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ABSTRACT: D-Glucosamine, a natural, inexpensive, and conveniently acces-
sible sugar, has been explored as an efficient ligand for the Cu(I)-catalyzed regio-
and stereoselective synthesis of an array of (Z)-3-methyleneisoindoline-1-ones
and (E)-N-aryl-4H-thiochromen-4-imines in good-to-excellent yield in a tandem
fashion via the reaction of 2-halobenzamide and 2-halobenzothioamide with
terminal alkynes, respectively. The water solubility and biocompatible nature of
the ligand offer easy separation of the catalytic system toward the aqueous phase
as well as change in the reaction path in terms of the product also demonstrated
the variation of the reaction temperature. The domino reaction proceeds by the
Sonogashira and Ullmann type cross-coupling reaction, followed by Cu(I)-
promoted additive cyclization of heteroatom to the triple bond. In addition, D-
glucosamine causes successful Glaser−Hay coupling of terminal alkynes under
Cu catalysis to produce a high yield of respective 1,3-diynes.

■ INTRODUCTION

The heterocyclic motif of substituted 3-methyleneisoindoline-
1-ones and its analogues constitute an important class of
biologically relevant natural products as well as designed
medicinal agents.1 A number of structures were explored as
promising drug conjugates, and they show numerous biological
activities such as antivasoconstriction,2 antianxiety,3 sedative,4

antileukemic,5 antiviral,6 antipsychotic, and anti-inflammatory.7

Representative examples of biologically relevant natural
products and new chemical entities (NCEs) derived from
the 3-methyleneisoindolin-1-one core are AKS 186 (I),8

fumaridine (II),9 narceine imide (III),10 fumaramidine
(IV),11 fumaramine (V),12 (R)-PD 172939 (dopamine D4
antagonist) (VI),13 lennoxamine (VII),14 aristoyagonine
(VIII),15 allosteric agent (IX),16 and (S)-pazinaclone (X)17

(Figure 1). In addition to methyleneisoindoline-1-ones,
derivatives of thiochromene-4-imines also show a myriad of
potential biological activities, such as antiproliferative,18

antiemetic,19 antioxidant,20 antibacterial,21 and anti-HIV,22

which intensify the importance of new suitable approaches for
the synthesis of these derivatives. One of the most efficient and
convenient methods for the synthesis of methyleneisoindoline-
1-ones and thiochromene-4-imines analogues include the
ligand-promoted transition metal-catalyzed carbon−carbon or
carbon-heteroatom coupling reaction, followed by additive
cyclization on the triple bond.23 Several conventional and new
ligand stabilized Cu(I) and Pd(II) are the more frequently
used transition metals for the synthesis of these derivatives.

Moreover, most of the catalytic systems applied for these
reactions require high loading of a ligand as well as a Cu
source.24 For a notable example, a library of 3-methylenei-
soindolin-1-one analogues were developed in good yields by
reacting 2-bromobenzamides with terminal alkynes via CuI-
mediated tandem reaction using 30 mol % of L-proline.24b The
classical method for the synthesis of 3-methyleneisoindoline-1-
ones involved Wittig reaction on phthalimide, where this
approach suffers from poor regioselectivity with unsymmetrical
substrates.25

In addition to the existing ligands including L-proline,
carbohydrate-based ligands have received considerable atten-
tion in recent years for the synthesis of a number of
biologically relevant molecules of chemotherapeutic poten-
tial.26 The most apparent reasons for the selection of
carbohydrates or their derivatives include their biocompatible
nature, easy accessibility, and low cost. In addition, spatial
arrangement of multiple free hydroxy groups attached to the
rigid pyranose structure of the carbohydrate moiety and
straightforward transformation of these hydroxy groups to a
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variety of desired functionalities offer wide prospects to modify
them to appropriate ligands useful in organic synthesis.26 Sekar
and co-workers, in 2011, reported the first Cu-catalyzed
amination reaction with the D-glucosamine ligand, but the
method was limited to amination reaction.27a It is noteworthy
to mention that D-glucosamine and its derivatives have been
explored in past as ligands in catalytic systems in a number of
important reactions.27 Notably, Tripathi and co-workers, in
2008, explored the same D-glucosamine as an appropriate
organocatalyst in the direct aldol reaction of ketones with
aromatic aldehyde in water.27b The most important necessity
of synthetic organic chemistry is to change the conventional
catalytic system via the eco-friendly catalytic system. Thus, in
this report, we have explored the greener aspect of D-
glucosamine for Cu(I)-catalyzed synthesis of (Z)-3-methyl-
eneisoindoline-1-one, (E)-N-aryl-4H-thiochromen-4-imines,
and dialkyne analogues with low catalytic loading and easily
separable and a single catalytic system applicable for
Sonogashira and Ullmann type cross-coupling reaction. The
devised protocol also offers regioselective additive-cyclization
with a good-to-excellent yield of the biologically relevant
domino products.

■ RESULTS AND DISCUSSION
At first, for the optimization of reaction conditions and
identification of catalytic performance of the ligands, an
appropriate source of Cu, suitable base, and solvent, a model
reaction was set for the Sonogashira coupling, followed by

additive cyclization of N-benzyl-2-iodobenzamide (1a) with
phenylacetylene (2a) to obtain (Z)-3-methyleneisoindoline-1-
ones (3a). The results are summarized in Table 1.
For the catalytic screening of natural and conventional

ligands, 1.0 equiv of N-benzyl-2-iodobenzamide (1a) and 1.2
equiv. of phenylacetylene (2a) were heated with 10 mol % CuI
as the Cu source, 10 mol % ligands, and 1.2 equiv of the base
in 2 mL of anhydrous DMF as solvent at 120 °C in a sealed
tube for 12 h. Initially, we have used natural ligands with free
hydroxyl groups such as D-mannose (L1), D-glucose (L2), D-
xylose (L3), and α-D-methylglucopyranoside (L4) with a yield
of product (2a) in the range of 62−65%. Catalysis with N-
acetyl-D-glucosamine (L5) and D-glucosamine (L6) resulted in
a good yield of the product in comparison to the free hydroxyl
group based natural and free hydroxyl and amino group based
conventional ligands such as propane-1,2-diamine (L7) and
ethylene glycol (L8). The best result in terms of yields of
product 3a was obtained with ligand L6 (Table 1, entry 6).
Only a 35% yield of product 3a was obtained when no ligand
was used (Table 1, entry 10). Further investigation studies
were extended for Cu sources other than CuI; the screened
results proved that other Cu sources such as CuCl, CuOAc,
Cu(OAc)2·H2O, CuSO4, and Cu2O remain less reactive in
terms of the yield of the product (Table 1, entry 26−30),
whereas no product was obtained in the absence of the Cu
source (Table 1, entry 15). Next, the reaction was investigated
in the presence of organic bases (Et3N and DBU) over
inorganic bases (K2CO3, K3PO4, and Cs2CO3); the inorganic

Figure 1. Structures of some biologically relevant natural products and NCEs derived from the 3-methyleneisoindolin-1-one core.
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bases gave an excellent yield over organic bases (Table 1, entry
14f, 16−19), whereas no product was obtained in the absence
of the base (Table 1, entry 20). The catalytic amount of the
ligand becomes more important with change in halo
substituents of the substrate from a good leaving group to a
poor leaving group; less than 17% yield of the desired product
was obtained from N-benzyl-2-bromobenzamide in the
absence of the ligand (Table 1, entry 13e), whereas 84%
yield of the product resulted in the presence of the ligand
(Table 1, entry 12d). The formation of product 3a was
confirmed on the basis of 1H and 13C NMR and mass
spectrum analysis, which was found in agreement with the
literature.28 The optimal Cu salt loading was found to be 5 mol
%; further increasing the Cu salt loading gave a similar yield of
product. The optimized reaction conditions for the synthesis of
(Z)-2-benzyl-3-benzylideneisoindolin-1-one (3a) from N-
benzyl-2-iodobenzamide (1a) and phenylacetylene (2a)
involving 5 mol % CuI, 10 mol % ligand L6, 1.2 equiv of
K2CO3 in anhydrous DMF, and 100−120 °C temperature

were investigated with different sets of 2-halobenzamides (1)
that differ in substitution in the aromatic ring as well as at N-
atom of the amide linkage and a variety of aliphatic and
aromatic terminal alkynes (Scheme 1). A comparatively slower
reaction and slightly lower yield were obtained in the case of
N-benzyl-2-chloro-benzamide than that of the respective
bromo and iodo analogue 3a (Scheme 1). No remarkable
variation in yields was observed with different substitutions at
different positions of the phenyl ring attached to terminal
alkyne; however, reaction takes place in a smooth manner and
slightly higher yield with the phenyl ring substituted with
electron-withdrawing groups (compounds 3f, 3g, 3l, 3m, 3t,
and 3y, Scheme 1). An exceptional decrease in the yield of the
product was observed with the aliphatic group substituted
terminal alkyne (3h, Scheme 1), which may arise due to the
electronic factor of the aryl substituent on the additive
cyclization step. The substituent attached to N-atom of the 2-
halo-amide substrate also affects the yield of the reaction
product. A slightly lower yield of the product was observed

Table 1. Screening of Ligands L1−L8 and Optimization of the Reaction Conditionsa

entry ligand [Cu] base solvent yieldb (in %)

1 L1 CuI K2CO3 DMF 65
2 L2 CuI K2CO3 DMF 68
3 L3 CuI K2CO3 DMF 62
4 L4 CuI K2CO3 DMF 65
5 L5 CuI K2CO3 DMF 82
6 L6 CuI K2CO3 DMF 88
8 L7 CuI K2CO3 DMF 55
9 L8 CuI K2CO3 DMF 52
10 CuI K2CO3 DMF 35
11c L6 CuI K2CO3 DMF 86
12d L6 CuI K2CO3 DMF 84
13e ... CuI K2CO3 DMF <17
14f L6 CuI K2CO3 DMF 88
15 L6 K2CO3 DMF NR
16 L6 CuI K3PO4 DMF 80
17 L6 CuI Cs2CO3 DMF 78
18 L6 CuI Et3N DMF 45
19 L6 CuI DBU DMF 55
20 L6 CuI ... DMF NR
21 L6 CuI K2CO3 toluene 15
22 L6 CuI K2CO3 DCM 30
23 L6 CuI K2CO3 DMSO 86
24 L6 CuI K2CO3 THF 20
25 L6 CuI K2CO3 EtOH 82
26 L6 CuCl K2CO3 DMF 75
27 L6 CuOAc K2CO3 DMF 70
28 L6 Cu(OAc)2·H2O K2CO3 DMF 66
29 L6 CuSO4 K2CO3 DMF 50
30 L6 Cu2O K2CO3 DMF 65

aMolar ratios: N-benzyl-2-iodobenzamide (1.0 equiv), phenylacetylene (1.2 equiv), ligands (10 mol %), Cu source (10 mol %), base (1.2 equiv),
solvent (2 mL), temperature 120 °C, reaction time 12 h. bYields reported after purification by column chromatography (SiO2).

cL6 (20 mol %).
dN-Benzyl-2-bromobenzamide (1.0 equiv) in place of N-benzyl-2-iodobenzamide, temperature 140 °C. eN-Benzyl-2-bromobenzamide (1.0 equiv).
fL6 (10 mol %), CuI (5 mol %). (L1) D-mannose, (L2) D-glucose, (L3) D-xylose, (L4) α-D-methylglucopyranoside, (L5) N-acetyl-D-glucosamine,
(L6) D-glucosamine, (L7) propane-1,2-diamine, and (L8) ethylene glycol.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c03003
ACS Omega 2021, 6, 21125−21138

21127

https://pubs.acs.org/doi/10.1021/acsomega.1c03003?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c03003?fig=tbl1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c03003?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Scheme 1. Synthesis of 3-Methyleneisoindoline-1-ones (3a−3ac) via Optimized Reaction Conditionsa

aYields in % reported after purification by column chromatography (SiO2).
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with phenyl substituted N-atom in comparison to unprotected
or alkyl group substituted N-atom (compound 3ac, 3n, and 3v,
Scheme 1).
The efficacy of reaction was also tested with 2-bromo-

benzamide instead of 2-iodobenzamide, which gave a
comparatively similar yield but required more reaction time
(Scheme 1). In all reaction conditions, predominantly a single
stereoisomer (Z-isomer) of the product was observed. The
formation of Z-isomer was confirmed by comparing the
spectral data of the synthesized compound with those reported
in the literature.29 For the quantitative estimation of the
reactions catalyzed with the Cu(I)/L6 catalytic system, we
carried out reactions on the gram scale and found a good yield
of compound 3a (Scheme 2).

After the success of the D-glucosamine ligand for the
Sonogashira coupling followed by cyclative additive amination,
we moved forward with the same catalytic system for the
practical synthesis of (E)-N-aryl-4H-thiochromen-4-imines (5)
from cascade reaction between 2-iodobenzothioamide (4) and
terminal alkynes (2) under optimized conditions. N-phenyl-2-
iodobenzothioamide (4a) and phenylacetylene (2a) were
selected as the model substrates and treated with CuI, D-
glucosamine, and K2CO3 as the base in anhydrous DMF as
solvent at 100−120 °C. Optimization of reaction conditions
with respect to the molar ratios of L6, CuI, and K2CO3,
temperature, and reaction time has been summarized in Table
2. The optimized reaction condition for the synthesis of (E)-N-

(2-phenyl-4H-thiochromen-4-ylidene)aniline (5a) from N-
phenyl-2-iodobenzothioamide (4a) and phenylacetylene (2a)
was established, where 5 mol % CuI and 10 mol % L6 in the
presence of 1.2 equiv of K2CO3 in anhydrous DMF as solvent
at 120 °C for 12 h reaction time resulted in a good yield of
product 5a (Table 2, entry 4).
The optimized reaction condition was investigated with

different sets of 2-halobenzothioamides (4) and terminal
alkynes (2). No remarkable variation in yields was observed
with different substitutions at different positions of the phenyl
ring attached to terminal alkynes (Scheme 3).
In addition to the synthesis of (Z)-3-methyleneisoindoline-

1-ones and (E)-N-aryl-4H-thiochromen-4-imines, the glucos-
amine ligand L6 is also applied for the Cu(I)-catalyzed
Glaser−Hay coupling of terminal alkyne (2) with optimized
reaction conditions and molar ratios that resulted in the
formation of 1,4-bis(4-(tert-butyl)phenyl)buta-1,3-diyne (6a)
and other derivatives (6b−d) in 56−88% yields (Scheme 4).
A plausible mechanism for the synthesis of (Z)-3-

methyleneisoindoline-1-ones (3) and (E)-N-aryl-4H-thiochro-
men-4-imines (5) is depicted in Schemes 5 and 6. According
to postulations,30 ligand L6 coordinates with Cu(I) as a
bidentate ligand. The 2-halobenzamide substrate (1) under-
goes oxidative addition on the ligand coordinated Cu(I)
system (A) to form respective coordinated intermediate B,
which on reaction with alkynyl copper results in the formation
of intermediate C. Intermediate C on reductive elimination
produces compound D and the ligand coordinated Cu(I) (A)
system. In the final step, compound D furnishes (Z)-3-
methyleneisoindoline-1-ones 3 in the presence of CuI and
K2CO3 via cyclative additive amination (Scheme 5).
On the other hand, in the synthetic route of (E)-N-aryl-4H-

thiochromen-4-imines (5), copper(I) complex F could be
formed by the coordination of ligand L6 with CuI, which on
oxidative addition of the C−I bond of substrate 4 leads to the
formation of copper complex G.31 Base-promoted deprotona-
tion of complex G resulted in the sulfur-centered anion H,
which on releasing the halide ion produced intermediate I.
Reductive elimination of intermediate I furnishes the
regenerated Cu(I) complex and 4H-benzothietane-2-imine J
(via C−S bond formation),31 which gets converted into final
product 5 via a nucleophilic attack of the alkynyl group,
followed by cyclative rearrangement in the presence of K2CO3
and CuI (Scheme 6).

■ CONCLUSIONS
In conclusion, we have developed the D-glucosamine/CuI
system as a simple, efficient, inexpensive, and biocompatible
catalytic system for easy access to (Z)-3-methyleneisoindoline-
1-ones as well as (E)-N-aryl-4H-thiochromen-4-imines in
tandem one-pot fashion with excellent regio- and stereo-
selectivity. It is a single catalytic system that is applicable for
Sonogashira, Ullmann, Glaser−Hay coupling reactions and
finally in the domino synthesis of several novel heterocyclic
motifs of biological relevance. Utilizing the D-glucosamine/
CuI-mediated tandem route, we developed 29 different (Z)-3-
methyleneisoindoline-1-ones (where 13 are new) and 14
different (E)-N-aryl-4H-thiochromen-4-imines (where 12 are
new). In short, a total of 47 analogues of biologically relevant
heterocycles and diynes were developed herein with great ease
and high-to-excellent yields. D-Glucosamine exhibited several
notable advantages, such as broad application scope, mild
reaction conditions, simple operation, eco-friendliness, and

Scheme 2. Gram Scale Reactions for the Synthesis of (Z)-2-
Benzyl-3-Benzylideneisoindolin-1-one 3a Using Ligand L6a

aYields in % reported after purification by column chromatography
(SiO2).

Table 2. Reaction Optimization for the Application of L6 in
Tandem Synthesis of (E)-N-Aryl-4H-thiochromen-4-imine
(5a)

entry
CuI

(mol %)
L6

(mol %)
K2CO3
(equiv) temp

time
(h)

yielda

(%)

1 10 20 1.2 120 12 85
2 10 10 1.2 120 12 86
3 10 5 1.2 120 12 72
4 5 10 1.2 120 12 86
5 5 10 1.2 120 18 86
6 5 10 1.5 120 12 85
7 5 10 1.2 140 12 85

aYields in % reported after purification by column chromatography
(SiO2).
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produced a good-to-excellent yield of the product with
comparatively low catalyst loading.

■ EXPERIMENTAL SECTION

General. All the reactions were performed under an argon
atmosphere using analytical grade reagents and dry solvents.
Glassware was dried in an oven at 100 °C for 1 h and cooled in
a desiccator before use. Next, 60 F254 silica gel precoated
aluminum plates were used for TLC, and the spots were
located under a UV lamp (λmax = 254 nm). 1H and 13C NMR
were recorded on a JEOL NMR spectrometer at 500 and 125
MHz, respectively. The chemical shifts given in parts per
million (ppm) are relative to that of tetramethylsilane as an
internal standard; the J values are given in hertz. Mass spectra
were recorded by electron spray ionization mass spectrometry.
The melting points were determined using an open capillary
on a melting point apparatus.

General Procedure for the Syntheses of (Z)-3-
Methyleneisoindoline-1-ones. 2-Iodobenzamide 1a (200
mg, 0.59 mmol) was put in anhydrous DMF (4 mL), and
ligand L6 (10 mol %, 12 mg, 0.059 mmol), CuI (5 mol %, 7
mg, 0.03 mmol), terminal alkyne (2a, 83 mg, 0.70 mmol, 88
μL), and K2CO3 (1.2 equiv, 98 mg, 0.71 mmol) were added to
it. The mixture was heated at 120 °C in a sealed tube under an
argon atmosphere for 12 h. Completion of the reaction was
confirmed by TLC, and the reaction mass was cooled to room
temperature, followed by the evaporation of DMF under
reduced pressure. The crude residue was purified by column
chromatography (230−400 mesh silica gel) to provide product
3a using a mixture of ethyl acetate and n-hexane (1:9) as the
eluent.

(Z)-2-Benzyl-3-benzylideneisoindolin-1-one (3a).28c Light
yellow solid, yield 88%; Rf = 0.6 (15% ethyl acetate/n-hexane),
mp 110−112 °C; 1H NMR (500 MHz, CDCl3): δ 7.93 (d, J =
7.5 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.60 (t, J = 7.5 Hz, 1H),

Scheme 3. Synthesis of (E)-N-Aryl-4H-thiochromen-4-imines (5a−n) via Optimized Reaction Conditionsa

aYields (in %) reported after purification by column chromatography (SiO2).
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7.52 (t, J = 7.5 Hz, 1H), 7.27−7.22 (m, 3H), 7.09−7.02 (m,
5H), 6.71 (s, 1H), 6.53 (d, J = 6.5 Hz, 2H), 4.93 (s, 2H); 13C
NMR (125 MHz, CDCl3): δ 168.9, 138.4, 136.7, 134.5, 134.2,
132.0, 129.5, 128.9, 128.0, 127.9, 127.8, 127.3, 126.6, 126.2,
123.4, 119.3, 107.4, and 44.8 ppm.
(Z)-2-Benzyl-3-(4-butylbenzylidene)isoindolin-1-one (3b).

Light yellow gel, 156 mg, 72% yield; Rf = 0.7 (15% ethyl
acetate/n-hexane); 1H NMR (500 MHz, CDCl3): δ 7.94 (d, J
= 7.5 Hz, 1H), 7.73 (d, J = 9.0 Hz, 1H), 7.62−7.59 (m, 1H),
7.53−7.50 (m, 1H), 7.09−7.03 (m, 5H), 6.99 (d, J = 7.5 Hz,

2H), 6.71 (s, 1H), 6.55 (d, J = 6.5 Hz, 2H), 4.97 (s, 2H), 2.64
(t, J = 7.5 Hz, 2H), 1.68−1.62 (m, 2H), 1.45−1.38 (m, 2H),
1.00−0.97 (m, 3H); 13C NMR (125 MHz, CDCl3): δ 168.9,
142.2, 138.4, 136.8, 133.9, 131.9, 131.6, 129.4, 128.8, 128.0,
127.9, 127.8, 126.5, 126.3, 123.3, 119.3, 107.7, 44.7, 35.3, 33.6,
22.2, and 13.9 ppm. HRMS m/z: [M + H]+ calcd for
C26H26NO

+, 368.2009; found, 368.2010.
(Z)-2-Benzyl-3-(thiophen-3-ylmethylene)isoindolin-1-one

(3c). Light yellow solid, 154 mg, 82% yield; Rf = 0.6 (15% ethyl
acetate/n-hexane), mp 109−111 °C; 1HNMR (500 MHz,

Scheme 4. Synthesis of Dialkynes (6a−d) via Optimized Reaction Conditionsa

aYields (in %) reported after purification by column chromatography (SiO2).

Scheme 5. Plausible Mechanism for Cu-L6 Catalyzed Synthesis of (Z)-3-Methyleneisoindoline-1-ones (3)
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CDCl3): δ 7.93 (d, J = 7.5 Hz, 1H), 7.71 (d, J = 7.5 Hz, 1H),
7.62−7.59 (m, 1H), 7.52 (t, J = 7.5 Hz, 1H), 7.23−7.22 (m,
1H), 7.12 (q, J = 2.2 Hz, 3H), 6.94 (t, J = 2.0 Hz, 1H), 6.80 (d,
J = 4.5 Hz, 1H), 6.69−6.67 (m, 2H), 6.56 (s, 1H), 5.01 (s,
2H); 13C NMR (125 MHz, CDCl3): δ 168.8, 138.2, 136.9,
134.9, 134.5, 132.0, 129.2, 129.0, 128.0, 127.9, 126.7, 126.1,
125.1, 124.2, 123.4, 119.3, 102.0, and 44.6 ppm. HRMS m/z:
[M + H]+ calcd for C20H16NOS

+, 318.0947; found, 318.0954.
(Z)-2-Benzyl-3-(4-(tert-butyl)benzylidene)isoindolin-1-one

(3d). Light yellow solid, 162 mg, 75% yield; Rf = 0.7 (15%
ethyl acetate/n-hexane), mp 104−106 °C; 1H NMR (500
MHz, CDCl3): δ 7.89 (d, J = 7.5 Hz, 1H), 7.67 (d, J = 7.5 Hz,
1H), 7.56−7.53 (m, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.20 (d, J =
7.5 Hz, 2H), 7.02 (d, J = 6.5 Hz, 1H), 6.98 (t, J = 6.5 Hz, 2H),
6.93 (d, J = 7.5 Hz, 2H), 6.66 (s, 1H), 6.45 (d, J = 7.5 Hz,
2H), 4.91 (s, 2H), 1.31 (s, 9H); 13C NMR (125 MHz,
CDCl3): δ 168.9, 150.4, 138.4, 136.8, 134.1, 132.0, 131.4,
129.3, 128.8, 128.0, 127.8, 126.5, 126.2, 124.6, 123.4, 119.3,
107.6, 44.8, 34.5, and 31.2 ppm. HRMS m/z: [M + H]+ calcd
for C26H26NO

+, 368.2009; found, 368.1996.
(Z)-2-Benzyl-3-(2-methoxybenzylidene)isoindolin-1-one

(3e). Yellow solid, 121 mg, 60% yield; Rf = 0.4 (15% ethyl
acetate/n-hexane), mp 139−141 °C; 1H NMR (500 MHz,
CDCl3): δ 7.93 (d, J = 7.5 Hz, 1H), 7.77 (d, J = 7.5 Hz, 1H),
7.61 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.29−7.26
(m, 1H), 7.10−7.01 (m, 4H), 6.91−6.89 (m, 1H), 6.72 (d, J =
8.5 Hz, 1H), 6.62 (s, 1H), 6.53 (d, J = 7.5 Hz, 2H), 4.94 (s,
2H), 3.55 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 168.9,
157.6, 138.4, 136.8, 134.4, 131.9, 131.4, 129.2, 128.8, 128.0,

127.8, 126.4, 126.3, 123.4, 123.3, 119.7, 119.7, 110.2, 104.3,
55.1, and 44.7 ppm. HRMS m/z: [M + H]+ calcd for
C23H20NO2

+, 342.1489; found, 342.1469.
(Z)-2-Benzyl-3-(2-(trifluoromethyl)benzylidene)isoindolin-

1-one (3f).White solid, 165 mg, 74% yield; Rf = 0.4 (15% ethyl
acetate/n-hexane), mp 109−111 °C; 1H NMR (500 MHz,
CDCl3): δ 7.92 (d, J = 7.5 Hz, 1H), 7.74 (d, J = 7.5 Hz, 1H),
7.56−7.53 (m, 1H), 7.50−7.47 (m, 2H), 7.45 (t, J = 7.3 Hz,
1H), 7.35−7.31 (m, 4H), 7.29−7.26 (m, 2H), 6.80 (d, J = 7.5
Hz, 1H), 6.50 (s, 1H), 5.15 (s, 2H); 13C NMR (125 MHz,
CDCl3): δ 166.7, 136.9, 136.4, 134.8, 133.8, 132.0, 131.7 (d,
3JC−F = 19.0 Hz), 130.3, 129.5, 129.5, 129.3, 128.7, 128.1,
128.0, 127.4, 127.0, 126.3 (q, 1JC−F = 19.0 Hz), 125.9, 124.8,
123.5, 123.1, 122.6, 107.4, and 43.3 ppm. HRMS m/z: [M +
H]+ calcd for C23H17F3NO

+, 380.1257; found, 380.1233.
(Z)-2-Benzyl-3-(3,5-difluorobenzylidene)isoindolin-1-one

(3g). Brown solid, 183 mg, 90% yield; Rf = 0.6 (15% ethyl
acetate/n-hexane), mp 109−111 °C; 1H NMR (500 MHz,
CDCl3): δ 7.94 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 7.5 Hz, 1H),
7.64 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.13−7.08
(m, 3H), 6.73−6.69 (m, 1H), 6.59−6.57 (m, 2H), 6.53 (s,
1H), 6.50 (d, J = 6.0 Hz, 2H), 4.93 (s, 2H); 13C NMR (125
MHz, CDCl3): δ 168.8, 162.2 (dd, 1JC−F = 248.5 Hz, 4JC−F =
12.9 Hz, 2C), 138.0, 137.8, 136.2, 135.6, 132.4, 129.6, 128.2,
128.0, 126.9, 125.8, 123.7, 119.5, 112.7, 112.6, 112.5, 112.5,
104.4, 102.8 (t, 3JC−F = 24.4 Hz), and 44.9 ppm. HRMS m/z:
[M + H]+ calcd for C22H16F2NO

+, 348.1194; found, 348.1131.

Scheme 6. Plausible Mechanism for Cu-L6 Catalyzed Synthesis of (E)-N-Aryl-4H-thiochromen-4-imines (5)
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(Z)-2-Benzyl-3-(2-phenylethylidene)isoindolin-1-one (3h).
Light yellow solid, 69 mg, 36% yield; Rf = 0.5 (15% ethyl
acetate/n-hexane), mp 97−99 °C; 1H NMR (500 MHz,
CDCl3): δ 8.47 (d, J = 7.5 Hz, 1H), 7.66 (t, J = 7.1 Hz, 1H),
7.49 (t, J = 7.5 Hz, 2H), 7.33 (td, J = 14.1, 6.7 Hz, 5H), 7.27
(s, 1H), 7.16−7.13 (m, 4H), 6.37 (s, 1H), 5.31 (s, 2H), 3.92
(s, 2H); 13C NMR (125 MHz, CDCl3): δ 163.6, 141.2, 137.4,
136.9, 136.5, 132.5, 129.0, 128.8, 128.3, 128.3, 127.2, 127.1,
126.5, 126.0, 125.5, 124.6, 108.1, 46.5, and 39.4 ppm. HRMS
m/z: [M + H]+ calcd for C23H20NO

+, 326.1539; found,
326.1476.
(Z)-2-Benzyl-3-(4-methylbenzylidene)isoindolin-1-one

(3i).24b Yellow solid, 119 mg, 62% yield; Rf = 0.5 (15% ethyl
acetate/n-hexane), mp 100−102 °C; 1H NMR (500 MHz,
CDCl3): δ 7.92 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 7.5 Hz, 1H),
7.61 (t, J = 7.5 Hz, 1H), 7.53−7.50 (m, 1H), 7.09−7.04 (m,
5H), 6.98 (d, J = 8.5 Hz, 2H), 6.70 (s, 1H), 6.58 (d, J = 7 Hz,
2H), 4.95 (s, 2H), 2.38 (s, 3H); 13C NMR (125 MHz,
CDCl3): δ 169.1, 138.6, 137.2, 136.9, 134.1, 132.0, 131.5,
129.5, 128.9, 128.6, 128.1, 127.9, 126.7, 126.5, 123.4, 119.4,
107.7, 44.8, and 21.3 ppm.
(Z)-2-Benzyl-5-methoxy-3-(thiophen-3-ylmethylene)-

isoindolin-1-one (3j). Brown solid, 166 mg, 77% yield; Rf = 0.6
(15% ethyl acetate/n-hexane), mp 119−121 °C; 1H NMR
(500 MHz, CDCl3): δ 7.60 (d, J = 8.5 Hz, 1H), 7.38 (d, J = 2.0
Hz, 1H), 7.22 (q, J = 3.0 Hz, 1H), 7.17−7.15 (m, 1H), 7.12−
7.10 (m, 3H), 6.91 (d, J = 3.0 Hz, 1H), 6.79 (d, J = 5.0 Hz,
1H), 6.68−6.66 (m, 2H), 6.43 (s, 1H), 4.98 (s, 2H), 3.91 (s,
3H); 13C NMR (125 MHz, CDCl3): δ 168.8, 160.9, 137.0,
134.9, 134.7, 131.1, 129.5, 129.3, 128.1, 126.7, 126.2, 125.0,
124.1, 120.8, 120.7, 105.8, 100.9, 55.8, and 44.8 ppm. HRMS
m/z: [M + H]+ calcd for C21H18NO2S

+, 348.1053; found,
348.0991.
(Z)-2-Benzyl-3-(4-(tert-butyl)benzylidene)-5-methoxyi-

soindolin-1-one (3k). White solid, 158 mg, 64% yield; Rf = 0.7
(15% ethyl acetate/n-hexane), mp 144−146 °C; 1H NMR
(500 MHz, CDCl3): δ 7.62 (d, J = 8.5 Hz, 1H), 7.38 (s, 1H),
7.23 (d, J = 8.5 Hz, 2H), 7.17 (dd, J = 8.5, 2.0 Hz, 1H), 7.07
(d, J = 6.5 Hz, 1H), 7.02 (t, J = 7.2 Hz, 2H), 6.97 (d, J = 8.5
Hz, 2H), 6.58 (s, 1H), 6.49 (d, J = 7.5 Hz, 2H), 4.93 (s, 2H),
3.92 (s, 3H), 1.35 (s, 9H); 13C NMR (125 MHz, CDCl3): δ
168.9, 160.8, 150.4, 137.0, 134.0, 131.7, 131.3, 129.6, 129.4,
127.9, 126.6, 126.3, 124.7, 120.7, 120.7, 106.7, 105.7, 55.8,
45.0, 34.6, and 31.3 ppm. HRMS m/z: [M + H]+ calcd for
C27H28NO2

+, 398.2115; found, 398.2061.
(Z)-2-Benzyl-3-(4-fluorobenzylidene)-5-methoxyisoindo-

lin-1-one (3l). White solid, 170 mg, 75% yield; Rf = 0.6 (15%
ethyl acetate/n-hexane), mp 137−139 °C; 1H NMR (500
MHz, CDCl3): δ 7.61 (d, J = 8.5 Hz, 1H), 7.39 (d, J = 1.5 Hz,
1H), 7.19−7.16 (m, 1H), 7.08 (d, J = 7.5 Hz, 3H), 6.99−6.96
(m, 2H), 6.91−6.88 (m, 2H), 6.56 (d, J = 6.0 Hz, 2H), 6.51 (s,
1H), 4.88 (s, 2H), 3.92 (s, 3H); 13C NMR (125 MHz,
CDCl3): δ 169.0, 162.1 (d, 1JC−F = 246.1 Hz), 161.1, 136.8,
134.6, 131.3 (d, 2JC−F = 33.5 Hz), 131.2, 130.7, 129.7, 128.8,
128.2, 127.4, 127.0, 126.8, 126.1, 120.9, 120.8, 114.9, 114.8,
105.9, 105.3, 55.9, and 45.1 ppm. HRMS m/z: [M + H]+ calcd
for C23H19FNO2

+, 360.1394; found, 360.1466.
(Z)-3-(4-Fluorobenzylidene)-2-phenylisoindolin-1-one

(3m).28a White solid, 168 mg, 87% yield; Rf = 0.6 (15% ethyl
acetate/n-hexane), mp 170−172 °C; 1H NMR (500 MHz,
CDCl3): δ 7.95 (d, J = 7.5 Hz, 1H), 7.84 (d, J = 7.5 Hz, 1H),
7.68 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.13−7.10
(m, 3H), 7.08−7.06 (m, 2H), 6.82 (q, J = 4.8 Hz, 2H), 6.77 (s,

1H), 6.63−6.59 (m, 2H); 13C NMR (125 MHz, CDCl3): δ
167.9, 161.4 (d, 1JC−F = 246.1 Hz), 138.5, 135.7, 134.5, 132.5,
130.7 (d, 2JC−F = 33.5 Hz), 129.6 (d, 3JC−F = 13.0 Hz), 129.3,
128.2, 127.7, 127.2, 126.9, 123.9, 119.3, 114.2, 114.1, and
106.3 ppm.

(Z)-3-Benzylideneisoindolin-1-one (3n).28a,32,33 Yellow
solid, 110 mg, 82% yield; Rf = 0.6 (15% ethyl acetate/n-
hexane), mp 177−179 °C; 1H NMR (500 MHz, CDCl3): δ
8.40 (s, 1H), 7.88 (d, J = 7.5 Hz, 1H), 7.79 (d, J = 8.0 Hz,
1H), 7.65−7.62 (m, 1H), 7.53−7.42 (m, 5H), 7.33−7.30 (m,
1H), 6.56 (s, 1H); 13C NMR (125 MHz, CDCl3): δ 169.0,
138.2, 134.9, 133.0, 132.2, 129.2, 129.2, 128.7, 128.4, 127.7,
123.5, 119.8, and 105.9 ppm.

(Z)-2-Benzyl-3-(4-methoxybenzylidene)isoindolin-1-one
(3o).24b Yellow solid, 157 mg, 78% yield; Rf = 0.5 (15% ethyl
acetate/n-hexane), mp 110−111 °C; 1H NMR (500 MHz,
CDCl3): δ 7.93 (d, J = 7.5 Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H),
7.61−7.58 (m, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.08 (q, J = 6.7
Hz, 3H), 7.01 (d, J = 8.5 Hz, 2H), 6.79 (d, J = 7.5 Hz, 2H),
6.68 (s, 1H), 6.61 (d, J = 7.0 Hz, 2H), 4.96 (s, 2H), 3.84 (s,
3H); 13C NMR (125 MHz, CDCl3): δ 169.1, 159.0, 138.6,
137.0, 133.9, 132.0, 130.9, 128.8, 128.0, 127.9, 126.8, 126.7,
126.4, 123.4, 119.3, 113.4, 107.5, 55.3, and 44.9 ppm.

(Z)-3-(4-(tert-Butyl)benzylidene)isoindolin-1-one (3p).28a

Yellow solid, 184 mg, 83% yield; Rf = 0.6 (15% ethyl
acetate/n-hexane), mp 197−199 °C; 1H NMR (500 MHz,
CDCl3): δ 8.22 (s, 1H), 7.88 (d, J = 7.6 Hz, 1H), 7.79 (d, J =
7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.2 Hz, 1H),
7.46 (d, J = 8.6 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 6.54 (s,
1H), 1.35 (s, 9H); 13C NMR (125 MHz, CDCl3): δ 168.9,
151.0, 138.2, 132.2, 132.1, 129.0, 128.6, 128.2, 128.1, 126.2,
123.5, 119.7, 105.9, 34.7, and 31.2 ppm.

(Z)-3-(2-Methoxybenzylidene)isoindolin-1-one (3q).28a

Yellow solid, 143 mg, 71% yield; Rf = 0.5 (15% ethyl
acetate/n-hexane), mp 154−156 °C; 1H NMR (500 MHz,
CDCl3): δ 8.23 (s, 1H), 7.77 (dd, J = 21.9, 7.5 Hz, 2H), 7.55
(t, J = 7.5 Hz, 1H), 7.43 (t, J = 7.0 Hz, 1H), 7.33 (d, J = 7.5
Hz, 1H), 7.26−7.23 (m, 1H), 6.98−6.90 (m, 2H), 6.56 (s,
1H), 3.86 (s, 3H); 13C NMR (126 MHz, CDCl3): δ 168.2,
156.2, 138.1, 132.7, 131.8, 130.1, 129.1, 128.7, 123.6, 123.2,
121.1, 119.6, 111.3, 102.0, 55.6, and 29.4 ppm.

(Z)-3-(4-Methoxybenzylidene)isoindolin-1-one (3r).28a

White solid, 104 mg, 52% yield; Rf = 0.5 (15% ethyl
acetate/n-hexane), mp 195−197 °C; 1H NMR (500 MHz,
CDCl3): δ 8.30 (s, 1H), 7.86 (d, J = 7.0 Hz, 1H), 7.76 (d, J =
7.5 Hz, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H),
7.39 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H), 6.50 (s,
1H), 3.84 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 169.1,
159.3, 138.5, 132.2, 131.7, 129.9, 128.9, 128.6, 127.6, 123.6,
119.7, 114.8, 106.1, and 55.5 ppm.

(Z)-3-(4-Pentylbenzylidene)isoindolin-1-one (3s). White
solid, 182 mg, 78% yield; Rf = 0.7 (15% ethyl acetate/n-
hexane), mp 120−122 °C; 1H NMR (500 MHz, CDCl3): δ
8.50 (s, 1H), 7.88 (d, J = 7.0 Hz, 1H), 7.78 (d, J = 7.5 Hz,
1H), 7.63−7.60 (m, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.39 (d, J =
7.5 Hz, 2H), 7.25 (d, J = 7.5 Hz, 2H), 6.54 (s, 1H), 2.64 (t, J =
7.5 Hz, 2H), 1.66−1.63 (m, 2H), 1.36 (d, J = 4.0 Hz, 4H),
0.93−0.90 (m, 3H); 13C NMR (125 MHz, CDCl3): δ 169.2,
142.9, 138.4, 132.5, 132.4, 132.2, 129.4, 129.0, 128.7, 128.5,
123.6, 119.8, 106.3, 35.8, 31.6, 31.1, 22.6, and 14.1 ppm.
HRMS m/z: [M + H]+ calcd for C20H22NO

+, 292.1696; found,
292.1761.
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(Z)-3-(4-Bromobenzylidene)isoindolin-1-one (3t).28a

White solid, 202 mg, 84% yield; Rf = 0.6 (15% ethyl
acetate/n-hexane), mp 220−222 °C; 1H NMR (500 MHz,
CDCl3): δ 8.39 (s, 1H), 7.88 (d, J = 7.5 Hz, 1H), 7.78−7.75
(m, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.55 (q, J = 7.9 Hz, 3H),
7.34 (d, J = 8.5 Hz, 2H), 6.47 (s, 1H); 13C NMR (125 MHz,
CDCl3): δ 169.2, 138.4, 138.2, 134.0, 133.6, 132.5, 132.5,
130.2, 130.0, 129.5, 128.7, 123.8, 121.7, 119.9, and 104.7 ppm.
(Z)-3-(4-Methylbenzylidene)isoindolin-1-one (3u).28a Yel-

low solid, 111 mg, 59% yield; Rf = 0.6 (15% ethyl acetate/n-
hexane), mp 200−202 °C; 1H NMR (500 MHz, CDCl3): δ
8.45 (s, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.69 (d, J = 7.5 Hz,
1H), 7.53 (t, J = 7.5 Hz, 1H), 7.43−7.40 (m, 1H), 7.28 (d, J =
7.5 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.44 (s, 1H), 2.30 (s,
3H); 13C NMR (125 MHz, CDCl3): δ 169.1, 138.3, 137.7,
132.3, 132.1, 132.0, 129.9, 128.9, 128.6, 128.4, 123.5, 119.7,
106.2, and 21.3 ppm.
(Z)-3-Benzylidene-2-(tert-butyl)isoindolin-1-one (3v).28c,31

White gel, 146 mg, 80% yield; Rf = 0.6 (15% ethyl acetate/n-
hexane); 1H NMR (500 MHz, CDCl3): δ 7.71 (d, J = 7.5 Hz,
1H), 7.43−7.37 (m, 5H), 7.31 (t, J = 7.5 Hz, 1H), 7.16−7.13
(m, 1H), 6.99 (s, 1H), 6.83 (d, J = 7.5 Hz, 1H), 1.85 (s, 9H);
13C NMR (125 MHz, CDCl3): δ 167.8, 137.4, 136.3, 135.4,
131.0, 131.0, 129.5, 128.7, 128.6, 127.6, 123.0, 122.6, 114.5,
57.5, and 30.5 ppm.
(Z)-2-(tert-Butyl)-3-(4-butylbenzylidene)isoindolin-1-one

(3w). Light Yellow gel, 171 mg, 78% yield; Rf = 0.6 (15% ethyl
acetate/n-hexane); 1H NMR (500 MHz, CDCl3): δ 7.72 (d, J
= 7.5 Hz, 1H), 7.33−7.28 (m, 3H), 7.23 (t, J = 8.0 Hz, 2H),
7.18−7.15 (m, 1H), 6.98 (s, 1H), 6.91 (d, J = 8.0 Hz, 1H),
2.68 (t, J = 7.5 Hz, 2H), 1.85 (s, 9H), 1.67 (t, J = 7.5 Hz, 2H),
1.42−1.38 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H); 13C NMR (125
MHz, CDCl3): δ 168.0, 142.6, 137.2, 135.6, 133.5, 131.1,
131.1, 129.5, 128.9, 128.6, 123.2, 122.7, 114.9, 57.6, 35.5, 33.7,
30.7, 22.5, and 14.1 ppm; HRMS m/z: [M + H]+ calcd for
C23H28NO

+, 334.2165; found, 334.2157.
(Z)-3-(4-(tert-Butyl)benzylidene)-2-phenylisoindolin-1-

one (3x).28a Pale yellow solid, 191 mg, 89% yield; Rf = 0.5
(15% ethyl acetate/n-hexane), mp 128−130 °C; 1HNMR (500
MHz, CDCl3): δ 7.96 (d, J = 7.5 Hz, 1H), 7.86 (d, J = 7.5 Hz,
1H), 7.67 (t, J = 7.6 Hz, 1H), 7.54 (t, J = 7.2 Hz, 1H), 7.06 (d,
J = 14.3 Hz, 5H), 6.92 (d, J = 8.6 Hz, 2H), 6.85 (s, 1H), 6.77
(d, J = 8.6 Hz, 2H), 1.22 (s, 9H); 13CNMR (125 MHz,
CDCl3): δ 167.8, 149.7, 138.6, 135.8, 134.1, 132.3, 130.5,
129.0, 128.6, 128.0, 127.2, 126.5, 124.0, 123.8, 119.3, 107.7,
34.3, and 31.1 ppm.
(Z)-2-Benzyl-3-(4-fluorobenzylidene)isoindolin-1-one

(3y).32 White solid, 171 mg, 88% yield; Rf = 0.5 (15% ethyl
acetate/n-hexane), mp 150−152 °C; 1H NMR (500 MHz,
CDCl3): δ 7.92 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H),
7.62−7.60 (m, 1H), 7.53 (t, J = 7.5 Hz, 1H), 7.09−7.05 (m,
3H), 6.99−6.96 (m, 2H), 6.90 (t, J = 8.5 Hz, 2H), 6.63 (s,
1H), 6.55 (d, J = 9.0 Hz, 2H), 4.90 (s, 2H); 13C NMR (125
MHz, CDCl3): δ 168.9, 162.0, (d, 1JC−F = 246.1 Hz), 138.3,
136.6, 134.6, 132.2, 131.2 (d, 2JC−F = 33.0 Hz), 130.4 (d, 3JC−F
= 13.5 Hz), 129.1, 128.0, 126.7, 126.0, 123.5, 119.4, 114.9,
114.7, 106.2, and 44.8 ppm.
(Z)-2-(tert-Butyl)-3-(4-(tert-butyl)benzylidene)isoindolin-

1-one (3z). White solid, 188 mg, 86% yield; Rf = 0.7 (15%
ethyl acetate/n-hexane), mp 100−102 °C; 1H NMR (500
MHz, CDCl3): δ 7.72 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz,
2H), 7.32−7.30 (m, 3H), 7.19−7.6 (m, 1H), 6.97 (t, J = 4.0
Hz, 2H), 1.84 (s, 9H), 1.38 (s, 9H); 13C NMR (125 MHz,

CDCl3): δ 168.5, 151.4, 137.7, 136.1, 133.8, 131.7, 131.6,
129.8, 129.2, 126.2, 123.6, 123.2, 115.3, 58.1, 35.3, 32.0, and
31.2 ppm; HRMS m/z: [M + H]+ calcd for C23H28NO

+,
334.2165; found, 334.2136.

(Z)-3-(4-Methoxybenzylidene)-2-phenylisoindolin-1-one
(3aa).28a Light yellow solid, 147 mg, 74% yield; Rf = 0.6 (15%
ethyl acetate/n-hexane), mp 136 °C; 1H NMR (500 MHz,
CDCl3): δ 7.95 (d, J = 7.5 Hz, 1H), 7.84 (d, J = 8.5 Hz, 1H),
7.66 (t, J = 7.5 Hz, 1H), 7.54−7.51 (m, 1H), 7.13−7.09 (m,
5H), 6.78 (d, J = 6.5 Hz, 3H), 6.47 (d, J = 8.5 Hz, 2H), 3.70
(s, 3H); 13C NMR (125 MHz, CDCl3): δ 168.1, 158.5, 138.9,
136.1, 133.2, 132.4, 130.6, 129.0, 128.3, 127.7, 127.2, 126.7,
126.1, 124.0, 119.3, 112.9, 107.8, and 55.3 ppm.

(Z)-3-(4-Pentylbenzylidene)isoindolin-1-one (3ab).28a,34

White solid, 160 mg, 72% yield; Rf = 0.7 (15% ethyl
acetate/n-hexane), mp 143−145 °C; 1H NMR (500 MHz,
CDCl3): δ 8.24 (s, 1H), 7.86 (d, J = 7.0 Hz, 1H), 7.77 (d, J =
6.5 Hz, 1H), 7.62 (s, 1H), 7.50 (d, J = 6.5 Hz, 1H), 7.36 (d, J
= 6.5 Hz, 2H), 7.24 (d, J = 6.5 Hz, 2H), 6.53 (s, 1H), 2.62 (d,
J = 6.5 Hz, 2H), 1.61 (d, J = 7.0 Hz, 2H), 1.37 (d, J = 6.5 Hz,
2H), 0.94 (d, J = 6.5 Hz, 3H); 13C NMR (125 MHz, CDCl3):
δ 169.1, 143.1, 138.5, 132.7, 132.5, 132.4, 129.6, 129.3, 128.9,
128.6, 123.8, 120.0, 106.4, 35.6, 33.7, 22.6, and 14.2 ppm.

(Z)-3-Benzylidene-2-phenylisoindolin-1-one (3ac).28,29

White solid, 99 mg, 55% yield; Rf = 0.5 (10% ethyl acetate/
n-hexane), mp 194−196 °C; 1H NMR (500 MHz, CDCl3): δ
7.96 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.68 (t, J =
7.2 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.08 (dt, J = 9.9, 3.6 Hz,
5H), 6.97 (d, J = 6.7 Hz, 1H), 6.92 (t, J = 7.6 Hz, 2H), 6.87 (d,
J = 7.6 Hz, 2H), 6.84 (s, 1H); 13C NMR (125 MHz, CDCl3):
δ 167.9, 138.6, 135.9, 134.3, 133.5, 132.4, 129.2, 129.1, 128.1,
127.8, 127.2, 126.7, 126.5, 123.9, 119.3, 107.6, and 29.7 ppm.

General Procedure for the Syntheses of (E)-N-Aryl-
4H-thiochromen-4-imines (5a−n). 2-Iodobenzothioamide
4a (200 mg, 0.59 mmol) was put in anhydrous DMF (4 mL),
and ligand L6 (10 mol %, 13 mg, 0.059 mmol), CuI (5 mol %,
7 mg, 0.03 mmol), terminal alkyne (2a, 82.1 mg, 0.70 mmol,
88 μL), and K2CO3 (1.2 equiv, 98 mg, 0.71 mmol) were added
to it. The mixture was heated at 120 °C in a sealed vessel
under an argon atmosphere for 12 h. Completion of the
reaction was confirmed by TLC, and the reaction mass was
cooled to room temperature, followed by the evaporation of
DMF under reduced pressure. The crude residue was purified
by column chromatography (230−400 mesh silica gel) to give
product 5a using a mixture of ethyl acetate and n-hexane
(1:19) as the eluent.

(E)-N-(2-Phenyl-4H-thiochromen-4-ylidene)aniline (5a).31

Pale Yellow solid, 158 mg, 86% yield; Rf = 0.5 (10% ethyl
acetate/n-hexane), mp 115−120 °C; 1H NMR (500 MHz,
CDCl3): δ 8.71 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.5 Hz, 5H),
7.41−7.39 (m, 5H), 7.12 (t, J = 7.5 Hz, 1H), 7.01−6.95 (m,
3H); 13C NMR (125 MHz, CDCl3): δ 155.2, 151.6, 145.1,
137.5, 134.2, 130.3, 130.0, 129.9, 129.3, 128.9, 127.6, 127.5,
126.7, 126.3, 123.1, 120.3, and 115.2 ppm.

(E)-N-(2-(4-Methoxyphenyl)-4H-thiochromen-4-ylidene)-
aniline (5b).31 Yellow powder, 157 mg, 78% yield; Rf = 0.6
(10% ethyl acetate/n-hexane), mp 91−95 °C; 1H NMR (500
MHz, CDCl3): δ 8.67 (d, J = 7.0 Hz, 1H), 7.48−7.45 (m, 3H),
7.43−7.36 (m, 4H), 7.10 (d, J = 8.0 Hz, 1H), 6.94−6.88 (m,
5H), 3.81 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 161.2,
155.5, 151.8, 144.8, 134.3, 130.4, 130.0, 129.9, 129.4, 128.1,
127.6, 127.5, 126.3, 123.1, 120.5, 114.4, 114.1, and 55.5 ppm.
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(E)-N-(2-(4-(tert-Butyl)phenyl)-4H-thiochromen-4-
ylidene)aniline (5c). Yellow solid, 156 mg, 72% yield; Rf = 0.6
(10% ethyl acetate/n-hexane), mp 128−130 °C; 1H NMR
(500 MHz, CDCl3): δ 8.68 (d, J = 7.5 Hz, 1H), 7.48−7.45 (m,
3H), 7.41−7.36 (m, 6H), 7.10−7.07 (m, 1H), 6.98−6.92 (m,
3H), 1.32 (s, 9H); 13C NMR (125 MHz, CDCl3): δ 155.4,
153.5, 151.8, 145.1, 134.7, 134.4, 130.5, 130.0, 129.4, 127.7,
127.6, 126.5, 126.4, 126.0, 123.1, 120.5, 114.8, 34.9, and 31.2
ppm; HRMS m/z: [M + H]+ calcd for C25H24NS

+, 370.1624;
found, 370.1589.
(E)-N-(2-(2-Methoxyphenyl)-4H-thiochromen-4-ylidene)-

aniline (5d). Yellow solid, 143 mg, 71% yield; Rf = 0.5 (10%
ethyl acetate/n-hexane), mp 130−132 °C; 1H NMR (500
MHz, CDCl3): δ 8.68−8.67 (m, 1H), 7.47−7.43 (m, 3H), 7.34
(t, J = 8.0 Hz, 4H), 7.04 (t, J = 7.5 Hz, 1H), 6.97−6.90 (m,
5H), 3.78 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 156.5,
155.2, 151.7, 141.8, 135.2, 130.8, 130.2, 130.1, 129.8, 129.1,
127.4, 127.4, 126.2, 126.0, 122.9, 120.7, 120.5, 118.7, 111.5,
and 55.6 ppm; HRMS m/z: [M + H]+ calcd for C22H18NOS

+,
344.1104; found, 344.1079.
(E)-N-(2-(4-Fluorophenyl)-4H-thiochromen-4-ylidene)-

aniline (5e). Yellow crystalline solid, 152 mg, 78% yield; Rf =
0.4 (10% ethyl acetate/n-hexane), mp 112−115 °C; 1H NMR
(500 MHz, CDCl3): δ 8.68 (d, J = 7.5 Hz, 1H), 7.48−7.43 (m,
5.4 Hz, 5H), 7.38 (t, J = 7.5 Hz, 2H), 7.11−7.05 (m, 3H), 6.92
(d, J = 8.5 Hz, 3H); 13C NMR (125 MHz, CDCl3): δ 163.8 (d,
1JC−F = 249.8 Hz), 155.2, 151.6, 144.1, 134.0, 133.7, 130.4,
130.2, 129.4, 128.7 (d, 2JC−F = 34.5 Hz), 127.8, 127.6, 126.3,
123.3, 120.4, 116.2, 116.1, and 115.3 ppm; HRMS m/z: [M +
H]+ calcd for C21H15FNS

+, 332.0904; found, 332.0853.
(E)-N-(2-(Thiophen-3-yl)-4H-thiochromen-4-ylidene)-

aniline (5f). Yellow powder, 167 mg, 89% yield; Rf = 0.6 (10%
ethyl acetate/n-hexane), mp 104−106 °C; 1H NMR (500
MHz, CDCl3): δ 8.67−8.65 (m, 1H), 7.53 (d, J = 3.0 Hz, 1H),
7.48−7.44 (m, 3H), 7.38 (t, J = 7.5 Hz, 2H), 7.33 (q, J = 3.0
Hz, 1H), 7.15−7.13 (m, 1H), 7.11−7.08 (m, 1H), 7.00 (s,
1H), 6.93 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3):
δ 155.3, 151.7, 139.2, 138.6, 133.9, 130.5, 130.1, 129.4, 127.7,
127.6, 127.0, 126.3, 125.3, 123.9, 123.2, 120.5, and 114.0 ppm;
HRMS m/z: [M + H]+ calcd for C19H14NS2

+, 320.0562; found,
320.0538.
(E)-N-(2-(p-Tolyl)-4H-thiochromen-4-ylidene)aniline (5g).

Yellow solid, 144 mg, 75% yield; Rf = 0.6 (10% ethyl acetate/n-
hexane), mp 112 °C; 1H NMR (500 MHz, CDCl3): δ 8.67 (d,
J = 7.5 Hz, 1H), 7.52−7.42 (m, 3H), 7.37 (t, J = 7.0 Hz, 4H),
7.18 (d, J = 8.0 Hz, 2H), 7.09−7.03 (m, 1H), 6.95−6.92 (m,
3H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 155.3,
151.6, 145.1, 140.3, 134.6, 134.3, 130.3, 129.9, 129.6, 129.3,
127.6, 127.5, 126.5, 126.2, 123.0, 120.4, 114.6, 77.3, 77.0, 76.7,
and 21.3 ppm; HRMS m/z: [M + H]+ calcd for C22H18NS

+,
328.1154; found, 328.1102.
(E)-N-(2-(4-Pentylphenyl)-4H-thiochromen-4-ylidene)-

aniline (5h). Brown gel, 176 mg, 78% yield; Rf = 0.6 (10%
ethyl acetate/n-hexane); 1H NMR (500 MHz, CDCl3): δ 8.67
(d, J = 7.0 Hz, 1H), 7.48−7.45 (m, 3H), 7.37−7.35 (m, 4H),
7.19 (d, J = 8.0 Hz, 2H), 7.09−7.06 (m, 1H), 6.96−6.92 (m,
3H), 2.60 (t, J = 7.7 Hz, 2H), 1.37−1.29 (m, 6H), 1.25 (s,
3H); 13C NMR (125 MHz, CDCl3): δ 155.4, 145.4, 134.9,
134.4, 130.1, 129.4, 129.1, 127.7, 127.6, 126.6, 126.4, 123.1,
120.5, 114.7, 35.7, 31.5, 31.0, 22.6, and 14.1 ppm. HRMS m/z:
[M + H]+ calcd for C26H26NS

+, 384.1780; found, 384.1771.
(E)-N-(2-(2-(Trifluoromethyl)phenyl)-4H-thiochromen-4-

ylidene)aniline (5i). Yellow solid, 173 mg, 77% yield; Rf = 0.4

(10% ethyl acetate/n-hexane), mp 114−116 °C; 1H NMR
(500 MHz, CDCl3): δ 8.71−8.70 (m, 1H), 7.69 (d, J = 7.5 Hz,
1H), 7.56−7.41 (m, 6H), 7.31 (t, J = 7.5 Hz, 2H), 7.03 (t, J =
7.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 2H), 6.66 (s, 1H); 13C NMR
(125 MHz, CDCl3): δ 154.1, 151.2, 142.2, 135.7, 134.4, 131.6,
131.3, 130.1, 129.3, 129.2, 127.8, 127.6, 126.6 (q, JC−F = 19.0
Hz), 125.9, 123.1, 120.2, and 118.8 ppm. HRMS m/z: [M +
H]+ calcd for C22H15F3NS

+, 382.0872; found, 382.0858.
(E)-N-(2-(4-Methoxy-2-methylphenyl)-4H-thiochromen-4-

ylidene)aniline (5j). Orange solid, 170 mg, 81% yield; Rf = 0.4
(10% ethyl acetate/n-hexane), mp 110−112 °C; 1H NMR
(500 MHz, CDCl3): δ 8.71 (dd, J = 7.5, 1.8 Hz, 1H), 7.49−
7.42 (m, 3H), 7.34−7.31 (m, 2H), 7.21 (d, J = 8.5 Hz, 1H),
7.04−7.02 (m, 1H), 6.88 (d, J = 7.5 Hz, 2H), 6.74−6.72 (m,
2H), 6.57 (s, 1H), 3.79 (s, 3H), 2.28 (s, 3H); 13C NMR (125
MHz, CDCl3): δ 160.3, 155.1, 151.7, 145.3, 137.7, 135.2,
130.5, 130.4, 130.0, 129.7, 129.3, 127.7, 127.6, 126.1, 123.0,
120.4, 118.3, 116.3, 111.4, 55.4, and 20.4 ppm. HRMS m/z:
[M + H]+ calcd for C23H20NOS

+, 358.1260; found, 358.1237.
(E)-N-(2-(5-Methoxynaphthalen-2-yl)-4H-thiochromen-4-

ylidene)aniline (5k). Brown solid, 183 mg, 79% yield; Rf = 0.5
(10% ethyl acetate/n-hexane), mp 130−132 °C; 1H NMR
(500 MHz, CDCl3): δ 8.70 (d, J = 7.0 Hz, 1H), 7.92 (s, 1H),
7.72 (dd, J = 20.7, 8.8 Hz, 2H), 7.50−7.47 (m, 4H), 7.41−7.38
(m, 2H), 7.18−7.16 (m, 1H), 7.11 (d, J = 12.0 Hz, 3H), 6.98
(d, J = 7.5 Hz, 2H), 3.92 (s, 3H); 13C NMR (125 MHz,
CDCl3): δ 158.8, 155.4, 151.7, 145.3, 135.4, 134.4, 132.5,
130.5, 130.2, 130.1, 129.4, 128.5, 127.7, 127.7, 127.6, 126.4,
126.3, 124.4, 123.2, 120.6, 119.9, 115.0, 105.7, and 55.5 ppm;
HRMS m/z: [M + H]+ calcd for C26H20NOS

+, 394.1260;
found, 394.1229.

(E)-N-(2-(2,4,5-Trimethylphenyl)-4H-thiochromen-4-
ylidene)aniline (5l). Yellow solid, 157 mg, 75% yield; Rf = 0.6
(10% ethyl acetate/n-hexane), mp 98−100 °C; 1H NMR (500
MHz, CDCl3): δ 8.71−8.70 (m, 1H), 7.49−7.47 (m, 2H),
7.46−7.43 (m, 1H), 7.31 (t, J = 7.5 Hz, 2H), 7.05−6.99 (m,
3H), 6.87 (d, J = 7.5 Hz, 2H), 6.58 (s, 1H), 2.23 (s, 6H), 2.22
(s, 3H); 13C NMR (125 MHz, CDCl3): δ 154.9, 151.6, 145.4,
137.9, 135.0, 134.4, 134.1, 132.9, 132.0, 130.2, 130.0, 129.9,
129.2, 127.6, 127.5, 126.0, 122.8, 120.2, 117.9, 19.4, 19.3, and
19.0 ppm; HRMS m/z: [M + H]+ calcd for C24H22NS

+,
356.1467; found, 356.1452.

(E)-N-(2-(4-Butylphenyl)-4H-thiochromen-4-ylidene)-
aniline (5m). Orange solid, 174 mg, 80% yield; Rf = 0.6 (10%
ethyl acetate/n-hexane), mp 84−86 °C; 1H NMR (500 MHz,
CDCl3): δ 8.68 (d, J = 7.0 Hz, 1H), 7.48−7.44 (m, 3H), 7.38
(t, J = 7.5 Hz, 4H), 7.19 (d, J = 8.0 Hz, 2H), 7.09 (t, J = 7.5
Hz, 1H), 6.97−6.93 (m, 3H), 2.62 (t, J = 7.5 Hz, 2H), 1.38−
1.27 (m, 4H), 0.94−0.91 (m, 3H); 13C NMR (125 MHz,
CDCl3): δ 155.3, 151.6, 145.3, 145.2, 134.8, 134.3, 130.3,
129.9, 129.3, 129.0, 127.5, 127.5, 126.5, 126.2, 123.0, 120.4,
114.6, 35.3, 33.4, 22.3, and 13.9 ppm. HRMS m/z: [M + H]+

calcd for C25H24NS
+, 370.1624; found, 370.1615.

(E)-N-(2-(4-(tert-Butyl)phenyl)-4H-thiochromen-4-yli-
dene)-2-chloroaniline (5n). Oily liquid, 168 mg, 78% yield; Rf
= 0.5 (10% ethyl acetate/n-hexane); 1H NMR (500 MHz,
CDCl3): δ 8.75 (d, J = 9.0 Hz, 1H), 7.51−7.47 (m, 3H), 7.44−
7.39 (m, 5H), 7.25−7.22 (m, 1H), 7.01 (t, J = 7.3 Hz, 1H),
6.92 (d, J = 8.0 Hz, 1H), 6.72 (s, 1H), 1.30 (s, 9H); 13C NMR
(125 MHz, CDCl3): δ 156.2, 153.6, 148.6, 146.0, 134.6, 134.5,
130.1, 130.1, 129.9, 127.8, 127.7, 127.5, 126.5, 126.3, 126.0,
125.1, 123.9, 121.7, 114.8, 34.7, and 31.1 ppm. HRMS m/z:
[M + H]+ calcd for C25H23ClNS

+, 404.1234; found, 404.1225.
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General Procedure for the Syntheses of Dialkynes
(6a−d). A round-bottom flask was charged with 1-(tert-butyl)-
4-ethynylbenzene (150 mg, 0.87 mmol), CuI (5 mol %, 9 mg,
0.04 mmol), L6 (10 mol %, 20 mg, 0.094 mmol), and K2CO3
(1.2 equiv, 155 mg, 1.12 mmol). The mixture was dissolved in
anhydrous DMF (2−3 mL) and vigorously stirred for 4.0−5.0
h under a closed vessel. Completion of the reaction was
confirmed by TLC, and the reaction mixture was subjected to
evaporation of DMF under reduced pressure. The crude
residue was purified by column chromatography (230−400
mesh silica gel) to give product 6a using n-hexane as the
eluent.
1,4-Bis(4-(tert-butyl)phenyl)buta-1,3-diyne (6a).35 White

solid, 101 mg, 74% yield; Rf = 0.4 (n-hexane) mp 180−182 °C;
1H NMR (500 MHz, CDCl3): δ 7.45 (d, J = 8.0 Hz, 4H), 7.35
(d, J = 7.0 Hz, 4H), 1.30 (s, 18H); 13C NMR (125 MHz,
CDCl3): δ 152.5, 132.2, 125.4, 118.7, 81.4, 73.4, 34.8, and 31.0
ppm.
1,4-Bis(thiophen-3-yl)buta-1,3-diyne (6b).35 White solid,

83 mg, 56% yield; Rf = 0.5 (5% ethyl acetate/n-hexane), mp
110−112 °C; 1H NMR (500 MHz, CDCl3): δ 7.59 (d, J = 3.0
Hz, 2H), 7.29−7.27 (m, 2H), 7.17 (d, J = 5.0 Hz, 2H); 13C
NMR (125 MHz, CDCl3): δ 131.2, 130.1, 125.5, 120.8, 76.5,
and 73.4 ppm.
1,4-Bis(4-methylphenyl)buta-1,3-diyne (6c).35 White solid,

103 mg, 69% yield; Rf = 0.6 (n-hexane), mp 180−182 °C; 1H
NMR (500 MHz, CDCl3): δ 7.39 (d, J = 8.0 Hz, 4H), 7.11 (d,
J = 7.5 Hz, 4H), 2.34 (s, 6H); 13C NMR (125 MHz, CDCl3):
δ 139.2 132.1, 128.9, 118.5, 81.2, 73.18, and 21.3 ppm.
1,4-Diphenylbuta-1,3-diyne (6d).35 White solid, 130 mg,

88% yield; Rf = 0.7 (n-hexane), mp 82−84 °C; 1H NMR (500
MHz, CDCl3): δ 7.55 (d, J = 6.5 Hz, 4H), 7.39−7.34 (m, 6H);
13C NMR (125 MHz, CDCl3): δ 132.4, 129.1, 128.4, 121.7,
81.5, and 73.9 ppm.
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