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Abstract

A simple procedure for the use of triisopropylphosphite in the Ramirez olefination is described. This reagent is equally or more reactive than PPh3 toward aldehydes and ketones in the gem-dibromoolefination of aldehydes and ketones. Under the reaction conditions, an α-bromoketone gave a novel tribromomethyl-substituted oxirane product in good yield. The substrate-dependent nature of this reaction suggests that this Horner-Wadsworth-Emmons equivalent of the Ramirez gem-dibromoolefination reaction proceeds through an ionic mechanism.


Key words

olefination - phosphite - Horner-Wadsworth-Emmons reaction - aldehydes - ketones







References and Notes

	[bookmark: RS07607ST-1]1 
             Corey EJ. 
             Fuchs PL. 
            Tetrahedron Lett. 
            1972, 
            36: 
            3769 
          






Google Scholar





	
[bookmark: RS07607ST-2]Kumada and Negishi coupling:

	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2A]2a 
             Minato A. 
             Suzuki K. 
             Tamao K. 
            J. Am. Chem. Soc. 
            1987, 
            109: 
            1257 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2B]2b 
             Minato A. 
            J. Org. Chem. 
            1991, 
            56: 
            4052 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2C]2c 
             Zeng X. 
             Qian M. 
             Hu Q. 
             Negishi E. 
            Angew. Chem. Int. Ed. 
            2004, 
            43: 
            2259 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2]Suzuki coupling:

	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2D]2d 
             Roush WR. 
             Moriarty KJ. 
             Brown BB. 
            Tetrahedron Lett. 
            1990, 
            31: 
            6509 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2E]2e 
             Evans DA. 
             Starr JT. 
            J. Am. Chem. Soc. 
            2003, 
            125: 
            13531 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2F]2f 
             Molander GA. 
             Yokoyama Y. 
            J. Org. Chem. 
            2006, 
            71: 
            2493 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2G]2g 
             Reed MA. 
             Chang MT. 
             Snieckus V. 
            Org. Lett. 
            2004, 
            6: 
            2297 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-2]Hydride reduction:

	
[bookmark: RS07607ST-2][bookmark: RS07607ST-2H]2h 
             Uenishi J. 
             Kawahama R. 
             Yonemitsu O. 
             Tsuji J. 
            J. Org. Chem. 
            1998, 
            63: 
            8965 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-3][bookmark: RS07607ST-3A]3a 
             Soderquist JA. 
             Leon G. 
             Colberg JC. 
             Martinez I. 
            Tetrahedron Lett. 
            1995, 
            36: 
            3119 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-3][bookmark: RS07607ST-3B]3b 
             Shen W. 
             Wang L. 
            J. Org. Chem. 
            1999, 
            64: 
            8873 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-3][bookmark: RS07607ST-3C]3c 
             Wang L. 
             Shen W. 
            Tetrahedron Lett. 
            1998, 
            39: 
            7625 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-3][bookmark: RS07607ST-3D]3d 
             Thielges S. 
             Meddah E. 
             Bisseret P. 
             Eustache J. 
            Tetrahedron Lett. 
            2004, 
            45: 
            907 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-4][bookmark: RS07607ST-4A]4a 
             Elliot M. 
             Farnham AW. 
             Janes NF. 
             Needham PH. 
             Pulman DA. 
            Nature (London) 
            1974, 
            248: 
            710 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-4][bookmark: RS07607ST-4B]4b 
             Elliot M. 
             Janes NF. 
            Chem. Soc. Rev. 
            1978, 
            7: 
            473 
          






CrossrefGoogle Scholar





	[bookmark: RS07607ST-5]5 
             Ramirez F. 
             Desal NB. 
             McKelvie N. 
            J. Am. Chem. Soc. 
            1962, 
            84: 
            1745 
          






CrossrefGoogle Scholar





	[bookmark: RS07607ST-6]6 
             Grandjean D. 
             Pale P. 
             Chuche J. 
            Tetrahedron Lett. 
            1994, 
            35: 
            3529 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-7][bookmark: RS07607ST-7A]7a 
             Korotchenko VN. 
             Shastin AV. 
             Nenajdenko VG. 
             Balenkova ES. 
            J. Chem. Soc., Perkin Trans. 1 
            2002, 
            883 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS07607ST-7][bookmark: RS07607ST-7B]7b 
             Rezaei H. 
             Normant JF. 
            Synthesis 
            2000, 
            1: 
            109 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8A]8a 
             Fang Y.-Q. 
             Lautens M. 
            Org. Lett. 
            2005, 
            7: 
            3549 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8B]8b  Lautens M, and Fang Y.  inventors; WO  06047888. 
            
            
            
            
            ; Chem. Abstr. 2006, 144, 468020






Crossref





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8C]8c 
             Fayol A. 
             Fang Y.-Q. 
             Lautens M. 
            Org. Lett. 
            2006, 
            8: 
            4203 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8D]8d 
             Nagamochi M. 
             Fang Y.-Q. 
             Lautens M. 
            Org. Lett. 
            2007, 
            9: 
            2955 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8E]8e 
             Yuen J. 
             Fang Y.-Q. 
             Lautens M. 
            Org. Lett. 
            2006, 
            8: 
            653 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8F]8f 
             Fang Y.-Q. 
             Yuen J. 
             Lautens M. 
            J. Org. Chem. 
            2007, 
            72: 
            5152 
          






CrossrefGoogle Scholar





	
[bookmark: RS07607ST-8][bookmark: RS07607ST-8G]8g 
             Fang Y.-Q. 
             Karisch R. 
             Lautens M. 
            J. Org. Chem. 
            2007, 
            72: 
            1341 
          






CrossrefGoogle Scholar





	[bookmark: RS07607ST-12]12  Sledzinski B, Kroczynski J, Zwierzak A, Cieslak L, and Majda A.  inventors; DE  2338847. 
            
            
            
            
            
            
            
            ; Chem. Abstr. 1974, 83, 54610









[bookmark: RS07607ST-9]9  
            
General Procedure for Ramirez OlefinationTo a solution of 1a (0.151 g, 1 mmol) and CBr4 (0.49 g, 1.5 mmol) in CH2Cl2 (4 mL) was added dropwise a solution of the corresponding phosphine or phosphite (3.0 mmol) in CH2Cl2 (1 mL) at 0 °C. After 30 min, the reaction was warmed to r.t., quenched with NaHCO3, extracted with Et2O, and dried over MgSO4. The product was isolated using column chromatography, and yields are shown in Table 
   [2]
 .Preparation of 2a Using CBr
            
              4
            
            /P(O
            i
            -Pr)
            
              3
            
             without Chromatographic PurificationTo a solution of 1a (2.0 g, 13.2 mmol) and CBr4 (6.6 g, 19.9 mmol) in CH2Cl2 (50 mL) was added dropwise a solution of P(Oi-Pr)3 (7.2 mL, 29 mmol) in CH2Cl2 (10 mL) at 0 °C. After 30 min, the reaction was warmed to r.t., quenched with NaHCO3, and extracted with Et2O. After removal of solvent, the mixture was taken into concd HCl (12 M, 15 mL) and AcOH (15 mL) and heated to reflux overnight. The mixture was cooled to r.t., diluted with H2O (50 mL), neutralized with Na2CO3, and extracted with Et2O. After drying over MgSO4, solvent was removed under vacuum to give an off-white solid (3.51 g, 87%). The 1H NMR spectrum of the product was identical to the authentic sample.Compound 2f: The general procedure was followed using 1f (0.135 g, 0.5 mmol), CBr4 (0.250 g, 0.75 mmol), and P(Oi-Pr)3 (0.37 mL, 1.5 mol). The product was obtained as a slightly yellow solid (0.207 g, 98%). R
            
              f
             = 0.41 (10% EtOAc in hexane); mp 63-65 °C. IR (neat): 3079, 2921, 1624, 1528, 1347, 1254, 1099 cm-1. 1H NMR (400 MHz, CDCl3): δ = 8.28-8.36 (2 H, m), 7.47-7.49 (2 H, m), 7.28-7.38 (4 H, m). 13C NMR (100 MHz, CDCl3): δ = 162.4 (J
            C-F = 262 Hz), 144.4, 131.8, 129.7, 128.7, 126.8 (J
            C-F = 4.6 Hz), 126.3 (J
            C-F = 10.7 Hz), 123.5, 122.1, 117.6 (J
            C-F = 24.5 Hz), 104.1, 98.9, 87.2. HRMS (EI): m/z calcd for C16H8Br2FNO2 [M]+: 422.8906; found: 422.8907.
[bookmark: RS07607ST-10]10  Product 4: The general procedure for Ramirez olefination was followed using α-bromoacetophenone (1.08 g, 5.4 mmol), CBr4 (3.54 g, 10.8 mmol), and P(Oi-Pr)3 (5.3 mL, 21.6 mol). The product was obtained as a white crystalline solid (1.5 g, 80%). The single crystal suitable for X-ray determination was obtained by slow diffusion of hexanes in a solution of 4 in CH2Cl2. R
            
              f
             = 0.70 (10% EtOAc in hexane); mp 98-100 °C. IR (neat): 3017, 1582, 1447 cm-1. 1H NMR (400 MHz, CDCl3): δ = 7.80-7.82 (2 H, m), 7.36-7.42 (3 H, m), 3.84 (1 H, d, J = 5.0 Hz), 3.12 (1 H, d, J = 5.0 Hz). 13C NMR (100 MHz, CDCl3): δ = 133.3, 131.2, 129.4, 127.7, 67.8, 55.4, 45.8. HRMS (EI): m/z calcd for C9H7Br3O [M]+: 367.8047; found: 367.8041.
[bookmark: RS07607ST-11]11  The general procedure for Ramirez olefination was followed using phenylpropynal (0.130 g, 1 mmol), CBr4 (0.498 g, 1.5 mmol), and P(Oi-Pr)3 (0.74 mL, 3 mol) in CH2Cl2 at -20 °C. The crude material was separated by chromatography to give 6 (0.136 g, 47%) and 7 (0.232 g, 50%).Compound 6: 1H NMR (400 MHz, CDCl3): δ = 7.33-7.52 (5 H, m), 6.77 (1 H, s).Compound 7: R
            
              f
             = 0.22 (25% EtOAc in hexane). IR (neat): 2980, 2934, 2211, 1572, 1488, 1375, 1280, 1158 cm-1. 1H NMR (400 MHz, CDCl3): δ = 7.50-7.57 (2 H, m), 7.33-7.42 (3 H, m), 4.84 (2 H, septet, J = 6.2 Hz), 1.39 (12 H, t, J = 6.0 Hz). 13C NMR (100 MHz, CDCl3): δ = 131.8, 129.8, 128.6, 121.4, 99.7, 91.4 (d, J
            C-P = 11.8 Hz), 81.3 (d, J
            C-P = 2.4 Hz), 79.1 (d, J
            C-P = 4.3 Hz), 74.2 (d, J
            C-P = 6.3 Hz), 23.8 (d, J
            C-P = 4.6 Hz), 23.7 (d, J
            C-P = 5.4 Hz). 31P NMR (300 MHz, CDCl3): δ = -9.44. ESI-HRMS: m/z calcd for C16H20O4PBr2 [M + H]+: 464.9460; found: 464.9458.
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