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Experimental

1. General

All experiments, which are sensitive to moisture or air, were carried out under an Ar atmosphere using
the standard Schlenk techniques. (R,R)-1,2-diphenylenediamine, [RuCly(p-Cymene)],,1,2-
bis(triethoxysilyl)ethylane, surfactant P123 (CH,-CH;0),o(CH2(CH3)CH,0)70(CH2,CH,0)5) and
tetracthoxysilane (TEOS) were purchased from Sigma-Aldrich Company Ltd. Compounds (R,R)-4-
(trimethoxysilyl)ethyl)phenylsulfonyl-1,2-diphenylethylenediaminewas synthesized according to the
reported literatures [J. Mater. Chem.2010, 20, 1970]

2. Preparation of ArDPEN-PMO (2).In a typical synthesis, 2.0 g of structure-directing agent,
pluronic P123, was fully dissolved in a mixture of 80 mL hydrochloric acid (0.2 N) and 6.0 g KCI and
the mixture was stirred at room temperature for 1.0 h. Then, 3.36 mL (9.10 mmol) of 1,2-
bis(triethoxysilyl)ethane was added as the silica precursor at 40 °C. After pre-hydrolysis period of 40
min., 0.24 g (0.48 mmol) of (R,R)-DPEN-SO,Ph(CH,),Si(OMe); was added. The reaction mixture was
stirred at 40 °C for 24 h and aged at 100 °C for 24 h. The resulting solid was filtered and rinsed with
excess ethanol before being dried overnight on a filter. The surfactant template was removed by
refluxing in acidic ethanol (400 mL per gram) for 24 h. The solid was filtered and rinsed with ethanol
again, and dried at 60 °C under reduced pressure overnight to afford 2 (1.36 g)in the form of a white
powder.IR (KBr) cm™': 3443.5 (s), 2978.5 (w), 2928.8 (w), 1627.2 (m), 1460.2 (w), 1416.5 (w), 1382.7
(w), 1273.4 (m),1164.1 (s), 1096.5 (s), 1028.9 (s), 919.7 (m), 766.7 (m), 699.1 (m), 438.8 (m);"’C CP
MAS NMR (161.9 MHz): 150.0, 137.5, 128.7 (Cof Ph and Ar), 76.1-69.2 (Cof -NCHPh—),59.4 (O-
CH,CH3), 28.8 (Cof —CH,Ar), 16.3(0-CH,CH3), 5.2(Cof —CH,Si) ppm; *°’Si MAS/NMR (79.4 MHz):
T' (6 =—49.1 ppm), T (8 = —57.6ppm), T° (5 = —65.0 ppm).

3. General procedure for the reuse experimentsusing 4,4,4-trifluoro-1,3-diphenylbut-2-enone as a
substrate.

The catalyst 3(291.0 mg, 0.030 mmol of Ru based on ICP analysis), 4,4,4-trifluoro-1,3-diphenylbut-2-
enone (1.50 mmol),HCO,Na (2.04 g, 30.0 mmol), 20.0 mL of waterwere addedsequentially to a 50.0
mL round—bottom flask.The mixture was then stirred at room temperature (20 °C) for 17 h.After
completion of the reaction, the catalyst was separated by centrifugation (10,000 rpm). The collected
solids was transfered to a fresh50.0 mL round—bottom flask and 4,4,4-trifluoro-1,3-diphenylbut-2-
enone (1.50 mmol),HCO,Na (2.04 g, 30.0 mmol) and 20.0 mL of waterwere addedagain for next
recycle. The aqueous solution was extracted with ethyl ether (3 x 3.0 mL). The combined ethyl ether
extracts were washed with NaHCO; and brine, and then dehydrated with Na,SO,. After evaporation of
ethyl ether, the residue was purified by silica gel flash column chromatography to afford the desired

products.



Figure S1. FT-IR spectra of 2 and catalyst 3.
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Figure S2. XPS spectrum of [RuCly(p-cymene)],.
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Figure S3. TEM images of catalyst 3 viewed along [100] (a) and [001] (b) directions.

(a) [100] direction.

(b) [001] direction.




Figure S4. One-pot enantioselective reduction-isomerizationof B-trifluoromethylated-a,B-unsaturated
ketones to chiral B-trifluoromethylated saturated ketones. [The products were analyzed by a HPLC with
a UV-Vis detector using a Daicel OD-H or OJ-H chiralcel column (®0.46%25 cm)].
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6a: (R)-4,4,4-trifluoro-1,3-diphenylbutan-1-one (HPLC: Chiracel OD-H, detected at 254 nm, eluent:
n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6b: (R)-4,4,4-trifluoro-3-(4-fluorophenyl)-1-phenylbutan-1-one (HPLC: Chiracel OD-H, detected at

254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6¢c: (R)-3-(4-chlorophenyl)-4,4,4-trifluoro-1-phenylbutan-1-one (HPLC: Chiracel OD-H, detected at

254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6d: (R)-3-(4-bromophenyl)-4,4,4-trifluoro-1-phenylbutan-1-one (HPLC: Chiracel OD-H, detected

at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6e: (R)-3-(3-bromophenyl)-4,4,4-trifluoro-1-phenylbutan-1-one (4e): (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6f: (R)-4,4,4-trifluoro-1-phenyl-3-(4-(trifluoromethyl)phenyl)butan-1-one (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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60: (R)-4,4,4-trifluoro-1-phenyl-3-(p-tolyl)butan-1-one (HPLC: Chiracel OD-H, detected at 254 nm,

eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6h: (R)-4,4,4-trifluoro-3-(4-methoxyphenyl)-1-phenylbutan-1-one (HPLC: Chiracel OD-H, detected

at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6i: (R)-4,4,4-trifluoro-3-methyl-1-phenylbutan-1-one (HPLC: Chiracel OJ-H, detected at 254 nm,

eluent: n-hexane/2-propanol = 99/1, flow rate =0.5 mL/min, 25 °C).
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6j: (R)-1-(4-chlorophenyl)-4,4,4-trifluoro-3-phenylbutan-1-one (HPLC: Chiracel OD-H, detected at

254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C)
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6k: (R)-1-(4-bromophenyl)-4,4,4-trifluoro-3-phenylbutan-1-one (HPLC: Chiracel OD-H, detected

at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6l: (R)-4,4,4-trifluoro-3-phenyl-1-(p-tolyl)butan-1-one (HPLC: Chiracel OD-H, detected at 254 nm,

eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6m: (R)-4,4,4-trifluoro-1-(4-methoxyphenyl)-3-phenylbutan-1-one (4m): (HPLC: Chiracel OD-H,
detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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6n: (R)-1-(3-chlorophenyl)-4,4,4-trifluoro-3-phenylbutan-1-one (HPLC: Chiracel OD-H, detected at

254 nm, eluent: n-hexane/2-propanol = 97/3, flow rate = 1.0 mL/min, 25 °C)
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60: (R)-1-(3-bromophenyl)-4,4,4-trifluoro-3-phenylbutan-1-one (HPLC: Chiracel OD-H, detected at

254 nm, eluent: n-hexane/2-propanol = 97/3, flow rate = 1.0 mL/min, 25 °C).
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6p: (R)-4,4,4-trifluoro-1-(2-methoxyphenyl)-3-phenylbutan-1-one (HPLC: Chiracel OD-H, detected

at 254 nm, eluent: n-hexane/2-propanol = 97/3, flow rate = 1.0 mL/min, 25 °C).
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60: (R)-1-(4-bromophenyl)-4,4,4-trifluoro-3-(4-fluorophenyl)butan-1-one (HPLC: Chiracel OJ-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.5 mL/min, 25 °C).
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6r: (R)-1,3-bis(4-bromophenyl)-4,4,4-trifluorobutan-1-one (40): (HPLC: Chiracel OJ-H, detected at

254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.5 mL/min, 25 °C).
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Figure S5. Enantioselectivereductions of B-trifluoromethylated-o,B-unsaturated ketones to chiral chiral
B-trifluoromethylated alcohols. [The products were analyzed by a HPLC with a UV-Vis detector using
a Daicel OD-H or AD-H chiralcel column (®0.46x25 cm). Please see literatures (Catal. Sci. Technol.
2015, 5, 1750;Angew. Chem. Int. Ed. 2012, 51, 6467).

Translation of Chinese to English is as follows:
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5a: (R,E)-4,4,4-trifluoro-1,3-diphenylbut-2-en-1-0l (HPLC: Chiracel OD-H, detected at 254 nm,

eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5b: (R,E)-4,4,4-trifluoro-3-(4-fluorophenyl)-1-phenylbut-2-en-1-ol (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5¢c: (R,E)-3-(4-chlorophenyl)-4,4,4-trifluoro-1-phenylbut-2-en-1-0l (HPLC: Chiracel OD-H,
detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5d: (R,E)-3-(4-bromophenyl)-4,4,4-trifluoro-1-phenylbut-2-en-1-ol (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5e: (R,E)-3-(3-bromophenyl)-4,4,4-trifluoro-1-phenylbut-2-en-1-0l (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5f: (R,E)-4,4,4-trifluoro-1-phenyl-3-(4-(trifluoromethyl)phenyl)but-2-en-1-0l (HPLC: Chiracel OD-
H, detected at 254 nm, eluent: n-hexane/2-propanol = 97/3, flow rate = 1.0 mL/min, 25 °C).
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50: (R,E)-4,4,4-trifluoro-1-phenyl-3-(p-tolyl)but-2-en-1-0l (HPLC: Chiracel OD-H, detected at 254

nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5h: (R,E)-4,4,4-trifluoro-3-(4-methoxyphenyl)-1-phenylbut-2-en-1-ol: (HPLC: ChiracelOD-H,
detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5i: (R,E)-4,4,4-trifluoro-3-methyl-1-phenylbut-2-en-1-ol: (HPLC: Chiracel OD-H, detected at 254

nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5i: (R,E)-1-(4-chlorophenyl)-4,4,4-trifluoro-3-phenylbut-2-en-1-ol: (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).

FBARRE 200 77

maLl
300 =
250
200 |
150
100
50 ~|
] &
A A&
. 3 q
10 20 20 40 5 B0 70 B g 100 10 120 min
Kl r -~
o hEtEinE
2 && | BamiE | e | (T35 | G s |
1 RT5. 029 B. 023 1 519192 281200 =0, 0147
z RIT7. 241 T.241 B 515357 262304 49, 9853
mall BREE 1,539,724
: rs
3000 O
] OH
25004
] FC7 N O
2000 (R) Cl J
1500
10004
500
1 =
3 b Tk
o] . - %
1 T T L N N O Y U A | L T T 2
10 20 30 40 50 6.0 70 g0 an min
K1 _ 2l
o #EFENE
Iz £ | Bam o | [T | BE [T |
1 RT6. 113 B.113 1 34275419 1835052 95, 4399
2 RI7.310 7.310 2 1837679 131274 4.5801

32



5k: (R,E)-1-(4-bromophenyl)-4,4,4-trifluoro-3-phenylbut-2-en-1-ol: (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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51: (R,E)-4,4,4-trifluoro-3-phenyl-1-(p-tolyl)but-2-en-1-ol: (HPLC: Chiracel OD-H, detected at 254

nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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sm: (R,E)-4,4,4-trifluoro-1-(4-methoxyphenyl)-3-phenylbut-2-en-1-ol: (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5n: (R,E)-1-(3-chlorophenyl)-4,4,4-trifluoro-3-phenylbut-2-en-1-o0l (HPLC: Chiracel AD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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50: (R,E)-1-(3-bromophenyl)-4,4,4-trifluoro-3-phenylbut-2-en-1-ol (HPLC: Chiracel AD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5p: (R,E)-4,4,4-trifluoro-1-(2-methoxyphenyl)-3-phenylbut-2-en-1-ol (HPLC: Chiracel OD-H,

detected at 254 nm, eluent: n-hexane/2-propanol = 97/3, flow rate = 1.0 mL/min, 25 °C).
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50: (R,E)-1-(4-bromophenyl)-4,4,4-trifluoro-3-(4-fluorophenyl)but-2-en-1-ol: (HPLC: Chiracel
OD-H, detected at 254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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5r: (R,E)-1,3-bis(4-bromophenyl)-4,4,4-trifluorobut-2-en-1-ol: (HPLC: Chiracel OD-H, detected at

254 nm, eluent: n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, 25 °C).
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Figure S6. Reusability of catalyst 3 for enantioselective reductionof4,4,4-trifluoro-1,3-diphenylbut-2-
enone to (R)-4,4,4-trifluoro-1,3-diphenylbut-2-enol.
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Figure S7. "H-NMR, *C-NMR and GC-MS of all chiral products.

6a: (R)-4,4,4-Trifluoro-1,3-diphenylbutan-1-one

Yield: 96% (97% ee, 100% es);"H NMR (400 MHz, CDCl3):8 3.52 (dd, 1H, J =
18 Hz, J = 4.5 Hz), 3.64 (dd, 1H, J = 18 Hz, J= 4.5 Hz), 4.18-4.29 (m, 1H),
7.21-7.96 (m, 10H); °C NMR (100 MHz, CDCl5):838.5 (q, J = 2 Hz), 44.9 (q, J
=27.7Hz), 127.2 (q, J =280 Hz), 128.3, 128.5,128.9, 129.0, 129.2, 133.8, 134.8
(g, J = 2 Hz), 136.5, 195.5;GC/MS (m/z): 278.09; HPLC (OD-H, elute: n-
hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C) t; = 5.1 min, t, = 6.6 min.
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6b: (R)-4,4,4-Trifluoro-3-(4-fluorophenyl)-1-phenylbutan-1-one

F Yield: 96% (92% ee, 98% es);'H NMR (400 MHz, CDCl;):8 3.51 (dd, J = 3.99,
17.76 Hz, 1H),3.59 (dd, J = 9.40, 17.76 Hz, 1H), 4.22-4.30 (m, 1H), 7.04—

O 0 7.13(m, 2H), 7.24-7.65 (m, 5H), 7.83-7.85 (m, 2H);’C NMR (100 MHz,
F,C O CDCl3):8 38.3(q, J = 2Hz), 44.2 (q, J = 28 Hz), 115.7 (d, J = 21 Hz), 126.3 (q,
= 278.4 Hz), 128.0, 128.8, 130.6, 130.7,133.7, 136.2, 162.6 (d, J = 246.1 Hz),

195.1;GC/MS (m/z): 296.08; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow
rate: 1.0 mL/min, 25 °C) t; = 5.2 min, t, = 6.1 min.
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6¢: (R)-3-(4-Chlorophenyl)-4,4,4-trifluoro-1-phenylbutan-1-one

Yield: 97% (95% ee, 100% es);'H NMR (400 MHz, CDCl3): 83.60 (dd, 1H, J =
17.9 Hz, J =4.3 Hz),3.68 (dd, 1H, J = 17.8 Hz, J = 9.1 Hz),4.21-4.33 (m, 1H),
7.30-7.36 (m, 4H),7.46 (t, 2H, J = 7.8 Hz),7.61 (t, 1H, J= 7.4 Hz),7.92 (d, 2H, J=
7.3 Hz);C NMR (100 MHz, CDCl;): 838.2(q, J = 2 Hz), 44.6 (q, J = 27
Hz),126.9 (q, J = 277.7 Hz), 128.3, 129.0, 129.2, 130.6,133.3 (q, J = 1.5Hz),
133.9, 134.6, 136.4,195.2;GC/MS (m/z): 312.05; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5,
detector: 254 nm, flow rate: 1.0 mL/min, 25 °C) t; = 5.8 min, t, = 7.2 min.
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6d: (R)-3-(4-Bromoephenyl)-4,4,4-trifluoro-1-phenylbutan-1-one

Yield: 95% (94% ee, 98% es); 'H NMR (400 MHz, CDCl;):8 3.58 (dd, 1H, J =3
Hz, J = 18 Hz), 3.67 (dd, 1H, J = 9 Hz, J =18 Hz), 4.21 (m, 1H), 7.25-7.28 (m,
2H), 7.43-7.48 (m, 3H), 7.56-7.60(m, 2H), 7.90-7.93 (m, 2H);"*C NMR (100 MHz,
CDCl3):8 38.2(q, J = 2Hz), 44.6 (q, J =27 Hz),122.7, 126.9 (q, J = 279 Hz), 128.3,
129.0, 130.9, 132.1, 133.8, 133.9,136.4, 195.2; GC/MS (m/z): 356.00; HPLC

(OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C) t; = 5.2 min,

t, = 6.2 min.
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6e: (R)-3-(3-Bromoephenyl)-4,4,4-trifluoro-1-phenylbutan-1-one.

Yield: 94% (95% ee, 100% es);'H NMR (400 MHz, CDCl;):8 3.58 (dd, 1H, J =
3 Hz,J= 18 Hz), 3.67 (dd, 1H, J =9 Hz, J =18 Hz), 4. 20 (m, 1H), 7.21-7.28 (m,
1H), 7.33-7.41 (m, 1H), 7.42-7.53(m, 3H), 7.56-7.65 (m, 2H),7.90-7.98 (m,
2H);"*C NMR (100 MHz, CDCl5):8 38.4(q, J = 2Hz), 44.7 (q, J = 27 Hz),122.9,
127.0 (q, J =278 Hz),128.1,128.3, 129.0, 130.4, 131.7,132.2, 133.8, 133.9,136.3,
195.1; GC/MS (m/z): 356.00; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow
rate: 1.0 mL/min, 25 °C) t; = 8.2 min, t, = 10.5 min.

- O 0®m ®UW W NN O T T e e B B e B T B T 0 0 I~ S 0 0D <
W ND 0o 0Dk DD W0 — O@ M- © Mo - O = O W0 W — O
e e L I R e MO NN NN L L
= = =~ I~~~ I~ ~ P~ P~ M~ P~ -~ - = < F < < < F ) M0 0 M 0

J—
‘-—_\-"‘"—\-\—

Ll

UL T

4!

06} €
| 69V L
—H| €0
-{| 060

8.0 7.0 6.0 50 40 3.0 2.0 1.0
ppm (t1)

51



g FEESEEREREERA T e o= o oen I
i WSO e N — o S Oh 00 00 0O W N RN B B e 28000
e cooooooaafanan EEE $IFFEE _
| S T )_J_J_.J_.J_JJ
= = " N 26000
124000
22000
I b
| 120000
18000
L16000
-14000
12000
110000
! [
8000
6000
|
| . ' 4000
| ! I
“ I 12000
|
(l
- ' | U B I S T
200 190 180 170 160 150 140 130 120 110 100 S0 & 70 60 50 40 30 20 10
fl (ppm)
Abundance Scan 10729 (23.979 min): 15.D
105
3000000
2500000
(R)-3-(3-bromophenyl)-4,4,4-trifluoro-1-phenylbutan-1-one
2000000 .
Chemical Formula: C4gH12BrF30
Exact Mass: 356.00
1500000
1000000 77
336
500000
51
63 131 178 189 356
a7 39 88 ) 88 |, 122433 | 165 178 )¢ 207 298327 239 250250 275 267 299 313 I it

B ek SR B IR I R B | | ISR BN LA RARAN RARM SRR | I IR AR R RAREJ LARAN RARAY RARANARAE RALN RARLY| T e e T T T
miz—= 20 30 40 50 60 70 80 90 100110120130140150160170180190200210 220 230240250260 270280 250 300310 320 320 340 350 360

52



6f: (R)-4,4,4-Trifluoro-1-phenyl-3-(4’-(trifluoromethyl)phenyl)butan-1-one

Yield: 97% (93% ee, 98% es);'H NMR (400 MHz, CDCl;): & 3.64 (dd,1H,J =3
Hz,J =18 Hz), 3.74 (dd, 1H, J =9 Hz, ] = 18 Hz), 4.32(m,1H),7.45-7.62 (m, 7H),
7.91-7.94 (m, 2H); C NMR (100 MHz, CDCls): & 38.1(q, J = 1.5 Hz), 44.7 (q,
J=28 Hz), 123.9 (q, J =271 Hz), 125.7 (q, J = 4 Hz), 126.6 (q, J = 278Hz), 128.0,
128.8, 129.5, 130.6 (q, J = 32 Hz), 133.8, 136.0, 138.6, 194.8;GC/MS (m/z):
346.08; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow
rate: 1.0 mL/min, 25 °C) t; = 6.5 min, t, = 8.3 min
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60: (R)-4,4,4-trifluoro-1-phenyl-3-p-tolylbutan-1-one

Me Yield: 96% (93% ee, 99% es);'H NMR (400 MHz, CDCls): 82.32 (s, 3H),3.59 (dd,
1H,J=17.7Hz, J=3.9 Hz), 3.73 (dd, 1H, J=17.8 Hz, J = 9.2 Hz), 4.19-4.25 (m,
1H),7.16 (d, 2H, J = 7.7 Hz), 7.30 (d, 2H, J = 7.7 Hz), 7.46 (t, 2H, J = 7.6 Hz),
7.58 (t, 1H, J = 7.2 Hz),7.94 (d, 2H, J =7.6 Hz);”C NMR (100 MHz,
CDCl»):0620.0, 37.2 (q, J = 1.5 Hz), 43.3 (q, J = 27 Hz),125.9 (q, J = 277
Hz),127.0, 127.6, 127.8, 128.3, 130.4 (q, J = 2 Hz), 131.5, 132.5, 135.2, 137.0,194.3;GC/MS (m/z):
292.11; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25
°C) t; = 5.4 min, t, = 6.1 min.
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6h: (R)-4,4,4-Trifluoro-3-(4-methoxyphenyl)-1-phenylbutan-1-one

Yield: 92% (93% ee, 95% es);'H NMR (400 MHz, CDCls):8 3.56 (dd, 1H, J=4 Hz,
J =18 Hz), 3.68 (dd, 1H, J =9 Hz, J = 18 Hz), 3.77 (s, 3H), 4.12-4.27 (m, 1H),
6.85-6.89 (m, 2H), 7.30-7.33 (m, 2H), 7.43-7.48 (m, 2H),7.54-7.60 (m, 1H), 7.91-
7.95 (m, 2H);"*C NMR (100 MHz, CDCl3):5 38.6 (q, J = 2Hz), 44.3 (q, J = 27 Hz),
55.4,114.3, 126.7 (q, J = 2 Hz), 127.3 (q, J = 277Hz), 128.3, 128.9, 130.3, 133.7,
136.6, 159.7, 195.7,GC/MS (m/z): 308.10; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector:
254 nm, flow rate: 1.0 mL/min, 25 °C) t; = 14.4 min, t, =15.0 min.
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6i: (R)-4,4,4-Trifluoro-3-methyl-1-phenylbutan-1-one
Me O Yield: 97% (88% ee, 98% es);lH NMR (400 MHz, CDCl3):6 1.19 (d, J = 6Hz, 3H),
F3C/E\)J\© 2.98-3.06 (m, 2H), 3.26-3.35 (m, 1H), 7.49 (t, J =7 Hz, 2H), 7.60 (t, J =7 Hz, 1H),
7.97 (d, J = 7 Hz, 2H); C NMR (100 MHz, CDCl5):8 13.3(q, J =2 Hz), 33.9 (q, J
= 27 Hz), 38.5 (q, J = 2 Hz), 128.0, 128.3 (q, J= 276Hz),128.8, 133.6, 136.5, 196.4;GC/MS (m/z):

216.08; HPLC (OJ-H, elute: n-hexanes/i-PrOH = 99/1, detector: 254 nm, flow rate: 0.5 mL/min, 25 °C)

t; = 12.8 min, t; =13.4 min.
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6i: (R)-1-(4-Chlorophenyl)-4,4,4-trifluoro-3-phenyl-1-butanone
Yield: 96% (88% ee, 97% es);lH NMR (400 MHz, CDCls): 63.53 (dd, 1H, J =

17.8 Hz, J = 4.4 Hz), 3.64 (dd, 1H, J = 17.8 Hz, J = 8.8Hz), 4.12-4.26 (m, 1H),
7.28-7.40 (m, 7H),7.82 (d, 2H, J =8.6 Hz); >*C NMR (100 MHz, CDCl;):

038.5 (q, J =2 Hz) 45.0 (q, J = 27 Hz), 127.0 (q, J= 277.8 Hz), 128.6, 129.0,
Cl
129.2, 129.3, 129.7, 134.6 (q, J = 2 Hz), 134.8,140.3,194.3;GC/MS (m/z):

312.05; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25

°C) t; = 6.3 min, t, =7.2 min.
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6k: (R)-1-(4-Bromophenyl)-4,4,4-trifluoro-3-phenylbutan-1-one

I o)

Yield: 95% (94% ee, 100% es);'H NMR (400 MHz, CDCl5):83.57 (dd, 1H, J
=17.7 Hz, J = 4.4 Hz), 3.66 (dd,1H, J = 17.7 Hz, J = 8.8 Hz), 4.16-4.30 (m,

1H), 7.30-7.40 (m, 5H), 7.60 (d, 2H, J = 8.5 Hz),7.78 (d, 2H, J =8.5 Hz);"*C

FsC

Br

NMR (100 MHz, CDCls): 838.3 (q, J = 2 Hz), 44.8 (q, J = 27 Hz), 126.9 (q, J
= 277.7 Hz), 128.4,128.8, 129.0, 129.1, 129.6, 132.1, 134.4 (q, J= 2 Hz),135.0,

194.4,GC/MS (m/z): 356.00; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow

rate: 1.0 mL/min, 25 °C) t; = 6.2 min, t, =7.1 min.
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6l: (R)-4,4,4-Trifluoro-1-(4-methylphenyl)-3-phenyl-1-butanone
Yield: 95% (90% ee, 95% es); "H NMR (400 MHz, CDCls): & 2.40, (s, 3H),
3.53-3.60 (m,1H), 3.68 (ddd, J = 1.9, 8.9, 17.8 Hz, 1H), 4.21-4.28 (m, 1H),
7.24-7.38(m, 7H), 7.81-7.84(m, 2H);"*C NMR (100 MHz, CDCl): §21.7,
38.1(q, J = 2 Hz), 44.8 (q, J= 27.7Hz), 127.0(q, J= 279.2 Hz), 128.2, 128.3,
Me 128.7,129.0, 129.4, 129.8, 133.8, 134.6, 144.5, 194.9; GC/MS (m/z): 292.11;
HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C) t; =

4.8 min, t, =5.5 min.
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6m: (R)-4,4,4-Trifluoro-1-(4-methoxyphenyl)-3-phenyl-1-butanone

Yield: 92% (90% ee, 100% es); 'H NMR (400 MHz, CDCls): & 3.53 (dd, J =
3.9, 17.4 Hz, 1H), 3.65 (dd, J =9.0, 17.4 Hz, 1H), 3.85(s, 3H), 4.18-4.31 (m,
1H), 6.92 (d, J = 8.4 Hz, 2H), 7.29-7.40 (m, 5H), 7.91 (d, J = 8.7 Hz, 2H); °C
NMR (100 MHz, CDCls): 6 38.0 (q, J = 1.5 Hz), 45.1 (q, J = 27.7 Hz), 55.7,
114.0, 127.3 (q, J = 278.2 Hz), 128.4, 128.9, 129.2, 129.6, 130.6, 135.0,
164.0, 194.0; GC/MS (m/z): 308.10; HPLC (OD-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm,
flow rate: 1.0 mL/min, 25 °C) t; = 8.2 min, t, =10.0 min.
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6n: (R)-1-(3-Chlorophenyl)-4,4,4-trifluoro-3-phenyl-1-butanone

Yield: 95% (93% ee, 99% es); 'H NMR (400 MHz, CDCl;): 8 3.58 (dd, 1H, J =
17.8 Hz, J = 4.4 Hz), 3.68 (dd, 1H, J = 17.8 Hz, J = 8.8Hz), 4.21-4.32 (m, 1H),
7.28-7.58 (m, 7H), 7.85 (d, 2H, J =8.6 Hz); '>*C NMR (100 MHz, CDCls): & 38.7

(q, J =2 Hz), 45.0 (q, J = 27 Hz), 126.3, 127.0 (q, J= 277.8 Hz), 128.4, 128.6,
cl 129.2,130.3, 133.7, 134.6 (q, J = 2 Hz), 135.4, 138.0, 194.3; GC/MS (m/z): 312;
HPLC (OD-H, elute: Hexanes/i-PrOH = 97/3, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C), t; = 5.6

min, t, =7.6 min
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60: (R)-1-(3-Bromophenyl)-4,4,4-trifluoro-3-phenylbutan-1-one

Yield: 96% (93% ee, 100% es); 'H NMR (400 MHz, CDCls): § 3.57 (dd, 1H, J =
17.7 Hz, J = 4.4 Hz), 3.66 (dd, 1H, J = 17.7 Hz, J = 8.8 Hz), 7.27-7.42 (m,
5H),4.18-4.33 (m, 1H), 7.62 (d, 2H, J = 8.5 Hz), 7.88 (d, 2H, J = 8.5 Hz); °C
NMR (100MHz, CDCls): & 38.6 (q, J =2 Hz), 45.0 (q, J = 27 Hz), 126.7, 127.0 (q,
J=277.9 Hz), 128.6, 128.9, 129.2, 130.5, 133.7, 134.6 (q, J = 2 Hz), 136.6, 138.2,
194.2; GC/MS (m/z): 356; HPLC (OD-H, elute: Hexanes/i-PrOH = 97/3, detector: 254 nm, flow rate:
1.0 mL/min, 25 °C), t; = 5.6 min, t, =7.6 min.
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6p: (R)-4,4,4-Trifluoro-1-(2-methoxyphenyl)-3-phenyl-1-butanone

Yield: 95% (92% ee, 100% es); 'H NMR (400 MHz, CDCls): § 3.63 (dd, 1H, J =
13.2 Hz, J = 1.0 Hz), 3.74 (dd, 1H, J = 17.9 Hz, J = 3.2 Hz), 3.95 (s, 3H), 4.16—
4.28 (m, 1H), 6.94-7.10 (m, 2H), 7.57-7.61 (m, 1H), 7.28-7.40 (m, 5H), 7.45—
7.51 (m, 1H); °C NMR (100 MHz, CDCls): & 43.6 (q, J = 2 Hz), 45.3 (q, J= 27
Hz), 55.7, 111.7, 121.0, 127.2 (q, J = 277.9 Hz), 127.6, 128.3, 128.7, 129.4, 130.8, 134.2, 135.1 (q, J =
1.5 Hz), 158.8, 197.7; GC/MS (m/z): 308; HPLC (OD-H, elute: Hexanes/i-PrOH = 97/3, detector: 254

O OCH

3

FsC

nm, flow rate: 1.0 mL/min, 25 °C), t; = 6.8 min, t, =7.2 min
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60: (R)-1-(4-bromophenyl)-4,4,4-trifluoro-3-(4-fluorophenyl)butan-1-one
Yield: 95% (91% ee, 100% es); '"H NMR (400 MHz, CDCl;):83.52-3.67 (m,
2H), 4.21 (dd,J=9.4, 4.4 Hz, 1H), 7.02-7.07 (m, 2H), 7.28-7.39 (m, 2H), 7.61—
7.63(m, 2H), 7.78-7.81 (m, 2H);"*C NMR (100 MHz, CDCl5):8 38.3(q, J =
2Hz), 44.2 (q, J = 28 Hz),115.7 (d, J = 22 Hz),126.7 (q, J = 278 Hz), 129.0,
gr 129.5,130.6, 130.7,132.1, 134.9, 162.6 (d, J = 246 Hz),194.2;GC/MS (m/z):
373.99; HPLC (OJ-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.5 mL/min, 25 °C)
t; = 15.2 min, t,=19.4min.
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6r: (R)-4,4,4-Trifluoro-1,3-bis(4-bromophenyl)butan-1-one
Yield: 94% (90% ee, 97% es); 'H NMR (400 MHz, CDCl3): & 3.51-3.65 (m,
2H), 4.18 (dd,J = 9.4, 4.4 Hz, 1H), 7.23-7.29 (m, 2H), 7.44-7.49 (m, 2H), 7.57-
7.62(m, 2H), 7.74-7.79 (m, 2H);">*C NMR (100 MHz, CDCls): 8= 38.1(q, J= 1.5
Hz), 44.4 (q, J= 27 Hz), 122.6, 126.5 (q, J =279 Hz), 129.1, 129.5 (d, J =2 Hz),
Br 130.6,131.9, 132.1, 133.4 (d, J= 1.7 Hz), 134.8, 194.0; GC/MS (m/z): 433.91;
HPLC (OJ-H, elute: n-hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.5 mL/min, 25 °C) t; =

11.9 min, t, = 12.9 min.
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(R)-1,3-bis(4-bromophenyl)-4,4,4-trifluorobutan-1-one
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