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Abstract—The natural occurrence of the first profisetinidins associated with (—)-epicatechin is demonstrated in the
heartwood of three legumes. 'H NMR spectroscopy at 300 MHz permits assessment of the relative abundance of the
predominant rotamers in each of the heptamethyl ether diacetates of the (—)-fisetinidol-(4a,8) and (48,8)-(—)-

epicatechins at ambient temperatures.

(—)-Epicatechin [(2R,3R)-2,3-c1s-flavan-3,3'4',5,7-pen-
taol] figures prominently both as ‘upper’ and ‘terminal’
units in procyanidin- [1-3] and as ‘terminal’ units in
proguibourtinidin- [4-6] condensed tannins. In contrast
to the ubiquitous (—)-fisetinidol-(+)-catechint profise-
tinidins- [7, 8], natural counterparts of the latter class of
condensed tannins associated with (—)-epicatechin are
hitherto unknown. Our search for tannin prototypes n
the flora of southern Africa has now revealed the pre-
sence of (—)-fisetinidol-(4«,8) and (48,8)-(— )-epicatechin
1 and 3 in the heartwoods of three species of the Caesal-
pintodeae, Guibourtia coleosperma (Rhodestan copal-
wood) [9], Colophospermum mopane (mopane) [9] and
Baikiaea pluryuga (Rhodesian teak) [9].

The ethyl acetate extract of the heartwood of G.
coleosperma afforded both the (4¢.8)- and (4[3,8)-(—‘)—
fisetintdol-(—)-epicatechins 1 and 3. Only the (40,8)-
1somer 1 was found n the heartwood extracts (methanol)
of C. mopane and B plurijuga. Owing to the complexity of
the phenolic mixtures of these sources, the novel meta-
bolities 1 and 3 were 1dentified as heptamethyl ether
diacetates 2 and 4 Their "HNMR spectra (300 MHz)
(Table 1) at ambient temperatures exhibit duplicated
signals characteristic of the effects of dynamic rotational
isomerism [10].

At these temperatures the heterocyclic regions each
display an AMX-(J;3=J3,=100Hz for 2; J, ;=7.0,
J3.4=>5.5Hz for 4) and ABMX-system (J, 3;=cal.0 Hz
for both 2 and 4) indicative of 2,3-trans-3,4-trans: 2,3-cis-
and 2,3-trans-3,4,-c1s: 2,3,-c1s relative configuration for 2
and 4 respectively. Spin decoupling experiments using the
2- (for ABX-systems of rings B and E) and 4-H (for ABX-
system of ring A) resonances as reference signals, facilit-
ated definition of the consitution of the ‘upper’ (—)-
fisetinidol and ‘lower’ (—)-epicatechin moieties In addi-
tion to the aforementioned ABX-systems, the aromatic
region of each spectrum exhibited a one-proton singlet
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(66.18, 6.15 for 2 and 4 respectively). The chemical shifts
of these were reminiscent of the proton of a C-8 substitu-
ted (—)-epicatechin umt [7, 11]. This was unequivocally
confirmed by the strong NOE association of the ‘residual’
proton with both 5-(10 7, 10.8% for 2 and 4 respectively)
and 7-OMe (10 1, 12.7% for 2 and 4 respectively) of the
{—)-epicatechin ‘lower’ units. Confirmation for the struc-
tures of 2 and 4 and thus also the 2R,35,4S (C-ring):
2R,3R (F-ring) and 2R,3S.4R 2R,3R absolute configur-
ation of 1 and 3 respectively, was obtained by comparison
of the 'H NMR and CD data of 2 and 4 with those of the
corresponding derivatives of their synthetic counterparts
[71. As 'H NMR spectroscopy at 80 MHz only permitted
partial assignment of signals for synthetic 2 and 4,
detailed analysis 1s included 1n this communication (Table
1).

At room temperature the 'H NMR spectra of 2 and 4
indicated two predominant rotameric forms, i.e 41:9 and
39:11 for 2 and 4 respectively. The magnitude of the
rotational barrier is such that in DMSO-dg at 453 K, the
upper limit of the Bruker AM-300 system, the spectra of
both 2 and 4 still displayed severe line-broadening in the
aromatic and heterocyclic regions. This contrasts with
the isomeric (—)-fisetinidol-( +)-catechin pair [7] where
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Table 1 'HNMR (300 MHz) peaks (ppm) of (—)-fisetinidol-(4a 8) and (4/.8)-(—)-eprcatechin
heptamethyl ether diacetates 2 and 4 1n CDCI, at 298 K
Ring H 2% 4*
A S 674 (d, 8 5) 660 (d, 85)
6 643(dd, 25,85) 611 (dd, 25,85)
8 647(d, 25) 590(d 25)
B 2 657(d.20) 692({d, 20)
5 668 (d, 80) 678 (d, 80)
6 675(dd, 20,80) 693 (dd, 20,80)
C 2 490¢d 100) 547 (d 70)
3 617 (¢.100) 562 (dd. 55,70)
4 488 (d. 100) 480(d,5%)
D 6 618 (s) 615 (s)
E 2 654 (d, 20) 677 (d, 20)
5 666 (d 80) 668 (d, 80)
6 642(dd, 20,80) 650 (dd, 20, 80)
F 2 498 (hbr s, calO) 432 (hr s, cal0)
3 525 (m) 529 (m)
4. 281 (dd, 15,185) 284 (dd 15,185)
4., 294 (dd, 45,18 9) 295 (dd, 55. 18 5)
OMe 341,370.374,379, 382,183 339,374,377 (7-1). 382 383
(5-D). 386 (7-D) (each s) 384 (5-D). 385 (each )
OAc 154,172 (each s) 184, 187 (each »)

*Peaks of the predominant rotamer only,

Sphitting patterns and J-values (Hz) are given 1n parentheses

only the (4f,8)-derivative exhibited comparable restric-
tion to rotation. Such differences 1n activation energy to
induce ‘free rotatton’ about the interflavanyl bond 1n the
(—)-fisetinidol-(—)-eprcatechin- and (+ )-catechin ana-
logues are presumably attributable to the effect of the
axial 3-OAc(F) in the former group The considerable
higher energy requirements of the 3,4-cis analogues, e g 4,
may origmate from significant contributions of A-con-
formers of the C-ring [12], these being evident from small
J3 3¢ values [7.0 and 6 8 Hz for the (— )-epicatechin and
{+)-catechin homologues respectively] 'H NMR exper-
iments aimed at defining the preferred conformation
about the mterflavanyl bond [13] invanably failed as a
result of the ‘slow exchange’ of rotamers at ambient
temperatures Such a phenomenon was evident from the
prominent NOE association of 7-OMe(D) with H-4(C) 1n
both 2 (1 1%) and 4 (1 6%)

Although efforts to identify the (4,6)-regio-1somers of 1
and 3 1n the above sources have hitherto failed, we have
mdirect evidence of their natural occurrence from related
tetrahydropyrano{2,3-f and gJ]chromenes [14] The ex-
tremely low proportions in which the (4,6)-analogues
were formed in vitro [ 7] may reflect similar minor concen-
trations 1n Nature hence complicating their 1solation

EXPERIMENTAL

'H NMR spectra were recorded at 300 MHz 1n CDCl, (298 K)
or DMSO-dg (453 K) with TMS as reference CD spectra were
determined in MeOH. Media used for the separation of compon-
ents were Sephadex LH-20/ethanol or Fractogel TSK HW-
40(S)/EtOH for CC, DC-plastikfolin 60 F,s, for TLC and
Kieselgel PF,4, (1 mm x 20 x 20 ¢m) for prep TLC TLC bands
were located under UV and/or with H,SO,~HCHO (40 1)spray
reagent and compounds recovered from the absorbent with

Me,CO Methylations were performed with excess CH,N, over
48 hr at —15- and acetylations 1in Ac,0- pynidine

(— >-Fisetimdol-(40.8) and (4,8)-( — -epicatechins 1 and 3 from
G coleosperma Heartwood drillings (6 kg) were extracted
(EtOAc) and fractionated (Craig countercurrent assembly fol-
lowed by CC on Sephadex. LH-20 EtOH} according to the
procedures previously descitbed [14] Methylation of a portion
(4g) of fraction 2F (1089g) followed by prep TLC
(CeH¢—Me,CO, 4 1. x2) afforded six bands, 2F; (R, 062,
186 mg), 2E, (R, 058, 253 mg), 2E, (R, 054, 222 mg), 2E, (R,
048, 268 mg). 2E5 (R, 045,251 mg) and 2E, (R, 0 36, 678 mg)
Fracion 2E, was acetylated and resolved by prep TLC
(CoHeMe,CO, 9 1) to give two bands at R, 062 (120 mg) and
050 (90 mg) The former band afforded 3-0-acetyl-tri-O-methyl-
(—)-fsetinidol-(43,8)-3-0-acetyl-tetra-O-methyl-| —)-epicatechin
4 as a white solid [7]. "H NMR data (Table 1) MS and CD data
[7] The R; 050 band gave the (42,8)-1somer 2 as an amorphous
white solid [ 7). "H NMR data (Table 1), MS and CD data [7]

(—)-Frsetmdol-(32,8)-{ —)-epicatechin 1 from B pluryuga
Heartwood dnllings {4 3 kg) were extiacted (MeOH), enriched
(Craig procedure) and fractionated (CC on Sephadex LH-
20/EtOH) according to the procedures described earlier [14] A
portion (15g) of fracton 3H (264 g) was subjected to CC
(Fractogel TSK HW-40(S) EtOH) to give three fractions 3H,
(172 mg), 3H, (342 mg) and 3H; (638 mg) mn order of increasing
R, Methylation of fraction 3H; and prep TLC (hexane-Me,CO-
EtOAc, 11 6 3, x2) afforded a main band at R, 046 (262 mg)
This was acetylated and subsequently resolved by prep TLC
(CHCL-EtOAc, 9 1) to two bands at R, 051 (119 mg) and 033
(68 mg) The R, 051 fraction consisted of the known [7] (—)-
fisetintdol-(42,8)-( -+ )-catechin heptamethy! ether diacetate and
the R, 033 band of the (—)-iscimdol-(42.8)- — )-epicatechin
heptamethyl ether diacetate 2. with physical data identical to
those of the compound from G coleosperma

(—)-Fisetimdol-(4a,8)-( - )-epicatechin 1 from C mopane The
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fractionation procedure for the methanol extract of the heart-
wood leading to fraction 4 3 has previously been described [15,
16]. Thas fraction (417 mg) was methylated and resolved by prep
TLC (C¢Hg—Me,CO-MeOH, 90 9 1, x 3) to give two bands at
R; 017 (238 mg) and 009 (1458 mg) The latter band was
acetylated and the muxture resolved by prep TLC (hexane-
Me,CO~EtQAc, 7 2 1, x9)to four fractions at Ry 033 (8 5 mg),
029 (511 mg), 025 (20 5 mg) and 009 (16 7mg) The R, 0.25
fraction afforded the (—)-fisetinidol- (4,8)-( —)-epicatechin hep-
tamethyl ether diacetate 2 with spectroscopic data identical to
those from G coleosperma and B pluryuga
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