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is of new alkyl 1-naphthoates
bearing quinoline, pyranone and cyclohexenone
moieties via metal-free sequential addition/
oxidation reactions†

Seyedeh Hekmat Mousavi,a Mohammad Reza Mohammadizadeh,a

Samira Poorsadeghi,b Satoru Arimitsu,b Fatemeh Mohammadsaleh, *a Genta Kojyac

and Shinichi Gimac

A mild and one-pot synthetic pathway was successfully developed for the synthesis of new naphthoate-

based scaffolds containing quinoline, pyranone and cyclohexenone moieties via a multistep reaction

between acenaphthoquinone and various 1,3-diketones in the presence of different primary aliphatic and

benzylic alcohols. This reaction proceeds via a sequential addition/oxidation mechanistic process

including a metal-free addition step of acenaphthoquinone and 1,3-diketones followed by the H5IO6-

mediated C–C oxidative cleavage of the corresponding vicinal diols at room temperature. The alcohols

play a dual role, as the reaction solvent as well as the nucleophile, to conduct the reaction process

toward naphthoate formation. All alkyl naphthoate derivatives prepared in this work are new compounds

and were definitively characterized using 1H-NMR, 13C-NMR and HRMS analysis, while X-ray

crystallography was carried out for one of the products. The synthesis of a naphthalene-based nucleus

attached to heterocyclic moieties is noteworthy to follow in the near future for diverse applications in

biology, medicine, metal complex design, and semiconductor and optical materials.
Introduction

Naphthalene and its derivatives are important organic plat-
forms which are used extensively in industrial chemical
compounds and in the chemistry of various pharmacology
agents including anticancer,1,2 antiviral3 and anti-inamma-
tory4 agents and the production of synthetic plastics,5 organic
semiconductor materials6 and optics.7

Heterocyclic compounds are of very much interest to
medicinal chemists and many heterocyclic scaffolds have
demonstrated unique biological properties.8–10 Due to their
applications in various elds of chemistry and material
sciences,4 naphthalene-based heterocyclic compounds have
attracted many attentions. Large number of heterocyclic
naphthalene-based scaffolds has shown signicant and
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satisfactory biological action.11–13 Several naphthalene-based
structures have been marketed as medicine and approved by
FDA14,15 (Fig. 1). However, much studies need to be conducted to
the synthesis of new naphthalene scaffolds and the potential of
these compounds should be more discovered through extensive
research.

Bhati has recently designed a series of naphthalene based
SARS-CoV PLpro inhibitors by linking naphthalene scaffold to
the 3,4-dihydro-2H-pyran moiety via –NHCO functional group.16

PLpro is an essential enzyme for coronaviruses to express and
replicate their genomic and it is very important for targeting
Fig. 1 Structural examples for some naphthalene containing drugs.
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PLpro to treat coronavirus infections. The ongoing global
pandemic of coronavirus disease 2019 (COVID-19) has inu-
enced all the sections of the society and as the most immediate
problem of the world has created an excessive social economic
and health care challenge.

Some recent literatures have reported the naphthalene-
based PLpro inhibitors and conrmed their potential as
COVID-19 therapeutics.15–20 Naphthalene based PLpro inhibi-
tors were found to be effective at blocking SARS-CoV-2 (COVID-
19) PLpro activity as well as SARS-CoV-2 replication.21

Ersan reported the synthesis of new naphthalene utilizing
heterocyclic moieties and studied their antimicrobial activity.11

These compounds showed high potential in designing new
inhibitors of E. coli topoisomerase I. Naphthoates as important
derivatives of naphthalene exist in many natural and synthetic
biologically active materials and their derivatives demonstrate
various applications including biological activity,22 optoelec-
tronic properties,23 ligand and metal-chelator.3,24 Liou prepared
several methyl naphthalene carboxylates (naphthoates) and
evaluated their anti-inammatory activities by superoxide anion
generation and elastase release.25 New derivatives of naph-
thoates have been widely used as ligands and efficient chelators
for metal-complex formation with a variety of metals including
Cu,26,27 Cd,28,29 Pb24 and etc. Dai reported the synthesis and X-ray
Scheme 1 Our synthetic methods on the preparation of various hetero
cleavage of cyclic vicinal diols intermediates.

© 2021 The Author(s). Published by the Royal Society of Chemistry
single-crystal structure analysis of new naphthoate-based cad-
mium(II) and lead(II) complexes.24,29 Ahmad Irfan7 synthesized
Schiff based naphthalene compounds and studied the effect of
electron donor/acceptor groups on the electro-optical, charge
transfer and NLO properties of products by DFT and TDDFT.
Due to the electron injection, electronic coupling constant and
light harvesting efficiency they concluded that the studied
Schiff base compounds would be good contestants to be used in
dye-sensitized solar cells. Based on these results, the heterocy-
clic scaffolds containing naphthalene ring as fully p-conjugated
materials are good candidate for optoelectronic applications
and organic semiconductor materials. Chen26 prepared the
naphthoate-modifying Cu2+-detective Bodipy sensors with the
uorescent ON–OFF performance. Their results reveal the effect
of the naphthoated esterication on the uorescence emission
of the products.

With these considerations in mind, and in the continuation
of our efforts to develop new pathways toward the chemical
synthesis30–36 and as part of our current study on the oxidative
cleavages of cyclic vicinal diols to synthesize new potentially
biologically active heterocycles,31 we have herein focused on the
development of a facile and effective method for the synthesis of
new naphthoate derivatives (Scheme 1). In this study, we report
the results of our efforts on the synthesis of various new alkyl 1-
cyclic and non-heterocyclic compounds including the C–C oxidative
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naphthoates containing 2,4-dihydroxyquinoline, 4-hydroxy-2-
pyranone, and 2-hydroxycyclohexenones, starting from ace-
naphthoquinone and various 1,3-diketones in the presence of
different primary alcohols (ROH, R: aliphatic and benzylic
groups) as solvent and reagent followed by metal-free H5IO6-
mediated oxidative cleavage of the corresponding vicinal diols.
The different naphthoate derivatives bearing N- or O-
heterocyclic and non-heterocyclic parts were synthesized with
good to excellent yields under mild reaction conditions.
Results and discussion

As shown in the Scheme 1, the various naphthoate derivatives
(5a–l) were synthesized in two sequential steps involving addi-
tion step resulting to the formation of vicinal cyclic dihydroxy
intermediates 4 and C–C oxidative cleavage process as a one-pot
reaction. In the addition step, acenaphthoquinone 1 reacted
with various derivatives of b-diketones 2 and 3 in different
aliphatic and benzylic alcohols under reux conditions and in
the presence of sodium alkoxide (conjugate base of each
alcohol).

As described in our previous works, vicinal diols are
produced as the main intermediates in the addition reactions
Scheme 2 Reaction conditions: b-diketones (1 mmol), acenaphthoquin
H5IO6 (1.1 mmol), r.t., ROH, 30–60 min.

36750 | RSC Adv., 2021, 11, 36748–36752
between different dinucleophiles and diketones.31,37 The C–C
bond oxidative cleavage of vicinal diols has been studied in
many literatures.38–40 Vicinal diols are cleaved by oxo-donor
reagents such as periodic acid to yield carbonyl-containing
derivatives via oxo-transfer mechanism, depending on the
reaction conditions, reagents, and the number of groups
substituted on the carbon atoms bearing the hydroxyl groups.
In this study, no attempts were carried out for separation of
diols intermediates 4, thus, aer the addition step, they directly
treated with H5IO6 as the oxidant reagent and the reaction was
allowed to continue at room temperature.

Both reaction steps were performed as one-pot in the pres-
ence of various alcohols, in which the alcohol plays a dual role
as the reaction solvent as well as nucleophiles aer the oxidative
cleavage stage to produce the nal naphthoate derivatives. Both
aliphatic and benzylic alcohols were found to be successful in
this reaction process and resulted in the formation of different
naphthoate products (5a–l) (Scheme 2).

We also studied the scope and limitation of this synthetic
methodology using different cyclic b-dicarbonyls such as
dimedone (5k, l), 4-hydroxycoumarin (5a–c), 4-hydroxyquino-
line (5d–f) and 4-hydroxy-6-methyl-2-pyrone (5g–j). As shown in
Scheme 3, the corresponding naphthoate derivatives were
one (1 mmol); step 1: Na (0.3 mmol), ROH (3 ml), reflux, 12 h; step 2:

© 2021 The Author(s). Published by the Royal Society of Chemistry



Fig. 2 Single-crystal X-ray representation of 5d.
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successfully obtained in good to excellent yields, indicating that
the type and structure of b-dicarbonyls had no signicant effect
on the reaction rates, however, under the same reaction
conditions, the use of heterocyclic b-dicarbonyls 4-hydrox-
ycoumarin, 4-hydroxyquinoline and 4-hydroxy-6-methyl-2-
pyrone gave higher yields of the corresponding products (5a–j)
than those for dimedone (5k, l). All the nal products were
puried by recrystallization and fully characterized by recording
their spectral data using 1H-NMR, 13C-NMR as well as high-
resolution mass (HRMS) analysis.

For a typical example, the 1H-NMR spectrum of 5d in CDCl3
displayed three singlets, at 3.64, 11.52, and 15.92 ppm, which
were attributed to the methoxy and the OH groups of quinolone
ring, respectively. The aromatic protons were also characterized
by the presence of two doublets (d ¼ 6.48, J ¼ 8.4 Hz; d ¼ 7.68, J
¼ 7.2 Hz), two triplets (d¼ 7.19, J¼ 7.6 Hz; d¼ 7.41, J¼ 8.0), one
doublet–doublet (d ¼ 7.97, J ¼ 7.2 Hz, J ¼ 1.6 Hz) and two
multiplet peaks at d ¼ 7.52–7.57 and d ¼ 8.03–8.13 ppm. The
13C-NMR spectrum of 5d exhibited 22 characteristic signals,
whereas methoxy carbon at d ¼ 52.9 and carbonyl carbons were
observed at d 169.4 and d 201.8. The aromatic carbons were
appeared at the region of 114.6–140.7. The mass analysis of 5d
displayed an [M + H]+ peak at m/z ¼ 374.0964, which is in
agreement with the proposed structure. We also recorded
a single crystal X-ray crystallographic analysis of compound 5d
for unambiguous structure determination, which demonstrated
the exact structure of this product (Fig. 2).

According to our results and the other reports,31,41 we have
proposed a plausible mechanism for this synthetic process as
depicted in Scheme 3, in which the alkoxide ion acts as the base
to activate the 1,3-diketone 2, which subsequently attacks ace-
naphthoquinone 1 to produce the vicinal diol intermediate 4.
Next, the vicinal hydroxyl containing intermediate 4 is oxida-
tively cleaved by periodic acid to form the intermediate II
passed from furo[2,3-c][1,2,5]iodadioxole-2,2,2-triol interme-
diate I.42 Due to sp2 hybridization of all carbon atoms, specially,
existence of rigid acenaphthylene moiety, the intermediate II
suffers from signicant strain and prone to ring-opening
Scheme 3 Proposed mechanism for the synthesis of naphthoate
derivatives 5.

© 2021 The Author(s). Published by the Royal Society of Chemistry
reactions. Thus, it undergoes solvolysis with ROH to produce
the nal naphthoate derivatives 5. Due to the growing impor-
tance of naphthalene-containing compounds in many areas of
chemistry and biology, the development of high-yielding and
selective synthetic procedures for the synthesis of these versatile
platforms will be signicantly considered by researchers.

Conclusions

A variety of new naphthoate derivatives was synthesized via
a mild, eco-friendly, high-yielding and efficient methodology, in
which the various 1,3-diketones reacted with acenaph-
thoquinone by the sequential addition/oxidation mechanistic
reaction process in the presence of RO�/ROH. The reaction
processes were conducted as metal-free one-pot reaction in two
steps. Aer the addition stage which performed in alcoholic
solvents under reux, the oxidative cleavage step was carried out
in the presence of periodic acid at room temperature. The ROH
acts as a solvent as well as O-nucleophiles and conducts the
reaction to the formation of the products. The new naphthoates
were puried and fully characterized. In general, reaction rate,
reaction condition and selectivity of the products are important
advantages that must be considered in this transformation.

Experimental
General information

The chemicals used in this work were purchased from Merck
and Sigma-Aldrich chemical companies and were used without
further purication. Melting points were determined using an
Electro thermal 9100 apparatus. 1H-NMR and 13C-NMR spectra
were recorded by using a Bruker DRX-400 AVANCE spectrom-
eter in CDCl3 as solvent. IR spectra were recorded using a Shi-
madzu IR-470 spectrometer with KBr plates.

General procedure for the synthesis of naphthoate derivatives
(5a–l)

To a mixture of sodium (0.3 mmol) and alcohol (3 ml) in
a round-bottom ask, 1,3-diketone (1 mmol) and acenaph-
thoquinone (1 mmol) were added and the mixture was reuxed
with stirring for 12 hours. The reaction process was monitored
by performing TLC using n-hexane/EtOAc. Aer completion, the
RSC Adv., 2021, 11, 36748–36752 | 36751
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reaction mixture was cooled to room temperature and periodic
acid (1.1 mmol) was added to the reaction ask and the mixture
was stirred at room temperature for about 30–60 min. The nal
products 5 were formed as the precipitates in the reaction
mixture and separated by ltration and recrystallized from their
corresponding alcohols to yield pure naphthoate derivatives 5.
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