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ABSTRACT

Some oxazole containing sulfonamide analogs have been synthesized by reaction of 4-(2-{[(3-ethyl-4-
methyl-2-ox0-2,5-dihydro-1H-pyrrol-1-yl) carbonyl] amino} ethyl) benzenesulfonyl chloride with 3-
aminoacetophenone in acetone for 36 h, which afforded N-(2-{4-[(3-acetylanilino)sulfonyl]phenyl}
ethyl)-3-ethyl-4-methyl-2-oxo0-2,5-dihydro-1H-pyrrole-1-carboxamide. Different anilines were treated
with hydrochloric acid giving aniline hydrochloride, which on further reaction with urea resulted in
various phenyl ureas.N-(2-{4-[(3-acetylanilino)sulfonyl]phenyl}ethyl)-3-ethyl-4-methyl-2-0x0-2,5-
dihydro-1H-pyrrole-1-carboxamide i.e., sulfonamide was reacted with different phenyl urea’s in
presence of iodine to form oxazoles, which were recrystallized from ethanol. As-synthesized oxazole
derivatives were characterized by different techniques. The antimicrobial activity of as-synthesized
compounds was tested against (gram-negative bacteria) Escherichia coli, and (gram-positive
bacteria) Staphylococcus aureus.
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Synthesis of N-(2-{4-[(3-acetylanilino)sulfonyl]phenyl}ethyl)-3-ethyl-4-
methyl-2-ox0-2,5-dihydro-1H-pyrrole-1-carboxamide.

Keywords: 4-(2-{[(3-ethyl-4-methyl-2-0x0-2,5-dihydro-1H-pyrrol-1-yl) carbonyl] amino} ethyl)
benzenesulfonyl chloride, 3-aminoacetophenone, aniline hydrochloride, urea.

INTRODUCTION

Oxazoles consist of a doubly unsaturated five-membered heterocyclic ring [1, 2]. Oxazole ring is
composed of three carbon atoms. They contain one oxygen atom at 1-position and one nitrogen
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atom at 3- positions of the ring, separated by one carbon as shown in figurel.

Figure 1. Oxazole structure.

They are planar molecules with conjugated electron sextets in cyclic system as it is in parent
molecule. Lone pair of electrons on nitrogen, is coplanar with heterocyclic ring and it is not involved
in the delocalization is confirmed by the basic properties.2,4,5-Triphenyloxazole was the first
synthesized oxazole and it was reported over 140 years ago. Cornforth was the first to report the
method of preparation of oxazole and also subsequently modified it [3, 4]. Oxazole chemistry has
been the subject of several reviews and text books [5-9].

Oxazole are known to possess industrial and medicinal applications [10]. The presence of a nitrogen
atom in heterocyclic ring results in perturbations of electron density frame work of the msystem
[11].They are known since 1882 [12], but the chemistry of this heterocycle gained importance during
World War Il. Oxazole chemistry [13-15] has been a seat of diverse biological activities [16]. The
pharmacological activities of oxazole ring includes; anti-inflammatory [17], antiplatelet [18],
antiproliferative [19], antibemegride [20], antiallergic [21], antibacterial [22], analgesic [23],
anticancer [24], hypnotic [25] and antidiabetic [26]. Apart from these medicinal uses, oxazoles are
used as luminescent material, additives to detergents and high-temperature antioxidants.

MATERIALS AND METHODS

Instrumentation: Reagent-grade chemicals were purchased from Merck. All the reagents and
solvents were used without further purification. Melting points were determined on a Fisher—Johns
melting point apparatus and are uncorrected. IR spectra were obtained on a Shimadzu FTIR 8400
spectrometer. "HNMR spectra were recorded on Bruker Avance Il 400 NMR Spectrometer. The
bacterial strains used were Gram positive bacteria: Staphylococcus aureus and Gram negative
bacteria: Escherichia coli.

General procedure

Synthesis of N-(2-{4-[(3-acetylanilino)sulfonyl]phenyl}ethyl)-3-ethyl-4-methyl-2-0x0-2,5-dihydro
-1H-pyrrole-1-carboxamide: 4-(2-{[(3-Ethyl-4-methyl-2-ox0-2,5-dihydro-1H-pyrrol-1-yl)carbonyl]
amino}ethyl) benzenesulfonyl chloride(0.1 mol, 37.06 g) was taken in acetone (345 mL) under
stirring in 3 necked round bottom flask. 3-Aminoacetophenone (0.1 mol, 13.5 g) was added into it in
portions and this reaction mass was stirred for 36 h at 25-30°C. After the completion of the reaction,
acetone was removed and water was added for transforming it into a solid. The obtained solid was
recrystallized from methyl ethyl ketone. M.P: 148-152°C, Yield: 88%.
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Synthesis of phenyl urea: Aniline (2.68 mol, 250 g) and toluene 1250 mL was charged under stirring
at room temperature into a 2 litre 3-necked round bottom flask. It was cooled to 15-20°C and at this
temperature hydrochloric acid (35%) (4.07 mol, 465 g) was added slowly to reaction mass. Reaction
mass was maintained at room temperature for 1 h. Then it was cooled to 0-5°C and reaction mass was
filtered, which yielded aniline hydrochloride.

NH,

+

HCI

NH,.HC

Toluene

Y

Aniline hydrochloride (2.66 mol, 345 g) and urea (2.79 mol, 168 g) was added in 2070 mL of water at
room temperature into a 3 liter 3-necked round bottom flask to achieve a clear solution. Reaction mass
was heated for reflux for 3 h. Then reaction mass was filtered in hot condition and the wet cake was
washed by hot water (100 mL). The obtained filterate was collected and again added to round bottom
flask. The filtrate was chilled, and the phenyl urea crystallized, filtered off and rinsed with a little cold
water, yielding phenyl urea. M.P: 145°C, Yield: 53%
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Similarly, other eleven phenyl urea’s were synthesized using various anilines. The results are
summarized in table 1.

Table 1. Various phenyl ureas synthesized using different anilines

- Mol. formula Mol. | Yield | M.P.

S. No. Aniline Phenyl urea of phenyl urea | weight | (©6) | Cc)

1 2-Chloro aniline  2-Chlorophenyl urea  C;H,CIN,O 170.51 52 150

2 4-Chloro aniline  4-Chlorophenyl urea C;H;CIN,O 170.51 55 201

3 2,6-Dimethyl 2,6-Dimethyphenyl ~ CgH;,N,O 164.08 51 133
aniline urea

4 4-Fluoro aniline  4-Fluorophenyl urea  C;H;FN,O 154.05 53 184

5 3-Chloro aniline  3-Chlorophenyl urea C;H,CIN,O 170.51 55 151

6 4-Nitro aniline 4-Nitrophenyl urea C;H;N303 181.04 55 235

7 2,4-Dimethyl 2,4-Dimethylphenyl  CgH;,N,O 164.08 52 203
aniline urea

8 4-Methyl aniline  4-Tolylphenyl urea ~ CgH;oN,O 150.07 54 178

9 4-Methoxy 2-Methoxyphenyl CgH1oN,O, 166.06 51 137
aniline urea

10 2-Methoxy 4-Methoxyphenyl CgH1oN,O, 166.06 50 164
aniline urea

11 2-Methyl aniline  2-Tolylphenyl urea ~ CgH;oN,O 150.07 52 197
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of Oxazole (N-{2-[4-({3-[2-anilino-1,3-0xazol-4-yl]aniline}sulfonyl)phenyl]ethyl}-3
ethyl-4-methyl-2-0x0-2,5-dihydro-1H-pyrrole-1-carboxamide) (AF-108):  N-(2-{4-[(3-Acetylani-
lino) sulfonyl]phenyl}ethyl)-3-ethyl-4-methyl-2-0x0-2,5-dihydro-1H-pyrrole-1-carboxamide  (0.01
mol, 46.92 g) was charged to dichloroethane (50 mL) with phenyl urea (0.02 mol, 2.72 g) under
stirring. lodine crystals (0.01 mol, 2.53 g) were added into it and reaction mass was heated to reflux
overnight. Water (50 mL) was added to reaction mass at 75°C and heated for 15 min, aqueous layer
was separated and made alkaline with ammonium hydroxide solution at 10-15°C. Solid was separated
by filtration, washed with water and dried. Finally, it was recrystallized from ethanol to give oxazole.

Synthesis

M.P: 187-191°C, Yield: 80%.
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Similarly, other eleven oxazoles were synthesized using various phenyl urea’s. The results are

summarized in table 2.

Table 2. Various oxazoles synthesized using different phenyl ureas

S, No Comp. | Mol. formula Mol. formula Mol. | Yield M.P.
) Code | of Phenyl urea of Oxazole weight | (%) (°C)
1 AF-1 C;H;CIN,O C31H30CINsOsS  619.77 76 143-145
2 AF-2 C,H;CIN,O C31H3CINsOsS  619.77 72 158-159
3 AF-3 CoH12N,0 Cs3H3sCINsOsS 61334 71 149-152
4 AF-4 C,H;FN,O C31H3CINsOsS  603.31 76 152-154
5 AF-5 C,H;CIN,O C31H3CINsOsS  619.77 78 111-114
6 AF-6 C7H7N30; CsiH30CINgO;S 63030 73  128-131
7 AF-7 CoH12N,0 Cs3H3sCINSOsS 61334 74 104-105
8 AF-8 CgH1oN,0 C3H33CINsOsS  599.33 70  178-179
9 AF-9 CgH1oN,0 C3H3CINsOgS  615.32 79  180-181
10 AF-10 CgH10N,0, C3H3CINsOgS  615.32 74 133-135
11 AF-11 CgH1oN,0 C3H33CINsOsS  599.33 73 161-167

Elemental analysis: All the synthesized oxazoles were analyzed for their elemental composition and
results are reported in table 3.

Table 3. Elemental analysis of synthesized compounds

S No Comp. Comp. C % H % N %

"~ | Code Formula Calc. | Found | Calc. | Found | Calc. | Found
T AR1  CyHaCIN:O:S 60.04 59.99 488 485 1129 1128
2 AF2  CyHyCIN:O:S 60.04 6007 4.8 490 11.29 11.30
3 AF-3 Cs3HsNsOsS 6458 6454 575 574 1141 1140
4  AF-4  CyHxFNOS 6168 6167 501 500 1160 1158
5 AF-5  CgH3CINsOsS 60.04 60.05 4.88 486 11.29 11.30
6  AF6  CyHuNO,S 59.04 5901 479 477 1333 13.32
7 AF7  CyuHsNeOsS 6458 6461 575 576 1141 1140
8 AF-8 CsHxNsOsS  64.09  64.13 555 557 11.68 11.69
9 AF9  CyHuNOS 6242 6238 540 538 1137 1138
10 AF-10  CyHuN:OsS 6242 6237 540 537 1137 11.36
11 AF-11 CaHxNsOsS  64.09  64.11 555 554  11.68 11.69
12 AF-12  CyHuN:O.S 6357 6355 533 531 1196 11.94
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Infrared Spectral Studies: Infrared spectra of two compounds (AF-3 and AF-8) were recorded in the
range of 400-4000 cm™ on Schimadzu FTIR 8400 with DRS. The data of the IR spectra of
investigated compounds (AF-3 and AF-8)are listed in tables 4 and 5, while the infrared spectra of
compounds are given in figures 2 and 3 respectively.

Table 4. Infrared spectral data of compound (AF-3)

Functional group Frequency (cm™) | Frequency (cm™)
S. No. (vibrational mode) standard observed
1 C-O str. 1320-1000 1167.94
2 C-N str. 1335-1250 1296.21
3 C=0 str. (carbonyl) 1760-1665 1697.41
4 C-H bend (ortho) 770-735 764.80
5 C—-C str. (in-ring) aromatics 1600-1585 1589.40
6 N-H str. 3400-3250 3330.31
Table 5.Infrared spectral data of compound (AF-8)
S No Functional group Frequency (cm™) | Frequency (cm™)
T (vibrational mode) standard observed
1 C-O str. 1320-1000 1161.19
2 C-N str. 1335-1250 1288.49
3 C=0 str (carbonyl) 1760-1665 1735.03
4 C-H bend (para) 850-800 808.20
5 C—-C str. (in-ring) aromatics 1600-1585 1589.40
6 N-H str. 3400-3250 3311.89
- | AF3

Figure 3. Infrared spectrum of compound (AF-8)
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'HNMR Spectral Studies: HNMRspectrum of N-{2-[4-({3-[2-(4-Toluidino)-1,3-0xazol-4-yl]
anilino} sulfonyl)phenyl]ethyl}-3-ethyl-4-methyl-2-oxo-2,5-dihydro-1H-pyrrole-1-carboxamide (AF-
8) (Figure 4) were recorded on Bruker Avance Il 400 NMR spectrometer. NMR spectrum is
represented in fig. 5 and data in table 6. The position of different protons were assigned on the basis
of position of signal (& value), while number of proton of a particular kind was determined on the
basis of intensity of that signal.
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Figure 4. Structure of N-{2-[4-({3-[2-(4-Toluidino)-1,3-0xazol-4-yl]anilino}sulfonyl)phenyl]ethyl}-

3-ethyl-4-methyl-2-0x0-2,5-dihydro-1H-pyrrole-1-carboxamide (AF-8)

Table 6. 'HNMR spectral data of compound (AF-8)

S. No. | Signal Position Rs;a;%iol\rl]o' Multiplicity | Assignment
1 2.19 3H singlet -CHs [1]
2 2.00 2H triplet -CH; [2]
3 2.19 3H quartet -CH3[2']
4 2,51 2H triplet -CH, [3]
5 2.80 2H doublet, triplet -CH; [4]
6 2.95 2H quartet -CH, [4']
7 7.82 1H singlet -CH [5]
8 2.09 3H singlet -CH; [6]
9 10.10 1H singlet -NH [7]
10 6.88 - 7.80 12H multiplet -Ar-H [8]
11 7.26 1H doublet -CONH [9]
12 7.21 1H singlet -SO,NH [10]

AF-8

Figure 5."HNMR spectrum of compound (AF-8)
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RESULTS AND DISCUSSION

Twelve oxazoles bearing sulfonamide group have been synthesized. All the synthesized compounds
are tested for their antibacterial activity against gram negative (Escherichia coli) and gram positive
(Staphylococcus aureus) bacteria strains by measuring zone of inhibition in mm, revealing that all
compounds have considerable antibacterial activity, Out of all these synthesized compounds, AF-7,
AF-11 and AF-12, showed moderate antibacterial activity with respect to reference standard.

The substituted oxazole derivatives having sulfonamide moieties are already known for different
biological activities. As per the result of the screening, it is clearly indicated that the synthesized
compound of the scheme (AF-1-AF-12) are having moderate antibacterial activity equipotent with the
standard drugs. From the obtained results; one can reveal that the synthesized oxazole derivatives can
be a rich source for the exploitation. Therefore, in search of new compound, one can explore the
possibility in this area by introducing different functional group as substituents, which may result into
better pharmacological active compounds.

Synthesized compounds were purified by recrystallization using methyl ethanol. These
compounds were confirmed by IR spectra, which showed the expected bands for the characteristic
groups such as C-0, C-N and aromatic moiety. The presence of peaks in the region 1167.94 and
1161.19 indicates the presence of C-O, while peaks at 1296.21 and 1288.49 indicate the existence of
C-N moiety in the compounds (AF-3) and (AF-8).

The structure of compound (AF-8) was confirmed by ‘H NMR which revealed the aromatic
protons appearing as multiple peaks within the range 6.88-7.80 & ppm, proton of CONH at 7.26 § ppm
and SO,NH appeared at 7.21 § ppm.

APPLICATIONS

Pharmacology: All the synthesized oxazole compounds bearing sulfonamide group were evaluated
for antibacterial activity by using broth dilution method and the Minimum Inhibitory Concentration
[27] are summarized in table 7 and Fig 6.

Antibacterial activity: The newly synthesized compounds were screened [28] for their
antibacterial activity [29] against E. coli (MTCC-443) [30] and S. aureus (MTCC-96) [31] bacterial
strains. The data of antibacterial screening revealed that all the tested compounds showed moderate to
less bacterial inhibition against S. aureus and E. coli species. It revealed that antimicrobial activity
depends on the nature of heterocyclic moieties.

500 ® E.coli

Zone of inhibitionin
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Figure 6. Antibacterial activity of synthesized compounds
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Table 7. Antibacterial activity of synthesized compounds

Zone of inhibition (mm)
E.coli S.aureus
S:No. | Compound No. Foer= == =TT ec 96
1 AF-97 200 250
2 AF-98 250 500
3 AF-99 200 500
4 AF-100 125 250
5 AF-101 250 125
6 AF-102 125 125
7 AF-103 500 500
8 AF-104 500 125
9 AF-105 250 200
10 AF-106 100 500
11 AF-107 250 500
12 AF-108 500 500
Standard Drugs
13 Gentanmycin 0.05 0.25
14 Ampicillin 100 250
15  Chlorampheniol 50 50
16 Ciprofloxacin 25 50
17 Norfloxacin 10 10
CONCLUSION

In the present study, the antibacterial activity of the oxazole derivatives bearing sulfonamide group
were investigated. The compounds (AF-2, AF-7, AF-11 and AF-12) displayed moderate antibacterial
activity as compared to standard drugs. Thus, the newly synthesized compounds can be used in future
by modification and designing more potent and selective antimicrobial agents.

ACKNOWLEDGEMENTS

Authors are thankful to Dr. Surbhi Benjamin, Head, Department of Chemistry, PAHER University,
providing me necessary facilities.

[1].
2.

[3].

[4].
[5].

[6].
[7].

REFERENCES

E. Marchetti, G. Mattalia, V. Rosnati, A new class of analgetic-antiinflammatory agents. 2-
substituted 4,5-diphenyloxazoles, J. Med. Chem., 1968, 11(5), 1092-1093.

K. Brown, J. F. Cavalla, D. Green, A. B. Wilson, Diaryloxazole and diarylthiazolealkanoic
acids:two novel series of non-steroidal anti-inflammatory agents, Nature, 1968, 219(5150),
164.

H. Bredereck, R.Gompper, H. G. V. Schuh, NeuereMethoden der préparativenorganischen
Chemie 11. 16. SynthesenmitS&aure-amiden, insbesonderemitFormamid, Angewandte Chemie.,
1959, 71(24), 753-774.

H. Bredereck , R. Bangert, Sdureamid-Reaktionen, XLI. Synthese des Oxazols, Chem. Ber.,
1964, 97(5), 1414-1423.

J. W. Cornforth, The use of 4-hetaryliden- and 4-aryliden-5(4H)-oxazolones as dienophiles.
Appropriate reagents for the synthesis of cyclic analogues of natural amino acids, Chemistry
of Penicillin, Eds., Princeton, N.J., 1949, 688-848.

E. Baltazzi, The chemistry of 5-oxazolones, Quart. Revs. Chem. Soc., 1955, 9, 150.

R. Filler, Recent Advances in Oxazolone Chemistry, Advances in Heterocyclic
Chemistry,Academic Press, New York, 1965, 4, 75-106.

www. joac.info 1282



Ahmed Farazet al Journal of Applicable Chemistry, 2018, 7 (5):1275-1284

[8].

[9].
[10].
[11].
[12].
[13].

[14].
[15].

[16].

[17].

[18].

[19].

[20].

[21].
[22].

[23].

[24].
[25].

[26].

[27].

[28].

[29].

W. Steglich, New Developments in the Chemistry of Oxazolones, Fortschr. Chem. Forsch.,
1969, 12, 77.

W. Steglich,Action of oxazol-5(4H)-ones and of 4,5-dihydro-5-0xo-oxazolium perchlorates on
enamines, Chem. Abstr., 1969, 71, 101742q.

I. J. Turchi, M. J. S. Dewar,A general, one-pot method for the synthesis of 2-substituted
oxazoles, Chem. Rev., 1975, 75, 389-437.

M. K. Mahanti, Pentazoles: proton and carbon-13 NMR spectra of some 1-arylpentazoles: kinetics
and mechanism of degradation of the arylpentazole system, Indian J. Chem., 1977, 15(B), 168.

F. R. Japp, Constitution des Lophins, des Amarins und des Glyoxalins, Ber. Dtsch. Chem.
Ges., 1882, 15, 2410-2421.

J. W. Cornforth, Infra-red spectra of oxazole and its alkyl derivatives-l, Heterocyclic
Compounds, John Wiley, New York, 1956, 5.

R. H. Wiley, The Chemistry of the Oxazoles, Chem. Rev., 1945, 37(3), 401-442.

J. W. Cornforth,Synthesis and thermolysis of 5-azido-4-formyloxazoles, The Chemistry of
Penicillin, Princeton Univ. Press, Princeton, N.J., 1949, 688-848.

M. A. Abbady,(Acetylacetonato-k* O,0")bis[2-(naphth[1,2-d][1,3]oxazol-2-yl)phenyl-i* C
N] iridium(l11), Ind. J. Chem., 1979, 17(B), 450-453.

L. Revesz, F. E. De Padova, T. Buhl, R. Feifel, SAR of 4-hydroxypiperidine and
hydroxyalkyl substituted heterocycles as novel p38 map kinase inhibitors, Bioorg. Med.
Chem. Lett., 2000, 10, 1261-1264.

S.E. Hall, W.-C. Han, D. N. Harris, H. Goldenberg, Synthesis of pyrrolidine oxazoles as
thromboxane A,/endoperoxide receptor antagonists, Bioorg. Med. Chem. Lett., 1993,6(3),
1263-1266.

S. Kokubu, K. Suenaga, C. Shinohara, T. Tsuji,Structure and membrane affinity of a suite of
amphiphilic siderophores produced by a marine bacterium,Tetrahedron, 2000, 56, 6435-6440.
T. Miyadera, A. Terada, M. Fukunaga, Y. Kawano, T. Kamioka, Anxiolytic sedatives. 1.
Synthesis and pharmacology of benzo[6,7]-1,4-diazepino[5,4-bJoxazole derivatives and
analogs, J. Med. Chem., 1971, 14(6), 520-526.

J. W. Ross, R. G. Harrison, M. R. J. Jolly, A. Todd,Immunologic and therapeutic aspects of
ketotifen,J. Med. Chem., 1979, 22, 412.

N. J. P. Broom, J. S. Elder, J. E. Pons,Synthesis and antibacterial properties of B-diketone
acrylate bioisosteres of pseudomonic acid A,J. Antibiot., 1995, 48, 1336-1344.

M. 1. Serrano, J. S. Serrano, A. Fernandez, Synthesis, characterization and comparative study
the microbial activity of some heterocyclic compounds containing oxazole and benzothiazole
moieties, Chem. Inform. Abstr., 1995, 26.

V. B. Doctorovich, E. M. Burgess, J. Lambropoulos, D. Derveer,Design, synthesis and
antidiabetic evaluation of oxazolone derivatives, J. Med. Chem., 1994, 37, 710.

U. H. Lindberg, J. Pederson, B. UIff, Compounds related to clomethiazole. 1. Haloalkyl and
aminoalkyl analogues of clomethiazole, Acta Pharm. Suecica, 1967, 4(5), 269-280.

R. L. Dow, B. M. Bechle, T. T. Chou,Serum glucose and triglyceride lowering activity of
some novel glitazones against dexamethasone-induced hyperlipidemia and insulin resistance,
J. Med. Chem., 1991, 1(34), 1538-1544.

N. F. Ansari, A. K. Pandey, A. Kumar, K. P. Singh, I. R. Siddiqui, A Convenient and
Efficient One-Pot Three Component Synthesis of 1, 3-Bis (2-Subsituted Aryl)-4, 5-Diphenyl
Oxazol-3(2H-YI) Thiourea as Potential Antimicrobial Agents, J. Applicable Chem., 2018,
7(3), 488-495.

S. Y. Mavawala, K. S. Nimavat, K. B. Vyas, Synthesis, Characterization and Antimicrobial
Activity of 3-(Pyrimidinyl)-1-(4-Fluorophenyl)-5-(Aryl)-5, 6-Dihydro-1H-Pyrano [2, 3-D]
Pyrimidine-2, 4, 7(3H)-Triones,J. Applicable Chem., 2017, 6(5), 784-791.

S. Bhatt, J. S. Jangwan, Synthesis of novel N 1 -(4-amino benzoyl)-1,3-dimethyl-4 (N-4-
sulfamoylphenylazo)-1, 2-diazole, J. Applicable Chem., 2014, 3(2), 577-585.

www. joac.info 1283



Ahmed Farazet al Journal of Applicable Chemistry, 2018, 7 (5):1275-1284

[30].  G. Thalari, Synthesis of Novel Substituted 3 -Phenyl-5-(3-phenylisoxazole-5-yl)- 1, 2, 4-
Oxadiazoles Catalyzed by Cu-HAP and Antimicrobial Evaluation of Biological Activity, J.
Applicable Chem., 2018, 7(3), 537-545.

[31].  N. Rambabu, P. K. Dubey, B. Ram, B. Balram, Synthesis and Antibacterial Activity of 2,3-
dihydro-1H-benzo[flchromen-1-one and 2,3-dihydro-1H-benzo[f]lchromen-1-ol Derivatives,
J. Applicable Chem., 2013, 2(6), 1516-1522.

www. joac.info 1284



