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Abstract. Lupeol, oleanolic acid, stigmasterol, b-sitosterol, b-
sitosteryl-b-D-glucopyranoside, catechin, epi-catechin, and 8-C-b-D-
glucopyranosylapigenin (vitexin) were isolated from the acetonic
extract of the leaves of Ochroma pyramidale (balsa wood, Bomba-
caceae), atree noted by its exceedingly light wood. H and 13C NMR
of 8-C-b-D-glucopyranosyl-apigenin (vitexin) at room temperature
exhibited doubling of some signals, suggesting the presence of atro-
pisomers. 1H NMR spectra at 70 °C showed one set of signals, con-
firming the presence of rotational isomers at room temperature.
Molecular modelling using AM1 methods, established the two con-
formations of minimum energy for vitexin, which correspond to the
—ac (w = -94 °) and +ac (w = + 96 °) arrangement along the C(2")-
C(1")-C(8)-C(7) bonds.

Keywords: Ochroma pyramidale, balsa wood, Bombacaceae, triter-
penes, phenols, sterols, conformational analysis, mollecular model-
ing, vitexin.

Resumen. Del extracto acetnico de las partes aéreas de Ochroma
pyramidale (madera balsa, Bombacaceae), un &rbol que se caracteriza
por laligereza de su madera, fueron aislados lupeol, &cido oleandlico,
estigmasterol, b-sitosterol, b-D-glucopirandsido de b-sitosterilo, ca-
tequina, epi-catequina, and 8-C-b-D-glucopiranosil apigenina (vitexi-
na). Algunas sefiales en los espectros de RMN de H y 13C de esta
Ultima substancia mostraron duplicidad a temperatura ambiente,
sugiriendo la presencia de atropisomeros. El espectro de RMN H a
70 °C mostr6 solo un conjunto de sefiales, confirmando la presencia
de rotameros a temperatura ambiente. El modelaje molecular usando
métodos AM1 de la vitexina establecié las dos conformaciones de
minima energia de lamolécula, las cuales corresponden alos arreglos
—ac (w =-94°) and +ac (w = + 96°) de los enlaces C(2")-C(1")-C(8)-
C(7).

Palabras clave: Ochroma pyramidale, madera balsa, Bombacaceae,
triterpenos, fenoles, esteroles, andlisis conformacional, modelaje
molecular, vitexina.

Ochroma pyramidale (syn: O. lagopus [1]; common name;
balsa wood) is atree of the Bombacaceae family [2], growing
in tropical areas of Meso-, Central- and South America and
noted by its very light wood [3]. Balsa wood has a very low
density (0.110-0.200 g / cm3) [4] and because of its buoyancy,
it is used for making floats. Its resilency makes it an excellent
shock-absorbing material and because of its lightness and
insulating properties, it is a valuable construction material.
Balsa seed fibre is used commercially as plant eiderdown [5].
From the ethanolic extract of the wood were previoudly isolat-
ed fatty acids, sterols, coumarins and lignanes [6], however,
the leaves, which are considered as a waste material by the
forest industry, have not been previously analyzed. This paper
describes the secondary metabolites isolated from the leaves
of balsatree and the preferred conformations of 8-C-b-D-glu-
copyranosylapigenin (vitexin), determined by molecular mo-
delling.

The leaves of O. pyramidale were extracted at room tem-
perature with acetone, and the acetonic extract was purified by
silica gel column chromatography and preparative TLC on si-

licagel, to afford eight compounds. Lupeol [7], oleanolic acid
[8], stigmasteral [9], b-sitosterol [9], and b-sitosteryl-b-D-glu-
copyranoside [7] were identified by comparing their spectro-
scopic data with those previously reported.

From the polar fractions was isolated a solid which was a
mixture of two compounds (1la + 2a), according to its 1H
NMR data. Acetylation of this mixture afforded the peracety-
lated compounds which were separated by preparative TLC.
Peracetyl-catechin (1b) and peracetyl-epi-catechin (2b) were
identified as the less polar and the more polar compounds,
respectively, and their 1H and 13C NMR assignments are listed
in the experimental. Therefore, catechin (1a) and epi-catechin
(2a) [10] are the natural compounds from the leaves of balsa
wood.

The positive FABMS of the additional compound showed
an [M+ + 1] pesk corresponding to the formula Cy;H,,O;, in
agreement with the number of signals observed in the 13C
NMR spectrum and the number of protons registered in the 1H
NMR spectrum. Its IR spectrum showed absorption bands at
3380-3251 and 1655 cm-1 for hydroxyl and a,b,gd-unsatura-
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ted carbonyl groups, respectively. Its 13C NMR spectrum
showed 19 resonances, sorted by DEPT experiments in one
methylene, nine methines and nine quaternary carbons. The
presence of the flavonoid skeleton was evident by the typical
AA’BB’ proton doublets centered at d, 8.02 and 6.88 (2H
each), and the singlets at dy, 6.77 and 6.27 (1H each) for the
H-3 and one A-ring proton, respectively, in the IH NMR spec-
trum. These assignments were confirmed by the HMQC
experiment, which showed the corresponding crosspeaks at d
128.90, 115.73, 102.41 and 98.06 for C(2' + 6'), C(3' + 5'),
C(3) and the corresponding carbon of the A ring, respectively.
The second hydroxyl could be located at C(7), as in the api-
genin derivatives. The presence of an hexose was evident by
the presence of six signals in the 13C NMR spectrum between
60 and 82 ppm which correlated in the HMQC with the sig-
nals between 3.00 and 4.70 ppm in the IH NMR spectrum.
COSY and TOCSY experiments established the connectivity
for the hexopyranose which was determined as a b-D-glu-
copyranose by the all trans-diaxial coupling pattern within the
pyranoid system, yielding only large coupling constants (10
Hz) for H-1' through H-5'. The presence of the C(8)-C(1")
bond (C-glycosylflavonoid, instead of O-glycosylflavonoid)
was determined by the upfield shift of H-1" (dy 4.67) and by
the observed crosspeaks between H-1" and C-8 (dc 104.55),
C-8a (dc 162.5) and C-7 (dc 155.99) in the HMBC spectrum.
Therefore, this substance was established as 8-C-b-D-glu-
copyranosylapigenin (vitexin). Direct comparison of the phy-
sical properties with those published [11], confirmed its iden-
tity.

Severa signalsin the 1H and 13C NMR spectra of 3 exhi-
bited some doubling or broadening at room temperature, as
previously noted for some C-glycosides of flavonoids [12,
13], due to the presence of atropisomers. When the IH NMR
spectra of 3 was ran at 70 °C, the signals sharpened, confirm-
ing the interconvertibility of the rotational isomers. Confor-
mers A-D in Fig. 1 represent four possible rotamers derived
from rotation (90°) along the C(1")-C(8) sigma bond of vitex-
in (3). Considering the C(2")-C(1")-C(8)-C(7) torsion angles
(w), these conformations could be described as + synclina (w
= 60°, A), Y -antiperiplanar (w = 150°, B), -anticlinal (w =
—-120°, C), and Y -synperiplanar (w = -30°, D).

OH
o Ho OH
HO.
OH O§

HO

B (w=150°, y -ap)

C (w=-120°, - ac) D (w=-30°, y-sp)

Fig. 1. Some rotamers of vitexin (3).

In order to determine the preferred conformations of 3,
molecular structure calculations at semiempirical level were
carried out. AM1 parametrization was used, and this method
has proved to provide good molecular conformations for organ-
ic molecules [14, 15]. For the calculations the AM 1 implemen-
tation in the suit of programs Gaussian 98 was used [16, 17].

Since the b-D-glucopyranose and the C-ring of the flavo-
ne are molecular fragments able to rotate in solution, around
the C(1")-C(8) and C(2)-C(1') bonds, respectively, any
attempt to find alow energy conformation should consider the
rotations along these two sigma bonds. The symmetry
observed for the C-ring suggests small deviations of the dihe-
dral angle of this ring with respect to the plane of the A- and
B- rings of the flavone nucleus. Based on this last observation,
geometry optimization was applied to a set of vaues varying
the dihedral angle for the b-D-glucopyranose fragment and the
A/B rings of the flavonoid along the C(1")-C(8) bond. In this
dynamical potential energy surface scan, the torsion angles
C(2")-C(17)-C(8)-C(7) are kept fixed in each run and al the
other degrees of freedom are optimized. In Fig. 2 the results of
the computations are displayed. In these calculations the tor-
sion angle (w;) C(2")-C(1")-C(8)-C(7) was varied every 10
degrees, starting from an optimized structure. It may be
observed that there are two possible minima: one at —-94 ° (—ac
conformation along the indicated bonds, see Fig. 4A), with an
energy of —0.582 atomic units (au), and the second at +96 °
(+ac conformation, see figure 4B), with an energy of —0.586
au. It may be noted that around these minima there are other
values of the torsion angle which are energetically accessible
to the structure, indicating that the molecule may be in any of
these conformations. The difference between the two minima
was estimated in 3.89 © 10-3 au (2.4 kcal mol-t) and the ener-
gy barrier for interconversion may be calculated in 0.120 au
(7.5 keal mol-1). This barrier is too low for separation to be
possible[18].
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Fig. 2. Energy (atomic units) profile for the rotation of the
C(1")-C(8)- bond of 3.

In Fig. 3 the graph of the torsion angle (w,) O(1)-C(2)-
C(1')-C(2') as a function of the torsion angle (w,) C(2")-
C(1")-C(8)-C(7), is depicted. The values of w; = —94° and w,,
= 130° correspond to the first minimum and the values w; = +
96° and w, = 156° correspond to the lowest minimum. It may
be noticed that the C-ring tends to be tilted with respect to the
plane of the AB rings of the flavone in al the optimized struc-
tures, and this tendency for non-planarity is imposed by steric
demands.

In Fig. 4 the molecular conformations (A and B) corres-
ponding to each minimum in energy are shown. 4A corres-
ponds to the first energy minimum, and there are similar mini-
ma as the torsional angle (w;) C(2"")-C(1"")-C(8)-C(7)
increases (from —94° to —25°, —ac conformation, see Fig. 2).
We may notice that the C-ring is tilted (w, = 130°) with
respect to the A / B rings in this conformation. Figure 4B cor-
responds to the conformation of lowest energy (+ ac confor-
mation) and in this case, the C-ring is less tilted (w, = 156°)
than in 4A. The energy minima in conformation 4B may be
conseguence of Van der Wals and even to a weak hydrogen
bond interactions between atoms in the b-D-glucopyranose
and the C-ring fragment. This interaction is around 7 kcal-
mol-1,

Some bioactivities of the substances isolated from the
leaves of balsawood are known. The anti-inflammatory prop-
erties of lupeol have been studied [19]. Lupeol and oleanolic
acid have been recently evaluated as cytotoxic agents [20],
and this last substance has been identified as an anti-HIV con-
gtituent from severa plants [21]. Catechin (1a) was effective
for the treatment of osteoarthritis [22], and some plant phenols
have been tested for the treatment of burns [23]. Vitexin (3)
has been evaluated on some receptors using ligand-binding
bioassays [24]. Therefore, the aeria parts of the balsa wood
trees, considered a waste for the forest industry, contain seve-

Fig. 3. Relationship of the torsion angles (w;) C(2")-C(1")-
C(8)-C(7) vs. (wy) O(1)-C(2)-C(1")-C(2') for the optimized
structures of 3.

ral bioactive substances. Additional studies will be needed to
determine the ontogenic and seasonal effects on the secondary
metabolites content of the leaves, considering the harvest of
the tree.

Experimental section

General experimental procedures. Column chromatogra-
phies were performed on Merck silica gel 60, 0.040-0.063
mm, 230-400 mesh. Spots were detected on TLC by heating
after spraying with 1% (NH,),Ce(S0O,), in 2N H,S0O,. MS
were obtained in a JEOL JMX-SX102A spectrometer. H and
13C NMR were recorded on a Varian 500 Unity plus. Chemi-
cal shifts are reported in d (ppm). Melting points are uncor-
rected.

Plant Material. Leaves of Ochroma pyramidale (Cav. ex
Lam.) Urban (Bombacaceae) was collected in Ocosingo,
Chiapas, México. A voucher specimen (M-17546) was depo-
sited in the National Herbarium (MEXU), Instituto de Biolo-
gia de la Universidad Nacional Auténoma de México. The
plant was collected and identified by E. M. M.

Extraction and Isolation. Powdered, dried leaves (1.2 kg)
were extracted with acetone three times at room temperature
for 48 h each time. The extracts were combined and evaporat-
ed at reduced pressure to give 22 g of a syrup. Part of the
extract (17 g) was adsorved onto silica gel (20 g) and chro-
matographed on a silica gel column (160 g) using VCC [25],
and eluting with CH,Cl, and CH,Cl,-acetone gradient. The
eluted fractions were evaluated by TLC to give ten main frac-
tions (A-J). Fraction A was congtituted by fatty material and
glicerides. Rechromatography of the fractions B and C (2.3 g)
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afforded stigmasterol and b-sitosterol (320 mg as a 1:1 mix-
ture). Fraction D (100 mg) was rechromatographed on a silica
gel column eluting with CH2CI2-acetone, to obtain lupeol (28
mg). Rechromatography of the fractions E-G (1.8 g) on a sili-
cagel column eluting with CH,Cl,-acetone afforded 85 mg of
oleanalic acid. b-Sitosteryl-b-D-glucopyranoside (52 mg) was
obtained by rechromatography of the fraction H (700 mg).
From the column rechromatography of the fraction | (1.1 g)
was obtained a powder (90 mg, 1a + 2a) which was acetylated
following the usual procedure to obtain a residue (110 mg)
which was purified by preparative TLC (eluting with CH,Cl -
acetone 94:6) to afford peracetyl-catechin (1b, 46 mg) and
peracetyl-epi-catechin (2b, 40 mg). Finally, fraction J (2 g)
was chromatographed on a silica gel column eluted with
CH,Cl,-acetone gradient to obtain a solid which was recrys-
tallized severa times from MeOH, to obtain 14 mg of 8-C-b-
D-glucopyranosylapigenin (vitexin, 3).

Pentaacetyl-catechin (1b): pale yellow solid. mp: 130-132
°C; Rf: 0.61 (CH,Cl,-acetone, 96:4); [a]?%, + 28 (c 1.28 mg/
mL, CHCI;), *H NMR (500 MHz, CDCl,): d 7.25 (1H, ddd, J
=85, 20,05, H-6"), 719 (1H, d, J= 85, H-5"), 7.17 (1H, d,
J=20, H-2), 6.66 (1H, d, J= 2.0, H-6), 6.60 (1H, d, J= 2.0,
H-8), 5.25 (1H, ddd, J= 6.5, 6.5, 5.0, H-3), 5.14 (1H, dd, J =
6.5, 0.5, H-2), 2.87 (1H, dd, J= 17.0, 5.0, H-44a), 2.66 (1H, dd,
J =17.0, 6.5, H-4b), 2.28 (9H, s, CH;CO-), 2.27 (3H, s,
CH;CO0), 2.00 (3H, s, CH;CO); 13C NMR (125 MHz, CDCl,):
d 149.89 (C-7), 149.46 (C-5), 142.14 (C-1'), 136.15 (C-3', C-
4", 124.40 (C-6'), 123.70 (C-5"), 121.79 (C-2'), 108.76 (C-6),
107.68 (C-8), 77.67 (C-2), 68.39 (C-3), 23.91 (C-4).

Pentaacetyl-epi-catechin (2b): pale yellow solid, mp: 150-
152 °C; Rf: 0.70 (CH,Cl,-acetone, 96:4); [a]?; —17.4 (c 1.38
mg/ mL, CHClj), *H NMR (500 MHz, CDCl.): d 7.35 (1H, d,
J=20, H-2),7.27 (1H, dd, J= 8.0, 20, H-6'), 7.21 (1H, d, J
=8.0,H-5"), 6.67 (1H, d, J=2.0, H-8 or H-6), 6.57 (1H, d, J=
2.0, H-6 or H-8), 5.39 (1H, m, H-3), 5.11 (1H, brs, H-2), 2.98
(1H, dd, J = 18.0, 4.5, H-44d), 2.89 (1H, dd, J = 18.0, 1.5, H-
4b), 2.30 (3H, s, CH;CO-), 2.29 (6H, s, CH;CO), 2.28 (3H, s,
CH;CO), 1.92 (3H, s, CH5CO).

8-C-b-D-glucopyranosylapigenin (vitexin, 3): pale yellow
solid, mp: 262-264 °C (dec), Rf: 0.79 (CH,Cl,-MeOH, 4:1);
[a]22, — 7.7 (c 1.30 mg / mL, Py-ds); IR (KBr) Ny 3379,
3251, 2912, 1655, 1613, 1569, 1507, 1362, 1294, 1178, 1092
cm-1; 1H NMR (500 MHz, DMSO): d 13.16 (1H, brs, 5-OH),
10.82 (brs, 7-OH), 10.34 (1H, brs, 4 OH), 8.01 (2H, d, J=9.0,
H-2', H-6'), 6.88 (2H, d, J=9.0, H-3', H-5'), 6.78 (1H, s, H-
3), 6.27 (1H, s, H-6), 4.98 (1H, d, J=5.5, OH), 4.95 (1H, d, J
= 3.6, OH), 4.68 (1H, d, J=10.0, H-1"), 4.58 (1H, brs, OH),
3.83 (1H, dd, J=10.0, 10.0 Hz), 3.75 (1H, dd, J= 12, 6.5, H-
6"a), 3.51 (1H, dd, J=12.0, 6.0, H-6"b), 3.36 (1H, d, J= 10.0,
H-4"), 3.30 (1H, d, J = 10.0, H-3"), 3.24 (1H, m, H-5"); 13C
NMR (125 MHz, CDCly): d 182.05 (C-4), 163.91 (C-2),
162.50 (C-9), 161.04 (C-4'), 160.37 (C-5), 155.99 (C-7),
128.90 (C-2', C-6"), 121.60 (C-1'), 115.73 (C-3', C-5'),

(a)

(conformation -ac)

(B)

(conformation +ac)

Fig. 4. Preferred conformations of vitexin (3). A: torsion angle
(wy) C(2”)-C(1”)-C(8)-C(7)-94° (= ac); torsion angle (w,)
0O(1)-C(2)-C(1')-C(2) 130 °; E = —-0.582 au. B: torsion angle
(wy) C(27)-C(17)-C(8)- C(7) =+ 96° (+ ac); torsion angle (w,)
0O(1)-C(2)-C(1')-C(2’) = 156°; E = —-0.586 au.

104.55 (C-8), 103.99 (C-10), 102.41 (C-3), 98.06 (C-6), 81.75
(C-5"), 78.58 (C-3"), 73.32 (C-17), 70.74 (C-2"), 70.49 (C-
47), 61.24 (C-6); FABMS (NOBA*) m/z (rel. int.) 433
(M++1)(9), 329 (4), 307 (25), 289 (15), 257 (3), 242 (4), 226
(2), 176 (9), 154 (100), 136 (69), 107 (20), 89 (17), 77 (15).
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