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Abstract: A novel series of 2-amino-4-[2-chloro-5-(4-substitutedphenyl)pyridin-3-yl]-4H-chromene-3-
carbonitrile derivatives were efficiently synthesized. Chromene (Benzopyran) was one of the privileged scaffold
which appears as an important structural component in various natural products and also possess useful
photochemical properties. The derivatives of benzopyran moiety can be capable of interacting with a variety of
cellular targets which leads to their wide ranging biological activities such as antitumor, antihepatotoxic,
antioxidant, anti-inflammatory, diuretic, anticoagulant, antispasmolytic, estrogenic, antiviral, antifungal,
antimicrobial, anti-helminthic, hypothermal, vasodilatory, anti-HIV, antitubercular, herbicidal, anticonvulsant
and analgesic activity. The structure of the synthesized compounds are established based on TLC, IR, NMR,
MASS Spectrometric methods and elemental analyses.All the prepared compounds were screened for their
antibacterial activities and antifungal activities.

Keywords: Pyrimidochromene, Amidines, antimicrobial and antifungal activity.

Date of Submission: 08-12-2020 Date of Acceptance: 24-12-2020

Graphical abstract:

l. INTRODUCTION

Benzopyran (chromene) is one of the privileged medicinal pharmacophore, which appears as an
important structural component in natural compounds and generated great attention because of their interesting
biological activity.Benzopyrans are an important group of organic compounds that are used as bactericides [1-
3], fungicides [4], anti-inflammatory [5], and anticancer agents [6]. Benzopyrans derivatives are an important
class of compounds, widely present in plants, including edible vegetables and fruits [7]. Chromene constitutes
the backbone of various types of polyphenols and is widely found in natural alkaloids, tocopherols, flavonoids,
and anthocyanins [8]. The biological activity of some natural chromene-based structures led to the development
of synthetic analogs, some of them displaying remarkable effects as pharmaceuticals [4, 9-12].These
pharmacological properties make us thought in the synthesis of some benzopyran derivatives in hoping that
maybe have a prospective pharmaceutical importance.
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REACTION SCHEME
Synthesis of 2-amino-4-[2-chloro-5-(4-substitutedphenyl)pyridin-3-yl]-4H-chromene-3-carbonitrile
derivatives
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Where: R=H, Me, OMe, CI

1. EXPERIMENTAL PROCEDURE
Material and Method:
(@) Synthesis of 4-(substituted phenyl)-3-buten-2-oneoxime|[l]

Synthesis ofthese compounds has been reported in the Iiterature[ls]' Charged Ethanol (10 ml) and 5%
Sodiumhydroxide solution (20 ml) in a three-necked round-bottomed flask equipped witha thermometer pocket,
reflux condenser, guard tube and mechanical stirrer. Added p-substituted benzylideneacetone (1.0 gm) (Prepared
by Org.Synth. Coll. Vol.-I, p.77) and Hydroxylamine hydrochloride (2.0 gm) in to the clear solution. Heated
thereaction mass for 15 minutes then the reaction mass diluted with water (200 ml) and theoxime was separated.
This crude product was recrystallisation from Xylene gave white crystal of a-oxime.

(b) Synthesis of 5-(4-substitutedphenyl)-2-chloro-3-formyl pyridine [11]

Synthesis of these compounds has been reported in the literature [14]. Charged Dimethyl formamide (9.66 ml,
60 moles) and 4-(substituted phenyl)-3-buten-2-oneoxime(5mmoles) in a three-necked round-bottom flask
equipped with a thermometer pocket, reflux condenser, guard tube and mechanical stirrer. Reaction mixture

cooled t00°C. To it phosphorous oxy-chloride (40mmoles) was added drop wise with stirring over a period of

30-40 minutes at 0-5°C. Stirred the reaction mixture for 1 hour at room temperature and then stirred at 90°C for
4 hours. After the completion of their action the reaction mass cooled to room temperature and poured in
crushed ice and neutralized with sodium acetate. The crude solid was filtered and washed with water, mother
liquid extracted with chloroform and evaporated to dryness. The resulting crudes was crystallized from
Diethyl ether to give a compound.

(c) Synthesis of {[2-chloro-5-(4-substitutedphenyl)pyridin-3-yllmethylidene} propane nitrile(111)
5-(4-substitutedphenyl)-2-chloro-3-formyl  pyridine (0.01mole), malononitrile (0.01mole) and ethanol (10ml)

29



Synthesis of Some Novel Chromene Derivatives and Its Biological Evaluation.

were charged in R. B. flask with mechanical stirrer, thermometer pocket and reflux condenser. There action
mixture was slowly heated. When the entire compound was dissolved then 2-3drops of triethylamine was added
to mixture and refluxed for 0.5 tol hr. After the completion of reaction (checked by TLC), the product was
filtered and washed with chilled ethanol. The product was recrystallised with methanol. All the other
compounds (I11a-d) were synthesized by above procedure.

(d) Synthesis of 2-amino-3-cyano-4-[2-chloro-5-(4-substitutedphenyl)3-pyridilyl]-4H-chromene derivatives

2-chloro-5-(4-substitutedphenyl)  pyridin-3-yl] methylidene} propanedinitrile (0.01 mole), appropriate
phenolornaphthol(0.01mole) and ethanol (10ml) were taken in R.B.flask with mechanical stirring, thermometers
pocket and condenser. Triethylamine (2-3drops) was added as acatalyst. There action mixture was refluxed for
60 to 90 minutes. After the completion of reaction (checked by TLC), the separated product was filtered and
washed with chilled ethanol. The product was crystallized with Ethanol.

1. RESULTS AND DISCUSSION
Spectroscopy Analysis and Analytical data of Synthesis of {[2-chloro-5-(4-substitutedphenyl)pyridin-3-
ylJmethylidene}propanedinitrile derivatives (111)
R

/
N cl
Where R = H, Me, OMe, CI

R=H, M.P 122-126 C° Yield 87%,IRcm™ 3040(C-Hstr.of=CH-), 2240(C=Nstr.),1570 &1480(C=C
str.ofaromaticring),740(C-Clstr)."H NMR &,ppm 7.18-8.93(1H,s,-CH=C- and 7H,mAr-H).Mol. For.
C15H8N3CI, Mol WHt. 265, Anal.data. (Found/Cal) C% 68.85/67.92, H% 2.67/3.01, N% 16.53/15.84.

R=Me, M.P 195-200 C° Yield 85%,IRcm3048(C-H str of =CH-), 2889(C-H str of -CH3), 2245(C=N str.),
1575& 1485 (C=C str of aromatic ring), 735 (C-Cl str)."H NMR &,,ppm 2.40(3H, s, -CH;), 7.18-8.93(1Hs -
CH=C- and 6H,mAr-H).Mol. For. C16H10N3Cl, Mol. Wt. 279, Anal. data. (Found/Cal) C% 67.28/68.81, H%
3.17/3.58, N% 16.56/15.05.

R=OMe, M.P 159-163 C°, Yield 80%,Rcm™3038(C-H str of =CH-), 2889(C-H str of -CH3), 2235(C=N str.),
1560 & 1465 (C=C str of aromatic ring), 1275,1040(C-O-C str. of Ar-0), 747(C-Cl str.). "H NMR §,_,ppm
3.99(3H, s, -OCHjy), 7.20-8.92(1H,s,-CH=C- and 6H,mAr-H).Mol. For. C16H10N3CI, Mol. Wt. 295, Anal.
data. (Found/Cal) C% 66.35/65.08, H% 3.22/3.38, N% 15.58/14.23.

R=Cl, M.P 215-217 C°, Yield 75%,IRcm™3046(C-H str of =CH-), 2250(C=Nstr), 1570 & 1465 (C=C str of
aromatic ring), 732(C-Cl str). 'H NMR &.ppm 7.25-8.82(1H,s,-CH=C- and 6H,mAr-H).Mol. For.
C15H7N3CI;,, Mol. Wt. 300, Anal. data. (Found/Cal) C% 58.96/60.00, H% 1.83/2.33, N% 15.33/14.00.
Synthesisof2-amino-3-cyano-4-[2-chloro-5-(4-substitutedphenyl)3-pyridilyl]-4H-chromenederivatives

Where R=H, Me, OMe, Cl
R=H, M.P 270-273 C°, Yield 78%, IRcm™ 3060, 3020(C-Hstr.of-CH-), 2240(C=Nistr.),1565 & 1460(C=C str. Of
aromatic ring), 1312(C-N str. Of Ar-NH), 1210(C-O-C str. of Ar-0),740(C-Cl str.). '"H NMR &,ppm
5.86(1H,s,-CH) 7.37-8.20(13H,m Ar-H), 7.19(2H, s, -NH,).Mol. For. C25H16CIN30, Mol. Wt. 409, Anal.
data. (Cal/Found) C% 73.34/71.69, H% 3.91/3.55, N% 10.26/11.05.
R= -Me, M.P 185-189 C°, Yield 81%,IRcm™3062, 3025, 2900(C-H str of -CHj), 2240(C=N str.), 1570& 1475
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(C=C str of aromatic ring), 1310(C-N str. Of Ar-NH2), 1215(C-O-C str. of Ar-0), 735 (C-Cl str.). '"H NMR
d,ppm 2.42(3H, s, -CHy), 4.82(2H, s, -NH,) 7.28-7.87(12H,m Ar-H).Mol. For. C26H18CIN30, Mol. Wt. 423,
Anal. data. (Cal/Found) C% 73.75/72.54, H% 4.25/4.11, N% 9.92/10.47.

R = OMe, M.P 198-201 C°, Yield 72%,IRcm™3060,3020(C-H str of -CH-), 2815(C-H str of O-CHj3), 2245(C=N
str.), 1565& 1470(C=C str of aromatic ring), 1311(C-N str. of Ar-NH,), 1230 &1030(C-O-C str of asym. And
sym. str of -OCHj), 1212(C-O-C str. of Ar-0), 740(C-Cl str). '"H NMR §,,ppm 3.81(3H, s, -OCHs), 5.87(1H, s, -
CH-), 6.60(2H,s,-NH,), 7.20-8.13(12H, m, Ar-H). Mol. For. C26H18CIN30O, Mol. Wt. 439, Anal. data.
(Cal/Found) C% 71.07/72.62, H% 4.10/4.02, N% 9.56/10.02.

R = Cl, M.P 223-226 C°, Yield 70%,IRcm™3065,3022(C-H str of -CH-), 2240(C=N str.), 1575 & 1465(C=C str
of aromatic ring), 1310(C-N str. of Ar-NH,), 1215(C-O-C str. Of Ar-O), 740(C-Cl str.). '"H NMR &,ppm
5.87(1H, s, -CH-), 6.78(2H,s,-NHy), 7.18=7.93(12H, m, Ar-H).Mol. For. C25H15CI,N30, Mol. Wt. 444, Anal.
data. (Cal/Found) C% 67.56/66.12, H% 3.37/3.92, N% 9.45/10.02.

R
B
= Cl
CN
|
o NH.,

Where R=H, Me, OMeg, CI
R = H, M.P 278-282 C°, Yield 88%, IRcm™ 3065, 3022(C-Hstr.of-CH-), 2236(C=Nistr.),1560& 1465(C=C str.
of aromatic ring), 1310(C-N str. of Ar-NHp), 1215(C-O-C str. of Ar-0),738(C-Cl str.). 'H NMR &,,ppm
5.87(1H,s,-CH) 7.28-8.12(13H, m Ar-H), 6.63(2H, s, -NH,).Mol. For. C25H16CI,N30, Mol. Wt. 409, Anal.
data. (Cal/Found) C% 73.34/72.18, H% 3.91/3.34, N% 10.26/9.32.
R = -Me, M.P 245-248 C°, Yield 88%,Rcm™3060, 3020, 2905(C-H str of -CHj), 2240(C=N str.), 1570 & 1475
(C=C str of aromatic ring), 1315(C-N str. Of Ar-NH2), 1212(C-O-C str. of Ar-0), 740 (C-Cl str.). '"H NMR
d.ppm 2.48(3H, s, -CHj), 6.85(2H, s, -NH;) 7.18-8.07(12H,m Ar-H), 5.90(1H, s, -CH-).Mol. For.
C26H18CIN30, Mol. Wt. 423, Anal. data. (Cal/Found) C% 73.75/74.54, H% 4.25/4.85, N% 9.92/8.80.
R = OMe, M.P 210-214 C°, Yield 83%,IRcm™3065,3015(C-H str of -CH-), 2820(C-H str of O-CH3), 2240(C=N
str.), 1565 & 1470(C=C str of aromatic ring), 1310(C-N str. of Ar-NH,), 1234& 1032(C-O-C str of asym. And
sym. Str. of -OCHs), 1215(C-O-C str. of Ar-0), 738(C-Cl str.). "H NMR &,,ppm 3.80(3H, s, -OCHs), 5.90(1H, s,
-CH-), 6.48(2H,s,-NH,), 7.25-8.11(12H, m, Ar-H).Mol. For. C26H18CIN30O,, Mol. Wt. 439, Anal. data.
(Cal/Found) C% 71.07/72.62, H% 4.10/3.65, N% 9.56/10.43.
R = Cl, M.P 234-236 C°, Yield 72%,Rcm™*3065,3022(C-H str of -CH-), 2242(C=N str.), 1572& 1467(C=C str
of aromatic ring), 1310(C-N str. of Ar-NH,),1215(C-O-C str. of Ar-O), 732(C-Cl str.). '"H NMR &,ppm
5.88(1H, s, -CH-), 6.57(2H,s,-NH,), 7.11-7.90(12H, m, Ar-H).Mol. For. C25H15CI,N30, Mol. Wt. 444, Anal.
data. (Cal/Found) C% 67.56/68.12, H% 3.37/4.02, N% 9.45/8.15.
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Where R=H, Me, OMeg, CI

R = H, M.P 196-200 C°, Yield 86%, IRcm™ 3480(0-H str. of Ar-OH), 3070,3025(C-H str..of-CH-), 2239(C=N
str.),1580 & 1475(C=C str. Of aromatic ring), 1312(C-N str. Of Ar-NH2), 1210(C-O-C str. of Ar-O),740(C-Cl
str.). 'H NMR &,,ppm 5.91(1H,s,-CH), 7.01-8.33(10H, m Ar-H), 6.81(2H, s, -NH,), 9.73(1H, s, -OH).Mol. For.
C21H14CIN30,, Mol. Wt. 375, Anal. data. (Cal/Found) C% 67.20/66.34, H% 3.73/3.55, N% 11.20/12.14.

R = -Me, M.P 182-185 C°, Yield 79%,IRcm™ 3475(0-H str. of Ar-OH), 3065, 3022, 2915(C-H str. of-CH-, -
CHy), 2238(C=N str.),1585 & 1480(C=C str. of aromatic ring), 1312(C-N str. of Ar-NH2), 1211(C-O-C str. of
Ar-0),745(C-Cl str.). "H NMR &,,ppm 5.87(1H,s,-CH), 2.39(3H, s,-CH3),6.97-8.11(9H, m Ar-H), 6.68(2H, s, -
NH,), 10.11(1H, s, -OH).Mol. For. C22H16CIN30,, Mol. Wt. 389, Anal. data. (Cal/Found) C% 67.86/68.26,
H% 4.11/3.78, N% 10.79/11.64.

R = OMe, M.P 225-229 C°, Yield 76%,IRcm*3465(0-H str. of Ar-OH), 3070, 3010(C-H str. of-CH-), 2825(C-
H str. of O-CH3), 2242(C=Nstr.),1580 & 1485(C=C str. of aromatic ring), 1312(C-N str. of Ar-NH2), 1230 &
1030(C-O-C str. of asym. And sym. str of -OCH3), 1210(C-O-C str. of Ar-0),745(C-Cl str.). '"H NMR §,,ppm
3.82(3H, s, -OCHy), 5.95(1H,s,-CH), 6.90-8.15(9H, m Ar-H), 6.47(2H, s, -NH,), 10.05(1H, s, -OH).Mol. For.
C22H16CIN30O3;Mol. Wt. 405, Anal. data. (Cal/Found) C% 65.18/63.36, H% 3.95/3.79, N% 10.37/10.91.

R = Cl, M.P 187-191 C°, Yield 65%,IRcm™3470(0-H str of Ar-OH), 3080, 3030(C-H.str..of-CH-),2240(C=N
str.),1580 & 1480(C=C str. of aromatic ring), 1312(C-N str. Of Ar-NH2), 1211(C-O-C str. of Ar-0),735(C-Cl
str.). '"H NMR 8,,ppm 5.91(1H,s,-CH), 6.91-8.01(9H, m Ar-H), 6.48(2H, s, -NH,), 10.16(1H, s, -OH).Mol. For.
C21H13CI;N30,Mol. Wt. 410, Anal. data. (Cal/Found) C% 61.46/62.26, H% 3.17/2.78, N% 10.24/10.64.

R

Where R =H, Mg, OMe, Cl

R = H, M.P 229-231 C° Yield 61%, IRcm™ 3480(0-H str. of Ar-OH), 2915(C-H str. of-CH-), 2230(C=N
str.),1585& 1480(C=C str. of aromatic ring), 1310(C-N str. of Ar-NH2), 1215(C-O-C str. of Ar-0),820(C-Cl
str.). "H NMR &,,ppm 5.97(1H,s,-CH), 7.11-8.38(9H, m Ar-H), 6.87(2H, s, -NH,), 9.80(1H, s, -OH), 10.11(1H,
s, -OH).Mol. For. C21H14CIN30s;Mol. Wt. 391, Anal. data. (Cal/Found) C% 64.45/62.96, H% 3.58/3.48, N%
10.74/11.54.

R = -Me, M.P 208-211 C°, Yield 67%,IRcm'13475(O-H str. of Ar-OH), 2910(C-H str. of-CH-), 2225(C=N
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str.),1580 & 1485(C=C str. of aromatic ring), 1312(C-N str. of Ar-NH2), 1216(C-O-C str. of Ar-0),810(C-ClI
str). '"H NMR 8,,ppm2.41(3H, s, -CHs), 5.90(1H,s,-CH), 6.97-8.03(8H, m Ar-H), 6.81(2H, s, -NH,), 10.23(1H,
s, -OH), 10.01(1H, s, -OH).Mol. For. C22H16CIN30;Mol. Wt. 405, Anal. data. (Cal/Found) C% 65.18/66.36,
H% 3.95/3.78, N% 10.37/11.24.

R = OMe, M.P 230-234 C°, Yield 59%,Rcm™3485(0-H str. of Ar-OH), 2910(C-H str. of-CH-), 2820(C-H str.
of O-CHj3), 2240(C=Nstr.),1585& 1485(C=C str. of aromatic ring), 1312(C-N str .of Ar-NH2), 1232 & 1032(C-
O-C str. of asym. And sym. str of -OCH;), 1215(C-O-C str. of Ar-0), 795(C-Cl str.). "H NMR &,,ppm 3.87(3H,
s, -OCHj), 5.85(1H,s,-CH), 7.13-8.23(8H, m Ar-H), 6.87(2H, s, -NH,), 10.11(1H, s, -OH), 10.38(1H, s, -
OH).Mol. For. C22H16CIN30O,Mol. Wt. 421, Anal. data. (Cal/Found) C% 62.70/64.15, H% 3.80/3.64, N%
9.97/10.74.

R = ClI, M.P 236-239 C°, Yield 57%,IRcm™3480(0-H str. of Ar-OH), 2915(C-H str. of-CH-), 2245(C=N
str.),1575 & 1485(C=C str. Of aromatic ring), 1312(C-N str. Of Ar-NH2), 1211(C-O-C str. of Ar-O), 800(C-ClI
str.). '"H NMR &,,ppm 5.91(1H,s,-CH), 7.11-8.05(8H, m Ar-H), 6.47(2H, s, -NH,), 10.15(1H, s, -OH), 10.35(1H,
s, -OH).Mol. For. C21H13CI;N30;Mol. Wt. 426, Anal. data. (Cal/Found) C% 59.18/57.86, H% 3.05/2.88,
N% 9.85/10.23

Synthesis of hew Chromene derivatives (C-1t016). Substituted anilines, phenols,naphthols and malononitrileare
commercial products and were used without further rpurification. All the solvents were distilled before use. All

the melting points ware uncorrected and expressed in OC. Elemental analyses (%C,H,N) were carried out
byPerkinEImer2400CHN analyzer. IR spectra of all the compounds have been recorded on Nicolet

Impact400DFT-IR spectrophotometer using KBr. ThelH—NMR spectra have been recorded on a Bruker
Avance(400MHz) spectrophotometer using solvent as internal standard in CDCI3 and MSO-dg. Some selected
FT-IR,lH-NMR and Mass spectra. Examination of the IR-spectra of these compounds reveals the expected
frequencies. Some of the important frequencies are indicated as :3150—30200m'1 (Aromatic C-H stretching),

224Ocm'1(CEN stretching), 1610,14980m'1 (Aromatic C=C with C=N stretching).

TABLE1 ANTIMICROBIAL ACTIVITY OF NEW CHROMENEDERIVATIVE

Compound Name  [Inhibition Zone (in mm)against Growth diameter in mm (%inhibitation)
E. coli B.substilis B.cereus S.rolfsii A.parasiticus
C-1 11 12 11 26(69) 27(68)
C-2 11 14 12 23(73) 24(71)
C-3 18 20 17 19(77) 19(77)
C-4 15 17 15 21(75) 20(76)
C-5 15 21 13 22(74) 21(75)
C-6 11 11 11 27(68) 28(66)
C-7 10 10 11 24(71) 25(70)
C-8 15 11 18 20(76) 20(76)
C-9 14 10 10 21(75) 22(74)
C-10 15 11 21 20(76) 21(75)
C-11 15 13 14 26(69) 24(71)
C-12 10 14 11 24(71) 25(70)
C-13 16 17 15 20(76) 19(77)
C-14 10 11 11 20(76) 20(76)
C-15 15 18 17 21(75) 22(74)
C-16 10 10 10 26(69) 26(69)
Ciprofloxacine 38 37 40 - -
Ampicilline 30 25 30 - -
Griseofulvin - - - 00(100) 00(100)

IV. RESULT OF ANTIMICROBIALACTIVITY

All the synthesized compounds C-1 to C-16 were tested against microorganism species at 1000
ppmconcentration. The observed results of antibacterial screening reported in above table indicate that
compounds C-3, C-4, C-5 and C-13 shows good activity against the bacterial species used. The results indicate
B.Substilisshows good results compared to other two speciesused. Compounds C-1, C-6 and C-16 shows poor
activity against the bacterial speciesused. From the antifungal assay it has been also observed that compounds
having methoxy substituents on quinoline ring show the highest activity aginst A.Parasiticusand S.Rolfsii. Rest
of the compounds show significant activity but it could not reach the effectiveness of the conventional
fungicidal Griseofulvine.
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V. CONCLUSION
In concluded a new series of derivatives C 1 to 16 were synthesized. ExaminationofthelR-
spectraofthesecompoundsrevealstheexpectedfrequencies.  Someoftheimportantfrequenciesareindicatedas:3150-

3020cm (AromaticC-H 5tretching),22400m'l (CENstretching),1610,1498cm'1 (AromaticC=CwithC=N
stretching). 1630-1590 cm-1 (Aromatic C=C stretching), 850-700 (C-CI stretching). The characteristic IR band
of these compounds appears at 850-700 cm-1 (C-Cl stretching) and at 1730-1700 cm-1 (C=0 stretching)
confirmed the structure. 1H-NMR spectra also showed the peak at 2.11-2.40 (4H, m CH2), 5.51 (1H, s, CH),
0.91-1.07 (6H, s, CH3) 6 value. The other protons of the compound were resonated at expected frequencies and
biological study. The investigation of antimicrobial activities data revealed that some of the derivatives
displayed excellent activity and the showed moderate activity against standard drugs.

ACKNOWLEDGEMENT
We heartily thankful to Department of Chemistry, H.N.G. University, Patan for providing elemental
analysis, and also thankful to Head, CDRI, Lucknow for providing spectral data analysis for the synthesized
compounds. We also thankful to Department of Microbiology, The HNSB. Ltd. Science College for microbial
activity.

REFERENCES

[1]. Behrami, A.;Vaso, K.;Krasniqi, I., 2010. Antibacterial activityof coumarine derivatives synthesized from hydroxyl-4-2H-[1]-
Benzopyran-2-one, The comparison with standard drug. Journalofint. Environmental Application and Science5, 247.

[2]. Aytemir, M. D.; Hider, R. C.; Erol, D, D.;Ozalp, M.;Ekizoglu, M., 2003. Synthesis of new antimicrobial agents; Amide derivatives
of pyranones and pyridinones. Turk. J. Chem27, 4, 445-52.

[3]. Aziz, B.;Kozata, V.;Sevdie, G.; Islam, K.;Skender, D.;ldreiz, V., 2012. Synthesis, characterisation and antibacterial activity of some
[8-Amino-4, 7 dihydroxy-chromen-2-one], [N-(3-Cyano-4-ethoxy-2-oxo-2H-chromen-7-yl) - formamide] Derivatives. The
comparison with standard drug. Res. J. Pharm. Biol. Chem. Sci3, 2, 876.

[4]. Kulkarni, M. V.; Kulkarni, G. M.; Lin, C. H.; Sun, C. M., 2006. Recent advances in coumarins and 1-azacoumarins as versatile
biodynamic agents. Curr. Med. Chem13, 23, 2795-818.

[5]. Emmanuel-Giota, A. A.;Fylaktakidou, K. C.;HadjipavlouLitina, D. J.;Litinas, K. E.; Nicolaides, D. N., 2001. Synthesis and
biological evaluation of several 3-(coumarin-4-yl) tetrahydroisoxazole and 3-(coumarin-4-yl) dihydropyrazole derivatives.
J.Heterocycl. Chem38,717-22.

[6]. Afsaneh, Z.;Roghieh, M.;Maliheh, S.;Sussan, K. A.; Saeed, E.; Alireza, F., 2006. 2-Amino-4-(nitroalkyl)-4H-chromene-3-
carbonitriles as new cytotoxic agents. Iran. J. Pharm. Res12, 4, 679-85.

[7]. Curini, M.;Cravotto, G.;Epifano, F.;Giannone, G. Chemistry and biological activity of natural and synthetic prenyloxycoumarins.
Curr. Med. Chem.2006, 13, 199-222.

[8]. Ren, Q.; Woon, Y. S.;Zhiyun, D. U.;Kun, Z.; Jian, W., 2011. Expeditious assembly of a 2-amino-4H-chromene skeleton by using an
enantioselective Mannich intramolecular ring cyclization-tautomerization cascade sequence. Chem. Eur. J17, 28, 7781-5.

[9]. Abd-El-Aziz, A. S. El.;Agrody, A. M.;Bedair, A. H.; Corkery, T. C.; Ata, A., 2004. Synthesis of hydroxyquinoline derivatives,
amino-hydroxychromene, aminocoumarin and their antibacterial activities. Heterocyclic 63, 8, 1793-812.

[10]. Borges, F.;Roleira, F.;Milhazes, N.; Santana, L.;Uriarte, E., 2005. Simple coumarins and analogues in medicinal chemistry:
occurrence, synthesis and biological activity. Curr. Med. Chem12, 887-916.

[11].  Chimenti, F.; Bizzarri, B.;Bolasco, A.;Secci, D.;Chimenti, P.;Carradori, S., 2006. Synthesis and in vitro selective anti-Helicobacter
pylori activity of N-substituted-2-oxo-2H-1-benzopyran-3-carboxamides. Eur. J. Med. Chem41, 2, 208-12.

[12]. Khan, K. M.;Saify, Z. S.; Khan, M. Z.; Zia, U.; Choudhary, M. I.;Attaur, R., 2004. Synthesis of coumarin derivatives with
cytotoxic, antibacterial and antifungal activity. J. Enzyme.Inhib. Med. Chem19, 4, 373-9.

[13].  Corbelt, R.E. and Davey,C.L.,1955.J.Chem.S0c296.

[14].  Amaresh,R.R. and Perumal,P.T.,2000. Synthetic Comm.30(13),2269-2274.

K. V. Goswami, et. al. "Synthesis of Some Novel Chromene Derivatives and Its Biological Evaluation.”
International Journal of Engineering and Science, vol. 10, no. 12, 2020, pp. 28-34.




