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2D NMR Correlations 

 
Until otherwise noted, all NMR spectra were recorded in CDCl3 at 400 MHz (1H) and 100 MHz (13C). The 1H and 13C signals were 
assigned by HMQC correlations. 
 
1-[Benzyl(2-hydroxyethyl)amino]-3-chloropropan-2-ol (rac-9) 

Table S1. 13C and 1H NMR data of rac-9 and significant COSY correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY 

1  α: 2.67 (1H, dd, 13.4, 8.3 Hz) 
β: 2.70 (1H, ddd, 13.4, 5.3, 4.4 Hz) 

1β, 2 
1α, 2 

2 68.9 3.88 (1H, m) 1α, 1β, 3α, 3β 

3 47.5 α: 3.50 (1H, dd, 11.1, 5.6 Hz) 
β: 3.54 (1H, dd, 11.1, 4.8 Hz 

3β, 2 
3α, 2 

1' 56.7 α: 2.74 (1H, dd, 13.4, 4.2 Hz) 
β: 2.79 (1H, ddd, 13.4, 6.8, 4.8 Hz) 

2' 
2' 

2' 57.7 3.64 (2H, m) 1'α, 1'β 

1'' 57.7 α: 3.67 (1H, d, 13.9 Hz) 
β: 3.79 (1H, d, 13.6 Hz) 

1''β 
1''α 

Ph 127.6, 128.7 
129.1, 138.5 7.20–7.40 ppm (5H, m)  

1-OH  2.27 (1H, br. s), 3.25 (1H, br. s)  
 

2-[Benzyl(oxiranylmethyl)amino]ethanol (rac-10) 

Table S2. 13C and 1H NMR data of rac-10 and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC 

1 59.0 3.62 (2H, m) 2α, 2β 2 

2 56.1 α: 2.72 (1H, ddd, 13.1, 5.6, 4.4 Hz) 
β: 2.85 (1H, ddd, 13.1, 6.6, 4.8 Hz) 

1, 2β 
1, 2α 

1, 1', 1'' 
1, 1', 1'' 

1' 56.0 α: 2.51 (1H, dd, 14.0, 6.3 Hz) 
β: 2.89 (1H, dd, 14.1, 3.3 Hz) 

1'β, 2' 
1'α, 2' 

1'', 2, 2', 3' 
1'', 2, 2', 3' 

2' 50.9 3.07 (1H, m) 1'α, 1'β, 3'α, 3'β 1' 

3' 45.1 α: 2.48 (1H, dd, 4.8, 2.7 Hz) 
β: 2.74 (1H, dd, 4.8, 4.1 Hz) 

2', 3'β 
2', 3'α 

1', 2' 
1', 2' 

1'' 59.4 α: 3.68 (1H, d, 13.6 Hz) 
β: 3.83 (1H, d, 13.5 Hz) 

1''β 
1''α 

1', 2, Ph 
1', 2, Ph 

Ph 127.5, 128.6 
129.1, 138.7 7.20-7.40 (5H, m)  1'' 

1-OH  2.55-2.80 (1H, br. s)   
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(R)-N-Benzyl-2-(hydroxymethyl)morpholine (6a) 
 

The following NMR spectra of 6a were recorded in C6D6 as the solvent. The 1H and 13C NMR data of 6a in 
CDCl3 as the solvent are given in the article. 

Table S3. 13C and 1H NMR data of 6a and significant COSY, HMBC, and NOESY correlations.[a] 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC NOESY 

2 76.5 3.51 (1H, m) 1', 3α, 3β 1', 3 1', 3α, 3β 
3 55.2 α: 1.80 (1H, dd, 10.9, 10.2 Hz) 

β: 2.45 (1H, dt, 11.1, 1.9 Hz) 
2, 3β 
2, 3α 

1', 1'', 2, 5 
1'', 2, 5 

1', 1'', 2, 3β 
1', 1'', 2, 3α 

5 53.4 α: 1.89 (1H, td, 11.2, 3.4 Hz) 
β: 2.29 (1H, dq, 11.2, 1.9 Hz) 

5β, 6α, 6β 
5α, 6α, 6β 

1'', 3, 6 
1'', 3 

1'', 5β, 6α, 6β 
1'', 5α, 6α, 6β 

6 66.7 α: 3.49 (1H, td, 11.1, 2.4 Hz) 
β: 3.59 (1H, ddd, 11.1, 3.4, 1.8 Hz) 

5α, 5β 
5α, 5β 

2, 5 
2 

5α, 5β, 6β 
1', 5α, 5β, 6α 

1' 64.3 3.36 (2H, m) 2 2, 3 2, 3α, 3β, 6β 
1'' 63.5 3.22 (2H, s)  3, 5, Ph 3α, 3β, 5α, 5β, Ph 

Ph 127.5, 128.6 
129.3, 138.6 7.07-7.32 (5H, m)  1'' 1'' 

1'-OH  1.60 (1H, br. s)    
[a] Solvent: C6D6. 

(S)-N-Benzyl-1,4-oxazepan-6-ol (11)  

Table S4. 13C and 1H NMR data of 11 and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY[a] HMBC[a] 

2 70.2 3.73 (2H, m) 3α, (3β) (7) 
3 57.8 α: 2.51 (1H, ddd, 12.4, 7.3, 5.1 Hz) 

β: 2.83 (1H, m) 
(2), (3β) 
(2), (3α) 

1', 2, 5 
(1'), (2), (5) 

5 57.2 α: 2.83 (1H, m) 
β: 2.97 (1H, ddd, 12.6, 5.8, 1.5 Hz) 

(5β), (6) 
(5α), 6 

(1'), (3), (6), (7) 
1', 3, 6, 7 

6 69.1 3.83 (1H, m) (5α), 5β, 7  
7 76.4 3.79 (2H, m) 6 2, 5, 6 
1' 63.5 3.73 (2H, m)  (3), (5), Ph 

Ph 127.6, 128.6 
129.1, 138.6 7.20-7.40 (5H, m)  1' 

6-OH  3.96 (1H, m)   
[a] Values in parentheses refer to cross peaks which are not unequivocally assignable due to signal overlap. 

(2R,5S)-N-Benzyl-2-(hydroxymethyl)-5-isopropylmorpholine (6b) 

Table S5. 13C and 1H NMR data of 6b and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC 

2 71.6 3.76 (1H, m) 1'α, 1'β, 3α, 3β 1', 6 

3 48.7 α: 2.37 (1H, dd, 13.1, 3.2 Hz) 
β: 2.82 (1H, dd, 13.1, 7.8 Hz) 

2, 3β 
2, 3α 

1', 1'', 2, 5 
1', 1'', 5 

5 63.9 2.15 (1H, m) 1''', 6α, 6β 1'', 1''', 1'''α-Me 
1'''β-Me, 3, 6 

6 62.3 α: 3.82 (1H, dd, 11.8, 3.3 Hz) 
β: 3.90 (1H, dd, 11.8, 4.4 Hz) 

5, 6β 
5, 6α 

1''', 2, 5 
1''', 2, 5 

1' 64.7 α: 3.57 (1H, dd, 11.5, 3.3 Hz) 
β: 3.67 (1H, dd, 11.5, 6.6 Hz) 

1'β, 2 
1'α, 2 

2, 3 
2, 3 

1'' 58.2 α: 3.59 (1H, d, 13.5 Hz) 
β: 4.02 (1H, d, 13.5 Hz) 

1''β 
1''α 

3, 5, Ph 
3, 5, Ph 

1''' 26.1 2.30 (1H, oct, 6.9 Hz) 1'''α-Me,  
1'''β-Me, 5 

1'''α-Me, 1'''β-Me 
5, 6 

1'''α-Me 19.0 0.95 (3H, d, 6.8 Hz) 1''' 1''', 1'''β-Me, 5 
1'''β-Me' 20.4 0.99 (3H, d, 6.8 Hz) 1''' 1''', 1'''α-Me, 5 

Ar 127.2, 128.5 
128.8, 139.4 7.20-7.40 (5H, m)  1'' 

1'-OH --- 2.45 (1H, br. s)   
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(2R,5S)-N-Benzyl-5-tert-butyl-2-(hydroxymethyl)morpholine (6c) 

Table S6. 13C and 1H NMR data of 6c and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC[a] 

2 69.7 3.94 (1H, m) 1', 3α, 3β 1', 3, 6 

3 45.2 α: 2.46 (1H, dd, 14.6, 3.9 Hz) 
β: 2.87 (1H, dd, 14.6, 11.5 Hz) 

2, 3β 
2, 3α 

1'', 5 
1', 1'', 2 

5 66.7 2.34 (1H, t, 5.6 Hz) 6α, 6β 1'', 1''', 1'''-Me, 3, 6 

6 60.6 α: 3.83 (1H, dd, 12.2, 5.6 Hz) 
β: 3.88 (1H, dd, 12.1, 5.8 Hz) 

5 
5 

(1'''), (2), (5) 
(1'''), (2), (5) 

1' 64.1 3.45 (2H, m) 2 2, 3 

1'' 61.2 α: 3.85 (1H, d, 13.7 Hz) 
β: 4.05 (1H, d, 13.7 Hz) 

1''β 
1''α 

3, (5), Ph 
3, 5, Ph 

1''' 36.1    
1'''-Me 28.1 0.98 (9H, s)  1''', 1'''-Me, 5 

Ph 127.2, 128.4 
128.8, 140.2 

7.25 (1H, m), 7.31 (2H, m),  
7.36 (2H, m)  1'' 

1'-OH --- 1.89 (1H, dd, 7.1, 5.0 Hz) 1'  
[a] Values in parentheses refer to cross peaks which are not unequivocally assignable due to signal overlap. 

(2R,5R)-N-Benzyl-2-(hydroxymethyl)-5-phenylmorpholine (6d) 

Table S7. 13C and 1H NMR data of 6d and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC 

2 76.8 3.75 (1H, m) 1'α, 1'β, 3α, 3β 6 

3 53.1 α: 2.06 (1H, dd, 11.5, 10.7 Hz) 
β: 2.78 (1H, dd, 11.5, 2.3 Hz) 

2, 3β 
2, 3α 

1', 1'', 2, 5 
1'', 5 

5 67.3 3.38 (1H, dd, 10.4, 3.4 Hz) 6α, 6β 1'', 3, 6, Ph 

6 73.5 α: 3.56 (1H, dd, 11.4, 10.5 Hz) 
β: 3.86 (1H, dd, 11.4, 3.5 Hz) 

5, 6β  
5, 6α 

5, Ph 
2, 5 

1' 64.3 α: 3.54 (1H, ddd, 11.5, 6.3, 5.3 Hz) 
β: 3.62 (1H, ddd, 11.6, 7.1, 3.4 Hz) 

1'α, 2 
1'β, 2 

2, 3 
2 

1'' 59.4 α: 2.88 (1H, d, 13.3 Hz) 
β: 3.84 (1H, d, 13.4 Hz) 

1''β 
1''α 

3, 5, Ph 
3, 5, Ph 

Ph 
127.1, 128.1, 128.4 
128.87, 128.94 
138.5, 139.5 

7.20-7.32 (6H, m), 7.37 (2H, t, 8.0 Hz) 
7.49 (2H, d, 7.2 Hz)  1'', 5 

1'-OH --- 1.83 (1H, dd, 7.1, 5.4 Hz)   
 

(R)-N-Benzyl-2-(hydroxymethyl)-5,5-dimethylmorpholine (6e) 

Table S8. 13C and 1H NMR data of 6e and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC[a] 

2 77.3 3.57 (1H, m) 3α, 3β 1', 3, 6 

3 47.5 α: 2.26 (1H, dd, 11.8, 9.9 Hz) 
β: 2.34 (1H, dd, 11.8, 2.9 Hz) 

2, 3β 
2, 3α 

1', 1'', 2, 5 
1', 1'', 2, 5 

5 52.9 ---   

6 77.7 α: 3.45 (1H, dd, 10.9, 0.6 Hz) 
β: 3.52 (1H, d, 10.9 Hz) 

6β 
6α 

2, 5, 5α-Me, 5β-Me 
2, 5, 5α-Me, 5β-Me 

1' 64.3 3.57 (2H, m)  (2), 3 

1'' 53.8 α: 3.02 (1H, d, 13.8 Hz) 
β: 4.01 (1H, d, 13.8 Hz) 

1''β 
1''α 

3, Ph 
3, 5, Ph 

5α-Me 14.7 1.05 (3H, s)  5, 6, 5β-Me 
5β-Me 24.4 1.05 (3H, s)  5, 6, 5α-Me 

Ph 126.9, 128.4 
128.7, 140.1 7.20-7.40 (5H, m)  1'' 

1'-OH --- 1.88 (1H, br. s)   
[a] Values in parentheses refer to cross peaks which are not unequivocally assignable due to signal overlap. 
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(2R,5R)-2-(Hydroxymethyl)-N-methyl-5-phenylmorpholine (6f) 

Table S9. 13C and 1H NMR data of 6f and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC 

2 76.6 3.86 (1H, m) 1'α, 1'β, 3α, 3β 1', 3 

3 56.9 α: 2.21 (1H, dd, 11.4, 10.9 Hz) 
β: 2.87 (1H, dd, 11.5, 2.3 Hz) 

2, 3β 
2, 3a 

1', 2, 5, NMe 
2, 5, NMe 

5 69.0 3.04 (1H, dd, 10.4, 3.4 Hz) 6α, 6β 3, 6, NMe 

6 73.1 α: 3.51 (1H, dd, 11.5, 10.4 Hz) 
β: 3.80 (1H, dd, 11.5, 3.5 Hz) 

5, 6β 
5, 6α 

2,5 
2 

1' 64.3 α: 3.63 (1H, br. dd, 11.4, 6.5 Hz) 
β: 3.72 (1H, br. d, 11.4 Hz) 

1'β, 2 
1'α, 2 

2, 3 
2, 3 

NMe 43.8 2.07 (3H, s)   

Ph 128.0, 128.6 
128.7, 139.0 7.25-7.40 (5H, m)   

1'-OH --- 1.91 (1H, br. s)   
 

(R)-N-Benzyl-2-(hydroxymethyl)-3,4-dihydro-2H-1,4-benzoxazine (6g) 

Table S10. 13C and 1H NMR data of 6g and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY HMBC 

2 73.9 4.29 (1H, m) 1', 3 1, 1'', 3, 8a 
3 48.4 3.28 (2H, m)  1', 1'', 2, 4a 
4a 135.3    
5 116.6 6.87 (1H, dd, 7.9, 1.5 Hz) 6, 7 4a, 6, 7, 8a 
6 121.9 6.81 (1H, m) 5, 7, 8 4a, 5, 7, 8, 8a 
7 118.2 6.66 (1H, m) 5, 6, 8 5, 8, 8a 
8 112.7 6.71 (1H, dd, 8.1, 1.5 Hz) 6, 7 7, 8a 
8a 143.6    
1' 63.6 3.82 (2H, m) 2, OH 2, 3 
1'' 55.1 4.44 (2H, s)  2, 3, 4a, Ph 

Ph 127.3, 127.4 
128.9, 138.0 7.23-7.34 (5H, m)   

1'-OH --- 1.9 (1H, t, 6.4 Hz)   
 

(2S,5R)-N-Benzyl-2-(hydroxymethyl)-5-phenylmorpholine (6k) 

Table S11. 13C and 1H NMR data of 6k and significant COSY and HMBC correlations. 

No. 13C: δ [ppm] 1H: δ [ppm] (int., m, J) COSY[a] HMBC[a] 

2 73.4 3.87 (1H, m) (1'α), 1'β, 3α, 3β 1', 3, 6 

3 51.7 α: 2.49 (1H, dd, 12.1, 4.0 Hz) 
β: 2.83 (1H, dd, 12.1, 2.7 Hz) 

2, 3β 
2, 3α 

1', 1'', 2, 5 
1', 1'', 2, 5 

5 66.8 3.51 (1H, dd, 9.3, 3.8 Hz) (6α), 6β 1'', 3, 6, Ph 

6 68.3 α: 3.73 (1H, m) 
β: 4.02 (1H, dd, 11.6, 7.4 Hz) 

(5), (6β), (OH) 
(5), (6α), 

(2), (3), (5) 
2, 5, Ph 

1' 63.7 α: 3.73 (1H, m) 
β: 4.20 (1H, dd, 11.6, 7.4 Hz) 

(1'β), 2 
(1'α), 2 

(2), (3) 
2, 3 

1'' 59.3 α: 2.91 (1H, d, 13.4 Hz) 
β: 3.75 (1H, d, 13.4 Hz) 

(1''α) 
(1''β) 

3, 5, Ph 
(3), (5), Ph 

Ph 

127.3, 128.1 
128.52, 128.54 
128.76, 128.81 
138.1, 139.0 

7.20-7.40 (8H, m) 
7.46 (2H, m)  1'', 5 

1'-OH --- 2.99 (1H, br. s) (6α)  
[a] Values in parentheses refer to cross peaks which are not unequivocally assignable due to signal overlap. 
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1H and 13C NMR Spectra 
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