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Abstract. Chemical investigation of aerial parts of Schkuhria pin-
nata var wislizeni (Asteraceae) allowed the characterization of the 
sesquiterpene lactones 1, 2 and 5, the flavonoids 3 and 4, and the acyl 
phenyl propanoids 10 and 11. Structure 2, named dischkuhriolin, was 
confirmed as a Diels Alder adduct of 1 as dienophile and a guaiano-
lide as diene. Spectroscopic analysis of 5 and its diacetyl derivative 
allowed the structural correction of compounds previously reported 
from Schkuhria. 2, 10 and 11 are new natural compounds. Biological 
assays indicated that the mixture 10 + 11 showed antioxidant activity 
expressed as inhibition of AAPH-induced damage in rat pancreatic 
homogenate. 
Key words: Asteraceae, Schkuhria pinnata var. wislizeni, 11,13-
dehydroeriolin, dischkuhriolin, 14-O-schkuhridin B, flavonoids, acyl 
phenyl propanes, antioxidant activity.

Resumen. La investigación química de las partes aéreas de Schkuhria 
pinnata var wislizeni (Asteraceae) permitió la caracterización de las 
lactonas sesquiterpénicas 1, 2 y 5, los favonoides 3 y 4, y los acil 
fenil propanoides 10 y 11. La estructura 2, nombrada como dieschku-
hriolina, fue confirmada como un aducto de Diels Alder de 1 como 
dienófilo y una guayanólida como dieno. El análisis epectroscópico 
de 5 permitió la corrección estructural de compuestos reportados pre-
viamente de Schkuhria. 2, 10 y 11 son nuevos compuestos naturales. 
Los ensayos biológicos indicaron que la mezcla 10 + 11 mostró acti-
vidad antioxidante expresada como inhibición del daño inducido por 
HAAP en homogenado pancreático de rata.
Palabras clave: Asteraceae, Schkuhria pinnata var. wislizeni, 11,13-
dehidroeriolina, dieschkuhriolina, 14-O-skuhridina B, flavonoides, 
acil fenil propanos, actividad antioxidante.

The genus Schkuhria (Asteraceae, tribe Heliantheae) is a rela-
tively small genus taxonomically related to the genus Bahia 
located mainly in America and some specimens are reported 
from Africa, where they probably were introduced [1]. The 
botanical characteristics of Schkuhria have been discussed 
[2,3] and recently, S. pinnata was treated as having two vari-
eties [4], although perhaps some confirmations are needed 
[5]. Some Schkuhria species are used in traditional medicine 
[1,6,7] and S. pinnata has ethnoveterinary use [8]. Chemical 
investigations from this genus have afforded polyacetylenes 
[9], diterpenes [10], sesquiterpene lactones [11,12,13,14], 
phenylpropanoids [15] and some of these constituents dis-
played different biological activities [16].

As part of our investigations aimed at the characterization 
of biologically active compounds from the Mexican flora [17], 
we have undertaken the chemical study of Schkuhria pinnata var 
wislizeni, a bush distributed in South western and South central 
United States, Northern and Central Mexico and Mesoamerica 
[18]. According the botanical reclassification for Schkuhria, 
S. virgata, S. anthemoidea and other species and their variet-
ies have been recognized as a single species and renamed as 
S. pinnata var. wislizeni [4]. In a previous investigation we 
characterized 11,13-dehydroeriolin (1) as the major constitu-
ent from what was named at that time as S. virgata [19]. Due 
to the traditional use of this species [6] we reinvestigated this 
plant with the aim of looking for additional metabolites and 
evaluate their anti-oxidant potential.

The aerial parts of S. pinnata var. wislizeni, collected in 
the State of Guanajuato (Central Mexico) during blossom in 

2001, were dried and sequentially extracted with n-hexane 
and acetone. The acetone extract was subjected to vacuum 
liquid chromatography (VLC) over a column packed with 
silica gel, affording a series of fractions, which were further 
purified to afford compounds 1-5, 10, 11. The structures of 
11,13-dehydroeriolin (1) [19, 20], pectolarigenin (3) [21], 
hispidulin (4) [22] and p-hydroxy-benzaldehyde [23] were 
determined by comparison of their spectroscopic data with 
those reported in the literature. Spectroscopic discussion of 
5 and its diacetyl derivative 6 allowed the structural correc-
tion of the sesquiterpene lactones 8 and 9 previously isolated 
from S. anthemoidea var. wislizeni [24]. Compounds 2, 10 
and 11 are new.
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Results and Discussion

The molecular formula C30H38O6, defining twelve unsatura-
tion degrees, was assigned to compound 2 by HRMS. Its IR 
spectrum displayed a strong absorption at 1760 cm-1, indicat-
ing the presence of at least one γ-lactone. Analysis of 1H and 
13C NMR data of 2 (CDCl3, Table 1), assisted by 2D HMBC, 
COSY and NOESY experiments, indicated the presence of 

two carbonyls (δC 179.82 and 169.76), two double bonds, one 
tetrasubstituted (δC 151.22, 136.85) and the other one gemi-
nally disubstituted (δC 119.17, δH 5.55, d, J = 3.5, and 6.22, d, 
J = 3.5; δC 139.71), four oxymethines (δC 65.25, 64.57, 81.03 
and 80.72; δH 2.81; 2.54, 4.01 and 4.21, respectively), two 
quaternary sp3 carbons linked to oxygen (δC 57.75, 60.80), 
and two quaternary sp3 carbons (δC 55.25, 62.42). The remain-
ing sixteen carbons were assigned to four methyls, eight sp3 

Table 1. 1H and 13C NMR spectral data of compound 2 (a CDCl3, 500 MHz; b CDCl3, 125 MHz).

Position δH (J in Hz)a δC
b 1H-1H COSY 1H-13C HMBC 1H-1H NOESY

1α 2.81 dd (9.0, 1.0) 65.25 H-2α, H-2β C-2(J2), C-10(J2) H-5α, H-7α
2α 2.14 bd 23.91 H-1α, H-3α, H-3β C10(J3) H-3β
2β 1.43 m H-14β
3α 1.24 m 35.45 H-2α, H-2β C-1(J3) H-5α
3β 2.21 ddd (14.5, 3.5, 3.5) H-2α
4 60.80
5α 2.54 d (10.0) 64.57 H-6α, H-6β C-6(J2), C-7(J3) H-1α, H-3α, H-5α, H-6α, 

H-9α, H7α, H-8’α
6α 1.28 ddd (15.0, 10.0, 10.0) 29.63 H-5α, H-7α C-5(J2), C-4(J3) H-5α
6β 1.80 d (15.0) C-11(J3) H-15β
7α 2.02 dd (10.0, 10.0) 46.77 H-6α, H-6β, H-8β C-11(J2), C-13(J3), C-4’(J3), 

C-9(J3), C-5(J3)
H-5α

8β 4.01 ddd (10.0, 10.0, 1.5) 81.03 H-7α, H-9α, H-9β C-6(J3) H-9β, H-14β
9α 1.44 dd (14.0, 10.0) 45.50 H-8β C-14(J3) H-5α
9β 2.80 dd (14.0, 1.5) C-10(J2) H-8β, H-14
10 57.75
11 55.25
12 179.82 H-13α, H-13β
13a 1.74 dd (12.5, 3.0) 36.92 H-2’α C-12(J3), C-3’(J3) H13b
13b 2.06 dd (12.5, 3.0) C-1’(J3), C-2’(J2) H2’α, H-3’β, H-13α
14β 1.37 s 18.07 C-10(J2), C-9(J3), C-1(J3) H-2β, H-8β, H-9β, H15β
15β 1.21 s 16.41 C-4(J2), C-3(J3), C-5(J3) H-6β, H-14β, H-8β
1’ 151.22
2’α 2.66 m 48.36 H-3’α, H-3’β C-4’(J3) H-3’α, H-10α, H-13β
3’α 1.28 m 52.18 H-2’α C-13(J3), C-4’(J2) H-2’α, H-3’β
3’β 2.46 d (8.5) C-5’(J2), C-1’(J3) H-3’β, H-13b, H-15α
4’ 62.42
5’ 136.85
6’α 2.81 dd (15.0, 3.5) 26.74 H-7’α C-7’(J2), C-4’(J2) H-7’α
6’β 1.72 dd (15.0, 10.5) C-1’(J3), C-5’(J2) H-8β
7’α 2.59 ddddd (10.5, 9.5, 3.5, 

3.5, 3.5)
47.72 H-6’α, H-6’β H-6’α

8’β 4.21 ddd (12.0, 9.5, 2.0) 80.72 H-7’α, H-9’α, H-9’β C-6’(J3) H-6β, H-9’β, H-5α
9’α 1.97 ddd (13.0, 12.0, 5.5) 39.72 C-10’(J2), C-1’(J3) H-9’β, H-10’α
9’β 2.23 ddd (13.0, 12.0, 2.0) H-8’β
10’α 2.96 ddq (5.5, 2.0) 32.68 H-9’α, H-9’β, H-14’β C-14’(J2) H-2’α, H-9’α, H-14β
11’ 139.71
12’ 169.76
13’a 5.55 d (3.5) 119.17 H-7’α C-7’(J3), C-11’(J2) H13’b, H-6’β
13’b 6.22 d (3.5) C-12’(J3) H-13’a
14’ 1.18 d (7.0) 19.05 H-10’α C-9’(J3), C-10’(J2), C-1’(J3) H-10α, H-8’β
15’ 1.28 s 13.64 C-3’(J3), C-5’(J3) H-3’β
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methylenes, and four additional sp3 methines. Therefore, 2 
should be octacyclic, and could be an adduct derived from two 
sesquiterpene lactones.

Partial structure of compound 2 was directly derived by 
comparing its spectroscopic data with those of 1, where the 
major changes were the 1H and 13C NMR signals for C(11) 
and C(13) which were found at higher field, connecting with 
the other sesquiterpene fragment. The 1H NMR spectrum of 
the second sesquiterpene fragment of 2 displayed the two char-
acteristic doublets (H-13’a and H-13’b) of an α,β-unsaturated 
γ-lactone (δH 5.55 and 6.22, δC 119.17) and their coupling 
constants (J > 3 Hz) indicated a trans fusion [25] (this second 
sesquiterpene fragment will be described using primes (’) for 
numbering). COSY interactions indicated that these signals 
were coupled with an allylic hydrogen (H-7’, δH 2.59; δC 
47.72) vicinal to a methylene (H-6’α and H-6’β, δH 2.81 and 
1.72, respectively) and to the lactonic oxymethine H-8’β (δH 
4.21, δC 80.72). This last signal was coupled vicinally with an 
additional methylene assigned to H-9’α and H-9’β (δH 1.97, 
2.23, respectively) and displayed HMBC crosspeak with the 
methine carbon (C(10’), δC 32.68), which in turn was linked to 
a methyl group (C(14’), δH 1.18; δC 19.05). 2J and 3J HMBC 
crosspeaks between H-6’α and C-5’ and C-1’ and between H-
9’α and C-1’ revealed the location of the tetrasubstituted olefin 
on C(1’) and C(5’), indicating the presence of a cycloheptene 
fragment. HMBC interactions between the methylene hydro-
gens at C-13 and the C-1’ (olefinic quaternary carbon), C-2’ 
(aliphatic methine) and C-3’ (aliphatic methylene) (δC 151.22, 

48.36, and 52.18, respectively) and the observed NOESY cos-
speaks (Fig. 2) between H-2’ and H-10’ and between 15’CH3- 
and H-3’β (pro S) suggested that the 15’CH3- was located 
at C(4’) and this was confirmed by the HMBC crosspeak 
between 15’CH3- and C(5’), giving evidence of the presence 
of a bicycle [2.2.1] heptene derived from the Diels Alder 
addition of C(2’)-C(1’)-C(5’)-C(4’) diene of a (hypothetical) 
guaia-1(2),4(5)-dienolide [26] and the C(11)-C(13) double 
bond of 11,13-dehydroeriolin (1) as dienophile, establishing 
the C(11)-C(4’) and C(13)-C(2’) connectivities for 2. Having 
determined the regiochemistry of the Diels Alder adduct, four 
stereoisomers are possible from the endo (dienophile-α, diene-
β oriented (A) and dienophile-β, diene-α oriented (B)) and exo 
(dienophile-α, diene-β oriented (C) and dienophile-β, diene 
α-oriented (D)) stereorientations of the [π4s + π2s] cycloaddi-
tion (See figure 1).

Analysis of the NOESY spectrum of 2 allowed to deter-
mine the conformation of the fragments and the configurations 
of various chiral centers (Fig. 2). The observed crosspeaks 
between C-14 methyl protons with C-15 hydrogens, between 
C-15 methyl protons with H-8, and between H-5 with H-1 and 
H-7, established the crown conformation [15D5, 1D14] for the 
11,13-dehydroeriolin (1) fragment of 2. In addition, the cros-
speaks between C-15’ methyl protons and H-3’ pro S, between 
H-3’ pro R with H-2’, between H-2’ and H-10’, and between 
C-14’ methyl protons and H-8’ confirmed the stereochemistry 
at C-4’, C-2’, C-10’ and C-8’ of 2 as 4’S, 2’S, 10’S and 8’S, 
respectively. The transannular NOESY correlation between 
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H-5 and H-8’ was only possible considering a stacked arrange-
ment of the sesquiterpene fragments [27] derived from the exo 
approach (C and D, Fig. 1), and in particular, the approach 
derived from the diene-α and the dienophile-β, as depicted 
for the D fragment in figure 1, established structure 2, which 
we have named trivially dischkuhriolin. X-ray analysis of 
compound 2 confirmed the structure and conformation for this 
novel secondary metabolite (Fig. 3) [28].

uct afforded compound 6 which displayed 1H and 13C NMR 
data similar with those of 5. The major difference was that 6 
showed additional signals expected for the additional acetyl 
group and the downfield shift for H-6 (δH 5.41 in 7, δH 3.87 in 
5). The presence of a cis- fused α,β-unsaturated-γ-lactone moi-
ety was determined by the Samek’s rule correlating the value 
of the 7,13 allylic coupling constant (J < 3 Hz) [25].

The structure and stereochemistry of the diacetyl deriva-
tive 6 was confirmed by the NOESY experiment in which H-7 
showed strong correlation with H-5 and H-8. Complementary, 
H-6 showed correlation with the hydrogens H-14, establish-
ing the chair conformation of the cyclohexane ring (Fig. 4), 
in agreement with γ-lactone of the A-type [25]. Therefore, the 
structure for the natural constituent 5 was verified as the 14-O-
acetyl derivative of schkuhridin B (7) [29].

Fig. 2. Selected NOESY interactions of dischkuhriolin (2).

Fig. 3. ORTEP view of the X-ray diffraction structure of dischkuhrio-
lin (2).

Silica gel chromatography of the extract of S. pinnata 
var. wislizeni followed by successive chromatographic steps 
on silica gel afforded compound 5 as an oil that was relatively 
unstable. IR (absorptions at 3492, 1763 and 1662 cm-1) and 1H 
NMR (δH 6.31 dd, J = 2.0, 0.6 Hz, H-13a; δH 5.98 dd, J = 1.7, 
0.9 Hz, H-13b) spectra showed signals that were indicative 
of a sesquiterpene lactone. Acetylation of the natural prod-

Fig. 4. Selected NOESY interactions of diacetyl schkuhridin B (6).

The 1H NMR data of 5 (see experimental) and 7 [29] 
were practically identical to those previously published for 
an acetyl elemanolide (8) and its desacetyl analogous (9) iso-
lated from the species identified as S. anthemoidea var. wisli-
zeni [24], indicating that these should be the same substances. 
However, the reported structures of elemanolides with a trans 
fused lactone closed at C-6 and an α-oriented hydroxyl at 
C(8) were not consistent with the spectroscopic analysis, 
particularly with the Samek’s rule [25] and with the observed 
NOESY correlations (fig. 4), and therefore, the structures 8 
and 9 isolated from this species [30] should be modified to 5 
and 7, respectively.

The mixture of compounds 10 and 11 was obtained as 
an oil that showed UV absorptions for the phenolic function 
(λmax 228 and 272 nm) [31] and the IR indicated the existence 
of hydroxyl (3411 cm-1) and ester (1738 cm-1) functionalities. 
The mass spectra established their isomeric molecular formu-
las as C17H24O6 and the molecular ion showed the loss of a 
fragment C5H8O (m/z 240) and then the loss of a molecule of 
acetic acid (m/z 180). The 2:1 ratio of the mixture 10 + 11 was 
established by the integration of the signal that appeared in the 
1H NMR spectrum at δH 3.78 (for the major constituent) and at 
δH 3.87 (for the minor constituent). This spectrum also showed 
two AB-systems of the benzene ring at δH 6.45 (d, J = 1.5 Hz) 
and δH 6.35 (d, J = 1.5 Hz) for the major constituent and at δH 
6.57 (d, J = 1.5 Hz) and δH 6.49 (d, J = 1.5 Hz) for the minor 
constituent, indicating the meta relationship for the benzenoid 

O

O

H3C

O

O

CH3

O

CH3

CH3

O

H

H

H

H

H

H

H
H

H
H

H

H

H

H

15

14

11
10

8

7
5

2
1

8'

5'
3'

2'

1'

15'

14'

H

H

AcO

O

O

H
H OAc

H

H H

15
14

10 8

75

2 1



Sesquiterpene Lactones, Acyl Phenyl Propanoids and Other Constituents from Schkuhria pinnata var. wislizeni. Antioxidant Evaluation 197

hydrogens. The phenyl propanoid fragment was confirmed 
by the presence of three vicinal methylenes evidenced by the 
COSY experiment and the chemical shift of the H-1 hydrogens 
(δH 4.10 for 10 and δH 4.09 for 11) indicated that the acetoxy 
was located at C-1.

Close comparison of the 1H and 13C NMR spectral data of 
10 + 11 with those reported for compounds 12 and 13 (isolated 
from Schkuhria schkuhrioides [15]) and their acetyl deriva-
tives 14 and 15 (Table 3) revealed that they possessed the same 
substitution pattern, including the α-methyl-butyryl moiety, in 
agreement with the molecular formula.

The vicinity of the methoxyl group and the ester for the 
major constituent (10) was evident by the slight up-field shift 
of the chemical shift for the methoxy group (δH 3.78) with 
respect to that of the methoxy group of the minor constituent, 
11 (δH 3.87), as previously established [32]. This substitution 
pattern was in agreement with the observed downfield shift 

for H-5 and H-9 (δH 6.57 and δH 6.49) for the minor constitu-
ent (11) with the ester located at C-6, in comparison with the 
chemical shifts of the same hydrogents for 10, located at δH 
6.35 and δH 6.45, respectively. 13C NMR resonances (see 
experimental), were in agreement with the structures of the 
acyl phenyl propanoids 10 and 11.

Table 2. 1H and 13C NMR spectral data of 6 (aCDCl3, 300 MHz; bCDCl3, 75 MHz)

Position δH (J in Hz)a δc
b 1H-1H COSY 1H-1H NOESY

1 5.76 dd (18.0, 11.0) 142.14 H-2α, H-2β
2a 5.19 d (11.0) 114.46 H-1
2b 5.13 d (18.0) H-1
3a 5.04 s 116.33 H-15, H-3b H-3b, H-15
3b 4.77 s H-3a, H-15 H-3a, H-5α
4 140.11
5α 2.39 d (12.0) 54.03 H-6β H-7α, H-3b
6β 5.41 dd (12.0, 9.0) 71.01 H-5α, H-7α H-14b, H-3b
7α 3.07 ddd (9.0, 7.0, 2.0) 45.10 H-8α, H-6β, H-13a, H-13b H-5α, H-8α
8α 4.73 ddd (7.0, 7.0, 5.0) 74.98 H-7α, H-9α, H-9β H-7α, H-9β
9α 2.23 dd (15.0, 7.0) 32.82 H-9β, H-8α H-9β
9β 2.00 dd (15.0, 5.0) H-9α, H-8α H-9α, H-5α, H8α
10 42.23
11 136.24
12 169.27
13a 6.25 d (1.9) 123.81 H-7α, H-13b H-13b
13b 5.63 d (1.6) H-7α, H-13a H-13a
14a 4.20 d (11.0) 66.42 H-14b
14b 4.00 d (11.0) H-14a H-14a, H-6β
15 1.76 s 24.96 H-3a, H-3b H-3a
OAc-14 2.01 s
OAc-6 2.05
-CO 170.62
-CO 169.72
Me 20.86
Me 20.79

OR2

R3O

OCH3

          R1            R2             R3

10       H         αMeBu         Ac

11   αMeBu          H            Ac

12       H         αMeBu         H

13     αMeBu          H            H

14       Ac         αMeBu          Ac

15     αMeBu          Ac            Ac

OR1
1 3 5

9
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Many plants used traditionally for medicinal purposes 
and natural products have been investigated searching anti-
oxidative agents that could reduce oxidative stress, which is 
considered as a causative factor of many diseases [33, 34]. 
Therefore, the antioxidant potential of compounds 1, 2, 5 
and the mixture 10 + 11 were evaluated measuring the pro-
tective effect against 2,2-azo-bis(2-amidinopropane)dihydro
chloride (AAPH)-induced damage in rat pancreatic homog-
enate. The bioassays were performed according standard 
protocols [35, 36] and the measurements were obtained as 
percentage of inhibition of peroxidation of pancreatic lipids 
induced by AAPH at 1, 10 and 100 ppm of the tested sub-
stances. The results indicated that the sesquiterpene lactones 
1, 2 and 5 practically did not display antioxidant activity 
(less than 20% of inhibition at 100 ppm), while the mixture 
of phenyl propanoids (10 + 11) displayed 82.50% (std. dev. 
1.76), 76.60% (std. dev. 1.83) and 23.33% (std. dev. 2.80) of 
inhibition at 100, 10 and 1 ppm, respectively. These results 
clearly identified the acyl phenyl propanoids as protective 
agents against the peroxidation of lipids, and this property 
could be related to some of the traditional medicinal uses of 
this species.

The results on the chemistry of S. pinnata var. wisli-
zeni indicated the presence of secondary metabolites of dif-
ferent type, reflecting chemically the polymorfism of this 
species.

Experimental

General. Melting points were measured on a Fisher Johns 
apparatus and are uncorrected. Infrared spectra were recorded 
with FTIR Bruker TENSOR 27 instrument. Ultraviolet spectra 
were determined on a SHIMADZU UV160U Instrument. EIMS 
and HRMS (FAB+) were recorded on a JEOL SX102A mass 
spectrometer. The 1H- and 13C- NMR experiments were per-
formed at 25 ºC using Varian UnityPlus 500 spectrometer (at 
500/125 MHz) and Varian VXR-300 (at 300/75 MHz), and the 
chemical shifts are expressed in parts per million (δ) relative to 
trimethylsilane. Column chromatographies (CC) were carried 
out on silica gel (70-230, 230-400 mesh and TLC grade). Thin 
layer chromatography analyses were made on aluminum silica 
gel 60 F254 (Alugram SiG/UV254, Macherey-Nagel) plates and 
visualization was accomplished with either a UV lamp or a 
solution of ammonium cerium sulfate.

Plant material. Aerial parts of Schkuhria pinnata (Lam.) 
Kuntze var. wislizeni (A. Gray) B. L. Turner were collected 2 
km North of the city of León on road to Aguascalientes, state 
of Guanajuato, Mexico, in September, 2001. The identifica-
tion was confirmed by Dr. José Luis Villaseñor (Instituto de 
Biología de la Universidad Nacional Autónoma de México) and 
a voucher specimen (Registry number 1113905) was deposited 
at the National Herbarium, Instituto de Biología, UNAM.

Table 3. 1H NMR Data (CDCl3, 300 MHz) of compounds 10-15

Compounds

10a 11b 12a,c 13b,c 14a,c 15b,c

H-1 4.10 t 
(6.6)

4.09 t 
(6.6)

3.68 t 
(6.4)

3.67 t 
(6.4)

4.11 t 
(6.4)

4.11 t 
(6.4)

H-2 1.93 m 1.93 m 1.87 m 1.87 m 1.96 m 1.96 m
H-3 2.60 t 

(7.2)
2.60 t 
(7.2)

2.63 t 
(7.6)

2.63 t 
(7.6)

2.66 t 
(6.7)

2.66 t 
(6.7)

H-5 6.35 d 
(1.5)

6.57 d 
(1.8)

6.36 d 
(1.5)

6.60 d 
(1.5)

6.61 d 
(1.8)

6.66 d 
(1.8)

H-9 6.45 d 
(1.5)

6.49 d 
(1.8)

6.45 d 
(1.5)

6.50 d 
(1.5)

6.66 d 
(1.8)

6.59 d 
(1.8)

H-2’ 2.69 m 2.88 m 2.70 m 2.69 m 2.66 m 2.66 m
H-3’ 1.63 m 1.63 m 1.63 m 1.63 m 1.59 m 1.60 m
H-4’ 1.04 t 

(7.5)
1.04 t 
(6.5)

1.04 t 
(6.5)

1.06 t 
(6.6)

1.04 t 
(6.4)

1.05 t 
(6.6)

H-5’ 1.32 d 
(7.2)

1.32 d 
(7.2)

1.32 d 
(7.2)

1.31 d 
(7.2)

1.30 d 
(6.9)

1.28 d 
(6.9)

OCH3 3.78 s 3.87 s 3.78 s 3.88 s 3.80 s 3.82 s
-Ac 2.06 s 2.06 s 2.05 s 2.05 s

-Ac aromatic ring 2.24 s 2.25 s

a major compound bminor compound cData taken from reference [15] included here for comparison
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Extraction and isolation. The dried aerial parts of S. pinnata 
(8 kg) were extracted two times with n-hexane and then with 
acetone at room temperature. The acetonic extract (200 g) was 
subjected to VCC [37] over 1 kg silica gel (230-400 mesh), 
using n-hexane/EtOAc as eluent, 400 mL fractions were col-
lected. Fractions eluted were combined to afford fractions 
A-S. Frs. A-C (15.5 g) yielded unsaturated fatty acids. Frs. 
I-J (3.9 g) were joined and chromatographed by CC (SiO2, 
gradient n-hexane/Acetone) to obtain 12 fractions (IJ.1-IJ.12). 
Fr. IJ.9 (490 mg) was purified over silica gel using CH2Cl2/
Acetone as eluent to afford 65 fractions (IJ.9.1-IJ.9.65). Frs. 
IJ.9.30-IJ.9.45 (117 mg) were subjected to preparative TLC 
using n-hexane/EtOAc (7:3) as eluent to give the mixture 
of 1-O-acetyl-3[6-hydroxy, 8-methoxy, 7-(2’-methyl-buty-
ryloxy)]-phenyl-1-propanol (10) + 1-O-acetyl-3[7-hydroxy, 
8-methoxy, 6-(2’-methyl-butyryloxy)]-phenyl-1-propanol (11) 
(52 mg, 0.65% of dry weight) as yellow oil: UV (CH2Cl2) λmax 
(log ε): 228 (3.32), 272 (3.17) nm; IR νmax (CHCl3): 3411, 
2969, 2939, 2878, 1738, 1604, 1515, 1461, 1433, 1366, 1242, 
1174, 1107, 1041, 896, 825, 756 cm-1; 1H NMR (CDCl3, 300 
MHz,) see table 3. 13C NMR (CDCl3, 75 MHz) δ 174.60 (-
CO), 174.43 (-CO), 171.18 (-CO × 2), 151.72, 148.12, 147.58, 
139.85, 137.63, 132.39, 125.92 (-C=Ar), 115.00, 109.14, 
108.5, 104.55, 104.59 (-CH=Ar), 63.79 (-CH2-O), 56.28, 
55.98 (-OCH3), 41.02 (C-2’ × 2), 34.00, 33.34, 31.86, 30.22, 
29.96, 26.84, (-CH2), 20.96, 19.08, 16.75,11.45 (-CH3); EIMS 
m/z (rel. int.): 324 [M]+ (11), 310 (11), 240 (100), 198 (8), 180 
(64), 179 (10), 153 (16), 152 (8), 123 (5), 119 (4), 91 (5), 85 
(16), 71 (17), 57 (55), 43 (29), 41 (9). Frs. IJ.9.47-IJ.9.62 were 
joined and purified by preparative TLC using CH2Cl2/MeOH 
(95:5) as the developing solvent afforded p-hydroxy-benzal-
dehyde [23] (1.6 mg, 0.02% of dry weight). Frs K-L (7.2 g) 
afforded pectolarigenin (3 [21], 81.8 mg, 1.02% of dry weight) 
which was recristalized from n-hexane/MeOH. Fr. M (21.9 g) 
was chromatographed over SiO2 (gradient, CH2Cl2/Acetone) 
to obtain 74 fractions (M.1-M.74). Frs. M.15-M.38 (1.8 g) 
were combined and the residue was subjected to CC (SiO2, 
gradient, CH2Cl2/MeOH) giving 86 fractions, from the frs. 
77-79 was obtained 14-O-acetyl schkuhridin B (5 [28], 12 mg, 
0.15% of dry weight) as colorless oil: IR (CHCl3) νmax: 3492, 
3080, 2967, 2934, 1763, 1662, 1640, 1439, 1382, 1337, 1266, 
1241, 1151, 1129, 1083, 1041, 1002, 950, 922, 894, 816, 785, 
759, 726 cm-1. 1H NMR (CDCl3, 300 MHz assignments by 
COSY, HETCOR and NOESY): 5.77 (1H, dd, J = 18, 11, H-
1), 5.18 (1H, d, J = 11, H-2a), 5.12 (1H, d, J = 18, H-2b), 5.22 
(1H, br s, H-3a), 4.85 (1H, br s, H-3b), 2.21 (1H, d, J = 12, 
H-5), 3.87 (1H, dd, J = 12, 9, H-6), 2.94 (1H, dddd, J = 9, 7, 
2, 1.7, H-7), 4.75 (1H, ddd, J = 7, 7, 5, H-8), 2.15 (1H, dd, J = 
15, 7, H-9α), 1.93 (1H, dd, J = 15, 5, H-9β), 6.31 (1H, dd, J = 
2, 0.6, H-13a), 5.98 (1H, dd, J = 1.7, 0.9, H-13b), 4.14 (1H, d, 
J = 11, H-14a), 3.95 (1H, d, J = 11, H-14b), 1.84 (3H, s, H-15), 
2.02 (3H, s, -OAc). These data are practically identical to those 
reported in ref. [24]. Fraction N (29.1 g) was purified by CC 
(SiO2, gradient, n-hexane/EtOAc) to give 11,13-dehydroerio-
lin (1 [19,20], 768 mg, 9.6% of dry weight) and rechromatog-
raphy of the more polar fractions (SiO2, elution with n-hex-

ane/EtOAc) afforded hispidulin (4 [22], 70 mg, 0.87% of dry 
weight). Fraction O (5.19 g) was subjected to CC over silica 
gel using n-hexane/EtOAc as eluent to yield dischkuhriolin (2, 
16.8 mg, 0.21% of dry weight) as white needles crystals: mp 
220-223 °C, [α]D

25 -78.18 (c 0. 11, CHCl3); UV (CH2Cl2) λmax 
nm (log ε) 230.5 (3.21); IR (CHCl3) νmax 3693, 2969, 2940, 
2878, 1761, 1603, 1463, 1388, 1331, 1308, 1150, 1094, 1061, 
1026, 986, 943, 914 cm-1. 1H NMR (CDCl3, 500 MHz) and 

13C NMR (CDCl3, 125 MHz) (assignments by COSY, HSQC, 
HMBC and NOESY), are shown in table 1. EIMS m/z (rel. 
int.): 494 [M]+ (29), 460 (5), 443 (2), 391 (2), 335 (5), 307 
(36), 289 (17), 273 (3), 245 (4), 230 (2), 154 (100), 136 (75), 
107 (20), 89 (18), 77 (15), 55 (9), 39 (7). HRMS (FAB+) m/z: 
Calcd. for C30H38O6 + H+: 495.2747; found 495.2750.

Acetylation of 14-O-acetyl schkuhridin B (5). From fraction 
M obtained from the initial chromatographic procedure, frs. 
M.39-M.55 were combined and the residue (312 mg) was dis-
solved in pyridine (1.5 mL) and acetic anhydride (2 mL). The 
mixture was stirred for 26 h at room temperature and the reac-
tion was monitored by TLC. When the reaction was completed, 
ice (6 g) was added and stirred for 1 h, then the reaction mix-
ture was extracted with CH2Cl2 (3 × 15 mL), the organic layers 
were joined and washed with HCl (10%, 2 × 15 mL), with a 
solution of sat. NaHCO3 (2 × 15 mL), and with brine, dried 
over Na2SO4 and concentrated under vacuum. Usual workup 
afforded a yellow oil (241 mg) which was purified by column 
chromatography using n-hexane/EtOAc affording some frac-
tions which were further purified by preparative TLC (using n-
hexane/Acetone 4:1 as developing solvent, two developments), 
to afford diacetyl schkuhridin B (6, 25.4 mg) as a colorless oil: 
[α]D

25 +109.6 (c 0.12, CHCl3); UV (CHCl3) λmax (log ε) 243 
(2.64) nm; IR (CHCl3) νmax 3518, 3086, 2970, 2930, 1907, 
1768, 1742, 1666, 1642, 1452, 1414, 1374, 1155, 1035, 954, 
922 cm-1; 1H NMR (CDCl3 300 MHz) and 13C NMR (CDCl3, 
75 MHz) (assignments by COSY, HETCOR and NOESY): data 
shown in table 2; EIMS m/z (rel. int.) 348 [M]+ (0.9), 306(14), 
289(3), 276(1), 262(1), 246(13), 228(36), 216(8), 200(13), 
183(12), 171(13), 157(10), 143(15), 131(13), 117(11), 105(17), 
91(23), 79(12), 77(8), 43(100), 41(11), 18(3), 15(2).

Antioxidant activity assay. Male Wistar rats (200-250 g weight) 
were obtained from Instituto de Fisiología Celular de la 
Universidad Nacional Autónoma de México, and treated fol-
lowing the procedures of the NIH publication 85-23 “Principles 
of Laboratory Animal Care” and the Norma Oficial Mexicana 
NOM-062-ZOO-1993. The antioxidant activity was measured 
in a rat pancreas homogenate and the degree of lipid peroxida-
tion was determined according previous protocols [35, 36, 38].
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