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1. General Information

All reactions were run under an argon atmosphere using standard Schlenk
techniques or an inert atmosphere glove box. All glassware were oven or flame dried
prior to use. Toluene and THF were dried over sodium and distilled in the presence of
benzophenone. Dried toluene was taken to the glove box in a Schlenk flask with
activated molecular sieves. CH.Cl, was dried over alumina. Other commercially
available solvents were used without additional purification. All palladium catalysts
and ligands were purchased from Strem and stored in the glove box under an argon
atmosphere. Compound purification was effected by flash chromatography using
230x400 mesh, 60A porosity silica obtained from Sorbent Technologies.

'H NMR and C NMR spectra were obtained on a Bruker Avance 400 or a Bruker
Avance 500 DRX spectrometer equipped with a QNP cryoprobe and referenced to
residual protio solvent signals. Structural assignments were based on H, °C,
DEPT-135, COSY, HSQC. Mass spectrometry was run using EI or ESI techniques.
Chiral HPLC analysis was performed by LC-10ATVP Shimadzu HPLC using
Chiralpak AD, AS-H, AD-H and Chiralcell OD-H, OD chiral columns
(0.46cm@x25cm), eluting with hexane/iso-propanol mixture. All HPLC data are
provided in a separate document. Optical rotations were measured on a Autopol® IV
automatic polarimeter using a 5 cm cell and sodium D line (589 nm) at ambient
temperature in the solvent and concentration indicated

2. Preparation and Spectral Data of Materials

Substrates were prepared with the procedures shown below. The N-Tf
indole-3-carboxaldehyde was synthesised via the reported process[”
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Standard procedure 1: N-Tf indole-3-carboxaldehyde (832 mg, 3 mmol) was
dissolved into THF (15 ml). After the mixture was cooled to -78 °C,
phenylmagnesium bromide (1.5 eq, 4.5 mmol) was added dropwise. The mixture was
allowed to stirring at this temperature for 30 min. Then the reaction was quenched
with NH4Cl(ag.) and organic layer was separated. The aqueous layer was extracted
with EtOAc 3 times. The combined organic layer was dried by MgSO4. Removed the
solvent on rotary evaporator, the corresponding secondary benzoic alcohol could be
purified by column chromatography (978 mg, 92% vyield).

Then product of last step (711 mg, 2 mmol) was re-dissolved into DCM. Pyridine
(483 uL, 6 mmol) was added and the mixture was cooled to 0 °C in a ice bath. After
that, isopropenylchloroformate (289 mg, 2.4 mmol) was added dropwise. The reaction
mixture was allowed to warm to room temperature and monitored by TLC. After the
starting material completely converted, the product was isolated by column
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chromatography (705 mg, 80% vyield).
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Standard procedure 2: 1-Fluoro-4-iodobenzene (666 mg, 3 mmol) was dissolved
into THF (15 ml). After the mixture was cooled to -78 °C, n-BuLi (1.2 ml, 2.5 N in
hexane) was added dropwise. The mixture was allowed to stirring at -78 °C for 30 min.
N-Tf indole-3-carboxaldehyde (554 mg,2 mmol) was added with 5 ml THF, further
stirring for 30 min before quenched with NH4Cl(ag.). Organic layer was separated.
The aqueous layer was extracted with EtOAc 3 times. The combined organic layer
was dried by MgSO.. Removed the solvent on rotary evaporator, the corresponding
secondary alcohol could be purified by column chromatography (636 mg, 85% yield).

Then procedure of next step was as same as procedure 1.
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Standard procedure 312: CDI (1.62 g, 10 mmol) was dissolved into THF (20 mL),
cooled to 0 °C in a ice bath. Phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-
methanol (1.76 g, 5 mmol) was added slowly dropwise with 20 mL DCM via syringe.
After completely added, the mixture was allowed to warm to room temperature and
continuous stired for 3 hs and monitored by TLC. When the starting material totally
disappeared, the solvent was removed via rotary evaporator and the desired product
was purified by column chromatography (2.04 g, 90% vyield). The
1H-imidazole-1-carboxylate intermediate S1 can stored at 4 °C for more than 7 days
without obviously decomposition.

Diisopropylamine (313 uL, 2.2 mmol) was dissolved into THF (5 mL), cooled to
-78 °C before n-BuLi (880 uL, 2.2 mmol, 2.5 N in hexane) was added via syringe.
The mixture was stirred at this temperature for 10 min, then propiophenone (269 mg,
2 mmol) was added. This mixture was allowed to stir at -78 °C for 30 min. A separate
flask was charged with a THF solution of 1H-imidazole-1-carboxylate intermediate
S1 (450 mg, 1 mmol), also cooled to -78 °C followed by the addition of BF3:Et,0 (303
uL, 2.4 mmol). After stirring at this temperature for 15 min, the enolate mixture was
transferred into the solution of 1H-imidazole-1-carboxylate and BF3.Et2O quickly.
Then the mixture was further stirred at -78 °C for 30 min. After
1H-imidazole-1-carboxylate intermediate totally disappeared, the reaction was quench
by H20, extrated with EtOAc 3 times. The combined organic layer was dried by
MgSOQOs. The solvent was removed on a rotary evaporator and the corresponding enol
carbonate could be purified by column chromatography using 6:1 pentane:diethyl
ether (388 mg, 76% yield, E/Z = 50:1).
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Standard procedure for the preparation of enantioenriched diarylmethanolstl:
To a flame dried Schlenk flask was added phenyl boronic acid (731 mg, 6 mmol) and
toluene (10 mL). Then diethyl zinc (18 mL, 18 mmol, 1.0 M in hexanes) was added
and the solution was heated at 60 °C for 24 hours in an oil bath. After 24 hours, it was
removed from the oil bath and cooled to room temperature. Then a solution of
(25)-(-)-3-exo-MIB (59.8 mg, 0.25 mmol) in toluene (5 mL) was added to the
reaction mixture and was allowed to stir for one hour at room temperature before the
addition of corresponding N-Tf indole-3-carboxaldehyde (2.5 mmol, 692 mg). Then
the reaction mixture was allowed to stir for 12 hours and the resulting mixture was
quenched with 1IN HCI acid and the product was extracted with EtOAc. The
combined organics were washed with brine and dried over MgSQO4and concentrated
in vacuo. The crude product was purified via flash chromatography over silica gel to
isolate enantioenriched secondary alcohol in 87% vyield.

Characterization Data of Substrates

Phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl prop-1-en-2-yl
carbonate

402 mg, white solid, mp. 65-67 °C, 92% yield, 6:1

O pentane:diethyl ether. *tH NMR (400 MHz, CDCls) 6 (ppm) =

o) 7.81(d, J=8.4 Hz, 1H), 7.42 — 7.38 (m, 2H), 7.37 — 7.34 (m,

N 27/07// 1H), 7.34 — 7.27 (m, 5H), 7.23 — 7.19 (m, 1H), 6.88 (s, 1H),
O 476 —4.72 (m, 1H), 4.63 (dd, J =1.8, 1.1 Hz, 1H), 1.87 (d, J
Tf = 0.6 Hz, 3H). *C NMR (100 MHz, CDCl3) § 152.90, 152.12,
136.84, 135.92, 129.12, 128.89, 128.54, 127.27, 126.29,
125.04, 124.35, 124.02, 120.81, 119.50 (q, J = 322.0 Hz), 113.92, 102.04, 74.81,
19.10. ATR-IR: 1759, 1451, 1420, 1271, 1233, 1209, 1150, 1113 cm™. HRMS for:
C16H11F3sNO3S [M-CsHs03]*: calcd 338.0468 , found 338.0504.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed.

(4-Methoxyphenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl
prop-1-en-2-yl carbonate

0 197 mg, yellow oil, 42% vyield, 6:1 pentane:diethyl ether. *H
NMR (500 MHz, CDCI3) ¢ (ppm) = 7.81 (d, J = 8.3 Hz,
O 1H), 7.35 — 7.27 (m, 5H), 7.21 (ddd, J = 8.2, 7.2, 0.9 Hz,
O>7/O 1H), 6.86 — 6.81 (m, 3H), 4.74 — 4.61 (m, 2H), 3.73 (s, 3H),
O \ O /V/ 1.87 (d, J = 0.6 Hz, 3H). **C NMR (125 MHz, CDCl3) § =
N 160.17, 152.89, 152.12, 135.90, 129.05, 128.82, 128.54,
T 126.23, 124.99, 124.24, 123.92, 120.81, 11950 (q, J =
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321.3 Hz), 114.21, 113.89, 102.02, 74.80, 55.25, 19.12. ATR-IR: 1752, 1643, 1514,
1418, 1207, 1175, 1148, 991, 745 cm™. HRMS for: C17H13FsNO3S [M-C4HsOs]*:
calcd 368.0563, found 368.0596.
The molecular ion peak wasn't found in standard high resolution mass spectrometry, instead the
diarylmethane cation was observed .

(4-Fluorophenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl
prop-1-en-2-yl carbonate
F 398 mg, colorless oil, 85% vyield, 6:1 pentane:diethyl ether.
'H NMR (500 MHz, CDCls) 6 (ppm) = 7.93 (d, J = 8.4 Hz,
O 1H), 7.51 - 7.47 (m, 2H), 7.44 (ddd, J = 8.4, 7.3, 1.2 Hz, 1H),
O>7/O 7.39 (d, J =6.5 Hz, 2H), 7.33 (td, J = 7.6, 0.9 Hz, 1H), 7.14 -
O \ O /V/ 7.08 (m, 2H), 6.95 (s, 1H), 4.85 (d, J = 1.5 Hz, 1H), 4.75 (dd,
N J=1.8, 1.1 Hz, 1H), 1.98 (d, J = 0.6 Hz, 3H). °C NMR (125
Tt MHz, CDCls) 6 163.03 (d, J = 247.5 Hz), 152.86, 152.05,
135.93, 132.73 (q, J = 3.8 Hz), 129.40 (q, J = 8.8 Hz), 128.32, 126.40, 125.09,
124.21, 123.72, 120.69, 119.49 (q, J = 322.5 Hz), 116.92 (g, J = 35.0 Hz), 113.99,
102.14, 74.23, 19.11. ATR-IR: 1759, 1676, 1607, 1510, 1451, 1422, 1273, 1234, 1209,
1150, 1113, 991, 747, 611 cm™. HRMS for: CisH10F4aNO2S [M-CsHs03]*: calcd
356.0363, found 356.0371.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

Prop-1-en-2-yl-((4-(trifluoromethyl)phenyl)(1-((trifluoromethyl)sulfonyl)-1H-ind
ol-3-yl)methyl) carbonate
FsC White solid, mp. 75-76 °C, 6:1 pentane:diethyl ether. H
NMR (500 MHz, CDCls) ¢ (ppm) = 7.93 (d, J = 8.3 Hz,
O 1H), 7.69 (d, J = 8.3 Hz, 2H), 7.66 — 7.61 (m, 2H), 7.47 —
077/0 7.41 (m, 3H), 7.34 (td, J=7.7, 0.9 Hz, 1H), 4.85 (d, J = 1.6
O N\ O 7? Hz, 1H), 4.75 (dd, J = 1.8, 1.1 Hz, 1H), 1.98 (d, J = 0.6 Hz,
N 3H). 3C NMR (125 MHz, CDCl3) § 152.88, 152.02, 140.86
Tt (g, J = 2.0 Hz), 135.95, 131.24 (g, J = 32.0 Hz), 128.19,
127.49, 126.53, 125.96 (q, J = 4.0 Hz), 125.20, 124.69, 123.78 (g, J = 270.0 Hz),
123.13, 120.64, 119.49 (q, J = 322.0 Hz), 114.04, 102.16, 73.92, 19.04. ATR-IR: 1759,
1422, 1325, 1273, 1234, 1209, 1167, 1150, 1130, 1113, 1069, 990, 746, 610 cm™.

(2-Fluorophenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl
prop-1-en-2-yl carbonate

F Yellow solid, mp. 58-61 °C, 6:1 pentane:diethyl ether. 'H
O NMR (500 MHz, CDClz) ¢ (ppm) = 7.81 (d, J = 8.4 Hz, 1H),
O o 7.51 — 7.48 (m, 1H), 7.44 (td, J = 7.6, 1.7 Hz, 1H), 7.35 —
O A (27/ 7? 7.31 (m, 1H), 7.30 — 7.24 (m, 3H), 7.17 (s, 1H), 7.12 (td, J =
7.6, 1.0 Hz, 1H), 7.06 — 7.01 (m, 1H), 4.75 (d, J = 1.5 Hgz,
Tf 1H), 4.64 (dd, J = 1.8, 1.1 Hz, 1H), 1.88 (d, J = 0.7 Hz, 3H).
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13C NMR (125 MHz, CDCls) § 159.98 (d, J = 247.5 Hz), 152.93, 151.91, 135.87,
130.94 (d, J = 31.0 Hz), 128.45, 128.24 (d, J = 2.5 Hz), 126.42, 125.19, 124.73 (d, J =
3.8 Hz), 124.60 (d, J = 12.5 Hz), 124.28, 123.27, 120.55, 119.51 (q, J = 322.5 Hz),
116.04 (d, J = 21.3 Hz), 113.99, 102.16, 68.73 (g, J = 3.8 Hz), 19.11. ATR-IR: 1761,
1674, 1491, 1451, 1422, 1271, 1233, 1207, 1148, 1113, 990, 758, 606 cm™. HRMS
for: C16H10F4NO2S [M-C4sHs03]*: calcd 356.0363, found 356.0368.

The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

(3,5-Dimethylphenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl
prop-1-en-2-yl carbonate
White solid, mp. 63-65 °C, 6:1 pentane:diethyl ether.. H
NMR (400 MHz, CDCls) ¢ (ppm) = 7.91 (d, J = 8.4 Hz,
O 1H), 7.52 — 7.44 (m, 1H), 7.44 — 7.38 (m, 1H), 7.38 — 7.29
o o (m, 2H), 7.13 — 7.06 (m, 2H), 7.01 (s, 1H), 6.90 (s, 1H),
\ (Z]/ 484 (d,J=14Hz, 1H),4.73 (dd, J=1.7, 1.2 Hz, 1H), 2.33
O N (s, 6H), 1.98 (d, J = 0.7 Hz, 3H). *C NMR (100 MHz,
Tf CDCIs) 6 152.92, 152.14, 138.49, 136.67, 135.90, 130.81,
128.65, 126.22, 125.03, 125.00, 124.32, 124.18, 120.83, 119.52 (q, J = 322.0 Hz),
113.89, 102.00, 74.94, 21.29, 19.13. ATR-IR: 1759, 1672, 1611, 1451, 1420, 1271,
1233, 1207, 1150, 1111, 990, 839, 746, 610 cm™. HRMS for: Cz2H21F3sNOsS [M+H]*:
calcd 468.1093, found 468.1230.

Naphthalen-1-yl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl
prop-1-en-2-yl carbonate
392 mg, white oil, 80% vyield, 6:1 pentane:diethyl ether. H
O NMR (500 MHz, CDClz) ¢ (ppm) = 8.02 — 7.96 (m, 1H),
O oL ¢ 7.78 (dd, J = 8.4, 5.1 Hz, 3H), 7.66 — 7.58 (m, 2H), 7.44 —
>7/ 7? 7.36 (m, 4H), 7.28 (dd, J =8.2, 7.5 Hz, 1H), 7.18 (t, J = 7.6
Hz, 1H), 7.13 (s, 1H), 4.73 (s, 1H), 4.60 (d, J = 0.8 Hz, 1H),
Tf 1.84 (s, 3H). *3C NMR (125 MHz, CDCls) § 151.89, 151.28,
134.85, 132.90, 131.16, 129.43, 128.99, 127.98, 127.80, 125.76, 125.30, 125.05,
124.76, 124.19, 124.11, 123.02, 122.09, 119.68, 118.40 (q, J = 321.3 Hz), 112.90,
101.02, 71.36, 18.04. ATR-IR: 1755, 1674, 1451, 1422, 1275, 1233, 1207, 1150, 1113,
988, 779, 746, 615 cm™. HRMS for: Cz0H13FsNO2S [M-C4Hs03]*: calcd 388.0614,
found 388.0637.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .
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(5-Methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl
prop-1-en-2-yl carbonate
372 mg, white solid, mp. 71-73 °C, 82% vyield, 6:1
O pentane:diethyl ether. *tH NMR (400 MHz, CDCls) ¢ (ppm)
o o =7.77 (d, J = 9.0 Hz, 1H), 7.48 (dd, J = 7.6, 1.6 Hz, 2H),
A (27/ % 7.45 —7.37 (m, 3H), 7.30 (s, 1H), 7.22 (d, J = 6.8 Hz, 2H),
O N 6.94 (s, 1H), 4.83 (d, J = 1.5 Hz, 2H), 4.72 (s, 1H), 2.39 (s,
Tf 3H), 1.97 (s, 3H). **C NMR (100 MHz, CDCls) & 152.96,
152.19, 136.92, 134.99, 134.12, 129.12, 128.92, 128.81, 127.68, 127.29, 124.49,
123.88, 120.63, 119.56 (q, J = 322.0 Hz), 113.59, 102.06, 74.84, 21.38, 19.15.
ATR-IR: 1759, 1418, 1273, 1233, 1204, 1153, 1142, 1111, 1090, 991, 698, 625, 586
cmt. HRMS (ESI) for: Ci7HisFsNO2S [M-CsHsOs]*: caled 352.0614, found
352.06109.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

(7-Methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl
prop-1-en-2-yl carbonate
Beige solid, mp. 62.1-64.9 °C, 5:1 hexane:ethyl acetate. *H
O NMR (500 MHz, CDCl3) 6 7.48 (d, J = 2.0 Hz, 1H), 7.46
0] (d, J = 1.6 Hz, 2H), 7.42 — 7.39 (m, 1H), 7.39 — 7.35 (m,
?]/O 2H), 7.28 (t, J = 4.7 Hz, 1H), 7.21 (s, 1H), 7.20 (d, J = 1.1
O Ny O % Hz, 1H), 6.93 (s, 1H), 4.82 (d, J = 1.7 Hz, 1H), 4.72 — 4.70
N (m, 1H), 2.68 (s, 3H), 1.96 (s, 3H). *C NMR (126 MHz,
CDCIsz) 6 152.93, 152.15, 136.80, 135.72, 130.66, 130.53,
129.10, 128.88, 127.34, 125.74, 125.47, 123.84, 118.63, 102.04, 74.80, 21.85 (d, J =
1.8 Hz), 19.14. ATR-IR: 1758, 1419, 1270, 1231, 1207, 1112, 1083, 739, 724 cm™.
HRMS for: C21H1sFsNOsS [M]*: calcd 453.0858, found 453.0864.

(6-Chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl
prop-1-en-2-yl carbonate

398 mg, white solid, mp. 101-103 °C, 84% yield, 6:1

O pentane:diethyl ether. 'H NMR (500 MHz, CDCl3) ¢

o o (ppm) = 7.93 (d, J = 1.7 Hz, 1H), 7.48 (dd, J = 7.9, 1.5

(27/ Hz, 2H), 7.44 — 7.38 (m, 4H), 7.36 (d, J = 8.5 Hz, 1H),

O 7.29 (dd, J = 8.5, 1.8 Hz, 1H), 6.95 (s, 1H), 4.84 (d, J =

Cl 1.5 Hz, 1H), 4.74 (dd, J = 1.8, 1.1 Hz, 1H), 1.97 (d, J =

0.7 Hz, 3H). 3C NMR (125 MHz, CDCls) § 152.86, 152.04, 136.57, 136.23, 132.55,

129.22, 128.94, 127.19, 127.01, 125.84, 124.80, 123.76, 121.65, 119.38 (q, J = 321.3

Hz), 114.21, 102.08, 74.53, 19.06. ATR-IR: 1759, 1422, 1269, 1233, 1209, 1152,

1121, 1074, 993, 625, 602 cm™. HRMS for: Ci6H10CIFsNO2S [M-CsHs03]*: calcd

372.0073, found 372.0087.

The molecular ion peak wasn't found in standard high resolution mass spectrometry,

instead the diarylmethane cation was observed .

Jz -
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(6-Fluoro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl
prop-1-en-2-yl carbonate
White solid, mp. 72-74 °C, 6:1 pentane:diethyl ether. *H
O NMR (400 MHz, CDCl3) ¢ (ppm) = 7.63 (dd, J = 9.2, 2.2
o) Hz, 1H), 7.50 — 7.45 (m, 2H), 7.43 — 7.35 (m, 5H), 7.06
77/0% (td, J=8.9, 2.3 Hz, 1H), 6.93 (s, 1H), 4.83 (d, J = 1.5 Hz,
O » 0 1H), 4.73 (dd, J = 1.7, 1.1 Hz, 1H), 1.96 (d, J = 0.6 Hz,
F "|\'lf 3H). 13C NMR (125 MHz, CDCl3) § 162.52 (d, J = 245.0
Hz), 152.87, 152.09, 136.63, 136.20 (d, J = 12.5 Hz),
129.24, 128.96, 127.21, 124.79 (d, J = 1.3 Hz), 124.62 (d, J = 3.8 Hz), 123.76, 121.87
(d, J=8.8 Hz), 119.42 (q, J = 321.3 Hz), 113.66 (d, J = 25.0 Hz), 102.12, 101.74 (d, J
= 28.8 Hz), 74.63, 19.11. ATR-IR: 1759, 1676, 1616, 1578, 1489, 1271, 1234, 1209,
1148, 1098, 1001, 905 cm™. CiH10F4aNO,S [M-C4HsOs]*: caled 356.0363, found
356.0380.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

3-Phenyl-1-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)prop-2-yn-1-yl
prop-1-en-2-yl carbonate
Yellowish oil, 6:1 pentane:diethyl ether. 'H NMR (400
O MHz, CDClz) é (ppm) = 7.88 — 7.81 (m, 2H), 7.56 (s, 1H),
7.42 —7.33 (m, 4H), 7.28 — 7.21 (m, 3H), 6.72 (d, J = 0.7
0 Hz, 1H), 4.81 - 4.77 (m, 1H), 4.66 (dd, J = 1.8, 1.1 Hz, 1H),
77/0 1.91 (d, J = 0.6 Hz, 3H). *C NMR (100 MHz, CDCls) §
O N O \/‘? 152.98, 152.02, 136.02, 132.05, 129.37, 128.45, 128.17,
¥f 126.56, 125.64, 125.26, 121.37, 120.99, 120.93, 119.51 (q,
J =322.0 Hz), 114.01, 102.19, 88.19, 82.77, 63.09, 19.16.
ATR-IR: 1759, 1678, 1491, 1451, 1422, 1323, 1267, 1234, 1209, 1150, 1113, 756,
613 cm™®. HRMS for: C22H16FsNNaOsS [M+Na]*: calcd 486.0593, found 486.0518.

N\

Naphthalen-2-yl(phenyl)methyl (1-phenylvinyl) carbonate
0 285 mg, colorless oil, 75% vyield, 6:1 pentane:diethyl ether.
PhJ\oJ\o 'H NMR (500 MHz, CDCls) 6 (ppm) = *H NMR (500 MHz,
CDCl3) 6 7.89 (d, J = 0.5 Hz, 1H), 7.86 — 7.80 (m, 3H), 7.52
— 7.46 (m, 4H), 7.44 — 7.40 (m, 3H), 7.39 — 7.35 (m, 2H),
7.35 - 7.28 (m, 3H), 6.90 (s, 1H), 5.45 (d, J = 2.5 Hz, 1H),
5.15 (d, J = 2.5 Hz, 1H). **C NMR (125 MHz, CDCl3) & 153.37, 152.48, 139.09,
136.53, 133.78, 133.03, 133.02, 129.09, 128.60, 128.55, 128.51, 128.29, 128.18,
127.66, 127.09, 126.39, 126.37, 126.03, 124.86, 124.62, 101.87, 81.60. ATR-IR: 1755,

1672, 1271, 1207, 1167, 1125, 1086, 936, 853, 816, 698 cm™. HRMS for:
C26H20NaO3 [M+Na]™: calcd 403.1305, found 403.1346.
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Phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl (1-phenylvinyl)
carbonate
366 mg, white solid, mp. 97-100 °C, 73% yield, 6:1
O pentane:diethyl ether. *"H NMR (500 MHz, CDCls) 6 (ppm) =
o o 7.91 (d, J = 8.3 Hz, 1H), 7.46 (m, 5H), 7.43 — 7.39 (m, 4H),
>7/ \/\4 7.35 — 7.28 (m, 5H), 6.97 (s, 1H), 5.45 (d, J = 2.6 Hz, 1H),
O Ph 5.15 (d, J = 2.6 Hz, 1H). 3C NMR (125 MHz, CDCls) &
Tf 152.33, 151.32, 135.60, 134.88, 132.58, 128.20, 128.16,
127.88, 127.59, 127.47, 126.27, 125.29, 124.03, 123.77, 123.40, 122.85, 119.79,
118.46 (q, J = 321.3 Hz), 112.90, 100.94, 74.21. ATR-IR: 1765, 1418, 1279, 1229,
1148, 1111, 990, 746, 698, 606 cm™. HRMS for: C16H11FsNO2S [M-CsH703]*: calcd
338.0463, found 338.0504.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

1-(Furan-2-yl)vinyl (phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl)
carbonate

373 mg, yellow oil, 76% yield, 6:1 pentane:diethyl ether. *H
O NMR (500 MHz, CDCl3) ¢ (ppm) = 7.95 (d, J = 8.4 Hz, 1H),
o o 7.56 — 7.53 (m, 2H), 7.51 — 7.48 (m, 1H), 7.47 — 7.38 (m, 6H),
O A 27/5 7.33 (td, J = 7.8, 0.9 Hz, 1H), 7.05 (s, 1H), 6.37 (dd, J = 3.4,
N -
Tf ~ o

1.8 Hz, 1H), 6.33 (d, J = 3.4 Hz, 1H), 5.49 (d, J = 2.7 Hz,

1H), 5.10 (d, J = 2.7 Hz, 1H). 3C NMR (125 MHz, CDCls)

152.23, 147.77, 144.72, 143.27, 136.54, 135.88, 129.21,
128.90, 128.44, 127.28, 126.32, 125.04, 124.41, 123.78, 120.79, 119.47 (q, J = 322.5
Hz), 113.90, 111.32, 107.77, 100.17, 75.44. ATR-IR: 1765, 1451, 1418, 1233, 1209,
1148, 1111, 990, 745, 604, 579 cm™. HRMS for: CasHisFsNNaOeS [M+Na]*: calcd
514.0593, found 514.0590.

(E)-phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl-(1-phenylprop-1-e
n-1-yl) carbonate
418 mg, pale yellow solid, mp. 88-91 °C, 81% vyield, 6:1
O pentane:diethyl ether. *tH NMR (500 MHz, CDCls) 6 (ppm)
O>7/O =7.80 (d, J = 8.4 Hz, 1H), 7.35 (m, 3H), 7.31 — 7.25 (m,
O \ o 74\ 6H), 7.22 (s, 1H), 7.20 — 7.14 (m, 4H), 6.87 (s, 1H), 5.75
N Ph (@, J = 7.0 Hz, 1H), 1.58 (d, J = 7.0 Hz, 3H). ¥C NMR
Tt (125 MHz, CDCIl3) & 152.10, 147.44, 136.74, 135.94,
134.46, 129.18, 128.92, 128.60, 128.54, 128.32, 127.26, 126.35, 125.08, 124.39,
124.21, 124.04, 120.84, 119.52 (q, J = 321.3 Hz), 113.95, 112.98, 75.23, 11.22.
ATR-IR: 1763, 1451, 1418, 1148, 1111, 991, 953, 746, 698, 606, 579 cm™. HRMS for:
C16H11F3NO2S [M-C10H903]™: calcd 338.0463, found 338.0467.
The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .
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(E)-(4-fluorophenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl-(1-pheny
Iprop-1-en-1-yl) carbonate

White solid, mp. 102.4-105.6 °C, 6:1 pentane:diethyl ether.

O 'H NMR (500 MHz, CDCls) & 7.91 (d, J = 8.7 Hz, 1H),
O o 7.49 — 7.44 (m, 2H), 7.44 — 7.37 (m, 5H), 7.34 — 7.27 (m,

77/ —_ 4H), 6.99 -6.91 (m, 3H), 5.77 (g, J = 7.0 Hz, 1H), 1.68 (d,

O L B J = 7.0 Hz, 3H). 3C NMR (126 MHz, CDCls) & 163.65,
"Flf 161.67, 152.00, 146.62, 136.66, 135.94, 129.22, 128.92,
128.49, 127.23, 126.37, 126.15, 126.09, 125.06, 124.39,

F 123.93, 120.77, 115.64, 115.47, 113.97, 112.86 (d, J = 2.1

Hz), 75.34, 11.17. ATR-IR: 1762, 1607, 1510, 1451, 1420, 1233, 1112, 992, 843,
665, 452 cm™. HRMS for C26H10FsNOsS [M+Na]*: calcd 556.0818, found 556.0812.

Cyclopent-1-en-1-yl (phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl)
carbonate

177 mg, colorless oil, 38% vyield, 6:1 pentane:diethyl ether.

O 'H NMR (500 MHz, CDCls) 6 (ppm) = 7.89 (d, J = 8.4 Hz,

°_ o 1H), 7.48 (dd, J = 7.7, 1.3 Hz, 2H), 7.44 — 7.38 (m, 5H),

A (27/ \© 7.36 (s, 1H), 7.32 — 7.28 (m, 1H), 6.95 (s, 1H), 5.48 (d, J =

O N 1.8 Hz, 1H), 2.54 — 2.32 (m, 4H), 1.95 (dt, J = 14.9, 7.7 Hz,

Tf 2H). C NMR (125 MHz, CDCls) § 151.81, 150.77, 136.81,

135.94, 129.19, 128.94, 128.56, 127.37, 126.32, 125.08, 124.43, 123.93, 120.86,

119.52 (g, J = 322.5 Hz), 113.95, 112.68, 74.88, 30.60, 28.48, 20.91. ATR-IR: 1763,

1418, 1233, 1213, 1148, 1111, 745, 610 cm®. HRMS for: CieH11FsNO2S
[M-CsH7O3]": calcd 338.0463, found 338.0497.

The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

3,4-Dihydronaphthalen-1-yl
(phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl) carbonate
211 mg, pale yellow solid, mp. 128-131 °C, 40% vyield,
6:1 pentane:diethyl ether. *tH NMR (500 MHz, CDCls)
oL ¢ O o (ppm) =7.91 (d, J = 8.4 Hz, 1H), 7.53 — 7.48 (m, 2H),
A (27/ O 7.46 (dd, J=7.9, 0.8 Hz, 1H), 7.44 — 7.39 (m, 4H), 7.35
O N (s, 1H), 7.33 — 7.29 (m, 1H), 7.20 — 7.13 (m, 2H), 7.09
Tf (td, J = 7.3, 1.8 Hz, 1H), 7.05 — 7.00 (m, 1H), 6.99 (s,
1H), 5.81 (t, J = 4.7 Hz, 1H), 2.86 (t, J = 8.1 Hz, 2H), 2.44 (ddd, J = 9.2, 7.4, 4.7 Hz,
2H). 3C NMR (125 MHz, CDCl3) § 152.72, 146.19, 136.78, 136.34, 135.96, 129.85,
129.22, 128.96, 128.58, 128.20, 127.66, 127.38, 126.49, 126.36, 125.10, 124.45,
124.00, 120.89, 120.47, 119.53 (q, J = 322.5 Hz), 115.37, 113.97, 75.25, 27.32, 21.94.
ATR-IR: 1765, 1451, 1418, 1225, 1148, 1111, 1007, 745, 619 cm-1. HRMS for:
C27H20F3NNaOsS [M+Na]™: calcd 550.0906 , found 550.0882.
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Phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl-1H-imidazole-1-carbo

xylate
e
N

Tf

T

=N

<

404 mg, yellowish oil, 90% vyield, 5:1 hexane:ethyl acetate.
'H NMR (400 MHz, CDCls) § (ppm) = 8.19 (s, 1H), 7.93 (d,
J = 8.4 Hz, 1H), 7.53 — 7.40 (m, 8H), 7.34 (t, J = 7.6 Hz,
1H), 7.28 (d, J = 3.1 Hz, 2H), 7.09 (d, J = 0.8 Hz, 1H). 3C
NMR (125 MHz, CDClz) & 147.87, 137.11, 135.95, 135.87,
131.04, 129.62, 129.17, 128.38, 127.18, 126.64, 125.32,

125.15, 123.00, 120.60, 119.45 (q, J = 321.3 Hz), 118.16, 114.11, 74.80. ATR-IR:

1761, 1472, 1391, 1316, 1288, 1240, 1173, 1001, 764, 746 cm™.
C16H11FsNO2S [M-

HRMS for:
C4Hs03]: calcd 338.0463, found 338.0469.

The molecular ion peak wasn't found in standard high resolution mass spectrometry,
instead the diarylmethane cation was observed .

HPLC analysis for enantioenriched materials

(S)-phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl prop-1-en-2-yl carbonate

@
T

Jz

HPLC analysis: 85% ee (Chiralcel AD, 99.8:0.2 Hexanes/isopropanol,

0.2 mL/min, 254 nm, major Rt = 51.6 min, minor R; = 58.9 min)

(S)-phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl (1-phenylvinyl) carbonate

L

g]/OW/Ph

Az

HPLC analysis: 30% ee (Chiralcel AD-H, 98:2 Hexanes/isopropanol,

0.5 mL/min, 254 nm, major R = 26.0 min, minor Rt = 33.4 min)

(S)-(5-methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl

carbonate

prop-1-en-2-yl

Zf°7r

HPLC analysis: 90% ee (Chiralcel AD-H, 99.6:0.4 Hexanes/isopropanol,

0.2 mL/min, 254 nm, major R¢ = 37.9 min, minor Rt = 43.4 min)

(S)-(6-chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl) methyl

carbonate

prop-1-en-2-yl

HPLC analysis: 90% ee (Chiralcel AD-H, 99.6:0.4 Hexanes/isopropanol,

0.2 mL/min, 254 nm, major R; = 44.1 min, minor Ry = 51.6 min)
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(S)-(4-fluorophenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl prop-1-en-2-yl carbonate

F

0

Tf

LT

HPLC analysis: 85% ee (Chiralcel AD-H, 99.6:0.4 Hexanes/isopropanol,
0.2 mL/min, 254 nm, major R; = 43.5 min, minor R = 47.3 min)

(S)-naphthalen-1-yl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl prop-1-en-2-yl carbonate

s

Az

I\OZ//OW/

HPLC analysis: 66% ee (Chiralcel AD-H, 99.6:0.4 Hexanes/isopropanol,
0.2 mL/min, 254 nm, major Rt = 34.3 min, minor R = 44.2 min)
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3. General Procedure and Spectral Data of Products

3.1 General Procedure

O Pd(dmdba), (10 mmol%) O

O)}/o t-BuDavephos (12 mmol%)

\ {4 74 THF (0.04N) \ {4
110 °C
N N

Tf Tf

In a glove box, under an argon atmosphere, a flame dried 25 mL microwave vial
with a stir bar was charged with secondary benzylic enol carbonate 1a (88 mg, 0.2
mmol), Pd(dmdba)> (10 mmol%, 16.6 mg, 0.02 mmol), t-BuDavephos (12 mmol%,
8.4 mg, 0.024 mmol) and THF (5 mL, 0.04N). The vial was carefully sealed with a
cap and removed from glove box and stirring under 110 °C until the material totally
converted as judged by TLC. Note: heating the vial results in pressure buildup and
normal precaution should be taken. After cooling the mixture to room temperature, the
solvent was removed under vacuum and the crude product was purified by column
chromatography.

1.5 mmol scale reaction: Following the same protocol as described above, the
reaction was increased to a 1.5 mmol scale. In a glove box, under an argon
atmosphere, a 60 mL Fischer-Porter reaction vessel containing a stir bar was charged
with secondary benzylic enol carbonate 1a (0.659 g, 1.5 mmol), Pd(dmdba). (10
mol %, 0.122 g, 0.15 mmol), t-Bu-Davephos (12 mol %, 0.062 g, 0.18 mmol) and
THF (37.5 mL, 0.04 N). The vessel was sealed, removed from the glove box, and
stirred in an oil bath heated to 110 °C behind a protective blast shield. After 48 hours
at 110 °C, the vessel was removed from the heat, and the solvent was removed under
vacuum. Crude 'H NMR indicated complete conversion of starting material to
product. The crude product was purified by flash column chromatography with a
solvent system of hexane and ethyl acetate (5:1). Removal of solvent from the
combined fractions produced 486 mg of product (82%).

3.2 Characterization Data of Products
(2a): 4-Phenyl-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one
68 mg, colorless oil, 36 h, 86% vyield, hexane and ethyl acetate
O (5:1). *H NMR (500 MHz, CDCls) ¢ (ppm) = 7.75 (d, J = 8.4 Hz,
1H), 7.38 — 7.25 (m, 2H), 7.23 — 7.20 (m, 1H), 7.19 — 7.15 (m, 3H),
7.13 - 7.08 (m, 3H), 4.68 (t, J = 7.2 Hz, 1H), 3.14 — 3.03 (m, 2H),
O '\} ° 1.98 (s, 3H). 3C NMR (125 MHz, CDCls) § (ppm) 205.84, 141.49,
Tf 135.94, 130.28, 129.14, 128.91, 127.78, 127.20, 126.10, 124.86,
122.19, 120.81, 119.68 (q, J = 322.5 Hz), 113.86, 49.12, 37.56,
30.68. ATR-IR: 1719, 1451, 1416, 1360, 1282, 1231, 1206, 1148, 1113, 1022, 990,
745, 702, 611 cm™. HRMS: Calcd for C1gH16FsNNaOsS [M+Na]*: 418.0695. Found:
418.0690.
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(2b):
4-(4-methoxyphenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one
0 71 mg, colorless oil, 24 h, 84% yield, hexane and ethyl acetate
O (5:1). *H NMR (500 MHz, CDCls) 6 (ppm) = 7.78 (d, J = 8.3 Hz,
1H), 7.31 — 7.25 (m, 2H), 7.20 — 7.16 (m, 1H), 7.14 — 7.04 (m,
3H), 6.79 — 6.70 (m, 2H), 4.65 (t, J = 7.0 Hz, 1H), 3.69 (s, 3H),
O N\ ¢  3.08(dd,J=7.3, 2.6 Hz 2H), 2.03 (s, 3H). 3C NMR (125 MHz,
N CDClI3) 6 (ppm) = 206.01, 158.52, 135.88, 133.30, 130.18,
Tf 128.70, 128.44, 125.99, 124.75, 121.93, 120.76, 119.58 (q, J =
322.5 Hz), 114.17, 113.80, 55.19, 49.20, 36.75, 30.78. ATR-IR: 1719, 1609, 1512,
1451, 1414, 1522, 1233, 1206, 1148, 1111, 1032, 749, 611 cm™. HRMS: Calcd for
C2oH18FsNNaO4S [M+Na]*: 448.0801. Found: 448.0807.

(2¢):
4-(4-fluorophenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one
F 65 mg, colorless oil, 48 h, 79% yield, hexane and ethyl acetate
O (5:1). 'HNMR (500 MHz, CDCls) § (ppm) = 7.87 (d, J = 8.4 Hz,
1H), 7.39 — 7.32 (m, 2H), 7.28 — 7.22 (m, 3H), 7.18 (s, 1H), 7.04 -

6.92 (M, 2H), 4.78 (t, J = 7.2 Hz, 1H), 3.18 (qd, J = 16.9, 7.2 Hz,

O N\ & 2H), 2.12 (s, 3H). ¥C NMR (125 MHz, CDCls) $205.52, 161.75

N (d, J = 243.8 Hz), 137.13 (d, J = 3.8 Hz), 135.88, 129.97, 129.27

Tt (d, J = 7.5 Hz), 127.95, 126.14, 124.82, 122.04, 120.61, 119.57 (q,

J=321.3 Hz), 115.72 (d, J = 21.3 Hz), 113.86, 49.07, 36.66, 30.71. ATR-IR: 1719,

1605, 1508, 1451, 1416, 1283, 1233, 1206, 1148, 1113, 746, 611 cm™L. HRMS: Calcd
for C1sH10FN20 [M+NH,-Tf]*: 298.1481. Found: 298.1493.

(2d):
4-(4-(trifluoromethyl)phenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)buta
n-2-one
FsC 63 mg, colorless oil, 72 h, 68% yield, hexane and ethyl acetate
O (5:1). 'H NMR (400 MHz, CDCls) ¢ (ppm) = 7.87 (d, J = 8.4
Hz, 1H), 7.56 (d, J = 8.1 Hz, 2H), 7.42 — 7.36 (m, 3H), 7.35 —
7.26 (m, 2H), 7.22 (s, 1H), 4.87 (t, J = 7.1 Hz, 1H), 3.29 — 3.15
O N\ & (m, 2H), 2.14 (s, 3H). 3C NMR (125 MHz, CDCls) 5 205.02,
N 145,57, 135.87, 129.80, 129.42 (q, J = 32.5 Hz), 128.18, 127.22,
T 126.31, 125.85 (q, J = 3.8 Hz), 124.93, 123.95 (q, J = 270.0 Hz),
122.27, 120.45, 119.56 (q, J = 322.5 Hz), 113.94, 48.75, 37.01, 30.62.. ATR-IR:
1721, 1618, 1451, 1416, 1325, 1233, 1207, 1165, 1150, 1113, 1069, 1018, 743, 610
cm™. HRMS : Calcd for C19H1sFsNNaO [M+Na-Tf]*: 354.1082. Found: 354.1849.
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(2e):
4-(2-fluorophenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one
E 36 mg, colorless oil, 72 h, 43% yield, hexane and ethyl acetate
O (5:1). H NMR (500 MHz, CDCls) 6 (ppm) = 7.55 (dd, J = 9.2,
2.2 Hz, 1H), 7.28 — 7.16 (m, 7H), 6.96 (td, J = 8.9, 2.3 Hz, 1H),
O \ 4.72 (t, J = 7.2 Hz, 1H), 3.19 — 3.10 (m, 2H), 2.08 (s, 3H). 3C
N NMR (125 MHz, CDCIs) 6 205.67, 162.47 (d, J = 6.3 Hz), 141.26,
Tf 136.14 (q, J = 12.5 Hz), 128.96, 127.93, 127.69, 127.30, 126.53,
126.51, 122.32, 121.77 (q, J =8.8 Hz), 119.56 (q, J = 322.5 Hz), 113.35 (9, J = 23.8
Hz), 101.68 (q, J = 28.7 Hz), 49.11, 37.47, 30.72. ATR-IR: 1714, 1614, 1487, 1416,
1269, 1233, 1207, 1148, 1098, 997, 901, 746, 702 cm™. HRMS: Calcd for
C19H19FsN203S [M+NH.4]*: 431.1047. Found: 431.1043.

(2f):
4-(3,5-Dimethylphenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-o0
ne
47 mg, white foam, 72 h, 56% vyield, hexane and ethyl acetate
(5:1). 'H NMR (500 MHz, CDClIs) & (ppm) = 7.86 (d, J = 8.3
O Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H), 7.37 — 7.34 (m, 1H), 7.28 (dd,
J =10.2, 3.1 Hz, 1H), 7.18 (s, 1H), 6.87 (s, 2H), 6.85 (s, 1H),
\ 4 4.70 (t, J = 7.1 Hz, 1H), 3.21 — 3.13 (m, 2H), 2.26 (s, 6H), 2.12
O N (s, 3H). 13C NMR (125 MHz, CDCls) §205.91, 141.23, 138.27,
Tf 135.83, 130.33, 128.82, 128.36, 125.96, 125.41, 124.78, 121.97,
120.74, 119.56 (q, J = 321.3 Hz), 113.76, 49.26, 37.33, 30.66, 21.30. ATR-IR: 1715,
1643, 1416, 1231, 1206, 1148, 1111, 745, 646, 610, 579 cm™. HRMS: Calcd for
Co1H20FsNNaO3S [M+Na]*: 446.1014. Found: 446.1001.

(29):
4-(Naphthalen-1-yl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one
62 mg, colorless oil, 48 h, 70% yield, hexane and ethyl acetate
O (5:1). 'H NMR (500 MHz, CDCls) J (ppm) = 8.14 (d, J = 8.4
O Hz, 1H), 7.82 — 7.77 (m, 2H), 7.67 (d, J = 8.2 Hz, 1H), 7.46
O \ & (dddd, J = 23.0, 7.9, 6.9, 1.3 Hz, 2H), 7.25 (dt, J = 8.7, 4.3 Hz,
N 2H), 7.19 — 7.13 (m, 2H), 7.09 (ddd, J = 8.0, 6.4, 0.9 Hz, 2H),
Tf 5.56 (dd, J =7.9, 6.0 Hz, 1H), 3.21 (ddd, J = 23.1, 17.5, 7.0 Hz,
2H), 2.09 (s, 3H). 3C NMR (125 MHz, CDCl3) & 205.76, 137.16, 135.92, 134.14,
130.88, 130.25, 129.18, 128.10, 127.92, 126.64, 126.08, 125.87, 125.41, 124.81,
124.73, 122.92, 122.69, 120.70, 119.57 (q, J = 322.5 Hz), 113.82, 48.81, 32.72, 30.45.
ATR-IR: 1714, 1451, 1416, 1360, 1283, 1231, 1206, 1165, 1148, 1113, 1030, 793,
746, 613 cm™. HRMS: Calcd for CzsHisFsNNaOsS [M+Na]*: 468.0852. Found:
468.0871.
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(2i):
4-(5-Methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

74 mg, white foam, 36 h, 90% vyield, hexane and ethyl acetate
O (5:1). H NMR (500 MHz, CDCls) ¢ (ppm) = 7.65 (d, J =
9.0 Hz, 1H), 7.26 — 7.19 (m, 4H), 7.17 — 7.13 (m, 1H), 7.08
Me \ 4 (dd, J=11.7,6.7 Hz, 3H), 4.68 (t, J = 7.0 Hz, 1H), 3.10 (dd, J
O N = 7.3, 2.3 Hz, 2H), 2.29 (s, 3H), 2.03 (s, 3H). *C NMR (125
Tf

MHz, CDCI3) 6 205.83, 141.38, 134.64, 133.99, 130.37,
128.84, 127.97, 127.65, 127.38, 127.11, 122.19, 120.48, 119.60 (q, J = 322.5 Hz),
113.45, 49.20, 37.40, 30.70, 21.35. ATR-IR: 1717, 1414, 1231, 1206, 1153, 1113,
700, 633, 617, 584 cm™. HRMS : Calcd for C2oHi1sFsNNaOsS [M+Na]*: 432.0892.
Found: 432.0896.

(2)):
4-(7-Methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one
71 mg, beige solid, mp. 74.3-77.0 °C, 48 h, 87% vyield, hexane
O and ethyl acetate (5:1). *H NMR (500 MHz, CDCl3) § 7.32 —

7.24 (M, 6H), 7.22 (s, 1H), 7.18 — 7.12 (m, 2H), 4.74 (t, J = 7.2
Hz, 1H), 3.24 — 3.10 (m, 2H), 2.66 (s, 3H), 2.11 (s, 3H). %*C
NMR (126 MHz, CDCls) § 205.76, 141.44, 135.67, 132.42,
130.28, 128.84, 127.99, 127.69, 127.10, 125.72, 125.27, 125.15,
118.56, 49.18, 37.40, 30.73, 21.82 (d, J = 1.6 Hz). ATR-IR:
1718, 1414, 1230, 1204, 1145, 1110, 1083, 535, 467 cm™. HRMS: Calcd for
CaoH1sFsNNaOsS [M+Na]*: 432.0857, Found: 432.0868.

SZ
e

(2K):
4-(6-Chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

78 mg, white solid, mp. 139-141 °C, 72 h, 91% yield, hexane

O and ethyl acetate (5:1). H NMR (500 MHz, CDCls) ¢ (ppm)

=7.80 (d, J =1.6 Hz, 1H), 7.24 — 7.14 (m, 8H), 7.11 (d, J =

O \ d 0.5 Hz, 1H), 4.67 (t, J =6.9 Hz, 1H), 3.10 (dd, J = 7.2, 1.1 Hz,

. N 2H), 2.04 (s, 3H). *C NMR (125 MHz, CDCls) & 205.56,
Tf

141.11, 136.19, 132.27, 128.94, 128.72, 127.86, 127.63,
127.30, 125.57, 122.50, 121.55, 119.78 (q, J = 322.5 Hz), 114.14, 49.03, 37.36, 30.71.
ATR-IR: 1717, 1418, 1285, 1207, 1152, 1119, 1072, 991, 814, 702, 627, 602 cm™.
HRMS: Calcd for C1gH20CIN20 [M+H]": 315.1264. Found: 315.1288.

21:
4-(6-Fluoro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

69 mg, yellowish oil, 72 h, 83% vyield, hexane and ethyl
acetate (5:1). H NMR (400 MHz, CDCls) 6 (ppm) = 7.50
(dd, J = 9.3, 2.2 Hz, 1H), 7.24 — 7.14 (m, 6H), 7.10 (s, 1H),
6.91 (td, J = 8.9, 2.3 Hz, 1H), 4.66 (t, J = 6.9 Hz, 1H), 3.09 (dd,
J=7.2,1.9 Hz, 2H), 2.03 (s, 3H). *C NMR (100 MHz, CDCls)
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6205.58, 162.41 (d, J = 244.0 Hz), 141.21, 136.10 (d, J = 12.0 Hz), 128.90, 127.88,
127.63, 127.24, 126.47 (d, J = 1.0 Hz), 122.26 (d, J = 4.1 Hz), 121.70 (d, J = 10.0 Hz),
119.51(q, J = 322.0 Hz), 113.27 (d, J = 24.0 Hz), 101.64 (d, J = 39.0 Hz), 49.06,
37.43, 30.64. ATR-IR: 1717, 1487, 1418, 1233, 1207, 1148, 1099, 478, 465, 403
cm ™. HRMS: Calcd for CigH19FsN203S [M+NH4]": 431.1503. Found: 431.1573.

(2m): 6-Phenyl-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)hex-5-yn-2-one
Ph 37 mg, yellow oil, 48 h, 44% yield, hexane and ethyl acetate (5:1).
\\ 'H NMR (500 MHz, CDCls3) 6 (ppm) = 7.84 (dd, J = 7.3, 1.3 Hz,
1H), 7.76 — 7.73 (m, 1H), 7.37 — 7.31 (m, 5H), 7.25 - 7.21 (m, 3H),
4.60 (ddd, J = 8.0, 5.8, 0.7 Hz, 1H), 3.10 (dd, J = 16.9, 8.1 Hz,
1H), 2.99 (dd, J = 16.9, 5.8 Hz, 1H), 2.16 (s, 3H).. *C NMR (125
Tf MHz, CDCls) §*C NMR (126 MHz, CDCls) & 204.91, 136.01,
131.71, 129.15, 128.35, 128.32, 126.16, 124.88, 124.63, 123.27, 122.73, 120.41,
119.56 (q, J = 322.5 Hz), 114.12, 88.13, 83.05, 48.85, 30.63, 24.62. ATR-IR: 1721,
1451, 1416, 1362, 1281, 1233, 1206, 1148, 1111, 988, 758, 610 cm™. HRMS (ESI):

Calcd for CasH24LiN20,S [M+Li-Tf]*: 293.1186. Found: 293.1147.

(2n): 3-(Naphthalen-2-yl)-1,3-diphenylpropan-1-one (4ad) [CAS : 1198215-04-1]
0 59 mg, colorless oil, 72 h, 88% vyield, hexane and ethyl acetate
(5:1). 'HNMR (500 MHz, CDCls) 6 (ppm) = 8.03 — 7.91 (m,
2H), 7.83 — 7.68 (m, 4H), 7.56 (ddd, J = 6.8, 4.0, 1.2 Hz, 1H),
OO O 7.48 — 7.39 (m, 5H), 7.36 — 7.27 (M, 4H), 7.22 — 7.17 (m, 1H),
5.02 (t, J = 7.3 Hz, 1H), 3.92 — 3.80 (m, 2H). *C NMR (125
MHz, CDClIs) 6 197.91, 143.96, 141.52, 136.99, 133.42, 133.10, 132.15, 128.61,
128.59, 128.56, 128.25, 128.04, 127.94, 127.74, 127.53, 126.73, 126.43, 125.99,
125.73, 125,51, 45.93, 44.54. ATR-IR: 1714, 1597, 1249, 1182, 1074, 1022, 600
cm™. HRMS : Calcd for C2sH20NaO [M+Na]*: 359.1406. Found: 359.1414.

Ph

(20): 1,3-Diphenyl-3-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)propan-1-one
87 mg, white solid, mp. 107-109 °C, 15 h, 95% vyield, hexane
O and ethyl acetate (5:1). 'H NMR (500 MHz, CDCls) 6 (ppm) =
7.96 —7.91 (m, 2H), 7.87 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 7.4 Hz,

L4 "N 1H), 7.48 — 7.41 (m, 3H), 7.38 — 7.26 (M, 6H), 7.24 — 7.18 (m,
O ) 2H), 5.03 (t, J = 7.0 Hz, 1H), 3.74 (d, J = 7.1 Hz, 2H). 3C NMR
T (125 MHz, CDCls) & (ppm) 197.18, 141.63, 136.67, 135.88,

133.39, 130.31, 128.84, 128.69, 128.30, 128.01, 127.77, 127.10, 126.00, 124.78,
122.22,120.77, 119.56 (q, J = 322.5 Hz), 113.81, 44.31, 37.59. ATR-IR: 1686, 1451,
1414, 1283, 1231, 1206, 1148, 1111, 991, 617 cm?. HRMS: Calcd for
C24H18F3NNaO3sS [M+Na]™: 480.0857. Found: 480.0865.
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(2p):
1-(Furan-2-yl)-3-phenyl-3-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)propan-1-
one
89 mg, yellow solid, mp. 127-130 °C, 15 h, 99% vyield,
O hexane and ethyl acetate (5:1). *H NMR (500 MHz, CDCls3) ¢

(0]
| (ppm) = 'H NMR (500 MHz, CDCls) 5 7.85 (d, J = 8.4 Hz,

N
\ ¢ 1H), 7.57 (dd, J = 1.7, 0.7 Hz, 1H), 7.40 (dd, J = 7.9, 0.7 Hz,
y 1H), 7.37 — 7.24 (m, 7H), 7.24 — 7.19 (m, 1H), 7.17 (dd, J =
Tf 3.6, 0.7 Hz, 1H), 6.52 (dd, J = 3.6, 1.7 Hz, 1H), 4.97 (t, J =

7.3 Hz, 1H), 3.59 (ddd, J = 38.9, 16.3, 7.4 Hz, 2H). °C NMR (125 MHz, CDCls) ¢
(ppm) = 186.47, 152.68, 146.62, 141.39, 135.89, 130.30, 128.86, 128.04, 127.80,
127.18, 126.04, 124.81, 122.38, 120.83, 119.60 (g, J = 322.5 Hz), 117.46, 113.81,
112.54, 43.95, 37.66. ATR-IR: 1670, 1570, 1468, 1414, 1287, 1231, 1204, 1148, 1113,
700, 617 cm™. HRMS : Calcd for C2HisFsNNaO4S [M+Na]*: 470.0644. Found:
470.0640.

(29):
2-Methyl-1,3-diphenyl-3-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)propan-1-o0

90 mg, white solid, mp. 144-146 °C, 15 h, 95% vyield, d.r. = 3:1,
O hexane and ethyl acetate (5:1). *H NMR (500 MHz, CDCls3) ¢
prp  (PPM) = 7.90 (dd, J = 8.4, 1.2 Hz, 2H, minor), 7.81 (d, J = 8.2

\ ¢ Hz, 1H, major), 7.80 — 7.74 (m, 2H, major), 7.67 (d, J = 8.2 Hz,
N 1H, minor), 7.55 (dd, J = 7.2, 0.7 Hz, 1H, major), 7.52 (d, J =
Tf 1.3 Hz, 2H, minor), 7.47 — 7.42 (m, 1H, major+minor), 7.41 —

7.18 (m, 7H, major+minor), 7.17 — 7.14 (m, 2H, minor), 7.08 — 7.03 (m, 2H, major),
7.00 — 6.93 (m, 1H, major+minor), 4.65 (d, J = 10.8 Hz, 1H, major), 4.60 (d, J =10.9
Hz, 1H, minor), 4.35 (dq, J = 10.9, 6.9 Hz, 1H, major), 4.15 (dd, J = 10.9, 7.0 Hz, OH,
minor), 1.22 (d, J = 6.9 Hz, 3H, major), 1.05 (d, J = 7.0 Hz, 3H, minor). 3C NMR
(125 MHz, CDCls) ¢ (ppm) = 202.69, 202.57, 140.92, 140.13, 136.54, 136.10, 135.62,
135.47, 133.53, 133.11, 130.82, 130.62, 128.93, 128.79, 128.61, 128.54, 128.06,
127.96, 126.95, 126.79, 126.07, 125.98, 124.88, 124.73, 122.55, 121.25, 120.76,
120.52, 119.60 (g, J = 321.3 Hz), 119.35 (q, J = 321.3 Hz), 113.87, 113.52, 45.12,
45.09, 44.85, 44.77, 17.72, 17.65. ATR-IR: 1684, 1676, 1449, 1414, 1283, 1231,
1206, 1148, 1111, 970, 743, 700 cm™. HRMS : Calcd for CasH20FsNNaOsS [M+Na]*:
494.1008. Found: 494.1003.
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(2r):
1-(4-Fluorophenyl)-2-methyl-3-phenyl-3-(1-((trifluoromethyl)sulfonyl)-1H-indol-
3-yl)propan-1-one
81 mg, white foam, 24 h, 83% vyield, d.r. = 3.5:1, hexane
O and ethyl acetate (5:1). *"H NMR (500 MHz, CDCls) 6

O F (ppm) = 7.92 — 7.81 (m, 3H), 7.61 (d, J = 7.7 Hz, 1H),

\ 4 7.42 (s, 1H), 7.39 — 7.35 (m, 1H), 7.34 — 7.30 (m, 1H),
N 7.25 (dd, J = 4.7, 4.1 Hz, 2H), 7.13 (t, J = 7.7 Hz, 2H),
Tf 7.09 — 6.98 (m, 3H), 4.69 (d, J = 10.9 Hz, 1H), 4.37 (dg,

J=11.0, 6.8 Hz, 1H), 1.29 (d, J = 6.8 Hz, 3H). 13C NMR (125 MHz, CDCls3) 6 (ppm)
= 201.19, 165.71 (d, J = 253.8 Hz), 140.78, 135.62, 132.95 (d, J = 2.5 Hz), 130.79,
130.71 (d, J = 10.0 Hz), 128.57, 127.93, 126.89, 126.81, 126.12, 124.91, 122.49,
120.47, 119.60 (q, J = 322.5 Hz), 115.72 (d, J = 21.3 Hz), 113.88, 45.24, 44.78, 17.62.
ATR-IR: 1684, 1676, 1449, 1414, 1283, 1231, 1206, 1148, 1111, 970, 743, 700 cm™.
HRMS: Calcd for C2sH19FsNNaOsS [M+Na]*: 512.0914. Found: 512.1005.

(29):
2-(Phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl)cyclopentan-1-one
75 mg, colorless oil, 18 h, 89% vyield, d.r. = 2:1, hexane and ethyl
O acetate (5:1). *H NMR (500 MHz, CDCls) ¢ (ppm) = 7.89 (d, J =
. 8.4 Hz, 1H), 7.37 — 7.33 (m, 2H), 7.28 — 7.23 (m, 3H), 7.19 (td, J
\ o =7609Hz 1H), 7.15 - 7.08 (m, 3H), 4.95 — 4.90 (m, 1H), 2.94
N —2.85 (m, 1H), 2.39 — 2.25 (m, 2H), 1.90 — 1.77 (m, 3H), 1.73 —
Tf 1.65 (m, 1H). *C NMR (100 MHz, CDCls) ¢ (ppm) 192.01,
138.88, 135.77, 130.61, 129.13, 128.57, 127.68, 127.23, 125.98, 124.73, 122.55,
121.23, 119.69 (q, J = 322.5 Hz), 113.71, 52.77, 41.27, 38.35, 26.00, 20.60. ATR-IR:
1715, 1416, 1267, 1231, 1206, 1153, 1113, 750, 700, 660, 633, 617 cm™. HRMS:
Calcd for C21H18F3NNaO3sS [M+Na]*: 444.0852. Found: 444.0865.

(2t):
2-(phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl)-3,4-dihydronaphth
alen-1(2H)-one
91 mg, yellow oil, 18 h, 94% yield, hexane and ethyl acetate
O (5:1). *H NMR (500 MHz, CDCls) 6 (ppm) = 7.92 (dd, J =

.O 7.9, 1.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.38 (td, J = 7.5,
(6]

N 1.4 Hz, 1H), 7.29 (d, J = 0.7 Hz, 1H), 7.27 — 7.19 (m, 5H),
N 7.18 — 7.11 (m, 5H), 5.14 (dd, J = 5.5, 1.1 Hz, 1H), 3.25
Tf (ddd, J = 12.4, 5.5, 4.1 Hz, 1H), 2.97 (ddt, J = 16.9, 8.6, 5.6

Hz, 2H), 2.12 (dg, J = 13.0, 4.2 Hz, 1H), 1.70 — 1.61 (m, 1H). 3C NMR (125 MHz,
CDCl3) ¢ (ppm) = 197.54, 143.37, 139.47, 135.69, 133.46, 132.59, 130.84, 129.10,
128.66, 128.51, 127.89, 127.70, 127.06, 126.73, 125.89, 124.67, 122.04, 121.04,
119.64 (q, J = 322.5 Hz), 113.70, 51.62, 40.49, 28.84, 26.43. ATR-IR: 1686, 1599,
1451, 1414, 1279, 1231, 1206, 1148, 1113, 990, 745, 704, 608, 577, 527 cm™. HRMS :
Calcd for CasH20F3sNNaO3sS [M+Na]*: 506.1008. Found: 506.1025.
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3.3 Removal of the Tf protecting group.
Ph Ph

K,CO4
Ny O MeOH \, O
N
Tf N
2a 5a

Procedure: To an oven-dried 10 mL flask with a stir bar under Ar atmosphere, the
ketone product 2a (79 mg, 0.2 mmol), K2COs (138 mg, 1 mmol), 3 ml MeOH was
added. The resulting mixture was stirred at 65 °C until the 2a totally disappeared
(about 4 h). The mixture was filtered and washed with EtOAc. The filtrate was
concentrated in vacuum and the residue was purified via flash column
chromatography (diethyl ether:pentane = 1:5) to give the product 5a in 97% vyield as
colorless oil.

4-(1H-indol-3-yl)-4-phenylbutan-2-one (3a) [CAS : 21909-35-3]

Ph 51 mg, colorless oil, 4 h, 97% yield, 5:1 pentane:diethyl ether. 1H
NMR (500 MHz, CDClIs) 6 (ppm) = 8.03 — 7.97 (b, 1H), 7.39 (dd,
\y O J=7.9,0.7 Hz, 1H), 7.24 (ddd, J = 11.2, 8.8, 4.4 Hz, 5H), 7.18 —
N 7.06 (m, 2H), 6.99 (ddd, J = 8.0, 7.1, 0.9 Hz, 1H), 6.96 — 6.89 (m,
1H), 4.80 (t, J = 7.6 Hz, 1H), 3.17 (ddd, J = 44.3, 16.1, 7.6 Hz,
2H), 2.04 (s, 3H). *C NMR (125 MHz, CDCls) ¢ = 207.72, 143.89, 136.51, 128.44,
127.65, 126.45, 126.34, 122.13, 121.31, 119.37, 118.73, 111.12, 50.28, 38.32, 30.35.
ATR-IR: 1707, 1493, 1454, 1416, 1356, 1337, 1240, 1161, 1099, 1011, 739, 700, 472

cm™. HRMS : Calcd for C1sHi17NNaO [M+Na]*: 286.1602. Found: 286.1673.

H

3-(1H-indol-3-yI)-1,3-diphenylpropan-1-one (30) [CAS : 5884-15-1]

Ph 63 mg, colorless oil, 4 h, 98% vyield, 5:1 pentane:diethyl ether.
Ph H NMR (500 MHz, CDCls) § (ppm) = 7.98 (s, 1H), 7.94 (dd, J
o] = 8.3, 1.2 Hz, 2H), 7.57 — 7.52 (m, 1H), 7.48 — 7.41 (m, 3H),
7.38 — 7.34 (m, 2H), 7.32 (d, J = 8.2 Hz, 1H), 7.28 — 7.25 (m,
2H), 7.21 — 7.13 (m, 2H), 7.05 — 7.00 (m, 1H), 6.99 (d, J = 2.3
Hz, 1H), 5.08 (t, J = 7.2 Hz, 1H), 3.78 (ddd, J = 24.4, 16.7, 7.2 Hz, 2H). C NMR
(125 MHz, CDCI3) ¢ = 198.54, 144.18, 137.06, 136.56, 133.00, 128.55, 128.41,
128.08, 127.80, 126.58, 126.27, 122.12, 121.38, 119.52, 119.37, 119.26, 111.08,
45.16, 38.16. ATR-IR: 1682, 1597, 1493, 1449, 1416, 1231, 1206, 1153, 746, 700

cm™. HRMS: Calcd for C23H1sNNaO [M+Na]*: 348.1364. Found: 348.1384.

Iz __

HPLC analysis for enantioenriched products

(S)-4-phenyl-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one

O HPLC analysis: 80% ee (Chiralcel OD-H, 98:2 Hexanes/isopropanol,

\27/
N

Tf

0.5 mL/min, 254 nm, major Rt = 29.1 min, minor Rt = 49.2 min)
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(S)-1,3-diphenyl-3-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)propan-1-one

O HPLC analysis: 31% ee (Chiralcel AD-H, 99:1 Hexanes/isopropanol,

0.5 mL/min, 254 nm, major R; = 25.2 min, minor R = 30.0 min)
Ph

Jz
o

(S)-4-(5-methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

HPLC analysis: 91% ee (Chiralcel AD-H, 98:2 Hexanes/isopropanol,
O 0.5 mL/min, 254 nm, major Rt = 24.4 min, minor R = 31.8 min)

(S)-4-(6-chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

HPLC analysis: 90% ee (Chiralcel OD, 98:2 Hexanes/isopropanol,

S

0.5 mL/min, 254 nm, major R; = 40.8 min, minor R¢ = 73.3 min)

(S)-4-(4-fluorophenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one

F HPLC analysis: 83% ee (Chiralcel OD, 99:1 Hexanes/isopropanol,
O 0.2 mL/min, 254 nm, major Rt = 77.7 min, minor Rt = 89.2 min)

(S)-4-(naphthalen-1-yl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one

HPLC analysis: 63% ee (Chiralcel AD-H, 98:2 Hexanes/isopropanol,
OO 0.2 mL/min, 254 nm, major Rt = 17.7 min, minor Ry = 13.5 min)

(S)-4-(1H-indol-3-yl)-4-phenylbutan-2-one

HPLC analysis: 81% ee (Chiralcel AD-H, 95:5 Hexanes/isopropanol,
O 0.5 mL/min, 254 nm, major Rt = 73.2 min, minor Ry = 67.0 min)

S-21




4. Crossover studies

Nucleophile obstruction experiment:

COOMe
U NaCH(COOMe), F
7//0 (200 mol%) COOMe 5
> + a
Ny O 7& standard condition L
N N
Tf o Tf
Crude "H NMR Ratio: 1 : 0.53

Procedure: In a glove box, under an argon atmosphere, a flame dried 25 mL
microwave vial with a stir bar was charged with dimethyl malonate and 5 mL THF.
NaH was added and stirred for 10 min until no more gas generated. After that,
secondary benzylic enol carbonate 1a (88 mg, 0.2 mmol), Pd(dmdba), (10 mmol%,
0.02 mmol), t-BuDavephos (12 mmol%, 0.024 mmol) was added. The vial was
carefully sealed with a cap and removed from glove box and stirring under 110 °C
until the material totally disappeared. The conversion and ratio of products
determined by 'H NMR spectroscopy of the crude mixture. After the solvent was
removed under vacuum, the malonate substitution product was separated by column
chromatography.

Dimethyl 2-(phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl)malonate
(4a)
COOMe 64 mg, colorless oil, 6 h, 68% vyield. *H NMR (500 MHz,

Ph
CDCls) & (ppm) = 7.85 (d, J = 8.3 Hz, 1H), 7.48 (d, J = 7.8 Hz,
{ COOMe 111y, 7.39 (s, 1H), 7.37 — 7.32 (m, 3H), 7.30 — 7.25 (M, 3H),
y 7.22 (ddd, J = 7.1, 3.9, 1.4 Hz, 1H), 5.05 — 5.01 (m, 1H), 4.25

Tf (d, J =11.6 Hz, 1H), 3.65 (s, 3H), 3.52 (s, 3H). *C NMR (125
MHz, CDCl3) ¢ = 167.71, 167.31, 138.14, 135.55, 130.03, 128.76, 128.17, 127.71,
126.23, 126.04, 124.88, 121.66, 120.52, 119.53 (q, J = 322.5 Hz), 113.69, 57.18,
52.80, 52.66, 42.38. ATR-IR: 1759, 1738, 1451, 1416, 1263, 1233, 1202, 1167, 1150,
1113, 990, 755, 579 cm™. HRMS: Calcd for C2i1HisFsKNQOsS [M+K]*: 508.0439.
Found: 508.0451.

Crossover experiments:

Procedure: In a glove box, under an argon atmosphere, a flame dried 25 mL
microwave vial with a stir bar was charged with secondary benzylic enol carbonate 1q
(52 mg, 0.1 mmol, 50%), S5 or S6 (54 mg, 0.1 mmol, 50%), Pd(dmdba). (10 mmol%,
0.02 mmol, 16.6 mg), t-BuDavephos (12 mmol%, 0.024 mmol, 8.4 mg) and THF (5
ml, 0.04N). The vial was carefully sealed with a cap and removed from glove box and
stirring under 110 °C until the materials totally converted. The reaction mixture was
directly loaded on HRMS.
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13C NMR Analysis of Crossover:

F

re ()

Ph

Cf\é 3 N 0 O
N N O \, 0

Tf 50% T N

Tf
F. standard Observed Observed

O conditions

F
O\]]/o Ph . O
O \ o ‘ O Ph
Ny O
N, O L, Iy ©
50% N N

Undetected Undetected

Coupling with 1q

Coupling with S6

Coupling with 1q and S6

206 205 204 203 202 201 200 199 198 197 196 195 194 193 192 191 190 189

f1 (ppm)

Crude *3C spectra for the coupling of individual enol carbonates and the crossover
experiment (bottom). No additional peaks for crossover products are observed.
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5. X-Ray Structure of Products (S)-2k
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6. Copies of 'H NMR and *C NMR Spectra
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'H NMR Spectra of 1c
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FC oo
El 50000
o u}
\}]’ 45000
O v d
]
Tf

[~ 40000

} / ] ] [~ 35000

[~ 30000

[~ 25000

[~ 20000
[~ 15000
[~ 10000

[~ 5000

J ‘ L,
Qo (=]
-~ (]
T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 L5 Lo 0.5 0.0 0.5 -L0
£1 (ppm)

23000

19.04

22000

21000

20000

19000

I 18000

17000

[~ 16000

15000

I 14000

13000

12000

[~ 11000

10000

9000

8000

7000

6000
5000
4000
3000
2000
il 1000
AL

! o

T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

S-29




'H NMR Spectra of 1e
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'H NMR Spectra of 1f
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'H NMR Spectra of 1g
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'H NMR Spectra of 1i
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'H NMR Spectra of 1j
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'H NMR Spectra of 1k
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'H NMR Spectra of 1l
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'H NMR Spectra of 1m

.

e ¥

1.91
1.91

<

90000

85000

80000

75000

70000

65000

60000

[~ 55000

50000

15000

10000

35000

30000

25000

20000

I~ 15000

10000

5000

= -5000

13C NMR Spectra of 1m

Fh
W

19.16

2400

2300

2200

2100

2000

[~ 1900

1800

1700

1600

1500

1400

1300

1200

1100

= 1000

900

800

[~ 600

500

100

300

200

=100

T T T T T T T
210 200 190 180 170 160 150 140

T T
130 120

T
110

I

T T
100 90 80
f1 (ppm)

70

T
60

50

10

30

T
20

10

S-37




'H NMR Spectra of 1n

v 90000
Seas
70000
[~60000
50000
40000
30000

20000

| 10000
|
1

U l

[~

[=N=}

88 - 28+05

101.87
0

[ 2E+05

[ 2E+05

[ 2E+05

[ 2E+05

90000

80000

70000

it 60000

50000

10000

30000

20000

10000

o

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
1 (ppm)

S-38




'H NMR Spectra of 10

EL

NV

~1408
1100

5
o

110t ——
100 ——

T T
.5 5.0 15
f1 (ppm)

[~ 90000

85000

80000

75000

70000

I~ 65000

60000

55000

I~ 50000

- 45000

40000

35000

30000

[~ 25000

20000

15000

10000

5000

o

= -5000

100.94

T T T T T T T T T
210 200 190 180 170 160 150 140 130

T
120

T T T
110 100 90
f1 (ppm)

80

T
70

T
60

50

[~ 3E+05

[~ 3E+05

[ 3E+05

[ 2E+05

[~ 2E+05

[ 2E+05

[ 2E+05

[ 2E+05

[ 1E+05

[ 1E+05

[ 1E+05

80000

60000

40000

20000

S-39




'H NMR Spectra of 1p
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'H NMR Spectra of 1q
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'H NMR Spectra of 1r
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'H NMR Spectra of 1s
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'H NMR Spectra of 1t
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'H NMR Spectra of S1
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'H NMR Spectra of 2a
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'H NMR Spectra of 2b
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'H NMR Spectra of 2¢
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'H NMR Spectra of 2d
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'H NMR Spectra of 2e
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'H NMR Spectra of 2f
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'H NMR Spectra of 2g
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'H NMR Spectra of 2i
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'H NMR Spectra of 2j
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'H NMR Spectra of 2k
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'H NMR Spectra of 2m
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'H NMR Spectra of 2n
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'H NMR Spectra of 20
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'H NMR Spectra of 2p
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'H NMR Spectra of 2q

e Jv -

=

O [~ 75000

I O 70000
; ’ [~ 65000
i)

Tf

60000
55000
50000
45000
[~ 40000
35000
30000
25000
20000
15000
[~ 10000

i ! 5000

= -5000

0.8
=102

5.0
f1 (ppm)

202. 69
202. 57

[~ 4E+05

[y, Yo v

O [ 3E+05

O [ 3E+05

O > ° - 3E+05
M

K [~ 3E+05

<
10

[ 3E+05

[ 2405

= 2E+05

[ 2E+05
[~ 2E+05
= 1E+05
= 1E+05
I 1E+05

80000

b :

T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
1 (ppm)

S-61




'H NMR Spectra of 2r
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'H NMR Spectra of 2s
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'H NMR Spectra of 2t
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'H NMR Spectra of 3a
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'H NMR Spectra of 30
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'H NMR Spectra of 4a
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8. Copies of HPLC Spectra
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Phenyl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl (1-phenylvinyl) carbonate
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(5-methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl prop-1-en-2-yl
carbonate
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(6-chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl
carbonate

prop-1-en-2-yl

(¢]
o) Area % Report
} 7// Ph P

Q Data File: C:\EZStart\Data\ Tian-Ren'ltr-250c AD-H 99.6-04@02 12.31.16 dat
A\ Method: C:'EZ5tart Methods Mary20-1020 8 met
cl N Acquired: 12/31/2016 12:25:14 PM
Tf Printed: 2/15/2017 12:43:39 PM
ﬁentiu n Time
500 L 5001
oo
5
[
8 w ]
2 ol lzz0 £
=
=
[+] T o T ]
35.0 375 w00 a5 450 475 £0.0 525 580 575 60.0

30983067 100.00 831112

(S)-(6-chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)(phenyl)methyl
carbonate

prop-1-en-2-yl

o Area % Report
7O pn
o Diata File: C:\EZStart'Data\Tian-Ren'ltr-283b AD-H 29 6-0.4@0.2 1251 16.dat
AN Method: CEZStart Methods Mary 20-100@0.8 met
N Acquired: 12/31/2016 2:38:13 PM
Cl Tf Printed: 2/15/2017 12:49:38 PM
200 J aentiu n Time [ 200
] ki
2 100 Fiwwo B
E o E
b
] o . E
0 | 3 L 0
T T T T T T T T T T T T T
40 42 44 45 48 50 54
Mutes
‘SPII R
{ Chl-254nm
Retention Time i

S-71



(4-Fluorophenyl)(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl prop-1-en-2-yl
carbonate
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Naphthalen-1-yl(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)methyl

carbonate

prop-1-en-2-yl
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4-Phenyl-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one
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1,3-Diphenyl-3-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)propan-1-one
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\ o Data File: C:\EZStart'Data'\ Tian-Ren'1tr309-2 AD-H 98-2@0.5 02.21.17 .dat
Method: C:EZStart\ Methods\Shehani'\99-1 at 0.5 met
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Printed: 2/23/2017 3:27:40 PM
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Ph Area % Report
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4-(5-Methyl-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

Ph Area % Report
Data File: C:\EZStart\Data'Tian-Fen'ltr-239 OD 98-2@0.5 01.01.17 dat
N\ O Method: C:'E ZStart\Methods Mary@0-10@0.8 met
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'rl\'lf Printed: 2/15/2017 1:34:09 PM
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4-(6-Chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one

Ph Area % Report
Data File: C:EZStart Data\Tian-Ren\lt=-250b OD 08-2@0.5 01.04.17 dat
)y 0 Method: C-'EZStart Methods Mary'90-10@0 8 met
cl N Acquired: 1/4/2017 4:10:12 PM
Tf Printed: 2/15/2017 1:40:29 PM
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(S)-4-(6-chloro-1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)-4-phenylbutan-2-one
Ph ..- Area % Report
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4-(4-Fluorophenyl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one

F, Area % Report
O Data File: C:EZStart\Data'Tian-Ren'ltr-255A0D 29-1@02 01.06.17 dat
Method: C:EZStart\ Methods'\Mary?00-10@0.8 met
Acquired: 1/6:2017 2:47:08 PM
Printed: 2/15/2017 12:58:03 PM
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4-(Naphthalen-1-yl)-4-(1-((trifluoromethyl)sulfonyl)-1H-indol-3-yl)butan-2-one

s

Area % Report

Data File: C:\EZStart\Data\Tian-Ren'ltr-201 AD-H 98-2@0.5 01.06.17 dat
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4-(1H-indol-3-yl)-4-phenylbutan-2-one

Ph Area % Report
Data File: C:EZStart\Data\Tian-Fen'LTR-320 AD-H 93-3@0.5 01.12.17 .dat
A\e} Method: C:EZ3tart\ Methods' Mary@0-10@0.8 met
N Acquired: 1/12/2017 2:33:26 PM
H Printed: 2/15/2017 1:49:06 PM
75 ] E&ntiun Time [ 75
504 =0
=
2
E
5] [ 25
L w
5 g
o B l I o [
e = e e e e 10 712 1 1 | 78 | 8
Minuies
15869303 100.00 149699 100.00
(S)-4-(1H-indol-3-yl)-4-phenylbutan-2-one
Ph . Area % Report
N\ 2]/ Data File: CEZStart\Data'\Tian-Fen'LTR-317 AD-H 95-5@0.5 01.12.17 .dat
Method: C:EZStart Methods Mary @0-10@0.8 . met
H Acquired: 1/12/2017 4:48:06 PM
Prnted: 2/15/2017 1:50:30 PM
1 H&ntiun Time F
200 4 ]
g E b
= 0] g E 100
P
1 o ) F
O
5 L = a2
e & | e e e 70 71 714 7 78 8

S-80

mivoks



