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‘Double Asymmetric Induction’ as a novel tool for high stereocontrol in Baylis-Hillman reaction

Palakodety Radha Krishna*, Rachna Sachwani and V Kannan 

General Methods: Solvents were dried over standard drying agents and freshly distilled prior to use. 1H NMR (200, 300 and 400 MHz) and 13C NMR (50 and 75 MHz) spectra were measured on Varian Gemini FT-200 MHz, Bruker-Avance 300 MHz, Varian Unity 400 MHz spectrometers with tetramethylsilane as internal standard for solutions in deuteriochloroform. J values are given in Hz. Melting points were recorded in Fisher melting point apparatus. IR spectra were recorded on Perkin Elmer IR-683 spectrophotometer with NaCl optics. Mass spectra were recorded on CEC-21-11013 or Finnigan Mat 1210 double focusing mass spectrometers operating at a direct inlet system. Organic solutions were dried over anhydrous Na2SO4 and concentrated below 40°C in vacuo.
General experimental procedure for Baylis-Hillman reaction: To a stirred solution of aldehyde (1 mmol) and chiral acrylate (1, 1.5 mmol) in DMSO (0.5 mL), DABCO (1 mmol) was added and the reaction mixture stirred for 24-36 h at room temperature. After complete consumption of the starting material, the solvent was evaporated to obtain a residue, which was purified by column chromatography (Silica gel 60-120 mesh, EtOAc:hexane, 1.5: 8.5) to afford Baylis-Hillman adducts 2a-9a in  42-84% yields.
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2a: [(]D = -26.3 (c 0.95, CHCl3); IR (CHCl3): 3410, 2988, 1720 cm-1;  1H NMR (300 MHz, CDCl3, TMS): ( 6.33 (s, 1H, olefinic), 6.06 (s, 1H, olefinic), 5.83 (d, 0.95H, J = 3.8 Hz, H-1), 5.78 (d, 0.05H, J = 3.8 Hz, H-1), 5.26 (d, 0.95H, J = 2.3 Hz, H-3), 5.18 (d, 0.05H, J = 2.3 Hz, H-3), 4.54 (d, 1H, J = 4.5 Hz, allylic), 4.48 (d, 1H, J =3.8 Hz, H-2), 4.35-4.29 (m, 1H, OCH), 4.16-3.96 (m, 4H, H-4, H-5, H-6a, H-6b), 3.86 (d, 2H, J = 6.4 Hz, OCH2), 2.74 (br. s, 1H, OH), 1.52 (s, 3H, CH3), 1.43 (s, 3H, CH3), 1.39 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.29 (s, 3H, CH3); 13C NMR (75 MHz, CDCl3, TMS): ( 164.75, 138.81, 127.51, 112.41, 109.74, 109.51, 105.20, 83.50, 80.22, 72.71, 70.97, 67.58, 65.19, 26.76, 26.51, 26.26, 25.21; FABMS: m/z 445 (M+1)+: Anal. calcd. for C21H32O10: C, 56.75; H, 7.26; Found C, 56.59; H, 7.24.
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3a:  [(]D = -36.6 (c 1.4, CHCl3); IR (CHCl3): 3415, 2980, 1725 cm-1; 1H NMR (300 MHz, CDCl3, TMS): ( 6.30 (s, 1H, olefinic), 5.96 (s, 1H, olefinic), 5.84-5.81 (m, 2H, H-1, H-1(), 5.28 (d, 1H, J = 2.3 Hz, H-3), 4.66-4.61 (m, 1H, allylic), 4.52-4.50 (m, 2H, H-2, H-2(), 4.29-3.96 (m, 5H, H-4, H-4(, H-5, H-6a, H-6b), 3.81 (d, 1H, J = 3.4 Hz, H-3(), 3.46 (s, 2.94H, OCH3), 3.44 (s, 0.06H, OCH3), 3.35 (d, 1H, J = 7.9 Hz, OH), 1.52 (s, 3H, CH3), 1.46 (s, 3H, CH3), 1.40 (s, 3H, CH3), 1.38 (s, 3H, CH3), 1.30 (s, 6H, 2 ( CH3); 13C NMR (75 MHz, CDCl3, TMS): ( 165.18, 139.81, 127.22, 112.35, 111.67, 109.39, 104.91, 84.37, 83.09, 81.39, 80.06, 79.94, 77.41,  72.67, 69.09,  67.37, 57.86, 26.82, 26.76, 26.71, 26.30, 26.17,  25.08; FABMS: m/z 515 (M-1)+: Anal. calcd. for C24H36O12: C, 55.81; H, 7.02; Found: C, 55.65; H, 7.00

4a: [(]D = +4.3 (c 1.0, CHCl3); IR (CHCl3): 3420, 2988, 1728 cm-1; 1H NMR (300 MHz, CDCl3, TMS): ( 6.46 (s, 1H, olefinic), 6.13 (s, 1H, olefinic), 5.84 (d, 1H, J = 3.0 Hz, H-1), 5.27 (d, 1H, J = 2.3 Hz, H-3), 4.95 (s, 1H, H-1(), 4.65-4.50 (m, 5H, H-2, H-2(, H-3(, H-4(, allylic), 4.19-4.08 (m, 4H, H-4, H-5, H-6a, H-6b), 3.49 (s, 3H, OCH3), 1.52 (s, 3H, CH3), 1.41 (s, 3H, CH3), 1.39 (s, 3H, CH3), 1.30-1.25 (m, 9H, 3 ( CH3); 13C NMR (75 MHz, CDCl3, TMS): ( 164.44, 137.94, 129.95, 113.37, 111.18, 110.09, 105.56, 89.95, 85.58, 83.37, 80.06, 79.95, 73.31, 71.15, 67.76, 56.64, 27.73, 26.64,  25.56, 24.49; FABMS: m/z 501 (M-15)+: Anal. calcd. for C24H36O12: C, 55.81; H, 7.02; Found: C, 55.67; H, 7.01.
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5a: [(]D = -39.5 (c 1.6, CHCl3); IR (CHCl3): 3444, 2935, 1718 cm-1; 1H NMR (400 MHz, CDCl3, TMS): ( 6.42 (s, 1H, olefinic), 6.12 (s, 1H, olefinic), 5.84 (d, 1H, J = 3.9 Hz, H-1), 5.33 (d, 1H, J = 6.2 Hz, H-3), 4.96 (s, 1H, H-1(), 4.65 (d, 1H, J = 2.3 Hz, H-3), 4.53-4.50 (m, 5H, H-2, H-2(, H-3(, H-4(, allylic), 4.17-4.05 (m, 4H, H-4, H-5, H-6a, H-6b), 3.47 (s, 3H, OCH3), 1.52 (s, 3H, CH3), 1.43 (s, 3H, CH3), 1.40 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.28 (s, 3H, CH3), 1.27 (s, 3H, CH3); 13C NMR (75 MHz, CDCl3, TMS): ( 164.37, 137.83, 128.37, 112.37, 112.20, 110.45, 105.36, 89.54, 85.73, 83.30, 80.14, 79.36, 72.55, 71.12, 67.66, 55.76, 29.67, 26.73, 26.35, 26.20, 25.09, 24.78.
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6a:  [(]D = -17.4 (c 1.0, CHCl3); IR (CHCl3): 3454, 2927, 1689, 1384 cm-1;  1H NMR (400 MHz, CDCl3, TMS): ( 6.08 (s, 1H, olefinic), 5.81 (d, 1H, J = 3.1Hz,  H-1), 5.67 (s, 1H, olefinic), 5.22 (br. s, 2H,  H-3, allylic), 4.90 (br. d, 1H, J = 3.1 Hz,  H-2), 4.24-3.88 (m, 7H, H-4, H-5, H-6a, H-6b, NCH, OCH2), 1.44-1.36 (m, 18H, 6 ( CH3), 1.30 (s, 9H, tBu); 13C NMR (75 MHz, CDCl3, TMS): ( 163.81, 151.20, 136.81, 124.99, 110.09, 107.32, 92.12,  80.63, 78.51, 77.93, 77.85, 77.75,  70.45, 65.37, 61.44, 59.00, 26.40, 26.22, 24.82, 24.60, 24.15,  23.22; FABMS: m/z 544 (M+1)+: Anal. calcd. for C26H41 NO11: C, 57.45; H, 7.60; N, 2.58; Found: C, 57.36; H, 7.61; N, 2.58.

[image: image5.wmf]O

O

O

O

O

O

O

O

H

O

N

B

o

c

1

2

3

4

5

6

a

,

 

6

b


7a: [(]D = -23.9 (c 1.07, CHCl3); IR (CHCl3): 3419, 2931, 1724, 1077 cm-1;  1H NMR (200 MHz, CDCl3, TMS): ( 7.71-7.67 (m, 4H, Ar-H), 7.45-7.32 (m, 6H, Ar-H), 6.22 (s, 1H, olefinic), 5.98 (s, 1H, olefinic), 5.71 (d, 1H, J = 3.8 Hz, H-1), 5.24 (d, 1H, J = 2.3 Hz, H-3), 4.61-4.54 (m, 1H, allylic), 4.39 (d, 1H, J = 3.8 Hz, H-2), 4.19–3.92 (m, 6H, H-4, H-5, H-6a, H-6b, 2 ( OCH), 3.70 (d, 2H, J = 4.5 Hz, OCH2), 3.18 (d, 1H, J = 4.9 Hz, OH), 1.53 (s, 3H, CH3), 1.44-1.32 (m, 9H, 3 ( CH3), 1.27 (s, 6H, 2 ( CH3), 1.07 (s, 9H, tBu); 13C NMR (75 MHz, CDCl3, TMS): ( 164.82, 138.74, 135.63, 132.97, 129.83, 127.75, 112.29, 109.44, 105.07, 83.27, 79.99, 79.53, 79.28, 76.58, 72.52, 67.37, 65.06, 27.09, 27.02, 26.81, 26.22, 25.20, 19.19; FABMS: m/z 697 (M-14)+: Anal. calcd. for C38H52O11Si: C, 64.02; H, 7.35; Found: C, 63.88; H, 7.29.
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8a: [(]D = -18.2 (c 0.93, CHCl3);  1H NMR (400 MHz, CDCl3, TMS): ( 7.70-7.66 (m, 4H, Ar-H), 7.42-7.35 (m, 6H, Ar-H), 6.34 (s, 0.7H, olefinic), 6.28 (s, 0.3H, olefinic), 6.02 (s, 0.7H, olefinic), 5.92 (s, 0.3H, olefinic), 5.81 (d, 0.3H, J = 3.8 Hz, H-1), 5.76 (d, 0.7H, J = 3.8 Hz, H-1), 5.27 (d, 1H, J = 2.2 Hz, H-3), 4.57 (br. s, 1H, allylic), 4.48 (d, 0.3H, J = 3.8 Hz, H-2), 4.41 (d, 0.7H, J = 3.8 Hz, H-2), 4.21-3.95 (m, 6H, H-4, H-5, H-6a, H-6b, 2 ( OCH), 3.81 (d, 0.3H, J = 4.5 Hz, OCH2), 3.78 (d, 0.7H, J = 4.5 Hz, OCH2), 3.74 (d, 0.7H, J = 3.7 Hz, OCH2), 3.71 (d, 0.3H, J = 3.7 Hz,, OCH2), 3.41 (br. s, 1H, OH), 1.51 (s, 3H, CH3), 1.43-1.36 (m, 6H, 2 ( CH3), 1.29-1.24 (m, 9H, 3 ( CH3),  1.05 (s, 9H, tBu); FABMS: m/z 697 (M-14)+: Anal. calcd. for C38H52O11Si: C, 64.02; H, 7.35; Found: C, 64.00; H, 7.28.
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9a: [(]D = -15.7 (c 1.1, CHCl3); IR (CHCl3): 3400, 2968, 1688 cm-1;  1H NMR (200 MHz, CDCl3, TMS): ( 7.33-7.20 (m, 5H, Ar-H), 6.32 (s, 1H, olefinic), 6.04 (s, 1H, olefinic), 5.79 (d, 0.3H, J = 3.7 Hz, H-1), 5.75 (d, 0.7H, J = 3.7 Hz, H-1), 5.27 (br. s, 1H, H-3), 4.67 (br. s, 1H, allylic), 4.59 (s, 2H, benzylic), 4.37 (d, 1H, J = 3.7 Hz, H-2), 4.13-3.79 (m, 5H, H-4, H-5, H-6a, H-6b, OCH), 2.78 (br. s, 1H, OH), 1.52 (s, 3H, CH3), 1.38 (s, 3H, CH3), 1.30-1.25 (m, 6H, 2 ( CH3), 1.05 (d, 3H, J = 6.6 Hz, CH3); 13C NMR (50 MHz, CDCl3, TMS): ( 164.69, 138.79, 128.41, 127.68, 127.56, 127.14, 112.34, 109.41, 105.12, 83.29, 80.13, 79.43, 72.58, 72.08, 71.01, 67.48, 26.76, 26.23, 25.21, 23.88, 13.74; FABMS: m/z 479.6 (M+1)+: Anal. calcd. for C25H34O9: C, 62.75; H, 7.16; Found: C, 62.62; H, 7.14.

10a: [(]D = -19.9 (c 1.0, CHCl3);  IR (CHCl3): 3420, 2935, 1738 cm-1; 1H NMR (300 MHz, CDCl3, TMS): ( 7.70-7.61 (m, 4H, Ar-H), 7.39-7.32 (m, 6H, Ar-H), 6.27 (s, 1H, olefinic), 5.91 (s, 1H, olefinic), 4.55 (br. s, 1H, allylic), 4.26-3.98 (m, 4H, COOCH2, 2 ( OCH), 3.72 (d, 1H, J = 3.7 Hz, OCH2), 3.62 (d, 1H, J = 4.2 Hz, OCH2), 3.10 (d, 1H, J = 4.9 Hz, OH), 1.25 (br. s, 6H, 2 ( CH3), 1.04 (s, 9H, tBu), 0.88 (t, 3H, J = 6.8 Hz, CH3); 13C NMR (75 MHz, CDCl3, TMS): ( 169.30, 135.64, 129.55, 127.88, 127.73, 99.69, 96.32, 78.95, 77.96, 71.32, 64.61, 60.71, 29.88, 27.40, 27.05, 19.46, 14.25; HPLC (column, chiral-OD, 225 nm, 5% iPrOH/n-Hexane); rt (major): 8.3 min; rt (minor): 8.8 min FABMS: m/z 522 (M+23)+: [image: image9.wmf]O
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Anal. calcd. for C28H38O6Si: C, 67.44; H, 7.68; Found: C, 67.35; H, 7.67.
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10: HPLC (column, chiral-OD, 225 nm, 5% iPrOH/n-Hexane); rt (minor): 8.3 min; rt (major): 8.8 min
11: [(]D = -19.7 (c 1.03, CHCl3);  IR (CHCl3): 3510, 2948, 1737 cm-1; 1H NMR (300 MHz, CDCl3, TMS): ( 7.68-7.62 (m, 4H, Ar-H), 7.42-7.37 (m, 6H, Ar-H), 6.43 (s, 1H, olefinic), 6.05 (s, 1H, olefinic), 4.60 (d, 1H, J = 4.5 Hz, allylic), 4.32-3.99 (m, 2H, 2 ( OCH), 3.77-3.70 (m, 1H, OCH2), 3.62-3.57 (m, 1H, OCH2), 1.40 (s, 6H, 2 ( CH3), 1.03 (s, 9H, tBu); 13C NMR (75 MHz, CDCl3, TMS): ( 170.41, 137.98, 135.62, 132.87, 129.74, 129.51, 127.73, 109.41, 78.57, 78.33, 70.79, 64.43, 27.05, 26.73, 19.04, 14.00; FABMS: m/z 471 (M+1)+: Anal. calcd. for C26H34O6Si: C, 66.35; H, 7.28; Found:  66.24; H, 7.26.
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11a: [(]D = +6.3 (c 1.0, CHCl3); 1H NMR (300 MHz, CDCl3, TMS): ( 7.68-7.64 (m, 4H, Ar-H), 7.37-7.31 (m, 6H, Ar-H), 6.47 (s, 1H, olefinic), 6.03 (s, 1H, olefinic), 4.54 (br. s, 1H, allylic), 4.25-4.07 (m, 2H, 2 ( OCH), 3.78-3.76 (m, 2H, 2 ( OCH2), 1.25 (s, 6H, 2 ( CH3), 1.03 (s, 9H, tBu); FABMS: m/z 471 (M+1)+: Anal. calcd. for C26H34O6Si: C, 66.35; H, 7.28; Found : 66.25; H, 7.27.
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