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tionalized benzo[1,3]dioxin-4-
ones from salicylic acid and acetylenic esters and
their direct amidation†

Rasmi P. Bhaskaran, Kalinga H. Nayak and Beneesh P. Babu *

Direct synthesis of 4H-benzo[d][1,3]dioxin-4-one derivatives from salicylic acids and acetylenic esters (both

mono- and disubstituted) has been described. The reaction is mediated by CuI and NaHCO3 in acetonitrile.

Room temperature amidation of the synthesized 1,3-benzodioxinones with primary amines readily afforded

the corresponding salicylamides in moderate to good yields.
Heterocycles and their derivatives play a pivotal role in natural
products and synthetic organic chemistry. Isolation, bio and
chemical synthesis, and investigation of pharmacological and
biological properties of diverse heterocycles have attracted both
organic and medicinal chemists.1 It is a highly vibrant and ever-
expanding eld of research. Besides, heterocycle scaffolds
contribute signicantly towards the development of novel
organic materials for luminescent applications due to their
unique photophysical properties, which can be tuned to suit
diverse applications.2 Benzodioxans are oxygen-based isomeric
heterocycles with various applications in medicinal, agricul-
tural, and synthetic chemistry. Among the isomeric benzo-
dioxans, 1,3-benzodioxane and its derivatives are used in
medicinal and agrochemicals chemistry research.3 In addition,
they are potential synthetic intermediates in multistep organic
synthesis.4 Among the various 1,3-benzodioxane derivatives,
4H-benzo[d][1,3]dioxin-4-one has been identied as an active
core in many biologically active molecules such as nucleoside
base transport inhibitor, topoisomerase I inhibitor, anti-
plasmodial and cytotoxic drugs, etc., and its thio derivatives nd
applications as an insecticide, crop protection agents, and
fungicides.5 Few examples have been shown in Fig. 1.

Salicylic acid and its derivatives are widely used to access the
4H-benzo[d][1,3]dioxin-4-one scaffolds, and several approaches
have been reported in the literature.6 In a similar line, reports in
which thiosalicylic acid yielding the corresponding benzo-1,3-
oxathiine derivatives are also reported.7 For example, conver-
sion of salicylic acid to benzo[d][1,3]dioxin-4-ones using
ute of Technology Karnataka – NITK,
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4574
dichloromethane as the methylene donor was reported by
Xiuling Cui under catalyst-free condition using potassium
phosphate.8 Later, Liu et al. developed a Cu(OAc)2 catalyzed
approach based on ortho-halobenzoic acid, KOH, and NaHCO3.9

Morpholine catalyzed conversion of salicylic acid to the ben-
zodioxinone scaffold was reported by Qiu and co-workers
treating with ynones.10 In 2017, Kawatsura et al. reported the
synthesis of 1,3-oxathiine derivatives via an iron-catalyzed
intermolecular reaction between thiosalicylic acid and
internal alkynes.11 Very recently, Muthusamy et al. reported
a catalyst-free synthesis of 1,3-oxathiine derivatives by treating
Fig. 1 Bioactive molecules with 1,3-benzodioxinone or benzox-
athiinone core.
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thiosalicylic acid and substituted propargylic alcohols.12 Due to
our continued interest in the development of novel and modi-
ed synthetic routes to heterocycles,13 we herein report
a modied route to synthesize benzo[d][1,3]dioxin-4-ones from
salicylic acid and acetylenic esters. To the best of our knowl-
edge, this is the rst report on the synthesis of benzo[d][1,3]
dioxin-4-ones from salicylic acid and acetylenic esters though
the corresponding benzo-1,3-oxathiine route has already been
documented.11 Interestingly, both mono- and disubstituted
acetylenic esters were equally effective in the reaction. The
benzo[d][1,3]dioxin-4-ones derivatives synthesized further
readily converted to amides when treated with primary amines
at room temperature.

From the literature, we understand that the reaction between
salicylic acid and acetylenic esters is not yet explored in detail
though the analogous thiosalicylic acid-based methods have
been well documented. We started our investigations using the
salicylic acid 1a and dimethyl acetylenedicarboxylate (DMAD)
2a as the model substrates and the reaction optimization
observations of the pilot experiment are summarized in Table 1.
Stirring 1a (0.6 mmol) and 2a (0.5 mmol) together in a Schlenk
tube using acetonitrile (2 ml) as the solvent resulted in no
characteristic reaction at room temperature as well as at 80 �C.
We further introduced a base into the reaction medium. Both
organic and inorganic bases were screened to identify the best
condition. Organic bases such as pyridine and DABCO failed to
afford the expected product under hot conditions. Interestingly,
inorganic bases succeeded in yielding the expected benzo[d]
Table 1 Optimization of the reaction conditionsa

S. no. Base Additive

1 Pyridine 10 mol% —
2 DABCO 10 mol% —
3 K2CO3 20 mol% —
4 NaHCO3 20 mol% —
5 NaHCO3 1.2 equiv. —
6 NaHCO3 1.2 equiv. CuI 20 mol%
7 NaHCO3 1.2 equiv. Pd(OAc)2 10 mol%
8 NaHCO3 1.2 equiv. CuI 1 equiv.
9 — CuI 1 equiv.
10 NaHCO3 1.2 equiv. CuI 1 equiv.
11 NaHCO3 1.2 equiv. CuI 1 equiv.
12 NaHCO3 1.2 equiv. CuI 1 equiv.
13 NaHCO3 1.2 equiv. CuI 1 equiv.
14 NaHCO3 1.2 equiv. FeCl3 1 equiv.
15 NaHCO3 1.2 equiv. CuCl 1 equiv.
16 NaHCO3 1.2 equiv. NiCl2 1 equiv.
17 NaHCO3 1.2 equiv. MnCl2 1 equiv.

a All reactions were carried out in a Schlenk tube in 0.5 mmol scale. React
equiv.), solvent (2 ml), 24 h, 80 �C. b Isolated yield aer column chromato

© 2021 The Author(s). Published by the Royal Society of Chemistry
[1,3]dioxin-4-one with moderate conversion. NaHCO3 (1.2
equiv.) was proved to be the best base for the reaction, yielding
55% of the product 3aa (Table 1, entry 5). We further studied the
effect of different metal salts such as CuI, Pd(OAc)2, CuCl, FeCl3,
NiCl2, and MnCl2 in the reaction. Among the various metal salts
screened, CuI showed a remarkable inuence on the outcome of
the reaction as summarized in Table 1. Stoichiometric CuI (1
equiv.) as an additive in presence of NaHCO3 (1.2 equiv.) base
enhanced the yield of the nal benzo[d][1,3]dioxin-4-one
derivative to 88% in 24 h (entry 8). We noticed that the pres-
ence of both NaHCO3 and CuI was crucial for the reaction as
withdrawal of any one of the reagents affected the overall
conversion (entries 5 and 9). Acetonitrile was nalized as the
best solvent for the reaction aer screening various solvents.
THF and 1,2-DCE yielded the product in trace amount while
methanol and DMSO failed to promote the reaction. In short,
aer a series of optimization experiments, we identied the best
reaction condition for the synthesis of 3aa as treating 1a and 2a
in acetonitrile in presence of CuI (1 equiv.) and NaHCO3 (1.2
equiv.) at 80 �C for 24 h.

With the optimized reaction conditions in hand, we subse-
quently explored the substrate scope of the reaction using
various 2-hydroxy aromatic acids and acetylenic esters. Inter-
estingly, both disubstituted acetylenic esters – such as DMAD 2a
and diethyl acetylenedicarboxylate 2b – and monosubstituted
acetylenic esters – such as methyl propiolate 2c and ethyl pro-
piolate 2d – were equally effective in the optimized conditions
affording the benzo[d][1,3]dioxin-4-one derivatives in moderate
Solvent T (�C) Yieldb (%)

CH3CN 80 nrc

CH3CN 80 nr
CH3CN 80 Trace
CH3CN 80 40
CH3CN 80 55
CH3CN 80 <60
CH3CN 80 45
CH3CN 80 88
CH3CN 80 30
1,2-DCE 80 Trace
CH3OH 60 nr
THF 60 Trace
DMSO 100 Sluggish reaction
CH3CN 80 nr
CH3CN 80 Trace
CH3CN 80 nr
CH3CN 80 nr

ion conditions: 1a (1.2 equiv.), 2a (1 equiv.), base (1.2 equiv.), additive (1
graphy is reported. c nr: no reaction.

RSC Adv., 2021, 11, 24570–24574 | 24571
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Table 2 Synthesis of benzo[d][1,3]dioxin-4-onesa

a All reactions were carried out in a Schlenk tube. Reaction conditions:
1a (1.2 equiv.), alkyne (1 equiv.), NaHCO3 (1.2 equiv.), CuI (1 equiv.),
acetonitrile (2 ml), 24 h, 80 �C. Isolated yield aer column
chromatography is reported.

Scheme 1 Reaction between thiosalicylic acid and 3-
phenylpropiolonitrile.

Table 3 Synthesis of salicylamides from 1,3-benzodioxinonesa

a Reaction conditions: 3 (1 equiv.), amine (1.1 equiv.), DMAP (10 mol%),
DBU (1 equiv.), acetonitrile (4 ml) 8 h, rt. Isolated yield aer column
chromatography is reported.
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to good yields (Table 2). Surprisingly, the hindered 3-phenyl-
propiolonitrile 2e in place of acetylenic esters also afforded the
expected product in 55% yield. However, ethyl phenyl-
propiolate, phenylacetylene and acetylenic ketone such as 4-
phenylbut-3-yn-2-one failed to yield the product. Apart from
salicylic acid, substituted salicylic acids – 4-methoxy derivative
1b and 4-bromo derivative 1c – were also used in the reaction.
The former afforded 36% of the nal product while the latter
yielded 69%. Electron decient 2-hydroxy-3-nitrobenzoic acid
and 3-hydroxypicolinic acid were not successful in the reaction
as the former yielded a sluggish reaction mixture while the
latter didn't react at all. Interestingly, the hindered 3-hydroxy-2-
naphthoic acid 1d reacted efficiently with both DMAD and ethyl
propiolate with good conversion. However, with thiosalicylic
acid 1e, conversion was moderate with DMAD and very low with
methyl propiolate.

Surprisingly, an unexpected reactivity was observed when
thiosalicylic acid is treated with 3-phenylpropiolonitrile 2e
24572 | RSC Adv., 2021, 11, 24570–24574
under the optimized reaction conditions. Contrary to the ex-
pected 1,3-benzothiinone, the 1 : 2 adduct 2-cyano-1-
phenylvinyl(2-(2-cyano-1,2-diphenylvinyl)-thio)benzoate (4ee)
was obtained as the nal product (Scheme 1).

The 4H-benzo[d][1,3]dioxin-4-one derivatives are widely used
in synthetic organic chemistry as a versatile synthetic interme-
diate. A spectrum of compounds such as amide, ester, alcohol,
aldehyde etc. can be easily accessed from the 1,3-benzodiox-
inone derivatives.14 We were particularly interested in their
conversion to amides, because salicylamides are widely used in
medicinal chemistry as various receptor inhibitors.15 Keeping
this in mind, we treated the nal 1,3-benzodioxinones with
various amines expecting easy access to salicylamides.
Following the literature procedure of amide synthesis,16 we
treated 3aa and n-propylamine 5a in presence of DMAP
(10 mol%) and DBU (1 equiv.) in acetonitrile at room temper-
ature for 8 h. The reaction was successful and the expected
salicylamide was formed in good yield (Table 3). The strategy
was quite versatile and other primary amines such as iso-
propylamine 5b, benzylamine 5c and cyclohexylamine 5d
readily afforded the salicylamide in moderate to good yield. At
the same time, secondary amines such as diethylamine and
diphenylamine were not very effective. 1,3-Benzodioxinones
derived from both salicylic acid and 3-hydroxy-2-naphthoic acid
yielded the amide at room temperature. However, attempt to
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Plausible reaction pathway.
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perform the amide synthesis in a one-pot, two step process,
without isolating the 1,3-benzodioxinone was less effective as
the amide 6a was formed in 35% yield. It is noteworthy that the
previous reports on the conversion of 1,3-benzodioxinones to
amide involved treating the reagents in reuxing toluene while
the present methodology made it feasible at room temperature
itself.15 However, our initial results show that the method is best
suited for aliphatic primary amines as the poor conversion was
observed with anilines and secondary amines.

A plausible reaction mechanism is shown in Scheme 2 based
on the control experiment conducted. The initial event is the
acid deprotonation of 1a by the base.17 The carboxylate then
adds to the Cu(I) coordinated alkyne to afford the linear adduct
7aa which was isolated, characterized and compared with the
literature reports.18 The linear adduct subsequently undergoes
intramolecular cyclization with ortho-hydroxyl group generating
the nal product.
Conclusions

In summary, an efficient and modied strategy for 4H-benzo[d]
[1,3]dioxin-4-one derivatives has been developed. The method
involves a CuI mediated addition between salicylic acid and
acetylenic esters in a basic medium followed by intramolecular
cyclization. Disubstituted acetylenic esters and mono-
substituted propionic esters are equally effective in the reaction.
The 4H-benzo[d][1,3]dioxin-4-one derivatives were further con-
verted into salicylamides by treating with primary amines at
room temperature. Investigation to expand the scope of this
reaction further is underway in our lab.
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Rodŕıguez, F. Yraola, M. Royo, M. Winter, K. Burger and
F. Albericio, J. Org. Chem., 2008, 73, 2311–2314.
24574 | RSC Adv., 2021, 11, 24570–24574
15 (a) K. D. Combrink, H. B. Gulgeze, K. L. Yu, B. C. Pearce,
A. K. Trehan, J. Wei, M. Deshpande, M. Krystal, A. Torri,
G. Luo, C. Cianci, S. Danetz, L. Tiley and N. A. Meanwell,
Bioorg. Med. Chem. Lett., 2000, 10, 1649–1652; (b)
M. S. Deshpande, J. Wei, G. Luo, C. Cianci, S. Danetz,
A. Torri, L. Tiley, M. Krystal, K. L. Yu, S. Huang, Q. Gao
and N. A. Meanwell, Bioorg. Med. Chem. Lett., 2001, 11,
2393–2396; (c) D. Balan, C. J. Burns, N. G. Fisk, H. Hügel,
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