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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. *H NMR and *C NMR spectra were measured on 400/600
MHz and 100/150 MHz spectrometers, and *°F NMR spectra was measured on
376/564 MHz spectrometers (NMR in CDCl; 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 CH;CN were
freshly distilled from CaH,, THF, Et,;O and toluene were freshly distilled from
sodium/benzophenone before use. Anhydrous methanol and ethanol were distilled
from Mg.

2. Optimization of the Reaction Conditions?

OH O lo) OH OHO CF4

2a 3a 4aa
entry 3 1 (mol%) solvent® °C yield (%)Y  ee (%)°
(equiv)?
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

Reaction conditions: 0.25 mmol of 2a, 0.5 mL of solvent. ?Euilvalent to the amount of
3a. DCE=CICH,CH,Cl, n-Hex=n-hexane, and Tol=toluene. “Isolated yield. “Determined
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.! We
herein indeed found the self-proportionation of (5)-4aa. (5)-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.

o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Name Retention time Area Height % Area
(min) (uV=s) (nv)
1 12.851 1376835 62945 5.49
2 18.504 23708976 603353 94.51

Figure S1. The HPLC chromatography of (5)-4aa of 89% ee.

less polar fraction
92.2% ee

OHO CF,

4aa
89% ee

more polar fraction
79.8% ee

L T e e N LU o B e o e By B e o e e e
1200 1400 1600 1800 2000 2200 2400 2600 2800 (min)
retention time

Figure S2. HPLC chromatography of (S5)-4aa (89% ee) showing self-
disproportionation. (5)-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 25 x 0.4
cm i. d. silica gel, 5 ym).
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Figure S3. Chiral HPLC chromatography of the big fraction, showing 92.2% ee.
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Name Retention time Area Height % Area
(min) (uV=s) (V)
1 12.897 1275325 53183 10.10
2 18.664 11353712 303209 89.90

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

F3C CF3
«NH;
s
= = _—
O\ _ * DN c=s DCM,overnight /©\ ,&I;\
N FsC FsC NN
| ° N
1a

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

1a: white solid, mp 161.5-163.6°C, [a]p*°= - 35.0 (c 1.0, CHCI5); '*H NMR (CDCls,
400 MHz) 8 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, /=12.0 Hz, 1 H), 0.90-1.33 (m, 5 H); °F NMR
(CDCl3, 564 MHz) & -63.66 (s, 6 F).

,C/ ﬁ/
«NH, «NH
O\N/ DCM ,overnight N~
I

1b

1b: white solid, mp 77.2-79.8°C, [a]p*®= - 48.0 (c 1.0, CHCI5); ‘*H NMR (CDCl5, 400
MHz) & 8.62 (br, 1 H), 8.06 (b, /=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, /=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, /=16.0 Hz, 1 H), 1.22-1.32 (m, 2 H), 1.00-1.17 (m, 2 H),
0.68 (d, /=12.0 Hz, 1 H); *C NMR (CDCl;, 100 MHz) & 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 [CigH,sN3S + H*] 328.1842, found 328.1846.

NH NH
+ F3C CF3 EE——
DCM overnlght
Fsc CF3
1c

Bifunctional organocatalyst 1¢ was prepared by the literature procedure.?

1c: white solid, mp 106.9-108.7°C, [a]p*'= + 6.0 (c 1.0, CHCI); 'H NMR (CDCl;, 400
MHz) 8 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); F NMR (CDCl3, 564 MHz) & -63.21 (s, 12 F).

S5



+

CF3
FsC
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N=C=§ ——» Co
NN DCM,overnight F3C N ”

K F3C rNj

1d

Bifunctional organocatalyst 1d was prepared by the literature procedure.”

1d: white solid, mp 143.7-144.3°C, [a]p*®= - 25.0 (c 1.0, CHCI5); *H NMR (CDCl5,
400 MHz) 8 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); °F NMR (CDCls, 564 MHz) & -63.44 (s, 6 F).

Q F5;C CF3
“u =C= _ > S
NHy + DN €=S DCM,overnight /©\ &
AN .G FsC H/ \”\\
3
AN

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

1e: white solid, mp 139.5-141.2°C, [a]p**= - 18.0 (c 1.0, CHCI5); *H NMR (CDCl5,
400 MHz) & 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); °F NMR (CDCls, 564
MHz) 6 -63.53 (s, 6 F).

CF3

1]
- Ll
O\D DCM ,overnight FsC H H\ Q
w

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

1f: white solid, mp 116.4-118.2°C, [a]p*®*= + 3.0 (c 1.0, CHCl5); *H NMR (CDCls;, 400
MHz) & 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, /=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); **F NMR (CDCls, 564 MHz) & -63.46 (s, 6 F).

F.C CF
“\\\NH2 ® ’
QL e ), 8
N DCM,overnight Co
FsC N™°N°
F4C H o H N
o O

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

1g: white solid, mp 148.4-150.5°C, [a]5*°= - 23.0 (c 1.0, CHCI3); 'H NMR (CDCls,
400 MHz) 8 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
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H), 1.73-1.89 (m, 3 H), 1.18-1.29 (m, 5 H), 0.93 (s, 6 H); °F NMR (CDCl;, 564 MHz)
0 -63.44 (s, 6 F).

‘“\\NHZ \©\ 1
N NOy, —(——> .C N
O\N/\ + 8=C= @ 2 pcMm ,overnight

K \/N\/
1h

1h: yellow solid, mp 109.9-111.7°C, [a]o**= - 41.0 (c 1.0, CHCI5); *H NMR (CDCl5,
400 MHz) & 8.19 (d, J=8.0 Hz, 2 H), 7.47 (d, /=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); *C NMR (CDCls, 100 MHz) & 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
[C17H26N40251 + H+] 3511849, found 351.1855.

FaC CFs
Ph_ «NH2 N=C=S S Ph
l + =C=S bcM.overnight C. L en
Ph” N" FsC NN
| FiG H Rl

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

1i: white solid, mp 83.0-85.6°C, [a]o*®= - 157.0 (c 1.0, CHCl5); *H NMR (CDCl5, 400
MHz) & 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, =12.0 Hz, 1 H), 2.21 (s, 6 H); **F NMR (CDCl;, 564 MHz) & -
63.42 (s, 6 F).

CF5
SRUD= Qy
N HN 0
N /0 T pomrt
WNH

N CFs
N
i

1j: white solid, mp 232.5-233.1°C, [a]o**= - 16.2 (¢ 0.50, EtOH); *H NMR (CDCls,
400 MHz) & 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); **C NMR (CDCls, 100
MHz) & 194.2, 192.7, 143.2, 126.4, 123.7, 119.8, 65.4, 56.7, 26.7, 26.0, 16.0; °F
NMR (CDCls;, 564 MHz) & -63.66 (s, 6 F); HRMS: (ESI+) m/z calcd for [CHasFsN30,
+ 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 °C.
The mixture was stirred for 3 to 6 days at 0 °C 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 ry toluene (6.0 mL) was added trifluoroacetophenone
3a (3.0 mmol, 430 pL) at 0 °C. The mixture was stirred for 6 days at 0 °C 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% vyield, 94% ee).

7. Characterization of compounds 4.

(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylbutan-1-one
(4aa)®

O HO, CF4 64.8 mg, 84% vyield, white solid, mp 107.9-108.7 °C,

[a]p®= + 107.0 (c 1.0, CHCl5); *H NMR (CDCls;, 400 MHz)
O O 5 11.50 (s, 1 H), 7.82 (d, /=4.0 Hz, 1 H), 7.52-7.56 (m, 3
on H), 7.34-7.41 (m, 3 H), 6.98 (t, /=8.0 Hz, 2 H), 5.19 (s, 1

H), 4.13 (d, &=16.0 Hz, 1 H), 3.67 (d, J=16.0 Hz, 1 H); °C
NMR (CDCls;, 100 MHz) & 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; °F NMR (CDCls, 564 MHz) & -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).

00 ]
i _ §
5 i " i
0.60 | "‘. ‘ ‘|
| l 2™ [
‘ { | | l‘..llf)’: |
| ‘ o] 5
| 1 -3
Name| Retention time Area Height | % Area Name| Retention time Area Height % Area
(min) (uV=s) () (min) (uV=s) (uV)
10.641 16105547 | 1005883 | 49.83 1 9.997 820056 60621 3.14
2 15.309 16216784 | 664737 | 50.17 2 14.217 25329098 | 1090788 | 96.86

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

OHQ CF, 65.6 mg, 81% vyield, white solid, mp 113.1-113.6 °C,

[o]o2= + 138.0 (c 1.0, CHCl5); 'H NMR (CDCl5, 400 MHz)
O O 5 11.35 (s, 1 H), 7.56-7.61 (m, 3 H), 7.34-7.38 (m, 4 H),
o 6.87 (d, /=8.0 Hz, 1 H), 5.23 (s, 1 H), 4.13 (d, /=16.0 Hz,

1 H), 3.64 (d, /=16.0 Hz, 1 H), 2.36 (s, 3 H); °C NMR
(CDCl5;, 100 MHz) d 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; °*F NMR (CDCls, 376 MHz) & -80.14 (s, 3 F); HRMS:
(ESI+) m/Z calcd for [C17H15F303 + Na+] 3470866, 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).

1.00 1 ]
0.80 ‘ j‘ I
| 0.60
0.60+ | | [ ‘
‘ \
| |‘ |
|
ol [
0.20 | | §
| IR &
1.00 2‘30. 3.00 00 5(‘)0 6.00 .—7037 ;60 200 7‘000 : H; : ‘bﬂ 200 : Jbﬂ 4&7 5.00 76\‘30 '7(,0 iﬂﬂﬂ i 9‘00 VUQU‘ 11.00
Name| Retention time Area Height | % Area Name|  Retention time Area Height | % Area
(min) (uV=s) (V) (min) (uV=s) (V)
1 6.879 9489801 964226 50.09 1 7.064 395762 44634 3.57
2 8.099 9456655 783776 49,91 2 8.058 10696790 874527 96.43

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

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

E [a]o®= + 90.0 (c 1.0, CHCI3); *H NMR (CDCls, 400 MHz)

O 5 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, 7=16.0 Hz, 1 H), 3.64 (d,

J=16.0 Hz, 1 H); *C NMR (CDCl;, 100 MHz) & 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; °F NMR (CDCls, 376 MHz) & -80.11 (s, 3 F), -122.52 (s, 1 F); HRMS: (ESI+)
m/z calcd for [Ci6H12F405 + 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).

1
0,60 % . 060 %
0.50 ﬁ‘ ; 050 ‘
040 ‘I il 0.40] ||
2030 I “ ‘I‘ Z 0.30] ‘ ‘
020 ) | I‘ Il 020 | | “
0.10 "II’LI‘ ‘ ‘.\ \‘ 0.10 | I E
: |\ |\ | | A
o B R & —— S T S -
200 ’ 00 6.‘00 E./‘Jﬁ .|0‘C0 200 0 E:)Ol o 200 00 o ISUJ Bg)ﬂ ‘ 10.00 ‘12‘00' ! 14.00 ! l| ‘DO WB‘DD
Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) (V) (min) (uV=s) (wv)
1 10.024 10157877 609113 51.27 1 9.973 10239941 661418 94.84
2 12.754 9655445 397856 48.73 2 13.335 557053 28857 5.16

(S5)-4,4,4-trifluoro-1-(4-fluoro-2-hydroxyphenyl)-3-hydroxy-3-
phenylbutan-1-one (4da)

70.6 mg, 86% vyield, white solid, mp 109.4-109.9 °C,
[a]o?'= +145.0 (¢ 1.0, CHCI5); 'H NMR (CDCls, 400 MHz)
5 11.81 (s, 1 H), 7.82-7.86 (m, 1 H), 7.57-7.59 (m, 2 H),

O HO, CF,

OGRS
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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, /=16.0 Hz, 1 H), 3.63
(d, 7=16.0 Hz, 1 H); *C NMR (CDCl5;, 100 MHz) & 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; *F NMR
(CDCls, 376 MHz) & -80.09 (s, 3 F), -96.10 (s, 1 F); HRMS: (ESI+) m/z calcd for
[C16H12F403 + Na+] 3510615, 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).

0.60-

| 1407
w“ l s
» | i 0.80 ] ‘ |

|‘ i 2 ool |

| | | | a0 I -
) | i . |

” 00 00 6. :'IO — 8.00 N 0.00 v 12 007 70“ - S;ﬂ
Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) (uv) (min) (uV=s) (V)

1 8.045 6354242 574164 50.05 1 7.705 16857288 | 1335116 95.06
2 12.393 6342045 252361 49.95 2 11.645 876615 71251 4.94

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

OHO CF, 86.0 mg, >99% vyield, white solid, mp 139.6-140.4 °C,

Cl [a]p?®= +193.0 (c 1.0, CHCI5); *H NMR (CDCls, 400 MHz)

‘ ~ ‘ 8 11.40 (s, 1 H), 7.75 (s, 1 H), 7.57-7.59 (m, 2 H), 7.48

oH (d, 7=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, /=20.0 Hz, 1 H), 3.65

(d, =16.0 Hz, 1 H); *C NMR (CDCl5, 100 MHz) & 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; *°F NMR (CDCl5,

376 MHz) d -80.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [CisHi,CIFs03 + 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).

3 o]
i | !
| A “
\ I * ]
| 1 1 .
[ ool ‘ §
| | | S A R
Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (V=) (nv) (min) (uv=s) (uv)
1 7.603 2765190 262140 50.07 1 7.552 5628202 523067 96.33
2 11.297 2757671 161612 49.93 2 11.221 214237 12711 3.67

(S5)-1-(4-chloro-2-hydroxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-
phenylbutan-1-one (4fa)

77.4 mg, 90% vyield, white solid, mp 126.5-127.4 °C,
[a]o®= +147.0 (c 1.0, CHCl5); 'H NMR (CDCl;, 400

S10
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MHz) & 11.62 (s, 1 H), 7.74 (d, 7=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, =20.0 Hz, 1 H), 3.64 (d, >=20.0 Hz, 1
H); *C NMR (CDCl5;, 100 MHz) & 203.5, 163.4, 143.9, 137.0, 130.8, 129.0, 128.6,
126.1, 123.0, 119.1, 40.2; *°F NMR (CDCl;, 376 MHz) & -80.11 (s, 3 F); HRMS: (ESI+)
m/z calcd for [C16H12C|F303 + 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).
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Neme| Retention time Area Height | % Area Name|  Retention time Area Height | % Area
(min) (uV=s) (uv) (min) (nV=s) (uv)
1 8.628 8523641 688093 49.94 1 8.5% 1219054 984907 04.35
2 12.988 8543703 430187 50.06 2 12.860 730613 43807 5.65

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

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

Br [a]p®= +198.0 (c 1.0, CHCl5); 'H NMR (CDCl;, 400

O O MHz) & 11.43 (s, 1 H), 7.90 (s, 1 H), 7.58-7.63 (m, 3

OH H), 7.39-7.41 (m, 3 H), 6.89 (d, /=8.0 Hz, 1 H), 4.93

(s, 1 H), 4.10 (d, J=16.0 Hz, 1 H), 3.65 (d, =16.0 Hz,

1 H); *C NMR (CDCl;, 100 MHz) & 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; **F NMR (CDCl;, 376 MHz) & -80.11 (s, 3 F);
HRMS: (ESI+) m/z calcd for [CisH1,BrFs0s + 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).

b
” : |
2 0.20 ‘ | '7 2 ‘ ‘
\ I
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Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (pV=s) (wv) (min) (1V=s) (V)
1 9.011 6379391 440968 50.02 1 9.118 13213775 | 888033 96.72
2 13.954 6373776 218724 49.98 2 14.353 447964 20462 3.28

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

88.7 mg, >99% vyield, slightly yellow solid, mp
136.1-136.6 °C, [a]p®= +123.0 (c 1.0, CHCl3); H
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NMR (CDCls, 400 MHz) & 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, /=8.0 Hz, 1 H), 4.68 (s, 1 H), 4.19 (d, ~=20.0
Hz, 1 H), 3.78 (d, /=20.0 Hz, 1 H); *C NMR (CDCl3, 100 MHz) & 203.8, 167.1, 139.9,
136.6, 132.0, 129.2, 128.7, 126.4, 126.0, 120.2, 118.1, 41.0; °F NMR (CDCls, 376
MHz) & -79.94 (s, 3 F); HRMS: (ESI+) m/z calcd for [CieH12F3NOs + 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).

8145
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e 2 2 2 2 8 ®
8 B B 8 8 3 % ® 3

a00 10.00 12.00 14.00 18.00 18.00 2000 200 4.00 6.00 800 1000 1200 14.00 16.00 18.00 2000

Name| Retention time Area Height | % Area Name|  Retention time Area Height | % Area
(min) (uV=s) (uv) (min) (nV=s) (V)
1 8.145 4354967 150243 4919 1 8.120 6341860 209335 06.90
2 15.033 4498957 105172 50.81 2 15.144 202582 6011 3.10

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

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

FsC [a]p?*= +150.0 (c 1.0, CHCI5); *H NMR (CDCls;, 400
O O MHz) & 11.78 (s, 1 H), 8.03 (s, 1 H), 7.58-7.60 (m, 2
o H), 7.38-7.40 (m, 3 H), 7.08 (d, /=8.0 Hz, 1 H), 4.84

(s, 1 H),4.13 (d, =16.0 Hz, 1 H), 3.71 (d, /=16.0 Hz,
1 H); *C NMR (CDCl;, 100 MHz) & 203.9, 165.0, 136.8, 134.0, 129.1, 128.7, 127.3,
126.1, 120.1, 118.6, 40.6; °F NMR (CDCl5, 376 MHz) & -61.81 (s, 3 F), -80.05 (s, 3
F); HRMS: (ESI+) m/z calcd for [Cy7H12Fs03 + 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (@es) | (u) (min) (w=s) | ()
1 7.718 3877234 329715 50.86 1 7.580 12459358 | 1137863 94.96
i 12.741 3745860 184824 49.14 2 13.712 660977 31667 5.04

(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxy-[1,1’-biphenyl]-3-yl)-3-
phenylbutan-1-one (4ja)

39.1 mg, 40% vyield, white solid, mp 123.7-125.5 °C,
[a]p?*= +27.0 (c 1.0, CHCl5); 'H NMR (CDCl;, 400 MHz) &
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12.02 (s, 1 H), 7.84 (d, 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, /=8.0 Hz, 1 H), 5.18 (s, 1 H), 4.18 (d, =20.0 Hz, 1 H),
3.72 (d, >=16.0 Hz, 1 H); °C NMR (CDCl5, 100 MHz) & 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;
F NMR (CDCl5, 376 MHz) & -80.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [CyHi7F303
+ 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (nV=s) (uv) (min) (uV=s) (uv)
1 9.191 10454983 633974 50.92 1 9.122 3410071 230542 14.62
2 19.208 10077182 108248 49.08 2 18.150 19908082 218779 85.38

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

OH OHO CF 45.1 mg, 50% vyield, yellow solid, mp 128.6-129.1 °C,
~ 3 26 1

[a]o®®= +34.0 (c 1.0, CHCls); *H NMR (CDCls, 400

OO O MHz) & 13.27 (s, 1 H), 8.40 (d, /=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, /=16.0 Hz, 1 H); *C NMR (CDCls, 100 MHz) & 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; °F NMR (CDCls;, 376 MHz) & -80.12 (s, 3 F); HRMS: (ESI+) m/z

calcd for [CyH1sF303 + 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).
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0.00+— — — o — — S ——
4.00 ‘EGDI ' 8.00 ' |D‘ED‘ ! \H‘DG |-‘-Im1‘ .m‘ﬂﬂ “B‘UD ’ 20.00 ' IZZ Ud 2.00 4‘na 6.00 u‘un 10‘00 12'w 14.00 16.00 18.00 20.00 2200 24.00 26.00
Name|  Retention time Area Height | % Area Name|  Retention time Area Height | % Area
(min) (uV=s) (V) (min) (nV=s) (uv)
1 14.383 26648858 | 1212636 50.01 1 16.091 950861 46053 8.63
2 16.676 26638113 | 1029370 | 49.99 2 18.659 10065676 | 381405 91.37

(5)-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,
[a]o®= +234.0 (c 1.0, CHCl;); H NMR (CDCl;, 400
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MHz) & 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, /=8.0 Hz, 1 H), 7.36-7.40 (m, 4 H), 5.12 (s, 1 H), 4.35 (d, /=20.0 Hz, 1 H),
3.83 (d, =20.0 Hz, 1 H); °C NMR (CDCl5;, 100 MHz) & 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; °F NMR (CDCl3, 564 MHz) & -80.61 (s, 3 F); HRMS: (ESI+) m/z calcd for
[CoH1sF303 + 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).

1.00
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= T.456
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T T T - T T T v T T
400 6.00 800 10.00 12.00 14.00 16.00 18.00 2000 200 4.00 800 8.00 10.00 1200 1400 1800 BOD 00 2200

Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) () (min) (uV=s) (D)
1 7.441 12362850 962620 50.31 1 7.456 1116244 93051 6.74
2 16.167 12209366 371069 49.69 2 16.147 15434234 467798 93.26

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

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

[a]p?®= +122.0 (c 1.0, CHCI5); *H NMR (CDCl;, 400 MHz)

511.52 (s, 1 H), 7.82 (d, J=8.0 Hz, 1 H), 7.53 (t, J=8.0

oH Hz, 1 H), 7.44 (s, 1 H), 7.34 (d, /=8.0 Hz, 1 H), 7.24 (t,

J=8.0 Hz, 1 H), 7.16 (d, =8.0 Hz, 1 H), 6.95-6.99 (m, 2

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

13C NMR (CDCl;, 100 MHz) & 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; **F NMR (CDCls, 564 MHz)

0 -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for [Ci;H;sFs03 + 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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Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) (V) (min) (V=s) (V)
1 7.938 21524330 1792386 49.62 1 8.148 676421 56853 5.97
2 11.768 21854155 1159970 50.38 2 12.263 10657271 532911 94.03
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(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(p-tolyl)butan-1-one
(4ac)

OHO CF, 64.0 mg, 79% yield, white solid, mp 110.4-110.8 °C,
[a]o?®= +74.0 (c 1.0, CHCI3); '*H NMR (CDCl;, 400 MHz)

O O 511.52 (s, 1 H), 7.82 (d, =8.0 Hz, 1 H), 7.53 (t, J=8.0
OH Hz, 1 H), 7.47 (d, /=8.0 Hz, 2 H), 7.17 (d, /=8.0 Hz, 2

H), 6.95-6.99 (m, 2 H), 5.13 (s, 1 H), 4.12 (d, /=16.0 Hz,
1 H), 3.63 (d, =16.0 Hz, 1 H), 2.33 (s, 3 H); °C NMR
(CDCls5, 100 MHz) & 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; **F NMR (CDCls, 376 MHz) & -80.08 (s, 3 F);
HRMS: (ESI+) m/z calcd for [Ci7H1sFs03 + 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uv=s) (V) (min) (uV=s) (1v)
1 9.342 10414528 829241 50.83 1 8.836 1369276 111356 10.60
2 13.685 10074841 520734 49.17 2 12.635 11546783 589244 89.40

(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(2-
methoxyphenyl)butan-1-one (4ad)

510 CF 47.6 mg, 54% vyield, white solid, mp 98.7-99.1 °C, [a]p*®=
), FFs +89.0 (c 1.0, CHCl5); 'H NMR (CDCls, 400 MHz) & 11.66 (s,

1 H), 7.87 (d, J=8.0 Hz, 1 H), 7.78 (d, /=8.0 Hz, 1 H), 7.51

O - O (t, 7=8.0 Hz, 1 H), 7.34 (t, /=8.0 Hz, 1 H), 7.05 (t, /=8.0
OH O Hz, 1 H), 6.97 (t, =8.0 Hz, 2 H), 6.85 (d, /=8.0 Hz, 1 H),

5.23 (s, 1 H), 4.69 (d, /=16.0 Hz, 1 H), 3.61 (s, 3 H), 3.49
(d, =16.0 Hz, 1 H); 3C NMR (CDCl5;, 100 MHz) & 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; °F NMR

(CDCl3, 564 MHz) & -81.28 (s, 3 F);HRMS: (ESI+) m/z calcd for [CiHisFs0s + 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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Name| Retention time Area Height | % Area Name| Retention time Area Height | % Area
(min) (uV=s) (V) (min) (uv=s) (1v)
1 9.025 9652626 723742 49.94 1 8.862 92866 6983 12.35
2 20.477 9675001 287953 50.06 2 19.936 659067 20627 87.65

(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(3-
methoxyphenyl)butan-1-one (4ae)

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

o [a]p?®= +122.0 (c 1.0, CHCl5); *H NMR (CDCls, 400

O O 1 MHz) & 11.52 (s, 1 H), 7.81 (d, J=8.0 Hz, 1 H), 7.53

m (t, 7=8.0 Hz, 1 H), 7.27 (t, J=8.0 Hz, 1 H), 7.21 (s, 1

H), 7.10 (d, /=8.0 Hz, 1 H), 6.95-6.99 (m, 2 H), 6.88

(d, 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); *C NMR (CDCl;, 100 MHz) & 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; '°F

NMR (CDCl5;, 564 MHz) 0 -80.63 (s, 3 F); HRMS: (ESI+) m/z calcd for [Ci7HisF504 +
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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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (V) (min) (pV=s) (V)
1 16.017 9264339 390837 49.29 1 16.171 1546594 64537 7.13
2 21.961 9532272 265788 50.71 2 22.259 20138930 550652 92.87

(S5)-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,
[a]o®®= +70.0 (c 1.0, CHCI5); *H NMR (CDCls, 400 MHz)
5 11.54 (s, 1 H), 7.82 (d, 7=8.0 Hz, 1 H), 7.49-7.56
(m, 3 H), 6.96-7.00 (m, 2 H), 6.89 (d, /=8.0 Hz, 2 H),
5.15 (s, 1 H), 4.12 (d, /=16.0 Hz, 1 H), 3.79 (s, 3 H),
3.62 (d, /=20.0 Hz, 1 H); *C NMR (CDCl5, 100 MHz) &

O HO CF;

L O,
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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; °F NMR (CDCls;, 376 MHz) & -80.07 (s, 3 F); HRMS: (ESI+)
m/Z calcd for [C17H15F304 + Na+] 3630815, 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).
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Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) (uv) (min) (uV=s) (uv)
1 13.331 8985580 435431 49.73 1 13.323 512162 25806 6.89
2 15.713 9082461 359169 50.27 2 15.539 6921400 280990 93.11

(5)-4,4,4-trifluoro-3-(3-fluorophenyl)-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4ag)

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

el [alo®®= +67.0 (c 1.0, CHCl3); 'H NMR (CDCl;, 400 MHz)
O O 5 11.46 (s, 1 H), 7.80 (d, /=8.0 Hz, 1 H), 7.55 (t, /=8.0
oH 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, =16.0 Hz, 1 H), 3.63 (d, /=20.0 Hz, 1
H); *C NMR (CDCl5, 100 MHz) & 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;
F NMR (CDCl;, 564 MHz) & -81.01 (s, 3 F), -122.63 (s, 1 F); HRMS: (ESI+) m/z
calcd for [Ci6H12F403 + 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uv=s) (V) (min) (uV=s) (u\V)
1 16.748 28116747 1130361 49.45 1 17.796 2461011 109521 7.00
2 26.469 28739193 727503 50.55 2 27.234 32719300 848361 93.00

(S5)-4,4,4-trifluoro-3-(4-fluorophenyl)-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4ah)

O HO CF, 61.8 mg, 75% yield, white solid, mp 110.3-111.1 °C,
[a]o®= + 125.0 (c 1.0, CHCl5); 'H NMR (CDCl;, 400

O O MHz) 5 11.48 (s, 1 H), 7.80 (d, /=8.0 Hz, 1 H), 7.52-
o | 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, /=16.0 Hz, 1 H); *C NMR (CDCl5, 100 MHz)  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; °F NMR (CDCl;, 564 MHz) & -81.73 (s, 3 F), -114.21 (s, 1 F);
HRMS: (ESI+) m/Z calcd for [C16H12F403 + Na+] 3510615, 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (pV=s) (nv) (min) (uv=s) (uv)
1 17.569 26888834 1318771 49.80 1 15.379 1508772 77773 4.56
2 27.559 27106033 858204 50.20 2 24.911 31600798 911509 95.44

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

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

[a]o®= + 94.0 (c 1.0, CHCl5); 'H NMR (CDCl3, 400 MHz)
O O & 11.46 (s, 1 H), 7.80 (d, /=8.0 Hz, 1 H), 7.52-7.57 (m,
on ol 3H) 7.35 (d, J=8.0 Hz, 2 H), 6.96-6.99 (m, 2 H), 5.24

(s, 1 H), 4.07 (d, /=16.0 Hz, 1 H), 3.66 (d, /=20.0 Hz, 1
H); °C NMR (CDCl;, 100 MHz) & 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; *F
NMR (CDCls, 564 MHz) 6 -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for [Cy6H1,CIF;05 +
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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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (nV=s) (uv) (min) (pV=s) (nv)
1 8.385 13622064 1034397 49.83 1 8.214 1331209 116935 5.47
2 13.426 13716449 605259 50.17 2 13.330 23023531 1012866 94.53
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(S)-3-(3-bromophenyl)-4,4,4-trifluoro-3-hydroxy-1-(2-
hydroxyphenyl)butan-1-one (4aj)

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

gr| [olo®®= +92.0 (c 1.0, CHCI3); 'H NMR (CDCl3, 400 MHz)

‘ ~ ‘ 5 11.46 (s, 1 H), 7.79-7.80 (m, 2 H), 7.47-7.57 (m, 3 H),

oH 7.24 (t, 7=8.0 Hz, 1 H), 6.97-7.01 (m, 2 H), 5.29 (s, 1

H), 4.02 (d, /=16.0 Hz, 1 H), 3.68 (d, /=16.0 Hz, 1 H);

13C NMR (CDCls, 100 MHz) & 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; *°F NMR (CDCls, 564 MHz)

0 -81.01 (S, 3 F), HRMS: (ESI+) m/Z calcd for [ClsleBrF303 + H+] 3889995,
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).
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Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) () (min) (nV=s) (uv)
1 12.507 6309362 321747 50.26 1 12.173 763104 40892 12.50
2 19.240 6242845 199417 49.74 2 19.025 5342559 173739 87.50

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

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

[a]o?®= +82.0 (c 1.0, CHCl5); 'H NMR (CDCls, 400 MHz)

O O 511.46 (s, 1 H), 7.79 (d, /=8.0 Hz, 1 H), 7.45-7.56 (m,

OH g 5 H), 6.96-6.99 (m, 2 H), 5.24 (s, 1 H), 4.07 (d, ~=16.0

Hz, 1 H), 3.65 (d, >=16.0 Hz, 1 H); 1*C NMR (CDCl;, 100

MHz) & 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; **F NMR (CDCls, 376 MHz) & -80.23 (s, 3 F); HRMS: (ESI+)
m/z calcd for [CiH1,BrF;0; + 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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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (V) (min) (uv=s) ()
1 8.842 4874793 337342 50.66 1 9.064 781088 62549 5.00
2 14.268 4748503 197625 49.34 2 14.636 14843701 590670 95.00




(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(4-
(trifluoromethyl)phenyl)butan-1-one (4al)

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

%y 3 [a]p?®= +77.0 (c 1.0, CHCI5); 'H NMR (CDCls;, 400 MHz)

O O 5 11.42 (s, 1 H), 7.81 (d, /=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

OH CF3f 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); *C NMR

(CDCl5, 100 MHz) d 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; °*F NMR (CDCl;, 564 MHz) 5 -

62.86 (s, 3 F), -80.11 (s, 3 F); HRMS: (ESI+) m/z calcd for [Ci7H1:FsO3 + 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).
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Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) (V) {min) (uv=s) (V)
1 14.972 10767339 531581 49.34 1 17.284 1446624 651198 8.69
2 27.967 11053518 269325 50.66 2 32.677 15207955 342790 91.31

(S5)-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;
'H NMR (CDCls, 400 MHz) & 11.49 (s, 1H), 7.81 (d,
J=8.0 Hz, 1H), 7.60 (d, /=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, /=20.0 Hz,
1H), 3.66 (d, /=16.0 Hz, 1H), 3.32 (s, 6H); *C NMR
(CDCl;, 100 MHz) & 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; °F NMR
(CDCl3, 564 MHz) & -81.47 (s, 3 F); HRMS: (ESI+) m/z calcd for [CioHioFs05 + 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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12739

Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (nv) {min) (uV=s) (xV)
1 13.285 18872911 895569 50.21 1 12.739 671445 34739 8.65
2 15.982 18716474 706987 49.79 2 15.196 7090699 286104 91.35

(5)-4,4,4-trifluoro-3-hydroxy-1-(2-hydroxyphenyl)-3-(naphthalen-2-
yl)butan-1-one (4an)

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

[a]p®= +116.0 (c 1.0, CHCl5); 'H NMR (CDCl;, 400
O OO MHz) & 11.47 (s, 1 H), 8.12 (s, 1 H), 7.82-7.88 (m, 4
o 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, >=16.0 Hz, 1 H),
3.75 (d, 7=20.0 Hz, 1 H); *C NMR (CDCl3, 100 MHz) &
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; °F NMR (CDCl;, 564 MHz) & -
81.19 (s, 3 F); HRMS: (ESI+) m/z calcd for [CyHisFs03 + 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).
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Name| Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (wV=s) (V) (min) (V=s) (V)
1 15.386 19939403 796322 49.57 1 16.722 3337755 134634 6.57
2 24.926 20283140 | 487935 50.43 2 26.573 47485770 | 1063943 03.43

(S)-3-hydroxy-1-(2-hydroxyphenyl)-5-phenyl-3-(trifluoromethyl)pent-4-
en-1-one (4a0)

O HO CF; 50.8 mg, 60% yield, white solid, mp 170.8-171.7 °C,

[a]o®®= - 39.0 (c 1.0, CHCl3); 'H NMR (CDCl;, 400
O = O MHz) 5 11.70 (s, 1 H), 7.67 (d, J=8.0 Hz, 1 H), 7.55
on (t, 7=8.0 Hz, 1 H), 7.28-7.39 (m, 4 H), 6.96-7.02 (m,

3 H), 6.21 (d, &=16.0 Hz, 1 H), 5.14 (s, 1 H), 3.55 (s,
2 H); *C NMR (CDCl;, 100 MHz) & 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; '°F NMR (CDCls,
564 MHz) & -81.23 (s, 3 F); HRMS: (ESI+) m/z calcd for [CigHisF303 + H'] 337.1046,
found 337.1042.
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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).
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(min) (uV=s) (nv) (min) (uV=s) (uV)
1 15.136 13233817 556366 50.06 1 16.087 3135208 126734 17.57
2 22.159 13199709 348774 49.94 2 23.253 14710412 372834 82.43

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

O HO CF;

|

162.9, 137.8, 130.6,
77.8, 39.2, 15.1; F

58.6 mg, 67% vyield, white solid, mp 81.1-82.2 °C, [a]p**=
+48.0 (c 1.0, CHCI5); *H NMR (CDCls, 400 MHz) & 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, /=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, =16.0 Hz, 1 H), 3.47 (d, J=20.0 Hz,
1 H), 1.93 (s, 3 H); *C NMR (CDCl;, 100 MHz) & 204.5,
129.9, 128.9, 128.1, 127.0, 126.1, 123.2, 119.6, 119.2, 119.1,
NMR (CDCl;, 564 MHz) & -80.74 (s, 3 F); HRMS: (ESI+) m/z

calcd for [CigH17F303 + 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (uV) (min) (uV=s) (V)
1 13.781 37612577 1861311 49.75 1 13.415 3306916 164382 9.72
2 16.771 37994732 1520034 50.25 2 16.491 30731495 1143973 90.28

(S)-4,4,4-trifluoro-

3-hydroxy-1-(2-hydroxyphenyl)-3-(thiophen-2-

yl)butan-1-one (4aq)

O HO, CF,

S
|
OH

40.3 mg, 51% vyield, white solid, mp 104.6-105.8 °C,
[a]o®= +98.0 (c 1.0, CHCl5); *H NMR (CDCl5;, 400 MHz)
11.52 (s, 1 H), 7.78 (d, J=8.0 Hz, 1 H), 7.55 (t, =8.0 Hz, 1
H), 7.32 (d, /=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, /=16.0 Hz, 1 H), 3.62 (d,

S22



J=16.0 Hz, 1 H); *C NMR (CDCl5, 100 MHz) & 204.2, 162.9, 141.4, 138.0, 129.9,
127.2, 126.7, 126.0, 125.1, 119.6, 119.0, 40.5; °F NMR (CDCl;, 564 MHz) & -82.04
(s, 3 F); HRMS: (ESI+) m/z calcd for [Ci4H1:F303S + 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (V) (min) (uV=s) (V)
1 5.905 14407345 1494387 49.25 i 5.872 1774464 209326 8.62
2 7.939 14846798 1046042 50.75 2 7.809 18809079 1288689 91.38

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

O HO, CF, 49.1 mg, 58% vyield, white solid, mp 119.6-120.7 °C,

[a]o?®= +7.0 (c 1.0, CHCl5); *H NMR (CDCl5, 400 MHz)
O O 5 11.78 (s, 1 H), 7.70 (d, J=8.0 Hz, 1 H), 7.56 (t,
o J=8.0 Hz, 1 H), 7.28-7.32 (m, 2 H), 7.18-7.22 (m, 3

H), 7.03 (d, /=8.0 Hz, 1 H), 6.95 (t, /=8.0 Hz, 1 H),
5.29 (s, 1 H), 3.56 (d, /=16.0 Hz, 1 H), 3.12 (d, /=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); *C NMR (CDCl;, 100 MHz) & 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; *°F NMR (CDCl;, 564 MHz) & -81.01 (s, 3 F); HRMS: (ESI+)
m/z calcd for [CioH17F305 + 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uv=s) () (min) (uV=s) (uV)
1 17.376 4588842 169567 49.90 1 17.589 1672647 651284 88.80
2 26.296 4606569 108289 50.10 2 27.321 211034 5249 11.20

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

34.6 mg, 40% vyield, white solid, mp 47.8-
O HO, CF, 48.6 °C, [a]p*®= +107.0 (c 1.0, CHCl5); 'H

NMR (CDCl3, 400 MHz) & 11.79 (s, 1 H), 7.70-
7.73 (m, 1 H), 7.51-7.56 (m, 1 H), 7.00-7.02
OH
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(m, 1 H), 6.92-6.96 (m, 1 H), 5.09 (s, 1 H), 3.50 (d, /=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); *C NMR (CDCl;, 100 MHz) &
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; °F NMR (CDCls;, 564 MHz) & -81.15 (s, 3 F); HRMS:
(ESI+) m/Z calcd for [C18H25F303 + Na+] 3691648, 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).
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Name Retention time Area Height % Area Name Retention time Area Height % Area

(min) (uV=s) (V) (min) (uV=s) (uv)

1 13.170 6617556 318228 49.98 1 13.081 1621356 77831 85.63
2 14.385 6622102 300227 50.02 2 14.253 272121 12507 14.37

(S5)-1-(5-bromo-2-hydroxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-(m-
tolyl)butan-1-one (4gb)

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

Br [a]p?*= +185.0 (c 1.0, CHCl5); *H NMR (CDCl;, 400

O O MHz) & 11.44 (s, 1 H), 7.89 (d, /=4.0 Hz, 1 H),

OH 7.59-7.61 (m, 1 H), 7.42 (s, 1 H), 7.24-7.34 (m, 2

H), 7.17 (d, 7=8.0 Hz, 1 H), 6.88 (d, /=8.0 Hz, 1 H),

4.89 (s, 1 H), 4.05 (d, >=16.0 Hz, 1 H), 3.63 (d, /=20.0 Hz, 1 H), 2.37 (s, 3 H); °C

NMR (CDCls, 100 MHz) & 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; *F NMR (CDCl;,

564 MHz) d -81.41 (s, 3 F); HRMS: (ESI+) m/z calcd for [Cy7H14BriFs03 + 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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Name|  Retention time Area Height % Area Name| Retention time Area Height % Area
(min) (uV=s) (wv) (min) (uV=s) (V)
1 6.716 6347617 4561123 50.21 1 6.613 448709 30782 3.39
2 10.151 6295616 277357 49.79 2 9.921 12780560 403291 96.61
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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% vyield, white solid, mp 177.7-
Br 178.2°C, [a]p*'= +191.0 (c 1.0, CHCl;); 'H NMR
(CDCl3, 400 MHz) & 11.37 (s, 1 H), 7.87 (d, J=4.0

O oH O o | Hz 1H), 7.60-7.63 (m, 1 H), 7.52 (d, /=8.0 Hz, 2

H), 7.37 (d, J=8.0 Hz, 2 H), 6.90 (d, /=8.0 Hz, 1

H), 6.88 (d, /=8.0 Hz, 1 H), 4.98 (s, 1 H), 4.02 (d,
J=20.0 Hz, 1 H), 3.64 (d, /=16.0 Hz, 1 H); *C NMR (CDCls, 100 MHz) & 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; F NMR (CDCls;, 564 MHz) & -81.01 (s, 3 F); HRMS: (ESI+) m/z calcd for
[Ci6H11Br:ClF305 + H*] 422.9605, 424.9584, found 422.9603, 424.9582.

O HO CF,

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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o 10 200 B a0 500 600 700 00 900 1000 oo0 S0
Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uv=s) v (min) (uV=s) (xV)
1 5.168 5460866 551920 49.46 1 5.099 502442 53415 4.29
2 6.720 5580603 422671 50.54 2 6.521 11214712 856974 95.71
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8. Asymmetric cross-aldol reaction of acetophenone with
trifluoroacetophenone

? Q O Ho, CFs
Ej)k . ©)J\CF3 1d (7 mol %) _
tol, 0 °C

2m 3a

33% yleld, 60% ee

(8)-4ma®: 24.3 mg, 33% yield, colourless oil, [a]o*'= +9.7 (c 0.96, CHCI3); 'H NMR
(CDCls5, 600 MHz) & 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, /=16.8 Hz, 1 H), 3.65 (d, /=17.4 Hz, 1 H);
13C NMR (CDCls, 150 MHz) & 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; *°F NMR (CDCl;, 564 MHz) & -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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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (nv=s) (uv) (min) (uv=s) (uv)
1 11.796 22428436 1330428 50.03 1 11.950 2717752 169855 20.18
2 17.216 22400962 969706 49.97 2 17.029 10748942 459017 79.82
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9. Asymmetric cross-aldol reaction of o-hydroxyacetophenones with
trichloroacetophenone

Q Q A Ho, CCly
@fk . ©)J\CCI3 1d (7 mol %)
OH t0| rt 6d

2a 3t 4at
< 5% yield, 86% ee

(8)-4at: < 5% yield, white solid, mp 130.0-130.4 °C; 'H NMR (CDCl;, 600 MHz) &
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, /=17.4 Hz, 1 H), 3.91 (d,
J=16.8 Hz, 1 H); °C NMR (CDCl5;, 150 MHz) & 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 [C16H13Cls05 + 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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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (V=s) (nV) (min) (v=s) (1)
1 25.841 12843900 229997 50.91 1 24.702 2057872 61760 6.98
2 45.145 12386737 108968 49.09 2 44.666 39396984 279821 93.02
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10. Preparation and characterization of 6 and 8

HO
G Ph N Ph -0
Br. CF3  NH,-OH HCl Br | CFs  Locy 5 NP
OH _~ - ™ oH — =228 , Br CFy
Py,50°C DCM,0°C-rt
OH OH oH
4ga 5 6
o
6% yield 73% yield 91% yield
94% ee DCM/Hexane
crystallization >99%ee

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 °C 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.°

To the solution of single crystal 5 (40 mg, 0.1 mmol) in dichloromethane (1 mL) was
slowly added POCIs (46.6 pL, 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 CH,Cl, (3 x
5 mL). The combined organics were washed with brine, dried over anhydrous Na,SO,,
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, [a]p*'= - 97.0 (c 1.0, CHCl;); *H NMR (CDCl;, 400
MHz) 6 11.96 (s, 1 H), 8.87 (br, 1 H), 7.58 (d, 7=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, &=12.0 Hz, 1 H), 3.28
(d, =16.0 Hz, 1 H); **C NMR (CDCls;, 100 MHz) & 159.3, 157.3, 137.4, 135.3, 132.2,
130.5, 130.1, 126.9, 120.3, 120.0, 112.4, 33.9; *F NMR (CDCls;, 564 MHz) & -79.09
(s, 3 F); HRMS: (ESI+) m/z calcd for [CisH13BriFsN;Os + H*] 404.0109, 406.0089,
found 404.0108, 406.0087.

6: white solid, mp 77.9-78.2 °C, [a]o*'= - 44.0 (c 1.0, CHCl5); *H NMR (CDCls, 400
MHz) & 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); *C NMR (CDCl3, 100 MHz) & 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; °F NMR (CDCl;, 564 MHz) & -
81.11 (s, 3 F); HRMS: (ESI+) m/z caled for [CieH1iBriFsN;O, + 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).

T T2e6t

Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (wv) . Ve v
1 10.707 7600006 | 7600006 | 50.42 (min) (pv=s) ()
2 12.847 7475467 7475467 | 49.58 1 12.661 5853157 96886 100.00
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O O
i 2 bn mcPBA L. opno
CF3 Mel,K2CO3 CF3 K2HPO4 3 M
f’ — . - HO O
OH acetone o DCM, rt

(0]
4aa 7 8 d
84% vyield 97% vyield 78% vyield
94% ee 93 % ee 93%ee

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 CH,Cl, (5 mL) was added m-CPBA (0.81
g, 4.0 mmol, 85%) and KH,PO4 (0.17 g, 1.25 mmol). The mixture was stirred for 24h
at room temperature and then poured to the saturated NaHCOs; solution. The
aqueous layer was extracted with CH,Cl, (3 x 5 mL). The combined organics were
washed with brine, dried over Na,SO., 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% vyield).

7: white solid, mp 93.4-93.9 °C, [a]p**= + 177.0 (c 1.0, CHCl5); 'H NMR (CDCl;, 400
MHz) & 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, >=16.0 Hz, 1 H), 3.97 (s, 3 H), 3.72 (d, J=20.0 Hz, 1 H); *C NMR (CDCls,
100 MHz) & 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; °F NMR (CDCl;, 564 MHz) & -80.76 (s, 3 F); HRMS:
(ESI+) m/z calcd for [Cy7H1sF303 + 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).

350:3 i 050 a4
wn—f Dw: F
! “ é 040 ‘
00 © | ‘
| f 2 0w |
mj I : | 0209 - I
o ck: . | g |
n-;r T2l abe ebo ebo | e | 1200 W wWw | me | mm 2200 T Y A ™ Y™ Y 'z;'m "2
Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (uV=s) (uv) (min) (uv=s) (uv)
1 10.901 8348014 558062 49.75 1 10.736 766269 56231 3.67
2 18.671 8432892 287191 50.25 2 17.752 20099116 652413 96.33

8: white solid, mp 71.4-71.7 °C, [a]o?= - 51.0 (c 1.0, CHCl;); "H NMR (CDCl;, 400
MHz) & 7.68 (d, /=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, /=16.0 Hz, 1 H), 3.43 (d, =16.0 Hz,
1 H); 3C NMR (CDCl5, 100 MHz) & 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; °F NMR (CDCls, 564 MHz) & -81.01 (s,
3 F); HRMS: (ESI+) m/z calcd for [CiyH:sFs04 + 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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Name Retention time Area Height % Area Name Retention time Area Height % Area
(min) (nV=s) (uv) (rnin) (uV=s) (uV)
1 18.455 3347188 120289 50.16 1 16.216 4011001 172842 97.29
2 21.241 3325779 96243 49.84 2 19.735 111595 3606 2.71
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11. Determination of the absolute configuration by 5 X-ray crystallography

H ~
ON Ph

| CF3
OH

Br

OH

Table S1 Crystal data and structure refinement for 1.

Identification code 1
Empirical formula Cy6H1sNOsBrF,
Formula weight 404. 18
Temperature/K 296. 15
Crystal system orthorhombic
Space group P2,2,2,

a/A 5.8132(14)
b/A 8.851(2)
c/A 31.166(8)
a/° 90. 00

B/° 90. 00

v/° 90. 00
Volume/A® 1603.5(7)
Z 4
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P caug/cmg

U /mm

F (000)

Crystal size/mm’
Radiation

20 range for data
collection/®

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness—of-fit on F’

Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e
A*S

Flack parameter

1.674

2.610

808. 0

0.3 X 0.28 X 0.2
MoKa (A =0.71073)
2.62 to 53.14

T<hs<17 -1l <sk=<10, 32 <1
=< 39

9138

3330 [Rin
3330/0/220
1. 004

Ri = 0.0450, wR,
Ri = 0.0725, wR,

= 0. 0590, Rim = 0.0846]

0. 0947
0. 1037

0.50/-0. 63
0.017(12)

Table S2 Fractional Atomic Coordinates (<10*) and Equivalent Isotropic
Displacement Parameters (A?x10°%) for 1. Ueq Is defined as 1/3 of of the trace of

the orthogonalised U,; tensor.

Atom X

Brl 13640.7(9)
C1 11215(8)
C2 9983 (8)
C3 8310 (9)
C4 7799 (7)
C5 9049 (7)
C6 10779 (8)
C7 8546 (7)
C8 9675 (6)
C9 8263 (7)
C10 8938 (9)
Cl1 8667 (7)
C12 10710 (7)
C13 11057 (9)
Cl4 9399 (8)
Ci15 7344 (8)

y z U(eq)
-912.3(5) 1426.04(18) 65.6(
49 (4) 1727.5(13) 39.4 (1
-758 (5) 2023.3(15) 48 .4 (1
-61(4) 2249.9(14) 48.3 (1
1460 (4) 2178.2(13) 34.6(1
2293 (4) 1877.2(11) 30.1¢(
1545 (4) 1652.8(13) 37.6(1
3899 (4) 1788.0(11) 33.6(
4783 (4) 1435.8(12) 29.7(
4751 (4) 1014.9(12) 33.3¢(
0144 (4) 750.6(14) 47.7 (1
3286 (4) 769.6(11) 29.4 (
3001 (5) 566.0(13) 37.9(1
1653 (5) 355.8(14) 46.1 (1
564 (5) 355.6(14) 48.0 (1
822 (5) 561.9(15) 52.1(1



Cl6 6962 (7) 2176 (5)
F1 8198 (6) 7402 (3)
F2 7975 (7) 6118 (3)
F3 11164 (6) 6295 (3)
N1 6996 (7) 4500 (4)
01 6077 (6) 2081 (3)
02 5855 (4) 4876 (3)
03 6538 (7) 6007 (3)

769.6(1
948.2(
365.8(
700.8(

2036.2(
2421.5(
1096.1 (

(

4
9
9
9
1
0
0
1934.3(10

—_—~ ~— ~— ~— ~— ~— ~— ~

R

40.4 (1
T72.2(
87.5(1
63.7(
46.7 (1
54.4
47.3
59.7

O 0O 00 O W0 +»r W O

—_—~ o~ o~

Table S3 Anisotropic Displacement Parameters (A?x10°) for 1. The Anisotropic
displacement factor exponent takes the form: -2a°[h%a*?U;;+2hka*b*Uso+...].

Atom Uir U Uss Uzs
Brl 73.7(3) 44.8(3) 78.3(4) 2.5
C1 48 (2) 27 (2) 42 (2) -2.6(
C2 53 (3) 27 (2) 65 (3) 13
C3 63(3) 28 (2) 54 (3) 16
C4 43 (2) 25(2) 36(2) 3.2(
C5 39(2) 27.0(19) 24.6(19) -0.6¢(
C6 52 (3) 27 (2) 33(2) 3.8(
C7 48 (2) 24.2(18) 29(2) . 9¢(
C8 41(2) 20.0(17) 28(2) -=-1.4¢(
C9 40(2) 21.7(18) 39(2) 2.6(
C10 75(3) 28(2) 40 (3) 4.1 (
Cl1 39(2) 20.4(17) 29(2) 4.0 (
C12 40 (3) 34 (2) 40 (2) 2
C13 53 (3) 44 (2) 41 (2) -3
Cl4 63(3) 31(2) 50 (3) -3
Ci15 62 (3) 25(2) 69 (3) -3
C16 38(2) 35(2) 48 (3) 3
F1 113(3) 21.7(13) 82 (2) 7.8 (
F2 156(3) 54.1(18) 52.8(18) 22.4(
F3 82(2) 38.5(15) 70.4(19) 14.7¢(
N1 71(3) 24.3(17) 45 (2) 2.8(
01 69(2) 36.3(16) 58(2) 10.7¢(
02 34.4(16) 42.5(17) 65(2) -12.7(
03 91(3) 25.9(14) 63(2) 4.1 (

Table S4 Bond Lengths for 1.

AtomAtom Length/A  AtomAtom Length/A
Brl C1 1.896(4) C9 Cl1 1.524(5)
Cl1 C2 1.368(6) C9 02 1.427(5)
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Cl Cé6 1.368(5) C10
C2 C3 1.351(6) C10
C3 C4 1.396(6) CI10
C4 C5 1.397(5) C11
C4 01 1.371(5) C11
C5 C6 1.392(6) C12
Cs C7 1.477(5) C13
C7 C8 1.500(5) Cl14
C7 N1 1.301(5) C15
Cc8 (9 1.548(6) N1
C9 Ci10 1.534(6)

Table S5 Bond Angles for 1.
Atom Atom Atom Angle/*

C2 Cl1 Brl 119.
C2 Cl1 Cé6 121.
C6 Cl1 Brl 119.
C3 C2 C1 119.
C2 C3 C4 120.
C3 C4 G5 120.
01 C4 C3 116.
01 C4 G5 122.
C4 C5 C7 122.
C6 C5 C4 117.
cé6 C5 C7 120.
Cl C6 G5 120.
cs Cr C8 123.
N1 C7 C5 114.
N1 C7 C8 121.
Cr C8 C9 112.
Cl0 C9 C8 107.
Cl1 C9 C8 111.
Cl1 C9 C10 112.

Table S6 Torsion Angles for 1.
A B C D Angle/*

F1
F2

C12
Cl6
C13
Cl14
C15
C16
O3

O P J N J J o o b O 9 O b o DN o w
W W W W W W W > W Wb b b bbb b D> W

e e e e

Atom Atom Atom Angle/’

02 C9 C8 111.
02 C9 C10 106.
02 C9 cCu 107.
F1 C10 C9 1009.
F2 C10 C9 111.
F2  C10 F1 107.
F3 C10 C9 113.
F3 C10 K1 106.
F3 C10 F2 108.
Cl2 Ci11 C9 121.
Cl2 Ci11 Cie 119.
Cl6 Ci11 C9 119.
Cl1 Ci12 Ci13 120.
Cl4 Ci13 C12 120.
C13 Ci14 Ci15 119.
Cl4 Ci15 Cle 120.
Cl15 Cil6 C11 119.
C7 N1 O3 112.

A B C D Angle/

BriCiC2 C3 177.6(4) C8 C9 Cl1l1Cl12 -71.6(4)
BriC1C6 C5 -178.3(3) C8 C9 Cl1Cle 105.2(4)
Cl C2C3 C4 1.3(7) C9 C11C12C13  178.3(4)
C2 C1C6 C5 -0.2(7) C9 Cl1l1C16C15 -177.6(4)
C2 C3C4 C5 -1.5(7) C10C9 C11C12 49.0(5)
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C2 C3C4 01 180.0(4) C10C9 Cl1Cl6 -134.2(4)
C3 C4C5 C6 0.7(6) C11C9 C10F1 169.6(4)
C3 C4C5 C7 179.2(4) C11C9 CI10F2 51.2(5)
C4 C5C6 C1 0.1(6) C11C9 C10F3 -71.2(5)
C4 C5C7 C8 -173.3(4) C11C12C13C14 -1.6(6)
C4 C5C7 N1 5.7(6) Cl12C11C16C15 -0.7(6)
C5 C7C8 C9 92.8(4) Cl12C13C14C15 1.0(7)
C5 C7N1 O3 -178.7(4) C13Cl14C15C16 -0.2(7)
C6 C1C2 C3 -0.5(7) C14C15C16C11 0.1(7)
C6 C5C7 C8 5.2(6) Cl6Cl1C12C13 1.5(6)
C6 C5C7 N1 -175.9(4) N1 C7 C8 C9 -86.0(5)
C7 C5C6 C1 -178.5(4) O1 C4 C5 C6 179.2(4)
C7 C8C9 C10 156.6(3) O1 C4 C5 C7 -2.3(6)
C7 C8C9 Cl11 -80.3(4) 02 C9 CI10F1 52.0(5)
C7 C8C9 02 40.1(4) O2 C9 CI10F2 -66.5(5)
C8 C7N1 03 0.3(6) 02 C9 C10F3 171.2(3)
C8 C9C10F1 -67.9(4) 02 C9 Cl11C12 165.8(4)
C8 C9C10F2 173.6(4) O2 C9 Cl1Cl6 -17.4(5)
C8 C9CI10F3 51.3(4)

Table S7 Hydrogen Atom Coordinates (A<10%) and Isotropic Displacement
Parameters (A%<10%) for 1.

Atom X y z U(eq)
H2 10295 ~1776 2068
H3 7490 -599 2456
H6 11645 2067 1450
H8A 11193 4369 1382
H8B 9864 5823 1528
H12 11871 3724 570
H13 12436 1483 213
H14 9656 ~350 216
H15 6208 82 561
H16 5573 2349 909
H1 5724 2908 2323
H2A 5645 5409 1308
H3A 5413 6297 2070
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12. Copies of NMR spectra
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