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hellin, a natural furanochromone, was isolated from the fruits of Ammj visnaga L.

by using a rapid and easy technique. It was then hydrolyzed with 10% KOH to ob-
tain khellinone. From the Claisen-Schmidt condensation of khellinone with terephthala-

Idehyde, a new benzofuran derivative bis-chalcone was synthesized and its spectroscopic

properties were investigated in details.
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INTRODUCTION

halcones, a class of compounds naturally

occuring in various plants, are precursors
of flavonoids and they consist of two aromatic
rings connected by an a,-unsaturated carbonyl
group (Figure 1). They can be obtained by the
Claisen-Schmidt condensation reaction between
acetophenone and benzaldehyde derivatives in the
presence of acid or base catalysts [1].

Figure 1. The general structure and numbering of chalcones.

Khellinone, the compound containing an acetop-
henone group, is a valuable starting material for the
synthesis of new chalcone derivatives. It is essentially
prepared via alkaline hydrolysis of khellin, a natural
furanochromone isolated from Ammi visnaga L. (Sche-
me 1) [2]. In the literature, there are few studies on the
synthesis of khellinone derivative chalcone compounds.
Due to the presence of benzofuran moiety, they have a
great potential for biological activities and pharmaceu-
tical utilities [3-5].

Hitherto, many studies have been focused on
synthetic and natural chalcone derivatives and their

biological activities such as antibacterial, anticancer, an-
tifungal, anti-inflammatory, antitubercular and antioxi-
dant activity [6]. Also they have been extensively studied

in optoelectronic fields due to their interesting photopy-
sical and photochemical properties [7-10]. Recently, in

situ generated copper (II) complexes of chalcone ligands

have been found to catalyze the oxidation reaction of
catechol to the corresponding o-quinone, a procedure

known as catecholase activity [11].

In the present study, we report the isolation of khel-
lin from Ammi visnaga L. growing in Hatay region and
its basic hydrolysis to khellinone which is a benzofuran
derivative and a starting material for the synthesis of
chalcone. Then, a new bis-chalcone containing ben-
zofuran moiety was synthesized from Claisen Schmidt
condensation reaction of khellinone with terephtha-
laldehyde and its spectral properties was described in
details.

MATERIALS AND METHODS

Terephthalaldehyde, Sodium hydroxide (NaOH) and
the organic solvents were analytical grade and used
without further purification. The plant material
was harvested in September 2014 near Hatay
region of Turkey and a voucher specimen have been
deposited in the Herbarium of Biology Department,
Mustafa Kemal University. The melting points were
determined with a Thermo Scientific 9100 melting
point apparatus and are not corrected. Elemental
analyses were performed with a LECO CHNS-932
(USA) elemental analyzer. The electronic spectrawere
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Scheme 1. Alkaline hydrolysis of khellin to khellinone.
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Scheme 2. The synthetic route of bis-chalcone.

measured on a OPTIZENa UV-Vis Spectrometer (South
Korea). The mass spectra have been obtained by Agilent
(USA) LC/MSD spectrometer using the ESI technique.
The FT-IR spectra (4000-400 cm™) were recorded by
Perkin Elmer (USA) Spectrum Two with U-ATR FTIR
spectrometer. 'HNMR (600 MHz) and C NMR (600
MHz) spectra were recorded on a Bruker Advance III HD
(USA) spectrometer using CDCI, and tetramethylsilane
(TMS) was used as an internal reference. Thin-layer
chromatography (TLC) was performed on Mercksilicagel
plates (60F,,,), and visualized with ultraviolet light (366
and 254 nm).

Isolation of Khellin, 1

The ripe fruits (500 g) of Ammi visnaga L. were dried,
grounded and extracted with 1 L hot water by a Soxhlet
apparatus for 30h and the extract was concentrated
by rotary evaporator to its half-volume. It was then
extracted with 150 mL hexane many times, dried over
Na,SO, and concentrated to dryness under vacuum. The
presence of khellin in the hexane residue was detected by
thin layer chromatography. Khellin gave yellowish brown
fluorescence under 254 nm UV light with R, value 0.56
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in solvent system EtOAc:CHCI, (60:40) [12]. The hexane
residue was purified by column chromatography on silica
gel G 60. The fraction eluted with dichloromethane-ethyl
acetate (90:10) were concentrated and recrystallized from
MeOH-water to obtain 0.9 g khellin. The structure of
khellin
one) was confirmed by comparing its melting point with
the value reported as 154-155°C [13, 14].

(4,9-dimethoxy-7-methylfuro(3,2-g]chromen-5-

Synthesis of Khellinone, 2

Khellinone (4,7-Dimethoxy-5-acetyl-6-hydroxybenzofur-
an) was prepared by alkaline hydrolysis of khellin
according to the literature [2, 15]. 1.00 g of khellin (3.84
mmol) was dissolved in 15 mL of hot 10% KOH solution
while the temperature was maintained at 70-80°C. At
the end of the 2h reflux period, the reaction mixture
was allowed to cool to room temperature and 3 mL of
concentrated HCI was added dropwisely. The resulting
precipitate was filtered off, recrystallized from hot MeOH
and dried under vacuum to obtain 0.81 g (3.43 mmol) of
khellinone with a yield of 89% (m.p. 99-100°C) [2, 15].

Synthesis of Bis-Chalcone, 3

Khellinone  (4.23 mmol) was dissolved with
terephthalaldehyde (2.15 mmol) in 30 mL of ethanol. The
solution was treated with 5 mL of 50% sodium hydroxide
solution and left overnight. The reaction mixture
was neutralized with dilute acetic acid (10%) and the
separated product was collected, washed with water and
recrystallized from hot MeOH.

3.(2E,2'E)-3,3"-(1,4-phenylene)bis[1-(6-hydroxy-4,7-
dimethoxybenzofuran-5-yl)Jprop-2-en-1-one. Dark yellow
powder, yield: 0.77g, 63%. m.p.. 229-230°C. Molecular
formula C, H, O, . Elemental Analysis Calc. (%): C = 67.36;
H = 4.59. Found. (%): C = 67.03; H = 4.77. Selected IR data
(v, co?) 3137 (Ar-H), 2940 (C-H), 2835 (C-H), 1621 (C=0),
1551 (C=C). UV-Vis: \__(nm) (Ethanol): 270, 362. 'H NMR
(600 MHz; CDCL,): 6, ppm 12.68 (s, 2H, 2xAr-OH), 7.94 (d,
2H, J=15.6 Hz, 2xC=CH), 7.85 (d, 2H, J=15.6 Hz, 2xCO=CH),
7.70 (s, 4H, Ar-H), 7.54 (d, 2H, J=2.3 Hz, 2xfuran-H), 6.90 (d,
2H, J=2.3Hz, 2xfuran-H), 4.10 (s, 6H, 2xOC]—[3), 4.07 (s, 6H,
2xOCH,). *C NMR (150 MHz; CDCL): 8, ppm 194.52 (C),
153.27 (C), 152.07 (C), 150.77 (C), 144.30 (CH), 142.19(CH),
13713 (C), 129.07 (CH), 129.00 (CH), 128.84 (CH), 128.08
(CH), 11276 (C), 111.87 (C), 105.25 (CH), 62.03 (OCH,),
61.08 (OCH,). MS (+API-ES): m/z 571.0 [M+H]".

RESULTS and DISCUSSION

In the present work, khellin (1) was isolated from the ripe
fruits of A. visnaga L. and it was then hydrolyzed by using
10% KOH to form khellinone (2) which is a benzofuran
derivative containing acetophenone group. The structure
of khellin and khellinone was confirmed by comparing
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Figure 2. FT-IR spectra of khellinone, terephthalaldehyde and bis-chalcone (3).
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Figure 3. '"H NMR spectrum of 3 in CDCI,.

their melting points obtained experimentally with
those found in the literatiire [13-15]. From the reaction
of khellinone with terephthalaldehyde in the presence
of NaOH, a new bis-chalcone (3) was obtained and the
synthetic route to the compounds is outlined in Scheme
1 and Scheme 2.

The purification of bis-chalcone (3) was carried out by
column chromatography. The crude product loaded on the
chromatography column was first eluted with CH,CI, in
order to remove the possible side products and unreacted
starting materials, and then eluted with CH2C12/acetone
(1:1) to collect bis-chalcone. The chemical structure of
purified product was characterized by spectroscopic
data (FT-IR, 'H-NMR, “C-NMR, UV-Vis and mass) and
elemental analyses. The elemental analyses and the physical
measurement results confirmed the proposed structure of
title molecule. The mass spectrum of 3 was recorded in
CHCI, solution (Figure S1, in the supplementary file). In the
spectrum, the molecular ion peak observed at m/z 571.0
which is attributed to [M+H]*, provided the evidence for the
formation of the suggested structure.

The ATR-FTIR spectrum (Figure 2) of 3 revealed
a band at 1621 cm? indicating the presence of carbonyl
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(C=0) group. The band at 1551 cm™ was assigned to the
C=C group that is characteristic of the o,3-unsaturated
carbonyl compounds. The IR frequency values of carbonyl
and olefinic groups are lower than typical values (ca. 1700
cm and 1650 cm?, respectively) because of the conjugation
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Figure 4. 'H NMR spectrum of 3 (zoom in to 6.7-8.2 ppm range).

Scheme 3. Intramolecular hydrogen bonding at bis-chalcone.

effect of C=C-C=0 moiety. Also the presence of electron
donor groups at ortho- positions of benzofuran rings shifted
the IR frequencies of C=0 and C=C bands to a lower values
[16]. Moreover, the spectrum shows several weak bands in
the region of 2835-3137 cm corresponding to aliphatic and
aromatic C-H stretching vibration frequencies.
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Figure 5. Electronic absorption spectra of 3 in six different solvents.

"H NMR spectrum of 3 measured in CDCI, (Figure 3)
exhibits two doublets at 7.94 ppm (/=15.6) and 7.85 ppm (J=
15.6), indicating the trans configuration of vinylic system
due to the large coupling constant (/) values (Figure 4) [17].
The ethylenic protons adjacent to the carbonyl group (H)
showed chemical shift at higher field (7.85 ppm) than those
of Hy (794 ppm) which are more deshielded by carbonyl
group due to the conjugation of the carbonyl group and
double band [18]. The singlet signal observed at 12.68 ppm
was attributed to phenolic protons of benzofuran moieties.
The two vicinal protons in the furan ring were appeared as
two doublets at 7.54 ppm (J = 2.3 Hz), and 6.90 ppm (J = 2.3
Hz) (Figure 4).

The structure of 3 was also supported by 13C APT
NMR spectrum (Figure S2, in the supplementary file). The
number of signals in the spectrum was consistent with the
non-equivalent carbon atoms in the molecule. The carbonyl
carbon atoms of the o,B-unsaturated ketone groups gave
rise to a characteristic signal at 194.52 ppm. The negative
signals at 61.08 and 62.03 ppm confirmed the presence of
methoxy carbons in the benzofuran rings. The positive sig-
nals appeared between 150.77 and 153.27 ppm in the APT
spectrum of 3, are likely to be ascribed to the quaternary
carbons adjacent to the oxygen atoms. Signals due to aro-
matic ring, a, and pB-carbon atoms were appeared in the
range of 128.09-144.30 ppm. Relatively high chemical shift
values for phenolic protons and carbonyl carbons (12.68 and
194.52 ppm, respectively) might be due to the formation of
intramolecular hydrogen bonding between the carbonyl
oxygens with phenolic hydroxyl protons (Scheme 3) [16].
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The electronic spectra of chalcones have been exten-
sively studied by a large number of researh groups. It was
reported that UV spectrum of chalcones generally consists
of two essential absorption bands: one usually appears at
340-390 nm referred to as band I and relatively a minor
absorption band at 220-270 nm known as band II [19]. The
characteristic band I of chalcones may be attributed to n-*
transitions of the whole molecule.

The electronic absorption spectra of bis-chalcone (3)
were recorded in the region 300-500 nm (Figure 5), using
freshly prepared 10-6 M solutions in six different solvents
(toluene, tetrahydrofuran, ethanol, acetonitrile, dimethyl
formamide and dimethyl sulfoxide) with increasing polari-
ties from apolar to polar. The maximum absorption values
of 3 were found to be in the range of 350-375 nm and upon
increasing the polarity of solvents, noticeable batochromic
shifts were observed in the UV spectra. The results obtai-
ned in the present study were consistent with the literature.
Kumari et al. reported that the solvatochromic effect on ab-
sorption spectra of chalcone derivatives showed appreciable
red shifts from apolar to polar solvents because of the int-
ramolecular charge transfer (ICT) interactions. They sug-
gested that the strong interaction between singlet excited
state of chalcone molecules with polar solvents caused ba-
tochromic shifts in the electronic spectra due to large char-
ge distribution between ground and singlet excited state of
title molecules (20).

CONCLUSION

In the present study, it was reported the synthesis and
spectral characterization of a new benzofuran derivative



bis-chalcone obtained from the condensation reaction of
terephthalaldehyde with khellinone which is the hydroly-
sis product of khellin. The spectral analyses revealed that
the resonance-stabilized intramolecular hydrogen bon-
ding in the bis-chalcone noticeably affects the spectros-
copic properties of the compound, causes a considerable
downfield shift of hydroxyl proton and carbonyl carbon
signals in the NMR spectrum and also a shift to lower
frequencies for carbonyl and vinyl group in the FT-IR
spectrum. The effect of various solvents over electronic
spectra of the title molecule was also studied and it was
observed the long-wavelength absorption band undergo-
es a red (batochromic) shift with increasing solvent pola-
rity which means excited state molecule is better stabili-
zed by solvation than the molecule in the ground-state.
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