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Abstract

An operational approach for synthesis of eleverssuited H-chromene derivatives by
one-pot, three-component reaction of aromatic aldeh methyl cyanoacetate and cyclic
diketone through ultrasound irradiation, in thesgrece of aqueous ethanol under catalyst-free
condition is reported. Different spectral methoisjuding *H, *C and®™N NMR and HRMS
were utilized to characterize the new moleculesmdlies of the eco-friendly method are fast
reaction (10 min), excellent yields (92-98%), nduoan chromatography and no byproducts.

Reaction offers 94% atom economy and 100 % carbptuce.

Keywords: Green synthesis; Heterocyclic compounds; Multicongm reaction; Ultra

sonication; atom efficiency



1. Introduction

Several investigations emphasized on novel symthetiganic approaches and
prominence of one-pot multi-component reactions R4L[1-3]. MCRs play a enormous role in
the biological discovery, medicinal, pharmaceusicahd agrochemical industries [4,5]. MCRs
afford higher chemical yields compared to multissgptheses, by employing simple protocols,
inexpensive reactants agceen principles. These reactions, could genetfiereht heterocyclic
molecules with high yields, with no need to isolébe reaction intermediates [6,7]. Other
advantages of MCRs are reduced reaction times,owepr selectivity, simple work procedure,
atom economy and scope for use of green solver8§ [6

These days, green chemistry principles are hightperaged to minimize environmental
pollution, while accomplishing the set goals [8,8Hvent of ultrasound irradiation has led to
vital modifications in synthetic procedures fordretcyclic moieties and allowed the exploration
of relatively less reactive substrates. Ultraso(d8) is an effect of acoustic wave cavitation,
which accelerates appropriate chemical reactiofls1l]. These waves promulgate through
alternating compressions and infrequent factiorspbainduced in the assigning liquid, with the
expansion cycles using destructive pressure onlithued [12,13]. This applied destructive
pressure is capable to breakdown the intermolemalarder Waals forces of the liquid, creating
minor cavities or micro-bubbles [14]. These cagitt®ntinuously attract energy from ultrasonic
waves and reach a stage, where they can no lobgerkaenergy and burst [12-14]. These fast
and forceful breakdowns produce short-term regwite very high temperature and pressure.
This cavitation-induced occurrence is known tovet#é the reactants inflowing into cavity and

subsequently translate them into reaction interatedi



Many studies have been focused on the developniemvel heterocyclic frameworks,
because of their prominence in therapeutic, phastogizal, biological fields and pivotal role in
computational, drug discovery and pharmaceuticalistries [15-17]. Among the heterocyclic
compounds, the oxygen containing heterocyclic camgs of 4-chromenes or benzopyrans
received ample attention, due their unique proper{il8]. H-chromene derivatives form
important class of structures, exhibiting notabieldgical properties, such as anticancer [19],
antioxidant [20], antimicrobial [21], anti-mycobadal [22], Alzheimer [23], anti-inflammatory
[24] and antidiabetic [25] activities. Many moleeslwith chromene moiety display a broad
range of pharmacological activities against urindigeases, asthma, ischemia, blood pressure
and central nervous system [26,27]. Literature eyimeveals several synthetic approaches for
substituted B-chromene derivatives using different catalystsluding NbC§ [28], Amberlite
IRA-400 CI [29], mesoporous silica [30], nano Zn&l], CaO-ZrQ nanocomposite oxide [32],
bovine serum albumin [33], silica gel supportedypatine [34] and fluoride ion [35], to mention
a few. These methods have certain confines likegthgn reaction times, tedious handle
approaches, harmful solvents, harsh reaction donditor low yields. Therefore, the design of
new greener and efficient methods for the synthels#H-chromene derivatives is well sought
after.

Invigorated by the success in preparation of diffiéisubstituted heterocyclic frameworks
[36-38], we have earlier reported green methodssiorthesis of few medicinally valuable
heterocyclic scaffolds [39,40]. In this communioati we describe the synthesis of
functionalized 4H-chromenes, via a three-compopeetpot reaction at the room temperature

through ultrasonication.

2. Experimental Section



2.1 Typical procedure for the preparation of 4H-chromenes (4a-)

2-methoxybenzaldehyde (1 mmol), methyl cyanoacdtat@mol) and 5,5 dimethyl 1,3-
cyclohexadione (1 mmol) were dissolved in aquedbar®l in a conical flask (schemel). The
reaction mixture was ultra-sonicated in water bathroom temperature (RT). The reaction
progress was monitored by TLC. After completiortlad reaction, the residue was concentrated
under vacuum. With no further purification needdts target product was obtained. All the
reaction products were characterised and confirogddifferent spectral techniques. The

experimental details and product characterizatata (4a-k) are summarised in ESI
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Scheme 1Three-component ultra wave assisted synthesislafitomene derivatives
3. Results and Discussion

In initial experiments, 2-methoxybenzaldehyde (ifnol), methyl cyanoacetate (1.0
mmol) and dimedone (1.0 mmol) taken in 1:1 EtOHV/v) were reacted at RT, under silent
and ultrasound irradiation conditions and the affic of reaction was also investigated with
different solvents, catalysts, and reaction timBse model reaction was performed with no
catalyst or solvent at RT. No reaction occurredreafter long time (Table 1, entries 1 and 2).

Next, the model reaction was conducted at RT witlaoy catalyst, but in presence of a different



of polar or non-polar solvents like n-hexane, takidOMF, THF, CHCN, EtOH or MeOH.
Table 1, entries 3-9 summarize the obtained resBiaction gave impressive results in equal
mixture of EtOH and kKD with high yield of the anticipated product und&s condition(Table

1, entry 10). To enhance the yield, the model reaavas investigated in the presence of EtOH
and HO, with catalysts like NaHC£ K,CO;, TEA and pyridine at RT. All the reactions gave
relatively low yields, both under silent and US dibions (Table 1 entries 11-14), proving ultra-
sonification in aqueous ethanol is ideal.

Table 1: Optimization of different reaction methods for thermation of 4-chromene
derivatives under sonication and conventional coors

No Reagent Solvent Without sonication With sonicatior
Time (h) Yield (%) Time (h) Yield (%)

1 No Catalys nosolven 12.C - 6.C -

2 No Catalys no solver 10.C - 6.C -

3 No Catalys n-Hexan 10.C - 4.C -

4 No Catalys Toluent 10.C - 4.C -

5 No Catalys THF 5.C 5 2.t 13

6 No Catalys CH:CN 5.t 6 3.C 1C

7 No Catalys DMF 6.C 9 2.k 15

8 No Catalys MeOH 3.5 67 2.t 71

9 No Catalys EtOH 3.C 71 0.5C 84

10 No Catalyst Aqueous ethanol 2.5 79 0.10 98

11 NaHCG; Aqueous ethan 2.t 58 0.5 78

12 K,CGCs Aqueous ethan 2.C 62 0.4= 81

13 TEA Aqueous ethan 2.C 65 0.5C 79

14 Pyridine Aqueous ethan 2.C 55 0.4% 85

Using the identified optimal reaction conditionse tversatility and substrate scope of the
proposed protocol was examined for synthesis adrder substitutedHtchromenes via choice of
varied substituted aromatic aldehydes to react methyl cyanoacetate and cyclic diketone with
agueous ethanol as solvent (Table 2). An observalie results in Table 2 show that reactions
involving all aromatic aldehydes, irrespective &otron withdrawing or donating substituents in

ortho, meta and para positions, participated in mb&ction smoothly, affording the target



molecules with excellent yields. No byproducts weleserved. The structures of all newly
synthesized molecules (4a-k) were confirmed by @mpate spectral techniques. All the
characterization related spectral data is incotedran the supplementary material file.

The probable reaction mechanism for the formatibdtd-cromene derivatives under
ultrasound irradiation is demonstrated in schema the primary step, through the Knoevenagel
condensation [2,3] between aromatic aldehyde anthyheyanoacetate, formation of an
intermediate, cyanophenylacrylate is predictedthénnext step, cyanophenylacrylate participate
in Michel addition, and react with active methylengoiety to build the corresponding
intermediate, which finally undergoes intramolecutgclisation [9] to afford the anticipated
functionalized #-chromene derivative.

Table 2 Preparation of newHchromene derivatives in aqueous ethanol as sohang US

Entry R Product Yield (%) Mp °C Lit Mp °C
1 2-OMe-GHg4 4a 98 196-197 --
2 4-OMe-GH,4 4b 97 205-207 --
3 2,3-OMe-GH3 4c 95 186-188 -
4 2,5-OMe-GH3 4d 94 218-219 --
5 3-OMe-GHg4 4e 96 230-231 --
6 2-NQ,-CgHg4 Af 92 211-213 --
7 2-F-GHg4 49 96 237-239 --
8 2-OMe,4-OH-GH3 4h 95 218-220 --
9 2,3-Cl--GH3 4 92 201-203 --
10 4-CR-CgHg4 4j 96 222-224 --
11 3-GH4N 4k 95 222-223 -

-- New compounds/no literature aafalié.
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Scheme 2Possible reaction mechanism for formation idfehromene derivative.
4.  Conclusions:

In the current study, we described a clean andfremodly one-pot three-component
catalyst free scheme, for ultrasound irradiatissistsd synthesis of functionalizeti4€hromene
derivatives in aqueous ethanol. The effectivenesshe environment-friendly ultrasound
technique offering nine novel Hichromene derivatives in excellent yields (92-98%)
confirmed. The title reaction comprises 94% atoficiehcy and 100% carbon capture. Other
advantages of the protocol are mild conditions rtisheaction times and inexpensive starting
materials. This method proves an ideal alternatesimthesis of H-chromenes with high
efficacy.

Acknowledgements:



The authors are thankful to the National Researsbhn#ation (NRF) of South Africa, and

University of KwaZulu-Natal, Durban, for financislipport and research facilities.

References:

[1].

[2].

[3].

[4].

[5].

[6].

[7].

S. Maddila, K.K. Gangu, S.N. Maddila and SB®nnalagadda; A facile, efficient and
sustainable Chitosan/CaHAp catalyst and one-pahsgis of novel 2,6-diamino-pyran-
3,5-dicarbonitriles, Mol. Diver. 21 (2017) 247-255.

S. Shabalala, S. Maddila, W.V. Zyl and S.Bndalagadda; An innovative efficient
method for the synthesis of 1,4-dihydropyridinesgsy,03 loaded on Zr@as catalyst,
ACS-Ind & Eng Res. 56 (2017) 11372-11379.

K.K. Gangu, S. Maddila and S.B. Jonnalagadsinthesis, structure and properties of
new Mg(ll)-metal-organic framework and its prowesscatalyst in the production of 4H-
pyrans. ACS-Ind. & Eng Chem Res. 56 (2017) 29174292

A. Domling, W. Wang, and K. Wang, Chemistrydamiology of multicomponent
reactions; Chem. Rev., 112 (2012) 3083-3135.

E. Marsault and M.L. Peterson; Macrocycles ageeat cycles: Applications,
opportunities, and challenges of synthetic macrasym drug discovery, J. Med. Chem.
54 (2011) 1961-2004.

R.C. Cioc, E. Ruijter and R.V. A. Orru; Mulomponent reactions: advanced tools for
sustainable organic synthesis, Green Chem. 16 JZ858-2975.

N. Isambert, M.M Sanchez Duque, J.C. PlagugvEn Génisson; Jean Rodriguez and
Thierry Constantieux, Multicomponent reactions &nuc liquids: a perfect synergy for

eco-compatible heterocyclic synthesis, Chem. See. R0 (2011) 1347-1357.



[8].

[9].

[10].

[11].

[12].

[13].

[14].

S.V.H.S. Bhaskaruni, S. Maddila, W.V. Zyl a&B. Jonnalagadda; ,@s/ZrO, as an
efficient reusable catalyst for the facile, greene-pot synthesis of novel functionalized
1,4-dihydropyridine derivatives, Catal Today. 32918) 276-281.

S.V.H.S. Bhaskaruni, S. Maddila, W.V. Zyl a&iB. Jonnalagadda. An efficient and
green approach for the synthesis of 2,4-dihydramf@3-c]pyrazole-3-carboxylates
using BpO4/ZrO, as a reusable catalyst, RSC Advan. 8 (2018) 16834-3.

N. Shabalala, S. Maddila and S.B. Jonnalaga@atalyst-free, one-pot, four-component
green synthesis of functionalized 1-(2-fluorophgiiy#-dihydropyridines under
ultrasound irradiation, New. J. Chem. 40 (2016)55012.

N. Shabalala, S. Maddila and S.B. Jonnalagadthcile one-pot green synthesis of
tetrahydrobiphenylene-1,3-dicarbonitriles in agquemedia under ultrasound irradiation,
Res Chem Int. 42 (2016) 8097-8108.

K. Ablajan, W. Liju, Y. Kelimu, F. Jun; Cenn ammonium nitrate (CAN)-catalyzed
four-component one-pot synthesis of multi-substutpyrano[2,3-c]pyrazoles under
ultrasound irradiation. Mol Divers. 17 (2013) 698067

M. Shankar Singh and S. Chowdhury; Recent ettggments in solvent-free
multicomponent reactions: a perfect synergy for-@mmpatible organic synthesis, RSC
Adv. 2 (2012) 4547-4592.

K. Arya, D.S. Rawat and H. Sasai; Zeolite poped Brgnsted-acid ionic liquids: an eco-
approach for synthesis of spiro[indole-pyrido[3]&i@zine] in water under

ultrasonication, Green Chem. 14 (20120) 1956-1963.



[15].

[16].

[17].

[18].

[19].

[20].

[21].

V. Moodley, S. Maddila, S.B. Jonnalagaddd 8E. van Zyl; Synthesis of triazolidine-
3-one derivatives through the nanocellulose/ hygapatite-catalyzed reaction of
aldehydes and semicarbazide, New J. Chem. 41 (BAbKH-6463.

S. Shabalala, S. Maddila, W.E. van Zyl anB.Sonnalagadda; A facile, efficacious and
reusable SpODs/ZrO, catalyst for the novel synthesis of functionalized4-

dihydropyridine derivatives, Cat Com. 79 (2016)2AL-

K. K. Gangu, S. Maddila, S. N. Maddila and E&. Jonnalagadda; Novel iron doped
calcium oxalates as promising heterogeneous cétalgs one-pot multi-component

synthesis of pyranopyrazole, RSC Advan. 7 (2013B)422.

S.N. Maddila, S. Maddila, W.E. van Zyl andBSJonnalagadda; Ce-V/Siatalyzed
cascade for C-C and C-O bond activation: Greenpmtesynthesis of 2-amino-3-cyano-
4H-pyrans, Chem. Open. 5 (2016) 38-42.

S.A. Abdelatef, M.T. El-Saadi, N.H. Amin, A.HAbdelazeem, H.A. Omar, K.R.A.
Abdellatif; Design, synthesis and anticancer eva@naof novel spirobenzo[h]chromene
and spirochromane derivatives with dual EGFR an@AZ- inhibitory activities, Eur J
Med Chem. 150 (2018) 567-578.

P. Sivaguru, R. Sandhiya, M. Adhiyaman, A.litbe; Synthesis and antioxidant
properties of novel 2H-chromene-3-carboxylate arac&yl-2H-chromene derivative,
Tetrahedron Lett. 57 (2016) 2496-2501.

N.M. Sabry, H. M. Mohamed, E. Shawky A. E. khattab, S.S. Motlag, Ahmed M. EI-
Agrody; Synthesis of 4H-chromene, coumarin, 12Hsaeno[2,3-d]pyrimidine
derivatives and some of their antimicrobial andbtyxicity activities, Euro J Med Chem.

46 (2011) 765-772.



[22].

[23].

[24].

[25].

[26].

[27].

[28].

B. Devi Bala, S. Muthusaravanan, T. Soo ChddnAshraf Ali, S. Perumal; Sequential
synthesis of amino-1,4-naphthoquinone-appendedzotea and triazole-chromene
hybrids and their antimycobacterial evaluation,duJt Med Chem. 85 (2014) 737-746.
J. N. Huang, Q. J. Liu, N. Liang, Q. Li, Qi, IS.S. Xie; Design, synthesis and biological
evaluation of new coumarin-dithiocarbamate hybrdsmultifunctional agents for the
treatment of Alzheimer's disease, Eur J Med Chel.(2018) 287-298.

B. M. Chougala, S. Samundeeswari, M. Holiyadls. Naik, LA. Shastri, S. Dodamani,
S Jalalpure, SR. Dixit, SD. Joshi, VA. Sunagareddr, unexpected synthesis of bis-
coumarin derivatives as potent anti-bacterial antiiaflammatory agents, Eur J Med
Chem. 143 (2018) 1744-1756.

JE. Philip, M. Shahid, MR. Prathapachandrarpy MP. Velayudhan; Metal based
biologically active compounds: Design, synthesislADbinding and antidiabetic activity
of 6-methyl-3-formyl chromone derived hydrazonesl dneir metal (II) complexes, J
Photochem Photobiol B. 175 (2017) 178-191.

M. Singh, M. Kaur, Om. Silakar; Flavones: Amportant scaffold for medicinal
chemistry, Eur. J. Med. Chem. 84 (2014) 206-239.

R.S. Keri, S. Budagumpi, R. Krishna Pai, R.Balakrishna; Chromones as a privileged
scaffold in drug discovery, A review. Euro. J. M&hem. 78 (2014) 340-374.

P.B. Oshiro, P. Souzada, S. Gomes Lima, MMenezes, L.C. Silva-Filho; Synthesis of
4H-chromenes promoted by NiGhrough multicomponent reaction, Tetrahedron Lett.

56 (2015) 4476-4479.



[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

G. Harichandran, P. Parameswari, P. Shanmyudamefficient solvent free Amberlite
IRA-400 CI resin mediated multicomponent synthesisl photophysical properties of
fluorescent 4H-chromene derivatives, Dyes and Pigsnd 39 (2017) 541-548.

Y. Sarrafi, E. Mehrasbi, A. Vahid, M.TajbakhsWell-ordered mesoporous silica
nanoparticles as a recoverable catalyst for onesmgticomponent synthesis of 4H-
chromene derivatives, Chin. J. Catal. 33 (2012614894.

S. Zavar; A novel three component syntheg@-amino-4H-chromenes derivatives using
nano ZnO catalyst, Arab. J. Chem. 10 (2017) 67-70.

S. Pradhan, V. Sahu, B. G. Mishra; CaO-Zr@nocomposite oxide prepared by urea
hydrolysis method as heterogeneous base catalysyifithesis of chromene analogues, J.
Mol. Catal A: Chem. 425 (2016) 297-309.

L. Yu Li, Q. Qing Zeng, Y. Xuan Yang, H.Fetty, M. Xu, Zhi Guan, Y. Hong He; A
domino reaction for the synthesis of 2-amino-4Hechene derivatives using bovine
serum albumin as a catalyst, J. Mol Catal B: Enzyan&22 (20150, 1-7.

L. Magar, P.B. Thorat, V.B .Jadhav, S.U. Tlekeé5.A. Dake, B.R .Patil, R.P .Pawar;
Silica gel supported polyamine: A versatile catafgs one pot synthesis of 2-amino-4H-
chromene derivatives; J. Mol. Catal. A: Chemica013) 374-375.

S. Gao, C. Hsuan Tsai, C. Tseng, C. Fa Ydooridle ion catalyzed multicomponent
reactions for efficient synthesis of 4H-chromeneal as-arylquinoline derivatives in
agueous media, Tetrahedro. 64 (2008) 9143-9149.

S.V.H.S. Bhaskaruni, S. Maddila, W.E. van ayld S. B. Jonnalagadda; RO, as
an efficient reusable catalyst for the facile, greene-pot synthesis of novel

functionalized halopyridine derivatives, Catal. Cdri0 (2017) 24-28.



[37]. S. Maddila, K. K. Gangu, S.N. Maddila, V.HSS Bhaskaruni and S.B. Jonnalagadda; A
viable and efficacious catalyst, C#BAp for green synthesis of novel pyrido[2,3-
d]pyrimidine derivatives; Res. Chem. Int. 44 (201897-1409.

[38]. S.N. Maddila, S. Maddila, W. E. van Zyl, aBB. Jonnalagadda; Mn doped Zr&s a
green, efficient and reusable heterogeneous cafalythe multicomponent synthesis of
pyrano[2,3-d]-pyrimidine derivatives, RSC Advan2®15) 37360-37366.

[39]. S. Maddila, K. Naicker, M. Momin, S. Rana, Gorle, S.N. Maddila, K. Yalagala, M.
Singh and S.B Jonnalagadda, Novel 2-(1-(substibeteryl)-1H-tetrazol-5-yl)-3-
phenylacrylonitrile derivatives - Synthesis, inrgiantitumor activity and computational
studies, Med. Chem. Res. 25 (2016) 283-291.

[40]. S. Gorle, S. Maddila, S. Chokkakula, P. LaxgnM. Singh and S.B Jonnalagadda,;
Synthesis, biological activity of pyrimidine linkesith morpholinophenyl derivatives, J.

Het Chem. 53 (2016) 1852-1858.



HIGHLIGHTS

» Ultrasound synthesis of novel substituted 4H-chromene derivatives
*  One-pot three component protocol with excellent yields (92-98%).
» 10 derivatives and 8 are new compounds

» Short reaction times (10 min)

* Reaction offers 94% atom economy and 100 % carbon capture.



