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Ahtract-The isolation of two novel dihydrollavonols, namely ( - )2,3&s-3’,4’,7,&tetrabydroxydihydroflavonol and 
( + )2,3-rrun.s-3’,4’,7-trihydroxy-S-methoxydihydroftavonol together with tbc known ( + )2,3-rruns-3’,4’,7,8- 
tetrahydroxydihydroflavonol from Acacia melunoxylon is described. ‘H NMR study shows the aryl substituent at C-2 
in the 2.3~rruns compounds is in the normal equatorial conformation but the 2.3-d isomer, in contrast, has the aryl 
substitucnt in the um~sual axial conformation. Tbc elucidation of the 2,3& con6guration of the dihydrottavonol and 
its co-occurrcncc with the metabolically related 2.3&s-leucoanthocyanidins or &an-3.4diols provide the first 
evidence that the biosynthesis of Ravan-3-ols and proanthocyanidins with the 2.3-ci.s configuration occur in a parallel 
pathway to that of the 2,3-rtanc compounds. 

INTRODUCTION 

The heartwood of Acocio mulunoxylon. a medium size tree 
native IO Australia. has ban the subject of a number of 
chemical invcstigatIons and its Aavonoids shown IO 
consist of the pyrogallol A-ring and the catechol B-ring 
hydroxylation pattern [l 4] The constituents of the 
wood are of interest because the unreactive nature of the 
pyrogallol A-ring. with rcspazt IO nucleophilic reactions 
[S. 63, has enabled compounds normally of transient 
existence such as the dihydroflavonols and Ravan-3.4 
diols to accumulate in the wood. Such components are 
absent or occur at low levels in plants where the Ravonoid 
A-ring is based on the more reactive rcsorcinol and 
esp&ally the phloroglucinol systems and, in these plants. 
the predominant constituents are the proanthocyanidins. 
A raccnt study [ 71 of the wood of A. melanoxylon revealed 
the presence of four isomeric Icucoanthocyanidins. all 
posscssmg the 2.3-cis configuration, which contrasIs mar- 
kedly IO the reported 2.3Irons configuration of its 
dihydrollavonol precursor [I. 6.81. This anomaly prom- 
pted the present reinvestigation of the RavonoId con- 
stituents of this heartwood. 

RCSULTS AND Dl!XXJ!SlON 

Previous studies by Clark-Lewis and others [9-II] 
have demonstrated the relative instability of dihydrolla- 
vonols with the 2.3-cis configuration as compared to their 
2.3-rronr isomers. This finding may partly account for the 
lack of detection of the natural 2.3-cisdihydroRavonols 
[ 1.6.8, 121 in plants which on biogenetic considerations 
should have compounds with such a configuration as 
precursors. Thus. IO minimize possible chemical trans- 
formation during isolation, the extraction and work-up 
described here were performed at ambient temperature 
where possible. 

In addition IO the four leucomelacacinidins [7], 
( - )3’.4’.7,8-tetrahydroxyflavanonc. 3’,4’.7,8rtctra- 
hydroxyflavonol and a chromatographically homoge- 
neous fraction consistent with a dihydroflavonol consti- 
tution as shown by its UV absorption spectrum and 
Zn/HCI colour reactIon [9] was also Isolated. The 
expected pyrogallol A-rIng and thccatcchol B-ring hydro- 
xylation pattern is readily cvIdcnt from both the “C and 
‘H NMR spectral data. However. the hctcrocycliccarbon 
chemical shift region in the “CNMR spectrum of the 
sample exhibits clear duplication of C-2 and C-3 chemical 
shifts of dihydrollavonol structures. The nature of the 
chemical shifts and the magnitude of the proton-proton 
coupling constants of its ‘H NMR spectrum suggest a 
mixture of the 2.3-c&and 2.3-Irons-3’.4’,7.8-tetrahydroxy- 
dihydrofhvonols in an approxImalc ratio of 2 : 1, rcspcct- 
ively. Initial chromatography over a reverse phasecolumn 
(MCI gel) using &OH-H,O and examination by 
’ H NMR spectroscopy of the &ants indicates some 
resolution of the mixture. the 2.3-cis compound being 
slightly more mobile than the 2.3-fran.s product. Complete 
separation of the isomers was finally achieved by rtpeatal 
chromatography using this system and a preliminary 
report of part of this work has been published [ 141. The 
present report deals more fully with the chemical struc- 
tures and conformatIons of the dIhydroRavonols and 
provides a chcmIcal basis for the relative instability of the 
2,345 configuration. 

Con/otmorion ofdihydroficonols 

The most distinguishing features in the NMR data 
be~wcen the Iwo isomcric dihydrollavonols are their 
respective H-2 and C-2 chemical shifts and the H-2 and 
H-3 coupling constants. The normal magnitude of the 
coupling constants 1Jx.x - I I 8 Hz) in the 2.3-warn com- 
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pound confirms the diaxial orientation [IS] of the H-2 
and H-3 protons and hence the equatorial conformation 
of the aryl substrtucnt or catcchol ring at C-2. The cis 
isomer in contrast has Jl., - 3.4 Hz. This value is unwu- 
ally large compared with the coupling constants of the 
analogous 3-methoxyflavanoncs with 2.3-ci.s configur- 
ation [8 3 and may be explained on the basis of conforma- 
uonal difTerences between the 3-methoxy!Iavanones and 
the dihydrofhvonol. The relatively small value of J1., for 
the 2.3-cu-3-methoxyftavanoncs isconsistent with the C-3 
substrtuents in the axial and hena the C-2 aryl substituent 
in the expatcd equatorial conformation [IS]. This 
conformation is also supported by J,., values calculated 
from the equation derived by Altona et 01. [ 16, 171 using 
the 4-substitucnt approach and taking into account the 
ekctroncgativc effects and the orrentation of the oxygen 
substituents. Measurement of the proton-proton torsion 
angks of 2.3-cisdihydroflavonol using Dreiding models 
give values of 3 lo’ for C-2 aryl equatorial and 60” for C-2 
aryl axial conformations. Calculations based on the 4- 
substituent quation give J2,, = l.9Hz a value consistent 
with the observed coupling constants [8.10. IS] for the C- 
2 aryl quatorial conformation and J,., - 3.7 Hz when 
the aryl substitucnt is in the less common allal conforma- 
tron. This latter J2., value is in agreement with the 

observed Jz., = 3.4 Hz for the 2.3-cis-3’.4’.7.8-tctra- 
hydroxydihydroflavonol. 

Further corroboration of the axial conformation may 
also be obtained by consideration of the H-2 chemical 
shifts. In assuming that the aryl substituent in 2.3-cis- 
dthydroflavonol is in the axial conformation. the H-2 will. 
by necessity. be in the equatorial position which cause it lo 
be under the dcshielding influena of the aromatic A-ring. 
Hena the cquatorially orientated H-2 (65.49) in the cis 
compound is expected to be more downtkld than the 
axially orientated H-2 (65.00) in the rrons isomer. 

Stability oj rho oxiol conjormorion 

The unusual preference for the C-2 aryl axial confor- 
mation rn the cis-dihydroflavonol is probably a result of 
stabrlization through hydrogen-bonding interactions. A 
study based on Dreiding models shows that a more planar 
configuration bctwccn the C-3 hydroxyl and the C-4 
carbonyl may be obtained with the C-2 aryl substituent rn 
the axial conformation and hence promote more cffcctivc 
hydrogen-bonding between the IWO groups. In contrast. 
such planar configuration in the rruns isomer is derived 
when the C-2 aryl is in the more normal equatorial 
conformation. This type of hydrogen-bonding interaction 
is supported by considcratron of the published ‘H TGMR 
data of 3-0-mcthyldihydrofhvonols where the C-2 aryl 
substituents arc in the equatorial conformation for both 
the cis and rrans isomers. The C-2 axial conformation in 
the methylatcd cis compounds are not favourcd because 
they can no longer bc stabrlitbd by hydrogen-bonding as 
in the non-methylatcd systems. In such cases where both 
the cis and WON compounds have preferred C-2 aryl 
equatorial conformatrons. the protons at C-2 will nccess- 
arily be cxpcctcd to be in the axial orrentation and not be 
affected by the anisotropy of the A-ring. Thus. the protons 
at C-2 are in a similar magnetic environment in these 
methylatcd compounds and the observed H-2 chemical 
shifts. as anticipated. are of comparable values for both cis 
and rruns Isomers [R. 10. IS]. 

The C-2 aryl axial conformation of the cis- 

dihydroflavonol on stcric considerations may be cxpec~cd 
to be energetically less stable than the aryl equatorial 
conformation of the rroN isomer. This may prtly 
account for its ready isomcriza tion lo the more thcrmody- 
namiully stabk 2.3~rrans product. Such transformation is 
readily achieved by brief warming with dilute hydro- 
chloric acid or by heating under reflux in ethanol IO give 
raamic rruns Isomer. The raccmic nature of the rruns 
product implies inversion at both C-2 and C-3 of the 
dihydroflavonol and suggests the cooocuting raamic 
rronsdihydroftavonol is probably an artcfact resulting 
from the epimcrization of the cis isomer either during the 
experimental work-up and/or during the prolonged 
period of storage in the wood. The failure to detect the cis 
product in a number of past reports [6.8. 191 could be 
reasonably attributed to the severe conditions used in the 
extraction of the plant materials. 

Consideration of the mechanism of the acidcatalysul 
inversion at C-3 suggests prior protonation at the car- 
bony1 oxygen follows by enolization to give the thermody- 
namically more stable 2.3-frans product. 
DihydrofIavonols with the more common phloroglucinol 
A-ring hydroxylation pattern. such as dihydroqueratin. 
have the S-OH most favourably placed IO the C-4 
carbonyl for anchimeric assistance IO enolization through 
intramolecular hydrogen-bonding. Even in the absence of 
a free hydroxyl at C-5 for hydrogen-bonding. the carbonyl 
at C-4 is expected to be more polarrzed by virtue of 
ekctron donation from such mero oxidation pattern in the 
A-ring [5.6]. These drhydroflavonols will be expected to 
epimerize readily to the more stable 2.3~rruns- 
dihydroflavonols which could account for their pre- 
dominance in extractives of plant materials. 

Biogenesis oj 2,3&-proanrhocyanidin units 

The dihydroflavonols are intermediates in the bio- 
genesis of &an-3-ols. proanthocyanidins [20.21] and 
anthocyamdms [22]. but because of the apparent absence 
of natural 2.3-cisdihydroflavonols there has been much 
debate on the biogenetic routes to 2,3_c&Iavan-3-ols and 
proanthocyanidins [2l. 23-251. The isolation of 2.3-&- 
3’.4’,7.8-tetrahydroxydihydroflavonol (1) together with its 
biogenetic precursor. 3’.4’.7.8-tctrahydroxyflavanone (2). 
as well as the co-occurring 2.3-c&Ravan-3.4diols (3.4) 
[7] and the related proanthocyanidin dimer (5) [26] from 
A. mek~~xylon. clearly suggcsrs that the Ravan-3-1s and 
proanthocyanidins with 2.3-cis configuration are derived 
in a parallel biogenetic pathway to the 2.3-rrons anal- 
ogucs. The biogenesis of &an-3-ols and proan- 
thocyanidins of varying 2.3-stereochemistry may now be 
rationalized more readily by incorporating this sequence 
of biochemical transformation as well as the stercoisom- 
erk quinonc-methides as intermediates (Scheme I) To 
accommodate the existence of both geometrical Isomers. 
an I- or D-hydroxylasc IS proposed for the stereospecific 
hydroxylation of the tlavanone at C-3 to the 2.3-cis- or 2.3- 
rronrdihydroflevonol. respectively. This biosynthetic 
scheme is consistent with isotoprc tracer experiments and 
in particular the random loss of tritium label from C-3 
during biosynthesis from labelled nnnamic acid [23]. The 
greater than 90 p0 loss of the tritium label at C-3 of Ravan- 
3-01 units cannot be accounted for by an intermediate 

such as the proposed flav-3en-3-ol [23.24]. 
Intermediates that lack a hydrogen at C-3 cannot con- 
ccrvably pick up tritrum even at low levels from an 
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