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I. General Remarks 

 

1H NMR spectra were recorded on a VARIAN Mercury 300 MHz spectrometer 

in chloroform-d. Chemical shifts are reported in ppm with the internal TMS signal at 

0.0 ppm as a standard. The data are reported as (s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet or unresolved, brs = broad singlet, coupling constant(s) in Hz, 

integration). 13C NMR spectra were recorded on a VARIAN Mercury 75 MHz 

spectrometer in chloroform-d. Chemical shifts are reported in ppm with the internal 

chloroform signal at 77.0 ppm as a standard. Commercially obtained reagents were 

used without further purification. All reactions were monitored by TLC with silica 

gel-coated plates. Enantiomeric ratios were determined by HPLC, using a chiralpak 

AS-H column, a chiralpak AD-H column, a chiralpak OD-H column, a chiralpak 

OJ-H column with hexane and i-PrOH as solvents. -Aryl and -alkyl 

,-unsaturated acids and N-acylpyrazoles were prepared according to the 

literatures.1,2 The racemic adducts were obtained by using racemic catalyst II (0.1 eq.). 

The absolute (2S,3R,4S)-configuration of 3r was determined by X-ray 

crystallographic analysis of a single crystal, the other adducts were deduced on the 

basis of these results.  

 

II. General procedure for asymmetric domino sulfa-Michael-Aldol reactions of 

2-mercaptobenzaldehyde with ,-unsaturated N-acylpyrazoles catalyzed by 

organocatalysts (III) 

 

To a vial containing 2-mercaptobenzaldehyde (0.3 mmol) and catalyst III (1.7 

mg, 0.003 mmol) in ether (1.0 mL) was added ,-unsaturated N-acylpyrazoles (0.33 

mmol) at 0oC. TLC analysis indicated completion of the reactions after about 4h. 

Then the reaction mixtures were concentrated in vacuo to obtain the crude products. 

The crude products were purified by flash silica gel chromatography to afford the 

products. 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 

 S3

S

N

O

N
OH

 (3a) 

(2S,3R,4S)-3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-methyl-thiochroman-3-yl)- 

methanone (Table 2, entry 1): 

The title compound was prepared according to the general procedure as described 

above in 90% yield. []25
D

 +135.8 (c 1.24, CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 1.29-1.31 (d, J = 6.9 Hz, 3H), 2.21 (s, 3H), 2.61 (s, 3H), 3.80-3.88 (m, 1H), 

4.22-4.35 (m, 1H), 4.96-5.00 (m, 1H), 6.03 (s, 1H), 7.02-7.18 (m, 3H), 7.65-7.67 (m, 

1H); 13C NMR (CDCl3, TMS, 75 MHz)  13.7, 14.5, 19.8, 37.2, 53.4, 71.9, 111.9,  

124.5, 125.5, 126.2, 127.6, 132.6, 136.8, 144.5, 152.9, 173.7; IR (KBr) : 3476, 2959, 

2925, 2169, 1699, 1394, 1364, 1331, 1296, 1220, 1125, 1057, 765 cm-1. The product 

was analyzed to determine the diastereoselectivity and enantioselectivity of the 

reaction: dr = 98:2, 98% ee (major diastereomer) determined by HPLC (Chiralcel 

AS-H, i-propanol/hexane = 10/90, flow rate 0.5 mL/min, λ = 254 nm); major 

diastereomer: tminor = 22.1 min, tmajor = 15.1 min; minor diastereomer: 14.5 min, 23.5 

min. 

 

S

N

O

N
OH

(3b)  

(2S,3R,4S)-3,5-Dimethyl-pyrazol-1-yl)-(2-ethyl-4-hydroxy-thiochroman-3-yl)- 

methanone (Table 2, entry 2): 

The title compound was prepared according to the general procedure as described 

above in 88% yield. []25
D

 +128.7 (c 1.26 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 0.94-0.99 (t, J = 7.2 Hz, 3H), 1.51-1.77 (m, 2H), 2.21 (s, 3H), 2.60 (s, 3H), 3.05 

(brs, 1H), 3.76-3.84 (m, 1H), 4.25-4.31 (t, J = 10.2 Hz, 1H), 4.93-4.96 (d, J = 9.6 Hz, 

1H), 6.02 (s, 1H), 7.16-7.19 (m, 3H), 7.63-7.66 (m, 1H); 13C NMR (CDCl3, TMS, 75 

MHz)  10.8, 13.7, 14.5, 27.6, 44.6, 52.2, 72.0, 111.8, 124.6, 125.5, 126.2, 127.5, 
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132.2, 137.7, 144.5, 152.9, 173.8; IR (KBr) : 3464, 2965, 2927, 2166, 1700, 1588, 

1437, 1396, 1361, 1318, 1261, 1219, 1200, 1125, 1037, 1019, 961, 768, 747 cm-1. The 

product was analyzed to determine the diastereoselectivity and enantioselectivity of 

the reaction: dr = 97:3, 96% ee (major diastereomer) determined by HPLC (Chiralcel 

AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major 

diastereomer: tminor = 8.1 min, tmajor = 14.2 min; minor diastereomer: 11.8 min, 12.6 

min. 

 

S

N

O

N
OH

 (3c) 

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-propyl-thiochroman-3-yl)-

methanone (Table 2, entry 3): 

The title compound was prepared according to the general procedure as described 

above in 91% yield. []25
D

 +133.8 (c 1.18 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 0.84-0.89 (t, J = 7.2 Hz, 3H), 1.25-1.67 (m, 4H), 2.21 (s, 3H), 2.61 (s, 3H), 

3.81-3.89 (m, 1H), 4.24-4.31 (t, J = 10.2 Hz, 1H), 4.93-4.96 (d, J = 9.6 Hz, 1H), 6.03 

(s, 1H), 7.16-7.19 (m, 3H), 7.64-7.66 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  

13.6, 13.7, 14.5, 19.5, 36.7, 42.8, 52.6, 72.0, 111.8, 124.6, 125.5, 126.2, 127.5, 132.2, 

137.7, 144.5, 152.9, 173.8; IR (KBr) : 3471, 2954, 2925, 2176, 1701, 1588, 1474, 

1437, 1382, 1359, 1333, 1299, 1219, 1200, 1034, 961, 768, 750 cm-1. The product 

was analyzed to determine the diastereoselectivity and enantioselectivity of the 

reaction: dr = 97:3, 97% ee (major diastereomer) determined by HPLC (Chiralcel 

OJ-H, i-propanol/hexane = 10/90, flow rate 0.5 mL/min, λ = 254 nm); major 

diastereomer: tminor = 13.2 min, tmajor = 12.0 min; minor diastereomer: 20.3 min, 26.8 

min. 
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 (3d) 

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-isopropyl-thiochroman-3-yl

)-methanone (Table 2, entry 4): 

The title compound was prepared according to the general procedure as described 

above in 91% yield. []25
D

 +106.1 (c 1.30 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 0.87-0.89 (d, J = 6.6 Hz, 3H), 0.96-0.98 (d, J = 6.6 Hz, 3H), 1.90-1.98 (m, 1H), 

2.21 (s, 3H), 2.60 (s, 3H), 3.06 (brs, 1H), 3.96-3.99 (m, 1H), 4.25-4.32 (t, J = 10.2 Hz, 

1H), 4.80-4.95 (m, 1H), 6.02 (s, 1H), 7.20-7.21 (m, 3H), 7.60-7.70 (m, 1H); 13C NMR 

(CDCl3, TMS, 75 MHz)  13.8, 14.6, 16.7, 20.6, 31.5, 50.0, 50.6, 72.6, 111.8, 124.7, 

124.8, 126.8, 127.6, 132.7, 139.0, 144.6, 153.0, 173.9; IR (KBr) : 3444, 2961, 2930, 

2170, 1718, 1586, 1467, 1437, 1408, 1378, 1359, 1339, 1306, 1219, 1131, 1084, 1036, 

965, 765 cm-1. The product was analyzed to determine the diastereoselectivity and 

enantioselectivity of the reaction: dr = 93:7, 91% ee (major diastereomer) determined 

by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 

nm); major diastereomer: tminor = 8.2 min, tmajor = 13.1 min; minor diastereomer: 10.6 

min, 11.5 min. 

 

S

N

O

N
OH

 (3e)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-pentyl-thiochroman-3-yl)- 

methanone (Table 2, entry 5): 

The title compound was prepared according to the general procedure as described 

above in 85% yield. []25
D

 +126.8 (c 1.47 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 0.82-0.86 (t, J = 6.6 Hz, 3H), 1.22-1.70 (m, 8H), 2.21 (s, 3H), 2.61 (s, 3H), 3.06 

(brs, 1H), 3.80-3.85 (m, 1H), 4.25-4.30 (t, J = 9.6 Hz, 1H), 4.93-4.97 (d, J = 10.5 Hz, 
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1H), 6.03 (s, 1H), 7.16-7.19 (m, 3H), 7.64-7.67 (m, 1H); 13C NMR (CDCl3, TMS, 75 

MHz)  13.7, 13.9, 14.5, 22.3, 25.9, 31.2, 34.5, 43.0, 52.6, 72.0, 111.8, 124.7, 125.6, 

126.2, 127.5, 132.3, 137.6, 144.5, 152.9, 173.9; IR (KBr) : 3474, 2955, 2929, 2857, 

1708, 1587, 1566, 1469, 1436, 1383, 1361, 1339, 1302, 1261, 1224, 1201, 1130, 1087, 

1057, 1037, 961, 901, 746 cm-1. The product was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction: dr = 96:4, 97% ee (major 

diastereomer) determined by HPLC (Chiralcel OJ-H, i-propanol/hexane = 10/90, flow 

rate 0.5 mL/min, λ = 254 nm); major diastereomer: tminor = 10.3 min, tmajor = 9.5 min; 

minor diastereomer: 11.8 min, 14.8 min. 

  

S

N

O

N
OH

 (3f) 

(2S,3R,4S)-(2-Cyclohexyl-4-hydroxy-thiochroman-3-yl)-(3,5-dimethyl-pyrazol-1-

yl)-methanone (Table 2, entry 6): 

The title compound was prepared according to the general procedure as described 

above in 91% yield. []25
D

 +72.5 (c 0.6 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz)  

0.82-1.70 (m, 11H), 2.21 (s, 3H), 2.60 (s, 3H), 3.20 (brs, 1H), 3.88-3.93 (m, 1H), 

4.25-4.32 (t, J = 10.2 Hz, 1H), 4.86-4.90 (d, J = 9.6 Hz, 1H), 6.02 (s, 1H), 7.18-7.28 

(m, 3H), 7.61-7.65 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  13.8, 14.5, 26.0, 

26.1, 26.4, 27.5, 30.8, 41.9, 49.4, 50.3, 72.7, 111.7, 124.6, 125.0, 126.9, 127.6, 132.8, 

139.3, 144.7, 153.0, 173.8; IR (KBr) : 3421, 2925, 2852, 2166, 1718, 1586, 1558, 

1435, 1408, 1379, 1362, 1324, 1306, 1220, 1128, 1087, 1057, 1037, 963, 901, 772, 

750 cm-1. The product was analyzed to determine the diastereoselectivity and 

enantioselectivity of the reaction: dr = 96:4, 93% ee (major diastereomer) determined 

by HPLC (Chiralcel AD-H, i-propanol/hexane = 5/95, flow rate 0.25 mL/min, λ = 235 

nm); major diastereomer: tminor = 70.9 min, tmajor = 75.7 min; minor diastereomer: 87.1 

min. 
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 (3g)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-octyl-thiochroman-3-yl)- 

methanone (Table 2, entry 7): 

The title compound was prepared according to the general procedure as described 

above in 89% yield. []25
D

 +105.2 (c 0.76 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 0.84-0.88 (t, J = 6.9 Hz, 3H), 1.21-1.66 (m, 14H), 2.20 (s, 3H), 2.60 (s, 3H), 

3.79-3.87 (m, 1H), 4.24-4.31 (t, J = 10.2 Hz, 1H), 4.93-4.96 (d, J = 10.2 Hz, 1H), 6.02 

(s, 1H), 7.16-7.18 (m, 3H), 7.64-7.66 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  

13.9, 14.2, 14.6, 22.7, 26.3, 29.2, 29.4, 31.9, 34.7, 43.1, 52.8, 72.2, 111.9, 124.8, 

125.7, 126.4, 127.7, 132.4, 137.8, 144.6, 153.0, 174.0; IR (KBr) : 3493, 2952, 2921, 

2853, 1712, 1586, 1563, 1472, 1383, 1356, 1262, 1037, 961, 757 cm-1. The product 

was analyzed to determine the diastereoselectivity and enantioselectivity of the 

reaction: dr = 98:2, 98% ee (major diastereomer) determined by HPLC (Chiralcel 

AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major 

diastereomer: tminor = 5.8 min, tmajor = 7.7 min; minor diastereomer: 7.0 min, 9.3 min. 

 

S

N

O

N
OH

 (3h)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-phenethyl-thiochroman-3- 

yl)-methanone (Table 2, entry 8): 

The title compound was prepared according to the general procedure as described 

above in 93% yield. []25
D

 +97.5 (c 1.59 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 1.80-1.85 (m, 1H), 1.97-2.02 (m, 1H), 2.19 (s, 3H), 2.58 (s, 3H), 2.64-2.68 (m, 1H), 

2.77-2.82 (m, 1H), 3.10 (brs, 1H), 3.82-3.86 (m, 1H), 4.26-4.33 (t, J = 9.9 Hz, 1H), 

4.94-4.98 (d, J = 9.9 Hz, 1H), 6.01 (s, 1H), 7.08-7.24 (m, 8H), 7.63-7.66 (m, 1H); 13C 
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NMR (CDCl3, TMS, 75 MHz)  13.7, 14.5, 32.4, 36.5, 42.7, 52.7, 71.8, 111.9, 125.0, 

125.5, 125.9, 126.5, 127.6, 128.3, 131.9, 137.9, 141.0, 144.5, 152.9, 173.6; IR (KBr) 

: 3493, 2926, 2856, 1706, 1588, 1566, 1471, 1434, 1384, 1362, 1344, 1201, 1180, 

1131, 1080, 1048, 996, 962, 896, 812, 751 cm-1. The product was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction: dr = 94:6, 

98% ee (major diastereomer) determined by HPLC (Chiralcel AS-H, 

i-propanol/hexane = 10/90, flow rate 0.5 mL/min, λ = 254 nm); major diastereomer: 

tminor = 22.9 min, tmajor = 16.0 min; minor diastereomer: 18.1 min, 20.0 min. 

 

S

N

O

N
OH

 (3i)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-phenyl-thiochroman-3-yl)-

methanone (Table 3, entry 1): 

The title compound was prepared according to the general procedure as described 

above in 87% yield. []25
D

 +105.2 (c 2.0 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.18 (s, 3H), 2.28 (s, 3H), 4.90-4.98 (m, 2H), 5.12-5.15 (d, J = 9.3 Hz, 1H), 5.86 (s, 

1H), 7.13-7.26 (m, 6H), 7.34-7.36 (m, 2H), 7.72-7.75 (m, 1H); 13C NMR (CDCl3, 

TMS, 75 MHz)  13.6, 14.0, 46.8, 52.3, 72.2, 111.3, 124.6, 125.0, 126.5, 127.7, 

128.0, 128.2, 128.4, 133.0, 136.7, 137.7, 144.2, 152.6, 172.8; IR (KBr) : 3493, 2926, 

1706, 1588, 1471, 1434, 1384, 1362, 1344, 1201, 1180, 1131, 1048, 996, 962, 896,  

812, 751 cm-1. The product was analyzed to determine the diastereoselectivity and 

enantioselectivity of the reaction: dr = 99:1, 99% ee (major diastereomer) determined 

by HPLC (Chiralcel OJ-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 

nm); major diastereomer: tminor = 13.2 min, tmajor = 16.9 min; minor diastereomer: 25.8 

min, 30.2 min. 
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 (3j)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-o-tolyl-thiochroman-3-yl)-

methanone (Table 3, entry 2): 

The title compound was prepared according to the general procedure as described 

above in 85% yield. []25
D

 +120.8 (c 1.28 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.21 (s, 3H), 2.26 (s, 3H), 2.49 (s, 3H), 3.30 (brs, 1H), 5.04-5.08 (m, 1H), 5.15-5.22 

(m, 2H), 5.89 (s, 1H), 7.01-7.32 (m, 7H), 7.73-7.80 (m, 1H); 13C NMR (CDCl3, TMS, 

75 MHz)  13.7, 13.9, 19.4, 42.2, 51.7, 72.6, 111.3, 124.6, 125.1, 126.2, 126.9, 127.7, 

127.8, 130.5, 133.2, 135.8, 136.6, 144.2, 152.7, 173.1; IR (KBr) : 3421, 3061, 2926,  

2360, 2342, 1718, 1586, 1489, 1465, 1437, 1384, 1361, 1338, 1301, 1262, 1218, 1161, 

1130, 1037, 992, 901, 772, 747 cm-1. The product was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction: dr = 98:2, 99% ee (major 

diastereomer) determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 254 nm); major diastereomer: tminor = 9.1 min, tmajor = 22.1 

min; minor diastereomer: 17.5 min, 18.2 min. 

 

S

N

O

N
OH

 (3k)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-m-tolyl-thiochroman-3-yl)-

methanone (Table 3, entry 3): 

The title compound was prepared according to the general procedure as described 

above in 88% yield. []25
D

 +92.0 (c 1.39 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.19 (s, 3H), 2.24 (s, 3H), 2.29 (s, 3H), 3.20 (brs, 1H), 4.90-4.93 (m, 2H), 5.10-5.20 

(m, 1H), 5.87 (s, 1H), 6.98-7.00 (m, 1H ), 7.06-7.23 (m, 6H), 7.72-7.75 (m, 1H); 13C 

NMR (CDCl3, TMS, 75 MHz)  13.7, 14.0, 21.2, 46.8, 52.2, 72.2, 111.2, 124.6, 
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125.0, 125.1, 126.5, 127.7, 128.2, 128.8, 129.0, 133.1, 136.7, 137.5, 138.0, 144.2, 

152.5, 172.9; IR (KBr) : 3421, 3058, 2925, 2360, 2337, 1719, 1606, 1588, 1566, 

1472, 1436, 1384, 1361, 1336, 1302, 1262, 1228, 1170, 1130, 1078, 1037, 962, 898, 

787, 749 cm-1. The product was analyzed to determine the diastereoselectivity and 

enantioselectivity of the reaction: dr = 97:3, 99% ee (major diastereomer) determined 

by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 

nm); major diastereomer: tminor = 10.7 min, tmajor = 26.8 min; minor diastereomer: 21.0 

min, 22.1 min. 

 

S

N

O

N
OH

 (3l)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-p-tolyl-thiochroman-3-yl)-

methanone (Table 3, entry 4): 

The title compound was prepared according to the general procedure as described 

above in 89% yield. []25
D

 +115.5 (c 1.42 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.19 (s, 3H), 2.26 (s, 3H), 2.31 (s, 3H), 3.20 (brs, 1H), 4.89-4.97 (m, 2H), 5.08-5.18 

(m, 1H), 5.88 (s, 1H), 7.01-7.04 (m, 2H ), 7.15-7.26 (m, 5H), 7.72-7.74 (m, 1H); 13C 

NMR (CDCl3, TMS, 75 MHz)  13.8, 14.1, 21.1, 46.5, 52.4, 72.4, 111.4, 124.6, 

125.1, 126.6, 127.8, 128.1, 129.2, 133.2, 134.9, 136.9, 137.8, 144.3, 152.7, 172.9; IR 

(KBr) : 3426, 3050, 2924, 2852, 2164, 1719, 1588, 1512, 1437, 1411, 1379, 1361, 

1309, 1261, 1037, 962, 898, 805, 749 cm-1. The product was analyzed to determine 

the diastereoselectivity and enantioselectivity of the reaction: dr = 98:2, 98% ee 

(major diastereomer) determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm); major diastereomer: tminor = 10.9 min, tmajor 

= 26.0 min; minor diastereomer: 22.8 min. 
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N

O
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OH

OCH3 (3m)  

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-[4-hydroxy-2-(4-methoxy-phenyl)-thio- 

chroman-3-yl]-methanone (Table 3, entry 5): 

The title compound was prepared according to the general procedure as described 

above in 86% yield. []25
D

 +106.1 (c 1.66 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.19 (s, 3H), 2.31 (s, 3H), 3.75 (s, 3H), 4.85-4.97 (m, 2H), 5.10-5.14 (m, 1H), 5.88 

(s, 1H), 6.73-6.76 (d, J = 8.7 Hz, 2H ), 7.14-7.19 (m, 3H), 7.26-7.30 (m, 2H), 

7.72-7.74 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  13.6, 14.0, 46.2, 52.3, 55.0, 

72.3, 111.3, 113.7, 124.5, 124.9, 126.5, 127.7, 129.3, 129.6, 133.1, 136.6, 144.1, 

152.5, 159.1, 172.9; IR (KBr) : 3445, 2960, 2928, 2836, 1716, 1610, 1585, 1512, 

1464, 1438, 1379, 1360, 1305, 1252, 1176, 1130, 1035, 962, 990, 817, 749 cm-1. The 

product was analyzed to determine the diastereoselectivity and enantioselectivity of 

the reaction: dr = 97:3, 97% ee (major diastereomer) determined by HPLC (Chiralcel 

AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major 

diastereomer: tminor = 17.1 min, tmajor = 39.5 min; minor diastereomer: 30.0 min, 33.7 

min. 

 

S

N

O

N
OH

Cl  (3n)  

(2S,3R,4S)-[2-(2-Chloro-phenyl)-4-hydroxy-thiochroman-3-yl]-(3,5-dimethyl- 

pyrazol-1-yl)-methanone (Table 3, entry 6): 

The title compound was prepared according to the general procedure as described 

above in 90% yield. []25
D

 +57.4 (c 1.51 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.18 (s, 3H), 2.34 (s, 3H), 3.33-3.36 (brs, 1H), 4.93-5.00 (t, J = 10.2 Hz, 1H), 

5.10-5.20 (m, 1H), 5.51-5.54 (d, J = 10.8 Hz, 1H), 5.91 (s, 1H), 7.09-7.26 (m, 5H ), 
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7.31-7.37 (m, 2H), 7.74-7.75 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz)  13.7, 

14.2, 42.5, 51.8, 72.3, 111.5, 125.1, 125.6, 126.5, 127.1, 127.8, 128.7, 128.9, 129.7, 

132.6, 134.0, 136.1, 137.2, 144.5, 152.9, 172.6; IR (KBr) : 3509, 2960, 2928, 2836, 

1701, 1590, 1383, 1362, 1335, 1022, 961, 749 cm-1. The product was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction: dr = 97:3, 

97% ee (major diastereomer) determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major diastereomer: 

tminor = 13.9 min, tmajor = 38.3 min; minor diastereomer: 25.1 min, 33.8 min. 

 

S

N

O

N
OH

Cl

(3o) 

(2S,3R,4S)-[2-(3-Chloro-phenyl)-4-hydroxy-thiochroman-3-yl]-(3,5-dimethyl- 

pyrazol-1-yl)-methanone (Table 3, entry 7): 

The title compound was prepared according to the general procedure as described 

above in 92% yield. []25
D

 +119.1 (c 1.03 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.18 (s, 3H), 2.32 (s, 3H), 3.22-3.28 (brs, 1H), 4.80-4.88 (m, 2H), 5.11-5.16 (m, 

1H), 5.87 (s, 1H), 7.12-7.26 (m, 6H ), 7.40 (s, 1H), 7.70-7.73 (m, 1H); 13C NMR 

(CDCl3, TMS, 75 MHz)  13.4, 13.8, 46.2, 52.1, 71.8, 111.3, 124.7, 125.0, 126.2, 

127.7, 128.0, 128.3, 129.3, 132.2, 133.9, 136.5, 139.8, 144.1, 152.7, 172.3; IR (KBr) 

: 3509, 2926, 2850, 2362, 1704, 1590, 1473, 1383, 1362, 1335, 1294, 1265, 1214, 

1127, 1078, 1022, 961, 901, 818, 789, 748 cm-1. The product was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction: dr = 95:5, 

98% ee (major diastereomer) determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major diastereomer: 

tminor = 13.3 min, tmajor = 43.3 min; minor diastereomer: 26.0 min, 30.0 min. 
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S

N

O

N
OH

Cl (3p) 

(2S,3R,4S)-[2-(4-Chloro-phenyl)-4-hydroxy-thiochroman-3-yl]-(3,5-dimethyl- 

pyrazol-1-yl)-methanone (Table 3, entry 8): 

The title compound was prepared according to the general procedure as described 

above in 90% yield. []25
D

 +111.9 (c 1.45 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.18 (s, 3H), 2.34 (s, 3H), 4.84-4.96 (m, 2H), 5.09-5.12 (d, J = 9.6 Hz, 1H), 5.90 (s, 

1H), 7.16-7.21 (m, 5H ), 7.29-7.32 (m, 2H ), 7.72-7.75 (m, 1H); 13C NMR (CDCl3, 

TMS, 75 MHz)  13.7, 14.2, 46.1, 52.4, 72.2, 111.6, 124.9, 125.2, 126.5, 127.9, 

128.7, 129.7, 132.7, 133.8, 136.9, 144.4, 153.0, 172.5; IR (KBr) : 3494, 2925, 2853, 

1702, 1586, 1491,  1473, 1435, 1383, 1361, 1336, 1294, 1218, 1130, 1087, 1025, 

961, 771, 747 cm-1. The product was analyzed to determine the diastereoselectivity 

and enantioselectivity of the reaction: dr = 98:2, 99% ee (major diastereomer) 

determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm); major diastereomer: tminor = 11.4 min, tmajor = 26.0 min; minor 

diastereomer: 20.8 min. 

 

S

N

O

N
OH

Br (3q) 

(2S,3R,4S)-[2-(4-Bromo-phenyl)-4-hydroxy-thiochroman-3-yl]-(3,5-dimethyl- 

pyrazol-1-yl)-methanone (Table 3, entry 9): 

The title compound was prepared according to the general procedure as described 

above in 94% yield. []25
D

 +108.4 (c 1.79 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.18 (s, 3H), 2.34 (s, 3H), 3.18 (brs, 1H), 4.84-4.91 (m, 2H), 5.06-5.12 (m, 1H), 

5.91 (s, 1H), 7.15-7.36 (m, 7H ), 7.70-7.73 (m, 1H); 13C NMR (CDCl3, TMS, 75 MHz) 

 13.8, 14.2, 46.2, 52.5, 72.3, 111.7, 125.0, 125.2, 126.4, 128.0, 130.0, 131.7, 137.4, 
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144.5, 150.3, 152.5, 172.5; IR (KBr) : 3490, 2924, 2898, 1701, 1586, 1488, 1472, 

1434, 1385, 1361, 1336, 1290, 1218, 1130, 1073, 1025, 1010, 962, 809, 747 cm-1. The 

product was analyzed to determine the diastereoselectivity and enantioselectivity of 

the reaction: dr = 98:2, 97% ee (major diastereomer) determined by HPLC (Chiralcel 

AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major 

diastereomer: tminor = 11.9 min, tmajor = 26.0 min; minor diastereomer: 22.5 min. 

 

S

N

O

N
OH

 (3r) 

(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(4-hydroxy-2-naphthalen-2-yl-thio- 

chroman-3-yl)-methanone (Table 3, entry 10): 

The title compound was prepared according to the general procedure as described 

above in 87% yield. []25
D

 +89.6 (c 1.43 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.16 (s, 3H), 2.22 (s, 3H), 3.01 (brs, 1H), 5.00-5.04 (m, 1H), 5.13-5.18 (m, 2H), 

5.78 (s, 1H), 7.18-7.24 (m, 3H ), 7.42-7.50 (m, 3H ), 7.68-7.74 (m, 4H ), 7.80-7.83 (m, 

1H); 13C NMR (CDCl3, TMS, 75 MHz)  13.7, 14.1, 47.1, 52.4, 72.3, 111.4, 124.8, 

125.2, 125.6, 126.1, 126.4, 127.5, 127.7, 127.9, 128.3, 133.0, 135.5, 137.0, 144.3, 

152.7, 172.8; IR (KBr) : 3421, 3058, 2964, 2924, 2848, 2360, 2341, 1717, 1585, 

1436, 1379, 1359, 1219, 1128, 1037, 962, 772 cm-1. The product was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction: dr = 97:3, 

99% ee (major diastereomer) determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major diastereomer: 

tminor = 19.4 min, tmajor = 38.7 min; minor diastereomer: 32.3 min. 

 

S

N

O

N
OH

O

 (3s) 
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(2S,3R,4S)-(3,5-Dimethyl-pyrazol-1-yl)-(2-furan-2-yl-4-hydroxy-thiochroman-3- 

yl)-methanone (Table 3, entry 11): 

The title compound was prepared according to the general procedure as described 

above in 91% yield. []25
D

 +169.6 (c 0.6 CHCl3);
 1H NMR (CDCl3, TMS, 300 MHz) 

 2.21 (s, 3H), 2.48 (s, 3H), 4.70-4.78 (t, J = 10.2 Hz, 1H), 4.99-5.03 (m, 1H), 

5.16-5.19 (m, 1H), 5.98 (s, 1H), 6.14-6.20 (m, 2H ), 7.20-7.26 (m, 4H ), 7.70-7.72 (m, 

1H); 13C NMR (CDCl3, TMS, 75 MHz)  13.5, 14.0, 39.4, 50.8, 71.6, 107.1, 110.1, 

111.3, 125.0, 125.4, 125.9, 127.5, 131.6, 137.6, 142.1, 144.5, 151.6, 152.9, 172.1; IR 

(KBr) : 3480, 2959, 2925, 2853, 2360, 2341, 1706, 1587, 1473, 1438, 1383, 1362, 

1261, 1222, 1201, 1165, 1131, 1037, 962, 749 cm-1. The product was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction: dr = 95:5, 

95% ee (major diastereomer) determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); major diastereomer: 

tminor = 13.8 min, tmajor = 23.2 min; minor diastereomer: 9.2 min, 9.7 min. 

 

S

OH

N

O

O

O

 (3t) 

(2S,3R,4S)- 3-(4-Hydroxy-2-methyl-thiochroman-3-carbonyl)-oxazolidin-2-one: 

The title compound was prepared according to the general procedure as described 

above in 92% yield. 1H NMR (d6-DMSO, TMS, 300 MHz)  1.38-1.40 (d, J = 6.6 

Hz, 3H), 4.15-4.24 (m, 3H), 4.41-4.48 (m, 1H), 4.50-5.58 (m, 2H), 4.90-4.94 (m, 1H), 

6.30-6.32 (m, 1H), 7.26-7.32 (m, 2H ), 7.68-7.71 (m, 1H); 13C NMR (d6-DMSO, TMS, 

75 MHz)  20.0, 37.9, 43.5, 51.3, 62.8, 70.9, 125.0, 125.7, 127.3, 128.1, 132.5, 

138.4, 154.3, 174.5. The product was analyzed to determine the diastereoselectivity 

and enantioselectivity of the reaction: dr = 91:9, 62% ee (major diastereomer) 

determined by HPLC (Chiralcel OD-H, i-propanol/hexane = 30/70, flow rate 1.0 

mL/min, λ = 220 nm); major diastereomer: tminor = 13.2 min, tmajor = 10.7 min; minor 

diastereomer: 15.3 min, 22.1 min. 
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III. Synthetic transformation of the sulfa-Michael-Aldol adduct 3a3,4 

 

3a
98:2 dr, 98% ee

i) LiOH, H2O2, THF

ii) Cs2CO3, CH3I, DMF
S

OH

OCH3

O

Me

4a
98:2 dr, 97% ee

S

OH

N

O

N
Me

 

 

To the solution of 30% H2O2 (0.14 mL) in water (0.16 mL) was added 

LiOH⋅H2O (19.2 mg, 0.45 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 

5 min, and the solution of sulfa-Michael-Aldol adduct 3a (90.6 mg, 0.3 mmol) in THF 

(0.86 mL) was added over 15 min. After completion monitored by TLC then carefully 

treated with a saturated aqueous solution of Na2S2O3 (0.92 mL) followed by 2 M 

aqueous solution off HCl (2 mL). The mixture was extracted with EtOAc (3 x 5 mL), 

dried over MgSO4, and removed under reduced pressure to give the crude carboxylic 

acid product, which can be used without purification. 

To the solution of the residue in dry DMF (3.0 mL) with stirring, was added 

CH3I (64 mg, 0.45 mmol) followed by the addition of Cs2CO3 (147 mg, 0.45 mmol) 

under a positive pressure of argon at room temperature. The resulting mixture was 

stirred overnight. The mixture was treated with 2 M aqueous solution of HCl, and 

then extracted with EtOAc (3 x 5 mL), dried over MgSO4, filtered and concentrated in 

vacuo. The crude product was purified by flash chromatography on silica gel to afford 

the product 4a in 75% yield (53.6 mg). []25
D

 +17.6 (c 0.3, CHCl3);
 1H NMR (CDCl3, 

TMS, 300 MHz)  1.30-1.32 (d, J = 6.6 Hz, 3H), 2.66-2.73 (m, 1H), 3.60-3.63 (m, 

1H), 3.81 (s, 3H), 4.95-4.99 (m, 1H), 7.11-7.15 (m, 3H), 7.60-7.62 (m, 1H); 13C NMR 

(CDCl3, TMS, 75 MHz)  20.2, 36.6, 52.2, 56.6, 71.0, 124.8, 125.8, 126.1, 127.8, 

132.4, 135.8, 173.6; The product was analyzed to determine the diastereoselectivity 

and enantioselectivity of the reaction: dr = 98:2, 97% ee (major diastereomer) 

determined by HPLC (Chiralcel AS-H, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm); major diastereomer: tminor = 30.6 min, tmajor = 13.4 min; minor 

diastereomer: 10.2 min, 25.1 min. 
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IV. X-ray Crystal Structures of (2S,3R,4S)-3r 

 

 Crystal data for (2S,3R,4S)-3r: C25H22N2O2S, Mr = 414.51, T = 293 K, 

Orthorhombic, space group P2(1)2(1)2(1), a = 5.8585(10), b = 11.5282(19), c = 

30.948(5) Å, V = 2090.2(6) Å3, Z = 4, 9744 unique reflections, final R1 = 0.0393 and 

wR2 = 0.0910 for 3424 observed [I>2σ(I)] reflections, Flack  = -0.11(10). CCDC 

861217 contains the supplementary crystallographic data for this paper. These data 

can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from 

the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, 

UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 

 

V. Proposed Transition-State Model for the Asymmetric Domino 

sulfa-Michael-Aldol Reaction 

 

N

N

S

N

H H

CF3

F3C

Chiral
Scaffold

O
N

N

F3C

H

S H

H

O

+

1 2 3

CHO

SH
O

N
N

Me

+

1 2a 3a

N
N

S

OH

N

O

N
Me

III (1 mol %)

Et2O, 0 oC

III (1 mol %)

Et2O, 0 oC

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 

 S18

VI. References 

 

[1] T. Šmejkal, B. Breit, Angew. Chem. Int. Ed. 2008, 47, 3946. 

[2] a) A. R., Katritzky, Y. Zhang, S. K. Singh, Synthesis, 2003, 18, 2795; b) C. 

Kashima, H. Harada, I. Kita, I. Fukuchi, A. Hosomi, Synthesis 1994, 61. 

[3] A. B. Smith III, T. Bosanac, K. Basu, J. Am. Chem. Soc. 2009, 131, 2348. 

[4] J. P. Parrish, E. E. Dueno, S.-I. Kim, K. W. Jung, Synth. Commun. 2000, 30, 2687. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 

 S19

VII. 1H NMR and 13C NMR Spectra 
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VIII. HPLC Chromatograms 
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