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This work reports isolation of an unusual lignan with a bicyclic [2.2.2] octene skeleton, named rufesce-
nolide (1), from stems of Cordia rufescens, along with b-sitosterol, stigmasterol, syringaldehyde, 3-b-O-
D-glucopyranosyl-sitosterol, methyl caffeate, 4-methoxy-protocatechuic acid and methyl rosmarinate.
Structural characterizations employed IR spectroscopic, ESIHRMS and mono and dimensional NMR
spectroscopy.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The genus Cordia, which belongs to the Boraginaceae family,
encompasses approximately 250 species and has a wide range of
uses in traditional medicine. For instance, members of this genus
are used to treat rheumatism, painful menstruation, bladder dis-
eases and gastric ulcers (Akhtar and Ahmad, 1995; Coelho et al.,
2004; David et al., 2007). In addition to fatty acids which are rec-
ognized as compounds of chemotaxonomic significance for this
genus (Velasco and Goffman, 1999), pharmacologically active qui-
nones, chromones, terpenes, polyphenols and flavonoids which
have analgesic, anti-inflammatory, anti-arthritic and larvicidal
activities have been isolated from the genus Cordia (Kuroyanagi
et al., 2003; Ioset et al., 2000; Bayeux et al., 2002; Mori et al.,
2008; Menezes et al., 2005). Cordia rufescens, commonly known
as ‘‘ramela de velho’’ or ‘‘pau-bombo,’’ is a small shrub from
northeastern Brazil that is used in folk medicine as an abortifa-
cient, anti-inflammatory agent and a treatment for dysmenorrhea
and dyspepsia (Barroso et al., 2002). Previous chemical studies of
C. rufescens A. DC. (Synonymy of Cordia piauhiensis Fresen) identi-
fied the presence of both saponins and aryl naphthalene lignans
(Santos et al., 2003; Silva et al., 2004). In a previous study regarding
ll rights reserved.

: +55 71 32355166.
the pharmacological activities of ethyl acetate extract of C. rufes-
cens, it was found to be active on lymphocyte proliferation (Costa
et al., 2008). However, the chemical composition of this extract
was not evaluated, and this is the purpose of this study.
2. Results and discussion

The structure of the new lignan (Fig. 1) was characterized by
analyzing a variety of spectroscopic data. The quasi-molecular
ion at m/z 359 of compound 1 was detected using an APCI-LC–
MS operating in the positive ion mode, and the 1H and 13C NMR
spectra (including DEPT) were consistent with a molecular formula
of C19H18O7. This formula was confirmed using an ESIHRMS oper-
ating in the negative ion mode, which had a peak corresponding
to an [M�H] with an m/z of 357.0975 (calcd. for C19H17O7,
357.0974). The signals at d 51.9, d 167.8 and d 178.8 in the 13C
NMR spectrum were identified as a methoxyl group and two car-
boxyl groups at C-90 and C-9, respectively. Resonances correspond-
ing to the presence of aliphatic, aromatic and sp2 carbons were also
observed, but only methine signals were found in the aliphatic re-
gion. These resonances occurred at d 44.4, while signals for benzyl
and oxymethine carbons were at d 44.1 (C-7), d 73.5 (C-40) and d
82.6 (C-30). The 13C NMR spectra also showed four sp2-unsaturated
carbons at d 116.5, d 142.0, d 133.6 and d 139.7, which corre-
sponded to an a, b, c and d-unsaturated ester. Six signals from a
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Fig. 1. Structure of compound 1.
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Fig. 2. Key correlations observed in the 1D NOESY.
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1,3,4-substituted aromatic ring were observed at d 114.6, d 114.9, d
119.3, d 133.0, d 143.5 and d 144.2; these resonances are consistent
with a caffeic acid moiety. All of the carbon atoms were unequiv-
ocally assigned based on gHMQC and gHMBC analyses. The gHMBC
gave correlations between both signals at d 3.15 (H-7) and d 4.24
(H-30) and the resonances at d 178.8, which corresponds to an acyl
group of an ester. It also showed correlations between both signals
at d 3.35 (H-50) and d 2.67 (H-8) and the resonance at d 133.0 (C-1),
which allowed assignment of the aromatic ring to C-7. The bicyclic
[2.2.2.] octene system was established by the presence of a bridge
connecting C-20 to C-50 through C-10 and C-60, respectively, and was
corroborated by the observed correlations between the peaks at d
4.11 (H-20) and d 139.8 (C-60), as well as those at d 3.35 (H-50)
and d 133.6 (C-10), respectively. In addition, the presence of a lac-
tone group was confirmed by correlation in the gHMBC between
peaks at d 4.2 (H-30) and d 178.8 (C-9). The positions of the lactone
linkage and the hydroxyl group on C-30 (d 82.6) and C-40 (d 73.5),
respectively, were established by correlations between the reso-
nances at d 4.24 (H-30) and d 44.4 (C-8) and d 133.6 (C-10) and also
between d 4.01 (H-40) and d 139.8 (C-60) and d 44.1 (C-7).

The 1H NMR spectrum (CD3OD) of compound 1 showed signals
corresponding to one isolated d-hydrogen at d 6.52 (d, J = 6.3, H-60)
as well as a and b hydrogens from an unsaturated ester at d 6.27 (d,
J = 15.9, H-80) and d 7.45 (d, J = 15.9, H-70), respectively. In addition,
the three hydrogens on the 1,3,4-substituted aromatic ring were
observed at d 6.32 (dd, J = 8.4 and 2.4 Hz, H-6), d 6.42 (d, J = 2.4,
H-2) and d 6.63 (d, J = 8.4, H-5). Four methine hydrogens were ob-
served at d 2.67 (dd, J = 4.5 and 1.0 Hz, H-8), d 3.15 (dd, J = 4.5, indt.,
H-7), d 3.35 (ddd, J = 6.3, 3.5, indt., H-50) and d 4.11 (dd, J = 5.0, 1.0,
H-20), while two oxymethine hydrogens were found at d 4.24 (d,
J = 5.0, H-30) and d 4.01 (d, J = 3.5, H-40). Resonance for a methoxyl
hydrogen was also observed at d 3.76.

Correlations observed in the 1H–1H COSY spectrum confirmed
the bicyclic system, and suggests that a biosynthetic pathway to
form this lignan occurs through cyclization of two caffeic acid mol-
ecules. The follower correlations were noted between: d 4.11 (H-20)
to the signals d 4.24 (H-30) and d 2.67 (H-8); resonance d 3.15 (H-7)
to d 2.67 (H-8) and d 3.35 (H-50), d 3.35 (H-50) to H-60 (d 6.52), and,
finally, between H-7 and H-40. These data agreed with the previous
evidence above that suggested a bicyclic system.

The relative stereochemistry of C-30, C-40, C-7 and C-8, as well as
the location of the phenyl, hydroxyl and methoxy-acrylate groups,
was established by 1D NOESY experiments. The most significant
interactions for establishing the relative stereochemistry of the
bicyclic [2.2.2.] octene ring were observed between the peaks at
d 4.01 (H-40) and d 3.15 (H-7), which indicated that the exo position
of the 3,4-dihydroxyphenyl group was at C-7 (Fig. 2). Thus, the
interaction between the resonances at d 6.42 (H-2) and d 2.67
(H-8) established that the C-8/C-30 lactone was in an endo position.
Finally, the interaction between the peaks at d 4.11 (H-20) and d
6.27 (H-80) established the relative stereochemistry of C-20 and cor-
roborated the endo configuration of the lactone group. Thus, it was
possible to establish the stereochemistry of compound 1 as rel (20R,
30R, 40R, 50S, 7R, 8R).

Identification of b-sitosterol, stigmasterol, 3-b-O-D-glucopyran-
osyl-sitosterol (Correia et al., 2003), methyl caffeate (Islam et al.,
2002), syringaldehyde (Chen et al., 2008), 4-methoxy-proto-
catechuic acid (Termentzi et al., 2009) and methyl rosmarinate
(Lu and Foo, 1999) was accomplished via comparison to literature
data.
3. Concluding remarks

While lignans in Boraginaceae were previously isolated from
Cordia spp. (Silva et al., 2004) and Ehretia ovafolia (Yoshikawa
et al., 1995), rufescenolide is the first reported lignan from this
family to possess a bicyclic [2.2.2] octene skeleton to date. As ros-
marinic and caffeic acid methyl ester derivatives were isolated
along with compound 1, it can be hypothesized that it may be a
derivative of these acids, probably caffeic acid or caffeate derived.
Yunnaneic acids C and D, which also possesses a bicyclic [2.2.2] oc-
tane, were also isolated from Salvia yunnanensis (Labiatae) (Tanaka
et al., 1996). A better explanation for the biogenesis of these com-
pounds involves a Diels–Alder reaction between the catechol ring
of rosmarinic acid and the conjugated double bond of caffeic acid.
Efforts developed in the syntheses of helicterins, bicyclic [2.2.2] oc-
tene neolignan dimers found in Helicteres isora (Sterculariaceae),
appear to confirm the proposed biogenesis (Tezuka et al., 2000;
Snyder and Kontes, 2009). In this way, the biosynthesis of rufesce-
nolide (1) could be envisaged of result from coupling of two caffeic
acid derivatives.
4. Experimental section

4.1. General experimental procedures

One-dimensional (1H, 13C and DEPT) and two-dimensional
(1H–1H gCOSY, gHMQC and gHMBC) NMR experiments were per-
formed on Varian Gemini 2000 and Bruker AMX500 spectrometers
operating at either 300 and 500 MHz (1H), respectively, or 75 and
125 MHz (13C), respectively. CD3OD was used as the solvent with
TMS as an internal standard. The 1D gNOESY experiments were
performed using an Inova 500 spectrometer. The MS and the LC–
MS analyses were conducted on a Shimadzu chromatographic sys-
tem (mod. LCMS-2310). The detection of rufescenolide (1) was



Table 1
1H, 13C NMR and 2D NMR spectroscopic data for compound 1 (500 and 125 MHz, J = Hz) in CD3OD.

Position d C d H COSY
(1H–1H)

HMBC
(H ? C)

1D NOESY

1 133.0
2 114.6 6.42 (1H, d, J = 2.4) C-7, C-6, C-3 H-8 (d 2.67)
3 143.5
4 144.2
5 114.9 6.63 (1H, d, J = 8.4) H-6 C-1, C-3
6 119.3 6.32 (1H, dd, J = 8.4, 2.4) H-5 C-7, C-5, C-4
7 44.1 3.15 (1H, dd, J = 4.5, indt.) H-50 , H-8 C-50 , C-40 , C-60 , C-1, C-6, C-2 H-40 (d 4.01)
8 44.4 2.67 (1H, dd, J = 4.5, 1.0) H-20 , H-7 C-7, C-30 , C-1, C-9 H-2 (d 6.42)
9 178.8
10 133.6
20 39.0 4.11 (1H, dd, J = 5.0, 1.0) H-8, H-30 C-50 , C-40 , C-30 , C-1, C-60 , C-70 H-80 (d 6.27)
30 82.6 4.24 (1H, d, J = 5.0) H-20 C-2, C-7, C-40 , C-9
40 73.5 4.01 (1H, d, J = 3.5) H-50 C-30 , C-60 H-7 (d 3.15), H-30 (d 4.24) H-50 (d 3.35)
50 46.3 3.35 (1H, ddd, J = 6.3, 3.5, indt.) H-7, H-40 , H-60 C-8
60 139.8 6.52 (1H, d, J = 6.3) H-50 C-20 , C-7, C-40 , C-30 , C-70

70 142.0 7.45 (1H, d, J = 15.9) H-80 C-20 , C-80 , C-10 , C-60 , C-90

80 116.5 6.27 (1H, d; J = 15.9) H-70 C-10 , C-9 H-20 (d 4.11)
90 167.8 51.87
CH3 51.9 3.77 (3H, s) C-90
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achieved in both positive and negative APCI modes. ESIHRMS was
acquired using a micrOTOF system from Bruker. Optical rotations
were measured on a Perkin-Elmer mod. 343 digital polarimeter.
Conventional chromatographic methods were used for column
chromatography (CC) (silica gel 60 (Acros, 63–200 and 40–
63 lm)). Silica gel TLC plates (Merck) stained with iodine and
viewed under UV light (254/366 nm) were used to monitor chro-
matographic purification procedures.

4.2. Plant material

Plant material was collected from two specimens in the semi-
arid neighborhood of Morro do Chapéu, Bahia State, Brazil, in an
Instituto Brasileiro do Meio Ambiente (IBAMA) authorized area.
A voucher specimen is deposited at the Herbarium of the Uni-
versidade Estadual de Feira de Santana (HUEFS) under number
59087.

4.3. Extraction and isolation

Dried and ground stems of C. rufescens (1.5 kg) were extracted
with MeOH (3 � 3 l) at room temp. for 72 h each. The resulting
combined extract was suspended in H2O and partitioned among
hexane, CHCl3 and EtOAc (200 ml each) to obtain n-hexane
(6.8 g), CHCl3 (3.9 g) and EtOAc (8.9 g) solubles. The CHCl3 extract
was separated by CC over silica gel 60 (63–200 lm) eluting with n-
hexane–EtOAc (85:15 ? 3:7). The fraction eluted with a n-hexane–
EtOAc ratio (8:2) gave a mixture (126.4 mg) of b-sitosterol and
stigmasterol. The fraction eluted with a n-hexane–EtOAc (3:7)
was further fractionated by CC over silica gel (40–63 lm) eluted
with CHCl3–MeOH (85:15 and 7:3) yielding syringaldehyde
(391.3 mg) and 3-b-O-D-glucopyranosyl-sitosterol (396.3 mg),
respectively. The EtOAc phase was purified by CC over silica gel
(40–63 lm) using CHCl3–MeOH (100:0 ? 7:3). The fractions
eluted with a CHCl3–MeOH (85:15) were subjected to further CC
over silica gel (40–63 lm) using CHCl3–MeOH (100:0 ? 7:3) and
MeOH as eluents, and the fraction eluted with a CHCl3:MeOH
(98:2) was followed by prep. TLC using a CHCl3:MeOH (9:1) to
yield methyl caffeate (26.1 mg) and 4-methoxy-protocatechuic
acid (40.6 mg). The fraction that had been eluted with MeOH was
purified by further CC over silica gel (40–63 lm) using
CHCl3:MeOH with the ratios of 96:4 and 9:1 as eluents to furnish
compound 1 (49.6 mg) and methyl rosmarinate (62.7 mg),
respectively.
4.3.1. Rufescenolide (1)
Amorphous solid; m.p. 176 �C (dec.); [a]25

D + 15 (MeOH; c
0.5 mg/mL); IR (KBr) mmax 3449.8, 1763.9, 1711.9, 1637.6, 1526.7,
1442.8, 1288.5, 1173.7, 1116.8, 1072.4, 986.6 cm�1; positive-ion
APCIMS m/z 359 [M+H]+ and m/z 340 [M+H–H2O]+; ESIHRMS at
m/z 357.0975 [M�H], calcd. for C19H17O7, 357.0974; the 1H NMR
spectroscopic and 13C NMR spectroscopic data, see Table 1.
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