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Abstract—The class of natural phlobatannins originating by stereoselective pyran rearrangement of the 2,3-trans-
34-trans- and 3,4-cis-flavan-3-0l moieties in the hitherto unknown bis-fisetinidol-(4,6:4,8)-epicatechin
profisetinidins is extended by identification of several novel analogues. These comprise four functionalized
hexahydrodipyrano[2,3-f:2’,3’-h]chromenes with an epicatechin DEF unit, as well as one based on an ent-catechin
moiety, a fisetinidiol-(4«,10)-tetrahydropyrano[2,3-f]chromene and a fisetinidol-(4a,6)-tetrahydropyrano[2,3-
hichromene. The structure of one of the dipyranochromes was established unequivocally by synthesis via
base-catalysed pyran ring rearrangement of the bis-fisetinidol-(4a.,6:4a,8)-epicatechin triflavanoid. Copyright ©

1996 Elsevier Science Ltd

INTRODUCTION

In contrast to the ubiquitous involvement of catechin as
the chain-terminating unit in the 5-deoxy (A-ring)
proanthocyanidins [1, 2], incorporation of epicatechin
into these classes of condensed tannins is hitherto
restricted to a limited number of dimeric proguibour-
tinidins and profisetinidins [1, 2]. The recent demon-
stration of the natural occurrence and facile biomimetic
synthesis of phlobatannins representing the products of
stereoselective C-ring isomerization of the 2,3-trans-
3,4-trans- and 3,4-cis-flavan-3-ol units in fisetinidol-
(4,8)-epicatechin profisetinidin biflavanoids [3], has
suggested that the putative bis-fisetinidol-epicatechin
triflavanoids may also participate in this mode of pyran
rearrangement. Our continued investigation of the
polyphenols in the heartwoods of Baikiaea plurijuga,
Colophospermum mopane and Guibourtia coleosperma
[4-7] has indeed now revealed the presence of
phlobatannins, which are based on these, as yet un-
known, profisetinidin triflavanoids.

RESULTS AND DISCUSSION

Besides the diverse group of phlobatannins that are
derived from the bis-fisetinidol-catechin triflavanoids
[5-8], the methanol extracts of the heartwoods of the
aforementioned tree species contain a series of ‘tri-

*Part 23 in the series ‘Oligomeric Flavanoids’. For part 22
see ref. [7].
tAuthor to whom correspondence should be addressed.

253

meric’ compounds, which are related to the putative
bis-fisetinidol-(4,6:4,8)-epicatechin triflavanoids (1, 2
and 3) and the analogue (4) with an ent-catechin DEF
moiety. The compounds with rearranged heterocyclic
rings are the four hexahydrodipyrano[2,3-f:2',3’-
h]chromenes* (5, 11, 13 and 15) with epicatechin DEF
units and the isomeric compound (17) with an ent-
catechin DEF unit, as well as the fisetinidol-(4a,10)-
tetrahydropyrano[2,3-f]chromene (7) and the fis-
etinidol-(4a,6)-tetrahydropyrano[2,3-A]chromene  (9),
both with epicatechin DEF moieties. Identification of
these compounds by means of 300 MHz 'H NMR
analysis (Tables 1 and 2) of the decamethyl ether
triacetate derivatives (6, 8, 10, 12, 14, 16 and 18) was
performed by the protocol employed in the characteri-
zation of the catechin derived analogues that was
described previously [5]. Thus, only key features will
be discussed here.

The 'H NMR spectrum of each of the derivatives
with epicatechin-type DEF units exhibits coupling
constants (J, ; = ca 1.0 Hz), which are reminiscent of a
2,3-cis-flavan-3-ol central moiety. Since we could not
find evidence for the existence of phlobatannins which
are based on an ent-epicatechin DEF unit during
investigation of the polyphenols from the different
species of the Caesalpiniodeae, it was assumed that
compounds 5, 7. 9, 11, 13 and 15 all possess an
epicatechin central unit. Such an assumption was
ratified for the hexahydrodipyrano[2,3-f:2',3"-A]-

*Non-systematic name/numbering to retain the heterocyclic
oxygen of the DEF-unit as position 1 for all compounds.
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chromene (5) by synthesis via the base-catalysed pyran
ring rearrangement of the bis-fisetinidol-(4a,6:4a,8)-
epicatechin triflavanoid (1) (see below).

The ‘trimeric’ nature of all the derivatives was
evident from the presence of 10 methoxyl and three
acetoxy proton signals in their 'H NMR spectra. NOE
experiments confirmed the ‘liberation’ of two resorcinol
moieties (A- and G-rings) and, hence, the
hexahydrodipyrano(2,3-f:2’,3’-h]chromene constitution
for analogues 6, 12, 14, 16 and 18. Coupling constants
for the protons of the two heterocyclic AMX-systems
corresponded with 6,7-trans-7,8-cis-10,11-trans-11,12-
cis (Jo, =105, J o ,, =100, J,, = J,, ;, = 6.0 Hz for
6), 6,7-trans-7,8-trans-10,11-trans-11,12-cis (J(,,7 =
6.5, J,,=55,J4,, =105, J,, ,, =6.0Hz for 12, 6,7-
trans-7,8-cis-10,11-cis-11,12-trans (J,, =10.0, J, =
6.0, J,,, =15, J,,,,=20Hz for 14, 6,7-cis-7.8-
trans-10,11-trans-11,12-cis (J,, ca 1.0, J,,=2.0,
o =105, J,, ,,=55Hz for 16 and 6,7-cis-7,8-
trans-10,11-trans-11,12-cis ~ (J,, =10, J,, =20,
Jioa =100, J,, ,, =6.0Hz for 18 relative configura-
tions for the C- and I-rings. These configurations were
confirmed by the NOE association of 10-H(C) with
6-H(A) for compounds 6, 12, 14, 16 and 18, and of
6-H(I) with 6-H(G) for 6, 14, 16 and 18.

The 'H NMR coupling constants of the protons of
the heterocyclic AMX-systems of derivatives 8 and 10
indicated, respectively, an ‘intact’ 2,3-trans-3,4-trans
C-4 substituted fisetinidol unit [J, 3¢/, = ;50001 =
10.0 Hz] and a rearranged pyran ring with trans—cis
relative configuration (J,, =10.5, J, ,=6.0Hz for 8;
Jyo =105, J, ;o = 5.5 Hz for 10 for both compounds.
Such involvement of a single heterocycle in pyran ring
rearrangement was additionally confirmed by the appro-
priate NOE experiments, indicating the ‘release’ of a
single resorcinol moiety from a triflavanoid precursor
of type 1. The trans—cis relative configuration of the
rearranged pyrans rings was again confirmed by the
significant NOE association of 6-H(I) with 6-H(G) for
derivative 8 and of §-H(C) with 6-H(A) for compound
10. A notable feature that was observed in the 'H NMR
spectrum of a phlobatannin for the first time is the
solvent-dependence of the heterocyclic proton coupling
constants of the tetrahydropyrano[2,3-k]chromene unit
in compound 10. In contrast to ‘normal’ coupling
constants of these protons in benzene-d, (Table 2), the
*J values are conspicuously smaller in CDCl, (J,, =
4.0, J, ,, = 1.5 Hz) indicating a conformational equilib-
rium for the 8,9-trans-9,10-cis-moiety, which is pre-
dominantly populated by an A-conformer [9, 10].

NOE association of 12-H(C) with 2-H(E) served to
differentiate the C- and I-rings in compounds 6, 12 and
16, thus confirming the regiomerism of their ABC- and
GHI-units. For compound 8, the NOE association of
9-OMe(D) with both 4-H(C) and 8-H(I) indicated the
tetrahydropyrano[2,3-f]Jchromene arrangement, hence,
the NOE effect of 5-OMe(D) with both 4-H(I) and
5-H(G) affirming the tetrahydropyrano[2,3-h]-
chromene framework for compound 10. Owing to the
trans-relationship between 12-H(C) and the E-ring, the
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key NOE association of this proton and 2-H(E), which
would have permitted differentiation of the spin sys-
tems of the ABC- and GHI-units, was conspicuously
absent in derivative 14. However, since the coupling
constants of the heterocyclic protons of compound 14
are identical to those of derivative 16 (cf. Table 1) in
which the locations of the C- and I-rings are evident
from the NOE associations of 12-H(C) with 2-H(E),
2-OMe(G) with 2- and 5-H(B) and of 3-OMe(B) with
both 3- and 5-H(G), the constitution of the former
compound must necessarily conform to formulation 14.

A high-amplitude positive Cotton effect at 246.5 nm
([61=3.4 X 10*) in the circular dichroic (CD) spec-
trum of the hexahydrodipyrano[2,3-f:2’,3"-k]chromene
derivative (6) strongly indicates an 84,123-orientation
of the G- and A-rings by application of the aromatic
quadrant rule [11-13]. When taken in conjunction with
'"H NMR coupling constants and the relevant NOE
observations, this strongly indicates the 2R,3R:
6R,75,85:10R,115,12S absolute configuration for the
natural product (5), an allocation that was confirmed by
a biomimetic synthesis (see below). However, in those
instances where the substituents at the double benzylic
centres are frans-oriented (e.g. at C-8 and C-12 in
derivative) the 230~250 nm region of the CD spectra
did not permit stereochemical assignment. Based on the
assumption that the F-ring in derivatives 6, 8, 10, 12,
14 and 16 possesses the 2R,3R absolute stereochem-
istry, '"H NMR coupling constants of heterocyclic
constants and the key NOE associations between
protons of different units [e.g. between 12-H(C) and
2-H(E) in derivative 12 we favour the
2R,3R(F):6R,75,85:2R,35,45(C) absolute configuration
for 8, 2R,3R(F) : 2R,35,45(1) : 8R,95,10S for 10, 2R,3R
: 6R,75,8R : 10R,115,128 for 12, 2R,3R : 6R,75,8S :
108,11S,12R for 14, and 2R,3R : 65,75,8R:10R,115,12S
for 16. The hexahydrodipyrano[2,3-f:2',3'-h]chromene
derivative (18) with an enz-catechin DEF unit exhibited
identical 'H NMR data compared to those of the
synthetic compound 20 (see below). Their CD spectra,
however, indicated an enantiomeric relationship, hence
defining the absolute configuration of the natural prod-
uct (17) as 25,3R:6S,75,8R: 10R,118S,128.

In order to establish the structures of some of the
natural products with epicatechin DEF units unequivo-
cally, the base-catalysed pyran ring rearrangement of
their presumed biogenetic precursor, bis-fisetinidol-
(4a,6:4,8)-epicatechin (1) was investigated. Owing to
the failure of the protocol of selective protection of
epicatechin at 4'-OH [3] precursor 1 had to be used in
‘unprotected’ form and was available via the acid-
catalysed condensation of fisetinidol-(4«,8)-epicatechin
(21) [3] and fisetinidol-4@-0l (22) (Scheme 1). In
addition to exhibiting the anticipated effects of dynamic
rotational isomerism, the 'H NMR spectrum of the
decamethyl ether triacetate (23) revealed four distinc-
tive triplets (*J,, ca 10.0Hz) in the &6.02-6.31
region, representing the 3/3'-H(C and I) resonances
and indicating the 2,3-trans-3,4-trans relative configu-
ration for the ABC- and GHI-moieties, hence establish-
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(6) R'=MeR*=Ac

ing the structure of compound 1 as the bis-fisentinidol-
(4a,6:4a.,8)-epicatechin. Full 'H NMR details of de-
rivative 23 and of the decamethyl ether triacetate (24)
of the bis-fisetinidol-(48,6 : 4a,8)-catechin (2) will be
presented elsewhere.

Treatment of the profisetinidin triflavanoid 1 with
0.025M NaHCO,-0.025 M Na,CO, buffer (pH 10)

for 5 hr at 50° under nitrogen gave complete conversion
into a mixture comprising the 6,7-trans-7,8,-cis-10,11-
trans - 11,12 - cis - hexahydrodipyrano[2,3 - f:2’,3'-
hlchromene (5) and its C-2(F) epimer (25), the fis-
etinidol-(4a,6)-tetrahydropyrano[2,3-A]chromene 27
and fisetinidol-(4a, 10)-tetrahydropyrano[3,2-g]chro-
mene (29) based on an ens-catechin DEF unit, and the 4-
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RO

(17) R'=R%H
(18) R'=MeR*=Ac

arylchroman - (2¢,6) - tetrahydropyrano[2,3 - A]chromene
(31) (Scheme 2). Owing to difficulties in purifying the
products as free phenols, and in order to facilitate
comparison with possible natural counterparts, structur-
al elucidation was performed on the decamethyl ether
triacetate derivatives, e.g. 6. Application of the 'H
NMR criteria for establishing the structures of this class
of compounds in conjunction with the known mecha-

19) R'=R%=H
(20) R'=MeR*=Ac

nism of their genesis from the triflavanoid precursor 1
[5], confirmed the hexahydrodipyrano[2,3-f:2'3'-
h)chromene backbone and the 6,7-trans-7,8-cis-10,11-
trans-11,12-cis relative configuration for derivatives 6
and 26, respectively. The 'H NMR and CD data for
compound 6 are identical to those of the corresponding
derivative of the natural product, hence proving the
structure of the latter unequivocally. The transformation
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Rl=R*=H
R'=Me R%=Ac
JR'=R%=H
R'=MeR*Ac

Scheme 1. Acid-catalysed condensation of fisetinidol-(4c,8)-epicatechin (21) with fisetinidol-4a-ol (22).

of the 2,3-cis DEF unit in precursor 1 to the thermo-
dynamically more stable 2,3-trans-flavan-3-ol moiety in
compound 25 and indeed also in analogues 27 and 29
(J,,; = 8.0 and 7.0 Hz for 28 and 30, respectively, under
alkaline conditions, is well documented [14] and re-
quires no further attention. Such facile epimerization at
C-2 may suggest that the natural product (17) with an
ent-catechin DEF unit also originated from a
profisetinidin triflavanoid precursor with an epicatechin
central moiety.

Application of the established 'H NMR protocol [5]
(Table 2) to derivatives 28 and 30 indicated the
‘release’ of a single resorcinol moiety from a
heterocyclic C/I-ring in the triflavanoid precursor 1 and
the presence of an unchanged fisetinidol unit (J,, =
J,,=10.0Hz for both compounds), thus confirming

the flavanyltetrahydropyranochromene skeleton in each
instance. Coupling constants of the protons of the
remaining heterocycle were reminiscent of 8,9-trans-
9,10-cis-(J3 , = 10.0, J, = 6.0Hz) and 6,7-cis-7,8-
trans-(J, , =5.5, J, ; = 10.0 Hz) relative configurations
of the tetrahydropyranochromene units for derivatives
28 and 30, respectively. NOE association of 5-OMe(D)
with 4-H(I), 5-H(G) and 4-H,_ and _, (F) confirmed the
tetrahydropyrano{2,3-h]chromene arrangement for com-
pound 28. The observed NOE associations of 5-
OMe(D) with 6-H(G) and 6-H(I) did not permit
differentiation between the tetrahydropyrano[3,2-g]-
and [2,3-f]-chromene arrangements for derivative 30.
However, comparison of the 'H NMR and CD data for
compound 30 with those of its enantiomer that was
synthesized via base treatment of the ent-fisetinidol-
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@

(¢ =i R'=R%=H
© $=zi R'=MeR’=Ac
@3 $=| R=R™=H
@6) $=] R'=MeR=Ac

@D R'=R*=H
28) R'=Me,R%=Ac

(29) R'=R*=H
(30) R'=MeR*=Ac

(31) R'=R%*=H
(32) R'=MeR*=Ac

Scheme 2. Base-catalysed pyran rearrangement of bis-(4a,6:8)-fisetinidol-epicatechin (1).

(4B,6:48,8)-catechin  triflavanoid  confirmed  the
tetrahydropyrano[3,2-g]chromene arrangement unequi-
vocally. The hexahydrodipyrano[2,3-f:2’,3"-h]chro-
mene derivative (20) was similarly available by treat-
ment of the ent-fisetinidol-(4a,6:43,8)-catechin tri-
flavanoid. Details of these transformations will be
discussed elsewhere.

The '"H NMR spectrum (Table 2) of the decamethyl
ether triacetate (32) is conspicuously free of the effects

of dynamic rotational isomerism at ambient tempera-
tures and closely resembles that of related 4-
arylchroman-(2a,6)-tetrahydropyrano[2,3-h]chromenes
that were obtained during base treatment of the bis-
fisetinidol-(4a,6: 43,8)-catechin triflavanoid [7]. Cou-
pling constants of the protons of the heterocycles
indicated a 2,3-cis relative configuration for the flavan-
3-ol DEF unit (J, , = ca 1.0Hz), cis—trans configura-
tion for the I-ring (J,; = 1.5, J,, = 2.0 Hz) and trans-
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cis configuration for the C-ring (J;, =105, J; =
5.5Hz). The remaining basic structural features were
again elaborated by means of the appropriate NOE,
COSY and spin-decoupling experiments, while the
absolute configurations of the compounds shown in
Scheme 2 could be designated trivially and are indi-
cated at the Experimental section.

The results presented in this and the preceding three
papers demonstrate a remarkable structural diversity
amongst the C-ring isomerized condensed tannins and
presumably indicate ubiquity in nature similar to that of
their apparent precursors at the triflavanoid level. These
and previous results [15, 16] clearly indicate that the
phenomenon of pyran ring rearrangement with con-
comitant ‘release’ of resorcinol-type functionality and,
hence, the availability of potent nucleophilic centers,
especially at the triflavanoid and higher oligomeric
levels, may significantly contribute towards the utility
of the condensed tannins in cold-setting adhesives and
leather-tanning applications.

EXPERIMENTAL

The same general experimental procedures described
in ref. [5] were also employed here. Isolation of the
novel compounds 5, 7, 9, 11, 13 and 17 and their
identification as the corresponding decamethyl ether
triacetates 6, 8, 10, 12, 14 and 18 are also fully
described in ref. [5]. Thus, only the physical data of the
latter six compounds will be described here.

(2R,3R:6R,7S,8S:10R,118,128)-3,7,11 - Triacetoxy-
2,6,10-tris - (3,4 - dimethoxyphenyl) - 8,12 - bis-(2,4 - di-
methoxyphenyl)-2,3-cis-6,7-trans-7,8-cis- 10,11 -trans-
11,12 - cis - 3,4,7,8,11,12 - hexahydro - 2H,6H,10H -
dipyrano[2,3-f:2',3' -h]lchromene (6). Found [M],
1100.4049, C,,H,,0,, requires [M]", 1100.4041. 'H
NMR data (Table 1). CD [0],0,, 1.7 X 107, [0],45
20X 10% [6l,,0, 1.1X10', [6],,,, —1.7X10%
[01,560 —3-3 X 10% [0],,5 5 2.0 X 10%, [0],,,.5 —4.9 ¥
10", [8]500, —2.9 X 10°.

(2R,3R:6R,7S,8S) - 3,7 - Diacetoxy - 9 - methoxy - 10 -
[(2R,35,4S)-2,3-trans-3,4-trans-3-acetoxy-3',4',7-tri-
methoxyflavan-4-yl]-2,6-bis-(3,4-dimethoxyphenyl)- 8
-(2,4 - dimethoxyphenyl) - 2,3 - cis - 6,7 - trans - 7,8 - cis -
3,4,7,8-tetrahydro-2H,6H-pyrano[2,3 - flchromene (8).
Found [M]”, 1100.4043, C, H,,0,, requires [M]”,
1100.4041). "H NMR data (Table 2). CD [8],,, , 9.5 X
10", [0l,500 48X 10°, [0l s 4.6%X10°, [0lres0
1.2X10°, [],465 1.3 X10%, [0],,5, 3.2 X 10%.

(2R,3R:8R,9S,108) - 3,9 - Diacetoxy - 5 - methoxy - 6 -
[(2R,35,4S)-2,3-trans-3,4-trans-3-acetoxy-3' 4’ 7-tri-
methoxyflavan-4-yl]- 2,8 - bis- (3,4 - dimethoxyphenyl ) -
10-(2,4-dimethoxyphenyl)-2,3-cis-8,9-trans-9,10-cis-
3,4,9,10 - tetrahydro - 2H,8H - pyrano([2,3 - h]chromene
(10). Found [M]*, 1100.4047, C,H,,0O,, requires
[M] ", 1100.4041). "H NMR data (Table 2). CD [#],4 5
9.7X 10%, [0l,405 —3.5X10%, [8],,, 5 —8.9X10°,
[0]255,0 —33X 103’ [0]245.0 —3.8X 104’ [‘9]237.5
~7.9% 10

(2R.3R:6R,7S,8R: 10R,118,128)-3,7,11-Triacetoxy-

2,6,10-tris- (3,4 - dimethoxyphenyl) - 8,12 - bis- (2,4 - di-
methoxyphenyl)-2,3 - cis- 6,7 - trans - 7,8 - trans - 10,11 -
trans-11,12-cis-3.4,7,8,11,12- hexahydro - 2H,6H,10H -
dipyrano[2,3-£:2'3' -h|chromene (12). Found [M]",
1100.4042, C,,H,,0,, requires [M]", 1100.4041. 'H
NMR data (Table 1). CD [81,9,, 1.6 X 10, [#],4s 5
20X 104, [6],,ss 38X 10, [0l —5.3X%10%
[6],50 s 20X 10°, [8],5, 5 6.1 X 10°, [0],,, 5 —2.2X
10%, [0],4, 5 —1.1 X 10% [8],54 5 —3.2 X 10°,

(2R,3R:6R,7S,85:10S,11S,12R)-3,7,11 - Triacetoxy -
2,6,10- tris- (3,4 - dimethoxyphenyl) - 8,12 - bis - (2,4 - di-
methoxyphenyl)-2,3-cis-6,7-trans-7,8-cis- 10,11 -cis-
11,12 - trans - 3,4,7,8,11,12 - hexahydro - 2H,6H,10H -
dipyrano(2,3-f:2',3" -h|chromene (14), Found [M]",
1100.4045, C,,H,,0,, requires [M]", 1100.4041. 'H
NMR data (Table 1). CD [8],,,, 1.3 X 10%, [0],450
1.1 X 10%, [8],50 0 1.9 X 10%, [0],,, s 8.3 X 10%, (61,560
-7.9 % 10%.

(2S,3R:68,7S,8R: 10R,118,128)-3,7,11 - Triacetoxy -
2,6,10-tris- (3,4 - dimethoxyphenyl) - 8,12 - bis - (2,4 - di-
methoxyphenyl) - 2,3 - trans - 6,7 - cis- 7,8 - trans - 10,11 -
trans-11,12-cis-3,4,7,8,11,12 - hexahydro- 2H,6H,10H -
dipyrano[2,3-£:2',3'-h]chromene (18). Found: C, 66.6;
H, 59%, C,,H,,0,, requires C, 66.5, H, 5.8%. 'H
NMR data (Table 1). CD [0],50, 3.7 X 10%, [0],555
8.0 X 10°, [0),6, o 1.2 X 10°, [0],45 5 2.1 X 10%, [8] 554 5
2.1 X 10,

Phiobatannin (15) from G. coleosperma. Extraction
of heartwood and fractionation of the extract by a Craig
counter-current procedure and gel chromatography
(Sephadex LH-20, EtOH), leading to a ‘purified’ fr. 2F
and its methylation and sepn to give a fr. 2F,, is
described in ref. [17]. Resolution of this fr. by prep.
TLC into 5 bands, 2F,A-2F,E, is described in [8]. Fr.
2FE (185 mg) was further purified by prep. TLC in
1,2-dichloroethane—Me,CO (17:3, X2) to give 2 bands
at R, 0.40 (39 mg) and 0.31 (54 mg). The R, 0.40 band
was acetylated and purified by prep. TLC in C.H-
Me,CO (9:1, X3) to give (2R3R : 6S,7S,8R :
10R,115,128)-3,7,11 - triacetoxy - 2,6,10 - tris - (3,4 - di-
methoxyphenyl-8,12-bis(2,4-dimethoxyphenyl-2,3-cis
-6,7-cis-7,8-trans-10,11-trans-11,12-¢cis-3,4,7,8,11,12
- hexahydro - 2H,6H,10H - dipyrano(2,3-f:2',3"-h]-
chromene as an amorphous solid (R, 0.34, 17 mg).
Found: C, 66.6; H, 5.8%, C,,H,,0,, requires C, 66.5;
H, 5.9%. 'H NMR data (Table 1). Acetylation of the R,
0.31 band (54 mg) and successive prep. TLC sepn in
CeHe~Me,CO (9:1, X3; R, 0.37, 24 mg) and 1,2-
dichloroethane-Me,CO (24:1, X6) afforded (2R,3S:
6R,75,85:108,118,12R)-3,7,11 -triacetoxy - 2,6,10 - tris -
(3.4 - dimethoxyphenyl) - 8,12 - bis - (2,4 - dimethox-
yphenyl)-2,3-trans-6,7-trans-7,8-cis-10,11-cis-11,12-
trans-3,4,7,8,11,12 - hexahydro - 2H,6H,10H - dipyrano -
[2,3-f:2',3"-h]chromene as an amorphous solid (R,
0.65, 15 mg). This derivative is described in ref. [7],
where it was designated compound 6.

Triflavanoids derived from fisetinidol-(4a,8)-epi-
catechin  (21). Fisetinidol-(4a,8)-epicatechin  (21)
(3.7 g) [3] and fisetinidol-4a-ol (22) (1.0 g) [3] were
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dissolved in 0.1 M HCI (450 ml). The mixt. was stirred
at room temp. for 17 hr and extracted with EtOAc
(5 X250 mi). Drying (Na,SO,) of the extract and
removal of solvent gave a brown powder (5.1 g) which
was subjected to CC (Sephadex LH-20, EtOH, 3 X
180 cm column, flow rate 0.8 ml min~', 25 ml per tube,
first 1.81 eluate removed) to give the following frs: 1
(tubes 161-240, 2.1 g), 2 (401484, 805 mg), 3 (492
640, 945 mg) and 4 (641-705, 200 mg). Fr. 1 consisted
of unchanged dimer (21), fr. 2 of the (48,6:4a.8:)-
trimer (2), fr. 3 of a mixt. of the (4a,6:4«,8)-trimer (1)
and higher oligomers, and fr. 4 of higher oligomers. Fr.
3 was subjected to CC (Sephadex LH-20 EtOH-H,O,
1:1, 3 X 180 cm column, flow rate 0.8 ml min "', 24 ml
per tube, first 3.5 1 eluate removed) to give the follow-
ing frs: 3.1 (tubes 126—170, 798 mg) and 3.2 (171-
213, 105mg). Fr. 3.1 consisted of a mixt. of 1 and
higher oligomers and fr. 3.2 of 1. Fr. 3.1 was subjected
to MPLC (3 X 100cm column, 2.7 bar pressure, 3 ml
min ', 24 ml eluate per tube, first 21 eluate removed)
on Fractogel TSK HW-40 (S) using EtOH to give 2 frs,
3.1.1 (tubes 333-423, 318 mg), and 3.1.2 (438-545,
155 mg). Fr. 3.1.1 consisted of 1, giving a total of
423 mg of this compound, and fr. 3.1.2 of higher
oligomers. The novel triflavanoids 1 and 2 were
identified as decamethyl ether triacetates 23 and 24,
details of which will be disclosed elsewhere.

Base-catalysed  conversion  of  bis-fisetinidol-
(4a,6:40,8)-epicatechin (1). Triflavanoid 1 (400 mg)
was dissolved in a 0.025 M Na,CO;-0.025 M NaHCO,
buffer soln (250 ml) (pH 10) and the mixt. stirred under
N, for 5 hr at 55°. The mixt. was cooled to 0°, acidified
with 1 M HCI and extracted with EtOAc (5 X 250 ml).
The organic extracts were dried (Na,SO,) and evapd to
afford a brown powder (409 mg) which was subjected
to CC on Sephadex LH-20 (3 X 120 cm column, 0.8 ml
min~ ', 24 ml eluate per tube, first 3.2 1 eluate removed)
to give two frs: 1 (tubes 81-126, 219 mg) and 2
(127-208, 113 mg).

Methylation of fr. 1 followed by prep. TLC in
CHCl,-hexane-Me,CO-MeOH (60:29:10:1, X2)
gave 3 main bands: 1-A (R, 0.58, 35 mg), 1-B (R, 0.51,
29 mg) and 1-C (R, 0.36, 29 mg). Acetylation of 1-A
afforded (2S,3R:6R,75,85:10R,118,125)-3,7,11 - tri-
acetoxy - 2,6,10-tris - (3,4 - dimethoxyphenyl) - 8,12 - bis -
(2,4 -dimethoxyphenyl)-2,3 - trans- 6,7 - trans-7,8 - cis -
10,11 - trans - 11,12 - cis - 3,4,7,8,11,12 - hexahydro -
2H,6H,10H-dipyrano{2,3-f:2',3"-h]chromene (26) as
an amorphous solid (39 mg). Found: C, 66.4; H, 5.7%
C,.H,,0,, requires, C, 66.5; H, 5.9%. 'H NMR data
(Table 1). CD [0],00, 1.1 X10%, [#],455 1.9 X 10%
[05750 5:5%X 107 [8],70, —1.0X10% [6],5, 1.3X
10%, [8),465 34X 10%, [0],5.5 —22X10°. Fr. 1-B
was acetylated and resolved by prep. TLC in CHCI,-
hexane—Me,CO (13 : 10 : 2, X2) to give 2,3-¢is-6,7-
trans - 71,8 - cis - 10,11 - trans - 11,12 - cis - hexahydro -
2H,6H,10H-dipyrano[2,3-f:2",3" -h]chromene (6) as an
amorphous solid (R, 0.42, 10 mg) with physical data
identical to those for the natural product (see above).
Acetylation of 1-C followed by 2 consecutive purifica-
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tions by prep. TLC in CHCl,-hexane—Me,CO (13 : 10
: 2, X2, R, 0.38) and CHCI,~hexane-Me,CO (5 : 4 :
1, X2, R, 0.50) afforded (25,3R:65,75,8R)-3,7-
diacetoxy - 5-methoxy - 10-[(2R,3S,45)-2,3 -trans-3,4 -
trans-3-acetoxy-3',4’,7-trimethoxyflavan-4-yl]-2,8-bis
-(3,4-dimethoxyphenyl)-6-(2,4-dimethoxyphenyl)-2,3
-trans-6,7-cis-7,8-trans- 3,4,6,7 - tetrahydro - 2H,8H -
pyrano[3,2-g]chromene (30) as an amorphous solid
(8 mg). Found [M]", 1100.4045. C,, H,,O,, requires
[M]", 1100.4041). "H NMR data (Table 2). CD [0],4,.0
13X 10% [0l,,, —14X%X10% [6l,,, 2.1X10%
[0l,500 —1.6X10% [0l,, —2.8X%X10% [0],,,
-53x10%

Fr. 2 was similarly methylated and resolved by prep.
TLC in CHCI,—hexane—Me,CO-MeOH (60 : 29 : 10 :
1, X2) to give a main band at R, 0.31 (33 mg). This
was resubjected to prep. TLC in CHCI,-hexane—
Me,CO-MeOH (30 : 14 : 5 : 1, X2) to give 2 main
bands at R, 0.68 (5 mg) and 0.57 (8 mg). Acetylation of
the R, 0.68 band and prep. TLC in CHCl,-hexane-
Me,CO (5 : 4 : 1, X2) afforded (2R,3R:8R,95,105)-3,9
- diacetoxy - S - methoxy - 6 - [(2R,3R,48)-2,3-cis-3,4-
trans-3-acetoxy-4-(3,4-dimethoxyphenyl)-7-methoxy -
3,4 - dihydro - 2H - chromen - 2 - y1] - 2,8 - bis - (3,4 - di-
methoxyphenyl) - 10 - (2,4 - dimethoxyphenyl) - 2,3 - cis -
8,9-trans-9,10-cis-3,4,9,10-tetrahydro-2H,8H - pyrano-
[2,3-h]chromene (32) as an amorphous solid (R, 0.41,
3 mg). Found: [M]", 1100.4032, C, H,,0,, requires
[M] ", 1100.4041. "H NMR data (Table 2). CD [8]},0,.0
—6.4X10%, [01,0,, —1.0X10%, [0],4 5 1.7%10",
(01155 20X 10°, (81,0, 23%X10°, [0],,, 63X
10%, [0, 5 2.6 X 10%, [8],,, 4 3.7 X 10°. The R, 0.57
fr. was acetylated to afford (25,3R:8R,9S,105)-3,9-
diacetoxy - 5-methoxy - 6- [(2R,35,45)- 2,3 - trans- 34, -
trans - 3 - acetoxy - 3',4’,7 - trimethoxyflavan - 4- y1] - 2,8 -
bis-(3,4-dimethoxyphenyl)- 10-(2,4-dimethoxyphenyl)
-2,3-trans - 8,9 - trans - 9,10 - cis - 3,4,9,10 - tetrahydro -
2H,8H-pyrano[2,3-h]chromene (28) as an amorphous
solid (9mg). Found: [M]", 1100.4050, C, H,0,,
requires [M]", 1100.4041. '"H NMR data (Table 2). CD
(013000 1.8 X 107, [0],455 1.5X 10% [0],,5, —2.0 X
10", [011505 —2.9 X 10%, [0],5c s —6.7 X 10%, [0),45 5
—6.4 X 10°, [0],4,, 3.9 X 10°,
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