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Chiral Tris(oxazoline)/Cu(II) Catalyzed Coupling of Terminal Alkynes and Nitrones
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General

Cu(ClO4)2.6H2O(Fluka) and alkynes(TCI or Aldrich) were used as received. Various alkyl amines were purchased from Shanghai Reagents Company of Chinese Medical Corporation and were distilled over potassium hydroxide pellets under air atmosphere. Nitrones were prepared according to literature procedures.1,2 Acetonitrile was purchased from Aldrich and used without further purification. All reactions were carried out under air atmosphere.

Absolute stereochemistry of β-lactams was determined by comparison of their optical rotations with the rotation of the known compounds.

Synthesis ofβ-lactams
General procedure: A mixture of Cu(ClO4)2(6H2O (9.3 mg, 0.025 mmol) and (S)-isopropyl-tris(oxazoline) (11.3 mg, 0.03 mmol) in CH3CN (4 mL) was stirred under air atmosphere at 150C stirring for two hours. The solution was cooled to O0C, and then Cy2NH (50μL, 0.25 mmol) was added. After ten minutes, alkyne (0.375 mmol) was added. When the color of the resulting  mixture turned into light yellow, to this solution was added nitrone (0.25 mmol) in one port. After the reaction was completed(monitored by TLC), the mixture was passed through a short silica gel column (neat CH2Cl2 as the eluant). The filtrate was concentrated and the residue was purified by flash chromatography (PE/CH2Cl2 or PE/THF)to afford the product. The diasteroselectivity was determinated by NMR analysis of crude product. The determination of enantioselective excess of cis isomer was performed by chiral HPLC with a Daicel Chiralcel OD-H column(eluent: Hexane/iPrOH (80/20),flow rate: 0.7ml/min).
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Table 3, entry 1.3 Time: 35 hours; Yield: 42.1 mg (56%); cis/trans: 94/6; Ee: 82%. 

1H NMR (300 MHZ, CDCl3) for (3S, 4S)- 1,3,4-triphenyl-2-azetidinone δ7.43-7.40(m, 2H), 7.29-7.24(m, 2H), 7.09-7.03(m, 11H), 5.45(d, J = 6.3 Hz, 1H), 5.00(d, J = 6.6 Hz, 1H); [α]20D -8.00(c 1.62, CHCl3; 82% ee). 
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Table 3, entry 2.4 Time: 56 hours; Yield: 28.1 mg (36%); cis/trans: 95/5; Ee: 82%. 

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-1-(4-methylphenyl)-3,4- diphenyl-2-azetidinoneδ7.32-7.26 (m, 2H), 7.11-7.03(m, 12H), 5.44(d, J = 6.0 Hz, 1H), 5.00(d, J = 5.7 Hz, 1H), 2.29(s, 3H); [α]20D –10.50(c 0.68, CHCl3; 82% ee).
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Table 3, entry 3.5 Time: 7 days; Yield: 29.3 mg (36%); cis/trans: 97/3; Ee: 84%.

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-1-(4-methoxylphenyl)-3,4- diphenyl-2-azetidinone)δ7.36 (dd, J = 2.1, 6.9 Hz, 2H), 7.11-7.03(m, 10H), 6.82(dd, J = 2.1, 6.6 Hz, 2H), 5.42(d, J = 6.0 Hz, 1H), 5.00(d, J = 6.3 Hz, 1H), 3.76(s, 3H); [α]20D –4.80(c 0.63, CHCl3; 84% ee).
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Table 3, entry 4.1 Time: 33 hours; Yield: 66.2 mg (70%); cis/trans: 93/7; Ee: 75%.

1H NMR (300 MHz, CDCl3) for (3S, 4S)-1-(4-bromophenyl)-3,4- diphenyl-2-azetidinone) δ7.39(d, J = 8.7 Hz, 2H), 7.30(d, J = 9.0 Hz, 2H), 7.12-7.02(m, 10H), 5.45(d, J = 6.3 Hz, 1H), 5.03(d, J = 6.6 Hz, 1H); [α]20D -160(c 0.29, CHCl3; 75% ee).
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Table 3, entry 5.1 Time: 9 hours; Yield: 90.7 mg (98%); cis/trans: 91/9; Ee: 70%. 

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-1-(4-Carboethoxyphenyl)-3,4- diphenyl- 2-azetidinone)δ7.98(d, J = 8.7 Hz, 2H), 7.44(d, J = 9.0 Hz, 2H), 7.12-7.03(m, 10H), 5.51(d, J = 6.6 Hz, 1H), 5.06(d, J = 6.3 Hz, 1H), 4.34(q, J = 6.9 Hz, 2H), 1.36(t, J = 6.9 Hz, 3H); [α]20D –11.40(c 1.43, CHCl3; 70% ee).
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Table 3, entry 6.4 Time: 56 hours; Yield: 38.8 mg (50%); cis/trans: 95/5; Ee: 82%.

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-4-(4-Methylphenyl)-1,3- diphenyl-2-azetidinone) δ7.43-7.39(m, 2H), 7.30-7.25(m, 2H), 7.10-7.05(m, 6H), 6.97-6.90(m, 4H), 5.44(d, J = 6.0 Hz, 1H), 4.98(d, J = 6.0 Hz, 1H),2.18(s, 3H); [α]20D –14.20(c 0.95, CHCl3; 82% ee).
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Table 3, entry 7.6 Time: 8 days; Yield: 48.2 mg (58%); cis/trans: 95/5; Ee: 83%.

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-4-(4-Methoxylphenyl)-1,3- diphenyl-2-azetidinone)δ7.43-7.40(m, 2H), 7.31-7.25(m, 2H), 7.12-7.07(m, 6H), 7.00(dd, J = 2.4, 6.9 Hz, 2H), 6.65(dd, J = 2.1, 6.6 Hz, 2H), 5.43(d, J = 6.0 Hz, 1H), 4.99(d, J = 6.3 Hz, 1H), 3.67(s, 3H); [α]20D –11.60(c 0.98, CHCl3; 83% ee).
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Table 3, entry 8. Time: 22 hours; Yield: 60.9 mg (70%); cis/trans: 93/7; Ee: 82%.

Major enantiomer: (3S, 4S)-4-(4-Trifluoromethylphenyl)-1,3- diphenyl-2-azetidinone).

1H NMR (300 MHZ, CDCl3): δ7.40-7.26(m, 6H), 7.18(d, J = 8.4 Hz, 2H), 7.13-7.01(m, 6H), 5.51(d, J = 6.0 Hz, 1H), 5.06(d, J = 6.0 Hz, 1H);13C NMR (75 MHZ, CDCl3): δ165.2, 142.3, 138.7, 137.3, 131.4, 130.0(q, 2JC-F = 40), 129.2, 128.7, 128.3, 127.6, 127.4, 125.2(q, 3JC-F = 3.8), 124.4, 123.7(q, 1JC-F = 256), 117.1, 60.4, 59.7. IR(KBr):3033(w), 2925(w), 1755(s), 1621(s), 1599(s), 1498(s), 1454(m), 1422(s), 1379(s), 1326(s), 1168(s), 1125(m), 1069(s), 1018(s), 885(m), 837(s), 754(s), 698(s) cm-1. EI(m/z): 367(M+)(10), 348(3), 248(100), 249(64), 247(16), 227(10), 179(32), 118(35), 77(32). Anal. Calcd. For C22H16F3NO: C, 71.91; H, 4.39; N, 3.82. Found: C, 71.74; H, 4.54; N, 3.63. [α]20D –6.60(c 0.89, CHCl3; 82% ee).
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Table 3, entry 9.7 Time: 7 days; Yield: 48.2 mg (58%); cis/trans: 67/33; Ee: 85%.

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-4-(2-furyl)-1,3-diphenyl-2- azetidinone) δ7.45-7.41(m, 2H), 7.33-7.26(m, 2H), 7.22-7.19(m, 5H), 7.13-7.09(m, 2H), 6.12-6.11(m, 2H), 5.47(d, J = 5.7 Hz, 1H), 4.97(d, J = 6.0 Hz, 1H). [α]20D –37.40(c 0.66, CHCl3; 85% ee).
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Table 3, entry 10.1 Time: 7 days; Yield: 35.2 mg (35%); cis/trans: 96/4; Ee: 84%.

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-1-(4-Methoxylphenyl)-4- (4-Trifluoromethylphenyl)-3-phenyl-2-azetidinone) δ7.36(d, J = 8.4 Hz, 2H), 7.32(d, J = 9.0 Hz, 2H), 7.17(d, J = 8.1 Hz, 2H), 7.09-7.03(m, 5H), 6.83(d, J = 8.7 Hz, 2H), 5.47(d, J = 5.7 Hz, 1H), 5.04(d, J = 6.0 Hz, 1H), 3.76(s, 3H); [α]20D –4.00(c 0.80, CHCl3; 84% ee).
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Table 3, entry 11. Time: 40 hours; Yield: 59.6 mg (65%); cis/trans: 75/25; Ee: 73%.

Major enantiomer: (3S, 4S)-3-(4-Trifluoromethylphenyl)-1,4- diphenyl-2-azetidinone).

1H NMR (300 MHZ, CDCl3): δ7.42-7.30(m, 6H), 7.20-7.05(m, 8H), 5.51(d, J = 6.0 Hz, 1H), 5.04(d, J = 6.0 Hz, 1H); 13C NMR (75 MHZ, CDCl3): δ164.6, 137.4, 136.2, 133.8, 129.9(q, 2JC-F = 40), 129.1, 128.5, 128.3, 126.9, 125.0(q, 3JC-F = 3.6), 124.3, 123.9(q, 1JC-F = 256), 117.2, 60.0, 59.6. IR(KBr): 3038(w), 2924(w), 1749(s), 1736(s), 1599(s), 1500(s), 1382(s), 1322(s),1167(s), 1125(m), 1069(s), 885(s), 819(s), 763(m), 702(m) cm-1. EI(m/z): 367(M+)(8) 267(12), 248(57), 227(75), 181(100), 180(61), 159(14), 121(18), 77(27). Anal. Calcd. For C22H16F3NO: C, 71.91; H, 4.39; N, 3.82. Found: C, 71.80; H, 4.32; N, 3.71. [α]20D -6.50(c 0.63, CHCl3; 73% ee).
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Table 3, entry 12.6 Time: 5 days; Yield: 25.2 mg (33%); cis/trans: 93/7; Ee: 72%.

1H NMR (300 MHZ, CDCl3) for (3S, 4S)-3-(cyclohex-1-enyl)-1,4- diphenyl-2-azetidinone) δ7.36-7.21(m, 9H), 7.06-7.01(m, 1H), 5.86-5.85(m, 1H), 5.22(d, J = 5.7 Hz, 1H), 4.18(d, J = 6.0 Hz, 1H), 2.12-0.85(m, 8H); [α]20D –10.80(c 0.72, CHCl3; 72% ee).

Determination of enantioselective excess: 

	No.
	β-Lactams                
	Time (min)
	Area    
	Ee (%)

	entr 1
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	13.788

31.268
	90.74

9.26
	81.48

	entry 2
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	10.448

19.774
	91.15

8.85
	82.30

	entry 3
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	13.866

29.090
	92.02

7.98
	84.04

	entry 4
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	11.672

25.645
	87.43

12.57
	74.86

	entry 5
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	21.558

51.970
	84.79

15.21
	69.58

	entry 6
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	12.318

25.218
	90.99

9.01
	81.98

	entry 7
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	11.917

24.692
	91.60

8.40
	83.20

	entry 8
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	14.205

43.920
	90.88

9.12
	81.76

	entry 9
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	10.054

19.295
	92.39


7.61
	84.78

	entry 10
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	14.592

42.762
	92.13

7.87
	84.26

	entry 11
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	9.371

17.083
	86.37

13.63
	72.74

	entry 12
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	7.619

13.109
	85.95

14.05
	71.90


Note: Conditions: Chiral HPLC , OD-H column, 254 nm;

Solvent: Hexane/iPrOH = 80/20; Rate = 0.7 ml/min;
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