Supporting Information

Asymmetric Synthesis of CF3- and Indole-Containing Thiochromanes
via a Squaramide-Catalyzed Michael-Aldol Reaction

Yuanyuan Zhu,” Zhenghao Dong,” Xin Cheng,” Xiaoling Zhong,” Xiaolin liu,’ Li
Lin," Zhigiang Shen,* Peiju Yang,* Yuan 1i,® Hailin Wang,® Wenjin Yan,*" Kairong
Wang,* " and Rui Wang* "+

"The Institute of Pharmacology, Key Laboratory of Preclinical Study for New Drugs
of Gansu Province, School of Basic, Medical Sciences, Lanzhou University, Lanzhou
730000, China

“State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of
Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, Peoples Republic
of China

SThe Peoples Hospital of Gansu Province

yanwj@Izu.edu.cn; wangkr@Izu.edu.cn; wangrui@Izu.edu.cn

Table of Contents

1o =T =1 I 1) 0] g 04T 1[0 PO S2

2. General procedure for the syntheses of g-indole-g-CF3 enones and their

ANAIYTICAl DAlA...uieiiiniieiieeniiniieriererintenseesesontonssssnsiiissssssnssnssssnss S3
3. Representative ProCeaUIe...ciiieeereiitieteeeneentinteaceecnsencescescnsensencnnnn S12
4. Analytical Data and HPLC Chromatogram of the Addition Products....... S12
5. Screening of Catalysts for the synthesis of Compound 4.......cccecvvuviinnnnen. S41
6. X-ray Structure of Compound 2N...c.ceeiiiniieiiiiiieiierererinceeciacescnnnnn. S43
7. X-ray Structure of COmMPOUNd 30.cuieeeererenreneeenrenreceesnsenseiasensccnsansn. S44
8. Copies of 'H, °F and 3C NMR SPeCtra........eeeeeeeerevmuueeeeeerrrnnierniiinns S45

S1



1. General Information

Reactions were monitored by thin layer chromatography (TLC), and compounds were
visualized with a UV light at 254 nm. Column chromatography purifications were
carried out using silica gel. *H, **C and *°F NMR spectra were recorded on a Bruker
(300 MHz) spectrometer in CDCl3 using tetramethylsilane (TMS) as internal standard.
Data are presented as follows: chemical shift, integration, multiplicity (br = broad, s =
singlet, d = doublet, t = triplet, g = quartet, m = multiplet) and coupling constant in
Hertz (Hz). Mass peaks are identified by the corresponding m/z values. The ee values
determination was carried out using chiral high-performance liquid chromatography
(HPLC) with Chiracel IA column, Chiracel IC column and Chiracel OD column.
Optical rotations were measured on a digital polarimeter and are reported as follows:
[a]o’ (1 9/100 mL, CHCI3).

All solvents were obtained from commercial sources and were purified according to
standard procedures. The starting materials 2,2,2-trifluoro-1-(1H-indol-3-yl)ethan-1-
ones were prepared according to literature procedure, 2 1-phenyl-2-(triphenyl-15-
phosphanylidene)ethan-1-ones were synthesized by literature method. &!
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2. General procedure for the syntheses of g-indole-f-CF; enones and their
Analytical Data
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A solution of 2,2,2-trifluoro-1-(1H-indol-3-yl)ethan-1-one (1.0 equiv) in DMF was
added into the solution of 1-phenyl-2-(triphenyl-15-phosphanylidene)ethan-1-one (1.4
equiv) in dry THF under nitrogen atmosphere at 0 <C, then the mixture was stirred at
80 T until complete disappearance of the starting materials, after which it was cooled
to room temperature, then saturated solution of ammonium chloride was added to
quench the reaction, then the mixture was extracted with ethyl acetate, washed with
saturated brine solution and dried by Na,SO., after an evaporation of the organic
solvent, the crude residue was purified by silica gel column chromatography
(hexane/ethyl acetate) and afforded the resulting S-indole-5-CF3 enones as described
below.

tert-butyl-(E)-3-(1,1,1-trifluoro-4-oxo-4-phenylbut-2-en-2-yl)-1H-indole-1-carbox
ylate (2a)

From 0.63 g (2 mmol) tert-butyl 3-(2,2,2-trifluoroacetyl)-1H-indole-1-carboxylate and
1.06 g (2.8 mmol, 1.4 equiv) 1l-phenyl-2-(triphenylphosphoranylidene)ethanone,
fS-indole-4-CF3 enone 2a was obtained as a yellow solid (0.58 g, 70% yield), mp = 79
- 80 <. 'H NMR (300 MHz, CDCl;) & 8.07 (d, J = 8.4 Hz, 1H), 7.85 (s, 1H), 7.82 (d, J
=1.5Hz, 1H), 7.66 (s, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.49 (t, J = 1.4 Hz, 1H), 7.38 (t, J
= 7.7 Hz, 2H), 7.32 - 7.25 (m, 2H), 7.17 -7.12 (m, 1H), 1.65 (s, 9H). **C NMR (75
MHz, CDCl3) 6 191.2, 149.1, 136.2, 134.9, 133.8, 132.4 (q, Jc.r = 31.8 Hz), 131.1 (q,
Jcr = 4.8 Hz), 128.7, 128.7, 128.6, 126.7, 124.9, 123.1, 122.8 (q, Jcr = 273.3 Hz),
119.9, 115.3, 111.1, 84.5, 28.1. *F NMR (282 MHz, CDCls) § —66.9. HRMS (ESI)
m/z calcd for CsH21FsNO3 [M+H]™: 416.1468, found 416.1474.

(E)-3-(1-acetyl-1H-indol-3-yl)-4,4,4-trifluoro-1-phenylbut-2-en-1-one (2b)

From 0.52 g (2 mmol) 1-(1-acetyl-1H-indol-3-yl)-2,2,2-trifluoroethanone and 1.06 g
(2.8 mmol, 1.4 equiv) 1-phenyl-2-(triphenylphosphoranylidene)ethanone, f-indole-3-

S3



CF3 enone 2b was obtained as a yellow solid (0.49 g, 69% yield), mp = 92 - 93 <C. 'H
NMR (300 MHz, CDCls) & 8.35 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 7.5 Hz, 2H), 7.51 (s,
2H), 7.45 (d, J = 7.2 Hz, 1H), 7.36 - 7.26 (m, 4H), 7.17 (t, = 7.5 Hz, 1H), 2.53 (s, 3H).
13C NMR (75 MHz, CDCl3)  191.1, 168.4, 136.0, 135.3, 134.0, 131.9 (q, Jc.r = 5.0
Hz), 131.8 (q, Jc.r = 32.3 Hz), 128.7, 128.7, 128.5, 126.4, 125.8, 124.1, 122.8 (q, Jc-r
= 273.3 Hz), 119.8, 116.7, 112.6, 23.8. **F NMR (282 MHz, CDCl;) § —66.4. HRMS
(ESI) m/z calcd for CyoHysF3NO, [M+H]": 358.1049, found 358.1058.

(E)-4,4,4-trifluoro-1-phenyl-3-(1-tosyl-1H-indol-3-yl)but-2-en-1-one (2c)

From 0.73 g (2 mmol) 2,2,2-trifluoro-1-(1-tosyl-1H-indol-3-yl)ethanone and 1.06 g
(2.8 mmol, 1.4 equiv) 1-phenyl-2-(triphenylphosphoranylidene)ethanone, f-indole-f-
CF3 enone 2c was obtained as a yellow solid (0.55 g, 59% yield), mp = 76 - 77 <C. *H
NMR (300 MHz, CDCl3) & 7.73 (d, J = 8.1 Hz, 1H), 7.62 (d, J = 7.2 Hz, 2H), 7.57 (s,
1H), 7.52 (d, J = 7.8 Hz, 2H), 7.33 (s, 1H), 7.25 (t, J = 9.2 Hz, 2H), 7.14 (t, J = 7.4 Hz,
3H), 7.02 (d, J = 7.2 Hz, 3H), 2.14 (s, 3H). *C NMR (75 MHz, CDCls) & 191.3, 145.4,
135.8, 134.7, 134.4, 133.9, 132.4 (q, Jcr = 4.8 Hz), 131.2 (q, Jcr = 32.3 Hz), 130.0,
129.0, 128.7, 128.6, 127.3, 126.9, 125.2, 123.7, 122.8 (q, Jc.r = 273.0 Hz), 120.6,
113.5, 112.5, 21.5. **F NMR (282 MHz, CDCls) § —66.5. HRMS (ESI) m/z calcd for
CasH19F3sNO3S [M+H]": 470.1032, found 470.1041.

tert-butyl-(E)-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl)-1H-ind
ole-1-carboxylate (2d)

MeO

From 0.63 g (2 mmol) tert-butyl 3-(2,2,2-trifluoroacetyl)-1H-indole-1-carboxylate and
1.15 g (2.8 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-(triphenylphosphoranylidene)-
ethanone, -indole-4-CF3 enone 2d was obtained as a yellow solid (0.66 g, 74% yield),
mp = 123 - 124 <T. *H NMR (300 MHz, CDCls) 5 8.09 (d, J = 8.1 Hz, 1H), 7.77 (d, J =
8.7 Hz, 2H), 7.73 (s, 1H), 7.46 (s, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H),
7.11 (t, J = 7.4 Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 3.63 (s, 3H), 1.58 (s, 9H). *C NMR
(75 MHz, CDCl3) & 189.4, 164.2, 149.1, 135.0, 132.0 (q, Jc.r = 5.0 Hz), 131.2, 131.1
(9, Jcr = 31.8 Hz), 129.2, 128.8, 126.6, 124.9, 123.1 (q, Jc.r = 272.8 Hz), 121.3,
120.0, 115.4, 113.9, 111.3, 84.4, 55.3, 27.9. *F NMR (282 MHz, CDCl;) & —66.6.
HRMS (ESI) m/z calcd for C4H23F3NO4 [M+H]': 446.1574, found 446.1583.

tert-butyl-(E)-3-(1,1,1-trifluoro-4-(4-fluorophenyl)-4-oxobut-2-en-2-yl)-1H-indole
-1-carboxylate (2e)
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From 0.63 g (2 mmol) tert-butyl 3-(2,2,2-trifluoroacetyl)-1H-indole-1-carboxylate and
1.11 g (2.8 mmol, 1.4 equiv) 1-(4-fluorophenyl)-2-(triphenylphosphoranylidene)-
ethanone, -indole-5-CF3 enone 2e was obtained as a yellow oil (0.61 g, 70% yield).
'H NMR (300 MHz, CDClI5) & 8.08 (d, J = 8.4 Hz, 1H), 7.87 - 7.83 (m, 2H), 7.67 (s,
1H), 7.42 (d, J = 1.5 Hz, 1H), 7.31 - 7.25 (m, 2H), 7.18 - 7.13 (m, 1H), 7.07 - 7.00 (m,
2H), 1.65 (s, 9H). *C NMR (75 MHz, CDCl;) & 189.8, 166.0 (d, Jc.r = 255.0 Hz),
149.1, 134.9, 132.7 (d, Jc-r = 5.3 Hz), 132.5 (q, Jc.r = 32.0 Hz), 131.5 (d, Jc.r = 9.0
Hz), 130.7 (q, Jc.r = 4.8 Hz), 128.5, 126.7, 125.0, 123.1, 122.8 (q, Jc.r = 273.0 Hz),
119.8, 115.9 (d, Jc.r = 21.8 Hz), 115.4, 110.9, 84.6, 28.1. *°F NMR (282 MHz, CDCl5)
& —66.9, —103.2. HRMS (ESI) m/z calcd for CpsH0F4sNOs [M+H]": 434.1374, found
434.1378.

tert-butyl-(E)-4-methyl-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-y
I)-1H-indole-1-carboxylate (2f)

MeO
From 0.65 g (2 mmol) tert-butyl 4-methyl-3-(2,2,2-trifluoroacetyl)-1H-indole-
1-carboxylate and 1.15 g (28 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-s-CF; enone 2f was obtained as a
yellow oil (0.56 g, 70% yield). *H NMR (300 MHz, CDCls) § 8.00 (d, J = 8.4 Hz, 1H),
7.84 (d,J=9.0Hz, 2H), 7.62 (d, J = 1.5 Hz, 1H), 7.47 (s, 1H), 7.20 (t, J = 7.8 Hz, 1H),
6.98 (d, J=7.5Hz, 1H), 6.89 (d, J=9.0 Hz, 2H), 3.82 (s, 3H), 2.47 (s, 3H), 1.62 (s, 9H).
13C NMR (75 MHz, CDCl3) 5 188.0, 164.2, 149.3, 135.1, 134.6 (q, Jc.r = 31.8 Hz),
131.9(q, Jc.r =4.3 Hz), 131.1, 129.7, 128.7, 125.3, 124.9, 124.8, 124.5, 122.6 (q, Jc-r
= 272.8 Hz), 114.0, 113.1, 110.8, 84.1, 55.5, 28.1, 19.1. *°F NMR (282 MHz, CDCl5)
5 —67.8. HRMS (ESI) m/z calcd for CasHosFsNO, [M+H]™: 460.1730, found
460.1740.

tert-butyl-(E)-5-fluoro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (29g)

MeO’

From 0.66 g (2 mmol) tert-butyl 5-fluoro-3-(2,2,2-trifluoroacetyl)-1H-indole-1
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-carboxylate and 1.15 g (2.8 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, s-indole-5-CF3 enone 2g was obtainned as a
yellow solid (0.70 g, 76% yield), mp = 101 - 102 <. *H NMR (300 MHz, CDCl3) &
8.04 (dd, J = 9.0, 3.9 Hz, 1H), 7.84 (d, J = 8.7 Hz, 2H), 7.69 (s, 1H), 7.49 (d, J = 1.5 Hz,
1H), 7.00 (s, 1H), 6.97 (d, J = 2.1 Hz, 1H), 6.87 (d, J = 9.0 Hz, 2H), 3.82 (s, 3H), 1.64 (s,
9H). *C NMR (75 MHz, CDCls) 5 189.3, 164.3, 159.3 (d, Jcr = 238.5 Hz), 148.9,
131.8 (q, Jcr = 4.8 Hz), 131.3, 131.2, 131.0 (q, Jc-r = 32.0 Hz), 129.7 (d, Jc.r = 9.8
Hz), 129.2, 128.0, 122.8 (q, Jcr = 273.0 Hz), 116.4 (d, Jcr = 9.0 Hz), 114.0, 113.0,
112.6, 110.9 (d, Je.r = 4.5 Hz), 105.6 (d, Jo.r = 24.0 Hz), 84.7, 55.5. *°F NMR (282
MHz, CDCl3) § —66.8, —119.8. HRMS (ESI) m/z calcd for Cp4H2FsNO4 [M+H]™:
464.1479, found 464.1489.

tert-butyl-(E)-5-chloro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (2h)

MeO

From 0.68 g (2 mmol) tert-butyl 5-chloro-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.15 g (2.8 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, S-indole-5-CF; enone 2h was obtained as a
yellow solid (0.70 g, 84% vyield), mp = 109 - 110 <T.*H NMR (300 MHz, CDCl3) &
7.87(d, J=9.0 Hz, 1H), 7.68 (d, J = 9.0 Hz, 2H), 7.56 (s, 1H), 7.37 (d, J = 1.2 Hz, 1H),
7.18(d, J=1.8 Hz, 1H), 7.05 (dd, J = 8.7, 1.8 Hz, 1H), 6.69 (d, J = 9.0 Hz, 2H), 3.60 (s,
3H), 1.47 (s, 9H). *C NMR (75 MHz, CDCl;) & 189.1, 164.3, 148.7, 133.4, 132.3 (q,
Jor = 4.3 Hz), 131.2, 130.6 (q, Jcr = 32.3 Hz), 130.0, 129.1, 128.8, 127.7, 125.0,
122.9 (q, Je.r = 273 Hz), 119.7, 116.4, 114.0, 110.5, 84.9, 55.4, 27.9. *°F NMR (282
MHz, CDCls) § —66.8. HRMS (ESI) m/z calcd for Co4H2CIFsNO, [M+H]": 480.1184,
found 480.1195.

tert-butyl-(E)-5-bromo-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (2i)

MeO

From 0.78 g (2 mmol) tert-butyl 5-bromo-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.15 g (2.8 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-s-CF3 enone 2i was obtained as a
yellow solid (0.79 g, 75% yield), mp = 114 - 115 <T.*H NMR (300 MHz, CDCls) &
7.97 (d,J=8.7 Hz, 1H), 7.84 (d, J = 8.7 Hz, 2H), 7.65 (s, 1H), 7.51 (d, J = 1.2 Hz, 1H),
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7.43(d, J=1.5Hz, 1H), 7.35(dd, J = 8.7, 1.8 Hz, 1H), 6.89 (d, J = 9.0 Hz, 2H), 3.83 (s,
3H), 1.64 (s, 9H). *C NMR (75 MHz, CDCls) & 189.3, 164.3, 148.7, 133.7, 132.2 (q,
Jo.r = 4.5 Hz), 131.2, 130.7 (q, Jor = 32.3 Hz), 130.4, 129.2, 127.7, 127.5, 122.7,
122.7 (q, Jc.r = 272.8 Hz), 116.8, 116.5, 114.1, 110.3, 84.9, 55.6, 28.1. °F NMR (282
MHz, CDCls) § —66.8. HRMS (ESI) m/z calcd for CpsH,BrFsNO, [M+H]*: 524.0679,
found 524.0690.

tert-butyl-(E)-5-methyl-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-y
I)-1H-indole-1-carboxylate (2f)

MeO

From 1.00 g (3.06 mmol) tert-butyl 5-methyl-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.76 g (4.28 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-5-CF; enone 2j was obtained as a
yellow solid (0.99 g, 70% yield), mp = 98 - 99 <C.*H NMR (300 MHz, CDCls)  7.94
(d, J=8.7Hz, 1H), 7.84 (d, J = 9.0 Hz, 2H), 7.63 (s, 1H), 7.46 (d, J = 1.2 Hz, 1H), 7.08
- 7.06 (m, 2H), 6.85 (d, J = 8.7 Hz, 2H), 3.79 (s, 3H), 2.27 (s, 3H), 1.62 (s, 9H). **C
NMR (75 MHz, CDCl3) 6 189.7, 164.1, 149.2, 133.1, 132.5, 131.5 (q, Jcr = 5.0 Hz),
131.4 (q, Jcr = 32.0 HZz), 131.2, 129.4, 128.8, 126.5, 126.2, 123.0 (q, Jc.r = 273.0 Hz),
119.9, 114.9, 113.9, 110.9, 84.2, 55.5, 28.1, 21.3. *F NMR (282 MHz, CDCl3) &
—66.8. HRMS (ESI) m/z calcd for CasHosFsNO, [M+H]™: 460.1730, found 460.1740.

tert-butyl-(E)-5-methoxy-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-
yl)-1H-indole-1-carboxylate (2k)

OMe

MeO

From 0.69 g (2 mmol) tert-butyl 5-methoxy-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.15 g (28 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-5-CF; enone 2k was obtained as a
yellow oil (0.71 g, 75% yield). *H NMR (300 MHz, CDCl3) & 7.94 (d, J = 9.0 Hz, 1H),
7.87 (d,J=8.7 Hz, 2H), 7.68 (s, 1H), 7.46 (d, J = 1.5 Hz, 1H), 6.90 - 6.84 (m, 3H), 6.66
(d, J=2.4Hz, 1H), 3.82 (s, 3H), 3.52 (s, 3H), 1.64 (s, 9H). *C NMR (75 MHz, CDCl5)
§ 189.7, 164.2, 156.0, 149.1, 131.3 (q, Jc.r = 6.0 Hz), 131.3 (q, Jcr = 31.8 Hz), 131.2,
129.5, 129.3, 129.3, 126.8, 123.0 (q, Jcr = 273.0 Hz), 116.2, 114.3, 114.0, 111.0,
101.8, 84.3, 55.5, 55.1, 28.1. *°F NMR (282 MHz, CDCls) 5 —66.9. HRMS (ESI) m/z
caled for CosHasFsNOs [M+H]': 476.1679, found 476.1691.

tert-butyl-(E)-5-cyano-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl)
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-1H-indole-1-carboxylate (2I)

MeO

From 1.08 g (3.2 mmol) tert-butyl 5-cyano-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 184 g (448 mmol, 1.4 -equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-s-CF3 enone 21 was obtained as a
yellow oil (1.01 g, 67% yield). *H NMR (300 MHz, CDCl3) & 8.09 (d, J = 8.4 Hz, 1H),
7.72 (d, J = 8.4 Hz, 2H), 7.65 (s, 1H), 7.55 (s, 1H), 7.49 (s, 1H), 7.39 (d, J = 8.4 Hz, 1H),
6.77 (d, J = 8.4 Hz, 2H), 3.69 (s, 3H), 1.53 (s, 9H). **C NMR (75 MHz, CDCl5) § 188.7,
164.5, 148.4, 136.8, 132.8 (q, Jc-r = 4.5 Hz), 131.2, 130.2 (q, Jcr = 32.0 Hz), 129.0,
128.9, 128.4, 127.8, 124.9, 122.7 (q, Jc-r = 275.0 Hz), 119.4, 116.3, 114.2, 110.8,
106.5, 85.7, 55.5, 27.9. °F NMR (282 MHz, CDCl3) 8 —67.0. HRMS (ESI) m/z calcd
for CasH2F3N20, [M+H]™: 471.1526, found 471.1534.

tert-butyl-(E)-6-fluoro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (2m)

MeO

From 0.66 g (2 mmol) tert-butyl 6-fluoro-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.15 g (28 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, f-indole-5-CF; enone 2m was obtained as a
yellow solid (0.72 g, 77% vyield), mp = 100 - 101 <C.*H NMR (300 MHz, CDCl3) &
7.72 (d, J=8.7 Hz, 3H), 7.54 (s, 1H), 7.37 (s, 1H), 7.14 (dd, J = 8.4, 5.4 Hz, 1H), 6.81
(d, J = 8.4 Hz, 1H), 6.74 (d, J = 8.7 Hz, 2H), 3.70 (s, 3H), 1.53 (s, 9H). *C NMR (75
MHz, CDCl3) 6 189.4, 164.3, 161.0 (d, Jcr = 240.0 Hz), 148.8, 135.2 (d, Jcr = 13.5
Hz), 131.8 (g, Jcr = 4.8 Hz), 131.2, 131.0 (q, Jcr = 32.0 Hz), 129.2, 126.7, 125.0,
122.9 (9, Jc.r = 273.0 Hz), 120.7 (d, Jc.r = 9.8 HZz), 114.0, 111.6, 111.1 (d, Jc.r = 16.5
Hz), 102.7 (d, Jcr = 28.5 Hz), 84.9, 55.5, 28.0. *°F NMR (282 MHz, CDCls) § —66.8,
—116.7. HRMS (ESI) m/z calcd for Co4H2oF4sNO, [M+H]": 464.1479, found 464.1489.

tert-butyl-(E)-6-chloro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (2n)

MeO

From 0.69 g (2 mmol) tert-butyl 6-chloro-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
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carboxylate and 1.15 g (2.8 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, S-indole-5-CF; enone 2n was obtained as a
yellow solid (0.79 g, 82% yield), mp = 99 - 100 <.'H NMR (300 MHz, CDCl3) §
8.01 (s, 1H), 7.68 (d, J = 8.7 Hz, 2H), 7.53 (s, 1H), 7.36 (d, J = 1.2 Hz, 1H), 7.09 (d, J =
8.4 Hz, 1H), 6.97 (dd, J = 8.6, 2.0 Hz, 1H), 6.69 (d, J = 8.7 Hz, 2H), 3.63 (s, 3H), 1.49
(s, 9H). 3C NMR (75 MHz, CDCl3) § 189.3, 164.3, 148.8, 133.7, 132.2 (g, Jc.r = 5.0
Hz), 131.2, 130.8 (9, Jc-r = 32.3 Hz), 130.3, 129.2, 127.7, 127.5, 122.7, 122.7 (q, Jc-F
=272.3 Hz), 116.8, 116.5, 114.1, 110.3, 84.9, 55.6, 28.1. 1°F NMR (282 MHz, CDCls)
5 —66.8. HRMS (ESI) m/z caled for CsHxCIFsNO4 [M+H]™: 480.1184, found
480.1195.

tert-butyl-(E)-6-bromo-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (20)

MeO'

From 0.78 g (2 mmol) tert-butyl 6-bromo-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.15 g (28 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, fS-indole-5-CF3; enone 20 was obtained as a
yellow solid (0.80 g, 76% vyield), mp = 112 - 113 <C.*H NMR (300 MHz, CDCls) &
7.97(d, J=8.7 Hz, 1H), 7.85 (d, J = 9.0 Hz, 2H), 7.64 (s, 1H), 7.51 (d, J = 1.5 Hz, 1H),
7.43(d, J=1.5Hz, 1H), 7.36 (dd, J = 8.7, 1.8 Hz, 1H), 6.90 (d, J = 9.0 Hz, 2H), 3.85 (s,
3H), 1.64 (s, 9H). *C NMR (75 MHz, CDCl;) & 189.3, 164.3, 148.8, 133.7, 132.2 (q,
Jor = 4.8 Hz), 131.2, 130.8 (q, Jcr = 32.3 Hz), 130.3, 129.2, 127.7, 127.5, 122.7,
122.7 (q, Je.r = 272.8 Hz), 116.8, 116.5, 114.1, 110.3, 84.9, 55.6, 28.1. *°F NMR (282
MHz, CDCl3) § —66.9. HRMS (ESI) m/z calcd for CsH2:BrFsNO4 [M+H]": 524.0679,
found 524.0689.

tert-butyl-(E)-6-methyl-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-y
I)-1H-indole-1-carboxylate (2p)

MeO’

From 1.06 g (3.2 mmol) tert-butyl 6-methyl-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 184 g (448 mmol, 1.4 -equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-5-CF; enone 2p was obtained as a
yellow solid (1.07 g, 73% yield), mp = 108 - 109 <C.*H NMR (300 MHz, CDCls) &
7.84 (s, 1H), 7.73 (d, J = 8.7 Hz, 2H), 7.49 (s, 1H), 7.32 (d, J = 1.2 Hz, 1H), 7.08 (d, J =
8.1 Hz, 1H), 6.86 (dd, J = 8.6, 2.0 Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 3.68 (s, 3H), 2.31
(s, 3H), 1.53 (s, 9H). *C NMR (75 MHz, CDCls) & 189.7, 164.1, 149.2, 135.4, 134.9,
131.5(q, Jc-r = 31.8 Hz), 131.3 (0, Jc-r = 4.0 Hz), 129.3, 126.4, 126.0, 124.5, 123.0 (q,
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Jor = 273.0 Hz), 119.5, 115.6, 114.1, 113.9, 111.2, 84.2, 55.5, 28.1, 21.9. *°F NMR
(282 MHz, CDC|3) 0 —66.7. HRMS (ES') m/z calcd for CosHo5F3NO4 [M+H]+:
460.1730, found 460.1742.

tert-butyl-(E)-7-fluoro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (2q)

MeO
From 1.06 g (3 mmol) tert-butyl 7-fluoro-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 172 g (42 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, fS-indole-5-CF3 enone 2q was obtained as a
yellow oil (1.05 g, 76% yield). *H NMR (300 MHz, CDCls) & 7.81 (d, J = 9.0 Hz, 2H),
7.73 (s, 1H), 7.51 (d, J = 1.2 Hz, 1H), 7.12 - 7.03 (m, 2H), 7.00 - 6.93 (m, 1H), 6.83 (d,
J=8.4Hz, 2H), 3.77 (s, 3H), 1.61 (s, 9H).”*C NMR (75 MHz, CDCl5) & 189.1, 164.3,
151.6, 148.2 (d, Jc.r = 3.0 Hz), 132.9 (d, Jcr = 3.8 Hz), 132.1 (q, Jcr = 4.8 H2),
131.1, 130.8 (q, Jc-r = 32.0 Hz), 129.1, 128.7, 123.9 (d, Jc.r = 6.8 Hz), 122.9 (q, Jc-r
=273.0 Hz), 121.9 (d, Jcr = 10.5 Hz), 115.8 (d, Jc.r = 3.0 Hz), 113.9, 112.1 (d, Jcr =
21.8 Hz), 111.2, 84.9, 55.4, 27.7. 'F NMR (282 MHz, CDCls) § —66.9, —115.8.
HRMS (ESI) m/z calcd for CosH2oFsNO4 [M+H]': 464.1479, found 464.1492.

tert-butyl-(E)-7-chloro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-yl
)-1H-indole-1-carboxylate (2r)

MeO
From 1.08 g (3.1 mmol) tert-butyl 7-chloro-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 178 g (434 mmol, 1.4 -equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-5-CF; enone 2r was obtained as a
yellow solid (1.24 g, 84% yield), mp = 108 - 109 <C.'H NMR (300 MHz, CDCl5) &
7.72 (d,J =9.0 Hz, 2H), 7.51 (s, 1H), 7.41 (d, J = 1.2 Hz, 1H), 7.15- 7.11 (m, 2H), 6.95
(t, J = 7.8 Hz, 1H), 6.74 (d, J = 9.0 Hz, 2H), 3.70 (s, 3H), 1.50 (s, 9H). **C NMR (75
MHz, CDCls) & 189.1, 164.3, 148.7, 133.4, 132.3 (q, Jc.r = 4.5 Hz), 131.2, 130.6 (q,
Jor = 31.8 Hz), 130.0, 129.1, 128.8, 127.7, 125.1, 122.9 (q, Jc.r = 272.5 Hz), 119.7,
116.4, 114.0, 110.5, 84.9, 55.5, 28.0. °F NMR (282 MHz, CDCls) & —66.8. HRMS
(ESI) m/z calcd for Cp4H,,CIF3NO, [M+H]': 480.1184, found 480.1193.

tert-butyl-(E)-7-methyl-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut-2-en-2-y
1)-1H-indole-1-carboxylate (2s)
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MeO'
From 0.66 g (2 mmol) tert-butyl 7-methyl-3-(2,2,2-trifluoroacetyl)-1H-indole-1-
carboxylate and 1.15 g (2.8 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-f-CF; enone 2s was obtained as a
yellow solid (0.67 g, 73% vyield), mp = 113 - 114 <T.*H NMR (300 MHz, CDCl3) &
7.66 (d, J = 8.7 Hz, 2H), 7.47 (s, 1H), 7.31 (d, J = 1.5 Hz, 1H), 7.04 (q, J = 3.0 Hz, 1H),
6.92 (s, 1H), 6.90 (d, J = 3.3 Hz, 1H), 6.64 (d, J = 8.7 Hz, 2H), 3.57 (s, 3H), 2.41 (s, 3H),
1.45 (s, 9H). *C NMR (75 MHz, CDCls) 5 189.6, 164.2, 148.9, 134.5, 131.8 (q, Jc.r =
4.8 Hz), 131.4 (q, Jcr = 31.8 Hz), 131.2, 130.0, 129.3, 128.8, 128.3, 125.5, 123.5,
123.0 (q, Jc.F = 272.8 Hz), 117.6, 113.9, 111.1, 84.1, 55.4, 27.9, 22.2. °F NMR (282
MHz, CDCl3) & —66.6. HRMS (ESI) m/z calcd for CosHasFsNO4 [M+H]*: 460.1730,
found 460.1739.

tert-butyl-(E)-5-bromo-6-chloro-3-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobut
-2-en-2-yl)-1H-indole-1-carboxylate (2t)

MeO

From 0.88 g (2.1 mmol) tert-butyl 5-bromo-6-chloro-3-(2,2,2-trifluoroacetyl)-1H-
indole-1-carboxylate and 1.21 g (2.94 mmol, 1.4 equiv) 1-(4-methoxyphenyl)-2-
(triphenylphosphoranylidene)ethanone, g-indole-s-CF; enone 2t was obtained as a
yellow oil (0.84 g, 71% yield). *H NMR (300 MHz, CDCls) & 8.11 (s, 1H), 7.67 (d, J =
8.4 Hz, 2H), 7.53 (s, 1H), 7.41 (s, 2H), 6.69 (d, J = 8.4 Hz, 2H), 3.62 (s, 3H), 1.48 (s,
9H). °C NMR (75 MHz, CDCls) 5 188.9, 164.4, 148.4, 134.3, 132.6 (q, Jor = 4.8
Hz), 131.1, 130.6, 130.2 (g, Jcr = 32.0 Hz), 129.0, 128.7, 127.9, 124.4, 122.7 (9, Jc-r
= 273.0 Hz), 117.0, 116.7, 114.1, 110.1, 85.4, 55.5, 27.9. *°F NMR (282 MHz, CDCl5)
5 —66.9. HRMS (ESI) m/z calcd for CyyH,iBrCIFsNO, [M+H]": 558.0289, found
558.0299.

(E)-tert-butyl-3-(1,1,1-trifluoro-4-oxopent-2-en-2-yl)-1H-indole-1-carboxylate
(2u)

Boc
From 0.63 g (2 mmol) tert-butyl 3-(2,2,2-trifluoroacetyl)-1H-indole-1-carboxylate
and 0.89 g (2.8 mmol, 1.4 equiv) 1-(triphenylphosphoranylidene)propan-2-one,
[S-indole-$-CF3 enone 2u was obtained as a yellow solid (0.56 g, 79% yield), mp = 91
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- 92 . 'H NMR (300 MHz, CDCls) & 8.10 (d, J = 8.4 Hz, 1H), 7.63 (s, 1H), 7.33 -
7.26 (m, 2H), 7.23 - 7.16 (m, 1H), 6.80 (d, J = 1.5 Hz, 1H), 1.93 (s, 3H), 1.61 (s, 9H).
3C NMR (75 MHz, CDCl3) & 198.8, 149.1, 135.0, 133.6 (q, Jc.r = 4.5 Hz), 131.6 (q,
Je.r = 32.0 Hz), 129.0, 126.3, 125.3, 123.5, 122.8 (q, Jc.r = 273.2 Hz), 119.5, 115.5,
110.7, 84.8, 30.2, 28.1. °F NMR (282 MHz, CDCl3) 8 —67.6. HRMS (ESI) m/z calcd
for C18H19F3N03 [M+H]+Z 3541267, found 354.1277.

3. Representative Procedure

CF;
CHO
oY toluene
! / SH O OC CF3

To a solution of cinchonidine derived squaramide organocatalyst C6 (12 mg, 0.02
mmol) and 2-mercaptobenzaldehyde (0.2 mmol) in toluene (2.0 mL) was added
fS-indole-S-CF3 enones (0.22 mmol) in toluene (1.0 mL) under nitrogen atmosphere
with protecting from light conditions at 0<C. The reaction mixture was monitored by
TLC inspection. The solvent was evaporated under reduced pressure and the crude
residue was purified on silica gel flash column chromatography using ethyl
acetate/hexanes (1/7) eluent to give the corresponding CFs- and indole-containing
thiochromanes 3a-w.

Racemates were prepared following the general procedure by combination of 7.5 mol %
quinidine and 2.5 mol % quinine.

4. Analytical Data and HPLC Chromatogram of the Addition Products

tert-butyl-3-((2S,3S,4R)-3-benzoyl-4-hydroxy-2-(trifluoromethyl)thiochroman-2-
yl)-1H-indole-1-carboxylate (3a)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 91.3 mg (0.22 mmol, 1.1
equiv) p-indole-5-CF3 enones 2a, 88.6 mg (80.0% yield) compound 3a was obtained
as a white solid, mp = 174 - 175 <. [a]p?® = +35 (c = 1.0, CHCI3). Dr (>20:1)
determined by 'H and '°F NMR analysis. 94% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmgjor = 10.5 and tminor = 15.3 min. *H NMR (300 MHz, CDCl5) § 8.14 (d, J = 7.8 Hz,
1H), 7.99 (d, J = 8.1 Hz, 1H), 7.63 (d, J= 7.5 Hz, 1H), 7.34 - 7.21 (m, 4H), 7.14 - 7.04
(m, 7H), 5.65 (dd, J =9.5, 5.6 Hz, 1H), 4.18 (d, J = 9.9 Hz, 1H), 3.55(d, J =5.7 Hz, 1H),
1.48 (s, 9H). *C NMR (75 MHz, CDCl3) & 198.9, 148.9, 139.5, 139.0, 135.2, 132.7,
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131.0, 128.4, 128.0, 128.0, 127.8, 127.7, 127.4, 126.9 (q, Jc-r = 290.0 Hz), 126.2,
125.0, 124.8, 123.9, 122.1, 114.9, 112.1, 84.3, 70.2, 57.1, 56.8 (q, Jcr = 27.0 H2),
28.1. ®F NMR (282 MHz, CDCl3) § —69.0. HRMS (ESI) m/z calcd for CsoH27F3NO.S
[M+H]*: 554.1607, found 554.1626.
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0.10
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2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
min

Retention Time | Area | % Area | Height | Int Type | Peak Type

10.152 5657133 | 49.27 | 393197 bb Unknown

[EEN

2 15.933 5824788 | 50.73 | 236491 bv Unknown
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=) ]
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0.00]
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2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
min

Retention Time | Area | % Area | Height | Int Type | Peak Type

[EEN

10.537 9333784 | 97.00 |441572 bb Unknown

2 15.267 288645 | 3.00 | 11008 bb Unknown

tert-butyl-3-((2R,3R,4S)-3-benzoyl-4-hydroxy-2-(trifluoromethyl)thiochroman-2-
yl)-1H-indole-1-carboxylate (3a”)

W o
CF;
s7

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 91.3 mg (0.22 mmol, 1.1
equiv) g-indole-B-CF3 enones 2a, with C7 (12 mg, 10 mol %) as catalyst, 91.9 mg
(83.0% vyield) compound 3a’ was obtained as a white solid, mp = 91 - 92 <C. [0]p™ =
-25 (¢ = 1.0, CHCI3). Dr (>20:1) determined by *H and *F NMR analysis. -69% ee
was determined by HPLC analysis (Daicel Chiralcel 1A-H column, hexane/2-propanol
3:1, 1.0 mL/min). Retention time: tmajor = 15.8 and tyiner = 10.7 min. 'H NMR (300

N-—Boc
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MHz, CDCls) 6 8.21 (t, J = 8.0 Hz, 1H), 8.11 (t, J = 8.4 Hz, 1H), 7.73 (d, J = 7.2 Hz,
1H), 7.43 - 7.32 (m, 4H), 7.30 - 7.14 (m, 7H), 5.76 (dd, J = 9.3, 4.8 Hz, 1H), 4.28 (d, J =
9.9 Hz, 1H), 3.53 (d, J = 5.4 Hz, 1H), 1.58 (s, 9H). **C NMR (75 MHz, CDCl5)  198.9,
148.9, 139.6, 139.0, 135.2, 132.7, 131.1, 128.4, 128.0, 128.0, 127.8, 127.7, 127.4,
126.9 (q, Je.r = 290.5 Hz), 126.2, 125.0, 124.8, 123.9, 122.1, 114.9, 112.1, 84.3, 70.2,
57.1, 57.1 (g, Je-r = 12.3 Hz), 28.1. *°F NMR (282 MHz, CDCls) & —69.0. HRMS
(ESI) m/z calcd for C3oH27F3NO4S [M+H]™: 554.1607, found 554.1610.
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0.30-]
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min
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2 15.933 5824788 | 50.73 | 236491 bv Unknown
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Retention Time | Area | % Area | Height | Int Type | Peak Type

[EEN

10.744 1147083 | 15.32 | 46491 bb Unknown

2 15.787 6342574 | 84.68 | 181399 bb Unknown

1-(3-((2S,3S,4R)-3-benzoyl-4-hydroxy-2-(trifluoromethyl)thiochroman-2-yl)-1H-i
ndol-1-yl)ethanone (3b)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 78.6 mg (0.22 mmol, 1.1
equiv) g-indole-4-CF;3 enones 2b, 80.2 mg (81.0% yield) compound 3b was obtained
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as a colorless oil. [a]p® = +45 (¢ = 1.0, CHCI3). Dr (>20:1) determined by *H and *°F
NMR analysis. 90% ee was determined by HPLC analysis (Daicel Chiralcel 1A-H
column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time: tyajor = 8.6 and tminor =
15.7 min. *H NMR (300 MHz, CDCls) § 8.28 (d, J = 7.8 Hz, 1H), 8.13 (d, J = 8.1 Hz,
1H), 7.63 (d, J = 7.2 Hz, 1H), 7.33 - 7.23 (m, 4H), 7.21 - 7.06 (m, 6H), 6.87 (s, 1H),
5.65 (dd, J =9.3,5.1 Hz, 1H), 4.20 (d, J = 9.9 Hz, 1H), 3.71 (d, J = 5.4 Hz, 1H), 2.17 (s,
3H). *C NMR (75 MHz, CDCls) & 198.7, 168.3, 139.5, 138.9, 135.6, 132.8, 130.7,
128.3, 128.1, 128.0, 127.9, 127.7, 127.6, 126.9 (q, Jcr = 283.0 Hz), 125.7, 125.4 (d,
Jcr = 3.8 Hz), 125.2, 123.8, 123.1, 116.2, 113.9, 70.1, 57.0, 56.8 (q, Jcr = 26.8 Hz),
23.8. F NMR (282 MHz, CDCl3) 8 —68.8. HRMS (ESI) m/z calcd for C7H,1F3NO3S
[M+H]": 496.1189, found 496.1186.

0.30—

0.20—

16.670

]
<

0.10—

i —
0.00 N 7
T T T T L T B S B ey B B By B By By B B
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
min

Retention Time | Area | % Area | Height | Int Type | Peak Type
8.679 4439631 | 48.79 | 323987 bb Unknown
2 16.670 4659881 | 51.21 | 138823 bv Unknown

[EEN

250
2,00
1.50
5 ]
Ee ]
1.00-]

0.50]

7» 15.655

0.00-

T [ B T L B B B B e B B B By B Sy B B
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
min

Retention Time Area % Area | Height | Int Type | Peak Type
8.553 34157565 | 95.06 | 2387393 bb Unknown
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[EEN

((2S,3S,4R)-4-hydroxy-2-(1-tosyl-1H-indol-3-yl)-2-(trifluoromethyl)thiochroman-
3-yl)(phenyl)methanone (3c)
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From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 103.2 mg (0.22 mmol, 1.1
equiv) p-indole-B-CF3 enones 2c¢, 106.9 mg (88.0% yield) compound 3c was obtained
as a white solid, mp = 77 - 78 <. [a]p® = +82 (c = 1.0, CHCIls). Dr (>20:1)
determined by *H and *°F NMR analysis. 89% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 11.4 and tminor = 15.1 min. *H NMR (300 MHz, CDCl3) & 8.24 - 8.21 (m, 1H),
7.89-7.85 (m, 1H), 7.68 - 7.63 (m, 3H), 7.46 - 7.31 (m, 4H), 7.29 (s, 1H), 7.24 - 7.13
(m, 8H), 5.65 (dd, J =9.8,5.9 Hz, 1H), 4.28 (d, J =9.9 Hz, 1H), 3.46 (d, J = 5.1 Hz, 1H),
2.33 (s, 3H). *C NMR (75 MHz, CDCls) § 198.6, 145.3, 139.5, 138.4, 134.7, 134.5,
133.1, 130.6, 130.0, 130.0, 128.9, 128.3, 127.8, 127.8, 127.4, 126.9, 126.8 (q, Jc.r =
282.3 Hz), 125.9, 125.8, 125.0, 124.9, 124.3, 122.4, 113.9, 113.1, 70.4, 56.8 (q, Jc.r =
26.8 Hz), 56.4, 21.6. *°F NMR (282 MHz, CDCl3) 5 —69.1. HRMS (ESI) m/z calcd for
C3oHasF3NO4S, [M+H]+: 608.1172, found 608.1173.
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11.314 7042202 | 50.00 | 360469 bb Unknown
2 14.975 7042762 | 50.00 | 266442 bb Unknown
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[EEN

11.420 4165490 | 94.25 | 209800 bb Unknown

2 15.089 254246 | 5.75 9439 bb Unknown

tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluoromethyl)thio
chroman-2-yl)-1H-indole-1-carboxylate (3d)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 97.9 mg (0.22 mmol, 1.1
equiv) g-indole-S-CF3 enones 2d, 99.2 mg (85.0% yield) compound 3d was obtained
as a white solid, mp = 81 - 82 <. [0]p®® = +75 (c = 1.0, CHCIl3). Dr (>20:1)
determined by *H and *°F NMR analysis. 94% ee was determined by HPLC analysis
(Daicel Chiralcel 1C-H column, hexane/2-propanol 4:1, 0.7 mL/min). Retention time:
tmajor = 11.2 and tminor = 12.1 min. *H NMR (300 MHz, CDCls) & 8.12 (d, J = 7.5 Hz,
1H), 7.97 (d, J = 7.8 Hz, 1H), 7.61 (d, J = 7.5 Hz, 1H), 7.35 - 7.21 (m, 6H), 7.13 - 7.02
(m, 2H), 6.60 (d, J=9.0 Hz, 2H), 5.58 (dd, J = 9.5, 5.6 Hz, 1H), 4.15 (d, J = 9.6 Hz, 1H),
3.68 (s, 3H), 3.59 (d, J = 5.7 Hz, 1H), 1.50 (s, 9H). *C NMR (75 MHz, CDCls) &
196.8, 163.5, 149.0, 139.9, 135.2, 131.6, 131.0, 130.5, 128.8, 127.8, 127.7, 127.2,
127.1 (g, Jcr = 281.0 Hz), 126.0, 125.2, 124.6, 123.9, 122.0, 114.9, 113.3, 112.6,
84.3, 70.4, 57.1 (q, Jc.r = 26.8 Hz), 56.2, 55.4, 28.1. *°F NMR (282 MHz, CDCl3) 5
—68.8. HRMS (ESI) m/z calcd for C3;H2gF3sNOsS [M+H]": 584.1713, found 584.1729.
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[EEN

10.848 7210855 47.52 | 372801 bv Unknown

2 11.757 7961978 | 52.48 | 369035 w Unknown
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[EEN

11.184 17218354 | 96.93 | 867704 bv Unknown

2 12.110 546258 3.07 | 27747 vb Unknown

tert-butyl-3-((2S,3S,4R)-3-(4-fluorobenzoyl)-4-hydroxy-2-(trifluoromethyl)thioch
roman-2-yl)-1H-indole-1-carboxylate (3e)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 95.3 mg (0.22 mmol, 1.1
equiv) p-indole-p-CF3 enones 2e, 89.2 mg (78.0% yield) compound 3e was obtained
as a white solid, mp = 59 - 60 <. [0]p® = +35 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *F NMR analysis. 89% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
trmajor = 6.7 and tminor = 8.1 min. *H NMR (300 MHz, CDCls) & 8.12 (d, J = 8.1 Hz, 1H),
8.01 (d, J=8.4 Hz, 1H), 7.63 (d, J = 7.2 Hz, 1H), 7.35- 7.25 (m, 3H), 7.22 - 7.06 (m,
5H), 6.80 (t, J = 8.6 Hz, 2H), 5.66 (dd, J = 9.3, 5.1 Hz, 1H), 4.13 (d, J = 9.9 Hz, 1H),
3.41 (d, J = 5.4 Hz, 1H), 1.51 (s, 9H). *C NMR (75 MHz, CDCls) & 197.2, 165.5 (d,
Jc.r = 253.5 Hz), 148.8, 139.4, 135.3 (d, Jcr = 3.0 Hz), 135.2, 131.0, 130.4 (d, Jc-F =
9.0 Hz), 128.3, 128.0, 127.8, 127.5, 126.9 (q, Jcr = 282.3 Hz), 126.0 (d, Jcr = 3.8
Hz), 124.9, 124.8, 123.8, 122.1, 115.3, 114.9 (d, Jcr = 6.8 HZz), 112.0, 84.5, 70.2, 57.1,
56.8 (, Jc.r = 27.0 Hz), 28.0. *°F NMR (282 MHz, CDCls) § —68.9, —105.2. HRMS
(ESI) m/z calcd for CaoH6FsNO4S [M+H]™: 572.1513, found 572.1523.
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1 6.759 13847411 | 53.78 | 1419487 bb Unknown
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Retention Time Area % Area | Height | Int Type | Peak Type

1 6.745 22318128 | 94.34 | 2135912 bb Unknown

2 8.148 1339276 | 5.66 | 121812 bb Unknown

tert-butyl-5-fluoro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3f)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 101.9 mg (0.22 mmol, 1.1
equiv) p-indole-S-CF3 enones 2g, 99.9 mg (83.0% yield) compound 3f was obtained
as a white solid, mp = 59 - 60 <T. [a]p®® = +90 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *F NMR analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmgjor = 7.6 and tminor = 10.8 min. *H NMR (300 MHz, CDCl3) & 8.03 (dd, J = 9.0, 4.8
Hz, 1H), 7.90 (dd, J = 10.4, 2.6 Hz, 1H), 7.71 (d, J = 7.5 Hz, 1H), 7.44 - 7.31 (m, 6H),
6.92 (td, J = 8.9, 2.6 Hz, 1H), 6.72 (d, J = 9.0 Hz, 2H), 5.63 (dd, J = 9.6, 5.4 Hz, 1H),
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4.23(d, J=9.9 Hz, 1H), 3.79 (s, 3H), 3.51 (d, J = 5.7 Hz, 1H), 1.59 (s, 9H). *C NMR
(75 MHz, CDCl3) & 196.8, 163.6, 158.2 (d, Jc.r = 237.0 Hz), 148.8, 139.8, 131.6,
131.4, 130.7, 130.6, 129.9 (d, Jc.r = 9.8 Hz), 127.8 (d, Jc.r = 6.0 Hz), 127.5, 127.3,
126.9 (q, Jor = 284.8 Hz), 125.1, 115.7 (d, Jc.r = 9.8 Hz), 113.4, 112.8, 112.6, 112.5
(d, Jc.r = 3.8 Hz), 109.6 (d, Jor = 26.3 Hz), 84.6, 70.5, 57.0 (q, Jc.r = 27.0 Hz), 56.0,
55.4, 28.0. *F NMR (282 MHz, CDCls) § —68.7, —119.3. HRMS (ESI) m/z calcd for
C31H2gF4NOsS [M+H]+Z 602.1619, found 602.1633.
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1 7.635 4596333 | 52.16 | 403745 bb Unknown
2 10.878 4216210 | 47.84 | 245396 bb Unknown
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Retention Time Area % Area | Height | Int Type | Peak Type

1 7.587 18094193 | 97.78 | 1559765 bb Unknown

2 10.765 410452 2.22 28179 bb Unknown

tert-butyl-5-chloro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3g)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 105.4 mg (0.22 mmol, 1.1
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equiv) g-indole-p-CF3 enones 2h, 102.6 mg (83.0% yield) compound 3g was obtained
as a white solid, mp = 75 - 76 <. [0]p®® = +112 (c = 1.0, CHCIs). Dr (>20:1)
determined by *H and *°F NMR analysis. 94% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 9.1 and tminor = 14.3 min. *H NMR (300 MHz, CDCl3) 6 8.25 (d, J = 1.8 Hz, 1H),
8.04 (d, J=9.0 Hz, 1H), 7.71 (d, J = 7.5 Hz, 1H), 7.45 - 7.32 (m, 6H), 7.15 (dd, J = 9.0,
1.8 Hz, 1H), 6.70 (d, J = 8.7 Hz, 2H), 5.67 (dd, J = 9.6, 5.1 Hz, 1H), 4.24 (d, J = 9.6 Hz,
1H), 3.79 (s, 3H), 3.58 (d, J = 5.7 Hz, 1H), 1.59 (s, 9H). **C NMR (75 MHz, CDCls) §
196.8, 163.6, 148.7, 139.9, 133.6, 131.3, 130.7, 130.6, 130.1, 128.0, 127.9, 127.8,
127.4,127.2, 127.0 (9, Jcr = 282.0 Hz), 125.1, 125.0, 123.4, 115.8, 113.4, 112.3, 84.8,
70.8, 57.0 (g, Jc.r = 27.0 Hz), 56.1, 55.4, 28.0. *°F NMR (282 MHz, CDCls) & —68.9.
HRMS (ESI) m/z calcd for C3;H2gCIFsNOsS [M+H]": 618.1323, found 618.1346.
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1 9.073 6927091 | 52.92 |526822 bb Unknown
2 14.309 6162936 | 47.08 | 289555 bb Unknown
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Retention Time Area % Area | Height | Int Type | Peak Type

1 9.085 27799832 | 97.08 | 2001356 bb Unknown

2 14.312 837466 2.92 39543 bb Unknown

tert-butyl-5-bromo-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3h)
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From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 115.1 mg (0.22 mmol, 1.1
equiv) p-indole-B-CF3 enones 2i, 110.0 mg (83.0% yield) compound 3h was obtained
as a white solid, mp = 66 - 67 <. [a]p® = +82 (c = 1.0, CHCIl3). Dr (>20:1)
determined by *H and *°F NMR analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 8.5 and tminor = 13.0 min. *H NMR (300 MHz, CDCl3) 6 8.34 (d, J = 1.5 Hz, 1H),
7.90 (d, J = 8.7 Hz, 1H), 7.61 (d, J = 7.5 Hz, 1H), 7.35 - 7.30 (m, 3H), 7.26 (d, J=8.7
Hz, 3H), 7.19 (dd, J = 8.9, 1.7 Hz, 1H), 6.59 (d, J = 8.7 Hz, 2H), 5.58 (dd, J = 9.6, 5.7
Hz, 1H), 4.16 (d, J = 9.6 Hz, 1H), 3.69 (s, 3H), 1.49 (s, 9H). **C NMR (75 MHz,
CDCls) 6 196.8, 163.6, 148.7, 139.9, 134.0, 131.3, 130.7, 130.6, 130.5, 128.0, 127.8,
127.7, 127.4, 127.1, 127.0 (q, Jcr = 282.3 Hz), 126.4, 125.1, 116.2, 115.8, 113.4,
112.3, 84.8, 70.8, 57.0 (g, Jc.r = 26.8 Hz), 56.1, 55.4, 28.0. *F NMR (282 MHz,
CDCl3) & —68.9. HRMS (ESI) m/z calcd for CsiHxBrFsNOsS [M+H]™: 662.0818,
found 662.0832.
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8.577 8837034 | 50.00 | 721100 bb Unknown

2 12.846 8837125 | 50.00 |472536 bv Unknown
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1 8.501 10351174 | 97.81 |846108 bb Unknown

2 12.987 231376 2.19 | 13565 bb Unknown

tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluoromethyl)thio
chroman-2-yl)-5-methyl-1H-indole-1-carboxylate (3i)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 101.0 mg (0.22 mmol, 1.1
equiv) p-indole-p-CF3 enones 2§, 99.2 mg (83.0% yield) compound 3i was obtained as
a white solid, mp = 89 - 90 <C. [a]p® = +97 (c = 1.0, CHCI5). Dr (>20:1) determined
by *H and °F NMR analysis. 94% ee was determined by HPLC analysis (Daicel
Chiralcel IA-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time: tmajor =
13.3 and tminor = 17.4 min. *H NMR (300 MHz, CDCls) & 7.91 (s, 1H), 7.87 (d, J = 5.1
Hz, 1H), 7.64 (d, J = 7.5 Hz, 1H), 7.35 - 7.22 (m, 6H), 6.98 (d, J = 8.7 Hz, 1H), 6.61 (d,
J=8.7 Hz, 2H), 5.64 (dd, J = 9.3, 5.7 Hz, 1H), 4.15 (d, J = 9.9 Hz, 1H), 3.69 (s, 3H),
3.35(t,J = 4.4 Hz, 1H), 2.24 (s, 3H), 1.50 (s, 9H). *C NMR (75 MHz, CDCls) § 195.7,
162.3, 147.9, 138.7, 132.4, 130.6, 130.2, 130.1, 129.3, 129.3, 127.8, 126.9, 126.7,
126.2, 126.0 (9, Jcr = 282.5 Hz), 125.1, 123.9, 122.7, 113.4, 112.2, 111.1, 83.0, 69.5,
56.0 (q, Jo.r = 26.5 Hz), 55.3, 54.3, 27.0, 20.6. °F NMR (282 MHz, CDCls3) 5 —68.7.
HRMS (ESI) m/z calcd for C3,H3:FsNOsS [M+H]": 598.1870, found 598.1870.
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13.315 32515647 | 96.95 | 1118160 bb Unknown

2 17.448 1021600 | 3.05 30967 bb Unknown

tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluoromethyl)thio
chroman-2-yl)-5-methoxy-1H-indole-1-carboxylate (3j)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 104.5 mg (0.22 mmol, 1.1
equiv) p-indole-B-CF3 enones 2k, 101.9 mg (83.0% yield) compound 3j was obtained
as a white solid, mp = 92 - 93 <. [a]p®® = +90 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *F NMR analysis. 95% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmgjor = 11.4 and tminor = 10.7 min. *H NMR (300 MHz, CDCl3) 5 7.98 (d, J = 9.0 Hz,
1H), 7.72 (d, J=7.5Hz, 1H), 7.59 (d, J = 2.1 Hz, 1H), 7.43 -7.28 (m, 6H), 6.87 (dd, J =
9.3,2.4 Hz, 1H), 6.70 (d, J = 8.7 Hz, 2H), 5.72 (dd, J = 9.5, 5.6 Hz, 1H), 4.25 (d, J = 9.6
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Hz, 1H), 3.77 (s, 3H), 3.63 (s, 3H), 3.49 (d, J = 5.7 Hz, 1H), 1.58 (s, 9H). *C NMR (75
MHz, CDCls) 6 196.8, 163.4, 154.8, 148.9, 139.6, 131.7, 131.1, 130.4, 130.0, 129.5,
127.8, 127.8, 127.3, 127.0 (q, Jc.r = 282.8 Hz), 126.9, 125.1, 115.4, 113.3, 113.1,
112.2, 106.9, 84.1, 70.4, 57.1 (q, Jc.r = 26.8 Hz), 56.2, 55.4, 55.4, 28.0. *F NMR
(282 MHz, CDCls) & —68.5. HRMS (ESI) m/z calcd for CsyH3iFsNOgS [M+H]™:
614.1819, found 614.1844.
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10.785 5407460 | 49.56 | 313826 bv Unknown
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10.657 144436 | 2.51 9110 bv Unknown

2 11.405 5606495 | 97.49 | 310574 vb Unknown

tert-butyl-5-cyano-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3Kk)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 103.4 mg (0.22 mmol, 1.1
equiv) p-indole-B-CF3 enones 21, 101.1 mg (83.0% yield) compound 3k was obtained
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as a white solid, mp = 112 - 113 °C. [o]p® = +118 (c = 1.0, CHCI;). Dr (>20:1)
determined by *H and *°F NMR analysis. 95% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 9.6 and trminor = 16.4 min. *H NMR (300 MHz, CDCly) & 8.47 (s, 1H), 8.13 (d, J
=8.7 Hz, 1H), 7.63 (d, J = 7.2 Hz, 1H), 7.48 (s, 1H), 7.42 - 7.23 (m, 6H), 6.66 (d, J =
8.7 Hz, 2H), 5.54 (dd, J = 9.6, 5.4 Hz, 1H), 4.20 (d, J = 10.2 Hz, 1H), 3.72 (s, 3H), 3.43
(d, J = 5.7 Hz, 1H), 1.52 (s, 9H). **C NMR (75 MHz, CDCl3) & 196.7, 163.8, 148.3,
139.6, 137.1, 131.2, 130.7, 130.2, 128.9, 128.3, 128.1, 128.0, 127.6, 127.5, 126.9 (q,
Jcr = 283.5 Hz), 125.0, 125.0, 119.7, 115.9, 113.6, 113.0, 105.6, 85.6, 70.7, 56.9 (q,
Je.r = 27.0 Hz), 55.8, 55.5, 28.0. *°F NMR (282 MHz, CDCl3) 5 —68.9. HRMS (ESI)
m/z calcd for C3,H28F3N20sS [M+H]": 609.1666, found 609.1666.
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9.739 22034430 | 53.47 | 1423069 bv Unknown
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1 9.638 43646281 | 97.28 | 2642916 bb Unknown

2 16.429 1221242 | 2.72 47459 bb Unknown

tert-butyl-6-fluoro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3I)
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From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 101.9 mg (0.22 mmol, 1.1
equiv) g-indole-4-CF3 enones 2m, 95.1 mg (79.0% yield) compound 3l was obtained
as a white solid, mp = 72 - 73 °C. [a]p® = +66 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *°F NMR analysis. 92% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 14.1 and tminor = 17.9 min. *H NMR (300 MHz, CDCl5) § 8.09 (dd, J = 9.0, 5.4
Hz, 1H), 7.79 (d, J = 10.2 Hz, 1H), 7.71 (d, J = 7.2 Hz, 1H), 7.44 - 7.31 (m, 6H), 6.90
(td, J=8.9, 2.5 Hz, 1H), 6.72 (d, J = 9.0 Hz, 2H), 5.64 (dd, J = 9.6, 5.4 Hz, 1H), 4.23 (d,
J=9.9 Hz, 1H), 3.79 (s, 3H), 3.46 (d, J = 5.4 Hz, 1H), 1.59 (s, 9H). **C NMR (75 MHz,
CDCl3) 6 196.8, 163.6, 162.2, 159.0, 148.7, 139.6, 135.5 (d, Jcr = 12.8 Hz), 131.5,
130.7, 130.5, 127.9, 127.8, 127.5, 127.0 (q, Jc.r = 279.8 Hz), 126.3, 125.0, 124.7 (d,
Jor = 9.8 Hz), 113.4, 112.5, 110.4 (d, Jc.r = 24.0 Hz), 102.0 (d, Jc.r = 27.8 Hz), 84.7,
70.4,57.0 (9, Jc.r = 26.8 Hz), 56.1, 55.4, 28.0. °F NMR (282 MHz, CDCls) & —68.8,
—-116.6. HRMS (ESI) m/z calecd for CsiHzFsNOsS [M+H]™: 602.1619, found
602.1649.
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tert-butyl-6-chloro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3m)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 105.4 mg (0.22 mmol, 1.1
equiv) p-indole-5-CF; enones 2n, 102.6 mg (83.0% yield) compound 3m was
obtained as a white solid, mp = 74 - 75 °C. [a]p®° = +131 (c = 1.0, CHCls). Dr (>20:1)
determined by *H and *F NMR analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmgjor = 15.5 and tminor = 21.3 min. "H NMR (300 MHz, CDCl;) & 8.08 (d, J = 6.6 Hz,
1H), 8.04 (s, 1H), 7.70 (d, J = 7.2 Hz, 1H), 7.42 - 7.31 (m, 6H), 7.11 (dd, J = 8.9, 2.0 Hz,
1H), 6.68 (d, J = 8.7 Hz, 2H), 5.57 (dd, J = 9.5, 5.6 Hz, 1H), 4.22 (d, J = 9.9 Hz, 1H),
3.88(d,J=5.4 Hz, 1H), 3.77 (s, 3H), 1.59 (s, 9H). **C NMR (75 MHz, CDCl3) & 196.8,
163.6, 148.6, 139.7, 135.6, 131.4, 130.7, 130.6, 130.5, 127.9, 127.8, 127.5, 127.3,
126.9 (g, Jcr = 284.8 Hz), 126.5, 125.0, 124.6, 122.6, 115.1, 113.4, 112.6, 84.9, 70.3,
56.9 (q, Jo.r = 26.5 Hz), 56.0, 55.4, 28.0. F NMR (282 MHz, CDCls) & —68.8.
HRMS (ESI) m/z calcd for C33H2sCIFsNOsS [M+H]": 618.1323, found 618.1352.
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tert-butyl-6-bromo-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3n)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 115.1 mg (0.22 mmol, 1.1
equiv) g-indole-p-CF3 enones 20, 107.3 mg (81.0% yield) compound 3n was obtained
as a white solid, mp = 77 - 78 °C. [a]p®® = +115 (c = 1.0, CHCIs). Dr (>20:1)
determined by *H and *F NMR analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 12.8 and tminor = 17.0 min. *H NMR (300 MHz, CDCls) & 8.18 (s, 1H), 7.91 (d,
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J=8.7 Hz, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.32 (t, J = 6.8 Hz, 2H), 7.25 (d, J = 8.7 Hz,
3H), 7.21 - 7.16 (m, 2H), 6.61 (d, J = 8.7 Hz, 2H), 5.49 (dd, J = 9.2, 5.9 Hz, 1H), 4.13 (d,
J=9.9 Hz, 1H), 3.69 (s, 3H), 3.62 (d, J = 5.7 Hz, 1H), 1.50 (s, 9H). **C NMR (75 MHz,
CDCls) 5 196.8, 163.6, 148.5, 139.6, 135.9, 131.4, 130.6, 130.5, 127.9, 127.8, 127.7,
127.6, 126.9 (q, Jo.r = 284.3 Hz), 126.4, 125.3, 125.0, 124.9, 118.6, 118.1, 113.4,
112.6, 84.9, 70.3, 56.9 (g, Jc.r = 26.8 Hz), 56.0, 55.4, 28.0. *F NMR (282 MHz,
CDCl3) & —68.8. HRMS (ESI) m/z calcd for CsiHosBrFsNOsS [M+H]": 662.0818,
found 662.0850.
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12.790 4877894 | 97.89 | 256341 bb Unknown

2 17.015 105284 | 2.11 4366 bb Unknown

tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluoromethyl)thio
chroman-2-yl)-6-methyl-1H-indole-1-carboxylate (30)
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From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 101.0 mg (0.22 mmol, 1.1
equiv) S-indole-4-CF;3 enones 2p, 95.6 mg (80.0% yield) compound 30 was obtained
as a white solid, mp = 74 - 75 °C. [0]p®® = +109 (c = 1.0, CHCIs). Dr (>20:1)
determined by *H and *°F NMR analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 10.3 and tminor = 13.7 min. "H NMR (300 MHz, CDCls) § 7.99 (d, J = 8.4 Hz,
1H), 7.81 (s, 1H), 7.61 (d, J = 7.2 Hz, 1H), 7.35 - 7.21 (m, 5H), 7.13 (d, J = 9.6 Hz, 1H),
6.92 (d, J=8.4 Hz, 1H), 6.60 (d, J=9.0 Hz, 2H), 5.55 (dd, J = 9.3, 5.1 Hz, 1H), 4.11 (d,
J=9.6 Hz, 1H), 3.75 (d, J = 5.7 Hz, 1H), 3.68 (s, 3H), 2.23 (s, 3H), 1.49 (s, 9H). *C
NMR (75 MHz, CDCls) 6 196.7, 163.4, 149.1, 140.3, 135.7, 134.7, 131.6, 131.0,
130.5, 129.5, 127.8, 127.7, 127.3, 127.1 (q, Jcr = 282.0 Hz), 126.6, 125.3, 125.1,
123.5, 115.1, 113.3, 112.6, 84.0, 70.4, 57.2 (q, Jcr = 26.3 Hz), 56.1, 55.4, 28.0, 21.8.
YF NMR (282 MHz, CDCls) & —68.8. HRMS (ESI) m/z calcd for CsH3FsNOsS
[M+H]": 598.1870, found 598.1897.
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10.329 11844520 | 97.75 | 706484 bb Unknown
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tert-butyl-7-fluoro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3p)
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From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 101.9 mg (0.22 mmol, 1.1
equiv) g-indole-4-CF;3 enones 29, 96.3 mg (80.0% yield) compound 3p was obtained
as a white solid, mp = 98 - 99 °C. [a]p® = +74 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *°F NMR analysis. 94% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 15.9 and tminr = 20.2 min. *H NMR (300 MHz, CDCl5) & 8.10 (d, J = 8.1 Hz,
1H), 7.71 (d, J = 7.2 Hz, 1H), 7.44 - 7.31 (m, 6H), 7.11 - 7.04 (m, 1H), 6.88 (dd, J =
12.5, 8.0 Hz, 1H), 6.71 (d, J = 9.0 Hz, 2H), 5.70 (dd, J = 9.8, 4.1 Hz, 1H), 4.22 (d, J =
9.9 Hz, 1H), 3.78 (s, 3H), 3.65 (d, J = 6.0 Hz, 1H), 1.57 (s, 9H). **C NMR (75 MHz,
CDCl3) 6 196.8, 163.5, 149.6 (d, Jcr = 250.5 Hz), 148.1, 139.7, 132.8 (d, Jc.r = 3.0
Hz), 131.5, 130.8, 130.4, 128.4 (d, Jc.r = 4.5 Hz), 127.8 (d, Jc.r = 9.8 Hz), 127.4,
127.0 (9, Jcr = 282.5 Hz), 125.0, 122.6, 122.5, 122.3, 119.9 (d, Jc.r = 3.8 Hz), 113.4,
112.3 (d, Je.r = 1.5 Hz), 111.6 (d, Jc.r = 21.0 Hz), 84.8, 70.4, 56.9 (q, Jc.r = 27.0 Hz),
56.2, 55.4, 27.8. 1F NMR (282 MHz, CDCls) & —68.9, —116.5. HRMS (ESI) m/z
calced for Ca3H2gF4NOsS [M+H]": 602.1619, found 602.1639.
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tert-butyl-7-chloro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluorome
thyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3q)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 105.4 mg (0.22 mmol, 1.1
equiv) p-indole-p-CF3 enones 2r, 100.1 mg (81.0% yield) compound 3qg was obtained
as a white solid, mp = 79 - 80 °C. [0]p® = +49 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *F NMR analysis. 94% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmgjor = 20.0 and tminor = 23.0 min. *H NMR (300 MHz, CDCl3) § 8.27 (d, J = 7.8 Hz,
1H), 7.70 (d, J = 7.5 Hz, 1H), 7.44 - 7.33 (m, 3H), 7.27 (d, J = 8.7 Hz, 2H), 7.13 (d, J =
8.4 Hz, 2H), 7.05 (t, J = 7.8 Hz, 1H), 6.67 (d, J = 9.0 Hz, 2H), 5.72 (dd, J = 9.6, 5.4 Hz,
1H), 4.20 (d, J = 9.9 Hz, 1H), 3.88 (d, J = 5.7 Hz, 1H), 3.74 (s, 3H), 1.54 (s, 9H). **C
NMR (75 MHz, CDCl3) 6 196.8, 163.4, 148.0, 139.9, 132.1, 132.0, 131.5, 130.8,
130.3, 129.2, 128.0, 127.7, 127.6, 127.0 (q, Jc.r = 282.5 Hz), 126.5, 125.1, 122.9,
122.7, 119.9, 113.4, 111.8, 85.0, 70.4, 56.9 (q, Jc.r = 26.8 Hz), 56.4, 55.4, 27.8. *°F
NMR (282 MHz, CDCl3) & —69.0. HRMS (ESI) m/z calcd for C3;H2sCIF3sNOsS
[M+H]": 618.1323, found 618.1348.
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tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(trifluoromethyl)thio
chroman-2-yl)-7-methyl-1H-indole-1-carboxylate (3r)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 101.0 mg (0.22 mmol, 1.1
equiv) p-indole-p-CF3 enones 2s, 94.4 mg (79.0% yield) compound 3r was obtained
as a white solid, mp = 70 - 71 °C. [0]p® = +37 (c = 1.0, CHCI3). Dr (>20:1)
determined by *H and *F NMR analysis. 96% ee was determined by HPLC analysis
(Daicel Chiralcel 1C-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
trmajor = 6.0 and tminor = 7.2 min. *H NMR (300 MHz, CDCls) & 8.14 (d, J = 8.1 Hz, 1H),
7.71(d, J=7.5Hz, 1H), 7.43 - 7.29 (m, 3H), 7.25 (d, J = 8.7 Hz, 2H), 7.12 - 7.07 (m,
2H), 6.98 (d, J=7.2 Hz, 1H), 6.67 (d, J =8.7 Hz, 2H), 5.76 (d, J = 9.6 Hz, 1H), 4.21 (d,
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J=9.6 Hz, 1H), 3.75 (s, 3H), 3.60 (s, 1H), 2.51 (s, 3H), 1.50 (s, 9H). *C NMR (75
MHz, CDCl3) § 196.8, 163.2, 148.7, 139.9, 134.8, 131.9, 131.2, 130.2, 129.8,
128.2, 127.9, 127.8, 127.7, 127.3, 127.2 (q, Jc.r = 282.8 Hz), 125.1, 124.7, 122.2,
121.7, 113.3, 111.8, 83.8, 70.4, 57.0 (q, Jc.r = 26.3 Hz), 56.6, 55.3, 27.9, 22.0. °F
NMR (282 MHz, CDCl3) § —68.7. HRMS (ESI) m/z calcd for C3,H31F3NOsS [M+H]™:
598.1870, found 598.1893.
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1 5.965 20717524 | 97.90 | 1893092 bb Unknown

2 7.162 443627 2.10 37933 bb Unknown

tert-butyl-5-bromo-6-chloro-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-2-(tri
fluoromethyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3s)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 122.5 mg (0.22 mmol, 1.1
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equiv) g-indole-4-CF3 enones 2t, 114.3 mg (82.0% yield) compound 3s was obtained
as a white solid, mp = 84 - 85 °C. [0]p®® = +111 (c = 1.0, CHCIs). Dr (>20:1)
determined by *H and *°F NMR analysis. 90% ee was determined by HPLC analysis
(Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time:
tmajor = 10.1 and tyinor = 16.1 min. 'H NMR (300 MHz, CDCls) & 8.49 (s, 1H), 8.29 (s,
1H), 7.70 (d, J = 7.5 Hz, 1H), 7.43 - 7.31 (m, 6H), 6.67 (d, J = 9.0 Hz, 2H), 5.65 (dd, J
=9.5,5.6 Hz, 1H), 4.24 (d, J = 9.9 Hz, 1H), 4.00 (d, J = 5.7 Hz, 1H), 3.77 (s, 3H), 1.58
(s, 9H). °C NMR (75 MHz, CDCl3) § 197.0, 163.7, 148.4, 139.8, 134.6, 131.0, 130.7,
130.7, 130.5, 130.3, 128.9, 128.0, 128.0, 127.8, 127.5, 126.9 (q, Jc.r = 281.3 Hz),
125.1, 116.4, 116.0, 113.5, 112.2, 85.3, 70.9, 56.9 (q, Jcr = 26.8 Hz), 55.9, 55.5, 28.0.
F NMR (282 MHz, CDCl3) § —68.9. HRMS (ESI) m/z calcd for C31H,7BrCIF3NOsS
[M+H]": 696.0428, found 696.0428.
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tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-6-methyl-2-(trifluorom
ethyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3t)
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From 30.4 mg (0.2 mmol) 2-mercapto-5-methylbenzaldehyde and 97.9 mg (0.22
mmol, 1.1 equiv) g-indole-5-CF; enones 2d, 94.4 mg (79.0% yield) compound 3t was
obtained as a white solid, mp = 109 - 110 °C. [a]p®® = +50 (c = 1.0, CHCI3). Dr
(>20:1) determined by *H and '°*F NMR analysis. 95% ee was determined by HPLC
analysis (Daicel Chiralcel 1A-H column, hexane/2-propanol 3:1, 1.0 mL/min).
Retention time: tmajor = 14.6 and tyinor = 20.5 min. 'H NMR (300 MHz, CDCl5) & 8.22
(d,J=7.2 Hz, 1H), 8.07 (d, J = 8.1 Hz, 1H), 7.53 (s, 1H), 7.31 (d, J = 7.8 Hz, 4H), 7.22
-7.11 (m, 3H), 6.69 (d, J = 8.7 Hz, 2H), 5.67 (dd, J = 9.6, 5.7 Hz, 1H), 4.21 (d, J = 9.9
Hz, 1H), 3.77 (s, 3H), 3.62 (d, J = 5.7 Hz, 1H), 2.43 (s, 3H), 1.59 (s, 9H). *C NMR (75
MHz, CDCl3) 4 196.9, 163.4, 149.0, 139.5, 137.3, 135.2, 131.7, 130.4, 128.8, 128.5,
127.8, 127.5, 127.1 (q, Jcr = 282.5 Hz), 126.0, 125.8, 124.6, 123.9, 122.0, 114.8,
113.3, 112.6, 84.2, 70.5, 57.0 (q, Jc.r = 26.8 Hz), 56.3, 55.4, 28.0, 21.6. “°F NMR
(282 MHz, CDCl;) & —68.8. HRMS (ESI) m/z calcd for CsH3iFsNOsS [M+H]™:
598.1870, found 598.1892.

0.20—

2
< 4
0.10{

0.00

T e e e B B By B
5.00 10.00 15.00 20.00 25.00

min

Retention Time | Area | % Area | Height | Int Type | Peak Type

[EEN

14.495 5995863 | 46.82 | 279572 bb Unknown

2 20.214 6810957 | 53.18 | 216288 w Unknown

0.60
- 0.40-
2 ]

0.20

i ? 20.519

0.00

L e L S B S B B L B
5.00 10.00 15.00 20.00 25.00
min

S37



Retention Time Area % Area | Height | Int Type | Peak Type

[EEN

14.605 16329298 | 97.64 | 737571 bb Unknown

2 20.519 395434 2.36 | 13388 bb Unknown

tert-butyl-3-((2S,3S,4R)-4-hydroxy-6-methoxy-3-(4-methoxybenzoyl)-2-(trifluoro
methyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3u)

From 33.6 mg (0.2 mmol) 2-mercapto-5-methoxybenzaldehyde and 97.9 mg (0.22
mmol, 1.1 equiv) p-indole-B-CF3 enones 2d, 98.2 mg (80.0% yield) compound 3u
was obtained as a colorless oil. [a]p® = +16 (¢ = 1.0, CHCI3). Dr (>20:1) determined
by 'H and °F NMR analysis. 90% ee was determined by HPLC analysis (Daicel
Chiralcel IA-H column, hexane/2-propanol 3:1, 1.0 mL/min). Retention time: tmajor =
15.3 and tminor = 13.8 min. *H NMR (300 MHz, CDCls) § 8.21 (d, J = 7.8 Hz, 1H), 8.10
(d, J=8.1Hz, 1H), 7.56 (s, 1H), 7.35 (s, 1H), 7.33 - 7.30 (m, 3H), 7.26 (t, J = 3.8 Hz,
1H), 7.17 (9, J = 7.5 Hz, 2H), 6.73 (d, J = 8.7 Hz, 2H), 5.74 (dd, J = 9.6, 5.4 Hz, 1H),
4.21(d, J=9.9Hz, 1H), 3.81 (s, 3H), 3.11 (d, J=5.4 Hz, 1H), 2.44 (s, 3H), 1.60 (s, 9H).
3¢ NMR (75 MHz, CDCl3) 8 195.8, 162.4, 148.0, 138.8, 132.5, 130.6, 130.2, 130.1,
129.4, 129.4, 127.7, 126.9, 126.7, 126.3, 126.0 (q, Jcr = 281.5 Hz), 125.1, 124.0,
122.7,113.3,112.2, 111.1, 83.0, 69.5, 56.1 (q, Jc-r = 27.0 Hz), 55.3, 54.3, 27.0, 20.6.
F NMR (282 MHz, CDCl3) & —68.7. HRMS (ESI) m/z calcd for CsHaiFsNOGS
[M+H]": 614.1819, found 614.1845.

0.20]
0.15-]
5 ]
T 0.0

0.05-]

000 \ ~
T T ; ; ; 7

T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
min

Retention Time | Area | % Area | Height | Int Type | Peak Type

[y

13.888 4860537 | 49.38 | 209062 bv Unknown

2 15.391 4983259 | 50.62 | 190530 vb Unknown
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AU

0.20

13.822

0.00

VAN \
L B e e e e I LI

T T —
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
min

Retention Time Area % Area | Height | Int Type | Peak Type

[EEN

13.822 727504 511 | 32615 bb Unknown

2 15.290 13508722 [ 94.89 | 520721 bb Unknown

tert-butyl-3-((2S,3S,4R)-4-hydroxy-3-(4-methoxybenzoyl)-6,8-dimethyl-2-(trifluor
omethyl)thiochroman-2-yl)-1H-indole-1-carboxylate (3v)

From 33.2 mg (0.2 mmol) 2-mercapto-3,5-dimethylbenzaldehyde and 97.9 mg (0.22
mmol, 1.1 equiv) p-indole-5-CF3; enones 2d, 101.5 mg (83.0% yield) compound 3v
was obtained as a white solid, mp = 109 - 110 <C. [a]p™® = +78 (c = 1.0, CHCI5). Dr
(>20:1) determined by *H and °F NMR analysis. 94% ee was determined by HPLC
analysis (Daicel Chiralcel IA-H column, hexane/2-propanol 3:1, 1.0 mL/min).
Retention time: tmajor = 9.5 and tminor = 11.2 min. 'H NMR (300 MHz, CDCl3) 6 8.23 (d,
J=7.8Hz, 1H), 8.08 (d, J=8.1 Hz, 1H), 7.40 (s, 1H), 7.30 (d, J = 8.7 Hz, 3H), 7.23 (t,
J=75Hz, 1H), 7.15 (t, J=7.2 Hz, 1H), 7.06 (s, 1H), 6.69 (d, J = 9.0 Hz, 2H), 5.70 (dd,
J=9.3,5.4Hz, 1H), 4.16 (d, J=9.6 Hz, 1H), 3.77 (s, 3H), 3.49 (d, J =5.4 Hz, 1H), 2.39
(s, 6H), 1.59 (s, 9H). *C NMR (75 MHz, CDCls) & 197.1, 163.4, 149.0, 139.7, 136.7,
136.3, 135.2, 131.8, 130.3, 129.8, 128.6, 127.0 (q, Jc.r = 283.0 Hz), 126.8, 126.1 (d,
Jor = 3.8 Hz), 124.6, 124.0, 123.0, 122.0, 114.8, 113.2, 112.6, 84.2, 70.8, 56.9 (q, Jc-r
= 27.0 Hz), 56.4, 55.4, 28.0, 21.4, 19.9. *°F NMR (282 MHz, CDCl3) § —69.1. HRMS
(ESI) m/z calcd for Ca3HasFsNOsS [M+H]"™: 612.2026, found 612.2033.
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050
0.40-
0.30
2 ]
4 ]
0.20]

0.10-

0.00

L O B S B B B
2.00 4.00 6.00 8.00 10.00 12.00 14.00

Retention Time | Area | % Area | Height | Int Type | Peak Type

1 9.551 7209078 | 47.91 |482737 bb Unknown

2 11.166 7836983 | 52.09 |441049 bv Unknown

1.20]
1.00-]
0.80

0.60-

AU

0.40] °
- e}
4 —

0.20] <
: —

0.00 -

T (I T T (R e L S
2.00 4.00 6.00 8.00 10.00 12.00 14.00

Retention Time Area % Area | Height | Int Type | Peak Type

1 9.513 17754561 | 96.88 | 1176409 bb Unknown

2 11.180 571684 3.12 31983 bb Unknown

tert-butyl-3-((2S,3R,4R)-3-acetyl-4-hydroxy-2-(trifluoromethyl)thiochroman-2-yl)
-1H-indole-1-carboxylate (3w)

From 27.6 mg (0.2 mmol) 2-mercaptobenzaldehyde and 77.7 mg (0.22 mmol, 1.1
equiv) p-indole-5-CF3 enones 2u, 78.6 mg (80.0% yield) compound 3w was obtained
as a white solid, mp = 88 - 89 <. [a]p®® = +66 (c = 1.0, CHCIl3). Dr (>20:1)
determined by *H and *°F NMR analysis. >99% ee was determined by HPLC analysis
(Daicel Chiralcel OD-H column, hexane/2-propanol 20:1, 1.0 mL/min). Retention
time: tmajor = 15.4 min. "H NMR (300 MHz, CDCl;) & 8.22 (d, J = 8.1 Hz, 1H), 7.93 (d,
J=6.0 Hz, 2H), 7.64 - 7.61 (m, 1H), 7.36 - 7.30 (m, 2H), 7.28 - 7.21 (m, 3H), 5.31 (t,
J = 6.5 Hz, 1H), 4.59 (d, J = 5.4 Hz, 1H), 2.88 (d, J = 8.1 Hz, 1H), 1.69 (s, 12H). *C
NMR (75 MHz, CDCl3) 6 205.3, 149.0, 136.0, 134.0, 130.9, 127.9, 127.4, 126.6 (q,
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Jo.r = 283.7 Hz), 126.2, 126.1, 125.4, 125.1, 123.1, 121.8, 121.7, 115.7, 114.3, 84.9,
68.0 (q, Jo.r = 3.5 Hz), 54.6, 54.3, 32.7, 28.1. *F NMR (282 MHz, CDCl3) & —69.0.
HRMS (ESI) m/z calcd for CasH5F3NO4S [M+H]™: 492.1378, found 492.1370.

T T
8.00

(N
10.00

min

T
12.00

T
14.00

[
16.00

(B B S
18.00 20.00

Retention Time | Area | % Area | Height | Int Type | Peak Type
1 15.399 1113021 | 51.83 | 21521 bv Unknown
2 18.708 1034321 | 48.17 | 16776 vb Unknown
0.10—
] ©
3
2 0.05;
IR I SO
H ‘2.(‘)0‘ ‘ ‘4.60‘ ‘ ‘6.60‘ ‘ ‘8.(‘)0‘ ‘ ‘lDA‘OO‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20,‘00‘
Retention Time | Area | % Area | Height | Int Type | Peak Type
1 15.350 5449605 | 100.00 | 101333 bb Unknown

5. Screening of Catalysts for the synthesis of Compound 4.

Boq
HO__S o) N toluene
\[SJ\OH + MeO cat.,, 0 °C
CF4
catalyst time (h) yield (%) ee (%)
C1l 48 61 64
C2 48 63 53
C3 48 81 14
C4 48 81 13
C5 48 85 84
C6 48 85 77
C7 48 84 73

tert-butyl-3-((2S,3S,4R)-3-benzoyl-4-hydroxy-2-(trifluoromethyl)tetrahydrothiop
hen-2-yl)-5-bromo-1H-indole-1-carboxylate (4)
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From 30.4 mg (0.2 mmol) 1,4-dithiane-2,5-diol and 115.1 mg (0.22 mmol, 1.1 equiv)
fS-indole-S-CF3 enones 2i, with C5 (12 mg, 10 mol %) as catalyst, 102.1 mg (85.0%
yield) compound 4 was obtained as a white solid, mp = 109 - 110 °C. [a]p®® = +82 (c
= 1.0, CHCI3). Dr (>20:1) determined by *H and °F NMR analysis. 84% ee was
determined by HPLC analysis (Daicel Chiralcel IA-H column, hexane/2-propanol 2:1,
1.0 mL/min). Retention time: tmajor = 9.4 and tminor = 10.8 min. 'H NMR (300 MHz,
CDCl3) & 7.93 (d, J = 8.7 Hz, 1H), 7.84 (s, 1H), 7.60 (d, J = 8.7 Hz, 2H), 7.30 (s, 1H),
7.19 (dd, J=8.9, 1.7 Hz, 1H), 6.83 (d, J = 9.0 Hz, 2H), 5.05 (t, J = 6.8 Hz, 2H), 3.84 (s,
3H), 3.38 (t, J = 9.2 Hz, 1H), 3.21 (dd, J = 9.8, 5.9 Hz, 1H), 3.14 (d, J = 5.1 Hz, 1H),
1.63 (s, 9H). **C NMR (75 MHz, CDCls) & 196.0, 163.8, 148.8, 134.6, 131.4, 130.5,
129.4,129.2, 127.1, 127.1 (9, Jcr = 279.5 Hz), 124.8, 116.4, 115.7, 115.5, 114.0, 84.8,
77.0, 61.1 (q, Jo.r = 28.3 Hz), 55.6, 52.8, 36.2, 28.0. *°F NMR (282 MHz, CDCls) &
—70.3. HRMS (ESI) m/z calcd for CyeHsBrFsNOsS [M+H]": 600.0662, found
600.0673.

0.60—

0.40—
5 J
<

0.20—

0.00

T ‘ T T T ‘ T T T T T T ‘ T - T T ‘ T T T — ‘ T T T ‘ T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
min

Retention Time Area % Area | Height | Int Type | Peak Type

1 9.266 11937296 | 51.00 | 609367 bv Unknown

2 10.981 11468887 | 49.00 (434077 vb Unknown

0.60—
D 0.40
X 4

0.20—

10.789

0.00

L L B e ey B B B B B
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

Retention Time Area % Area | Height | Int Type | Peak Type

1 9.423 11241780 | 91.87 | 745034 | VV Unknown

2 10.789 995424 8.13 57293 \VAY) Unknown
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5. X-ray Structure of Compound 2h
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6. X-ray Structure of Compound 3g
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19F NMR (282 MHz, CDCl;)
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19F NMR (282 MHz, CDCl5)
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1F NMR (282 MHz, CDCl;)
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1F NMR (282 MHz, CDCl;)
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19¢ NMR (282 MHz, CDCl5)
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19F NMR (282 MHz, CDCl;)
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19F NMR (282 MHz, CDCl;)
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19F NMR (282 MHz, CDCl3)

-66.785

-90

ppm

-40

-45 -50

-55

-60

-65

S98

-70

-75

-80

-85



000°0-——

8y T ——

viv: ¢ ——

L9G7 € ——

8¢9°
LS9
§68°
906"
G16°
02¢0*
620"
0rv0-
060"
60€"
rIe”
vLY®
979"
SL9”

"H NMR (300 MHz, CDCl)

0.0 ppm

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

5.0

5.5

6.0

7.5

8.0

LE'6

H

©
o

S99



<
O
o
[e0)
—

ooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHH
mmmmmmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHH

mmmmmm
wwwwww
HHHHHH
mmmmmm
HHHHHH

—84.10

77.65
77.23
76.81

s
™~

55.40

128.50

—27.89

124.87

—22.17

121.23

117.59

132.5 132.0 1315

131.0

128

126

124

122

120

ppm



19F NMR (282 MHz, CDCl5)
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19F NMR (282 MHz, CDCl;)
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19F NMR (282 MHz, CDCl;)
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