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ABSTRACT: A silver-catalyzed double-decarboxylative pro-
tocol has been proposed for the construction of chalcone
derivatives via cascade coupling of substituted α-keto acids
with cinnamic acids under the mild aqueous conditions. The
developed method for constructing C−C bonds via double-
decarboxylative reactions is efficient, practical, and environ-
mentally benign by using the readily available starting
materials. It should provide a promising synthesis candidate
for the formation of diverse and useful chalcone derivatives in
the fields of synthetic and pharmaceutical chemistry.

Seeking mild, green, and selective approaches for the
formation of C−C bonds has been of growing interest in

organic chemistry.1 Historically, the C−C bond forming
reactions were mainly conducted by nucleophilic additions,
substitutions, Diels−Alder reactions, and Friedel−Crafts-type
reactions.2 Recently, the transition-metal catalyzed or mediated
coupling reactions have been emerging as the powerful tools for
the C−C bond formation. In this respect, prefunctionalized
substrates such as organometallic reagents, organohalides, or
pseudo halides are coupled in these transformations under an
aerobic conditions.3 As an alternative, decarboxylative reactions
have been introduced by Goossen,4 Myers,5 and other research
groups.6 Recently, tremendous progress has been made in the
decarboxylative-coupling transformations using carboxylic acids
as the substrates owing to that such coupling partners are easy
to store and handle.7 Notably, cinnamic acids and α-keto acids
have been standing out as the remarkable coupling partners in
decarboxylative transformations. In recent years, using α-keto
acids as substrates in the decarboxylative reactions has been
extensively studied, such as the visible-light-mediated amida-
tions,8 difunctionalization of activated alkenes,9 and decarbox-
ylative acylation of aromatic C−H bonds.10 On the other hand,
decarboxylation of cinnamic acids has also been investigated,
such as the transition-metal catalyzed decarboxylative coupling
of aryl or vinyl halides with cinnamic acids,11 and radical
pathways to formation of a C−C bond,12 C−N bond,13 and C−
S bond.14 Meanwhile, α-keto acids and cinnamic acids are the
cheap and readily prepared chemical materials. In 2013, a Cu/
Ag cocatalyzed double-decarboxylative coupling method for
C−C bond formation was initially reported by Mai and co-
workers.15 Nevertheless, to the best of our knowledge, the
direct double-decarboxylative cross-coupling of α-keto acids

with cinnamic acids to form C−C bonds has never been
exploited.
Chalcones as the biologically active molecules are ubiquitous

in natural products and widely used as the important building
blocks in the organic transformations.16 However, a literature
survey indicated that the synthetic methods for the
construction of chalcone skeletons are rare. The traditional
methods for chalcones synthesis are mainly focus on the
Claisen−Schmidt reactions.17 In 2013, Miura, Satoh, and co-
workers described the decarboxylative arylation of 3-acylacrylic
acids for the synthesis of chalcones in the presence of palladium
catalysis.18 Very recently, Su’s group developed an elegant
palladium-catalyzed decarboxylative coupling between aryl
carboxylic acids and saturated propiophenones to access to
chalcones.19 However, it remains a challenging, but attractive,
task to develop more practical and environmentally benign
approaches for the synthesis of the useful chalcone derivatives.
In view of green chemistry, water as an ideal reaction media

with environmentally benign and nontoxic characters has been
attracting considerable attention. Besides that, water has been
proven to affect the selectivity of lots of organic reactions and
to enhance the reaction rates.20 Herein, we report a novel and
efficient strategy for the construction of chalcones via silver-
catalyzed double-decarboxylative cross-coupling of α-keto acids
with cinnamic acids in water (Scheme 1).
First, 2-oxo-2-phenylacetic acid (1a) and cinnamic acid (2a)

were used as the model substrates to screen the reaction
conditions, including the oxidants, catalysts, solvents, and
reaction temperatures under a nitrogen atmosphere. As shown
in Table 1, three oxidants such as K2S2O8, Na2S2O8, and
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(NH4)2S2O8 were investigated at 50 °C by using 0.1 equiv of
AgNO3 as the catalyst, 2 equiv of K2CO3 as the base in 2 mL of
CH3CN/H2O (v1/v2 = 1:1), and Na2S2O8, which gave the
highest yield (21%) (entries 1−3); no product was obtained in
the absence of the oxidant (entry 15). The common silver salts,
AgNO3, Ag2CO3, Ag2O, and AgOAc were tested in CH3CN/
H2O (entries 2, 4−6) using Na2S2O8 as the oxidant at 50 °C,
and AgNO3 was observed to be the most effective catalyst
(entry 1, 4−6). Notably, the reaction did not proceed without
the catalyst (entry 14). We attempted to use different solvents
(compare entries 1, 7−9), and H2O was superior to the other
solvents (entry 1). Moreover, various reaction temperatures
were examined (entries 9−12), and 100 °C was discovered to
be more suitable for this reaction (entry 11). In addition,
different amounts of K2CO3 were employed in the reactions
(compare entries 12 and 13), and 2 equiv of K2CO3 provided
the highest yield (entry 12). After the optimization process of
oxidants, catalysts, temperature, and solvents, the various
chalcone derivatives were synthesized under the optimized
conditions: 10 mol % AgNO3 as the catalyst, 1 equiv of
Na2S2O8 as the oxidant, 2 equiv of K2CO3 as the base, and H2O
as the solvent at 100 °C under a nitrogen atmosphere
As shown in Table 2, the scope and generality of this reaction

was investigated under the optimized conditions. As expected, a
series of chalcones could be efficiently obtained by this
developed double-decarboxylative reaction. Generally, cinnamic

acids with electron-donating or electron-withdrawing groups on
the aryl ring could be smoothly transformed into the chalcones
in moderate to good yields (Table 2, 3a−3t). Cinnamic acids
with the electron-donating group, such as a methoxy and a
methyl group, could give good yields as compared to the
cinnamic acids with the electron-withdrawing substituents.
Furthermore, the effects of the substituent on α-keto acids was
investigated. The catalytic efficiency was not obviously affected
by steric hindrance in α-keto acids (Table 2, 3f, 3g, and 3p−
3r). Unfortunately, the α-keto acids bearing strong electron-
withdrawing groups, and aliphatic ones, were the poor coupling
partners in this new transformation (Table 2, 3u−3w). Besides
that, aliphatic conjugated acids, such as crotonic acid, did not
work in the reaction (Table 2, 3x). The silver-catalyzed double-
decarboxylative reactions could tolerate some functional groups
such as C−Cl bonds, C−Br bonds, and alkyl groups, which
could be used for further transformations.
To investigate the mechanism further, the coupling of 2-oxo-

2-phenylacetic acid (1a) with cinnamic acid (2a) was tested in
the presence of a radical inhibitor, such as TEMPO (2,2,6,6-
tetramethylpiperidine 1-oxy). The formation of 3a was
completely inhibited in the reaction [eq (1), Scheme 2],
thereby indicating that a radical process might be involved.
Treatment of benzaldehyde (4a) with 2-oxo-2-phenylacetic
acid (2a) did not afford the product (3a) [eq (2), Scheme 2].
Besides that, the desired product (3a) was not observed when
2-oxo-2-phenylacetic acid (1a) was reacted with styrene (5a)
under the standard conditions [eq (3), Scheme 2]. These
preliminary results indicated that benzaldehyde (4a) and
styrene (5a) might not be the important intermediates in the
present transformations.
On the basis of these experimental results above, together

with literature reports,21 we proposed the tentative mechanism
in Scheme 3. First, Ag(I) cation was oxidized to Ag(II) cation
by peroxodisulfate. Then, α-keto acids anion A reacted with the
Ag(II) cation to generate acyl radical B with releasing one

Scheme 1. Strategy to Chalcones via Decarboxylative
Reaction of α-Keto Acids with Cinnamic Acids

Table 1. Sliver-Catalyzed Coupling Reaction of 2-Oxo-2-phenylacetic Acid (1a) with Cinnamic Acid (2b) Leading to (E)-
Chalcone (3a): Optimization of Conditionsa

entry cat. oxidant solvent temp. [°C] yield [%]b

1 AgNO3 K2S2O8 CH3CN/H2O (1:1) 50 13
2 AgNO3 Na2S2O8 CH3CN/H2O (1:1) 50 21
3 AgNO3 (NH4)2S2O8 CH3CN/H2O (1:1) 50 16
4 Ag2CO3 Na2S2O8 CH3CN/H2O (1:1) 50 9
5 Ag2O Na2S2O8 CH3CN/H2O (1:1) 50 8
6 AgOAc Na2S2O8 CH3CN/H2O (1:1) 50 11
7 AgNO3 Na2S2O8 dioxane/H2O (1:1) 50 25
8 AgNO3 Na2S2O8 acetone/H2O (1:1) 50 16
9 AgNO3 Na2S2O8 H2O 50 39
10 AgNO3 Na2S2O8 H2O 25 0
11 AgNO3 Na2S2O8 H2O 80 51
12 AgNO3 Na2S2O8 H2O 100 62
13 AgNO3 Na2S2O8 H2O 100 49c

14 Na2S2O8 H2O 100 0
15 AgNO3 H2O 100 0

aReaction conditions: 2-oxo-2-phenylacetic acid (1a) (0.24 mmol), cinnamic acid (2a) (0.2 mmol), catalyst (0.02 mmol), oxidant (0.1 mmol),
K2CO3(0.4 mmol), solvent (1.0 mL), reaction time (24 h) under nitrogen atmosphere. bIsolated yield. cIn the presence of K2CO3 (1 equiv).
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molecule of CO2 and Ag(I) cation. Subsequently, the addition
of acyl radical B to the α-position of the double bond of
cinnamate anion C led to the formation of intermediate D.
Finally, this was followed by the loss of carbon dioxide and
Ag(I) cation, which resulted in the chalcone products E.
In summary, a novel and efficient protocol has been initially

developed for the synthesis of chalcone derivatives via silver-
catalyzed decarboxylative coupling of readily prepared α-keto
acids and cinnamic acids in water. A series of chalcone
frameworks could be efficiently obtained in moderate to good
yields under the mild aqueous conditions.The easy and efficient
approach could extend the scope of synthetic methods for the

preparation of diverse chalcones, and it would attract much
attention in synthetic and pharmaceutical chemistry.

■ EXPERIMENTAL SECTION

General. All commercially available reagent and chemicals were
purchased from chemical suppliers and used as received without
further purification. 1H NMR and 13C NMR spectra were recorded in
CDCl3 with TMS as internal standard (400 MHz 1H, 100 MHz 13C)
at room temperature. Mass analyses and HRMS were obtained by ESI
on a TOF mass analyzer. Column chromatography was performed on
silica gel (200−300 mesh).

Table 2. Sliver-Catalyzed Synthesis of Chalcone Derivatives via Decarboxylative Coupling of α-Keto Acids with Cinnamic
Acidsa,b,c

aReaction conditions: under a nitrogen atmosphere, substituted α-keto acids (0.6 mmol), cinnamic acids (0.5 mmol), AgNO3(0.05 mmol), Na2S2O8
(0.25 mmol), H2O (2.0 mL). bIsolated yield. cReaction time (24 h).
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General Experimental Procedures. A 25 mL Schlenk tube was
charged with AgNO3 (8.5 mg, 0.05 mmol), potassium carbonate (69
mg, 1.0 mmol), α-keto acids (0.6 mmol), and cinnamic acids (0.5
mmol). After the reaction vessel was evacuated thrice and backfilled
with nitrogen, 2 mL of H2O was added to the solution by syringe
under a stream of nitrogen. The tube was sealed, and then the mixture
was stirred at 100 °C for 24 h. After completion of the reaction
determined by TLC, the reaction solution was cooled down to room
temperature; then the mixture was extracted with ethyl acetate or
dichloromethane (3 × 4 mL). The combined organic phase was
concentrated by a rotary evaporator, and the residue was purified by
column chromatography on silica gel (200−300 mesh) to provide the
desired product (3).
(E)-Chalcone (3a):18 Following the general procedure, the product

was isolated in 62% yield (64.5 mg). Eluent petroleum ether/ethyl
acetate (30:1). 1H NMR (CDCl3, 400 MHz, ppm) δ 8.05 (d, 2H, J =
8.0 Hz), 7.84 (d, 2H, J = 16.0 Hz), 7.68 (dd, 2H, J = 8.0 Hz), 7.62−
7.52 (m, 4H), 7.46−7.44 (m, 3H). 13C NMR (CDCl3, 100 MHz,
ppm) δ 190.6, 144.85, 134.93, 132.8, 130.6, 128.9, 128.6, 128.5, 128.4,
122.1. HRMS m/z calcd. for C15H12O [M + H]+: 209.0966, found:
209.0965.
(E)-3-(4-Chlorophenyl)-1-phenylprop-2-en-1-one (3b):22 Follow-

ing the general procedure, the product was isolated in 68% yield (82.3
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 8.04 (d, 2H, J = 8.0 Hz), 7.79 (d, 2H, J = 16.0 Hz),
7.63−7.60 (m, 3H), 7.56−7.52 (m, 3H), 7.42 (d, 2H, J = 8.0 Hz). 13C
NMR (CDCl3, 100 MHz, ppm) δ 190.3, 143.3, 138.1, 136.5, 133.4,
132.9, 129.6, 129.3, 128.7, 128.5, 122.5. HRMS m/z calcd. for
C15H11ClO [M + H]+: 243.0577, found: 243.0569.
(E)-3-(4-Methoxyphenyl)-1-phenylprop-2-en-1-one (3c):23 Fol-

lowing the general procedure, the product was isolated in 75% yield
(89.2 mg). Eluent petroleum ether/ethyl acetate (30:1). 1H NMR
(CDCl3, 400 MHz, ppm) δ 8.04 (d, 2H, J = 8.0 Hz), 7.80 (d, 2H, J =
16.0 Hz), 7.62 (t, 1H, J = 8.0 Hz), 7.55 (s, 1H), 7.53 (d, 2H, J = 8.0

Hz), 7.37 (t, 1H, J = 8.0 Hz), 7.27 (d, 1H, J = 8.0 Hz), 7.18 (s, 1H),
3.89 (s, 3H). 13C NMR (CDCl3, 100 MHz, ppm) δ 190.6, 160.0,
144.8, 138.2, 136.3, 132.8, 130.0, 128.6, 128.5, 122.5, 121.1, 116.3,
113.5, 55.4. HRMS m/z calcd. for C16H14O2 [M + H]+: 239.1072,
found: 239. 1068.

(E)-1-(4-Methoxyphenyl)-3-phenylprop-2-en-1-one (3d):24 Fol-
lowing the general procedure, the product was isolated in 80% yield
(95.2 mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR
(CDCl3, 400 MHz, ppm) δ 8.07 (d, 2H, J = 8.0 Hz), 7.83 (d, 1H, J =
16.0 Hz), 7.67 (dd, 2H, J = 8.0 Hz), 7.57 (d, 1H, J = 16.0 Hz), 7.45−
7.43 (m, 2H), 7.82 (d, 2H, J = 8.0 Hz), 3.92 (s, 3H). 13C NMR
(CDCl3, 100 MHz, ppm) δ 188.8, 163.5, 144.0, 135.1, 131.1, 130.8,
130.3, 128.9, 128.4, 121.9, 113.9, 55.5. HRMS m/z calcd. for C16H14O2
[M + H]+: 239.1072, found: 239.1068.

(E)-3-(3-Methoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-one
(3e):25 Following the general procedure, the product was isolated in
86% yield (115.2 mg). Eluent petroleum ether/ethyl acetate (20:1).
1H NMR (CDCl3, 400 MHz, ppm) δ 7.96 (d, 2H, J = 8.0 Hz), 7.67 (d,
1H, J = 16.0 Hz), 7.46 (d, 1H, J = 16.0 Hz), 7.26−7.21 (m, 1H), 7.15
(d, 2H, J = 8.0 Hz), 7.08 (s, 1H), 6.90−6.85 (m, 3H), 3.79 (s, 3H),
3.76 (s, 3H). 13C NMR (CDCl3, 100 MHz, ppm) δ 188.4, 170.8,
163.4, 159.9, 143.7, 136.4, 131.0, 130.7, 129.8, 122.1, 120.9, 116.0,
113.7, 113.3, 55.3, 55.1. HRMS m/z calcd. for C17H16O3 [M + H]+:
269.1178, found: 269.1171.

(E)-1-(2,4-Dimethoxyphenyl)-3-(3-methoxyphenyl)prop-2-en-1-
one (3f): Following the general procedure, the product was isolated in
90% yield (134 mg). Eluent petroleum ether/ethyl acetate (30:1). 1H
NMR (CDCl3, 400 MHz, ppm) δ 7.78 (d, 2H, J = 8.0 Hz), 7.66 (d,
1H, J = 16.0 Hz), 7.51 (d, 1H, J = 16.0 Hz), 7.33 (t, 1H, J = 8.0 Hz),
7.20 (d, 2H, J = 8.0 Hz), 7.14 (s, 1H), 6.95 (d, 2H, J = 8.0 Hz), 6.59
(dd, 1H, J = 8.0 Hz), 6.52 (s, 1H), 3.92 (s, 3H), 3.89(s, 3H), 3.86(s,
3H). 13C NMR (CDCl3, 100 MHz, ppm) δ 190.5, 164.2, 160.5, 160.0,
141.9, 137.0, 132.9, 129.8, 127.6, 122.2, 120.9, 115.6, 113.5, 105.3,
98.7, 55.8, 55.6, 55.3. HRMS m/z calcd. for C18H18O4 [M + H]+:
299.1283, found: 299.1276.

(E)-1-(2,4-Dimethoxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-
en-1-one (3g):26 Following the general procedure, the product was
isolated in 92% yield (164.6 mg). Eluent petroleum ether/ethyl acetate
(20:1). 1H NMR (CDCl3, 400 MHz, ppm) δ 7.76 (d, 2H, J = 8.0 Hz),
7.59 (d, 1H, J = 16.0 Hz), 7.39 (d, 1H, J = 16.0 Hz), 6.85 (s, 2H), 6.59
(d, 2H, J = 8.0 Hz), 6.53 (s, 1H), 3.92−3.90 (m, 15H). 13C NMR
(CDCl3, 100 MHz, ppm) δ 190.6, 164.1, 160.3, 153.4, 142.3, 132.7,
131.0, 126.7, 122.3, 105.6, 105.2, 98.8, 60.9, 56.2, 55.8, 55.6. HRMS
m/z calcd. for C20H22O6 [M + H]+: 359.1495, found: 359.1489

(E)-1-(Naphthalen-2-yl)-3-phenylprop-2-en-1-one (3h):27 Follow-
ing the general procedure, the product was isolated in 80% yield
(103.2 mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR
(CDCl3, 400 MHz, ppm) δ 8.35 (d, 1H, J = 8.0 Hz), 7.03 (d, 1H, J =
8.0 Hz), 7.95 (d, 1H, J = 8.0 Hz), 7.62−7.57 (m, 6H), 7.44−7.42 (m,
3H), 7.34 (d, 1H, J = 16.0 Hz), 6.53 (s, 1H), 3.92−3.90 (m, 15H). 13C

Scheme 2. Investigations of the Mechanism

Scheme 3. Possible Mechanism for the Synthesis of
Chalcones
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NMR (CDCl3, 100 MHz, ppm) δ 195.8, 146.0, 137.1, 134.7, 133.9,
131.6, 130.7, 130.5, 129.0, 128.5, 128.4, 127.5, 127.2, 127.1, 126.5,
125.7, 124.5. HRMS m/z calcd. for C19H14O [M + H]+: 259.1123,
found: 259.1121.
(E)-3-(4-Chlorophenyl)-1-(naphthalen-2-yl)prop-2-en-1-one

(3i):27 Following the general procedure, the product was isolated in
78% yield (113.8 mg). Eluent petroleum ether/ethyl acetate (10:1).
1H NMR (CDCl3, 400 MHz, ppm) δ 8.36 (d, 1H, J = 8.0 Hz), 8.03 (d,
1H, J = 8.0 Hz), 7.94 (d, 1H, J = 8.0 Hz), 7.80 (d, 1H, J = 8.0 Hz),
7.61−7.51 (m, 6H), 7.39 (d, 1H, J = 8.0 Hz), 7.30 (d, 1H, J = 16.0
Hz). 13C NMR (CDCl3, 100 MHz, ppm) δ 195.3, 144.3, 137.1, 136.9,
136.6, 133.9, 133.2, 131.8, 130.5, 129.6, 129.3, 128.5, 127.6, 127.5,
127.2, 126.6, 125.6, 124.5. HRMS m/z calcd. for C19H13ClO [M +
H]+: 293.0733, found: 293.0730.
(E)-3-(4-Bromophenyl)-1-(naphthalen-2-yl)prop-2-en-1-one

(3j):27 Following the general procedure, the product was isolated in
75% yield (126.0 mg). Eluent petroleum ether/ethyl acetate (10:1).
1H NMR (CDCl3, 400 MHz, ppm) δ 8.36 (d, 1H, J = 8.0 Hz), 8.03 (d,
1H, J = 8.0 Hz), 7.94 (d, 1H, J = 8.0 Hz), 7.60−7.55 (m, 6H), 7.46 (d,
1H, J = 8.0 Hz), 7.31 (d, 1H, J = 16.0 Hz). 13C NMR (CDCl3, 100
MHz, ppm) δ 195.3, 144.3, 136.9, 133.9, 133.6, 132.3, 131.8, 130.8,
130.5, 129.8, 128.8, 128.5, 127.6, 127.2, 126.6, 125.6, 125.0, 124.5.
HRMS m/z calcd. for C19H13BrO [M + H]+: 336.0150, 338.0129,
found: 336.0155, 338.0136.
(E)-1-(Naphthalen-2-yl)-3-p-tolylprop-2-en-1-one (3k):28 Follow-

ing the general procedure, the product was isolated in 82% yield
(111.5 mg). Eluent petroleum ether/ethyl acetate (10:1). 1H NMR
(CDCl3, 400 MHz, ppm) δ 8.33 (d, 1H, J = 8.0 Hz), 8.02 (d, 1H, J =
8.0 Hz), 7.78 (d, 1H, J = 8.0 Hz), 7.62−7.54 (m, 4H), 7.50 (d, 2H, J =
8.0 Hz), 7.30 (d, 1H, J = 16.0 Hz), 7.23 (d, 2H, J = 8.0 Hz), 2.41 (s,
3H). 13C NMR (CDCl3, 100 MHz, ppm) δ 196.0, 146.2, 141.3, 137.3,
133.9, 131.9, 131.4, 130.5, 129.7, 128.8, 128.5, 128.4, 127.4, 127.0,
126.3, 125.7, 124.5, 21.5. HRMS m/z calcd. for C20H16O [M + H]+:
273.1279, found: 273.1282.
(E)-3-(3-Methoxyphenyl)-1-(naphthalen-2-yl)prop-2-en-1-one

(3l):29 Following the general procedure, the product was isolated in
71% yield (102.2 mg). Eluent petroleum ether/ethyl acetate (20:1).
1H NMR (CDCl3, 400 MHz, ppm) δ 8.36 (d, 1H, J = 8.0 Hz), 8.03 (d,
1H, J = 8.0 Hz), 7.94 (d, 1H, J = 8.0 Hz), 7.80 (d, 1H, J = 8.0 Hz),
7.62−7.55 (m, 4H), 7.36−7.30 (m, 2H), 7.20 (d, 1H, J = 8.0 Hz), 7.12
(s, 1H), 7.69 (d, 2H, J = 8.0 Hz), 3.85 (s, 3H). 13C NMR (CDCl3, 100
MHz, ppm) δ 195.6, 160.0, 145.9, 137.1, 136.0, 133.8, 131.6, 130.5,
130.0, 128.5, 127.5, 127.4, 127.2, 126.5, 125.7, 124.5, 121.2, 116.7,
113.3, 55.4. HRMS m/z calcd. for C20H16O2 [M + H]+: 289.1229,
found: 289.1232.
(E)-3-(3-Methoxyphenyl)-1-m-tolylprop-2-en-1-one (3m): Follow-

ing the general procedure, the product was isolated in 78% yield (98.3
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 8.85−7.83 (m, 2H), 7.79 (d, 1H, J = 16.0 Hz), 7.53
(d, 1H, J = 16.0 Hz), 7.43−7.41 (m, 2H), 7.36 (t, 1H, J = 8.0 Hz),
7.28−7.26 (m, 2H), 7.19 (s, 1H), 6.99 (d, 2H, J = 8.0 Hz), 3.88 (s,
3H), 2.47 (s, 3H). 13C NMR (CDCl3, 100 MHz, ppm) δ 190.7, 160.0,
144.6, 138.5, 138.3, 136.4, 133.6, 130.0, 129.1, 128.5, 125.7, 122.6,
121.1, 116.2, 113.5, 55.4, 21.4. HRMS m/z calcd. for C17H16O2 [M +
H]+: 253.1229, found: 253.1219.
(E)-1,3-Di-p-tolylprop-2-en-1-one (3n):30 Following the general

procedure, the product was isolated in 72% yield (84.9 mg). Eluent
petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3, 400 MHz,
ppm) δ 7.84 (d, 2H, J = 8 Hz), 7.65 (d, 1H, J = 16 Hz), 7.34 (d, 2H, J
= 8 Hz), 7.32−7.29 (m, 3H), 6.85 (d, 1H, J = 16 Hz), 2.46 (s, 3H),
2.37 (s, 3H). 13C NMR (CDCl3, 100 MHz, ppm) δ 190.1, 144.3,
142.2, 138.8, 137.9, 132.4, 131.9, 129.9, 129.1, 128.9, 127.7, 127.4,
125.8, 21.6, 21.3. HRMS m/z calcd. for C17H16O [M + H]+: 273.1279,
found: 273.1279.
(E)-3-(4-Chlorophenyl)-1-p-tolylprop-2-en-1-one (3o):31 Follow-

ing the general procedure, the product was isolated in 66% yield (79.4
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 7.96 (d, 2H, J = 8.0 Hz), 7.77 (d, 1H, J = 16.0 Hz),
7.60 (d, 2H, J = 8.0 Hz), 7.53 (d, 1H, J = 16.0 Hz), 7.41 (d, 2H, J = 8.0
Hz), 7.33 (d, 2H, J = 8.0 Hz), 2.47 (s, 3H). 13C NMR (CDCl3, 100

MHz, ppm) δ 189.7, 143.9, 142.9, 136.3, 135.5, 133.5, 129.6, 129.4,
129.2, 128.7, 122.5, 21.7. HRMS m/z calcd. for C16H13ClO [M + H]+:
257.0733, found: 257.0726.

(E)-3-(4-Chlorophenyl)-1-o-tolylprop-2-en-1-one (3p):32 Follow-
ing the general procedure, the product was isolated in 54% yield (69.1
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 7.52−7.51 (m, 3H), 7.47−7.39 (m, 4H), 7.31 (d,
1H, J = 8.0 Hz), 7.14 (d, 1H, J = 16.0 Hz), 2.47 (s, 3H). 13C NMR
(CDCl3, 100 MHz, ppm) δ 196.1, 144.2, 138.9, 137.1, 136.6, 133.2,
131.4, 130.6, 129.6, 129.3, 128.1, 127.1, 125.5, 20.3. HRMS m/z calcd.
for C16H13ClO [M + H]+: 257.0733, found: 257.0726.

(E)-3-(3-Chlorophenyl)-1-o-tolylprop-2-en-1-one (3q): Following
the general procedure, the product was isolated in 64% yield (82.0
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 7.57 (s, 1H), 7.53 (d, 1H, J = 8.0 Hz), 7.47−7.41
(m, 3H), 7.39−7.21 (m, 4H), 7.15 (d, 1H, J = 16.0 Hz) 2.48 (s, 3H).
13C NMR (CDCl3, 100 MHz, ppm) δ 195.9, 143.9, 138.7, 137.2,
136.5, 135.0, 131.5, 130.8, 130.4, 130.2, 128.2, 128.1, 127.8, 126.6,
125.6, 20.3. HRMS m/z calcd. for C16H13ClO [M + H]+: 257.0733,
found: 257.0726.

(E)-3-(4-Fluorophenyl)-1-o-tolylprop-2-en-1-one (3r): Following
the general procedure, the product was isolated in 66% yield (79.2
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 7.60−7.56 (m, 2H), 7.53−7.39 (m, 3H), 7.29 (d,
2H, J = 8.0 Hz), 7.14−7.07 (m, 3H), 2.47 (s, 3H). 13C NMR (CDCl3,
100 MHz, ppm) δ 196.3, 165.4, 162.9, 144.5, 140.1, 139.0, 131.6,
131.4, 130.5, 130.3(d, J = 160 Hz), 128.1, 127.4, 126.5(d, J = 12 Hz),
125.8, 125.5, 116.3, 116.1, 20.2. HRMS m/z calcd. for C16H13FO [M +
H]+: 241.1029, found: 241.1032.

(E)-1-o-Tolyl-3-p-tolylprop-2-en-1-one (3s): Following the general
procedure, the product was isolated in 69% yield (81.4 mg). Eluent
petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3, 400 MHz,
ppm) δ 7.51−7.38 (m, 5H), 7.31−7.29 (m, 2H), 7.23 (d, 2H, J = 8.0
Hz), 7.11(d, 2H, J = 16.0 Hz), 2.46 (s, 3H), 2.41 (s, 3H). 13C NMR
(CDCl3, 100 MHz, ppm) δ 196.8, 146.1, 141.2, 139.3, 136.8, 131.9,
131.3, 130.3, 129.7, 128.5, 128.0, 125.9, 125.4, 21.5, 20.1. HRMS m/z
calcd. for C17H16O [M + H]+: 237.1279, found: 237.1280.

(E)-3-(3-Methoxyphenyl)-1-o-tolylprop-2-en-1-one (3t): Following
the general procedure, the product was isolated in 75% yield (94.5
mg). Eluent petroleum ether/ethyl acetate (20:1). 1H NMR (CDCl3,
400 MHz, ppm) δ 7.52 (d, 2H, J = 8.0 Hz), 7.45 (d, 1H, J = 16.0 Hz),
7.38 (d, 2H, J = 8.0 Hz), 7.36−7.30 (m, 3H), 7.19−7.10 (m, 3H), 6.69
(d, 1H, J = 8.0 Hz), 3.86 (s, 3H), 2.47 (s, 3H). 13C NMR (CDCl3, 100
MHz, ppm) δ 196.6, 160.0, 145.8, 139.1, 137.0, 136.0, 131.3, 130.5,
130.0, 128.1, 127.1, 125.5, 121.1, 116.6, 113.2, 55.3, 20.2. HRMS m/z
calcd. for C17H16O2 [M + H]+: 253.1229, found:253.1226.
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