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Key weed #a&x-Etiomimcric syntbair; procyanidins Et,-&; 3,4&bifIavanoid; aiI-f4*$]-bi-[( -kpiate&in)- 
(+)-cat& ‘HNMR parameters. 

Aktract-Condcnsation of (2R$S.4R or S)-kucocyanidin or tk 5,7,3’.4’-tetramcthyl ether of (2R.3R.w 
lcucocyanidin with &an-3-ols yicMal dimcric tlavanoids which wcreconvcrtcd to their octamcthyl ether diaoctates, or 
the dcca-aatates for tk 2,3-rrans-proqamdin series. Comparison is made of the ‘H NMR spcetra of the dcea-acetate 
and octamcthyl ether diacctatt derivatives which lead to useful diagnostic shit parameters characteristic of their 
structures Condensations afforded a novel biflavanoid with a 3,4cis-cont%guration and a triflavanoid of ‘mired 
stcrcockmistry. 

Ih~ODUCElON 

Eiomitwtic synthesis of procyanidins initiated by Ha&m 
et ol. [l, 2) was exclusively bused on an indirect method 
rcprcscmd by tk reaction of ~~lt~~~-3~~ 
and polymeric procyanidins, rupcctively, as source of tk 
appropriate carborattion with flavan-3-ols. The direct 
biomimetic approach to condcnacd tannin synthcais, 
however, based on tk premise [3] that &an-3.4-diois as 
potential cketropbiks, and &an-3-f& aa nuckophik.s 
jointly initiate tk prime step in condcnacd tannin forma- 
tion which &ads by further repetitive condensation to tk 
higkr oligomcrs was established by Roux et oi. I4.f). The 
present work provides an expansion of tk syntbctic 
approach to procyanidina in dose analogy to tk recent 
concepts of tannin biogeksis via &van-34diob [6, I]. 
Tk condensations were aimed at studying tk stcrco- 
dmmical course of tk reaction and also its rcgioackctivity 
on a basis similar to that adopted by D&our et I [8], but 
with emphasis on comparison of diagnostic shift par- 
amctcrs for methyl ether acetates and full ataces, and 
heact on the r&tin advantage attached to the use of 
citkr. 

RESULTS AND DEZCtJSSlON 

Biomimetic condensations lading to biflavanoida in 
support of tk biogenetic hypotbeais involving flavan-3- 
ob and tbc Qcarbcnium ion dcrivcd from &an-3.4-dials 
have hccn demonstrated for proanthocyonidias [S-10). 
Pharmacological teats requiring procyanidins in tk free 
phenok form prompted repetition of controkd bio- 
mimetic syatkais resulting in the range of th a&2+3- 
rrcuuconbguntcd producta 4, 7 and the alkrcrru-[4,8]- 
linked tri- and tctra&vanoid analoguea (cf. Scbcmc 1) as 
previously reported [S]. The same maction of dimct 
condensation of (2R,3Sv4R or S)-kucocyanidin (2) with 

l Kk&mtad to Prof. D. G. Roux, EkKmfontcis on t& 

caasion of his 65th birthday. 

( + )cotahin (1) performed with an excess of the tlavaa- 
3,4diol (2) (3 : I ratio) and under more acidic conditions 
(0.1 M HCI) led to the generation of a mixture of bi- and 
trilvanoids and higher compoknts in the proportion of 
1: 1: 18. The production of predominantly oligomers 
when compared with tk above coupling (1: 1: 3) indicates 
that direct synthesis of procyanidins may k approached 
sto~o~t~lly. This is in line with tk stoichiomctric 
control appkd during tk synthesis of profisctinidins 
leading sclcetively to hi- and trikvanoids [1 I]. The 
fommtion of oligomcric proqanidias in higlur propor- 
tions relative to the syntbcsis of analogous prot%ctinidins 
under similar conditions may k attributed to enhanad 
oudcophikity of tk products. An introduced sazond 
f + )cetachill unit posstsKs stronger nudcophik antrca 
and, taken in conjunction with tk higb reactivity of 
kuwocypnidins, this should cause rapid condensation 
resulting in otigomcrk products but to a limited cxtcnt 
controlled by the sckctcd concentration of tk fhtvan-3,4- 
diO1. 

Acetyiatioo and subscqucnt prep. TLC separation of 
the biflavanoid fraction afforded the novel product (i 1) 
which was identified by spcctroecopic tcchniqucs as tk 
fint rcprcacntative of a 3.4-ci.r~procyanidin unit (123. Tbc 
formation of products with both 3.4rruns- and 3&c& 
stereocbcmistry is in line with studies on reduction 
products of ( + btaxifolin [ 133 and tk rcocnt report on 
procyanidins posse&q units of ‘mixed stcreochcmistry 
(14J.Howcvcr,tksignificant(12%)yicldof10undcrthe 
expcrimcntal conditions supporta tk view that 3,4-&- 
coafiguratod ohgomcrs may exist in nature. 

In a mod&d procedure coupling of the &an-3.4diol 
(2) with ( - )-epiitechin (3) again followed tk expcctcd 
course of regioselective and smreqcc& condensation to 
form tk predominant [4,8]-Lkrmu-3.4rr~s:~~ir- 
( + )atahin-( - l-cpicatcchin bi%vanoid (12, pro- 
cyanidin B.) and the [4,6]~loguc (IS. procyanidin Bs) 
(cf. S&cmc 1). Approach by the nuckophik (-b 
cpkatechin is presumably favoured from tk ksa hindered 
‘lower’side of tk 2.3-rr4nr4-carknium ion. The yields of 
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schcmc I. Condensauon of the 2J-tronr-tIavan-3,4-dio-diol(2) with (+ katactun (1) and ( -)epicat&un (3). 

biflavanoids 12 and IS (45 and 10%. respectively) reflect 
tbc lower steric hindrance at the 8-position relative to that 
at C-6. 

The rcgiosckctivity in these condensations of 14.81. and 
14.63.procyanidins (co 5: 1) may be due to the relative 
stability of the 4carbcnium ion derived from (2R.3S.4R 
or S)-kucocyanidin and hence its reactivity in favour of 
the sterically kss hindered 8-position on ( + )catcchio [9]. 

In a previous paper [9] direct ~~XSS to methyl ether 
acetates of procyanidins Bz and B, has been described. 
Tbc remaining coupling of the synthetic flavan-3,4diol 
tctramethyl ether (19) with ( + )catcchin in a I : I molar 
ratio again followed the expected course of condensation 
IO give the desired [4,8]- and [4.6]-biflavanoid octamethyl 
ether diacetatcs 21 and 24 (procyanidins B, and B:, 
respectively) in significant yields (co IS 7;) after methy 
lation and subsequent acetylation (cf. Scheme 2). 
Similarly, lack of rcgiosckctivity in this condensation 
correlated with observations for the synthesis of Bz and 
B thus confirming the hypothesis of the 
‘s&ctivity-reactivity relationship’ [9]. 

The same condensation of the Aavan-3,4diol (19) with 
( + )catcchin revcaM evidence of a novel triflavanoid 
with procyanidin units of ‘mixed’ stereochemistry. 
Analysis of the ‘H NMR spbctrum of the dodaamcthyl 
ether triacetatc of 26 exhibited mcrocoupkd doubkts 
(65.84 and 5.94) uniquely shifted up&Id indicating 
(4.8:4.8]-intcrflavanoid linkages (cf. Table 3) [9]. 
Chemical shifts of the two high-field aromatic singkts 
(66.05 and 6. I I, I- and G-rings) independently confirmed 
suDcssivc [4.8)u~tpling of both ‘upper’ units [9. IS]. The 

relative 2.3-&-3.41~~ stereochemistry of the bitIn- 
vanoid procyanidin suktituent on (+)cntcchin was 
evident from coupling constants (Jz., = 1.5. 1.5, J,., 
= 2.0.2.2 Hz. rcspactively. for the C- and F-rings) in dose 
agreement with those observed for B1 [9]. Assignmcats of 
resonances to the three hctcrocyclic riog systems wen 
possible by means of extensive spin-tickling experiments. 

The sequence of the constituent units of the tritlavanoid 
26 followed from decoupliog experiments of the meth- 
ykne protons and their large coupling constants thus 
defining (+mtcchio as the ‘terminal’ unit. Another 
significant feature which correlated with the prom 
sequencing was the chemical shift of 2-H and 3-H of the 
Yowcr’ (+)-cItechin unit (I-ring) (65.06 and 5.25 resprct- 
ivcly) which fell in line with those of the ‘terminal’ (+h 
catcchin moiety of the methyl ether acetate of procyanidin 
Cz [S]. Furthermore. the resultant chemical shift dif- 
ference (A&,,.,., 0.19, I-ring) consistent with similar 
effects for both the corresponding derivatives of B, and 
C1 signified substitution in the 8.position. Similarly, the 
chemical shifts of 2-H and 3-H resonanas of the ‘upper’ 
(- )-cpicatcchio unit (65.56 and 5.31. respectively) cor- 
related with those similarly placed in the corresponding 
derivatives of both the dimcr B1 and ~hc trimcr C, [9]. 
The proposal stereochtmical assignments of 26 were 
confirmed by circular dicbroism as evident from positive 
Cotton effects at 222 and 231 am [ 16183. 

The natural c o-occurrcne of the three procyani&nq i.e. 
the biflavanoids 20 and 23. and tht trifhvnnoid 26 was 
demonstrated by their iaolstioo from Pinw mwifima and 
by tbc identity of tbc ‘H NMR and CD spectra of their 
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Scheme L Condensation of the 2,3-ck4wan-3,4-did mcthyl ether (19) with (+tcatechin (1) and (-)_ 
+aIcchin (3). 

wthyl ether pcttatcs with those of their syathctic 
counterparts.* Other analogies to bt found in nature may 
be derived from phytochcmiml studies 00 natural tannin 
extracts of Crataegus oxyaccontha [9], Salix and Berula 
spa% [unpublished] following the biomimctic courxe as 
illustrated in Schemes I and 2 

In general. structural and stcrcochemkal diffcrenti- 
ation of procyanidin biilavanoids was provided by chcmi- 
cal shifts in combination with characteristic splitting- 
pattern of rcsonam in the Yingcrprint’ hcterocydic and 
aromatic region coupled with various chemical shift 
differences between thearomatic protons6-H and 8-H (A- 
and D-rings), together with significant shifts of the 
hetcrocyclic protons 2-H and 3-H (C- and F-rings) 
18.9. 15. 193. Coupling constants of the heterocyclic 
systems indicated the presena of 2.3-rrans (J,., 
= 8-10 Hz) and 2.3-k (Iz,, = @2 Hz) configurated 
llavan-3sl units, while allocations of resonances were 
established by extensive spin-tickling exptrimcnts. 
Circular dichroism confirmed the absolute configuration 
(C-ring) at the point of bonding as concluded from 
diagnostic positive and negative Cotton erects in the low- 
wavckngth region [4,5, 161 (cf. Table 5). Similarly proof 
of absolute configuration was provided by synthesis from 
precursors of known absolute configuration. 

*That res4&.~ art in agfccmm I with simile okwatious 
reported on the pfayanidin composiIion of Pinw rotdo [ 19.201. 

The natural free-phcnolic procyanidins B, -.B, were 
previously characterized by Haslam ef al. [ I73 on the basis 
of degradativc and synthetic studies coupled with spec- 
troscopic evidenec. However, compktc NMR assign- 
ments were limit4 by the compkxity of spectra of both 
the free phenolic forms and their acetate derivatives aI 
ambient temperatures due to rotational isomerism 
[17.18,21]. ‘H NMR spcara of the acetates and methyl 
ethers of prcqanidins were aozordingly recorded at 
increased temperatures [2]. Methyl ether acetates have 
proved to be useful derivatives for ‘H NMR analysis at 
ekvatcd temperatures (loo”, CDCl,) [8,9]. Under these 
conditions the effects of dynamic rotational isonmism, 
evident from ‘H NMR analysis at ambient temperatures. 
were overcome, thus enabling spectral interpretations. 

The availability of procyanidins B,-Bs as both methyl 
ether acetates and full acetates enables direct comparison 
of ‘H NMR data in order IO establish those parameters 
which may prove useful in the analysis of oligomcric 
procyanidins (cf. Tables 14). Their significance is thtrc- 
fore briefly discussed. 

Direct comparison of ‘H NMR data of both derivatives 
demonstrates that spcctrometric parameters in terms of 
bonding positions, relative 3,44creochanistry and ac- 
cordingly of abbolute configurations arc unequivocally 
establishal for methyl ether acetates, whik lwk of suitable 
paranMm aA II-e nazGty of sclazting shifts representa- 
tive of major rota- characterize the problem of 
‘HNMR spcctromctry of procyanidin aatatcs. This 
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Table I. Chankl shifts of procyandin aliphatic )-ok 
functions (C-and F-rings) of methyl ether acema in CDCl, 

(loo”) relative IO TMS 

C-ring 
Procyanidins d 

F-ring 
6 AC5 

BI (21) 
BT (24) 
Ba 0.1 
B, (33) 

B, (5) 

B, (0) 
B. (13) 
BI (10 
(+ FCPtechin (1) 
( - bEpicatcchin (3) 

1.74 
I.80 
1.72 
1.78 
I.61 
I .67 
1.68 
1.66 

1.84 
1.91 0.07 

I .86 
1.91 0.05 

1.88 
1.91 0.03 

I.80 
1.88 0.08 

1.88 
I.91 

Tabk 2 Chanial shifts of pmcyanidin 2-H (F-ring) of methyl 
ether aata~c and BCCUIC dmvarives m CDCI, relative to TMS 

Methyl ether 
BCetaks Periuxura 

(CDCI,. loo”) (CDCI, * UT) 
Frazyanidins b AJ b ti 

B, 21 4.50 
0.53 

22 4.37 

B, 24 5.03 
~ 

5.35. o.98 

BI Jo 4.60 

B, 33 5.1 I 

0.51 ; ;;. 0.6 I 

’ BJ 5 4.92 6 4.94 
Be g 4.97 

0.05 
9 5.04 

0.10 

B. I3 4.98 
Bs 16 5.05 0.07 :; 

5.01 
5.14 0.13 

l TCIIMIW assignmen due lo overtapping of rcsonmm 

difference is due IO the higher activation energy for 
rotation about the intertlavanoid bonds rcquircd by the 
acetates. 

Thus, assessment of bonding positions is most reliably 
derived from absolute chemical shifts of remaining D-ring 
protons of ‘dim&c’ methyl ether acetates under spccihc 
expcrimcntal conditions (CDCI,, 100”). The chemical 
shifts (tibKCH 0.134.20)arc in line with thox previously 
established foranakgua bearing 6 and &substitucnts of 
flavan-Eels [9. IS] and rcsorcinol-type condcnscd tan- 
nins [5,22]. By contrast the margin of shift differences 

(AL, CH 0.01~.12) of residual D-ring protons appears to 
bc relatively small for dimcricacctatcs and their overlap in 
some instances implies that this parameter is kss suitable 
for differentiating bctwan the full acctatcs of [4,8]- and 
[4,6]-bonded ‘dimeric’ prcxyanidins (cf. Table 3). 

Chemical shift differences [A6,.,,~u (F-ring)] of (+ )- 
catcchin constituents have also proved of diagnostic value 
as to structureand stereochemistry ofprohsctinidins [ 111. 
and in distinguishing bctwccn [4,6]- and [4,8]-pro- 
cyanidin bitlavanoids [8]. However, this paramctcr is less 
suitabk in procyanidins with substitucnt monomeric 
units of 23-cis configuration (tiO.68,0.46,0.42 and 0.42 
for 30.13,33 and 16, rcs 

p” 

tively) (cf. Tabk 4). Another 
significant feature of all 4,6]-procyanidins is the somc- 
what kss shielded 2-H (F-ring) IJ4.97, 5.11 (methyl ether 
acctatcs) and 5.04-5.35 (acctatcs)] rclativc to the same 
proton of their [4,8]-isomers [64.504.98 (methyl ether 
acetates) and 4.37-5.01 (acctatcs)] (cf. Tabk 2). 

The potential stcrcochcmical and structural signifi- 
cana is the consistent but small dcshiclding of the 3-OAc 
(F-ring) resonance of all [4,6]-isomers (b l&i I .80) rela- 
tive IO those of the [4,8]-procyanidins (al.61-1.74). 
rcflccting comparative freedom from shielding ctfccts (cf. 
Table 1). 

Although conversion ofcondcnscd tannins into methyl 
ether acctatcs rcquircs suaxssive chromatographk purifi- 
cation at each step resulting in substantial losses of 

Table 3. Chemical shifts of A- and Dting protons of methyl ether aatatc and mta~e derivatives of 
procyanidins in CDCI, relative to TMS (bvaka) 

&Hand&H bH [4,6]-Pr@+nidins bH and 8-H 8-H 

[4.8)-Rocyanidins (A-ring) (D-ring) (counterparts) (A-ring) (D-ring) Row 

Acetam (CDCI,. 30“) 
B, (22) 6.00 

6.31 
8~ (Jr) 6.00 

6.25 
B, (0 6.48 

6.50 
B. (14) 6.52 

6.58 
Methyl ether ace(01cs (CDCI,. 
B, (21) 5.82 

5.92 
Ba (Jo) 5.83 

5.94 
BJ 6) 6.05 

6.05 
B. (13) 6.06 

6.16 

6.67 

6.65 

6.62 

6.63 

loo”) 

6.14 

6.rn 

6.16 

6. I 2 

B, (25) 

Bs (34) 

B6 (9) 

b (17) 

I% WI 

B, 03 

B. (a 

B, (10 

6.62 
6.74 6.76 8:; 6.64 

6.60 6.47 
6.73 6.61 6.61 6.79 

6.64 6.64 6.63 t:$ 6.60 

6.71 
6.72 6.75 8:: 6.75 

6.02 
6.25 

6.33 

6.06 
6.30 

6.38 

6.06 
6.23 

6.29 

6.06 
6.23 

6.32 



Tabk 4. Chanical shifts and coupling cmstants of hctcroqdic protons (C- and F-rings) of methyl ether OIXWC and axtalc dcrinliva of 
pmcyanidi~ B,-B, in CDCI, rehtivc to TMS 

Amate (CDCI,. W) 
Ring C 22 31 6 14 34’ -. 

2-H 

3-H 

4-H 

5.45 f 5.51 5 4.76 d. 4.82 d, 
J - 9.6 J - 9.6 

5.15 J 5.16 m 5.62 f, 5.72 t, 5.15-5.43 
U - 19.2 U - 19.2 

4.41 d. 4.46 d 4.48 d. 4.53 d, 
J = I.5t J I 1.6 J - 9-6 J = 9.6 

Ring F -- 
2-H 4.37 d 4.54 3 4.94 d. 5.01 s 

J - 10.0 J - 8.0 
3-H 5.05 m 5.06 m 5.12 m 5.22 111 

Methyl aber wxtata (CDCI,, loo”) 
Rin8C 21 J) s 13 
2-H 5.36 3 5.54 3 4.66 d, 4.73 d, 

J = 10.0 J - 10.0 
3-H 5.28 I 5.34 1 5.8J dd, 5.89 4 

J - 1.5 J = I.7 u ” 18.8 u = 19.5 
and 20 and 2.2 

4-H 4.58 d 4.68 d 4.80 d. 4.86 d. 
J -20 J - 2.2 J - 8.75 J - 9.5 

Ring F 
2-H 4.50 d 4.60 s 4.92 d, 4.98 J 

J-8.25 J-7.25 
3-H 5.15 m 5.28 m 5.11 m, 5.44 m 

u = 20.5 

33 
5.47 s 

5.31 I 
J - 1.5 
4d 22 
4.59 d 

J - 2.2 

5.11 brd 

5.53 m 

9 
fOUmQ 

4.78 d, 4.80 4 
J - 10.0 J - la0 
5.68 m 5.68 m 

4.34 d. 4.44 d, 
J = 9.0 J - 9.0 

4.86 4 mi d, 
J - 9.0 J - 9.0 
5.W m 5.06 m 

8 
4.80 d, J - 9.9 

5.77 Iu &/ - 18.6 

4.73 d. J - 8.7 

4.97 d, J - 7.0 

5.33 m u - 19.5 

5. W-5.40 

24 
5.u s 

5.28 m 

4.61 d 
J - 2.2 

5.03 d 
J - 6.5 
5.30 m 

17 
rotaauf 

4.88 k 4.88 d. 
J = 10.0 J - IO.0 
5.72 t, 5.82 t 
u ” 19.0 u - 19.0 
4.52 d. 4.45 d. 
J = 9.0 J 1 9.0 

5.14 3 5.20 f 

5.34 m 5.40 m 

16 
4.72 s, J - 10.0 

5.77 dd. XJ - 18.8 

4.70 d, J - 9.0 

5.05 3 

5.47 m 

l sigrialsomhpped 
tcoupblg CoNunts in Hz 
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Tabk S. CD data of methyl ether acxtate and aatate dcnvativa of prcxyanidina in MeDH (A nm) 

[Ol i 101 1 (01 i 101 1 [@I i sign* 

Aatata 
B, (22) + ISSO 265 +29510 228 +y7ow) 222 0 210 + 
B, (31) -2310 282 -2540 272 +12700 235 +66100 211 ,217lt-t 201 + 
B, (6) -14850 278 -30% 252 -22270 234 -193400 2tx -131510 200 - 
B. (14) -13490 267 -5900 245 - 13490 230 -121380 214 -25290 200 - 
B, 04) +3%0 277 +I780 258 +83760 233 0 212 
BI (9) -16630 269 -5820 245 -30770 2t8 -4g240 21s -24950 2tX 1 
B, (U) +3%0 265 +92ooO 2L8 0204+ 
% (17) -12100 278 0 248 -13tXIO 235 -8470 230 -33260 210 - 
Methyl ether xetates -..___ * 
8, (21) -635 268 +34260 236 +22200 222 +xl750 217 + 
Bz (a) -32gO 268 +3l I60 237 +J8860 218 0 203 + 
B, (5) -2780 280 -83520 236 -118320 216 -16700 205 - 
B. (13) -2320 280 + 774 265 -89ooO 230 -11610 203 - 
B, (33) + 1700 280 +84% 250 +57710 237 +3734O 223 +73840 215 + 
B* (0) -4520 278 -35470 228 -24190 220 -51600 215 - 
B, (24) -1600 284 +87960 236 +41uu) 222 0 210 + 
Bm (16) -3100 280 -43340 232 -34830 225 -4gtXlO 218 - 

l Cottoneffsft between 2UOand 230 nmtndicatingthepositionofthe4-hvanylrubstituettt relativetothepkrkof 
tingA,i.e.below(-)andabow(+) 

material due to side-rtaaions tkse derivatives permit 
simple structural and stereochemical conclusions under 
the conditions employed. Additionally the stereochemical 
purity ofcompounds under investigation is unequivocally 
demonstrated by the number of resonances due to 
aliphatic acctoxy functions from high temperature 
SpCCWL 

The comparative ‘H NMR data now described should 
prove helpful in unambiguous structure elucidation of 
natural procyanidins. The identifkation of the trifla- 
vanoid 26 basai on a combination of parameters dis- 
cussed above represents an example. 

EXPRRIMENTAL 

‘HNMR spaztra recorded tn CDCI, with TMS as int. 
staodard. NMR tubes were firmly stoppered for recording at 
tattps (loo”) above the bp of CDCI,. CD data were obtained tn 
MeOH. Mahyhttions were performed wtth an excess of CHIN* 
over 48 hr at - 15”. whik acetykttons were in AclO-pyrtdtne at 
room temp. Prep. plates (Kicselgel PFlu. 0.5 mm) were used for 
Lcprcltion of derivatives tn C,H,- MerCO (4: I) 

General co&iuariotu and work-up procedures. Biottuwtr 
synthesis of procyanidtns Bi-B, were performed by the conden- 

sstion of a &an-3.4diol with &an-3-ol in a I : I molar ratio 
utukr ridiccooditions (0.1 M HCI) Basal on the preparatton of 
hvan-3.4diob of different 2.3stereochemistry the coupltng 
rcxtions may be grouped as follows: 
(i) Reackm o/2.3-trans-pOrvt-3,4di/ w11h~an-3-&. Mutual 
couplings of 2.3rrans-Lvan-3.4-&l(2) obtained by the reduc- 
tion of (+ btaxifolin [8] with ( + ~tccltin and ( -~icatechtn 
gave the isotneric pairs B&. and B.,B,. respoxrvely (cf. 
.Qltark I) 
(ii) Raxrkm of 2.3cls-pmw-3.odio1 with ~?own-Edr. Alter- 
native couplings of 2&h-&an-3&ltol (19) prqNral from 
tctrartuthyl ether ( - tepicatechtn according to the procedure of 
ref. [23] with alher (+)-ate&in or ( -)-cpkatahin yielded the 
isotn&c pairs Bi,B and Bz/B,. respectively (cf. fklktne 2) 

The reaction mixture was stirred under Nr at room temp. and 

then extracted with EtOAc. After evapn of solvent the prodtxt 
was squatal on Sepha&x LH-20 using EtOH as eluattt. The 
free-phettohc ptocyaniditts were convertal into tlkir rcspaztivc 
MC ether acetates with prep. TLC putitkation at ach step 
ad their full acetates followed by ptep. TLC separation. 
For ‘HNMR and CD data see Tabks 1-S. Similar values 
for full acetate5 of procyanidins are reported in parts 
[Z 16. 17. 19. 24.251. 

All- [4.8]&1-[( -)-epicumchj-( + )a~uhin (26). Mcthylation 
of appcprhte fractions obtained by chromatography on 
Sephdcx LH-2Oand subuquent acetylation yielded the dodm- 
methyl ether trixctatc (27). exhibiting the following spaztral 
propetties. ‘H NMR (CDCI,. ItXQ d 1.66 [J. 3-OAc (C or F)]. 
I.71 [s, 3-DAc (For C)]. 1.90 [s. 3-OAc (I)]. 294 [m, 2 x H (I)]. 
3.41-3.84(m 12DMe).4.66[brs.4-H (F)].4.78[d.I I 2OHz.C 

H(C)].S.%[d.J - 6.0Hz.2-H(1)].5.09[brs.2-H(F)].5.15[r.J 
- 1.5 and 22 Hz 3-H (F)], 5.25 [m 3-H (I)] 5.31 [t.J - I.5 and 
2.0 Hr 3-H (C)l. 5.56 [br I. 2-H (C)l. 5.84 [d. J - 20 Hz. bH 
(A)]. 5.94 [d.J - 2.0 Hz. 8-H (A)], 6.05 [s. bH (D or Cl)]. 6. I I [s. 
6H (G or D)]. 6.59-7.00 [m 9 x H (B. E and H)]. CD [f& 0. 
[e],,, -3295.[611,,a[f-q1,, + lOI 060.[6]~~, +83480.[e]~~r 
+ 107650. [@I,, 0. 
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