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ABSTRACT: .
The present review is about the methods used to /(X)) C(T ™
synthesize chromonesand its derivatives. Chromone is a rigid ‘ o
bicyclic moiety ie., 4H-Benzopyran-4-one (1) and its derivatives e
are collectively known as Chromones. Their structural diversity b' O/\/“ S
of chromones (type, number and position of substituent attached —,k( O SOy

to the main core) is responsible for their physical, chemical and
biological properties. These are classified as privilegedstructure |, 3" ..

in drug discovery, Because of its use in a wide variety of I'I?q:(“ o)
pharmacologically active compounds.It is also used as scaffolds il Sl /
for the development of bioactivecompounds and have
considerable applications in medicinal chemistry, due to their abundance in nature and biological cycles.
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INTRODUCTION:
Chromone is a rigid bicyclic moiety i.e.,, 4H-Benzopyran-4-one (1) ! and its derivatives are
collectively known as Chromones. The word chromones is derived from the Greek wordchroma,

meaning color, which indicates that many chromone derivatives exhibit a broad variation ofcolors.
O

L)

(D
The chromone moiety is an active pharmacophore and found in different drugs*é such as
Cromolyn (2), Nedocromil (3), Diosmin (4), Flavoxate (5), etc. Chromones are also valuable
intermediates in the synthesis of novel bioactive compounds3’. The word chromone was derived from
Greek word chroma (means color) and many chromone derivatives exhibit a broad variation of colors.
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Chromones play very important roles in plant cycles and their abundance with different
pharmacological activities8a-d, made them research subject for drug discovery. They exhibit a wide
range of biological and pharmacological activities like anti-bacterial®, anti-fungal!®, anti-viral!!, anti-
depressant!?s, anti-hypertensivel?b, anti-obesity!3, anti-ulcer!4, anti-cancer?s, anti-oxidant!e, anti-HIV?7,
anti-inflammatory18, immunostimulators!9, biocidal?29, wound healing?! and immune-stimulatory?22.
There derivatives also possess enzymatic inhibition properties towards different systems like
oxidoreductase, kinase, lipoxigenase and cycloxigenase23.

The first chromone derivative Khellin (6) was extracted from seeds of plant Ammi visnaga. It
was found antispasmodic and used in the treatment of angina pectoris?4. Its 2,4-thiazolidenedione
derivatives25 (7)was found antidiabetic and used to improve peripheral insulin resistance in type-II
diabetic patients. Their two analogues have also been synthesized to improve water solubility, i.e. 2-
Methyl-5-(dimethylaminoethoxy)-9-methoxyfuro[3’,2’,6,7[chromonephylline (8) and 9-(2-
Diethylaminoethoxy)-5-hydroxy-2-methylfuro[3’,2’,6,7]chromone (9)26.27.

O

(7)

Th CH3

OCH2-CH2- '\I~ —C2H3
C2Hs

9)

Other examples are Disodium cromoglycate (10) used as asthma drug, Chromone-3-
carbaldehyde (11) used in the treatment of T-cell leukemia, lymphomas and rheumatoid arthritis,
Diosmin (12) used for the treatment ofvenous diseases and flavoxate (13) is used as smooth muscle
relaxant to treat urge incontinence28-31.
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Synthesis of chromones: Depending on the starting materials and required chromone, there are a
number of synthetic routes are reported time to time. The first method to synthesize chromones was
developed by Heywang and Kostanecki32.

(0] 0 Acid catalysed 0

_—>
Base catalysed
R _ > g
Microwave irradiation | ‘
~ ~
0 Solid support 0] R
—_—
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Condensation of o-hydroxyacetophenone with dimethylformamide (DMF) and its acetal or triethyl
orthoformate yields 2-unsubstituted chromones, chromone (12), 3-formylchromone (13) and 3-
methylchromone (14) have already been synthesized3334.

CH=CHN(CHs)22 (o]
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(14)

The 2,3-disubstituted chromones (17) are synthesized by an intramolecular condensation of
molecules (16), which were usually obtained through a Baker-Venkataraman35 rearrangement of
compound (15).

Ry . R,
Backer-Venkataraman o
o rearrangement

o R R1=R2= alkyl. aryl, OH om o R,

(15) (16) (17

Microwave irradiation offers a considerable advantage over conventional methods because
it enhances the rate and yield of the reaction36. The demand for clean and green chemical syntheses
increases the use of microwave irradiation. In 2005, Seijas et al.3” reported a solvent-free synthesis
of functionalized flavones (19)under microwave irradiation.
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In same year 2005, Kabalka and Mereddy38 reported a microwave synthesis of
functionalized chromones (21) via the cyclization of 1-(2-hydroxyaryl)-3-aryl-1,3-propanedione
(20).

x CuCly, EtOH

Microwave irradiation, 5 min R{ o R
Ry

R: X=Br, CL, CH3, OH Ra
R=Ar, CH3, CF3
(20) Ri=CH3 OH (21)
Ry= OH
Recently some highly efficient synthetic methods are reported, one is selective palladium-
catalyzed ligand-free cyclocarbonylation reaction of oiodophenols (22)with terminal acetylenes under
atmospheric CO pressure affords diversified

Chromones (23)3°.
5 mol% PdCly

I CO (1atm)
3eqTEA
+ leq =R’ |
R OH R o R

(H13C6)3Pt-C14H20BT

@2) 110°C. 24h (23)

R=H,CO2Me
R'= Ar. alkyl

A Pd-catalyzed coupling reaction at room temperature was achieved by using water as a
solvent under balloon pressure of CO with Et3N as a base40.

5 mol%PdCly Q
I 0.1 eq PPh3. 3eq NEt3
R_@i + 12eq =R’ R |
CO(balloon pressure)
r
OH H20. 250C. 24h ©
(24) (25)

Specific functional group at particular position in chromone framework enhances its biological
and pharmacological activities. Some of the important methods are described below:
1. Halochromones: When chromne-3-carboxyldehyde (26) is treated with aq. Sodium hypochlorite at
room temperature affords 3-chlorochromone (27) 41.

2. Aminochromones: The Reduction of 3-hydroxy-2-nitrochromone (28) with Na;S;04 affords 2-
amino-3-hydroxychromone (29)42.
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3. Alkylchromones: TheChromones carboxylic acid (109) give corresponding alkylchromone (110)
either heating alone or in quinoline, in presence of copper bronze as catalyst43-45.
HOOC (o] o}

HO o] CH3 HO o} CHs

(30) (31)
1.3 Physical and Spectral Properties of Chromones: Chromone is white crystalline solid with bitter
taste and aromatic odour when heated*s. It has melting point 59 9C and soluble in diethyl ether, ethanol,
chloroform, benzene and other organic solvents. The solution of chromone in sulfuric acid gives a blue
fluorescence47-49. Its Phosphorescence spectra in ethanol5152, hexane52 and 2-methyltetrahydrofuran5051
has already been reported.
Ultraviolet spectroscopy: The UV spectra of chromones in various solvents®3-55 suggested the
absorption due to n, B* transiton’¢ ranges 360 nm (in 3-methylpentane) to 355 nm (in 2-
methyltetrahydrofuran) and due to RIEIEIE* transition57 ranges from 302 nm (in water) to 292 nm (in
cyclohexane).
Infrared spectroscopy: In chromones a characteristic absorption band due to C=0 stretching vibration
appears in the 1670-1575 cm! region in various solvent systems58-61,
Proton Magnetic Resonance spectroscopy: PMR spectra of chromones were first recorded by Mathis
and Goldsteiné2. The chemical shift value (@) for various protons of chromone in parts per million
(ppm) and coupling constant of protons in Hertz are shown in figure (32). An interesting feature of the
pmr spectra of chromones is that due to spatial proximity to anisotropic carbonyl group, the signal due
to Cs-H appears at 8.21 which separates from those due to other benzene protons. This is characteristic
of chromones and is not exhibited by the isomeric coumarinsé3-64.
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X5z 050
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13C-Nuclear Magnetic Resonance spectroscopy: 13C-NMR spectral data of chromones were first
reported by Kingsbury and Looker¢s. After that, a number of papers have been published on 13C-NMR of
chromoness5-71. Chemical shift for all the carbon atoms of chromone (in ppm) are shown below.
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(33)
Mass spectroscopy: Molecular ion peak constitutes the base peak in the mass spectrum of chromones.

Loss of one molecule of CO (path a) affords an abundant ion at M-2872. Retro-Diels-Alder reaction is
another characteristic fragmentation mode of chromones (arrows) which involves the elision of neutral
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acetylene ion undergoes sequential losses of two molecules of CO mass spectral fragmentation of 3-
methylchromone is as follows73.
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CONCLUSION: The present review of literature represents a description for the methods used in the
synthesis ofchromones and its derivatives. Some of the methods are improvements of the classical
synthetic methods and other are non-classical methods to obtain simple oxygenated chromones. They
include acid or base catalysed, microwave irradiated or solid-supported synthesis. The chromone
framework has been classified as aprivileged structure in drug discovery because it is found in a wide
variety of pharmacologically activecompounds. In some examples of therapeutic agents, chromones are
used as scaffolds for the development of bioactive compounds

REFERENCES:

1. Yang Liu, et al.;Fitoterapia, 2021, 154, 105004.

2. IM Gould; Int ] Antimicrob Agents, 2007, 30, 383.

3. Huarong Huang, et al.; Natural Product Research, 2017, 31(22), 2593-2598.

4. CBiot, N Francois, L Maciejewski, ] Brocard and D Poulin; Bioorg Med Chem Lett, 2000, 10, 839.

5. A. Gaspar, M.]. Matos, ]. Garrido, E. Uriarte and F. Borges;;Chem. Rev. 2014, 114, 4960-4992.

6. R.S. Keri, S. Budagumpi, RK. Pai and R.G. Balakrishna;;Eur. J. Med. Chem. 2014, 78, 340-374.

7. M. Singh, M. Kaur and O. Silakari;;Eur. . Med. Chem. 2014, 84, 206-239.

8. D. Gianfederico, R. Ciriaco, G. Piernicola, L. Francesco, S. Piero and T. Marcello; Eur. J. Med. Chem.
1978, 13 (1), 33

9. D. Donelly, R. Geoghegan, C. O'Brein, E. Philbin and T. S. Wheeler; . Med. Chem. 1965 8(6), 872.

10. V.P. Sharma, “HETEROCYCLIC COMPOUNDS Studies on the synthesis of substituted

chromones of potential Medicinal Interest”, Dept. of Chem. Kurukshetra university, 1981, Thesis.

G.P. Ellis, Chromenes, Chromanones and Chromones, John Wiley & Sons: New York, 1977, 1-10.

11.
12.
13.
14.
15.
16.

17.
18.

Ameena Husain, et al.; 2022, Journal of Molecular Structure, 1254, 132341.

Daowan Lai, et al.; Natural Product Research, 2022, in press,

D. Grindlay, T. Reynolds; Journal of Ethnopharmacology, 16,1986, 117-151.

S. Martens, A. Mithofer, Phytochemistry, 66,2005, 2399-2407.

M. Kuroda, S. Uchida, K. Watanabe, K. Mimaki, Phytochemistry; 70,2009, 288-293.

T. Zhou, Q. Shi, KH. Lee, “Anti-AIDS agents 83. Efficient microwave-assisted one-pot
preparation of angular 2,2-dimethyl-2H-chromone containing compounds”, Tetrahedron
Letters, 51,2010, 4382-4386.

PradithLerdsirisuk, et al., Bioorganic Chemistry, 2014, 57, 142-147.

M.G. Amira, D.C. Pierre, T. Marguerite, T.N. Bonaventure, T. Pierre, T. Hirata, Zeitschrift fiir
Naturforschung C e A Journal of Biosciences, 62,2007, 331-338.

Journal for all Subjects : www.lbp.world



PHYSICO-CHEMICAL PROPERTIES AND DIFFERENT METHOD OF SYNTHESIS OF... VOLUME - 11 | ISSUE - 5 | FEBRUARY - 2022

19.
20.

21.
22.

23.

24.
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.

41.

42.

43.
44,
45.
46.
47.
48.

49.
50.
51
52.
53.
54.
55.
56.
57.
58.

B.N. Ruhs, K.C.H. Julia, P.H. William, S.P. Tor, Holzforschung, 62, 2008, 264-269.

S. Maho, K. Yoshiyuki, Phytomedicine: International Journal of Phytotherapy and
Phytopharmacology, 17,2010, 820-829.

Yan-ping Liu, et al.; Bioorganic Chemistry, 2020, 101, 104030.

D.C. Pierre, G. Donatien, T. Marguerite, N.T. Bonaventure, P. Pierre, A.A. Ahmed, G.M. Amira, A.L
Godwin, T. Hirata, M.]. Tom, Natural Product Communications, 1, 2006, 961-968.

M.L. Borges, O.C. Matos, .M. Pais, ]. Seixas, C.P. Ricardo, A. Macanita, R.S. Becker, Pesticide Science,
44,1995, 155-162.

M. Marder, et al.; Biochemical and Biophysical Research, 249, 1998, 481-485.

D.F. Ortwine. Appl. PIXXD2 WO 2004014880 A1 20040219 CAN 140:175192 (2004) 138.

H. W. Rouwald, et al.; Planta Med., 60,1994, 101.

(a) G. Singh, L. Singh and M. P. S. Ishar; Tetrahedron, 58, 2002, 7883.

G. P. Ellis; “Chromenes, Chromanones and Chromones”, A. Weissberger and E. C. Taylor, John Wiley &
Sons: New York, 1977.

P Vanachayangkul, et al; Urological Research, 2010, 39 (3) 1-7.

DA Horton, et al., Chem Rev, 2003, 103, 893-930.

S Bhatnagar, et al.Bioorg Med Chem Lett, 2010, 20, 4945-4950.

H Ungwitayatorn, et al.;] Mol Struct, 2004, 689, 99-106.

H Goker, et al.; Eur | Med Chem, 2005, 40, 1062-1069.

R Heywang and S Kostanecki; Von. Ber Dtsch Chem Ges, 1902, 35,2887.

B. Fohlisch, Chem. Ber., 104, 1971, 348.

H. Harnisch; Justus Leibigs Ann. Chem., 8, 1971, 765.
http://en.wikipedia.org/wiki/Claisen_condensation

JA Seijas, MP Va'zquez-Tato and R Carballido-Reboredo; “Solvent-Free Synthesis of
FunctionalizedFlavonesunderMicrowavelrradiation”,/OrgChem,2005,70(7),2855-2858.
GW Kabalka and AR Mereddy; “Microwave-assisted synthesis of functionalized flavones
and chromones”, Tetrahedron Lett, 2005, 46(37),6315-6317.

MFride’n-Saxin,N Pemberton,S AnderssonKda,CDyrager,A Friberg,M Grtli
andKLuthman;“Synthesis of 2-Alkyl-Substituted Chromone Derivatives Using Microwave
Irradiation”, ] Org Chem, 2009, 74(7), 2755-2759.

E Awuah and A Capretta; “Access to Flavones via a Microwave-Assisted, One-Pot
Sonogashira-Carbonylation-Annulation Reaction”, Org Lett, 2009, 11, 3210-3213.

G Chai, Y Qiu, C Fu and S Ma; “Efficient Assembly of Chromone Skeleton from 2,3-Allenoic
Acids and Benzynes”, Org Lett, 2011, 13, 5196-5199.

A. Nohara, K. Ukawa and Y. Sanno; Tetrahedron, 30,1974, 3563.

G.].P. Baker and G.P. Ellis; Tet. Lett., 719, 1976.

J. Bryan, A.A. Goldberg and A.H. Wragg; J. Chem. Soc., 1279, 1960.

G.P. Ellis and LL. Thomas; J. Chem. Soc., Perkin Trans. 1, 2781, 1973.

V.A. Zagorevskii, I.D. Tsvetkava and E.K. Orlova; Chem. Heterocyclic Compd., 3, 624, 1967.

D. Miller, S. Wang, . Reid, W. Xie, B. Gauvin, M. Kelley, ]J. Sarup, D.G. Sawutz, M.Miski, R.E. Dolle and
c.R.Faltynek, Drug Dev. Res,, 1995,34, 344.

H. Simonis, S. Chemischer and C. Technischer; Vortrage, 24,1971, 313.

S. Ruhemann and H.W. Bausor; J. Chem. Soc., 79,1901, 470.

S. Ruhemann and H.E. Stapleton; J. Chem. Soc., 77,1900, 1179.

V.V.S. Murti, S. Rajagopalan and L.R. Roy; Proc. Indian Acad. Sci., 34A, 1951, 319.

A.A. Efimov, R.N. Nurmukhametov, LL. Belaits and A.l. Tolmachev; Opt. Spektrosk, 30,1971, 377.
W.]. Hanifin and E. Cohen; J. Chem. Soc., 91, 1969, 4494. ..................

A.L. Tolmachev, G.G. Dyadyusha and L.M. Shulezhko; Teor. Exp. Khim., 6, 1970, 151.

I. Degani, R. Fochi and G. Spunta; Boll. Sci. Fac. Chim. Ind. Bologna, 26, 1968, 3.

R.C. Gibbs, J.R. Johnson and E.C. Hughes; J. Amer. Chem. Soc., 52,1930, 4895.

S. Aronoff; J. Org. Chem., 5, 1940, 561.

Journal for all Subjects : www.lbp.world



PHYSICO-CHEMICAL PROPERTIES AND DIFFERENT METHOD OF SYNTHESIS OF... VOLUME - 11 | ISSUE - 5 | FEBRUARY - 2022

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

]J.A. Berson; J. Amer. Chem. Soc., 75,1950, 3521.

W.A. Jonifin and E. Cohn; J. Amer. Chem. Soc., 91, 1969, 4494.
P.J.F. Griffiths and G.P. Ellis; Spectrochem. Acta, 28A, 1972, 707.
J.H. Looker and W.W. Hanneman; J. Org. Chem., 27, 1962, 381.
R.D.H. Murray and P.H. McCabe; Tetrahedron, 25,1969, 5819.
A. Mukerjee and J. Gupta; Ind. J. Phys., 13,1939, 439.

A. Ruwet and M. Renson; Bull. Soc. Chim., Belg., 79, 1970, 89.
C.T. Mathis and J.H. Goldstein; Spectrochim. Acta, 20, 1964, 871.
M.M. Badawi and M.B.E. Fayez; Ind. J. Chem., 5B, 1967, 93.

C.A. Kingsbury and J.H. Looker; J. Org. Chem., 40,1975, 1120.

B. Ternai and K.R. Markham; Tetrahedron, 42, 1975, 565.

G.P. Ellis and J.M. Williams; J. Chem. Soc. Perkin, I, 1981, 2557.
U. Sequin; Helv.Chem. Acta, 64, 1981, 269.

A. Petter, R.S. Ward and R.]. Bass; J. Chem. Soc. Perkin, I, 1978, 666.
V.P. Sharma; Asian J. Chem., 16, 2004, 1471.

P.K. Agarwal and R.P. Rastogi; Heterocycles, 16, 1981, 2181.

U. Sequin; Helv. Chem. Acta, 64, 1981, 2654.

Journal for all Subjects : www.lbp.world



