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AbstractIn this study, flavanones were synthesized using a two-step reaction process starting from 2’-hydroxyacetophenone and aldehydes.Claisen-Schmidt condensations were carried out on the starting materials to produce 2’-hydroxychalcones with mono-, di-, andtri-substituents on ring B. Subsequently, flavanones were produced via intramolecular oxa-Michael cyclization under three differentreaction conditions: methanesulfonic acid in ethanol, sodium acetate in methanol, and piperidine in water. These approaches aimedto investigate the steric and electronic effects to achieve high yields in optimal reaction conditions for flavanone synthesis. Twelve2’-hydroxychalcones (1a-1l) were successfully synthesized with yields ranging from 17% to 99%. The use of methanesulfonic acid inethanol resulted in modest flavanone yields (11% for 2a, 13% for 2c). The synthesis of flavanones using sodium acetate was successfulfor seven 2’-hydroxychalcones (2a-2g), yielding products with varying yields (2-49%). Furthermore, piperidine was effective forthree 2’-hydroxychalcones (1a, 1b, 1e), resulting in high flavanone yields (74-93%). These findings indicate that the three reactionconditions are only effective for certain 2’-hydroxychalcones.
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1. INTRODUCTION

Flavanones are valuable precursor for the biosynthesis of flavo-
noids that have significant pharmacological properties (Geiss-
man, 1962) . The flavanone derivatives have diverse biological
activities such as anti-oxidant (Hanáková et al., 2017) , anti-
inflammatory (Chen et al., 2017) , anti-cancer (Wang et al.,
2017) , anti-bacterial (Pouget et al., 2002) , and anti-virus (Shi
et al., 2013) . In addition to their therapeutic applications, fla-
vanones are integral to the development of new bioactive com-
pounds, thereby playing a pivotal role in the synthesis of novel
pharmaceuticals and health-related products. Their adaptabil-
ity in both medicinal and synthetic chemistry highlights their
significance in drug discovery and development (Iwash, 2013) .

These compounds are structurally characterized by the pres-
ence of two aromatic rings connected via a three-carbon un-
saturated carbonyl bridge (Santos et al., 2017) . Flavanones
are isomeric structures of chalcones and constitute a class of
natural products within the flavonoid family (Rosa et al., 2019) .
Flavonoid compounds are naturally found in various plant
species like fig leaves (Ficus carica L.) (Kurniawan and Audita,
2021) and star anise (Illicium verum Hook. F) (Syukur et al.,
2023). Preliminary characterization of flavonoid compounds

can be simply performed using thin layer chromatography
(TLC), which often exhibits a characteristic yellowish-red col-
oration (Kurniawan and Audita, 2021) . The isomeric struc-
tures of chalcone and flavanone position serve chalcone as a
precursor to flavanone in the synthesis and development of
pharmacologically active compounds. This process involves
conjugation with other heterocyclic moieties to facilitate poten-
tial drug discovery and enhance pharmaceutical applications
(Kar Mahapatra et al., 2019; Raj et al., 2013; Sharma et al.,
2013). Chalcones can be synthesized through various reac-
tion procedures and strategies. Notably, the Claisen-Schmidt
condensation is a prevalent method for preparing these com-
pounds, involving the condensation of carbonyl derivatives in
the presence of a base (Gomes et al., 2017) .

The synthesis of flavanones has been carried out through
the intramolecular oxa-Michael addition of 2’-hydroxychalcone
under various conditions using acid (Keane et al., 1970) , base
(Nabaei-Bidhendi and Bannerjee, 1991) , thermal (Macquarrie
et al., 2002) , photochemical (Iguchi et al., 2014) , Cobalt (II)
Schiff-base complexes (Maruyama et al., 1989) , zeolite (Cli-
ment et al., 1995) , and L-Proline (Chandrasekhar et al., 2005) .
Another method for conducting acid-catalyzed oxa-Michael
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addition involves refluxing the chalcone in acetic acid within
ethanol or another suitable solvent, in the presence of an acid
catalyst such as H3PO4 (Sagrera and Seoane, 2005) . How-
ever, the yields obtained from these reactions are frequently
moderate and occasionally suboptimal (Kulkarni et al., 2012) .

Furthermore, flavanones can also be synthesized from other
precursors. For instance, the reaction of 3-chloro-2,3-dihydro-
3-nitro-2-phenyl-4H-1-benzopyran-4-ones with tributyl tin
hydride and 2,2’-azobisisobutyronitrile results in a complex
mixture (Dauzonne and Monneret, 1997) . Additionally, the
treatment of 3-bromo-1-phenyl prop-2-ynyl aryl ethers with
mercury (II) trifluoroacetate is noteworthy, although the mech-
anism of this reaction remains unresolved, with uncertainty as
to whether the transformations proceed via a sigma-tropic rear-
rangement or a simpler electrophilic cyclization (Subramanian
and Balasubramanian, 1990) . Furthermore, the oxidation of
flavan-4-ols yields only a minimal amount of product (Bhatia
et al., 1968) . When 1-(2-hydroxyphenyl)-3-phenyl-propane-
1,3-diones are treated with benzaldehydes, a separation process
is required to remove benzoic acid, which forms as a side prod-
uct (Joglekar and Samant, 1988) .

Kulkarni et al. (2012) reported synthesis of flavanones
through oxa-Michael addition of 2’-hydroxychalcones with
mono-, di-, and tri-substituents on the B ring catalysed by
methanesulfonic acid (10 mol%) under acetic acid and refluxed
for 2 hours. This method resulted in a good yield of the
flavonoid products. In 2001, Tanaka and Sugino reported
synthesis of flavanone from 2’-hydroxychalcones with mono-
substituent on the B ring in the presence of piperidine or amino
acid in a water suspension at room temperature for 1 hour
(Tanaka and Sugino, 2001) . Zheng et al. (2013) reported syn-
thesis of flavanones from cyclization of 2’-hydroxychalcones
with mono-substituent on the B ring activated by amino acid
and base at room temperature for 15 minutes to obtain the
products with high yields (Jiang et al., 2011; Zheng et al.,
2013). Moreover, Zheng et al. (2013) conveyed synthesis of
flavanones and tetrahydroquinolones in the presence of piperi-
dine (2.7 mol%) and KOH (18 mol%) through oxa-Michael ad-
dition of 2’-hydroxychalcones and 2’-aminochalcones at room
temperature for 2 minutes. Sinyeue et al. (2022) synthesized
pinocembrin analogues from 2’-hydroxychalcone derivatives
catalysed by sodium acetate as a base in methanol under re-
flux for 24 hours to gain the products from low to good yields.
However, the yields of these reactions are generally moderate
and frequently result in a mixture of compounds. Separation
of these compounds requires the use of substantial quantities
of organic solvents.

In this study, we present the synthesis of flavanones using
2’-hydroxchalcones with mono-, di-, and tri-substituents on
the B ring, with the aim of examining the steric and electronic
influences during the cyclization process through intramolecu-
lar oxa-Michael addition. Furthermore, the investigation was
conducted under three reaction conditions, methanesulfonic
acid in ethanol, sodium acetate in methanol, and piperidine in
water, to achieve a high yield and an effective methodology.

2. EXPERIMENTAL SECTION

2.1 Chemicals
The chemicals used are 2’-hydroxyacetophenone (TCI), ben-
zaldehyde derivatives (Sigma Aldrich), concentrated HCl (Sig-
ma Aldrich), NaOH (Emsure), methane sulfonic acid (Sigma
Aldr-ich), sodium acetate (Emsure), and piperidine (Sigma
Aldrich). The solvents used are ethanol (Fulltime) and methanol
(Emsure). Technical solvents such as acetone, n-hexane, ethyl
acetate used for extraction and chromatography are purified by
distillation. All reactions are viewed through Thin Layer Chro-
matography (TLC) with TLC aluminum sheets using silica gel
60 F254 and visualized by exposure to UV light at 254 nm.
Manual column chromatography was carried out using silica
gel (Silica 60–80 Mesh) produced by Sanpoint. The solvent
used in characterization using NMR is CDCl3 solvent.

2.2 Instrumentation
All reactions were monitored by thin-layer chromatography
(TLC) on TLC aluminum sheets with silica gel 60 F254 and
visualized by exposure to UV light at 254 nm; coloured com-
pounds of chalcone derivatives were visible on daylight. 1H
and 13C NMR spectra were obtained using Agilent Varian DD2
500 MHz spectrometers (Agilent, USA) (1H) or 125 MHz
(13C), respectively. The deuterated solvent, CDCl3, was pur-
chased from Sigma-Aldrich. NMR measurements were re-
ported in parts per million (ppm) relative and the chemical
shifts are denoted as 𝛿 relative to CDCl3 (1H: 𝛿 = 7.26 ppm;
13C: 𝛿 = 77.00 ppm). The coupling constants J are given in
Hertz, and the splitting parameters or spin multiplicities for
1H-NMR are given as s (singlet), d (doublet), t (triplet), and
m (multiplet). The mass spectra (MS) of the products were
recorded on a Waters LCT Premier XE ESI-TOF-MS system
(Waters, USA). 𝜆max (nm) were checked using spectrophotome-
ter UV-Vis Agilent Cary60 (Agilent, USA). The melting point
(mp) was measured using a Fisher–Johns apparatus.

2.3 Methods
2.3.1 Synthesis of 2′-hydroxychalcones (1a–1l)
2′-hydroxyacetophenone (3 mmol, 1 eq.), and NaOH (9 mmol,
3 equiv.) was added to a two-neck round-bottom flask, and
ethanol was added as a solvent as shown in Figure 1. The
reaction mixture was stirred for 10 min, and aldehyde (3 mmol,
1 eq.) was added. Detailed amounts of each reactant are listed
in Table 1. The synthesis was carried out in a round-bottom
flask with a magnetic stirrer at room temperature for 24 h,
which was monitored using TLC. To the reaction mixture,
10% HCl was added until the pH reached 5, and a chalcone
precipitate was formed. The obtained precipitate was then
vacuum-filtered (Vu Nguyen et al., 2024) .

2.3.2 Spectra Data of Synthesized 2′-hydroxychalcones (1a–
1l)

Compound 1a yellow solid 0.114 g (17%), mp 90 ◦C. 1H-
NMR (500 MHz, CDCl3): 𝛿H 12.80 (1H, s), 7.93 (2H, d,
J = 15.5 Hz), 7.93 (1H, dd, J = 8.0 and 1.6 Hz), 7.67 (1H,
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Figure 1. Claisen–Schmidt Reaction Scheme of
2′-hydroxychalcone Derivatives

d, J = 15.4 Hz), 7.67 (2H, m), 7.50 (1H, td, J = 7.5 and
1.5 Hz), 7.44 (3H, m), 7.03 (1H, dd, J = 8.4 and 1.2 Hz), 6.95
(1H, td, J = 7.6 and 7.4 Hz). 𝛿C 193.7; 163.5; 145.4; 136.4;
134.5; 130.9; 129.6; 129.0; 128.6; 120.0; 120.0; 118.8;
118.6. HR-ESI-TOF-MS [M+H]+ m/z calculated 225.0916
for C15H13O2

+, found 225.0903.
Compound 1b yellow solid 0.717 g (84%), mp 92 ◦C. 1H-

NMR (500 MHz, CDCl3): 𝛿H 12.80 (1H, s), 8.20 (1H, d,
J = 15.6 Hz), 7.92 (1H, d, J = 7.6 Hz), 7.75 (1H, d, J =

15.6 Hz), 7.49 (1H, t, J = 7.3 Hz), 7.28 (1H, d, J = 7.8 Hz),
7.11 (1H, t, J = 8.0 Hz), 7.03 (1H, d, J = 8.3 Hz), 7.00
(1H, d, J = 8.0 Hz), 6.94 (1H, t, J = 7.6 Hz), 3.91 (3H, s),
3.90 (3H, s). 𝛿C 194.1; 163.6; 153.2; 149.2; 140.4; 136.3;
129.7; 128.8; 124.2; 121.6; 120.1; 119.9; 118.8; 118.6;
114.6; 61.3; 55.9. HR-ESI-TOF-MS [M+H]+ m/z calculated
285.1127 for C17H17O4

+, found 285.1123.
Compound 1c yellow solid 0.608 g (65%), mp 130 ◦C.

1H-NMR (500 MHz, CDCl3): 𝛿H 12.82 (1H, s), 7.93 (1H,
dd, J = 1.6 and 1.5 Hz), 7.85 (1H, d, J = 15.3 Hz), 7.53
(1H, d, J = 15.3 Hz), 7.03 (1H, d, J = 8.5 Hz), 6.75 (1H,
t, J = 7.6 Hz), 6.89 (2H, s), 3.92 (6H, s), 3.91 (3H, s). 𝛿C
193.5; 163.6; 153.5; 145.6; 140.8; 136.3; 130.0; 129.6;
120.0; 119.2; 118.8; 118.6; 106.0; 61.0; 56.2. HR-ESI-
TOF-MS [M+H]+ m/z calculated 315.1232 for C18H19O5

+,
found 315.1222.

Compound 1d yellow solid 0.439 g (68%), mp 104 ◦C.
1H-NMR (500 MHz, CDCl3): 𝛿H 12.87 (1H, s), 7.91 (1H,
dd, J = 1.5 and 7.9 Hz), 7.89 (1H, d, J = 15.5 Hz), 7.60
(1H, d, J = 15.5 Hz), 7.55 (2H, d, J = 7.8 Hz), 7.48 (1H,
td, J = 1.5, 4.2, and 7.1 Hz), 7.24 (1H, d, J = 3.7 Hz), 7.01
(1H, dd, J = 1.1 and 8.4 Hz), 6.93 (1H, td, J = 1.2, 4.2, and
7.0 Hz), 2.39 (3H, s). 𝛿C 193.7; 163.5; 145.5; 141.6; 136.2;
131.8; 129.8; 129.6; 128.7; 120.0; 119.0; 118.8; 118.6;
21.5. HR-ESI-TOF-MS [M+H]+ m/z calculated 239.1072
for C16H15O2

+, found 239.1064.
Compound 1e yellow solid 0.900 g (99%), mp 142 ◦C.

1H-NMR (500 MHz, CDCl3): 𝛿H 12.73 (1H, s), 7.90 (1H,
dd, J = 8.15 Hz), 7.85 (1H, d, J = 15.5 Hz), 7.64 (1H,
d, J = 15.4 Hz), 7.57 (2H, d, J = 8.5 Hz), 7.52 (2H, d,
J = 8.4 Hz). 𝛿C 193.4; 163.6; 144.0; 136.5; 133.5; 132.3;
129.9; 129.6; 125.2; 120.7; 119.9; 118.9; 118.7. HR-ESI-
TOF-MS [M+H]+ m/z calculated 303.0021 for C15H12BrO2

+,
found 303.0008.

Compound 1f yellow solid 0.760 g (98%), mp 140 ◦C. 1H-
NMR (500 MHz, CDCl3): 𝛿H 12.74 (1H, s), 7.91 (1H, dd,
J = 1.6 and 8.0 Hz), 7.86 (1H, d, J = 15.4 Hz), 7.63 (1H, d,

J = 15.3 Hz), 7.60 (2H, d, J = 8.5 Hz), 7.51 (1H, td, J = 1.5
and 7.7 Hz), 7.41 (2H, d, J = 8.5 Hz), 7.03 (1H, td, J = 1.2
and 8.4 Hz), 6.95 (1H, td, J = 7.2 and 7.5 Hz). 𝛿C 193.5;
163.6; 143.9; 136.9; 136.5; 133.1; 129.8; 129.6; 129.3;
120.6; 119.9; 118.9; 118.7. HR-ESI-TOF-MS [M+H]+ m/z
calculated 257.0369 for C15H12ClO2

+, found 257.0376.
Compound 1g yellow solid 0.228 g (27%), mp 104 ◦C.

1H-NMR (500 MHz, CDCl3): 𝛿H 13.00 (1H, s), 8.01 (1H,
dd, J = 8.0 and 1.7 Hz), 7.97 (1H, dd, J = 15.3 Hz), 7.60
(1H, d, J = 15.4 Hz), 7.56 (1H, dd, J = 1.5 and 8.4 Hz),
7.35 (1H, dd, J = 2.0 and 8.3 Hz), 7.11 (1H, d, J = 8.4 and
9.5 Hz), 7.03 (1H, d, J = 8.2 Hz), 7.00 (1H, dd, J = 8.2 Hz),
4.05 (1H, s), 4.02 (1H, s). 𝛿C 193.6; 163.5; 151.8; 149.3;
145.6; 136.1; 129.5; 127.6; 123.6; 120.1; 118.7; 118.6;
117.8; 111.2; 110.3; 56.0. HR-ESI-TOF-MS [M+H]+ m/z
calculated 285.1127 for C17H17O4

+, found 285.1132.
Compound 1h yellow solid 0.607 g (64%), mp 126 ◦C.

1H-NMR (500 MHz, CDCl3): 𝛿H 13.07 (1H, s), 8.20 (1H,
d, J = 15.5 Hz), 7.91 (1H, d, J = 8.1 Hz), 7.60 (1H, d,
J = 15.5 Hz), 7.45 (1H, t, J = 8.4 Hz), 7.10 (1H, s), 7.00 (1H,
d, J = 8.4 Hz), 6.91 (1H, t, J = 7.1 Hz), 6.51 (1H, s), 3.94
(1H, s), 3.91 (6H, s). 𝛿C 194.0; 163.5; 155.1; 153.0; 143.3;
140.9; 135.8; 129.5; 120.3; 118.6; 118.5; 117.8; 115.2;
111.8; 96.7; 56.6; 56.3; 56.0. HR-ESI-TOF-MS [M+H]+

m/z calculated 315.1232 for C18H19O5
+, found 315.1222.

Compound 1i yellow solid 0.674 g (79%), mp 88 ◦C. 1H-
NMR (500 MHz, CDCl3): 𝛿H 12.77 (1H, s), 7.85 (1H, d,
J = 15.4 Hz), 7.60 (1H, dd, J = 1.6 and 8.2 Hz), 7.38 (1H,
d, J = 15.4 Hz), 7.15 (1H, d, J = 15.5 Hz), 6.94 (1H, s),
6.69 (1H, d, J = 8.4 Hz), 6.60 (1H, d, J = 15.5 Hz), 6.23
(1H, dd, J = 2.4 and 8.6 Hz), 6.17 (1H, s), 3.61 (1H, s), 3.54
(1H, s). 𝛿C 194.2; 163.5; 163.4; 160.7; 141.3; 135.8; 131.5;
129.5; 120.3; 118.6; 118.5; 118.1; 116.9; 105.6; 98.4; 55.6;
55.5. HR-ESI-TOF-MS [M+H]+ m/z calculated 285.1127
for C17H17O4

+, found 285.1120.
Compound 1j yellow solid 0.503 g (53%), mp 126 ◦C. 1H-

NMR (500 MHz, CDCl3): 𝛿H 13.27 (1H, s), 8.39 (1H, d, J =

15.6 Hz), 8.02 (1H, d, J = 15.6 Hz), 7.90 (1H, dd, J = 1.6
and 8.0 Hz), 7.44 (1H, td, J = 1.6 and 7.8 Hz), 7.00 (1H,
dd, J = 1.1 and 8.3 Hz), 6.91 (1H, td, J = 1.2 and 7.6 Hz),
6.14 (2H, s), 3.93 (6H, s), 3.87 (3H, s). 𝛿C 195.3; 163.6;
163.5; 162.0; 136.7; 135.5; 129.6; 120.6; 119.4; 118.4;
118.3; 106.5; 90.5; 55.9; 55.4. HR-ESI-TOF-MS [M+H]+

m/z calculated 315.1232 for C18H19O5
+, found 315.1230.

Compound 1k yellow solid 0.439 g (58%), mp 84 ◦C. 1H-
NMR (500 MHz, CDCl3): 𝛿H 12.93 (1H, s), 7.91 (1H, dd,
J = 1.6 and 8.1 Hz), 7.89 (1H, d, J = 15.4 Hz), 7.62 (2H,
dd, J = 2.1 and 6.8 Hz), 7.53 (1H, d, J = 15.4 Hz), 7.48
(1H, td, J = 1.6, 7.1, and 8.3 Hz), 7.01 (1H, dd, J = 1.2 and
8.3 Hz), 6.94 (2H, d, J = 8.7 Hz), 6.93 (1H, td, J = 1.1 and
7.2 Hz), 3.85 (1H, s). 𝛿C 193.6; 163.5; 162.0; 145.3; 136.1;
130.5; 129.5; 127.3; 120.1; 118.7; 118.5; 117.6; 114.5;
55.4. HR-ESI-TOF-MS [M+H]+ m/z calculated 255.1021
for C16H15O3

+, found 255.1012.
Compound 1l violet solid 0.379 g (47%), mp 150 ◦C. 1H-
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Table 1. Reaction Conditions for the Synthesis of 2’-hydroxychalcones

Compound R EtOH (mL) Time (h) Yield (%)*

1a H 15 48 17
1b 2,3-diOMe 7.5 24 84
1c 3,4,5-triOMe 7.5 24 65
1d 4-Me 7.5 24 68
1e 4-Br 15 24 99
1f 4-Cl 15 24 98
1g 3,4-diOMe 7.5 24 27
1h 2,4,5-triOMe 7.5 24 64
1i 2,4-diOMe 7.5 24 79
1j 2,4,6-triOMe 7.5 24 53
1k 4-OMe 7.5 24 58
1l 4-N(Me) 2 7.5 48 74

*Isolated yields.

Table 2. Intramolecular oxa-Michael Cyclization of 2’-hydroxychalcones with Methanesulfonic Acid

Compound R Solvent Temperature (◦C) Time (h) Yield (%)*

1a H EtOH 80 2 2a (11)
1c 2,3-diOMe EtOH 80 2 2c (13)

*Isolated yields.

NMR (500 MHz, CDCl3): 𝛿H 13.18 (1H, s), 7.92 (1H, d,
J = 15.1 Hz), 7.92 (1H, d, J = 1.55 Hz), 7.58 (2H, d, J =

8.8 Hz), 7.46 (1H, dd, J = 15.2 Hz), 7.46 (1H, t, J = 1.4 Hz),
7.00 (1H, dd, J = 1.1 and 8.3 Hz), 6.92 (1H, td, J = 1.1 and
4.0 Hz), 6.70 (2H, d, J = 10.2 Hz), 3.06 (6H, s). 𝛿C 193.5;
163.5; 146.5; 135.6; 130.8; 129.3; 122.4; 120.4; 118.5;
118.5; 114.3; 111.8; 40.1. HR-ESI-TOF-MS [M+H]+ m/z
calculated 268.1338 for C17H18NO2

+, found 268.1339.

2.3.3 Synthesis of Flavanones from 2’-hydroxychalcones
(2a-2f)

- Synthesis of Flavanones using Methanesulfonic Acid
2′-hydroxychalcone derivatives (1 mmol) (1) and methane-

sulfonic acid (15% mmol), and a magnetic stirrer were added
to a two-neck flask in a reflux system at 80 ◦C for 2 hours
with ethanol. The reaction scheme is shown in Figure 2. The
reaction was monitored by TLC, and the reaction mixture was
dissolved in water (50% solvent volume) and extracted using

ethyl acetate. The product (2) was evaporated and purified by
radial chromatography (Kshatriya and Nazeruddin, 2014) .

Figure 2. Reaction Scheme of Cyclization Synthesis with
Methane Sulfonic Acid

- Synthesis of Flavanones using Sodium Acetate
2′-hydroxychalcones (1 mmol) (1) in ethanol (10 mL) was

then added to sodium acetate and two drops of water. The
mixture was heated at 60 ◦C for 48 hours, and water was added

© 2025 The Authors. Page 1172 of 1178
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Table 3. Intramolecular Oxa-Michael Cyclization of 2′-hydroxychalcones (2a–2l) with Sodium Acetate

Compound R Base (Equiv.) Solvent Temperature (°C) Time (h) Yield (%)*

1a H CH3COONa (10) MeOH 60 48 2a (42)
1b 2,3-diOMe CH3COONa (10) MeOH 60 48 2b (49)
1c 3,4,5-triOMe CH3COONa (10) MeOH 60 48 2c (23)
1d 4-OMe CH3COONa (10) MeOH 60 48 2d (46)
1e 4-Br CH3COONa (10) MeOH 60 48 2e (36)
1f 4-Cl CH3COONa (10) MeOH 60 48 2f (2)
1g 3,4-diOMe CH3COONa (10) MeOH 60 48 2g (18)
1h 2,4,5-triOMe CH3COONa (10) MeOH 60 48 NR
1i 2,4-diOMe CH3COONa (10) MeOH 60 48 NR
1j 2,4,6-triOMe CH3COONa (10) MeOH 60 48 NR
1k 4-OMe CH3COONa (10) MeOH 60 48 NR
1l 4-NMe2 CH3COONa (10) MeOH 60 48 NR

*Isolated yields. NR = no reaction.

and extracted with ethyl acetate. Sodium sulphate (Na2SO4)
was added to the organic phase, followed by filtration and evap-
oration under reduced pressure. The product was purified by
radial chromatography using an eluent mixture of n-hexane
and ethyl acetate, applying a gradient composition from 19:1
to 9:1, yielding compound (2) as a white gel. The reaction
scheme is illustrated in Figure 3 (Sinyeue et al., 2022) .

Figure 3. Reaction Scheme of Cyclization Synthesis with
Sodium Acetate

- Synthesis of Flavanones using Piperidine
2′-hydroxychalcones (1 mmol) (1), piperidine, water, and a
magnetic stirrer were added to a 10 mL flask and stirred at
room temperature for 24 hours as presented at Figure 4. The
precipitates were observed in the reaction mixture and vacuum
filtered to produce a white powder. The white powder was
dried in desiccator to yield the cyclization product (2) (Tanaka
and Sugino, 2001) .

Figure 4. Reaction Scheme of Cyclization Synthesis with
Piperidine

2.3.4 Spectra Data of Synthesized Flavanones (2a-2g)
Compound 2a white solid, mp 75 ◦C. 1H-NMR (500 MHz,
CDCl3): 𝛿H 7.94 (1H, dd, J=1.8 and 8.1), 7.53–7.38 (6H, m),
7.06 (2H, m), 5.49 (1H, dd, J=2.9 and 13.4 Hz), 3.10 (1H,
dd, J=13.5 and 16.9 Hz), 2.90 (1H, dd, J=2.8 and 16.8 Hz).
𝛿C 192.0; 161.5; 138.7; 136.2; 128.8; 128.8; 126.1; 121.6;
120.9; 118.1; 79.6; 44.6. HR-ESI-TOF-MS [M+H]+ m/z
calculated 225.0916 for C15H13O2

+, found 225.0911.
Compound 2b white solid, mp 99 ◦C. 1H-NMR (500 MHz,

CDCl3): 𝛿H 7.95 (1H, dd, J=1.7 and 7.8), 7.50 (1H, td, J=1.7
and 7.6 Hz), 7.20 (1H, dd, J=1.5 and 7.8 Hz), 7.15 (1H, t,
J=8 Hz), 7.05 (2H, td, J=1.0 and 9.0 Hz), 6.95 (1H, dd,
J=1.6 and 8 Hz), 5.83 (1H, dd, J=2.8 and 13.7 Hz), 3.89
(3H, s), 3.88 (3H, s), 3.04 (1H, dd, J=13.6 and 16.9 Hz), 2.88
(1H, dd, J=2.8 and 16.9 Hz). 𝛿C 192.3; 161.8; 152.6; 146.1;
136.0; 132.6; 127.1; 124.4; 121.5; 121.0; 118.4; 118.1;
112.6; 74.8; 61.0; 55.8; 44.0. HR-ESI-TOF-MS [M+Na]+

m/z calculated 307.0946 for C17H16O4
+, found 307.0945.
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Table 4. Intramolecular Oxa-Michael Cyclization of 2′-hydroxychalcones (1a–1l) with Piperidine

Compound R Base (Equiv.) Solvent Temperature (◦C) Time (h) Yield (%)

1a H Piperidine (5.06) H2O rt 24 2a (74)
1b 2,3-diOMe Piperidine (5.06) H2O rt 24 2b (93)
1c 3,4,5-triOMe Piperidine (5.06) H2O rt 24 NR
1d 4-Me Piperidine (5.06) H2O rt 24 NR
1e 4-Br Piperidine (5.06) H2O rt 24 2e (74)
1f 4-Cl Piperidine (5.06) H2O rt 24 2f (2)
1g 3,4-diOMe Piperidine (5.06) H2O rt 24 NR
1h 2,4,5-triOMe Piperidine (5.06) H2O rt 24 NR
1i 2,4-diOMe Piperidine (5.06) H2O rt 24 NR
1j 2,4,6-triOMe Piperidine (5.06) H2O rt 24 NR
1k 4-OMe Piperidine (5.06) H2O rt 24 NR
1l 4-N(Me) 2 Piperidine (5.06) H2O rt 24 NR
1d 4-Me Piperidine (5.06) H2O 80 24 2d (13)
1g 3,4-diOMe Piperidine (5.06) H2O 80 24 NR
1h 2,4,5-triOMe Piperidine (5.06) H2O 80 24 NR
1i 2,4-diOMe Piperidine (5.06) H2O 80 24 NR
1j 2,4,6-triOMe Piperidine (5.06) H2O 80 24 NR
1k 4-OMe Piperidine (5.06) H2O 80 24 NR
1l 4-N(Me) 2 Piperidine (5.06) H2O 80 24 NR
1g 3,4-diOMe Piperidine (10) H2O 80 24 NR
1h 2,4,5-triOMe Piperidine (10) H2O 80 24 NR
1i 2,4-diOMe Piperidine (10) H2O 80 24 NR
1j 2,4,6-triOMe Piperidine (10) H2O 80 24 NR
1k 4-OMe Piperidine (10) H2O 80 24 NR
1l 4-N(Me) 2 Piperidine (10) H2O 80 24 NR

*Isolated yields. NR = no reaction.

Compound 2c white solid, mp 128 ◦C. 1H-NMR (500
MHz, CDCl3): 𝛿H 7.94 (1H, dd, J=1.8 and 8.2), 7.52 (1H, t,
J=1.2 Hz), 6.70 (2H, d, J=0.2 Hz), 5.41 (1H, dd, J=2.9 and
13.4 Hz), 3.10 (1H, dd, J=13.4 and 16.8 Hz), 2.89 (1H, dd,
J=2.8 and 16.8 Hz). 𝛿C 191.9; 161.4; 153.5; 138.3; 136.2;
134.3; 127.0; 121.7; 120.9; 118.1; 103.3; 79.8; 60.8; 56.3;
56.2; 44.8; 29.7. HR-ESI-TOF-MS [M+H]+ m/z calculated
315.1232 for C18H19O5

+, found 315.1223.
Compound 2d white solid, mp 98 ◦C. 1H-NMR (500 MHz,

CDCl3): 𝛿H 7.92 (1H, dd, J=1.7 and 8.1), 7.48 (1H, td, J=1.8
and 9.2 Hz), 7.36 (2H, d, J=8.1 Hz), 7.23 (2H, d, J=7.8 Hz),
7.03 (2H, m), 5.42 (1H, dd, J=2.8 and 13.3 Hz), 3.07 (1H, dd,
J=13.3 and 16.8 Hz), 2.85 (1H, dd, J=2.8 and 16.8 Hz), 2.37
(3H, s). 𝛿C 192.3; 161.8; 152.6; 146.1; 136.0; 132.6; 127.1;
124.4; 121.5; 121.0; 118.4; 118.1; 112.6; 74.8; 61.0; 55.8;
44.0. HR-ESI-TOF-MS [M+H]+ m/z calculated 239.1072
for C16H15O2

+, found 239.1060.
Compound 2e white solid, mp 120 ◦C. 1H-NMR (500

MHz, CDCl3): 𝛿H 7.93 (1H, dd, J = 1.8 and 7.8 Hz), 7.58–
7.55 (2H, m), 7.52 (1H, td, J = 1.8 and 7.8 Hz), 7.36 (2H,
dt, J = 3.6 and 8.7 Hz), 7.08–7.04 (2H, m), 5.45 (1H, dd,
J = 6.0 and 13.1 Hz), 3.04 (1H, dd, J = 13.1 and 16.8 Hz),
2.88 (1H, dd, J = 3.0 and 16.8 Hz). 𝛿C 191.4, 161.2, 137.8,
136.3, 132.0, 127.8, 127.1, 122.7, 121.8, 120.9, 118.1, 78.8,
44.5. HR-ESI-TOF-MS [M+H]+ m/z calculated 303.0021
for C15H12BrO2

+, found 303.0023.
Compound 2f white solid, mp 135 ◦C. 1H-NMR (500

MHz, CDCl3): 𝛿H 7.93 (1H, dd, J = 1.7 and 7.9 Hz), 7.52
(1H, td, J = 1.8 and 7.8 Hz), 7.44–7.40 (4H, m), 7.06 (2H,
dd, J = 7.5 and 12.6 Hz), 5.47 (1H, dd, J = 2.9 and 13.2 Hz),
3.04 (1H, dd, J = 13.3 and 16.8 Hz), 2.88 (1H, dd, J = 2.9
and 16.8 Hz). 𝛿C 191.5, 1651.3, 137.2, 136.4, 136.3, 134.5,
130.6, 129.0, 128.5, 127.5, 127.1, 121.8, 120.8, 118.1, 78.8,
44.6. HR-ESI-TOF-MS [M+Na]+ m/z calculated 281.0345
for C15H11ClNaO2

+, found 281.0344.
Compound 2g white solid, mp 123 ◦C. 1H-NMR (500
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MHz, CDCl3): 𝛿H 7.93 (1H, dd, J = 1.8 and 8.0 Hz), 7.51
(1H, td, J = 1.8 and 7.6 Hz), 7.02 (4H, m), 6.91 (1H, d, J = 8
Hz), 5.43 (1H, dd, J = 2.8 and 13.4 Hz), 3.90 (6H, d, J = 9.9
Hz), 3.12 (1H, dd, J = 13.3 and 16.8 Hz), 2.88 (1H, dd,
J = 2.8 and 16.9 Hz). 𝛿C 192.1, 161.5, 149.4, 149.2, 136.2,
131.1, 127.0, 121.6, 120.9, 118.8, 118.1, 111.0, 109.3, 79.5,
77.2, 77.0, 76.7, 55.9, 55.9, 44.6. HR-ESI-TOF-MS [M+H]+

m/z calculated 307.0946 for C17H17NaO4
+, found 307.0934.

3. RESULTS AND DISCUSSION

3.1 Synthesis of 2’-hydoxychalcones
Twelve compounds (1a-1l) were obtained for the synthesis of
chalcone derivatives using an equimolar mixture (1 mmol) of
2’-hydroxyacetophenone (1) and various aldehydes (2). The
reactions were performed in ethanol at room temperature in
the presence of NaOH (Table 1).

The confirmations of 2’-hydroxychalcones were shown by
the 1H-NMR spectra of the 𝛼 , 𝛽 -unsaturated ketone displayed
olefinic proton signals at 𝛿H 7.85–8.39 and 7.60–8.02 ppm,
with coupling constants of approximately 15 Hz, corresponding
to C𝛼-H and C𝛽 -H, respectively. The high coupling constant
suggests a trans configuration of the protons. Additionally,
the presence of hydrogen bonding shifts the bonded proton
further downfield, resulting in a singlet at 𝛿H 12.73–13.07
ppm, belonging to the O-hydroxy group, where intramolecular
hydrogen bonds with the carbonyl oxygen.

The yields of chalcone synthesis vary depending on the
substituents used on ring B, whether electron-donating groups
(EDG) or electron-withdrawing groups (EWG), and the po-
sition of the substituent. In this study, several different sub-
stituents were used on ring B to produce various % yields rang-
ing from 17–99%. Table 1 presents the data in the form of
reaction product results with various types of substituents on
ring B with different solvent volumes and reaction times for
each chalcone derivative.

A key factor in aldol condensation in our study was the
electrophilicity of the carbonyl carbon on the aldehydes. The
variation of substituents on aldehydes shows their electronic
and steric effects on the reactivity of the aldehydes. Here, we
show that halogen substituents at the para positions gave very
high yields (∼ 99%), that is, compounds 1e and 1f, which are

Br and Cl substituents. The presence of EWG, such as Br
and Cl, enhances the electrophilicity of the carbonyl carbon
in the aldehyde, making it more susceptible to nucleophilic
attack by the enolate formed from 2′-hydroxyacetophenone.
This increased reactivity generally leads to a higher yield of
chalcone products.

The other chalcone derivatives in this study were aldehydes
with a methoxy group ( OCH3) substitution. It produced
a better yield than the reaction without substitution on ring
B. This reaction produced ranging from 27–84% yield. The

OCH3 substituent provides increased electron density to the
ring B and the polarization of the carbonyl group during nu-
cleophilic attack by Donaire-Arias et al. (2023) .

The highest yield with a methoxy substituent was observed
for compound 1b, which possessed two methoxy groups at
positions 2′ and 3′. The worked-up step of this reaction read-
ily formed precipitates after the addition of 10% HCl. The
methoxy group at the ortho position, due to its resonance ef-
fect, enhances the reactivity of the carbonyl through resonance,
increasing its electrophilicity, promoting enolate attack, and
allowing the reaction to proceed. On the other hand, the 1g
product showed the lowest yield of chalcone derivatives with
methoxy substitution at the 3′ position. The work-up step of
this reaction did not produce a precipitate after the addition
of 10% HCl. This step was followed by liquid-liquid extrac-
tion using ethyl acetate. In addition, this reaction requires a
recrystallization purification process to remove impurities. The
presence of impurities suggests that there is a side reaction of
trace that causes a low yield.

The lowest yield of the synthesized compound was ob-
served for compound 1a, with no substituent on the B ring.
This reaction required more solvent than the rest (15 mL
ethanol) for 48 hours. The reaction also showed the pres-
ence of impurities, which were considered to reduce the yield
of the product. The reaction of 2′-hydroxyacetophenone with
benzaldehyde, which does not have a substituent, is less active.
The resonance of benzaldehyde itself makes the carbonyl car-
bon less electrophile, and unlike the other benzaldehydes with
substituents, there is no EWG to increase electrophilicity. As a
result, the reaction takes a longer time and yields a lower yield.

3.2 Synthesis of Flavanones
The intramolecular oxa-Michael addition of 2′-hydroxychalco-
nes to form flavanones was conducted under three different
conditions. The first method involved acidic conditions us-
ing methanesulfonic acid in ethanol, whereas the second and
third methods involved basic conditions using sodium acetate in
methanol and piperidine in water. Twelve 2′-hydroxychalcones
(1a–1l) prepared from the previous reactions were further stud-
ied to produce flavanones (2a–2l) under three reaction condi-
tions. The best method was indicated by the high yield obtained
from the cyclization process.

The intramolecular oxa-Michael addition of 2′-hydroxy-
chalcones was confirmed by the 1H-NMR spectra of the cy-
clization skeleton, which showed three new proton signals at
approximately 3–5 ppm and the disappearance of olefin hydro-
gen at approximately 7–8 ppm. The formation of the pyran
ring was confirmed by the value of the coupling constant of the
new proton signals at approximately 3–5 Hz that suggests the
presence of axial-equatorial coupling, 12 Hz, which indicates
axial-axial coupling and 12–17 Hz for geminal coupling. This
was also confirmed by the loss of the OH group signal on ring
A at 12 ppm.

Intramolecular oxa-Michael addition with methanesulfonic
acid under acidic conditions was performed on chalcones 1a
and 1c. These cyclized products were obtained in 11% yield
from 1a to produce 2a and 13% from 1c to 2c as presented
in Table 2. This method was conducted based on the experi-
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mental procedures by Kshatriya and Nazeruddin (2014) . This
acid was chosen because it is less corrosive and toxic than other
mineral acids (Kulkarni, 2015) . However, this method cannot
be considered effective due to its low yield. The acid was ex-
pected to activate these reactions by protonating the carbonyl
(Kulkarni, 2015) .

A series of oxa-Michael addition reactions of 2′-hydroxy-
chalcone derivatives were carried out under sodium acetate in
methanol at 60 ◦C for 48 hours. This process was perfomed
on twelve chalcone derivatives (1a–1k). This method showed
an improvement over the previous method using metahane
sulfonic acid by obtaining compounds 2a and 2c in 42% and
23% yields, respectively. Compound 2b was obtained in 49%
yield with two methoxy groups at positions 2 and 3 on the
B ring. Despite the improvement in yield, the method con-
tinues to produce a low yield and does not react with other
substituents. Consequently, we have developed an alternative
method to achieve better yields. Table 3 presents the results
of the cyclization of 2′-hydroxychalcone to form flavanones in
various derivatives of 2′-hydroxychalcone compounds.

The next method of Intramolecular oxa-Michael addition
of 2′-hydroxychalcone derivatives was carried out using five
equivalents of piperidine base in water as the solvent. This
reaction is relatively straightforward because the products pre-
cipitate and are filtered. This method was reported as a good
synthesis method because it minimize waste, simpler operation,
and easier product work-up (Tanaka and Sugino, 2001) . This
method was carried out on all chalcone derivatives. The reac-
tion at room temperature generated four compounds: 2a (74%),
2b (93%), 2e (74%), and 2f (2%). This method was optimized
by increasing the temperature to 80 ◦C. One product was ob-
tained (2d) in 13% yield. However, there was a purification step
for compound 2d because the starting material still remained
up to 24 hours. This results in a relatively low yield. There
are six chalcones (1g–1j) that have not been able to produce
cyclization products even when the reactions were carried out
in 80 ◦C and higher equivalents of piperidine (10 eq.).

The yields summarized in Table 4 indicate that steric fac-
tors play a more important role than electronic effects. This
is shown by the different results of similar substituents on ring
B. For example, compound 2b has the highest yield at 93%,
whereas other substrates that also contain methoxy groups
failed to give a decent yield (2c, yield: 23%) or even cyclization
products (2g–2k). Another high yield was also obtained from
2e, which contained bromide and gave a yield of 74%. This
shows that the electronic properties of either methoxy (EDG)
or halide (EWG) groups do not have a significant effect.

Steric factors may result in differences in the reactivity.
The reaction depends on how easily nucleophilic phenolate can
attack the alkene. The attack may be hindered in the presence
of bulky methoxy groups. This might explain the presence of
2g–2k, which have multiple methoxy groups. The hindrance of
the nucleophilic attack might have resulted from the rotation of
the phenyl group. The greater the number of methoxy groups
attached, the greater is the hindrance.

We demonstrate that 2′-hydroxychalcone bearing mono-
, di-, and tri-substituents on the B-ring can be cyclized us-
ing sodium acetate. From the three methods employed, this
method is the most compatible with many substituents. How-
ever, both the methanesulfonic acid and sodium acetate meth-
ods resulted in suboptimal yields and required additional pu-
rification steps. In contrast, cyclization with piperidine proved
highly efficient, producing compounds 2a, 2b, and 2e in high
yields without the need for further purification. Optimizing
the use of piperidine in the synthesis of 2′-hydroxychalcone
derivatives offers a promising direction for future research.
Systematic exploration of derivatives with various functional
groups is essential to define the effectivity toward a more com-
prehensive range of substrates.

4. CONCLUSIONS

Twelve synthesized 2’-hydroxychalcones (1a-1l) were success-
fully obtained via Claisen-Schmidt condensation, with yields
ranging from 17% to 99%. Utilizing methanesulfonic acid in
ethanol, two flavanones (2a, 2c) were produced with low yields
of 11% and 13%, respectively. Employing sodium acetate in
methanol, seven flavanones (2a-2g) were successfully synthe-
sized, with yields ranging from low to moderate (2-49%). Ad-
ditionally, four flavanones were obtained using piperidine in
water at room temperature, with yields of 74% for 2a and 2e,
93% for 2b, and 2% for 2f. Consequently, piperidine in water
demonstrated mild conditions for activating intramolecular
oxa-Michael cyclization of 2’-hydroxychalcones for flavanone
synthesis, although this method was effective in achieving high
yields for only three chalcones (1a, 1b, and 1e) among the
twelve chalcones. In summary, we can show that the synthesis
of flavanone can be carried out effectively with piperidine and
water as solvent as one alternative in flavanone synthesis in mild
condition. Further development of this method is necessary to
optimize conditions and ensure applicability for flavanone syn-
thesis with 2’-hydroxychalcones possessing diverse functional
groups in aqueous suspension.
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