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ABSTRACT

The 1, 3-dipolar cycloaddition "Click-reaction" between azides and alkynes catalyzed by copper (1) salts
is often utilized for the creation of triazole moiety, which has drawn the attention of chemists due to its
large uses in the pharmacological field of many recognized reactions. As alkyne and azide components
can be inserted into a wide range of substituents, the click reaction has a wide range of applications. Our
objective is to combine the aromatic halves in a single patch including benzoxazine and triazole to boost
the natural exertion of the performance composites. All synthesized composites will be extensively
characterized utilizing precise spectral analyses such as 1H NMR, mass, 13C NMR, and IR. Following
the Cup-plate approach, all produced composites will be tested in vitro for antibacterial and antifungal
activity against conventional antibiotics Ciprofloxacin for bacteria and Miconazole for fungus.

Keywords: Benzoxazine, Heterocyclic Moiety, Antifungal Activity, Antibacterial Activity IR, *H NMR, **C
NMR, Mass Spectroscopy

INTRODUCTION

In organic chemistry for constructing artificial composites, benzoxazine and its derivatives are frequently
utilised as appropriate configurations for the formation of biologically active emulsions. This introduction
provides a quick overview of the substances that have antimicrobial, antimycobacterial, anti-diabetic,
anti-hypolipidemic, and anti-depressant effects. “The versatility of the benzoxazine shell, in addition to its
relative chemical simplicity and availability, makes these chemicals amongst the most promising sources
of bioactive composites. This has led to the discovery of a wide variety of composites that are of great
interest from the point of view of anti-microbial, anti-mycobacterial, anti-diabetic and anti-depressant
goods (Siddiquia et al., 2010). Benzoxazine came in the spotlight when the first reclusion of-dihydroxy-
2H (4H)-one (DIBOA) (Etzerodt et al., 2006) and-dihydroxy benzoxazin-3 (4H)-one (DIMBOA)
(Cambier et al., 2000) were reported. Wang et al., 2016 looked into the effect of molecular structure on
phase-separated structures further. The results reveal that phase separation of the phenol-4,4'-
diaminodiphenyl methane-based benzoxazine (P-ddm)/TBMI/imidazole mix is easier than that of the BA-
a/TBMI/imidazole blend, which is due to differences in Flory-Huggins characteristics and viscosity of
various molecules. HBPs (hyperbranched polymers) are a novel form of polymer (Moradi et al., 2020).
These composites have been also reclused from roots and upstanding corridor of sludge factory. It was
observed that these composites can be further used for the conflation of potent toxic and fungicidal
composites. Fringuelli et al., (2002) have synthesized 6-(1-(4-chlorophenoxy)-2-(1H-imidazol-1-yl)
ethyl)-4-methyl-2H-benzo[b][1,4] oxazin-3(4H)-one and estimated their anti-bacterial and anti-fungal
exertion in vitro against gram-ve bacteria, gram +ve bacteria and colorful pathogenic strains Candida
albicans ATCC 10231,C. glabrata DSM 6425 and C. tropicalis DSM 1346”. New ethyl derivations were
synthesized by Alper-Hayta et al., (2006). Furthermore, unlike other TS/TP resin blends, Hsieh Halina et
al., (2008) benzoxazine generates a large number of phenolic hydroxyl groups during the ring-opening
and curing process, which can form intermolecular hydrogen bonds with polar groups in polycaprolactone
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(such as carboxyl, hydroxyl, carbonyl, ether bonds, and so on) (PCL), (Pritchard et al., 2007). Polucci et
al., (2013) did the medicinal chemistry manipulation which led to the discovery of emulsion as potent and
picky impediments of VCP ATPase with IC50 of 24 nM and retainanti-proliferative exertion in the sub
micro molar range (IC50 = 0.38 uM on HCT-116 cell lines). This represents a first step towards a new
class of implicit anti-cancer agents. Hou et al., (2011) created a variety of 1,2,4-triazoles and calculated
their anti-tumor activity. Apoptosis and western-spot assay results revealed that 1,2,4-triazoles composites
are most effective for cancer cell and against MetAP2. Cancer outgrowth was found to be largely
effective on lung (G150 = 0.06 M), ovarian, and renal cell lines by Formagio et al., (2008; & Shiradkar et
al., 2011) developed a new class of triazolyl thiophene compounds that inhibit cdk5/p25. Based on the
findings of the SAR investigations, these composites were shown to be the most promising for lowering
brain cdk5/p25 levels, and hence have implications for Alzheimer's disease treatment. Poly-benzoxazines,
a brand-new class of thermosets, have piqued the interest of both academic and industrial groups due to
their superior properties (Kiskan et al., 2018; Rimdusit et al., 2013 & Ishida et al., 2017). In addition,
hyperbranched polymer ionic liquids with varied alkyl chain lengths (HBP-AMIM+PF6-, HBP-
ABIM+PF6-, HBP-AHIM+PF6-, and HBP-AOIM+PF6-) were employed to modify the
benzoxazine/epoxy thermosets (BA/ECC) (Zhang et al., 2019). Blending tiny molecular compounds with
TS is another way to achieve a balance between processing and toughness. Bisphenol-F-based
benzoxazine monomer was used to copolymerize linear octanediamine (ODM) and m-xylylenediamine
containing aromatic rings (MXDM) (BF) (Zhao et al., 2018). Poly-benzoxazine has won numerous
interests in digital packaging, the aerospace industry, composite fabricating, coatings and different fields
(Hu et al., 2020; Wang et al., 2020; zZhu et al., 2019; & Yang et al., 2020). It's a collection of related
compounds with increasing molecular weight created by gradually managing a repeating reaction using
small molecules as the growth point (Flores et al., 2012; & Varley et al., 2004).

MATERIALS AND METHODS

First of all, we produced benzoxazine by reacting commercially available 2-aminophenol (1) with
CICH,COCI in Di-chloro methane at room temperature for 9 hours to form an intermediate (2), which
was then treated with K,CO3/CH;COOC,Hs under refluxing conditions to produce benzoxazine (3).
Propargyl bromide was used to N-alkylate benzoxazine in DMF in the presence of K,COj3, and the crude
product was refined using column chromatography to yield alkyne derivative of benzoxazine (4). The
substituted aniline was then treated with H,SO,/H,O and NaNO,/NaN; to obtain the required azido
compound (5). Finally, in the presence of CuSQ4.5H,0 and C¢H;OgNa (Sodium Ascorbate), the alkyne
derivative of benzoxazine (4) was reacted with azido compound (5) to produce 1,2,3-triazole analogues

(6).

Scheme of the reaction:

Compound 1 — 2-Aminophenol
OH

NH,

Compound 2 — 2-chloro-N-(2-hydroxyphenyl) acetamide
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Compound 3 — Benzoxazine
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The aforesaid pharmacologically significant moiety, alkyne derivative of benzoxazine and aromatic azide,
were combined in a single molecular frame with an aromatic nucleus connected to an alkyl chain to
produce a compound with a wide range of biological activities. The aforementioned synthesized molecule
was fully described as a consequence of intensive spectral analysis such as Infrared, Mass, Hydrogen-1-
NMR, and Carbon-13-NMR. The synthesized compound was evaluated in vitro for antibacterial and
antifungal activity against reference drugs Ciprofloxacin for bacteria and Miconazole for fungus using the
Cup-plate method.

General procedure for the synthesis of alkyne derivative of benzoxazine (4)

To prepare alkyne derivative of benzoxazine (4), first of all we made benzoxazine by reacting
commercially available 2-aminophenol (1) with CICH,COCI in Di-chloro methane for 9 hours at room
temperature to make an intermediate (2), which was then treated with K,COs/CH3COOC;,Hs under
refluxing conditions to yield benzoxazine (3). In the presence of K,COs, propargyl bromide was used to
N-alkylate benzoxazine in DMF, and the crude product was refined via column chromatography to obtain
an alkyne derivative of benzoxazine (4). TLC was used to monitor the reaction mixture as it was agitated
until it was complete. The mixture generated from the reaction was placed over cold ice and the
precipitate separated was sieved through filter paper to extract the appropriate alkynes. The synthesis of
alkyne was confirmed by its mass spectra (TOF ES MS+). According to the mass spectrum, the molecule
(4) is 4-(prop-2-yn-1-yI)-2H-benzo[b][1,4]oxazin-3(4H)-one, as illustrated in the above scheme, TOF
ES+ m/z (percent): 187 (M+).

Table-1
Sample Gram +ve Bacteria Gram -ve Bacteria Fungus
Code S. B. S. K. S. P. E. A. A. A. C.
aureus subtilis epider  pneum typhi aerug coli niger fumi flavus albi
mis oniae inosa gatus cans
Std. 21 20 19 24 24 30 22 30 22 22 22
6 19 14 16 14 21 21 14 18 14 12 19

Procedure to synthesize triazole moiety (6)

The synthesized alkyne (1 equivalent) was added individually to a rapidly agitated solution of azide (1
equivalent) in THF: H,O (3:1) (5.5 ml). To start the reaction, CuSO,.5H,0 (14%) and sodium ascorbate
(36%) were added. At room temperature, the resulting-coloured suspension thus formed, was spun for 4-5
hours. The reaction's development was monitored using TLC. The aqueous layer was extracted three
times with ethyl acetate using ice cold water after the reaction was completed. To obtain crude product,
the combined organic extract was dried, evaporated under reduced pressure, or filtered using a suction
pump, and then allowed to pass through a (60-120 mesh) silica gel column to provide pure 1,2,3-triazole.

Spectral Analysis of Compound (6)
According to the above-mentioned general procedure, the light coffee coloured solid (6) was generated by
mixing 5-azido-1-chloro-2-methoxy-3-methylbenzene (5) (0.0716 g, 0.35 mmol) with alkyne derivative of
benzoxazine (4) (0.104 g, 0.35 mmol). As a system solvent developer, Rf = 0.41 in methanol/chloroform
(98:2) and yield is 0.137 g (78.5 %).
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> . IR (KBr) vmax: 3238, 3068, 2931, 2849, 1691, 1604, 1494, 1381, 1243, 1289, 1141, 1040, 910, 847
cm

> 'H Nuclear Magnetic Resonance (8, CDCls, 400 MHz): 8.03 (s, 1H, J = 8.3 Hz), 7.56 (s, 1H, J
=7.5Hz),7.59 (s, 1H,J =7.7 Hz), 7.01-6.91 (m, 4H), 4.81 (s, 2H), 4.48 (s, 2H), 2.11 s, 3H), 3.86 (s, 3H).
> 3C NMR (8, CDCl;, 100 MHz): 163.8, 157.4, 145.1, 132.7, 128.3, 126.9, 125.6, 122.1, 121.4,
121.3,121.1,121.0, 119.3,117.1, 111.9, 67.4, 61.8, 52.7, 15.2.

> Mass spectral data, TOF ES+ m/z (%): 371 (M*+1).

> Molecular formula: C1gH6CIN4Os.

On the basis of above spectral data, compound (6) was identified as 4-((1-(3-chloro-4-methoxy-5-
methylphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2H benzo[b][1,4]oxazin-3(4H)-one.

RESULTS AND DISCUSSION

We used a molecular modification technique to manufacture a novel molecule (6) as part of our entire
plan to produce a new triazole product. The chemical (4) was identified as the major intermediate in this
method, yielding the required molecules when coupled with another material (5) in the presence of
Ce¢H;OgNa and copper sulphate pentahydrate. The synthesized chemical and its intermediate were fully
described using mass, *"H NMR, IR, and **C NMR.

Antimicrobial and Antifungal Activity

Using the cup plate method, the antibacterial activity of the generated compound (6) was evaluated in
vitro at 100g/mL.

According to the results of the detailed analysis shown in Table-I, the tested compound had moderate
antibacterial activity against P. aeruginosa, K. pneumoniae, B. subtilis, A. fumigatus, A. niger, A. flavus,
and E. coli, but substantial antibacterial activity against S. aureus, S. epidermis, S. typhi, and C. albicans.

ACKNOWLEDGEMENTS
We gratefully acknowledge to Dr. Anil Kumar, Principal M. S. College, Saharanpur (U.P.) for providing
necessary facilities.

REFERENCES

Alper-Hayta S, Aki-Sener E, Tekiner-Gulbas B, Yildiz I, Yalcin | and Alanlar N (2006). Novel one-
pot synthesis and antimicrobial activity of 7-chloro-4-phenyl-3,4- dihydro-2H-1,3-benzoxazin-2-one
derivatives. Eur. J. Med. Chem. 41, 1398.

Cambier , and Hance T (2000). Variation of DIMBOA and related compounds content in relation to the
age and plant organ in maize. Hoffmann, E. Phytochemistry. 53, 223.

Etzerodt T, Nielsen ST, Mortensen AG, Christophersen C and Fomsgaard IS (2006). Elucidating the
Transformation Pattern of the Cereal Allelochemical 6-Methoxy-2-benzoxazolinone (MBOA) and the
Trideuteriomethoxy Analogue [D3]-MBOA in Soil. J. Agric. Food Chem. 54, 1075.

Flores M, Fernandez-Francos X, Ferrando F, Ramis X and A. Serra A (2012). Efficient impact
resistance improvement of epoxy/anhydride thermosets by adding hyperbranched polyesters partially
modified with undecenoyl chains. Polymer, 53, 5232-5241, doi: 1016/j.polymer.2012.09.031.

Formagio ASN, Tonin LTD, Foglio MA, Madjarof C, de Carvalho JE, da Costa WF, Cardoso FP
and Sarragiotto MH (2008). Synthesis and antitumoral activity of novel 3-(2-substituted-1,3,4-
oxadiazol-5-yl) and 3-(5-substituted-1,2,4-triazol-3-yl) B-carboline derivatives. Bioorg. & Med. Chem.
16, 9660.

Fringuelli R, Pietrella D, Schiaffella F, Guarraci A, Perito S, Bistoni F and Vecchiarilli A (2002).
Novel synthesis and antimicrobial activity of bis-oxazine derivatives. Bioorg. Med. Chem. 10, 1681.

Centre for Info Bio Technology (CIBTech)


http://www.cibtech.org/jcs.htm
https://www.sciencedirect.com/science/article/pii/S0031942299004987
https://www.sciencedirect.com/science/article/pii/S0031942299004987
https://www.researchgate.net/profile/Pravina-Piste/publication/274709072_Synthesis_and_antimicrobial_activity_of_thiazine_derivatives/links/5526a8150cf229e6d635935e/Synthesis-and-antimicrobial-activity-of-thiazine-derivatives.pdf

International Journal of Basic and Applied Chemical Sciences ISSN: 2277-2073
Online, Open Access International Journal, Available at http://www.cibtech.org/jcs.htm
2021, Vol.11, pp.15-21/Malik et al.

Research Article (Open Access)

Hou YP, Sun J, Pang ZH, Lv PC, Li DD, Yan L, Zhang HJ, Zheng EX, Zhao J and Zhu HL (2011).
Synthesis and antitumor activity of 1,2,4-triazoles having 1,4-benzodioxan fragment as a novel class of
potent methionine aminopeptidase type Il inhibitors. Bioorg. & Med. Chem. 19, 5948.

Hsieh Halina T, Frank E, Blaney JL Peter, Giancarlo GM, Claire MS, Paul WS, Kathryn RS and
Jeannette MW (2008). Formulation of 2-methyl-3,1-(4H)-benzoxazin-4-one and evaluation its antifungal
activity against some pathogenic fungi. Bioorg. Med. Chem. Lett. 18, 5581.

Hu W, Huang J, Zhang X, Zhao S, Pei L, Li H, Liu Y and Wang Z (2020). A mechanically robust
and reversibly wettable benzoxazine/epoxy/mesoporous TiO, coating for oil/water separation. Prog. Org.
Coat., 147, 105771, doi: 10.1016/j.porgcoat.2020.105771.

Ishida H and Froimowicz P (2017). A Smart Latent Catalyst Containing o-Trifluoroacetamide
Functional Benzoxazine: Precursor for Low Temperature Formation of Very High Performance
Polybenzoxazole with Low Dielectric Constant and High Thermal Stability. Advanced and Emerging
Polybenzoxazine Science and Technology; Elsevier: Amsterdam,The Netherlands.

Kiskan B (2018). Adapting benzoxazine chemistry for unconventional applications. React. Funct. Polym.
129, 76-88, 2018.

Moradi LG, Sari MG and Ramezanzadeh B (2020). Polyester-amide hyperbranched polymer as an
interfacial modifier for graphene oxide nanosheets: Mechanistic approach in an epoxy nanocomposite
coating. Prog. Org. Coat., 142, 105573, doi: 10.1016/j.porgcoat.2020.105573.

Polucci P, Magnaghi P, Angiolini M, Asa D, Avanzi N, Badari A, Bertrand J, Casale E,
Cauteruccio S, Cirla Cozzi A, Galvani LA, Jackson PK, Liu Y, Magnuson S, Malgesini B, Nuvoloni
S, Orrenius C, F. Sirtori FR, Riceputi L, Rizzi S, Trucchi B, O’Brien T, Isacchi A, Donati D and
D’Alessio (2014). Discovery of 2-(Cyclohexylmethylamino)pyrimidines as a New Class of Reversible
Valosine Containing Protein Inhibitors. R. J. Med. Chem. 56, 437.

Pritchard KM, Rawi JA and Bradley C (2007). Synthesis of New Oxazin Compounds Derived from
Furfural, Chalcons and Schiff Bases. Eur. J. Med. Chem. 42, 1200.

Rimdusit S, Jubsilp C and Tiptipakorn S (2013). Alloys and Composites of Polybenzoxazines;
Springer: Berlin/Heidelberg,Germany.

Shiradkar M, Thomas J, Kanase V and Dighe R (2011). Studying synergism of methyl linked
cyclohexyl thiophenes with triazole: Synthesis and their cdk5/p25 inhibition activity. Euro. J. Med.
Chem. 46, 2066,.

Siddiquia N, Alia R and Alama MS (2010). Triazole: A Potential Anticancer Agent. Ahsan, W. Journal
of Chemistry and Pharma Research, 2(4), 309.

Varley RJ and Tian W (2004). Influence of substituents on the kinetics of epoxy/aromatic diamine resin
systems. Polym. Int., 53, 69-77, doi: 10.1002/pi.1324.

Wang Y, Niu H, Lu Q, Zhang W, Qiao X, Niu H, Zhang Y and Wang W (2020). Multifunctional
poly(benzoxazine)s based on different triarylamines for electrochromic, explosive detection and
resistance memory devices. Spectrochim. Acta A, 225, 117524, doi: 10.1016/j.saa.2019.117524.

Wang Z, Li L, Fu Y, Miao Y and Gu Y (2016). Reaction-induced phase
separation in benzoxazine/bismaleimide/imidazole blend: Effects of different chemical structures on
phase morphology. Mater. Design, 107, 230-237, doi: 10.1016/j.matdes.2016.06.046.

Yang C, Shi W, Chen X, Zhang K, Zhou X, Sun X, Ding S, Liu S and Xie Z (2020). Novel
triphenylamine-based polyamides: Efficient preparation via benzoxazine-isocyanide-chemistry at room
temperature and electrochromic properties investigation. Dyes Pigments, 176, 108206, doi:
10.1016/j.dyepig.2020.108206.

Zhang J, Mi X, Chen S, Xu Z and Zhang D (2019). Toughening benzoxazine/epoxy thermosets through
control of interfacial interactions and morphologies by hyperbranched polymeric ionic liquids. J. Mol.
Lig., 291, 111251, doi: 10.1016/j.molliq.2019.111251.

Centre for Info Bio Technology (CIBTech)


http://www.cibtech.org/jcs.htm
https://www.sciencedirect.com/science/article/pii/S0300944019310343
https://www.sciencedirect.com/science/article/pii/S0300944019310343
https://www.sciencedirect.com/science/article/pii/S0300944019310343
https://www.researchgate.net/profile/Mohammad-Al-Ajely/publication/334458930_Synthesis_of_New_Oxazin_Compounds_Derived_from_Furfural_Chalcons_and_Schiff_Bases/links/5d2c3ff9458515c11c31647e/Synthesis-of-New-Oxazin-Compounds-Derived-from-Furfural-Chalcons-and-Schiff-Bases.pdf
https://www.researchgate.net/profile/Mohammad-Al-Ajely/publication/334458930_Synthesis_of_New_Oxazin_Compounds_Derived_from_Furfural_Chalcons_and_Schiff_Bases/links/5d2c3ff9458515c11c31647e/Synthesis-of-New-Oxazin-Compounds-Derived-from-Furfural-Chalcons-and-Schiff-Bases.pdf
https://www.sciencedirect.com/science/article/pii/S0223523411001875
https://www.sciencedirect.com/science/article/pii/S0223523411001875
https://www.academia.edu/download/46306720/2.pdf
https://www.sciencedirect.com/science/article/pii/S0264127516307985
https://www.sciencedirect.com/science/article/pii/S0264127516307985
https://www.sciencedirect.com/science/article/pii/S0264127516307985

International Journal of Basic and Applied Chemical Sciences ISSN: 2277-2073
Online, Open Access International Journal, Available at http://www.cibtech.org/jcs.htm
2021, Vol.11, pp.15-21/Malik et al.

Research Article (Open Access)

Zhao Y, Xu Y, Xu Q, Fu F, Zhang Y, Endo T and Liu X (2018). Significant Improvement on
Polybenzoxazine Toughness Achieved by Amine/Benzoxazine Copolymerization-Induced Phase
Separation. Macromol. Chem. Phys., 219, 1700517, doi: 10.1002/macp.201700517.

Zhu H, Hu W, Zhao S, Zhang X, Pei L, Zhao G and Wang Z (2019). Robust superhydrophobic
surface with excellent adhesive properties based on benzoxazine/epoxy/mesoporous SiO,. J. Mater. Sci.,
55, 2215-2225, doi: 10.1007/s10853-019-04050-1.

Centre for Info Bio Technology (CIBTech)


http://www.cibtech.org/jcs.htm
https://www.sciencedirect.com/science/article/pii/S0169433219307342
https://www.sciencedirect.com/science/article/pii/S0169433219307342

