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ABSTRACT

We intended to quantify the antibacterial and antifungal activity results of 4,5-dihydroisoxazole dimethanol
compound (1a) against several bacteria and fungi and also calculate some structural parameters (theoretical
descriptors) of compound (1a) with this work. Microdilution broth procedures were studied using microdilution
wells for the minimal inhibitory concentrations (MICs) test. Compound (1a) exhibited fair activities against all the
bacteria and fungi. Compound (1a) has been a good result (MIC = 50 pg/ml) against particularly P. aeruginosa.
The structure of compound (1a) was drawn, and geometrical optimization was done using the Ab initio (RHF/3-
21G) level.
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(3-(4-klorofenil)-4,5-dihidroizoksazol-4,5-diil)dimetanol Bilesigi:
Antibakteriyel Aktivite, Antifungal Aktivite ve Hesaplanmig Yapisal
Parametreler

Oz

Bu calisma ile, 4,5-dihidroizoksazol dimetanol bilesiginin (1a) ¢esitli bakteri ve mantara karsi antibakteriyel ve
antifungal aktivite sonuglarini Olgmeyi ve ayrica (la) bilesiginin bazi yapisal parametrelerini (teorik
tanimlayicilart) hesaplamayr amacgladik. Mikrodiliisyon kuyucuklari kullanilarak  minimal inhibisyon
konsantrasyonlar: (MIiK) testi i¢in mikrodiliisyon broth prosediirleri ¢alisilmustir. Bilesik (1a), tiim bakteri ve
mantara kars: etkili aktiviteler sergilemistir. Bilesik (1a), dzellikle P. aeruginosa'ya karsi iyi bir sonug (MIiK = 50
pg/ml) vermistir. Bilesik (1a) 'nin yapisi ¢izilmistir ve geometrik optimizasyonu Ab initio (RHF/3-21G) seviyesi
kullanilarak yapilmustir.
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. INTRODUCTION

Infections caused by pathogenic microorganisms pose a concern in many areas. Compared to other
causes, infectious diseases cause the death of many people worldwide in human history. In recent years,
scientific research has focused on exploring new antibacterial, antifungal, and antiviral
(pharmacological active) agents. Antibiotics, due to the drug resistance to microbes resulting from
inappropriate, unnecessary, and unconscious use of them, have lost their effects at present [1-6].

Highly resistant bacteria (methicillin and vancomycin-resistant S. aureus (MRSA/VRSA) and
vancomycin-resistant E. faecalis (VRE)) in intensive care units increase medical costs and risking the
patient's life, leading to various complications from 1988 to the present [7-10]. Nowadays, the difficulty
is encountered in treating multidrug-resistant P. aeruginosa infections produced in patients hospitalized
in intensive care for a long time. So that, P. aeruginosa bacteria show the strongest resistance problems
associated with nosocomial infections and multi-resistant strains [11,12]. S. mutans bacteria, which
causes dental caries, periodontal diseases, and periapical diseases in people who do not do well with
oral care, also contribute to mixed infections when the clinical dimension progresses, and we may have
difficulties in treatment [13].

Hence, new drugs and particularly new drug classes are needed to struggle with this clinical resistance
combined with new approaches and chemicals [14]. Therefore, as a result of multidisciplinary studies
with chemistry trying to overcome resistances.

The synthesis and antimicrobial activity results of some 4,5-dihydroisoxazole derivatives have been
reported in the literature [15-17]. There is not any report about discussing 4,5-dihydroisoxazole-4,5-
diyldimethanol compounds antimicrobial activity backward. Therefore, compound (1a) is an essential
new molecule because of contains two —OH bonds bound in a close position of a heterocyclic system
containing C=N, N-O bonds. We reacted with 4,5-dihydroisoxazole-4,5-diyldimethanol compound and
substituted phenylboronic acid to synthesize important antimicrobial substituted dioxaborepino
compounds (MIC = 25-100 pg/ml) in our previous study [18]. Developing remarkable boron agents
shows different modes of activity against various biological goals [19-27]. These biological targets
include significant effects such as dermatologic anti-inflammatory application, antimalarial agents,
potential inhibitors of SARS-CoV-2 main protease, antifungal activity, antimicrobial activity,
anticancer, antibacterial, antiviral and antiparasitic activities. So that, compound (1a) is a new drug agent
active substance that can be used as an intermediate form for new biologically active molecule synthesis.

In that research, we intended to identify in vitro antibacterial and antifungal activity of compound (1a)
and calculate the important physicochemical parameters by theoretical calculations.

[l. MATERIALS AND METHODS

A. EXPERIMENTAL

The synthesis, spectroscopic and analytical data of 4,5-dihydroisoxazole dimethanol compound (1a)
(Figure 1) is in the literature [18], [28].
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Figure 1. Structure of compound (1a)

B. ANTIMICROBIAL ACTIVITY

The antimicrobial activity of the compound (1a) has been evaluated against three Gram-positive bacteria
(Staphylococcus aureus (ATCC 25983), Enterococcus faecalis (ATCC 29212) and Streptococcus
mutans (ATCC 25175)), two Gram-negative bacteria (Pseudomonas aeruginosa (ATCC 27853) and
Escherichia coli (ATCC 25922)) and one fungi (Candida albicans (ATCC 90028)) by their minimal
inhibitory concentration (MIC) (Table 1) via broth microdilution susceptibility tests [18], [29-31].
Microdilution broth procedures were studied using multiwell microdilution plates (sterile, disposable 96
U-shaped wells). The compound (1a) was weighed and dissolved in sterile (pure) ethanol (Sigma) to
prepare a stock solution (2000 ug/ml). In the studied concentrations, ethanol did not effect the
microorganisms.

For the antibacterial activity studies (S. aureus, E. faecalis, P. aeruginosa, E. coli, and S. mutans), the
dilution of compound (1a) solution was done in the wells of microdilution plates by Mueller-Hinton
Broth (Oxoid) [29]. All the inoculated plates were incubated at 35 °C for 1620 h. For the antibacterial
activity study of S. mutans, Mueller-Hinton Broth (Oxoid) with 2-5% lyophilized horse blood was used
(Figure 2) [30]. All the inoculated plates were incubated at 35 °C for 36—48 h with 5-10 % CO>. The
concentration range was 1600-0.04 pg/ml. For the antifungal activity studies (C. albicans), the dilution
of compound (1a) solution was done in the wells of microdilution plates with RPMI medium with L-
glutamine buffered, pH = 7, with MOPS (Sigma) [31]. The MIC plates were incubated at 37 °C for 48
h. The concentration range was the same as above (1600-0.04 pg/ml). Reference compounds were
obtained from the manufacturers for the tests.

Figure 2. Horse blood in baloonjoje for the antibacterial activity study of S. mutans (left); microdilution plates
for S. mutans (right)

C. STRUCTURAL AND THEORETICAL PARAMETERS
We also have studied structural descriptors against antibacterial and antifungal activities of compound

(1a). The geometrical optimization of compound (1a) has been carried out by Ab initio (RHF/3-21G)
817



parameterization in the Hyperchem package (Figure 3) for calculations [32]. Some structural parameters
(Van der Waals Surface Area-Approx (SAA), Van der Waals Molecular Volume (MV), Molar
Refractivity (MR), Polarizability (polar), Magnitude of Dipolar Moment (p), Axes of Dipolar Moments
(1, Dx, Dy, Dz), the Calculated log of Octanol-Water Partition Coefficient (clogP), RMS Gradient,
Hydration Energy (HE), Energy of Binding (Es), Electronic Energy (EE), Nuclear Energy (NE) and
Mass) of the optimized compound (1a) were calculated by (RHF/3-21G) level (Table 2).

Figure 3. Minimum energy conformation of compound (1a) (RHF/3-21G level)
Computer aid is supported to discipline the experimental notice. Drug discovery studies are driven by

innovation and knowledge, employing a combination of experimental and computational methods in
these days [33].

I11. RESULTS AND DISCUSSION

The conclusions of biological activities are given in Table 1 and shown graphically in Figure 4.
Compound (1a) showed activity against all Gram-negative bacteria, Gram-positive bacteria, and fungi.
Compound (1a) displayed antimicrobial activity with MIC = 50-200 pg/ml against S. aureus, E. faecalis,
P. aeruginosa, E. coli, S. mutans and C. albicans.

Table 1. Antimicrobial activity results (MIC) of compound (1a)

MIC in pg/ml (pMIC)

Compound 2 Sy 23 N 2,8
and w® 25 £ER B e 53
References 25 89 89 S8y 29
9 &8 E3 38 28 58
SE S E M ©E £ © =
w < w <€ a < w <€ w < O <
1a 100 100 50 100 100 200
(0.383) (0.383) (0.684) (0.383) (0.383) (0.082)
Ampicillin 0.78 0.78 - 6.25 <025 -
Ciprofloxacin 0.25 0.25 0.25 0.04 - -
Fluconazole - - - - - 0.25
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Compound (1a) has been found to be the most active against bacteria at MIC values of 50-100 pg/ml
among the tested microorganisms. (1a) exhibited antifungal activity with MIC value 200 ug/ml against
C. albicans.

The results showed that (1a) had been good activity (MIC = 50 ng/ml) against P. aeruginosa, which is
causing a nosocomial infection and often resistant to antibiotic therapy among the tested
microorganisms. This situation gives us hope for future treatment options.
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Figure 4. Graphical representation of MIC (ug/ml) values of (1a) and references (Ampicillin, Ciprofloxacin,
Fluconazole) (1 = Staphylococcus aureus, 2 = Enterococcus faecalis, 3 = Pseudomonas aeruginosa, 4 =
Escherichia coli, 5 = Streptococcus mutans, 6 = Candida albicans)

The antimicrobial activities, presented as MIC (Table 1), were transformed to pMIC (umol/ml). The
obtained MIC values (Table 1) and calculated various theoretical descriptors (Table 2) showed the
relationship between the structure and the activity.

Table 2. Calculated structural parameters of compound (1a)

SAA (A?) 229.32
MV (A3) 200.95
MR (A%) 63.98
Polar (A%) 23.61
p (D) 5.217
p (Dy) -3.268
n (Dy) 3.432
clogP 1.07
HE (kcal/mol) -10.91
Ep (kcal/mol) -725328.3
EE (kcal/mol) -1478293.5
NE (kcal/mol) 752965.1
RMS 0.0907
Mass (amu) 241.67
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In addition to computational results, future QSAR studies with substituted forms of compound (1a) will
also give us important info concerning the organic-structural typicals of the dihydroisoxazole
dimethanol compounds. QSAR has confidence in the fundamental hypothesis that compounds with close
featured physicochemical properties or structures will have match activities [34]. The relationship
between the molecular structure of the compounds and their biological activity is analyzed quantitatively
with mathematical methods and calculated physicochemical parameters [35].

V. CONCLUSION

Here, we report the antimicrobial activity tests of compound (1a). In the literature, there has not been
evaluated the antimicrobial activity and structural studies of this compound. So, those results are very
important for new studies. It is necessary to find new pharmacologically active compounds to control
microbial pathogens that have become resistant to antibiotics. In this study, the sensitivities of new
alternative chemical that fight pathogenic microorganisms has been investigated.

In recent years, the synthesis of new chemical compounds and their biological activity tests have a
significance. Dihydroisoxazole dimethanol compound is a new type of molecule for antimicrobial agent
design. Moreover, compound (1a) has -OH groups which are essential for polymerization reactions.
Therefore, such dihydroisoxazole dimethanol derivatives as antimicrobial agents can be evolved and
utilized to propose more potential newer substituents and therapeutics in the future.

ACKNOWLEDGMENTS: The authors declare that there is no conflict of interest. This study is based
on the Project N0:2019/009HD supported by Kocaeli University, BAP.

V. REFERENCES

[1] M. Serpi, Z. Ozdemir, Y. Salman, “Investigation of the antibacterial effects of some plant
extracts on Propionibacterium acnes,” KSU Journal of Agriculture and Nature, vol. 15, no. 1, pp. 7-12,
2012.

[2] E. S. Bireller, A. B. Ding, E. Sahin, A. Ergen, B. Cakmakoglu, “Inverstigation of rational use of
antibiotics on parents,” Experimed, vol. 6, no. 12, pp. 33-44, 2016.

[3] D. L. Kiska, P. H. Gilligan, Pseudomonas. Manual of Clinical Microbiology, 7th ed.,
Washington, DC, USA: ASM Press., 1999, pp. 517-525.

[4] A. U. Akbal, A. Y. Coban, B. Durupinar, “New antibacterials,” Tzrk Mikrobiyoloji Cemiyeti
Dergisi, vol. 48, no. 2, pp. 87-99, 2018.

[5] K. Lewis, “New approaches to antimicrobial discovery,” Biochemical Pharmacology, vol. 134,
pp. 87-98, 2017.

[6] H. Krauss, A. Weber, M. Appel, Zoonoses. Infectious Diseases Transmissible from Animals to
Humans, 3rd ed., vol. 194, Washington DC, USA: ASM Press, 2003, p. 456.

[7] A. Waness, “Revisiting methicillin-resistant Staphylococcus aureus infections,” Journal of
Global Infectious Diseases, vol. 2, no. 1, pp. 49-56, 2010.

[8] A. E. Villaruz, J. B. Wardenburg, B. A. Khan, A. R. Whitney, D. E. Sturdevant, D. J. Gardner,
F. R. DeLeo, M. Otto, “A point mutation in the agr locus rather than expression of the panton-valentine
Leukocidin caused previously reported phenotypes in Staphylococcus aureus pneumonia and gene
regulation,” The Journal of Infectious Diseases, vol. 200, no. 5, pp. 724-734, 2009.

820



[9] M. C. Enright, D. A. Robinson, G. Randle, E. J. Feil, H. Grundmann, B. G. Spratt, “The
evolutionary history of methicillin-resistant Staphylococcus aureus (MRSA),” Proceedings of the
National Academy of Sciences, vol. 99, no. 11, pp. 7687-7692, 2002.

[10] G. Cornaglia, G. M. Rossolini, “Forthcoming therapeutic perspectives for infections due to
multidrug-resistant Gram-positive pathogens,” Clinical Microbiology and Infection, vol. 15, pp. 218-
223, 20009.

[11]  U. Kayis, “Antimicrobial Resistance Mechanisms,” ASD., vol. 5, no. 1, pp. 1-12, 20109.

[12] A. Martinez, S. J. Kolvek, C. L. T. Yip, J. Hopke, K. A. Brown, I. A. Macneil, M. S. Osburne,
“Genetically modified bacterial strains and novel bacterial artificial chromosome shuttle vectors for
constructing environmental libraries and detecting heterologous natural products in multiple expression
hosts,” Applied and Environmental Microbiology, vol. 70, no. 4, pp. 2452-2463, 2004.

[13]  A.Jabbour, M. Srebnik, B. Zaks, V. Dembitsky, D. Steinberg, “Evaluation of oxazaborolidine
activity on Streptococcus mutans biofilm formation,” International Journal of Antimicrobial Agents,
vol. 26, pp. 491-496, 2005.

[14] E.J.C. Goldstein, D. M. Citron, K. L. Tyrrell, C. V. Merriam, “Comparative In Vitro Activities
of GSK2251052, a Novel Boron-Containing Leucyl-tRNA Synthetase Inhibitor, against 916 Anaerobic
Organisms,” Antimicrobial Agents and Chemotherapy, vol. 57, no. 5, pp. 2401-2404, 2013.

[15] D. Song, F. Bi, N. Zhang, Y. Qin, X. Liu, Y. Teng, S. Ma, “Design, synthesis of novel 4,5-
dihydroisoxazole-containing benzamide derivatives as highly potent FtsZ inhibitors capable of killing a
variety of MDR Staphylococcus aureus,” Bioorganic & Medicinal Chemistry, vol. 28, no. 115729, pp.
1-16, 2020.

[16] A. D. B. Gabriela, A. P. Aguiar, C. E. Martins, R. N. J. Maria, “Synthesis of 3-furanyl-4,5-
dihydroisoxazole derivatives via cycloaddition and their antibacterial evaluation,” Letters in Drug
Design Discovery, vol. 16, no. 3, pp. 364-369, 20109.

[17] J. Sowdari, S. Thata, Y. Gudi, P. Venkatapuram, P. Adiviredd, “Synthesis of amide-linked
benzazolyl isoxazoles adoptinggreen methods and evaluation as antimicrobials,” Journal of
Heterocyclic Chemistry, vol. 57, pp. 1882-1892, 2020.

[18] M. Pir, H. Agirbas, F. Budak, O. Sahin, “Synthesis, characterization, antimicrobial activity and
QSAR studies of some new 6-substituted phenyl 3-(4-chlorophenyl)-3a,4,8,8a-tetrahydro-
[1,3,2]dioxaborepino[5,6-d]isoxazoles,” Heteroatom Chemistry, vol. 28, no. 2, e21363, 2017.

[19] N. S. Hosmane, Boron science. New technologies and applications, 1st ed., US: CRC Press,
2012, pp. 45-50.

[20] B. T. Cho, “Recent advances in the synthetic applications of the oxazaborolidine-mediated
asymmetric reduction,” Tetrahedron, vol. 62, no. 33, pp. 7621-7643, 2006.

[21] Y.K. Zhang, J.J. Plattner, T. Akama, S. J. Baker, V. S. Hernandez, V. Sanders, Y. Freund, R.
Kimura, W. Bu, K. M. Hold, X. S. Lu, “Design and synthesis of boron-containing PDE4 inhibitors using
soft-drug strategy for potential dermatologic anti-inflammatory application,” Bioorganic & Medicinal
Chemistry Letters, vol. 20, no. 7, pp. 2270-2274, 2010.

[22] R.L.Papke, G. Zheng, N. A. Horenstein, L. P. Dwoskin, P. A. Crooks, “The characterization
of a novel rigid nicotine analog with a7-selective NAChR agonist activity and modulation of agonist

821



properties by boron inclusion,” Bioorganic & Medicinal Chemistry Letters, vol. 15, no. 17, pp. 3874-
3880, 2005.

[23] K. Barral, S. Priet, C. D. Michelis, J. Sire, J. Neyts, J. Balzarini, B. Canard, K. Alvarez,
“Synthesis and antiviral activity of boranophosphonate isosteres of AZT and d4T monophosphates,”
Europen Journal of Medicinal Chemistry, vol. 45, no. 2, pp. 849-856, 2010.

[24] R. Trivedi, E. R. Reddy, C. K. Kumar, B. Sridhar, K. P. Kumar, M S. Rao, “Efficient synthesis,
structural characterization and antimicrobial activity of chiral aryl boronate esters of 1,2-0-
isopropylidene-a-D-xylofuranose,” Bioorganic & Medicinal Chemistry Letters, vol. 21, pp. 3890-3893,
2011.

[25] Y. K. Zhang, J. J. Plattner, Y. R. Freund, E. E. Easom, Y. Zhou, J. Gut, P. J. Rosenthal, D.
Waterson, F. J. Gamo, I. A. Barturen, M. Ge, Z. Li, L. Li, Y. Jian, H. Cui, H. Wang, J. Yang, “Synthesis
and structure-activity relationships of novel benzoxaboroles as a new class of antimalarial agents,”
Bioorganic & Medicinal Chemistry Letters, vol. 21, pp. 644-651, 2011.

[26] S. Song, P. Gaoa, L. Sun, D. Kang, J. Kongsted, V. Poongavanam, P. Zhan, X. Liu, “Recent
developments in the medicinal chemistry of single boron atom-containing compounds,” Acta
Pharmaceutica Sinica B, 2021;10.1016/j.apsb.2021.01.010.

[27] I.R.V.Valdez, M. N. Rosalez, J. M. Q. Santiago, D. F. G. Eunice, A. S. U. Marvin, “Docking
simulations exhibit Bortezomib and other boron-containing peptidomimetics as potential inhibitors of
SARS-CoV-2 Main Protease,” Current Chemical Biology, vol. 14, pp. 279-288, 2020.

[28] Y. S. Kara, “Nitril oksit ve amidoksim kullanilarak yeni hetero halkali bilesiklerin sentezi,”
Doktora tezi, Kimya Boliimii, Kocaeli Universitesi, Kocaeli, Tiirkiye, 2009.

[29] CLSI. Methods for diluation antimicrobial susceptibility tests for bacteria that grow aerobically:
Approved Standard, M-7, A-7, Wayne: PA, USA, Clinical Laboratory Standards Institute, 2006.

[30] CLSI. Performance standards for antimicrobial susceptibility testing. Fifteenth Informational
Supplement, CLSI-M110-S15, CLSI, Wayne: PA, USA, Clinical Laboratory Standards Institute, 2005.

[31] CLSI. Reference method for broth dilution antifungal susceptibility testing of yeast: Approved
Standard, M27 A2, 2nd ed. CLSI, Wayne: PA, USA, Clinical Laboratory Standards Institute, 2002.

[32] HyperChem for Windows, Computer Program, 7.2 version, Georgia, (USA): Hypercube, Inc.,
Gainesville, FL, 2002.

[33] H. M. Patel, M. N. Noolvi, P. Sharma, V. Jaiswal, S. Bansal, S. Lohan, S. S. Kumar, V. Abbot,
S. Dhiman, V. Bhardwaj, “Quantitative structure-activity relationship (QSAR) studies as strategic
approach in drug discovery,” Medicinal Chemistry Research, vol. 23, pp. 4991-5007, 2014.

[34] C. Huang, M. J. Embrechts, N. Sukumar, C. M. Breneman, “Data fusion and auto-fusion for
guantitative structure-activity relationship (QSAR). Artificial neural networks-ICANN,” 17th
International Conference, 2007, pp. 9-13.

[35] S.Ozden, R. Ertan, E. Aki-Sener, 1. Yal¢in, D. Nebioglu, E. Biiyiikbingdl, H. Goker, 1. Yildiz,
T. G. Altuntas-Dinleng, M. Tungbilek, G. Ayhan-Kilgigil, S. Olgen, S. Siizen, O. Temiz-Arpaci, C. Kus,
O. Bozdag-Diindar, B. Tekiner-Giilbas, Z. Ates-Alagoz, Farmasotik Kimya Pratikleri 1-2, 1. baski,
Ankara, Tiirkiye: Ankara Universitesi Basimevi, 2004, bol. 4, ss. 63-95.

822



