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Abstract
The phytochemical study of the 70% ethanol extract of the aerial parts of Diplotaxis erucoides
afforded one new flavonoid glycoside, namely kaempferol-3-O-[α-L-rhamnopyranosyl(1→2)-β-D-xylopyranoside]-7-O-α-L-rhamnopyranoside (1), named diploerucoside A and
seven known compounds including one flavonoid (2), one phenolic glycoside (3), one
monoterpene (4), one triterpene (5), one sitosterol (6) and two monoglycerolipids (7, 8). Their
structures were established by extensive spectroscopic analysis including 1D- and 2D-NMR
(1H,

13

C, 1H-1H COSY, HSQC and HMBC), mass spectrometry (HR-ESI-MS) and by

comparison with the data reported in the literature.
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1. Introduction
The genus Diplotaxis (wall-rocket), belonging to the Brassicaceae (Cruciferae) family, is
represented by more than 32 species (Warwicket al. 2006) which are mainly distributed in the
Mediterranean region, Southwest Asia and Europe (Pignone and Martinez-Laborde, 2010).
Plants of this genus have been used in folk medicine as aphrodisiac and anti-diarrheic (De
Feoet al., 1992). They have also mucolytic properties (Caudron, 2005).
Diplotaxis erucoides (L.) D.C. (white wall-rocket) is an herbaceous plant up to 30–50 cm tall.
Its flowers are white veined with purple (Quezel and Santa, 1963). It is a wild vegetable with
high content in ascorbic acid, glucosinolates, flavonoids, and it is also a NO3– bioaccumulator.
(Bennett et al., 2006, Guijarro-Real et al., 2020). Previous phytochemical investigations have
reported that n-hexane and n-butanol fractions of the aerial parts of Diplotaxis erucoides
contained fatty acid and flavonoids (Ben Salah et al., 2015).
In the present study, we describe the isolation and structural elucidation of one new flavonoid
glycoside (1) named diploerucoside A with seven known compounds (2-8) from the aerial
parts of D. erucoides. All compounds were identified based on spectroscopic data (1D- and
2D-NMR, HR-ESI-MS) and comparison with data from the literature.

2. Results and discussion
Compound 1 was isolated as yellow crystals. Its molecular formula was assigned as
C32H38O18 on the basis of the high-resolution ESI-MS experiment (negative-ion mode) by
observation of pseudo-molecular ion peak at m/z = 709.1985 [M‒H]‒ (calcd [C32H37O18]‒,
709.1985) which is consistent with the presence of 32 signals on the 13C-NMR spectrum. The
analysis of the 1H- and 13C-NMR spectra of 1 showed characteristic signals of a glycosylated
flavonoid. The1H NMR and 1H-1H COSY spectra displayed two meta coupled signals at δH
6.46 (1H, d, J = 1.5 Hz, H-6) and 6.75 (1H, d, J = 1.5 Hz, H-8), characteristic of the 5,7-
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distributed A ring of flavonoid. These protons were resonating over 6.4 ppm indicating that
glycosylation site is position 7 (Vassallo et al., 2006). The 1H NMR spectrum also showed
two ortho-coupled doublet signals at δH 8.06 (2H, d, J= 8.5 Hz) and 6.91 (2H, d, J= 8.5 Hz) of
a para-substituted aromatic nucleus. According to the 1H-1H COSY spectrum, these protons
belong to the same spins system, attributable to the H-2'/H-6' and H-3'/H-5' protons. Their
carbons were detected by HSQC spectrum at δC 116.2 and 132.2, respectively. The
assignments of all carbons of the flavonol moiety were accomplished on the basis of 3JH-C
HMBC correlations depicted between H-2′/H-6′ and two quaternary carbons C-2 (δC 159.1)
and C-4' (δC 161.7); H-3'/H-5' and the quaternary carbon at δC 122.7 (C-1'); H-8 and four
carbons, among them three are quaternary at δC 100.5 (C-6), 107.5 (C-10), 158 (C-9) and
163.5 (C-7); H-6 and C-5 (δC 163), C-8 (δC 95.5). Thus, the aglycone part of 1 was identified
as kaempferol (Aisyah et al., 2017). Furthermore, three anomeric proton signals were clearly
observed at δH 5.63 (d, J = 7 Hz), 5.22 (brs) and 5.56 (brs) correlating with carbon signals at
δC 101.2, 99.9 and 102.7 in the HSQC spectrum, respectively. The analysis of 1H-1H COSY
and HSQC experiments, and acid hydrolysis led to the identification of β-D-xylose and two αL-rhamnose

units. In fact, the two α-L-rhamnopyranosyl units with anomeric proton signals at

δH 5.56 (brs, H-1"") and 5.22 (brs, H-1‴) were characterized by the presence of eight proton
spins system with their methyl groups at δH1.33 (d, J = 6.2 Hz, H3-6"") and 1.12 (d, J = 6 Hz,
H3-6‴), respectively. Additionally, the β-D-xylopyranosyl unit was assigned on the basis of six
proton spins system starting from the third anomeric proton H-1" (δH 5.63). This latter (H-1")
correlated with H-2" (δH 3.66, dd, J = 9.5, 7 Hz) in the 1H-1H COSY spectrum, which coupled
with H-3" (δH 3.51, t, J = 9.5 Hz). The proton H-4" resonating as a triplet at δH 3.49 (J = 9.5
Hz) correlated with the protons H2-5" at δH 3.74 (dd, J = 11.5, 5 Hz) and 3.1 (dd, J = 11.5, 7.8
Hz) (Serge et al., 2017). The values of the coupling constants are all greater than 7 Hz
indicating a trans-diaxial position of these protons. The correlation observed in the HMBC
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spectrum (Figure 1) from anomeric proton H-1"" (δH 5.56) of rhamnose to carbon C-7 (δH
163.5) revealed the point of attachment of one of the α-L-rhamnopyranosyl units to the
aglycone part at C-7 position. On the other hand, the long-range correlations (Figure 1)
observed between the anomeric proton H-1‴ (δH 5.22) of the second rhamnose with C-2″ (δC
79.5) of xylose indicated the interglycosidic linkage between these glycosyl units identified as
α-L-rhamnopyranosyl-(1→2)-β-D-xylopyranoside. Moreover, the glycosylation position of
this diglycoside (Figure 1) was deduced into C-3 based on the chemical shift of this carbon at
δC 134.7 and C-2 at δC 159.1 (Chabani et al. 2013; Okoye et al. 2015). Thus, 1 was
determined to be kaempferol-3-O-[α-L-rhamnopyranosyl-(1→2)-β-D-xylopyranoside]-7-O-αL-rhamnopyranoside,

a new flavonoid glycoside named diploerucoside A.
Insert figure 1 here

Compared the physical and spectral data (1D- and 2D-NMR, HR-ESI-MS) with the literature
data, 7 known compounds (2–7) were identified as one flavonoid: astragalin (2) (Fawzi et al.,
2019; Ghavam-Haghi et al., 2017); one phenolic glucoside: 1-O-p-coumaroyl-β-D-glucose (3)
(Strack et al. 1989; Baderschneider et al., 2001); one monoterpene: loliolide (4) (Hodges and
Porte, 1964); one triterpene: lupeol (5) (Saratha et al., 2011); β-sitosterol (6) (Nyigo et al.,
2012), and two monoglycerolipids: (10E,12Z)-2,3-dihydroxypropyl octadeca-10,12-dienoate
(7) (Eleni et al., 2017), and (9Z,11E)-2,3-dihydroxypropyl octadeca-9,11-dienoate (8) (Chin et
al.,1992; Eleni et al., 2017) (Figure 2). Compounds 3, 4, 7 and 8 were isolated from
Diplotaxis genus for the first time.
Insert figure 2 here
This study allowed particularly the isolation and identification of two flavonoids named
diploerucoside A (1) and astragalin (2). This type of secondary metabolites is used as a
chemotaxonomic marker in genus Diplotaxis including D. erucoides, D. acris, D. harra and
D. muralis (Hussein et al., 2017). The new flavonol glycoside diploerucoside A (1) is a
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kaempferol derivative having two sugar moieties in positions C-3 (α-L-rhamnopyranosyl(1→2)-β-D-xylopyranoside) and C-7 (α-L-rhamnopyranoside), whereas the known flavonol
(2) possesses a kaempferol skeleton with β-D-glucose in position C-3. Furthermore, previous
studies revealed that D. erucoides contained flavonol glycosides with kaempferol, quercetin
and rhamnetin skeletons and that glycosylation linkage occurred mainly at positions C-3 and
C-7 of the aglycone (Ben Salah et al., 2015; Sanchez-Yelamo, 1994). This constatation is
notably in agreement with our results helping to further clarify the involvement of flavonoids
in the chemotaxonomic profile of Diplotaxis species.

3. The Experimental
3.1. General experimental procedures
The 1D- (1H and

13

C) and 2D- (1H-1H COSY, HSQC, HMBC) NMR spectra were recorded

on a Brüker type device at 500 MHz for 1H and 125 MHz for 13C. Samples were dissolved in
CD3OD or CDCl3 deuterated solvents depending on the solubility of the compounds. The
chemical shifts (δ) are expressed in ppm relative to tetramethylsilane (TMS); the coupling
constants are defined in Hz. HR-ESI-MS experiments were performed on a Waters SYNAPT
G2-Si High Resolution Q-TOF Mass Spectrometer equipped with electrospray ionization
(ESI) source. The optical rotation [α]D of the isolated compounds was determined using a
Perkin-Elmer 241 polarimeter type at 20 °C. The fractionation was carried out on vacuum
liquid chromatography (VLC) using SiO2 (Kieselgel Merck 70-230 mesh). The purification of
isolated compounds was performed over column chromatography (CC) on SiO2 (Kieselgel
Merck 70-230 mesh), polyamide SC6 and Sephadex LH-20 (25–100 μM). Analytical and
preparative TLCs were conducted on Silica gel [Kiselgel 60 F254, Merck 250 μM (20 × 20
cm)] plates, detection at 254 and 366 nm and by spraying with sulfuric acid reagent (50%)
followed by heating.
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3.2. Plant material
The aerial parts of Diplotaxis erucoides (L.) DC. were harvested in November 2018 in El
Madher from region of Batna (North eastern of Algeria). The plant was identified by Prof.
Bachir Oudjehih from the Agronomy Department of the Institute of Veterinary and
Agronomic Sciences at University of Batna-1 (Algeria). A voucher specimen was listed under
the number 977/LCCE.

3.3. Extraction and isolation
Powdered air-dried aerial parts (1.4 kg) of Diplotaxis erucoides were extracted with 70%
aqueous ethanol for 48 h at room temperature. The extraction was repeated twice with the
renewal of the solvent. After filtration and concentration under vacuum, the concentrated
aqueous residue (400 mL) was submitted to liquid – liquid partition, with petroleum ether
(PE), ethyl acetate (EtOAc), and n-butanol (n-BuOH), successively (each solvent, 250 mL ×
3). The evaporation of the organic phases gave 15.59 g of PE, 14.17 g of EtOAc and 18.48 g
of n-BuOH fractions.
A part of the EtOAc fraction (7 g) was separated by VLC performed over a silica gel (5 × 5
cm; fractions of 100 mL). The elution was carried out with PE/EtOAc (10:0 to 0:10), then
EtOAc/MeOH (10:0 to 0:10) to yield fractions (F1– F9). Fraction F2 (28 mg) was
fractionated over a silica gel CC, eluted with PE/EtOAc (10:0 to 0:10) to give seventeen subfractions. The sub-fractions F2-5 (6.1 mg) and F2-7 (5.7 mg) were subjected successively to
Sephadex LH-20 column, eluted with CHCl3 to provide compounds 5 (3 mg) and 6 (3 mg).
Fraction F5 (88.2 mg) was purified by silica gel CC eluted with a gradient of PE/EtOAc (10:0
to 0:10) to give four sub-fractions (F5-1 – F5-4). Compounds 4 (2.8 mg), 7 (2.5 mg) and 8 (2
mg) were obtained from sub-fraction F5-3 (42.6 mg) using Sephadex LH-20 CC, eluted with
7

CH2Cl2 followed by silica gel preparative thin layer chromatography (prep. TLC) eluted with
CH2Cl2/MeOH (9:1).
The n-BuOH extract (7 g) was subjected to a silica gel VLC, eluted with CHCl3/MeOH/H2O
solvent system to give eight fractions. Fraction F4 (1.292 g) was subjected to a polyamide
SC-6 CC eluted with the H2O/MeOH system (10:0 to 0:10). Ten sub-fractions were obtained
after fractionation and pooling (A1 to A10). The A4 sub-fraction (106.2 mg) was separated on
Sephadex LH-20 CC, eluted with MeOH, followed by silica gel CC, eluted with
CHCl3/MeOH (10:0 to 5:5), to afford eight sub-fractions (A4-1 to A4-8). Compound 3 (1.5
mg) was obtained by precipitation of the sub-fraction A4-4 (11.4 mg) in MeOH. The subfraction A4-7 (6.7 mg) was precipitated in diethyl ether followed by filtration through a
Sephadex LH-20 CC using MeOH as eluent to provide compound 1 (6.4 mg). Sub-fraction
A4-8 (62.9 mg) was chromatographed on Sephadex LH-20 CC, eluted with CHCl3/MeOH to
yield 9 sub-fractions (A4-8a to A4-8H). The sub-fraction A4-8f (11 mg) was purified by silica
gel prep. TLC in (CHCl3/MeOH/H2O; 7:3:0.3) to furnish compound 2 (3.2 mg).

3.4. Acid hydrolysis
An acid hydrolysis was carried out on compound 1 to establish the configuration of
monosaccharide residues. Indeed, 5 mg of 1 was refluxed with 5 mL of 2N HCl for 2h, then it
was neutralized with 0.5 M KOH. After extraction with CH2Cl2 (3 × 5 mL), the aqueous
solution was evaporated and then purified by prep. TLC using the solvents system MeCOEt–
isoPrOH–Me2CO–H2O (10:5:3.5) to afford two monosaccharides identified as rhamnose and
xylose by comparison with authentic simples on TLC in the same solvents system. The
optical rotation of each purified monosaccharide was measured [rhamnose [α]
0.96, H2O) and xylose [α]

20
D

20
D

+2.4 (c

+15.3 (c 0.96, H2O)] and the absolute configurations were
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determined as

L

for rhamnose and D for xylose by comparison with [α]20D values of authentic

samples of D-xylose and L-rhamnose (Sigma–Aldrich).

3.5. Spectral data
Kaempferol-3-O-[α-L-rhamnopyranosyl-(1→2)-β-D-xylopyranoside]-7-O-α-L-rhamnopyranoside (1): yellow crystals; mp 252-253 °C; [α]D20 ‒ 21.6 (c 0.15, MeOH); HR-ESI-MS m/z =
709.1985 [M ‒ H]‒ (calcd [C32H37O18]‒, 709.1985); 1H-NMR (500 MHz, CD3OD) δH 8.06
(2H, d, J = 8.5 Hz, H-2′/H-6′), 6.91 (2H, d, J = 8.5 Hz, H-3′/H-5′), 6.75 (1H, d, J = 1.5 Hz, H8), 6.46 (1H, d, J = 1.5 Hz, H-6), 5.63 (1H, d, J = 7 Hz, H-1″), 3.66 (1H, dd, J =9.5, 7 Hz, H2″), 3.51 (1H, t, J = 9.5 Hz, H-3″), 3.49 (1H, t, J = 9.5 Hz, H-4″), 3.74 (1H, dd, J = 11.5, 5
Hz, H-5″a), 3.1 (1H,dd, J = 11.5, 7.8 Hz, H-5″b), 5.22 (1H, brs, H-1‴), 4.01 (1H, dd, J = 3.5,
1.2 Hz, H-2‴), 3.77 (1H, dd, J = 9.5, 3.5 Hz, H-3‴),3.36 (1H, t, J = 9.5 Hz, H-4‴), 4.06 (1H,
dd, J = 9.8, 6 Hz, H-5‴), 1.26 (3H, d, J = 6 Hz, H3-6‴),5.56 (1 H, brs, H-1″″), 4.02 (1H, dd, J
= 3.4, 1.1 Hz, H-2″″), 3.83 (1H, dd, J = 9.5, 3.4 Hz, H-3″″), 3.48 (1H, t, J = 9.5 Hz, H-4″″),
3.6 (1H, dd, J = 10.2, 6.4 Hz, H-5″″), 1.04 (3H, d, J =6.5 Hz, H3-6″″).13C-NMR (125 MHz,
CD3OD) δC 179.0 (C-4), 163.5 (C-7), 163.0 (C-5), 161.7 (C-4′), 159.1 (C-2), 159.0 (C-9),
134.7 (C-3), 132.2 (C-2′/C-6′), 122.7 (C-1′), 116.2 (C-3′/C-5′), 107.5 (C-10), 100.5 (C-6),
95.5 (C-8), 101.2 (C1″), 79.5 (C-2″), 77.5 (C-3″),71.4 (C-4″), 67.2 (C-5″), 102.7 (C-1‴),
72.4(C-2‴), 72.3(C-3‴), 74.0 (C-4‴), 70.0 (C-5‴), 17.7 (C-6‴), 99.9 (C-1″″), 71.7 (C-2″″), 72.1
(C-3″″),73.6 (C-4″″), 71.3 (C-5″″), 18.1 (C-6″″).

4. Conclusion
A new flavonol glycoside (1) named diploerucoside A along with seven known compounds
including one flavonoid, one phenolic glucoside, one monoterpene, two monoglycerolipids,
one sitosterol and one triterpene have been isolated from the EtOAc and n-BuOH fractions of
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the 70% ethanol extract of the aerial parts of Diplotaxis erucoides belonging to the
Brassicaceae family.This study reports for the first time the occurrence of compounds 3, 4, 7
and 8 in the Diplotaxis genus.

Supplementary material
HR-ESI-MS,

1

H and

13

C NMR,

1

H-1H-COSY, HSQC and HMBC spectra of all

compoundsare available online.

Acknowledgement
We would like to thank the DGRSDT and the Ministry of Higher Education and Scientific
Research of Algeria for PRFU Project (B00L01UN050120180001),Conseil General de la
Marne, Ministry of Higher Education and Research (MESR) France and EU-program FEDER
to the PlAneT CPER project (University Reims Champagne-Ardenne).

Disclosure statement
No potential conflict of interest was reported by the authors.

References
Aisyah LS, Yun YF, Herlina T, Julaeha E, Zainuddin A, Nurfarida I Hidayat AT, Supratman
U, Shiono Y. 2017. Flavonoid compounds from the leaves of Kalanchoe prolifera and
their cytotoxic activity against P-388 murine leukemia cells. Nat Prod Sci. 23(2): 139–
145.
Baderschneider B, Winterhalter P. 2001. Isolation and characterization of novel benzoates,
cinnamates, flavonoids, and lignans from Riesling wine and screening for antioxidant
activity. J Agric Food Chem. 49(6): 2788−2798.

10

Ben Salah N, Casabianca H, Ben Jannet H, 2015. Phytochemical and biological investigation
of two Diplotaxis species growing in Tunisia: D. virgate & D. erucoides. Molecules.
20: 18128–18143.
Bennett R N.; Rosa EAS, Mellon FA, Kroon PA. 2006. Ontogenicpro filing of glucosinolates,
flavonoids, and other secondary metabolites in Erucasativa (salad rocket), Diplotaxis
erucoides(wall rocket), Diplotaxis tenuifolia (wild rocket), and Bunias orientalis
(turkishrocket). J Agric Food Chem. 54(11), 4005-4015
Caudron D. 2005. Un mucolytique d’origine végétale Diplotaxis tenuifolia. Phytothérapie
Européenne. 25: 26–28.
Chabani S, Haba H, Lavaud C, Benkhaled M, Harakat D. 2013. Flavonoid glycosides and
triterpenoids from Atractylis flava. Phytochem Lett. 6: 9–13.
Chin SF, Liu W, Storkson MJ, Ha YL, Pariza MW. 1992. Dietary Sources of Conjugated
Dienoic Isomers of linoleic acid, a newly recognized class of anticarcinogens. J Food
Compos Anal. 5: 185-197.
De Feo V, Aquino R, Menghini A, Ramundo E, Senatore F. 1992. Traditional phytotherapy in
the peninsula Sorrentina, Campania, Southern Italy. J Ethnopharmacol. 36: 113–125.
Eleni A, Raheel A, Hina S, Muhammad IC, Constantinos GT, Ioannis PG. 2017. High
resolution NMR spectroscopy as a structural and analytical tool for unsaturated lipids
in solution. Molecules. 22: 1663–1734.
Fawzi F, Mahdi MF, Abaas IS. 2019. Isolation of astragalin from Cressacretica cultivated in
Iraq. J Pharm Sci& Res. 11(1): 185–190.
Ghavam-Haghi F, Masoud S, Dinani MS. 2017. Isolation and identification of astragalin and
2-methoxy tyrosol from the bulbs of Allium paradoxum. J Herb med Pharmacol.
6(3):114–118.

11

Guijarro-Real C, Prohens J; Rodriguez-Burruezo A; Fita A. 2020. Morphological diversity
and bioactive compounds in wall rocket (Diplotaxis erucoides (L.) DC.). Agronomy,
10(2): 306.
Hodges R, Porte AL. 1964. The structure of Loliolide: A terpene from Lolium perenne.
Tetrahedron. 20(6): 1463–1467.
Hussein SR, Marzouk MM, Kassem ME, Abdel Latif RR, Mohammed RS. 2017.
Chemosystematic significance of flavonoids isolated from Diplotaxis acris
(Brassicaceae) and related taxa. Nat Prod Res. 31(3): 347–350.
Nyigo VA, Xolani P, Mabiki F, Malebo HM, Mdegela RH, Fouche G. 2016. Isolation and
identification of euphol and β-sitosterol from the dichloromethane extracts of
Synadenium glaucescens. J Phyto pharmacol. 5(3): 100–104.
Okoye FBC, Sawadogo WR, Sendker J, Aly AH, Quandt B, Wray V, Hensel A, Esimone CO,
Debbab A, Diederich M, Proksch P. 2015. Flavonoid glycosides from Olax mannii:
Structure elucidation and effect on the nuclear factor kappa B pathway. J Ethno
pharmacol. 176: 27–34.
Pignone D, Martinez-Laborde JB. 2010. Diplotaxis. In: Kole C. (Eds.), Wild crop relatives:
genomic and breeding resources: Oilseeds. Berlin, Germany. P: 137–147.
Quezel P, Santa S. 1963. New flora of Algeria and the southern desert regions, Tome 1. Paris:
C.N.R.S. P:419.
Sánchez-Yélamo MD. 1994. A chemosystematic survey of flavonoids in the Brassicinae:
Diplotaxis. Bot J Linn Soc. 115:9–18.
Saratha V, Pillai SI, Subramanian S. 2011. Isolation and characterization of lupeol, a
triterpenoid from calotropis gigantea latex. Int. J Pharm Sci Rev Res. 10(2): 54–57.

12

Serge L, Isabelle C, André P, Charles G, Michaël O, Francine NL, Vakhtang M, Jean L. 2017.
Chemical composition and anti-herpes simplex virus type 1 (HSV-1) activity of
extracts from Cornus canadensis. BMC Complement Altern Med. 17(1): 123.
Strack D, Heilemann J, Wray V, Dirks H. 1989. Structures and accumulation patterns of
soluble and insoluble phenolics from norway spruce needles. Phytochemistry. 28(8):
2071–2078.
Vassallo A, Cioffi G, De Simone F, Braca A, Sanogo R, Vanella A, Russo A, De Tommasi
N.2006.New flavonoid glycosides from Chrozophora senegalensis and their
antioxidant activity. Nat Prod Commun. 1(12):1089–1095.
Warwick SI, Francis A, Al-Shehbaz IA. 2006. Brassicaceae: Species checklist and database
on CD-Rom. Pl Sys Evol. 259: 249–258.

13

Figure 1. HMBC (H-C) correlations for compound 1

Figure 2. Structures of compounds 1–8 isolated from D. erucoides
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