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A. General information 

All the starting materials were obtained from commercial sources and used without 

further purification unless otherwise stated. THF and diethyl ether were dried and 

distilled from sodium benzophenone ketyl prior to use. CHCl3 and CH2Cl2 were 

distilled from CaH2 prior to use. Dioxane was dried and distilled from Na prior to 

use. All the solvents used in reactions involving phosphorous-containing compounds 

were degassed by dry N2. 
1
H and 

13
C NMR spectra were recorded on a Bruker 

ACF300 or AMX500 (500 MHz) spectrometer. Chemical shifts were reported in 

parts per million (ppm), and the residual solvent peak was used as an internal 

reference: proton (chloroform δ 7.26), carbon (chloroform δ 77.0). Multiplicity was 

indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd 

(doublet of doublet), br s (broad singlet). Coupling constants were reported in hertz 

(Hz). Low-resolution mass spectra were obtained on a Finnigan/MAT LCQ 

spectrometer in ESI mode, and a Finnigan/MAT 95XL-T mass spectrometer in FAB 

mode. All high-resolution mass spectra were obtained on a Finnigan/MAT 95XL-T 

spectrometer. For thin layer chromatography (TLC), Merck precoated TLC plates 

(Merck 60 F254) were used, and compounds were visualized with a UV light at 254 

nm. Further visualization was achieved by staining with iodine, or ceric ammonium 

molybdate followed by heating on a hot plate. Flash chromatographic separations 

were performed on Merck 60 (0.040–0.063 mm) mesh silica gel. The 

Enantiomerically excesses of products were determined by chiral-phase HPLC 

analysis, using a Daicel Chiralcel ID column (250 × 4.6 mm), or Chiralpak OD-H 

column (250 × 4.6 mm). 

The N‐sulfonylated imines 1 [1-2] and -keto acids 2 [3] were prepared by following 

the literature procedure. 
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B. Representative procedure 

 

 

To a solution of imine 1c (13.8 mg, 0.05 mmol) and C-1 (2.8 mg, 0.005 mmol) in 

ether (0.5 mL) at room temperature was added -keto acid 2a (12.3 mg, 0.075 mmol). 

The reaction mixture was stirred for 12 h. The solvent was then removed under 

reduced pressure, and the residue was purified by flash chromatography on silica gel 

(hexane/ethyl acetate 5:1 to 3:1) to afford 3c as a white solid (18.4 mg, 93% yield). 

 

C. Determination of configurations 

 

Following the representative procedure, compound 3a was obtained as a white solid 

(95% yield). 

(R)-4-Methyl-N-(3-oxo-1,3-diphenylpropyl)benzenesulfonamide (3a): A white solid; []
25

D = 

+15.8 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 

7.7 Hz, 2H), 7.59–7.50 (m, 1H), 7.41 (t, J = 7.5 Hz, 2H), 7.32–7.11 (m, 8H), 5.72 (d, J = 6.8 

Hz, 1H), 4.85 (dd, J = 12.4 Hz, 6.2 Hz, 1H), 3.59 (dd, J = 17.4 Hz, 5.4 Hz, 1H), 3.46 (dd, J = 

17.3 Hz, 6.2 Hz, 1H), 2.36 (s, 3H); HRMS (ESI) m/z: calcd for C22H21NO4S [M + Na]
+ 

418.1074, found 418.1083; The characterization data were in agreement with the literature 

value.
[3] 

The ee value was 68%, tR (major) = 11.2 min, tR (minor) = 14.8 min (Chiralcel OD-H, 
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λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 

 

Racemic 3a 

 

Enantiomerically enriched 3a 
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The absolute configuration of 3a was determined to be R by comparison with the sign 

of the optical rotation of the S enatiomer reported in the literature [4]. The 

configurations of other C-1-catalyzed decarboxylative Mannich adducts were 

assigned by analogy. 

 

D. Analytical data and HPLC chromatogram 

(R)-4-Methoxy-N-(3-oxo-1,3-diphenylpropyl)benzenesulfonamide (3c) 

 

A white solid; []
25

D = +33.8 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.81 (dd, J = 8.4 

Hz, 1.2 Hz, 2H), 7.69–7.63 (m, 2H), 7.59–7.50 (m, 1H), 7.45–7.37 (m, 2H), 7.37–7.12 (m, 

6H), 6.85–6.80 (m, 2H), 5.71 (d, J = 6.8 Hz, 1H), 4.85 (dd, J = 12.5 Hz, 6.2 Hz, 1H), 3.82 (s, 

3H), 3.58 (dd, J = 17.3 Hz, 5.6 Hz, 1H), 3.47 (dd, J = 17.3 Hz, 6.2 Hz, 1H); 
13

C NMR (126 

MHz, CDCl3) δ 197.79, 162.72, 139.90, 136.31, 133.57, 131.78, 129.31, 128.64, 128.55, 

128.03, 127.67, 126.71, 113.99, 55.53, 54.43, 44.76; HRMS (ESI) m/z: calcd for C22H21NO4S 

[M + Na]
+ 
418.1074, found 418.1083; The ee value was 73%, tR (major) = 15.3 min, tR (minor) 

= 20.3 min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3c 

 

Enantiomerically enriched 3c 
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(R)-4-Methoxy-N-(3-oxo-3-phenyl-1-p-tolylpropyl)benzenesulfonamide (3g) 

 

A white solid; []
25

D = +30.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.81 (dd, J = 8.3 

Hz, 1.1 Hz, 2H), 7.69–7.64 (m, 2H), 7.54 (dd, J = 10.6 Hz, 4.3 Hz, 1H), 7.41 (t, J = 7.8 Hz, 

2H), 7.02 (dd, J = 21.9 Hz, 8.1 Hz, 4H), 6.88–6.75 (m, 2H), 5.58 (d, J = 6.5 Hz, 1H), 4.79 (q, 

J = 6.2 Hz, 1H), 3.82 (s, 3H), 3.58 (dd, J = 17.3 Hz, 5.6 Hz, 1H), 3.46 (dd, J = 17.3 Hz, 6.4 

Hz, 1H), 2.26 (s, 3H); 
13

C NMR (126 MHz, CDCl3) δ 197.82, 162.73, 137.39, 136.97, 136.36, 

129.34, 129.22, 128.62, 128.04, 126.61, 113.97, 55.52, 54.22, 44.83, 20.98; HRMS (ESI) m/z: 

calcd for C23H23NO4S [M + Na]
+ 

426.0614, found 426.0634; The ee value was 64%, tR (major) 

= 11.6 min, tR (minor) = 15.9 min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow 

rate = 1.0 mL/min). 

 

Racemic 3g 
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Enantiomerically enriched 3g 

 

(R)-N-(1-(4-Bromophenyl)-3-oxo-3-phenylpropyl)-4-methoxybenzenesulfonamide 

(3h) 

 

A white solid; []
25

D = +55.6 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 8.0 

Hz, 2H), 7.66–7.49 (m, 3H), 7.42 (t, J = 7.6 Hz, 2H), 7.29 (d, J = 8.3 Hz, 2H), 7.05 (d, J = 8.3 

Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.87 (d, J = 7.0 Hz, 1H), 4.82 (q, J = 6.1 Hz, 1H), 3.83 (s, 

3H), 3.52 (dd, J = 17.4 Hz, 5.7 Hz, 1H), 3.42 (dd, J = 17.4 Hz, 6.0 Hz, 1H); 
13

C NMR (126 

MHz, CDCl3) δ 197.53, 162.84, 138.93, 136.13, 133.75, 131.67, 131.53, 129.26, 128.71, 

128.60, 128.02, 121.51, 114.01, 55.58, 53.90, 44.46; HRMS (ESI) m/z: calcd for 
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C22H20BrNO4S [M + Na]
+
 496.0189, found 496.0179; The ee value was 61%, tR (major) = 13.3 

min, tR (minor) = 20.6 min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 

1.0 mL/min). 

 

Racemic 3h 

 

Enantiomerically enriched 3h 
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(R)-4-Methoxy-N-(3-oxo-3-phenyl-1-(4-(trifluoromethyl)phenyl)propyl)benzene- 

sulfonamide (3i) 

 

A white solid; []
25

D = +63.0 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 7.6 

Hz, 2H), 7.67–7.51 (m, 3H), 7.42 (t, J = 7.0 Hz, 4H), 7.31 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.8 

Hz, 2H), 5.98 (d, J = 7.2 Hz, 1H), 4.93 (dd, J = 12.2 Hz, 5.9 Hz, 1H), 3.80 (s, 3H), 3.55 (dd, J 

= 17.5 Hz, 5.7 Hz, 1H), 3.46 (dd, J = 17.5 Hz, 5.8 Hz, 1H); 
13

C NMR (126 MHz, CDCl3) δ 

197.41, 162.89, 143.86, 136.06, 133.87, 131.63, 129.26, 128.76, 128.05, 127.32, 125.40 (d, J 

= 3.7 Hz), 114.01, 55.50, 54.02, 44.39; HRMS (ESI) m/z: calcd for C23H20F3NO4S [M + Na]
+ 

486.0957, found 486.0964; The ee value was 55%, tR (major) = 10.5 min, tR (minor) = 17.3 

min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 

 

 

Racemic 3i 
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Enantiomerically enriched 3i 

 

(R)-4-Methoxy-N-(1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)benzenesulfonamide 

(3j) 

 

A white solid; []
25

D = +77.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 7.5 

Hz, 2H), 7.66 (t, J = 5.8 Hz, 2H), 7.55 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.12 (t, J = 

7.9 Hz, 1H), 6.83 (d, J = 8.8 Hz, 2H), 6.79–6.64 (m, 3H), 5.64 (d, J = 6.7 Hz, 1H), 4.82 (q, J 

= 6.2 Hz, 1H), 3.82 (s, 3H), 3.69 (s, 3H), 3.57 (dd, J = 17.3 Hz, 5.7 Hz, 1H), 3.46 (dd, J = 

17.3 Hz, 6.2 Hz, 1H); 
13

C NMR (126 MHz, CDCl3) δ 197.80, 162.75, 159.67, 141.47, 136.35, 

133.58, 131.84, 129.61, 129.34, 128.65, 128.05, 118.90, 113.99, 113.19, 112.50, 55.54, 55.11, 

54.42, 44.68; HRMS (ESI) m/z: calcd for C23H23NO5S [M + Na]
+ 

448.1189, found 448.1180; 

The ee value was 62%, tR (major) = 17.4 min, tR (minor) = 23.3 min (Chiralcel OD-H, λ = 254 

nm, 30% i-PrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3j 

 

Enantiomerically enriched 3j 
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(R)-N-(1-(2-Fluorophenyl)-3-oxo-3-phenylpropyl)-4-methoxybenzenesulfonamide 

(3k) 

 

A white solid; []
25

D = +33.6 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.80 (dd, J = 8.3 

Hz, 1.2 Hz, 2H), 7.67–7.61 (m, 2H), 7.58–7.50 (m, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.29 (td, J = 

7.7 Hz, 1.6 Hz, 2H), 7.13 (tdd, J = 7.3 Hz, 5.4, 1.7 Hz, 1H), 6.97 (td, J = 7.6 Hz, 1.1 Hz, 1H), 

6.89 (ddd, J = 11.0 Hz, 8.2 Hz, 1.0 Hz, 1H), 6.77 (d, J = 8.9 Hz, 2H), 5.79 (d, J = 8.5 Hz, 1H), 

5.11 (dt, J = 8.4 Hz, 6.0 Hz, 1H), 3.79 (s, 3H), 3.54–3.47 (m, 2H); 
13

C NMR (126 MHz, 

CDCl3) δ 197.43, 162.72, 160.84, 158.89, 136.14, 133.64, 131.66, 129.41, 129.37, 129.33, 

129.26, 129.19,128.67, 128.07, 126.97, 126.87, 124.17, 124.15, 115.52, 115.34, 113.96, 55.                

HRMS (ESI) m/z: calcd for C22H20FNO4S [M + Na]
+ 

436.0989, found 436.0974; The ee value 

was 65%, tR (major) = 46.5 min, tR (minor) = 55.1 min (Chiralcel ID-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 

 

Racemic 3k 
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Enantiomerically enriched 3k 

 

(R)-4-Methoxy-N-(3-oxo-3-phenyl-1-o-tolylpropyl)benzenesulfonamide (3l) 

 

A white solid; []
25

D = +42.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.86–7.79 (m, 

1H), 7.65–7.60 (m, 1H), 7.54 (t, J = 7.4 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.27–7.20 (m, 1H), 

7.11–6.98 (m, 1H), 6.81 (d, J = 8.9 Hz, 1H), 5.47 (d, J = 5.6 Hz, 1H), 5.10 (q, J = 6.2 Hz, 1H), 

3.81 (s, 3H), 3.61 (dd, J = 17.2 Hz, 6.0 Hz, 1H), 3.50 (dd, J = 17.2 Hz, 6.7 Hz, 1H), 2.18 (s, 

3H); 
13

C NMR (126 MHz, CDCl3) δ 197.76, 162.73, 137.98, 136.39, 135.28, 133.48, 131.66, 

130.61, 129.29, 128.62, 128.03, 127.64, 126.36, 113.94, 55.54, 50.43, 44.64, 19.10; HRMS 

(ESI) m/z: calcd for C23H23NO4S [M + Na]
+
 432.1240, found 432.1240; The ee value was 65%, 

tR (major) = 28.9 min, tR (minor) = 38.1 min (Chiralcel OD-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3l 

 

Enantiomerically enriched 3l 
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(R)-N-(1-(2-Bromophenyl)-3-oxo-3-phenylpropyl)-4-methoxybenzenesulfonamide 

(3m) 

 

A white solid; []
25

D = +40.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.84–7.77 (m, 

2H), 7.69–7.57 (m, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.42 (ddd, J = 16.9 Hz, 9.5 Hz, 4.8 Hz, 4H), 

7.14 (dd, J = 10.9 Hz, 4.3 Hz, 1H), 7.02 (td, J = 7.7 Hz, 1.6 Hz, 1H), 6.76 (d, J = 8.9 Hz, 2H), 

6.12 (d, J = 7.2 Hz, 1H), 5.17 (dd, J = 12.8 Hz, 6.1 Hz, 1H), 4.12 (q, J = 7.1 Hz, 1H), 3.78 (s, 

3H), 3.45 (dd, J = 5.8 Hz, 3.4 Hz, 2H); 
13

C NMR (126 MHz, CDCl3) δ 197.98, 162.70, 138.66, 

136.07, 133.71, 132.83, 131.31, 129.50, 129.30, 129.01, 128.63, 128.16, 127.53, 122.09, 

113.89, 55.48, 53.93, 42.86; HRMS (ESI) m/z: calcd for C22H20BrNO4S [M + Na]
+
 496.0189, 

found 496.0182; The ee value was 59%, tR (major) = 26.8 min, tR (minor) = 23.7 min 

(Chiralcel OD-H, λ = 254 nm, 40% iPrOH/hexanes, flow rate = 0.7 mL/min). 

 

 

Racemic 3m 
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Enantiomerically enriched 3m 

 

(R)-4-Methoxy-N-(3-oxo-3-phenyl-1-m-tolylpropyl)benzenesulfonamide (3n) 

 

A white solid; []
25

D = +35.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.85–7.78 (m, 

2H), 7.67–7.47 (m, 3H), 7.48 (d, J = 7.9 Hz, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.08 (t, J = 7.6 Hz, 

1H), 6.96 (d, J = 7.6 Hz, 2H), 6.90 (s, 1H), 6.87–6.70 (m, 2H), 5.67 (d, J = 6.8 Hz, 1H), 4.82 

(q, J = 6.2 Hz, 1H), 3.82 (s, 3H), 3.57 (dd, J = 17.3 Hz, 5.7 Hz, 1H), 3.46 (dd, J = 17.3 Hz, 

6.3 Hz, 1H), 2.21 (s, 3H);
 13

C NMR (126 MHz, CDCl3) δ 197.77, 162.67, 139.75, 138.16, 

136.34, 133.52, 131.82, 129.31, 128.62, 128.43, 128.04, 127.48, 123.69, 113.89, 55.51, 54.42, 

44.83, 21.27; HRMS (ESI) m/z: calcd for C23H23NO4S [M + Na]
+
 432.1240, found 432.1240; 

The ee value was 65%, tR (major) = 10.6 min, tR (minor) = 14.6 min (Chiralcel OD-H, λ = 254 

nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3n 

 

Enantiomerically enriched 3n 
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(R)-N-(1-(3-Bromophenyl)-3-oxo-3-phenylpropyl)-4-methoxybenzenesulfonamide 

(3o) 

  

A white solid; []
25

D = +37.4 (c 1.00, CHCl3);
1
H NMR (500 MHz, CDCl3) δ 7.81 (dd, J = 8.3 

hz, 1.1 Hz, 2H), 7.65–7.52 (m, 3H), 7.42 (t, J = 7.8 Hz, 2H), 7.23 (t, J = 1.7 Hz, 1H), 7.14 (d, 

J = 7.8 Hz, 1H), 7.06 (t, J = 7.8 Hz, 1H), 6.82 (d, J = 8.9 Hz, 2H), 5.85 (d, J = 7.1 Hz, 1H), 

4.83 (dd, J = 12.8 Hz, 6.0 Hz, 1H), 3.83 (s, 3H), 3.52 (dd, J = 17.4 Hz, 5.8 Hz, 1H), 3.44 (dd, 

J = 17.4 Hz, 5.9 Hz, 1H);
 13

C NMR (126 MHz, CDCl3) δ 197.43, 162.82, 142.05, 136.09, 

133.77, 131.59, 130.71, 130.03, 129.23, 128.71, 128.05, 125.46, 122.56, 114.04, 55.56, 53.90, 

44.53; HRMS (ESI) m/z: calcd for C22H20BrNO4S [M + Na]
+ 

496.0189, found 496.0182; The 

ee value was 61%, tR (major) = 12.3 min, tR (minor) = 19.0 min (Chiralcel OD-H, λ = 254 nm, 

30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3o 

 

Enantiomerically enriched 3o 

 

(R)-N-(1-(Furan-2-yl)-3-oxo-3-phenylpropyl)-4-methoxybenzenesulfonamide (3p) 

 

A white solid; []
25

D = +27.6 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.86 (dd, J = 8.3 

Hz, 1.2 Hz, 2H), 7.77–7.69 (m, 2H), 7.60–7.53 (m, 1H), 7.44 (dd, J = 11.1 Hz, 4.6 Hz, 2H), 

7.15 (dd, J = 1.8 Hz, 0.8 Hz, 1H), 6.88 (d, J = 9.0 Hz, 2H), 6.16 (dd, J = 3.3 Hz, 1.8 Hz, 1H), 

6.03 (dd, J = 2.4 Hz, 1.6 Hz, 1H), 5.69 (d, J = 8.6 Hz, 1H), 5.03–4.95 (m, 1H), 3.83 (s, 3H), 

3.65 (dd, J = 17.4 Hz, 4.7 Hz, 1H), 3.46 (dd, J = 17.4 Hz, 6.5 Hz, 1H); 
13

C NMR (126 MHz, 

CDCl3) δ 197.32, 162.77, 152.27, 141.84, 136.27, 133.59, 132.04, 129.23, 128.66, 128.04, 

114.06, 110.44, 107.24, 55.55, 48.29, 42.17; HRMS (ESI) m/z: calcd for C20H19NO5S [M + 

Na]
+ 

408.0876, found 408.0863; The ee value was 83%, tR (major) = 13.1min, tR (minor) = 

15.9min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3p 

 

Enantiomerically enriched 3p 
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(R)-4-Methoxy-N-(3-oxo-3-phenyl-1-(thiophen-2-yl)propyl)benzenesulfonamide (3q) 

 

A white solid; []
25

D = −5.0 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.89–7.82 (m, 2H), 

7.78–7.64 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.8 Hz, 2H), 7.09 (dd, J = 5.0 Hz, 1.1 

Hz, 1H), 6.90–6.84 (m, 2H), 6.81–6.74 (m, 2H), 5.82 (d, J = 8.1 Hz, 1H), 5.20–5.11 (m, 1H), 

3.83 (s, 3H), 3.68 (dd, J = 17.6 Hz, 4.5 Hz, 1H), 3.55 (dd, J = 17.6 Hz, 6.2 Hz, 1H); 
13

C NMR 

(126 MHz, CDCl3) δ 197.59, 162.80, 143.68, 136.29, 133.69, 131.91, 129.29, 128.69, 128.04, 

126.66, 125.15, 125.08, 114.06, 55.55, 50.25, 44.85; HRMS (ESI) m/z: calcd for C20H19NO4S2 

[M + Na]
+ 
424.0648, found 424.0651; The ee value was 77%, tR (major) = 16.8 min, tR (minor) 

= 20.6 min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 

 

 

Racemic 3q 
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Enantiomerically enriched 3q 

 

(R)-N-(3-(4-Fluorophenyl)-3-oxo-1-phenylpropyl)-4-methoxybenzenesulfonamide 

(3r) 

 

A white solid; []
25

D = +35.8 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.87–7.81 (m, 

2H), 7.65 (d, J = 8.9 Hz, 2H), 7.25–7.12 (m, 5H), 7.08 (t, J = 8.6 Hz, 2H), 6.86–6.80 (m, 2H), 

5.67 (d, J = 6.8 Hz, 1H), 4.84 (dd, J = 12.5 Hz, 6.2 Hz, 1H), 3.82 (s, 3H), 3.57 (dd, J = 17.2 

Hz, 5.6 Hz, 1H), 3.44 (dd, J = 17.1 Hz, 6.3 Hz, 1H); 
13

C NMR (126 MHz, CDCl3) δ 196.12, 

165.11, 162.78, 139.81, 131.76, 130.79, 130.71, 129.31, 128.60, 127.75, 126.68, 115.87, 

115.70, 114.01, 55.54, 54.42, 44.79; HRMS (ESI) m/z: calcd for C22H20FNO4S [M + Na]
+ 

436.0989, found 436.1002; The ee value was 64%, tR (major) = 16.0 min, tR (minor) = 26.0 

min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3r 

 

Enantiomerically enriched 3r 
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(R)-N-(3-(3-Chlorophenyl)-3-oxo-1-phenylpropyl)-4-methoxybenzenesulfonamide 

(3s) 

 

A white solid; []
25

D = +30.8 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.77 (t, J = 1.8 

Hz, 1H), 7.72–7.59 (m, 3H), 7.52 (ddd, J = 8.0 Hz, 2.0 Hz, 0.9 Hz, 1H), 7.36 (t, J = 7.9 Hz, 

1H), 7.24–7.12 (m, 5H), 6.87–6.82 (m, 2H), 5.52 (d, J = 6.8 Hz, 1H), 4.84 (dd, J = 12.4 Hz, 

6.3 Hz, 1H), 3.83 (s, 3H), 3.59 (dd, J = 17.3 Hz, 5.5 Hz, 1H), 3.45 (dd, J = 17.3 Hz, 6.4 Hz, 

1H); 
13

C NMR (126 MHz, CDCl3) δ 196.47, 162.84, 139.69, 137.85, 135.07, 133.48, 131.70, 

129.99, 129.34, 128.67, 128.16, 127.85, 126.66, 126.11, 114.05, 55.57, 54.31, 45.0; HRMS 

(ESI) m/z: calcd for C22H20ClNO4S [M + Na]
+
 452.0694, found 452.0693; The ee value was 

70%, tR (major) = 19.2 min, tR (minor) = 24.7 min (Chiralcel OD-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3s 

 

Enantiomerically enriched 3s 

 

(R)-4-Methoxy-N-(3-(naphthalen-2-yl)-3-oxo-1-phenylpropyl)benzenesulfonamide 

(3t) 

 

A white solid; []
25

D = +21.8 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 8.32 (s, 1H), 

7.87 (ddd, J = 18.1 Hz, 15.8 Hz, 8.2 Hz, 4H), 7.74–7.61 (m, 2H), 7.61–7.51 (m, 2H), 

7.24–7.05 (m, 5H), 6.81 (d, J = 8.9 Hz, 2H), 5.71 (d, J = 6.7 Hz, 1H), 4.90 (q, J = 6.1 Hz, 1H), 

3.77 (s, 3H), 3.71 (dd, J = 17.1 Hz, 5.8 Hz, 1H), 3.59 (dd, J = 17.1 Hz, 6.2 Hz, 1H); 
13

C NMR 

(126 MHz, CDCl3) δ 197.73, 162.74, 140.01, 135.75, 133.67, 132.35, 131.81, 130.02, 129.62, 

129.34, 128.79, 128.60, 128.55, 127.77, 127.73, 126.94, 126.75, 123.50, 114.00, 55.48, 54.62, 

44.83; HRMS (ESI) m/z: calcd for C26H23NO4S [M + Na]
+ 

468.1240, found 468.1244; The ee 

value was 69%, tR (major) = 21.9 min, tR (minor) = 29.9 min (Chiralcel OD-H, λ = 254 nm, 

30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3t 

 

Enantiomerically enriched 3t 
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(R)-4-Methoxy-N-(3-oxo-1-phenyl-3-p-tolylpropyl)benzenesulfonamide (3u) 

 

A white solid; []
25

D = +23.8 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.75–7.63 (m, 

4H), 7.18 (ddd, J = 7.0 Hz, 6.4 Hz, 5.2 Hz, 7H), 6.85–6.80 (m, 2H), 5.70 (d, J = 6.7 Hz, 1H), 

4.83 (q, J = 6.1 Hz, 1H), 3.82 (s, 3H), 3.53 (dd, J = 17.2 Hz, 5.8 Hz, 1H), 3.42 (dd, J = 17.1 

Hz, 6.1 Hz, 1H), 2.39 (s, 3H); 
13

C NMR (126 MHz, CDCl3) δ 197.47, 162.72, 144.54, 140.01, 

133.92, 131.88, 129.32, 128.52, 128.18, 127.62, 126.73, 113.98, 55.52, 54.54, 44.54, 21.64; 

HRMS (ESI) m/z: calcd for C23H23NO4S [M + Na]
+ 

432.1240, found 432.1250; The ee value 

was 67%, tR (major) = 14.3 min, tR (minor) = 20.1 min (Chiralcel OD-H, λ = 254 nm, 30% 

iPrOH/hexanes, flow rate = 1.0 mL/min). 

 

 

Racemic 3u 
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Enantiomerically enriched 3u 

 

(R)-4-Methoxy-N-(3-(2-methoxyphenyl)-3-oxo-1-phenylpropyl)benzenesulfonamide 

(3v) 

 

A white solid; []
25

D = +32.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 16.48–7.67 (m, 

3H), 16.48–7.51 (m, 6H), 7.45 (ddd, J = 8.5 Hz, 7.4 Hz, 1.8 Hz, 1H), 7.25–7.13 (m, 6H), 

6.98–6.89 (m, 2H), 6.79 (d, J = 8.9 Hz, 2H), 5.71 (d, J = 6.8 Hz, 1H), 4.82 (q, J = 6.3 Hz, 1H), 

3.87 (s, 3H), 3.80 (s, 3H), 3.46 (t, J = 5.9 Hz, 2H); 
13

C NMR (126 MHz, CDCl3) δ 199.52, 

162.56, 158.70, 140.48, 134.21, 132.00, 130.56, 129.27, 128.36, 127.35, 127.23, 126.71, 

120.72, 113.82, 111.48, 55.48, 54.59, 49.84; HRMS (ESI) m/z: calcd for C23H23NO5S [M + 

Na]
+ 

448.1189, found 448.1179; The ee value was 60%, tR (major) = 14.9 min, tR (minor) = 

17.4 min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3v 

 

 

Enantiomerically enriched 3v 
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(R)-4-Methoxy-N-(3-oxo-1-phenylhexyl)benzenesulfonamide (3w) 

 

3w 

A colorless oil; []
25

D = +38.4 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 8.9 

Hz, 2H), 7.17 (t, J = 5.8 Hz, 3H), 7.11–7.03 (m, 2H), 6.86–6.80 (m, 2H), 5.68 (d, J = 7.1 Hz, 

1H), 4.67 (dd, J = 12.8 Hz, 6.1 Hz, 1H), 3.83 (s, 3H), 2.98 (dd, J = 17.0 Hz, 5.6 Hz, 1H), 2.86 

(dd, J = 17.0 Hz, 6.2 Hz, 1H), 2.22 (t, J = 7.3 Hz, 2H), 1.53–1.35 (m, 2H), 0.79 (t, J = 7.4 Hz, 

3H); 
13

C NMR (126 MHz, CDCl3) δ 209.17, 162.70, 139.76, 131.85, 129.25, 128.50, 127.60, 

126.55, 113.95, 55.55, 54.17, 48.56, 45.50, 16.76, 13.46; HRMS (ESI) m/z: calcd for 

C19H23NO4S [M + Na]
+ 

384.1240, found 384.1236; The ee value was 54%, tR (major) = 9.00 

min, tR (minor) = 11.8 min (Chiralcel OD-H, λ = 254 nm, 30% iPrOH/hexanes, flow rate = 

1.0 mL/min). 

 

 

Racemic 3w 
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Enantiomerically enriched 3w 

 

 

(R)-N-(4,4-Dimethyl-3-oxo-1-phenylpentyl)-4-methoxybenzenesulfonamide (3x) 

 

A colorless oil; []
25

D = +32.2 (c 1.00, CHCl3); 
1
H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.9 

Hz, 2H), 7.21–7.12 (m, 3H), 7.07 (dd, J = 7.5 Hz, 1.9 Hz, 2H), 6.84 (d, J = 8.9 Hz, 2H), 5.77 

(d, J = 6.9 Hz, 1H), 4.67 (dd, J = 12.4 Hz, 6.0 Hz, 1H), 3.83 (s, 3H), 3.08 (dd, J = 17.4 Hz, 

5.3 Hz, 1H), 2.95 (dd, J = 17.4 Hz, 6.1 Hz, 1H), 0.94 (s, 9H); 
13

C NMR (126 MHz, CDCl3) δ 

214.21, 162.71, 139.88, 131.94, 129.29, 128.43, 127.54, 126.58, 113.96, 55.56, 54.44, 44.31, 

42.93, 25.74; HRMS (ESI) m/z: calcd for C20H25NO4S [M + Na]
+
 398.1397, found 398.1395; 

The ee value was 73%, tR (major) = 7.1 min, tR (minor) = 11.0 min (Chiralcel OD-H, λ = 254 

nm, 30% iPrOH/hexanes, flow rate = 1.0 mL/min). 
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Racemic 3x 

 

Enantiomerically enriched 3x 
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E. NMR spectra 
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H NMR spectrum of 3a 
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H and 

13
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1
H and 

13
C NMR spectra of 3h 
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H and 

13
C NMR spectra of 3i 

1
.9

6
5
6

2
.9

4
7
9

3
.8

6
2
7

1
.9

2
5
4

1
.9

2
8
2

1
.0

0
0
0

1
.0

0
2
2

2
.9

4
5
3

0
.9

9
7
6

1
.0

5
8
4

In
te

g
ra

l

7
.8

1
0
9

7
.7

9
5
8

7
.6

1
4
3

7
.5

9
6
6

7
.5

7
5
2

7
.5

6
1
3

7
.5

4
6
2

7
.4

3
4
0

7
.4

1
8
9

7
.4

0
5
0

7
.3

1
6
7

7
.3

0
0
3

7
.2

6
0
0

6
.7

9
8
6

6
.7

8
0
9

5
.9

8
9
2

5
.9

7
4
1

4
.9

5
0
3

4
.9

3
9
0

4
.9

2
6
4

4
.9

1
3
8

3
.7

9
6
8

3
.5

7
8
7

3
.5

6
7
3

3
.5

4
4
6

3
.5

3
3
3

3
.4

8
0
3

3
.4

6
9
0

3
.4

4
5
0

3
.4

3
3
7

(ppm)

0.40.81.21.62.02.42.83.23.64.04.44.85.25.66.06.46.87.27.68.08.48.8

1H AMX500

676 jch0508-7

1
9

7
.4

1
1
2

1
6

2
.8

9
0
9

1
4

3
.8

6
3
6

1
3

6
.0

5
8
8

1
3

3
.8

7
2
6

1
3

1
.6

3
5
3

1
2

9
.2

5
9
7

1
2

8
.7

6
4
1

1
2

8
.0

5
0
0

1
2

7
.3

2
1
2

1
2

5
.4

1
9
2

1
2

5
.3

9
0
1

1
1

4
.0

1
4
5

7
7

.2
7
8

8

7
7

.0
2
3

8

7
6

.7
6
8

7

5
5

.4
9
6

9

5
4

.0
2
4

8

4
4

.3
9
0

9

(ppm)

-100102030405060708090100110120130140150160170180190200210220

13C AMX500

676 jch0508-8

 

 

 



 

S39 

 

1
H and 

13
C NMR spectra of 3j 

1
.9

5
0
9

1
.9

7
0
9

1
.0

7
5
0

1
.9

6
0
5

1
.0

4
7
2

1
.9

2
4
0

3
.0

1
0
8

0
.9

8
9
4

1
.0

7
3
2

3
.0

0
0
0

2
.9

6
6
4

1
.0

9
8
6

1
.1

1
8
4

In
te

g
ra

l

7
.8

2
5
2

7
.8

1
0
1

7
.6

8
1
5

7
.6

7
6
4

7
.6

5
8
8

7
.6

5
2
5

7
.5

6
4
2

7
.5

5
0
4

7
.5

3
5
2

7
.4

3
4
4

7
.4

1
9
3

7
.4

0
2
9

7
.1

3
3
1

7
.1

1
6
7

7
.1

0
1
5

6
.8

4
3
1

6
.8

2
5
4

6
.7

6
1
2

6
.7

4
6
0

6
.7

1
3
2

6
.7

0
8
2

6
.6

9
6
9

6
.6

9
1
8

6
.6

7
0
4

5
.6

4
6
7

5
.6

3
2
8

4
.8

3
8
5

4
.8

2
5
9

4
.8

1
4
6

4
.8

0
2
0

3
.8

2
2
4

3
.6

9
2
5

3
.5

9
2
9

3
.5

8
1
6

3
.5

5
8
9

3
.5

4
7
6

3
.4

8
2
0

3
.4

7
0
6

3
.4

4
8
0

3
.4

3
5
3

(ppm)

0.00.40.81.21.62.02.42.83.23.64.04.44.85.25.66.06.46.87.27.68.08.48.89.29.610.010.410.8

jch0511-11H AMX500

689

1
9

7
.7

9
3
4

1
6

2
.7

4
8
4

1
5

9
.6

6
5
8

1
4

1
.4

7
6
6

1
3

6
.3

5
3
5

1
3

3
.5

7
7
1

1
3

1
.8

4
2
7

1
2

9
.6

1
2
7

1
2

9
.3

4
3
1

1
2

8
.6

5
0
8

1
2

8
.0

5
3
2

1
1

8
.9

0
7
6

1
1

3
.9

8
8
6

1
1

3
.1

9
4
3

1
1

2
.4

9
4
7

5
5

.5
3
6

6

5
5

.1
1
3

9

5
4

.4
2
1

6

4
4

.6
8
5

7

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0511-2-13C AMX500

689

 

 

 



 

S40 

 

1
H and 

13
C NMR spectra of 3k 

1
.8

9
3
3

1
.9

0
9
1

0
.9

8
0
0

1
.9

1
3
9

0
.9

3
2
6

0
.9

6
5
6

0
.9

6
6
6

0
.9

4
1
4

1
.8

8
4
0

1
.0

0
0
0

0
.9

8
6
0

2
.8

7
0
8

2
.0

1
9
2

In
te

g
ra

l

7
.8

1
2
8

7
.8

1
0
3

7
.7

9
6
4

7
.7

9
2
6

7
.6

5
3
9

7
.6

4
7
6

7
.6

4
3
9

7
.6

3
3
8

7
.6

3
0
0

7
.6

2
3
7

7
.5

5
5
6

7
.5

5
3
1

7
.5

4
1
7

7
.5

2
9
1

7
.5

2
6
6

7
.4

2
3
2

7
.4

0
6
8

7
.3

9
1
7

7
.3

1
1
0

7
.3

0
7
2

7
.2

9
5
9

7
.2

9
2
1

7
.2

8
0
8

7
.2

7
7
0

7
.2

6
0
6

7
.1

5
7
2

7
.1

4
7
1

7
.1

4
2
1

7
.1

3
0
7

7
.1

2
7
0

7
.1

2
3
2

7
.1

1
5
6

7
.1

1
1
8

6
.9

8
2
0

6
.9

7
9
5

6
.9

6
6
9

6
.9

6
4
3

6
.9

5
1
7

6
.9

4
9
2

6
.9

0
6
3

6
.9

0
3
8

6
.8

8
9
9

6
.8

8
7
4

6
.8

8
3
6

6
.8

6
7
3

6
.7

8
6
6

6
.7

8
0
3

6
.7

7
6
5

6
.7

6
6
4

6
.7

6
2
6

6
.7

5
6
3

5
.7

9
6
9

5
.7

8
0
5

5
.1

1
3
6

5
.1

0
2
2

5
.0

9
7
2

3
.7

9
2
3

3
.5

5
1
5

3
.5

4
0
2

3
.5

1
7
5

3
.5

0
7
4

3
.4

9
4
8

3
.4

7
3
4

3
.4

6
0
8

(ppm)

2.02.42.83.23.64.04.44.85.25.66.06.46.87.27.68.08.48.89.29.6

1H AMX500

678 jch0509-4

1
9
7

.4
3

3
0

1
6
2

.7
1

6
0

1
6
0

.8
3

5
8

1
5
8

.8
9

0
1

1
3
6

.1
3

8
9

1
3
3

.6
3

9
4

1
3
1

.6
6

4
5

1
2
9

.4
0

5
4

1
2
9

.3
6

9
0

1
2
9

.3
3

2
5

1
2
9

.2
5

9
7

1
2
9

.1
9

4
1

1
2
8

.6
6

9
4

1
2
8

.0
7

1
8

1
2
6

.9
7

1
4

1
2
6

.8
6

9
4

1
2
4

.1
7

3
1

1
2
4

.1
5

1
2

1
1
5

.5
1

5
7

1
1
5

.3
4

0
8

1
1
3

.9
5

6
2

7
7
.2

8
6

1

7
7
.0

3
1

1

7
6
.7

7
6

0

5
5
.5

2
6

0

4
9
.8

2
7

3

4
3
.8

3
7

1

(ppm)

-100102030405060708090100110120130140150160170180190200210220

13C AMX500

678 jch0509-1-1

 



 

S41 

 

1
H and 

13
C NMR spectra of 3l 

 

2
.1

9
2
7

1
.0

3
4
8

1
.0

6
9
4

5
.4

1
7
6

2
.0

2
2
4

2
.0

1
3
3

0
.9

4
1
4

1
.0

3
6
9

3
.0

0
0
0

3
.0

9
4
8

1
.7

5
6
5

In
te

g
ra

l

7
.6

4
7
8

7
.6

4
4
0

7
.6

3
9
0

7
.6

3
3
9

7
.6

3
0
2

7
.6

2
5
1

7
.6

2
1
3

7
.6

1
5
0

7
.5

4
8
2

7
.5

4
4
4

7
.5

3
1
8

7
.5

2
9
3

7
.4

6
5
0

7
.4

6
2
5

7
.4

5
1
1

7
.4

4
7
3

7
.4

4
4
8

7
.4

3
4
7

7
.4

3
1
0

7
.2

6
0
8

7
.1

9
9
0

7
.1

9
3
9

7
.1

8
3
9

7
.1

8
1
3

7
.1

7
3
8

7
.1

7
1
2

7
.1

6
7
5

7
.1

6
3
7

7
.1

5
7
4

6
.9

5
5
7

6
.9

4
0
5

6
.9

2
5
4

6
.9

0
9
0

6
.8

0
3
1

6
.7

9
9
3

6
.7

8
9
2

6
.7

8
5
5

5
.7

1
7
6

5
.7

0
5
0

4
.8

3
5
1

4
.8

2
2
5

4
.8

0
9
9

4
.7

9
7
3

3
.8

6
6
9

3
.8

0
3
8

3
.4

7
7
3

3
.4

6
4
7

3
.4

5
3
4

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch05-11-111H AMX500

702
1
9

7
.7

5
6
1

1
6

2
.7

3
3
0

1
3

7
.9

7
7
8

1
3

6
.3

8
9
2

1
3

5
.2

8
1
5

1
3

3
.4

8
1
5

1
3

1
.6

5
9
7

1
3

0
.6

1
0
3

1
2

9
.2

8
4
0

1
2

8
.6

2
0
8

1
2

8
.0

3
7
8

1
2

7
.6

4
4
3

1
2

6
.3

6
1
7

1
1

3
.9

3
6
8

5
5

.5
4
3

1

5
0

.4
3
4

6

4
4

.6
4
8

4

1
9

.0
9
8

9

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0510-4 13C AMX500

683

 

 



 

S42 

 

1
H and 

13
C NMR spectra of 3m 

1
.9

8
3
1

1
.9

1
7
4

1
.0

6
3
6

3
.9

4
3
7

1
.0

5
0
2

1
.0

0
4
0

1
.9

5
2
8

1
.0

0
0
0

1
.0

1
8
8

3
.0

4
7
3

2
.1

2
6
6

In
te

g
ra

l

7
.8

1
7
8

7
.8

0
2
7

7
.8

0
0
2

7
.6

4
8
9

7
.6

4
5
1

7
.6

3
5
0

7
.6

3
1
3

7
.6

2
5
0

7
.5

5
6
9

7
.5

4
1
7

7
.5

2
7
9

7
.4

3
9
6

7
.4

3
5
8

7
.4

2
4
5

7
.4

1
6
9

7
.4

0
0
5

7
.3

8
5
4

7
.2

6
0
6

7
.1

6
4
8

7
.1

6
2
3

7
.1

4
7
1

7
.1

3
4
5

7
.1

3
2
0

7
.0

4
0
0

7
.0

3
7
5

7
.0

2
4
8

7
.0

2
2
3

7
.0

0
9
7

7
.0

0
7
2

6
.7

7
1
4

6
.7

5
3
8

6
.1

2
4
7

6
.1

0
9
6

5
.1

9
0
5

5
.1

7
7
9

5
.1

6
4
0

5
.1

5
2
7

3
.7

8
4
8

3
.4

8
6
0

3
.4

6
2
0

3
.4

5
7
0

3
.4

5
1
9

3
.4

4
4
4

3
.4

2
2
9

3
.4

1
0
3

(ppm)

1.82.02.22.42.62.83.03.23.43.63.84.04.24.44.64.85.05.25.45.65.86.06.26.46.66.87.07.27.47.67.88.08.28.48.68.8

1H AMX500

679 jch0508-5

1
9

8
.0

0
1
4

1
6

2
.7

2
3
3

1
3

8
.6

8
2
2

1
3

6
.1

0
2
5

1
3

3
.7

3
4
1

1
3

2
.8

5
9
6

1
3

1
.3

3
6
6

1
2

9
.5

2
2
0

1
2

9
.3

2
5
2

1
2

9
.0

3
3
8

1
2

8
.6

6
2
1

1
2

8
.1

8
1
1

1
2

7
.5

4
7
1

1
2

2
.1

1
0
7

1
1

3
.9

1
9
7

5
5

.5
0
4

2

5
3

.9
5
2

0

4
2

.8
8
9

7

(ppm)

-100102030405060708090100110120130140150160170180190200210220

13C AMX500

679

jch 05-10-1

 

 



 

S43 

 

1
H and 

13
C NMR spectra of 3n 

1
.8

4
3
6

1
.7

5
4
5

0
.9

8
5
7

1
.8

5
0
6

0
.9

8
1
6

1
.7

6
9
0

0
.9

5
7
2

1
.9

0
7
0

0
.9

1
1
2

0
.9

3
2
2

3
.0

0
0
0

1
.0

1
0
1

1
.0

0
3
9

In
te

g
ra

l

7
.8

2
4
1

7
.8

1
0
3

7
.8

0
7
8

7
.6

5
5
2

7
.6

4
1
3

7
.6

3
7
6

7
.6

3
1
3

7
.5

6
0
7

7
.5

4
5
5

7
.5

3
0
4

7
.4

3
0
8

7
.4

1
4
4

7
.3

9
9
3

7
.2

6
0
6

7
.0

9
8
0

7
.0

8
2
8

7
.0

6
7
7

6
.9

6
9
4

6
.9

5
4
2

6
.9

0
3
8

6
.8

2
8
2

6
.8

1
4
3

6
.8

1
0
5

5
.6

7
8
4

5
.6

6
4
5

4
.8

3
6
2

4
.8

2
3
6

4
.8

1
1
0

4
.7

9
8
4

3
.8

1
8
8

3
.5

8
9
4

3
.5

7
8
0

3
.5

5
5
3

3
.5

4
4
0

3
.4

8
4
7

3
.4

7
2
1

3
.4

4
9
4

3
.4

3
6
8

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch0520-1-1H AMX500

707

1
9

7
.7

7
0
0

1
6

2
.6

6
6
7

1
3

9
.7

4
7
9

1
3

8
.1

5
9
3

1
3

6
.3

3
7
4

1
3

3
.5

2
4
5

1
3

1
.8

2
6
6

1
2

9
.3

1
2
4

1
2

8
.6

2
0
1

1
2

8
.4

3
0
6

1
2

8
.4

1
6
1

1
2

8
.0

4
4
4

1
2

7
.4

7
6
0

1
2

3
.6

8
6
6

1
1

3
.8

9
2
3

5
5

.5
1
3

2

5
4

.4
2
0

1

4
4

.8
3
7

2

2
1

.2
7
7

1

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0520-2-13C AMX500

707

 

 

 



 

S44 

 

1
H and 

13
C NMR spectra of 3o 

2
.0

0
1
1

1
.9

2
6
1

1
.1

0
3
7

2
.1

4
0
8

1
.0

2
1
3

0
.9

5
7
5

1
.0

7
1
7

2
.0

7
0
3

1
.0

5
2
8

1
.0

6
0
8

3
.0

0
0
0

1
.0

7
8
6

1
.1

3
5
0

In
te

g
ra

l

7
.8

1
9
1

7
.8

0
4
0

7
.8

0
1
5

7
.6

3
1
3

7
.6

2
7
5

7
.6

1
7
4

7
.6

1
3
6

7
.5

6
0
7

7
.5

4
5
5

7
.4

4
0
9

7
.4

2
4
5

7
.4

0
9
4

7
.2

6
0
6

7
.2

2
9
1

7
.2

2
5
3

7
.1

3
0
8

7
.0

7
7
8

7
.0

6
2
7

6
.8

3
2
0

6
.8

2
8
2

6
.8

1
8
1

6
.8

1
4
3

5
.8

5
7
4

5
.8

4
3
6

4
.8

3
8
8

4
.8

2
4
9

3
.8

3
0
2

3
.5

4
5
3

3
.5

3
3
9

3
.5

1
1
2

3
.4

9
9
9

3
.4

5
8
3

3
.4

4
6
9

3
.4

2
4
2

3
.4

1
1
6

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch0520-3-1H AMX500

708

1
9

7
.4

2
7
3

1
6

2
.8

1
9
6

1
4

2
.0

5
7
8

1
3

6
.0

9
6
8

1
3

3
.7

7
2
1

1
3

1
.5

9
3
2

1
3

0
.7

1
1
4

1
3

0
.0

3
3
7

1
2

9
.2

3
9
3

1
2

8
.7

1
4
7

1
2

8
.0

5
1
5

1
2

5
.4

6
4
5

1
2

2
.5

5
6
8

1
1

4
.0

4
5
2

5
5

.5
6
4

0

5
3

.9
0
2

5

4
4

.5
3
8

2

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch05-20-4-13C AMX500

708

 

 

 



 

S45 

 

1
H and 

13
C NMR spectra of 3p 

2
.1

1
0
7

2
.1

1
4
8

1
.0

7
3
9

2
.1

5
3
8

0
.9

6
5
0

2
.0

9
9
2

1
.0

0
0
4

1
.0

0
0
0

1
.0

1
7
5

1
.0

6
5
8

3
.2

7
2
9

1
.1

3
5
5

1
.1

2
8
9

In
te

g
ra

l

7
.8

6
5
8

7
.8

6
3
3

7
.8

5
3
2

7
.8

4
9
4

7
.8

4
6
9

7
.7

4
7
3

7
.7

4
3
5

7
.7

3
3
4

7
.7

2
9
6

7
.7

2
3
3

7
.5

8
2
1

7
.5

6
8
3

7
.5

5
5
7

7
.5

5
3
1

7
.5

5
0
6

7
.4

5
7
3

7
.4

5
3
5

7
.4

4
0
9

7
.4

2
9
6

7
.4

2
5
8

7
.2

6
0
6

7
.1

4
8
4

7
.1

4
4
7

6
.8

9
1
2

6
.8

8
7
5

6
.8

7
7
4

6
.8

7
3
6

6
.8

6
7
3

6
.1

6
3
8

6
.1

6
0
0

6
.1

5
7
5

6
.1

5
3
7

6
.0

3
1
4

6
.0

2
5
1

5
.6

9
9
9

5
.6

8
2
2

5
.0

1
1
5

5
.0

0
2
7

5
.0

0
0
2

4
.9

9
5
1

4
.9

9
0
1

4
.9

8
5
0

4
.9

7
2
4

3
.8

3
0
2

3
.6

7
5
1

3
.6

6
6
3

3
.6

4
1
1

3
.6

3
1
0

3
.4

8
6
0

3
.4

7
3
4

3
.4

5
0
7

3
.4

3
8
1

(ppm)

0.40.81.21.62.02.42.83.23.64.04.44.85.25.66.06.46.87.27.68.08.48.89.29.6

1H AMX500

681 jch0509-6

1
9

7
.3

1
8
2

1
6

2
.7

6
8
7

1
5

2
.2

7
4
9

1
4

1
.8

4
6
7

1
3

6
.2

7
1
9

1
3

3
.5

9
0
1

1
3

2
.0

4
5
2

1
2

9
.2

3
2
3

1
2

8
.6

5
6
6

1
2

8
.0

4
4
4

1
1

4
.0

5
9
9

1
1

0
.4

3
8
1

1
0

7
.2

4
6
3

5
5

.5
4
9

6

4
8

.2
9
1

4

4
2

.1
7
0

0

(ppm)

-100102030405060708090100110120130140150160170180190200210220

13C AMX500

681

jch0510-2

 

 



 

S46 

 

1
H and 

13
C NMR spectra of 3q 

1
.9

5
8
6

1
.9

2
4
5

1
.0

8
9
8

2
.1

2
7
0

0
.9

1
5
3

1
.9

1
0
8

1
.8

8
8
2

1
.0

0
8
7

0
.9

7
4
4

3
.0

0
0
0

1
.0

4
5
8

1
.0

4
6
3

In
te

g
ra

l

7
.8

6
5
9

7
.8

5
0
8

7
.7

4
4
9

7
.7

3
8
6

7
.7

3
4
8

7
.7

2
0
9

7
.7

1
5
9

7
.5

8
7
3

7
.5

7
3
4

7
.5

5
8
3

7
.4

6
0
0

7
.4

4
4
8

7
.4

2
9
7

7
.0

9
6
9

7
.0

9
4
4

7
.0

8
6
8

7
.0

8
4
3

6
.8

8
5
1

6
.8

8
0
0

6
.8

6
2
4

6
.8

5
6
1

6
.7

9
5
6

6
.7

8
9
3

6
.7

7
9
2

6
.7

7
0
4

6
.7

6
4
1

5
.8

3
3
6

5
.8

1
7
2

5
.1

7
8
1

5
.1

6
6
7

5
.1

5
6
6

5
.1

5
1
6

5
.1

4
1
5

3
.8

2
9
1

3
.7

0
1
7

3
.6

9
2
9

3
.6

6
7
7

3
.6

5
7
6

3
.5

7
5
7

3
.5

6
3
1

3
.5

4
0
4

3
.5

2
7
8

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch0511-51H AMX500

693

1
9

7
.5

8
8
8

1
6

2
.7

9
8
9

1
4

3
.6

7
6
8

1
3

6
.2

8
7
4

1
3

3
.6

9
3
1

1
3

1
.9

0
7
7

1
2

9
.2

9
1
5

1
2

8
.6

9
4
0

1
2

8
.0

4
5
4

1
2

6
.6

6
0
8

1
2

5
.1

5
2
3

1
2

5
.0

8
6
7

1
1

4
.0

6
0
9

5
5

.5
5
0

6

5
0

.2
5
2

7

4
4

.8
5
2

8

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0511-613C AMX500

693

 

 

 



 

S47 

 

1
H and 

13
C NMR spectra of 3r 

2
.0

4
8
6

1
.9

9
5
4

5
.1

7
1
7

2
.0

3
5
8

2
.0

3
0
0

1
.0

2
2
1

1
.0

6
4
5

3
.0

0
0
0

1
.1

1
9
9

1
.1

1
0
6

In
te

g
ra

l

7
.8

5
4
5

7
.8

4
4
4

7
.8

3
6
8

7
.8

2
6
7

7
.6

6
4
1

7
.6

6
0
3

7
.6

4
6
4

7
.2

6
0
7

7
.1

9
7
6

7
.1

8
3
8

7
.1

7
6
2

7
.1

6
7
4

7
.1

5
9
8

7
.1

5
6
0

7
.1

4
4
7

7
.0

9
5
5

7
.0

9
1
7

7
.0

7
7
9

7
.0

6
5
2

7
.0

6
1
5

6
.8

3
7
1

6
.8

3
3
3

6
.8

2
3
2

6
.8

1
9
4

5
.6

7
3
4

5
.6

5
9
5

4
.8

6
2
8

4
.8

5
0
1

4
.8

3
7
5

4
.8

2
6
2

3
.8

2
2
7

3
.5

8
9
4

3
.5

7
8
1

3
.5

5
5
4

3
.5

4
4
0

3
.4

6
2
1

3
.4

4
9
5

3
.4

2
8
0

3
.4

1
5
4

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch0504-1-1H AMX500

657

1
9

6
.1

2
3
1

1
6

2
.7

8
3
3

1
3

9
.8

1
3
5

1
3

2
.8

3
2
2

1
3

1
.7

6
1
0

1
3

0
.7

9
1
8

1
3

0
.7

1
1
6

1
2

9
.3

1
2
4

1
2

8
.5

9
8
3

1
2

7
.7

5
2
9

1
2

6
.6

8
1
7

1
1

5
.8

7
4
5

1
1

5
.6

9
9
6

1
1

5
.6

1
2
2

1
1

4
.0

0
9
0

5
5

.5
4
2

4

5
4

.4
2
0

1

4
4

.8
0
0

8

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0514-2-13C AMX500

657

 

 

 



 

S48 

 

1
H and 

13
C NMR spectra of 3s 

1
.0

1
2
4

3
.0

7
3
2

1
.0

0
5
3

1
.1

3
7
5

5
.0

6
4
8

2
.0

4
5
4

1
.0

8
6
6

1
.1

3
3
3

3
.0

0
0
0

1
.2

0
6
6

1
.1

5
3
1

In
te

g
ra

l

7
.7

7
3
8

7
.7

7
0
0

7
.7

6
6
2

7
.6

9
8
1

7
.6

8
1
7

7
.6

7
5
4

7
.6

7
1
6

7
.6

6
2
8

7
.6

5
7
8

7
.5

2
5
4

7
.5

1
1
5

7
.5

0
9
0

7
.3

7
9
2

7
.3

6
4
0

7
.3

4
7
6

7
.2

1
1
5

7
.1

9
7
6

7
.1

9
3
8

7
.1

9
0
0

7
.1

8
1
2

7
.1

5
9
8

7
.1

5
6
0

7
.1

4
4
7

6
.8

5
4
7

6
.8

5
0
9

6
.8

4
0
8

6
.8

3
7
0

5
.5

2
5
9

5
.5

1
3
3

4
.8

6
4
0

4
.8

5
1
4

4
.8

3
8
8

4
.8

2
6
2

3
.8

3
2
7

3
.6

1
0
8

3
.5

9
9
5

3
.5

7
6
8

3
.5

6
5
5

3
.4

7
3
4

3
.4

6
0
8

3
.4

3
9
4

3
.4

2
6
8

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch0514-3-1H AMX500

658

1
9

6
.4

6
5
9

1
6

2
.8

4
2
0

1
3

9
.6

9
0
0

1
3

7
.8

5
3
6

1
3

5
.0

6
9
8

1
3

3
.4

8
1
1

1
3

1
.6

9
5
7

1
2

9
.9

9
0
5

1
2

9
.3

4
1
9

1
2

8
.6

7
1
5

1
2

8
.1

6
1
4

1
2

7
.8

5
5
3

1
2

6
.6

6
0
2

1
2

6
.1

1
3
6

1
1

4
.0

5
3
0

5
5

.5
7
1

8

5
4

.3
1
1

1

4
5

.0
1
2

4

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0514-4-13C AMX500

658

 

 

 



 

S49 

 

1
H and 

13
C NMR spectra of 3t 

1
.0

1
4
4

0
.9

1
0
8

2
.8

6
6
6

2
.0

5
1
4

2
.3

6
5
6

5
.1

2
5
7

2
.0

4
0
1

1
.0

7
6
7

1
.1

2
6
2

3
.0

0
0
0

0
.9

2
5
4

1
.2

1
1
7

In
te

g
ra

l

8
.3

1
8
4

7
.9

2
3
8

7
.9

0
7
4

7
.8

7
9
6

7
.8

7
7
1

7
.8

6
3
3

7
.8

5
9
5

7
.8

4
8
1

7
.8

3
1
7

7
.6

9
3
1

7
.6

8
6
8

7
.6

8
3
0

7
.6

7
2
9

7
.6

6
9
1

7
.6

6
2
8

7
.6

2
1
2

7
.6

1
8
7

7
.6

0
6
1

7
.5

9
2
2

7
.5

6
7
0

7
.5

6
4
5

7
.5

5
0
6

7
.5

3
6
7

7
.2

6
0
6

7
.2

2
1
5

7
.2

1
2
7

7
.2

0
2
6

7
.1

9
3
8

7
.1

8
7
5

7
.1

7
7
4

7
.1

7
1
1

7
.1

6
7
3

6
.8

2
5
7

6
.8

1
9
4

6
.8

1
5
6

6
.8

0
5
5

6
.8

0
1
7

6
.7

9
5
4

5
.7

2
1
3

5
.7

0
8
7

4
.9

2
3
2

4
.9

1
1
9

4
.8

9
9
3

4
.8

8
6
7

3
.7

6
7
2

3
.7

3
5
6

3
.7

2
4
3

3
.7

0
1
6

3
.6

9
0
2

3
.6

1
7
1

3
.6

0
4
5

3
.5

8
3
1

3
.5

7
0
5

(ppm)

0.00.40.81.21.62.02.42.83.23.64.04.44.85.25.66.06.46.87.27.68.08.48.89.29.610.010.410.8

jch0514-5-1H AMX500

660

1
9

7
.7

2
8
5

1
6

2
.7

3
4
5

1
5

0
.8

6
3
4

1
4

0
.0

1
2
5

1
3

5
.7

4
9
4

1
3

3
.6

7
2
5

1
3

2
.3

5
3
5

1
3

1
.8

1
4
2

1
3

0
.0

2
1
5

1
2

9
.6

2
0
7

1
2

9
.3

4
3
8

1
2

8
.7

9
7
2

1
2

8
.6

0
0
5

1
2

8
.5

4
9
5

1
2

7
.7

6
9
7

1
2

7
.7

2
6
0

1
2

6
.9

3
9
0

1
2

6
.7

4
9
5

1
2

3
.5

0
6
6

1
1

4
.0

0
3
9

5
5

.4
8
6

3

5
4

.6
2
6

4

4
4

.8
3
2

1

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0514-6-13C AMX500

660

 

 

 



 

S50 

 

1
H and 

13
C NMR spectra of 3u 

3
.9

3
7
1

6
.8

9
8
8

1
.9

8
1
4

1
.0

3
8
9

1
.0

9
3
3

3
.0

0
0
0

0
.7

9
4
2

1
.1

0
5
8

2
.9

1
1
0

In
te

g
ra

l

7
.7

1
4
5

7
.6

9
8
1

7
.6

6
5
3

7
.6

6
1
5

7
.6

5
1
4

7
.6

4
7
7

7
.2

6
0
6

7
.2

1
2
7

7
.1

9
6
3

7
.1

9
3
8

7
.1

8
2
4

7
.1

7
3
6

7
.1

6
3
5

7
.1

5
9
8

6
.8

3
3
2

6
.8

2
9
4

6
.8

1
9
4

6
.8

1
5
6

5
.7

1
1
2

5
.6

9
8
6

4
.8

4
6
3

4
.8

3
3
7

4
.8

2
1
1

4
.8

0
8
5

3
.8

1
8
8

3
.5

5
6
6

3
.5

4
5
2

3
.5

2
2
5

3
.5

1
1
2

3
.4

4
5
6

3
.4

3
3
0

3
.4

1
0
3

3
.3

9
9
0

2
.3

8
7
9

(ppm)

0.00.40.81.21.62.02.42.83.23.64.04.44.85.25.66.06.46.87.27.68.08.48.89.29.610.010.410.8

jch0514-7-1H AMX500

661

1
9

7
.4

7
3
4

1
6

2
.7

2
0
0

1
4

4
.5

3
8
0

1
4

0
.0

1
2
5

1
3

3
.9

2
0
3

1
3

1
.8

7
9
8

1
2

9
.3

2
1
9

1
2

8
.5

2
7
6

1
2

8
.1

7
7
8

1
2

7
.6

2
4
0

1
2

6
.7

2
7
6

1
1

3
.9

8
2
0

5
5

.5
2
2

7

5
4

.5
3
8

9

4
4

.5
4
7

9

2
1

.6
4
3

7

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0514-8-13C AMX500

661

 

 

 

 



 

S51 

 

1
H and 

13
C NMR spectra of 3v 

2
.1

9
2
7

1
.0

3
4
8

1
.0

6
9
4

5
.4

1
7
6

2
.0

2
2
4

2
.0

1
3
3

0
.9

4
1
4

1
.0

3
6
9

3
.0

0
0
0

3
.0

9
4
8

1
.7

5
6
5

In
te

g
ra

l

7
.6

4
7
8

7
.6

4
4
0

7
.6

3
9
0

7
.6

3
3
9

7
.6

3
0
2

7
.6

2
5
1

7
.6

2
1
3

7
.6

1
5
0

7
.5

4
8
2

7
.5

4
4
4

7
.5

3
1
8

7
.5

2
9
3

7
.4

6
5
0

7
.4

6
2
5

7
.4

5
1
1

7
.4

4
7
3

7
.4

4
4
8

7
.4

3
4
7

7
.4

3
1
0

7
.2

6
0
8

7
.1

9
9
0

7
.1

9
3
9

7
.1

8
3
9

7
.1

8
1
3

7
.1

7
3
8

7
.1

7
1
2

7
.1

6
7
5

7
.1

6
3
7

7
.1

5
7
4

6
.9

5
5
7

6
.9

4
0
5

6
.9

2
5
4

6
.9

0
9
0

6
.8

0
3
1

6
.7

9
9
3

6
.7

8
9
2

6
.7

8
5
5

5
.7

1
7
6

5
.7

0
5
0

4
.8

3
5
1

4
.8

2
2
5

4
.8

0
9
9

4
.7

9
7
3

3
.8

6
6
9

3
.8

0
3
8

3
.4

7
7
3

3
.4

6
4
7

3
.4

5
3
4

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch05-11-111H AMX500

702

 

1
9
9

.5
1

9
9

1
6
2

.5
5

8
4

1
5
8

.6
9

6
1

1
4
0

.4
7

7
7

1
3
4

.2
1

0
5

1
3
2

.0
0

2
4

1
3
0

.5
5

9
5

1
2
9

.2
6

9
7

1
2
8

.3
5

8
8

1
2
7

.3
5

3
1

1
2
7

.2
2

9
2

1
2
6

.7
1

1
8

1
2
0

.7
2

1
6

1
1
3

.8
2

7
7

1
1
1

.4
8

1
2

5
5
.4

8
5

0

5
4
.5

8
8

7

4
9
.8

3
7

3

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0511-12-13C AMX500

702

 

 



 

S52 

 

1
H and 

13
C NMR spectra of 3w 

 

1
.9

1
0
8

2
.4

8
7
4

1
.9

3
5
1

1
.9

2
5
3

0
.9

3
2
0

0
.9

8
6
7

3
.0

0
0
0

0
.9

7
5
5

0
.8

7
1
6

1
.9

6
0
0

2
.1

3
6
9

2
.9

0
9
9

In
te

g
ra

l

7
.6

3
5
2

7
.6

1
7
5

7
.2

6
0
8

7
.1

6
8
7

6
.8

3
9
7

6
.8

2
2
0

5
.6

8
3
6

5
.6

6
9
7

4
.6

8
8
9

4
.6

7
7
5

4
.6

6
3
7

4
.6

5
1
1

3
.8

2
7
8

3
.0

0
7
1

2
.9

9
5
7

2
.9

7
3
0

2
.9

6
1
7

2
.8

8
2
2

2
.8

7
0
9

2
.8

4
8
2

2
.8

3
5
6

2
.2

3
6
8

2
.2

2
2
9

2
.2

0
7
8

1
.4

7
5
3

1
.4

6
1
4

1
.4

4
6
3

1
.4

3
1
1

0
.8

0
3
3

0
.7

8
8
2

0
.7

7
4
3

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch0511-71H AMX500

700

2
0

9
.1

6
8
4

1
6

2
.7

0
4
1

1
3

9
.7

5
6
2

1
3

1
.8

5
6
7

1
2

9
.2

5
5
1

1
2

8
.5

0
4
5

1
2

7
.6

0
8
2

1
2

6
.5

5
1
5

1
1

3
.9

5
1
6

5
5

.5
5
0

6

5
4

.1
7
3

3

4
8

.5
6
9

3

4
5

.5
0
1

3

1
6

.7
5
9

9

1
3

.4
6
6

1

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0511-813C AMX500

700

 

 



 

S53 

 

1
H and 

13
C NMR spectra of 3x 

1
.9

4
0
5

2
.9

1
0
9

1
.9

4
3
2

2
.0

4
2
7

1
.0

1
0
8

1
.1

0
7
0

3
.0

0
0
0

1
.0

1
6
0

1
.0

4
9
4

9
.6

1
0
2

In
te

g
ra

l

7
.6

4
6
5

7
.6

3
2
7

7
.6

2
8
9

7
.2

6
0
8

7
.1

7
7
6

7
.1

6
7
5

7
.1

6
3
7

7
.1

5
9
9

7
.0

7
8
0

7
.0

7
4
2

7
.0

6
2
8

7
.0

5
9
0

6
.8

4
7
2

6
.8

4
3
5

6
.8

3
3
4

6
.8

2
9
6

5
.7

7
6
9

5
.7

6
3
0

4
.6

9
1
4

4
.6

7
8
8

4
.6

6
6
2

4
.6

5
4
8

3
.8

2
9
1

3
.1

0
2
9

3
.0

9
1
5

3
.0

6
7
6

3
.0

5
7
5

2
.9

7
3
0

2
.9

6
0
4

2
.9

3
7
7

2
.9

2
5
1

1
.5

6
7
3

0
.9

4
3
2

(ppm)

0.00.61.21.82.43.03.64.24.85.46.06.67.27.88.49.09.610.210.8

jch05-11-9-1H AMX500

701

2
1

4
.1

8
9
4

1
6

2
.6

9
6
9

1
3

9
.8

6
5
5

1
3

1
.9

2
2
3

1
2

9
.2

6
9
7

1
2

8
.4

1
7
1

1
2

7
.5

2
8
0

1
2

6
.5

6
6
1

1
1

3
.9

3
7
1

5
5

.5
5
0

6

5
4

.4
2
1

1

4
2

.9
1
4

3

2
5

.7
3
0

7

(ppm)

-100102030405060708090100110120130140150160170180190200210220

jch0511-10-13C AMX500

701

 

 


