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ABSTRACT: A transition-metal-free approach for the preparation of N-
arylketimines has been developed from the direct reaction of
aryldiazonium salts, arenes, and nitriles in a one-pot fashion with the
consecutive formation of N−C and C−C bonds. This approach proceeds
via an in situ generation of N-arylnitrilium intermediate, which then
undergoes intermolecular arylation. This three-component strategy offers a
step- and atom-efficient way to N-arylketimines from easily accessible
reagents under mild reaction conditions. The characterization of stereochemistry of ketimine was achieved by X-ray
crystallographic structure and theoretical calculation. Operational simplicity, shorter reaction time, excellent functional group
compatibility, and scalability are the key features of this report.

■ INTRODUCTION

Imines and their derivatives represent a privileged class of N-
containing compounds and constitutes a major area of research
in organic chemistry. They serve as potential intermediates in
the synthesis of various N-heterocycles, natural products,
agrochemicals, fragrances, and dyes.1 Ketimines are an
important subclass of imines that often serve as a versatile
electrophile for chiral amines,2 1,2-diamines,3 and α- or β-amino
acids via asymmetric addition.4 Typical examples using N-
arylketimines as a key precursor in various organic trans-
formation are summarized in Scheme 1.5 In addition, ketimines
are renowned building blocks for the preparation of α-chiral
amines6 and ligands.7

To date, several elegant methods have been described for the
synthesis of N-arylketimines. A well-established method is the

direct condensation of the amine with a carbonyl compound
often in the presence of a Lewis acid.8 Other efficient methods
include oxidative self-condensation of amines,9 oxidative
coupling of amines and alcohols,10 hydroamination of alkynes11

or alkenes,12 with amines, and tandem Beckmann−electrophilic
aromatic substitution (TB-EAS) of benzophenone oximes.13 In
addition, N-arylketimines can also be accessed from the reaction
of ketones with different reagents such as N,N-bis(trimethyl-
silyl)amines,14a PhN(AlCl2)2,

14b and ArN(MgBr)2.
14c It has

been also reported thatN-arylketimines can be obtained from an
intermolecular coupling of common secondary amides with
arenes.15 Despite the significance, these methods suffer from a
number of limitations including the requirement of high-
temperature azeotropic distillation, prolonged reaction times,
and need for Lewis acid catalysts/dehydrating agents16 such as
TiCl4, Al2O3, and Bu2SnCl2, which greatly affects sensitive
functional groups. To circumvent these issues, a synthetic
method from readily available, inexpensive precursors via
environmentally benign and transition-metal free conditions is
highly desirable.
Aryldiazonium salts are employed widely in organic synthesis

due to the high reactivity and ease of preparation. Due to their
inherent electrophilicity, coming from N2 being an excellent
leaving group, aryldiazonium salts have been utilized in various
transition-metal free organic transformations.17 In particular, the
synthetic application involving in situ generation of a nitrilium
ion from aryldiazonium and nitrile has received much attention
due to the easy handling procedure.18,19 Approaches for the
multisubstituted phenanthridine core from 2-aryldiazonium
salts and nitriles were documented via the in situ generation of
the N-arylnitrilium intermediate followed by intramolecular
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Scheme 1. Synthetic Importance of N-Arylketimines
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arylation (Scheme 2A).18a,19a Inspired by this work and our
recent developments on aryldiazonium salts based applica-

tions,19b−e herein, we disclose a mild and transition-metal-free
synthesis of N-arylketimines, involving the reaction of the
reactive N-arylnitrilium intermediate with activated aryl
compounds via an intermolecular fashion (Scheme 2B).20

■ RESULTS AND DISCUSSION
Initially, we carried out the reaction of phenyldiazonium salt
with anisole or 1,3,5-trimethoxybenzene in acetonitrile, and the
results are summarized in Table 1. In the initial attempt,

diazonium salt 1a reacted with anisole in anhydrous MeCN at
room temperature for 12 h (Table 1, entry 1). To our delight,
the expected ketimine was obtained in trace amounts.
Performing the reaction at 80 °C provided 2 in 26% yield.
Upon extending the reaction time to 12 h with 3 equiv of
anisole, the yield of 2 increased to 41% (Table 1, entry 3). After
significant screening efforts, the use of 1,3,5-trimethoxybenzene
led to the desired product 3a in 87% yield at 80 °C for 2 h
(Table 1, entry 5) due to the highly activated aryl ring.

Conducting the reaction in the presence of organic solvents
such as dichloroethane and toluene resulted in inferior results
(Table 1, entries 7−9). It is noticed that, in these reactions, we
did not observe any diazo coupling product as the side product,
presumably due to the reaction proceeding in a nitrile solution.
The use of excess of nitrile does facilitate the formation of the
nitrilium ion (entries 7 vs 8). Carrying out the reaction of 1a
with 1,3,5-trimethoxybenzene and CH3CN in a methanol
solution provided majorly the diazo coupling product, 1-
phenyl-2-(2,4,6-trimethoxyphenyl)diazene, indicating that this
coupling is favored in a polar protic solvent (entry 10).21

Under the optimal conditions, a broad range of substituted
aryldiazonium salts were explored as substrates and the results
are shown in Table 2. Varieties of aryldiazonium salts
participated well in the reaction and furnished the correspond-
ing N-arylketimines in good to excellent yields regardless of the
position of the substituents. Common functional groups such as
ester, keto, ether, and halogens were found to be compatible,
and the desired products were obtained in good yields (Table 2,
entries 3a−3i). Gratifyingly, fused and multiply substituted
aryldiazonium salts were also viable substrates and afforded the
desired products in useful yields (Table 2, entries 3k, 3m−3n).
Notably, 2,4,6-trimethylphenyldiazonium salt with sterically
distinct substituents delivered 3l in good yield (59%).
On the other hand, various nitrile components were also

utilized and found to be applicable to afford the corresponding
products in good yields (Table 3). Alkyl nitriles bearing a 1°, 2°,
3°, or cyclic aliphatic group participated smoothly and furnished
the corresponding N-arylketimines in good yields (Table 3,
entries 4a−4d). To our delight, α-chloroacetonitrile was also
amenable for this reaction to furnish the desired compound 4e
in 83% yield. The chloro functionality on the alkyl chain remains
intact, thus providing a handle for further chemical trans-
formation. Intriguingly, a series of differently substituted
arylnitriles were used in this reaction to deliver diaryl substituted
ketimines in yields ranging from 58% to 82% (Table 3, entries
4f−4h). Notably, in the case of 4f, PhCN was recovered in 86%
yield in analytically pure form, thus making the process more
sustainable and economic. Moreover, excellent Z selectivity was
observed in most of the cases as shown. The stereochemistry of
imine is confirmed by X-ray crystallographic structure of 4f and
theoretical calculation on the energy difference of E−Z isomers
(see Supporting Information).
The structure of 4f is depicted in Figure S1. Two independent

molecules appear in the unit cell. In both molecules, the N-
phenyl group is seated cis to the trimethoxyphenyl group,
resulting in the Z configuration of the ketimine product. The
distances of CN are 1.282(2) and 1.287(2) Å, respectively, in
agreement with carbon−nitrogen double bonds. Notably, both
trimethoxyphenyl and N-phenyl substituents of 4f are bisected
to the CN bond with φ = 66.19° and 72.95° respectively,
while the phenyl group at C10 is almost coplanar to the CN
[φ = 3.90°]. These observations are in agreement with the
corresponding DFT calculated torsional angles [φ = 58.8°,
10.3°, and 71.9°, respectively]. Table 4 summarizes the energy
difference between E−Z isomers of various ketimines based on
the DFT calculations at the B3LYP/6-31+G(d,p) and ωB97X-
D/6-31+G(d,p) levels. It appears that the Z-isomers of the ortho
substituted aryl ketimines such 3a, 4f, 4d, and 5f are more stable
than the corresponding E-isomers. On the other hand, the E-
isomeric structure in compound 2 is favored due to the less
steric aryl substituent, i.e., the p-methoxyphenyl group, which is

Scheme 2. Inter- versus Intramolecular Arylation with
Nitrilium Ions

Table 1. Reaction Optimzationa

entry solvent arene T (°C) t (h) yieldb

1 CH3CN (2 mL) anisole rt 12 2 (trace)
2 CH3CN (2 mL) anisole 80 2 2 (26%)
3c CH3CN (2 mL) anisole 80 12 2 (41%)
4c CH3CN (2 mL) anisole 110 3 2 (31%)
5 CH3CN (2 mL) 1,3,5-C6H3

(OMe)3
80 2 3a (87%)

6 CH3CN (2 mL) 1,3,5-C6H3
(OMe)3

80 12 3a (84%)

7d MeCN/
ClCH2CH2Cl

1,3,5-C6H3
(OMe)3

80 12 3a (64%)

8e MeCN/
ClCH2CH2Cl

1,3,5-C6H3
(OMe)3

80 12 3a (21%)

9d MeCN/toluene 1,3,5-C6H3
(OMe)3

80 12 3a (62%)

10 MeCN/MeOH 1,3,5-C6H3
(OMe)3

65 12 3a (0%)f

aReaction conditions: a mixture of 1a (0.52 mmol), arene (0.57
mmol), and MeCN (2 mL) in a reaction tube. bYields given in
parentheses were determined by 1H NMR. c3 equiv of anisole were
used. dMeCN (1 mL) in solvent (2 mL). e5 equiv of CH3CN.

f1-
Phenyl-2-(2,4,6-trimethoxyphenyl)diazene as the major product.
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similar to the work reported by Lammertsma’s group in
pyridine-stabilized nitrilium ions.20a

Next, the scope of this method toward various arene
components was investigated, and the results are summarized
in Table 5. It was noted that arene partners bearing mono-, di-,
and trimethoxy substituents were involved in the reaction and
led to smooth assembly of multisubstituted N-arylketimines in
acceptable yields (Table 5, entries 5a−5f). Notably, an excellent
E selectivity was obtained when anisole was employed as the
reaction component, but low yields (2 and 5a−5c). DFT
calculation confirms the E configuration of 2 (ΔGE−Z = −2.7
kcal/mol, Table 4), which is also supported by the 1H NMR
data of 2 reported by Gschwind’s group.22b Moreover, 1-bromo-
3,5-dimethoxybenzene also participated well in the trans-
formation and provided the halogenated N-arylketimine 5g in

excellent yield. Notable flexibility can be exerted, concerning the
arene component; thus, mesitylene smoothly participated in the
reaction leading to the corresponding N-arylketimine in good
yields (Table 5, entry 5h). Preparation of such a diversely
functionalized N-arylketimine derivative through other known
synthetic avenues would be challenging and may require
multistep synthesis. Unfortunately, toluene and benzofuran
failed to deliver the desired product.
In order to investigate the reactivity outcome of N-

arylnitrilium intermediate, specific experiments were conducted
(Scheme 3). In contrast to our previous observations,19

aryldiazonium salt 6 reacted with 1,3,5-trimethoxybenzene in
acetonitrile to give 7 in excellent yield instead of the formation
of 6-methylphenanthridine (Scheme 3a). Seemingly, the rate of
intermolecular cyclization of N-arylnitrilium intermediate is

Table 2. Reaction of Various Aryldiazonium Salts with 1,3,5-C6H3(OMe)3 in MeCNa

aReaction conditions: diazonium salt (0.52 mmol) and 1,3,5-C6H3(OMe)3 (0.57 mmol) in MeCN (2 mL) were heated to 80 °C for 2 h; E/Z ratios
determined by 1H NMR.

Table 3. Reaction of Various Nitriles with 1a and 1,3,5-C6H3(OMe)3
a

aReaction conditions: diazonium salt (0.52 mmol) and 1,3,5-C6H3(OMe)3 (0.57 mmol) in RCN (2 mL) were heated to 80 °C for 2 h; E/Z ratios
determined by 1H NMR.
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Table 4. Energy Differences of E,Z Isomeric Ketimines Based on DFT Calculation

Table 5. Reaction Scope with Various Arenesa

aReaction conditions: diazonium salt (0.52 mmol) and 1,3,5-C6H3(OMe)3 (0.57 mmol) in RCN (2 mL) were heated to 80 °C for 2h; E/Z ratios
determined by 1H NMR.
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much faster than that of the intramolecular pathway presumably
due to the higher reactivity of the electron-rich arene
component. On the other hand, when the less reactive anisole
was employed, 6-methylphenanthridine (8) was formed in 71%
yield via an intramolecular cyclization of the N-arylnitrilium
intermediate (Scheme 3b).19a Interestingly, aryldiazonium salt 9
with an electron-rich o-phenyl moiety furnished 2-methoxy-
benzo[c]cinnoline 10 in 85% yield as the result of direct diazo
coupling (Scheme 3c).19a

To demonstrate the preparative utility of this method, a gram
scale synthesis of 4f was performed under the standard
conditions. Typically, the reaction of 1a (1.0 g) with 1,3,5-
trimethoxybenzene (0.97g) in benzonitrile (20 mL) delivered 4f
with complete Z selectivity (1.4 g, 78%) (Caution: Aryl-
diazonium tetraf luoroborates are explosive upon heating, and
reactions must be performed using precautions such as protective
shielding equipment). To further showcase the synthetic utility,
we also attempted the synthesis of 12 which is known to be a
potential fungicide.23 To our delight, treatment of 3,4-
dimethylphenyl diazonium salt 11 with resorcinol in benzoni-
trile under the optimized conditions provided 12 in acceptable
yields with complete Z selectivity (Scheme 4). In another run,

we found that 1a reacted with resorcinol in acetonitrile with 62%
of product formation, but it decomposed during the chromato-
graphic purification and afforded only a 36% yield. On the other
hand, a gram scale synthesis of dimethoxy analogue 13 was
achieved in 73% yield, thus demonstrating the applicability of
our method for gram scales via a transition-metal-free approach.

In summary, we have disclosed a transition-metal-free and
one-pot strategy to construct diversely substituted N-arylketi-
mines from the reaction of aryldiazonium salts, activated arenes,
and nitriles. A broad range of substituents and typical functional
groups are tolerated, and the corresponding N-arylketimines
were isolated in high yields even in gram scale reactions. This
convenient approach represents mild reaction conditions, atom-
efficient, and experimental simplicity, demonstrating feasibility
for industrial applications.

■ EXPERIMENTAL SECTION
General Information. 1H and 13C NMR were recorded in a 400

MHZ spectrometer in CDCl3 and CD3CN referenced to TMS. All the
nitriles were dried over activated 4Å molecular sieves, and solid nitriles
were purchased and used without any further drying. All the anilines
were commercially purchased and used for diazotization without
further purification. Other chemicals were used as purchased. Flash
chromatography was performed using silica gel 230−400 mesh.
Aryldiazonium salts were prepared according to the literature
procedure. In cases of known compounds, their 1H and 13C NMR
values were compared with the literature values. For NMR data, only
major product peaks are listed. Melting points were determined on a
Fargo MP-1D instrument. Unless otherwise noted, all the reactions
were performed without any special precautions.

General Procedure for Preparing Aryldiazonium Tetrafluor-
oborate. All the substituted aryldiazonium salts were synthesized by
following the reported methods. Spectral data of the compounds are in
agreement with those reported in the literature. A typical procedure for
preparing benzenediazonium tetrafluoroborate is shown below.19 The
corresponding aniline (0.93 g, 10 mmol) was dissolved in a mixture of
water (4 mL) and 50% aqueous hydrofluoroboric acid (3.3 mL, 19.3
mmol, 1.92 equiv). The mixture was cooled to 0 °C, and a solution of
NaNO2 (0.69 g,10 mmol in 1.5 mL of water) was added slowly. The
resulting reaction mixture was stirred at 0 °C for 30 min, and the
precipitate was collected by filtration. The solid product was dissolved
in minimum acetone and reprecipitated using diethyl ether to yield
aryldiazonium tetrafluoroborate which was dried under vacuum
without further purification.

General Procedure for the Synthesis of N-Arylketimines. In a
dry 10 mL glass sealed tube, aryldiazonium salt (100 mg, 0.52 mmol)
and 1,3,5-trimethoxybenzene (96 mg, 0.57 mmol, 1.1 equiv) were
suspended in 2 mL of anhydrous nitrile. The tube was sealed with a
Teflon screw cap and heated in an oil bath (80 °C) for 2 h. After
cooling to room temperature, the reaction mixture was diluted with

Scheme 3

Scheme 4. Synthesis of Fungicidal Compounds
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DCM (20 mL) and washed with saturated aq. NaHCO3 solution (5
mL). The organic layer was dried over anhydrous Na2SO4. Solvents
were removed, and the product was purified by column chromatog-
raphy (eluent: 2% to 20% EtOAc:hexane with 1% Et3N) to obtain the
title compound.
(E)-1-(4-Methoxyphenyl)-N-phenylethan-1-imine (2).24 47 mg,

41%, white solid; E/Z (100:0); mp 86−87 °C; 1H NMR (400 MHz,
CDCl3) δ 7.93 (dd, J = 11.6, 2.8 Hz, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.05
(t, J = 7.2 Hz, 1H), 6.94 (dd, J = 11.6, 2.8 Hz, 2H), 6.77 (d, J = 7.6 Hz,
2H), 3.85 (s, 3H), 2.18 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ
164.5, 161.5, 151.7, 132.1, 128.9, 128.8, 122.9, 119.5, 113.5, 55.3, 17.1;
HRMS (ESI-TOF) calcd for C15H16NO (M + H)+ m/z = 226.1232,
found 226.1229.
(Z)-N-Phenyl-1-(2,4,6-trimethoxyphenyl)ethan-1-imine (3a). 128

mg, 87%, colorless oil; Z/E (84:16); Z-isomer: 1H NMR (400 MHz,
CDCl3) δ 7.04 (t, J = 8.0 Hz, 2H), 6.84 (t, J = 7.2 Hz, 1H), 6.67 (d, J =
7.2 Hz, 2H), 5.90 (s, 2H), 3.69 (s, 3H), 3.64 (s, 6H), 2.37 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 166.3, 161.4, 156.5, 151.3, 127.6,
122.9, 119.5, 109.6, 89.9, 55.2, 55.1, 28.0; HRMS (ESI-TOF) calcd for
C17H20NO3 (M + H)+ m/z = 286.1443, found 286.1450.
(Z)-N-(p-Tolyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-imine (3b).

133 mg, 92%, colorless oil; Z/E (83:17); Z isomer: 1H NMR (400
MHz, CDCl3) δ 6.83 (d, J = 8.4 Hz, 2H), 6.55 (d, J = 8.4 Hz, 2H), 5.91
(s, 2H), 3.69 (s, 3H), 3.64 (s, 6H), 2.34 (s, 3H), 2.15 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 165.7, 161.2, 156.6, 149.0, 132.2, 128.7,
119.3, 109.9, 89.9, 55.3, 55.1, 28.1, 20.75; HRMS (ESI-TOF) calcd for
C18H22NO3 (M + H)+ m/z = 300.1600, found 300.1589.
(Z)-N-(4-(tert-Butyl)phenyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-

imine (3c). 103 mg, 76%, colorless oil; Z/E (77:23); Z-isomer: 1H
NMR (400 MHz, CDCl3) δ 7.03 (d, J = 8.4 Hz, 2H), 6.57 (d, J = 8.4
Hz, 2H), 5.91 (s, 2H), 3.70 (s, 3H), 3.61 (s, 6H), 2.34 (s, 3H), 1.18 (s,
9H); 13C{1H} NMR (100 MHz, CDCl3) δ 165.3, 161.2, 156.7, 148.7,
145.4, 124.3, 119.2, 110.1, 90.0, 55.3, 55.2, 34.0, 31.3, 28.2; HRMS
(ESI-TOF) calcd for C21H28NO3 (M + H)+ m/z = 342.2069, found
342.2062.
(Z)-N-(4-Chlorophenyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-imine

(3d). 58 mg, 41%, colorless oil; Z/E (89:11); Z-isomer: 1H NMR (400
MHz, CDCl3) δ 7.01−6.98 (m, 2H), 6.61−6.58 (m, 2H), 5.91 (s, 2H),
3.71 (s, 3H), 3.65 (s, 6H), 2.35 (s, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 167.3, 161.6, 156.5, 150.0, 128.2, 127.8, 121.0, 109.2, 90.0,
55.3, 55.2, 28.0; HRMS (ESI-TOF) calcd for C17H19Cl

35NO3 (M +
H)+ m/z = 320.1053, found 320.1053; HRMS (ESI-TOF) calcd for
C17H19Cl

37NO3 (M + H)+ m/z = 322.1023, found 322.1020.
(Z)-N-(3-Bromophenyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-imine

(3e). 121 mg, 90%, red oil; Z/E (85:15); Z-isomer: 1H NMR (400
MHz, CDCl3) δ 6.97−6.94 (m, 1H), 6.90−6.85 (m, 2H), 6.56−6.53
(m, 1H), 5.91 (s, 2H), 3.70 (s, 3H), 3.67 (s, 6H), 2.33 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 167.5, 161.5, 156.4, 153.2, 129.0, 125.6,
122.7, 121.1, 118.0, 109.3, 89.9, 55.3, 55.2, 28.0; HRMS (ESI-TOF)
calcdfor C17H19

79BrNO3 (M + H)+ m/z = 364.0548, found 364.0544;
HRMS (ESI-TOF) calcd for C17H19

81BrNO3 (M + H)+m/z =
366.0528, found 366.0508.
(Z)-N-(3-Methoxyphenyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-

imine (3f). 121 mg, 92%, colorless oil; Z/E (83:17); Z-isomer: 1H
NMR (400 MHz, CDCl3) δ 6.89−6.85 (m, 1H), 6.40−6.32 (m, 1H),
6.21−6.20 (m, 2H), 5.84 (s, 2H), 3.62 (s, 3H), 3.59 (s, 6H), 3.56 (s,
3H), 2.28 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 166.0, 161.3,
159.1, 156.4, 152.9, 128.3, 111.9, 109.8, 109.0, 104.7, 89.9, 55.2, 55.1,
54.8, 28.0; HRMS (ESI-TOF) calcd for C18H22NO4 (M + H)+m/z =
316.1549, found 316.1548.
(Z)-N-(2-(Methylthio)phenyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-

imine (3g). 103 mg, 74%, colorless oil; Z/E (73:27); Z-isomer: 1H
NMR (400 MHz, CDCl3) δ 7.12−7.01 (m, 2H), 6.87 (td, J = 15.0, 1.2
Hz, 1H), 6.72 (td, J = 15.0, 1.2 Hz, 1H), 5.91 (s, 2H), 3.70 (s, 3H), 3.61
(s, 6H), 2.43 (s, 3H), 2.42 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3)
δ 167.8, 161.3, 157.1, 148.3, 131.2, 125.9, 125.2, 124.3, 123.7, 109.4,
89.9, 55.1, 55.9, 28.0, 15.5; HRMS (ESI-TOF) calcd for C18H22NO3S-
(M + H)+ m/z = 332.1320, found 332.1315.
(Z)-Ethyl 4-((1-(2,4,6-Trimethoxyphenyl)ethylidene)amino)-

benzoate (3h). 105 mg, 78%, colorless oil; Z/E (89:11); Z-isomer:

1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.4
Hz, 2H), 5.87 (s, 2H), 4.24 (q, J = 7.2 Hz, 2H), 3.68 (s, 3H), 3.64 (s,
6H), 2.35 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz,
CDCl3) δ 166.8, 166.7, 161.5, 156.4, 156.1, 129.5, 124.8, 119.2, 109.2,
89.8, 60.4, 55.2, 55.1, 28.0, 14.2; HRMS (ESI-TOF) calcd for
C20H24NO5 (M + H)+ m/z = 358.1654, found 358.1666.

(Z)-Phenyl (4-((1-(2,4,6-Trimethoxyphenyl)ethylidene)amino)-
phenyl)methanone (3i). 116 mg, 88%, colorless oil; Z/E (88:12); Z-
isomer: 1H NMR (400 MHz, CDCl3) δ 7.66−7.64 (m, 2H), 7.58−7.56
(m, 2H), 7.51−7.47 (m, 1H), 7.39 (t, J = 7.6 Hz, 2H), 6.75 (d, J = 8.4
Hz, 2H), 5.89 (s, 2H), 3.69 (s, 3H), 3.65 (s, 6H), 2.38 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 196.1, 167.3, 161.8, 156.4, 155.8, 138.2,
132.0, 131.7, 130.6, 129.6, 128.0, 119.2, 109.1, 89.9, 55.2, 55.1, 28.0;
HRMS (ESI-TOF) calcd for C24H24NO4 (M + H)+ m/z = 390.1705,
found 390.1720.

(Z)-N-(3,5-Dimethylphenyl)-1-(2,4,6-trimethoxyphenyl)ethan-1-
imine (3k). 116 mg, 82%, colorless oil; Z/E (75:25); Z-isomer: 1H
NMR (400 MHz, CDCl3) δ 6.47 (s, 1H), 6.28 (s, 2H), 5.90 (s, 2H),
3.69 (s, 3H), 3.65 (s, 6H), 2.33 (s, 3H), 2.11 (s, 6H); 13C{1H} NMR
(100 MHz, CDCl3) δ 165.5, 161.1, 156.5, 151.7, 136.8, 124.3, 117.0,
110.1, 89.9, 55.2, 55.1, 28.0, 21.2, 21.1; HRMS (ESI-TOF) calcd for
C19H24NO3 (M + H)+ m/z = 314.1756, found 314.1762.

(Z)-N-Mesityl-1-(2,4,6-trimethoxyphenyl)ethan-1-imine (3l). 82
mg, 59%, colorless oil; Z/E (96:4); Z-isomer: 1H NMR (400 MHz,
CDCl3) δ 6.83 (s, 2H), 6.15 (s, 2H), 3.81 (s, 3H), 3.79 (s, 6H), 2.11 (s,
6H), 1.83 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 166.3, 161.0,
157.9, 146.1, 131.5, 128.2, 125.9, 113.8, 90.7, 55.5, 55.3, 21.7, 20.6,
17.6; HRMS (ESI-TOF) calcd for C20H26NO3 (M + H)+ m/z =
328.1913, found 328.1912.

(Z)-1-(2,4,6-Trimethoxyphenyl)-N-(3,4,5-trimethoxyphenyl)-
ethan-1-imine (3m). 115 mg, 86%, colorless oil; Z/E (91:9); Z-isomer:
1H NMR (400 MHz, CDCl3) δ 5.95 (s, 2H), 5.91 (s, 2H), 3.70 (s, 3H),
3.69 (s, 3H), 3.64 (s, 6H), 3.62 (s, 6H), 2.32 (s, 3H); 13C{1H} NMR
(100 MHz, CDCl3) δ 166.7, 161.4, 156.4, 152.3, 147.3, 133.6, 109.7,
97.0, 89.9, 60.7, 55.6, 55.3, 55.2, 28.0; HRMS (ESI-TOF) calcd for
C20H26NO6 (M + H)+ m/z = 376.1760, found 376.1763.

(Z)-3-Methyl-7-((1-(2,4,6-trimethoxyphenyl)ethylidene)amino)-
2H-chromen-2-one (3n). 85 mg, 64%, colorless oil; Z/E (90:10); Z-
isomer: 1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 8.4 Hz, 1H), 6.67
(dd, J = 8.4, 1.6 Hz, 1H), 6.60 (d, J = 1.6 Hz, 1H), 6.06 (s, 1H), 5.89 (s,
2H), 3.69 (s, 3H), 3.68 (s, 6H), 2.37 (s, 3H), 2.29 (s, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 168.1, 161.7, 161.4, 156.3, 155.1, 153.6,
152.5, 123.9, 116.7, 115.4, 112.6, 108.8, 107.1, 89.9, 55.3, 55.1, 28.0,
18.5; HRMS (ESI-TOF) calcd for C21H22NO5 (M + H)+ m/z =
368.1498, found 368.1488.

(Z)-N-phenyl-1-(2,4,6-trimethoxyphenyl)butan-1-imine (4a). 130
mg, 80%, pale yellow oil; Z/E (94:6); Z-isomer: 1H NMR (400 MHz,
CDCl3) δ 7.03 (t, J = 7.6 Hz, 2H), 6.85−6.80 (m, 1H), 6.67 (dd, J = 8.4,
1.2 Hz, 2H), 5.89 (s, 2H), 3.68 (s, 3H), 3.62 (s, 6H), 2.61 (t, J = 7.6 Hz,
2H), 1.65 (sext, J = 7.6 Hz, 2H), 0.98 (t, J = 7.2 Hz, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 169.3, 161.3, 156.8, 151.5, 127.5, 122.7,
119.5, 109.2, 89.8, 55.2, 55.1, 43.0, 19.2, 13.9; HRMS (ESI-TOF) calcd
for C19H24NO3 (M + H)+ m/z = 314.1756, found 314.1768.

(Z)-2-Methyl-N-phenyl-1-(2,4,6-trimethoxyphenyl)propan-1-
imine (4b). 102 mg, 63%, pale yellow oil; Z/E (100:0); Z-isomer: 1H
NMR (400 MHz, CDCl3) δ 7.01 (t, J = 8.0 Hz, 2H), 6.79 (t, J = 7.2 Hz,
1H), 6.62 (d, J = 8.0 Hz, 2H), 5.88 (s, 2H), 3.69 (s, 3H), 3.62 (s, 6H),
2.80 (sept, J = 6.8 Hz, 1H), 1.18 (d, J = 6.8 Hz, 6H); 13C{1H} NMR
(100 MHz, CDCl3) δ 172.9, 161.1, 156.9, 152.3, 127.4, 122.4, 119.2,
109.4, 89.8, 55.2, 55.1, 38.3, 19.7; HRMS (ESI-TOF) calcd for
C19H24NO3 (M + H)+ m/z = 314.1756, found 314.1769.

(Z)-1-Cyclopropyl-N-phenyl-1-(2,4,6-trimethoxyphenyl)-
methanimine (4c). 116 mg, 72%, colorless oil; Z/E (92:8); Z-isomer:
1H NMR (400 MHz, CDCl3) δ 7.03−6.98 (m, 2H), 6.79 (tt, J = 7.2, 1.2
Hz, 1H), 6.65−6.62 (m, 2H), 5.87 (s, 2H), 3.67 (s, 3H), 3.65 (s, 6H),
2.02−1.95 (m, 1H), 0.86−0.81 (m, 2H), 0.80−0.75 (m, 2H); 13C{1H}
NMR (100 MHz, CDCl3) δ 169.9, 161.3, 157.0, 152.0, 127.5, 122.4,
119.2, 106.7, 89.8, 55.2, 55.0, 20.6, 7.4; HRMS (ESI-TOF) calcd for
C19H22NO3 (M + H)+ m/z = 312.1600, found 312.1598.
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(Z)-2,2-Dimethyl-N-phenyl-1-(2,4,6-trimethoxyphenyl)propan-1-
imine (4d). 126 mg, 74%, pale yellow oil; Z/E (100:0); Z-isomer: 1H
NMR (400 MHz, CDCl3) δ 7.02−6.98 (m, 2H), 6.78 (tt, J = 14.8, 0.8
Hz, 1H), 6.62 (dd, J = 8.4, 1.2 Hz, 2H), 5.87 (s, 2H), 3.67 (s, 3H), 3.65
(s, 6H), 1.21 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 160.8,
156.5, 152.3, 127.5 (2C), 122.3, 118.4, 108.7, 89.6, 55.0, 40.2, 28.8;
HRMS (ESI-TOF) calcd for C20H26NO3 (M + H)+ m/z = 328.1913,
found 328.1916.
(Z)-2-Chloro-N-phenyl-1-(2,4,6-trimethoxyphenyl)ethan-1-imine

(4e). 137 mg, 83%, pale brown oil; Z/E (100:0); Z-isomer: 1H NMR
(400 MHz, CDCl3) δ 7.06 (t, J = 8.0 Hz, 2H), 6.88 (t, J = 7.6 Hz, 1H),
6.68 (d, J = 7.6 Hz, 2H), 5.91 (s, 2H), 4.48 (s, 2H), 3.69 (s, 3H), 3.61
(s, 6H); 13C{1H} NMR (100 MHz, CDCl3) δ 162.2, 162.0, 157.6,
150.5, 127.6, 123.5, 119.4, 105.4, 90.0, 55.3, 55.1, 48.4; HRMS (ESI-
TOF) calcd for C17H19

35ClNO3 (M + H)+ m/z = 320.1053, found
320.1059; HRMS (ESI-TOF) calcd for C17H19

37ClNO3 (M + H)+ m/z
= 322.1023, found 322.1012.
(Z)-N,1-Diphenyl-1-(2,4,6-trimethoxyphenyl)methanimine (4f).

151 mg, 82%, off-white solid; mp 118−119 °C; Z/E (100:0); Z-
isomer: 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 7.2 Hz, 2H), 7.41−
7.33 (m, 3H), 7.11 (t, J = 7.6 Hz, 2H), 6.89 (t, J = 7.2 Hz, 1H), 6.78 (d,
J = 7.6 Hz, 2H), 5.98 (s, 2H), 3.74 (s, 3H), 3.57 (s, 6H); 13C{1H} NMR
(100 MHz, CDCl3) δ 163.2, 161.7, 157.7, 152.2, 139.3, 130.1, 128.0,
127.9, 127.6, 122.9, 119.1, 107.2, 90.0, 55.3, 55.1; HRMS (ESI-TOF)
calcd for C22H22NO3 (M + H)+ m/z = 348.1600, found 348.1609.
(Z)-N-Phenyl-1-(o-tolyl)-1-(2,4,6-trimethoxyphenyl)methanimine

(4g). 113 mg, 61%, off-white solid; mp 140−141 °C; Z/E (100:0); Z-
isomer: 1H NMR (400 MHz, CDCl3) δ 7.28 (d, J = 7.6 Hz, 1H), 7.23−
7.18 (m, 2H), 7.14−7.08 (m, 3H), 6.89 (t, J = 7.2 Hz, 1H), 6.79 (d, J =
7.6 Hz, 2H), 5.92 (s, 2H), 3.71 (s, 3H), 3.55 (s, 6H), 2.58 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 165.1, 161.7, 157.5, 152.0, 140.4,
137.1, 130.9, 128.9, 128.4, 127.7, 125.0, 122.9, 119.3, 109.9, 90.1, 55.3,
55.1, 20.4; HRMS (ESI-TOF) calcd for C23H24NO3 (M + H)+ m/z =
362.1756, found 362.1757.
(Z)-1-(3-Bromophenyl)-N-phenyl-1-(2,4,6-trimethoxyphenyl)-

methanimine (4h). 128 mg, 58%, off-white solid; mp 132−133 °C; Z/
E (100:0); Z-isomer: 1H NMR (400 MHz, CDCl3) δ 7.99 (t, J = 8.0 Hz,
1H), 7.63 (d, J = 7.6 Hz, 1H), 7.52−7.49 (m, 1H), 7.20 (t, J = 8.0 Hz,
1H), 7.10 (td, J = 13.8, 2.0 Hz, 2H), 6.90 (t, J = 7.2 Hz, 1H), 6.75 (dd, J
= 8.4, 1.2 Hz, 2H), 5.96 (s, 2H), 3.74 (s, 3H), 3.57 (s, 6H); 13C{1H}
NMR (100 MHz, CDCl3) δ 162.1, 157.8, 121.6, 141.4, 133.0, 130.8,
129.6, 127.8, 126.7, 123.3, 122.5, 119.1, 106.4, 90.1, 55.4, 55.2; HRMS
(ESI-TOF) calcd for C22H21

79BrNO3 (M + H)+ m/z = 426.0705, found
426.0699; HRMS (ESI-TOF) calcdfor C22H21

81BrNO3 (M + H)+ m/z
= 428.0685, found 428.0636.
(E)-N-(4-(tert-Butyl)phenyl)-1-(4-methoxyphenyl)ethan-1-imine

(5a). 47 mg, 40%, white solid; mp 116−117 °C; E/Z (100:0); E-
isomer: 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.8 Hz, 2H), 7.34
(dd, J = 6.8, 2.0 Hz, 2H), 6.93 (dd, J = 7.2, 2.0 Hz, 2H), 6.73 (d, J = 8.4
Hz, 2H), 3.84 (s, 3H), 2.21 (s, 3H), 1.31 (s, 9H); 13C{1H} NMR (100
MHz, CDCl3) δ 164.9, 161.6, 148.3, 146.0, 131.9, 128.9, 125.6, 119.5,
113.6, 55.3, 34.2, 31.4, 17.2; HRMS (ESI-TOF) calcd for C19H24NO
(M + H)+ m/z = 282.1858, found 282.1867.
(E)-N-(3,5-Dimethylphenyl)-1-(4-methoxyphenyl)ethan-1-imine

(5b).25 36 mg, 32%, colorless oil; E/Z (100:0); Z-isomer: 1H NMR
(400 MHz, CDCl3) δ 7.92 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H),
6.70 (s, 1H), 6.40 (s, 2H), 3.84 (s, 3H), 2.28 (s, 6H), 2.19 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 161.5, 138.5, 132.0, 130.5, 128.8,
124.8, 117.3, 113.5(2C), 55.3, 21.3, 17.2; HRMS (ESI-TOF) calcd for
C17H20NO (M + H)+ m/z = 254.1545, found 254.1547.
(E)-N-Mesityl-1-(4-methoxyphenyl)ethan-1-imine (5c).26 46 mg,

53%, colorless oil; E/Z (100:0); E-isomer: 1H NMR (400 MHz,
CDCl3) δ 8.00−7.97 (m, 2H), 6.98−6.94 (m, 2H), 6.86 (s, 2H), 3.86
(s, 3H), 2.27 (s, 3H), 2.02 (s, 3H), 1.98 (s, 6H); 13C{1H} NMR (100
MHz, CDCl3) δ 164.4, 161.4, 146.4, 131.9, 131.6, 128.6, 128.4, 125.7,
113.5, 55.3, 20.6, 17.8, 17.1; HRMS (ESI-TOF) calcd for C18H22NO
(M + H)+ m/z = 268.1701, found 268.1710.
(Z)-1-(2,4-Dimethoxy-5-methylphenyl)-N-phenylethan-1-imine

(5d). 121 mg, 86%, colorless oil; Z/E (80:20); Z-isomer: 1H NMR (400
MHz, CDCl3) δ 7.47 (s, 1H), 7.32 (t, J = 7.6 Hz, 2H), 7.04 (t, J = 7.2

Hz, 1H), 6.82 (dd, J = 8.4, 0.8 Hz, 2H), 6.43 (s, 1H), 3.85 (s, 6H), 2.18
(s, 3H), 2.17 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 168.2,
159.7, 157.1, 151.4, 131.3, 128.7, 122.8, 122.5, 119.5, 118.5, 94.9, 55.7,
55.3, 21.0, 15.0; HRMS (ESI-TOF) calcd for C17H20NO2 (M + H)+ m/
z = 270.1494, found 270.1506.

(Z)-1-(2,4-Dimethoxyphenyl)-N-phenylethan-1-imine (5e). 112
mg, 83%, colorless oil; Z/E (76:24); Z-isomer: 1H NMR (400 MHz,
CDCl3) δ 7.60 (d, J = 8.4 Hz, 1H), 7.34−7.29 (m, 2H), 7.05−7.02 (m,
1H), 6.82−6.80 (m, 2H), 6.53 (dd, J = 8.4, 2.0 Hz, 1H), 6.48 (d, J = 2.4
Hz, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 2.16 (s, 3H); 13C{1H} NMR (100
MHz, CDCl3) δ 168.1, 162.0, 158.8, 151.4, 130.7, 128.7, 128.0, 122.9,
119.5, 104.6, 98.6, 55.3, 55.1, 21.0; HRMS (ESI-TOF) calcd for
C16H18NO2 (M + H)+ m/z = 256.1338, found 256.1348.

(Z)-N-Phenyl-1-(2,3,4-trimethoxyphenyl)ethan-1-imine (5f). 129
mg, 86%, colorless oil; Z/E (83:17); Z-isomer: 1H NMR (400 MHz,
CDCl3) δ 7.33−7.30 (m, 3H), 7.09−7.05 (m, 1H), 6.80 (d, J = 7.2 Hz,
2H), 6.70 (d, J = 8.8 Hz, 1H), 3.93 (s, 3H), 3.86 (s, 6H), 2.17 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 167.7, 154.8, 152.2, 151.1, 142.0,
128.8, 128.1, 123.8, 123.1, 119.3, 107.2, 61.3, 60.8, 56.0, 20.8; HRMS
(ESI-TOF) calcd for C17H20NO3 (M + H)+ m/z = 286.1443, found
286.1449.

(Z)-1-(4-Bromo-2,6-dimethoxyphenyl)-N-phenylethan-1-imine
(5g). 135 mg, 78%, yellow oil; Z/E (72:28); Z-isomer: 1H NMR (400
MHz, CDCl3) δ 7.09−7.05 (m, 2H), 6.90−6.87 (m, 1H), 6.78 (dd, J =
8.4, 0.8 Hz, 2H), 6.48 (d, J = 2.0 Hz, 1H), 6.20 (d, J = 2.0 Hz, 1H), 3.69
(s, 3H), 3.65 (s, 3H), 2.40 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3)
δ 166.2, 160.5, 156.8, 150.5, 127.8, 123.3, 119.2, 108.2, 97.4, 55.4, 55.3,
27.4; HRMS (ESI-TOF) calcd for C16H17

79BrNO2 (M + H)+ m/z =
334.0443, found 334.0439; HRMS (ESI-TOF) calcd for
C17H19

81BrNO3 (M + H)+ m/z = 336.0423, found 336.0405.
(Z)-1-Mesityl-N-phenylethan-1-imine (5h). 41 mg, 33%, colorless

oil; Z/E (50:50); Z-isomer: 1H NMR (400 MHz, CDCl3) δ 7.37−7.35
(m, 1H), 7.10−7.08 (m, 2H), 6.86−6.84 (m, 2H), 6.69 (s, 2H), 2.37 (s,
3H), 2.32 (s, 6H), 2.16 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ
171.0, 150.1, 137.2 (2C), 132.8, 128.4, 128.0, 123.6, 119.9, 28.6, 20.9,
19.8; Z-isomer: 1H NMR (400 MHz, CDCl3) δ 7.35−7.30 (m, 1H),
7.07−7.05 (m, 1H), 6.91−6.87 (m, 3H), 6.67 (s, 2H), 2.27 (s, 3H),
2.15 (s, 6H), 2.04 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 171.5,
150.9, 138.8, 136.0, 133.3, 129.0, 128.1, 123.4, 119.2, 21.4, 21.0, 19.0;
HRMS (ESI-TOF) calcd for C17H20N (M + H)+ m/z = 238.1596,
found 238.1594.

(Z)-N-([1,1′-Biphenyl]-2-yl)-1-(2,4,6-trimethoxyphenyl)ethan-1-
imine (7). 113 mg, 84%, colorless oil; Z/E (60:40); Z-isomer: 1H NMR
(400 MHz, CDCl3) δ 7.63 (d, J = 7.2 Hz, 2H), 7.35 (d, J = 7.8 Hz, 1H),
7.32−7.29 (m, 2H), 7.28−7.25 (m, 1H), 6.99−6.94 (m, 2H), 6.61−
6.59 (m, 1H), 5.92 (s, 2H), 3.72 (s, 3H), 3.51 (s, 6H), 2.34 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 166.6, 161.3, 157.1, 147.9, 140.1,
133.0, 129.8, 129.6, 127.5, 127.4, 126.2, 123.7, 119.7, 109.7, 89.9, 55.6,
55.0, 28.1; E-isomer: 1H NMR (400 MHz, CDCl3) δ 7.48−7.45 (m,
2H), 7.39−7.38 (m, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.28−7.26 (m, 2H),
7.25−7.23 (m, 1H), 7.16−7.12 (m, 1H), 6.87 (dd, J = 7.6, 1.04 Hz,
1H), 6.08 (s, 2H), 3.77 (s, 3H), 3.68 (s, 6H), 1.92 (s, 3H); HRMS
(ESI-TOF) calcd for C23H24NO3 (M + H)+ m/z = 362.1756, found
362.1767.

6-Methylphenanthridine (8).19a 51 mg, 71%, viscous oil; 1H NMR
(400 MHz, CDCl3): δ 8.59 (d, J = 8.4, 0.4 Hz, 1H), 8.50 (dd, J = 8.4,
1.6 Hz, 1H), 8.20−8.17 (m, 1H), 8.09 (dd, J = 8.0, 0.8 Hz, 1H), 7.81
(td, J = 7.6, 1.6 Hz, 1H), 7.71−7.64 (m, 2H), 7.59 (td, J = 7.6, 1.2 Hz,
1H), 3.02 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 158.8, 143.6,
132.5, 130.4, 129.2, 128.6, 127.2, 126.5, 126.3, 125.8, 123.7, 122.2,
121.9, 23.3. HRMS(ESI) calcd for C14H12N (M + 1)+ m/z = 194.0970,
found: 194.0976.

2-Methoxybenzo[c]cinnoline (10).19a 47 mg, 85%, viscous oil; 1H
NMR (400 MHz, CDCl3): δ 8.68−8.66 (m, 1H), 8.62 (d, J = 9.2 Hz,
1H), 8.50−8.47 (m, 1H), 7.89−7.83 (m, 2H), 7.79 (d, J = 2.4 Hz, 1H),
7.47 (dd, J = 8.8, 2.4 Hz, 1H), 4.06 (s, 3H); 13C NMR (100 MHz,
CDCl3) δ 161.8, 145.1, 142.0, 133.2, 131.1, 130.7, 129.2, 123.1, 121.4,
120.9, 120.2, 100.5, 55.8. HRMS (ESI) calcd for C13H11N2O (M + 1)+

m/z = 211.0871, found; 211.0867.
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(Z)-4-(((3,4-Dimethylphenyl)imino)(phenyl)methyl)benzene-1,3-
diol (12).23 44 mg, 36%, yellow solid; mp 190−191 °C; Z/E (100:0):
Z-isomer: 1H NMR (400 MHz, CDCl3) δ 7.37−7.31 (m, 3H), 7.22
(dd, J = 7.6, 1.2 Hz, 2H), 6.88 (s, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.78−
6.75 (d, J = 8.8 Hz, 2H), 6.50 (dd, J = 8.4 Hz, 1H), 6.16 (dd, J = 8.8, 2.4
Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 171.3, 169.0, 164.2,
139.2, 137.1, 134.8, 134.2, 132.8, 129.6, 129.4, 129.0, 128.3, 125.0,
120.8, 111.4, 108.1, 104.4; HRMS (ESI-TOF) calcd for C21H20NO2 (M
+ H)+ m/z = 318.1494, found 318.1490.
(Z)-1-(2,4-Dimethoxyphenyl)-N-(3,4-dimethylphenyl)-1-phenyl-

methanimine (13). 793 mg, 73%, viscous oil; Z/E (100:0); Z-isomer:
1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.6 Hz, 2H), 7.42−7.34 (m,
3H), 6.86 (t, J = 15.6 Hz, 2H), 6.64 (s, 1H), 6.47 (d, J = 8.0 Hz, 1H),
6.38−6.37 (m, 2H), 3.75 (s, 3H), 3.55 (s, 3H), 2.13 (s, 6H); 13C{1H}
NMR (100 MHz, CDCl3) δ 165.2, 160.9, 157.8, 149.3, 139.8, 135.8,
130.8, 130.4, 130.0, 129.1, 128.2, 127.9, 121.8, 118.7, 117.1, 104.0, 98.2,
55.07, 55.04, 19.6, 18.9; HRMS (ESI-TOF) calcd for C23H24NO2 (M +
H)+ m/z = 346.1807, found 346.1812.
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