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Experimental Section.  

General Remarks. Unless otherwise stated, all reactions were carried out under argon 

atmosphere. All solvents were purified by distillation. Activated olefins were obtained from 

Tokyo Chemical Industry (Tokyo Kasei Co. Ltd.) and used without purification. All salicyl 

N-tosylated imines[1] and organocatalyst β-ICPD[2] were synthesized according to the literature. 

Melting points were determined on a digital melting point apparatus and temperatures were 

uncorrected. Optical rotations were determined at 589 nm (sodium D line) by using a 

Perkin-Elmer-341 MC digital polarimeter; [α]D-values are given in unit of 10 deg-1 cm2 g-1. 1H 

NMR spectra were recorded on a Bruker AM-300 spectrometer for solution in CDCl3 with 

tetramethylsilane (TMS) as an internal standard; coupling constants J are given in Hz. 13C 

NMR spectra were recorded on a Bruker AM-300 spectrophotometers (75 MHz) with 

complete proton decoupling spectrophotometers (CDCl3: 77.0 ppm). Infrared spectra were 

recorded on a Perkin-Elmer PE-983 spectrometer with absorption in cm-1. Flash column 

chromatography was performed using 300-400 mesh silica gel. For thin-layer chromatography 

(TLC), silica gel plates (Huanghai GF254) were used. Chiral HPLC was performed on a 

SHIMADZU SPD-10A vp series with chiral columns (Chiralpak AD-H, and OD-H columns 

4.6 x 250 mm, (Daicel Chemical Ind., Ltd.)). Elementary analysis was taken on a Carlo-Erba 

1106 analyzer. Mass spectra were recorded by EI, and HRMS was measured on a HP-5989 

instrument. The corresponding racemates of 3 were prepared according to previous paper.[3] 
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In optimization studies, aza-MBH reaction of imine 1a with 2a catalysed by β-ICPD (10 

mol%) was carried out in a series of solvents such as DCM, acetonitrile (MeCN), ethyl acetate 

(EA) and dioxane as well as at various temperatures. We found that the best reaction 

conditions are to carry out the reaction in THF at –30 oC. Solvent effects are outlined in Table 

SI-1, indicating that solvents DCM, MeCN, EA and dioxane are not as effective as THF.  

 

Table SI-1. Solvent effects in aza-MBH reaction of salicyl N-tosylimines with MVK 2a 

catalyzed by β-ICPD.  

 

1

2
3

4

DCM

MeCN
EA

Dioxane

86

91

87

98

78

73

85

8624

24
60

48

a Isolated yields. b Determined by chiral HPLC.

β-ICPD (10 mol%)

solvent, -30 oC
+ 3a2a1a

entry solvent time/h yield/%a eeb
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Determination of the enantiomeric excesses of 3.  

The racemates of 3 in the aza-MBH reaction of salicyl N-tosylimines with MVK and EVK 

were easily obtained in moderate to excellent yields in the presence of 

1,4-diazabicyclo[2,2,2]octane (DABCO) (10 mol%) in toluene or THF according to our 

previous paper.[3] The achieved ee of the corresponding aza-MBH adduct 3 was determined by 

chiral HPLC or after converting to its acetate 6 (92% ee) by treatment with acetyl chloride in 

the presence of triethylamine (Et3N) in dichloromethane (DCM) (Scheme SI-1) (also see the 

following chiral HPLC).  

 

AcCl (3.0 equiv)

Et3N (3.0 equiv), CH2Cl2

6

OH

R5

NHTs

R1

R3

R2

3

OR4

OAc

R5

NHTs

R1

R3

R2

OR4

 

Scheme SI-1. Acylation of adduct 3 with acetyl chloride in the presence of triethylamine.  
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Determination of the absolute configuration of 3.  

Moreover, the absolute structure of the product 3a was also determined by converting 3a to 6a 

and its derivative 7a, which was obtained by treatment of 3a with 4-bromobenzoyl chloride in 

DCM in the presence of Et3N (Scheme SI-2). The single crystals of 6a and 7a suitable for 

X-ray crystal structural analyses could be obtained by recrystallization from DCM and hexane 

(1/4). Their ORTEP drawings have been shown in Figures 1 and 2.[4] We utilized compound 

7a containing a bromine atom on the benzene ring for X-ray diffraction because more reliable 

result could be obtained when a heavy atom such as “Br” is included in the substrate.[5] 

 

AcCl (3.0 equiv)

Et3N (3.0 equiv), CH2Cl2 OAc

TsHN O

3a

6a

p-BrC6H4COCl (1.5 equiv)

Et3N (1.6 equiv), CH2Cl2 O

TsHN O

Br
O

7a
 

Scheme SI-2. Acylation of 3a in DCM. 
 

 

Figure 1. ORTEP drawing of 6a 
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Figure 2. ORTEP drawing of 7a.  
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General Procedure for the Preparation of 3 and 6 Using 3a or 6a as an Example.   

 

OH

NTs O
+

THF, -30 oC OH

TsHN O

3a

β-ICPD (10 mol%)

2a1a  

To a solution of 1a (0.25 mmol, 61 mg) and catalyst [e.g.: β-ICPD (0.025 mmol, 13 mg)] in 

1.0 mL of THF was added MVK (41 µL, 0.50 mmol) at -30 oC under argon atmosphere. The 

reaction solution was monitored by TLC plates. After completion, the solution was directly 

transferred for purification by a silica gel column chromatography (eluent: EtOAc/PE = 2/3) 

to give the corresponding compound 3a in >99% yield and 91% ee (see the Chiral HPLC 

shown below).  

N-(3-Acetyl-3,4-dihydro-2H-chromen-4-yl)-4-methylbenzenesulfonamide 3a: White solid 

(plates obtained by recrystallization from CH2Cl2/PE = 3/1), [α]D
20 77 (c 1.6, CHCl3), mp: 

80-82 oC. IR (KBr) ν 3411, 3161, 1688, 1599, 1454, 1322, 1152 cm-1; 1H NMR (CDCl3, TMS, 

300 MHz) δ 2.25 (3H, s, Me), 2.38 (3H, s, Me), 5.49 (1H, d, J = 7.3 Hz, CH), 5.70 (1H, d, J = 

7.3 Hz, NH), 6.17 (1H, s, =CH), 6.22 (1H, s, =CH), 6.66 (1H, s, OH), 6.72-6.79 (2H, m, Ar), 

6.94 (1H, d, J = 7.2 Hz, Ar), 7.08 (1H, t, J = 7.0 Hz, Ar), 7.18 (2H, d, J = 8.3 Hz, Ar), 7.61 

(2H, d, J = 8.3 Hz, Ar); 13C NMR (CDCl3, TMS, 75 MHz)  δ 21.5, 26.2, 53.4, 117.0, 120.7, 

124.8, 127.1, 128.0, 128.1, 129.1, 129.4, 136.4, 143.5, 146.4, 153.1, 200.0; MS (EI) m/e 190 

(M+-155, 64.2), 148 (M+-167, 62.7), 131 (M+-214, 76.7), 91 (M+-254, 100.0), 65 (M+-280, 

45.4), 43 (M+-302, 93.2); HRMS (MALDI) calcd. for C18H19NO4SNa+: 368.0927, Found: 

368.0934.  
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Chiral HPLC trace 

 

Chiral HPLC report: racemate 3a with a Chiralpak OD-H column: hexane/iPrOH = 90/10, 0.8 
mL/min, 214 nm, tmajor = 24.35 min, tminor = 28.08 min. 
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Chiral HPLC trace 

 
Chiral HPLC report: Enantiomeric excess of 3a was determined by HPLC with a Chiralpak 
OD-H column: hexane/iPrOH = 90/10, 0.8 mL/min, 214 nm, tmajor = 24.35 min, tminor = 28.08 
min; 91% ee. 
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OH

TsHN O

AcCl (3 equiv)

Et3N (3 equiv), CH2Cl2 OAc

TsHN O

3a (S) 6a (S)  

To a solution of 3a (0.10 mmol, 35 mg) in 1.0 mL of DCM was added Et3N (42 µL, 0.30 

mmol) and AcCl (21 µL, 0.3 mmol) at 0 oC under argon atmosphere, then the solution was 

stirred at room temperature. The reaction solution was monitored by TLC plates. After 

completion, the solvent was removed under reduced pressure and the residue was purified by a 

silica gel column chromatography (eluent: EtOAc/PE = 1/2) to give the corresponding 

compound 6a in excellent yield.  

2-(2-Methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6a: White 

solid (needles obtained by recrystallization from CH2Cl2/PE = 5/1); [α]D
20 10 (c 1.5, CHCl3); 

mp. 98-100 oC; IR (KBr) ν 3282, 2920, 1766, 1678, 1330, 1200, 1161 cm-1; 1H NMR (CDCl3, 

TMS, 300 MHz) δ 2.16 (3H, s, Me), 2.27 (3H, s, Me), 2.36 (3H, s, Me), 5.54 (1H, s, CH), 5.54 

(1H, s, NH), 6.07 (1H, s, =CH), 6.09 (1H, s, =CH), 6.95 (1H, d, J = 7.8 Hz, Ar), 7.01-7.06 (1H, 

m, Ar), 7.11-7.13 (1H, m, Ar), 7.22-7.27 (1H, m, Ar), 7.25 (2H, d, J = 8.4 Hz, Ar), 7.62 (2H, d, 

J = 8.4 Hz, Ar). MS (ESI) m/e 388 (M++H); HPLC: AD column; λ = 230 nm; eluent: 

Hexane/Isopropanol = 70/30; Flow rate: 0.7 mL/min; tmajor = 14.79 min, tminor = 10.96 min; 

ee% = 92% (please see the Chiral HPLC trace shown in S49).  
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OH

TsHN O

OMe
3b  

N-(1-(2-Hydroxy-3-methoxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonami

de 3b: White solid (plates obtained by recrystallization from EtOAc/PE = 4/1); yield: 99.5%; 

ee 93%; [α]D
20 63 (c 0.66, CHCl3); mp: 107-111 oC. IR (KBr) ν 3306, 2925, 1673, 1596, 1481, 

1442,1333, 1273, 1223, 1159, 1055 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.20 (3H, s, 

Me), 2.35 (3H, s, Me), 3.81(3H, s, Me), 5.58 (1H, d, J = 9.6 Hz, CH), 5.79 (1H, s, OH), 5.99 

(1H, d, J = 9.6 Hz, NH), 6.09 (1H, s, =CH), 6.18 (1H, s, =CH), 6.66-6.64 (2H, m, Ar), 

6.72-6.70 (1H, m, Ar), 7.12 (2H, d, J = 8.0 Hz, Ar), 7.60 (2H, d, J = 8.0 Hz, Ar); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 21.4, 26.3, 54.0, 56.0, 109.7, 119.6, 121.1, 124.0, 127.1, 127.2, 

127.2, 129.1, 137.3, 142.5, 142.9, 146.2, 198.6. MS (EI) m/e 375 (M+, 0.6), 204 (M+-171, 

66.5), 161 (M+-214, 100.0). HRMS (MALDI) calcd. for C19H21NO5SNa+: 398.1032, Found: 

398.1024.  
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OAc

OTsHN

OMe

6b  

2-Methoxy-6-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6b: 

Yellow solid (plates obtained by recrystallization from CH2Cl2/PE = 8/1); ee 93%; [α]D
20 58 (c 

0.33, CHCl3); mp. 110-112 oC; IR (KBr) ν 3282, 2925, 1767, 1679, 1481, 1440, 1277, 1162, 

1054 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.15 (3H, s, Me), 2.25 (3H, s, Me), 2.38 (3H, 

s, Me), 3.76(3H, s, Me), 5.48-5.56 (1H, m, CH), 5.48-5.56 (1H, m, NH), 6.01 (1H, s, =CH), 

6.05 (1H, s, =CH), 6.71 (1H, dd, J = 1.2, 8.1 Hz, Ar), 6.80 (1H, dd, J = 1.2, 8.1 Hz, Ar), 6.99 

(1H, t, J = 8.1 Hz, Ar), 7.19 (2H, d, J = 8.4 Hz, Ar), 7.63 (2H, d, J = 8.4 Hz, Ar). MS (ESI) 

m/e 418 (M++H); HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 75/25; Flow 

rate: 0.6 mL/min; tmajor = 13.63 min, tminor = 27.46 min; ee% = 93%.  
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OH

TsHN O

MeO
3c  

N-(1-(2-Hydroxy-4-methoxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonami

de 3c: White solid (needles obtained by recrystallization from EtOAc/PE = 5/1); yield: 98%; 

ee 92%; [α]D
20 147 (c 0.51, CHCl3); mp: 110-112 oC. IR (KBr) ν 2923, 2839, 1920, 1703, 

1674, 1618, 1519, 1444, 1320, 1160, cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.22 (3H, s, 

Me), 2.37 (3H, s, Me), 3.67(3H, s, Me), 5.45 (1H, d, J = 7.8 Hz, CH), 5.99 (1H, d, J = 7.8 Hz, 

NH), 6.12 (1H, s, =CH), 6.17 (1H, s, =CH), 6.22-6.25 (2H, m, Ar), 6.82 (1H, d, J = 9.3 Hz, 

Ar), 7.16 (2H, d, J = 8.1 Hz, Ar), 7.59 (2H, d, J = 8.1 Hz, Ar); 13C NMR (CDCl3, TMS, 75 

MHz) δ 21.4, 26.2, 53.1, 55.2, 102.5, 106.5, 117.2, 127.1, 127.7, 128.8, 129.4, 136.4, 143.4, 

146.6, 154.3, 160.2, 200.0; MS (MALDI) m/e 398 (M++23, 100.0). HRMS (MALDI) calcd. 

for C19H21NO5SNa+: 398.1032, Found: 398.1030.  
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OAc

OTsHN

MeO
6c  

5-Methoxy-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6c: 

White solid (cubes obtained by recrystallization from CH2Cl2/PE = 5/1); ee 92%; [α]D
20 47 (c 

0.27, CHCl3); mp:121-123 oC; IR (KBr) ν 3281, 2924, 1769, 1679, 1617, 1506, 1431, 1369, 

1034, 815 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.15 (3H, s, Me), 2.25 (3H, s, Me), 2.40 

(3H, s, Me), 3.73 (3H, s, Me), 5.39 (1H, d, J = 8.0 Hz, CH), 5.47 (1H, d, J = 8.0 Hz, NH), 6.05 

(1H, s, =CH), 6.07 (1H, s, =CH), 6.50 (1H, s, Ar), 6.58 (1H, d, J = 9.1 Hz, Ar), 6.98 (1H, d, J 

= 9.1 Hz, Ar), 7.21 (2H, d, J = 8.1 Hz, Ar), 7.62 (2H, d, J = 8.1 Hz, Ar). MS (ESI) m/e 435 

(M++18); HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 

0.5 mL/min; tmajor = 18.80 min; tminor = 32.38 min; ee% = 92%.  
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OH

TsHN O
MeO

3d  

N-(1-(2-Hydroxy-5-methoxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonami

de 3d: White solid (cubes obtained by recrystallization from CH2Cl2/PE = 3/1): 95%; ee 

99.9%; [α]D
20 98 (c 0.95, CHCl3), mp: 107-110 oC. IR (KBr) ν 3306, 1676, 1596, 1481, 1442, 

1335, 1274, 1222, 1160, 1055 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.20 (3H, s, Me), 

2.34 (3H, s, Me), 3.81(3H, s, Me), 5.57 (1H, d, J = 9.7 Hz, CH), 5.82 (1H, s, OH), 6.01 (1H, d, 

J = 9.7 Hz, NH), 6.09 (1H, s, =CH), 6.17 (1H, s, =CH), 6.64-6.73 (3H, m, Ar), 7.12 (2H, d, J 

= 8.1 Hz, Ar), 7.60 (2H, d, J = 8.1 Hz, Ar); 13C NMR (CDCl3, TMS, 75 MHz) δ 21.4, 26.3, 

54.0, 55.9, 109.7, 119.5, 121.1, 124.0, 127.1, 127.2, 129.1, 137.3, 142.5, 142.8, 146.2, 146.2, 

198.6. MS (EI) m/e 204 (M+-171, 54.4), 161 (M+-214, 100.0), 91 (M+-284, 26.9), 43 (M+-332, 

44.5). HRMS (EI) calcd. for C19H21NO5S: 375.1140, Found: 375.1131.  
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OAc

OTsHN
MeO

6d  

Methoxy-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6d: 

Yellow solid (needles obtained by recrystallization from CH2Cl2/PE = 6/1): ee 99.9%; [α]D
20 

45 (c 1.0, CHCl3); mp.98-100 oC; IR (KBr) ν 3282, 2922, 1762, 1679, 1598, 1497, 1194, 1161, 

1038 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.17 (3H, s, Me), 2.24 (3H, s, Me), 2.38 (3H, 

s, Me), 3.66 (3H, s, Me), 5.49 (1H, d, J = 8.6 Hz, CH), 5.54 (1H, d, J = 8.6 Hz, NH), 6.06 (1H, 

s, =CH), 6.08 (1H, s, =CH), 6.50 (1H, d, J = 2.7 Hz, Ar), 6.71 (1H, dd, J = 2.7, 8.4 Hz, Ar), 

6.85 (1H, d, J = 8.4 Hz, Ar), 7.19 (2H, d, J = 8.1 Hz, Ar), 7.62 (2H, d, J = 8.1 Hz, Ar); MS 

(ESI) m/e 418 (M++H); HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; 

Flow rate: 0.5 mL/min; tmajor = 17.23 min; tminor = 13.00 min; ee% = 99.9%.  
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OH

TsHN O
Me

3e  

N-[2-Acetyl-1-(2-hydroxy-5-methylphenyl)-allyl]-4-methylbenzenesulfonamide 3e: White 

solid (cubes obtained by recrystallization from CH2Cl2/PE = 2/1): 96%; ee 92%; [α]D
20 94 (c 

0.90, CHCl3); mp: 148-150 oC. IR (KBr) ν 3400, 3300, 2924, 2860, 1919, 1678, 1598, 1511, 

1431, 1334, 1165, 1057 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.07 (3H, s, Me), 2.20 (3H, 

s, Me), 2.33 (3H, s, Me), 5.50 (1H, d, J = 9.0 Hz, CH), 6.11 (1H, s, =CH), 6.19 (1H, s, =CH), 

6.28 (1H, d, J = 9.0 Hz, NH), 6.57 (1H, d, J = 8.1 Hz, Ar), 6.69 (1H, d, J = 2.0 Hz, Ar), 6.76 

(1H, dd, J = 2.0, 8.1 Hz, Ar), 7.06 (1H, s, OH), 7.10 (2H, d, J = 8.7 Hz, Ar), 7.62 (2H, d, J = 

8.7 Hz, Ar); 13C NMR (CDCl3, TMS, 75 MHz) δ 20.2, 21.3, 26.1, 53.4, 116.4, 124.1, 126.1, 

127.0, 127.7, 128.9, 129.2, 129.5, 136.5, 143.2, 146.5, 150.9, 199.8. MS (MALDI) m/e 382 

(M++23, 100.0). HRMS (MALDI) calcd. for C19H21NO4SNa+: 382.1083, found: 382.1098.   
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OAc

OTsHN
Me

6e  

4-Methyl-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6e: 

White solid (cubes obtained by recrystallization from EtOAc/PE = 4/1): ee 92%; [α]D
20 40 (c 

0.73, CHCl3); mp. 147-149 oC; IR (KBr) ν 3282, 2924, 1854, 1917, 1763, 1679, 1598, 1497, 

1194, 1161, 1061 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.14 (3H, s, Me), 2.17 (3H, s, 

Me), 2.24 (3H, s, Me), 2.39 (3H, s, Me), 5.47 (1H, s, CH), 5.47 (1H, s, NH), 6.08 (1H, s, 

=CH), 6.10 (1H, s, =CH), 6.79-6.82 (2H, m, Ar), 6.97-7.02 (1H, m, Ar), 7.19 (2H, d, J = 8.6 

Hz, Ar), 7.61 (2H, d, J = 8.6 Hz, Ar); MS (ESI) m/e 402 (M++H); HPLC: OD column; λ = 230 

nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.5 mL/min; tmajor = 14.63 min; tminor = 

10.13 min; ee% = 92%.  
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OH

TsHN O
Br

3f  

N-(1-(5-Bromo-2-hydroxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 

3f: White solid (cubes obtained by recrystallization from CH2Cl2/PE = 3/1): 95%; ee 90%; 

[α]D
20 70 (c 0.96, CHCl3); mp: 124-126 oC. IR (KBr) ν 3309, 2922, 1916, 1673, 1598, 1494, 

1328, 1159 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.17 (3H, s, Me), 2.30 (3H, s, Me), 

5.40 (1H, d, J = 9.0 Hz, CH), 6.01 (1H, d, J = 9.0 Hz, NH), 6.10 (1H, s, =CH), 6.13 (1H, s, 

=CH), 6.52 (1H, d, J = 8.4 Hz, Ar), 6.89 (1H, d, J = 1.8 Hz, Ar), 7.02 (1H, dd, J = 1.8, 8.4 Hz, 

Ar), 7.07 (1H, s, OH), 7.13 (2H, d, J = 7.2 Hz, Ar), 7.71 (2H, d, J = 7.2 Hz, Ar); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 21.5, 26.2, 53.2, 112.6, 118.6, 126.6, 127.0, 128.5, 129.5, 131.0, 

131.6, 136.1, 143.8, 145.8, 152.4, 199.8. MS (MALDI) m/e 446 (M++23), 448 (M++25, 100.0). 

HRMS (MALDI) calcd. for C18H18NO4SBrNa+: 446.0031, Found: 446.0032.  
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OAc

OTsHN
Br

6f  

4-Bromo-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6f: 

White solid (cubes obtained by recrystallization from CH2Cl2/PE = 5/1): ee 90%, [α]D
20 70 (c 

0.96, CHCl3), mp. 118-120 oC; IR (KBr) ν 3283, 2924, 1765, 1679, 1598, 1479, 1265, 1198, 

1163, 1013 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.19 (3H, s, Me), 2.28 (3H, s, Me), 

2.39 (3H, s, Me), 5.47 (1H, d, J = 8.0 Hz, CH), 5.49 (1H, d, J = 8.0 Hz, NH), 6.07 (1H, s, 

=CH), 6.12 (1H, s, =CH), 6.82 (1H, d, J = 8.7 Hz, Ar), 7.09 (1H, d, J = 2.4 Hz, Ar), 7.19 (2H, 

d, J = 8.1 Hz, Ar), 7.28 (1H, dd, J = 2.4, 8.7 Hz, Ar), 7.59 (2H, d, J = 8.1 Hz, Ar). MS (ESI) 

m/e 467 (M++H); HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 80/20; Flow 

rate: 0.5 mL/min; tmajor = 17.38 min; tminor = 14.46 min; ee% = 90%.  
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OH

OTsHN

Cl

Cl

3g  

N-(1-(3,5-Dichloro-2-hydroxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfona

mide 3g: White solid (plates obtained by recrystallization from CH2Cl2/PE = 5/1): 95%; ee 

90%; [α]D
20 35 (c 0.47, CHCl3); mp: 169-170 oC. IR (KBr) ν 3273, 2924, 2853, 2101, 1712, 

1674, 1598, 1557, 1495, 1332, 1161, 1093, 1068 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 

2.23 (3H, s, Me), 2.36 (3H, s, Me), 5.52 (1H, d, J = 9.6 Hz, CH), 6.11 (1H, d, J = 9.6 Hz, NH), 

6.15 (1H, s, =CH), 6.16 (1H, s, =CH), 6.20 (1H, s, OH), 6.94 (1H, d, J = 2.4 Hz, Ar), 7.09 (1H, 

d, J = 2.4 Hz, Ar), 7.15 (2H, d, J = 8.4 Hz, Ar), 7.58 (2H, d, J = 8.4 Hz, Ar); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 21.3, 26.0, 63.8, 120.8, 125.2, 126.8, 127.1, 127.5, 127.7, 128.4, 129.1, 

136.6, 143.4, 145.0, 146.9, 197.0. MS (EI) m/e 201 (M+-212, 21.2), 199 (M+-214, 35.5), 171 

(M+-242, 25.0), 155 (M+-258, 28.9), 91 (M+-322, 100.0), 43 (M+-370, 86.7). HRMS (EI) calcd. 

for C18H17Cl2NO4S: 413.0255, Found: 413.0258.  
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OAc

OTsHN
Cl

Cl
6g  

2,4-Dichloro-6-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 

6g: White solid (cubes obtained by recrystallization from EtOAc/PE = 2/1): ee 90%; [α]D
20 74 

(c 0.70, CHCl3); mp. 165-166 oC; IR (KBr) ν 3281, 2924, 2853, 1772, 1681, 1573, 1453 cm-1; 

1H NMR (CDCl3, TMS, 300 MHz) δ 2.18 (3H, s, Me), 2.31 (3H, s, Me), 2.40 (3H, s, Me), 

5.47 (1H, d, J = 9.0 Hz, CH), 5.84 (1H, d, J = 9.0 Hz, NH), 6.04 (1H, s, =CH), 6.11 (1H, s, 

=CH), 6.93 (1H, s, Ar), 7.20 (2H, d, J = 8.1 Hz, Ar), 7.23 (1H, d, J = 2.4 Hz, Ar), 7.59 (2H, d, 

J = 8.1 Hz, Ar); MS (EI) m/e 266 (M+-155, 6.00), 91 (M+-330, 46.38), 43 (M+-378, 100); 

HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.6 mL/min; 

tmajor = 12.46 min; tminor = 15.54 min; ee% = 95%.  
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OH

OTsHN

Cl

3h  

N-(1-(5-Chloro-2-hydroxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 

3h: White solid (needles obtained by recrystallization from CH2Cl2/PE = 4/1): 96% yield; ee 

90%; [α]D
20 74 (c 0.70, CHCl3); mp: 124-126 oC. IR (KBr) ν 3281, 2923, 1709, 1486, 1332, 

1161, 1093 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 2.26 (3H, s, Me), 2.38 (3H, s, Me), 

5.44 (1H, d, J = 8.4 Hz, CH), 5.85 (1H, d, J = 8.4 Hz, NH), 6.19 (1H, s, =CH), 6.20 (1H, s, 

=CH), 6.66 (1H, d, J = 8.1 Hz, Ar), 6.83 (1H, d, J = 2.4 Hz, Ar), 6.97 (1H, dd, J = 2.4, 8.1 Hz, 

Ar), 6.99 (1H, s, OH), 7.18 (2H, d, J = 8.1 Hz, Ar), 7.59 (2H, d, J = 8.1 Hz, Ar); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 21.5, 26.2, 53.2, 118.5, 125.5, 126.4, 127.1, 127.8, 128.6, 128.9, 

129.5, 136.2, 143.8, 145.9, 151.9, 199.9. MS (MALDI) m/e 402 (M++23, 100.0). HRMS 

(MALDI) calcd. for C18H18NO4SClNa+: 402.0533, Found: 402.0537.  
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OAc

OTsHN
Cl

6h  

4-Chloro-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6h: 

White solid (plates obtained by recrystallization from EtOAc/PE = 3/1): ee 90%; [α]D
20 74 (c 

0.70, CHCl3); mp. 118-120 oC; IR (KBr) ν 3287, 2924, 1917, 1767, 1680, 1482, 1165 cm-1; 1H 

NMR (CDCl3, TMS, 300 MHz) δ 2.15 (3H, s, Me), 2.22 (3H, s, Me), 2.53 (3H, s, Me), 5.50 

(1H, d, J = 9.0 Hz, CH), 5.52 (1H, d, J = 9.0 Hz, NH), 6.04 (1H, s, =CH), 6.09 (1H, s, =CH), 

6.88 (1H, d, J = 9.0 Hz, Ar), 6.96 (1H, d, J = 1.5 Hz, Ar), 7.14 (1H, dd, J = 9.0, 1.5 Hz, Ar), 

7.19 (2H, d, J = 8.2 Hz, Ar), 7.59 (2H, d, J = 8.2 Hz, Ar). MS (EI) m/e 266 (M+-155, 6.00), 91 

(M+-330, 46.38), 43 (M+-378, 100); HPLC: AD column; λ = 230 nm; eluent: 

Hexane/Isopropanol = 70/30; Flow rate: 0.5 mL/min; tmajor = 14.38 min; tminor = 17.54 min; 

ee% = 90%.  
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F OH

TsHN O

3i  

N-(1-(4-fluoro-2-hydroxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 

3i. This is a new compound. White solid (needles obtained by recrystallization from 

EtOAc/PE = 2/1): Mp. 70-72 oC; ee 94%; [α]20
D = +59.2 (CHCl3, 0.90); IR (CH2Cl2) ν 3286, 

2925, 1673, 1613, 1517, 1434, 1328, 1158, 1093, 670 cm-1; 1H NMR (CDCl3, 300 MHz, 

TMS): δ 2.22 (3H, s, CH3), 2.35 (3H, s, CH3), 5.51 (1H, d, J = 9.3 Hz, CH), 6.13 (1H, s, =CH), 

6.17 (1H, s, =CH), 6.29 (1H, d, J = 9.3 Hz, NH), 6.33-6.42 (2H, m, Ar), 6.90 (1H, dd, J1 = 6.6 

Hz, J2 = 8.4 Hz, Ar), 7.14 (2H, d, J = 7.8 Hz, Ar), 7.53 (1H, s, OH), 7.57 (2H, d, J = 8.1 Hz, 

Ar). 13C NMR (CDCl3, 75 MHz): δ 21.4, 26.1, 52.9, 104.0 (d, J = 24.2 Hz), 107.2 (d, J = 20.6 

Hz), 120.7 (d, J = 2.7 Hz), 126.2, 127.0, 128.1, 129.5 (d, J = 11.0 Hz), 136.3, 143.6, 146.1, 

154.5 (d, J = 11.7 Hz), 162.7 (d, J = 244.9 Hz), 199.9. 19F NMR (CDCl3, 282 MHz, CFCl3): δ 

-113.12 (q, J = 9.6 Hz). MS (ESI) m/z 385.0, 346.0, 193.0. HRMS (MALDI) Calcd. for 
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C18H18FNO4S requires (M++Na+) 386.0833, Found 386.0832.  
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F OAc

TsHN O

6i  

5-fluoro-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxobutyl)phenyl acetate 6i. 

This is a new compound. White solid (needles obtained by recrystallization from CH2Cl2/PE = 

2/3): Mp. 110-112 oC; [α]20
D = +27.8 (CHCl3, 1.15); IR (CH2Cl2) ν 3284, 3080, 1771, 1680, 

1500, 1197, 672 cm-1; 1H NMR (CDCl3, 300 MHz, TMS): δ 2.14 (3H, s, CH3), 2.27 (3H, s, 

CH3), 2.39 (3H, s, CH3), 5.57 (1H, d, J = 8.7 Hz, CH), 5.89 (1H, d, J = 8.7 Hz, NH), 6.03 (1H, 

s, =CH), 6.07 (1H, s, =CH), 6.68-6.74 (2H, m, Ar), 7.09 (1H, dd, J1 = 6.3 Hz, J2 = 9.6 Hz, Ar), 

7.18 (2H, d, J = 8.7 Hz, Ar), 7.59 (2H, d, J = 7.8 Hz, Ar). 13C NMR (CDCl3, 75 MHz): δ 21.0, 

21.4, 26.2, 52.5, 110.7 (d, J = 24.6 Hz), 112.9 (d, J = 21.2 Hz), 126.3, 126.5 (d, J = 3.3 Hz), 

127.1, 129.4, 129.7 (d, J = 9.8 Hz), 137.1, 143.4, 146.4, 148.3 (d, J = 10.8 Hz), 161.8 (d, J = 

247.1 Hz), 168.7, 198.3. 19F NMR (CDCl3, 282 MHz, CFCl3): δ -112.15 (q, J = 6.8 Hz). MS 

(ESI) m/z 406.0, 235.0. HRMS (MALDI) Calcd. for C20H20FNO5S requires (M++Na+) 

428.0941, Found 428.0938. Enantiomeric excess was determined by HPLC with a Chiralcel 

AD-H column: hexane/iPrOH = 75/25, 0.7 mL/min, 254 nm, tmajor = 9.48 min, tminor = 14.83 

min; 94% ee.  
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OH

OTsHN

3k  

N-(1-(2-Hydroxyphenyl)-2-methylene-3-oxopentyl)-4-methylbenzenesulfonamid 3k: 

White solid (cubes obtained by recrystallization from CH2Cl2/PE = 3/1), yield: 99%; ee 92%; 

[α]D
20 80 (c 0.50, CHCl3); mp: 48-50 oC. IR (KBr) ν 3301, 2979, 2939, 2879, 1919, 1676, 

1598, 1458, 1414, 1332, 1158, 1093, 950 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 0.98 (3H, 

t, J = 7.2 Hz, Me), 2.36 (3H, s, Me), 2.49-2.72 (2H, m, CH2), 5.51 (1H, d, J = 8.3 Hz, CH), 

5.90 (1H, d, J = 8.3 Hz, NH), 6.15 (2H, d, J = 4.2 Hz, =CH2), 6.71-6.76 (1H, m, Ar), 6.87 (1H, 

s, OH), 6.94 (1H, dd, J = 8.1, 1.5 Hz, Ar), 7.02-7.09 (1H, m, Ar), 7.16 (2H, d, J = 8.7 Hz, Ar), 

7.60 (2H, d, J = 8.7 Hz, Ar); 13C NMR (CDCl3, TMS, 75 MHz) δ 7.9, 21.4, 31.1, 55.5, 112.9, 

114.4, 117.9, 125.8, 126.3, 127.0, 129.3, 129.6, 136.5, 143.4, 146.9, 153.4, 202.5; MS (EI) 

m/e 204 (M+-155, 42.8), 148 (M+-211, 66.0), 146 (M+-213, 20.0), 131 (M+-228, 43.4), 91 
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(M+-268, 100.0), 65 (M+-294, 30.2), 57 (M+-302, 81.2), 55 (M+-304, 16.3). Anal. Calcd. for 

C19H21NO4S requires C, 63.49; H, 5.89; N, 3.90%. Found: C, 63.53; H, 5.89; N, 3.74%.  

 

 

OAc

OTsHN

6k  

2-(2-Methylene-1-(4-methylphenylsulfonamido)-3-oxopentyl)phenyl acetate 6k: Colorless 

solid (plates obtained by recrystallization from CH2Cl2/PE = 4/1): ee 92%; [α]D
20 27 (c 0.53, 

CHCl3); mp. 70-72 oC; IR (KBr) ν 3283, 2977, 2926, 2854, 1766, 1681, 1598, 1489, 1370, 

1336, 1201, 1094 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 0.93 (3H, t, J = 7.2 Hz, Me), 

2.27 (3H, s, Me), 2.38 (3H, s, Me), 2.42-2.61 (2H, m, CH2), 5.50 (1H, d, J = 8.0 Hz, CH), 5.60 

(1H, d, J = 8.0 Hz, NH), 5.98 (1H, s, =CH), 6.06 (1H, s, =CH), 6.95 (1H, d, J = 8.4 Hz, Ar), 

7.03 (1H, t, J = 7.5 Hz, Ar), 7.12 (1H, dd, J = 1.5, 7.8 Hz, Ar), 7.17-7.20 (1H, m, Ar), 7.18 

(2H, d, J = 8.1 Hz, Ar), 7.61 (2H, d, J = 8.1 Hz, Ar). MS (EI) m/e 246 (M+-155, 24.80), 91 
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(M+-310, 100), 43 (M+-358, 95.29); HPLC: AD column; λ = 230 nm; eluent: 

Hexane/Isopropanol = 90/10; Flow rate: 0.5 mL/min; tmajor = 39.54 min; tminor = 60.96 min; 

ee% = 92%.  

 

 

OH

OTsHN

OMe
3l  

N-(1-(2-Hydroxy-3-methoxyphenyl)-2-methylene-3-oxopentyl)-4-methylbenzenesulfonam

ide 3l: White solid (needles obtained by recrystallization from CH2Cl2/PE = 5/1), yield: 96%; 

ee 94%; [α]D
20 55 (c 1.21, CHCl3); mp: 95-97 oC. IR (KBr) ν 3355, 3268, 2977, 2939, 2843, 

1918, 1679, 1597, 1482, 1443, 1158, 1093, 955, 904, 815, 670 cm-1; 1H NMR (CDCl3, TMS, 

300 MHz) δ 0.87 (3H, t, J = 7.4 Hz, Me), 2.51 (3H, s, Me), 2.33-2.56 (2H, m, CH2), 3.70 (1H, 

s, CH3), 5.53 (1H, d, J = 9.6 Hz, CH), 5.85 (1H, s, OH), 5.98-6.06 (3H, m, NH and =CH2), 

6.54-6.64 (3H, m, Ar), 7.02 (2H, d, J = 8.3 Hz, Ar), 7.51 (2H, d, J = 8.3 Hz, Ar); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 7.8, 21.3, 31.2, 54.1, 55.9, 109.6, 119.4, 120.9, 124.0, 125.6, 127.0, 
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129.0, 137.2, 142.4, 142.8, 145.7, 146.2, 201.3; MS (EI) m/e 171 (M+-218, 17.3), 155 

(M+-234, 20.9), 108 (M+-281, 13.1), 107 (M+-282, 25.7), 91 (M+-298, 100.0), 89 (M+-300, 

11.2), 65 (M+-324, 34.4), 63 (M+-326, 12.4). Anal. Calcd. for C20H23NO5S requires C, 61.68; 

H, 5.95; N, 3.60%. Found: C, 61.46; H, 5.65; N, 3.22%.  

 

 

OAc

OTsHN

OMe
6l  

2-Methoxy-6-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxopentyl)phenyl acetate 6l: 

White solid (cubes obtained by recrystallization from CH2Cl2/PE = 3/1): ee 94%, [α]D
20 32 (c 

0.80, CHCl3), mp. 115-117 oC; IR (KBr) ν 3282, 2920, 1768, 1682, 1481, 1334, 1278, 1161, 

1091, 1053 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 0.93 (3H, t, J = 7.2 Hz, Me), 2.25 (3H, 

s, Me), 2.34 (3H, s, Me), 2.38-2.59 (2H, m, CH2), 3.76 (3H, s, Me), 5.49 (1H, s, CH), 5.49 

(1H, s, NH), 5.99 (1H, s, =CH), 6.05 (1H, s, =CH), 6.71 (1H, d, J = 8.1 Hz, Ar), 6.80 (1H, d, J 

= 8.1 Hz, Ar), 6.99 (1H, t, J = 7.8 Hz, Ar), 7.23 (2H, d, J = 8.1 Hz, Ar), 7.62 (2H, d, J = 8.1 
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Hz, Ar). MS (ESI) m/e 432 (M++1); HPLC: AD column; λ = 230 nm; eluent: 

Hexane/Isopropanol = 80/20; Flow rate: 0.6 mL/min; tmajor = 12.75 min; tminor = 20.49 min; 

ee% = 94%.  

 

 

OH

OTsHN
MeO

3m  

N-(1-(2-Hydroxy-5-methoxyphenyl)-2-methylene-3-oxopentyl)-4-methylbenzenesulfonam

ide 3m: White solid (plates obtained by recrystallization from CH2Cl2/PE = 5/1); yield: 97%, 

ee 94%, [α]D
20 73 (c 1.23, CHCl3), mp: 90-92 oC. IR (KBr) ν 3357, 3272, 2977, 2986, 2785, 

1901, 1711, 1597, 1482, 1443, 1158, 1093 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 1.00 

(3H, t, J = 7.5 Hz, Me), 2.37 (3H, s, Me), 2.50-2.74 (2H, m, CH2), 3.65 (1H, s, CH3), 5.47 (1H, 

d, J = 8.4 Hz, CH), 5.79 (1H, d, J = 8.4 Hz, NH), 6.19 (2H, d, J = 9.0 Hz, =CH2), 6.45 (1H, d, 

J = 2.7 Hz, Ar), 6.49 (1H, s, OH), 6.01 (1H, dd, J = 8.7, 2.6 Hz, Ar), 6.68 (1H, d, J = 8.7 Hz, 

Ar), 7.15-7.18 (2H, m, Ar), 7.59-7.63 (2H, m, Ar); 13C NMR (CDCl3, TMS, 75 MHz) δ 7.9, 
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21.4, 31.1, 53.2, 55.5, 112.9, 114.0, 117.9, 125.8, 126.3, 127.0, 129.3, 129.6, 136.5, 143.4, 

146.9, 153.3, 202.5; MS (EI) m/e 218 (M+-171, 57.74), 203 (M+-186, 25.7), 189 (M+-200, 

31.1), 178 (M+-211, 19.1), 161 (M+-228, 69.8), 91 (M+-298, 100.0), 65 (M+-324, 44.3), 57 

(M+-332, 60.8). Anal. Calcd. for C20H23NO5S requires C, 61.68; H, 5.95; N, 3.60%. Found: C, 

61.60; H, 5.79; N, 3.18%.  

 

 

OAc

OTsHN
MeO

6m  

4-Methoxy-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxopentyl)phenyl acetate 

6m: White solid (needles obtained by recrystallization from CH2Cl2/PE = 3/1): ee 95%; [α]D
20 

21 (c 0.53, CHCl3); mp. 98-100 oC; IR (KBr) ν 3273, 2925, 1762, 1681, 1497 cm-1; 1H NMR 

(CDCl3, TMS, 300 MHz) δ 0.95 (3H, t, J = 7.5 Hz, Me), 2.24 (3H, s, Me), 2.38 (3H, s, Me), 

2.42-2.62 (2H, m, CH2), 3.67 (1H, s, Me), 5.50 (1H, d, J = 8.4 Hz, CH), 5.57 (1H, d, J = 8.4 
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Hz, NH), 5.99 (1H, s, =CH), 6.06 (1H, s, =CH), 6.58 (1H, d, J = 3.0 Hz, Ar), 6.71 (1H, dd, J = 

7.5, 3.0 Hz, Ar), 6.86 (1H, d, J = 8.7 Hz, Ar), 7.19 (2H, d, J = 8.1 Hz, Ar), 7.61 (2H, d, J = 8.1 

Hz, Ar). MS (ESI) m/e 449 (M+ + 18), 432 (M+ + 1). HPLC: OD column; λ = 230 nm; eluent: 

Hexane/Isopropanol = 80/20; Flow rate: 0.6 mL/min; tmajor = 22.29 min; tminor = 20.71 min; 

ee% = 95%.  

 

 

OH

OTsHN
Br

3n  

N-(1-(5-Bromo-2-hydroxyphenyl)-2-methylene-3-oxopentyl)-4-methylbenzenesulfonamid

e 3n: Yellow solid (plates obtained by recrystallization from CH2Cl2/PE = 4/1); yield: 95%; ee 

92%; [α]D
20 54 (c 1.00, CHCl3); mp: 66-68 oC. IR (KBr) ν 3277, 2983, 1938, 1676,1598, 1493, 

1416, 1331, 1159, 1093, 813, 670 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 0.91 (3H, t, J = 

7.2 Hz, Me), 2.92 (3H, s, Me), 2.44-2.61 (2H, m, CH2), 5.40 (1H, d, J = 9.3 Hz, CH), 

6.06-6.08 (3H, m, =CH2 and NH), 6.52 (1H, d, J = 8.4 Hz, Ar), 6.88 (1H, d, J = 2.1 Hz, OH), 
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6.99 (1H, dd, J = 8.4, 1.8 Hz, Ar), 7.38 (1H, d, J = 7.8 Hz, Ar), 7.15-7.24 (1H, m, Ar), 7.49 

(2H, d, J = 7.8 Hz, Ar); 13C NMR (CDCl3, TMS, 75 MHz) δ 7.8, 21.44, 31.1, 53.2, 112.5, 

118.6, 126.3, 126.7, 127.0, 129.4, 129.6, 131.5, 136.1, 143.7, 145.4, 152.3, 202.4; MS (EI) 

m/e 209 (M+-228, 15.9), 171 (M+-266, 16.6), 155 (M+-282, 18.3), 91 (M+-346, 100.0), 65 

(M+-372, 28.0), 63 (M+-374, 15.3), 57 (M+-380, 52.3), 51 (M+-386, 15.5). Anal. Calcd. for 

C19H20BrNO4S requires C, 52.06; H, 4.60; N, 3.20%. Found: C, 51.73; H, 4.61; N, 3.07%.  

 

 

OAc

OTsHN
Br

6n  

4-Bromo-2-(2-methylene-1-(4-methylphenylsulfonamido)-3-oxopentyl)phenyl acetate 6n: 

Yellow solid (cubes obtained by recrystallization from CH2Cl2/PE = 3/1): ee 92%, [α]D
20 22 (c 

0.70, CHCl3), mp. 69-71 oC; IR (KBr) ν 3283, 2924, 1765, 1679, 1598, 1479, 1265, 1198, 

1163, 1013 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 0.96 (3H, t, J = 7.2 Hz, Me), 2.28 (3H, 

s, Me), 2.39 (3H, s, Me), 2.44-2.62 (2H, m, CH2), 5.52 (1H, d, J = 8.8 Hz, CH), 5.64 (1H, d, J 
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= 8.8 Hz, NH), 6.00 (1H, s, =CH), 6.09 (1H, s, =CH), 6.82 (1H, d, J = 8.4 Hz, Ar), 7.10 (1H, d, 

J = 1.8 Hz), 7.18 (2H, d, J = 8.0 Hz, Ar), 7.34-7.44 (1H, m, Ar), 7.58 (2H, d, J = 8.0 Hz, Ar). 

MS (ESI) m/e 479 (M++18), 499 (M++20); HPLC: OD column; λ = 230 nm; eluent: 

Hexane/Isopropanol = 80/20; Flow rate: 0.6 mL/min; tmajor = 11.29 min; tminor = 9.54 min; ee% 

= 92%.  

 

 

OH

NHTs O

5a  

N-(1-(3-hydroxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 5a.  

This is a new compound. IR (CH2Cl2) ν 3410, 3291, 2925, 1707, 1674, 1600, 1159, 965, 700 

cm-1; 1H NMR (CDCl3, 300 MHz, TMS): δ 2.15 (3H, s, CH3), 2.40 (3H, s, CH3), 5.21 (1H, d, 

J = 8.7 Hz, CH), 5.34 (1H, s, OH), 5.72 (1H, d, J = 8.7 Hz, NH), 6.04 (1H, s, =CH), 6.08 (1H, 

s, =CH), 6.58-6.73 (3H, m, Ar), 7.05 (1H, t, J = 7.8 Hz, Ar), 7.23 (2H, d, J = 8.1 Hz, Ar), 7.64 

(2H, d, J = 8.1 Hz, Ar). 13C NMR (CDCl3, 75 MHz): δ 21.5, 26.3, 58.5, 113.5, 114.8, 118.4, 
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127.2, 128.6, 129.5, 129.7, 137.2, 140.5, 143.5, 146.2, 155.9, 199.1. MS (ESI) m/z 346 

(M++1), 175. HRMS(MALDI) Calcd. for C18H19NO4S requires (M++Na+) 368.0925, Found 

368.0927.  

[α]20
D = -1.6 (CHCl3, 0.55); Enantiomeric excess was determined by HPLC with a Chiralcel 

OD-H column: hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, tminor = 39.46 min; tmajor = 48.71 

min, -2.0% ee (β-ICPD used as the catalyst).  

 

 

NHTs O

HO
5b  

N-(1-(4-hydroxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 5b.  

This is a new compound. IR (CH2Cl2) ν 3370, 3065, 2923, 2853, 1591, 1568, 1441, 1289, 

1152, 1068 cm-1; 1H NMR (CDCl3, 300 MHz, TMS): δ 2.17 (3H, s, CH3), 2.42 (3H, s, CH3), 

5.20 (1H, d, J = 8.4 Hz, CH), 5.25 (1H, s, OH), 5.52 (1H, d, J = 8.4 Hz, NH), 6.09 (1H, s, 

=CH), 6.10 (1H, s, =CH), 6.64 (2H, d, J = 8.7 Hz, Ar), 6.93 (2H, d, J = 8.7 Hz, Ar), 7.25 (2H, 
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d, J = 8.1 Hz, Ar), 7.66 (2H, d, J = 8.1 Hz, Ar). 13C NMR (CDCl3, 75 MHz): δ 21.5, 26.2, 48.0, 

116.5, 124.3, 126.2, 127.6, 129.8, 134.1, 135.0, 144.5, 163.1, 169.7, 196.7. MS (EI) m/z 190 

(M+-155, 93.7), 155 (21.7), 131 (20.1), 96 (16.5), 91 (100.0). Anal. Calcd. For C18H19NO4S 

requires C, 62.59; H, 5.54; N, 4.06%. Found: C, 62.67; H, 5.63; N, 3.86%.  

[α]20
D = +7.0 (CHCl3, 0.30); Enantiomeric excess was determined by HPLC with a Chiralcel 

OJ-H column: hexane/iPrOH = 60/40, 0.5 mL/min, 230 nm, tmajor = 28.54 min, tminor = 37.96 

min; 10.1% ee (β-ICPD used as the catalyst).  

 

 

References: 

1. Shi, Y. L.; Shi, M. Org. Lett. 2005, 7, 3057-3060. 

2. Iwabuchi, Y.; Nakatani, M.; Yokoyama, N.; Hatakeyama, S. J. Am. Chem. Soc. 1999, 121, 

10219-10220. 

3. Qi, M.-J.; Shi, M. Tetrahedron 2007, 63, 10415-10424.  

4. The X-ray crystal data of 6a (CCDC 601323) and 7a (CCDC 633231) have been 

summarized in the Supporting Information.  

5. Kuroda, R.; Mason, S. F. J. Chem. Soc., Dalton 1979, 727.  
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Chiral HPLC charts: 

Chiral HPLC trace 

 

HPLC: Chiralcel AD-H column: hexane/iPrOH = 70/30, 0.7 mL/min, 230 nm, tmajor = 10.88 
min, tminor = 16.38 min; racemate.  
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Chiral HPLC trace 

 
HPLC: Compound 3a (acetate 6a), Chiralcel AD-H column: hexane/iPrOH = 70/30, 0.7 
mL/min, 230 nm, tmajor = 10.88 min, tminor = 16.38 min; 92% ee.  
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Chiral HPLC trace 

 

HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 75/25; Flow rate: 0.6 mL/min; 
tmajor = 13.63 min, tminor = 27.46 min; racemate. 
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Chiral HPLC trace 

 

HPLC: Compound 3b (acetate 6b), OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
75/25; Flow rate: 0.6 mL/min; tmajor = 13.63 min, tminor = 27.46 min; ee% = 93%. 
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Chiral HPLC trace 

 

HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.5 mL/min; 
tmajor = 18.80 min; tminor = 32.38 min; racemate. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



S-47

 

Chiral HPLC trace 

 

HPLC: Compound 3c (acetate 6c), AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
70/30; Flow rate: 0.5 mL/min; tmajor = 18.80 min; tminor = 32.38 min; ee% = 92%. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



S-48

 

Chial HPLC trace 

 

HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.5 mL/min; 
tmajor = 17.23 min; tminor = 13.00 min; racemate.  
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Chiral HPLC trace 

 

HPLC: Compound 3d (acetate 6d), AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
70/30; Flow rate: 0.5 mL/min; tmajor = 17.23 min; tminor = 13.00 min; ee% = 99.9%. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



S-50

 

Chiral HPLC trace 

 

HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.5 mL/min; 
tmajor = 14.63 min; tminor = 10.13 min; racemate.  
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Chiral HPLC trace 

 

HPLC: Compound 3e (acetate 6e), OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
70/30; Flow rate: 0.5 mL/min; tmajor = 14.63 min; tminor = 10.13 min; ee% = 92%. 
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Chiral HPLC trace 

 

HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.5 mL/min; 
tmajor = 17.38 min; tminor = 14.46 min; racemate. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



S-53

 

Chiral HPLC trace 

 

HPLC: Compound 3f (acetate 6f), OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
80/20; Flow rate: 0.5 mL/min; tmajor = 17.38 min; tminor = 14.46 min; ee% = 90%. 
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Chiral HPLC trace 

 

HPLC: Compound 3g (acetate 6g), AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
70/30; Flow rate: 0.6 mL/min; tmajor = 12.46 min; tminor = 15.54 min; ee% = 95%.  
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Chiral HPLC trace 

 

HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.5 mL/min; 
tmajor = 14.38 min; tminor = 17.54 min; racemate. 
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Chiral HPLC trace 

 

HPLC: Compound 3h (acetate 6h), AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
70/30; Flow rate: 0.5 mL/min; tmajor = 14.38 min; tminor = 17.54 min; ee% = 90%. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



S-57

 

Chiral HPLC trace  

 
Chiral HPLC report: racemate 3i, a Chiralcel AD-H column: hexane/iPrOH = 75/25, 0.7 
mL/min, 254 nm, tmajor = 9.48 min, tminor = 14.83 min.  
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Chiral HPLC report: Enantiomeric excess of compound 3i (acetate 6i) was determined by 
HPLC with a Chiralcel AD-H column: hexane/iPrOH = 75/25, 0.7 mL/min, 254 nm, tmajor = 
9.48 min, tminor = 14.83 min; 94% ee. 
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Chiral HPLC trace 

 

HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.5 mL/min; 
tmajor = 39.54 min; tminor = 60.96 min; racemate.  
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Chiral HPLC trace 

 

HPLC: Compound 3k (acetate 6k), AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
90/10; Flow rate: 0.5 mL/min; tmajor = 39.54 min; tminor = 60.96 min; ee% = 92%. 
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Chiral HPLC trace 

 

HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.6 mL/min; 
tmajor = 22.29 min; tminor = 20.71 min; racemate.  
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Chiral HPLC trace 

 

HPLC: Compound 3l (acetate 6l), OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
80/20; Flow rate: 0.6 mL/min; tmajor = 22.29 min; tminor = 20.71 min; ee% = 95%. 
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Chiral HPLC trace 

 

HPLC: OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.6 mL/min; 
tmajor = 11.29 min; tminor = 9.54 min; racemate.  
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Chiral HPLC trace 

 

HPLC: Compound 3m (acetate 6m), OD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
80/20; Flow rate: 0.6 mL/min; tmajor = 11.29 min; tminor = 9.54 min; ee% = 92%. 
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Chiral HPLC trace 

 

HPLC: AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.6 mL/min; 
tmajor = 12.75 min; tminor = 20.49 min; racemate.  
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Chiral HPLC trace 

 

HPLC: Compound 3n (acetate 6n), AD column; λ = 230 nm; eluent: Hexane/Isopropanol = 
80/20; Flow rate: 0.6 mL/min; tmajor = 12.75 min; tminor = 20.49 min; ee% = 94%. 
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Chiral HPLC report: racemate. a Chiralcel OD-H column: hexane/iPrOH = 90/10, 0.5 mL/min, 
230 nm, tmajor = 40.29 min, tminor = 49.79 min 
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Chiral HPLC trace 

 
Chiral HPLC report: Enantiomeric excess of 5a was determined by HPLC with a Chiralcel 
OD-H column: hexane/iPrOH = 90/10, 0.5 mL/min, 230 nm, tminor = 39.46 min; tmajor = 48.71 
min, -2.0% ee. 
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Chiral HPLC trace 

 

Chiral HPLC report: racemate with a Chiralcel OJ-H column: hexane/iPrOH = 60/40, 0.5 
mL/min, 230 nm, tmajor = 28.54 min, tminor = 37.96 min. 
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Chiral HPLC trace 

 
Chiral HPLC report: Enantiomeric excess of 5b was determined by HPLC with a Chiralcel 
OJ-H column: hexane/iPrOH = 60/40, 0.5 mL/min, 230 nm, tmajor = 28.54 min, tminor = 37.96 
min; 10% ee. 
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The crystal data of 6a have been deposited in CCDC with number 601323. Empirical Formula: 

C20H21NO2S; Formula Weight: 387.44; Crystal Color, Habit: colorless, prismatic; Crystal 

System: Monoclinic; Lattice Type: Primitive; Lattice Parameters: a = 8.8105(13)Å, b = 

9.4689(13)Å, c = 12.1148(17)Å, α = 90o, β = 103.853(2)o, γ = 90o, V = 981.3(2)Å3; Space 

group: P2(1); Z = 2; Dcalc = 1.311 g/cm3; F000 = 408; Diffractometer: Rigaku AFC7R; 

Residuals: R; Rw: 0.0636, 0.1529.  
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The crystal data of 7a have been deposited in CCDC with number 632081. Empirical Formula: 

C25H22BrNO5S; Formula Weight: 528.41; Crystal Color, Habit: colorless, prismatic; Crystal 

System: Orthorhombic; Lattice Type: Primitive; Lattice Parameters: a = 8.9781(11)Å, b = 

10.3536(12)Å, c = 25.647(3)Å, α = 90o, β = 90o, γ = 90o, V = 2384.0(5)Å3; Space group: 

P2(1)2(1)2(1); Z = 4; Dcalc = 1.472 g/cm3; F000 = 1080; Diffractometer: Rigaku AFC7R; 

Residuals: R; Rw: 0.0407, 0.0785.   
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