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Abstract—Two proanthocyanidins were isolated from the branches of Prunus spinosa and identified as the known
compounds, mahuannin A and ent-epiafzelechin-(20— 7,40— 8)-epicatechin. The structures were identified from
spectroscopic data and CD studies. Hitherto undescribed derivatives are described and the '3C NMR data were
analysed using C-H bidimensional correlations and selective INEPT techniques.

INTRODUCTION

Prunus spinosa [1] (sub-family Prunoideae, section Eu-
prunus) is distributed throughout Europe and the Middle
East. It is widespread in Spain, but its ethnobotanic use is
best known in Navarra, where infusions of its branches
are used in the treatment of hypertension [2] and its
macerated fruit in the preparation of a type of schnapps.

The isolation from an extract of young branches of P.
spinosa and the structural elucidation of two type A
proanthocyanidins is described in the present paper. Type
A proanthocyanidins have a double interflavanol bond
and should more properly be described as propelargoni-
dins according to the nomenclature proposed by Porter
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RESULTS AND DISCUSSION

Compound 1 proved to be identical to mahuannin A,
obtained by Hikino [4] from the roots of Ephedra. Only
the data for 1 and partial data for a derivative were
reported and were based on CD studies [5] and the
application of Horeau’s method [6]. Our paper gives
information on three derivatives not previously de-
scribed, mahuannin A tetramethyl ether derivative 2, the
structure of which was determined by a careful spectral
study, 3, the triacetate of 2 and mahuannin A peracetate
(4), characterised by its 'H (Table 1) and 3CNMR
signals unequivocally assigned by DEPT experiments
and bidimensional C-H and other correlations (Table 2).

While this papcr was being written up, Ferreira et al.
[7] reported on the constituents of an extract of the
flowers of P. spinosa describing the isolation of mahuan-
nin A and the proanthocyanidin (propelargonidin) ent-
epiafzelechin-(2a— 7,4a— 8)-epicatechin (5), identical to
one of the products isolated here from an extract of the
branches. They gave the structure and absolute config-
uration based in the main on NOE experiments and CD
studies. Weak NOE effects were used { 7] to determine the

* Author to whom correspondence should be addressed.

1 H H H
2 CH; H H
3 CHy Ac Ac
4 Ac Ac Ac

placement of the lower and upper units and the absolute
configuration of the lower unit once that of the upper unit
had been determined by CD studies.

We, however, have determined the position of the
upper unit from the data obtained for the peracetate 7 by
means of a selective INEPT experiment [8] involving the
irradiation of the H-10 and H-14 protons on the epi-
afzelechin unit; carbons sited on three bonds were ob-
served and the assignment of the C-2 at §97.82 was
unequivocal with a single shift due to the presence of two
oxygens, one phenyl, one carbon bearing an ester on a
secondary alcohol, and the aromatic carbons C-10 and C-
14 at §128.27 and C-12 at 151.56. The other 13C NMR
data are given in Table 2. The pentamethyl ether 6 was
also prepared; its relevant 'H NMR data are also given in
Table 1.

Even though data variations are to be expected, given
the nature of the different methodologies applied, using
compound 5 as reference, the ratio of product obtained
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per amount of plant material are of the same order in
both cases. Further study is required to allow conclusions
to be drawn about the use and distribution of metabolites
in the different parts of the plant.

EXPERIMENTAL

'H and **C NMR spectra were measured at 200 and 50 MHz,
respectively, in CDCl; or C,Dg as solvents with TMS as int.
standard. IR spectra were recorded in CHCI; or as films, UV
spectra in MeOH and CD in MeCN. Optical activity was
measured in CHCl, soln. Mps: uncorr. Prep. TLC was done on
precoated Schleicher and Schiill F-1500/L.S 254 foils.

Extraction and fractionation. Prunus spinosa L. (8.7kg of
branches) was collected in Navarra in March 1986 and voucher
specimens are on file in the Herbarium of the Department of
Botany, Universidad de Navarra, Pamplona, Spain. Branches
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were extracted with boiling H,0O and the resulting extract was
treated with n-BuOH to give an extract (250 g} which was
repeatedly chromatographed on Sephadex LH-20 (40 g) and
then on silica gel, to give I and §.

ent-Epiafzelechin-(2a—7.4a~8)-epiafzelechin 7,12,5' 12 -tetra-
methyl ether (2). Obtained as an amorphous solid (12 mg) when a
fr. of the general chromatography was treated with CH,N, at
—18° for 72hr. [«]3® —87.5° (CHCl; ¢ 016gmi™%). IR
vEHC om ~ 1: 3400, 2900, 1600, 1500, 1450, 1240, 1170, 1120, 1020,
970. "H NMR (CDCl,) 8: 6.91 (1H, s, OH), 7.0(2H, d, J = 8.8 Hz),
7.03 2H, d, J=8.7Hz), 753 2H, d, J=87Hz), 768 2H, d, J
=8.8 Hz); for rest of signals see Table 1.

ent-Epiafzelechin{2a—7,4a—8)epiafzelechin 7,12,5 12 -tetra-
methyl ether-3,5,3 -triacetate (3). Obtained when 2 was treated
with Ac,0 in pyridine at room temp. overnight. [¢]3° —28.69°
(CHCl; ¢ 0.23 gml ™). IR vSHS cm~ 1: 2900, 1720, 1600, 1500,
1360, 1240, 1130, 1030, 820, 750. *H NMR (CDCl;} 6: 1.36 (3H, s},
.78 (3H, s), 1.96 (3H, 5), 3.72 (3H, 5), 3.73(3H, 5), 3.82 (3H, 5), 3.84
(3H, s), 692 (2H, d, J=8.6 Hz), 693 (2H, 4, J=88 Hz), 742
(2H, d, J=8.6 Hz), 7.62 (2H, d, J = 8.8 Hz); for rest of signals see
Table 1.

ent-Epiafzelechin-(2a—7, 4a—»8)-epiafzelechin-hepta-acetate
{4). Obtained as an amorphous solid {17 mg) when a fr. of the
general chromatography was acetylated as described for 3, mp
153.5°, [a]2° —28.65° (CHCly: ¢ 0.37 gmi™ ). UV AMOH nm: 206,
269; TR vSHEs cm ™1 2900, 1750, 1600, 1500, 1430, 1350, 1200,
1050, 1010, 900, 840, 740. HRMS [M]* (calc. for C44H330,4,
$38.2142; found, 838.2139). *H NMR (CDCl,) 8: 1.33(3H, 5), 1.78
(3H, 5), 1.97(3H, 5}, 2.25(3H, 5), 2.27 (3H, 5), 2.31 (3H, 5), 2.32 (3H,
5), 7.14 (2H, d, J=85Hz), 7.15(2H, d, J=87Hz), 753 (2H,d, J
=8.5 Hz}, 7.68 (2H, d, J =8.7 Hz); for rest of signals see Table 1.
THNMR (C¢Dg) 8: 1.42(3H, 5), 1.45(3H, 5), 147 (3H, 5), 1.57 (3H,
s), 1.67 (3H, s), 1.72 (3H, ), 1.73 (3H, 5), 6.93 (2H, d, J =8.5 Hz),
7.40 (2H, 4, F=8.7Hz), 737 2H, d, J=85Hz}, 763 QH, 4, J
= 8.7 Hz); for rest of signals see Table 1. **C NMR: see Table 2.
EIMS m/z (rel. int): 839 [M +13* (0.2), 754 (1), 736 (1), 712 (1),
694 (3), 652 (5), 610 (5), 577 {1), 568 (3), 535 (3), 398 {6), 397 (11},
354 (23), 313 (37), 312 (46), 271 (39), 270 (72), 257 (7), 242 (8), 163
(5), 149 (12), 139 (10), 121 (46), 111 (5), 107 (40), 84 (12), 71 (17), 60
(6), 43 (100).

To prepare the CD spectrum the compound was purified by
HPLC RI detector, semi-prep. column u-Porasil (10 p, 30 em
x 0.8 cm)], with hexane-EtOAc (1:2) as mobile phase;

Table 1. THNMR spectral data of compounds 2-4 and 6

H 2 3 4 {CDCly) 4(CsDy) 6
3 434 m 462d 4.76 d 537d 435d
(3.80) (3.90) (3.83) (3.74)

4 4.524d 5484 546 d 546d 4514
(3.64) {3.80) {3.90) {3.83) (3.74)

6 6.29d 654d 6.76d 695d 6.294d
(2.44) (2.44) (2.20) (2.24) (2.44)

8 6.10d 6.11d 6.38d 6.65d 611d
(2.44) (2.44) (2.20) (224 (2.44)

2 5.14brs 513s 523s 467 s 429 brs

3 427 br 530 brs 526brs 520 brs S11s

4 2.86 dd 282dd 285m 207dd 2.86dd
(4.14,1762) (426, 16.0) 4.0, 17.20) (4.16, 16.76)
3.014dd 2,96 dd 244 dd 3.00 dd
(12,1762 (280, 16.0) (2.50, 17.20)  (2.00, 16.76)

& 6.25s 6.20s 644 s 6585 626s

J (Hz) in parentheses.
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Table 2. *3C NMR spectral data of compounds 4 and 7

C 4* 7t C 4* 7t
2 97.77s 97.82s 2 77824 71.57d
3 66.96 d 66.924d 3 66.67d 66.55d
4 27.09d 27.164d 4 2561t 25.60 ¢
4a 113.66 s* 113.65 s 4a’ 109.28 s* 109.36 s
S 149.85 s* 150.62 s® 5 149.85 s® 149.08 s°
6 107.324d 107.314d 6 103.68 d 103.87d
7 149.06 5° 149.87 s° 7 150.61 s® 142.54 s°
8 109.79d 109.874 g 105.35 5 105.37 5*
8a 149.32 s* 149.33 s* 8a’ 151.04 s* 14247 s*
9 135.44 5° 136.54 5° 9 13445 5° 13445 s°
10 128.46 d 128.274d {14 12823d 123.06 d*
11 121.95d 121234 11 121.214d 153.67 s*
12 151.53 s° 151.56 s 12 153.64 s° 151.35s°
13 121954 121.234d 13 121.214d 123.69 ¢¢
14 12846 d 128.274d 14 128.234d 125294
COMe 19.71 19.83
20.60 20.63 (2C)
20.74 20.69
20.95 20.78
21.09 2091
21.16 (2C) 21.13
21.20
C=0-Me 168.62 168.05 (2C)
168.77 168.63
169.17 168.81
169.78 169.16
169.86 (2C) 169.88
170.14 169.96
170.36

*Data taken from DEPT experiments, bidimensional C-H and other cor-

relations.

tData from DEPT experiments and/or INEPT studies and correlations.

*~dInterchangeable values.

R, 133 min. CD [0],0,+175 021, [0],,6 —133 216, [01,6s
—50 040, [6],55 +14 874.

ent-Epiafzelechin-(2a— 7,40 — 8)-epicatechin 7,12,5,11°,12'-
pentamethyl ether (6). Obtained (16 mg) when a fr. of the general
chromatography was treated with CH,N, at —18° for 72 hr.
[«]3° —65° (CHCly; c0.18 gml™Y). IR vSHiCh cm ™1 3400, 2900,
1600, 1500, 1450. 1250, 1100, 1010, 750. 'H NMR (CDCl,) 6: 3.70
(3H, 5), 3.76 (3H, s), 3.91 (3H, s), 3.92 (3H, s), 3.93 (3H, 5), 6.90 (1H,
s, OH), 7.00 (2H, d, J=8.8 Hz), 7.00~-7.33 (3H, superimposed
signals), 7.67 (2H, d, J =8.8 Hz).

ent-Epiafzelechin-(2o—7,4a— 8)-epicatechin-octa-acetate (7).
Obtained when a fr. of the general chromatography was acetyla-
ted, mp 142°. [a]3® —36.09° (CHCly; c041gml™Y). UV
AMOH nm: 208, 268. IR vSHE: cm ™ 1: 2900, 1750, 1600, 1500, 1420,
1350, 1200, 1050, 1010, 900, 750. '3C NMR (CDCl,): see Table 2.
FABMS mjz (rel. int.): 875 (5), 842 (10), 798 (15), 755 (4), 738 (6),
690 (12), 621 (30), 579 (28), 536 (22), 519 (3).
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