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The microwave-assisted 1,3-dipolar cycloaddition of furanyl and benzyl oximes and several methyl acrylates effectively provided several isoxazoline when mediated by diacetoxyiodobenzene. The selected isoxazoline, methyl-5-(3-methoxy-3-oxopropyl)-3-phenyl-4,5-dihydro isoxazole-5-carboxylate, was rapidly transformed to the γ-lactone carboxylic acid, 2-(2-amino-2-phenylethyl)-5-oxotetrahydrofuran-2-carboxylic acid, in reasonable yield. The biological activity of this γ-lactone carboxylic acid increased the growth of E. coli organisms by about 44% and has a potential significance in stem cell research.

        

      


        
[bookmark: N1171F]
Key words

        microwave-assisted 1,3-dipolar cycloaddition reaction - 
        isoxazoline - 
        5-oxo-tetrahydrofuran-2-carboxylic acid derivatives - 
        diacetoxyiodobenzene - 
        DAG-lactone derivatives - 
        γ-lactone carboxylic acid
      



      
[bookmark: N11C6D]
Supporting Information

      

Supporting information for this article is available online at https://doi.org/10.1055/a-1560-1767.	
Supporting Information



    








[bookmark: info]
Publication History

Received: 13 April 2021


Accepted after revision: 27 July 2021


Accepted Manuscript online:
27 July 2021


Article published online:
18 August 2021



© 2021. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 

[bookmark: ]

[bookmark: N11C84]
	
References and Notes



[bookmark: RL000-1]
	
[bookmark: JR000-1001]1a 
            
              Gedye R, 
            
            
              Smith F, 
            
            
              Westaway K, 
            
            
              Ali H, 
            
            
              Baldisera L, 
            
            
              Laberge L, 
            
            
              Rousell J. 
            
          Tetrahedron Lett. 1986; 27: 279 





Crossref





	
[bookmark: JR000-1002]1b 
            
              Maiuolo L, 
            
            
              Nino AD, 
            
            
              Algieri V, 
            
            
              Nardi M. 
            
          Mini-Rev. Org. Chem. 2017; 14: 136 





Crossref







      
	
[bookmark: JR000-2]2 
          
            Tong M, 
          
          
            Zhang Y, 
          
          
            Qin C, 
          
          
            Cong F, 
          
          
            Yiwei L, 
          
          
            Yonghai L, 
          
          
            Hao WW. 
          
        Org. Chem. Front. 2018; 5: 2945 





Crossref






[bookmark: RL000-3]
	
[bookmark: JR000-3001]3a 
            
              Chakraborty B, 
            
            
              Chettri MS, 
            
            
              Luitel GP. 
            
          J. Heterocycl. Chem. 2017; 54: 1611 





Crossref





	
[bookmark: JR000-3002]3b 
            
              Al-Bogami AS, 
            
            
              Alkhathlan HZ, 
            
            
              Saleh TS. 
            
          Asian J. Chem. 2013; 25: 6427 





CrossrefPubMed







      
[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a 
            
              Sharma BK, 
            
            
              Ameta SC, 
            
            
              Dwivedi VK. 
            
          Int. J. Chem. Sci. 2014; 12: 1121 





Crossref





	
[bookmark: JR000-4002]4b 
            
              Tiwari U, 
            
            
              Sharma M. 
            
          Eur. Chem. Bull. 2013; 2: 242 





Crossref







      
	
[bookmark: JR000-5]5 
          
            Chakraborty B, 
          
          
            Sharma PK, 
          
          
            Samanta A. 
          
        Indian J. Chem, Sect. B: Org. Chem. Incl. Med. Chem. 2012; 51: 1180 





CrossrefPubMed






[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a 
            
              Kumar P, 
            
            
              Kumar A. 
            
          Chin. Chem. Lett. 2010; 21: 1287 





CrossrefPubMed





	
[bookmark: JR000-6002]6b 
            
              Minakata S, 
            
            
              Okumura S, 
            
            
              Nagamachi T, 
            
            
              Takeda Y. 
            
          Org. Lett. 2011; 13: 2966 





CrossrefPubMed





	
[bookmark: JR000-6003]6c 
            
              Han L, 
            
            
              Zhang B, 
            
            
              Zhu M, 
            
            
              Yan J. 
            
          Tetrahedron Lett. 2014; 55: 2308 





CrossrefPubMed





	
[bookmark: JR000-6004]6d 
            
              Xiang C, 
            
            
              Li T, 
            
            
              Yan J. 
            
          Synth. Commun. 2014; 44: 682 





CrossrefPubMed





	
[bookmark: JR000-6005]6e 
            
              Svejstrup TD, 
            
            
              Zawodny W, 
            
            
              Douglas JJ, 
            
            
              Bidgelli D, 
            
            
              Sheikh NS, 
            
            
              Leonori D. 
            
          Chem. Commun. 2016; 52: 12302 





CrossrefPubMed





	
[bookmark: JR000-6006]6f 
            
              Touaux B, 
            
            
              Texier-Boullet F, 
            
            
              Hamelin J. 
            
          Heteroat. Chem. 1998; 9: 351 





Crossref







      
[bookmark: RL000-7]
	
[bookmark: JR000-7001]7a 
            
              Mabrouk M, 
            
            
              Bougrin K, 
            
            
              Benhida R, 
            
            
              Loupy A, 
            
            
              Soufiaoui M. 
            
          Tetrahedron Lett. 2007; 48: 443 





Crossref





	
[bookmark: JR000-7002]7b 
            
              Safaei-Ghomi J, 
            
            
              Masoomi R. 
            
          RSC Adv. 2014; 4: 2954 





Crossref







      
	
[bookmark: BR000-8]8 Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry Toward Heterocycles and Natural Products, Vol. 59. 
            
              Padwa A, 
            
            
              Pearson WH. 
            
          John Wiley & Sons; New York: 2002: 441 





CrossrefGoogle Scholar





	
[bookmark: JR000-9]9 
          
            Holzapfel CW, 
          
          
            Bischofberger K, 
          
          
            Olivier JA. 
          
        Synth. Commun. 1994; 24: 3197 





CrossrefPubMed





	
[bookmark: JR000-10]10 
          
            Prasad SS, 
          
          
            Baskaran S. 
          
        J. Org. Chem. 2018; 83: 1558 





CrossrefPubMed






[bookmark: RL000-11]
	
[bookmark: JR000-11001]11a 
            
              Tamura O, 
            
            
              Shiro T, 
            
            
              Ogasawara M, 
            
            
              Toyao A, 
            
            
              Ishibashi H. 
            
          J. Org. Chem. 2005; 70: 4569 





CrossrefPubMed





	
[bookmark: JR000-11002]11b 
            
              Morokuma K, 
            
            
              Irie R, 
            
            
              Oikawa M. 
            
          Tetrahedron Lett. 2019; 60: 2067 





Crossref





	
[bookmark: JR000-11003]11c 
            
              Kortet S, 
            
            
              Claraz A, 
            
            
              Pihko PM. 
            
          Org. Lett. 2020; 22: 3010 





CrossrefPubMed







      
[bookmark: RL000-12]
	
[bookmark: JR000-12001]12a 
            
              Nozaki Y, 
            
            
              Katayama N, 
            
            
              Harada S, 
            
            
              Ono H, 
            
            
              Okazaki H. 
            
          J. Antibiot. 1989; 42: 84 









	
[bookmark: JR000-12002]12b 
            
              Harada S, 
            
            
              Tsubotani S, 
            
            
              Hida T, 
            
            
              Ono H, 
            
            
              Okazaki H. 
            
          Tetrahedron Lett. 1986; 27: 6229 





Crossref





	
[bookmark: BR000-12003]12c Comprehensive Medicinal Chemistry III. 
              
                Chackalamannil S, 
              
              
                Rotella D, 
              
              
                Ward SE. 
              
            Elsevier; Amsterdam: 2017: 682 





CrossrefGoogle Scholar







      
	
[bookmark: JR000-13]13 
          
            Ayed TB, 
          
          
            El Gaied MM, 
          
          
            Amri H. 
          
        Synth. Commun. 1995; 25: 2981 





CrossrefPubMed





	
[bookmark: JR000-14]14 
          
            Singhai A, 
          
          
            Parumala SK. R, 
          
          
            Sharma A, 
          
          
            Peddinti RK. 
          
        Tetrahedron Lett. 2016; 57: 719 





Crossref





	
[bookmark: JR000-15]15 
          
            Kumar R, 
          
          
            Kumar M, 
          
          
            Prakash O. 
          
        Heteroat. Chem. 2016; 27: 228 





Crossref





	
[bookmark: JR000-16]16 
          
            Fraǵuas RM, 
          
          
            Costa VA, 
          
          
            Terra WC, 
          
          
            Aguiar AP, 
          
          
            Martins SJ, 
          
          
            Campos VP, 
          
          
            Oliveira DF. 
          
        J. Agric. Food Chem. 2020; 68: 523 





CrossrefPubMed






[bookmark: RL000-17]
	
[bookmark: JR000-17001]17a 
            
              Chalyk BA, 
            
            
              Kandaurova IY, 
            
            
              Hrebeniuk KV, 
            
            
              Manoilenko OV, 
            
            
              Kulik IB, 
            
            
              Iminov RT, 
            
            
              Kubyshkin V, 
            
            
              Tverdoknlebov AV, 
            
            
              Ablialimov OK, 
            
            
              Mykhailiuk PK. 
            
          RSC Adv. 2016; 6: 25713 





Crossref





	
[bookmark: JR000-17002]17b 
            
              Meijer FA, 
            
            
              Saris AO. W. M, 
            
            
              Doveston RG, 
            
            
              Oerlemans GJ. M, 
            
            
              de Vries RM. J. M, 
            
            
              Somsen BA, 
            
            
              Unger A, 
            
            
              Klebl B, 
            
            
              Ottman C, 
            
            
              Cossar PJ, 
            
            
              Brunsveld L. 
            
          J. Med. Chem. 2021; 64: 9238 





CrossrefPubMed





	
[bookmark: JR000-17003]17c 
            
              Debleds O, 
            
            
              Gayon E, 
            
            
              Ostaszuk E, 
            
            
              Vrancken E, 
            
            
              Campagne J. 
            
          Chem. Eur. J. 2010; 16: 12207 





CrossrefPubMed







      
	
[bookmark: JR000-18]18 
          
            Chavez ML, 
          
          
            DeKorte C. 
          
        J. Clin. Ther. 2003; 25: 817 





Crossref





	
[bookmark: JR000-19]19 
          
            Mao J, 
          
          
            Yuan H, 
          
          
            Wang Y, 
          
          
            Wan B, 
          
          
            Pieroni M, 
          
          
            Huang Q, 
          
          
            van Breemen RB, 
          
          
            Kozikowski AP, 
          
          
            Franzblau SG. 
          
        J. Med. Chem. 2009; 52: 6966 





CrossrefPubMed





	
[bookmark: JR000-20]20 
          
            Potter A, 
          
          
            Corwin J, 
          
          
            Lang J, 
          
          
            Piasecki M, 
          
          
            Newhouse PA. 
          
        Psychopharmacology 1999;  142: 334 





CrossrefPubMed





	
[bookmark: JR000-21]21 
          
            Nonn M, 
          
          
            Kiss L, 
          
          
            Sillanpää R, 
          
          
            Fülöp F. 
          
        Beilstein J. Org. Chem. 2012; 8: 100 





CrossrefPubMed





	
[bookmark: JR000-22]22 
          
            Paju A, 
          
          
            Laos M, 
          
          
            Jõgi A, 
          
          
            Päri M, 
          
          
            Jäälaid R, 
          
          
            Pehk T, 
          
          
            Kanger T, 
          
          
            Lopp M. 
          
        Tetrahedron Lett. 2006; 47: 4491 





Crossref





	
[bookmark: JR000-23]23 
          
            Chakraborti AK, 
          
          
            Ghatak UR. 
          
        J. Chem. Soc., Perkin Trans. 1 1985; 260 









	
[bookmark: JR000-24]24 
          
            Denton RW, 
          
          
            Kempf A, 
          
          
            Singh J, 
          
          
            Merrer DC. 
          
        Heterocycles 2020; 100: 241 





Crossref





	
[bookmark: JR000-25]25 
          
            Garcia-Bermejo ML, 
          
          
            Leskow FC, 
          
          
            Fujii T, 
          
          
            Wang Q, 
          
          
            Blumberg PM, 
          
          
            Ohba M, 
          
          
            Kuroki T, 
          
          
            Han K, 
          
          
            Lee J, 
          
          
            Marquez VE, 
          
          
            Kazanietz MG. 
          
        J. Biol. Chem. 2002; 277: 645 





CrossrefPubMed





	
[bookmark: JR000-26]26 
          
            Devi TJ, 
          
          
            Saikia B, 
          
          
            Barua NC. 
          
        Tetrahedron 2013; 69: 3817 





Crossref





	
[bookmark: JR000-27]27 
          
            Balouiri M, 
          
          
            Sadiki M, 
          
          
            Ibnsouda SK. 
          
        J. Pharm. Anal. 2016; 6: 71 





CrossrefPubMed






[bookmark: RL000-28]
	
[bookmark: JR000-28001]28a 
            
              Lajtha LG. 
            
          Differentiation 1979; 14: 23 





CrossrefPubMed





	
[bookmark: JR000-28002]28b 
            
              Lotfipanah M, 
            
            
              Azadeh F, 
            
            
              Totonchi M, 
            
            
              Omani-Samani R. 
            
          Cell J. 2018; 20: 443 





PubMed







      
	
[bookmark: OR000-29]29 
          General Synthesis of Oximes 5a and 5b
A mixture of aldehyde (52.0 mmol), hydroxylamine chloride (78.1 mmol), and a solution of 1:1 ethanol/water (30 mL) were stirred for 10 min at r.t. The resulting solution was slowly added to 2 M KOH (aq, 32 mL, 62.5 mmol). The mixture was stirred for an additional 3 h, this led to the formation of a white suspension. At this point, 1 M HCl (aq, 10.0 mL) was added to the reaction mixture, and the mixture was extracted with CH2Cl2 (2 × 20 mL). The organic layer was then dried with anhydrous Na2SO4 and evaporated to give the crude oxime product. Flash column chromatography of the crude product with 20% EtOAc/cyclohexane eluent gave the desired oximes.
Benzaldehyde Oxime (5a)
Yield 97%, clear oil. IR (neat): νmax = 3337(O-H), 1693, 1635, 1449, 1302, 1210 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.38–7.40 (m, 3 H), 7.57–7.60 (m, 2 H), 8.17 (s, 1 H), 8.70 (br s, 1 H).
Furfural Oxime (5b)
Isolated as a 1:3 mixture of oximes, 93% yield, beige solid, mp 47.8–76.7 °C. IR (neat): νmax = 3166 (O–H), 3087, 2873, 1647, 1569, 1478, 1233, 971, 821 cm–1. 1H NMR (300 MHz, CDCl3): δ = 6.47 (dd, J = 3.4, 1.8 Hz, 0.25 H), 6.55 (ddd, J = 2.0, 1.7, 0.4 Hz, 0.75 H), 6.65 (d, J = 3.4 Hz, 0.25 H), 7.36 (d, J = 3.4 Hz, 0.25 H), 7.49 (m, 1 H), 7.54 (s, 0.75 H), 8.03 (s, 0.25 H), 9.46 (br s, 0.25 H), 9.97 (br s, 0.75 H). 13C NMR (75 MHz, CDCl3): δ (minor isomer) = 111.8, 113.0, 140.4, 144.5, 147.3; δ (major isomer) = 112.6, 118.5, 137.3, 143.7, 145.3. 
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          Synthesis of Dimethyl-2-methylene Glutarate (6a) 
Methyl acrylate (21.5 g, 250 mmol) was cooled to –10 °C and tributylphosphine (5.1 g, 25 mmol) was added under an N2 atmosphere in a 250 mL round-bottom flask. The reaction was allowed to warm to r.t. with stirring over 1.5 h. The reaction mixture was concentrated by rotary evaporation to give the crude product 6a. Flash column chromatography of the crude product with 10% EtOAc/cyclohexane eluent gave pure 6a (11.8 g, 56%) as an oil. IR (neat): νmax = 2996, 2953, 2846, 1718 (C=O ester), 1631 (C=C), 1437 cm–1. 1H NMR (300 MHz, CDCl3): δ = 6.11 (s, 1 H), 5.53 (s, 1 H), 3.68 (s, 3 H), 3.59 (s, 3 H), 2.56 (t, J = 7.2 Hz, 2 H), 2.45 (t, J = 7.2 Hz, 2 H). 13C NMR (75 MHz, CDCl3): δ = 173.2, 167.2, 138.8, 126.1, 52.0, 51.7, 33.0, 27.4. 
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          General Procedure for the MW-Assisted 1,3-Cycloaddition Reaction
Alkene 6a, 6b, or 6c (1.2 equiv), diacetoxyiodobenzene (1.2 equiv), and oxime 5a or 5b (1.0 equiv) were added to a MW vial (10 mL), then 5 mL of methanol were added, and the vessel was placed in the cavity of the MW reactor. Under the reactor’s monomode setting, the vial was irradiated (200 W, 180 °C) for 5–10 min with 1 min of hold time. The reaction was monitored by TLC until all the oxime was consumed. Solvent was evaporated via vacuum, and the residue was purified by column chromatography: silica gel (120 mesh, column packed in hexane) with 10–30% ethyl acetate/hexane as eluent. Each isoxazoline was afforded as a yellow oil. The reported yields were based on isolated pure product.
Methyl 5-(3-Methoxy-3-oxopropyl)-3-phenyl-4,5-dihydro-isoxazole-5-carboxylate (7a)
Yield from microwave reaction, 70%. IR (neat): νmax = 3002, 2955, 1732, 1601, 1258, 905, 759 cm–1. 1H NMR (300 MHz, CDCl3): δ = 2.23–2.60 (m, 4 H), 3.33 (d, J = 17.3 Hz, 1 H), 3.67 (s, 3 H), 3.81 (s, 3 H), 3.83 (d, J = 17.3 Hz, 1 H), 3.36–7.45 (m, 3 H), 7.62–7.65 (m, 2 H). 13C NMR (75 MHz, CDCl3): δ = 28.8, 32.0, 43.5, 52.0, 53.2, 88.0, 126.9, 128.8, 128.9, 130.6, 156.3, 172.0, 173.0. HRMS (ESI): m/z calcd for C15H17NO5Na [M + Na]+: 314.1004; found: 314.1007.
Methyl 5-(2-Methoxy-2-oxoethyl)-3-phenyl-4,5-di-hydro isoxazole-5-carboxylate (7b) 
Yield 67%. IR (neat): νmax = 2955, 1740, 1640, 1438, 1203, 817, 714 cm–1. 1H NMR (300 MHz, CDCl3): δ = 3.00 (d, J = 16.5 Hz, 1 H), 3.30 (d, J = 16.5 Hz, 1 H), 3.53 (d, J = 17.3 Hz, 1 H), 3.75 (s, 3 H), 3.85 (s, 3 H), 4.05 (d, J = 17.3 Hz, 1 H), 7.43 (m, 3 H), 7.69 (m, 2 H). 13C NMR (75 MHz, CDCl3): δ = 41.0, 43.9, 52.3, 53.5, 85.9, 127.1, 128.8, 129.0, 130.8, 156.8, 170.0, 170.4.
Methyl 3-Phenyl-4,5-dihydroisoxazole-5-carboxylate (7c)
Oil, yield 76%. IR (neat): νmax = 3031 (aromatic C–H), 3004, 1739 (C=O), 1571, 1601 (C=N), 759 cm–1. 1H NMR (300 MHz, CDCl3): δ = 3.65 (d, J = 3.8 Hz, 1 H), 3.68 (app t, J = 0.9 Hz, 1 H), 3.80 (s, 3 H), 5.20 (dd, J = 10.4, 7.8 Hz, 1 H), 7.39–7.49 (m, 3 H), 7.63–7.1 (m, 2 H).
Methyl 3-(Furan-2-yl)-5-(3-methoxy-3-oxopropyl)-4,5-dihydro isoxazole-5-carboxylate (7d)
Yield 35%. IR (neat): νmax = 3002, 1716, 1634, 1441, 1266 cm–1. 1H NMR (300 MHz, CDCl3): δ = 2.48–2.59 (m, 4 H), 3.28 (d, J = 17.2 Hz, 1 H), 3.69 (s, 3 H), 3.81 (s, 3 H), 3.83 (d, J = 17.2 Hz, 1 H), 6.51 (dd, J = 3.5, 1.8 Hz, 1 H), 6.75 (d, J = 3.5 Hz, 1 H), 7.53 (d, J = 1.8 Hz, 1 H). 13C NMR (75 MHz, CDCl3): δ = 28.8, 31.9, 43.4, 52.1, 53.3, 87.9, 112.1, 112.6, 144.2, 144.9, 148.7, 171.9, 173.0. 
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          Synthesis of Dimethyl 2-{2-[(tert-butoxycarbonyl)amino]-2-phenylethyl}-2-hydroxypentanedioate (13)
To a solution of isoxazoline 7a (0.544 g, 1.87 mmol) in 12 mL of EtOH/THF (v/v = 1:3) under N2 atmosphere at r.t. was added di-tert-butyl dicarbonate (0.613 g, 2.81 mmol) and NiCl2 (1.21 g, 9.34 mmol). The mixture was then stoppered and stirred for 10 min. The glass stopper was then removed, and NaBH4 (0.353 g, 9.34 mmol) was added in three portions over 30 min, and the flask was again stoppered. After 2 h, the reaction mixture was filtered through a pad of Celite and the filtrate concentrated on a rotary evaporator. Flash column chromatography of the resulting crude oil using 10–30% ethyl acetate/CH2Cl2 gave the amino alcohol 13, as a white solid, dr = 3:1 (0.26 g, 35%); mp 111.5–113.0 °C. IR (neat): νmax = 3509, 3381, 1725, 1693, 1512, 1368, 758 cm–1. 1H NMR (300 MHz, CDCl3): δ = 1.39 and 1.42 (both s, 9 H), 1.90–2.52 (m, 6 H), 3.56–4.02 (m, 7.5 H), 4.68 (br s, 0.25 H), 5.01 (app t, J = 10.2 Hz, 0.75 H), 5.05 (apparent t, J = 10.7 Hz, 0.25 H), 5.35 (d, J = 6.5 Hz, 0.25 H), 7.22–7.35 (m, 5 H). 13C NMR (75 MHz, CDCl3): δ = 28.4, 28.5, 35.2, 35.5, 45.1, 45.4, 45.8, 50.4, 51.9, 53.0, 53.6, 75.0, 76.0, 79.7, 80.0, 126.3, 126.6, 127.5, 128.7, 128.8, 142.5, 142.8, 155.2, 155.4, 173.6, 175.5, 176.2. HRMS (ESI): m/z calcd for C20H29NO7Na [M + Na]+: 418.1842; found: 418.1839. 
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          Synthesis of 2-(2-Amino-2-phenylethyl)-5-oxotetrahydro-furan-2-carboxylic Acid (14)
A 10 mL MW vial containing amino alcohol 13 (20.0 mg, 0.05 mmol) in 3 mL of 6 M HCl (aq) was stoppered and heated in a microwave reactor at (170 °C, 200 W) for 5 min. The reaction mixture was then transferred to a round-bottom flask and concentrated by rotatory evaporation, then further lyophilized to give 14 as a white solid (14.4 mg, quantitative yield), mp 81.0–86.2 °C. IR (neat): νmax = 3538–2913 (O–H carboxylic acid), 1774, 1715, 1609, 938, 7667 cm–1. 1H NMR (300 MHz, D2O): δ = 2.11–3.05 (m, 6 H), 4.55 (dd, J = 8.4, 4.8 Hz, 0.8 H), 4.99 (dd, J = 7.5, 5.7 Hz, 0.2 H), 7.33–7.44 (m, 5 H). 13C NMR (75 MHz, D2O): δ = 27.3, 31.8, 39. 8, 52.3, 85.5, 85.9, 125.6, 127.4, 127.7, 129.0, 129.6, 135.4, 174.5, 179.6. HRMS (ESI): m/z calcd for C13H14NO4 [M – H]–: 248.0923; found: 248.0927. 
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          Biological Activity of Compounds 13 and 14 against E. coli
          
Compounds 13 and 14 were each dissolved in dimethyl sulfoxide (DMSO) to prepare stock solutions with a concentration of 1 mg/mL. These compounds were tested against E. coli by adding the DMSO solutions of each of 13 and 14 to a culture tube containing phosphate saline buffer (PBS) to a total volume of 2 mL. Each tube contained microbial inoculum (20 μL of cells), and the suspension was adjusted to 0.5 McFarland scale. The absorbance of these tubes’ content was adjusted to 0.064 at 625 nm using a Varian Cary 50 Scan UV Visible spectrophotometer. The solution of E. coli, culture medium, and 13 or 14 (100 μg/mL solution) were incubated at 37 °C for 24 h. The absorbance of each compound and the control were measured at 625 nm. The average absorbance from two reading was then determined: control (0.5195), compound 13 (0.6244), and compound 14 (0.7475). 
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