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Abstract. Chemical examination of the aerial parts of Bocconia
arborea (Papaveraceae), a plant used in traditional medicine, led to
the characterization of (±)-6-acetonyldihydrosanguinarine (1), (±)-6-
acetonyldihydrochelerythrine (2), (±)-6-methoxydihydrochelerythrine
(3), (±)-sanguidimerine (4), chelidimerine (5), and the novel cons-
tituents (±)-bocconarborine A ((6R,6’S + 6S ,6’R)-13-(6-hydrosan-
guinarinyl)-15-(6’-hydrochelerythrinyl)-acetone, 6) and (±)-boc-
conarborine B ((6R,6’R + 6S,6’S)-13-(6-hydrosanguinarinyl)-15-(6’-
hydrochelerythrinyl)-acetone, 7). The structure and stereochemistry
of the novel structures were determined by analyzing the preferred
conformations and the spectroscopic data. Antimicrobial evaluations
revealed that 3 exhibited activity against S. aureus, S. faecalis and C.
albicans.
Keywords: Bocconia arborea, medicinal plant, Papaveraceae, alka-
loids, benzophenanthridine, bocconarborines A and B, antimicrobial
activity.

Resumen. El análisis químico de las partes aéreas de Bocconia
arborea (Papaveraceae), una planta usada en la medicina tradicional,
condujo a la caracterización de (±)-6-acetonildihidrosanguinarina (1),
(±)-6-acetonildihidroqueleritrina (2), (±)-6-metoxidihidroqueleritrina
(3), (±)-sanguidimerina (4), quelidimerina (5), y los compuestos
novedosos (±)-bocconarborina A ((6R,6’S + 6S,6’R)-13-(6-hidrosan-
guinarinil)-15-(6’-hidroqueleritrinyl)-acetona, 6) y (±)-bocconarbori-
na B ((6R,6’R + 6S,6’S)-13-(6-hidrosanguinarinil)-15-(6’-hydro-
queleritrinil)-acetona, 7). La estructura y la estereoquímica de las
estructuras nuevas fueron determinadas mediante el análisis de las
conformaciones preferidas deducidas y los datos espectroscópicos. La
evaluación antimicrobiana reveló que 3 tiene actividad contra S.
aureus, S. faecalis y C. albicans.
Palabras clave: Bocconia arborea, planta medicinal, Papaveraceae,
alcaloides, benzofenantridina, bocconarborinas A y B, actividad
antimicrobiana.

The genus Bocconia (Papaveraceae), which includes ca. nine
species, occurs in tropical areas of Mexico, Central and South
America [1,2]. Taxonomic considerations indicate a close rela-
tionship with the Asiatic genus Macleaya and with the North
American species Sanguinaria canadensis [3]. Bocconia
species biosynthesize protopine, protoberberine and ben-
zophenanthridine alkaloids [1], which display anti-microbial
[4-6], cytotoxic [7], anti-tumor [8-11], anti-viral [12] and anti-
inflammatory activities [13], among others. Bocconia arborea
is a shrub widespread in Mexico that is known as llora sangre
(weeping blood), cocoxíhuitl, ahuacachilli, mano de león
(lion's hand), palo del diablo (devil's stick), palo amarillo (yel-
low stick), among many other common names [14,15]. This
plant has many different uses in traditional medicine in several
regions: as purgative, vermifuge, antitumor and anti-inflam-
matory agent [14], to heal wounds and dissolve warts [15,16],
as a carminative agent, catartic, and analgesic [17]. 

Previously, the methanolic extract of B. arborea showed
anti-microbial activity against S. aureus , E. coli , P. aeruginosa
and C. albicans [18], and the alkaloids dihydrochelerythrine
and dihydrosanguinarine were identified as some of the active
substances [19]. Now we report the isolation and identification
of (±)-6-acetonyldihydrosanguinarine (1), (±)-6-acetonyldihy-
drochelerythrine (2), (±)-6-methoxydihydrochelerythrine (3),

(±)-sanguidimerine (4), chelidimerine (5), and the new com-
pounds (±)-6 and (±)-7, named trivially bocconarborines A
and B, respectively, from the aerial parts of this plant. In addi-
tion, the antimicrobial evaluation revealed that 3 displayed
activity. 

Results and discussion

Repeated column chromatography of the ethanol extract over
silica yielded compounds 1-3. Compound 1 was a solid which
showed physical and spectroscopic characteristics identical to
that of (±)-6-acetonyldihydrosanguinarine [20], and COSY,
DEPT, HMQC and HMBC experiments allowed the complete
assignments of the NMR data which confirmed the structure
(Table 1). The major constituent from this extract was identi-
fied as (±)-6-acetonyldihydrochelerythrine (2) [21], and (±)-6-
methoxydihydrochelerythrine (3) [21, 22] was isolated as the
most polar and minor secondary metabolite from this residue.
These structures were identified by comparison with the data
published in the literature.

Compound 4, isolated from the dichloromethane extract
as an optically inactive substance, showed well resolved reso-
nances for sixteen hydrogens in the 1H NMR spectrum (Table



2), with similar chemical shifts and the same coupling patterns
to those observed for (±)-6-acetonyldihydrosanguinarine (1);
the only difference was the absence of the hydrogens for the
methyl ketone. This compound gave a molecular ion at m/z
720 by EIMS analysis, consistent with a molecular formula
C43H32N2O9, which suggested the presence of a substance of
dimeric composition with an additional carbonyl group [(C21
H16NO4)2CO], in agreement with the number of hydrogens
found by 1H NMR (sixteen) and the absorption at 1712 cm–1

(for the ketone) in the IR spectrum. These observations
allowed to deduce the structure of 1,3-di(6-hydrosanguina-
rinyl)-acetone for this compound. The two diastereomers for
this structure are reported in the literature: (+)-sanguidimerine
(4) [23] (no spectroscopic data for 4 were published), and che-
lidimerine (5), which is proposed as the meso- isomer by pre-
liminary X-ray data [24]. Table 2 shows the 1H NMR data for
4 and 5, and comparison of the chemical shifts indicated clear
differences, confirming the diastereomeric relationship for
these compounds. Therefore, (±)-4 was a natural constituent
from B. arborea. 1H NMR analysis of some fractions contain-
ing (±)-4 as the major compound, allowed to identify minor
signals (ca. 3 %) which corresponded to compound meso-5,
which was also a constituent from this species.

Bocconarborines A and B were also isolated as optically
inactive substances with the same molecular weight ([M+] at
m/z 736, by EIMS). 1H NMR data for both compounds (Table
3) showed the same number of hydrogens (eighteen), the same

coupling systems, and similar chemical shifts. In addition,
COSY and NOESY experiments showed the same interactions
and crosspeaks, establishing identical chemical connectivity
and substitution pattern for both compounds. Bocconarborines
A and B showed 1H NMR signals for two methyls linked to
nitrogen, for two methoxyl groups, for three dioxymethylenes,
for four AB systems of benzenoid hydrogens in ortho-rela-
tionship, and for two ABX systems belonging to two methyl-
enes which are linked to methines and to the same carbonyl
group. These fragments established the presence of a 1,3-di-
substituted acetone; one substituent was a 6-hydrosan -
guinarinyl fragment, and the other substituent corresponded to
a 6-hydrochelerythrinyl residue [25], in agreement with the
13C NMR data (see Experimental). Therefore, these substan-
ces are diastereomers of molecular formula C44H36N2O 9
which exist as racemic compounds, due to the lack of optical
activity.

From the 1H NMR data showed in Table 3, it was clear
the different chemical shifts for bocconarborines A and B
(assigned provisionally as 6 (for the less polar compound) and
7 (for the more polar compound), respectively, devoid of
stereochemistry), and the differences (∆δ = δ6 – δ7) are includ-
ed in the last column. The difference in the chemical shifts of
the C(7’)-OCH3 methoxyl group for 6 (less polar) and 7 (more
polar), shows a remarkable variation (∆δ = 0.29), due presu-
mably to its location in the shielding space of the benzophe-
nanthridine system in (±)-bocconarborine A (6 ), and this
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Table 1. 1H (500 MHz) and 13C (125 MHz) NMR Data of Compound
1a in CDCl3.

Carbon 1H mult, J (Hz) 13C

C-1 7.10 s 104.36
C-2 — 147.65*
C-3 — 148.27*
C-4 7.53 s 100.60
C-4a — 127.48
C-4b — 139.23
N-CH3 2.65 s 43.02
C-6 4.87 dd (10.5,4.0) 54.47
C-6a — 123.48
C-7 — 144.30
C-8 — 147.21
C-9 6.86 d(8.0) 107.59
C-10 7.33 d(8.0) 116.50
C-10a — 125.71
C-10b — 116.03
C-11 7.70 d(8.5) 120.02
C-12 7.49 d(8.5) 124.06
C-12a — 131.05
C-13 a,b 2.30 dd (15.0,4.0), 46.62

2.65 dd (15.0,10.5)
C-14 — 207.15
C-15 2.06 s 31.20
-OCH2O- 6.03 s 101.07
-OCH2O- 6.04 s 101.53

a Assignments by COSY, DEPT, HMBC and HMQC.
* Values may be interchanged.

Table 2. 1H NMR Data of Compounds (±)-4 and meso-5 (J (Hz)).

H (±)-4a meso-5b

H-1, H-1’ 7.05 s 6.98 s
H-4, H-4’ 7.43 s 7.42 s
H-9, H-9’ 6.81 d (8.4) 6.75 d (8.0)
H-10, H-10’ 7.28 d (8.4) 7.58 d (8.0)
H-11, H-11’ 7.64 d (8.4) 7.35 d (6.8)
H-12, H-12’ 7.43 d (8.4) 7.23 d (6.8)
N-CH3 2.53 s 2.60 s
-OCH2O- 5.99 d (1.5) 5.90 m
-OCH2O- 6.04 dd (2.7,1.2) 6.10 m
H-6, H-6’ 4.75 dd (9.0,5.0) 4.88 d
H-13A, H-15A 2.27 dd (15.0,5.0) 2.20 d
H-13B, H-15B 2.61 dd (15.0,9.0) 2.52 d

a Taken at 300 MHz, CDCl3. b Data from reference [24].

1   R1 = CH2COCH 3 ,   R2 + R3 = CH2 
2   R1 = CH2COCH 3 ,   R2 = R3 = CH3

3   R1 = OCH 3 ,  R2 = R3 = CH3
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observation could be used as diagnostic for establishing the
relative stereochemistry of the diastereomers. In order to de-
termine the relative configurations at the two chiral centers
(C-6 and C-6’) of 6 and 7, it was necessary to deduce the pre-
ferred conformations for the different fragments of the dimers,
and correlate the difference of the chemical shift for the C(7’)-
O-CH3 group with its relative location.

Three fragments of bocconarborines A and B can be con-
sidered for their conformational analysis: (a) the 1,3-disubsti-
tuted acetone, (b) The orientation of the acetonyl residue in
the dihydropyridine ring, and (c) the topological arrangement
of the benzophenanthridines. 

Twelve main conformations can be considered for a 1,3-
disubstituted acetone, which could be described as anti-,Ψ-
anti-, syn-, and Ψ-syn-, according to the orientation of the car-
bonyl oxygen with the substituent R, and exo-and endo-,
according to the orientation of the substituents with respect to
the plane defined by the carbonyl [26]. The three preferred
conformations could be considered as the (Ψ-anti /Ψ-syn)-
exo,  (Ψ-anti /Ψ-anti)-exo and (Ψ-syn /Ψ-syn)-exo arrange-
ments (Fig. 1), where the substituents are located opposite to
the plane of the carbonyl group.

The acetonyl group linked at C(6) and C(6’) of the ben-
zophenanthridine can exist in Ψ-axial or Ψ-equatorial orienta-
tions, which may be interconverted via a topomerization
process [27]. Considering the planarity of the alkaloid frag-
ment and the steric interactions for the Ψ-equatorial orienta-

tion of the acetonyl residue, the Ψ-axial orientation could be
preferred, as depicted in figure 2.

Finally, the relative topology of the planes defined by the
two benzophenanthridinyl substituents may be described as
endo-endo , exo-endo, and exo-exo, according to their orienta-
tion with respect to the carbonyl group [28], and these three
extreme possible arrangements are depicted in figure 3.

The comparison of the chemical shifts of the hydrogens
of the dimers with respect to those of the corresponding
monomeric fragments indicates that there is a shielding effect
in the dimers. Table 4 shows the chemical shifts for the hydro-
gens of bocconarborines A and B (assigned also as 6 and 7,
respectively, in Table 4) with respect to the monomer (±)-6-
acetonyldihydroanguinarine (1), and the same table shows the
chemical shifts for the prime hydrogens of the dimers with
(±)-6-acetonyldihydrochelerythrine (2). The difference ∆δ =
δHmonomer – δHdimer is included in Table 4 and the constancy
of the positive differences was in agreemment with an endo-
endo arrangement of the benzophenanthridines (Fig. 3) [29].
An endo-exo arrangement would presumably produce both
shielding and deshielding effects, while the exo-exo arrange-
ment would produce deshielding effects in the chemical shifts,
which are not observed. 

Comparative structural analysis of the molecular models
for both diastereomers considering the preferred conforma-
tions deduced above (the exo- arrangements for the 1,3-di-
substituted acetone (Fig. 1), Ψ-axial orientation of the ace-
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Table 3. 1H NMR (500 MHz, CDCl3)a for Compounds (±)-6 and (±)-7.

H 6 7 ∆δ = (δ6 – δ7)

H-1 7.02 s 7.06 s –0.04
H-1’ 7.00 s 7.04 s –0.04
H-4 7.41 s 7.40 s +0.01
H-4’ 7.42 s 7.42 s 0.00
H-9 6.80 d (8.0) 6.83 d (8.0) –0.03
H-9’ 6.91 d (8.7) 6.91 d (8.7) 0.00
H-10 7.25 d (8.0) 7.30 d (8.0) –0.05
H-10’ 7.47 d (8.7) 7.49 d (8.7) –0.02
H-11 7.57 d (8.5) 7.67 d (8.5) –0.10
H-11’ 7.60 d (8.5) 7.66 d (8.2) –0.06
H-12 7.37 d (8.5) 7.44 d (8.5) –0.07
H-12’ 7.38 d (8.5) 7.43 d (8.2) –0.05
(7’)-OCH3 3.95 s 3.66 s +0.29
(8’)-OCH3 3.91 s 3.88 s +0.03
-OCH2O- 5.93 d (1.0) 5.99 d (1.5) –0.06
-OCH2O- 5.99 dd (5.0,1.0) 6.01 d (1.5) –0.02
-OCH2O- 6.07 dd (3.0, 1.5) 6.03 d (2.5) +0.04
N-CH3 2.63 s 2.53 s +0.10
N-CH3' 2.59 s 2.46 s +0.13
H-6 4.99 dd (10.5,4.0) 4.80 dd (9.0, 5.0) +0.19
H-13A 2.46 dd (15.5,10.5) 2.35 dd (15.0, 9.0) +0.11
H-13B 2.30 dd (10.5,4.0) 2.74 dd (15.0, 5.0) 0.44
H-6’ 5.09 dd (11.5,3.5) 4.88 dd (9.0, 3.0) +0.21
H-15A 2.23 dd (15.0, 3.5) 2.17 dd (15.0, 3.0) –0.06
H-15B 2.40 dd (15.0, 11.5) 2.49 dd (15.0, 9.0) –0.09

a Assignments were confirmed by COSY and NOESY experiments. J in (Hz).
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tonyl residue linked to the dihydropyridine (Fig. 2), and the
endo-endo- arrangement of the benzophenanthridines (Fig. 3),
allowed to identify the structures depicted in figure 4 [30].
From this conformational projections it could be proposed that
the methoxyl groups in bocconarborine A (6) tend to be out of
the space comprised between the two benzophenanthridines,
while the same groups in  bocconarborine B (7) are located
inside this space. Therefore, the 6R,6’S + 6S,6’R configuration
could be assigned to the (±)-6 diastereomer (methoxyl hydro-
gens at lower field), while the 6R,6’R + 6S,6’S configuration
could be assigned to the (±)-7 diastereomer (methoxyl hydro-
gens at higher field).

Antimicrobial evaluation of the extracts, fractions and
compounds 1-4 (see the experimental section), allowed to
identify that compound 3 exhibited activity against S. aureus,
S. faecalis and C. albicans (MIC: 25, 25 and 12 µg/ml,
respectively), in agreement with the activity of some benzo-
phenanthridine alkaloids, and with some of the traditional uses
of this species. 

From a biogenetic point of view, the presence of the alka-
loids (±)-4, meso-5, (±)-6 and (±)-7 clearly correlate struc-
turally with the acetonyl derivatives (±)-1 and (±)-2. Consi-
dering the number of possible monomeric fragments reported
in the literature, many additional combinations of 1,3-bis-ben-
zophenanthridinyl acetone alkaloids may be found in Boc-
conia and taxonomically related species. 

Experimental section

General Experimental Procedures. Melting points were
determined on a Fisher-Johns apparatus and are not corrected.
Optical rotations were measured on a JASCO DIP 360
polarimeter. IR spectra were recorded on a FT-IR Nicolet
Magna 750. MS were measured on a JEOL JMS-AX505HA
mass spectrometer and NMR spectra were taken on Unity 300
and Unity Plus 500 instruments. TLC was performed on silica
gel 60 Macherey Nagel Duren, Alugram SilF/UV 254, and si-
lica gel 60 0.04-0.063/230-400 mesh ASTM and mesh 70-230
were used for the column chromatographies. Compounds
were visualized on UV light or spraying with a 1 % solution
of (NH4)4Ce(SO4)4 in sulfuric acid 2N.

Plant Material. Leaves and stems of B. arborea S. Watson
were collected in Morelos State, México, in February, 1996. A
voucher specimen (MEXU 822267) is deposited in the
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Table 4. ∆δ for the hydrogens of 6 and 7 with respect to those of 1 and 2.

H 1 2 6 7 ∆δ1 ∆δ2 ∆δ3 ∆δ4

H-1 7.10 7.02 7.06 +0.08 +0.04
H-1’ 7.10 7.02 7.04 +0.08 +0.06
H-4 7.53 7.41 7.40 +0.12 +0.13
H-4’ 7.51 7.42 7.42 +0.09 +0.09
H-9 6.86 6.80 6.83 +0.06 +0.03
H-9’ 6.95 6.91 6.91 +0.04 +0.09
H-10 7.33 7.25 7.30 +0.08 +0.03
H-10’ 7.54 7.47 7.49 +0.07 +0.05
H-11 7.70 7.57 7.67 0.13 +0.03
H-11’ 7.71 7.60 7.66 +0.11 +0.05
H-12 7.49 7.37 7.44 +0.12 +0.05
H-12’ 7.48 7.38 7.43 +0.10 +0.05
C(7)-OCH3’ 3.95 3.95 3.66 0.0 +0.29
C(8)-OCH3’ 3.92 3.91 3.88 +0.01 +0.04
N-CH3 2.65 2.63 2.53 +0.02 +0.12
N-CH3’ 2.64 2.59 2.46 +0.05 +0.18

∆δ1 = δ1 – δ6; ∆δ2 = δ1 – δ7; ∆δ3 = δ2 – δ6; ∆δ4 = δ2 – δ7.
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National Herbarium (MEXU), Instituto de Biología de la Uni-
versidad Nacional Autónoma de México.

Extraction and Isolation. Dried and powdered plant material
(1 kg) was extracted with dichloromethane at room tempera-
ture (3 times, 24 h each) and then with ethanol (3 times, 24 h
each). Elimination of the solvents at reduced pressure afforded
40 g and 120 g of residues, respectively. Part of the ethanolic
extract (26 g) was adsorbed on silica gel (70-230) and chro-
matographed on a silica gel (230-400) column packed with n-
hexane-chloroform (20:1), and using increasing amounts of
chloroform, and then mixtures of chloroform-methanol as
eluting system. The chromatography was developed at
reduced pressure [31]. Some fractions were further rechro-
matographed to give, in order of increasing polarity: (±)-1
(100 mg), (±)-2 (310 mg), and (±)-3 (52 mg). The dichloro-
methane residue (40 g) was adsorbed on silica gel (70-230)
and applied to a column packed with silica gel (230-400) sus-
pended in n-hexane. The column was developed at reduced
pressure [31] with mixtures of n-hexane-EtOAc. Fractions
eluted with n-hexane-EtOAc (20:1) were rechromatographed
using mixtures of n-hexane-CHCl3 as eluent, to give addition-
al amounts of (±)-1 (100 mg). Fractions eluted with n-hexane-
EtOAc (9:1) were rechromatographed in an open column
using n-hexane-CHCl3-MeOH (1:1:0.1) as constant eluent,
and recrystallization of some fractions from MeOH-CHCl3
provided (±)-4 (40 mg). 1H NMR analysis of some fractions
indicated the presence of meso-5 (ca. 3 % with respect to (±)-
4). From fractions eluted with n-hexane-EtOAc (4:1) of the
main column was obtained a residue, which was further
rechromatographed in an open column packed with n-hexane
and eluting with mixtures of n-hexane-EtOAc. This column
afforded (±)-6 (40 mg) as the less polar constituent, and sub-
sequent fractions afforded (±)-7 (45 mg) as the more polar
constituent.

(±)-6 Acetonyldihydrosanguinarine (1). Colorless powdery
solid, mp 190-191 °C (lit [20]: 194-195 °C), Rf 0.58 (n-hexa-
ne-CHCl 3-MeOH,1.5:1.5:0.05); [α ]D = 0° (CDCl3); IR
(CHCl3) νmax 1711, 1470, 870 cm–1; 1H NMR (500 MHz) and
13C NMR (125 MHz), see Table 1.

(±)-6 Acetonyldihydrochelerythrine (2). Colorless powdery
solid, mp 199-200 °C (lit [21]: 194 °C), Rf 0.53 (n-hexane-
CHCl3-MeOH, 1.5:1.5:0.05); [α]D = 0° (CDCl3); IR (CHCl3)
νmax 1712, 1604, 1492, 1463, 1417, 1359, 1275, 1083, 1041
cm–1; 1H (300 MHz, CDCl3) δ 7.71 (1H, d, 8.4, H-11), 7.54
(1H, d, 9, H-10), 7.51 (1H, s, H-4), 7.48 (1H, d, 8.4, H-12),
7.10 (1H, s, H-1), 6.95 (1H, d, 8.4, H-9), 6.04 (2H, dd, 2.1,
1.2, -OCH2O-), 5.04 (1H, dd, 11.4, 3.6, H-6), 3.95 (3H, s, (C-
7)-OCH3), 3.92 (3H, s, (C-8)-OCH3), 2.64 (3H, s, N-CH3),
2.58 (1H, dd, 15.0, 11.4, H-13B), 2.25 (1H, dd, 15.0, 3.6, H-
13A), 2.06 (3H, s, -COCH3).

(±)-6 Methoxydihydrochelerythrine (3). Yellow solid, mp
248-250 °C (lit [3]: 210 °C); R f 0.43 (CHCl3-MeOH, 2.9:0.1);

[α]D = 0° (CDCl3); IR (CHCl3) νmax 1496, 1464, 1448, 1416,
1275, 1067, 1040, 946 cm–1; 1H NMR (300 MHz, CDCl3) δ
7.78 (1H, d, 8.5, H-11), 7.70 (1H, s, H-4), 7.62 (1H, d, 9.0, H-
10), 7.47 (1H, d, 8.5, H-12), 7.12 (1H, s, H-1), 7.04 (1H, d,
9.0, H-9), 6.05 (2H, s, -OCH2O-), 5.55 (1H, s, H-6), 3.96 (3H,
s, (C-7)-OCH3), 3.93 (3H, s, (C-8)-OCH3), 3.46 (3H, s, (C-6)-
OCH3), 2.76 (3H, s, N-CH3); EIMS m/z (rel. int.): 379 [M]+
(40), 348 (100), 333 (37), 318 (20), 290 (27), 174 (20).

(±)-Sanguidimerine (4). Colorless powdery solid, mp 180 °C
(lit  [23b]: 174 °C), R f 0.56 (n -hexane-CHCl3 -MeOH,
1.5:1.5:0.05), [α]D = 0° (CHCl3), IR (CHCl3) νmax 2924, 1712,
1602, 1440, 1352, 1250, 1040, 940, 857 cm–1; 1H NMR (300
MHz, CDCl3) see Table 2; EIMS m/z (rel. int.): 720 [M]+, 389
(3), 332 (26), 317 (100), 259 (5), 201 (8), 158 (7).

(±)-Bocconarborine A (6). Colorless powdery solid, mp 159-
163 °C, Rf 0.43 (n-hexane-CHCl3-MeOH, 1.5:1.5:0.05), [α]D
= 0° (CHCl3), IR (CHCl3) νmax 2928, 2900, 2854, 2802, 1713,
1602, 1494, 1463, 1442, 1416, 1361, 1274, 1240, 1103, 1081,
1043, 948, 861 cm–1; 1H NMR (500 MHz, CDCl3) see Table
3; 13C NMR (CDCl3, 125 MHz) δ 207.02 (CO), 152.14 (C-
8’), 148.08, 148.01, 147.70, 147.50, 147.11, 145.69 (C-7’),
144.28 (C-7), 139.30 (C-4b), 132.57, 130.99, 130.88, 128.39,
127.57, 127.31, 124.86, 123.79, 123.77, 123.36, 123.21,
119.86 (C-11), 119.67 (C-11’), 118.67 (C-10’), 116.41 (C-6a),
116.22 (C-10), 111.46 (C-9’), 107.28 (C-9), 104.30, 104.16,
101.59 (OCH2O), 100.91 (OCH2O), 100.75, 100.63, 60.93 (C-
7’-OCH3), 55.80 (C-8’-OCH3), 54.81 (C-6’), 53.56 (C-6),
47.23 (C-13), 46.79 (C-15), 42.99 (CH3-N), 42.77 (CH3’-N);
HRFABMS m/z 736.2404 [M + 1]+ for C44H36N2O9 (calcd [M
+ 1]+ m/z: 736.3421).

(±)-Bocconarborine B (7). Colorless powdery solid, mp 181
°C (dec.), Rf 0.41 (n-hexane-CHCl3-MeOH, 1.5:1.5:0.05),
[α]D = 0° (CHCl3), IR (CHCl3) νmax 2960, 2898, 2841, 1712,
1602, 1492, 1463, 1442, 1415, 1361, 1101, 1082, 1041, 948,
858 cm–1; 1H NMR (500 MHz, CDCl3) see Table 3; 13C NMR
(CDCl3, 125 MHz) δ 206.53 (CO), 152.07 (C-8’), 148.11,
148.07, 147.55, 147.17, 145.49, 144.37, 139.35, 131.081,
130.99, 128.34, 127.44, 127.38, 124.86, 123.83, 123.77,
123.47, 123.18, 120.00 (C-11), 119.68, (C-11’), 118.69 (C-
10’), 116.45 (C-10), 116.35, 111.50 (C-9’), 107.38 (C-9),
104.21, 104.15, 101.48 (OCH2O), 100.94 (OCH2O), 100.78,
100.70, 60.68 (C-8’-OCH3), 55.77 (C-7’-OCH3), 54.39 (C-6’),
53.87 (C-6), 47.08 (C-13), 46.54 (C-15), 42.74 (CH3-N),
42.56 (CH3’-N); EIMS m/z (rel. int.): 736 [M]+ (5), 405 (3),
389 (7), 348 (100), 332 (60), 317 (7), 290 (6).

Biological Activities. The dichloromethane and ethanol
extracts, the main fractions of the column chromatographies,
as well as compounds 1-4 were tested against S. aureus , S.
faecalis, E. coli, P. aeruginosa , S. sonnei, K. pnemoniae, and
C. albicans, following the procedures described previously
[18, 19]. Bioguided fractionation allowed to identify that 3
displayed activity against Staphylococcus aureus (ATCC
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29213), Streptococcus faecalis (ATCC 29212) and Candida
albicans (ATCC 10231) (MIC: 25, 25 and 12 µg / mL, respec-
tively, gentamicin: 2.5 µg / mL;  nystatin: 5 µg / mL). 

Acknowledgements

We thank Víctor Navarro (Centro de Investigación Biomédica
del Sur, IMSS, Xochitepec, Morelos), Rocío Patiño, María
Isabel Chávez, Beatriz Quiroz, Luis Velasco, and Javier Pérez
Flores (Instituto de Química de la UNAM) for their assistance.
This project was supported in part by UNAM (DGAPA-
IN221198) and CONACyT (Project 3419P-N9607). 

References and notes

1. Preininger, V. The Alkaloids: Chemistry and Pharmacology. Ed.
A. Brossi, Academic Press, New York 1986, 29, 1-98.

2. Carlquist, S.; Zona, S. IAWA Bulletin 1988, 9, 253-267.
3. Manske, R. H. F. Can. J. Res. 1943, 21, 140-143. 
4. Navarro, V.; Villarreal, M. L.; Rojas, G.; Lozoya, X. J.

Ethnopharmacol. 1996, 53, 143-147.
5. Sofora, E. A.; Odebiyi, O. O. Planta Med. 1979, 36, 204-207.
6. Clark, G. W.; Clark, D.; Park, Y. H.; Mitscher, L. A. Lloydia

1978, 41, 145-150.
7. Cordell, G.A.; Farnsworth, N. R. Heterocycles 1976, 4, 393-427.
8. Cheng, C. C.; Zee-Cheng, R. K. Y. J. Med. Chem. 1975, 18, 66-

71.
9. Stermitz, F. R.; Gillespie, J. P.; Amoros, L. G.; Romero, R.;

Stermitz, T. A. J. Med. Chem. 1975, 18, 66-71.
10. Tin-wa, M.; Bell, C.L.; Bevelle, C.; Fong, H. H. S.; Farnsworth,

N. R. J. Pharm. Sci. 1974, 63, 1476-1477.
11. Nakanishi, T.; Susuki, M.; Mashiba, A.; Ishikawa, K.;

Yokotsuka, T. J. Org. Chem. 1998, 63, 4235-4239.
12. Seth, M. J. Nat. Prod. 1979, 42, 187-197.
13. Lenfeld, J.; Kroutil, M.; Maršálek, E.; Slavík, J.; Preininger, V.;

Šimánek, V. Planta Med. 1981, 43, 161-165.
14. Martínez, M. Las Plantas Medicinales de México. Ed. Botas. 3rd.

Edition. México, D.F. 1944, 165-172.
15. Baytelman, B. Acerca de Plantas y Curanderos. I.N.A.H. México,

D. F. 1983, 452 pp.
16. Domínguez, X. A.; García Delgado, J.; Monroy, A.; Armendáriz,

L. G.; Alcalá, A.; Quevedo, J.; Rojas, P. Can. J. Chem. 1965, 43,
679-682.

17. Díaz, J. L. Usos de las Plantas Medicinales de México.
Monografías Científicas II, IMEPLAM. México, A. C. 1977, 329
p.

18. Navarro, V.; Rojas, G.; Delgado, G.; Lozoya, X. Arch. Med. Res.
1998, 29, 191-194.

19. Navarro, V.; Delgado, G. J. Ethnopharmac. 1999, 66, 223-226.
20. Furuya, T.; Ikuta, A.; Syõno, K. Phytochemistry 1972, 11, 3041-

3044.
21. MacLean, D. B.; Gracey, D. E. F.; Saunders, J. K.; Rodrigo, R.;

Manske, R. H. F. Can. J. Chem. 1969, 47, 1951-1956.
22. Hanooka, M.; Motonishi, T.; Mukai, C. J. Chem. Soc. Perkin

Trans I 1986, 2253-2256.
23. (a) Tin-wa, M.; Fong, H. H. S.; Abraham, D. J.; Trojanek, J.;

Farnsworth, N. R. J. Pharm. Sci. 1972, 61, 1846-1847. (b) Tin-
wa, M.; Farnsworth, N. R.; Fong, H. H. S.; Trojanek, J. Lloydia
1970, 33, 267-269.

24. Tin-wa, M.; Kim, H. K.; Fong, H. H. S.; Farnsworth, N. R.
Lloydia 1972, 35, 87-89. Chelidimerine (5) has been reported as a
constituent of Corydalis flabellata: Khan, M. A.; Lewis, D. E.;
Shah, G. N.; Mabry, T. J. Rev. Latinoam. Quím. 1990, 21, 140-
141. However, the spectroscopic data presented corresponded to
the diastereomer 4. Therefore, sanguidimerine (4) is the real con-
stituent for this species.

25. The structure 6 (or 7) was reported previously, but the configura-
tions at the chiral carbons were not determined. Oechslin, S. M.;
König, G. M.; Oechslin-Merkel, K.; Wright, A. D.; Khan, I. A.;
Miyagawa, M.; Sticher, O. Planta Med. 1991,  57, Supplement
Issue 2, 104-105.

26. Although the preferred conformation 3-pentanone (R = CH3) cor-
responds to that in which the methyl groups are eclipsed with the
carbonyl oxygen (syn / syn), it may be considered that the volume
of the benzophenantridine residues can destabilize this arrange-
ment. Karabatsos, G. J.; Fenoglio, D. J. Top. Stereochem. 1970,
5, 167. The twelve major conformations are the three included in
the Figure 1 and the following nine:

27. Eliel, E. L.; Wilen, S. H. Stereochemistry of Organic Com-
pounds. John Wiley & Sons. New York, 1994.

28. There are additional orientations of the benzophenanthridines that
could be described as orthogonal to those depicted in Fig. 3, how-
ever, they may be considered as intermediates to the extreme
arrangements. 

29. Kang, J.; Hilmersson, G.; Santamaría, J.; Rebek, J. J. Am. Chem.
Soc. 1998, 120, 3650-3656.

30. Some preliminary theoretical calculations (PCModel, Serena
Software) were performed in order to determine the preferred
conformations of (±)-6 and (±)-7, and they were in agreement
with the main conformations deduced for the acetone residue, and
with the axial orientation of the acetonyl residue. Regarding the
spatial arrangements of the benzophenanthridines, these calcula-
tions showed that the planes form an angle of ca. 35-40 °. How-
ever, these calculations are not conclusive. 

31. (a) Pelletier, S. W.; Chokshi, H. P.; Desai, H. K. J. Nat. Prod.
1986, 49, 892-900. (b) Coll, J. C.; Bowden, B. F. J. Nat. Prod.
1986, 49, 934-936.

194 Rev. Soc. Quím. Méx. Vol. 45, Núm. 4 (2001) Aníbal Julián and Guillermo Delgado

 

R R 

H 
H 

H 
H 

O 

R 

H 
H 

O 
H 

H 
R 

R 

H 
H 

O 
R 

H 
H 

H R 

R 
H 

H 
H 

O 

anti/anti Ψ -anti/anti Ψ -syn/anti 

syn/anti Ψ -anti/syn  

O 
H 

H R 
H 

R 

H 

O 
H 

H R 
H 

R 

H 

(Ψ -anti/ Ψ -syn)-endo (Ψ -anti/ Ψ -anti)-endo 

O 
H 

H R H 

H 

R 

O 
R 

H H H 

R 

H 

syn/syn 

(Ψ -syn/ Ψ -syn)-endo 

H H 

R 
H 

R 
H 

O 


