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Summary: Almost all of synthetic strategies of benzopyran derivatives suffer from some drawbacks
such as multistep sequence, time consuming and expensive purification processes, by-products, low
product yields, or longer reaction time. So we recently reported an efficient method that three new
benzopyran derivatives were synthesized, 2-amidogen-3-phenylsulfonyl-4-tolyl-4H-
benzochroene(4A), 2-amidogen-3-phenylsulfonyl-4-nitrophenyl-4H-benzochroene (4B ) and 2-
amidogen-3-phenylsulfonyl-4-ethylphenyl)-4H-benzochroene(4C) by the multicomponent reaction

(MCR) of 1-naphthol , aromatic aldehydes and benzenesulfonyl acetonitrile s via solvent-free using
piperidine as catalyst. This method has many advantages, such as high yield, wide range of substrates,
simple experiment, short reaction time, and easy availability of raw materials. The prepared product
was characterized and confirmed by *H NMR, HR-ESI-MS and 3C NMR. At the same time, the
antibacterial evaluation of three benzochromene derivatives was further screened for minimum
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bactericidal concentration.
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Introduction

Heterocyclic compounds, especially
benzopyrans, are natural and synthetic compounds
with important biological activities, including oxygen-
containing molecules with antitumor, antibiotic and
antioxidant properties. As a matter of fact, chromatin
structure is an important pharmacophore, which can
prevent cancer, cataract and coronary heart disease for

its physical and chemical properties [1-3]. The
literature also shows that tryptophan and
benzotryptophan contain  broad-spectrum  active
pharmacophore.  They have antibacterial [4-7],

hypolipidemic [8], antioxidant [9, 10], analgesic [11]
and other effects.

There are many ways to synthesize
benzochromene compounds, such as (MCR) [12-14]
(Fig. 1), heterogeneous catalytic method [15],
electrocatalytic process [16], microwave [17, 18] and
ultrasonic technology [19], etc. Due to its inherent
molecular diversity, efficiency and atom economy;, the
MCR has molecular diversity, high efficiency and
economy. It is a synthetic fusion and powerful tool for
heterocycles [20-23]. At the same time, The
microwave assisted method can accelerate the reaction
in organic synthesis , increase the purity of products ,
streamline the reaction process, and obtain better
product yields [ 24 ].

As a comparison , Sachin
Shinde [ 25] reported a very similar reaction of 2-
amidogen-4H-chromene derivatives under classical
conditions . The synthesis shows more environmental
and facile. However , the results show that the reaction
should take a long time and a more complex reaction
procedure.

MCRs have proven to be a powerful tool for
the synthesis of bioactive compounds and drug
candidates from simple and readily available starting
materials  [26-29]. Due to their inherent
molecular diversity, efficiency, and economy,
MCRs are powerful tools for the fabrication of
fused heterocyclic rings [30 ]. The desired product is
produced at a high yield under simple and mild
reaction conditions. These characteristics make MCRs
very suitable for the easy construction of various
heterocyclic scaffolds. In this context, as part of our
research program for the synthesis of bioactive
molecules by multi-component one-pot reaction , we
report an efficient one-pot combination method for the
preparation of benzopyran derivatives. Finally,
the synthesized compounds were confirmed by three
characterization methods of *H NMR , HR-ESI-MS
and *C NMR.

The high circumstance of the persistence of

*To whom all correspondence should be addressed.


mailto:zhangzhengyu@njtech.edu.cn*

Yuan Ji vet al.,

diverse microorganisms to most of the antibacterial
agents has been drawn a significant consideration .
The international organization for world health
organization and food, agriculture, and animal health
organization haveclarified the drastic menace
affected by antibacterial-persistent infective
organisms to animal and human safety [30]. At the
same time, the antibacterial evaluation of three
benzochromene derivatives was further screened for
minimum bactericidal concentration.

Experimental
Materials

1-naphthol ( CAS: 90-15-3, >99.0%
purity ) , p-Tolualdehyde ( CAS: 104-87-0, >97.0%
purity) , 4-Ethylbenzaldehyde ( CAS: 4748-78-1,
>97.0% purity ), 4-Nitrobenzaldehyde ( CAS: 555-
16-8, > 99.0%
purity ) , Benzene sulfonyl acetonitrile ( CAS: 7605-
28-9,>99.0% purity ) , and piperidine ( CAS:110-89-
4,>99.5% purity),were provided by Sigma
( Shanghai, China ) . The rest of the chemical products
were supplied by Sinopharm Group ( Beijing,
China) . All other chemicalsused were of analytical
grade .

General instrumentation details

We used Bruker DMX 500 spectrometer to
record ' H NMR and ¥ C NMR spectra, which the
chemical shifts (d) are reported in parts per million
( ppm ) and the value of J is in Hertz ( Hz ) . Aglient
6550 iFunnel Q-TOF was used for high-resolution
mass spectrometry analysis. We used microwave

reactor (MAS-I1) for auxiliary heating in the synthesis.

The melting point was mesured by X-4 digital display
melting point meter.

Preparation of benzopyran derivatives

The reaction conditions of benzopyran
derivative 4 ( A-C ) are the same as 4A. In order to
synthesize 4A, we firstly added 1-naphthol (1), 4-
methylbenzaldehyde ( 2) and phenylsulfonyl
acetonitrile (3, 1.0 mmol ) to the three neck flask. The
quantity of the above three ingredients is 1.0 mmol.
Secondly, we added solvent ethanol ( 2 mL ) to the
three neck flask . And the obtained mixture was heated
under microwave irradiation ( 80°C, 5 min ).
Subsequently cooled to room temperature after
reaction ( TLC monitoring) . The resulting product
was rinsed with ethanol to obtain 4A. The synthesis of
4B and 4C was carried out according to the above
operation . The characterization results of 4A , 4B and
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4C are shown in the complementary material.
Determination of minimum inhibitory concentration

Staphylococcus aureus (S. aureus ATCC
29213 ) and Escherichia coli ( E. coli ATCC 25922 )
were activated in Tryptic Soy Broth ( TSB ) medium
and incubated at under aerobic conditions ( 37°C, 24
h ). All the microorganisms came from ATCC . Broth
dilution was used to evaluate the antimicrobial activity
and minimum inhibitory concentration ( MIC) of 4
( A-C) according to the M7-A6 reference guidelines
of the Association of Clinical and laboratory standards
( CLSI) [31]. Compound 4 ( A-C ) was dissolved in
DMSO: H,0 ( 2: 8,V/V) to an initial concentration of
500 upg/mL. Two consecutive dilutions were
performed to obtain the concentrations of 1.95 to 250
pg/mL described in ref [32].

Result and Discussion
The synthesis mechanism of 4(A-C)

The synthesis mechanism of 4 ( A-C ) is
clarified (Fig . 2). Firstly, the adduct A1 was formed
by the condensation reaction between benzene
sulfonyl acetonitrile 3 and acetaldehyde 2. Next, the
Michael reaction between the knoevenagel product Al
and 1 produces the intermediate A2. And then you get
A3 by cyclization of an intermolecular N-intermediate.
Finally, the target compound 4 was obtained by imine
enamine tautomerism.

Synthetic products analysis

Initially, 4A was synthesized in the presence
of piperidine, and 1 (1-naphthol) , 2a and 3
(' benzenesulfonyl acetonitrile ) reacted in three
components in ethanol ( Scheme 1 ). The reaction
mixture was composed of 1, 2a and 3 in a ratio of
1:1:1. The experiment was carried out under
microwave irradiation in ethanol as solvent for 5min.
The yield of the reaction was 92.5%. The preparation
method of benzopyran derivatives 4B and 4C is the
same as 4A. Analysis of synthetic products is shown
in Table 1. The detailed information on the
characterization of synthetic products can be found in
the supporting information .

Assessment of minimum inhibitory concentration
(MIC)

The antibacterial activity of benzopyran
derivative 4 (A-C) revealed that the maximum
antibacterial activity was observed against S. aureus
and E. coli. The bioactivity evaluation of benzopyran
derivative 4 ( A-C ) was shown in table 2. These
outcomes demonstrate that benzopyran derivative 4
( A-C ) display relatively efficient antibacterial
activity against S. aureus and E. coli at the highest
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concentration ( 250pg/mL ), and the MIC ranged from
9.8 to 15.6 ug/mL , which are mostly lower to those
reported in the relevant literature [33, 34, 35].
However, the synthetic products we used are relatively
easy to prepare [ 36] . Interestingly, Compound 4B
showed the best antibacterial activity against E. coli
(MIC=7.8 pg/mL ) . Compound 4B showed the best
inhibitory activity against S. aureus and E. coli with
MIC of 12.3 pg/mL and 9.8 pg/mL, respectively.

Conclusion

In conclusion, 2-amidogen-3-phenylsulfonyl-
4-tolyl-4H-benzochromene derivatives have been
designed and synthesized, using the multicomponent
reaction strategy containing
benzenesulfonyl acetonitrile, acetaldehyde and 1-
naphthol. Compared with other synthesis methods,
this new MCR has been proved to have a wide range
of applications , and provides a general and effective
strategy for building fused benzo pigment derivatives
with diverse structures . The structure identity of the
desired compounds was confirmed , using * H NMR
and 3 C NMR . In addition , higher chemical yield has
been achieved without traditional purification,
chromatography and recrystallization processes.
According to relevant literature , the special chemical
structure of the benzochromene derivatives can
increase the antibacterial activity . Evaluating the three
compounds, they showed higher antimicrobial
activity gainst both E. coli and S. aureus, and the
minimum inhibitory concentration was reached .

References

1. K. N. Engin, Alpha-tocopherol : looking beyond an
antioxidant , Mol Vis. , 15, 855 (2009) .

2. B. B. Aggarwal, C. Sundaram, S. Prasad, R.
Kannappan, Tocotrienols , the vitamin E of the 21st
century : Its potential against cancer and other
chronic diseases , Biochem . Pharmacol ., 80, 1613
(2010).

3. E.Giraldo, A. Lloret, T. Fuchsberger, J. A . Vifia,
A beta and tau toxicities in Alzheimer's are linked
via oxidative stress-induced p38 activation :
Protective role of vitamin E , Redox Bio., 2, 873
(2014).

4. F.S.MAbuEI-Azm, A. T. Ali, M. H. Hekal, Facile
Synthesis and Anticancer Activity of Novel 4-
Aminothieno [2, 3-d ] pyrimidines and
Triazolothienopyrimidines , Org Prep Proced Int.,
51, 507 (2019).

5. T.H. Afifi, S. M. Riyadh, A. A. Deawaly, A.
Naqgvi, Novel chromenes and benzochromenes
bearing arylazo moiety: molecular docking, in-silico
admet , in-vitro antimicrobial and anticancer

10.

11

12.

13.

14.

15.

J.Chem.Soc.Pak., Vol. 46, No. 03, 2024 311

screening , Med. Chem. Res., 28, 1471 (2019) .

A . ElI-Mekabaty, H . M . El-Shora, Synthesis and
evaluation of some novel 3-hetarylindole derivatives
as antimicrobial and antioxidant agents , Chem.
Heterocycl Com+, 54, 618 (2018) .

H. K. Abd El-

Mawgoud ,H. A. M. Radwan , F . El-

Mariah, A. M. El-

Agrody , Synthesis , Characterization, Biological
Activity of Novel 1H-benzo[flchromene and 12H-
benzo[f] chromeno[2,3-d] pyrimidine Derivatives,
Lett. Drug Discov., 15, 857 (2018 ).

L.W.Ye, X.L.Sun, C.Y. Zhu, Y.Tang,
Unexpected tandem ylide annulation reaction for
controllable synthesis of 2H-chromenes and 4H-
chromenes, Org. Lett. , 8, 3853 ( 2006 ).

T .E .Ali ,M .A Assiri ,H .M.EI-Shaaer ,
M . M. Hassan ,
A .M .Fouda ,N .M. Hassanin , Reaction of 2-
imino-2H-chromene-3-carboxamide  with  some
phosphorus esters: Synthesis of some novel
chromenes containing phosphorus heterocycles and
phosphonate groups and their antioxidant and
cytotoxicity properties , Synthetic Commun., 49,
2983 (2019).

Q .J .Yang, R .Guo ,J .Wang . Catalytic
Asymmetric Syntheses of 2-Aryl Chromenes , J.
Org.Chem.,8,1742(2019).

| .Il'ina ,
A .Pavlova ,D .Korchagina ,O . Ardashov |,
T . Tolstikova

K . Volcho , N . Salakhutdinov , Synthesis and
analgesic activity of monoterpenoid-derived alkyl-
substituted chiral hexahydro-2H-chromenes , Med .
Chem . Res., 26,1415 (2017).

C. Kirilmis, M. Ahmedzade, S . Servi, M. Koca,,
A . Kizirgil, C. Kazaz , Synthesis and antimicrobial
activity of some novel derivatives of benzofuran:
Part 2. The synthesis and antimicrobial activity of
some novel 1-(1-benzofuran-2-yl)-2-
mesitylethanone derivatives , Eur . J. Med . Chem .,
43, 300 (2008).

M. N.Elinson, A.l. llovaisky, V.M.
Merkulova , P . A . Belyakov,

A .O. Chizhov, G . | . Nikishin, Solvent-free
cascade  reaction: Direct  multicomponent
assembling of 2-amino-4H-chromene scaffold from
salicylaldehyde , malononitrile or cyanoacetate and
nitroalkanes , Tetrahedron ., 66 , 4043 (2010).

H . Mehrabi, M Kazemi-Mireki , CuO
nanoparticles An efficient and recyclable
nanocatalyst for the rapid and green synthesis of 3,
4-dihydropyrano[c]chromenes, Chin. Chem. Lett.,
22,1419 (2011).

S. Makarem, A . A. Mohammadi, A.R . Fakhari,
A multi-component electro-organic synthesis of 2-



Yuan Ji vet al.,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

amino-4H-chromenes , Tetrahedron Lett., 49 ,
7194 (2008 ).

M. N. Elinson, A. S. Dorofeev, S. K. Feducovich,
Electrocatalytic ~ Chain ~ Transformation  of
Salicylaldehydes and Malononitrile into Substituted
4H-chromenes ,

Electrochem . Comm ., 8, 1567 ( 2006 ).

G . Zbancioc, | . 1. Mangalagiu , Microwave-
Assisted Synthesis of Highly
Fluorescent Pyrrolopyridazine Derivatives ,
Synlett., 5,804 (2006 ).

J. Safari, L . Javadian , Ultrasound assisted the green
synthesis of 2-amino-4H-chromene derivatives
catalyzed by FesOs-functionalized nanoparticles
with chitosan as a novel and reusable magnetic
catalyst , Ultrason . Sonochem . , 22, 341 (2015).
S. Caddick , R . Fitzmaurice , Microwave enhanced
synthesis , Tetrahedron ., 65, 3325 (2009) .
C.O.Kappe,D. Dallinger , The impact of
microwave synthesis on drug discovery, Nat . Rev .
Drug Discov.,5,51(2006) .
V.P.Mehta,S.G. Modha, E . Ruijter, K. Van
Hecke , L. Van Meervelt , C. Pannecouque , J .
Balzarini, R. V. A. Orru, E .Van der Eycken , A
Microwave-Assisted Diastereoselective
Multicomponent Reaction To Access
Dibenzo[c,e]azepinones : Synthesis and Biological
Evaluation . J. Org . Chem ., 76,2828 (2011).
B.Groenendaal , D . J.Vugts, R . F .Schmitz , F.J.
J .de Kanter , E . Ruijter, M.B.Groen,R.V.A.
Orru, A multicomponent synthesis of triazinane
diones, J.Org.Chem., 73,719(2008).

H. Ren, R. Yu, J. Wang, Muftishelled TiO,
Hollow Microspheres as Anodes with Superior
Reversible Capacity for Lithium lon Batteries.
Nano lett ., 14, 6679 (2014 ).

G . Zbancioc, A . M . Zbancioc, | . | . Mangalagiu,
Ultrasound and microwave assisted synthesis of
dihydroxyacetophenone derivatives with or without
1, 2-diazine skeleton . Ultrason . Sonochem ., 21,
802 (2014).

S. Shinde, S . Damate , S . Morbale , M . Patil , SS .
Patil, Aegle marmelos in heterocyclization:
greener ,highly efficient , one-pot three-component
protocol for the synthesis of highly functionalized
4H-benzochromenes and 4H-chromenes. RSC
Adv.,7,7315(2017).

G . Mari, M. Verboni, L .De Crescentini , G . Favi,,
S. Santeusanio, F. Mantellini. Assembly of Fully
Substituted 2,5-Dihydrothiophenes via a Novel
Sequential Multicomponent Reaction . Org . Chem .
Front ., 5, 2108(2018) .

B.B.Ravanello, N . Seixas,O .E . D. Rodrigues,
R.S.daSilva, M. A. Villetti, A. Frolov,D.G .
Rivera Westermann, B. Diversity Driven

28.

29.

30.

31

32.

33.

34.

35.

36.

J.Chem.Soc.Pak., Vol. 46, No. 03, 2024 312

Decoration and Ligation of Fullerene by Ugi and
Passerini Multicomponent Reactions . Chem-Eur .
J., 24,9788 (2018).

V.P.Mehta, S. G. Modha, E. Ruijter, K. Van
Hecke, L. Van Meervelt, C. Pannecouque, J.
Balzarini, R.V.A.Orru, E. Van der Eycken, A
Microwave-Assisted

Diastereoselective Multicomponent  Reaction to
Access Dibenzo[c, e]azepinones : Synthesis and
Biological Evaluation. J.Org. Chem. , 76, 2828
(2011).

B . Groenendaal , D .J.Vugts, R. F.Schmitz , F.
J.J.de Kanter, E . Ruijter ,M.B. Groen,R. V.
A. Orru. A Multicomponent Synthesis of
Triazinane Diones. J. Org. Chem. , 73 , 719
(2008).

S. C. Pan, B. List , Catalytic Three-component
Ugi reaction . Angew. Chem. Int. Ed., 47, 3622
(2008) .

Clinical and Laboratory Standards Institute (CLSI) .
Methods for Dilution antimicrobial Susceptibility
Tests for Bacteria that grow aerobically,Document
M7-A6, 6th ed. Wayne , Pennsylvania , EUA :
Clinical and Laboratory Standards Institute ( CLSI )
2006 .

M. R. Amorim, F. Hilario,P.T.Sano, T. M.
Bauab, L . C. J. Santos . Antimicrobial activity of
Paepalanthus planifolius and its major components
against selected human pathogens . Braz .Chem.
Soc .29, 766 (2018).

M. Ghanbari, M. Ghanbari . Copper iodide
decorated graphitic carbon nitride sheets with
enhanced visible-light response for photocatalytic
organic pollutant removal and antibacterial
activities . Ecotox environ Safe . 208, 1 (2021) .

M. Karami , M. Ghanbari , H. A . Alshamsi , S.
Rashki , M . Salavati-Niasarib , Facile fabrication of
TlsHgls nanostructures as novel antibacterial and
antibiofilm agents and photocatalysts in the
degradation of organic pollutants. Inorg. Chem.
Front., 8,2442 (2021).

A. Anwar, S. Khalid, S . Perveen, S . Ahmed, R .
Siddiqui, N . A . Khan, M. R . Shah. Synthesis of
4-(dimethylamino)  pyridine  propylthioacetate
coated gold nanoparticles and their antibacterial and
photophysical activity . J Nanobiotechnol , 16, 6
(2018).

Melika Hosseini , Mahnaz Amiri , Mojgan
Ghanbari , Makarim A . Mahdi , Waleed K .
Abdulsahib , Masoud Salavati-Niasari. Drug
delivery based on chitosan , B-cyclodextrin and
sodium carboxymethyl cellulose as well as
nanocarriers for advanced leukemia treatment .
Biomed Pharmacother , 153, 1 (2022).



