 2,3-trans-flavan-3,4-cis-diols and a 3-methoxy-fla- 
van-4-01 of the same configuration all possessing 4-axial-hydroxyl and 3-axial-proton 
function. From these, 3,4,-tsans-elimination of the elements of water leading to anthocyani- 
din formation, occurs more readily than from the 2,3-trans-3,4-trans-diastereoisomer 

I4 CLARK-LEWIS,J.W. and MoRTIMER,P.I.(~~~O) J. Chrm. Sm. 4106. 
’ 5 DREWES, S. E. and ILSLEY, H. A. (1969) Phytochemistry 8, 1039. 
” CLARK-LEWIS, J. W. and PORTER, L. J.(l972) Australiun J. Chem. 25, 1943. 
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where the corresponding groups are placed rquotwial and axial respectively (see lit.“). In 
addition the absence of 7,Cdihydroxy function, due to natural methylation at the I(-pos- 

ition, provides a relatively light background for observation of the purple (see effect of 7.8- 
dihydroxy function below). 

Other purple heartwoods encountered in a broad survey’ of .,,lctrc,ia spp. arc hitherto 

confined to A. cromhci. A. c~al~nc~i and .4. [J~ML.c.~ As in the case of Pr&oy~~c~ spp. the so- 

called “purple-hearts” endemic to the West Indies, Venezuela, the Guianas and Northern 
Brazil. the intense purple is associated with the presence of peltogynols and mopanols.” 
Of these peltogynol is known to yield a violet anthocyanidin as opposed to a more reddish 
purple derived from mopanol.’ and again the 2,3-r~(ll~s-3.4-(,is-diastercoisomers (pelto- 
gynol B and mopanol B) of each molecular species. possessing a 4-tr.~iLII-hydroxyl, should 
bc mainly responsible for the unusual heartwood pigment. The purple heartwoods of 
above Acxcitr spp. contain (+ )-peltogynol and (+ )-peltogynol B. both in high con- 
ccntration. 

L , 

Hz0 - s&d set - BUOH 

Oxidation undoubtedly plays a highly significant role in heartwood colour. Thus. com- 
pounds of the mclacacidin type (7.8.3’.4’-tetrahydroxyilavan-3,4-diols and analogues) with 
vicinal hydroxyls on each of the A- and B-rings give exceptionally dark brown to black 
heartwoods. e.g. blackwood (;1. ~~~~~Iu~~o.~~~/~~~~)“~ and knobwood (,4. II~~~~~C~SCLXS)’ due to the 
susceptibility of these groupings to autoxidation. Predominance of analogues of the teraca- 
cidin type (7,8,4’-trihydroxyfavan-3,4-diols and analogues) confer a much less intense light 
chocolate-brown due to vicinal hydroxyls on the A-ring only. e.g. .-I. cluril,lr/~~~)~rllisl” and 
.4. oritc)s. ’ ” 
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Vi&a< 3,G-~i@iOX$3 kGI+Ii& “fl?iVi~ IS ^a -~~U@&OS-&?&Yi3 +x-T’ki~ +X3 +I1 ~IE&&&-KS 

and teracacidins) are undoubtedly more liable to oxidation than 3’,4’-vicinal hydroxyls 
comprising the catecno~ system aE the B-ring. Hence &arCwaacis with constituents repre- 
sentative of resorcinol-type A-ring flavanoids (7,3’,4’-trihydroxy- and 7,4’-dihydroxyflavan- 
3,4-diols and analogues) commonly distributed under the Botryocephaleae and Racemo- 
sae (Uninerves),’ vary from light brown to a strong tendency towards pink (e.g. A. mearn- 

sii2 ‘) depending on aging conditions. A photochemical effect undoubtedly plays a signifi- 
cant role in developing the pink colour. 

EXPERIMENTAL 

NMR spectra were recorded in CDC13 with TMS as internal standard on a Varian T-60 spectrometer: optical 
rotaticons were DT) a x&J an,bU3a2’ls M -452 @,2?J,,,i?Ie? 2J.GJ@ acexUx-x_~~ >I%?:>,1 2-DX wav ,2I3 >Y 2XE2S 
on Whatman No. 1 (28 x 46 cm) sheets in H,O-satd. sec.-BuOH and in 2% HOAc. Preparative PC was by ascent 
on Whatman No. 3 (46 x 57 cm) sheets in 2% HOAc. TLC was on Kieselgel PFZz4 (0.25 mm), and by preparative 
scale cn the same substrace (rQmm(. Places were air-dr<ed at& unactl;ta.teal, a& sprarjecl. wit& KzSU4-4Qy, tinr- 
maldehyde (40: 1) (SAF-spray). The purity of each compound was established by NMR spectrometry. 

Acetylation was with Ac,O-pyridine at 40” for 5 hr, and methylation with diazomethane in MeOH-ethyl ether 
at - 15” for 48 hr. 

E\-trcic,tiori o/it/ preliminary .srptrtufior~. Drillings (623 g) of the pale purple heartwood of A. sazatilis S. Moore 
(NSW 107010) were extracted exhaustively at ambient temperatures with acetone-water (4: I) over 6 days with 
daily renewal of solvent. The combined extracts were evaporated to dryness under vacuum. Brown solids (44 g, 
7.10/) obtained were examined by 2-D PC (Figure) and by the leucoanthocyanidin reaction in isopropanoLi2 
Chromatoaraphv of the resultant anthocvanidins in 3 N HCl-90” HCO,H (1: IIs indicated the oresence of fise- - . I , .I 1 
tinidin chloride [R, 0.50, pink (visible), pink fluorescent (UV)],’ 8-methoxy-3,7,3’,4’-tetrahydroxypyrylium chlor- 
ide [R, 0.60. wine-red (visible), black (IJY)]6 and a third prominent anthocyanidin CR, 0.71, wine-red Ivisible). 
black (UV)]. The extract (42 g) was dissolved in 2.5 1 acetone and applied to preparative sheets ( -. 80 mg/sheet) 
and the chromatograms developed in 2% HOAc. Bands were located in UV light and with various spray rea- 
gents23 at R, 0.72,-0.62, 0.55, 0.i 1 and 0.0 (bands 1-5 respectively). These bands were cut and eluted with 20”/, 
acetore-wafer eivinc sob’& (63. ,?d I.4. @gland ,?f?p resoecfjvel’vt A oortlbn r%YUrne~ of band 1. R, 0 72. was 
methylated with CH;N, and the product separated bypreparativeTLC (30 plates) in I,?:dichloroethane-Me,CO 
(17:3) into four bands I.1 (R, 0.43) I.2 (0.38) 1.3 (0.22) and 1.4 (0.17). 

(+ )-4.7,8,3’,4’-Pentamethosq’-2,3-trans-3.4-cis~~~~un-3-o/ (4. R ,=Me, R#f). Band 1.1 (29 mg) gave a red colour 
with SAF spray and was trorr-cr~~sta~~irc, M + 376 (57’;,,), rrr/e 316 (I2). 270 (9.2). 255 (9.2). 238 (IL), 231 (f f]. 224 
(11). 223 (17) 211 (18) 209 (8,5), 208 (23). 207 (9.9). 205 (13) 198 (40) 197 (100) 196 (70). 195 (23), 194 (28). 193 
(14), 191 (13), 183 (10.6) 182 (2X), 181 (85). 180 (57) 179 (18) 169 (10.6). 168 (11). 167 (71), 166 (56). 165 (38) 164 
(IQ 163 (10.6) 161 (9.1). 159 (9.2) 157 (9.2) 155 (14). 154 (10.6) 153 (163) 152 (14.2) 151 (45) 150 (27). 149 (64). 
[xl;’ + 14.9” (c. 0.5). The NMR spectrum (Table 1) is consistent with the above assignment ((11: refs.‘,’ I). 

(f )-3-O-Ac~tyl-4,7,8,3’,4’-prr~fa~~7~~f/~~.~~-2.3-trans-3.4-cis-~a~~a~~ (4. R ,=Mr, RZ=Ac). Acetylation of the tlavan-3- 
01 gave a non-crystalline product (25mg), M 418 (19”/,). b]‘,’ f 28.1” (r. 0.3). Found: C 63.03. H A.‘(. Calc. for 
CZZHZ60s: C 63.13, H 6.26%. The NMR spectrum (Table 1) was characteristic of the above assignment.’ I the un- 
usual coupling constants, J,,, < I : J,,, i I, being due to non-bonded interaction between 2-phenyl and 3-ace- 
toxy groups. 

(f )-3,7,8,3’,4’-Prntam~thor~-2,3-trans-3.4-cis,~avan-Col (3. R l=M~~, RL=H). Band I.2 (35.5 mg) gave a red 
with S&SAF spray ana’ wzs ~rcl~-cq~~talli/r &if 3% (4RyJ. m(~, 279 (7-Q. 211 (5.2). 210 l(3), 20R (9.5i (98 (5-R 
197 (47), 196 (24). 195 (43), 194 (loo), 193 (48). 183 (86), 182 (94), 181 (36). 180 (321, 179 (46). 178 (7.1), 167 (29) 
166(5.7), 165 (15).164(7.1), 163 (8.6), 158 (5.7) 153 (7.1) 152 (1@5), 151 (62) 152 (6.2), 149 (29). [xl;’ + 3.1” (c.O.5). 
The NMR spectrum is consistent with the above assigment. the chemical shift of the 3-methoxyl differing signifi- 
cantly from that of the 4-methoxyi (Table 1). 

(+)-4-O-Acet~I-3,7,8,3’,4’-pr,ttametho?cya~~ (3. R ,=Mr,. R?=Ac). Acetylation of the flavan-C 
01 gave an amorphous acrratr, m.p. 98”. M’ 418 (39%). [~]6’ + 87.1’ (c. 0.5) Found: C 63.07. H 6.36. Calc. for 
CZzH,,Os: C 63.13, H 6.26%. The NMR spectrum is consistent with the above assignment, the chemical shift 
of the 4-acetoxy resonance being characteristic of this group (Table 1). 

(+)-7.8.3’.4’-Trtrar~lrthosy-2,3-trans~~a~a~~-3.4-cis-~i~~(2. R ,=Me). Band I.3 (I 11 mg). red with SAF spray, crys- 
tallized +&??L %&t~~ 3% 4” lllpr ?&%&&%, m.-,. <%- rey, K + 5c,z @qJ, Y& %6{9/2$, ,,%Qq. c,gz/,zq, rer @{$, ‘,a 
(lOO), 167 (ll), 166 (6.2) 165 (39), 152 (5.6) 151 (33), [z];’ + 10.2” (c, 0.5). The NMR spectrum (Table I) is con- 
sistent with the above assignment (see ret’). 

‘i ROUX. D. G. (1972) Phytochrmistry 11, 1219. 
22 PICMAN. W.. AY~RSON. E.. FISCHER. R.. BUCHANAN. M. A. and BROWNING. B. L. (1953) Tappi 36, 4. 
23 ROL’X. D. G. and MAIHS. E. A. (1960) J. C/iro,iioto~q. 4. 65. 
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(+ J-i.krs-l)i-0-uc c~~./-7,X.3’.1-rcl,.u~~f~,~/~~J\-~-2.3-trans-fltr~,u~l. Acetylation of the tlnvan-3.4.dlol (40 mg) g,l\c 
the diacetatc which crystallized from ethanol -in fine needles (35 my). m.p. I 13.5 . MI 446 (37”,,). [r]fI^ +93.X 
(c. P4). The NMR spectrum (Table I) was similarly consistent with the abovc assignment (see rcf.‘i. 

(t)-7.X.3’.4’-Tctramethocy-2.?-trans-Ptrl/ (1. R ,-.Zlc). Solids from band 1.3 (97 mg) cr>stalli/cd 
from ethanol as needles, m.p. 149’, Mt 362 (lj”,,j. /?I/(, 344 (7.1) 317 (50), 316 (23). 301 (6.4). IX3 (21). IS7 (2.3). 
IX I (31 ). 1X0( 100). 179 (50). 167 (IOO), 166 (5.7). 165 (37). 152 (5.0). 151 (26). [3]?)’ --7.9 ((‘. 0.5). hound: (‘67.70. 
H 5.96. Calc. for C,,H,,O-: C 62.95, H 6.12”,,. The NMR spectrum (Table I) ~3s consistent ~111~ lhc abo\c 
assignment. reflecting twra-diaxial coupling of all heterocyclic protons. 

( + )-3,4-trans-D~-O-~~~~~~t~~-7,X,3’,~-t~tra~~~rtltox~-2.3-trans-~trorr~r. Acetylation of the flavan-3.+dwl (40 mg) 
gave the diacctate which crystallixd from ethanol in fine needles (35 mg). m.p I I? M 446 (W,,). 01 C’ 387 (Y.51. 
3X6 (2X.6). 345 (219). 343 (95). 343 (1). 370 i.35). 3’8 (Xl). 327 (100). 317 (II). 316 (39). :()I (10~. 2S-1 (S.6). 13s 
(17) 224 (13). 223 (34.X). 222 (43), 20X (71). 197 (6.7). 196 (44) 195 (Y.5). I94 (9.5,. 193 (I?). 191 I 1-l:). IYO (711. 
1X3(44). 1X2(18). 1X0(52), 179(20). 177(Ih). 16X(21). 165(52), 153(7.6). l52ll5). I.51 (50). [Y];- 15~6 I<. 0.55). 
Found: C‘61.95. H 5.94. Calc. for CI,H,,O,: C 61.85. 11 5,X7”,,. The NMR spectrum (Table I I ~‘a\ similarI) cow 
Gstc‘nt wllh the above assignment (see rcfs.“.‘J ). Solids (500 mg) from band 2. R, 0.02. 01‘ the primar-! fract~nnalloil 
were mcthllatcd with C‘H,N?. and the product separated hq TLC (36 plates) in 1.3.dichlot-octhullc-~lc,< 0 (I 7: .?I 
to give four bands. 2.1 (R, 055). 2.2 (050). 2.3 (0.32) and 2.4 1023). Hands 2.1 (I S.X mg) and 7.2 I II ? rnsi ~pro~c‘d 
1o hc mi\furc\ gi\,in$ unwtislr~ctor~ NMR spectra. 

(i- l-7.3 .-1 -l1~1111~~//1o~~~-2,.~-trans-fl~~~~r~i-.i.l-cis-~/~o/ (6. K ,-M~J). Solids from band 2.7 (44.4 mg) cr~stal~vcd Ironi 
ethanol in fine needles. m.p. I X5.3 , M 333 (20”,,). IPI!(J 281 (II), IX1 (17.5). 180(100), lh.s(i5). l5:(53)> I.il (8.X). 
[I]:~’ -48.2 ((‘. 0.5). The NMR spectrum &as consistent with the ahow ,Issignmcnt :lii.“ mp. 17X.5 [xl,) -t 
40.3 ;. 

( +)-3.4-ci.s-L)i-0-~1~~~~t~~/-7.3’,4’-t~i~tt~~ti1o~~-2,3-trans~~~tr~u/~, Acetylation of the bran-3.4.dioi qvc dn amw- 
phous diacetate (25 mg). M’ 416 (16.9”,,) [xl;’ +12X.1 (c. 04) (lit.” [Y]~, + 123.5 I, The NMR qvcbxrn \I:,\ 
consistent with the above structure. 

( t )-7.?‘,~-7‘~ri~rt,t/~~~.\~~-2..~-trani~)~ (5. R ,=.Z~I,). Solids from hand 3.3. red M lth SAE \pr:~!. gave 
fine needles (75 mg) from ethanol. m.p. 12X.X M’ 332 (46”J. q/e 285 (24). 264 I IN). IS3 (9.6). IX: 16.7). IXi 
(63). IX0 (100). 167 (X 4). I65 (63). I53 (ZI), IS7 (7.5), I51 (33). l4Y (19). [z];’ - 12-2 (<.. 0.5). The NSIR qwtrum 
was consistent with the ahove assignment Ilit.” m.p. 128 ‘, [z]~ -94‘;. 

( +)-3.4-trans-Di-O-ucetvl-7.3’,4’-fri~)?~f~(~.~~-2.3-trans-~~~~u~~.Acetylation of the llavan-.i.l-dlol (30 mg) ga\c tiw 
dlacetatc (25 mg) which crystallized as needles li-om ethanol. m.p. 10 2 103 M+ 116(W’,,). [y];’ - IX-.? (<. 0.4). 
The NMR spectrum was consistent with the ahovc struclurc ilit.” 171.1). X7 IO1 IO’7 rx~l,, 19% :. S~)l~ds (I.3 :I 
from band 3. R, 0.55. of the prGmary fractionation \+ere purified by column chl-oinato@1-l;phy (X0 g K~sclgcl 66) 
11’1 (‘,,tl,, FtOAc Me:C’O ((3.4: I ). The pl-oduct &as mslhllated and the methyl cthcrs scparatcd I?! rl (‘ (711 

plates) in C,,H,, ~EtOAc (4: I). T’ht-cc hands 3-l (K, 0.47), 3.7 (0.40) and 3.3 (020) uere locaxd and clutcd. 
I & )-.~‘.4’,7-T~t,nc~t/~(~\~~/i~l~w,i~,it~, (8. /i ,-\lc). Solids (23.6 mg) from hand 3.1 failed to cl-q<talli/c. The compound 

was opticall) inactlvc and the NMR spectrum was identical to the corresponding ( -I-huts deri\atlvc’ ’ [I 2.Oh(J. 
5-H). 2.91 (m. 2’.H and 6,-H). 3.06 (ri. 5 -H). 3.31 (r/t/. 6-H). i.45 ((1. S-H). 3.5.x I+ 2-111. 6.05. 6 07. (vii (q. 7 k 
OMe), 6.X6 7.13 (m. CH,)]. M + 31-l. 

i i )-7.3’.4 -7‘~frr~~,t/,o.\-~~-2.3-trans-rlih?t~~/ L( + )-7.3 .3-~r,-0-,rft,fii!I-2.:-trans-iii\rir, (7. II, --:lli,. K,=Ill. 
Solids (72.7 mg) from hand 3.2 crystallized from ethanol in needles. m.p 132 (lit.” 142-i ). The compiund !vas 
opticall> inactive and its NMR spectrum was identical uith data in the literature” [r 2.1.3 (d. 5-H). 2.S: (m. 1 -II 
and h’-H). 3.06 (d. 5,-H). 3.31 (i/t/. 6-H). 3-42 (tl. H-H). 4.YO (tl. 7-H). 542 ((I. 3-H). hOS. 6.1 I. 6.1X 15. : -r Ohlc\. .I, 1 
Il.2 H/J M + i30. 

( i )-7.8.3’.4’- l~t~~tr,llc,rho.~~-~.3-tral7s-~~i/~~~~r~)~/~~~,~~~~~~/ (7. R ,=MP- Rz=OM~,). Solids (X3.9 tngl ft-om hand 3.Z cry- 
stalllrcd from ethanol m needles. m.p. I65 (lit.’ I63 ). The compound was opticall) Inactive and III \MR 
spectrum was consistent with the ahovc s1ructure [r 2.27 (d. 5-H). 2.70 3.20 (m. 2’-H and 6 -t-f). 3.03 (tl. 5 -H )_ 3.27 
Cd. 6-H). 490 (d. 2-H). 5.43 (c!, 3-H). 6.03. 606. ( x 2), 6.1 3 (s. 4 x OMe). JL,3 I2.2 HI]. M ’ 360. Solids (600 mg) 
from hand 4. R, 0.1 I. of the primary fractionation were acetylated. From the acctatcs only one compound (h mg) 
could he scparatcd hq prepal-alive TLC on 35 plate\ in C,,H,, EtOAc Me2C0 (.J:Z: I I. ‘1.11~ NMR slxctrum 
lndicatcd theprcsenccoftu.ophcnolicmcthoxql(? 596. OG5)and phcnolicacetyl funcllons(: 7.60. 7&J. 7 70~. and the 
abscncc of hetcrocyclic protons. M. 356. The powder-hluc colour in CL’ of the free phcnolic I,rm B(‘ lhc 
component and its position relative to 3.7.8.?‘.4’-pentahydt-o~ynavonol (bright yellow ltuorescence) (acv Flpurc I) 
is consistent with i-O-tnethylilnvonoIs.“,‘” The component is most likely 3.X-d1171e1hn\!-7.7 .i-trlhydro\!- 
tlavone. Solids 1200 mg) from hand 5, K, 00. of the prlmaq fractionation vx~e meth>latcd and the product 
separated by TLC’ on I6 plates tn C‘,,H,,-Mc:CO (-1: I). Only one hand. R, 0.35. yellon \\tth SAF q>r;i\ \\;I, 
removed and eluted. 
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consistent with the above structure [T I.97 (d, 5-H). 2.07--2.13 (m. 2’-H and 6’H), 2-78 (d, S-H), 2.93 (d. 6-H), 
5.95, 5.98, 6.00 ( x 2). 6.08 (s, 5 x OMe)], M * 372. 

Pvoqf qf’thc presence of’n 3,8-riir~~c~thos~-7.3’,4’-trihydros??flamn-3.4-diol ill rllc~ hrartwood of‘ A. saxatilis. Consi- 
dering that 3-0-alkyl ethers of anthocyanidins result as artefacts from the reaction of tlavan-3,4-dials with alco- 
hols in the presence of HCI under anhydrous conditions (high yield)2h and even in the presence of moisture (low 
yield),‘6-28 and that methylation of the equivalent of the 3-hydroxyl in biflavonoids has been recorded,” ad- 
ditional proof of the presence of the 3-O-methylflavan-3,4-diol was provided as follows: (a) Leucoanthocyaniditl 

r’racfio!~ 0.1’ X-suh.srilu?ed ,PLlua,l-3,4-diol.s. A mixture of ( - )-mclacacidin [( -)-7,X.3,.4’-trihydroxy-2.3-cis-flavan- 
3,4-cis-diol] and ( -)-isomelacacidin (4-epimer) from A. nigrescens,' and also the contents of band 1 from the 
preliminary separation of A. saxatilis [predominantly 8-O-methyl ethers of the (+)-2,3-trans-3,4-trans and (+)- 
2,3-trans-3.4.cis diastereoisomers of the above compounds (1, 2; R,=H)] were treated individually under anhy- 
drous conditionsZh with various alcohols” in the presence of dissolved HCI gas to form the 3-0-alkyl ethers26-28 
of the corresponding flavylium chlorides in high yield in addition to the anticipated anthocyanidins”’ (Table 
2). 

The mobility of the unknown anthocyanidin (RJ 0.7 I) generated from the acetone-soluble extractives of -4. sax- 

utilis heartwood [or from band 1. obtained by paper chromatographic separation of the acetone-solubles in 2”/, 
acetic acid, followed by stripping with acetone-- water] in isopropanol-3 N HCI (4: I) solution,‘* was identical to 
that of 3,8-dimethoxy-7.3’,4’-trihydroxyflavylium chloride (see Table 2). but differed significantly from that of the 
3-isopropoxy-8-methoxy-7.3’,4’-trihydroxyflavylium chloride 0.83). Generation of the former was taken as in- 
dicative of the presence of the corresponding 3,8-dimethoxyflavan-4-01 (3: R ,=R2=H) in the natural extract, since 
the use of methanol was avoided during all stages of extraction, separation and stripping of the flavan-3+diols, 
as well as during generation of the anthocyanidin. (b) Extended mrthylation of,Paocan-3,4-dials with diuzomethune. 
(+)-7.8,3’.4’-Tetramethoxy-2,3-rrarls-flavan-3,4-rru~~s-diol (1. R ,=Me) and the (+ )-2,3-trurls-3,4-cis diastereo- 
isomer (2. R,=Me) (100 mg each), both representing products of methylation of band I with CH2N2, were sub- 
jectcd to continued treatment with CH,N, under the same conditions as before (48 hr at - 15” in Et,O-MeOH). 
Traces of products corresponding in R,r to the 3- and 4-O-methyl derivatives (3,4. R ,=Me, R,=H) from the latter 
(2. R,=Me) and to the 4-O-methyl derivative only from the former (1. R,=Mc) could be detected [comparison 
in 1,2-dichloroethane-MezCO (17:3) on TLC] but in quantities insufficient for their isolation (< 1 mg). 

Methylation of (+)-7.3’,4’-trihydroxy-2,3-trans-flavan-3,4-t~a,ls-diol(5. R ,=H) (600 mg) with excess CHZN, for 
a longer period I20 hr) gave the anticipated 7,3’,4’-trimethyl ether (5. R ,=Me) together with a low yield of its 
4-methyl ether derivative (14 mg, 2.3%). The above indicates that the 3-hydroxyi group of flavan-3.4-dials is resis- 
tant to methylation, and thus that the substantial yield of the 3-methyl ether (3. R,=Me, R2=H) obtained from 
the acetone-soluble extract of A. sa.xuti(is on methylation is unlikely to have originated from the corresponding 
flavan-3,4-diol (2. R ,=H) under the experimental conditions used. 
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