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Table 14 

Time 

(min) 

yield of  

29b (%) 

ee of 29b 

(% ee) 

(S)-29b 

(%) 

(R)-29b 

(%) 

yield of   

28b (%) 

ee of 28b 

(% ee) 

(S)-28b  

(%) 

(R)-28b  

(%) 

0 0 0  0  0  100  0  50  50  

5 12 97  12  0  75  19  30  45  

10 29 95  28  1  57  44  16  41  

20 51 94  49  2  34  86  2  32  

30 59 92  57  2  34  95  1  33  

60 56 94  54  2  30  96  1  29  

120 56 94  54  2  29  93  1  28  

240 57 91  54  3  27  93  1  26  

480 63 83  58  5  27  93  1  26  

900 66 83  60  6  26  93  1  25  

1440 65 80  59  7  22  90  1  21  

4080 69 79  62  7  6  0  3  3  

5580 69 78  61  8  2  0  1  1  

6840 71 78  63  8  0  0  0  0  

 

Table 15 

Time 

(min) 

yield of  

29b (%) 

ee of 29b 

(% ee) 

(S)-29b 

(%) 

(R)-29b 

(%) 

yield of   

28b (%) 

ee of 28b 

(% ee) 

(S)-28b  

(%) 

(R)-28b  

(%) 

0 0 0  0  0  100  0  50  50  

10 31 95  30  1  60  33  20  40  

20 58 98  57  1  28  86  2  26  

30 63 98  62  1  21  92  1  20  

60 67 97  66  1  19  94  1  18  

120 68 96  67  1  18  95  0  18  

240 70 93  68  2  16  97  0  16  

480 71 90  67  4  15  98  0  15  

1320 72 84  66  6  11  95  0  11  

1800 76 81  69  7  10  75  1  9  

2880 73 82  66  7  4  1  2  2  

4200 76 83  70  6  0  0  0  0  

7080 76 82  69  7  0  0  0  0  
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Table 17 

Time 

(min) 

yield of  

29b (%) 

ee of 29b 

(% ee) 

(S)- 29b 

(%) 

(R)-29b 

(%) 

yield of   

28b (%) 

ee of 28b 

(% ee) 

(S)-28b  

(%) 

(R)-28b  

(%) 

0 0 0  0  0  100 99  100  1  

5 16 98  16  0  73 54  56  17  

10 41 99  41  0  50 21  30  20  

20 76 99  76  0  15 -78  2  13  

30 80 99  80  0  9 -94  0  9  

40 80 99  80  0  7 -94  0  7  

50 80 99  79  1  6 -95  0  6  

60 82 99  82  0  7 -96  0  7  

120 83 98  82  1  5 -91  0  5  

240 83 97  82  1  3 -79  0  3  

480 83 92  80  3  0 0  0  0  

960 83 91  79  4  0 0  0  0  

1440 87 90  83  4  0 0  0  0  

 

Table 18 

Time 

(min) 

yield of  

29b (%) 

ee of 29b 

(% ee) 

(S)-29b 

(%) 

(R)-29b 

(%) 

yield of   

28b (%) 

ee of 28b  

(% ee) 

(S)-28b  

(%) 

(R)-28b  

(%) 

0 0 0  0  0  100 99  100  1  

10 12 100  0  12  74 65  61  13  

20 20 99  0  20  65 69  55  10  

30 22 98  0  22  63 72  54  9  

60 30 97  0  30  56 76  49  7  

120 34 94  1  33  55 77  49  6  

240 36 91  2  34  49 80  44  5  

480 40 86  3  37  45 82  41  4  

960 44 80  4  40  40 76  35  5  

1440 48 74  6  42  37 64  30  7  

2880 59 76  7  52  26 5  14  12  

4320 60 76  7  53  16 0  8  8  

5760 60 76  7  53  10 0  5  5  

7200 53 76  6  47  5 0  3  2  
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According to the general procedure for cyclization, a crude product, which was prepared from 162b (47.7 mg, 0.149 

mmol), MS4A (94.0 mg), [Rh(cod)2]BF4 (6.1 mg, 0.015 mmol) and DPPP (6.2 mg, 0.015 mmol) in DMF (1.50 mL) at 

90 °C for 1 h, was obtained. Yield of 194b was determined to be 63% by 1H NMR using 1,3,5-trimethoxybenzene as an 

internal standard. 

 

<run 4> 

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.4 mg, 0.151 

mmol), MS4A (101 mg), [Rh(cod)2]BF4 (6.1 mg, 0.015 mmol) and DPPB (6.5 mg, 0.015 mmol) in DMF (1.50 mL) at 

90 °C for 19 h, was obtained. Yields of 194b, 163b, and 162b were determined to be 8%, 6%, and 33% by 1H NMR 

using 1,3,5-trimethoxybenzene as an internal standard, respectively. 

 

<run 5> 

According to the general procedure for cyclization, a crude product, which was prepared from 194b (48.9 mg, 0.153 

mmol), MS4A (95.8 mg), [Rh(cod)2]BF4 (6.1 mg, 0.015 mmol) and DPPF (8.3 mg, 0.015 mmol) in DMF (1.50 mL) at 

90 °C for 19 h, was obtained. Yields of 194b, 163b, and 162b were determined to be 4%, 4%, and 53% by 1H NMR 

using 1,3,5-trimethoxybenzene as an internal standard, respectively. 

 

<run 6> 

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.2 mg, 0.150 

mmol), MS4A (100 mg), [Rh(cod)2]BF4 (6.3 mg, 0.016 mmol) and BIPHEP (7.9 mg, 0.015 mmol) in DMF (1.50 mL) 

at 90 °C for 22 h, was obtained. Yield of 162b was determined to be 47% by 1H NMR using 1,3,5-trimethoxybenzene 

as an internal standard. 

 

<run 7> 

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.4 mg, 0.151 

mmol), MS4A (101 mg), [Rh(cod)2]BF4 (6.1 mg, 0.015 mmol) and PPh3 (7.9 mg, 0.030 mmol) in DMF (1.50 mL) at 

90 °C for 19 h, was obtained. Yields of 194b, 163b, and 162b were determined to be 5%, 12%, and 23% by 1H NMR 

using 1,3,5-trimethoxybenzene as an internal standard, respectively. 

 

<run 8> 

A solution of MS4A (92.3 mg), [Rh(IiPr)(cod)]Cl (6.0 mg, 0.015 mmol) and AgBF4 (2.9 mg, 0.015 mmol) in DMF 

(1.50 mL) was stirred at room temperature for 10 min. Then to the solution was added a solution of 162b (41.5 mg, 

0.149 mmol) in DMF (0.92 mL) and the reaction mixture was stirred at 90 °C for 9 h and 120 °C for 12 h. After 

filtration of Molecular Sieve with EtOAc, the residue was washed with brine, dried over Na2SO4, and concentrated to 

obtain crude. Yield of 162b was determined to be 41% by 1H NMR using 1,3,5-trimethoxybenzene as an internal 

standard. 

 

<Table 9>  

<run 2> 

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.6 mg, 0.152 

mmol), MS4A (94.5 mg), [Rh(cod)2]BF4 (6.1 mg, 0.015 mmol) and DPPP (6.3 mg, 0.015 mmol) in ClCH2CH2Cl (1.50 
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