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I. General Information 

Flash column chromatography was performed over silica gel (200-300 mesh) 

purchased from Qindao Puke Co., China. All air or moisture sensitive 

reactions were conducted in oven-dried glassware under nitrogen 

atmosphere using anhydrous solvents. Anhydrous toluene was dried sodium 

with diphenyl ketone as an indicator, and other anhydrous solvents, such as 

tetrahydrofuran, methanol, and dichloromethane, were purchased from 

Energy Chemicals Inc. and used as received. Molecular sieves (MS) were 

purchased from Aldrich and treated at 120 oC in the oven for 2 h. 

1H, 13C, and 19F NMR spectra were collected on a Bruker 400 MHz NMR 

spectrometer at 20 °C using peaks of CDCl3 as an internal standard (1H NMR: 

CDCl3 at 7.26 ppm, d6-acetone at 2.05 ppm; 13C NMR: CDCl3 at 77.16 ppm, 

d6-acetone at 206.26 ppm). High-resolution mass spectra were collected on a 

Bruker Maxis System. Melting points were measured by a melting point 

instrument and were uncorrected. Optical rotations were measured on a 

WZZ-1S polarimeter with [α]D values reported in degrees. The enantiomeric 

excesses were determined by chiral HPLC using a Shimadzu Prominence 

LC-20A instrument with Daicel chiral columns ( Chiralcel OD-H,  Chiralpak 

AD-H or Chiralpak IC-H). Aryl ketones 2 were all purchased from Energy 

Chemicals Inc. and used as received. Catalyst A-E were prepared by the 

literature procedure,1-3 and other catalysts were purchased from Daicel Chiral 

Technologies (China) Co., Ltd. and used as received. 
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II. Synthesis of Ketone Hydrate Substrates 

Synthesis of ketone hydrates 1c-e. To a solution of substituted benzothiazole 

(5.0 mmol) in toluene (20 mL) at −20 °C was added dropwise trifluoroacetic 

anhydride (6.0 mmol) over 10 min. The mixture was stirred for 0.5 h, and 

triethylamine (6.0 mmol) was slowly added. After stirring at −20 °C overnight, 

the resulting reaction mixture was spontaneously warmed to room 

temperature and stirred for 12 h. The solvent was removed in vacuo, and 

water (5 mL) was added to form white precipitation, which was dissolved in 

ethyl acetate (40 mL). The organic phase was successively washed with 1 M 

HCl (20 mL), water (20 mL), and brine (20 mL), dried over anhydrous Na2SO4, 

and concentrated in vacuo to afford the crude product. The pure ketone 

hydrate was obtained by recrystallization from petroleum ether/ethyl acetate 

(5:1, v/v). Ketone hydrates 1c, 1d, and 1e are unknown compounds, and 

others are known.4-5 

 

1-(6-(Benzyloxy)benzo[d]thiazol-2-yl)-2,2,2-trifluoroethane-1,1-diol (1c) was 

prepared from 6-(benzyloxy)benzothiazole (1.20 g, 5.0 mmol) according to the 

above procedure. Yellow solid, m.p. 138−139 oC; 0.95 g, 54% yield.  

1H NMR (400 MHz, d6-acetone) δ 7.95 (d, J = 9.2 Hz, 1H), 7.72 (d, J = 2.0 Hz, 

1H), 7.59 (s, 2H), 7.51 (d, J = 7.6 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 

Hz, 1H), 7.25 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1H), 5.22 (s, 2H) ppm.  
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13C NMR (100 MHz, d6-acetone) δ 166.0, 157.9, 147.8, 137.9, 137.4, 128.8, 128.3, 

128.0, 124.6, 123.2 (q, J = 286.3 Hz), 117.2, 105.7, 92.8 (q, J = 33.0 Hz), 70.6 ppm. 

19F NMR (376.5 MHz, d6-acetone) δ −83.6 ppm.  

HRMS (ESI) m/z: [M-H2O]+ calcd for C16H10F3NO2S 337.0382; found 337.0382. 

 

1-(6-(Allyloxy)benzo[d]thiazol-2-yl)-2,2,2-trifluoroethane-1,1-diol (1d) was 

prepared from 6-(allyloxy)benzo[d]thiazole (1.91 g, 10.0 mmol) according to 

the above procedure. Yellow solid, m.p. 115−117 oC; 1.38 g, 45% yield.  

1H NMR (400 MHz, d6-acetone) δ 7.95 (d, J = 8.8 Hz, 1H), 7.62 (d, J = 2.8 Hz, 

1H), 7.18 (dd, J1 = 2.8 Hz, J2 = 9.2 Hz, 1H), 6.13-6.06 (m, 1H), 5.44 (d, J = 15.6 Hz, 

1H), 5.27 (d, J = 12.4 Hz, 1H), 4.67 (d, J = 5.2 Hz, 2H) ppm.  

13C NMR (100 MHz, d6-acetone) δ 165.4, 157.3, 147.3, 137.5, 133.3, 124.2, 122.7 

(q, J = 285.8 Hz), 117.0, 116.7, 105.1, 92.3 (q, J = 33.0 Hz), 69.0 ppm.  

19F NMR (376.5 MHz, d6-acetone) δ −83.5 ppm.  

HRMS (ESI) m/z: [M-H2O]+ calcd for C12H8F3NO2S 287.0228; found 287.0226. 

 

2,2,2-Trifluoro-1-(6-(prop-2-yn-1-yloxy)benzo[d]thiazol-2-yl)ethane-1,1-diol 

(1e) was prepared from 6-(prop-2-yn-1-yloxy)benzothiazole (0.95 g, 5.0 mmol) 

according to the above procedure. Yellow solid, m.p. 115−117 oC; 0.66 g, 44% 

yield.  
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1H NMR (400 MHz, d6-acetone) δ 7.98 (d, J = 8.8 Hz, 1H), 7.73 (s, 1H), 7.53 (s, 

2H), 7.23 (d, J = 9.2 Hz, 1H), 4.91 (s, 2H), 3.12 (s, 1H) ppm.  

13C NMR (100 MHz, d6-acetone) δ 166.3, 156.7, 148.2, 137.8, 124.7, 123.2 (q, J = 

286.2 Hz), 117.1, 106.1, 92.8 (q, J = 33.0 Hz), 78.9, 76.9, 56.5 ppm.  

19F NMR (376.5 MHz, d6-acetone) δ −83.6 ppm.  

HRMS (ESI) m/z: [M-H2O]+ calcd for C12H6F3NO2S 285.0071; found 285.0074. 
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III. Synthesis of α-Trifluoromethyl Tertiary Alcohols  

General procedure for organocatalytic enantioselective cross-aldol reaction. 

To a 4-mL vial equipped with a magnetic stir bar, heteroaromatic 

trifluoromethyl ketone hydrate 1 (0.10 mmol), catalyst C (5 mol%), 4 Å  MS (30 

mg), and toluene (0.5 mL) were sequentially added. The mixture was stirred 

for 30 min at room temperature (35 oC in summer), and then methyl ketone 2 

(3.0 or 5.0 equiv.) was added. After stirring for 11~36 h, the reaction mixture 

was concentrated under reduced pressure. The residue was purified by silica 

gel column chromatography to afford the desired chiral α-trifluoromethyl 

tertiary alcohol 3.  

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenylbutan-1-one 

(3aa) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2a (3.0 equiv.) for 24 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White solid, m.p. 

134−135 oC; 29.8 mg, 85% yield.  

javascript:;
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[α]D25 = −121.5 (c = 0.26, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 11.4 min (minor), 12.7 min (major).  

1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 6.8 Hz, 2H), 7.93 (dd, J1 = 8.0 Hz, J2 = 

16.0 Hz, 2H), 7.61 (d, J = 6.8 Hz, 1H), 7.50-7.40 (m, 4H), 6.50 (s, 1H), 4.62 (d, J = 

17.2 Hz, 1H), 3.68 (d, J = 17.6 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 200.1, 169.9, 153.0, 136.3, 136.1, 134.6, 128.9, 

128.6, 126.3, 125.8, 123.8, 123.4 (q, J = 283.5 Hz), 121.9, 77.7 (q, J = 29.9 Hz), 40.2 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H12F3NO2S 351.0541; found 351.0543. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(p-tolyl)butan-1-one 

(3ab) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2b (3.0 equiv.) for 24 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White solid, m.p. 

148−150 oC; 28.1 mg, 77% yield.  

[α]D25 = −73.1 (c = 0.26, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 8.5 min (major), 13.5 min (minor).  
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1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 7.6 Hz, 1H), 7.90 (d, J = 7.6 Hz, 3H), 

7.45-7.36 (m, 2H), 7.27 (d, J = 7.6 Hz, 2H), 6.62 (s, 1H), 4.56 (d, J = 17.2 Hz, 1H), 

3.64 (d, J = 16.8 Hz, 1H), 2.41 (s, 3H) ppm.  

13C NMR (100 MHz, CDCl3) δ 199.7, 170.1, 153.1, 145.9, 136.2, 133.6, 129.6, 

128.8, 126.2, 125.7, 123.7, 123.4 (q, J = 283.5 Hz), 121.9, 77.7 (q, J = 29.9 Hz), 39.9, 

21.9 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C18H14F3NO2S 365.0697; found 365.0698. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(m-tolyl)butan-1-one 

(3ac) was prepared from trifluoromethyl ketone hydrate 1a and methyl ketone 

2c (5.0 equiv.) for 36 h according to the above general procedure (eluent: 

petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White solid, m.p. 131−133 oC; 

30.3 mg, 83% yield.  

[α]D25 = −110.0 (c = 0.28, CHCl3, 89% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 8.0 min (major), 11.3 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H), 

7.80 (s, 2H), 7.47-7.36 (m, 4H), 6.55 (s, 1H), 4.60 (d, J = 17.6 Hz, 1H), 3.67 (d, J = 

17.2 Hz, 1H), 2.41 (s, 3H) ppm.  
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13C NMR (100 MHz, CDCl3) δ 200.3, 170.0, 153.0, 138.9, 136.2, 136.0, 135.5, 

129.1, 128.8, 126.6, 125.9, 125.8, 123.7, 123.4 (q, J = 283.5 Hz), 121.9, 77.7 (q, J = 

29.9 Hz), 40.2, 21.3 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C18H14F3NO2S 365.0697; found 365.0695. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(o-tolyl)butan-1-one 

(3ad) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2d (5.0 equiv.) for 36 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White solid, m.p. 

96−98 oC; 22.6 mg, 62% yield.  

[α]D25 = −23.3 (c = 0.21, CHCl3, 80% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 3% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 11.4 min (major), 12.0 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 6.8 Hz, 2H), 

7.50-7.41 (m, 3H), 7.35 (t, J = 7.6 Hz, 1H), 7.25 (d, J = 7.2 Hz, 1H), 6.56 (s, 1H), 

4.52 (d, J = 17.2 Hz, 1H), 3.60 (d, J = 16.8 Hz, 1H), 2.38 (s, 3H) ppm.  

13C NMR (100 MHz, CDCl3) δ 204.0, 169.9, 152.9, 139.2, 136.6, 136.3, 132.9, 

132.3, 129.6, 126.3, 126.1, 125.8, 123.7, 123.3 (q, J = 283.4 Hz), 122.0, 77.9 (q, J = 

29.9 Hz), 42.5, 21.3 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  



S9 

 

HRMS (ESI) m/z: [M]+ calcd for C18H14F3NO2S 365.0697; found 365.0693. 

 

(S)-1-([1,1'-Biphenyl]-4-yl)-3-(benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy

butan-1-one (3ae) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2e (5.0 equiv.) for 23 h according to the above general 

procedure with catalyst A instead of catalyst C (eluent: petroleum ether/ethyl 

acetate = 20:1 to 15:1, v/v). White solid, m.p. 112−114 oC; 30.3 mg, 71% yield. 

[α]D25 = −103.6 (c = 0.28, CHCl3, 78% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 6.9 min (minor), 13.2 min (major).  

1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 8.4 Hz, 2H), 8.00 (d, J = 8.0 Hz, 1H), 

7.93 (d, J = 7.6 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 7.6 Hz, 2H), 

7.53-7.39 (m, 5H), 6.60 (s, 1H), 4.66 (d, J = 17.2 Hz, 1H), 3.73 (d, J = 17.2 Hz, 1H) 

ppm.  

13C NMR (100 MHz, CDCl3) δ 199.6, 170.0, 153.0, 147.3, 139.4, 136.2, 134.7, 

129.3, 129.1, 128.7, 127.5, 127.4, 126.2, 125.8, 123.7, 123.4 (q, J = 283.6 Hz), 121.9, 

77.7 (q, J = 29.9 Hz), 40.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.5 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C23H16F3NO2S 427.0854; found 427.0851. 
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(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(4-methoxyphenyl)b

utan-1-one (3af) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2f (3.0 equiv.) for 17 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). White 

solid, m.p. 105−106 oC; 30.1 mg, 79% yield.  

[α]D25 = −119.3 (c = 0.27, CHCl3, 82% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 15% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 9.0 min (minor), 13.1 min (major).  

1H NMR (400 MHz, CDCl3) δ 7.97 (t, J = 7.6 Hz, 3H), 7.89 (d, J = 8.0 Hz, 1H), 

7.45-7.35 (m, 2H), 6.93 (d, J = 8.4 Hz, 2H), 6.80 (s, 1H), 4.55 (d, J = 16.8 Hz, 1H), 

3.84 (s, 3H), 3.62 (d, J = 16.8 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 198.4, 170.2, 164.8, 153.1, 136.2, 131.1, 129.0, 

126.2, 125.7, 123.7, 123.5 (q, J = 283.5 Hz), 121.9, 114.1, 77.7 (q, J = 29.8 Hz), 55.6, 

39.4 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C18H14F3NO3S 381.0646; found 381.0643. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(3-methoxyphenyl)b

utan-1-one (3ag) was prepared from trifluoromethyl ketone hydrate 1a and 
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methyl ketone 2g (5.0 equiv.) for 17 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). White 

solid, m.p. 103−105 oC; 31.6 mg, 83% yield.  

[α]D25 = −115.0 (c = 0.30, CHCl3, 88% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 20.6 min (minor), 21.9 min (major).  

1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 7.6 Hz, 1H), 7.91 (d, J = 6.8 Hz, 1H), 

7.62 (d, J = 6.4 Hz, 1H), 7.47 (s, 1H), 7.45-7.38 (m, 3H), 7.17 (d, J = 7.2 Hz, 1H), 

6.47 (s, 1H), 4.60 (d, J = 17.6 Hz, 1H), 3.82 (s, 3H), 3.68 (d, J = 17.2 Hz, 1H) ppm. 

13C NMR (100 MHz, CDCl3) δ 199.8, 169.9, 160.0, 153.0, 137.3, 136.2, 129.9, 

126.2, 125.8, 123.7, 123.4 (q, J = 283.5 Hz), 121.9, 121.4, 121.2, 112.5, 77.6 (q, J = 

29.9 Hz), 55.5, 40.4 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C18H14F3NO3S 381.0646; found 381.0644. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-1-(4-fluorophenyl)-3-hydroxybuta

n-1-one (3ah) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2h (5.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). Yellow 

solid, m.p. 115−116 oC; 34.1 mg, 92% yield.  

[α]D25 = −85.6 (c = 0.32, CHCl3, 86% ee). Enantiomeric excess was determined 



S12 

 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 6.5 min (minor), 15.8 min (major).  

1H NMR (400 MHz, CDCl3) δ 8.03 (s, J = 8.0 Hz, 2H), 7.96 (d, J = 7.6 Hz, 1H), 

7.90 (d, J = 7.2 Hz, 1H), 7.42 (dd, J1 = 7.6 Hz, J2 = 14.4 Hz, 2H), 7.14 (s, 2H), 6.48 

(s, 1H), 4.61 (d, J = 17.2 Hz, 1H), 3.65 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 198.5, 169.8, 166.7 (d, J = 256.0 Hz), 153.0, 136.3, 

132.6 (d, J = 2.9 Hz), 131.5 (d, J = 9.7 Hz), 126.3, 125.9, 123.7, 123.4 (q, J = 283.5 

Hz), 122.0, 116.2 (d, J = 22.0 Hz), 77.7 (q, J = 30.0 Hz), 40.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7, −102.1 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11F4NO2S 369.0447; found 369.0447. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-1-(4-chlorophenyl)-4,4,4-trifluoro-3-hydroxybut

an-1-one (3ai) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2i (5.0 equiv.) for 18 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). Yellow 

solid, m.p. 143−144 oC; 36.0 mg, 94% yield.  

[α]D25 = −139.7 (c = 0.31, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 11.3 min (major), 15.9 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.92 (t, J = 8.4 Hz, 4H), 7.47-7.38 (m, 4H), 6.34 (s, 

1H), 4.57 (d, J = 17.2 Hz, 1H), 3.62 (d, J = 17.2 Hz, 1H) ppm.  
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13C NMR (100 MHz, CDCl3) δ 199.0, 169.6, 152.9, 141.4, 136.3, 134.5, 130.1, 

129.4, 126.3, 125.9, 123.8, 123.3 (q, J = 283.5 Hz), 122.0, 77.7 (q, J = 30.0 Hz), 40.2 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11ClF3NO2S 385.0151; found 385.0149. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-1-(4-bromophenyl)-4,4,4-trifluoro-3-hydroxybut

an-1-one (3aj) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2j (3.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1). White solid, 

m.p. 144.5−145.8 oC; 39.5 mg, 92% yield.  

[α]D25 = −144.4 (c = 0.32, CHCl3, 84% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 10.8 min (major), 15.0 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.95 (t, J = 7.2 Hz, 2H), 7.88 (d, J = 8.8 Hz, 2H), 

7.65 (d, J = 8.8 Hz, 2H), 7.50-7.41 (m, 2H), 6.35 (s, 1H), 4.58 (d, J = 17.2 Hz, 1H), 

3.63 (d, J = 16.8 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 199.2, 169.6, 152.9, 136.3, 134.8, 132.3, 130.2, 

130.1, 126.3, 125.9, 123.8, 123.3 (q, J = 283.4 Hz), 122.0, 77.7 (q, J = 30.1 Hz), 40.1 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  
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HRMS (ESI) m/z: [M]+ calcd for C17H11BrF3NO2S 428.9646; found 428.9641.

 

(S)-3-(Benzo[d]thiazol-2-yl)-1-(3-bromophenyl)-4,4,4-trifluoro-3-hydroxybut

an-1-one (3ak) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2k (3.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1). Yellow solid, 

m.p. 121.5−123.2 oC; 39.8 mg, 93% yield. 

[α]D25 = −69.7 (c = 0.33, CHCl3, 89% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 10.7 min (major), 13.8 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.11 (s, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.91 (d, J = 

7.2 Hz, 2H), 7.72 (d, J = 7.2 Hz, 1H), 7.43 (dd, J1 = 8.0 Hz, J2 = 12.8 Hz, 2H), 7.34 

(t, J = 7.6 Hz, 1H), 6.25 (s, 1H), 4.59 (d, J = 17.2 Hz, 1H), 3.63 (d, J = 17.2 Hz, 1H) 

ppm.  

13C NMR (100 MHz, CDCl3) δ 198.8, 169.4, 152.8, 137.7, 137.4, 136.2, 131.6, 

130.5, 127.2, 126.3, 125.9, 123.7, 123.3 (q, J = 283.5 Hz), 123.3, 121.9, 77.7 (q, J = 

30.1 Hz), 40.4 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11BrF3NO2S 428.9646; found 428.9645. 
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(S)-3-(Benzo[d]thiazol-2-yl)-1-(2-bromophenyl)-4,4,4-trifluoro-3-hydroxybut

an-1-one (3al) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2l (3.0 equiv.) for 17 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1). White solid, 

m.p. 78.0−79.5 oC; 39.2 mg, 91% yield. 

[α]D25 = −26.3 (c = 0.35, CHCl3, 79% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 20% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 6.1 min (major), 16.0 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 

7.60 (t, J = 9.6 Hz, 2H), 7.49 (t, J = 7.6 Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.41-7.31 

(m, 2H), 6.11 (s, 1H), 4.46 (d, J = 17.2 Hz, 1H), 3.70 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 203.4, 169.2, 152.7, 139.7, 136.3, 134.3, 133.0, 

129.8, 127.6, 126.4, 126.0, 123.7, 123.2 (q, J = 283.7 Hz), 122.0, 119.3, 77.9 (q, J = 

30.2 Hz), 44.2 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11BrF3NO2S 428.9646; found 428.9640. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(4-(trifluoromethyl)p

henyl)butan-1-one (3am) was prepared from trifluoromethyl ketone hydrate 

1a and methyl ketone 2m (3.0 equiv.) for 23 h according to the above general 
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procedure (eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). White 

solid, m.p. 99−101 oC; 39.6 mg, 95% yield.  

[α]D25 = −112.9 (c = 0.35, CHCl3, 87% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 15% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 5.7 min (minor), 12.4 min (major).  

1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.0 Hz, 2H), 7.93 (dd, J1 = 8.0 Hz, J2 = 

13.2 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.47-7.39 (m, 2H), 6.22 (s, 1H), 4.66 (d, J = 

17.2 Hz, 1H), 3.70 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 199.2, 169.4, 152.8, 138.7, 136.3, 135.6 (q, J = 32.7 

Hz), 129.0, 126.4, 126.0 (q, J = 3.5 Hz), 123.7, 123.5 (q, J = 271.2 Hz),123.3 (q, J = 

283.5 Hz), 122.1, 122.0, 77.7 (q, J = 30.1 Hz), 40.7 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −63.3, −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C18H11F6NO2S 419.0415; found 419.0415. 

 

(S)-Methyl-4-(3-(benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxybutanoyl)be

nzoate (3an) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2n (3.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 10:1 to 5:1, v/v). Yellow 

solid, m.p. 135−136 oC; 38.4 mg, 94% yield.  

[α]D25 = −129.7 (c = 0.35, CHCl3, 89% ee). Enantiomeric excess was determined 
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by chiral HPLC: Daicel Chiralcel AD-H column; 20% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 8.7 min (major), 11.2 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 8.4 Hz, 2H), 8.04 (d, J = 8.4 Hz, 2H), 

7.91 (d, J = 8.0 Hz, 2H), 7.45-7.37 (m, 2H), 6.22 (s, 1H), 4.61 (d, J = 17.2 Hz, 1H), 

3.96 (s, 3H), 3.66 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 199.7, 169.5, 166.0, 152.8, 139.2, 136.2, 135.2, 

130.1, 128.6, 126.3, 125.9, 123.7, 123.3 (q, J = 283.2 Hz), 122.0, 77.7 (q, J = 30.0 

Hz), 52.7, 40.7 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C19H14F3NO4S 409.0596; found 409.0594. 

 

(S)-4-(3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxybutanoyl)benzonitril

e (3ao) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2o (3.0 equiv.) for 23 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 10:1 to 5:1, v/v). White solid, m.p. 

154−155 oC; 36.1 mg, 96% yield.  

[α]D25 = −167.6 (c = 0.33, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 20% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 10.6 min (major), 16.5 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.0 Hz, 2H), 7.91 (dd, J1 = 4.8 Hz, J2 = 
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6.4 Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.47-7.39 (m, 2H), 6.04 (s, 1H), 4.60 (d, J = 

17.2 Hz, 1H), 3.65 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 198.8, 169.0, 152.6, 138.9, 136.2, 132.7, 129.0, 

126.4, 126.0, 123.7, 123.2 (q, J = 283.6 Hz), 122.0, 121.8, 117.7, 77.7 (q, J = 30.2 

Hz), 40.7 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C18H11F3N2O2S 376.0493; found 376.0496. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(4-nitrophenyl)butan

-1-one (3ap) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2p (3.0 equiv.) for 11 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 10:1 to 5:1, v/v). Yellow 

solid, m.p. 142−144 oC; 37.8 mg, 95% yield.  

[α]D25 = −130.8 (c = 0.36, CHCl3, 85% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 20% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 11.4 min (major), 15.2 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.33 (d, J = 8.4 Hz, 2H), 8.16 (d, J = 8.4 Hz, 2H), 

7.91 (t, J = 7.2 Hz, 2H), 7.47-7.39 (m, 2H), 6.00 (s, 1H), 4.64 (d, J = 17.2 Hz, 1H), 

3.68 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 198.7, 169.0, 152.6, 151.1, 140.4, 136.2, 129.7, 
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126.5, 126.1, 124.1, 123.7, 123.2 (q, J = 283.5 Hz), 122.0, 77.7 (q, J = 30.2 Hz), 41.0 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11F3N2O4S 396.0392; found 396.0389. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(naphthalen-1-yl)but

an-1-one (3aq) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2q (5.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). Yellow 

solid, m.p. 110−112 oC; 34.1 mg, 85% yield.  

[α]D25 = −5.0 (c = 0.24, CHCl3, 70% ee). Enantiomeric excess was determined by 

chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 16.1 min (major), 22.6 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.45 (dd, J1 = 3.6 Hz, J2 = 6.0 Hz, 1H), 8.20 (d, J = 

7.2 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 4.0 Hz, 

1H), 7.59-7.51 (m, 3H), 7.47-7.39 (m, 2H), 6.63 (s, 1H), 4.66 (d, J = 17.2 Hz, 1H), 

3.75 (d, J = 16.8 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 204.0, 169.8, 152.9, 136.3, 134.5, 134.4, 134.0, 

130.0, 129.7, 128.7, 128.6, 126.9, 126.3, 125.9, 125.5, 124.4, 123.7, 123.4 (q, J = 

283.5 Hz), 122.0, 78.1 (q, J = 30.0 Hz), 43.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  
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HRMS (ESI) m/z: [M]+ calcd for C21H14F3NO2S 401.0697; found 401.0701. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(naphthalen-2-yl)but

an-1-one (3ar) was prepared from trifluoromethyl ketone hydrate 1a and 

methyl ketone 2r (3.0 equiv.) for 17 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White 

solid, m.p. 142−144 oC; 37.6 mg, 94% yield.  

[α]D25 = −190.6 (c = 0.31, CHCl3, 88% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel AD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 12.9 min (major), 20.5 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.58 (s, 1H), 8.00-7.86 (m, 6H), 7.64-7.57 (m, 2H), 

7.44-7.37 (m, 2H), 6.62 (s, 1H), 4.76 (d, J = 17.2 Hz, 1H), 3.79 (d, J = 16.8 Hz, 1H) 

ppm.  

13C NMR (100 MHz, CDCl3) δ 200.0, 170.0, 153.0, 136.3, 136.2, 133.3, 132.4, 

131.3, 130.0, 129.4, 128.9, 127.9, 127.3, 126.3, 125.8, 123.7, 123.5 (q, J = 283.5 Hz), 

123.4, 121.9, 77.8 (q, J = 29.9 Hz), 40.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ -79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C21H14F3NO2S 401.0697; found 401.0696. 
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(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(thiophen-2-yl)butan

-1-one (3as) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2s (3.0 equiv.) for 24 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). Yellow solid, m.p. 

150−152 oC; 34.3 mg, 96% yield.  

[α]D25 = −74.4 (c = 0.25, CHCl3, 79% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 11.7 min (minor), 13.3 min (major).  

1H NMR (400 MHz, CDCl3) δ 7.94 (dd, J1 = 8.0 Hz, J2 = 20.0 Hz, 3H), 7.73 (d, J = 

3.6 Hz, 1H), 7.48-7.38(m, 2H), 7.17 (s, 1H), 6.49 (s, 1H), 4.42 (d, J = 16.8 Hz, 1H), 

3.66 (d, J = 16.8 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 192.1, 169.6, 153.0, 142.8, 136.3, 136.2, 134.5, 

128.7, 126.3, 125.8, 123.8, 123.3 (q, J = 283.5 Hz), 122.0, 77.6 (q, J = 30.0 Hz), 40.6 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C15H10F3NO2S2 357.0105; found 357.0108. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-(pyridin-3-yl)butan-
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1-one (3at) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2t (3.0 equiv.) for 24 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). White solid, m.p. 

145−146 oC; 30.5 mg, 87% yield.  

[α]D25 = −3.1 (c = 0.26, CHCl3, 80% ee). Enantiomeric excess was determined by 

chiral HPLC: Daicel Chiralcel OD-H column; 20% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 7.1 min (minor), 11.4 min (major).  

1H NMR (400 MHz, CDCl3) δ 8.71 (d, J = 4.0 Hz, 1H), 8.49 (br s, 1H), 8.02 (d, J = 

8.0 Hz, 2H), 7.88 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 6.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 

1H), 7.39 (t, J = 7.6 Hz, 1H), 4.28 (d, J = 15.2 Hz, 1H), 4.04 (d, J = 15.6 Hz, 1H) 

ppm.  

13C NMR (100 MHz, CDCl3) δ 197.0, 170.0, 153.4, 152.1, 148.4, 138.3, 135.9, 

128.2, 126.2, 125.7, 123.9, 123.9 (q, J = 284.6 Hz), 123.2, 121.8, 76.6 (q, J = 29.9 

Hz), 44.9 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −78.9 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C16H11F3N2O2S 352.0493; found 352.0495. 

 

(S)-4-(Benzo[d]thiazol-2-yl)-5,5,5-trifluoro-4-hydroxy-1,1-dimethoxypentan-

2-one (3au) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2u (3.0 equiv.) for 24 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 10:1 to 5:1, v/v). Colorless oil, 31.9 mg, 
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91% yield.  

[α]D25 = −17.8 (c = 0.27, CHCl3, 67% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 15% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 5.4 min (minor), 6.0 min (major).  

1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 

7.48 (t, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 5.62 (s, 1H), 4.52 (s, 1H), 4.11 (d, J 

= 18.0 Hz, 1H), 3.41 (s, 3H), 3.39 (s, 3H), 3.39 (d, J = 18.0 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 205.3, 169.0, 152.7, 136.2, 126.4, 126.0, 123.7, 

123.2 (q, J = 283.5 Hz), 121.9, 77.2 (q, J = 30.3 Hz), 103.7, 55.1, 54.8, 40.5 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.9 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C14H14F3NO4S 349.0596; found 349.0595. 

 

(S)-2-(Benzo[d]thiazol-2-yl)-1,1,1-trifluoro-2-hydroxyheptan-4-one (3av) was 

prepared from trifluoromethyl ketone hydrate 1a and methyl ketone 2v (3.0 

equiv.) for 24 h according to the above general procedure (eluent: petroleum 

ether/ethyl acetate = 20:1 to 10:1). Colorless oil, 8.9 mg, 28% yield.  

[α]D28 = −17.4 (c = 0.61, CHCl3, 61% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 5% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 7.8 min (major), 16.7 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 7.6 Hz, 1H), 
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7.50 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 6.24 (s, 1H), 3.91 (d, J = 16.8 Hz, 

1H), 3.15 (d, J = 16.8 Hz, 1H), 2.60-2.50 (m, 2H), 1.63-1.53 (m, 2H), 0.86 (t, J = 

7.6 Hz, 3H) ppm.  

13C NMR (100 MHz, CDCl3) δ 212.2, 169.7, 152.9, 136.3, 126.4, 125.9, 123.7, 

123.2 (q, J = 283.4 Hz), 122.0, 77.5 (q, J = 30.3 Hz), 46.5, 43.6, 16.8, 13.6 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −80.0 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C14H14F3NO2S 317.0697; found 317.0695. 

 

(S)-3-(Benzo[d]thiazol-2-yl)-1-cyclopropyl-4,4,4-trifluoro-3-hydroxybutan-1-

one (3aw) was prepared from trifluoromethyl ketone hydrate 1a and methyl 

ketone 2w (3.0 equiv.) for 36 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 20:1 to 10:1). Colorless oil, 5.4 mg, 17% 

yield.  

[α]D28 = −12.3 (c = 0.53, CHCl3, 68% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 5% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 8.0 min (major), 24.2 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 

7.49 (t, J = 8.4 Hz, 1H), 7.41 (t, J = 8.4 Hz, 1H), 6.42 (s, 1H), 4.02 (d, J = 17.2 Hz, 

1H), 3.34 (d, J = 17.2 Hz, 1H), 2.07-2.01 (m, 1H), 1.19-1.13 (m, 1H), 1.02-0.96 (m, 

3H) ppm.  
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13C NMR (100 MHz, CDCl3) δ 211.4, 169.9, 153.0, 136.2, 126.3, 125.8, 123.6, 

123.3 (q, J = 283.4 Hz), 121.9, 77.3 (q, J = 30.3 Hz), 43.7, 22.6, 12.3, 12.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.9 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C14H12F3NO4S 315.0541; found 315.0545. 

 

(S)-4,4,4-Trifluoro-3-hydroxy-3-(6-methoxybenzo[d]thiazol-2-yl)-1-phenylbu

tan-1-one (3ba) was prepared from trifluoromethyl ketone hydrate 1b and 

methyl ketone 2a (5.0 equiv.) for 16 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White 

solid, m.p. 113−115 oC; 30.1 mg, 79% yield.  

[α]D25 = −90.0 (c = 0.25, CHCl3, 78% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 9.7 min (major), 12.5 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 7.2 Hz, 2H), 7.80 (d, J = 8.8 Hz, 1H), 

7.62 (t, J = 7.2 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.33 (s, 1H), 7.03 (d, J = 8.8 Hz, 

1H), 6.44 (s, 1H), 4.56 (d, J = 17.2 Hz, 1H), 3.84 (s, 3H), 3.63 (d, J = 17.2 Hz, 1H) 

ppm.  

13C NMR (100 MHz, CDCl3) δ 200.2, 169.9, 158.1, 147.5, 137.7, 136.1, 134.6, 

128.9, 128.6, 124.2, 123.4 (q, J = 283.5 Hz), 116.1, 103.9, 77.6 (q, J = 29.9 Hz), 55.9, 

40.0 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.8 ppm.  
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HRMS (ESI) m/z: [M]+ calcd for C18H14F3NO3S 381.0646; found 381.0643. 

 

(S)-3-(6-(Benzyloxy)benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenyl

butan-1-one (3ca) was prepared from trifluoromethyl ketone hydrate 1c and 

methyl ketone 2a (3.0 equiv.) for 20 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). Yellow 

solid, m.p. 111−112 oC; 36.8 mg, 80% yield.  

[α]D25 = −130.0 (c = 0.33, CHCl3, 87% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 19.9 min (major), 23.0 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.0 Hz, 2H), 7.83 (d, J = 8.8 Hz, 1H), 

7.64 (t, J = 7.6 Hz, 1H), 7.51 (d, J = 7.6 Hz, 2H), 7.48-7.34 (m, 6H), 7.13 (d, J = 9.2 

Hz, 1H), 6.46 (s, 1H), 5.12 (s, 2H), 4.58 (d, J = 17.2 Hz, 1H), 3.64 (d, J = 17.2 Hz, 

1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 200.2, 167.1, 157.2, 147.7, 137.6, 136.5, 136.0, 

134.6, 128.9, 128.8, 128.6, 128.2, 127.5, 124.3, 123.4 (q, J = 283.4 Hz), 116.6, 105.3, 

77.6 (q, J = 29.9 Hz), 70.7, 40.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.8 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C24H18F3NO3S 457.0959; found 457.0961. 
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(S)-3-(6-(Allyloxy)benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenylb

utan-1-one (3da) was prepared from trifluoromethyl ketone hydrate 1d and 

methyl ketone 2a (5.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). Yellow 

solid, m.p. 105−107 oC; 37.4 mg, 92% yield.  

[α]D25 = −210.9 (c = 0.32, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 8.3 min (major), 10.8 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 7.6 Hz, 2H), 7.80 (d, J = 8.8 Hz, 1H), 

7.62 (t, J = 7.2 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.35 (s, 1H), 7.07 (d, J = 9.2 Hz, 

1H), 6.44 (s, 1H), 6.09-6.03 (m, 1H), 5.43 (d, J = 17.2 Hz, 1H), 5.32 (d, J = 10.4 Hz, 

1H), 4.58 (s, 2H), 4.56 (d, J = 17.2 Hz, 1H), 3.63 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 200.2, 167.0, 157.1, 147.6, 137.6, 136.1, 134.6, 

132.9, 128.9, 128.6, 124.2, 123.4 (q, J = 283.4 Hz), 118.1, 116.5, 105.1, 77.4 (q, J = 

29.9 Hz), 69.5, 40.0 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.8 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C20H16F3NO3S 407.0803; found 407.0801. 
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(S)-4,4,4-Trifluoro-3-hydroxy-1-phenyl-3-(6-(prop-2-yn-1-yloxy)benzo[d]thia

zol-2-yl)butan-1-one (3ea) was prepared from trifluoromethyl ketone hydrate 

1e and methyl ketone 2a (3.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). Yellow 

solid, m.p. 88−89 oC; 35.8 mg, 88% yield.  

[α]D25 = −145.1 (c = 0.33, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 16.5 min (major), 19.5 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 7.2 Hz, 2H), 7.82 (d, J = 8.8 Hz, 1H), 

7.63 (t, J = 6.8 Hz, 1H), 7.48 (t, J = 9.2 Hz, 3H), 7.10 (d, J = 8.8 Hz, 1H), 6.43 (s, 

1H), 4.75 (s, 2H), 4.56 (d, J = 17.2 Hz, 1H), 3.63 (d, J = 17.2 Hz, 1H), 2.55 (s, 1H) 

ppm.  

13C NMR (100 MHz, CDCl3) δ 200.2, 167.6, 155.9, 148.1, 137.5, 136.0, 134.7, 

128.9, 128.6, 124.3, 123.4 (q, J = 283.4 Hz), 116.6, 105.6, 78.2, 77.6 (q, J = 29.9 Hz), 

76.2, 56.4, 40.1 ppm.  

19F NMR (376.5 MHz, CDCl3) δ−79.8 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C20H14F3NO3S 405.0646; found 405.0642. 

 

(S)-3-(6-Bromobenzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenylbuta

n-1-one (3fa) was prepared from trifluoromethyl ketone hydrate 1f and 

methyl ketone 2a (5.0 equiv.) for 24 h according to the above general 
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procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White 

solid, m.p. 91−93 oC; 33.7 mg, 79% yield.  

[α]D25 = −90.6 (c = 0.31, CHCl3, 82% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 8.3 min (major), 14.9 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.99 (d, J = 7.2 Hz, 2H), 7.77 (d, J = 

4.8 Hz, 1H), 7.63 (t, J = 7.2 Hz, 1H), 7.50 (q, J = 8.0 Hz, 3H), 6.45 (s, 1H), 4.55 (d, 

J = 17.2 Hz, 1H), 3.66 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 200.0, 170.6, 151.9, 137.9, 135.9, 134.8, 129.8, 

129.0, 128.7, 124.9, 124.5, 123.2 (q, J = 283.5 Hz), 119.6, 77.6 (q, J = 30.0 Hz), 40.1 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11BrF3NO2S 428.9646; found 428.9644. 

 

(S)-3-(5-Bromobenzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenylbuta

n-1-one (3ga) was prepared from trifluoromethyl ketone hydrate 1g and 

methyl ketone 2a (5.0 equiv.) for 24 h according to the above general 

procedure (eluent: petroleum ether/ethyl acetate = 20:1 to 10:1, v/v). White 

solid, m.p. 54−56 oC; 34.0 mg, 79% yield.  

[α]D25 = −30.0 (c = 0.30, CHCl3, 86% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 
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mL/min; 35 oC; retention times: 11.2 min (major), 14.1 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.07 (s, 1H), 7.98 (d, J = 5.6 Hz, 2H), 7.74 (t, J = 7.2 

Hz, 1H), 7.62 (q, J = 6.0 Hz, 1H), 7.51-7.46 (m, 3H), 6.47 (s, 1H), 4.58 (d, J = 17.2 

Hz, 1H), 3.64 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 200.1, 171.9, 154.1, 135.9, 135.0, 134.8, 129.0, 

128.9, 128.6, 126.6, 123.2 (q, J = 283.5 Hz), 123.0, 119.9, 77.7 (q, J = 30.1 Hz), 40.1 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11BrF3NO2S 428.9646; found 428.9642. 

 

(S)-4,4,4-Trifluoro-3-hydroxy-3-(6-nitrobenzo[d]thiazol-2-yl)-1-phenylbutan-

1-one (3ha) was prepared from trifluoromethyl ketone hydrate 1h and methyl 

ketone 2a (5.0 equiv.) for 16 h according to the above general procedure 

(eluent: petroleum ether/ethyl acetate = 10:1 to 5:1, v/v). Yellow solid, m.p. 

168−170 oC; 24.6 mg, 62% yield.  

[α]D25 = −73.2 (c = 0.25, CHCl3, 70% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 20% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 9.2 min (major), 18.7 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.85 (s, 1H), 8.31 (d, J = 9.2 Hz, 1H), 8.00 (t, J1 = 

10.0 Hz, 3H), 7.66 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 6.47 (s, 1H), 4.58 (d, 

J = 17.6 Hz, 1H), 3.71 (d, J = 17.2 Hz, 1H) ppm.  
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13C NMR (100 MHz, CDCl3) δ 199.9, 176.4, 156.5, 145.5, 136.6, 135.7, 135.0, 

129.1, 128.7, 124.2, 123.0 (q, J = 283.7 Hz), 121.7, 118.6, 77.9 (q, J = 30.2 Hz), 40.2 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.5 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H11F3N2O4S 396.0392; found 396.0388. 

 

(S)-4,4,4-Trifluoro-3-hydroxy-1-phenyl-3-(thiazol-2-yl)butan-1-one (3ia) was 

prepared from trifluoromethyl ketone hydrate 1i and methyl ketone 2a (3.0 

equiv.) for 24 h according to the above general procedure (eluent: petroleum 

ether/ethyl acetate = 15:1 to 10:1, v/v). Yellow solid, m.p. 86−88 oC; 29.4 mg, 98% 

yield.  

[α]D25 = −109.6 (c = 0.25, CHCl3, 91% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 8% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 11.0 min (minor), 16.2 min (major).  

1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 2.8 Hz, 1H), 

7.63 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.42 (d, J = 2.8 Hz, 1H), 6.39 (s, 

1H), 4.48 (d, J = 17.2 Hz, 1H), 3.56 (d, J = 17.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 200.4, 168.9, 142.9, 136.1, 134.7, 129.0, 128.6, 

123.3 (q, J = 283.1 Hz), 122.0, 77.4 (q, J = 30.1 Hz), 39.9 ppm.  

19F NMR (376.5 MHz, CDCl3) δ −80.4 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C13H10F3NO2S 301.0384; found 301.0387. 
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(R)-3-(Benzo[d]oxazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenylbutan-1-one 

(3ja) was prepared from trifluoromethyl ketone hydrate 1j and methyl ketone 

2a (3.0 equiv.) for 24 h according to the above general procedure (eluent: 

petroleum ether/ethyl acetate = 15:1 to 10:1, v/v). Yellow solid, m.p. 101−103 oC; 

27.4 mg, 82% yield.  

[α]D25 = −38.4 (c = 0.25, CHCl3, 48% ee). Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 6.9 min (major), 9.3 min (minor).  

1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 7.6 Hz, 2H), 7.72 (d, J = 7.2 Hz, 1H), 

7.63 (t, J = 7.2 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.40-7.33 

(m, 2H), 5.59 (s, 1H), 4.32 (d, J = 17.2 Hz, 1H), 3.79 (d, J = 17.6 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 197.7, 161.5, 151.5, 140.5, 136.0, 134.6, 129.0, 

128.5, 126.1, 125.0, 123.4 (q, J = 284.0 Hz), 120.8, 111.4, 74.6 (q, J = 30.6 Hz), 40.3 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.6 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H12F3NO3 335.0769; found 335.0767. 
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IV. Gram-Sale Catalytic Reaction and Product Transformations 

 

To a 50 mL round-bottom flask equipped with a magnetic stir bar, 

trifluoromethyl ketone hydrate 1a (1.00 g, 4.0 mmol), catalyst C (5 mol%), 4 Å  

MS (1.20 g), and toluene (20 mL) were sequentially added. The mixture was 

stirred for 30 min at 35 oC in an oil bath, and then acetophenone 2a (1.44 g, 

12.0 mmol) was added. After stirring for 36 h, the reaction mixture was 

concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography to afford the desired trifluoromethyl tertiary alcohol 

3aa as a white solid (1.18 g, 84% yield, 87% ee). The product with excellent 

enantioselectivity (0.86 g, 61% yield, 97% ee) was obtained by a simple 

recrystallization from petroleum ether/CH2Cl2 = 5:1.  

 

(1S,3S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-1-phenylbutane-1,3-diol (4). 

To a solution of 3aa (70.2 mg, 0.20 mmol, 97% ee) in anhydrous MeOH (5 mL) 

at 0 oC in an ice bath was added NaBH4 (15.1 mg, 0.40 mmol) in portions. 

Then mixture was spontaneously warmed to room temperature and stirred 

for 15 h. Upon completion, the reaction was quenched with water (5 mL) at 0 
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oC in an ice bath, and the mixture was extracted with CH2Cl2 (3 x 10 mL). The 

organic layers were combined, dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography (petroleum ether/ethyl acetate = 10:1 to 5:1, v/v) to 

afford the desired diol 4 (68.0 mg, 96% yield, 97% ee, 9:1 dr). White solid, m.p. 

108−110 oC.  

[α]D25 = −36.3 (c = 0.32, CHCl3, 97% ee); Enantiomeric excess was determined 

by chiral HPLC: Daicel Chiralcel OD-H column; 10% i-PrOH in hexanes; 1.0 

mL/min; 35 oC; retention times: 13.1 min (major), 22.1 min (minor).  

1H NMR (400 MHz, d6-acetone) δ 8.07 (d, J = 8.0 Hz, 1H), 7.99 (d, J1 = 8.0 Hz, 

1H), 7.52 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 8.0 Hz, 3H), 7.33 (t, J = 7.6 Hz, 2H), 7.24 

(t, J = 7.6 Hz, 2H), 5.57 (t, J = 1.6 Hz, 1H), 5.42 (d, J = 10.8 Hz, 1H), 2.79 (d, J = 

14.8 Hz, 1H), 2.65-2.58 (m, 1H) ppm.  

13C NMR (100 MHz, d6-acetone) δ 172.2, 154.2, 144.9, 136.2, 129.1, 128.3, 126.8, 

126.3, 126.1, 124.0, 125.8 (q, J = 285.5 Hz), 122.7, 78.8 (q, J = 28.7 Hz), 71.6, 43.9 

ppm.  

19F NMR (376.5 MHz, d6-acetone) δ −77.1 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H14F3NO2S 354.0776; found 354.0772. 

 

(S,E)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-1-phenylbutan-1-one 

oxime (5). To a solution of 3aa (0.53 g, 1.50 mmol, 97% ee) in pyridine (5.0 mL) 

at room temperature was added hydroxylamine hydrochloride (260 mg, 3.75 

mmol). Under N2, the reaction mixture was heated to 50 oC in an oil bath and 

stirred for 16 h. Upon completion, the mixture was concentrated in vacuo for 
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the removal of pyridine. The resulting residue was dissolved in CH2Cl2 (50 

mL), and washed with water (2 x 30 mL) and brine (30 mL), sequentially. The 

organic layer was dried over anhydrous Na2SO4, filtered, and concentrated 

under reduced pressure. The residue was purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 5:1 to 3:1, v/v) to afford the 

desired oxime 5 (0.53 g, 97% yield). White solid, m.p. 142−144 oC.  

1H NMR (400 MHz, CDCl3) δ 11.08 (s, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 

7.6 Hz, 1H), 7.48-7.31 (m, 4H), 7.07 (s, 3H), 6.26 (s, 1H), 4.19 (d, J = 13.6 Hz, 1H), 

3.90 (d, J = 13.2 Hz, 1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 170.0, 156.1, 152.9, 135.1, 134.3, 129.8, 128.2, 

126.8, 126.3, 125.7, 123.2, 124.7 (q, J = 233.8 Hz), 121.6, 78.2 (q, J = 29.8 Hz), 33.2 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.3 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H13F3N2O2S 366.0650; found 366.0651.  

 

(S)-3-(Benzo[d]thiazol-2-yl)-4,4,4-trifluoro-3-hydroxy-N-phenylbutanamide 

(6). Under N2, to a solution of oxime 5 (73.2 mg, 0.20 mmol, 98% ee) in CH2Cl2 

(5.0 mL) at room temperature was added POCl3 (0.5 mL) and conc. HCl (0.5 

mL). The reaction mixture was stirred for 24 h. Upon completion, the reaction 

was quenched with water (5 mL) at 0 oC in an ice bath. The organic layer was 
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separated, and the aqueous layer was extracted with CH2Cl2 (2 x 15 mL). The 

organic layers were combined, dried over anhydrous Na2SO4, and 

concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography (petroleum ether/ethyl acetate = 15:1 to 10:1, v/v) to 

afford the desired amide 6 (69.7 mg, 95% yield, 96% ee). White solid, m.p. 

153−155 oC.  

[α]D25 = +18.7 (c = 0.30, CHCl3, 96% ee); Enantiomeric excess was determined 

by chiral HPLC: Daicel CHIRALCEL OD-H column; 10% i-PrOH in hexanes; 

1.0 mL/min; 35 oC; retention times: 9.3 min (major), 14.8 min (minor).  

1H NMR (400 MHz, CDCl3) δ 8.24 (s, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 

8.0 Hz, 1H), 7.49-7.40 (m, 2H), 7.37 (s, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 

8.0 Hz, 2H), 7.09 (t, J = 7.2 Hz, 1H), 3.64 (d, J = 14.8 Hz, 1H), 3.31 (d, J = 15.2 Hz, 

1H) ppm.  

13C NMR (100 MHz, CDCl3) δ 170.2, 168.7, 152.9, 136.4, 136.1, 129.1, 126.5, 

126.0, 125.5, 123.4, 123.2 (q, J = 283.8 Hz), 121.1, 120.7, 77.1 (q, J = 30.1 Hz), 38.9 

ppm.  

19F NMR (376.5 MHz, CDCl3) δ −79.7 ppm.  

HRMS (ESI) m/z: [M]+ calcd for C17H13F3N2O2S 366.0650; found 366.0656. 
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V. X-ray Crystallographic Analysis of Product 3aa 

In a 4 mL vial, 30 mg of 3aa (97% ee, from the gram-scale preparation) was 

completely dissolved in DCM (1.0 mL), then 5.0 mL of petroleum ether was 

added slowly. The vial was placed on a stable experimental table. After 

several days, the crystal was obtained by slow evaporation of the solvents at 

room temperature. A suitable single crystal was selected for X-ray diffraction 

on a Brucker D8 Advance X–Ray diffractometer, Eos fitted with Mo Kα 

radiation (λ = 0.71073 Å). Data collection and unit cell refinement were 

executed by using CrysAlisPro software. Using Olex2, the structure was 

solved with the ShelXT structure solution program using Intrinsic Phasing 

and refined with the ShelXL refinement package using Least Squares 

minimisation. The absolute configuration was established by anomalous 

dispersion effects in diffraction measurements on the crystal. The thermal 

ellipsoids are shown at 50% probability level. 

The absolute stereochemistry of product 3aa was determined by X-ray 

diffraction. The X-ray data of 3aa have been deposited at the Cambridge 

Crystallographic Data Center (CCDC 2235492). The stereochemistry of other 

products was assumed by analogy. 
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Figure S1. ORTEP representation of (S)-3aa (The thermal ellipsoids are shown 

at 50% probability level.) 

Table 1. Crystal data and structure refinement for 3aa. 

Identification code  3aa 

Empirical formula  C17H12F3NO2S 

Formula weight  351.34 

Temperature  273.15 K 

Wavelength/Å   0.71073  

Crystal system  Monoclinic 

Space group  C 121 

a/Å                                  25.755(3)    
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b/Å                                  6.9641(8)  

c/Å                                  8.7584(10)  

α/ o                                 90 

β/ o                                 94.153 

γ/ o                                 90 o 

Volume/Å 3 1566.8(3)  

Z 4 

Density (calculated) 1.489 g/cm3 

Absorption coefficient 0.249 mm-1 

F(000) 720 

Crystal size 0.35 x 0.26 x 0.23 mm3 

Theta range for data collection/o 2.331 to 28.338 

Index ranges -33<=h<=34, -9<=k<=9, -11<=l<=11 

Reflections collected 10899 

Independent reflections 3882 [R(int) = 0.0345] 

Completeness to theta = 25.242 99.8 %  

Absorption correction None 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3882/1/221 

Goodness-of-fit on F2 1.077 

Final R indices [I>2sigma(I)] R1 = 0.0275, wR2 = 0.0699 

R indices (all data) R1 = 0.0279, wR2 = 0.0702 
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Absolute structure parameter 0.04(2) 

Extinction coefficient n/a 

Largest diff. peak and hole/ e Å -3 0.233 and -0.223 

 

 

Table 2. Atomic coordinates (x104) and equivalent isotropic displacement 

parameters (Å2x103) for 2022031101_0m. U(eq) is defined as one third of the 

trace of the orthogonalized Uij tensor. 

Atom               x          y           z              U(eq) 

S(1) 3319(1) 8471(1) 8182(1) 28(1) 

F(1) 3340(1) 2821(2) 11073(1) 43(1) 

F(2) 2979(1) 2781(2) 8780(1) 32(1) 

F(3) 2858(1) 5179(2) 10258(1) 39(1) 

O(1) 3886(1) 6058(2) 10499(1) 31(1) 

O(2) 4674(1) 5882(2) 8485(2) 39(1) 

N(1) 3516(1) 5538(2) 6482(2) 23(1) 

C(1) 2959(1) 10134(3) 3801(2) 32(1) 

C(2) 3012(1) 10298(3) 5378(2) 30(1) 

C(3) 3204(1) 8721(3) 6212(2) 23(1) 

C(4) 3524(1) 6121(2) 7881(2) 22(1) 

C(5) 3694(1) 4894(3) 9262(2) 24(1) 

C(6) 4077(1) 3343(3) 8840(2) 26(1) 



S41 

 

C(7) 4579(1) 4181(3) 8333(2) 27(1) 

C(8) 4950(1) 2854(3) 7645(2) 28(1) 

C(9) 5348(1) 3627(3) 6834(2) 32(1) 

C(10) 5691(1) 2441(3) 6132(3) 38(1) 

C(11) 5645(1) 480(4) 6280(4) 52(1) 

C(12) 3336(1) 6999(2) 5494(2) 22(1) 

C(13) 3285(1) 6871(3) 3898(2) 28(1) 

C(14) 3098(1) 8443(4) 3070(2) 32(1) 

C(15) 3211(1) 3909(3) 9851(2) 28(1) 

C(16) 5262(1) -309(3) 7123(4) 60(1) 

C(17) 4909(1) 875(3) 7789(3) 42(1) 

 

 

Table 3. Bond lengths and angles for 3aa. 

Atom-Atom            Length/ Å 

S(1)-C(3)  1.7387(17) 

S(1)-C(4)  1.7452(17) 

F(1)-C(15)  1.334(2) 

F(2)-C(15)  1.332(2) 

F(3)-C(15)  1.336(2) 

O(1)-C(5)  1.414(2) 

O(1)-H(1)  0.80(3) 
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O(2)-C(7)  1.215(2) 

N(1)-C(4)  1.290(2) 

N(1)-C(12)  1.393(2) 

C(1)-H(1A)  0.9300 

C(1)-C(2)  1.382(3) 

C(1)-C(14)  1.400(3) 

C(2)-H(2)  0.9300 

C(2)-C(3)  1.390(2) 

C(3)-C(12)  1.407(2) 

C(4)-C(5)  1.519(2) 

C(5)-C(6)  1.527(2) 

C(5)-C(15)  1.540(2) 

C(6)-H(6A)  0.9700 

C(6)-H(6B)  0.9700 

C(6)-C(7)  1.515(2) 

C(7)-C(8)  1.488(3) 

C(8)-C(9)  1.396(3) 

C(8)-C(17)  1.389(3) 

C(9)-H(9)  0.9300 

C(9)-C(10)  1.385(3) 

C(10)-H(10)  0.9300 

C(10)-C(11)  1.377(4) 
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C(11)-H(11)  0.9300 

C(11)-C(16)  1.389(4) 

C(12)-C(13)  1.398(2) 

C(13)-H(13)  0.9300 

C(13)-C(14)  1.380(3) 

C(14)-H(14)  0.9300 

C(16)-H(16)  0.9300 

C(16)-C(17)  1.387(3) 

C(17)-H(17)  0.9300 

Atom-Atom-Atom     Length/Å 

C(3)-S(1)-C(4)         88.59(8) 

C(5)-O(1)-H(1) 107(2) 

C(4)-N(1)-C(12) 109.98(14) 

C(2)-C(1)-H(1A) 119.4 

C(2)-C(1)-C(14) 121.11(17) 

C(14)-C(1)-H(1A) 119.4 

C(1)-C(2)-H(2) 121.1 

C(1)-C(2)-C(3) 117.72(17) 

C(3)-C(2)-H(2) 121.1 

C(2)-C(3)-S(1) 128.98(14) 

C(2)-C(3)-C(12) 121.80(15) 

C(12)-C(3)-S(1) 109.22(12) 
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N(1)-C(4)-S(1) 117.05(13) 

N(1)-C(4)-C(5) 124.25(15) 

C(5)-C(4)-S(1) 118.69(12) 

O(1)-C(5)-C(4) 110.63(14) 

O(1)-C(5)-C(6) 113.20(14) 

O(1)-C(5)-C(15) 104.20(14) 

C(4)-C(5)-C(6) 111.09(14) 

C(4)-C(5)-C(15) 108.90(14) 

C(6)-C(5)-C(15) 108.50(14) 

C(5)-C(6)-H(6A) 109.1 

C(5)-C(6)-H(6B) 109.1 

H(6A)-C(6)-H(6B) 107.9 

C(7)-C(6)-C(5) 112.29(15) 

C(7)-C(6)-H(6A) 109.1 

C(7)-C(6)-H(6B) 109.1 

O(2)-C(7)-C(6) 120.79(17) 

O(2)-C(7)-C(8) 121.41(17) 

C(8)-C(7)-C(6) 117.80(16) 

C(9)-C(8)-C(7) 118.85(18) 

C(17)-C(8)-C(7) 121.62(18) 

C(17)-C(8)-C(9) 119.52(19) 

C(8)-C(9)-H(9) 119.7 
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C(10)-C(9)-C(8) 120.7(2) 

C(10)-C(9)-H(9) 119.7 

C(9)-C(10)-H(10) 120.4 

C(11)-C(10)-C(9) 119.2(2) 

C(11)-C(10)-H(10) 120.4 

C(10)-C(11)-H(11) 119.6 

C(10)-C(11)-C(16) 120.7(2) 

C(16)-C(11)-H(11) 119.6 

N(1)-C(12)-C(3) 115.16(14) 

N(1)-C(12)-C(13) 125.29(16) 

C(13)-C(12)-C(3) 119.55(16) 

C(12)-C(13)-H(13) 120.7 

C(14)-C(13)-C(12) 118.60(17) 

C(14)-C(13)-H(13) 120.7 

C(1)-C(14)-H(14) 119.4 

C(13)-C(14)-C(1) 121.20(16) 

C(13)-C(14)-H(14) 119.4 

F(1)-C(15)-F(3) 107.21(15) 

F(1)-C(15)-C(5) 111.26(15) 

F(2)-C(15)-F(1) 107.64(15) 

F(2)-C(15)-F(3) 107.39(15) 

F(2)-C(15)-C(5) 111.02(14) 
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F(3)-C(15)-C(5) 112.09(14) 

C(11)-C(16)-H(16) 120.0 

C(17)-C(16)-C(11) 120.1(2) 

C(17)-C(16)-H(16) 120.0 

C(8)-C(17)-H(17) 120.2 

C(16)-C(17)-C(8) 119.7(2) 

C(16)-C(17)-H(17) 120.2 

Symmetry transformations used to generate equivalent atoms:  

 

 

Table 4. Anisotropic displacement parameters (Å2x103) for 2022031101_0m. 

The anisotropic displacement factor exponent takes the form: -2π2[ h2 

a*2U11 + ... + 2 h k a* b* U12 ] 

Atom U11 U22  U33 U23 U13 U12 

S(1) 44(1)  20(1) 21(1)  -2(1) 7(1)  6(1) 

F(1) 48(1)  49(1) 33(1)  19(1) 7(1)  -2(1) 

F(2) 32(1)  28(1) 38(1)  -1(1) 5(1)  -4(1) 

F(3) 42(1)  35(1) 43(1)  -1(1) 21(1)  4(1) 

O(1) 41(1)  31(1) 21(1)  -3(1) -1(1)  -3(1) 

O(2) 39(1)  28(1) 51(1)  -6(1) 9(1)  -8(1) 

N(1) 27(1)  20(1) 21(1)  -1(1) 4(1)  0(1) 

C(1) 28(1)  37(1) 31(1)  14(1) 5(1)  5(1) 
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C(2) 32(1)  28(1) 32(1)  5(1) 10(1)  9(1) 

C(3) 24(1)  24(1) 22(1)  0(1) 6(1)  2(1) 

C(4) 26(1)  18(1) 22(1)  0(1) 4(1)  1(1) 

C(5) 30(1)  22(1) 20(1)  0(1) 2(1)  -1(1) 

C(6) 27(1)  21(1) 28(1)  3(1) 2(1)  0(1) 

C(7) 27(1)  26(1) 28(1)  3(1) -2(1)  -2(1) 

C(8) 22(1)  29(1) 33(1)  3(1) -2(1)  0(1) 

C(9) 27(1)  31(1) 37(1)  1(1) -1(1)  -5(1) 

C(10) 24(1)  44(1) 49(1)  -1(1) 5(1)  -2(1) 

C(11) 33(1)  41(1) 84(2)  -4(1) 18(1)  7(1) 

C(12) 22(1)  22(1) 21(1)  0(1) 4(1)  -1(1) 

C(13) 31(1)  32(1) 22(1)  -1(1) 4(1)  -1(1) 

C(14) 30(1)  44(1) 22(1)  6(1) 2(1)  0(1) 

C(15) 34(1)  27(1) 25(1)  3(1) 7(1)  2(1) 

C(16) 42(1)  29(1) 110(2)  4(1) 25(1)  8(1) 

C(17) 34(1)  30(1) 65(1)  8(1) 14(1)  3(1) 

 

 

Table 5. Hydrogen coordinates (Åx104) and isotropic displacement 

parameters (Å2x103) for 2022031101_0m. 

Atom               x          y            z     U(eq) 

H(1A) 2828 11164 3217 38 
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H(2) 2922 11425 5864 36 

H(6A) 4155 2518 9719 31 

H(6B) 3916 2559 8021 31 

H(9) 5383 4953 6765 38 

H(10) 5948 2962 5567 46 

H(11) 5874 -324 5811 62 

H(13) 3375 5750 3404 34 

H(14) 3064 8377 2007 38 

H(16) 5242 -1634 7240 71 

H(17) 4646 346 8330 51 

H(1) 4175(11) 6350(40) 10330(30) 44(8) 

 

 

Table 6. Torsion angles for 3aa. 

A    B   C    D                           Angle/o 

S(1)-C(3)-C(12)-N(1) 0.50(18) 

S(1)-C(3)-C(12)-C(13) -178.79(13) 

S(1)-C(4)-C(5)-O(1) -27.31(19) 

S(1)-C(4)-C(5)-C(6) -153.91(12) 

S(1)-C(4)-C(5)-C(15) 86.64(16) 

O(1)-C(5)-C(6)-C(7) -61.54(18) 

O(1)-C(5)-C(15)-F(1) -61.48(18) 
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O(1)-C(5)-C(15)-F(2) 178.66(14) 

O(1)-C(5)-C(15)-F(3) 58.56(18) 

O(2)-C(7)-C(8)-C(9) -15.5(3) 

O(2)-C(7)-C(8)-C(17) 164.6(2) 

N(1)-C(4)-C(5)-O(1) 153.23(16) 

N(1)-C(4)-C(5)-C(6) 26.6(2) 

N(1)-C(4)-C(5)-C(15) -92.82(19) 

N(1)-C(12)-C(13)-C(14) 179.78(16) 

C(1)-C(2)-C(3)-S(1) 179.67(15) 

C(1)-C(2)-C(3)-C(12) -0.8(3) 

C(2)-C(1)-C(14)-C(13) 1.1(3) 

C(2)-C(3)-C(12)-N(1) -179.13(16) 

C(2)-C(3)-C(12)-C(13) 1.6(2) 

C(3)-S(1)-C(4)-N(1) 0.35(14) 

C(3)-S(1)-C(4)-C(5) -179.15(14) 

C(3)-C(12)-C(13)-C(14) -1.0(2) 

C(4)-S(1)-C(3)-C(2) 179.15(17) 

C(4)-S(1)-C(3)-C(12) -0.44(12) 

C(4)-N(1)-C(12)-C(3) -0.3(2) 

C(4)-N(1)-C(12)-C(13) 178.99(16) 

C(4)-C(5)-C(6)-C(7) 63.63(18) 

C(4)-C(5)-C(15)-F(1) -179.57(15) 
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C(4)-C(5)-C(15)-F(2) 60.58(18) 

C(4)-C(5)-C(15)-F(3) -59.52(18) 

C(5)-C(6)-C(7)-O(2) 9.9(2) 

C(5)-C(6)-C(7)-C(8) -170.03(15) 

C(6)-C(5)-C(15)-F(1) 59.39(18) 

C(6)-C(5)-C(15)-F(2) -60.46(17) 

C(6)-C(5)-C(15)-F(3) 179.44(14) 

C(6)-C(7)-C(8)-C(9) 164.44(16) 

C(6)-C(7)-C(8)-C(17) -15.4(3) 

C(7)-C(8)-C(9)-C(10) -177.79(18) 

C(7)-C(8)-C(17)-C(16) 179.7(2) 

C(8)-C(9)-C(10)-C(11) -2.0(3) 

C(9)-C(8)-C(17)-C(16) -0.2(4) 

C(9)-C(10)-C(11)-C(16) 0.0(4) 

C(10)-C(11)-C(16)-C(17) 1.9(5) 

C(11)-C(16)-C(17)-C(8) -1.8(5) 

C(12)-N(1)-C(4)-S(1) -0.12(18) 

C(12)-N(1)-C(4)-C(5) 179.35(15) 

C(12)-C(13)-C(14)-C(1) -0.3(3) 

C(14)-C(1)-C(2)-C(3) -0.5(3) 

C(15)-C(5)-C(6)-C(7) -176.69(14) 

C(17)-C(8)-C(9)-C(10) 2.1(3) 
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Crystal structure determination of 3aa 

Crystal Data for C17H12F3NO2S (M =351.34 g/mol): orthorhombic, space group 

C 121, a = 25.755(3) Å , b = 6.9641(8) Å , c = 8.7584(10) Å , V = 1566.8(3) Å 3, Z = 4, 

T = 273.15 K, μ(MoKα) = 0.249 mm-1, Dcalc = 1.489 g/cm3, 10899 reflections 

measured (2.331° ≤ 2Θ ≤ 28.338°), 3882 unique (Rint = 0.0345) which were used 

in all calculations. The final R1 was 0.0275 (I > 2σ(I)) and wR2 was 0.0699 (all 

data). 
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VII. Copies of NMR Spectra 
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13C NMR (100 MHz, CDCl3) 
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19F NMR (376.5 MHz, CDCl3) 
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19F NMR (376.5 MHz, CDCl3) 
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VIII. HPLC Profiles 
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