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SoahAfk% 

AbtihW ‘H NMR amlysls ofIt-( stxi S-(-mxy ’ ‘” m@vlpbuyl acetic acid (MTPA) 
ester9 of flavm-3ol.s and 4-FqMavatk3ols pat&t aacasmew of the absohlle configurations at c-3 of 
tim?#co~tamlin~uoi$. 

Despite its impact on the assessment of the absolute configuration at the point of the interflavsnyl 
linkage in biflavanoid proanthocyauidins’“~ the circular dichroic approach is hampered by several inherent 
deficiencies. Most prominent among these are the influence of the C-ring conformation on the sign of the 

crucial high-amplitude Cotton Tect at low wa~el~ (220-240 MI) which oflen leads to,incorrect 
assigmn~ for krylflavaa-3-ols and phloba~~~~ * , its inconsistency at the triflavanoid level , and the 
inability to Gcilitate assigoment of the absolute amQmatian at the B of the DEF moiety in 
biflavanoids, e.g. Q) and phlabatannins, e.g. (2). 

a F+at 16. CIV# A; Steydmg J.P.; Bra& EV.; YOUI& DA; Fedra, D. J. Chm Sot., Perkin Duns. I, 1993,2467. 
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The Masher ester techique8*g, using a-methoxyu-trifiuon>methylphenyl acetic acid (MTPA) esters, 
represents a convenient chemical process for establishing the absolute configuration of secondary 
alcoholss-15. In the con@uration correlation model for correlating ‘H NMR shifts and absolute 
stereochemistry of S-O_ and R-(+)-MTpA esters (JJ and (s) the a-trifluoromethyl group, carbonyl, and 
carbinyl hydrogen are approximately ecli sed. 

8 b3 for the S-(-)MTPA ester @) and L 

The protons of the substituent which eclipses the phenyl ring 
for the Rdi astemmer (411 are, therefore, more highly shielded, 

presumably as a result ofthe diamagnetic shielding by the phenyl moiety. The difference in chemical shift of 
any set of like protons in the diastereomeric S- and R-MTPA esters (A&I = 6s - 6~) will thus be positive in 
value when associated with L2 and negative in value when associated with L3. 

The unique structural features in condensed tannin constituent units raised some fin&mental issues 
concerning the applicability of the Dale and Masher protocol for assigning absolute configuration, e.g. the 
e&t%(s) of the juxtaposed aromatic ring(s) in flavsn-34s (.Q 4-arylflavan-3-ols 0, biflavanoids (l.), and 
phlobatamnns (2) on the prefbrential ah#nn ent of carbinyl hydrogen carbonyl, and a-trifluoromethyl group, 
and of the influence of ZG&NIFA ester in e.g. biflavsnoids (l) and phlobatannins (2). Results relevant to a 
Moaher’s approach on a series of flavan-3+ls and 4-axylfIavan-3-01s as models for representative classes of 
oligomeric proanthocyanidins are discussed here. R-(+)-MTPA esters, e.g. 0 were first prepared in low 
yield by the standard procedure* while both diastereomem were recently accessable in excellent yield via a 
modified method’“. 

RESULTS AND DBCUSSION 

In order to circumvent the necessity of utilizing both R-(+)- and S-(-FMTPA esters, initial efforts were 
directed towards the less expensive acetyl- and R-(+)-MTPA esters. Thus, comparison of the ‘H NMR data 
(Table 1) at 300 MHz in CDCl3 of the catechin acetyl- and R-o-MTpA esters (6) and (z) reveals a 

m ‘H NBfR peilg @.pvm.) of the ace@, R-(+), and s(-)-MTPA eaters of cate&in (n), (zh 0, and 
epiuteebin (Ub 0, and u2) in CDC% (24’0 at 300 MHz. Splitting patterns and J-vahwa (Hz) are 
given in parenthedes. 

RineH c6) u) CB) uf9 u.ll 0 

A 6 6.07(d,2.2) 6.10(s) 6.09CU.2) 6.09(d,2.2) 6.05@,2.2) 6.10@,2.2) 

8 6.15(d,2.2) 6.10(s) 6.11(d,2.2) 6.19@,2.2) 6.11(d,2.2) 6.15(d,2.2) 

B 2 6.86(d,2.0) 6.77(d,2.0) 6.91(d,2.0) 7.02(d,2.0) 7.Ol(dJ.O) 6.82(42.0) 

5 6.8O(d,8.0) 6.7q48.0) 6.85@,8.0) 6.84@,8.5) 6.83(d,8.5) 6.69(49.5) 

6 6.89(&,2.0,8.0) 6.86@,2.0,8.0) 6.98(dd,2.0,8.0) 6.95(dd,2.0.8.5) 6.93(dd,2.0.8.5) 6.81(dd,2.0,9.5) 

c 2 S.Oo(47.0) 4.85Qi.8.5) 4.91(49.0) 4.99@r.~.l.O) 5.1O(br.dpl.1.0) 5.08@r.4ca.l.O) 

3 5.32(ddd,5.5,7.0. 5.59(&ld,6.0,8.7, 5.49(ddd,6.0,9.0, 5.42(m) 5.57(ddd,1.5,2.5, 5.59(ddd,1.0,2.5, 

7.0) 9.0) 9.0) 4.0) 4.0) 

4ax 2.64(dd,7.0,17.0) 2.78(dd,9.0,16.0) 2.63(&l,9.0,16.0) 2.92(m) 2.97(dd,4.0,18.0) 2.Cb@d,4.0,18.0) 

4w 2.87(dd,5.5,17.0) 3.18(dd,6.0.16.0) 3.25(dd,6.0,16.0) 2.92(m) 3.09(dd,2.5,18.0) 3.08(dd,2.5,18.0) 

OIdc 3.74.3.75f.83. 3.73(5-A)J.79 3.73(5-Ax3.78 3.76f.77f.87, 3.73(5-A),3.74 3.78(5-A),3.77 

3.84, each s (7-A),3.76(39). (7-A),3.81(3-B), 3.89.tach s (7-A),3.75(3-B), (7-A),3.65(3-B), 

3.87(4-B),cach 8, 3.89+B),each s, 3.88(4-B),each s, 3.86(4-B),each I 

3.37 (m, MTPA) 339@MIPA) 3.23 (m, M’IPA) 3.24 (m, Ml-l’4 
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conspicuous shiekhng of the B-ring protons in the I&(+)-MTPA ester a relative to the chemical shifts of 
these protons in the acetyl derivative [A&0.09,2-H@); -0.06, S-H(B); -0.03,6-H(B)]. Whereas the B-ring 

X&dQ.‘H NMR peaks (p.p.m.) ef the R-(+k and l3+kMTPA atcm of fmctinidol u4), q 
robinctinidd w), eti-robiicthidol (w, and ent-ep~ol un) and (2Q) in CDCl3 (24 C) at 300 

MHz. Splitting patterns and J-values (Hz) are given in pwentkscs 

RingH 0 0 uz) 0 us9 0 

A 5 6.98@,8.5) 6.96(d,8.5) 6.99(48.5) 6.99@,8.5) 6.97(d,8.5) 6.92(48.5) 
6 6.53(dd,2.5,8.5) 6.52(di,2.5,8.5) 6.55(dd,2.5,8.5) 6.55@d,2.5,8.5) 6.53(dd,2.5,8.5) 6.48(dd,2.5,8.5) 

8 6.48@,2.5) 6.47(42.5) 6.49@,2.5) 6.5OW.5) 6.51(d,2.5) 6.47(d,2.5) 

B 2 6.8OW.5) 6.91&X0) - 6.82(d,2.0) 7.00@,2.5) 

5 6.75@,8.5) 6.85(d,8.5) - 6.68(&8.5) 6.84@,8.5) 
6 6.88(dd,2.5,8.5) 6.98(dd,2.0,8.5) - 6.80@,2.0,8.5) 6.93(dd,2.5,8.5) 

2/6 - 6.55(s) 6.66(s) 

c 2 4.95(d,8.5) 4.97(49.0) 4.93(&8.5) 4.96@,9.0) 5.14(br.d,cu.l.O) 5.17@r.d,ca.l.O) 

3 5.6O(ddd,5.5,8.5, 5.51(ddd,5.5,9.0, 5.63(ddd,5.5,8.5. 5.52@d,5.5.9.0, 5.55(ddd,1.5,2.5. 3.54(dd41.5,3.0, 

8.5) 9.0) 9.0) 9.0) 4.0) 4.0) 

4, 3.03(dd,8.5,16.0) 2.87(dd,9.0,16.0) 3.05(dd,9.0,15.0) 2.9O(dd,9.0,15.0) 3.06(dd,2.5,18.0) 3.07(dd,3.0.18.0) 
4,z+ 3.18(dd,5.5.16.0) 3.24(dd,5.5.16.0) 3.22(dd,5.5,15.0) 3.29(dd,5.5,15.0) 3.32(dd,4.0,18.0) 3.31(dd,4.0,18.0) 

OMe 3.75,3.78,3.87. 3.74,3.81,3.99, 3.76,3.78,3.80. 3.77,3.80,3.84, 3.64.3.77,3.86, 3.72,3.75.3.89, 

each 8 ,336 (m, tach s, 3.26 (m, 3.84.cach s, 3.36 3.86,&s, 3.28 tach s, 3.20 (m, each S, 3.22 (m 

mA) mA) (WA) (WA) mA) -A) 

protons of the R4+>MTPA ester (za) of the fisetinidol-(4B12>phloroglucind (26) are shielded compared to 
those ofthe acetate (zz) [A8 -0.15,2-H(B); -0.18, 5-H@); -0.11,6-H(B)] (Table 3), the shielding/deshielding 
phenomena are inconsistent or less convincing for the fisetinidol-(4u,2)-phloroghrcmol esters c24) and (u;) 
[M -0.05,2-H@); -0.01, 5-H(B); +0.03,6-H(B)] (fable 3) and for the epicatechin esters (.lj.) and un) [M 
-0.01, 2-H@), -0.01, S-H(B); -0.02, 6-H(B)] (Table 1). Such discrepancies discriminate against the 
utilization of these parameters in constructing a correlation model for assessment of the absolute 
stereochemistry ofthese classes of flavanoids. 

A different picture, however, emerges on comparison of the chemical shifts of the B-ring protons in the 
R-(+)- and S-(-)-MTPA esters ofthe methyl ethers of the flavan-3+ls, catechin (J), epicatechin (e) (Table l), 
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fisetinidol (U), and e&epifisetinidol (U), and of the R-(+)MTPA methyl ether ester (u) of robinetinidol 
(.l@anditsdiasmreom er (zu (Table 2). These protons are consistently shielded in the R-(+)-MTPA esters 
0, u4), and ue) of the flavan3& with 3s configuration [catechin cr), Getinidol cu), and 
eti-epifisetinidol (.I&)] relative to their chemical shifts in the S-(-)-MTPA esters (a), 0, and (zcu [A8 -0.22, 
2-H(B); -0.11,5-H@); -0.12,6-H(B) for esters (2) and ca), A8 -0.11,2-H(B); -0.10, 5-H@); -0.10,6-H@) 

for esters &I) and (IS), A8 *.18,2-H(B); -0.16, 5-H(B); -0.13, 6-H(B) for esters (U) and (ZQ)]. On the 
contmry, for epicatechin (e) with its 3R configumtion the B-ring protons are substantially deshielded in the 
R-(+)-MTPA ester (K) compamd to their shifts in the S-(+diastereomer uz) [A8 +O. 18, 2-H(B); +O. 14, 
5-H(B); +0.12 6-H(B)]. An interesting c(18c, the principle of which formed the foundation of our initial 
communication*6, is exemplified by the chemical shifts of the B-ring protons in the R-(+)-MTPA esters uz) 
and m of the robinetinidol-type analogues with their enantiomerically related flavan3ol moieties. The 
pyrogallol-type B-ring protons in the R-(+)-ester (.lZ) exhibit similar shielding effects [A8 4). 11, 2-/6-H(B)] 
compsmd to those of ester (u) which constitutes the ensntiomer of the S4-)-MTPA ester of the methyl ether 
of robinetinidol (l&j. By the same token the catechin and epicatechin S-(-)-MTPA esters ca) and uz) 
represent the enantiomers of the R-(+)-MTPA este# of the methyl ethers of en&cam&in and ent-epicatechin 
respectively hence eliminating the necessity to use both enantiomers. 

Attention was next focused on 4-atyl5avan3-ols as models for biflavanoid proanthocyanidins, e.g. (1) 
and related analogues with rewmnged pyran heterocycles, e.g. (2). 
isomers (22) and (26)” 

The fisetinidol-(4,2)-phi 
were selected to mimic the fisetinidol-catechin profisetinidins 

5setinidol-(4,4)-resorcinol anaiogues (3.Q) and u” as models for the bis-fisetinidol profisetinidins 
the catechin-(4,2)phloroglucinol adducts (3.+)2 and up)17~20, and epicatechin44,2)-p&roglucinol (&cJ1 
representing the prucyanidins of the B-class . These compcunds introduce an unknown feature into the 
Masher protocol ie. the e&ct of steric compression of the ester Cmctionality by the close proximity of the 
aromatic B- and D-rings. 

In the isomeric 4-aryl5avan3-ols (22) and (26) a consistent shielding of B-ring protons is evident in the 
diastereomeric R-(+bMTF'A esters (2a) and (za) compared to those of the S4-)-MTPA esters (w and (ze) 
[A8 -0.12, 2-H(B); -0.07, 5-H(B); -0.06, 6-H(B) for esters (24) and (w, A8 -0.20, 2-H(B); -0.19, 5-H(B); 
-0.14,6-H@) for esters @) and @9)] (Table 3). A similar consistency in the shielding of B-ring protons was 
also prevalent in the ester derivatives of the remaining profisetinidin-type 4-aryl5avaw3-ol isomers un) and 
m [A8 -0.13, 2-H(B); -0.08, 5-H(B); -0.02, 6-H(B) for esters (J.l) and (X), A8 -0.12, 2-H(B); -0.16, 
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IhbldlH NMR w (p.p.m.) of the ace@, I&(+)-, and s(-bMTPA eaten of 
f~etinidoL(4a,2~pbhwoglucinelO, 0, (w, and htinidol-(4~,2~phloroglucinol (ZZ), (28), and (29) 
in CDCi3 (24°C) at 300 MHz. Splitting patterns and J-values (Hz) are given in parentbeaea 

RiqgH (22) (28) (21) ml (28) 0 

A 5 6.6O(dd,1.2.8.5) 6.62(dd,lJ.8.5) 6.59@,8.5) 6.76(dd,1.0,8.5) 6.77(d,8.5) 6.72(d,8.5) 

6 6.36(dd,2.5,8.5) 6.37(dd,2.5,8.5) 6.37(dd,2.5,8.5) 6.37(dd,2.5,8.5) 6.39(dd,2.5,8.5) 6.38(dd,2.5,8.5) 

8 6.46W.5) 6.46W.5) 6.46W.5) 6.5qdJ.5) 6.49@,2.5) 6.52@,2.5) 

B 2 6.99W.0) 6.94W.0) 7.06(42.0) 6.91(d,2.0) 6.7qd.2.0) 6.96W.O) 
5 6.84@,8.5) 6.83(d,8.5) 6.90(6,8.5) 6.80@,8.5) 6.62(d,8.5) 6.81(48.0) 

6 7.04(dd,2.0,8.5) 7.07(dd,2.0,8.5) 7.13(dd,2.0,8.5) 6.95(dd,2.0,8.5) 6.84(dd,2.0,8.5) 6.98(dd,2.0,8.0) 

c 2 4.91(dJO.O) 4.96(d,lO.O) 5.04(dJO.O) 5.21(dJO.O) 5.33(dJO.O) 5.46@,9.5) 

3 5.99(tJO.O) 6.55(dd,lO.O, 6.61(ddJ0.0, 5.5O(dd,6.5,10.0) 5.76(dd,7.5,10.0) 5.68(dd,7.5,9.5) 

10.0) 10.0) 

4 4.86@&1.2,10.0) 5.lq~lo.o) 5.Ol(dJO.O) 4.92(d,6.5) 5.22@,7.5) 5.23(d,7.5) 

D 4f6 6.14,6.os@oth 6.12,6.18(bd 6.04,6.09@oth 6.14,6.09@oth 6.05,6.17(botb 5.99,6.1O(lmtb 

42.5) 42.2) 42.2) 42.5) bz.5) 42.2) 

OMC 3.54.3.7lf.77. 3.63,3.67,3.78, 3.61,3.67,3.71, 3.32.3.74.3.76, 3.31,3.70,3.74, 3.35,3.74,3.75, 

3.81,3.86,3.89, 3.81,3.85,3.92. 3.79,3.83,3.90. 3.79,3.85(x2), 3.76,3.79,3X3, 3.78,3.80,3.87, 

c%chs each s, 2.87 (m, each s, 2.86 (m, each s each q2.84 @KS, each s,3.2O(br.s, 

mA) M’I’F’A) m A) m A) 

Xabkt.‘H NMR ptrlu @p.m.) of the R-(+b, and s(-)-MTPA eatera of fuetinidob(4a,4~resorcinol 
0, @Q and fi&inidoL(4&4)-resorcinol(34) and @5) in CDCb (24’C) at 300 MHz. Splitting patterns 
and J-values (Hz) are given in parentheses. 

RingHUU (22) up) cm 
A 5 6.5qd.8.5) 5~%,6.57~(d,8.5) 6.81(d,8.5) 6.74(d,8.5) 

6 6.40@&2.5.8.5) 6.39(dd,2.5,8.5) 6.45(dd,2.5,8.5) 6.42(dd,2.5,8.5) 

8 6.46,6Mb(d,2.5) 6.39(d,2.5) 6.53(d,2.5) 6.58(d,2.5) 

B 2 6.%,7.00b(~2.0) 7.09,7.06b(dJ.o) 6.77(6,2.5) 6.89(d,2.5) 

5 5.81,6.80b(d,8.5) 6.89,6.87b(d,8.5) 6.63(&8.5) 6.79(d,8.0) 

6 7.04,7.01b(dd,2.0,S.5) 7.06,7.08b(ddJ.O,8.5) 6.78(dd,2.5,8.5) 6.91(dd,2.5,8.0) 

C 2 5.02,5.01b(d,10.0) 5.09,5.07b(49.5) 5.28(6,7.5) 5.45(d,6.0) 

3 -*,6.20b(t,10.0) “6.26’(t,9.5) 5.72(dd,5.0,7.5) 5.66(dd,4.5,6.0) 

4 -a,4.74b(d,10.0) -a,4.63b(d,9.5) 4.94(d,5.0) 4.79(44.5) 

D 2 6.46,6.45b(d,2.5) 6.46W.5) 6.46(d,2.5) 6.36(d,2.5) 

5 7.14,7.osb(48.0) 7.10,7.03b(d,S.O) 6.34(&8.5) 6.06(d,8.5) 

6 6.48,6.49b(dd,2.5.8.0) 6.45(dd,2.5.8.0) 6.83(dd,2.5,8.5) 6.69(dd,2.5.8.5) 

OMe 3.72(x2),3.81,3.83,3.87. 3.62,3.72,3.79,3.84,3.90, 3.73,3.74,3.76,3.77,3.82. 3.67,3.73,3.78,3.80,3.85, 

each s, 2.85 (m ,MTPA) each s,2.83(m,MWA) each s,2.99@MIPA) each s,3.41(m&l’IPA) 
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XalW.‘H NMR peaks @p.m.) of the R4+), and S-(+MTPA estera of catecbin+cc,2)-pldoroglucinol 
@l), @&), and uted1ii4~)-phloro&~b0l@), (& and epicat&in-(4~~phloro&winol(43) and 
(44) io CDC% ( 24’0 at 300 MHz. Splitting patterm and J-values (Hz) arc given in parcnthucs. 

lingH 

P 6 

8 

3 2 

5 

t 

6 

2 2 

3 

4 

1 4l6 

OMO I 

5.94@2.5) -W-W) 6.01(d,2.5) 5.8qdJ.3) 6.21(d,2.5) 6.22@2.5) 

6.09W.5) 6.lqdJ.5) 6.15@,2.5) 6.17(d,2.5) 5.98w.5) 6.04W.5) 

-X42.0) 6.9WJ.O) 
6.72@,8.0) 6.83@,8.5) 

6.97(ddJ.O,8.0) 7.Oqtq2.0.8.5) 

+ 

4.6q48.5) 4.78(&7.5) 

6.22(dd,8.5,10.0) 6.33(dd,7.5,8.5) 

4.8qdJO.O) 4.82@,8.5) 

~~~ 

5.68(dd,6.5.10.5) 5.66(dd,6.5,10.5) 5.48(dd,2.0,2.5) 

6.81(42.0) 

6.66@,8.5) 
6.78(dd,2.0.8.5) 

5.42&2.0) 

5.48(dd,2.0,2.5) 

4.70(&2.5) 

6.05(br.s) 5.97(br.s) 6.06,6.17(cach 6.06,6.09(eacll 6.lO(br.s) 6.09(br.s) 

42.5) 42.5) 

3.34,3.66(x2), 3.31.3.55(x2). 3.30,3.57,3.65. 3.33.3.55.3.71, 3.54.3.77(x2). 3.57.3.65.3.80, 

3.74(x2),3.76. 3.ys.nt.77, 3.74,3.78(x2), 3.75,3.76,3.77, 3.79(x2)*3.82. 3.82@),3.86, 

3.79.d s&98 3.84,cach ~$97 3.82,& s,2.84 3.86,ctxh 3.29 3.88,ead1 s,3.24 each 53.23 (II 

wmw @mm (WA) (mFITpA) (WA) m) 

WI(B); -0.13,6-H(B) for esters u4) and (u)] (Table 4), and for the procyaaidin-type analogues (16) and 
(%) [s -0.10, 2-H(B); -0.11, 5-m); -0.07, 6-H(B) for esters (Q and ua), A6 -0. 21, 22-H(B); -0.20, 
5-p); -0.16, 6-H(B) for esters c4n) and (&I)] (Table 5) all with 38 absolute stereochemistry. In the 
procyanidin-me 4-arylflavan-3-d with 3R absolute configuration 0, however, the B-ring protons are 

“co 0 
H 

0 d 

“0: Jr5 Oh 

oil? OY* 

0 
F 0 
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Ye0 ;I O v c1z) 
F 0 

F P 

F F 
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. 

deshielded in the R-(+)-IvllFA ester (42) relative to those in the S-(-)-MTPA ester w [A6 +0.19, 2-H(B); 
+0.14, S-H(B); +0.13,6-H@)] (Table 5). 

Although a shielding of like magnitude may be anticipated for D-ring protons in the S<-)-MTPA esters 
(Z), @!), (%I), and (w compared to those in the R-(+)diastemom em Crax 0, 0, and &f), the fact that 
4- and 6-H(D) camtot be differentiated in the phloroglucinol adducts @.), (w, (za), and (2e) (Table 3) in 
conjunction with the small and inconsistent shielding/deshielding in the resorcinol analogues (u), @2), (%I), 
and cu) (D&e 4), would disfiwour the utilization of these parameters in the construction of a model for 
cotrelating absolute stereochemistry. The irregular shielding/deshielding of D-ring protons is presumably 
attributable to a less perfect alignment (vi& i@xz) of the D-ring and the phenyl ring of the ester moiety 
compared to that of the latter ring and the B-ring of esters with 3S-cordiguration. 

However, the consistency of the shielding/deshielding effects in the different sets of R-(+> and 
S(-%MTPA esters of the flavan-341s and 4-arylflavan-391s is compatible with conformations in which the 
a-trifluoromethyl group, carbonyl, and carbinyl hydrogen are in the same plane and are approximately 
eclipsed. In conjunction with the porpomls of Dale and Masher’, this subsequently permits the construction 
of con@uration correlation models (4.S) and (4as for the R-(+)- and S-(-)-MTPA esters Q and ca) of a 
flavan3ol with 3s configuration, and (sz) and (aa) for Mosher esters a) and uz) of a flavand-ol with 3R 
absolute stereochemistry. Similar correlation models, (4e) and (IQ) am aIso feasible for the R-(+)- and 
S-(-)-MTPA esters, (24) and (u) of 4-arylflavan-3-ols with 3s absolute conQuration and @l) and a for 
those esters, (&) and (44), d4-arylfavan-3-01s pomessing 3R stereochemistry. These conformational models 
represent CNCid arrangements in which the a-phenyl substituent of the R-(+)-MTPA ester functionality is 
preferentially orientated towards the B-ring of both flavan3-ols and 4-arylflavan-3-01s with 3s absolute 

lhkl& ‘H NMR peakn @p.m.) of the Briag protona of the R-(+) and S-(+MTPA e&en (2) and (8) 
of catechii at diierent temperaturea and in different rohrents 

CKb (23°C) 6.78 6.92 6.74 6.85 6.87 6.98 

CDCb WOc) 6.79 6.92 6.74 6.85 6.87 6.98 

mu3 WtJ 6.82 6.92 6.75 6.85 6.86 6.96 

CDQj woe) 6.84 6.93 6.76 6.85 6.86 6.95 

cd>s woe) 6.74 6.89 6.49 6.52 6.83 6.95 

(UWzCO (24’CI 16.98 7.12 6.85 I 6.98 6.90 ~~ Tii 
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configuration and away ikm the B-ring or towards the D-ring in respectively flavan-3-01s and 
4-arylflavan-3-01s with 3R stereochemistry. These orientations are exactly rev& for the a-phenyl 
sub&rent of the S-(-)-MTPA ester moiety. The protons of that aromatic ring which is juxtaposed with the 
a-phenyl substituent of the ester unit are then shielded by the mutual anisotropic effect. 

A notable feadure of the shi&ling&&ielding of B- and D-ring protons is the greater consistency of 
these etkcts, where applicable, at the B-ring. Dreiding models indicate improved alignment between the 
a-phenyl substituent of the ester unit and the B-ring in the R-(+)-MTPA ester (24) compared to that between 
the phenyl group and the D-ring in the S4-)MTPA ester (25). The geometry of the former alignment 
involving the B-ring conforms with an offset face-toface arrangement required for ~-stacking (stabilizing 
7C+attractiot#“. Such an attmcting interaction presumably stabilizes an eclipsed conformation of type (&5) 
which is essential for the preferential and consistent shielding of B-ring protons in the R-(+)-MTPA esters of 
flavan-3-ols and 4-arylflavan-3-01s with 3.9 absolute co&uration and in the S-(-)-MTPA esters of these 
oligoflavanoid constituent units with 3R stereochemistry. In order to define the chemical shifts of 3- and 
4-H(C) in the esters (U) and u2) their ‘H NMB spectra had to be recorded at 80°C. At this elevated 
temperature the shielding of B-ring protons in the R-(+)-MTPA ester 0 relative to that in the S-(->MTPA 
ester uz) is maintained thus demonstmting that conformations of type (41) are predominant over a wide 
temperature range. Such a consistency in the shielding of B-ring protons in R-(+)-MTPA esters with varying 
temperatum, was confirmed by comparison of chemical shifts of these protons in the R-O_ and S-(-)-MTPA 
esters (2) and (@ of catechin at diflkent tempemtures (Table 6). The same consistency is apparently also 
maintained in different solvents, e.g. CDCl3, &Da, and (cD-J)2CO (Table 6). Both these observations are 
significant since the accumulation of ‘H NME data at elevated temperatures and in varicus solvents are often 
premquisites for the structural elucidation of condensed tannins. 

The Masher esters of the 2,3-rkms-3,4&&-atylflavan-3-o1s m) and (u) exhibit conspicuously small 
J-vahres for C-ring protons r3J2,3 7.5 and 6.0 Hz for&Q and u resp.; 3J3,4 5.0 and 4.5 Hz for u4) and ($5) 
resp.] hence reflecting a signikant equilibrium between A- and Ec~nf-ers~~. This phenomenon 
profoundly efIbcts the Cotton e&x% at low wavelengths which has often lead to erroneous assignment of 
absolute configuration at C-4ti24. The shielding of B-ring protons in the R-(+>MTPA ester &I) relative to 
that in the S-(-)-ester 0 is nevertheless retained thus indicating that the Mosher method is less sensitive to 
conformational fluctuations than the circular dichroic approach. Introduction of the additional smreocentre in 
the R-(+)- and S(-jMTPA esters of the flavan3-ol derivatives appears to enhance the amplitude of the 
Cotton efkcts due to the ‘La and *Lb transitions (at about 240 and sround 280 nm respectively) of the 
aromatic A- and B-ring chromophores2”5. 

We have thus demonstrated the utility of the classical Dale and Masher method for defining the absolute 
configuration of flavan-3-01s and 4- ylflavan-3-ols as important constituent units in oligomeric 
proanthocyanidins. In conjunction with J values the unambiguous assignment of stereochemistry at C-3 
would facilitate establishment of absolute configurations at all stereogenic centres of condensed tannin nuclei. 

EXPERIMENTAL 

T.1.c. was performed on DC-Plasti~olien Eieselgel 60 PF254 (0.25 mm) and the plates sprayed with 
&Sod-HCHO (40:1, v/v) after development. Preparative plates (p.1.c.) meselgel PFZGI (1.0 mm)] were 
air-dried and used without prior activation. Methylation was performed with an excess of diruomethane in 
methanoldiethyl ether over 48 h at -1S’C. ‘H N.m.r. spectra were, unless otherwise specified, recorded on a 
Brulcer AM-300 spectrometer for solution in CDCl3 at 25’C and with TMS as internal standard. 
Esterification reactions were catried out under nitrogen. All the flavan3-ols and 4-arylflavan-3-01s 
mentioned are known compounds and were fully charactexised as their methyl ether acetates. Hence, the 
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MTPA esters of these compounds represent simple derivatives of structures that were unambiguously 
determined. 

Prepardon ofM&r Acid Chhrt& 
Gxalyl chloride (7.125 equiv) was added to a solution of (9-(+) or (s)-(-)-MTPA (1.5 equiv) and DMF 

(1.5 e&v) in hexane (1 ml/O.024 mm01 of MTPA) at room tempemture. After 1 h the mixture was filtered 
and concentrated in vacua and the residu used without further purification. 

Preparation andPuriication 0fiUixher Esters 
MTPA acid chloride (1.5 equiv) was added to the methyl ether (1 equiv) of the flavan-3-01 or 

4-arylflavan-3-01 in DCM (0.1 ml/O.01 mm01 of substrate) in triethyl amine (6 equiv). The mixture was left 
at room temperature for 1 h and the reaction progress monitored by t.1.c. HCl (O.lM, 50 ml) was added, and 
the products extracted with EtGAc (3 x 100 ml). The organic phase was washed with NaHC03 (5%, 3 x 50 
ml), brine, dried (NazSO.4) and concemmted under reduced pressure. Subsequent purification by p.1.c. 
[hexane-ethyl acetate-acetone (6.3. l)] afforded the product as pale buff amorphous solids. 
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