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Abstract-The natural occurrence of the first profisetinidms associated with (-)-epicatechm is demonstrated in the 
heartwood of three legumes. ‘H NMR spectroscopy at 300 MHz permits assessment of the relative abundance of the 
predominant rotamers m each of the heptamethyl ether dlacetates of the (-)-fisetinidol-(4cc,8) and (48,8)-(-)- 
eplcatechms at amblent temperatures. 

(-)-Epicatechin [(2R,3R)-2,3-cls-flavan-3,3’,4’,5,7-pen- 
taol] figures prominently both as ‘upper’ and ‘terminal 
units in procyanidin- [l-3] and as ‘terminal’ units in 
progulbourtimdin- [46] condensed tannins. In contrast 
to the ubiquitous (-)-fisetmldol-( +)-catechint profise- 
tinidins- [7, 81, natural counterparts of the latter class of 
condensed tannins associated with (-)-eplcatechin are 
hitherto unknown. Our search for tannin prototypes m 
the flora of southern Africa has now revealed the pre- 
sence of (-)-fisetmidol-(4a,8) and (4/?,8)-( -)-eplcatechm 
1 and 3 in the heartwoods of three species of the Caesal- 
pimodeae, Guibourtza coleosperma (Rhodeslan copal- 
wood) [9], Colophospermum mopane (mopane) [9] and 
Bazkiaea plurrJuga (Rhodeslan teak) [9]. 

The ethyl acetate extract of the heartwood of G. 
coleosperma afforded both the (4cr,8)- and (4/$8)-( ->- 
fisetimdol-(-)-epicatechms 1 and 3. Only the (4c(,8)- 
isomer 1 was found m the heartwood extracts (methanol), 
of C. mopane and B pluriJuga. Owing to the complexity of 
the phenohc mixtures of these sources, the novel meta- 
bolitles 1 and 3 were identified as heptamethyl ether 
dlacetates 2 and 4 Their ‘HNMR spectra (300 MHz) 
(Table 1) at ambient temperatures exhibit duplicated 
signals characteristic of the effects of dynamic rotatlonal 
isomerism [lo]. 

At these temperatures the heterocyclic regions each 
display an AMX-(J,,, =J3,4 = 10 0 Hz for 2; J,,, = 7.0, 
J,,,= 5.5 Hz for 4) and ABMX-system (J2,a =ca 1.0 Hz 
for both 2 and 4) indicative of 2,3-trans-3,4-trans: 2,3-cis- 
and 2,3,-trans-3,4,-w: 2,3,-CLS relative configuration for 2 
and 4 respectively. Spm 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, faciht- 
ated definition of the consitution of the ‘upper’ (-)- 
fisetimdol and ‘lower’ (-)-eplcatechm moletles In addi- 
tion to the aforementioned ABX-systems, the aromatic 
region of each spectrum exhibited a one-proton smglet 

*Author to whom correspondence should be addressed 
t(-)-Flsetmrdol 1s (2R,3S)-2,3-trans-flavan-3,3’,4’,7-tetraol 

and (+)-catechm its 5-0~~ analogue 

1 m = ,,,t,,R’=R*=H 

2 NW\ = II~II, R’=Me,R’=Ac 

3 ,VM= m ,R’=R’=H 

4m=* , R’ ‘Me, R2=Ac 

(66.18, 6.15 for 2 and 4 respectively). The chemical shifts 
of these were remmlscent of the proton of a C-8 substitu- 
ted (-)-epicatechin unit [7, 111. This was uneqmvocally 
confirmed by the strong NOE assoclatlon 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,3S,4S (C-ring): 
2R,3R (F-ring) and 2R,3&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 
[7]. As ‘H NMR spectroscopy at 80 MHz only permitted 
partial assignment of signals for synthetic 2 and 4, 
detailed analysis 1s included m this commumcahon (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 m DMSO-d, 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 heterocychc regions. This contrasts with 
the isomeric (-)-fisetmidol-( +)-catechm pan [7] where 
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C 

D 
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A 5 6 74 (d, 8 5) 66O(d,85) 

6 643 (dd, 2 5, 8 5) 6 11 (dd, 2 5, 8 5) 

8 647 (d, 2 5) 5 90 (d 2 5) 

2 6 57 (d. 2 0) 6 92 (d, 2 0) 

5 668 (d, 8 0) 6 78 (d, 8 0) 

6 675 (dd, 20, 80) 6 93 (dd, 20. 8 0) 

2 490(d 100) 5 47 (d 7 0) 

3 6 17 (t. 100) 5 62 (dd. 5 5. 7 0) 

4 488(d. 100) 480(d,55) 

6 618(s) 6 15 (r) 

2 654(d,20) 6 77 (d, 2 0) 

5 666(d 80) 6 68 (d. 8 0) 

6 6 42 (dd, 2 0, 8 0) 6 so (dd, 2 0, 8 0) 

2 4 98 (hr (‘(I 1~ 0) q, 4 31!hr ! 0) <,cu 

3 525 (m) 529(m) 

4 ax 2 81 (dd. 1 5, 18 5) 2 84 (dd 1 5, IX 5) 

4 
G4Me 

2 94 (t/d, 4 5, 18 5) 295(dd,55. 185) 

? z 70,. 1 i 3 x3 41. 74,. 179,. K?_. 3 74. 3 77 39,3 (.7-D) 3 41 3 43.. 

(5-D). 3 86 (7-D) (each ,s) 3 X4 (5-D). 3 85 (ench $1 

OAc 1 54, 1 72 (each s) 1 84. 1 X7 (each s) 

F 
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Table 1 ‘H NMR (300 MHz) peaks (ppm) of (-)-tisetmldol-(4cr 8) and (4/1.8)-(~~)-eplcdtech1n 
heptamethyl ether dlacetates 2 and 4 m CDCI, at 298 K 

Rmg H 2* 4* 

*Peaks of the predommant rotamer only, 

Sphttmg patterns and J-valucc (Hz) are given m parentheses 

only the (4P,8)-derivative exhiblted comparable restnc- 
tton to rotation. Such differences m actlvatlon energy to 
induce ‘free rotation’ about the mterflavanyl bond m the 
(-)-fisetmldol-( -)-eplcatechm- and (+)-catechm ana- 
Iogues are presumably attributable to the effect of the 
axial 3-OAc(F) m the former group The cnusuierablk 
higher energy requirements of the 3,4-US analogues, e g 4. 
may orlgmate from sigmficant contrlbutlons of A-con- 
formers of the C-ring [12], these being evident from small 
J 2,3tcj values [7.0 and 6 8 Hz for the (- )-eplcatechm and 
(+)-catechm homologues respectively] ‘H NMR exper- 
iments aimed at defining the preferred conformation 
about the mterflavanyl bond [13] mvarlably falled as a 
result of the ‘slow exchange’ of rotamers at ambient 
temperatures Such a phenomenon was evident from the 
prominent NOE assoclatlon of 7-OMe(D) with H-4(C) m 
both 2 (1 1%) and 4 (1 6%) 

Although efforts to ldentlfy the (4,6)-reglo-Isomers of 1 
and 3 m the above sources have hitherto falled, we have 
indirect evidence of their natural occurrence from related 
tetrahydropyrano[2,3-j and glchromenes [14] The ex- 
tremely low proportions m which the (4,6)-analogues 
were formed in utro [7] may reflect slmtlar minor concen- 
trations m Nature hence comphcatmg their isolation 

EXPERIMENTAI, 

‘H NMR spectra were recorded at 300 MHz m CDCI, (298 K) 

or DMSO-d, (453 K) with TMS as reference CD spectra were 

determmed m MeOH. Media used for the separation of compon- 

ents were Sephadex LH-20/ethanol or Fractogel TSK HW- 

4O(S)/EtOH for CC, DC-plastlkfohn 60 F2(4 for TLC and 

Kieselgel PFzs4 (1 mm x 20 x 20 cm) 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 

MezCO Methyl&tons were performed with excess CH,N, over 

4X hr at ~ l5- and acetylatlons rn Ac,O- pyrldme 

t-)-k rsetrmdol-(42.8) nnd (4/1,8)-( - )-cprc afrc Inns 1 ujlci 3 from 

G coleosperma Heartuood drlllmg, (6 hg) were extracted 

(EtOAc) and fractlonnted (Craig countercurrent assembly fol- 
Inwed by CC on Scphdriez LH-Zn EIH) no>>rdmg to !he 

procedure\ prcvrously descllbed [14] Methylatmn of a portlon 

(4g) of fraction 2F (1089 g) followed by prep TLC 

(C,H,-Me,CO. 4 1. x 2) afforded SIX b,mds, 2F, (R, 0 62. 

186 mg), 2E, (R, 0 58, 253 mg). 2E, (R, 0 54. 222 mg), 2E, (R, 

0 48, 268 mg). 2F, ( R, 0 45.25 I mg) and 2E, (R, 0 36, 678 mg) 

FI actlon 2E, was acetylated and resolved by prep TLC 

(C,,H,-~Me,C’O, 9 1) to give two bands at R, 0 62 (120 mg) and 

0 50 (90 mg) The former band afforded 3-O-~cetyl-trl-O-methyl- 

(-)-fisetln~dol-(4~,8)-3-O-acetyl-tetr‘~-~-mcthyl-~ -)-eplcatechm 

4 as a white sohd [7]. ‘H NMR data (Table I) MS and CD data 

[7] The R, 0 50 band gave the (4r,8)-Isomer 2 a> an amorphous 

white sohd [7]. ‘H NMR datd (Tdhle 1). MS and CD data [7] 

( -)-Flsetrrlrciol-(J1,X)-( - )-rpcrltvt hrn 1 from B plurguga 

Heartwood dnlhng\ (4 3 kg) were extracted (MeOH), enrlched 
(Craig procedure) nnd fractionated (CC on Sephadex LH- 

20,IEtOH) according to the procedures described earher [14] A 

portlon (1 5 g) of fraction 3H (2 64 g) WLLS subjected to CC 

(Fr&ogel TSK HW-40(S) EtOH) lo give three fractions 3H, 

(I 72 mg), 3H, (342 mg) and 3H, (63X mg) m order of mcreaamg 

R, Methyl&on of fractlon 3H ) and prep TLC (hexan+Me,CO- 

EtOAc. II 6 3, x 2) afforded a mdm band at R, 046 (262 mg) 

7hts waE acetyldted dnd subvquently resolved by prep TLC 

(CHCI,mmEtOAc. 9 1) to two bdnds at R, 0 51 (I 19 mg) and 0 33 

(68 mg) The R, 0 51 fractmn conblsted of the known [7] (-)- 
fisetmtdol-(4x,8)-( + )-cdtcLhm hcptdmethyl ether dlacetatc and 

the R, 0 33 band of the (-)-flsetlnldol-(41,8)-( -)-eplcatechm 

heptamethyl ether dlacetate 2, with physlcal data Identtcal to 

those of the compound from (; colcocprrrnu 
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fractlonatlon procedure for the methanol extract of the heart- 

wood leadmg to fraction 4 3 has previously been described [15, 

161. ThB fraction (417 mg) was methylated and resolved by prep 

TLC (C,H,-Me,CO-MeOH, 90 9 1, x 3) to give two bands at 

R, 0 17 (23 8 mg) and 0 09 (145 8 mg) The latter band was 

acetylated and the mixture resolved by prep TLC (hexane- 
Me,CO-EtOAc, 7 2 1, x 9) to four fractions at R, 0 33 (8 5 mg), 

0 29 (51 1 mg), 0 25 (20 5 mg) and 0 09 (16 7 mg) The R, 0.25 

fraction afforded the (-)-fisetmldol- (4a,8)-( -)-eplcatechm hep- 

tamethyl ether dlacetate 2 with spectroscopic data ldentlcal to 

those from G coleosperma and B plurquga 
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