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Abstract

A new proanthocyanidin\ 3?!O!methylgallocatechin!"3a:7#!3?!O!methylgallocatechin of the rare 3?!methoxy derivatives of pro!
delphinidin\ was isolated from the stem bark of Stryphnodendron adstringens[ The structure was determined on the basis of
spectroscopic data including 0!D "0H\ 02C# and 1!D NMR "0HÐ0H!COSY\ HSQC\ HMBC# experiments of its peracetylated derivative[
Þ 0888 Elsevier Science Ltd[ All rights reserved[

Keywords] Stryphnodendron adstringens^ Mimosaceae^ Proanthocyanidins^ 3?!O!methylgallocatechin!"3a:7#!3?!O!methylgallocatechin

0[ Introduction

Stryphnodendron adstringens "Martius# Coville "Mim!
osaceae#\ popularly known as {barbatima½o|\ is a native
Brazilian tree widely used in folk medicine as a wound
healing agent "de Siqueira\ 0871^ Santos\ Torres\ + Leon!
art\ 0876#[ Its stem bark is described in the Brazilian
Pharmacopoeia\ with a content of at least 19) tannins
"Farmacope�ia Brasileira\ 0848#[ The antiin~ammatory
activity of an acetone soluble fraction from the stem
bark was attributed to the presence of proanthocyanidins
"Lima\ Martins\ + de Souza\ 0887#[ In our previous
reports\ we described the isolation and identi_cation of
various ~avan!2!ols\ prodelphinidins and pro!
robinetinidins "de Mello\ Petereit\ + Nahrstedt\ 0885a\
0885b#[ We report here on a new dimeric compound of
the rare 3?!O!methylated proanthocyanidins[

1[ Results and discussion

The 0H NMR spectrum "CDCl2# of the peracetate 0a

showed close structural resemblance to that of the cor!
responding derivatives of gallocatechin!"3a:7#!gal!
locatechin "Petereit\ Kolodziej\ + Nahrstedt\ 0880#
concerning proton chemical shifts\ absence of con!
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formational isomerism and\ in part\ to gallocatechin!
"3a:7#!catechin "Helsper\ Kolodziej\ Hoogendijk\ + van
Norel\ 0882#\ except for two three!proton singlets at d

2[68 and d 2[66 indicating two methoxyls[ All heterocyclic
protons could readily be assigned from the 0HÐ0H!COSY
spectrum[ The long!range couplings between the H!1"C#
and H!1"F# proton signals and the respective H!1?:5?
signals allowed to distinguish between pyrogallol type B!
and E!ring proton signals[ The large coupling constants
of the C!ring protons "J1\2�09 Hz and J2\3�8[3 Hz# con!
_rmed the 1\2!transÐ2\3!trans relative con_guration for
ring C[ The broadened H!1"F# and H!2"F# protons over!
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lap at d 4[91 ppm and do not allow to determine the 1\2
relative stereochemistry with certainty[ This observation
has already been reported for the peracetylated gallo!
catechin!"3a:7#!catechin "Helsper et al[\ 0882# and can
be explained by conformational changes of ring F "Balas\
Vercauteren\ + Laguerre\ 0884#[ However\ acid degra!
dation of 0 "Thompson\ Jacques\ Haslam\ + Tanner\
0861# yielded the lower unit as 3?!O!methylgallocatechin
"TLC# clearly indicating the 1\2!trans position in the F
ring system[ The large coupling constants "J2\3a�3[8 Hz
and J2\3b�6[0 Hz# of the H!3 "F# protons "599 MHz#
allow to locate the quasi!axial H!3b"F# being trans to H!
2"F#^ these data indicate the stereochemistry shown for
0a "Clark!Lewis\ Jackman\ + Spotswood\ 0853^ Davis\
Cai\ Davies\ + Lewis\ 0885#[ A 1\2!transÐ2\3!trans rela!
tive con_guration of ring C of the proanthocyanidin was
also con_rmed by the down_eld position "D ca[ 3!4 ppm#
of the C!1 resonance in 0a due to the equatorial sub!
stituent at C!3 "{g gauche e}ect|# in comparison to the
1\2!cis con_gurated analogue "Fletcher\ Porter\ Haslam\
+ Gupta\ 0866^ Porter\ Newsman\ Foo\ Wong\ + Hem!
ingway\ 0871#[ The methoxyl groups were set at the C!3?
positions of ring B and E based on the results of the
HMBC experiment\ which showed correlations between
both C!3? carbons "d 033[1 and 033[0 ppm# with the
respective H!1?:5? "d 5[70 ppm and d 5[59 ppm# and
methoxyl protons at d 2[66 and 2[68 ppm[ This arrange!
ment was con_rmed by weak NOE interactions to the B!
and E!ring two proton singlets upon irradiation of the
methoxyl protons and by the typical chemical shifts for
orthoÐortho disubstituted methoxyl carbons at ca[ 50 ppm
"Nakano\ Alonso\ Grillet\ + Martin\ 0868# for both
methoxyl groups[

The location of the inter~avanoid linkage in 0a was
recognized by the 2J long!range correlations "HMBC# of
the H!3"C# proton "d 3[37 ppm# with the C!7a"A# "d
044[8 ppm# and C!7a"D# "d 041[6 ppm# carbons as key
correlations in the case of the 3:7 linked procyanidin
B2!peracetate "Balas + Vercauteren\ 0883#[ The cor!
responding C!7a"A# signal was assigned by the 1J H\C
correlation from C!7a"A# to H!7"A# and the 2J coupling
to the H!3"C# proton signal[ A negative argument for the
3\7!inter~avonoid bond is the lacking cross peak in the
HMBC from C7a"D# to any D ring proton[

Supporting evidence was obtained from MALDI!TOF
mass spectroscopy "ðM¦NaŁ¦ m:z 0970# of the acetate
0a[ The negative Cotton e}ect in the 109Ð139 nm region
of the CD!spectrum of 0a indicated a 3a!~avanyl sub!
stituent with a 3S con_guration "Barrett et al[\ 0868^
Botha\ Young\ Ferreira\ + Roux\ 0870#[ On the basis
of all arguments\ the new proanthocyanidin 0 has been
established as 3?!O!methylgallocatechin!"3a:7#!3?!O!
methylgallocatechin\ which represents a rare example of
the 3?!methoxylated proanthocyanidins outside the Our!
atea!proanthocyanidins "Monache\ Pomponi\ Martini!
Bettolo\ D|Albuquerque\ + de Lima\ 0865#[

2[ Experimental

2[0[ General

0H NMR spectra were recorded in CDCl2 on a Varian
Gemini 199 "199 MHz# or a Bruker AM 599 "599 MHz#\
d are given relative to CHCl2 "6[15 ppm#[ 02C NMR were
recorded at 49 or 049 MHz[ CD spectrum was recorded
in MeOH on a Jasco J 599[ Acetylation was in Ac1OÐ
pyridine "0\1]0# at ambient temperature for 13 h[
MALDI!TOF mass spectrometer] LAZARUS II "home
built#\ N1!laser "LSI VSL226ND# 226 nm\ 2 ns puls width\
focus diameter 9[0 mm\ 05 kV acceleration voltage\ 0
m drift length\ data logging with LeCroy8349A\ 1[4 ns
sampling time and expected mass accuracy 29[0)[
Sample preparation] the acetylated compounds is
deposited from a solution in CHCl2 on a thin layer of
1\4!dihydroxybenzoic acid "DHB# crystals[ Analytical
TLC was done on silica gel GF143 plates "Merck# in the
solvent system EtOAcÐHCO1HÐH1O "07]0]0#[ Com!
pounds were visualized as red spots by spraying with
vanillin:HCl!reagent[ Prep[ TLC was performed on silica
gel plates "Kieselgel 59 F143\ 9[4 mm\ Merck# using tolu!
eneÐMe1CO "6]2#[

2[1[ Plant material

The stem bark of S[ adstringens was collected in Sa½o
Gero¼nimo da Serra "State of Parana�\ Brazil^ 11>S\ 40>W#
in October 0884[ A voucher specimen "HUM 2799# is
deposited at the Herbarium of the Botanical Department
of State University of Maringa�\ Brazil[

2[2[ Extraction and isolation

Air!dried stem bark "1649 g# was extracted with
Me1COÐH1O "6]2\ 18 L#[ The combined extracts were
_ltered\ evapd under reduced pressure and lyophilized
"0031 g#[ A portion "399 g# was redissolved in 3 l H1O
and extracted with EtOAc "39 l#[ After evapn of solvents\
the EtOAc extract and the remaining H1O phase gave
dark brown solids of 87 and 291 g\ respectively[ A portion
"07[4 g# of the EtOAc extract was subjected to CC on
Sephadex LH!19 "799×45 mm^ eluents] 49) EtOH "4
l#\ EtOH "4 l#\ 49) MeOH "2 l#\ MeOH "0\3 l# and
69) Me1CO "1 l#^ 04 ml frs# to yield 10 main fractions
"indicated below with roman numbers#[ The {main frac!
tions| were further separated by MLCCC\ which was
carried out with the solvent system EtOAcÐnPrOHÐH1O
"039]7]79# on PC] Inc[ ITO multilayer coil separatorÐ
extractor\ ~ow rate 0[9 ml min−0\ using the upper!phase
as mobile phase "these frs are indicated below with aster!
iks#[

3?!O!methylgallocatechin!"3a:7#!3?!O!methylgallo!
catechin "0#] a portion "0069 mg# of the {main fraction|
VI " frs 060Ð103 of the Sephadex column\ 1[6 g# was
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subjected to MLCCC "09 ml frs−0# to give 6 subfrs[
Subfr[�4 " frs 48Ð89\ 013 mg# contained two compounds\
which were visualized as red spots by spraying with van!
illin:HCl reagent[ A portion "59 mg# of subfr[�4 was ace!
tylated and puri_ed by prep[ TLC to give 0a "22 mg#
and epigallocatechin!peracetate[ Treatment of 1 mg of
subfr[�4 with 9[0 M ethanolic HCl "1 ml# at 59>C for
04 min[ according to "Thompson et al[\ 0861# yielded
epigallocatechin and 3?!O!methylgallocatechin as {ter!
minal| ~avan!2!ol unit\ which was detected by TLC on
silica gel using reference substances[ Compound 0a] 0H
NMR "CDCl2\ 199 MHz#] d 0[6Ð1[3 ppm "2H\ all s\
!OAc#\ 1[54 ð0H\ dd\ J�6[0\ 05[5\ H!3b"F#Ł\ 1[72 ð0H\
dd\ J�3[8\ 05[5\ H!3a"F#Ł\ 2[66 ð2H\ s\ !OCH2"B#Ł\ 2[68
ð2H\ s\ !OCH2"E#Ł\ 3[37 ð0H\ d\ J�8[3\ H!3"C#Ł\ 3[62 ð0H\
d\ J�09[9\ H!1"C#Ł\ 4[91 ð1H\ m\ H!1"F# and H!2"F#Ł\
4[50 ð0H\ pseudo t\ J�8[3\ 09[9\ H!2"C#Ł\ 5[38 ð0H\ d\
J�1[2\ H!5"A#Ł\ 5[41 ð0H\ d\ J�1[2\ H!7"A#Ł\ 5[59 ð1H\
s\ H!1?:5?"E#Ł\ 5[54 ð0H\ s\ H!5"D#Ł\ 5[70 ð1H\ s\ H!
1?:5?"B#Ł[ 02C NMR "CDCl2\ 49 MHz#] d 19[2!10[0 "!COÐ
CH2#\ 14[0 ðC!3"F#Ł\ 25[6 ðC!3"C#Ł\ 59[8 ð!OCH2"E#Ł\ 50[9
ð!OCH2"B#Ł\ 57[3 ðC!2"F#Ł\ 69[3 ðC!2"C#Ł\ 66[7 ðC!1"F#Ł\
67[8 ðC!1"C#Ł\ 097[0 ðC!7"A#Ł\ 009[0 ðC!5"A#Ł\ 000[4 ðC!
3a"D#Ł\ 004[1 ðC!3a"A#Ł\ 006[9 ðC!7"D#Ł\ 007[8 ðC!
1?:5?"E#Ł\ 008[8 ðC!1?:5?"B#Ł\ 021[2 ðC!0?"B#Ł\ 021[3 ðC!
0?"E#Ł\ 033[0 ðC!3?"E#Ł\ 033[1 ðC!3?"B#Ł\ 036[6 ðC!6"D#Ł\
037[9 ðC!4"D#Ł\ 038[9 ðC!4"A#Ł\ 038[6 ðC!6"A#Ł\ 041[6 ðC!
7a"D#Ł\ 044[8 ðC!7a"A#Ł\ 057[1!069[1 ð!COÐCH2Ł[ CD]
ðUŁ124 −33499\ ðUŁ164 −04099[
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