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    Chromene is a natural compound together with a synthetic scaffold that epitomizes a privileged structural motif rampant in many biologically active compounds.. This framework is present in more than 5000 compounds including natural products and synthetically designed structures. The contribution of nature to these molecules is quite enormous. It can be metamorphosed into several other forms such as flavones, flavonoids, flavans, flavonols, isoflavonoids, rotenoid isoflavones, anthocyanidins, coumarins, etc. Several studies proclaimed that chromenes/flavones/benzopyrans exhibit various biological activities such as excellent anticancer and antioxidant activites.




    The antioxidant capacity of these molecules can be attributed to the presence of various functional groups and the detailed reason can be explained as follows. The ortho hydroxyl group attached to the phenyl ring at 2-carbon can interact with a free hydrogen radical and make an intermolecular hydrogen bond, thus scavenging the activity of the free radical. 2,3-Olefinic bond with 4-keto functional group delocalizes an electron resulting in a semiquinone radical. Tocopherol or ascorbic acid may interact synergistically and thus increase antioxidant activity. Chromenes can chelate oxidizing metal ions by preventing oxidation. Besides this, chromene fused with sugar moieties called chromene glycosides is also discussed.




    Based on the high importance of the chromene scaffold, we will discuss its synthetic approaches with diversity-orientation. Chromene as a drug/drug-like/bioactive molecule will be the prime focus of the book, and is studied with relevance to several human health issues. Naturally present chromene glycosides and their applications with nutraceutical values will be discussed. The book will also shed light on corona virus with respect to chromenes.




    The proposed book “The role of Chromenes in drug discovery and development” is an outstanding collection of contemporary research on chromenes as well as their versatile applications. This book will provide a comprehensive scientific advancement that has taken place in the field of organic and medicinal chemistry. This book will serve as a reference for professionals, students, scientists, research scholars, and academicians in drug discovery and development.
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      Abstract




      Chromene (benzopyrans) is one of the privileged scaffold molecules that are widely distributed in natural products and possesses a wide variety of pharmacological activities such as anticoagulant, antioxidant, anti-inflammatory, anti-spasmolytic, antitumor, antihepatotoxic, diuretic, estrogenic, antiviral, antifungal, antimicrobial, anthelminthic, anti-HIV, antitubercular, herbicidal, anticonvulsant and analgesic. Their low toxicity combined with their broad pharmacological properties has inspired researchers to obtain new chromenes and derivatives possessing considerable pharmacological action. The present review article attempts to summarize the natural source of chromene and its derivatives along with updated knowledge on its biological activities.
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      INTRODUCTION




      Chromene belonging to the family of lactones is a well-known, naturally occurring aromatic bicyclic heterocyclic compound. It consists of a benzene ring that is fused to an oxygen-containing pyran heterocyclic ring. It exists as mainly four structural isomers (Fig. 1) resulting from the multiple relative positions of the oxygen atom and the tetrahedral carbon atom, namely, 2H-chromene, 4H-chrome-




      ne, 1H-isochromene, and 3H-isochromene [1]. Out of these isomeric forms of chromenes, 2H-chromene and its benzo fused derivatives are widely distributed in various plant species including fruits and vegetables and seem to be important for the chemical defense of plants as well as for the treatment of a wide range of pharmacological activities like anti-inflammatory, antipyretics, antioxidant, bronchodilator, vasodilator, anti-amoebic, antibacterial and antifungal activities as well as for the management of neurodegenerative disorders including Alzheimer’s and Schizophrenia [2, 3]. For thousands of years, various chromenes and chromene derivatives have been used in different traditional systems of medicine. This important chemical moiety encompasses the fundamental skeleton structure for various phytoconstituents such as natural alkaloids, coumarins, flavonoids, polyphenols, anthocyanins, and tocopherols [4, 5]. The published literature review states that, to date, several bioactive chromenes and their various derivatives have been isolated and separated from various natural sources as well as have been well studied for their biogenetic pathway and biosynthesis. This chemical moiety has been recognized by research scientists due to its low toxicity profiles in addition to broad biological activities [6, 7].


    




    

      CHROMENE-CONTAINING PLANTS




      Table 1 indicates the list of various plant sources from which chromenes and their derivatives were separated and isolated and were found to possess marked pharmacological activities. Fig. (1) shows the structure of some important chromenes derived from plants.




      

        Table 1 List of plants containing chromenes and their derivatives.




        

          

            

              	S. No



              	
Botanical Source


              (Common Name)




              	Family



              	Plant Part



              	Example



              	Refs.

            


          



          

            

              	1.



              	Ageratin aadenophora



              	Asteraceae



              	Leaves



              	Demethoxyencecalin,


              encecalinanddemethylencecalin



              	[8]

            




            

              	2.



              	
Ageratum conyzoides L.



              	Asteraceae



              	Whole plant



              	2,2-dimethylchromene-7-methoxy-6-O-β-


              D-glucopyranoside



              	[9]

            




            

              	3.



              	
Ageratum conyzoides Linn



              	Asteraceae



              	Essential oil



              	Precocene I, II


              2-(1´-oxo-2´-methylpropyl)-2- methyl-6,7-di


              methoxy-chromene2-(1´-oxo-2´-methyl propyl)-2-


              methyl-6,7-dimethoxy-chromene;2-


              (2´-methylprop-2´-enyl)


              -2-Methyl-6,7-dimethoxychroman-19-on



              	[10]

            




            

              	4.



              	Alternanthera sessilis



              	Amaranthaceae



              	Leaves



              	3,3’-(propane-2,2-diyl)-bis-(3,4,5,6,7,8-


              hexahydro-1H-isochromene



              	[11]

            




            

              	5.



              	
Amoorarohituka


              (Roxb.) Wight &Arn.


              Dysoxylumbinectariferum


              (Roxb.) Hook. F. ex Hiern


              Schumanniophyton


              magnificum Harms


              Schumanniophy-


              tonproblematicum (A. Chev.)



              	Meliaceae


              Meliaceae


              Rubiaceae


              Rubiaceae



              	leaves and stem


              stem bark


              Bark


              Bark



              	Rohitukine



              	[12 -15]

            




            

              	6.



              	Bourreriapulchra



              	Boraginaceae



              	Root



              	6,6-dimethyl-2-methoxy-6H-benzo (c)


              chromen-9-yl)methanol; 2-methoxy-


              6,6-dimethyl-6H-benzo (c)


              chromen-9-carbaldehyde



              	[16]

            




            

              	7.



              	Caleahispida



              	Asteraceae



              	Essential oil from leaves



              	6-acetyl-7-hydroxy-2,2-dimethylchromene



              	[17]

            




            

              	8.



              	
Caleapinnatifida


              (R. Br.) Less.



              	Asteraceae



              	Leaves



              	6-acetyl-7-hydroxy2,2-dimethylchromene;


              6-(1-hydroxyethyl)-7-methoxy-2,


              2-dimethyl chromene;6-(1-ethoxyethyl)-7-methoxy-


              2,2 dimethylchromene



              	[18]

            




            

              	9.



              	
Calophyllum


              cordatooblongum




              	-----



              	Stem bark



              	Isocordato-oblongic acid



              	[19]

            




            

              	10.



              	Calophyllum dispar



              	Clusiaceae



              	fruits and stem-bark



              	isodispar A, disparinol D, disparpropylinol B,


              dispardiol B, mammea A/AB cyclo E,


              mammea A/AB dioxalanocyclo F



              	[20]

            




            

              	11.



              	Calyptranthestricona



              	Myrtaceae



              	Essential oil of leaves



              	Chromene I and II



              	[21]

            




            

              	12.



              	Cannabis sativa



              	Cannabaceae



              	-----



              	∆9-Tetrahydrocannabinol,


              cannabichromene, and cannabinol



              	[22]

            




            

              	13.



              	
Cassia sieberianaDC



              	Fabaceae



              	Leaves



              	2-(4- hydroxylphenyl)-7’-1,


              2-dihydroxy-1-phenylpropyl)-4’, 6’-dihydroxy [1]


              phenylbenzofuro (2, 3-c)-7’-chromene



              	[23]

            




            

              	14.



              	Eupatorium toppingianum



              	Compositae



              	Leaves



              	6-acetyl-7, 8-dimethoxy-2,2- dimethylchromene



              	[24]

            




            

              	15.



              	
FlemingiagrahamianaWight&Arn



              	Leguminosae



              	Leaves



              	Flemingins A-C, G-N



              	[25]

            




            

              	16.



              	Dasymaschalonrostratum



              	----



              	Alternaria sp.ZG22 (fungal strain)



              	Alternapyran



              	[26]

            




            

              	17.



              	
KoeberliniaspinoseZucc.



              	Koeberliniaceae



              	Stems, twigs, and roots



              	(3E,7E)-9-hydroxy-1-[(R)-6-hydroxy-2,8-dimethyl


              2H-chromen-2-yl]-4,8-dimethylnona-3,7-dien-2-one


              (2R)-2-[(3E,7E)-9-hydroxy-4,8-dimethylnona 3,


              7-dien-1-yl]-2,8-dimethyl-2H-chromen-6-ol.



              	[27]

            




            

              	18.



              	
Mallotus apelta


              (Lour.) Müll. Arg



              	Euphorbiaceae



              	----



              	Malloapelta A-F



              	[28]

            




            

              	19.



              	
Melicopelunu-ankenda (Gaertn.) T.G. Hartley



              	Rutaceae



              	Leaves



              	Evodione, leptonol



              	[29]

            




            

              	20.



              	Morus wittiorum



              	Moraceae



              	Stem bark



              	wittifurans A-C, F and G


              Wittifurans P-R



              	[30, 31]

            




            

              	21.



              	
Ocimum sanctum L.



              	Lamiaceae



              	Leaves



              	Ocimarin



              	[32]

            




            

              	22.



              	
Paraphaeosphae-


              riaquadriseptata




              	------



              	Fungus



              	Quadriseptin



              	[33]

            




            

              	23.



              	Pentasbussei



              	Rubiaceae



              	Roots



              	methyl-5,10-dihydroxy-7-


              methoxy-3-methyl-3-


              (4-methyl-3-pentenyl)-3H-benzo(f)


              chromene-9-carboxylic acid


              BusseihydroquinoneA, B, C, D



              	[34, 35]

            




            

              	24.



              	
Pentas longiflora Oliv



              	Rubiaceae



              	Root



              	methyl-5,10-dihydroxy-7-methoxy-3-


              methyl-3-[4-methyl-3-pentenyl]-3H-benzo[f]


              chromene-9-carboxylate



              	[34]

            




            

              	25.



              	Pentas parvifolia



              	Busseihydroquinone B

            




            

              	26.



              	
Phellodendronamurensevar. wilsonii.



              	Rutaceae



              	Leaves



              	phellodenol-A, B, C



              	[36]

            




            

              	27.



              	Piper aduncum



              	Piperaceae



              	----



              	2,2-dimethyl-2H-1-benzopyran-


              6-carboxylic acid;


              methyl-2,2-dimethyl-2H-1-benzopyran-


              6-carbo- xylic acid; methyl-8-hydroxy-


              2,2-dimethyl2H-1-benzopyran-6-


              carboxylic acid; methyl-2,2-dimethyl-8-(3- methylbut-2-enyl)-2H-1-benzo pyran-6-carboxylic acid



              	[37]

            




            

              	28.



              	
Piper cf. cumanenseKunth.



              	Aerial parts



              	Cumanensic acid



              	[38]

            




            

              	29.



              	Piper gaudichaudianum



              	----



              	(2S)- 2-methyl-8-(3-methylbut-2-enyl)-


              2-(4-methylpent-3- enyl)-


              2H-chromene-6-carboxylic acid



              	[37]

            




            

              	30.



              	
Rheum spp



              	Polygonaceae



              	----



              	2,5-dimethyl-7-hydroxy chromene;


              2-methyl, 5-acetyl-7-hydroxy chromene;


              2-methyl, 5-carboxy-methyl-7-hydroxy chromene


              2-(2’hydroxyl-propyl)-5-methyl-7-hydroxy chromene



              	[39]

            




            

              	31.



              	
Rhododendron


              anthopogonoides




              	Ericaceae



              	Leaves and twigs



              	Anthopogochromene, AnthopogochromeneA-C



              	[40]

            




            

              	32.



              	Sargassumsiliquastrum



              	------



              	----



              	Mojabanchromanol



              	[41]
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Fig. (1))


      Structure of Some important chromenes.

    




    

      PHARMACOLOGICAL ACTIVITY




      

        Anti-Alzheimer Activity




        The alkaloid Taspine, a chromene derivative isolated first time from the leaves of Magnolia x soulangiana showed a more significantly long-lasting and dose-dependent effect on acetylcholinesterase enzyme (AChE) inhibition than the positive control galanthamine with an IC50 value of 0.33 ± 0.07 μM [42]. Oral administration of chromene derivatives such as glabridin, a major active isoflavone, isolated from the roots of Glycyrrhiza glabra significantly ameliorated scopolamine (0.5 mg kg-1, i.p.) induced amnesia and was evaluated by both elevated plus maze test and passive avoidance test at tested dosages of 2 and 4 mg kg-1. These derivatives also significantly decreased the brain AChE activity in mice in comparison to the control group [43]. Furthermore, glabridin reversed the learning and memory defects in diabetic rats in a dose-dependent manner, thus, proving to be a promising drug candidate for memory and learning improvement in the management of demented diabetic patients [44]. In vitro AChE and butyrylcholinesterase (BuChE) enzyme inhibitory activity showed that Macluraxanthone isolated from non-polar fractions of the methanolic extract of the root bark of Maclurapomifera is a specific non-competitive inhibitor of AChE with an IC50 value of 8.47 µM and competitive inhibitor of BuChE with an IC50 value of 29.8 µM [45].


      




      

        Antimicrobial




        Qualitative and quantitative antimicrobial screening by agar well diffusion and broth dilution assay showed that cannabichromene and its homologues, as well as isomers isolated from Cannabis sativus, have strong antibacterial activity against Gram +ve, Gram –ve, and acid-fast bacteria. However antifungal activity against yeast-like and filamentous fungi and dermatophytes was found to be mild to moderate [46].




        Cannabinoids isolated from Cannabis sativa showed a potent antimicrobial effect against different methicillin-resistant strains of S. aureus (XU-212, ATCC-25923, RN-4220, EMRSA-15, EMRSA-16, and SA-1199B) in a MIC range of 2–0.5 μg/ ml [22].




        Cumanensic acid isolated from aerial parts of Piper cf. Cumanense Kunth. (Piperaceae) showed promising antifungal activity against F. oxysporum f. sp. this is similar to that of the control positive (< 1 mg) evaluated by using direct bio-autography in a TLC bioassay while the minimum amount was found to be 100 µg for fungal growth inhibition of B. cinerea [40].


      




      

        Anticancer




        A bioassay of the chromene 6-acetyl-7,8-dimethoxy-2,2-dimethylchromene from Eupatorium toppingianum indicated its high cytotoxic, antimutagenic, and antimicrobial properties [24]. In addition, 7,3',5'-Tri-O-methyltricetin, precocene II, 3,5,7,4'-tetrahydroxyflavone and 5,6,7,3',4',5'-hexamethoxyflavone exhibited inhibitory activity on the P-388 cancer cell line with IC50 values of 12.8, 24.8, 3.5 and 7.8 µM respectively, while compound 9 exhibited inhibitory activity on the HT-29 cancer cell line with an IC50 value of 61µM.




        Isodispar B, Disparpropylinol B, and disparinol B isolated from the ethyl-acetate soluble fraction of Callophyllum dispar inhibited 50% of the cellular growth of KB cell lines at a concentration ranging from 4 to 8 µg/ml [47].




        Neo-tans lactone, isolated as a minor component from the ethanol extract of the root of Salvia miltiorrhiza, was found to be active against the MCF-7 breast cancer cell line at 0.6~1.2 µg/mL and exhibited low ED50 values of 0.6 µg/mL and 0.3 µg/mL against estrogen receptor-positive (ER+) human breast cancer cell lines (MCF-7 and ZR-75-1) respectively, but was found to be inactive against two ER- cell lines (MDA MB-231, and HS 587- T) with ED50 > 10 µg/mL [48]. However, flemingin A and C isolated from Flemingia grahamiana (Leguminosae) showed a cytotoxic effect against MCF-7 human breast cancer cells with IC50 values of 8.9 and 7.6 μM respectively [25].




        About 17 chromene derivaties were isolated from powdered leaves of Marilapluricostata Standl.& L.O. Williams (Clusiaceae) and were tested in cytotoxicity assays against breast (MCF-7), Lungs (H-460), and CNS (SF-268)




        human cancer cell lines. Out of these mammesin, Mammea A/AB, and mesuolandmammea A/AB were found to be the most cytotoxic [49].




        Two novel prenylated benzoquinones such as thiaplidiaquinone A and B isolated from Aplidiumconicum induced a strong production of intracellular reactive oxygen species (ROS) in the Jurkat cell line which is derived from a human T lymphoma and induced cell death by apoptosis [50].




        Out of four new chromone alkaloids, chrotacumines A-D and known compound rohitukine isolated from leaves and bark of Dysoxylumacutangulum, rohitukine showed moderate cytotoxicity against human HL-60 promyelocytic leukemia and HCT-116 colon cancer cells [51].




        Malloapelta A-F isolated from Mallotus apelta significantly inhibited the ovarian cancer cell line, TOV-21G. Moreover, Malloapelta B, C, and F significantly induced apoptosis and significantly inhibited the NF-κB signaling pathway [28].


      




      

        Anti-inflammatory




        Cannabichromene, one of the major chromenes isolated from Cannabis sativus, its homologue as well as its isomers showed more superior anti-inflammatory activity as compared to the standard drug in both carrageenan-induced rat paw edema model and the erythrocyte heat stabilization assay [46].




        Rohitukine, chromone alkaloid isolated from the stembark of Dysoxylum Binectariferum (Roxb.) Hook. F. ex Hiern (a synonym of D. gotadhora (Buch.-Ham.) Mabb., Meliaceae displayed anti-inflammatory activity in the carrageen-induced rat paw edema assay (ED50=9 mg/kg., p.o.) and inhibited the reverse passive Arthus reaction in rats, (50.8±5.9% inhibition at 2.5 mg/kg., p.o) [52].




        The inhibitory effect of Anthopogochromene and Anthopogochromene A isolated from the Chinese medicinal plant Rhododendron anthopogonoides on compound 48/80-induced histamine release from rat peritoneal mast cells was found to be comparable to that of potent anti-inflammatory drug indomethacin with IC50 value 63 µM [40].


      




      

        Antioxidant




        A chromone alkaloid with unique structural features called cassiadinine isolated from the flowers of Cassia siamea showed its effects to reduce the levels of free radicals, thus can be used as valuable drug development leads for antioxidants [53]. Mojabanchromanol, a novel chromene, isolated from the ethyl-acetate fraction of brown alga Sargassumsiliquastrum ethanol extract exhibited the strongest antioxidant activity by 96.07±0.1% and 84.08±2.7% inhibition evaluated by DPPH scavenging assay and TBARS assay [41]. In addition, Sargachromenol, isolated from Sargassummicracanthum showed strong DPPH scavenging activity of 78.85% at a concentration of 250 µM [54]. Wittifuran P. isolated from Chinese mulberry Moruswittiorum was found to inhibit 99% inhibition in a Fe2+/cysteine-induced microsomal lipid peroxidation assay as compared to Wittifuran R and Q [31]. The chalcones flemingin A, B, C, G, and H isolated from the leaves of Flemingiagrahamiana (Leguminosae) were found to show antioxidant effect against DPPH radical scavenging assay with an ED50 value in the range of 4.4−8.9 μM [25].


      




      

        Anti-plasmodial Activity




        Crude root extract from the roots of traditionally used antimalarial plant Pentasbussei showed only marginal activities against the chloroquine-sensitive (D6) and chloroquine-resistant (W2) strains of Plasmodium falciparum [35].




        Nine new compounds containing either a chromane or chromene ring moiety were isolated from the monotypic plant Koeberlinia Spinosa. Compounds 2, 5, 6, and 7 had weak antiplasmodial activity, while none of the compounds exhibited antiproliferative activity [55].


      




      

        Leishmanicidal Activity




        Four well-known chromenes namely 6-acetyl-7-hydroxy2,2-dimethylchromene, 6-(1-hydroxyethyl)-7-methoxy-2,2-dimethylchromene, 6-acetyl-7-methoxy-2,2- dimethyl chromene and 6-(1-ethoxyethyl)-7-methoxy-2,2-dimethylchromene were first time isolated from the leaves of Caleapinnatifida (R. Br.) Less. (Asteraceae) and were tested for the leishmanicidal screening against intracellular L. amazonensis amastigotes, THP-1 cells (ATCC TIB202). The first two compounds showed moderate leishmanicidal activity while the other two isolated chromenes were found to be inactive [18]. Out of isolated Lindbergin E-I, isolated from the Fern Elaphoglossumlindbergii, Lindbergin E showed the most effective in-vitro leishmanicidal activity against Promastigotes of Leishmania braziliensis and L. Amazonensi with IC50 value 13.6±1.3 µM and 16.3±1.3 µM [56].




        6,6-dimethyl-2-methoxy-6H-benzo[c]chromen-9-yl) methanol sequestered from the roots of Bourreriapulchra (Boraginaceae) showed significant antiprotozoal activity against Leishmania Mexicana and Trypanosoma cruzi parasites (IC50 4.6 μg/mL and 7.5 μg/mL, respectively) while another benzochromene isolated from the root of Bourreria pulchra was found to be inactive [16].


      




      

        Anti-trypanocidal Activity




        Gaudichaudianic acid [(2S)-2-methyl-8-(3”-methylbut-2”-enyl)-2-(4-methylpent- 3’-enyl)-2H-chromene-6-carboxylic acid] isolated from ethanolic extract of Piper gaudichaudianum stems exhibited dose-dependent toxicity against epimastigotes of T. Cruzi with an IC50value of 33.8 µM while its benzopyran ester obtained by methylation proved to be four times more toxic as compared to benznidazole with an IC50 value 2.82 µM. Natural chromene obtained from the leaves of P. Aduncum along their series of semi-synthetic derivatives prepared by reduction, acetylation, and methylation has also been shown to exhibit potential trypanocidal activities against epimastigotes of T. Cruzi [37]. Another study of trypanocidal assays of Gaudichaudianic acid enantiomers indicated that the (+)-enantiomer was a more potent trypanocidal compound against the Y-strain of Trypanosoma cruzi than its antipode. Interestingly, mixtures of enantiomers showed a synergistic effect, with the racemic mixture being the most active [57].


      


    




    

      CONCLUSION




      Chromenes constitute a large group of various biologically active important molecules such as alkaloids, polyphenols, flavonoids, etc. that are widely distributed in a variety of different herbs, shrubs, and trees, worldwide including fruits and vegetables. Various naturally occurring chromene derivatives, such as ageratochromene, alloevodionol, lonchocarpin, millepachine, flemiphilippinones C, busseihydroquinones B − D, β-lapachone, mollugin, wittifurans A-F, cassiadinine, soulamarin, gramniphenol C–D, (+)-psiguadial B, fleminginsA-C, empetrikarinens, anthopogochromane and anthopogochromene A–C have been found to possess promising pharmaceutical and biological activity. Taking into account the immense therapeutic potential of chromene-based phytomolecules and their derivatives, they can be considered new bioactive molecules for the discovery of better therapeutically active lead molecules with low toxicity. Thus, more intensive efforts are required for the isolation and screening of novel and more potent bioactive chromene-based phytocompounds with unique mechanisms of action for the treatment of various disorders especially cancer and drug-resistant bacterial diseases.
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