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Abstract

The new triterpene A'-lupenone (1), together with lupeol, f-amyrin and betulin were isolated from the wood of Byrsonima mic-
rophylla (Malpighiaceae). The new compounds 3-hydroxy-2-methoxy-8,8,10-trimethyl-8 H-antracen-1,4,5-trione (2), 3,7-dihydroxy-
2-methoxy-8,8,10-trimethyl-7,8-dihydro-6H-antracen-1,4,5-trione (3), (2S*,10aR *)-2,8-dihydroxy-6-methoxy-1,1,7-trimethyl-2,3,10,
10a-tetrahydro-1H-fenantren-9-one (4) and (2S,3S)-3'-hydroxy-4',5,7-trimethoxy-flavan-3-ol (5) were also isolated through moni-
tored TLC using the antioxidant B-carotene reagent. The antioxidant potential of the compounds 2-5 was measured and none
of them showed activity. The structures of these compounds were elucidated by chemical and spectroscopic analysis based on
NMR techniques (lH, 13C NMR, COSY, nOe difference, HMQC and HMBC), UV and MS.
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1. Introduction

The genus Byrsonima, which is composed of approx-
imately 150 species, belongs to the Malpighiaceae family
and is found primarily from Mexico throughout South
America. This family is constituted by approximately
800 species distributed in 60 genera and about 50% of
these species are concentrated in Brazil (Joly, 1998). It
possesses genus well studied, Banisteriopsis for example,
which is used in indigenous rituals due to their narcotic
and hallucinogenic effects (Hashimoto and Kawanishi,
1976). Several species of the genus Byrsonima grow in
the Brazilian northeast and are known mainly by the
use of their fruits in native feeding and for medicinal
purposes, as anti-asthmatics, against the fever and in
infections of the skin. Among the 150 species that
encompass the genus, there are limited chemical studies.
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It was previously isolated from them, proantocyanidins,
glycolipids, triterpenes and derivatives, gallic acid, flavo-
noids, pyrogallol and pyrocatechol (Mendes et al.,
1999). B. microphylla A. Juss. is a small tree that occurs
in the northeastern region of Brazil, specially in the
“restinga” (sand banks) of the State of Bahia. This pa-
per describes studies regarding the isolation from the
chloroform extract from the wood of B. microphylla
two new naphthoquinones (2,3), a possible derivative
(4) and new triterpene (1) and flavanol (5).

2. Results and discussion

Compound 1 showed a blue spot with Lieberman—
Bouchard’s compatible with the triterpene structure.
The HREIMS of 1 exhibited a molecular ion peak at
mfz 422.3559 indicating a molecular formula of
C30Hy60O (requires 422.3549). The 'H NMR data
(Section 3) showed characteristic signals of seven methyl
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groups, one isopropenyl (6 4.5, 4.7 and 1.59), two dou-
blets (/=10 Hz) at 6 5.7 and ¢ 7.1, implying an o,f-
unsaturated ketone. The '*C NMR spectra (PND and
DEPT 135°) displayed 30 peaks and confirmed the
above data through the resonances displayed at o
19.32, 109.49, 150.77, as well as at ¢ 205.63, 159.94
and 125.13 for the isopropenyl and o,B-unsaturated car-
bonyl groups, respectively. The absence of the methyne
signal for a hydroxyl group at C-3 left no doubt about
the location of the carbonyl group. Therefore, to com-
plete the a,B-carbonyl system, the double bond could
only be located at the C1 and C2 positions.

The TLC of compounds 2 and 3 turned into pale
brown spot after being sprayed with a B-carotene/CHCl;
solution (0.02% m/v). Their '"H and '3C NMR spectra
demonstrated their quinone nature. The HREIMS exhib-
ited a molecular ion peak at m/z 312.0990 for 2, indicat-
ing molecular formula of CgH ;05 (requires 312.0998)
and, for 3 an ion peak at my/z 330.11031 indicated a
molecular formula CgH ;3O (requires 330.11034).

The 'H NMR spectrum of 2 exhibited characteristic
singlets for a methoxyl, three methyl groups and three
hydrogens at Csp®> (6 7.1, 6.3, 6.7), as well as one
chelated hydroxyl group at § 12.4. The '>*C NMR spec-
trum displayed 18 peaks and confirmed the presence of
three sp” methine carbons, one methoxyl and three
methyl groups, through the resonances displayed at §
118.52, 127.11, 154.74, 60.46, 7.74, 30.00 and 30.00,
respectively. Analysis of the DEPT spectra also indi-

cated the presence of 11 non-hydrogenated carbons.
Among them, the most relevant resonances in this spec-
tra were the signals attributed to three carbonyl groups
(0 183.4, 183.61 and 190.33) which were compatible with
the naphthoquinone framework, in which one carbonyl
is chelated with hydroxyl group (Budzianowski, 1997
Khan and Mlungwana, 1999). The UV-VIS spectrum
exhibited absorptions similar to the general pattern ob-
served for naphthoquinones (Al-Hazimi and Haque,
2002). The unambiguous assignments of the carbon
chemical shifts were made from an HMQC experiment,
and nOe difference and HMBC spectra data permitted
to disclosure of the spatial relationships among the func-
tional groups of 2. Thus, it was observed that through
nOe irradiation of H-9 led to 20% enhancement of
CH5-12 and CH5-13, and irradiation of CH5-12 led to
a 7% enhancement of H-9 and H-7. The irradiation of
H-7 led to 6% and 4% enhancement of CH3-12 and H-
6, respectively (Fig. 1). The HMBC spectrum, besides
confirming the spatial distribution of the groups men-
tioned above, also showed other significant correlations.
For instance, the correlations between 6 1.9 (CH5-13), 6
6.3 (H-6) and ¢ 7.1 (H-9) with 6 140.67 (C-5a) permitted
the location of the remaining methyl group at C-10. The
hydrogens of this methyl showed correlations with C-
10a/C-5a confirming the out-of-plane shielding effect
of the aromatic ring (Fig. 1). The localization of the
methoxyl group was determined by analysis of the effect
observed of the 3-acetyl derivative on C-la
(A0 = —8.8 ppm). This deshielding is indicative that
the hydroxyl group is at C-3 (Ulubelen et al., 1997).

The NMR spectral data of compound 3 were compa-
rable with those observed for 2. The main differences be-
tween compounds 3 and 2 concerned the 'H and '*C
NMR data observed for carbons and hydrogens at posi-
tions 5, 6 and 7. Accordingly, the signals for H-6 were
recorded at ¢ 2.8 (dd, J =17 and 5 Hz) and 3.1 (dd,
J =17 and 5 Hz) and, for H-7 at 6 4.1 (¢, J=5Hz) in
the '"H NMR spectrum. On the other hand, the *C
NMR spectra displayed these signals at 6 44.73 and
74.05, respectively, in which the deshielding effect ob-
served at C-8 (Ad + 1.5 ppm) confirms the location of
the hydroxyl group at C-7.

Compound 4 also appeared as a pale brown spot in
the TLC sprayed with p-carotene solution, and the 'H
and '>C NMR spectra exhibited signals for three methyl

Fig. 1. nOe enhancements (two head arrows) and key HMBC
correlations (one head arrows) observed for isolate 2.
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groups, one methoxyl and one chelated hydroxyl group
at 6 12.6, among others. The '*C NMR spectrum dis-
played signals for 18 carbons and, partially by a DEPT
135° experiment was possible to deduce the presence of
one carbonyl, one methoxyl, one oxy methine, one
methine, three methyl, two methylene, two sp>-methine
and seven quaternary carbons. The structural data of
4 differed from 2 and 3 by the presence of just one car-
bonyl group. The HREIMS of 4 corroborated the above
groups indicating a molecular formula of C;gH,,04
(IMT" m/z 302.1508; requires 302.1518). The HMQC
and HMBC experiments allowed accurate attribution
of chemical shifts, and a determination of the spatial
relationships of the above groups. Correlations were
observed in the HMBC spectrum between H-4, H-5 and
H-10 with C-4a (6 133.39) and between H-5 and H-10 (§
2.6 and ¢ 2.7) with C-8a at 6 109.69. However, the meth-
oxyl and hydroxyl groups were located in the C-ring
through the correlations observed between the reso-
nances at ¢ 3.9 and 6 12.6 with the resonances at ¢
163.49 (C-6) and 6 109.69 (C-8a), respectively. On other
hand, the C-13 shift of the methyl (6 7.38) is indicative
that this group is placed in di-ortho oxygenated func-
tions (Diaz et al., 1987). Fig. 2 indicates other correla-
tions observed for compound 4 in the HMBC
spectrum. This fundamental evidence permitted a
proposal for a like-phenanthrene-like skeleton for 4.
The EIMS corroborated the substitution pattern pro-
posed for the A-ring through a base peak at m/z 230 rel-
ative to Retro Diels—Alder fragment.

Compound 5 exhibited the molecular formula
CgH»00¢, as established by HREIMS (IMT" m/z
332.1269; requires 332.1260) and its '*C and '"H NMR
spectra. The '"H NMR spectrum of 5 indicated its cate-
chin skeleton through resonances displayed for A ring at
0 6.1 (d, J=2.0Hz, H-6) and ¢ 6.2 (d, J = 2.0 Hz, H-8)
and for ring B at 6 6.9-7.0 (m, H-2', H-6' and H-5).
Ring C was identified through the resonances at ¢ 4.9,
4.2 and 2.9 displayed for the oxy benzyl, oxy methine
and methylene hydrogens. The '*C NMR spectra de-
fined the catechin skeleton through the carbon signals
observed for one oxy methine (6 66.51), one oxy benzyl
(6 78.51) and one methylene (6 28.12) carbon relative to

Fig. 2. HMBC correlations observed for 4.

ring C. In addition, these spectra (PND and DEPT 135°)
displayed resonance signals of three methoxyl groups,
six quaternary and five methine sp® carbons. The base
peak at m/z 167 observed in the EIMS, regarded as a
Retro Diels—Alder fragment allowed the establishment
of two methoxyl groups on ring A. The unique substitu-
tion pattern of the ring B and the free hydroxyl group at
C-3 in 5 were confirmed by the NMR spectral data of its
diacetyl derivative 5a. Therefore the '*C NMR spectra
of the 5a showed distinguished chemical shifts for C-2’
(0 118.73), C-41 (6 152.00) and C-61 (0 122.52), as well
as C-2 (0 77.41) and C-4 (6 25.72). These latter changes
of chemical shift in accordance with literature (Mukher-
jee et al., 1994; Geiss et al., 1995) data permitted to rec-
ognize the relative stereochemistry of the hydroxyl and
benzyl group at C-3 and C-2, as axial, establishing the
cis relationship between them. The absolute stereochem-
istry 28, 3S was obtained after comparing the positive
[o]p with those negative values found in literature (Muk-
herjee et al., 1994).

The known triterpenes (B-amyrin, betulin and lu-
peol) were identified by TLC comparison with authen-
tic samples and published data (Mahato and Kundu,
1994). Besides the simple structures of compounds 2
and 3, the additional ring of naphthoquinone moiety
is unexpectable. So, the molecular formula of 4 indi-
cates that it is probably a biosynthetic derivative of
the previous compounds. This is the first occurrence
of naphthoquinones in Malpighiaceae. The antioxi-
dant activities of the compounds 2-5 were estimated
by employing the assay of inhibition of autooxidation
of P-carotene in linolenic acid suspension (Barreiros
et al., 2000) and by DPPH radical scavenging (Malte-
rud et al., 1993). Despite the TLC/B-carotene spots
indicating inhibition of oxidation, none of the isolates
showed significant activity when compared with the
results obtained from the commercial antioxidants,
propyl gallate and a-tocopherol.

3. Experimental section
3.1. General experimental procedures

The 'H and "CNMR, DEPT, COSY, HETERO-
COSY (J =140 and 9 Hz) and, spectra were obtained
on a Varian Gemini 300 and gHMQC and gHMBC
on a Brucker 500 MHz instrument employing CDCl;
as solvent and reference. The MS were recorded on a
Micromass Autospec spectrometer (HRMS) and a HP
model 5973 spectometer (EIMS). Melting points were
measured in a Microquimica MIAPF 301 apparatus
and are uncorrected. Column chromatography was car-
ried out on silica gel 60 and, TLC on Si gel monitored
the fractions and the spots were revealed with B-caro-
tene solution (Merck) and UV light (254/366 nm).
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3.2. Plant material

The stems of B. microphylla were collected in Septem-
ber, 2001 in the Reserve of “Parque Metropolitano do
Abaeté” (Salvador-BA, Brazil). Prof. Maria Lenise S.
Guedes identified the plant material and a voucher spec-
imen was deposited at the Herbarium Alexandre Leal
Costa of the Universidade Federal da Bahia under the
number 027883.

3.3. Extraction and isolation

The powdered and dried stem material (4.4 kg) was
extracted with MeOH and the methanolic extract was
successively partitioned between hexane/MeOH:H,O
(9:1), CHCl3/MeOH:H,0 (6:4) and EtOAc/H,O. After
solvent evaporation, the CHCIl; extract (4.1 g) was sub-
jected to column chromatography over silica gel eluted
with hexane and mixtures of hexane/EtOAc 9:1, 7:3,
6:4 and 1:1 as well as EtOAc. The fractions obtained
were further combined on the basis of TLC revealed
with Lieberman—Burchard and p-carotene solution.
From the fraction eluted with hexane/EtOAc 9:1 and
revealed with Lieberman—Burchard reagent the A'-lupe-
none (1, 12.8 mg), B-amyrin (10.8 mg) and lupeol
(15.0 mg) were isolated. The compound 2 (11.0 mg)
and betulin (17.0 mg) were obtained from the fraction
of initial CC eluted with hexane/EtOAc (7:3) followed
by another CC over silica gel eluted with CHCIl5/EtOAc
(9:1). The fraction from the main CC eluted with hex-
ane/EtOAc (6:4) was fractionated on CC over silica
gel and eluted with hexane/EtOAc (4:6) followed by pre-
parative TLC using CH,Cl,/EtOAc (9:1) as eluant to af-
ford compound 3 (19.5 mg). Compound 4 (9.4 mg) was
obtained from the fraction of main CC eluted with hex-
ane/EtOAc (1:1) followed by preparative TLC over sil-
ica gel using CHCI5/EtOAc (9:1) as mobile phase. The
fraction from the initial CC eluted with hexane/EtOAc
(4:6) afforded compound S (25 mg) following purifica-
tion with preparative TLC over silica gel plates eluted
with hexane/acetone/acetic acid (8:2:0.3).

3.3.1. A'-Lupenone (1)

Pale yellow oil; [o]5; —9.6° (¢ 2.5 x 10~ CH;0H)UV
(CH30H)Apmax 227 nm; EIMS: 70 eV (rel. int.) m/z: 422
M (26); 229 (100), 191 (42), 150 (73), 137 (63), 121
(47); HREIMS: 70eV m/z 422.3559 (calc. for
C30Hy60, requires 422.3549); 'H NMR (300 MHz,
CDCly) 6 1.13 (Me-23), 1.07 (s, 3H, Me-24), 1.08 (s,
3H, Me-25), 1.10 (s, 3H, Me-26), 0.96 (s, 3H, Me-27),
0.65 (s, 3H, Me-28), 1.59 (s, 3H, Me-30), 4.5 (d,
J=1.1Hz, 1H, H-29a), 4.7 (d, J=1.1Hz, 1H, H-29
b), 5.7 (d, J=10 Hz, 1H, H-2), 7.1 (d, J =10 Hz, 1H,
H-1); *C NMR (75 MHz, CDCl3) & 159.94 (C-1),
125.13 (C-2), 205.63 (C-3), 44.65 (C-4), 53.42 (C-5),
19.01 (C-6), 33.75 (C-7), 41.75 (C-8), 44.42 (C-9),

39.55 (C-10), 21.24 (C-11), 25.09 (C-12), 38.22 (C-13),
43.01 (C-14), 27.36 (C-15), 35.48 (C-16), 43.10 (C-17),
48.14 (C-18), 47.29 (C-19), 150.77 (C-20), 29.78 (C-21),
39.96 (C-22), 27.79 (C-23), 21.41 (C-24), 19.20 (C-25),
16.45 (C-26), 14.42 (C-27), 18.03 (C-28), 109.49 (C-29),
19.32 (C-30).

3.3.2. 3-Hydroxy-2-methoxy-8,8,10-trimethyl-8 H-
antracen-1,4,5-trione (2)

Yellow crystals, m.p. 140-141 °C; UV (CH30H) Aax
212, 275, 401 nm; EIMS: 70 eV (rel. int.) m/z: 312 [M*]
(11); 279 (10), 259 (19), 185 (34), 165 (23), 149 (74), 129
(22), 105 (41), 71 (60), 57 (100); HREIMS: 70 eV m/z
312.0990 (calc. for C;sH;c0s, requires 312.0998); 'H
NMR (300 MHz, CDCI3) 6 6.33 (d, J=10.0 Hz, 1H,
H-6), 6.7 (d, J=10.0 Hz, 1H, H-7), 7.1 (s, 1H, H-9),
1.4 (s, 6H, Me-11, Me-12), 1.9 (s, 3H, Me-13), 4.2 (s,
3H, OMe-2), 12.4 (s, 1H, OH-3); *C NMR (75 MHz,
CDCl3) o 183.61 (C-1), 116.02 (C- la), 161.88 (C-2),
162.45 (C-3), 190.33 (C-4), 183.24 (C-5), 124.62 (C-5a),
127.11 (C-6), 154.74 (C-7), 38.38 (C-8), 118.52 (C-9),
157.46 (C-9a), 138.27 (C-10), 123.66 (C-10a), 7.70 (C-
11), 30.00 (C-12), 30.00 (C-13), 60.46 (OCH3).

3.3.3. 3,7-Dihydroxy-2-methoxy-8,8,10-trimethyl-7,
8-dihydro-6 H-antracen-1,4,5-trione (3)

Pale crystals, m.p. 146-147 °C; [oc]f)s —10.8° (¢
2.5x 107 CH30H); UV (CH30H) Apnax 206, 270, 398
nm; EIMS: 70eV (relint.) m/z 330: [M*] (17); 302
(100), 286 (41), 271 (37), 259 (37), 243 (17), 185 (12),
115 (23); HREIMS 70eV. m/z 330.11030 (calc. for
C3H50¢, requires 330.11034); 'H NMR (300 MHz,
CDCl3) 6 7.10 (s, 1H, H-9), 4.1 (¢, J= 5.0 Hz, 1H, H-
7), 2.8 (dd, J=17.0, 50Hz, 1H, H-6a), 3.1 (dd,
J=17.0, 5.0 Hz, 1H, H-6b), 1.33 (s, 3H, Me-12), 1.37
(s, 3H, Me-11), 1.9 (s, 3H, Me-13), 4.16 (s, 3H, OMe-
2), 12.51 (s, 1H, OH-3); '*C NMR (75 MHz, CDCls) 6
182.68 (C-1), 115.14 (C-1a), 161.54 (C-2), 162.87 (C-3),
190.36 (C-4), 195.53 (C-5), 126.75 (C-5a), 44.74 (C-6),
74.05 (C-7), 40.93 (C-8), 118.92 (C-9), 157.07 (C-9a),
136.74 (C-10), 125.04 (C-10a), 7.90 (C-11), 23.77 (C-
12), 26.69 (C-13), 60.48 (OCH3).

3.3.4. (28*,10aR*)-2,8-Dihydroxy-6-methoxy-1,1,
7-trimethyl-2, 3,10, 10a-tetrahydro-1 H-fenantren-9-one (4)
Amophours power, m.p. 156-158 °C; [a]5, —22.4° (¢
2.5x107* CH30H); UV (CH30H) Jmax 242, 290, 333
nm; EIMS: 70eV (rel. int.) m/z: 302 [M'] (79), 215
(21), 230 (100), 199 (16), 105 (20), 83 (26); HREIMS:
70eV m/z 302.1508 (calc. for C;gH»Q,4, requires
302.1518); 'H NMR (300 MHz, CDCls) 6 3.6 (dd,
J=9.0, 5.0 Hz, 1H, H-2), 2.3-2.5 (m, 2H, H-3), 6.4 (¢,
J=2.3Hz, 1H, H-4), 6.6 (s, 1H, H-5), 2.6-2.7 (m, 2H,
H-10), 2.6 (m, 1H, H-10a), 1.30 (s, 3H, Me-11), 0.9 (s,
3H, Me-12), 2.1 (s, 3H, Me-13), 3.90 (s, 3H, OMe-6),
12.6 (s, 1H, OH-8); '3C NMR (75 MHz, CDCly) &
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35.89 (C-1), 73.90 (C-2), 31.82 (C-3), 121.47 (C-4),
133.39 (C-4a), 97.35 (C-5), 140.67 (C-5a), 163.49 (C-6),
112.70 (C-7), 161.62 (C-8), 109.69 (C-8a), 203.16 (C-9),
38.69 (C-10), 45.07 (C-10a), 24.50 (C-11), 15.10 (C-12),
7.38 (C-13), 55.59 (OCH).

3.3.5. (28,3S)-3'-Hydroxy-5,7,4'-trimethoxy-flavan-3-ol
(5)

White crystals, m.p. 106-107 °C; [o]3) + 11.0 (c
3.5% 107 CHCLy); UV (CH30H) Amax 225, 290 nm;
EIMS: 70 eV (relint.) m/z: 332 [M*] (19); 167 (100),
137 (17); HREIMS: 70eV m/z 332.1269 (calc. for
C1sH,00¢, requires 332.1260); 'H NMR (300 MHz,
CDCls) 6 4.9 (s, 1H, H-2), 4.2 (sI, 1H, H-3), 2.9 (m,
2H, H-4), 6.1 (d, J=20Hz, 1H, H-6), 62 (d,
J=2.0Hz, 1H, H-8), 6.90 (s/, 2H, H2', H-6"), 7.0 (s,
1H, H-5'), 3.70 (s, 3H, OMe), 3.80 (s, 3H, OMe), 3.90
(s, 3H, OMe); '°C NMR (75 MHz, CDCl5) § 78.51 (C-
2), 66.51 (C-3), 28.12 (C-4), 159.28 (C-5), 93.40 (C-6),
158.68 (C-7), 92.21 (C-8), 155.25 (C-9), 100.31 (C-10),
130.23 (C-1'), 114.46 (C-2'), 145.51 (C-3'), 146.69 (C-
4%), 109.13 (C-5"), 119.37 (C-6'), 55.38 (5-OCH3), 55.46
(7-OCHs), 56.03 (4-OCHj).

3.3.6. Acetylation of compound 3 and (28S,3S)-3'-
hydroxy-35,7,4'-trimethoxy-flavan-3-ol (5)

The compounds 3 (5.0 mg) and 5 (8.0 mg) were sepa-
rately added to a solution of pyridine (0.5 ml) and acetic
anhydride (0.5 ml) and the mixtures were allowed to
stand at room temperature for 36 h. Cold H,O was
added and the acetyl derivatives (3a, 5.2 mg; Sa,
7.8 mg) were extracted with CHCl;.

Compound 3a. *C NMR (75 MHz, CDCl5) 183.2 (C-
1); 123.9 (C-1a); 160.3 (C-2); 169.2 (C-3); 183.4 (C-4);
183.6 (C-5); 126.9 (C-5a); 38.5 (C-6); 77.0 (C-7); 38.4
(C-8); 124.9 (C-9); 155.8 (C-9a); 139.5 (C-10); 1259
(C-10a); 8.5 (CH;-10); 21.1 (CHj3-8a); 22.6 (CH;-8b);
60.0 (OCH3-2).

(28,398)-3,3'-diacetoxy-5,7 4'-trimethoxy-flavan-3-ol
(5a). 3C NMR (75 MHz, CDCl; 6 78.41 (C-2), 67.76
(C-3), 25.72 (C-4), 159.67 (C-5), 93.29 (C-6), 159.67
(C-7), 92.05 (C-8), 155.25 (C-9), 100.04 (C-10), 136.63
(C-1"), 118.73 (C-2'), 14594 (C-3'), 152.00 (C-4'),
110.81 (C-5'), 122.52 (C-6"), 55.35 (5-OCHs), 55.40 (7-
OCH3), 5594 (4-OCHj3), 20.5 (CH;COO), 20.86
(CH5COO0), 170.2 (CH5COO0), 170.9 (CH3COO).

Acknowledgements

The authors are grateful to the Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico — CNPq
(Brazil) and the Fundagao Coordenagao de Aperfeigoa-
mento de Pessoal de Nivel Superior (CAPES) for fellow-
ship support and grants. We are in debt to Dr. Ignacio
Lopez of Universidad de Extremadura, Badajoz, Spain
for HREIMS and Dr. Edilberto R. Silveira (CENAUR-
EMN/UFC) for carrying out the HMBC and HMQC
experiments.

References

Al-Hazimi, H.M.A., Haque, S.N., 2002. A new naphthoquinone from
Polygonum aviculare. Natural Product Letters 16, 115-118.

Barreiros, A.L.B.S., David, J.P., de Queiroz, L.P., David, J.M., 2000.
A-type proanthocyanidin antioxidant from Dioclea lasiophylla.
Phytochemistry 55, 805-808.

Budzianowski, J., 1997. 2-Methylnaphthazarin 5-O-glucoside from the
methanol extracts of in vitro cultures of Drosera species. Phyto-
chemistry 44, 75-77.

Diaz, P.P., Arias, T.C., Joseph-Nathan, P., 1987. A chromene an
isoprenylated methyl hydroxybenzoate and a C-methyl flavanone
from the bark of Piper hostmannianum. Phytochemistry 26, 809—
811.

Geiss, F., Heinrich, M., Hunkler, D., Rimpler, H., 1995. Proantho-
cyanidins with (+)-epicatechin units from Byrsonima crassifolia
bark. Phytochemistry 39, 635-643.

Hashimoto, Y., Kawanishi, K., 1976. New alkaloids from Banisteri-
opsis caapi. Phytochemistry 15, 1559-1560.

Joly, A.B. 1998. Botanica: Introdugio a Taxonomia Vegetal,
Companhia Ed. Nacional, Sdo Paulo, Brasil, 12* ed., pp. 413—
414.

Khan, R.M., Mlungwana, S.M., 1999. 5-Hydroxylapachol: a cytotoxic
agent from Tectona grandis. Phytochemistry 50, 439-442.

Mabhato, S.B., Kundu, A.P., 1994. 3*CNMR spectra of pentacyclic
triterpenoids: a compilation and some salient features. Phytochem-
istry 37, 1517-1575.

Malterud, K.E., Farbrot, T.L., Huse, A.E., Sund, R.B., 1993.
Antioxidant and radical scavenging effects of anthraquinones and
anthrones. Pharmacology 47, 77-85.

Mendes, C.C., Cruz, F.G., David, J.M., Nascimento, 1., David, J.P.,
1999. Triterpenos esterificados com dcidos graxos e acidos
triterpénicos isolados de Byrosonima microphylla. Quimica Nova
22, 185-188.

Mukherjee, R.K., Fujimoto, Y., Kakinuma, K., 1994. 1-(w-Hydrox-
yfattyacyl) glycerols and two flavanols from Cinnamomum cam-
phora. Phytochemistry 37, 1641-1643.

Ulubelen, A., Sénmez, U., Topcu, G., 1997. Diterpenoids from the
roots of Salvia sclarea. Phytochemistry 44, 1297-1299.



	Unusual naphthoquinones, catechin and triterpene from Byrsonima microphylla
	Introduction
	Results and discussion
	Experimental section
	General experimental procedures
	Plant material
	Extraction and isolation
	 Delta 1-Lupenone (1)
	3-Hydroxy-2-methoxy-8,8,10-trimethyl-8H-antracen-1,4,5-trione (2)
	3,7-Dihydroxy-2-methoxy-8,8,10-trimethyl-7,	8-dihydro-6H-antracen-1,4,5-trione (3)
	(2S midast ,10aR midast )-2,8-Dihydroxy-6-methoxy-1,1,	7-trimethyl-2, 3,10,10a-tetrahydro-1H-fenantren-9-one (4)
	(2S,3S)-3 prime -Hydroxy-5,7,4 prime -trimethoxy-flavan-3-ol (5)
	Acetylation of compound 3 and (2S,3S)-3 prime -hydroxy-5,7,4 prime -trimethoxy-flavan-3-ol (5)


	Acknowledgements
	References


