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1. General  

Instrumentations  

All reactions were performed under an argon atmosphere and solvents were dried 
according to the established procedures ahead of use. The reactions were monitored 

by TLC (thin layer chromatography) method; column and preparative TLC purification 
were carried out using silica gel. Melting points were uncorrected and recorded on X-
4 melting point apparatus. 1H NMR and 13C NMR spectra were measured on 400/600 

MHz and 100/150 MHz spectrometers, and 19F NMR spectra was measured on 
376/564 MHz spectrometers (NMR in CDCl3 with TMS as an internal standard) 
respectively, and recorded as ppm. HR-MS were measured with APEX II 47e mass 

spectrometer. Enantiomeric excess were decided with chiral HPLC equipped with a 
2996 UV detector. 

Materials 

All commercial reagents were purchased with the analysis purity grade. They were 
used without further purification unless specified. All solvents used, mainly petroleum 

ether (PE) and ethyl acetate (EtOAc) were distilled. Anhydrous DCM and CH3CN were 
freshly distilled from CaH2, THF, Et2O and toluene were freshly distilled from 
sodium/benzophenone before use. Anhydrous methanol and ethanol were distilled 
from Mg. 

2. Optimization of the Reaction Conditionsa 

 

entry 3 

(equiv)b 

1 (mol%) solventc oC yield (%)d ee (%)e 

1 5.0 1a (10) THF rt 33 63 

2 5.0 1a (10) DCE rt 55 88 

3 5.0 1a (10) Tol rt 67 91 

4 5.0 1a (10) n-Hex rt 49 88 

5 2.5 1a (10) Tol rt 31 90 

6 7.5 1a (10) Tol rt 53 90 

aReaction conditions: 0.25 mmol of 2a, 0.5 mL of solvent. b Euilvalent to the amount of 

3a. cDCE=ClCH2CH2Cl, n-Hex=n-hexane, and Tol=toluene. dIsolated yield. eDetermined 

by HPLC analysis on a chiral stationary phase. 
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3.  The self disproportionation of enantiomer (S)-4aa 

In the past years, it has been reported that chiral compounds contanining 
trifluoromethyl group like (S)-4aa will possibly occur self-disproportionation.1 We 

herein indeed found the self-proportionation of (S)-4aa. (S)-4aa with 89% ee was 
separated into two fractions with clear boundary using common HPLC (0.5 um silicon 
column). The two parts were separatedly collected. Chiral HPLC analysis showed that 

the less polar but big fraction has higher enantioselectivity of 92.2%, while the small 
and more polar fraction showed lower enantioselectivity of 79.8%. This phenomenon 
is displayed in the following chromatographical figures in detail. The ee was 

determined by chiral HPLC analysis. CHIRALPAK OJ-H; Hexane/2-propanol = 95/5; 
flow rate 1.0 mL/min; 270.0 nm. 

 

 

Figure S1. The HPLC chromatography of (S)-4aa of 89% ee. 

 

 

Figure S2. HPLC chromatography of (S)-4aa (89% ee) showing self-
disproportionation. (S)-4aa was separated into two fractions with clear boundary. 

(Hexane/2-propanol = 29/1; flow rate 0.3 mL/min.HPLC was performed on a 25ⅹ0.4 

cm i. d. silica gel, 5 μm). 
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Figure S3. Chiral HPLC chromatography of the big fraction, showing 92.2% ee. 

 

 

Figure S4. Chiral HPLC chromatography of the small fraction, showing 79.8% ee. 
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4.  Preparation and characterization of catalysis 1 

 

Bifunctional organocatalyst 1a was prepared by the literature procedure.2 

1a: white solid, mp 161.5-163.6°C, []D
26= - 35.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 
400 MHz) δ 7.98 (s, 2 H), 7.60 (s, 1 H), 3.52-3.59 (m, 1H ), 2.34-2.37 (m, 1 H), 2.29 

(s, 6 H), 1.84-1.90 (m, 2 H), 1.69 (d, J=12.0 Hz, 1 H), 0.90-1.33 (m, 5 H); 19F NMR 
(CDCl3, 564 MHz) δ -63.66 (s, 6 F). 

 

1b: white solid, mp 77.2-79.8°C, []D
26= - 48.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 8.62 (br, 1 H), 8.06 (b, J=8.0 Hz, 1 H), 7.81-7.89 (m, 2 H), 7.45-7.46 (m, 4 

H), 6.87 (br, 1 H), 2.69 (b, J=8.0 Hz, 1 H), 2.15 (m, 1 H), 1.99 (s, 6 H), 1.73 (b, 
J=12.0 Hz, 2 H), 1.57 (d, J=16.0 Hz, 1 H), 1.22-1.32 (m, 2 H), 1.00-1.17 (m, 2 H), 
0.68 (d, J=12.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 180.9, 134.4, 132.7, 129.8, 

128.1, 127.9, 126.8, 126.5, 125.3, 124.7, 122.8, 66.4, 56.0, 39.5, 32.4, 25.0, 24.4, 
21.4; HRMS: (ESI+) m/z calcd for [C19H25N3S + H+] 328.1842, found 328.1846. 

 

Bifunctional organocatalyst 1c was prepared by the literature procedure.3 

1c: white solid, mp 106.9-108.7°C, []D
21= + 6.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 7.98 (s, 4 H), 7.89 (s, 2 H), 7.73 (s, 2 H), 7.49 (s, 1 H), 4.10-4.33 (m, 1 H), 

2.58 (br, 1 H), 2.29-2.34 (m, 6 H), 1.85-1.93 (m, 2 H), 1.70-1.74 (m, 1 H), 1.17-1.47 
(m, 5 H); 19F NMR (CDCl3, 564 MHz) δ -63.21 (s, 12 F). 
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Bifunctional organocatalyst 1d was prepared by the literature procedure.4 

1d: white solid, mp 143.7-144.3°C, []D
26= - 25.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 
400 MHz) δ 7.84 (s, 2 H), 7.70 (s, 1 H), 3.77 (br, 1 H), 2.64 (s, 3 H), 2.39 (s, 3 H), 
1.83-1.94 (m, 3 H), 1.19-1.36 (m, 11 H); 19F NMR (CDCl3, 564 MHz) δ -63.44 (s, 6 F). 

 

Bifunctional organocatalyst 1e was prepared by the literature procedure.5 

1e: white solid, mp 139.5-141.2°C, []D
26= - 18.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 
400 MHz) δ 7.74 (s, 2H), 7.68 (s, 1 H), 3.71 (s, 1 H), 2.85 (br, 1H), 2.26-2.47 (m, 5 
H), 1.72-1.89 (m, 3 H), 1.11-1.31 (m, 8 H), 0.70-0.72 (m, 6 H); 19F NMR (CDCl3, 564 
MHz) δ -63.53 (s, 6 F). 

 

Bifunctional organocatalyst 1f was prepared by the literature procedure.6 

1f: white solid, mp 116.4-118.2°C, []D
26= + 3.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 9.89 (br, 1 H), 8.17 (s, 2 H), 7.54 (s, 2 H), 4.64 (s, 1 H), 3.29-3.48 (m, 4 H), 
2.40 (d, J=12.0 Hz, 1 H), 2.00-2.14 (m, 5 H), 1.85-1.87 (m, 1 H), 1.35-1.50 (m, 4 H), 
0.79-0.89 (m, 3 H); 19F NMR (CDCl3, 564 MHz) δ -63.46 (s, 6 F). 

 

Bifunctional organocatalyst 1g was prepared by the literature procedure.6 

1g: white solid, mp 148.4-150.5°C, []D
26= - 23.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 
400 MHz) δ 7.79 (s, 2 H), 7.68 (s, 1 H), 3.74 (br, 1 H), 2.58-2.68 (m, 4 H), 2.41 (s, 2 



S7 

 

H), 1.73-1.89 (m, 3 H), 1.18-1.29 (m, 5 H), 0.93 (s, 6 H); 19F NMR (CDCl3, 564 MHz) 
δ -63.44 (s, 6 F). 

1h: yellow solid, mp 109.9-111.7°C, []D
26= - 41.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 
400 MHz) δ 8.19 (d, J=8.0 Hz, 2 H), 7.47 (d, J=8.0 Hz, 2 H), 3.84 (t, J=12.0 Hz, 1 
H), 2.53-2.75 (m, 4 H), 2.32-2.39 (m, 2 H), 1.70-1.89 (m, 3 H), 1.06-1.23 (m, 4 H), 
0.93-0.96 (m, 6 H); 13C NMR (CDCl3, 100 MHz) δ 197.8, 145.4, 130.5, 129.7, 126.9, 

100.0, 44.9, 34.1, 31.2, 26.9, 26.0, 25.3, 15.7; HRMS: (ESI+) m/z calcd for 
[C17H26N4O2S1 + H+] 351.1849, found 351.1855. 

 

Bifunctional organocatalyst 1i was prepared by the literature procedure.7 

1i: white solid, mp 83.0-85.6°C, []D
26= - 157.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 8.29 (br, 1 H), 7.67-7.72 (m, 3 H), 7.25-7.26 (m, 3 H), 7.15 (s, 5 H), 5.36 
(br, 1 H), 3.81 (d, J=12.0 Hz, 1 H), 2.21 (s, 6 H); 19F NMR (CDCl3, 564 MHz) δ -
63.42 (s, 6 F). 

 

1j: white solid, mp 232.5-233.1°C, []D
21= - 16.2 (c 0.50, EtOH); 1H NMR (CDCl3, 

400 MHz) δ 10.15 (s, 1 H), 8.09 (s, 2 H), 7.65 (s, 1 H), 7.59 (br, 1 H), 3.92 (s, 1 H), 
2.52-2.58 (m, 2 H), 2.42-2.45 (m, 1 H), 2.27-2.32 (m, 2 H), 2.02-2.09 (m, 1 H), 
1.69-1.83 (m, 3 H), 1.17-1.40 (m, 5 H), 0.86-0.89 (m, 6 H);  13C NMR (CDCl3, 100 
MHz) δ 194.2, 192.7, 143.2, 126.4, 123.7, 119.8, 65.4, 56.7, 26.7, 26.0, 16.0; 19F 

NMR (CDCl3, 564 MHz) δ -63.66 (s, 6 F); HRMS: (ESI+) m/z calcd for [C22H25F6N3O2 
+ H+] 478.1924, found 478.1929. 
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5. General procedure of the catalytic cross-aldol reaction 

To o-hydroxy arylketones 2 (1.25 mmol) and the catalyst 1c (7.7 mg, 0.0175 mmol) 
in dry toluene (0.5 mL) was added trifluoromethyl ketones 3 (0.25 mmol) at 0 oC. 
The mixture was stirred for 3 to 6 days at 0 oC to complete checked by thin layer 
chromatography. The mixture was directly submitted to flash silica gel column 
chromatography (petroleum ether:ethyl acetate = 20:1 to 5:1) to furnish the product 
4.  

6. Gram-scale procedure for the preparation of (S)-4ga. 

To 1-(5-bromo-2-hydroxyphenyl)ethanone 2g (15.0 mmol, 3.225 g) and the catalyst 
1d (92.4 mg, 0.21 mmol) in dry toluene (6.0 mL) was added trifluoroacetophenone 
3a (3.0 mmol, 430 μL) at 0 oC. The mixture was stirred for 6 days at 0 oC to 
complete checked by thin layer chromatography. The mixture was directly submitted 
to flash silica gel column chromatography (petroleum ether:ethyl acetate = 20:1 to 
5:1) to furnish the product (S)-4ga (white solid, 1.12 g, 96% yield, 94% ee). 

7. Characterization of compounds 4.   

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylbutan-1-one 
(4aa)8 

 64.8 mg, 84% yield, white solid, mp 107.9-108.7 °C, 

[]D
26= + 107.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.50 (s, 1 H), 7.82 (d, J=4.0 Hz, 1 H), 7.52-7.56 (m, 3 
H), 7.34-7.41 (m, 3 H), 6.98 (t, J=8.0 Hz, 2 H), 5.19 (s, 1 

H), 4.13 (d, J=16.0 Hz, 1 H), 3.67 (d, J=16.0 Hz, 1 H); 13C 
NMR (CDCl3, 100 MHz) δ 205.8, 164.3, 139.3, 138.7, 131.3, 130.4, 130.0, 127.7, 
121.0, 120.7, 120.5, 77.8, 41.3; 19F NMR (CDCl3, 564 MHz) δ -81.01 (s, 3 F). 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 10.0 min (minor) and 14.2 
min (major). 

 

  

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxy-5-methylphenyl)-3-
phenylbutan-1-one (4ba) 

 65.6 mg, 81% yield, white solid, mp 113.1-113.6 °C, 

[]D
26= + 138.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.35 (s, 1 H), 7.56-7.61 (m, 3 H), 7.34-7.38 (m, 4 H), 
6.87 (d, J=8.0 Hz, 1 H), 5.23 (s, 1 H), 4.13 (d, J=16.0 Hz, 

1 H), 3.64 (d, J=16.0 Hz, 1 H), 2.36 (s, 3 H); 13C NMR 
(CDCl3, 100 MHz) δ 204.1, 160.8, 139.0, 137.3, 129.2, 128.8, 128.5, 126.2, 125.8, 
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123.0, 118.8, 71.0, 39.8, 20.5; 19F NMR (CDCl3, 376 MHz) δ -80.14 (s, 3 F); HRMS: 
(ESI+) m/z calcd for [C17H15F3O3 + Na+] 347.0866, found 347.0871. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 7.1 min (minor) and 8.1 min 
(major). 

 

  

(S)-4,4,4-trifluoro-1-(5-fluoro-2-hydroxyphenyl)-3-hydroxy-3-
phenylbutan-1-one (4ca) 

 74.6 mg, 91% yield, white solid, mp 120.1-120.8 °C, 

[]D
26= + 90.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.27 (s, 1 H), 7.58-7.59 (m, 2 H), 7.46-7.49 (m, 1 H), 
7.28-7.42 (m, 3 H), 7.27-7.32 (m, 1 H), 6.94-6.97 (m, 1 

H), 5.01 (s, 1 H), 4.05 (d, J=16.0 Hz, 1 H), 3.64 (d, 
J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.4, 159.1, 156.1, 153.7, 137.0, 
129.0, 128.6, 126.1, 125.8, 125.5, 122.8, 120.6, 120.5, 118.5, 114.6, 114.4, 76.3, 

40.3; 19F NMR (CDCl3, 376 MHz) δ -80.11 (s, 3 F), -122.52 (s, 1 F); HRMS: (ESI+) 
m/z calcd for [C16H12F4O3 + Na+] 351.0615, found 351.0620. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 10.0 min (major) and 13.3 
min (minor). 

 

 

(S)-4,4,4-trifluoro-1-(4-fluoro-2-hydroxyphenyl)-3-hydroxy-3-
phenylbutan-1-one (4da) 

 70.6 mg, 86% yield, white solid, mp 109.4-109.9 °C, 

[]D
21= +145.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.81 (s, 1 H), 7.82-7.86 (m, 1 H), 7.57-7.59 (m, 2 H), 
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7.37-7.39 (m, 3 H), 6.63-6.72 (m, 2 H), 5.12 (s, 1 H), 4.04 (d, J=16.0 Hz, 1 H), 3.63 
(d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.0, 169.5, 166.9, 166.6, 137.1, 

132.5, 132.3, 128.9, 128.6, 126.2, 116.5, 108.3, 108.0, 105.7, 105.4, 40.1; 19F NMR 
(CDCl3, 376 MHz) δ -80.09 (s, 3 F), -96.10 (s, 1 F); HRMS: (ESI+) m/z calcd for 
[C16H12F4O3 + Na+] 351.0615, found 351.0613. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 258.7 nm; retention time: 7.7 min (major) and 11.6 min 
(minor). 

 

 

(S)-1-(5-chloro-2-hydroxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-
phenylbutan-1-one (4ea) 

 86.0 mg, >99% yield, white solid, mp 139.6-140.4 °C, 

[]D
26= +193.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.40 (s, 1 H), 7.75 (s, 1 H), 7.57-7.59 (m, 2 H), 7.48 
(d, J=8.0 Hz, 1 H), 7.38-7.40 (m, 3 H), 6.94 (d, J=8.0 

Hz, 1 H), 4.95 (s, 1 H), 4.08 (d, J=20.0 Hz, 1 H), 3.65 
(d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.4, 161.3, 137.7, 136.9, 129.0, 
128.8, 128.6, 126.1, 125.7, 124.3, 122.9, 120.7, 119.8, 76.3, 40.4; 19F NMR (CDCl3, 

376 MHz) δ -80.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [C16H12ClF3O3 + Na+] 
367.0319, found 367.0320. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 255.1 nm; retention time: 10.0 min (major) and 13.3 
min (minor). 

 

 

(S)-1-(4-chloro-2-hydroxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-
phenylbutan-1-one (4fa) 

 77.4 mg, 90% yield, white solid, mp 126.5-127.4 °C, 

[]D
26= +147.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
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MHz) δ 11.62 (s, 1 H), 7.74 (d, J=8.0 Hz, 1 H), 7.57-7.58 (m, 2 H), , 7.37-7.39 (m, 3 
H), 6.94-6.99 (m, 3H), 5.05 (s, 1 H), 4.06 (d, J=20.0 Hz, 1 H), 3.64 (d, J=20.0 Hz, 1 

H); 13C NMR (CDCl3, 100 MHz) δ 203.5, 163.4, 143.9, 137.0, 130.8, 129.0, 128.6, 
126.1, 123.0, 119.1, 40.2; 19F NMR (CDCl3, 376 MHz) δ -80.11 (s, 3 F); HRMS: (ESI+) 
m/z calcd for [C16H12ClF3O3 + H+] 345.0500, found 345.0502. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 265.8 nm; retention time: 8.6 min (major) and 12.9 min 
(minor). 

 

 

(S)-1-(5-bromo-2-hydroxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-
phenylbutan-1-one (4ga) 

 93.4 mg, 96% yield, white solid, mp 114.5-114.8 °C, 

[]D
26= +198.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.43 (s, 1 H), 7.90 (s, 1 H), 7.58-7.63 (m, 3 
H), 7.39-7.41 (m, 3 H), 6.89 (d, J=8.0 Hz, 1 H), 4.93 
(s, 1 H), 4.10 (d, J=16.0 Hz, 1 H), 3.65 (d, J=16.0 Hz, 

1 H); 13C NMR (CDCl3, 100 MHz) δ 203.3, 171.7, 161.7, 140.5, 136.9, 131.8, 129.0, 
128.6, 126.1, 121.1, 120.3, 111.1, 40.3; 19F NMR (CDCl3, 376 MHz) δ -80.11 (s, 3 F); 
HRMS: (ESI+) m/z calcd for [C16H12BrF3O3 + Na+] 410.9814, found 410.9821. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 256.3 nm; retention time: 9.1 min (major) and 14.4 min 
(minor). 

 

  

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxy-5-nitrophenyl)-3-phenylbutan-
1-one (4ha) 

 88.7 mg, >99% yield, slightly yellow solid, mp 

136.1-136.6 °C, []D
26= +123.0 (c 1.0, CHCl3); 

1H 
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NMR (CDCl3, 400 MHz) δ 12.08 (s, 1 H), 8.77 (s, 1 H), 8.38-8.41 (m, 1 H), 7.58-7.60 
(m, 2 H), 7.39-7.42 (m, 3 H), 7.10 (d, J=8.0 Hz, 1 H), 4.68 (s, 1 H), 4.19 (d, J=20.0 

Hz, 1 H), 3.78 (d, J=20.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.8, 167.1, 139.9, 
136.6, 132.0, 129.2, 128.7, 126.4, 126.0, 120.2, 118.1, 41.0; 19F NMR (CDCl3, 376 
MHz) δ -79.94 (s, 3 F); HRMS: (ESI+) m/z calcd for [C16H12F3NO5 + H+] 356.0740, 
found 356.0738. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 297.1 nm; retention time: 8.1 min (major) and 15.1 min 
(minor). 

 

  

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxy-5-(trifluoromethyl)phenyl)-3-
phenylbutan-1-one (4ia) 

 80.3 mg, 88% yield, white solid, mp 153.0-154.0 °C, 

[]D
21= +150.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.78 (s, 1 H), 8.03 (s, 1 H), 7.58-7.60 (m, 2 

H), 7.38-7.40 (m, 3 H), 7.08 (d, J=8.0 Hz, 1 H), 4.84 
(s, 1 H), 4.13 (d, J=16.0 Hz, 1 H), 3.71 (d, J=16.0 Hz, 

1 H); 13C NMR (CDCl3, 100 MHz) δ 203.9, 165.0, 136.8, 134.0, 129.1, 128.7, 127.3, 

126.1, 120.1, 118.6, 40.6; 19F NMR (CDCl3, 376 MHz) δ -61.81 (s, 3 F), -80.05 (s, 3 
F); HRMS: (ESI+) m/z calcd for [C17H12F6O3 + H+] 379.0763, found 379.0765. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 251.6 nm; retention time: 7.6 min (major) and 13.7 min 
(minor). 

 

 

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxy-[1,1’-biphenyl]-3-yl)-3-
phenylbutan-1-one (4ja) 

 39.1 mg, 40% yield, white solid, mp 123.7-125.5 °C, 

[]D
21= +27.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) δ 
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12.02 (s, 1 H), 7.84 (d, J=8.0 Hz, 1 H), 7.60-7.62 (m, 3 H), 7.50-7.52 (m, 2 H), 
7.33-7.43 (m, 6 H), 7.05 (t, J=8.0 Hz, 1 H), 5.18 (s, 1 H), 4.18 (d, J=20.0 Hz, 1 H), 

3.72 (d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 204.7, 160.3, 138.7, 137.2, 
136.4, 131.8, 129.3, 129.2, 128.9, 128.6, 128.2, 127.7, 126.2, 119.4, 128.6, 40.2; 
19F NMR (CDCl3, 376 MHz) δ -80.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [C22H17F3O3 
+ H+] 387.1203, found 387.1201. 

The ee was determined by HPLC analysis. CHIRALPAK IC; Hexane/DCM = 75/25; 
flow rate 1.0 mL/min; 251.6 nm; retention time: 9.1 min (minor) and 18.2 min 
(major). 

  

  

(S)-4,4,4-trifluoro-3-hydroxy-1-(1-hydroxynaphthalen-2-yl)-3-
phenylbutan-1-one (4ka) 

45.1 mg, 50% yield, yellow solid, mp 128.6-129.1 °C, 

[]D
26= +34.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 13.27 (s, 1 H), 8.40 (d, J=8.0 Hz, 1 H), 7.76 
(d, J=8.0 Hz, 1 H), 7.62-7.69 (m, 4 H), 7.51-7.54 (m, 

1 H), 7.31-7.38 (m, 4 H), 5.35 (s, 1 H), 4.18 (d, 
J=16.0 Hz, 1 H), 3.70 (d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.7, 163.7, 
137.8, 137.4, 131.0, 128.8, 128.5, 127.5, 126.4, 126.3, 125.1, 124.7, 123.3, 119.2, 

112.9, 75.5, 39.9; 19F NMR (CDCl3, 376 MHz) δ -80.12 (s, 3 F); HRMS: (ESI+) m/z 
calcd for [C20H15F3O3 + Na+] 383.0866, found 383.0859. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 258.7 nm; retention time: 16.1 min (minor) and 18.7 
min (major). 

 

 

(S)-4,4,4-trifluoro-3-hydroxy-1-(3-hydroxynaphthalen-2-yl)-3-
phenylbutan-1-one (4la) 

 61.2 mg, 68% yield, yellow solid, mp 186.0-187.2 °C, 

[]D
26= +234.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
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MHz) δ 10.72 (s, 1 H), 8.43 (s, 1 H), 7.88 (d, J=8.0 Hz, 1 H), 7.62-7.67 (m, 3 H), 
7.56 (t, J=8.0 Hz, 1 H), 7.36-7.40 (m, 4 H), 5.12 (s, 1 H), 4.35 (d, J=20.0 Hz, 1 H), 

3.83 (d, J=20.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 204.6, 156.7, 138.7, 137.1, 
133.2, 130.5, 129.6, 129.0, 128.6, 126.8, 126.2, 125.8, 124.6, 123.0, 120.8, 112.1, 
76.4, 40.3; 19F NMR (CDCl3, 564 MHz) δ -80.61 (s, 3 F); HRMS: (ESI+) m/z calcd for 
[C20H15F3O3 + Na+] 383.0866, found 383.0860. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 255.1 nm; retention time: 7.5 min (minor) and 16.1 min 
(major). 

 

   

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(m-tolyl)butan-1-
one (4ab) 

 56.9 mg, 70% yield, white solid, mp 114.9-115.6 °C, 

[]D
26= +122.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.52 (s, 1 H), 7.82 (d, J=8.0 Hz, 1 H), 7.53 (t, J=8.0 

Hz, 1 H), 7.44 (s, 1 H), 7.34 (d, J=8.0 Hz, 1 H), 7.24 (t, 
J=8.0 Hz, 1 H), 7.16 (d, J=8.0 Hz, 1 H), 6.95-6.99 (m, 2 

H), 5.16 (s, 1 H), 4.10 (d, J=16.0 Hz, 1 H), 3.65 (d, J=16.0 Hz, 1 H), 2.35 (s, 3 H); 

13C NMR (CDCl3, 100 MHz) δ 204.3, 162.8, 138.3, 137.8, 137.1, 129.8, 129.7, 128.3, 
126.9, 125.8, 123.2, 119.5, 119.3, 119.0, 76.3, 39.9, 21.6; 19F NMR (CDCl3, 564 MHz) 
δ -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for [C17H15F3O3 + Na+] 347.0866, found 
347.0872. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 8.1 min (minor) and 12.3 min 
(major). 
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(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(p-tolyl)butan-1-one 
(4ac) 

 64.0 mg, 79% yield, white solid, mp 110.4-110.8 °C, 

[]D
26= +74.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.52 (s, 1 H), 7.82 (d, J=8.0 Hz, 1 H), 7.53 (t, J=8.0 
Hz, 1 H), 7.47 (d, J=8.0 Hz, 2 H), 7.17 (d, J=8.0 Hz, 2 
H), 6.95-6.99 (m, 2 H), 5.13 (s, 1 H), 4.12 (d, J=16.0 Hz, 

1 H), 3.63 (d, J=16.0 Hz, 1 H), 2.33 (s, 3 H); 13C NMR 
(CDCl3, 100 MHz) δ 204.4, 162.8, 138.8, 137.8, 134.2, 129.8, 129.2, 126.1, 123.0, 
119.5, 119.3, 119.0, 76.3, 39.8, 21.0; 19F NMR (CDCl3, 376 MHz) δ -80.08 (s, 3 F); 
HRMS: (ESI+) m/z calcd for [C17H15F3O3 + Na+] 347.0866, found 347.0870. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 8.8 min (minor) and 12.6 min 
(major). 

 

 

 

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(2-
methoxyphenyl)butan-1-one (4ad) 

 47.6 mg, 54% yield, white solid, mp 98.7-99.1 °C, []D
26= 

+ 89.0 (c 1.0, CHCl3); 
1H NMR (CDCl3, 400 MHz) δ 11.66 (s, 

1 H), 7.87 (d, J=8.0 Hz, 1 H), 7.78 (d, J=8.0 Hz, 1 H), 7.51 
(t, J=8.0 Hz, 1 H), 7.34 (t, J=8.0 Hz, 1 H), 7.05 (t, J=8.0 

Hz, 1 H), 6.97 (t, J=8.0 Hz, 2 H), 6.85 (d, J=8.0 Hz, 1 H), 
5.23 (s, 1 H), 4.69 (d, J=16.0 Hz, 1 H), 3.61 (s, 3 H), 3.49 

(d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.9, 162.5, 156.6, 137.0, 130.5, 

130.1, 130.0, 126.1, 124.1, 121.1, 118.2, 118.7, 111.6, 76.3, 55.4, 41.2; 19F NMR 
(CDCl3, 564 MHz) δ -81.28 (s, 3 F);HRMS: (ESI+) m/z calcd for [C17H15F3O4 + Na+] 
363.0815, found 363.0819. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 255.1 nm; retention time: 8.9 min (minor) and 19.9 min 
(major). 
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(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(3-
methoxyphenyl)butan-1-one (4ae) 

 66.2 mg, 74% yield, white solid, mp 78.3-78.5 °C, 

[]D
26= +122.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.52 (s, 1 H), 7.81 (d, J=8.0 Hz, 1 H), 7.53 
(t, J=8.0 Hz, 1 H), 7.27 (t, J=8.0 Hz, 1 H), 7.21 (s, 1 

H), 7.10 (d, J=8.0 Hz, 1 H), 6.95-6.99 (m, 2 H), 6.88 
(d, J=8.0 Hz, 1 H), 5.22 (s, 1 H), 4.12 (d, J=16.0 Hz, 1 H), 3.79 (s, 3 H), 3.63 (d, 
J=20.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 204.2, 162.8, 159.6, 138.8, 137.8, 

129.8, 129.5, 119.5, 119.2, 119.0, 118.3, 113.9, 112.7, 76.6, 76.3, 55.2, 39.9; 19F 
NMR (CDCl3, 564 MHz) δ -80.63 (s, 3 F); HRMS: (ESI+) m/z calcd for [C17H15F3O4 + 
Na+] 363.0815, found 363.0819. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 255.1 nm; retention time: 8.9 min (minor) and 19.9 min 
(major). 

  

 

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(4-
methoxyphenyl)butan-1-one (4af) 

 70.0 mg, 78% yield, white solid, mp 69.9-70.6 °C, 

[]D
26= +70.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.54 (s, 1 H), 7.82 (d, J=8.0 Hz, 1 H), 7.49-7.56 
(m, 3 H), 6.96-7.00 (m, 2 H), 6.89 (d, J=8.0 Hz, 2 H), 
5.15 (s, 1 H), 4.12 (d, J=16.0 Hz, 1 H), 3.79 (s, 3 H), 

3.62 (d, J=20.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 
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204.4, 162.8, 159.8, 137.8, 129.8, 129.0, 127.5, 125.8, 123.0, 119.5, 119.3, 119.0, 
113.8, 76.1, 55.2, 39.7; 19F NMR (CDCl3, 376 MHz) δ -80.07 (s, 3 F); HRMS: (ESI+) 
m/z calcd for [C17H15F3O4 + Na+] 363.0815, found 363.0821. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 13.3 min (minor) and 15.5 
min (major). 

 

 

(S)-4,4,4-trifluoro-3-(3-fluorophenyl)-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4ag) 

 76.3 mg, 93% yield, white solid, mp 114.4-115.5 °C, 

[]D
26= +67.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.46 (s, 1 H), 7.80 (d, J=8.0 Hz, 1 H), 7.55 (t, J=8.0 

Hz, 1 H), 7.33-7.38 (m, 3 H), 6.97-7.07 (m, 3 H), 5.28 
(s, 1 H), 4.06 (d, J=16.0 Hz, 1 H), 3.63 (d, J=20.0 Hz, 1 

H); 13C NMR (CDCl3, 100 MHz) δ 204.0, 164.0, 162.9, 161.6, 139.9, 138.0, 130.1, 

130.0, 129.8, 125.6, 122.7, 121.8, 119.6, 119.1, 116.1, 115.9, 114.1, 113.8, 39.9; 
19F NMR (CDCl3, 564 MHz) δ -81.01 (s, 3 F), -122.63 (s, 1 F); HRMS: (ESI+) m/z 
calcd for [C16H12F4O3 + Na+] 351.0615, found 351.0618. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 17.8 min (minor) and 27.2 
min (major). 

 

 

(S)-4,4,4-trifluoro-3-(4-fluorophenyl)-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4ah) 

 61.8 mg, 75% yield, white solid, mp 110.3-111.1 °C, 

[]D
26= + 125.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.48 (s, 1 H), 7.80 (d, J=8.0 Hz, 1 H), 7.52-
7.59 (m, 3 H), 6.97-7.08 (m, 4 H), 5.26 (s, 1 H), 4.08 (d, 
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J=16.0 Hz, 1 H), 3.65 (d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 204.2, 164.2, 
162.9, 161.7, 138.0, 133.0, 129.8, 128.3, 128.2, 125.7, 122.8, 119.6, 119.1, 115.6, 

115.4, 76.4, 76.1, 39.8; 19F NMR (CDCl3, 564 MHz) δ -81.73 (s, 3 F), -114.21 (s, 1 F); 
HRMS: (ESI+) m/z calcd for [C16H12F4O3 + Na+] 351.0615, found 351.0617. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 15.4 min (minor) and 24.9 
min (major). 

 

  

(S)-3-(4-chlorophenyl)-4,4,4-trifluoro-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4ai) 

 74.5 mg, 86% yield, white solid, mp 108.6-109.7 °C, 

[]D
26= + 94.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.46 (s, 1 H), 7.80 (d, J=8.0 Hz, 1 H), 7.52-7.57 (m, 
3 H), 7.35 (d, J=8.0 Hz, 2 H), 6.96-6.99 (m, 2 H), 5.24 

(s, 1 H), 4.07 (d, J=16.0 Hz, 1 H), 3.66 (d, J=20.0 Hz, 1 
H); 13C NMR (CDCl3, 100 MHz) δ 204.1, 162.9, 138.0, 

135.8, 135.1, 129.7, 128.8, 127.7, 125.6, 122.7, 119.6, 119.1, 76.4, 76.1, 39.7; 19F 

NMR (CDCl3, 564 MHz) δ -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for [C16H12ClF3O3 + 
H+] 367.0319, found 367.0322. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 8.2 min (minor) and 13.3 min 
(major). 
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(S)-3-(3-bromophenyl)-4,4,4-trifluoro-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4aj) 

 80.7 mg, 83% yield, white solid, mp 155.1-156.4 °C, 

[]D
26= +92.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.46 (s, 1 H), 7.79-7.80 (m, 2 H), 7.47-7.57 (m, 3 H), 
7.24 (t, J=8.0 Hz, 1 H), 6.97-7.01 (m, 2 H), 5.29 (s, 1 
H), 4.02 (d, J=16.0 Hz, 1 H), 3.68 (d, J=16.0 Hz, 1 H); 

13C NMR (CDCl3, 100 MHz) δ 203.9, 162.9, 130.6, 138.1, 132.1, 130.0, 129.8, 129.7, 
125.6, 124.8, 122.9, 122.7, 119.6, 119.1, 76.3, 76.0, 39.8; 19F NMR (CDCl3, 564 MHz) 
δ -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for [C16H12BrF3O3 + H+] 388.9995, 
390.9975, found 388.9995, 390.9974. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 12.2 min (minor) and 19.0 
min (major). 

  

 

(S)-3-(4-bromophenyl)-4,4,4-trifluoro-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4ak) 

 88.4 mg, 91% yield, white solid, mp 132.6-133.5 °C, 

[]D
26= +82.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.46 (s, 1 H), 7.79 (d, J=8.0 Hz, 1 H), 7.45-7.56 (m, 

5 H), 6.96-6.99 (m, 2 H), 5.24 (s, 1 H), 4.07 (d, J=16.0 
Hz, 1 H), 3.65 (d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 

MHz) δ 204.0, 162.9, 138.1, 136.4, 131.7, 129.7, 128.0, 125.5, 123.3, 122.7, 119.6, 
119.1, 76.4, 76.2, 39.7; 19F NMR (CDCl3, 376 MHz) δ -80.23 (s, 3 F); HRMS: (ESI+) 
m/z calcd for [C16H12BrF3O3 + H+] 388.9995, 390.9974, found 388.9995, 390.9975. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 9.1 min (minor) and 14.6 min 
(major). 
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(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(4-
(trifluoromethyl)phenyl)butan-1-one (4al) 

 77.5 mg, 82% yield, white solid, mp 136.2-136.4 °C, 

[]D
26= +77.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.42 (s, 1 H), 7.81 (d, J=8.0 Hz, 1 H), 7.74 (d, 
J=8.0 Hz, 2 H), 7.65 (d, J=8.0 Hz, 2 H), 7.56 (t, J=8.0 
Hz, 1 H), 6.97-7.01 (m, 2 H), 5.31 (s, 1 H), 4.11 (d, 

J=16.0 Hz, 1 H), 3.72 (d, J=16.0 Hz, 1 H); 13C NMR 
(CDCl3, 100 MHz) δ 203.9, 162.9, 141.3, 138.2, 131.3, 131.0, 129.7, 126.8, 125.6, 
125.5, 125.1, 122.7, 119.7, 119.2, 119.1, 76.2, 39.8; 19F NMR (CDCl3, 564 MHz) δ -

62.86 (s, 3 F), -80.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [C17H12F6O3 + Na+] 
401.0583, found 401.0585. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 17.3 min (minor) and 32.7 
min (major). 

 

  

 

(S)-3-(4-(dimethoxymethyl)phenyl)-4,4,4-trifluoro-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4am) 

45.1 mg, 47% yield, white solid, mp 103.3-104.4 °C; 
1H NMR (CDCl3, 400 MHz) δ 11.49 (s, 1H), 7.81 (d, 

J=8.0 Hz, 1H), 7.60 (d, J=8.0 Hz, 2H), 7.54 (t, 
J=8.0 Hz, 1H), 7.46 (d, J=8.0 Hz, 2H), 6.96-6.99 (m, 
2H), 5.38 (s, 1H), 5.24 (s, 1H), 4.12 (d, J=20.0 Hz, 

1H), 3.66 (d, J=16.0 Hz, 1H), 3.32 (s, 6H); 13C NMR 
(CDCl3, 100 MHz) δ 202.7, 161.3, 137.3, 136.4, 

135.9, 128.3, 124.7, 121.4, 118.0, 117.7, 117.5, 101.1, 74.8, 51.3, 38.4; 19F NMR 

(CDCl3, 564 MHz) δ -81.47 (s, 3 F); HRMS: (ESI+) m/z calcd for [C19H19F3O5 + Na+] 
407.1077, found 407.1070. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 12.7 min (minor) and 15.2 
min (major). 
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(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(naphthalen-2-
yl)butan-1-one (4an) 

 63.1 mg, 70% yield, white solid, mp 137.9-138.5 °C, 

[]D
26= +116.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.47 (s, 1 H), 8.12 (s, 1 H), 7.82-7.88 (m, 4 

H), 7.66 (d, J=8.0 Hz, 1 H), 7.49-7.55 (m, 3 H), 6.94-
7.01 (m, 2 H), 5.36 (s, 1 H), 4.25 (d, J=16.0 Hz, 1 H), 
3.75 (d, J=20.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 

204.2, 178.4, 162.8, 150.4, 137.9, 134.6, 133.1, 132.8, 129.8, 128.4, 128.3, 127.5, 
126.8, 126.5, 126.2, 123.3, 119.5, 119.0, 72.2, 39.9; 19F NMR (CDCl3, 564 MHz) δ -
81.19 (s, 3 F); HRMS: (ESI+) m/z calcd for [C20H15F3O3 + Na+] 383.0866, found 
383.0871. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 16.7 min (minor) and 26.6 
min (major). 

 

 

(S)-3-hydroxy-1-(2-hydroxyphenyl)-5-phenyl-3-(trifluoromethyl)pent-4-
en-1-one (4ao) 

 50.8 mg, 60% yield, white solid, mp 170.8-171.7 °C, 

[]D
26= - 39.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.70 (s, 1 H), 7.67 (d, J=8.0 Hz, 1 H), 7.55 
(t, J=8.0 Hz, 1 H), 7.28-7.39 (m, 4 H), 6.96-7.02 (m, 

3 H), 6.21 (d, J=16.0 Hz, 1 H), 5.14 (s, 1 H), 3.55 (s, 
2 H); 13C NMR (CDCl3, 100 MHz) δ 204.4, 163.0, 147.4, 137.9, 135.3, 134.2, 130.1, 
128.6, 125.9, 124.1, 123.1, 119.5, 119.3, 119.0, 75.7, 75.4, 39.6; 19F NMR (CDCl3, 

564 MHz) δ -81.23 (s, 3 F); HRMS: (ESI+) m/z calcd for [C18H15F3O3 + H+] 337.1046, 
found 337.1042. 



S22 

 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 257.5 nm; retention time: 16.1 min (minor) and 23.3 
min (major). 

 

  

 

(S)-3-hydroxy-1-(2-hydroxyphenyl)-4-methyl-5-phenyl-3-
(trifluoromethyl)pent-4-en-1-one (4ap) 

 58.6 mg, 67% yield, white solid, mp 81.1-82.2 °C, []D
26= 

+48.0 (c 1.0, CHCl3); 
1H NMR (CDCl3, 400 MHz) δ 11.73 (s, 

1 H), 7.78 (d, J=8.0 Hz, 1 H), 7.55 (t, J=8.0 Hz, 1 H), 7.32 
(t, J=8.0 Hz, 1 H), 7.17-7.25 (m, 3 H), 6.95-7.03 (m, 3 H), 
4.81 (s, 1 H), 3.93 (d, J=16.0 Hz, 1 H), 3.47 (d, J=20.0 Hz, 

1 H), 1.93 (s, 3 H); 13C NMR (CDCl3, 100 MHz) δ 204.5, 
162.9, 137.8, 130.6, 129.9, 128.9, 128.1, 127.0, 126.1, 123.2, 119.6, 119.2, 119.1, 
77.8, 39.2, 15.1; 19F NMR (CDCl3, 564 MHz) δ -80.74 (s, 3 F); HRMS: (ESI+) m/z 
calcd for [C19H17F3O3 + Na+] 373.1022, found 373.1019. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 253.9 nm; retention time: 13.4 min (minor) and 16.5 
min (major). 

  

  

(S)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(thiophen-2-
yl)butan-1-one (4aq) 

 40.3 mg, 51% yield, white solid, mp 104.6-105.8 °C, 

[]D
26= +98.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) δ 
11.52 (s, 1 H), 7.78 (d, J=8.0 Hz, 1 H), 7.55 (t, J=8.0 Hz, 1 
H), 7.32 (d, J=8.0 Hz, 1 H), 7.11-7.12 (m, 1 H), 6.96-7.00 

(m, 3 H), 5.76 (s, 1 H), 4.03 (d, J=16.0 Hz, 1 H), 3.62 (d, 
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J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 204.2, 162.9, 141.4, 138.0, 129.9, 
127.2, 126.7, 126.0, 125.1, 119.6, 119.0, 40.5; 19F NMR (CDCl3, 564 MHz) δ -82.04 
(s, 3 F); HRMS: (ESI+) m/z calcd for [C14H11F3O3S + Na+] 339.0273, found 339.0278. 

The ee was determined by HPLC analysis. CHIRALPAK IC; Hexane/Dichloromethane 
= 65/35; flow rate 1.0 mL/min; 258.8 nm; retention time: 5.9 min (minor) and 7.8 
min (major). 

 

 

(S)-3-hydroxy-1-(2-hydroxyphenyl)-5-phenyl-3-(trifluoromethyl)pentan-
1-one (4ar) 

 49.1 mg, 58% yield, white solid, mp 119.6-120.7 °C, 

[]D
26= +7.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 MHz) 
δ 11.78 (s, 1 H), 7.70 (d, J=8.0 Hz, 1 H), 7.56 (t, 

J=8.0 Hz, 1 H), 7.28-7.32 (m, 2 H), 7.18-7.22 (m, 3 
H), 7.03 (d, J=8.0 Hz, 1 H), 6.95 (t, J=8.0 Hz, 1 H), 

5.29 (s, 1 H), 3.56 (d, J=16.0 Hz, 1 H), 3.12 (d, J=16.0 Hz, 1 H), 3.75-2.92 (m, 2 H), 

2.17-2.24 (m, 1 H), 2.00-2.08 (m, 1 H); 13C NMR (CDCl3, 100 MHz) δ 205.7, 163.0, 
140.9, 137.9, 130.1, 128.6, 128.3, 127.2, 126.2, 124.3, 119.5, 119.3, 119.0, 75.7, 
75.4, 37.5, 37.0, 29.2; 19F NMR (CDCl3, 564 MHz) δ -81.01 (s, 3 F); HRMS: (ESI+) 
m/z calcd for [C19H17F3O3 + H+] 339.1203, found 339.1196. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
93/7; flow rate 1.0 mL/min; 337.1 nm; retention time: 17.6 min (major) and 27.3 
min (minor). 

    

 

(S)-3-hydroxy-1-(2-hydroxyphenyl)-3-(trifluoromethyl)undecan-1-one 
(4as) 

 34.6 mg, 40% yield, white solid, mp 47.8-

48.6 °C, []D
26= +107.0 (c 1.0, CHCl3); 

1H 
NMR (CDCl3, 400 MHz) δ 11.79 (s, 1 H), 7.70-

7.73 (m, 1 H), 7.51-7.56 (m, 1 H), 7.00-7.02 
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(m, 1 H), 6.92-6.96 (m, 1 H), 5.09 (s, 1 H), 3.50 (d, J=16.0 Hz, 1 H), 3.05 (d, 
J=16.0 Hz, 1 H), 1.80-1.88 (m, 1 H), 1.68-1.76 (m, 1 H), 1.48-1.57 (m, 1 H), 1.36-

1.44 (m, 1 H), 1.26-1.32 (m, 10 H), 0.85-0.88 (m, 3 H); 13C NMR (CDCl3, 100 MHz) δ 
207.4, 164.6, 139.3, 131.7, 120.9, 120.9, 120.6, 77.4, 77.2, 38.9, 36.7, 33.3, 31.3, 
30.9, 30.7, 24.4, 24.1, 15.6; 19F NMR (CDCl3, 564 MHz) δ -81.15 (s, 3 F); HRMS: 
(ESI+) m/z calcd for [C18H25F3O3 + Na+] 369.1648, found 369.1654. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
99/1; flow rate 1.0 mL/min; 255.8 nm; retention time: 13.1 min (major) and 14.3 
min (minor). 

  

  

 

(S)-1-(5-bromo-2-hydroxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-(m-
tolyl)butan-1-one (4gb) 

 97.5 mg, 97% yield, white solid, mp 139.8-140.6 °C, 

[]D
21= +185.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.44 (s, 1 H), 7.89 (d, J=4.0 Hz, 1 H), 

7.59-7.61 (m, 1 H), 7.42 (s, 1 H), 7.24-7.34 (m, 2 
H), 7.17 (d, J=8.0 Hz, 1 H), 6.88 (d, J=8.0 Hz, 1 H), 

4.89 (s, 1 H), 4.05 (d, J=16.0 Hz, 1 H), 3.63 (d, J=20.0 Hz, 1 H), 2.37 (s, 3 H); 13C 

NMR (CDCl3, 100 MHz) δ 203.4, 161.7, 140.4, 138.4, 136.8, 131.9, 129.8, 128.4, 
126.9, 125.7, 123.1, 122.9, 121.1, 120.5, 111.1, 76.3, 40.5, 21.6; 19F NMR (CDCl3, 
564 MHz) δ -81.41 (s, 3 F); HRMS: (ESI+) m/z calcd for [C17H14Br1F3O3 + H+] 
403.0150, 405.0131, found 403.0155, 405.0135. 

The ee was determined by HPLC analysis. CHIRALPAK IC; Hexane/Dichloromethane 
= 75/25; flow rate 1.0 mL/min; 257.6 nm; retention time: 6.6 min (minor) and 9.9 
min (major). 
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(S)-1-(5-bromo-2-hydroxyphenyl)-3-(4-chlorophenyl)-4,4,4-trifluoro-3-
hydroxybutan-1-one (4gi) 

 84.4 mg, 80% yield, white solid, mp 177.7-

178.2°C, []D
21= +191.0 (c 1.0, CHCl3); 

1H NMR 
(CDCl3, 400 MHz) δ 11.37 (s, 1 H), 7.87 (d, J=4.0 
Hz, 1 H), 7.60-7.63 (m, 1 H), 7.52 (d, J=8.0 Hz, 2 
H), 7.37 (d, J=8.0 Hz, 2 H), 6.90 (d, J=8.0 Hz, 1 

H), 6.88 (d, J=8.0 Hz, 1 H), 4.98 (s, 1 H), 4.02 (d, 
J=20.0 Hz, 1 H), 3.64 (d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 203.1, 161.8, 
140.6, 135.6, 135.2, 131.8, 128.9, 127.7, 125.5, 122.6, 121.2, 120.3, 111.2, 76.1, 

40.2; 19F NMR (CDCl3, 564 MHz) δ -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for 
[C16H11Br1Cl1F3O3 + H+] 422.9605, 424.9584, found 422.9603, 424.9582. 

The ee was determined by HPLC analysis. CHIRALPAK IC; Hexane/Dichloromethane 
= 65/35; flow rate 1.0 mL/min; 258.8 nm; retention time: 5.1 min (minor) and 6.5 
min (major). 
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8. Asymmetric cross-aldol reaction of acetophenone with 
trifluoroacetophenone 

 

(S)-4ma8: 24.3 mg, 33% yield, colourless oil, []D
21= +9.7 (c 0.96, CHCl3); 

1H NMR 
(CDCl3, 600 MHz) δ 7.94-7.92 (m, 2 H), 7.64-7.60 (m, 3 H), 7.51-7.48 (m, 2 H), 

7.37-7.31 (m, 3 H), 5.68 (s, 1 H), 4.03 (d, J=16.8 Hz, 1 H), 3.65 (d, J=17.4 Hz, 1 H); 
13C NMR (CDCl3, 150 MHz) δ 199.6, 137.7, 136.3, 134.4, 128.9, 128.7, 128.4, 128.2, 
126.3, 125.5, 123.6, 76.6, 76.4, 40.2; 19F NMR (CDCl3, 564 MHz) δ -80.63 (s, 3 F). 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
98/2; flow rate 1.0 mL/min; 245.1 nm; retention time: 11.9 min (minor) and 17.0 
min (major). 
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9. Asymmetric cross-aldol reaction of o-hydroxyacetophenones with 
trichloroacetophenone 

 

(S)-4at: < 5% yield, white solid, mp 130.0-130.4 °C; 1H NMR (CDCl3, 600 MHz) δ 
11.46 (s, 1 H), 7.90-7.88 (m, 1 H), 7.75-7.73 (m, 2 H), 7.55-7.52 (m, 1 H), 7.33-
7.30 (m, 3 H), 7.00-6.95 (m, 2 H), 5.49 (s, 1 H), 4.69 (d, J=17.4 Hz, 1 H), 3.91 (d, 

J=16.8 Hz, 1 H); 13C NMR (CDCl3, 150 MHz) δ 204.8, 162.8 137.9, 137.7, 129.8, 
128.8, 128.5, 127.7, 119.5, 119.4, 119.0, 115.4, 84.3, 41.7; HRMS: (ESI+) m/z calcd 
for [C16H13Cl3O3 + H+] 359.0003, 360.9974, found 359.0002, 360.9972. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; CHIRALPAK OD-H; 

Hexane/2-propanol = 99/1; flow rate 1.0 mL/min; 256.9 nm; retention time: 24.7 
min (minor) and 44.7 min (major). 
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10. Preparation and characterization of 6 and 8 

 

Optical active compound 4ga (0.39 g, 1.0 mmol) and hydroxylamine hydrochloride 

(139 mg, 2.0 mmol) was added into pyridine (3 mL) at argon atmosphere. The 
mixture was stirred to 50 oC overnight, then was condensed under vacuo. The 
residue prepared by silicon column chromatography (petroleum ether: ethyl acetate 

= 5:1) to give desired the product 5 (0.29 g, 73% yield). The oxime 5 was 
recrystallized by hexane and dichloromethane to obtain yellow single crystal 5.9 

To the solution of single crystal 5 (40 mg, 0.1 mmol) in dichloromethane (1 mL) was 
slowly added POCl3 (46.6 µL, 0.5 mmol) at ice bath. The mixture was stirred 6h and 

quenched with ice water at 0 °C. The aqueous layer was extracted with CH2Cl2 (3 × 
5 mL). The combined organics were washed with brine, dried over anhydrous Na2SO4, 
filtered, and condensed under vacuo. The residue was purified by silicon column 

chromatography (petroleum ether: ethyl acetate = 8:1) to give the desired product 6 
(35.1 mg, 91% yield). 

5: white solid, mp 149.6-149.8 °C, []D
21= - 97.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 11.96 (s, 1 H), 8.87 (br, 1 H), 7.58 (d, J=8.0 Hz, 2 H), 7.29-7.35 (m, 3 H), 
7.16-7.18 (m, 1 H), 6.71-6.73 (m, 1 H), 4.61 (s, 1 H), 4.09 (d, J=12.0 Hz, 1 H), 3.28 

(d, J=16.0 Hz, 1 H); 13C NMR (CDCl3, 100 MHz) δ 159.3, 157.3, 137.4, 135.3, 132.2, 
130.5, 130.1, 126.9, 120.3, 120.0, 112.4, 33.9; 19F NMR (CDCl3, 564 MHz) δ -79.09 
(s, 3 F); HRMS: (ESI+) m/z calcd for [C16H13Br1F3N1O3 + H+] 404.0109, 406.0089, 
found 404.0108, 406.0087. 

6: white solid, mp 77.9-78.2 °C, []D
21= - 44.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 7.74 (d, J=4.0 Hz, 1 H), 7.63-7.66 (m, 2 H), 7.29-7.44 (m, 5 H), 5.84 (s, 1 
H), 3.78 (s, 2 H); 13C NMR (CDCl3, 100 MHz) δ 163.6, 149.2, 141.7, 136.7, 129.2, 
128.7, 128.6, 126.7, 123.0, 117.8, 112.1, 76.3, 33.9; 19F NMR (CDCl3, 564 MHz) δ -

81.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [C16H11Br1F3N1O2 + H+] 385.9998, 
387.9978, found 385.9999, 387.9978. 

The ee was determined by HPLC analysis. CHIRALPAK AD-H; Hexane/2-propanol = 
95/5; flow rate 1.0 mL/min; 281.8 nm; retention time: 12.7 min (major). 

 

 



S29 

 

 

Optical active compound 4aa (0.31 g, 1.0 mmol) and anhydrous potassium 

carbonate (345 mg, 2.5 mmol) was added to acetone (3 mL) at argon atmosphere. 
The mixture was stirred for 4h. The mixture was condensed under vacuo and the 
residue was purified by silicon column chromatography (petroleum ether: ethyl 
acetate = 10:1) to give the desired product 7 (315 mg, 97% yield).  

To the solution of 7 (162 mg, 0.5 mmol) in CH2Cl2 (5 mL) was added m-CPBA (0.81 
g, 4.0 mmol, 85%) and KH2PO4 (0.17 g, 1.25 mmol). The mixture was stirred for 24h 
at room temperature and then poured to the saturated NaHCO3 solution. The 

aqueous layer was extracted with CH2Cl2 (3 × 5 mL). The combined organics were 
washed with brine, dried over Na2SO4, filtered, and condensed under vacuo. The 
residue was purified by silicon column chromatography (petroleum ether: ethyl 
acetate =20:1) to give the desired product 8 (132 mg, 78% yield). 

7: white solid, mp 93.4-93.9 °C, []D
21= + 177.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 7.51-7.69 (m, 1 H), 7.49-7.52 (m, 2 H), 6.94-7.01 (m, 2 H), 5.71 (s, 1 H), 
4.10 (d, J=16.0 Hz, 1 H), 3.97 (s, 3 H), 3.72 (d, J=20.0 Hz, 1 H); 13C NMR (CDCl3, 
100 MHz) δ 203.2, 160.4, 139.5, 136.4, 131.9, 129.9, 129.7, 128.7, 127.9, 127.5, 

124.7, 122.3, 113.1, 57.1, 46.8; 19F NMR (CDCl3, 564 MHz) δ -80.76 (s, 3 F); HRMS: 
(ESI+) m/z calcd for [C17H15F3O3 + H+] 325.1046, found 325.1042. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 
97/3; flow rate 1.0 mL/min; 248.7 nm; retention time: 10.7 min (minor) and 17.8 
min (major). 

  

  

8: white solid, mp 71.4-71.7 °C, []D
21= - 51.0 (c 1.0, CHCl3); 

1H NMR (CDCl3, 400 
MHz) δ 7.68 (d, J=8.0 Hz, 1 H), 7.38-7.46 (m, 3 H), 7.16-7.20 (m, 1 H), 6.83-6.91 
(m, 1 H), 6.01 (s, 1 H), 3.66 (s, 1 H), 3.53 (d, J=16.0 Hz, 1 H), 3.43 (d, J=16.0 Hz, 

1 H); 13C NMR (CDCl3, 100 MHz) δ 170.7, 152.1, 140.2, 138.3, 130.5, 129.9, 129.0, 
128.2, 123.8, 122.2, 113.9, 77.2, 76.9, 39.9; 19F NMR (CDCl3, 564 MHz) δ -81.01 (s, 
3 F); HRMS: (ESI+) m/z calcd for [C17H15F3O4 + Na+] 363.0815, found 363.0820. 

The ee was determined by HPLC analysis. CHIRALPAK OD-H; Hexane/2-propanol = 

97/3; flow rate 1.0 mL/min; 270.0 nm; retention time: 16.3 min (major) and 19.7 
min (minor). 
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11. Determination of the absolute configuration by 5 X-ray crystallography  

 

 

Table S1 Crystal data and structure refinement for 1. 

Identification code 1 

Empirical formula C16H13NO3BrF3 

Formula weight 404.18 

Temperature/K 296.15 

Crystal system orthorhombic 

Space group P212121 

a/Å 5.8132(14) 

b/Å 8.851(2) 

c/Å 31.166(8) 

α/° 90.00 

β/° 90.00 

γ/° 90.00 

Volume/Å3 1603.5(7) 

Z 4 
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ρcalcg/cm
3 1.674 

μ/mm-1 2.610 

F(000) 808.0 

Crystal size/mm3 0.3 × 0.28 × 0.2 

Radiation MoKα (λ = 0.71073) 

2Θ range for data 

collection/° 
2.62 to 53.14 

Index ranges 
-7 ≤ h ≤ 7, -11 ≤ k ≤ 10, -32 ≤ l 

≤ 39 

Reflections collected 9138 

Independent reflections 3330 [Rint = 0.0590, Rsigma = 0.0846] 

Data/restraints/parameters 3330/0/220 

Goodness-of-fit on F
2
 1.004 

Final R indexes [I>=2σ (I)] R1 = 0.0450, wR2 = 0.0947 

Final R indexes [all data] R1 = 0.0725, wR2 = 0.1037 

Largest diff. peak/hole / e 

Å-3 
0.50/-0.63 

Flack parameter 0.017(12) 

 

 

  

Table S2 Fractional Atomic Coordinates (×10
4
) and Equivalent Isotropic 

Displacement Parameters (Å
2
×10

3
) for 1. Ueq is defined as 1/3 of of the trace of 

the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Br1 13640.7(9) -912.3(5) 1426.04(18) 65.6(2) 

C1 11215(8) 49(4) 1727.5(13) 39.4(10) 

C2 9983(8) -758(5) 2023.3(15) 48.4(11) 

C3 8310(9) -61(4) 2249.9(14) 48.3(11) 

C4 7799(7) 1460(4) 2178.2(13) 34.6(10) 

C5 9049(7) 2293(4) 1877.2(11) 30.1(9) 

C6 10779(8) 1545(4) 1652.8(13) 37.6(10) 

C7 8546(7) 3899(4) 1788.0(11) 33.6(8) 

C8 9675(6) 4783(4) 1435.8(12) 29.7(8) 

C9 8263(7) 4751(4) 1014.9(12) 33.3(9) 

C10 8938(9) 6144(4) 750.6(14) 47.7(11) 

C11 8667(7) 3286(4) 769.6(11) 29.4(8) 

C12 10710(7) 3001(5) 566.0(13) 37.9(10) 

C13 11057(9) 1653(5) 355.8(14) 46.1(11) 

C14 9399(8) 564(5) 355.6(14) 48.0(12) 

C15 7344(8) 822(5) 561.9(15) 52.1(12) 
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C16 6962(7) 2176(5) 769.6(14) 40.4(10) 

F1 8198(6) 7402(3) 948.2(9) 72.2(9) 

F2 7975(7) 6118(3) 365.8(9) 87.5(11) 

F3 11164(6) 6295(3) 700.8(9) 63.7(8) 

N1 6996(7) 4500(4) 2036.2(11) 46.7(10) 

O1 6077(6) 2081(3) 2421.5(10) 54.4(8) 

O2 5855(4) 4876(3) 1096.1(10) 47.3(8) 

O3 6538(7) 6007(3) 1934.3(10) 59.7(9) 

 

Table S3 Anisotropic Displacement Parameters (Å
2
×10

3
) for 1. The Anisotropic 

displacement factor exponent takes the form: -2π
2
[h

2
a*

2
U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

Br1 73.7(3) 44.8(3) 78.3(4) 2.5(3) 14.7(3) 27.5(3) 

C1 48(2) 27(2) 42(2) -2.6(18) -3(2) 11(2) 

C2 53(3) 27(2) 65(3) 13(2) -4(2) 2(2) 

C3 63(3) 28(2) 54(3) 16(2) 10(2) -4(2) 

C4 43(2) 25(2) 36(2) 3.2(18) 7.6(18) -3.9(17) 

C5 39(2) 27.0(19) 24.6(19) -0.6(16) -0.6(17) -3.5(17) 

C6 52(3) 27(2) 33(2) 3.8(18) 6.9(19) 5.0(18) 

C7 48(2) 24.2(18) 29(2) 2.9(16) 5.7(19) 1(2) 

C8 41(2) 20.0(17) 28(2) -1.4(18) 4.7(18) -1.0(15) 

C9 40(2) 21.7(18) 39(2) 2.6(17) 4.6(18) 4.1(18) 

C10 75(3) 28(2) 40(3) 4.1(19) -3(2) 10(2) 

C11 39(2) 20.4(17) 29(2) 4.0(15) -2.8(19) 2.5(17) 

C12 40(3) 34(2) 40(2) 2(2) 5.3(18) -0.7(18) 

C13 53(3) 44(2) 41(2) -3(2) 10(2) 12(2) 

C14 63(3) 31(2) 50(3) -3(2) 3(2) 5(2) 

C15 62(3) 25(2) 69(3) -3(3) -2(2) -8(2) 

C16 38(2) 35(2) 48(3) 3(2) 6.1(19) 0.5(18) 

F1 113(3) 21.7(13) 82(2) 7.8(13) 10.9(19) 18.3(16) 

F2 156(3) 54.1(18) 52.8(18) 22.4(15) -29.0(19) 8(2) 

F3 82(2) 38.5(15) 70.4(19) 14.7(13) 25.2(17) -7.7(16) 

N1 71(3) 24.3(17) 45(2) 2.8(16) 24.5(19) 7.3(16) 

O1 69(2) 36.3(16) 58(2) 10.7(15) 31.3(18) 4.5(17) 

O2 34.4(16) 42.5(17) 65(2) -12.7(16) 4.4(13) 8.1(14) 

O3 91(3) 25.9(14) 63(2) 4.1(15) 37.7(19) 17.0(19) 

 

Table S4 Bond Lengths for 1. 

Atom Atom Length/Å   Atom Atom Length/Å 

Br1 C1 1.896(4)   C9 C11 1.524(5) 

C1 C2 1.368(6)   C9 O2 1.427(5) 
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C1 C6 1.368(5)   C10 F1 1.343(5) 

C2 C3 1.351(6)   C10 F2 1.324(5) 

C3 C4 1.396(6)   C10 F3 1.310(6) 

C4 C5 1.397(5)   C11 C12 1.370(6) 

C4 O1 1.371(5)   C11 C16 1.395(5) 

C5 C6 1.392(6)   C12 C13 1.376(6) 

C5 C7 1.477(5)   C13 C14 1.363(6) 

C7 C8 1.500(5)   C14 C15 1.376(6) 

C7 N1 1.301(5)   C15 C16 1.380(6) 

C8 C9 1.548(6)   N1 O3 1.397(4) 

C9 C10 1.534(6)         

 

Table S5 Bond Angles for 1. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C2 C1 Br1 119.3(3)   O2 C9 C8 111.6(3) 

C2 C1 C6 121.5(4)   O2 C9 C10 106.5(3) 

C6 C1 Br1 119.2(4)   O2 C9 C11 107.8(4) 

C3 C2 C1 119.4(4)   F1 C10 C9 109.8(4) 

C2 C3 C4 120.6(4)   F2 C10 C9 111.4(4) 

C3 C4 C5 120.4(4)   F2 C10 F1 107.1(4) 

O1 C4 C3 116.9(4)   F3 C10 C9 113.4(4) 

O1 C4 C5 122.7(4)   F3 C10 F1 106.6(4) 

C4 C5 C7 122.1(4)   F3 C10 F2 108.2(4) 

C6 C5 C4 117.5(3)   C12 C11 C9 121.5(4) 

C6 C5 C7 120.4(3)   C12 C11 C16 119.1(3) 

C1 C6 C5 120.6(4)   C16 C11 C9 119.3(4) 

C5 C7 C8 123.6(3)   C11 C12 C13 120.5(4) 

N1 C7 C5 114.7(3)   C14 C13 C12 120.6(4) 

N1 C7 C8 121.7(3)   C13 C14 C15 119.8(4) 

C7 C8 C9 112.2(3)   C14 C15 C16 120.2(4) 

C10 C9 C8 107.7(3)   C15 C16 C11 119.8(4) 

C11 C9 C8 111.1(3)   C7 N1 O3 112.8(3) 

C11 C9 C10 112.0(3)           

 

Table S6 Torsion Angles for 1. 

A B C D Angle/˚   A B C D Angle/˚ 

Br1 C1 C2 C3 177.6(4)   C8 C9 C11 C12 -71.6(4) 

Br1 C1 C6 C5 -178.3(3)   C8 C9 C11 C16 105.2(4) 

C1 C2 C3 C4 1.3(7)   C9 C11 C12 C13 178.3(4) 

C2 C1 C6 C5 -0.2(7)   C9 C11 C16 C15 -177.6(4) 

C2 C3 C4 C5 -1.5(7)   C10 C9 C11 C12 49.0(5) 
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C2 C3 C4 O1 180.0(4)   C10 C9 C11 C16 -134.2(4) 

C3 C4 C5 C6 0.7(6)   C11 C9 C10 F1 169.6(4) 

C3 C4 C5 C7 179.2(4)   C11 C9 C10 F2 51.2(5) 

C4 C5 C6 C1 0.1(6)   C11 C9 C10 F3 -71.2(5) 

C4 C5 C7 C8 -173.3(4)   C11 C12 C13 C14 -1.6(6) 

C4 C5 C7 N1 5.7(6)   C12 C11 C16 C15 -0.7(6) 

C5 C7 C8 C9 92.8(4)   C12 C13 C14 C15 1.0(7) 

C5 C7 N1 O3 -178.7(4)   C13 C14 C15 C16 -0.2(7) 

C6 C1 C2 C3 -0.5(7)   C14 C15 C16 C11 0.1(7) 

C6 C5 C7 C8 5.2(6)   C16 C11 C12 C13 1.5(6) 

C6 C5 C7 N1 -175.9(4)   N1 C7 C8 C9 -86.0(5) 

C7 C5 C6 C1 -178.5(4)   O1 C4 C5 C6 179.2(4) 

C7 C8 C9 C10 156.6(3)   O1 C4 C5 C7 -2.3(6) 

C7 C8 C9 C11 -80.3(4)   O2 C9 C10 F1 52.0(5) 

C7 C8 C9 O2 40.1(4)   O2 C9 C10 F2 -66.5(5) 

C8 C7 N1 O3 0.3(6)   O2 C9 C10 F3 171.2(3) 

C8 C9 C10 F1 -67.9(4)   O2 C9 C11 C12 165.8(4) 

C8 C9 C10 F2 173.6(4)   O2 C9 C11 C16 -17.4(5) 

C8 C9 C10 F3 51.3(4)             

  

Table S7 Hydrogen Atom Coordinates (Å×10
4
) and Isotropic Displacement 

Parameters (Å
2
×10

3
) for 1. 

Atom x y z U(eq) 

H2 10295 -1776 2068 58 

H3 7490 -599 2456 58 

H6 11645 2067 1450 45 

H8A 11193 4369 1382 36 

H8B 9864 5823 1528 36 

H12 11871 3724 570 46 

H13 12436 1483 213 55 

H14 9656 -350 216 58 

H15 6208 82 561 62 

H16 5573 2349 909 49 

H1 5724 2908 2323 82 

H2A 5645 5409 1308 71 

H3A 5413 6297 2070 90 
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12.   Copies of NMR spectra    
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