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ABSTRACT ARTICLE HISTORY

A new and efficient B(CgFs)s catalyzed domino strategy has been Received 5 August 2019
developed for the synthesis of 2-substituted quinazolinones. The
reaction utilizes 2-aminobenzamide and aldehydes for a one-pot
protocol. A wide range of substrate scope, functional group toler-
ance, and operational simplicity with excellent yield are synthetically
useful features.
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Introduction

Quinazolin-4-(3H)-one is a main structural unit found in several natural products and
biologically potent compounds. Quinazolinones are considered as privileged structures
due to their immanent nature and their function as pharmacophores in drugs.!
Quinazolinones are known for their several pharmacological and biological activities
including antimalarial,””! anticancer,”” anti-inflammatory,'*! antihypertensive,””! and
antituberculosis activities.) Owing to their notable significance, huge efforts have been
made toward efficient and convenient strategies for the construction of the quinazoline
skeleton from 2-aminobenzamide and aldehydes.”"'?) However, these strategies suffer
from certain drawbacks including use of coupling agents/bases, use of heavy and expen-
sive metal catalysts, harsh reaction conditions, use additives, low yields, stoichiometric
or large excess amounts of toxic oxidants. Therefore, search for a simple and efficient
cascade protocol to access quinazolinones from 2-aminobenzamide and aldehydes is
highly desirable.
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Table 1. Screening of catalyst for the synthesis of 3a.

(o} o (o}
CELNHZ . H Catalyst ©\)LNH
e
3a

1 2a
Entry Catalyst (mol%) Temp (°C) Yield® (%)
1 . 100 00
2 B(CeFs)s (1) 100 20
3 B(CeFs)s (5) 100 25
4 B(CsFs)3 (10) 100 45
5 B(C4Fs); (15) 100 60
6 B(CeFs)s (20) 100 80
7 B(CeFs)s (25) 100 80
8 Fe,0; (20) 100 40
9 ZnCl;, (20) 100 49
10 BiCl; (20) 100 58
" FeCl; (20) 100 62

?Yield refers to an isolated yield after column chromatography.

Moderate Lewis acidic nature of Tris(pentafluorophenyl)Borane (BCF) facilitates its
usage in organic synthesis. In recent times, BCF has evolved as a mild, nontoxic, envir-
onmentally benign, moisture-tolerant, air-stable, heat-stable, inherently electrophilic,
moderate and versatile Lewis acid imparting high chemo-, region- and stereoselectivity
in many organic transformation.”* Low catalytic loading and moisture-tolerance,
makes BCF superior acid catalyst than traditional Lewis acids. Herein, we report one-
pot B(CgFs); catalyzed convenient synthetic protocol for the synthesis of 2-substituted-
quinazolin-4-(3H)-ones from cost-effective and easily available 2-aminobenzamide and
aldehydes in DMSO as a solvent.

Results and discussion

To demonstrate our methodology, we purchased BCF, substituted aromatic/hetero-
aromatic aldehydes and 2-aminobenzamide commercially and used without any
purification. Synthesis of quinazolin-4-(3H)-ones (3a-j) has been achieved from 2-ami-
nobenzamide (1), and aldehyde (2a-j) in the presence of B(C4F5); as a solid acid cata-
lyst at 110-120°C. The structure of products (3a-j) was confirmed by comparing
spectroscopic data with literature values. To optimize reaction conditions, we initially
examined the role of catalyst and screened several solid acid catalysts. 2-aminobenza-
mide (1), and benzaldehyde (2a) were selected as model starting materials and the reac-
tion was carried out in DMSO at 100-120 °C using 20 mol % of B(C¢Fs); as a catalyst.
The progress of the reaction was checked by TLC and after 20h the product 3a was
obtained in 80% yield (Table 1, entry 6). The formation of compound 3a was confirmed
by comparing 'H, >*C-NMR and mass spectroscopic data with literature data.

To know the effectiveness of BCF, we repeated the same reaction with 1, 5, 10, 15,
20, and 25 mol % of BCF and we got product 3a in 80% yield after 20 h when 20 mol %
of BCF was used as catalyst (Table 1, entry 6). To realize the efficiency of BCF, same
reaction was repeated with different solid acid catalysts such as Fe;O4, ZnCl,, FeCls,
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Table 2. Screening of solvent for synthesis of 3a.
(o] o (0]

NH B(C¢F
NH, 20 mol %, 16-24 h N
2 H

1 a 3a
Entry Solvent Temp (°C) Yield® (%)
1 DMSO 100 80
2 THF 66 40
3 Toluene 110 28
4 CH5CN 82 50
5 CHCl5 50 35
6 EtOH 80 39
7 H,0 100 n.d.
8 - 100 30

?Yield refers to an isolated yield after column chromatography.

BiCls, and B(CgFs);. Among these tested solid acid catalysts, BCF was found as excellent
catalysts in terms of reaction time and chemical yield (Table 1, entry 6). To know the
effect of solvent on chemical yield of this reaction, we performed same reaction with
different solvents such as tetrahydrofuran, toluene, DMSO, acetonitrile, chloroform,
ethanol, and water and found that DMSO provides the best results (Table 2, entry 1).
Therefore, the use of 20 mol% of B(C4F5); in DMSO is superior for this conversion.

Under the optimized reaction conditions, we synthesized several quinazolin-4-(3H)-
ones (3a—j) in 62-92% yield. All mentioned reactions proceeded smoothly to give corre-
sponding product in excellent yields and accommodated multifunctional aldehydes also.
However, sterically hindered aldehyde (Table 3, entry 3e) gave poor yields in longer
reaction times than those of unhindered aldehydes.

Based on the above results and literature reports,™*! a plausible mechanism for the
synthesis of 2-substituted-2,3-dihydroquinazolin-4(1H)-ones is illustrated in Scheme 1.
B(C¢Fs); coordinates with the carbonyl oxygen of aldehyde and makes it more suscep-
tible towards the nucleophilic attack by amino group of 2-aminobenzamide giving
imine. Imine cyclizes in the presence of B(C4F5); to give the final product (3a-j).

Antioxidant and antibacterial activity

Above prepared 2-substituted-2,3-dihydroquinazolin-4(1H)-ones (3a-j) were evaluated
for their antioxidant (DPPH and hydroxy radical scavenging assay) and antibacterial
potency against Escherichia coli and Staphylococcus aureus and the results are shown in
Table 4. Among these compounds, 3i and 3j depicted excellent antioxidant activity
while compounds 3¢ and 3h effectively inhibited S. Aureus and E. coli respectively.

Experimental

General procedure for the synthesis of 2-phenyl-2,3-dihydroquinazolin-4(1H)-one
(3a): A mixture of 2-aminobenzamide (1) (0.136 mg, 1 mmol), B(CsHs); (20mol %),
and benzaldehyde (2a) (0.60mg, 5mmol) in DMSO (2—4mL) was heated at
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Table 3. Synthesis of 2-substituted quinazolin-4-(3H)-ones (3a-j) under
B(CgFs); catalysis.

o o
R — 75
N
1 2a-j

100-120 °C, 16-24h

3a+j
Entry Aldehyde Product Time (h) Yield® (%)
[}
gHo N 20 80
3a @ )\@
N
o
MeO gHo CELNH ome 18 85
> O 2
CHO 0
d"" 19 82
& 0L
OMe o~
o
CHO @\)L
NC NH CN
3 \© ' 17 90
o
CHOB . dNH OH
3 ”OJ@/ v . 24 62
¢ t-Bu H
CHO o
3 = @f:"'b 2 72
H
0
[ H—cHo ©\)L"" 16 92
3g Q_ NTNF
H o //
o
A\ NH
W Q—CHO d 21 76
N =
oLy
CHO 2
3 Cfg ©\)LNH 23 70
N b
NH
o
o HN/LK/©
. 0o N 21
3j @E;g‘ N 75

?Yield refers to an isolated yield after column chromatography.



SYNTHETIC COMMUNICATIONS® 5

o o)
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Screening of catalyst for synthesis of 3a.
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Screening of solvent for synthesis of 3a.

o
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Synthesis of 2-substitutedquinazolin-4-(3H)-ones (3a-j) under B(C,F;), catalysis

N

B(Cer)a

Scheme 1. Plausible mechanism for formation of 3a-j.

100 —120°C for 16 —24h in a sealed tube. After cooling, the reaction mixture was
poured into water and extracted with EtOAc. The organic layer was washed with brine,
dried over MgSO,, and concentrated in vacuum. The residue was purified by flash col-
umn chromatography (silica gel, hexanes/EtOAc) to give desired product. The R¢ value
for this compound is 0.5. White solid (90 mg (80%) yield), m.p. 100-102°C TLC R; =
0.5 (EtOAc:Hexane = 2:8); IR vy, (KBr, cm™'): 1620, 1662, 2990, 3165, 3190, 3320; 'H
NMR (400 MHz, CDCl; and DMSO-dy): & 5.77 (1H, s), 6.74 (2H, t), 7.12 (1H, s),
7.25-7.40 (4H, t), 7.50-7.64 (3H, dd), 8.30 (1H, s); >’CMR (100 MHz, CDCl; and
DMSO-dg): 0 67.06, 114.89, 115.44, 117.60, 127.35,127.84, 128.81, 128.94, 133.79,
142.11, 148.35; MS (ESI): m/z 225 [M + H]"; Anal. Calcd for C;,H;,N,O: C, 74.98%, H,
5.39%, N, 12.49%; Found: C, 74.87%, H, 5.26%, N, 12.34% (Supplementary material).
2-(4-Methoxyphenyl)-2,3-dihydroquinazolin-4(1H)-one (3c): White solid (93 mg
(82%) vyield), m.p. 125-127°C, TLC R; = 0.6 (EtOAc: Hexane = 2:8); IR v, (KBr,
cm ™ 1): 1059, 1475, 1600, 1680, 2925, 3190, 3310, 3445; '"H NMR (400 MHz, CDCl; and
DMSO-dy): 6 3.76 (3H, s), 5.71 (1H, s), 6.64-6.92 (5H, m) , 7.19-7.22 (1H, t), 7.42-7.45
(2H, d) , 7.63-7.65 (1H, d), 8.06 (1H, s); >*CNMR (100 MHz, CDCl; and DMSO-d¢): 6
55.48, 67.10, 113.91, 114.79, 114.82, 117.57, 127.75,128.67, 133.47, 133.57,148.45, 159.98,
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Table 4. Antioxidant and antibacterial potency of compounds (3a-j).

Antimicrobial activity (mm) Antioxidant activity

Entry Compound E. coli S. aureus DPPH OH

1 3a - - 09.25+0.85 08.17 £0.87
2 3b 02 02 19.01+£0.71 3.39+0.77
3 3c 03 04 11.25+£0.69 19.89+0.15
4 3d - - 10.99 £0.25 19.89+0.15
5 3e 04 - 02.87 £0.65 33.25+0.96
6 3f - - 07.29+0.67 0.98£0.01

7 39 06 - 25.67 £0.44 3.71£0.65

8 3h 08 03 0.87+£0.45 14.12+0.15
9 3i - - 36.87 +0.87 27.19+£0.34
10 3j - - 41.25+0.98 26.87 £0.89

164.36; MS (ESI): m/z 255 [M+H]"; Anal. Caled for C,sH;4N,O,: C, 70.85%, H,
5.55%, N, 11.02%; Found: C, 70.62%, H, 5.44%, N, 10.94%.

Conclusion

In conclusion, we have developed an BCF catalyzed direct one pot, simple, efficient,
synthetic protocol for the synthesis of 2-substituted-2,3-dihydroquinazolin-4(1H)-ones
from 2-aminobenzamide and aldehyde in good to excellent yields. High vyields, easy
workup, high atom-economy, low cost and easy handling of the catalyst are important
highlights of this protocol.

Acknowledgments

The authors are grateful to the Department of Postgraduate Studies and Research centre in
Chemistry, Shivaji Mahavidyalay, Udgir, and Sanjeevanee Mahavidyalaya, Chapoli, India, for pro-
viding laboratory facilities and Indian Institute of Chemical Technology, Hyderabad, for spec-
tral analysis.

References

[1] Mhaske, S. B; Argade, N. P. In Silico Pharmacokinetics Studies for Quinazolines
Proposed as EGFR Inhibitors. Tetrahedron 2006, 62, 9787-9826. DOI: 10.1016/].tet.2006.
07.098.

[2] Kikuchi, H; Yamamoto, K., Horoiwa, S; Hirai, S; Kasahara, R.; Hariguchi, N
Matsumoto, M.; Oshima, Y. Exploration of a New Type of Antimalarial Compounds
Based on Febrifugine. J. Med. Chem. 2006, 49, 4698-4706. DOI: 10.1021/jm0601809.

[3] (a) Takase, Y.; Saeki, T.; Watanabe, N.; Adachi, H; Souda, S.; Saito, I. Cyclic GMP
Phosphodiesterase Inhibitors. 2. Requirement of 6-Substitution of Quinazoline Derivatives
for Potent and Selective Inhibitory Activity. J. Med. Chem. 1994, 37, 2106-2111. DOI: 10.
1021/jm00039a024. (b) Dupuy, M.; Pinguet, F.; Chavignon, O.; Chezal, J. M.; Teulade, J.
C; Chapat, J. P; Blache, Y. Synthesis and in Vitro Cytotoxic Evaluation of New
Derivatives of Pyrido[1,2-a]Benzimidazolic Ring System: The Pyrido[1’,2":1,2]Imidazo[4,5-
h]Quinazolines. Chem. Pharm. Bull. 2001, 49, 1061-1065. DOI: 10.1248/cpb.49.1061. (c)
Chandrika, P. M.; Yakaiah, T.; Rao, A. R. R;; Narsaiah, B.; Reddy, N. C.; Sridhar, V.; Rao,
J. V. Synthesis of Novel 4,6-Disubstituted Quinazoline Derivatives, Their Anti-
Inflammatory and Anti-Cancer Activity (Cytotoxic) against U937 Leukemia Cell Lines.
Eur. J. Med. Chem. 2008, 43, 846-852. DOI: 10.1016/j.ejmech.2007.06.010.


https://doi.org/10.1016/j.tet.2006.07.098
https://doi.org/10.1016/j.tet.2006.07.098
https://doi.org/10.1021/jm0601809
https://doi.org/10.1021/jm00039a024
https://doi.org/10.1021/jm00039a024
https://doi.org/10.1248/cpb.49.1061
https://doi.org/10.1016/j.ejmech.2007.06.010

[9]

(10]

(11]

(12]

(13]

SYNTHETIC COMMUNICATIONS® 7

(a) Alagarsamy, V. Solomon, V. R, Dhanabal, K. Synthesis and Pharmacological
Evaluation of Some 3-Phenyl-2-Substituted-3H-Quinazolin-4-One as Analgesic, Anti-
inflammatory Agents. Bioorg. Med. Chem. 2007, 15, 235-241. DOI: 10.1016/j.bmc.2006.09.
065. (b) Baba, A.; Kawamura, N.; Makino, H.; Ohta, Y.; Taketomi, S.; Sohda, T. Studies
on Disease-Modifying Antirheumatic Drugs: Synthesis of Novel Quinoline and
Quinazoline Derivatives and Their Anti-inflammatory Effect. J. Med. Chem. 1996, 39,
5176-5182. DOI: 10.1021/jm9509408.

Yen, M.-H,; Sheu, J.-R;; Peng, I.-H.; Lee, Y.-M.; Chern, J.-W. Pharmacological Activity of
DC — 015, a Novel Potent and Selective ol-Adrenoceptor Antagonist. J. Pharm.
Pharmacol. 1996, 48, 90-95. DOI: 10.1111/j.2042-7158.1996.tb05884.x.

Nandy, P.; Vishalakshi, M. T.; Bhat, A. R. Synthesis and Antitubercular Activity of
Mannich Bases of 2-Methyl-3H-Quinazolin-4-Ones. Indian ]. Heterocycl. Chem. 2006, 15,
293-294.

(a) Connolly, D. J; Cusack, D.; O’Sullivan, T. P.; Guiry, P. J. Synthesis of Quinazolinones
and Quinazolines. Tetrahedron 2005, 61, 10153-10202. DOI: 10.1016/j.tet.2005.07.010. (b)
He, L. Li, H; Chen, J; Wu, X.-F. Recent Advances in 4(3H)-Quinazolinone Syntheses.
RSC Adv. 2014, 4, 12065-12077. DOI: 10.1039/C4RA00351A.

(a) Mitobe, Y.; Ito, S.; Mizutani, T.; Nagase, T.; Sato, N.; Tokita, S. Development of a
Selective and Potent Radioactive Ligand for Histamine H(3) Receptors: A Compound
Potentially Useful for Receptor Occupancy Studies. Bioorg. Med. Chem. Lett. 2009, 19,
4075-4078. DOI: 10.1016/j.bmcl.2009.06.025. (b) Balakumar, C.; Lamba, P.; Kishore, D. P.;
Narayana, B. L; Rao, K. V. Rajwinder, K; Rao, A. R, Shireesha, B.; Narsaiah, B.
Synthesis, Anti-Inflammatory Evaluation and Docking Studies of Some New Fluorinated
Fused Quinazolines. Eur. J. Med. Chem. 2010, 45, 4904-4913. DOI: 10.1016/j.ejmech.2010.
07.063. (c) Zhan, D.; Li, T.; Wei, H,; Weng, W.; Ghandi, K.; Zeng, Q. A Recyclable CuO-
Catalyzed Synthesis of 4(3H)-Quinazolinones. RSC Adv. 2013, 3, 9325-9329. DOIL: 10.
1039/c3ra41370e. (d) Ge, W.; Zhu, X; Wei, Y. Iodine-Catalyzed Oxidative System for
Cyclization of Primary Alcohols with o-Aminobenzamides to Quinazolinones Using
DMSO as the Oxidant in Dimethyl Carbonate. RSC Adv. 2013, 3, 10817-10822. DOI: 10.
1039/c3ra40872h. (e) Kim, N. Y., Cheon, C.-H. Synthesis of Quinazolinones from
Anthranilamides and Aldehydes via Metal-Free Aerobic Oxidation in DMSO. Tetrahedron
Lett. 2014, 55, 2340-2344. DOI: 10.1016/j.tetlet.2014.02.065.

Zhou, J.; Fang, J. One-Pot Synthesis of Quinazolinones via Iridium-Catalyzed Hydrogen
Transfers. J. Org. Chem. 2011, 76, 7730-7736. DOI: 10.1021/j0201054k.

Siddiki, S. M. A. H; Kon, K; Touchy, A. S; Shimizu, K-i. Direct Synthesis of
Quinazolinones by Acceptorless Dehydrogenative Coupling of o-Aminobenzamide and
Alcohols by Heterogeneous Pt Catalysts. Catal. Sci. Technol. 2014, 4, 1716-1719. DOI: 10.
1039/C4CY00092G.

Hikawa, H.; Ino, Y.; Suzuki, H; Yokoyama, Y. Pd-Catalyzed Benzylic C-H Amidation
with Benzyl Alcohols in Water: A Strategy to Construct Quinazolinones. J. Org. Chem.
2012, 77, 7046-7051. DOI: 10.1021/j0301282n.

Zhao, D.; Wang, T.; Li, J.-X. Metal-Free Oxidative Synthesis of Quinazolinones via Dual
Amination of sp> C-H Bonds. Chem. Commun. 2014, 50, 6471-6474. DOIL: 10.1039/
C4CC02648A.

(a) Blackwell, J. M.; Piers, W. E.; Parvez, M. Mechanistic Studies on Selectivity in the
B(CgFs);-Catalyzed Allylstannation of Aldehydes: Is Hypercoordination at Boron
Responsible?. Org. Lett. 2000, 2, 695-698. DOI: 10.1021/010000105. (b) Shchepin, R.; Xu,
C; Dussault, P. B(Cg¢F5);-Promoted Tandem  Silylation and Intramolecular
Hydrosilylation: Diastereoselective Synthesis of Oxasilinanes and Oxasilepanes. Org. Lett.
2010, 12, 4772-4775. DOL: 10.1021/011018757. (c) Thirupathi, P.; Neupane, L. N.; Lee, K.-
H. Tris(Pentafluorophenyl)Borane [B(CgFs);]-Catalyzed Friedel-Crafts Reactions of
Activated Arenes and Heteroarenes with o-Amidosulfones: The Synthesis of
Unsymmetrical Triarylmethanes. Tetrahedron 2011, 67, 7301-7310. DOI: 10.1016/j.tet.
2011.07.041. (d) Chandrasekhar, S.; Chandrasekhar, G.; Reddy, M. S. Srihari, P.


https://doi.org/10.1016/j.bmc.2006.09.065
https://doi.org/10.1016/j.bmc.2006.09.065
https://doi.org/10.1021/jm9509408
https://doi.org/10.1111/j.2042-7158.1996.tb05884.x
https://doi.org/10.1016/j.tet.2005.07.010
https://doi.org/10.1039/C4RA00351A
https://doi.org/10.1016/j.bmcl.2009.06.025
https://doi.org/10.1016/j.ejmech.2010.07.063
https://doi.org/10.1016/j.ejmech.2010.07.063
https://doi.org/10.1039/c3ra41370e
https://doi.org/10.1039/c3ra41370e
https://doi.org/10.1039/c3ra40872h
https://doi.org/10.1039/c3ra40872h
https://doi.org/10.1016/j.tetlet.2014.02.065
https://doi.org/10.1021/jo201054k
https://doi.org/10.1039/C4CY00092G
https://doi.org/10.1039/C4CY00092G
https://doi.org/10.1021/jo301282n
https://doi.org/10.1039/C4CC02648A
https://doi.org/10.1039/C4CC02648A
https://doi.org/10.1021/ol0000105
https://doi.org/10.1021/ol1018757
https://doi.org/10.1016/j.tet.2011.07.041
https://doi.org/10.1016/j.tet.2011.07.041

8 @ A. R. SHINDE ET AL.

(14]

Regioselective Organocatalysis: A Theoretical Prediction of the Selective Rate Acceleration
of the Sy2 Reaction between an Acetate Ion and Primary Alkyl Chlorides in DMSO
Solution. Org. Biomol. Chem. 2006, 4, 1650-1652. DOIL: 10.1039/B601179A. (e) Yaragorla,
S.; Singh, G.; Saini, P.; Reddy, M. Microwave-Assisted, Ca(II)-Catalyzed Ritter Reaction
for the Green Synthesis of Amides. Tetrahedron Lett. 2014, 55, 4657-4660. DOI: 10.1016/
j.tetlet.2014.06.068. (f) Srihari, P.; Yaragorla, S; Basu, D, Chandrasekhar, S.
Tris(Pentafluorophenyl)borane-Catalyzed Synthesis of N-Benzyl Pyrrolidines. Synthesis
2006, 2006, 2646-2648. DOI: 10.1055/s-2006-942501. (g) Melen, R. L. Applications of
Pentafluorophenyl Boron Reagents in the Synthesis of Heterocyclic and Aromatic
Compounds. Chem. Commun. 2014, 50, 1161-1174. DOI: 10.1039/C3CC48036D. (h)
Reddy, C. R; Rajesh, G.; Balaji, S. V.; Chethan, N. Tris(Pentafluorophenyl)Borane: A Mild
and Efficient Catalyst for the Chemoselective Tritylation of Alcohols. Tetrahedron Lett.
2008, 49, 970-973. DOI: 10.1016/j.tetlet.2007.12.020;. (i) Ling, F.; Shen, L.; Pan, Z.; Fang,
L; Song, D.; Xie, Z; Zhong, W. B(C6F5)3-Catalyzed Oxidative Deamination/Cyclization
Cascade Reaction of Benzylamines and Ketones for the Synthesis of 2,4,6-Triarylpyridines.
Tetrahedron Lett. 2018, 59, 3678-3682. DOI: 10.1016/j.tetlet.2018.08.060. (j) Pan, Z.; Shen,
L; Song, D, Xie, Z; Ling, F; Zhong, W. B(Cg¢Fs);-Catalyzed Asymmetric Reductive
Amination of Ketones with Ammonia Borane. . Org. Chem. 2018, 83, 11502-11509. DOI:
10.1021/acs.joc.8b01362.

Muthuraj, P.; Samydurai, J.; Venkitasamy, K. P. Investigation of the Enantioselective
Synthesis of 2,3-Dihydroquinazolinones Using Sc(IIl)-Inda-Pybox. Synthesis 2013, 45,
2265-2272. DOI: 10.1055/s-0033-1339288;.Art ID: §S§-2013-20177-OP.


https://doi.org/10.1039/B601179A
https://doi.org/10.1016/j.tetlet.2014.06.068
https://doi.org/10.1016/j.tetlet.2014.06.068
https://doi.org/10.1055/s-2006-942501
https://doi.org/10.1039/C3CC48036D
https://doi.org/10.1016/j.tetlet.2007.12.020;
https://doi.org/10.1016/j.tetlet.2018.08.060
https://doi.org/10.1021/acs.joc.8b01362
https://doi.org/10.1055/s-0033-1339288;

	Abstract
	Introduction
	Results and discussion
	Antioxidant and antibacterial activity
	Experimental
	Conclusion
	Acknowledgments
	References


