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Abstract:  Phytochemical investigation of the aerial parts of Senecio desfontainei afforded one new benzoxepine 
derivative, senecioside (1) along with eleven known compounds (2-12). Their structures were assigned from 1H 
and 13C NMR spectra, DEPT and  2D COSY, NOE, HSQC and HMBC NMR experiments. All these compounds 
were tested for antioxidant activity in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay. 
Among them, compounds 2, 3, 4, 6 and 9 showed significant antioxidant activity against DPPH radicals. 
 
Keywords: Senecio desfontainei; Compositae; Senecioside; Antioxidant activity 

 

1. Introduction 

The genus Senecio comprises of nearly 3000 species, of which about 37 occur in Pakistan. 
The importance of genus Senecio is based on its botanical, pharmacological and toxicological 
properties [1,2].  The genus Senecio is widely known for its pyrrolizidine alkaloids and some of these 
reveal a potentially helpful level and spectrum of antitumor activity [3]. Many species of this genus 
are widely used in Chinese traditional medicine and as folk remedy for inflammatory and infectious 
diseases [4]. They are also used as blood regulator, for relieving stomach pain, in curing of ulcer, to 
counteract mountain sickness and are also used as emenagogue, digestive and cough suppressant [5]. 
In this paper we report the isolation and complete 1H and 13C NMR assignment of the new senecioside 
(1) together with the known compounds ethyl 3,5-di-O-caffeoylquinic acid (2), ethyl 3,4-di-O-
caffeoylquinic acid (3), quercetin-3-O-rutinoside (4), isorhamentin 3-O-β-D-rutinoside (5), 3β,23-
dihydroxy-lup-20(29)-en-28-oic acid-3β-caffeate (6), 5,7,4́-trihydroxy-3,8-dimethoxyflavone (7), 
3,5-di-O-caffeoylquinic acid (8), 4,5-di-O-caffeoylquinic acid (9), 2-(1,4-dihydroxy cyclohexanyl )-
acetic acid (10), p-hydroxyphenylacetic acid (11), β-sitosterol-3-O-β-D-glucopyranoside (12) from S. 
desfontainei collected form Kaghan, Khyber Pakhtunkhwa, Pakistan. 

2. Materials and Methods 

2.1. General  

Optical rotations were measured using an ADP 220 polarimeter at 589 nm. IR spectra were 
recorded using a Perkin-Elmer FTIR instrument for compounds mounted directly on the diamond cell. 
NMR spectra were recorded on Varian VNMRS-400 and Varian VNMRS-500 spectrometers with 
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TMS as internal standard and CD3OD as solvent. HRESIMS were carried out on an APEX IV Fourier-
transform Ion Cyclotron resonance instrument (Bruker Daltonics, Coventry, UK) using an Apollo ESI 
source. The nebulizer and drying gas was nitrogen at 180C. Samples were infused from solution (50% 
MeOH/DCM) by syringe pump at 100 microlitres per hour. Accurate masses to within 5ppm were 
obtained using a broad range external calibration using a mixture of PEG polymer grades. Reverse 
phase HPLC was conducted using a Waters mass-directed autopurification system comprising of a 
Waters 2767 autosampler, Waters 2545 pump system, a Phenomenex LUNA column (5µ, C18, 100 Å, 
10 x 250 mm) equipped with a Phenomenex Security Guard precolumn (Luna C5 300 Å) eluting at 4 
mL/min. Solvent A, HPLC grade H2O + 0.05% formic acid; Solvent B, HPLC grade CH3CN + 0.045% 
formic acid or HPLC grade CH3OH + 0.045% formic acid. The post-column flow was split (100:1) 
and the minority flow was made up with MeOH + 0.045% formic acid to 1 mL/min for simultaneous 
analysis by diode array (Waters 2998), evaporative light scattering (Waters 2424) and ESI mass 
spectrometry in positive and negative modes (Waters Quatro Micro). Silica gel (220-440 mesh) was 
used for column chromatography and Merck keiselgel 60 F254 pre-coated silica gel glass plates were 
used for analytical and preparative TLC. TLCs were visualized in UV light (λ = 254 nm, 366 nm) or 
by heating after spraying with 15% aqueous sulfurikc acid saturated with ceric sulfate. 

2.2. Plant Material 
 

 The plant (S. desfontainei) was collected from Kaghan, Khyber Pakhtunkhwa, Pakistan, in 
August 2008, which was identified and authenticated by Prof. Dr. Habib Ahmad, Department of 
Botany, Hazara University, Pakistan. A voucher specimen (No. 123) has been deposited in the 
herbarium of the Department of Botany, Hazara University, Mansehra, Pakistan. 

2.3. Extraction and Isolation 
 
The air dried aerial parts of S. desfontainei (12 kg) were extracted at room temperature with 

methanol (MeOH) (4 days x 3). The combined methanolic extract was evaporated under vacuum  yield 
300 g of residue, which was then partitioned with organic solvent (hexane, DCM, EtOAc and MeOH) 
by addition of H2O to obtained n-hexane (70 g), dichloromethane (100 g), ethyl acetate (90 g), and 
aqueous methanolic (40 g) fractions. 

The EtOAc fraction (90 g) was chromatographed on silica gel (70-230 mesh, 1500 g, 9 x 120 
cm) column, eluting with hexane, ethyl acetate and methanol, in order to increase the polarity of 
solvent to methanol 100%. As a result twenty major semi pure fractions (SD/E-1A to SD/E-20A) were 
obtained. These fractions were analyzed by TLC and reunited in 17 new fractions. Fraction SD/E-16A 
(10 g) was chromatographed on silica gel (70-230 mesh, 300 g, 6 x 100 cm) column, eluting 
successively with a gradient of n-hexane, ethyl acetate and methanol, increasing the polarity to 
methanol 100%. Seventeen sub-fractions (SD/E-16A-1B to SD/E-16A-17B) were collected. These 
fractions were analyzed by TLC and reunited in 14 new fractions. SD/E-16A-16B (2 g) was subjected 
to HPLC mass-directed preparative purification using H2O- CH3CN as a mobile phase. 200 µL was 
injected during successive rounds of a 20 minute program (0 min, 25% B; 0.01 min, 25% B; 15 min, 
35% B; 16 min, 95% B; 18.50 min, 95% B; 19 min, 25% B; 20 min, 25% B). Evaporation of the 
collected fractions under a stream of dry nitrogen yielded 7.8 mg of 1, 25.5 mg of 4 and 87.5 mg of 5. 
Fraction SD/E-12A (5 g) was chromatographed on silica gel (220-440 mesh, 200 g, 4 x 90 cm) 
column, eluting successively with a gradient of DCM-MeOH (100:00, 98:02, 96:04, 94:06, 90:10, 
85:15 & 80:20). As a result, eleven sub-fractions SD/E-12A-1B to SD/E-12A-11B) were collected 
based on TLC profile. SD/E-12A-8B (825 mg) was subjected to HPLC mass-directed preparative 
purification using deionized H2O and MeOH as a mobile phase. 200 µL was injected during successive 
rounds of a 20 minute program (0 min, 40% B; 13.00 min, 95% B; 17 min, 95% B; 19.50 min, 40% B; 
20 min, 40% B). Evaporation of the collected fractions under high vacuum yielded 12 mg of 2 and 10 
mg of 3. SD/E-12A-5B (617 mg) yielded a crystalline compound containing minor impurities. The 
impurities were washed off with dichloromethane. Transparent needles of the compound 10 (212 mg) 
were obtained by re-crystallization using a mixture of EtOAc:MeOH (85:15). SD/E-18A (1 g) was 
subjected to HPLC mass-directed preparative purification using H2O- MeOH as a mobile phase. 200 
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µL was injected during successive rounds of a 20 minute program (0 min, 40% B; 13.00 min, 95% B; 
17 min, 95% B; 19.50 min, 40% B; 20 min, 40% B), yielded 15.3 mg of 6. Fraction SD/E-14A (11 g) 
was chromatographed on silica gel (70-230 mesh, 300 g, 6 x 100 cm) column, eluting successively 
with a gradient of n-hexane, ethyl acetate and methanol, increasing the polarity to methanol 100%. 
Twenty five sub-fractions SD/D-14A-1B to SD/D-14A-25B were collected based on TLC profile. 
SD/E-14A-17B (51 mg) was subjected to HPLC mass-directed preparative purification using H2O-
MeOH as a mobile phase. 200 µL (0 min, 25% B; 13.00 min, 95% B; 15 min, 95% B; 17.00 min, 25% 
B; 20 min, 25% B), furnished 23.7 mg of 7. SD/E-14A-16B (315 mg) was also subjected to HPLC 
(injected volume 200 µL; H2O-MeOH mobile phase; 0 min, 25% B; 13.00 min, 95% B; 15 min, 95% 
B; 17.00 min, 25% B; 20 min, 25% B), to afford compounds 8 (12 mg) and 9 (15 mg). Fraction SD/E-
7A (2 g) was chromatographed on silica gel (70-230 mesh, 300 g, 4 x 90 cm) column, eluting 
successively with a gradient of n-hexane, ethyl acetate and methanol, increasing the polarity to 
methanol 100%. Twenty sub-fractions (SD/E-7A-1B to SD/E-7A-20B) were collected, which were 
analyzed by TLC and reunited in 11 major fractions. SD/E-7A-10B (55 mg) was subjected to HPLC 
(injected volume 200 µL; H2O-MeOH mobile phase; 0.00 min, 20% B; 0.01 min, 20% B; 6.00 min, 
30% B; 13.50 min, 60% B; 14.50 min, 95% B; 18.50 min, 95% B; 19.00 min, 20% B; 20.00 min, 20% 
B), to obtained 11 (16.6 mg).  

The DCM fraction (100 g) was chromatographed on silica gel (70-230 mesh, 1500 g, 9 x 120 
cm) column, eluting with n-hexane, dichloromethane, ethyl acetate and methanol, increasing the 
polarity to methanol 100%. Thirteen sub-fractions SD/D-1A to SD/D-13A were collected based on 
TLC profile. Fraction SD/D-9A (n-hexane:EtOAc (2:8)-EtOAc:MeOH (0.3:9.7)) was precipitated 
which was purified by washing with acetone and methanol, yielded 12 (4 mg). 
 
 

 
 

 
Figure 1. Structure of compound 1 

 

2.4. Senecioside (1):  

Brownish yellow solid (7.8 mg);  -12.9 (c = 0.15, MeOH); UV λmax (ΜeΟΗ) = 240 
nm; IR(neat) νmax 3336, 1714, 1661 cm-1; 1H NMR and 13C NMR spectroscopic data, see Table-1; 
HRESIMS m/z 419.1306 [M + Na]+ (calcd for C19H24O9Na, 419.1313). 

2.5. Free radical scavenging activity  

Assays were performed in flat bottom polystyrene 96-well micro-titer plates. The DPPH 
radical-scavenging effects were measured using a modified previously established methodology [6,7]. 
To 100 µL of each sample at different concentrations in MeOH were added 150 µL of DPPH (0.25 
mM) in MeOH. The resultant mixture was briefly shaken and maintained at room temperature in the 
dark for 30 min. The absorbance was measured at 517 nm by using a Spectra Max 190 96-well plate 
reader and data was processed on SOFTmax pro 4.0 software. 
Calculations: The percentage of scavenging of DPPH radicals from a sample at a given concentration 
can be calculated from the following equation. 
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3.  Results and Discussion  

3.1. Structure elucidation 

 Senecioside (1) was obtained as a brownish yellow solid. The IR spectrum showed absorption 
bands of hydroxyl group (3329 cm-1), double bonds (1661 cm-1) and carbonyl group (1714 cm-1). The 
molecular formula was deduced as C19H24O9 (eight degrees of unsaturation) from its positive-mode 
HRESIMS (m/z 419.1306, calcd. for C19H24O9Na [M + Na]+ 419.1313). The 1H-NMR spectrum 
(Table-1) of 1 exhibited the presence of a trisubstituted coupled aromatic ring (δH 7.46, 7.92 and 8.46), 
a methyl group as a doublet (δH 1.32) and acetyl protons as a singlet (δH 2.68).  The existence of 
glucose moiety in the molecule was confirmed from the signal of anomeric proton doublet (δH 4.75, J 
= 7.6 Hz) in the 1H-NMR spectrum and six carbon signals of the pyranose ring (δC 106.4, 75.1, 77.9, 
71.2, 78.0 and 62.4) in the 13C-NMR spectrum (Table-1). The deshielded resonances in the 13C-NMR 
spectrum [δC 152.1 (C-3), 138.2 (C-4) and 200.4 (C-13)] were ascribed to two olefinic carbons and a 
ketone, respectively. The positions of the methyl, acetyl and glucose moieties were fixed to C-2, C-6 
and C-4, respectively, on the basis of HMBC NMR correlations (Figure-2). The β-configuration of the 
glucose moiety was based on coupling constant of 7.6 Hz for the anomeric proton (H-1ʹ).  
 Comparison of the NMR spectroscopic data (Table-1) with those of the reported compound [8] 
indicated that 1 was a benzoxepine glucoside. The only difference between 1 and the known 
compound [8] was  presence of the double bond between C-3 and C-4 in the oxepine ring of 1. The 
position of the double bond was decided on the basis of HMBC correlations (Figure-2) of H-11 to C-3 
and H-5 to C-4. Thus, the structure of 1 was characterized as a new 1-(4-hydroxy-3-methyl-3,4,5-
trihydroxy-6-hydroxymethyl-tetrahydro-2H-pyran-2-yl)oxy)-2,3-dihydrobenzo[b]oxepin-7-
yl)ethanone (senecioside). 
 The known compounds (2-12) were readily identified from their spectral data and by 
comparison with reported literature, as ethyl 3,5-di-O-caffeoylquinic acid (2), ethyl 3,4-di-O-
caffeoylquinic acid (3) [9], quercetin-3-O-rutinoside (4) [10], isorhamentin 3-O-β-D-rutinoside (5) 
[11], 3β,23-dihydroxy-lup-20(29)-en-28-oic acid-3β-caffeate (6) [12], 5,7,4́-trihydroxy-3,8-
dimethoxyflavone (7) [13], 3,5-di-O-caffeoylquinic acid (8) [14], 4,5-di-O-caffeoylquinic acid (9) 
[15], 2-(1,4-dihydroxy cyclohexanyl )-acetic acid (10) [16], p-hydroxyphenylacetic acid (11) [17], β-
sitosterol-3-O-β-D-glucopyranoside (12) [18]. 

3.2. Antioxidant activity 

 The isolated compounds (1-11) were tested for their anti-oxidative properties in the DPPH 
radical scavenging assay. As a result (Table 2), compounds 2, 3, 4, 6 and 9 have significant radical-
scavenging effect comparable to that of ascorbic acid, that is, almost complete scavenging at a 
concentration of 250-500 µM (93 – 96% scavenging for compounds 2, 3, 4, 6 and 9 as compared to 
98.2% scavenging for ascorbic acid) and > 46% scavenging was still observed at 5 µM while 
compounds 1, 5, 7, 8, 10 and 11 showed activities less than ascorbic acid at higher concentration but 
still comparable to that of ascorbic acid at lower concentrations (5-30 µM). Compound 12 was not 
tested in the current study due to insufficient quantity. 
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Table 1. 13C and 1H-NMR spectroscopic data for Senecioside (1) in CD3OD, 125 MHz for 13C and 500 
MHz for 1H. 

  

Table 2. Antioxidant activity of compounds 1-11 showing % scavenging at different concentrations 
and 50% inhibitory concentrations (IC50) in the DPPH radical scavenging assaya. 

a Values are mean ± SD (n = 3). 
b Scavenging % = 100-(A samplee x 100/A controle).  
c Concentrations in µmol/L.  
d Ascorbic acid used as positive control.  
e Absorbance of sample and control measured at 517 nm.  
f  N.C = Not calculated 

 

C/H δC ppm DEPT δH ppm ( J, Hz) 
 
1 

 
65.9 

 
CH2 

 
3.75 m 

   3.82 m 
2 35.1 CH 3.53 m 
3 152.1 C - 
4 138.2 C - 
5 122.2 CH 8.46 dd (1.9/0.6) 
6 133.5 C - 
7 125.4 CH 7.92 dd (8.7/1.9) 
8 112.3 CH 7.46 dd (8.7/0.6) 
9 156.3 C - 
10 125.5 C - 
11 15.2 CH3 1.32 d (7.0) 
12 26.9 CH3 2.68 s 
13 200.4 C - 
1ʹ 106.4 CH 4.75 d (7.6) 
2ʹ 75.1 CH 3.51 m 
3ʹ 77.9 CH 3.45 m 
4ʹ 71.2 CH 3.46 m 
5ʹ 78.0 CH 3.30 m 
6ʹ  62.4 CH2 3.77 m 
   3.89 m 

Compound 
% Scavengingb 

5c 15 30 60 125 250 500 IC50 

1 49.2 ± 1.6 51.6 ± 3.1 52.6 ± 2.1 53.5 ± 2.1 57.3 ± 2.1 61.3 ± 2.9 71.4 ± 1.5 13.8 

2 52.9 ± 2.8 57.5 ± 3.0 66.2 ± 4.1 77.7 ± 2.1 95.5 ± 1.0 95.5 ± 2.1 96.1 ± 0.7 N.C f 

3 51.2 ± 2.7 57.0 ± 3.5 64.3 ± 2.0 78.4 ± 2.1 93.9 ± 1.8 94.1 ± 1.8 95.3 ± 1.0 N.C 

4 48.2 ± 1.7 51.3 ± 1.7 57.3 ± 2.1 66.4 ± 2.9 83.5 ± 2.2 93.2 ± 2.7 95.3 ± 1.1 8.3 

5 46.4 ± 2.9 46.4 ± 2.1 48.2 ± 1.7 49.2 ± 0.4 51.3 ± 2.7 59.4 ± 3.1 77.5 ± 2.1 75.5 

6 46.5 ± 0.8 51.5 ± 2.0 54.6 ± 3.1 62.3 ± 1.9 75.4 ± 1.1 96.1 ± 0.7 96.4 ± 1.6 7.7 

7 46.3 ± 1.6 46.4 ± 1.2 47.4 ± 2.8 49.9 ± 1.7 47.8 ± 3.0 52.0 ± 1.9 56.6 ± 2.1 166.5 

8 46.1 ± 2.4 46.6 ± 0.9 46.6 ± 2.1 48.3 ± 1.7 52.3 ± 3.9 54.2 ± 3.1 61.6 ± 2.9 114.6 

9 50.3 ± 2.7 54.3 ± 3.2 65.3 ± 2.2 78.6 ± 3.0 96.4 ± 1.2 96.6 ± 0.9 96.6 ± 0.8 N.C 

10 43.6 ± 1.7 43.4 ± 1.8 43.7 ± 1.2 44.4 ± 2.6 44.5 ± 2.1 44.8 ± 3.1 45.4 ± 1.3 N.C 

11 46.1 ± 2.8 46.3 ± 1.9 47.3 ± 3.1 47.8 ± 1.2 48.4 ± 1.4 49.1 ± 2.8 49.4 ± 1.9 N.C 

Asorbic 
acidd 

43.0 ± 0.8 45.7 ± 1.1 46.7 ± 2.4 57.5 ± 0.9 73.6 ± 2.2 98.1 ± 0.5 98.2 ± 0.7 33.8 ± 0.9 
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Figure 2. Selected HMBC and NOESY correlations of senecioside (1) 
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