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ABSTRACT:

The search for safer drugs is always the main focus of various medicinal chemistry researchers.
Chromones (4H-chromen-4-ones) represents a group of naturally occurring compounds pervasive in plants,
and the chromone core has been proved to be a precious scaffold in pharmacological chemistry. This review
paper is therefore done on purpose to orient the researchers for the design and synthesis of novel chromone
core based compounds and development of more efficient and safer drugs. Many efforts are done for searching
these compounds from natural sources as well as for synthesising compounds containing chromone core
having enhanced biological activities and synthesising them in high yield to make pharmacological studies and
clinical uses. Molecules containing the chromone core possess wide range of biological properties like
antifungal, antibacterial, anti-allergic, anti-inflammatory, antiviral,etc.This review represent the medicinal
importance and various procedure regarding the synthesis of chromones and their derivatives.
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INTRODUCTION:

Although there are a wide variety of antibiotics available that are used commercially as medicines, but
synthesis of new compounds is always of great use due to increasing drug resistance. Heterocyclic compounds
having nitrogen, oxygen or sulphur possess numerous biological activities.

Chromones represent a group of compounds that are naturally present almost everywhere specially in
plants [1]. Chromone skeleton containing molecules were found to possess various biological activities
including antimicrobial, antiallergesic, antiviral, antihypertensive, anti-inflammatory, antitumor etc. as well as
these compounds were having the potential of inhibiting various enzymes that are involved in causing broad
range of diseases [2,3].

Chromone 1 is a derivative of benzopyran with a substituted ketone group on the pyran ring. It is an
isomer of coumarin 2.

o0 oL
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Structure of chromone[4,5]

PHARMACOLOGICAL VALUES OF CHROMONES AND THEIR DERIVATIVES:

Chromones as well as other heterocyclic compounds bearing it at different positions are found to have
various biological activities. Chromones substituted heterocyclic compounds are found to have antibacterial
and antifungal activities [6-9].
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A large number of heterocyclic compounds having chromone moiety were reported to actvariously on
central nervous system. It was found in literature that khellin (2-Methyl-5,9di-methoxyfuro[3°,2,6,7]
Chromone) 3 was the first known heterocyclic compound that was having chromone moiety. It was extracted
from Ammi viisnaga L. (khellah plant). Khellin [10] and 2,4-thiazolidinedione derivatives of chromone [11-
13] are the chromone derivatives reported  as antispasmodic agent. Khellin has also been found to be
vasodilator [14-22], and bronchiodilator [23-25]. This compound was reported to possess a number of
pharmacological activities that created interest of researchers in the studies of this compound [26-34]. Khellin
has also been used for centuries in the Mediterranean area as diuretic [35]. It was also used in the treatment of
angina pectoris and asthma [36]. Presently Khellin is used in the treatment of vitiligo a pigmentation disorder
[37].

Although Khellin was considered to have broad pharmacological activity, but high toxicity and low
water solubility were its major drawbacks. Henceforth, its analogues were synthesized with the objective of
synthesizing its substitutes that can overcome these drawbacks. For example, 2-methyl-5-(2-dimethyl-
aminoethoxy)-9-methoxyfuro[3°,2”,6, 7]chromone methotheophylline 4 [38] and 9-(2-diethylaminoethoxy-5-
hydroxy-2-methylfuro[3°,2°,6,7]chromone hydrochloride 5 [39] were synthesized and examined. These
compounds were found slightly useful although these were less potent than Khellin.

OH

OCHg o)
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A large number of compounds having chromone moiety are reported time to time for possessing
various pharmacological activity. 2-Styryl chromone 6 is a group of natural and synthetic chromones
possessing therapeutic applications in the treatment of allergies [40], cancers [41-45], gout [46], and oxidative
stress related damage [47]. The antioxidant behaviour of 2-styrylchromone is of great interest. 3°,4’-
dihydroxy-2-styrylchromone derivatives 7 were found to possess good scavanging activities [48] against
reactive oxygen species (ROS) and reactive nitrogen species (RNS).

(0]

Ana Gomes et al. have synthesized new compound 8(a-c) and tested these compounds to show

scavanging activities against (ROS) and (RNS), although these were less effective than already tested
compound 7 for the same activity [49].
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8a)R1=OMe;R,=0H
8 b)R,=OH;R,=0H

8 ¢)R1=0H;R,=0OMe

Maurizio Recanatini et al. [50] synthesized compound 9(a-c) and also compounds 9(d-f) having
Nimidazolyl methyl substituent in position 8 of chromone ring in 9(a-c) and in position 4 of Xanthone
nucleus in 9(d-f) driven by the fact that chromone nucleus can be used as a carrier of pharmacophoric group
in many pharmacological fields like bradycardic [51], adrenergic beta blocking agent [52], analeptics[53],
acetylcholinesterase inhibitors [54].

Maurizio Recanatini et al. [50] found that compounds 9(a-f) behave as aromatase inhibitors that can be
considered for development as anticancer drugs.

X O X @]

o) O =
CH,R CH2R
9-a):X=CN;R=imidazoI-1-yI 9-d);x=CN;R=imidazo|-1-yl
9-l’)X:NOz;R=imidazo|-1-y| 9-e)X=N02;R=imidazo|—1—yl
9.¢)X=Br;R=imidazol-1-yI 9.f)X=Br;R=imidazol-1-vl

Gao and his colleagues [55] isolated the components of a health liquor Zhuyeging liquor. It is a
famous Chinese functional health liquor. This liquor was studied to have number of components but two were
isolated named KaempferidelO and 5- hydroxy- 3°,4°,7,8- tetramethoxy-flavonol 11. These two compounds
were found to possess NO inhibitory activity.
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N-(3-formamido-4-0x0-6-phenoxy-4H-chromen-7-yl)methanesul-fonamide 12  also

known as

iguratimod was the first chromone identified to show Cox inhibitory activity amongst many chromone based
compounds that showed considerable inhibitory activities towards both Cox-1 and Cox-2 [56]. The chromone
core has been considered useful for synthesizing newanti-inflammatory agents [57,58] since several novel
compounds that shown capacity to inhibit Cox enzyme were found to have chromone moiety [59,60].

O:T:O
NH
(0]
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Anti-inflammatory activity were discovered in stellatin that is a major proportion of Dysophylla stellate
Benth. Ex wall. It was found to show antiinflammation action as COX inhibitor [59]. This research worked as
inspiration for developing new analogues of chromone. Studies of structure activity relationship (SAR) of
chromones by causing inhibition of COX established a basic pharmophore 13 having a C>=C3 double bond, 5-
hydroxysubstituent and 4-carboxyl group as necessary features for causing inhibition of COX [57].
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13

Designing of new COX inhibitors promoted synthesis of various hybrid molecule by combining
different biologically active molecule. Hybrids were supposed to possess higher biological activities than their
components. Several hybrid molecules containing chromone and indole groups were synthesized and
evaluated for their COX inhibiting potential [61]. Combination of chromone with oxindole 14 showed
considerable inhibition and selectivity for COX-2 over COX. These hybrid compounds were having higher
COX inhibition for COX-2 and better selectivity for COX-2 over COX-1 as compared to the parent compound
Wogonin 15. This study was done by Shaveta et al and it has proved that these hybrid molecules obtained by
combining two biologically active groups show considerably greater activity than the components from which
these are derived [61].

15

Shaveta and co-workers combined chrysin with indole and pyrazole rings. By proper combination of
these three rings, a number of hybrid molecules were synthesized and their COX inhibitory activities were
evaluated [62]. One of the synthesized compound 16 showed considerable COX inhibitory activity and good
selectivity for COX-2 than COX-1.

OH o

16
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Many plants that were found to contain chromone derivatives were used in traditional medicine [63].
For example, flavocoxid which is marketed as Limbrel, contain naturally existing compounds catechin 17 and
baicalin 18. This acts as inhibitor of COX as well as 5- LOX [64].

HO

OH

OH

(@)
OH
OH 17
(@)
OH
HO HO o
(e]
HO (e
OH 0
18

Zhao et al. studied selected chinese herbs of medicinal properties and evaluated these for 5-LOX
inhibitory activity [65]. Among the constituents of these herbs various chromone derivatives like daidzin 19,
3’-hydroxypuerarin 20 and daidzein 21 showed considerable medicinal properties.

) ) 0
HO
HO OH
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OH
19
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VARIOUS SYNTHETIC ROUTES OF CHROMONES AND THEIR DERIVATIVES:-

Throughout the years various methods have been used for the synthesis of chromones. A brief
description of various methods for synthesis of chromones is described as below:

1. Kostanecki-Robinson method: One of the first method was developed by Heywang and Kostanecki.

In this method 2’-hydroxy -acetophenone 22 was allowed to react with an anhydride resulting into the
synthesis of chromone core 24 through intermediate 23 [66]. (Scheme-1)
Robinson et al [67] extended this procedure further. They synthesized flavones by treating o-
hydroxyacetophenones with sodium salts of aromatic acids and acid anhydrides. This reaction is named
as kostanecki-Robinson synthesis. But in this reaction along with chromone side product coumarin was
also produced. 2-hydroxy-5-chloroacetophenone 25 on reaction with acid anhydride and sodium salts
of aromatic acids gave chromone 26 as well as coumarin 27 [68] (Scheme-2)

o)
COCH;, COCH;4
AC2O
AcONa
OH
H,CO
’ H,CO o CHs
22 23
Aq. Na,CO3
o)
Scheme 1 H3CO o CHs
24
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2. Classic Claisen condensation method: This method was first used by Kostanecki, Paul and tambor

[69] for the synthesis of 7-ethoxychromone-2-carboxylicacid. The starting compound is o-
hydroxyarylalkyl ketone 28. The reaction occurs in two steps. The first step uses a strong base
generally sodium ethoxide in ethanol to give enolate that reacts with a carboxylic ester giving 1,3-
dioxo-phenoxy intermediate 29. In second step this intermediate undergoes cyclization under acidic
conditions using heating to give chromone 30 [70-72] (Scheme-3).

Variety of acidic catalysts were used in this reaction with passage of time such as hydrochloric acid,
polyphosphoric acids, hydroiodic acid, sulphuric acid, per chloric acids and also organic acids like
acetic acids , p-toluene sulphonic acids and also the dehydrating agents like methanesulfonyl chloride,
phosphorous oxy chloride etc. [73]. Later on with the passage of years various other catalysts were
used focusing on mild reaction condition for synthesizing 1,3-dioxo-phenoxy intermediate 29, like
triethylamine [74], LiH [75], NaH in pyridine [76-78].

Several chromone derivatives like 2,6-dimethylchromone and 2-methyl-6-Chloro chromone were
synthesized using microwave irradiation to reduce reaction time [79]. Mozingo et al. [80] synthesized
alkyl chromones like 2-ethyl chromone by modifying claisen condensation. In their method o-hydroxy
acetophenone was condensed with an ester using Na as catalyst to get 1,3-diketone intermediate. The
intermediate was treated with inorganic acids like HCI to cause intramolecular cyclization resulting in
chromone product.

Later on several modifications were reported. Several chromones were obtained from o-hydroxy
acetophenone by condensing it with tertbutyl-ethyl oxalate. Condensation was followed by
cyclodehydration using concentrated HCI [81]. Reaction time was reduced and yield was improved
with the use of tertbuty-lethyloxalate.
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Baker Venkataraman Rearrangement: Baker- Venkataraman done the acylation of o-hydroxyl alkyl
aryl ketones 28 with acyl chlorides in basic medium to give 1,3-dioxophenoxy salt intermediate. It then
undergoes cyclization under severe acidic conditions like in presence of H.SO4 (Scheme-4).

(0]
X CH,R;
R | RCOCI
|
Z OH
28
29
Heat Mineral acids
(o]
/ R
L]
Scheme 4 © Re
30

Originally the Baker-Venkataraman rearrangement [82,83] was used for synthesizing a flavone.
Starting material for that reaction was an o0-benzoyloxyacetophenone that undergoes intramolecular
rearrangement in the presence of a base like potassium carbonate, resulting in the formation of o-
hydroxydibenzoyl methane intermediate. The intermediate was isolated and subjected to cyclization in
the presence of strong acids.

2-styrylchromones are synthesized by Baker-Venkataraman rearrangement [84-88].

Later on several modifications were made in this method, like performing cyclization process in situ,
using pyridine as catalyst [89,90]. For example, synthesis of 2, 8-disubstituted chromone derivatives
using pyridine for cyclization step was based on this approach [91]. In some other methods instead of
using acyl chloride, carboxylic acids [92] or acid anhydrides [93] were also used as starting substance.
Along with this, use of different bases like sodium hydride [77], sodium alkoxide [94-96], potassium or
sodium hydroxide [97] were also reported.

Vilsmeier-Haack reaction: Typically 3 -substituted chromones are synthesized by vils meier-haack
reaction (also called vilsmeier reaction) [69]. In this reaction o-hydroxyarylalkyl ketone is allowed to
react with a formylating agent known as vilsmeier haack reagent. In this reaction a chloroiminium ion
is formed in situ, by the reaction between formylating reagent like DMF with POCIs that reacts with
ketone enolate which is obtained from o-hydroxy alkylaryl ketone 28 during the progress of reaction.
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An unsubstituted chromone intermediate 31 is generated which is then attacked by chloroiminium ion
to give 3-substituted chromone 32. (Scheme-5).
This method was used for the synthesis of chromones for first time in 1973 [98] and since then it
has been used for synthesizing 3-formyl chromones 34 or 3-alkyl chromones 35 [98,99], this process
depend on which type of o-hydroxyl alkyl aryl ketone 33 is taken as starting substance for the process.

(Scheme-6).
o 0 cl
A CH,R;
Rl I X NMe,
P >
OH =
OH
28 31
l (0]
CHO
Rl
98
(0]
Scheme 5 32
(0]
CHO
<
DMEF/POCl;
OH
34 33
R=alkyl, allyl, benzyl
DMF/POCI, i Y
(0]
R
(0]
Scheme 6 35

However this method was having some short comings like poor yield, side products and long reaction
time. Therefore some modifications were done like use of boron trifluoride diethyl etherate that gives
dioxoborin intermediate [100-103] and variety of vilsmeier haack reagent like phosgeneiminium
chloride, triphosgene (bis-(trichloromethyl)carbonate)/DMF-dimethyl acetal (DMf-DMA) [104]. It
results in the synthesis of 2-amino chromones [105] and 3-halochromones [106].

In past few years vilsmeier haack reaction is improved by using microwave promoted synthesis of 3-

formyl chromones [107,108].
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5. Simonis Reaction: Phenols on condensation with -keto esters can yield a coumarin, a chromone or
both. Formation of coumarin 36 was reported by Pechman if condensation was carried out in
presence of sulphuric acid [109]. However Simonis et al. used Phosphorous pentaoxide in place of
sulphuric acid. They reported the formation of chromone 37 [110]. This procedure is known as Simonis
condensation [111] (Scheme-7).

R—: + CH;COCH,COOC,H;
Z OH
P,0s5
H,S0,
(6]
| N
R’
| /
o) CH,4
37
Scheme 7

It was found that if alkyl groups are present on the a-position of the B-ketoester, then formation of
chromone is favoured.

6. Ruheman Reaction: This method is largely used for synthesis of chromone-2-carboxylic acids and
derivatives [112]. In this method chromones are obtained by reacting phenol with acetylinic
dicarboxylic acids or esters in basic conditions. The intermediate formed 38 is subjected to HoSO,4 or

HCIO,4 or HF to give chromone 39 (Scheme-8).

7. Synthesis from salicylic acids and its derivatives: Salicylic acid derivatives 40 on reaction with tert-
butyldimethylsilylchloride and imidazole gave silyl esters that undergoes intramolecular wittig ester
carbonyl olefination in presence of (trimethylsilyl) methylene-triphenylphosphorane to give chromone
41 [113] (Scheme-9).
2-methyl chromones 43 can be prepared by reacting salicylic acid derivatives 42 with diethyl malonate
and intermediate obtained is then subjected to hydrolysis followed by decarboxylation [114]. Such kind
of chromone are also synthesized by reacting methyl salicylate with dimethyl-penta-2,3-diene dioate
using tert- potassium butoxide or butanonol [ 115] (Scheme-10).

Methyl salicylate 42 on Condensation with bromo crotonitrile derivatives followed by cyclization of
intermediate in basic medium gives chromones 44. [116] (Scheme- 11)

Acetyl salicylic acid derivative 45 on reaction with N- hydroxy benzotriazole (HOBt) and malanonitrle
in the presence of NaH followed by cyclization caused by acid catalysts gave 2-amino-3-cyano-4-
chromones 46 [117] (Scheme-12).
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CONCLUSION:

A large number of derivatives of chromones have been synthesized and screened for their biological activities.
Various modifications can be done with chromone moieties to develop compounds of potential biological
importance. This paper develops an interest to explore many more new compounds of biological importance
having this system.

REFERENCES:

1. Ellis, G. P.; —Chromenes, Chromanones and Chromones, edited by GP Ellisl in The Chemistry of
Heterocyclic Compounds, Vol. 31 (Ed.: G. P.Ellis), John Wiley & Sons, New York, 1977, 1 — 10.

2. Sharma, S. K.; Kumar, S.; Chand, K.; Kathuria, A.; Gupta, A.; Jain, R.; —An update on natural
occurrence and biological activity of chromonesl, Curr.Med. Chem. 2011, 18, 3825 —3852.

3. Keri, R. S.; Budagumpi, S.; Pai, R. K.; Balakrishna, R. G.; —Chromones as a privileged scaffold in
drug discovery: A reviewl, Eur. J. Med. Chem. 2014, 78, 340— 374.

4. Joule, J.A.; Mills, K.; Heterocyclic chemistry 5th edition, Chichester,United Kingdom, 2010.

5. Edwards, A.M.; howell, J.B.L.; —The chromones: history, chemistry and clinical development.a tribute
to the work of Dr. R.E.C. altounyanl. Clin.Exp.Allergy . 2000, 30,756-774.

6. Halnor, V.P.; Dalvi ,N.R.; Joshi N.S.; Gill, C.H.; and Karale, B.K.; Indian J.Chem., 2006, 45 B,288.

7. Purni, K. R.; Jay prakash Rao Y.; and David Kurupadam G.J.; Indian J.Chem. 2002, 41B, 8609.

8. Satish, M. Bhalekar; and Harshada, M.Parab; Indian J.Heterocyclic Chem. 2008, 17, 273,.

9. Satish, M. Bhalekar; and Harshada, M. Parab; Indian J. Heterocyclic Chem. 2008, 17, 285.

10. Rouwald, H.W.; Brehm, O.; and Odenthal, K.P.; —The Involvement of a Ca2+ Channel Blocking
Mode of Action in the Pharmacology of Ammi visnaga Fruits1l, Planta Med., 1994, 60, 101.

11. Dow, R.L.; and Kreutter, D.K.; Ann. Rep. Med. Chem. 1995, 30, 159.

12. Lohray, B.B.; Bhushan, V.; and Rao, P.B.; J. Med.Chem., 1998,41,1619.

13. Singh, G.; Singh, I.; and Ishar, M.P.S.; tetrahedron, 2002, 58, 7883.

14, Halonen, P.l.; Vertiainen, O.; and Venho, E.V.; Ann. Med. Exp. Biol. fenniae, 1951, 29, 23, chem.
Abstr. 1952,46,4663.

15. Leusesn, I.R.; and Essex, H. E.; Amer.J. Physiol. 1953, chem. abstr.1953, 47, 5027.

16. Heinmann, W.; and Wilbrandt, W.; Helv. Physiol. Pharmacol. Acta. 1954, 12,230, Chem. Abstr. 1955,
49, 1954.

17. Kuschke, H.J.; Arch.intern.Pharmacodyn. 1956, 106,100, Chem.Abstr.1956, 50,13266

18. Jourdan, H.; arzeneimittel-Forsch, 1957, 7, 82, Chem.Abstr.1957, 51,7584,

19. Jourdan, H.; Arzeneimittel-forsch, 1958, 8, 141,Chem. Abstr.,1959, 53,581.

20.  Jourdan, H.; and Faucan, G.; Therapic, 1957, 12, 927,Chem. Abstr.1959, 53,11660.

IJRAR22D3121 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 336


http://www.ijrar.org/

© 2022 IJRAR October 2022, Volume 9, Issue 4 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

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.

Schmidt, L.; klin Wochscnr, 1958, 36, 127, Chem.Abstr. 1959, 53, 5507.

Farrand, R.L.; and Howath, S.M.; Amer. J.Physiol., 1959, 196, 1390, Chem.Abstr., 1959, 53,1057109.
Halonen, P.l.; and Hakkila, J.; Ann.Med.Exp.Biol. Fenniae, 1952, 30,118, Chem. Abstr., 1953, 47,
3463.

Golng, R.; and Kempe, H., Arch.; Intern. Pharmacodyn., 1956, 107,255, Chem. Abstr., 1957, 51,
684109.

Sobral, J.; Compt. Rend. Soc. Biol., 1957, 151, 810, Chem. Abstr., 1958, 52, 8358.

Lesser, M.A.; Drug and Cosmatic Ind., 1950, 67, 480,556, Chem. Abstr., 1951, 45,2152,

Hutterer, P.C.; and Dale, E.; Chem. Revs. 1951, 48,543.

Uhlenbrock, K.; Mulli, K.; and Schmid, O.; Arzeneimittel forsch, 1953. 3,130,177,219,266,407,
Chem.Abstr, (1954) 48,13169.

Poinet, M.; Contribution a‘l‘etude de L‘amm.,Visnaga L‘(Ed.Jove),Paris, 1954.

Schimidt, H.; in Fortochitteder Chemie Organischen Naturstoffe, (Ed.L.Zochemister),Wein,Springer-
verlag, 1954 ,11,124.

llling G.; Arzeneimittel-Forsch, 1951, 7, 497, Chem.Abstr., 1953, 52,660.

Kerns, W.; Pharm Ztg-Nachr. 1951, 89,275,Chem.Abstr., 1953, 47,12341.

Schnidler, AW.H.; Arch. Pharm. 1953,286,523,,Chem. Abstr. 1954, 48, 11003.

Aubertin, E.J.; Med. Bordeaux. 1951, 127,819,Chem. Abstr. 1951, 45, 2587.

Edwards, A.M.;Howell, J.B.L.; —The chromones:history,chemistry and clinical development. A tribute
to the work of Dr. R.E.C. altounyanl. Clin. Exp. Allergy. 2000 30,756-774.

Nordlund , J. J.; —The pigmentary system:physiology and patho-physiology 2nd ed., Blackwell
publishing, Inc. : malden, Massachusetts, USA 2006.

De Leeuw, J.; Assen, Y. J.;Van Der Beek, N.; Bjerring, P.; Neumann, H. A. M.; —Treatment of vitiligo
with khellin liposomes, ultraviolet light and blister roof transplantationl. J. Eur. Acad. Dermatol.
Venereol, 2011, 25,74-81,.

Sorrentino, L.; Rosa, M.O.; Dipaco, G.F.; and Tauro, C.S.; Gass., Med. Ital., 1553,118, 64, Chem.
Abstr., 1960, 54,5950.

Fourheau, J.P.; Ann. Pharm. France.1953, 11,685,Chem. Abstr. 1955, 49,1027.

Doria, G.; Romeo, C.; Forgione, A.; Sberze, P.; Tibolla, N.; Corno, M. L.; Cruzzola, G.; Cadelli, G.;
Eur. J. Med. Chem. 1979, 14, 347.

Gerwickl, W. H.; —6-Desmethoxyhormothamnione, a new cytotoxic styrylchromone from the marine
cryptophyte chrysophaeum tayloril J. Nat. Prod. 1989, 52, 252.

Gerwick, W. H.; Lopez, A.; Van Dyune, G. D.; Clardy, J.; Ortiz, W.; Baez, A.; —Hormothamnione, a
novel cytotoxic styrylchromone from the marine cyanophyte Hormothamnion enteromorphoides
grunowl. Tetrahedron Lett. 1986,27,1979.

Brion, D.; Le Baut, G.; Zammatio, F.; Pierre, A.; Atassi, G.; Belachmi, L.; Chem.Abstr. 1992,
116,106092k.

Momoi, K.; Sugita, Y.; Ishihara, M.; Satoh, K.; Kikuchi, H.; Hashimoto, K.; Yokoe, I.; Nishikawa, H.;
Fujisawa, S.; Sakagami, H.; —Cytotoxic activity of styrylchromones against human tumor cell linesl.
In Vivo. 2005, 19, 157.

Shaw, A. Y.; Chang, C. Y.; Liau, H. H.; Lu, P. J.; Chen, H. L.; Yang, C. N.; Li, H. Y.; —Synthesis of
2-styrylchromones as a novel class of antiproliferative agents targeting carcinoma cellsl Eur.J. Med.
Chem. 2009,44,2552.

Fernandes, E.; Carvalho, F.; Silva, A. M. S.; Santos, C. M. M.; Pinto, D. C. G. A.;Cavaleiro, J. A. S.;
Bastos, M. L. J.; Enzyme Inhib. Med. Chem. 2002, 17, 45.

Fernandes, E.; Carvalho, M.; Carvalho, F.; Silva, A. M. S, Santos, C. M. M,
Pinto,D.C.G.A.;Cavaleiro, J.A.S.; Bastos, M. L.; —Hepatoprotective activity of polyhydroxylated 2-
styrylchromones against tert-butylhydroperoxide induced toxicity in freshly isolated rat hepatocytesl
Arch. Toxicol. 2003, 77,500.

Gomes, A.; Fernandes, E.; Silva, A. M. S.; Santos, C. M. M.; Pinto, D. C. G. A,; Cavaleiro, J. A. S;
Lima, J. L.; —2-Styrylchromones: Novel strong scavengers of reactive oxygen and nitrogen speciesl
Bioorg. Med. Chem. 2007, 15, 6027.

Ana Gomes ; Ondrej Neuwirth ; Marisa Freitas ; Diana Couto; Daniela Ribeiro; Andrea G. P. R.;
Figueiredo; Artur, M. S. Silva ; Raquel S. G. R.; Seixas ; Diana C. G. A.; Pinto Augusto, C.; Tomé ,
José A. S.; Cavaleiro ; Eduarda Fernandes; José L. F. C.; Lima; —Synthesis and antioxidant properties
of new chromone derivativesl. Bioorganic & Medicinal Chemistry . 2009, 17, 7218-7226.

IJRAR22D3121 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 337


http://www.ijrar.org/

© 2022 IJRAR October 2022, Volume 9, Issue 4 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.
71.

72.
73.

74.

Maurizio Recanatini; Alessandra Bisi; Andrea Cavalli; Federica Belluti; Silvia Gobbi; Angela Rampa;
Piero Valenti; Martina Palzer; Anja Palusczak; and Rolf W. Hartmann; —A New Class of Nonsteroidal
Aromatase Inhibitors: Design and Synthesis ofChromone and Xanthone derivatives and inhibition of
the P 450 enzymes aromatase and 17r-hydroxylase/C17,20-lyasel. J. Med. Chem. 2001, 44, 672-680.
Valenti, P.; Chiarini, A.; Gasperi, F.; Budriesi, R.; —Xanthone 1, 4-Dihydropyridine derivatives with a
potent selective bradycardic effectl. Arzneim. Forsch./Drug Res. 1990, 40, 122-125.

Da Re, P.; Valenti, P.; Borraccini, A.; Primofiore, G. P.; —Adrenergic Blocking Agents of the
Chromone and Xanthone Groupsl. J. Med. Chem. 1972, 15, 198-199.

Da Re, P.; Sagramora, L.; Mancini, V.; Valenti, P.; Cima, L.; —Central nervous system stimulants of
the xanthone groupl. J. Med. Chem. 1970, 13, 527-531.

Rampa, A.; Bisi, A.; Valenti, P.; Recanatini, M.; Cavalli, A.; Andrisano, V.; Cavrini, V.; Fin, L.;
Buriani, A.; Giusti, P.; —Acetylcholinesterase Inhibitors: Synthesis and structure-activity relationships
of 0-[N-Methyl-N(3alkylcarbamoyloxyphenyl) methyllJamino alkoxyheteroaryl Derivativesl. J. Med.
Chem. 1998, 41, 3976-3986.

Gao, H.Y.; Wang, H.Y.; Li, G.Y.; Du, X.W.; Zhang, X.T.; Han, Y.; Huang, J.; Li, X. X.; Wang, J.H.;
—Constituents from Zhuyeqing Liquor and their inhibitory effects on nitric oxide productionl.
Phytochem. Lett. 2014, 7, 150— 155.

Jachak, S.; —Cyclooxygenase inhibitory natural products: Current Statusl. Curr. Med. Chem. 2006, 13,
659— 678.

Gautam, R.; Jachak, S. M.; Kumar, V.; Mohan, C. G.; —Natural product inhibitors of cyclooxygenase
(COX) enzyme: A Review on current status and future perspectivesl Bioorg. Med. Chem. Lett. 2011,
21,1612 -1616.

Gomes, A.; Fernandes, E.; Silva, A. M. S.; Pinto, D. C. G. A.; Santos, C. M. M.; Cavaleiro, J. A. S.;
Lima, J. L. F. C.; —Anti-inflammatory potential of 2-styrylchromones regarding their interference with
arachidonic acid metabolic pathwaysl. Biochem. Pharmacol. 2009, 78, 171-177.

Gautam, R.; Srivastava, A.; Jachak, S. M.; Saklani, A.; —Anti-inflammatory, cyclooxygenase(COX)-2,
COX-1 inhibitory and antioxidant effects of Dysophylla stellata Benth.l Fitoterapia. 2010, 81,45-49.
Jachak, S. M.; Gautam, R.; Selvam, C.; Madhan, H.; Srivastava, A.; Khan, T.; —Anti-inflammatory,
cyclooxygenase inhibitory and antioxidant activities of standardized extracts of Tridax procumbens
LI.Fitoterapia. 2011, 82, 173 -177.

Shaveta Singh, A.; Kaur, M.; Sharma, S.; Bhatti, R.; Singh, P.; Eur. J. Med.Chem. 2014, 77, 185- 192.
Singh, P.; Shaveta Sharma, S.; Bhatti, R.; —Rationally designed hybrid molecules with appreciable
COX-2 Inhibitory and antinociceptive activitiesl. Bioorg. Med. Chem. Lett. 2014 ,24, 77-82.
Kandaswami, C.; Lee, L.T.; Lee, P.P.; Hwang, J.J.; Ke, F.C.; Huang, Y.T.; Lee, M.T.; —The antitumor
activities of flavonoidsl. In Vivo. 2005, 19, 895- 9009.

Altavilla, D.; Squadrito, F.; Bitto, A.; Polito, F.; Burnett, B.; Di Stefano, V.; Minutoli, L.
—Flavocoxid, a dual inhibitor of cyclooxygenase and 5-lipoxygenase, blunts pro-inflammatory
phenotype activation in endotoxin-stimulated macrophagesl. Pharmacol Br. J. 2009, 157, 1410 1418
Zhao, A.; Li, L.; Li, B.; Zheng, M.; Tsao, R.; —Ultrafiltration LC-ESI-MSn screening of 5-
lipoxygenase inhibitors from selected chinese medicinal herbs Saposhnikovia divaricata, Smilax glabra,
Pueraria lobata and Carthamus tinctoriusl. J.Funct Foods. 2016, 24,244 —253.

Heywang, R.; Kostanecki, S. V.; —Ueber das Chromonl. Ber. Dtsch.Chem. Ges. 1902, 35, 2887-2891.
Allen, J.; and Robinson, R.; CCXC. —An accessible derivative of chromonoll. J. Chem.Soc. 1924,
125,2192.

Witting, G.; Ber.1924, 57B ,88.

Ellis, G. P.; —In Chromenes, Chromanones, and Chromones: The Chemistry of Heterocyclic
Compoundsl. Ed., John Wiley & Sons, Inc.: New York. 1977, Vol. 31, 495-555.

Banerji, A.; Goomer, N. C.; —A new synthesis of flavones|. Synthesis. 1980, 11, 874.

Hirao, I.; Yamaguchi, M.; Hamada, M.; —A convenient synthesis of 2-and 2, 3-substituted 4H-
chromen-4-onesl. Synthesis. 1984, 12, 1076.

Kaye, P. T.; Nchinda, A. T.; Gray, C. A.; J. Chem. Res., Synop. 2002,7, 321.

Gray, C. A.; Kaye, P. T.; Nchinda, A. T.; —Chromone Studies. Part 13.1. Synthesis and Electron-
Impact Mass spectrometric studies of 5-hydroxy-2-isopropyl-7-methoxychromone, a constituent of the
medicinal plant Baeckea frutescens, and Side-Chain Analoguesl. J. Nat. Prod. 2003,66, 1144.

Looker, J. H.; McMechan, J. H.; Mader, J. W.; —An amine solvent modification of the Kostanecki-
Robinson reaction. Application to the synthesis of flavonolsl. J. Org. Chem. 1978, 43, 2344.

IJRAR22D3121 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 338


http://www.ijrar.org/

© 2022 IJRAR October 2022, Volume 9, Issue 4 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

75.

76.

77.
78.
79.
80.
81.

82.
83.

84.

85.

86.

87.

88.

89.

90.
91.

92.
93.

94.
95.
96.

97.

98.

99

100.

101.
102.

103.

104.

Irgashev, R. A.; Sosnovskikh, V. Y.; Kalinovich, N.;Kazakova, O.; Roschenthaler, G.V.; Methyl 2-
methoxytetrafluoro propionate as a synthetic equivalent of methyl trifluoropyruvate in the Claisen
condensation. The first synthesis of 2-(trifluoroacetyl) chromones and 5-aryl-2-hydroxy-2-
(trifluoromethyl)furan-3(2H)-ones. Tetrahedron Lett. 2009, 50, 4903.

Costantino, L.; Rastelli, G.; Gamberini, M. C.; Vinson, J. A.;Bose, P.; lannone, A.; Staffieri, M.;
Antolini, L.; Del Corso, A.; Mura, U.; Albasini, A.; —1-Benzopyran-4-one antioxidants as aldose
reductase Inhibitorsl. J. Med. Chem. 1999, 42, 1881.

Forghieri, M.; Laggner, C.; Paoli, P.; Langer, T.; Manao, G.; Camici, G.; Bondioli, L.; Prati, F.;
Costantino, L.; Bioorg. Med. Chem.2009, 17, 2658.

Kumar, R.; Johar, R.; Aggarwal, A. K.; Eur. J. Chem. 2012, 3, 57.

Sonar, A. S.; Dandale, S. G.; Solanki, P. R.; J. Chem. Pharm. Res. 2011,3,752.

Mozingo, R.; Org. Syn. Coll. 1955, 3, 387.

Yu, J. H.; Yang, Y. S.; Ji Chin, R. Y.; —A mild and efficient procedure for the preparation of
chromone-2-carboxylatesl. Chem. Lett. 2006, 17,1005.

Baker, W. J.; —Attempts to synthesise 5: 6-dihydroxy flavone (primetin)l.Chem. Soc. 1933, 1381.
Miiller, E.; Kalai, T.; Jeko, J.; Hideg, K.; —Synthesis of spin labelled chromonesl. Synthesis. 2000, 10,
1415.

Price, W. A.; Silva, A. M. S.; Cavaleiro, J. A. S.; —2-Styrylchromones: biological action, synthesis and
reactivityl.Heterocycles.1993, 36, 2601.

Santos, C. M. M.; Silva, A. M. S.; Cavaleiro, J. A. S.;—Synthesis of new hydroxy-2-styrylchromonesl|.
Eur. J. Org. Chem. 2003, 23, 4575.

Silva, A. M. S.; Pinto, D. C. G.A.; Cavaleiro, J. A. S.; Levai, A.; Patonay, T.; —Synthesis and
reactivity of styryl chromonesl. Arkivoc 2004,7, 106.

Gomes, A.; Neuwirth, O.; Freitas, M.; Couto, D.; Ribeiro, D.;Figueiredo, A. G. P. R.; Silva, A. M. S,
Seixas, R. S. G. R.; Pinto, D. C.G. A.; Tomé, A. C.; Cavaleiro, J. A. S.; Fernandes, E.; Lima, J. L. F.
C.; Bioorg. Med. Chem. 2009, 17, 7218.

Konigs, P.; Neumann, O.; Kataeva, O.; Schnakenburg, G.; Waldvogel, S. R.; Eur. J. Org. Chem. 2010,
33, 6417.

Okombi, S.; Schmidt, J.; Mariotte, A.M.; Perrier, E.; Boumendjel, A.; Chem. Pharm. Bull. 2005, 53,
1460.

Reddy, B. P.; Krupadanam, G. L. D.; J. Heterocycl. Chem. 1996, 33, 1561.

Riva, C.; De Toma, C.; Donadel, L.; Boi C.; Pennini, R.; Motta, G.; Leonardi, A.; Synthesis. 1997, 2,
195.

Lan-Ping, Z.; Ya-lou ,W.; Chem. Res. Chin. Univ. 2010, 26, 245.

Castafieda, I. C. H.; Ulic, S. E.; Védova, C. O. D.; Metzler-Nolte,N.; Jios, J. L.; Tetrahedron Lett. 2011,
52, 1436.60

Yu,J. H.; Yang, Y. S.; Ji, R. Y.;Chin. Chem. Lett. 2006, 17, 1005.6f.

Devitt, P. F.; Timoney, A.; Vickars, M. A.; J. Org. Chem.1961, 26, 4941.

Geen, G. R.; Giles, R. G.; Grinter, T. J.; Hayler, J.D.; Howie, S. L. B.; Johnson, G.; Mann, I. S.;
Novack, V. J.; Oxley, P.W.; Quick, J. K.; Smith, N.; Synth. Commun. 1997, 27, 1065.60

Dyrager, C.; Mollers, L. N.; Kjall, L. K.; Alao, J. P.; Dinér, P.;Wallner, F. K.; Sunnerhagen, P.; Gratli,
M.; —Design, Synthesis, and Biological Evaluation of Chromone-Based p38 MAP Kinase Inhibitorsl
J. Med. Chem. 2011, 54,7427.

Nohara, A.; Umetani, T.; Sanno, Y.; —A facile synthesis of chromone-3-carboxaldehyde, chromone-3-
carboxylic acid and 3-hydroxymethylchromonel Tetrahedron Lett. 1973, 14,1995.

Sabitha, G.; Aldrichim. Acta 1996, 29, 13.

Nohara, A.; Umetani, T.; Sanno, Y. ;—Studies on antianaphylacticagents—I : A facile synthesis of 4-
0x0-4H-1-benzopyran-3-carboxaldehydes by Vilsmeier reagents| Tetrahedron 1974, 30, 3553,
Hogberg, T.; Vora, M.; Drake, S. D.; Mitscher, L. A.; Chu, D. T. W. ;—Structure - Activity
Relationships among DNA-Gyrase Imhibitors. Synthesis and Antimicrobial Evalution of Chromones
and Coumarins Related to Oxolinic Acidl Acta Chem. Scand. 1984, 38 b, 359.

Alderete, J.; BelmarJ.; Parra, M.; Zuiiga, C.; Jimenez, V.,—Esters derived from 7-
decanoyloxychromone-3-carboxylic acid: synthesis and mesomorphic propertiesl Lig. Cryst. 2003, 30,
1319

Prakash, O.; Kumar, R.; Sharma, D.; Bhardwaj, V. J.; —Behaviour of o-hydroxyacetophenones
towards action of POCI3I Indian Chem.Soc. 2004, 81, 888.

Su, W. K.; Li, Z. H.;, Zhao, L. Y.; Org. Prep. Proced. Int. 2007, 39,495.

IJRAR22D3121 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 339


http://www.ijrar.org/

© 2022 IJRAR October 2022, Volume 9, Issue 4 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

105.

1

106.

107.
108.
109.
110.
111.
112.

113.
114.
115.

116.
117.

Morris, J.; Wishka, D. G.; Fang, Y. J. ; —A novel synthesis of 2-

aminochromones via phosgeniminium saltsl Org. Chem. 1992, 57, 6502.

Sosnovskikh, V. Y.; —Synthesis and reactions of halogen-containing chromonesl Russ. Chem. Rev.
2003, 72, 489.

Ali, M. M.; Sana, S.; Tasneem, Rajanna, K. C.; Saiprakash, P.K.; Synth. Commun. 2002, 32, 1351.
Borrell, J. 1.; Teixido, J.;Schuler, E.; Michelotti, E.; Tetrahedron Lett. 2001, 42, 5331.

Sethna S.M.S.; and Shah M.N.; Chem, Rev., 1945, 1,36.

Petscheck, E.; and Simonis,H.;_Eine neue Chromon-Synthese‘Ber.,2014, 46, 1913.
Chakravarti,D.;Proc. Nat. Inst. Sci., India, 1939,5, 235.

Ellis, G. P.; Barker,G.; —2 Chromone-2-and-3-carboxylic Acids and their Derivativesl Prog. Med.
Chem. 1972, 9, 65.

Kumar, P.; Bodas, M. S. ; —A Novel Synthesis of 4H-Chromen-4-ones via Intramolecular Wittig
Reaction Org. Lett. 2000, 2, 3821.

Jung, J.C.; Min, J.P.; Park, O.S.; Synth. Commun. 2001, 31,1837.74

Nixon, N. S.; Scheinmann, F.; Suschitzky, J. L.; —Heterocyclic syntheses with allene-1, 3-dicarboxylic
esters and acids: new chromene, chromone, quinolone, a-pyrone and coumarin synthesesl.Tetrahedron
Lett. 1983, 24, 597.

Pochat, F.; L‘Haridon, P.; Synth. Commun. 1998, 28, 957.74.d.

Athanasellis, G.; Melagraki, G.; Afantitis, A.; Makridima, K.;lgglessi-Markopoulou,O.; Arkivoc 2006,
10, 28.

IJRAR22D3121 | International Journal of Research and Analytical Reviews (IJRAR) www_.ijrar.org | 340


http://www.ijrar.org/

