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Abstract

hytochemical investigation of methylenechloride/methanol (1:1) extract of the air-dried aerial parts of Senecio glaucus L.
afforded three benzofuran derivatives (1-3); 1-(6-hydroxy-2-(prop-1l-en-2-yl) benzofuran-5-yl) ethanone, 1-1'-(6-
hydroxybenzofuran-2,5-diyl) diethanone, and 1-1'-(6-methoxybenzofuran-2,5-diyl) diethanone. The crude extract and isolated
compounds (1-3) were screened against S. aureus and E. coli and also against C. albicans and A. flavus. Compound 1 and 2
were more potent than 3 against S. aureus and E. coli, however, the crude extract and isolated compounds (1-3) showed weak
antifungal activity against C. albicans and A. flavus. In addition, a biosynthetic pathway of isolated compounds (1-3) was
proposed, as well as the chemotaxonomic significance of the reported benzofuran and furanoeremophilane derivatives from S.

glaucus compared to those isolated from other Senecio species was also studied.
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1. Introduction

Medicinal plants are considered a rich source of
bioactive phytochemical constituents which have
promising pharmacological activities [1-3]. The
aromatic plants have been commonly used in
pharmaceutical, foods, cosmetic industry due to their
characteristic ~ biological  activities such  as
antimicrobial, anticancer, antiviral and many other
therapeutic effects [4,5]. Senecio is the largest genera
of family Asteraceae (Compositae), composed of
nearly 3000 species widely distributed over the world
[6]. In Egypt, Senecio genus is represented by about
six species including; S. aegyptius, S. belbeysius, S
flavus, S. glaucus, and S. hoggariensis [7,8]. The
Egyptian Senecio species is mainly present in the
desert valleys, saline and coastal sandy soils, East
Mediterranean region, and Sinai which used as
sedative, diuretic and emetic [7,9]. Many Senecio
species have been used traditionally for treatment of
various diseases such as, dysentery, infections,

conjunctivitis, cough, asthma, rheumatism,
bronchitis, cancer and inflammation [10]. The
previous phytochemical studies of a number of
Senecio species have resulted in the isolation of
particularly characteristic groups of secondary
metabolites including; pyrrolizidines alkaloids (PAs),
eremophilane-type sesquiterpenes of the
eremophilanolides and furanoeremophilane type [11].
Some of these bioactive phytochemicals have
antimicrobial, cytotoxic, anti-inflammatory,
antioxidant, phytotoxic, and insect antifeedant
activities [11-16]. The toxicity of Senecio plants has
been proposed due to their furanoeremophilans and
PAs content which act as an important part of the
defence mechanism of these plants [17]. There are
few reports on cacalolides [18], essential oils [19],
monoterpenes, sesquiterpenoids [20], diterpenes [21],
triterpenes [22], and phenolic constituents [23]. In the
present study, the hexane/methylene chloride (1:1)
crude extract of S. glaucus L., and isolated
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compounds (1-3) (Figure 1) were assessed to
antibacterial and antifungal activities. In addition to
the chemosystematics significance of S. glaucus L.,
and the proposal biosynthetic pathway of isolated
compounds were studied in this paper.

2. Experimental

General experimental procedures

'"H NMR (600 MHz, CDCLy), “C NMR (125 MHz,
CDCl;) and the 2D spectra were recorded on a JEOL
500 MHz, Lambda spectrometer, with TMS as an
internal standard. ESIMS was recorded on a JEOL
SX102A mass spectrometer.

Plant material

The aerial parts of S. glaucus were collected, during
the flowering stage, September 2019, from Aswan
(South of Egypt). A voucher specimen has been
deposed at Department of Botany, Aswan University,

Egypt.

Extraction and isolation

Air-dried plant material (500 g) was ground and
extracted with CH,Cl,-MeOH (1:1) at room
temperature. The extract was concentrated in vacuo
to obtain a residue of 80 g. The residue was
prefractionated by CC (6 x 120 cm) on silica gel
eluting with n-hexane (2 L) followed by a gradient of
n-hexane—CH,Cl, up to 100 % CH,Cl, and CH,Cl,—
MeOH up to 15 % MeOH (2 L each of the solvent
mixture). The n-hexane—CH,Cl, (1:1) fraction was
subjected to a silica gel column chromatography (2 x
60 cm), eluted with n-hexane—CH,Cl,, with
increasing polarity up to 100 % CH,Cl, to give pure
compound 2 (10 mg). The CH,Cl, (100 %) fraction
was chromatographed on a Sephadex LH-20 column
eluted with n-hexane-methylenechloride-methanol
(7:4:0.5) to give compounds 1 (10 mg) and 3 (15
mg).

Antimicrobial assay

Modified Kirby-Bauer disc diffusion method
Antimicrobial activity of the tested samples was
determined using a modified Kirby-Bauer disc
diffusion method [62]. Briefly, 100 pl of the test
bacteria/fungi were grown in 10 ml of fresh media
until they reached a count of approximately 10°
cells/ml for bacteria or 10° cells/ml for fungi [63].
100 pl of microbial suspension was spread onto agar
plates corresponding to the broth in which they were
maintained. Isolated colonies of each organism that
might be playing a pathogenic role should be selected
from primary agar plates and tested for susceptibility
by disc diffusion method [64, 65]. Plates inoculated
with filamentous fungi as Aspergillus flavus at 25°C

Egypt. J. Chem. 66, No. 10 (2023)

for 48 hours; Gram (+) bacteria as Staphylococcus
aureus, Gram (-) bacteria as Escherichia coli, they
were incubated at 35-37°C for 24-48 hours and yeast
as Candida albicans incubated at 30°C for 24-48
hours and, then the diameters of the inhibition zones
were measured in millimetres [62]. Standard discs of
Ampicillin (Antibacterial agent), Amphotericin B
(Antifungal agent) served as positive controls for
antimicrobial activity but filter discs impregnated
with 10 pl of solvent (distilled water, chloroform,
DMSO) were used as a negative control. Blank paper
disks (Schleicher & Schuell, Spain) with a diameter
of 8.0 mm were impregnated 10pu of tested
concentration of the stock solutions. When a filter
paper disc impregnated with a tested chemical is
placed on agar the chemical will diffuse from the disc
into the agar. This diffusion will place the chemical
in the agar only around the disc. The solubility of the
chemical and its molecular size will determine the
size of the area of chemical infiltration around the
disc. If an organism is placed on the agar it will not
grow in the area around the disc if it is susceptible to
the chemical. This area of no growth around the disc
is known as a “Zone of inhibition” or" Clear zone".
For the disc diffusion, the zone diameters were
measured with slipping callipers of the National
Committee for Clinical Laboratory Standards [64].
Agar-based methods such as Etest and disk diffusion
can be good alternatives because they are simpler and
faster than broth-based methods [66, 67].

The minimal inhibitory concentration assay (MIC)
The minimum concentration of isolated compounds
(1-3) at which no growth of microorganisms occurred
(MIC), were determined against S. aureus, E. coli, A.
flavus, C. albicans, strains by using broth dilution
method [68]. Nutrient broth and Sabouraud Dextrose
broth (100 pl) were distributed into 96-wells plate.
Each compound (1-3) was added to the first well
followed by 10 serial two-fold dilutions. Bacterial
and yeast suspensions were added into all wells
except the negative control wells. Plates were
incubated at 37 °C for 48 hrs. The minimum
inhibitory concentration was determined by visual
examination of the culture turbidity.

3. Results and Discussion

Structure elucidation of the isolated compounds
Repetitive ~ chromatographic ~ steps  of  the
methylenechloride/methanol of the aerial part of
Senecio glaucus L. afforded three benzofuran
derivatives (1-3) (Figure 1).

Compound 1 was obtained as a yellowish powder.
The low resolution mass spectrum exhibited a
[M+H]* at m/z 217, in accord with the molecular
formula C;3H;,O3. The structure of 1 was determined
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from careful investigation of the 1D and 2D NMR
data. The '"H-NMR spectrum (Table 1) indicated the
presence of six singlet signals at § 6.57, 7.94, 7.04,
2.20, 2.71, and 12.51 for H-3, H-4, H-7, H-11, H-14
and phenolic Hydroxyl group (OH at C-6),
respectively. Furthermore, it showed the methylene
protons as two singlet signals at J 5.21 and 5.78 for
H-12, which showed correlation in HMQC spectrum
with a carbon signal at 0 113.0, C-12. The BC.NMR
data (Table 1) revealed the presence of 13 carbon
atoms and their multiplicities (by APT experiment)
confirmed the number of atoms of the formula given
above. The carbon atoms were assigned as two
methyl carbon atoms at 6 19.2, 26.8 (C-11, C-14);
one methylene carbon atom at ¢ 113.0 (C-12); three
methine carbon atoms at 6 102.4, 123.4, 99.8 for C-3,
C-4 and C-7, respectively; six quaternary carbon
atoms at 0 157.6, 132.5, 159.5, 161.2, 121.9, 132.0
for C-2, C-5, C-6, C-8, C-9, and C-10 respectively
and one carbonyl carbon atom at § 204.0 for C-13.
Moreover, all proton and carbon signals were
determined by 'H-'H COSY, HMQC and HMBC
(Table 1). Confirmation of the structure of 1 was
given by the results of the 2D-long range
heteronuclear correlation (HMBC) analysis (Table 1).
The most correlations were observed between H-3
(0= 6.57, s) with C-8 (d= 161.2); H-4 (o= 7.94, s)
with C-6 (6= 159.5); H-11 (d= 2.20, s) with C-2 (d=
157.6), C-10 (o= 132.0) and C-12 (o= 113.0).
Therefore, compound 1 was assigned as 1-(6-
hydroxy-2-(prop-1-en-2-yl) benzofuran-5-yl)
ethanone, common name Euparin, previously isolated
from Ruscus aculeatus [24].

FIGURE 1: Structures with HMBC arrows of the isolated
compounds (1-3)
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*H-NMR and HMBC spectrum of compound 1
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Compound 2 was isolated as a yellowish powder and
its mass spectrum showed the molecular ion peak
[M+H]" at m/z = 219, established the elemental
composition as C;,H;¢O4. Again, the spectral data
were indicative of a phenolic 2,5,6-trisubstitued
benzofuran containing two acetyl groups, one of them
was ortho to the phenolic hydroxyl which appeared
as a singlet signal at o= 12.55. The 'H-NMR
spectrum (Table 1) indicated the presence of the two
methyls as two singlet signals at = 2.61 and 2.75 for
H-11 and H-13, respectively. Also, showed the
aromatic protons as three singlet signals at = 7.11,
8.18 and 7.49 for H-3, H-4 and H-7, respectively. The
structure of 2 was determined from careful
investigation of the 1D and 2D NMR data.
Confirmation of the structure of 2 was given by the
results of HMBC (Table 1). Clear correlations were
observed between H-4 (¢ 8.18) with C-8 (6 160.0); H-
7 (6 7.49) with C-5 (6 121.0), C-6 (¢ 162.0), C-8 (o
160.0); H-11 (6 2.61) with C-2 (6 154.0), C-10 (0
189.0); OH (¢ 12.55) with C-5 (6 121.0), C-6 (¢
162.0), and C-7 (6 102.0). Therefore, compound 2
was assigned as 1-1'-(6-hydroxybenzofuran-2,5-diyl)
diethanone, common name Euparone, previously
isolated from Ruscus aculeatus L [24].

}H-NMR and HMBC spectrum of compound 2

Compound 3 was obtained as a white powder and its
mass spectrum revealed the presence of the molecular
ion [M+H]* at m/z = 233, in accord with the
molecular formula C;3H;,0,. Again, the spectral data
were indicative of a phenolic 2,5,6-trisustituted
benzfuran containing two acetyl groups, one of them
was ortho to the methoxyl group which appeared as a
singlet signal at d= 3.96. The 'H-NMR spectrum
(Table 1) showed two singlet signals appeared at o=
256 and 2.19 for H-11 and H-13, respectively.
Moreover, all proton and carbon signals were
determined by '"H-'H COSsY, HMQC and HMBC
(Table 1). Confirmation of the structure of 3 was
given by (HMBC) analysis (Table 1). Strong
correlations were observed between H-13 (6= 2.19)
with C-12 (0= 208.0); H-11 (6= 2.56) with C-10 (6=
199.0). From above data, Compound 3 was assigned
as 1-1'-(6-methoxybenzofuran-2,5-diyl) diethanone,
common name Euparone methyl ether, previously
isolated from Ruscus aculeatus L [24].
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TABLE 1: '"HNMR (600 MHz, CDCls) and *CNMR (125 MHz, CDCls) spectral data of isolated compounds (1-3)

1 2 3
on 3¢ on dc on dc
2 - 157.6 - 154.0 - 14738
3| 657,s | 998 | 7.1,s | 1030 | 7.47,s | 1039
4 | 794,s | 1234 | 818,s | 1218 | 8.13,s | 1214
5 - 1325 - 121.0 - 1189
6 - 1595 - 162.0 - 156.0
7 | 7.04,s | 1024 | 7.49,s | 1020 | 7.47,s | 997
8 : 1612 : 160.0 : 165.0
9 - 1219 - 116.0 - 116.4
0] . 132.0 3 189.0 3 199.0
11| 220.s | 192 | 26L,s | 2620 | 256 | 2644
12 | 521,s | 113.0 205.0 208.0
578, ’ ’
13 2040 | 2755 | 2610 | 219,s | 30.00
14| 27Ls | 268 - - 396,5 | 57.00

Proposed biosynthetic pathway of the isolated
compounds
Generally, dehydrotremetone (13) is considered the

main precursor of bezofuran derivatives in
Asteraceae [25]. The biosynthesis of (13) is
originated via isoprenylation of para-

hydroxyacetophenone (8) (Figure 2) [25] Compound
(8) has been derived from condensation of four units
of acetyl-CoA (1) via Claisen condensation reaction
to form polyketide-type intermediate (2) (Figure 2)
[26,27]. On the other hand, phenylalanine which
derived from deoxyxylulose phosphate pathway has
been published as another precursor to form (8)
[28,29]. An intermediate (9) is originated via
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electrophilic substitution of the aromatic nucleus of
(8) with dimethylallyl diphosphate (DMAPP) or
isopentenyl diphosphate (IPP) which obtained either
from mevalonate or deoxyxylulose phosphate
pathway (Figure 2) [25,27]. However, a dihydrofuran
ring system in (11) is originated as a result of
intermediary formation of the epoxide (10) then,
dehydrotremetone (13) is formed by dehydration of
(12) which produced by alcoholic hydroxyl group
attack at C-3 of (11) (Figure 2). Moreover,
hydroxylation of (13) by phenolic hydroxyl group
attack at C-6 to afford isolated compound (1) which
converted to intermediates 14 and 15 by oxidation of
exomethylene group at C-13 into alcoholic hydroxyl



ANTIMICROBIAL BENZOFURAN DERIVATIVES AND CHEMOSYSTEMATIC.. 579

group in (16) (Figure 2). The hydroxylation and
oxidation reactions in plants catalyzed by
cytochromes P450 enzyme (CYP) and in presence of
02 and NADPH [30]. In addition, the hydroxyl group

)L Claisen condensation
ax SCoA
reaction

1 2

Enollzatlon
HO NADPH
DMAPP or IPP
\Ileoprcnylauon
PP

of intermediate 15 is oxidized to ketonic one, forming
compound (2) which subsequently converted to
compound (3) by methylation of phenolic hydroxyl
function group (Figure 2).

SCOA NADPH
° o SCoA
SCoA
a
OH H
Lnollzatlon
NADPH

4\0
OH
__cve ) Ring formation_

NADPH102

)‘j©f>j“/ CcYP
NADPH/O,

Compound (1)

CYPl NADPH/O,

*t@r»%

FIGURE 2: Biosynthesis of the isolated compounds (1-3)

Antimicrobial activity

A large number of plant extracts and their isolated
compounds have been shown to possess potential
antimicrobial activity. In the present study, the
hexane / CH,Cl, (1:1) crude extract and isolated
compounds (1-3) of S. glaucus were assessed for
antibacterial activity against two different strains of
bacteria; S. aureus and E. coli and also against two
strains of fungi; Aspergillus flavus and Candida
albicans. The results showed that the tested
compounds inhibited the growth of both stains with
inhibition zone ranging from 10-14 mm (Table 2).
The highest antibacterial activity against S. aureus
and E. coli was observed with both compounds 2 and
3, showing equal inhibition zone 14 mm, however
they exhibited lower activity against E. coli compared
with S. aureus with inhibition zone 12 and 10 mm
respectively (Table 2). In contrast, compound 1
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OH at C6

Compound (3)

showed weak antibacterial activity with inhibition
zone 10 mm against both S. aureus and E. coli,
however the Hexane/CH,Cl, crude extract showed
weak activity toward S. aureus and E. coli with
inhibition zone 2 and 3 mm, respectively (Table 2).
For both compounds 1 and 2, S. aureus was more
sensitive with minimum inhibitory concentration
(MIC) value 4.1 pl, compared to 3 with MIC value
7.5 pl. however, E. coli showed more sensitivity
toward 1 with MIC, 5.5 pl, compared to 2 and 3 with
MIC value 7.5 pl (Table 2 ). On the other hand, the
antifungal activity of the Hexane/CH,Cl, crude
extract and isolated compounds (1-3) showed weak
activity against C. albicans and A. flavus with
inhibition zone ranging from 2-5 mm (Table 2).

In the present study, compound 1 has the
same chemical structure of 2, except the presence of

ketonic group at C-12 in 2 instead of exomethylene
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group at C-13 in 1 (Figure 1). S. aureus showed the
same sensitivity with 1 and 2, but E. coli was more
sensitive to 1 comparing with 2, demonstrating that
the presence of A'*" double bond in 1 is favourable
to enhance the antibacterial activity and sensitivity
(Figure 1, Table 2). Interestingly, compound 2 was
more active than 3 against S. aureus and E. coli
showed the same sensitivity toward 2 and 3 (Table 2).
These results can be attributed to the presence of free
phenolic hydroxyl group at C-6 in 2 instead of
methoxyl group in 3 is essential to enhance the
sensitivity of S. aureus toward 2 more than 3 which is
considered as methoxylated analogue of 2 (Figure 1).

TABLE 2: Antimicrobial activity of the crude extract and isolated
compounds (1-3)

Gram- Gram- Yeast Mold
Sample positive negative

S. aureus | E. A. C.

coli flavus albicans

Compound 1 14 (4.1) 12 (5.5) 3 4
Compound 2 14 (4.1) 10(7.5) | 2 3
Compound 3 10 (7.5) 10 (7.5) 2 3
Hexane/CH,Cl, 3 2 3 5
crude extract
Ampicillin® 21 25 - -
Amphotericin® - - 17 21

Inhibition zones values are in mm including the well diameters.
Minimum inhibitory concentration MIC values, in parentheses, are
expressed in pl ml”

No inhibition zones were observed in negative control.

R: Reference compound for positive control

Chemosystematics significance

Recently, several natural furan containing
metabolites were isolated mainly from plants [31],
oils [32], and marine products [33]. Many biological
investigations showed different beneficial effects of
furan derivatives on human health as widely
employed as
inflammatory, anticonvulsant, antihyperglycemic, etc
[34-37]. The benzofuran and
furanoeremophilane derivatives were isolated from
Senecio  genus  showed  wide range  of
pharmacological activities as anti-inflammatory and
effects [34, 36]. The
furanoeremophilane derivatives were isolated from
about 24 species and reported as 14-Hydroxycacalol
methyl ether from S. othonnae [38]; cacalohastine

antimicrobial, anti-tumor, anti-

bioactive

antimicrobial
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from S. canescens [39]; f-Angeloyloxy-8f-hydroxy-
10p-H-eremophilanolide and  2f-angeloyloxy-8f-
hydoxy-104-H-eremophilanolide from S. alatus [40];
6f-[Isobutyryloxy]furanoeremophil-1[ 10]-en-9-one
from S. pseudoorientalis [40];1b,10b-Epoxy-6b-
hydroxyfuranoeremophilan-9-one from S. smithii
[41]; [3Z]-Implexin from S. implexus [41]; 4a-
hydroxy-64-angeloxy-104-acetoxy-9-
oxofuranoeremo- philane from S. fistulosus [42]; 6f-
[2-Methylbutyryloxy]-furanoeremophilan-1-one  and
6a-Methoxyeuryopsin from S. auricula [43]; 13-
acetoxycacalol methyl ether from
[44]; 1-Oxocacalol methyl ether from S. fuertesii
[44]; la-angeloxy-6f-isobutyroxy-9-oxo-10aH-
furanoeremophilane from both S. patagonicus and S.
chilensis [45]; 6b-[Propionyloxy]-10aH-
furanoeremophilan-9-one from S. pachyphyllos [46];
Cacalohastine from S. canescens [47]; 6f-
isobutyryloxy-1[ 10]-furanoeremophilene, 6p-
isobutyryloxy-1-oxo-10a-furanoeremophilene ~ from
S. boissieri [48]; furanoligularenone from S. flavus
[49]; 6f-[Isobutyryloxy] furanoeremophil-1[10]-ene,
6f-[Isobutyryloxy]-10aH-furanoeremophilan-1-one

S. picardae

from S. boissieri [50]; 14-isovaleryloxy-1,2-
dehydrocacalol methyl ether from S.
madagascariensis [51]; 13-hydroxy-14-

oxocacalohastine from S. barba-johannis [52]; 6-
hydroxyeuryopsin and 6- acetyloxyeuryopsin from S.
toluccanus [53] ; 10H-9-oxofuranoeremophilane
from S. filaginoides [54] ; la-angeloyloxy-6/-
acetoxy-10p-hydroxy-9-oxo-furanoeremophilane, 1 o
hydroxy-3a-angeloyloxy-10aH-9-oxofuranoeremo
philane  from S.  fistulosus  [55];  10oH-
furanoeremophil-1-one from S. filaginoides [56]; 2/-
(angeloyloxy)furanoeremophilane, 2p-{[(Z)-2-
hydroxymethylbut-2-enoyl] oxy} furanoeremo-
philane from S. gracilifous [57]. However, the
benzo- furan derivatives were isolated from only
about 4 species including the present one as 2-[3-
pentenyl]-3,7-dimethylbenzofuran-1,4-dione, I-
hydroxy-2-[3- pentenyl]-3,7-dimethylbenzofuran, 1-
methoxy-2-[3- pentenyl]-3,7-dimethylbenzofuran
from S. virgaureus [58]; 2-isopropylidene-3-oxo-5-
acetal-6-hydroxy-benzodihydrofuran from S.
nelumbifolius  [59];  3,7-dimethoxy-2-isopropyl-5-
acetylbenzofuran, 3,7-dimethoxy-2,5-
diacetylbenzofuran,7-methoxy-2a-iso-  propyl-3-one-
5-acetylbenzofuran,7-methoxy-2a-iso- propyl-24-
hydroxy-3-ketoacetylbenzofurane, 7-meth- oxy-2a-



ANTIMICROBIAL BENZOFURAN DERIVATIVES AND CHEMOSYSTEMATIC.. 581

isopropyl-2-acethoxy-3-oxo-5-acetyl benzo- furane

from S.  subcandidus  [60];  2,3-dihydro-3f-
hydroxyeuparin ~ 3-O-glucopyranoside  from  S.
glaucus [61]. In addition, three benzofuran

metabolites were also isolated from S. glaucus in the
present study. The previous data revealed that
benzofurans isolated from S. glaucus is similar to
those reported from S. nelumbifolius which are
classified 2, 5, 6 trisubstituted benzofuran
derivatives, virgaureus and .
subcandidus are characterized by the generation of
methoxylated and methylated benzofurans derivatives

[58, 60].
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