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Abstract


Facile fluorination of imidazole derivatives at the 4- or 5-position has been achieved successfully by Selectfluor. This is the first report of a technique for preparing fluoroimidazoles in one step.

        

      


        
[bookmark: N116AD]
Key words

Selectfluor - 
        fluorination - 
        imidazole - 
        regioselectivity - 
        heterocycles
      



      
[bookmark: N11A9E]
Supporting Information



for this article is available online at http://www.thieme-connect.com/ejournals/toc/synlett.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N11AB5]
	
References and Notes


	
[bookmark: OR000-1]1 These authors contributed equally to the manuscript. 










[bookmark: RL000-2]
	
[bookmark: JR000-2001]2a Fattorusso E, Taglialatela-Scafati O. Tetrahedron Lett. 2000; 41: 9917 





Crossref





	
[bookmark: JR000-2002]2b Forte B, Malgesini B, Piutti C, Quartieri F, Scolaro A, Papeo G. Mar. Drugs 2009; 7: 705 





Crossref





	
[bookmark: JR000-2003]2c Wang J, Zhan Y, Jiang B. Prog. Chem. [in Chinese] 2011; 23: 2065 









	
[bookmark: JR000-2004]2d Kock M, Schmidt G, Seiple IB, Baran PS. J. Nat. Prod. 2012; 75: 127 





Crossref





	
[bookmark: JR000-2005]2e Al Mourabit A, Potier P. Eur. J. Org. Chem. 2001; 237 












	
[bookmark: JR000-3]3 Kirk KL, Cohen LA. J. Am. Chem. Soc. 1971; 93: 3060 





Crossref






[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a Banks RE, Mohialdinkhaffaf SN, Lal GS, Sharif I, Syvret RG. J. Chem. Soc., Chem. Commun. 1992; 595 









	
[bookmark: JR000-4002]4b Banks RE, Besheesh MK, Mohialdinkhaffaf SN, Sharif I. J. Chem. Soc., Perkin Trans. 1 1996; 2069 












[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a Troegel B, Lindel T. Org. Lett. 2012; 14: 468 





Crossref





	
[bookmark: JR000-5002]5b Surmont R, Verniest G, Colpaert F, Macdonald G, Thuring JW, Deroose F, De Kimpe N. J. Org. Chem. 2009; 74: 1377 





CrossrefPubMed





	
[bookmark: BR000-5003]5c Kirk KL. Fluorinated Five-Membered Nitrogen Containing Heterocycles. In Fluorinated Heterocyclic Compounds: Synthesis, Chemistry and Applications. Petrov VA. John Wiley and Sons; Hoboken: 2009: 91-157 





CrossrefGoogle Scholar





	
[bookmark: JR000-5004]5d Wang J, Scott AI. J. Chem. Soc., Chem. Commun. 1995; 2399 












[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a Badland M, Compere D, Courte K, Dublanchet AC, Blais S, Manage A, Peron G, Wrigglesworth R. Bioorg. Med. Chem. Lett. 2011; 21: 528 





Crossref





	
[bookmark: JR000-6002]6b Kobarfard F, Kauffman JM, Boyko WJ. J. Heterocycl. Chem. 1999; 36: 1247 





Crossref








[bookmark: RL000-7]
	
[bookmark: JR000-7001]7a Lin RY, Ding ST, Shi ZZ, Jiao N. Org. Lett. 2011; 13: 4498 





Crossref





	
[bookmark: JR000-7002]7b Seki T, Fujiwara T, Takeuchi Y. J. Fluorine Chem. 2011; 132: 181 





Crossref





	
[bookmark: JR000-7003]7c Fujiwara T, Yin B, Jin MX, Kirk KL, Takeuchi Y. J. Fluorine Chem. 2008; 129: 829 





Crossref





	
[bookmark: JR000-7004]7d Takeuchi Y, Tarui T, Shibata N. Org. Lett. 2000; 2: 639 





Crossref





	
[bookmark: JR000-7005]7e Shibata N, Ishimaru T, Suzuki E, Kirk KL. J. Org. Chem. 2003; 68: 2494 





CrossrefPubMed








[bookmark: RL000-8]
	
[bookmark: JR000-8001]8a Surmont R, Verniest G, De Schrijver M, Thuring JW, ten HolteP, Deroose F, De Kimpe N. J. Org. Chem. 2011; 76: 4105 





CrossrefPubMed





	
[bookmark: JR000-8002]8b Teegarden BR, Li HM, Jayakumar H, Strah-Pleynet S, Dosa PI, Selaya SD, Kato N, Elwell KH, Davidson J, Cheng KR, Saldana H, Frazer JM, Whelan K, Foster J, Espitia S, Webb RR, Beeley NR. A, Thomsen W, Morairty SR, Kilduff TS, Al-Shamma HA. J. Med. Chem. 2010; 53: 1923 





Crossref





	
[bookmark: JR000-8003]8c Sloop JC, Jackson JL, Schmidt RD. Heteroat. Chem. 2009; 20: 341 





Crossref





	
[bookmark: JR000-8004]8d Skinner PJ, Cherrier MC, Webb PJ, Shin YJ, Gharbaoui T, Lindstrom A, Hong V, Tamura SY, Dang HT, Pride CC, Chen R, Richman JG, Connolly DT, Semple G. Bioorg. Med. Chem. Lett. 2007; 17: 5620 





Crossref








[bookmark: RL000-9]
	
[bookmark: JR000-9001]9a Antipas AS, Blumberg LC, Brissette WH, Brown MF, Casavant JM, Doty JL, Driscoll J, Harris TM, Jones CS, McCurdy SP, McElroy E, Mitton-Fry M, Munchhof MJ, Reim DA, Reiter LA, Ripp SL, Shavnya A, Smeets MI, Trevena KA. Bioorg. Med. Chem. Lett. 2010; 20: 4069 





Crossref





	
[bookmark: JR000-9002]9b Briner PH, Fyfe MC. T, Martin P, Murray PJ, Naud F, Procter MJ. Org. Process Res. Dev. 2006; 10: 346 





Crossref





	
[bookmark: JR000-9003]9c Campbell TF, Stephens CE. J. Fluorine Chem. 2006; 127: 1591 





Crossref








[bookmark: RL000-10]
	
[bookmark: JR000-10001]10a Kirk KL, Cohen LA. J. Am. Chem. Soc. 1973; 95: 4619 





Crossref





	
[bookmark: JR000-10002]10b Kirk KL, Cohen LA. J. Org. Chem. 1973; 38: 3647 





Crossref








	
[bookmark: JR000-11]11 Baird EE, Dervan PB. J. Am. Chem. Soc. 1996; 118: 6141 





Crossref





	
[bookmark: JR000-12]12 Nyffeler PT, Duron SG, Burkart MD, Vincent SP, Wong CH. Angew. Chem. Int. Ed. 2005; 44: 192 





Crossref





	
[bookmark: OR000-13]13 
          General Procedure for the Fluorination at the 4- or 5-Position of Imidazole DerivativesTo a stirred solution of imidazole derivative (0.5 mmol) in anhyd MeCN (5 mL) was added Selectfluor (1.5 equiv, 0.75 mmol). After complete conversion of the starting material monitored by TLC, H2O (15 mL) was added, and then, the mixture was extracted using CH2Cl2 (10 mL). The organic phase was dried over Na2SO4. After the solvent was removed in vacuo, the crude product was purified by flash chromatography (10% of EtOAc in hexanes) to yield the fluoroimidazoles.Compound 2aWhite solid. 1H NMR (300 MHz, CDCl3): δ = 9.91 (s, 1 H), 4.37 (q, 2 H, J
          1 = 7.2 Hz), 3.93 (d, 3 H, J = 0.9 Hz), 1.36 (t, 3 H, J = 7.2 Hz). 13C NMR (75 MHz, CDCl3): δ = 159.8 (s), 157.1 (q, J = 38.1 Hz), 142.48 (d, J = 279.5 Hz), 127.5 (d, J = 13.0 Hz), 117.5 (q, J = 286.5 Hz), 114.6 (d, J = 6.75 Hz), 63.7 (s), 33.6 (s), 15.9 (s). 19F NMR (282 MHz, CDCl3): δ = –75.3 (s, 3 F), –137.5 (s, 1 F). ESI-MS: m/z calcd for C9H9F4N3O3: 283.06; found: 284.27 [M + 1].Compound 2bWhite solid. 1H NMR (300 MHz, CDCl3): δ = 8.57 (br, 1 H), 4.36 (q, 2 H, J
          1 = 6.9 Hz), 3.97 (s, 3 H), 2.14 (s, 3 H) 1.37 (t, 3 H, J = 7.2 Hz). 13C NMR (75 MHz, CDCl3): δ = 170.6 (s), 160.0 (s), 142.6 (d, J = 278.3 Hz), 126.6 (d, J = 5.9 Hz), 117.3 (d, J = 6.1 Hz), 63.4 (s), 33.5 (s), 24.7 (s), 16.0 (s). 19F NMR (282 MHz, CDCl3): δ = –139.2 (s, 1 F). ESI-MS: m/z calcd for C9H12FN3O3: 229.09; found: 230.14 [M + 1].Compound 2cWhite solid. 1H NMR (300 MHz, CDCl3): δ = 7.97–7.78 (m, 4 H), 4.31 (q, 2 H, J = 7.2Hz), 3.84 (d, 3 H, J
          1 = 0.9 Hz), 1.21 (t, 3 H, J = 7.5 Hz). 13C NMR (75 MHz, CDCl3): δ = 168.3 (s), 160.2 (s), 146.4 (d, J = 280.3 Hz), 136.5 (s), 133.6 (s), 125.9 (s), 101.8 (s), 63.7 (s), 33.8 (s), 16.1 (s). 19F NMR (282 MHz, CDCl3): δ = –141.4 (s, 1 F). ESI-MS: m/z calcd for C15H12FN3O4: 317.08; found: 318.26 [M + 1].Compound 2dWhite solid. 1H NMR (300 MHz, CDCl3): δ = 6.74 (d, 1 H, J = 7.5 Hz), 4.40 (q, 2 H, J
          1 = 6.9 Hz), 3.87 (d, 3 H, J = 0.9 Hz), 1.41 (t, 3 H, J = 6.9 Hz). 13C NMR (75 MHz, CDCl3): δ = 158.3 (s), 149.4 (d, J = 276.5 Hz), 126.6 (d, J = 7.7 Hz), 117.6 (d, J = 8.8 Hz), 61.1 (s), 30.7 (s), 13.8 (s). 19F NMR (282 MHz, CDCl3): δ = –144.9 (s, 1 F). ESI-MS: m/z calcd for C7H9FN2O2: 172.06; found: 172.94 [M + 1].Compound 4aWhite solid. 1H NMR (300 MHz, CDCl3): δ = 9.06 (s, 1 H), 4.40 (q, 2 H, J
          1 = 6.9 Hz), 3.82 (s, 3 H), 1.39 (t, 3 H, J = 6.9 Hz). 13C NMR (75 MHz, CDCl3): δ = 159.9 (s), 159.2 (q, J = 37.8 Hz), 150.7 (d, J = 239.9 Hz), 129.5 (d, J = 13.8 Hz), 117.2 (q, J = 285.8 Hz), 109.0 (d, J = 33.8 Hz), 64.0 (s), 34.5 (s), 15.9 (s). 19F NMR (282 MHz, CDCl3): δ = –75.0 (s, 3 F), –132.2 (s, 1 F). ESI-MS: m/z calcd for C9H9F4N3O3: 283.06; found: 284.21 [M + 1].Compound 4bWhite solid. 1H NMR (300 MHz, CDCl3): δ = 8.32 (s, 1 H), 4.09 (q, 2 H, J
          1 = 6.9 Hz), 3.60 (s, 3 H), 1.87 (s, 3 H) 1.10 (t, 3 H, J = 7.2 Hz). 13C NMR (75 MHz, CDCl3): δ = 168.8 (s), 158.2 (s), 140.8 (d, J = 276.5 Hz), 124.7 (d, J = 5.9 Hz), 115.4 (d, J = 5.9 Hz), 61.5 (s), 31.7 (s), 22.8 (s), 14.2 (s). 19F NMR (282 MHz, CDCl3): δ = –131.2 (s, 1 F). ESI-MS: m/z calcd for C9H12FN3O3: 229.09; found: 229.95 [M + 1].Compound 4cWhite solid. 1H NMR (300 MHz, CDCl3): δ = 8.02–7.86 (m, 4 H), 4.43 (q, 2 H, J = 7.2 Hz), 3.83 (s, 3 H), 1.43 (t, 3 H, J = 6.9 Hz). 13C NMR (75 MHz, CDCl3): δ = 167.6 (s), 167.2 (s), 160.2 (s), 152.4 (d, J = 243.8 Hz), 137.1 (s), 133.3 (s), 126.4 (s), 101.8 (s), 63.8 (s), 34.7 (s), 16.0 (s). 19F NMR (282 MHz, CDCl3): δ = –129.5 (s, 1 F). ESI-MS: m/z calcd for C15H12FN3O4: 317.08; found: 318.11 [M + 1].Compound 5aWhite solid. 1H NMR (300 MHz, DMSO-d
          6): δ = 10.65 (s, 1 H), 8.65 (s, 1 H), 4.30 (q, 2 H, J = 6.9 Hz), 4.01 (s, 3 H), 3.84 (s, 3 H), 1.30 (t, 3 H, J = 6.9 Hz). 13C NMR (75 MHz, DMSO): δ = 160.3 (s), 159.4 (s), 146.8 (s), 143.8 (d, J = 276.8 Hz), 139.0 (s), 129.2 (s), 127.3 (s), 115.9 (d, J = 6.0 Hz), 63.2 (s), 38.8 (s), 34.0 (s), 16.3 (s). 19F NMR (282 MHz, DMSO): δ = –141.6 (s, 1 F). ESI-MS: m/z calcd for C12H13FN6O5: 340.09; found: 341.15 [M + 1].Compound 6aWhite solid. 1H NMR (300 MHz, DMSO-d
          6): δ = 10.60 (s, 1 H), 10.20 (s, 1 H), 8.66 (s, 1 H), 4.29 (q, 2 H, J = 7.2 Hz), 4.02 (s, 3 H), 3.88 (s, 3 H), 3.83 (s, 3 H), 1.29 (t, 3 H, J = 6.9 Hz). 13C NMR (75 MHz, DMSO): δ = 160.3 (s), 159.7 (s), 159.6 (s), 146.8 (s), 144.4 (d, J = 274.5 Hz), 144.0 (d, J = 275.3 Hz), 139.0 (s), 129.3 (s), 127.1 (d, J = 7.6 Hz), 116.2 (d, J = 6.0 Hz), 114.6 (d, J = 6.0 Hz), 101.8 (s), 63.1 (s), 38.8 (s), 33.9 (s), 33.7 (s), 16.3 (s). 19F NMR (282 MHz, DMSO): δ = –137.1 (s, 1 F), –139.0 (s, 1 F). ESI-MS: m/z calcd for C17H17F2N9O6: 481.13; found: 482.27 [M + 1]. 
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