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ABSTRACT: Transition metal-catalyzed cross-couplings have been widely employed in the synthesis of many important molecules
in synthetic chemistry for the construction of diverse C−C bonds. Conventional cross-coupling reactions require active electrophilic
coupling partners, such as organohalides or sulfonates, which are not environmentally friendly enough. Herein, we disclose the first
nickel-catalyzed Suzuki−Miyaura cross-coupling of aryl anhydrides and arylboronic acids for the synthesis of biaryls in a
decarbonylation manner. The reaction tolerates a wide range of electron-withdrawing, electron-neutral, and electron-donating
substituents in this process.

■ INTRODUCTION

Substituted biphenyls are key structural motifs in bioactive
medicinal agents, natural products, and polymers.1 Cross-
coupling reactions catalyzed by transition metals have become
indispensable tools for the construction of C−C bonds.2 The
Suzuki−Miyaura cross-coupling is one of the most important
and prevalent methods for the construction of C−C bonds in
organic and medicinal chemistry.3 Arylboronic acids appeared
to be the preferred carbon nucleophile because they are readily
available,4 nontoxic, and air- and-moisture stable compounds
that are resistant to the presence of a variety of sensitive
functions. Although the traditional cross-coupling reaction
between the organoboron nucleophile and haloaryl electro-
phile5 has been widely used in synthetic transformation, the
generation of corrosive halogens is detrimental from synthetic
and environmental perspectives. In recent years, with the rapid
development of organometallic chemistry, there is a growing
interest in the use of aroyl compounds in metal-catalyzed
decarboxylative or decarbonylative coupling reactions.6 How-
ever, in catalytic cross-coupling reactions, the decarbonylation
step was found to be less favorable and aryl ketones were easily
formed.7 Therefore, in recent years, organic scientists have
devoted to the development of cross-coupling methods that
are beneficial to the decarbonylation process. At present, there
have been reports of palladium, rhodium, and nickel transition
metal-catalyzed decarbonylation cross-coupling reactions
(Scheme 1). For example, Itami et al.8 reported using a user-
friendly and inexpensive nickel catalyst; a range of phenyl
esters of aromatic, heteroaromatic, and aliphatic carboxylic

acids react with arylboronic acids in a decarbonylative manner
(Scheme 1a). Michal Szostak’s group9 have successfully
reported that nickel and palladium catalyze the amide
decarbonylation Suzuki−Miyaura cross-coupling reaction for
the synthesis of biaryl groups through the selective activation
of the N−C(O) bond of the amide. At the same time, their
research team also reported that palladium catalyzed the cross-
coupling reaction between carboxylic acid and phenylboronic
acid10 (Scheme 1b). Sanford’ group developed a nickel-
catalyzed coupling of arylboronic acids with acid fluorides,
which are formed in situ from readily available carboxylic
acids11 (Scheme 1c). Gooßen first obtained an asymmetric
biaryl group under the rhodium-catalyzed decarbonylation
cross-coupling reaction of aryl anhydrides with triaryl
boroxines12 (Scheme 1d). In 2019, Rueping’s research group
reported an unconventional Suzuki-type method for synthesiz-
ing biaryls. This method through nickel-catalyzed aldehydes
and organoboron reagents cross-couple under base-free
conditions.13 For economic and environmental considerations,
we chose to use nickel as a catalyst. Furthermore, the use of the
earth-abundant first-row metal nickel as a catalyst in the target
coupling makes this reaction commercially more appealing.
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Our laboratory has previously reported that anhydrides and
thiophenols build C−S bonds through decarbonylation or
decarbonylation accompanied by decarboxylation under the
catalysis of nickel.14 Because most carboxylic acids can be
easily (and possibly in situ) converted to anhydrides,15 our
primary goal is to develop a catalytic system capable of
coupling anhydrides with arylboronic acids.

■ RESULTS AND DISCUSSION

We initiated this study by finding suitable catalytic conditions
for the decarbonylative cross-coupling of aryl anhydrides and
arylboronic acids, using 2-naphthoic anhydride (1a) and (4-
methoxyphenyl) boronic acid (2a) as model substrates. We
focused on the use of nickel(II) as a catalyst because of its low
cost and stability under air and moisture conditions.16,17 Key
optimization results are shown in Table 1. We found that in
the presence of 5 mol % Ni(PCy3)2Cl2, 10 mol % PCy3, and
3.0 equiv of K3PO4, a small amount of decarbonylated cross-
coupling target products was formed. Among various bases
(Table 1, entry 1−6), a dramatic effect of Cs2CO3 was
observed with 88% yield of 3a (Table 1, entry 3). Under these
reaction conditions, a decrease in the yield was observed by
employing 1,4-dioxane as the solvent (Table 1, entry 7). It is
worth noting that when the loading of Cs2CO3 was increased
to 4.5 equiv, the yield of the target product decreased (Table 1,
entry 8). The temperature effect was also examined and 150

°C was found to be optimal (Table 1, entry 9). With other air-
stable nickel sources such as NiCl2 and Ni(OAC)2·4H2O, the
yield was reduced compared to the Ni(PCy3)2Cl2 (Table 1,
entry 10−11). Compared with other ligands, PCy3 was the
most optimal for this reaction (Table 1, entry 12−13). When
no additional ligand is added, the yield of the target product
decreased (Table 1, entry 14). No product was observed in the
absence of a nickel catalyst (Table 1, entry 15).
After establishing optimal catalytic conditions [Ni-

(PCy3)2Cl2, PCy3, Cs2CO3 and toluene, 150 °C, and 24 h],
the scope of this novel Suzuki−Miyaura biaryl cross-coupling
of anhydrides was next investigated (Table 2). As shown in
Table 2, we found that in this catalytic system, the reaction
range is very wide and can tolerate the coupling of electron-
rich (Table 2, 3a−h, 3j−r), electron-neutral (Table 2, 3i), and
electron-withdrawing (Table 2, 3t−x) substrates. Phenyl-
boronic acids of electron-rich groups such as methoxy, ethoxy,
hydrocarbyl, and silane reacted smoothly to provide the
corresponding substituted biphenyls. In addition to the low
yield of some target products, such as 3j, 3l, 3m, and 3q, most
electron-rich groups were transferred into the cross-coupling
products in moderate to excellent yields. The hindered
substrate showed good reactivity, and the target product was
obtained in a moderate yield (Table 2, 3n−o). Furthermore, in
addition to the product 3t, moderate yields were obtained with
phenylboronic acids bearing electron-withdrawing substitu-

Scheme 1. Different Catalytic Conditions for the Synthesis of Biphenyls
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ents; it may be due to the strong electron-withdrawing effect,
leading to a decrease in the yield of the product 3t. Fluorinated
biaryl compounds (Table 2, 3u−v) are obtained in good
yields. It has been reported in the literature that fluorinated
biaryls have an important value in pharmaceutical and
materials chemistry.18

The range of anhydride composition was investigated using
4-methoxyphenylboronic acid as a standard substrate (Table 3,
4a−4j). In addition to the lower yield of sterically hindered
anhydrides (Table 3, 4a), coupling products of anhydrides
with electron-neutral (Table 3, 4b), electron-withdrawing
(Table 3, 4f−g), or electron-rich (Table 3, 4c−4e, 4j) groups
all have moderate yields. To our surprise, proper addition of
boric acid, cinnamic anhydride, and biphenyl anhydride can
also be applicable to this reaction (Table 3, 4h−i). At the same
time, we also used different anhydrides to cross-react with
different phenylboronic acids (Table 3, 4k−4m) and also
obtained moderate yields.
We conducted research using asymmetric anhydride as the

raw material to clarify the mechanism (Scheme 2). It was
found that two decarbonylation products can be separated.
Therefore, we believe that anhydrides may react in two ways. It
can be seen from Scheme 2 that the napthyl moiety has higher
reactivity than phenyl. The reactivity of electron-donating
groups or electron-withdrawing groups attached to the
benzene ring is almost the same. The steric hindrance has a
little influence on the reactivity.
In order to prove the practicability of this method as a

synthetic tool, we carried out a scale-up experiment on the
product 3b and the yield was 71% (Scheme 3).
Based on the abovementioned experimental results and

previous literature reports,9a a plausible mechanism of the
Ni(II)-catalyzed decarbonylation cross-coupling reaction of
anhydrides and phenylboronic acids is shown in Scheme 4.
First, the substrate anhydride B undergoes oxidative addition

with Ni0 to form an intermediate C. The resulting acylnickel-
(II) intermediate C undergoes a transmetalation step with
phenylboronic acid D, generating the acylnickel(II) species E.
Decarbonylation of the intermediate E gives the compound F.
Finally, the compound F undergoes reductive elimination to
obtain cross-coupling products and the active Ni0 catalytic
species.

■ CONCLUSIONS
In summary, we have developed a nickel-catalyzed decarbon-
ylative Suzuki−Miyaura coupling of anhydrides with arylbor-
onic acids. The reaction has a wide substrate range and
operational simplicity and employs a cost-effective, air-stable
Ni(II) precatalyst. This process is a supplement to the
traditional cross-coupling methods, which also indicates that
decarbonyl cross-coupling may have a significant impact on the
modern era of organic synthesis.

■ EXPERIMENTAL SECTION
General Information. In addition to benzoic anhydride, other

monoanhydrides were prepared according to previously reported
methods.15a Reactants and reagents were purchased from commercial
suppliers and used without further purification. All anhydrous solvents
used in the reactions were dried and freshly distilled. Thin-layer
chromatography (TLC) was performed on silica HSGF254 plates.
Melting points were determined with a digital melting-point
apparatus. 1H (400 MHz) and 13C(101 MHz) NMR spectra were
obtained from solutions in CDCl3 or with tetramethylsilane as an
internal standard using 400 MHz spectrometers. High-resolution mass
spectrum (HRMS) analyses were carried out on an electrospray
ionization or atmospheric pressure chemical ionization (ESI or APCI)
apparatus using time-of-flight (TOF) mass spectrometry.

General Procedure for Decarbonylative Suzuki−Miyaura
Coupling of Anhydrides. Anhydride (0.2 mmol), the arylboronic
acid substrate (0.3 mmol), Ni(PCy3)2Cl2 (6 mg, 0.01 mmol), PCy3 (7
mg, 0.02 mmol), and Cs2CO3 (195 mg, 0.6 mmol) were successively
added into a 15 mL sealed tube, using anhydrous toluene (1.5 mL) as

Table 1. Optimization of Ni-Catalyzed Suzuki Biaryl Synthesis Through Coupling of Anhydrides with Arylboronic Acidsa

entry Ni cat. ligand base solvent yield (%)

1 Ni(PCy3)2Cl2 PCy3 K3PO4 toluene trace
2 Ni(PCy3)2Cl2 PCy3 K2CO3 toluene 38
3 Ni(PCy3)2Cl2 PCy3 Cs2CO3 toluene 88
4 Ni(PCy3)2Cl2 PCy3 CsF toluene 30
5 Ni(PCy3)2Cl2 PCy3 ButONa toluene 26
6 Ni(PCy3)2Cl2 PCy3 ButOK toluene none
7 Ni(PCy3)2Cl2 PCy3 Cs2CO3 1,4-dioxane 72
8 Ni(PCy3)2Cl2 PCy3 Cs2CO3 toluene 40b

9 Ni(PCy3)2Cl2 PCy3 Cs2CO3 toluene 37c

10 NiCl2 PCy3 Cs2CO3 toluene noned

11 Ni(OAc)2·4H2O PCy3 Cs2CO3 toluene none
12 Ni(PPh3)2Cl2 PPh3 Cs2CO3 toluene trace
13 Ni(dppp)Cl2 dppp Cs2CO3 toluene 21
14 Ni(PCy3)2Cl2 Cs2CO3 toluene 45
15 PCy3 Cs2CO3 toluene none

aGeneral conditions: the reactions were run on 0.2 mmol 2-naphthoic anhydride in solvent (1.5 mL), (4-methoxyphenyl)boronic acid (1.5 equiv),
catalyst (5 mol %), ligand (10 mol %), and base (3.0 equiv) under nitrogen in a sealed tube at 150 °C for 24 h. Isolated yield after purification of
column chromatography. bCs2CO3 (4.5 equiv). c130 °C. dNiCl2 (5 mol %), PCy3 (20 mol %).
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the solvent. The mixture was stirred in a 150 °C oil bath under
nitrogen for 24 h. Upon completion of the reaction as indicated by
TLC, the mixture was diluted with EtOAc and then filtered through a
pad of Celite. The solvent was removed under vacuum. The residue
was purified on a silica gel column (petroleum ether) to give the pure
target product.
2-Naphthoic Anhydride (1a).15a White solid (568 mg, 85%). 1H

NMR (400 MHz, CDCl3): δ 8.79 (s, 2H), 8.20 (d, J = 8.4 Hz, 2H),
8.03 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.4 Hz, 3H), 7.95 (d, J = 8.4 Hz,
2H), 7.68 (t, J = 7.2 Hz, 2H), 7.61 (t, J = 7.2 Hz, 2H).
1-Naphthoic Anhydride (1b).15a White solid (567 mg, 87%). 1H

NMR (400 MHz, CDCl3): δ 9.15 (d, J = 8.6 Hz, 2H), 8.44 (d, J = 7.2
Hz, 2H), 8.15 (d, J = 8.1 Hz, 2H), 7.95 (d, J = 8.1 Hz, 2H), 7.71 (t, J
= 7.6 Hz, 2H), 7.66−7.50 (m, 4H).

3-Chlorobenzoic Anhydride (1c).15a White solid (529 mg, 90%).
1H NMR (400 MHz, CDCl3): δ 8.11 (s, 2H), 8.04 (d, J = 7.8 Hz,
2H), 7.67 (d, J = 7.8 Hz, 2H), 7.50 (t, J = 7.9 Hz, 2H).

4-Chlorobenzoic Anhydride (1d).15a White solid (513 mg, 87%).
1H NMR (400 MHz, CDCl3): δ 8.08 (d, J = 8.3 Hz, 4H), 7.52 (d, J =
8.3 Hz, 4H).

2-Methylbenzoic Anhydride (1e).15a White solid (482 mg, 95%).
1H NMR (400 MHz, CDCl3): δ 8.05 (d, J = 7.8 Hz, 2H), 7.51 (t, J =
7.4 Hz, 2H), 7.35−7.30 (m, 4H).

3-Methylbenzoic Anhydride (1f).15a Yellow solid (442 mg, 85%).
1H NMR (400 MHz, CDCl3): δ 7.96 (s, 2H), 7.95 (d, J = 7.2 Hz,
2H), 7.48 (d, J = 7.2 Hz, 2H), 7.41 (t, J = 7.2 Hz, 2H), 2.45 (s, 6H).

4-Methylbenzoic Anhydride (1g).15a White solid (458 mg, 88%).
1H NMR (400 MHz, CDCl3): δ 8.04 (d, J = 7.6 Hz, 4H), 7.32 (d, J =
7.6 Hz, 4H), 2.46 (s, 6H).

Table 2. Nickel-Catalyzed Suzuki Biaryl Synthesis Through Cross-Coupling of 2-Naphthoic Anhydride with Arylboronic
Acidsa,b

aGeneral conditions: the reactions were run on 0.2 mmol acid anhydride under nitrogen in a sealed tube, using R−B(OH)2 (1.5 equiv),
Ni(PCy3)2Cl2 (5 mol %), PCy3 (10 mol %), and Cs2CO3 (3.0 equiv) in toluene (1.5 mL) at 150 °C for 24 h. bIsolated yields. cR−B(OH)2 (3.0
equiv).
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Table 3. Nickel-Catalyzed Suzuki Biaryl Synthesis Through Cross-Coupling of Anhydrides with Arylboronic Acida,b

aGeneral conditions: the reactions were run on 0.2 mmol acid anhydride under nitrogen in a sealed tube, using R−B(OH)2 (1.5 equiv),
Ni(PCy3)2Cl2 (5 mol %), PCy3 (10 mol %), Cs2CO3 (3.0 equiv), and H3BO3 (1.5 equiv) in toluene (1.5 mL) at 150 °C for 24 h. bIsolated yields.
cH3BO3 (2 equiv).

Scheme 2. Asymmetric Anhydride Selectivity Experiment
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3-Methoxybenzoic Anhydride (1h).15a White solid (526 mg,
92%). 1H NMR (400 MHz, CDCl3): δ 7.73 (d, J = 7.6 Hz, 2H), 7.63
(s, 2H), 7.41 (t, J = 8.0 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 3.86 (s,
6H).
4-Methoxybenzoic Anhydride (1i).15a White solid (549 mg, 96%).

1H NMR (400 MHz, CDCl3): δ 8.10 (d, J = 8.5 Hz, 4H), 6.98 (d, J =
8.5 Hz, 4H), 3.90 (s, 6H).
3,5-Difluorobenzoic Anhydride (1j).15a White solid (483 mg,

82%). 1H NMR (400 MHz, CDCl3): δ 7.65 (d, J = 4.5 Hz, 4H), 7.17
(t, J = 7.8 Hz, 2H).
Cinnamic Anhydride (1k).15a White solid (500 mg, 90%). 1H

NMR (400 MHz, CDCl3): δ 7.87 (d, J = 15.9 Hz, 2H), 7.63−7.56
(m, 4H), 7.44 (d, J = 6.1 Hz, 6H), 6.54 (d, J = 15.9 Hz, 2H).
[1,1′-Biphenyl]-4-carboxylic Anhydride (1l).15a White solid (642

mg, 85%). 1H NMR (400 MHz, CDCl3): δ 8.25 (d, J = 8.0 Hz, 1H),
7.76 (d, J = 8.1 Hz, 1H), 7.66 (d, J = 7.4 Hz, 1H), 7.47 (dt, J = 26.5,
7.1 Hz, 2H), 7.26 (s, 1H).
2-(4-Methoxyphenyl)naphthalene (3a).19 White solid (41 mg,

88%); mp 116.8−117.3 °C. EtOAc/petroleum ether = 1:80. 1H NMR
(400 MHz, CDCl3): δ 8.02 (s, 1H), 7.97−7.83 (m, 3H), 7.74 (d, J =
8.3 Hz, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.57−7.44 (m, 2H), 7.05 (d, J
= 8.2 Hz, 2H), 3.89 (s, 3H). 13C{1H} (101 MHz, CDCl3): δ 159.2
(s), 138.1 (s), 133.7 (s), 133.6 (s), 132.3 (s), 128.4 (s), 128.3 (s),
128.0 (s), 127.6 (s), 126.2 (s), 125.6 (s), 125.4 (s), 125.0 (s), 114.3
(s), 55.3 (s).
2-(3,5-Dimethoxyphenyl)naphthalene (3b).19 Yellow oil (43 mg,

81%). EtOAc/petroleum ether = 1:40. 1H NMR (400 MHz, CDCl3):
δ 8.03 (s, 1H), 7.93−7.82 (m, 3H), 7.72 (d, J = 8.4 Hz, 1H), 7.57−
7.44 (m, 2H), 6.86 (d, J = 1.6 Hz, 2H), 6.50 (s, 1H), 3.88 (s, 6H).
13C{1H} (101 MHz, CDCl3): δ 161.1 (s), 143.4 (s), 138.5 (s), 133.6
(s), 132.8 (s), 128.3 (s), 128.2 (s), 127.6 (s), 126.3 (s), 126.0 (s),
125.9 (s), 125.6 (s), 105.7 (s), 99.4 (s), 55.5 (s).

5-(Naphthalen-2-yl)benzo[d][1,3]dioxole (3c).20 White solid (37
mg, 75%); mp 88.7−89.7 °C. EtOAc/petroleum ether = 1:80. 1H
NMR (400 MHz, CDCl3): δ 7.94 (s, 1H), 7.85 (m, J = 8.6, 3.4 Hz,
3H), 7.66 (dd, J = 8.5, 1.8 Hz, 1H), 7.52−7.41 (m, 2H), 7.21−7.15
(m, 2H), 6.91 (d, J = 7.9 Hz, 1H), 6.00 (s, 2H). 13C{1H} (101 MHz,
CDCl3): δ 148.2 (s), 147.2 (s), 138.2 (s), 135.5 (s), 133.7 (s), 132.4
(s), 128.4 (s), 128.1 (s), 127.6 (s), 126.3 (s), 125.8 (s), 125.5 (s),
125.3 (s), 121.0 (s), 108.7 (s), 107.9 (s), 101.2 (s).

2-(4-(tert-Butyl)phenyl)naphthalene (3d).19 White solid (41 mg,
79%); mp 115.3−116.7 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.03 (s, 1H), 7.93−7.82 (m, 3H), 7.75 (d, J = 8.4 Hz, 1H),
7.67 (d, J = 8.2 Hz, 2H), 7.55−7.43 (m, 4H), 1.38 (s, 9H). 13C{1H}
(101 MHz, CDCl3): δ 150.4 (s), 138.4 (s), 138.2 (s), 133.7 (s), 132.5
(s), 128.2 (d, J = 17.2 Hz), 127.6 (s), 127.0 (s), 126.2 (s), 125.81 (s),
125.75 (s), 125.6 (s), 125.5 (s), 34.6 (s), 31.4 (s).

Trimethyl(4-(naphthalen-2-yl)phenyl)silane (3e).21 White solid
(39 mg, 71%); mp 108.6−109.7 °C. EtOAc/petroleum ether = 1:60.
1H NMR (400 MHz, CDCl3): δ 8.07 (s, 1H), 7.96−7.85 (m, 3H),
7.80−7.71 (m, 3H), 7.67 (d, J = 7.5 Hz, 2H), 7.56−7.46 (m, 2H),
0.34 (s, 9H). 13C{1H} (101 MHz, CDCl3): δ 141.5 (s), 139.4 (s),
138.5 (s), 133.9 (s), 133.7 (s), 132.7 (s), 128.4 (s), 128.2 (s), 127.6
(s), 126.7 (s), 126.3 (s), 125.9 (s), 125.8 (s), 125.5 (s), −1.1 (s).

2-(4-Ethoxyphenyl)naphthalene (3f).22 White solid (37 mg,
75%); mp 116.5−117.4 °C. EtOAc/petroleum ether = 1:80. 1H
NMR (400 MHz, CDCl3): δ 7.99 (s, 1H), 7.92−7.82 (m, 3H), 7.72
(d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.53−7.41 (m, 2H),
7.01 (d, J = 8.4 Hz, 2H), 4.10 (q, J = 6.9 Hz, 2H), 1.46 (t, J = 6.9 Hz,
3H). 13C{1H} (101 MHz, CDCl3): δ 158.6 (s), 138.2 (s), 133.7 (s),
133.4 (s), 132.3 (s), 128.4 (s), 128.3 (s), 128.0 (s), 127.6 (s), 126.2
(s), 125.6 (s), 125.4 (s), 125.0 (s), 114.9 (s), 63.5 (s), 14.9 (s).

2-(3,5-Dimethylphenyl)naphthalene (3g).19 White solid (38 mg,
82%); mp 62.5−63.3 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.02 (s, 1H), 7.93−7.82 (m, 8.4 Hz, 3H), 7.74 (d, J = 8.3

Scheme 3. Scale-Up Experiment

Scheme 4. Plausible Reaction Mechanism
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Hz, 1H), 7.54−7.43 (m, 2H), 7.34 (s, 2H), 7.03 (s, 1H), 2.42 (s, 6H).
13C{1H} (101 MHz, CDCl3): δ 141.1 (s), 138.8 (s), 138.4 (s), 132.6
(s), 129.0 (s), 128.2 (s), 128.1 (s), 127.6 (s), 126.2 (s), 125.8 (s),
125.7 (s), 125.7 (s), 125.3 (s), 21.4 (s).
2-(4-Isopropylphenyl)naphthalene (3h).21 White solid (33 mg,

69%); mp 72.6−73.4 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.03 (s, 1H), 7.94−7.82 (m, 3H), 7.75 (d, J = 8.4 Hz, 1H),
7.66 (d, J = 8.0 Hz, 2H), 7.54−7.43 (m, 2H), 7.35 (d, J = 7.9 Hz,
2H), 3.03−2.93 (m, 1H), 1.32 (s, 3H), 1.30 (s, 3H). 13C{1H} (101
MHz, CDCl3): δ 148.1 (s), 138.6 (s), 138.5 (s), 133.7 (s), 132.5 (s),
128.3 (s), 128.1 (s), 127.6 (s), 127.3 (s), 127.0 (s), 126.2 (s), 125.7
(s), 125.6 (s), 125.5 (s), 33.8 (s), 24.0 (s).
2-Phenylnaphthalene (3i).19 White solid (31 mg, 76%); mp

105.6−106.7 °C. Petroleum ether. 1H NMR (400 MHz, CDCl3): δ
8.04 (s, 1H), 7.94−7.82 (m, 3H), 7.73 (t, J = 8.8 Hz, 3H), 7.55−7.43
(m, 4H), 7.37 (t, J = 7.2 Hz, 1H). 13C{1H} (101 MHz, CDCl3): δ
141.1 (s), 138.5 (s), 133.7 (s), 132.6 (s), 128.8 (s), 128.4 (s), 128.2
(s), 127.6 (s), 127.4 (s), 127.3 (s), 126.3 (s), 125.9 (d, J = 12.6 Hz),
125.6 (s).
2-(3-(Benzyloxy)phenyl)naphthalene (3j).23 White solid (26 mg,

42%); mp 157.3−159.5 °C. EtOAc/petroleum ether = 1:70. 1H NMR
(400 MHz, CDCl3): δ 8.02 (s, 1H), 7.93−7.83 (m, 3H), 7.75−7.69
(m, 1H), 7.53−7.45 (m, 4H), 7.44−7.37 (m, 3H), 7.37−7.30 (m,
3H), 7.03−6.96 (m, 1H), 5.15 (s, 2H). 13C{1H} (101 MHz, CDCl3):
δ 159.2 (s), 142.7 (s), 138.3 (s), 137.0 (s), 133.6 (s), 132.7 (s), 129.9
(s), 128.6 (s), 128.4 (s), 128.2 (s), 128.0 (s), 127.6 (s), 127.6 (s),
126.3 (s), 126.0 (s), 125.9 (s), 125.5 (s), 120.2 (s), 114.2 (s), 113.6
(s), 70.1 (s).
2-(4-Propoxyphenyl)naphthalene (3k). White solid (39 mg,

74%); mp 132.7−133.5 °C. EtOAc/petroleum ether = 1:80. 1H
NMR (400 MHz, CDCl3): δ 7.97 (s, 1H), 7.91−7.79 (m, 3H), 7.70
(d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.52−7.39 (m, 2H),
7.00 (d, J = 8.4 Hz, 2H), 3.97 (t, J = 6.5 Hz, 2H), 1.89−1.78 (m, 2H),
1.06 (t, J = 7.4 Hz, 3H). 13C{1H} (101 MHz, CDCl3): δ 158.8 (s),
138.2 (s), 133.7 (s), 133.4 (s), 132.3 (s), 128.4 (s), 128.3 (s), 128.0
(s), 127.6 (s), 126.2 (s), 125.6 (s), 125.4 (s), 125.0 (s), 114.9 (s),
69.6 (s), 22.6 (s), 10.5 (s). HRMS (APCI-TOF) m/z: [M + H]+

calcd for C19H19O, 263.1436; found, 263.1437.
2-(p-Tolyl)naphthalene (3l).19 White solid (19 mg, 44%); mp

88.3−89.1 °C. Petroleum ether. 1H NMR (400 MHz, CDCl3): δ 8.02
(s, 1H), 7.94−7.82 (m, 3H), 7.74 (d, J = 8.4 Hz, 1H), 7.63 (d, J = 7.8
Hz, 2H), 7.53−7.42 (m, 2H), 7.30 (d, J = 7.7 Hz, 2H), 2.42 (s, 3H).
13C{1H} (101 MHz, CDCl3): δ 138.5 (s), 138.2 (s), 137.2 (s), 133.7
(s), 132.5 (s), 129.6 (s), 128.3 (s), 128.1 (s), 127.6 (s), 127.2 (s),
126.2 (s), 125.8 (s), 125.5 (s), 125.4 (s), 21.1 (s).
2-(m-Tolyl)naphthalene (3m).19 Colorless oil (19 mg, 44%).

Petroleum ether. 1H NMR (400 MHz, CDCl3): δ 8.03 (s, 1H), 7.94−
7.82 (m, 3H), 7.74 (d, J = 8.4 Hz, 1H), 7.57−7.43 (m, 4H), 7.37 (t, J
= 7.5 Hz, 1H), 7.20 (d, J = 7.3 Hz, 1H), 2.46 (s, 3H). 13C{1H} (101
MHz, CDCl3): δ 141.1 (s), 138.7 (s), 138.4 (s), 133.7 (s), 132.6 (s),
128.8 (s), 128.3 (s), 128.2 (s), 128.2 (s), 128.1 (s), 127.6 (s), 126.2
(s), 125.8 (s), 125.7 (s), 125.7 (s), 124.5 (s), 21.6 (s).
2-(2-Methoxyphenyl)naphthalene (3n).20 Yellow oil (29 mg,

62%). EtOAc/petroleum ether = 1:80. 1H NMR (400 MHz, CDCl3):
δ 7.96 (s, 1H), 7.86 (d, J = 7.6 Hz, 3H), 7.69 (d, J = 8.4 Hz, 1H),
7.51−7.40 (m, 3H), 7.36 (t, J = 7.7 Hz, 1H), 7.13−6.98 (m, 2H),
3.82 (s, 3H). 13C{1H} (101 MHz, CDCl3): δ 156.7 (s), 136.2 (s),
133.4 (s), 132.4 (s), 131.1 (s), 130.7 (s), 128.8 (s), 128.1 (s), 128.1
(s), 127.6 (s), 127.2 (s), 125.9 (s), 125.8 (s), 120.9 (s), 111.3 (s),
55.6 (s).
2-(2,4-Dimethoxyphenyl)naphthalene (3o).24 Yellow oil (34 mg,

64%). EtOAc/petroleum ether = 1:40. 1H NMR (400 MHz, CDCl3):
δ 7.92 (s, 1H), 7.84 (d, J = 8.4 Hz, 3H), 7.66 (d, J = 8.4 Hz, 1H),
7.50−7.41 (m, 2H), 7.35 (d, J = 8.4 Hz, 1H), 6.61 (d, J = 7.2 Hz,
2H), 3.88 (s, 3H), 3.82 (s, 3H). 13C{1H} (101 MHz, CDCl3): δ 160.4
(s), 157.7 (s), 136.0 (s), 133.5 (s), 132.2 (s), 131.5 (s), 128.2 (s),
128.0 (s), 127.8 (s), 127.5 (s), 127.1 (s), 125.8 (s), 125.6 (s), 123.6
(s), 104.7 (s), 99.1 (s), 55.5 (s).
2-(4-Phenoxyphenyl)naphthalene (3p). White solid (31 mg,

53%); mp 128.1−128.9 °C. EtOAc/petroleum ether = 1:80. 1H

NMR (400 MHz, CDCl3): δ 8.00 (s, 1H), 7.93−7.82 (m, 3H), 7.77−
7.63 (m, 3H), 7.54−7.43 (m, 2H), 7.36 (t, J = 7.7 Hz, 2H), 7.19−
7.01 (m, 5H). 13C{1H} (101 MHz, CDCl3): δ 157.1 (s), 156.9 (s),
137.8 (s), 136.1 (s), 133.7 (s), 132.4 (s), 129.8 (s), 128.7 (s), 128.4
(s), 128.1 (s), 127.6 (s), 126.3 (s), 125.8 (s), 125.4 (s), 123.4 (s),
119.1 (s), 119.0 (s). HRMS (APCI-TOF) m/z: [M]+ calcd for
C22H16O, 296.1201; found, 296.1197.

2-(4-Methoxy-3,5-dimethylphenyl)naphthalene (3q). Yellow oil
(24 mg, 45%). EtOAc/petroleum ether = 1:80. 1H NMR (400 MHz,
CDCl3): δ 7.98 (s, 1H), 7.91−7.82 (m, 3H), 7.70 (d, J = 8.4 Hz, 1H),
7.53−7.42 (m, 2H), 7.37 (s, 2H), 3.78 (s, 3H), 2.38 (s, 6H). 13C{1H}
(101 MHz, CDCl3): δ 156.7 (s), 138.3 (s), 136.6 (s), 133.7 (s), 132.4
(s), 131.2 (s), 128.2 (s), 128.1 (s), 127.8 (s), 127.6 (s), 126.2 (s),
125.7 (s), 125.6 (s), 125.4 (s), 59.8 (s), 16.3 (s). 13C{1H} (101 MHz,
CDCl3): δ 163.6 (s), 145.2 (s), 137.7 (s), 135.2 (s), 133.7 (s), 132.5
(s), 130.0 (s), 128.7 (s), 128.1 (s), 127.7 (s), 126.5 (s), 126.0 (s),
125.2 (s), 125.0 (s), 110.9 (s), 53.6 (s). HRMS (APCI-TOF) m/z:
[M + H]+ calcd for C19H19O, 263.1436; found, 263.1433.

2-Methoxy-5-(naphthalen-2-yl)pyridine (3r). White solid (25 mg,
53%); mp 106.2−107.1 °C. EtOAc/petroleum ether = 1:40. 1H NMR
(400 MHz, CDCl3): δ 8.52 (s, 1H), 7.99−7.83 (m, 5H), 7.67 (d, J =
8.4 Hz, 1H), 7.55−7.45 (m, 2H), 6.88 (d, J = 8.5 Hz, 1H), 4.02 (s,
3H). 13C{1H} (101 MHz, CDCl3): δ 163.6 (s), 145.2 (s), 137.7 (s),
128.7 (s), 128.1 (s), 127.7 (s), 126.5 (s), 126.0 (s), 125.2 (s), 125.0
(s), 110.9 (s), 53.6 (s). HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C16H14NO, 236.1075; found, 236.1073.

2-(3-Chloro-4-methoxyphenyl)naphthalene (3s). (34 mg, 63%);
mp 139.1−140.3 °C. EtOAc/petroleum ether = 1:80. 1H NMR (400
MHz, CDCl3): δ 7.97 (d, J = 1.5 Hz, 1H), 7.93−7.84 (m, 3H), 7.75
(d, J = 2.3 Hz, 1H), 7.68 (dd, J = 8.5, 1.8 Hz, 1H), 7.58 (dd, J = 8.5,
2.3 Hz, 1H), 7.54−7.44 (m, 2H), 7.04 (d, J = 8.5 Hz, 1H), 3.97 (s,
3H). 13C{1H} (101 MHz, CDCl3): δ 154.5 (s), 136.8 (s), 134.6 (s),
133.6 (s), 132.5 (s), 129.1 (s), 128.5 (s), 128.1 (s), 127.6 (s), 126.5
(s), 126.4 (s), 126.0 (s), 125.3 (s), 125.1 (s), 122.9 (s), 112.3 (s),
56.3 (s). HRMS (APCI-TOF) m/z: [M]+ calcd for C17H13ClO,
268.0655; found, 268.0653.

2-(4-Chlorophenyl)naphthalene (3t).22 White solid (21 mg,
44%); mp 130.3−131.4 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.00 (s, 1H), 7.95−7.83 (m, 3H), 7.69 (d, J = 8.5 Hz, 1H),
7.64 (d, J = 8.3 Hz, 2H), 7.55−7.48 (m, 2H), 7.45 (d, J = 8.3 Hz,
2H). 13C{1H} (101 MHz, CDCl3): δ 139.6 (s), 137.3 (s), 133.6 (s),
133.5 (s), 132.7 (s), 129.0 (s), 128.6 (s), 128.6 (s), 128.2 (s), 127.7
(s), 126.5 (s), 126.1 (s), 125.7 (s), 125.2 (s).

2-(3,5-Difluorophenyl)naphthalene (3u).25 White solid (36 mg,
75%); mp 118.5−119.6 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.01 (s, 1H), 7.97−7.82 (m, 3H), 7.66 (d, J = 8.4 Hz, 1H),
7.59−7.46 (m, 2H), 7.25−7.19 (m, 2H), 6.82 (t, J = 8.7 Hz, 1H).
13C{1H} (101 MHz, CDCl3): δ 163.4 (dd, JC−F = 13.2, 248.9 Hz),
144.5 (t, JC−F = 9.5 Hz), 136.2 (t, JC−F = 2.6 Hz), 133.5 (s), 133.1 (s),
128.8 (s), 128.3 (s), 127.7 (s), 126.7 (s), 126.6 (s), 126.1 (s), 124.8
(s), 110.2 (dd, JC−F = 7.1, 18.8 Hz), 102.6 (t, JC−F = 25.6 Hz).

2-(3-Fluorophenyl)naphthalene (3v).26 White solid (28 mg,
63%); mp 79.4−81.0 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.03 (s, 1H), 7.97−7.82 (m, 3H), 7.71 (d, J = 8.4 Hz, 1H),
7.56−7.47 (m, 3H), 7.47−7.39 (m, 2H), 7.07 (t, J = 8.1 Hz, 1H).
13C{1H} (101 MHz, CDCl3): δ 163.3 (d, JC−F = 246.5 Hz), 143.4 (d,
JC−F = 7.8 Hz), 137.2 (d, JC−F = 2.2 Hz), 133.6 (s), 132.8 (s), 130.3
(d, JC−F = 8.4 Hz), 128.6 (s), 128.2 (s), 127.7 (s), 126.5 (s), 126.2
(s), 126.0 (s), 125.2 (s), 123.0 (d, JC−F = 2.7 Hz), 114.2 (dd, JC−F =
13.6, 22.1 Hz).

2-(3-(Trifluoromethyl)phenyl)naphthalene (3w). White solid (40
mg, 74%); mp 59.2−60.1 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.05 (s, 1H), 8.01−7.84 (m, 5H), 7.73 (d, J = 8.3 Hz, 1H),
7.67−7.56 (m, 2H), 7.57−7.45 (m, 2H). 13C{1H} (101 MHz,
CDCl3): δ 141.9 (s), 137.0 (s), 133.6 (s), 132.9 (s), 130.7 (s), 129.3
(s), 128.8 (s), 128.3 (s), 127.7 (s), 126.6 (s), 126.4 (s), 126.2 (s),
125.2 (s), 124.2 (q, JC−F = 3.8 Hz), 124.0 (q, JC−F = 3.8 Hz), 122.9 (q,
JC−F = 273.4 Hz). HRMS (APCI-TOF) m/z: [M]+ calcd for
C17H11F3, 272.0813; found, 272.0813.
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2-(3-Chlorophenyl)naphthalene (3x).27 White solid (41 mg,
86%); mp 67.8−69.1 °C. Petroleum ether. 1H NMR (400 MHz,
CDCl3): δ 8.01 (s, 1H), 7.89 (m, 3H), 7.69 (d, J = 7.7 Hz, 2H),
7.63−7.56 (m, 1H), 7.50 (d, J = 3.8 Hz, 2H), 7.40 (t, J = 7.6 Hz, 1H),
7.35 (d, J = 7.6 Hz, 1H). 13C{1H} (101 MHz, CDCl3): δ 143.0 (s),
137.1 (s), 134.7 (s), 133.6 (s), 132.8 (s), 130.1 (s), 128.6 (s), 128.2
(s), 127.7 (s), 127.5 (s), 127.3 (s), 126.5 (s), 126.3 (s), 126.0 (s),
125.5 (s), 125.2 (s).
1-(4-Methoxyphenyl)naphthalene (4a).28 White solid (21 mg,

45%); mp 113.7−114.6 °C. EtOAc/petroleum ether = 1:80. 1H NMR
(400 MHz, CDCl3): δ 7.91 (t, J = 9.1 Hz, 2H), 7.84 (d, J = 8.2 Hz,
1H), 7.54−7.46 (m, 2H), 7.42 (t, J = 8.2 Hz, 4H), 7.03 (d, J = 8.4 Hz,
2H), 3.90 (s, 3H). 13C{1H} (101 MHz, CDCl3): δ 158.9 (s), 139.9
(s), 133.8 (s), 133.1 (s), 131.8 (s), 131.1 (s), 128.2 (s), 127.3 (s),
126.9 (s), 126.1 (s), 125.9 (s), 125.7 (s), 125.4 (s), 113.7 (s), 55.4
(s).
4-Methoxy-1,1′-biphenyl (4b).29 White solid (24 mg, 65%); mp

95.5−96.7 °C. EtOAc/petroleum ether = 1:100. 1H NMR (400 MHz,
CDCl3): δ 7.54 (t, J = 8.2 Hz, 1H), 7.42 (t, J = 7.4 Hz, 1H), 7.30 (t, J
= 7.2 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 3.85 (s, 1H). 13C{1H} (101
MHz, CDCl3): δ 159.1 (s), 140.8 (s), 133.8 (s), 128.7 (s), 128.1 (s),
126.7 (s), 126.6 (s), 114.2 (s), 55.3 (s).
4′-Methoxy-2-methyl-1,1′-biphenyl (4c).30 Colorless oil (22 mg,

55%). EtOAc/petroleum ether = 1:100. 1H NMR (400 MHz,
CDCl3): δ 7.28−7.24 (m, 4H), 7.23−7.20 (m, 2H), 6.97−6.95 (m,
1H), 6.95−6.93 (m, 1H), 3.85 (s, 3H), 2.28 (s, 3H). 13C{1H} (101
MHz, CDCl3): δ 158.5 (s), 141.5 (s), 135.5 (s), 134.3 (s), 130.3 (s),
130.2 (s), 129.9 (s), 127.0 (s), 125.7 (s), 113.5 (s), 55.3 (s).
4′-Methoxy-3-methyl-1,1′-biphenyl (4d).29 White solid (22 mg,

55%); mp 51.5−52.8 °C. EtOAc/petroleum ether = 1:100. 1H NMR
(400 MHz, CDCl3): δ 7.52 (d, J = 8.2 Hz, 2H), 7.39−7.28 (m, 3H),
7.12 (d, J = 6.9 Hz, 1H), 6.97 (d, J = 8.1 Hz, 2H), 3.85 (s, 3H), 2.41
(s, 3H). 13C{1H} (101 MHz, CDCl3): δ 159.1 (s), 140.8 (s), 138.3
(s), 133.9 (s), 128.6 (s), 128.1 (s), 127.6 (s), 127.4 (s), 123.8 (s),
114.1 (s), 55.3 (s), 21.5 (s).
4-Methoxy-4′-methyl-1,1′-biphenyl (4e).29 White solid (27 mg,

68%); mp 88.4−89.5 °C. EtOAc/petroleum ether = 1:100. 1H NMR
(400 MHz, CDCl3): δ 7.51 (d, J = 8.2 Hz, 2H), 7.45 (d, J = 7.6 Hz,
2H), 7.26−7.21 (m, 2H), 6.96 (d, J = 8.2 Hz, 2H), 3.84 (s, 3H), 2.38
(s, 3H). 13C{1H} (101 MHz, CDCl3): δ 158.9 (s), 138.0 (s), 136.3
(s), 133.7 (s), 129.4 (s), 127.9 (s), 126.6 (s), 114.1 (s), 55.3 (s), 21.0
(s).
4-Chloro-4′-methoxy-1,1′-biphenyl (4f).31 White solid (25 mg,

57%); mp 110.1−112.4 °C. EtOAc/petroleum ether = 1:100. 1H
NMR (400 MHz, CDCl3): δ 7.57−7.42 (m, 4H), 7.37 (d, J = 7.8 Hz,
2H), 6.97 (d, J = 8.0 Hz, 2H), 3.85 (s, 3H). 13C{1H} (101 MHz,
CDCl3): δ 159.3 (s), 139.3 (s), 132.6 (s), 132.5 (s), 128.8 (s), 128.0
(s), 127.9 (s), 114.3 (s), 55.4 (s).
3,5-Difluoro-4′-methoxy-1,1′-biphenyl (4g).32 White solid (23

mg, 52%); 73.2−75.9 °C. EtOAc/petroleum ether = 1:100. 1H NMR
(400 MHz, CDCl3): δ 7.51−7.46 (m, 2H), 7.09−7.02 (m, 2H),
7.01−6.95 (m, 2H), 6.77−6.69 (m, 1H), 3.86 (s, 3H). 13C{1H} (101
MHz, CDCl3): δ 164.5 (d, J = 13.2 Hz), 162.1 (d, J = 13.3 Hz), 160.0
(s), 144.1 (t), 131.3 (t), 128.1 (s), 114.4 (s), 109.4 (d, J = 7.0 Hz),
109.3 (d, J = 7.0 Hz), 101.8 (t), 55.4 (s).
(E)-1-Methoxy-4-styrylbenzene (4h).31 White solid (18 mg, 43%);

mp 134.5−135.8 °C. EtOAc/petroleum ether = 1:100. 1H NMR (400
MHz, CDCl3): δ 7.52−7.43 (m, 4H), 7.37−7.31 (m, 2H), 7.22 (d, J =
7.4 Hz, 1H), 7.10−6.94 (m, 2H), 6.92−6.87 (m, 2H), 3.83 (s, 3H).
13C{1H} (101 MHz, CDCl3): δ 159.3 (s), 137.6 (s), 130.1 (s), 128.6
(s), 128.2 (s), 127.7 (s), 127.2 (s), 126.6 (s), 126.2 (s), 114.1 (s),
55.3 (s).
4-Methoxy-1,1′:4′,1″-Terphenyl (4i).33 White solid (26 mg, 50%);

mp 225.3−225.8 °C. EtOAc/petroleum ether = 1:100. 1H NMR (400
MHz, CDCl3): δ 7.70−7.60 (m, 6H), 7.58 (d, J = 8.0 Hz, 2H), 7.45
(t, J = 7.1 Hz, 2H), 7.35 (t, J = 7.0 Hz, 1H), 7.00 (d, J = 7.9 Hz, 2H),
3.86 (s, 3H). 13C{1H} (101 MHz, CDCl3): δ 159.2 (s), 140.8 (s),
139.7 (s), 139.5 (s), 133.2 (s), 128.8 (s), 128.0 (s), 127.4 (s), 127.2
(s), 127.03 (s), 126.98 (s), 114.3 (s), 55.4 (s).

4,4′-Dimethoxy-1,1′-biphenyl (4j).32 White solid (23 mg, 54%);
mp 171−172 °C. EtOAc/petroleum ether = 1:40. 1H NMR (400
MHz, CDCl3): δ 7.50−7.47 (m, 2H), 7.47−7.44 (m, 2H), 6.98−6.96
(m, 2H), 6.95−6.93 (m, 2H), 3.84 (s, 6H). 13C{1H} (101 MHz,
CDCl3): δ 158.7 (s), 133.5 (s), 127.7 (s), 114.1 (s), 55.3 (s).

4′-(tert-Butyl)-3-methoxy-1,1′-biphenyl (4k).34 Yellow oil (24 mg,
50%). EtOAc/petroleum ether = 1:100. 1H NMR (400 MHz,
CDCl3): δ 7.56−7.51 (m, 2H), 7.49−7.43 (m, 2H), 7.37−7.31 (m,
1H), 7.21−7.15 (m, 1H), 7.14−7.10 (m, 1H), 6.90−6.85 (m, 1H),
3.86 (s, 3H), 1.36 (s, 9H). 13C{1H} (101 MHz, CDCl3): δ 159.9 (s),
150.4 (s), 142.6 (s), 138.2 (s), 129.7 (s), 126.8 (s), 125.7 (s), 119.6
(s), 112.7 (s), 112.4 (s), 55.3 (s), 34.5 (s), 31.4 (s).

4-Isopropyl-1,1′-biphenyl (4l).35 Colorless Oil (20 mg, 48%)
petroleum ether. 1H NMR (400 MHz, CDCl3): δ 7.58 (d, J = 7.5 Hz,
2H), 7.52 (d, J = 7.4 Hz, 2H), 7.42 (t, J = 7.4 Hz, 2H), 7.33−7.28 (m,
3H), 3.02−2.89 (m, 1H), 1.29 (d, J = 6.8 Hz, 8H). 13C{1H} (101
MHz, CDCl3): δ 148.0 (s), 141.2 (s), 138.7 (s), 128.7 (s), 127.1 (s),
127.0 (s), 126.9 (s), 126.8 (s), 33.8 (s), 24.0 (s).

2-(3-Chlorophenyl)-6-methoxynaphthalene (4m). (36 mg, 67%);
mp 99.6−100.6 °C. EtOAc/petroleum ether = 1:100. 1H NMR (400
MHz, CDCl3): δ 7.93 (s, 1H), 7.78 (t, J = 7.6 Hz, 2H), 7.65 (d, J =
9.8 Hz, 2H), 7.55 (d, J = 7.5 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H), 7.30
(d, J = 7.8 Hz, 1H), 7.16 (d, J = 12.4 Hz, 2H), 3.93 (s, 3H). 13C{1H}
(101 MHz, CDCl3): δ 158.0 (s), 143.1 (s), 134.9 (s), 134.7 (s), 134.1
(s), 130.0 (s), 129.8 (s), 129.1 (s), 127.4 (s), 127.3 (s), 127.0 (s),
125.8 (s), 125.7 (s), 125.3 (s), 119.4 (s), 105.6 (s), 55.4 (s). HRMS
(APCI-TOF) m/z: [M]+ calcd for C17H13ClO, 268.0655; found,
268.0654..
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