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univ-orleans.fr

† Electronic supplementary information
procedure and analytical data. See DOI: 1

Cite this: RSC Adv., 2020, 10, 9934

Received 24th January 2020
Accepted 2nd March 2020

DOI: 10.1039/d0ra00768d

rsc.li/rsc-advances

9934 | RSC Adv., 2020, 10, 9934–99
f 3-amino-1H-isochromene from
ortho-ynamidyl het(aryl) aldehyde derivatives†

Löıc Habert, Iryna Diachenko and Isabelle Gillaizeau *

A simple and original efficient synthesis of 3-amino-1H-isochromene bearing a bromine atom at the C-1

position via a 6-endo-cyclization approach from in situ generated ortho-ynamidyl het(aryl) aldehyde

derivatives is achieved under mild reaction conditions and with good yields. Original ortho-ynamidyl

benzaldehyde compounds were also successfully obtained.
Introduction

Efficient efforts have been devoted toward developing methods
and technologies to synthesize original collections of small
heterocyclic molecules with useful therapeutic properties. Due
to its potent biological activities, the 1H-isochromene frame-
work has attracted considerable attention. A signicant number
of functionalized 1H-isochromene derivatives have been re-
ported to have signicant biological activities including anti-
microbial1 and antifungal activity,2 and some exhibit a dual
antiproliferative and anti-MRSA effect3 (Scheme 1). Several
methods have been developed for the synthesis of this 1H-iso-
chromene scaffold. Most of them involved either a transition
metal-catalyzed (i.e. Au, Pd, Ag, Ru and Cu) annulation of 2-
alkynyl benzaldehyde derivatives with alcohols4 or an electro-
philic iodocyclization approach.5 Achieving the cyclization
process in presence of C-, O-, or P-nucleophiles permitted the
introduction of various substituents at the C-1 position of 1H-
isochromene. However, most of these examples illustrate the
difficulty of predicting the regioselectivity of the 5-exo- vs. 6-
endo-dig ring closure depending on the nature of the starting
derivatives. It should be mentioned that Walsh and Yang
recently solved this regioselectivity issue using a cascade radical
cyclization strategy from a 2-aza allyl anion.6 The literature
survey thus clearly pointed out the lack of simple, cost-effective,
atom-economic and fast protocols for accessing these useful
frameworks. In view of our previous reports devoted to the
functionalization of ynamide to provide key intermediates in
the synthesis of small nitrogen-containing scaffolds,7,8 we
anticipated beneting from the high reactivity of these deriva-
tives to access original functionalized 3-amino-1H-isochromene
derivatives. This achievement will constitute a breakthrough in
this eld. To the best of our knowledge, there are indeed only
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two reported syntheses of 3-amino-1H-isochromene derivatives
observed as a side compound.9 Pursuing this objective and
considering our previous reports in ynamide chemistry,7 we
wish therefore to report herein our preliminary results on the
unprecedented synthesis of functionalized 3-amino-1H-iso-
chromene compounds from ortho-ynamidyl het(aryl) aldehyde
derivatives in metal-free conditions.
Results and discussion

Access to the brominated precursor 2a–e was achieved from
readily available 2-ethynylbenzaldehydes 1a–e according to the
bromination method described by Jin's team (Table 1).10 We
started our investigation by combining 2-ethynylbenzaldehyde
1a with NBS as a brominating agent and DBU as a base in
acetonitrile.11 Under these conditions, a good conversion of 1a
was attained in less than one minute leading to the brominated
2-ethynylbenzaldehyde 2a in excellent yield. Then, we investi-
gated the inuence of the aryl substitution pattern and found
that the presence of a strong 3-OMe electron-donating group
leads to product 2b with good yield, whereas a 4-CH3 group (2c)
triggered a signicant reduction in the yield, as did the presence
of a 4-F electron-withdrawing group (2d). Good yield was also
Scheme 1 Biologically active 1H-isochromene derivatives.
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Table 1 Scope of the addition/cycloisomerization reaction from 2-
ethynylbenzaldehydes 1c

a Reaction conditions: 1 (1 mmol), NBS (1.5 equiv.), DBU (1 equiv.),
CH3CN (2.0 mL), rt, 1 min. b Reaction conditions: 1 (1 mmol), NBS
(1.5 equiv.), DBU (1 equiv.), CH3CN (2.0 mL), rt, 10 min. c Isolated
yields. d Gram scale synthesis.

Scheme 2 Plausible mechanism.
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obtained with a thiophene group allowing access to the
heterocyclic product 2e. It is important to note that the reaction
time plays a key role in the formation of the targeted product. As
the bromination reaction is very fast, 2 was obtained in only one
minute. However, when the reaction was stirred for a longer
period of time (10 minutes), we found that a new cyclized
product 3a or 3b appeared as a unique compound when
electron-withdrawing groups (i.e. Cl, NO2) were present on the
aryl moiety. The scalability of the cyclization was then explored
by conducting the reaction at gram-scale, leading to 3a in good
yield. It is worth noting, however, that the compounds 3 were
found to be unstable over time even at low temperature.
Traditional functionalization by a cross-coupling reaction can
thus be envisaged from 3a, which can be furthermore consid-
ered as an oxocarbenium ion precursor. The replacement of
NBS with N-bromophthalimide in order to increase the diversity
on the imide moiety was unfortunately not successful.12

Intrigued by the formation of the cyclized product 3, and
based on the literature precedents, a plausible mechanism is
outlined in Scheme 2. We initially assumed the formation of the
brominated 2-ethynylbenzaldehyde 2 via a bromination reac-
tion accomplished in presence of DBU and NBS. Then, the
deprotonated form of succinimide attacks the brominated
product 2 according to a nucleophilic substitution13 reaction
leading to the 2-ynimidylbenzaldehyde A, which was not iso-
lated at this stage. It should be noted that ynimides are difficult
to access; only two groups have described their synthesis in the
literature to date.14 In addition, the formation of 2-ynami-
dylbenzaldehyde is totally unprecedented, unlike the corre-
sponding ester compound.15 This process then allows the
release of hydrogen bromide in the medium which can then
react with the newly formed ynimide A, affording the keteni-
minium B and promoting a regioselective 6-endo-dig
This journal is © The Royal Society of Chemistry 2020
intramolecular nucleophilic attack of carbonyl oxygen to the
isobenzopyrilium intermediate C. Nucleophilic addition of the
bromide anion on the latter provides access to the 3-amino-1H-
isochromene 3.

Taking into account this reactivity, we set about extending
this methodology by modifying the nature of the amino
substituent (Table 2). With a view to obtaining various 3-amino-
1H-isochromene motifs 4, we rst attempted from 2 to replace
the imide (NBS), as described in 3, by a tosylamide in presence
of DBU, but without success. Thus, to generate the precursor of
the cyclization process (similar to A in Scheme 2), the Hsung
coupling strategy was chosen for the synthesis of the 2-ynami-
dylbenzaldehyde intermediate.7 A study was then carried out by
varying the nature of the amide or aryl group.16 Reported reac-
tion conditions were used from 2 without any modication
affording 4a in good yield. As previously observed in Scheme 2,
lower yields were observed with electron-donating groups (4b)
as competing substrate decomposition was observed prior to
the complete consumption of the starting material. In this case,
we assume that an electron-donating group (i.e. 4-Me) may favor
the reverse addition step (cf. Scheme 2, intermediate B), causing
degradation.17 The presence of electron-withdrawing groups
such as uorine (4c) made the nal cyclized compound more
stable but slowed down the cyclization process (t ¼ 54 h). In
a second step, variation of the amide protecting group was
studied, demonstrating the possibility to access compounds
4d–e. However, the introduction of an allyl or a Boc group on the
nitrogen atom led to the formation of the corresponding 2-
ynamidylbenzaldehyde 5a or 5b in moderate yield; no cycliza-
tion product was obtained. The tests carried out using this
intermediate 5 to force the cyclization reaction in neutral or
acidic conditions proved unsuccessful, only degradation prod-
ucts were observed. Hence, given the prevalence of heterocycles
in medicinal chemistry, we then tested the possibility of
increasing the level of structural complexity by introducing
a thiophene moiety (5c–e). However, no cyclization was
observed either; these original thiophenyl ynamides 5c–e were
isolated as stable compounds. In the case of 5e, the corre-
sponding amide 6e, resulting from a hydration process, was
isolated as a side compound. Remarkably, it is the rst reported
example of isolated ortho-ynamidyl het(aryl) aldehyde deriva-
tives and thus provides access to more complex compounds,
thereby allowing the exploration of a new chemical space in
RSC Adv., 2020, 10, 9934–9939 | 9935
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Table 2 Synthesis of 3-amino-1-bromo-1H-isochromene motifs 4 or ortho-ynamidyl het(aryl) aldehyde 5ab

a Reaction conditions: 2 (1.1 mmol, 1.1 equiv.), R1R2NH (1 equiv.), K3PO4 (2 equiv.), CuSO4$5H2O (0.1 equiv.), 1,10-phenantroline (0.2 equiv.),
toluene (0.33 M), 80 �C, 48 h. b Isolated yields. c t ¼ 54 h.
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terms of heteroatom-containing compounds. Finally, we
presumed that the electronic nature of the het(aryl) moiety
directly impacted the reactivity of the aldehyde function. This
trend was conrmed with electron-rich thiophene-2-
carboxaldehyde derivatives (5c–e) which did not undergo cycli-
zation probably due to a lower stability of the potential iso-
benzopyrilium intermediate C. Similar results were observed
with the less stabilized ynamides 5a–b.
Conclusions

In summary, the strategy developed herein is likely to provide
an original and convenient access to 3-amino-1-bromo-1H-iso-
chromene from readily available 2-ethynylbenzaldehydes as
starting materials. The approach involved an unprecedented 2-
ynamidylbenzaldehyde intermediate, which can be isolated as
a stable compound. A tandem addition/cycloisomerization
reaction provided regioselective access to 3-amino-1H-iso-
chromene bearing a bromine atom at the C-1 position that
would otherwise be difficult to prepare using alternative
procedures. The use and application of the reported protocols
in the synthesis of biologically important related molecules may
be anticipated and is the focus of ongoing research.
Experimental
General information

Unless otherwise noted, all reagents and solvents were
purchased from commercial sources and used as received. All
9936 | RSC Adv., 2020, 10, 9934–9939
manipulations were conducted under argon. The reactions
were monitored by thin-layer chromatography (TLC) using
silica gel (60 F254) plates. Compounds were visualized using
a UV lamp (254 nm) and/or by potassium permanganate stain.
Flash column chromatography was carried out on silica gel 60
(230–400 mesh, 0.040–0.063 mm). Melting points (mp [�C])
were taken on samples in open capillary tubes and are
uncorrected. The infrared spectra of compounds were recor-
ded on a Thermo Scientic Nicolet iS10. 1H, 13C and 19F NMR
spectra were recorded on a spectrometer at 250 MHz (13C, 62.9
MHz) or 400 MHz (13C, 100 MHz; 19F: 376 MHz CPD). High-
resolution accurate mass measurements (HRAM) were recor-
ded with a Maxis Bruker 4G instrument and were performed in
positive mode with an ESI source on a Q-TOF mass spec-
trometer with an accuracy tolerance of 2 ppm by the
“Fédération de Recherche” ICOA/CBM (FR2708) platform.
Compounds 1b–d,18 1e19 were synthesized according to the
literature procedures.
General procedure GP1 for the synthesis of 2a–2e

To a solution of aryl alkyne 1 (1.0 mmol) in MeCN (2.0 mL) was
added NBS (1.5 mmol) and DBU (1.0 mmol). The mixture was
stirred at room temperature for 1 min. The reactionmixture was
then poured into water and extracted with CH2Cl2 (3 � 10 mL).
The combined organic phases were washed with water (3 � 10
mL), ltered and concentrated under reduced pressure. The
crude product 2 was puried by ash-column chromatography
on silica gel.
This journal is © The Royal Society of Chemistry 2020
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General procedure GP2 for the synthesis of 3a–3b

To a solution of aryl alkyne 119 (1.0 mmol) in MeCN (2.0 mL) was
added NBS (1.5 mmol) and DBU (1.0 mmol). The mixture was
stirred at room temperature for 10 min. The reaction mixture
was then poured into water and extracted with CH2Cl2 (3 � 10
mL). The combined organic phases were washed with water (3
� 10 mL), ltered and concentrated under reduced pressure.
The crude product 3 was puried by ash-column chromatog-
raphy on silica gel.
General procedure GP3 for the synthesis of 4a–4e, 5a–5e, 6e

In a reaction vial ushed with argon and equipped with a stir-
ring bar, were added bromoalkyne 2 (1.1 equiv.), the protected
secondary amine (1.0 equiv.), CuSO4$5H2O (10 mol%), 1,10-
phenantroline (20 mol%), K3PO4 (2.0 equiv.) and toluene (0.33
M). The reaction mixture was capped and heated in an oil bath
at 80 �C for 48 h while being monitored with TLC analysis. Upon
completion, the reaction mixture was cooled to room temper-
ature and diluted with EtOAc and ltered through Celite™, and
the ltrate was concentrated in vacuo. The crude products were
puried by silica gel ash column chromatography [gradient
eluent : EtOAc in hexane] to afford the desired compound.

2-(Bromoethynyl)benzaldehyde (2a). Flash-column chroma-
tography on silica gel with petroleum ether/ethyl acetate
(99 : 01) as eluent gave 2a as a white solid (691 mg, 87%)
according to GP1. 1H NMR (400 MHz, CDCl3): 10.48 (m, 1H),
7.92 (d, J ¼ 7.6 Hz, 1H), 7.59–7.53 (m, 2H), 7.49–7.45 (m, 1H).
13C NMR (100 MHz, CDCl3): d 191.1, 136.8, 133.8, 133.7, 129.0,
127.3, 126.1, 76.0, 57.2. HRMS (ESI+): calcd for C9H6OBr [M +
H]+: 208.9596 found 208.9594. Mp: 114–115 �C.

2-(Bromoethynyl)-5-methoxybenzaldehyde (2b). Flash-
column chromatography on silica gel with petroleum ether/
ethyl acetate (99 : 01) as eluent gave 2b as a white solid
(298 mg, 98%) according to GP1. 1H NMR (400 MHz, CDCl3):
10.44 (s, 1H), 7.49 (d, J ¼ 8.6 Hz, 1H), 7.39 (d, J ¼ 2.8 Hz, 1H),
7.10 (dd, J ¼ 8.6, 2.8 Hz, 1H), 3.86 (s, 3H). 13C NMR (100 MHz,
CDCl3): d 191.0, 160.0, 138.3, 135.1, 121.5, 118.7, 110.0, 75.9,
55.6, 55.1. HRMS (ESI+): calcd for C10H8O2Br [M + H]+:
238.970218 found 238.969974. Mp: 108–109 �C.

2-(Bromoethynyl)-4-methylbenzaldehyde (2c). Flash-column
chromatography on silica gel with petroleum ether/ethyl
acetate (99 : 01) as eluent gave 2c as a white gum (152 mg,
54%) according to GP1. 1H NMR (400 MHz, CDCl3): 10.41 (d, J¼
0.9 Hz, 1H), 7.81 (d, J¼ 8.0 Hz, 1H), 7.39 (d, J¼ 2.1 Hz, 1H), 7.26
(s, 1H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCl3): 190.8, 144.9,
134.6, 134.2, 130.1, 127.4, 126.1, 76.2, 56.5, 21.5. HRMS (ESI+):
calcd for C10H8O2Br [M + H]+: 222.9753 found 222.9751.

2-(Bromoethynyl)-5-uorobenzaldehyde (2d). Flash-column
chromatography on silica gel with petroleum ether/ethyl
acetate (99 : 01) as eluent gave 2d as a white gum (233 mg,
38%) according to GP1. 1H NMR (400 MHz, CDCl3): 10.44 (m,
1H), 7.60–7.57 (m, 2H), 7.29–7.24 (m, 1H). 13C NMR (100 MHz,
CDCl3): d 189.9, 162.5, 133.9, 135.9, 122.2, 121.3, 113.9, 75.0,
57.1. HRMS (ESI+): calcd for C9H5OFBr [M + H]+: 226.9502
found 226.9502.
This journal is © The Royal Society of Chemistry 2020
3-(Bromoethynyl)thiophene-2-carbaldehyde (2e). Flash-
column chromatography on silica gel with petroleum ether/
ethyl acetate (99 : 01) as eluent gave 2e as a white solid
(1.51 g, 79%) according to GP1. 1H NMR (400 MHz, CDCl3):
10.11 (d, J¼ 1.3 Hz, 1H), 7.66 (d, J¼ 5.0, 1.3 Hz, 1H), 7.19 (d, J¼
5.0 Hz, 1H).$13C NMR (100 MHz, CDCl3): d 182.5, 145.3, 133.8,
131.8, 129.8, 72.8, 57.6. HRMS (ESI+): calcd for C7H4SOBr [M +
H]+: 214.916074 found 214.915654. Mp: 65–66 �C.

1-(1-Bromo-7-chloro-1H-isochromen-3-yl)pyrrolidine-2,5-
dione (3a). Flash-column chromatography on silica gel with
petroleum ether/ethyl acetate (80 : 20) as eluent gave 3a as
a white solid (950 mg, 60%) according to GP2. 1H NMR (400
MHz, CDCl3): 7.39 (d, J ¼ 1.2 Hz, 2H), 7.21 (m, 1H), 7.13 (s, 1H),
5.79 (s, 1H), 2.77–2.75 (s, 4H).$13C NMR (100 MHz, CDCl3):
d 175.0, 155.3, 135.6, 132.0, 130.3, 122.0, 120.9, 82.5, 76.1, 28.1.
HRMS (ESI+): calcd for C13H9BrClO3N [M + Na]+: 363.9346
found 363.9335. Mp: 95 �C.

1-(1-Bromo-7-nitro-1H-isochromen-3-yl)pyrrolidine-2,5-
dione (3b). Flash-column chromatography on silica gel with
petroleum ether/ethyl acetate (80 : 20) as eluent gave 3b as
a white gum (240 mg, 62%) according to GP2. 1H NMR (250
MHz, DMSO): 8.44 (s, 1H), 8.35 (dd, J ¼ 8.5, 1.8 Hz, 1H), 8.00 (d,
J¼ 8.5 Hz, 1H), 7.22 (s, 1H), 6.68 (s, 1H), 2.69 (d, J¼ 5.8 Hz, 4H).
13C NMR (63 MHz, DMSO) d 176.8 (2 � C), 154.9, 148.5, 138.9,
138.7, 125.7, 121.7, 119.4, 82.6, 80.3, 28.7 (2 � C). HRMS (ESI+):
calcd for C13H10BrO5N2S [M + H]+: 352.9768 found 352.9764.

N-(1-Bromo-1H-isochromen-3-yl)-N,4-dimethylbenzenesulfo-
namide (4a). Flash-column chromatography on silica gel with
petroleum ether/ethyl acetate (90 : 10) as eluent gave 4a as
a white solid (297 mg, 70%) according to GP3. 1H NMR (400
MHz, CDCl3): 7.95 (d, J ¼ 8.2 Hz, 2H), 7.45–7.35 (m, 7H), 5.62 (s,
1H), 2.45 (s, 3H), 2.30 (s, 3H).$13C NMR (100 MHz, CDCl3):
d 155.3, 143.9, 136.5, 134.6, 132.9, 130.2, 130.1, 129.6, 128.5,
123.4, 120, 92.3, 74.8, 28.1, 21.6. HRMS (ESI+): calcd for C17-
H17BrSO3N [M + H]+: 394.0107 found 394.0105. Mp: 114–115 �C.

N-(1-Bromo-6-methyl-1H-isochromen-3-yl)-N,4-dime-
thylbenzenesulfonamide (4b). Flash-column chromatography
on silica gel with petroleum ether/ethyl acetate (99 : 01) as
eluent gave 4b as a white solid (65 mg, 26%) according to GP3.
1H NMR (400 MHz, CDCl3): 7.95 (d, J ¼ 8.3 Hz, 2H), 7.40–7.23
(m, 5H), 7.19 (s, 1H), 5.58 (s, 1H), 2.45 (s, 3H), 2.41 (s, 3H), 2.30
(s, 3H).$13C NMR (100 MHz, CDCl3): d 155.3, 143.8, 140.5, 134.8,
133.9, 133.1, 131.2, 129.5, 128.4, 123.0, 120.1, 92.1, 74.3, 28.0,
21.6, 21.4. HRMS (ESI+): fast degradation of compound.

N-(1-Bromo-7-uoro-1H-isochromen-3-yl)-N,4-dime-
thylbenzenesulfonamide (4c). Flash-column chromatography
on silica gel with petroleum ether/ethyl acetate (90 : 10) as
eluent gave 4c as a white solid (246 mg, 63%) according to GP3.
1H NMR (400 MHz, CDCl3): 7.93 (d, J ¼ 8.3 Hz, 2H), 7.40–7.34
(m, 3H), 7.32 (s, 1H), 7.18–7.11 (m, 2H), 5.57 (s, 1H), 2.46 (s, 3H),
2.33 (s, 3H).$13C NMR (100 MHz, CDCl3): d 163.8, 154.4, 144.1,
138.8, 134.4, 129.7, 128.9, 128.4, 121.7, 118.3, 110.5, 91.7, 74.4,
28.1, 21.6. HRMS (ESI+): calcd for C17H16BrFSO3N [M + H]+:
412.0012 found 412.0012. Mp: 157–158 �C.

N-(1-Bromo-1H-isochromen-3-yl)-N-(2-(3,4-
dimethoxyphenyl)ethyl)-4-methylbenzenesulfonamide (4d).
RSC Adv., 2020, 10, 9934–9939 | 9937
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Flash-column chromatography on silica gel with petroleum
ether/ethyl acetate (90 : 10) as eluent gave 4d as a yellow oil
(241 mg, 60%) according to GP3. 1H NMR (400 MHz, CDCl3):
7.96 (d, J ¼ 8.4 Hz, 2H), 7.42–7.39 (m, 2H), 7.35–7.31 (m, 4H),
6.60 (d, J¼ 8.1 Hz, 1H), 6.25 (dd, J¼ 8.1, 1.9 Hz, 1H), 6.13 (d, J¼
2.0 Hz, 1H), 5.65 (s, 1H), 3.75 (s, 3H), 3.67 (s, 3H), 2.86–2.67 (m,
3H), 2.41 (s, 3H), 2.38–2.29 (s, 1H).$13C NMR (100 MHz, CDCl3):
all carbons were not visible on the NMR spectrum and the
compound showed fast degradation in the NMR solvent over
time. HRMS (ESI+): calcd for C26H27BrSO5N [M + H]+: 544.0787
found 544.078563.

N-(1-Bromo-1H-isochromen-3-yl)-4-methoxy-N-methyl-
benzenesulfonamide (4e). Flash-column chromatography on
silica gel with petroleum ether/ethyl acetate (90 : 10) as eluent
gave 4e as a white gum (184 mg, 42%) according to GP3. 1H
NMR (400 MHz, CDCl3): 8.02 (d, J ¼ 9.0 Hz, 2H), 7.48–7.41 (m,
4H), 7.37 (s, 1H), 7.06 (d, J ¼ 9.0 Hz, 2H), 5.64 (s, 1H), 3.91 (s,
2H), 2.32 (s, 3H).$13C NMR (100 MHz, CDCl3): d 163.3, 155.3,
136.5, 132.9, 130.7, 130.2, 130.1, 129.1, 123.4, 119.9, 114.2, 92.4,
74.7, 55.6, 28.1. HRMS (ESI+): calcd for C17H16BrFSO3N [M +
H]+: 410.0056 found 410.0055.

N-Allyl-N-((2-formylphenyl)ethynyl)-4-methylbenzene-
sulfonamide (5a). Flash-column chromatography on silica gel
with petroleum ether/ethyl acetate (80 : 20) as eluent afforded
5a as a pale yellow oil (239 mg, 64% according to GP3). 1H NMR
(250 MHz, CDCl3): 9.88 (s, 1H), 7.95 (d, J¼ 8.4 Hz, 2H), 7.90 (d, J
¼ 8.5 Hz, 1H), 7.79–7.75 (m, 1H), 7.53 (ddd, J ¼ 6.6, 5.3, 1.7 Hz,
2H), 7.37 (d, J ¼ 8.0 Hz, 2H), 7.24–7.19 (m, 1H), 6.07–5.86 (m,
1H), 5.40–5.21 (m, 2H), 4.53 (dt, J¼ 5.6, 1.4 Hz, 2H), 2.46 (s, 3H).
13C NMR (63 MHz, CDCl3) d 193.1, 144.7, 136.6, 135.4, 135.1,
134.2, 133.7, 132.8, 132.6, 129.7 (2 � C), 128.1 (2 � C), 128.0,
118.3, 87.8, 80.1, 48.9, 21.6. HRMS (ESI+): calcd for C19H18O3NS
[M + H]+: 340.1002 found 340.1000.

tert-Butyl((2-formylphenyl)ethynyl)(phenyl)carbamate (5b).
Flash-column chromatography on silica gel with petroleum
ether/ethyl acetate (80 : 20) as eluent afforded 5b as a pale
yellow oil (205 mg, 58% according to GP3). 1H NMR (250 MHz,
CDCl3): 10.54 (d, J ¼ 0.8 Hz, 1H), 7.96–7.89 (m, 1H), 7.60–7.50
(m, 4H), 7.49–7.44 (m, 2H), 7.37–7.32 (m, 1H), 7.09–7.00 (m,
1H), 1.62 (s, 9H). 13C NMR (63 MHz, CDCl3) d 192.0, 152.5,
139.1, 135.0, 133.7, 131.8, 129.0 (2 � C), 128.9, 127.4, 127.1,
124.8 (2 � C), 118.5, 90.8, 84.3, 67.1, 28.3, 28.1, 27.9. HRMS
(ESI+): calcd for C20H20O3N [M + H]+: 322.1438 found 322.1439.

N-((2-Formylthiophen-3-yl)ethynyl)-N,4-dimethylbenzene-
sulfonamide (5c). Flash-column chromatography on silica gel
with petroleum ether/ethyl acetate (90 : 10) as eluent gave 5c as
a yellow oil (310 mg, 82%) according to GP3. 1H NMR (400 MHz,
CDCl3): 9.94 (d, J¼ 1.3 Hz, 1H), 7.81–7.80 (m, 1H), 7.78–7.77 (m,
1H), 7.61 (dd, J ¼ 5.0, 1.3 Hz, 1H), 7.36 (dd, J ¼ 8.6, 0.7 Hz, 1H),
7.06 (d, J ¼ 5.0 Hz, 1H), 3.18 (s, 3H), 2.44 (s, 3H).$13C NMR (100
MHz, CDCl3): d 182.8, 133.9, 131.1, 130.0, 127.7, 127.4, 90.5,
63.0, 39.0, 21.7. All carbons were not visible on the NMR spec-
trum and the compound showed fast degradation in the NMR
solvent over time. HRMS (ESI+): calcd for C15H14S2O3N [M + H]+:
320.0486 found 320.0409.

N-Allyl-N-((2-formylthiophen-3-yl)ethynyl)-4-methylbenzene-
sulfonamide (5d). Flash-column chromatography on silica gel
9938 | RSC Adv., 2020, 10, 9934–9939
with petroleum ether/ethyl acetate (90 : 10) as eluent gave 5d as
a pale yellow oil (269 mg, 71%) according to GP3. 1H NMR (250
MHz, CDCl3) 9.90 (s, 1H), 7.80 (d, J ¼ 8.4 Hz, 2H), 7.61 (d, J ¼
5.0 Hz, 1H), 7.35 (d, J ¼ 8.5 Hz, 2H), 7.05 (d, J ¼ 5.0 Hz, 1H),
5.90–5.53 (m, 1H), 5.45–5.14 (m, 2H), 4.08 (d, J ¼ 1.2 Hz, 2H),
2.44 (s, 3H). 13C NMR (63MHz, CDCl3) d 182.9, 145.3, 134, 133.9,
131.9, 131.1, 130.6, 130.0 (2 � C), 127.7 (2 � C), 120.7, 118.7,
84.0, 54.2, 36.4, 21.7. HRMS (ESI+): calcd for C17H16O3NS2 [M +
H]+: 346.0566 found 346.0565.

N-((2-Formylthiophen-3-yl)ethynyl)-4-methoxy-N-methyl-
benzenesulfonamide (5e). Flash-column chromatography on
silica gel with petroleum ether/ethyl acetate (90 : 10) as eluent
gave 5e as a colorless oil (254 mg, 69%) according to GP3. 1H
NMR (250 MHz, CDCl3) 10.00 (d, J ¼ 1.2 Hz, 1H), 7.89 (d, J ¼
9.2 Hz, 2H), 7.66 (dd, J ¼ 5.0, 1.4 Hz, 1H), 7.09 (dd, J ¼ 8.9,
7.0 Hz, 3H), 3.92 (s, 1H), 3.22 (s, 1H). 13C NMR (63 MHz, CDCl3)
d 182.9, 164.1, 142.4, 133.9, 131.1, 130.6, 130.0 (2 � C), 127.6,
114.6 (2 � C), 90.7, 63.1, 55.8, 39.0. HRMS (ESI+): calcd for
C14H14O4NS2 [M + H]+: 336.0359 found 336.0357.

N-(2-(2-Formylthiophen-3-yl)-2-oxoethyl)-4-methoxy-N-meth-
ylbenzenesulfonamide (6e). Flash-column chromatography on
silica gel with petroleum ether/ethyl acetate (90 : 10) as eluent
gave 6e as a white gum (97 mg, 25%) according to GP3. 1H NMR
(250 MHz, CDCl3) 9.84 (s, 1H), 7.92–7.85 (m, 2H), 7.69 (d, J ¼
4.9 Hz, 1H), 7.11–6.99 (m, 3H), 4.49 (s, 2H), 3.98–3.86 (m, 3H),
3.30 (s, 3H). 13C NMR (63 MHz, CDCl3) d 182.3, 169.7, 163.7,
140.9, 134.0, 131.8, 130.0, 129.8, 114.6, 55.8, 36.6, 33.2. HRMS
(ESI+): calcd for C15H16O5NS2 [M + H]+: 355.0363 found
355.0362.
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