Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2014

Supporting Information For:

Enantioselective Friedel-Crafts Reaction of 4,7-dihydroindoles with
P-CF3z-p-disubstituted Nitroalkenes

Hao Wu, Ren-Rong Liu, Chong Shen, Min-Di Zhang, Jianrong Gao, and Yi-Xia Jia*
College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China

Email: yxjia@zjut.edu.cn

Contents :

1. General INFOrmMatioN...........cooiiiii i e e S1
2. SYNTNESIS OF SUDSTIALE. ... ..ceiiiiiiieie e S2
3. General procedure for Fridel-Crafts reaction............ccccceviviiieiie e S4
4. Determine the absolute configuration of product4a.............c..cocevivienn. S55

General information:

NMR spectra were recorded on 500 MHz spectrometers for 'H NMR and 125
MHz spectrometer for BC NMR with deuterated chloroform (CDCls) as a solvent at
298 K. Chemical shifts are expressed in 6 ppm according to SiMe4 as an internal
standard (8 = 0) for "H NMR, chloroform-d (8 = 77.0) for *C NMR. HRMS were
obtained with a TOF MS spectrometer. Melting points were uncorrected. Anhydrous
toluene and ether were freshly distilled over Na and benzophenone. Anhydrous DCE
was freshly distilled over calcium hydride. Chiral bisoxazoline ligands L1-L6' and
L7-L8 ? were synthesized according to the literatures.  Substrates

[-CF;-f-disubstituted nitroalkenes la-1m’ and 4,7-dihydroindoles 2a,4 2b 2C,6 and

! Evans, D. A.; Peterson, G. S.; Johnson, J. S.; Barnes, D. M..; Campos, K. R.; Woerpel, K. A. J. Org. Chem. 1998,
63, 4541.
2 Desimoni, G.; Faita, G.; Mella, M. Tetrahedron, 1996, 52, 13649.
* Gao, J.-R.; Wu, H.; Xiang, B.; Yu, W.-B.; Han, L.; Jia, Y.-X. J. Am. Chem. Soc. 2013, 135, 2983.
4 Cavdar, H.; Saragoglu, N. Tetrahedron 2005, 61, 2401.
5 Takenaka, N.; Chen, J.; Captain, B.; Sarangthem, R. S.; Chandrakuma, A. J. Am. Chem. Soc. 2010, 132, 4536.
6 Kang, Q.; Zheng, X.-J.; You, S.-L. Chem. Eur. J. 2008, 14, 3539.
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2d were prepared according to the reported methods.

Synthesis of substrate:
6-fluoro-4,7-dihydro-1H-indole (2d):

~n

N
H

The solution of the 6-fluoro-indole (1 g, 7.4 mmol) in dry methanole ( 6 mL) was
added to liquid ammonia (20 mL) under N, .When the resulting solution was cooled
to -40 °C, lithium metal (0.21 g, 29.6 mmol) was added in small pieces for 5-10 min.
The resulting deep blue solution was stirred at the same temperature for 1h and then
was allowed to warm to rt. After the excess ammonia had evaporated, saturated aq.
NHA4CI were carefully added to the mixture and extracted with Et,O. The combined
organic layers were dried over Na,SO4 and concentrated in vacuo. The residue was
purified by column chromatography on silica gel eluting with ethyl acetate/petroleum
ether (1:20) to give the 6-fluoro-4,7-dihydro-1H-indole (2d) as a yellow liquid (0.57g,
4.2mmol, 56%). '"H NMR (500 MHz, CDCls): & 3.26-3.31 (m, 2H), 3.48 (t, J=7.0 Hz,
2H), 5.51 (d, J = 18.0 Hz, 1H), 6.08 (s, 1H), 6.76 (s, 1H), 7.85 (s, 1H); °*C NMR (125
MHz, CDCls): 6 22.5 (d, J = 8.6 Hz), 25.2 (d, J = 31.0 Hz), 101.7 (d, J = 17.1 Hz),
106.7 (d, J=0.9 Hz), 113.8 (d, /= 2.4 Hz), 117.6, 122.2 (d, J = 16.6 Hz), 156.7 (d, J
=246.9 Hz); HRMS m/z (EI+): Calculated for CgHgNF ([M]): 137.0641, Found
137.0648.
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General procedure for Friedel-Crafts reaction:

To a dried Schlenk tube were added Ni(ClO4),'6H,O (7.3 mg, 0.02 mmol) and
ligand L7 (11.7 mg, 0.024 mmol) under N,, 2.0 mL toluene was then added through
syringe. The resulting mixture was stirred at 80 °C for 1h, after which the nitroalkene
(0.2 mmol) and 4,7-dihydroindole (0.3 mmol) were added. The mixture was stirred at
80 °C until the reaction was completed (monitored by TLC). The solvent was then
evaporated under vacuum and the residue was purified by chromatography on silica

gel, eluting with ethyl acetate/petroleum ether (1:10~1:5) to afford the product.

2-(1,1,1-trifluoro-3-nitro-2-phenylpropan-2-yl)-4,7-dihydro-1H-indole (3aa):

\F3C Ph

N NO,

|

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 94% yield, [a]p® =+ 38.2 (¢ 1.0, CH,CLy), 91% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminor = 15.3 min, tmajor = 9.6 min]; '"H NMR (500 MHz, CDCls): &
3.20-3.27 (m, 4H), 5.18 (d, /= 13.0 Hz, 1H), 5.42 (d, J = 13.5 Hz, 1H), 5.82-5.85 (m,
1H), 5.91-5.94 (m, 1H), 6.22 (d, J = 1.5 Hz, 1H), 7.35-7.43 (m, 5H), 7.75 (s, 1H); "°F
NMR (376 MHz, CDCls): & -68.6 (s, 3F); °C NMR (125 MHz, CDCls): & 23.7, 24.6,
55.0(q,J =259 Hz), 78.3, 108.8, 114.1, 122.5, 122.6, 125.4 (q, J = 283.5 Hz), 125.7,
125.9, 128.5, 128.6, 129.0, 133.9; HRMS m/z (ESI+): Calculated for C,7H;6F3N2O;
([M+H]"): 337.1164, Found 337.1151.
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2-(1,1,1-trifluoro-3-nitro-2-m-tolylpropan-2-yl)-4,7-dihydro-1H-indole (3ba):

all./ \FsC iiln

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 95% yield, [a]p’ = + 26.0 (¢ 1.0, CH,Cl,), 85% ece [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminor =15.7 min, tmajor = 7.2 min]; "H NMR (500 MHz, CDCls): o
2.37 (s, 3H), 3.20-3.26 (m, 4H), 5.16 (d, J = 13.5 Hz, 1H), 5.40 (d, J = 13.0 Hz, 1H),
5.82-5.85 (m, 1H), 5.91-5.95 (m, 1H), 6.21 (d, J = 1.0 Hz, 1H), 7.15 (d, J = 8.0 Hz,
1H), 7.17 (s, 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.29 (t, J = 8.0 Hz, 1H), 7.74 (s, 1H); "°F
NMR (376 MHz, CDCl3): § -68.6 (s, 3F); °C NMR (125 MHz, CDCl3): § 21.6, 23.8,
24.6, 54.9 (q, J = 25.8 Hz), 78.4, 108.6, 114.1, 122.5, 122.8, 125.4 (q, J = 283.9 Hz),
125.71, 125.74, 125.8, 128.5, 129.0, 129.8, 133.7, 138.4; HRMS m/z (EI+): calculated

for C18H17N202F3 ([M]+) 3501242, found 350.1249.

TSEYfENSEE 5 3IgIEEce
hhhhhhhhhh ['-0 =] £ U UYL U U U
| f—— Yo e N

RNSANANNE
MMM o

e et

2,377
—1.573

J” |
=

0.89
0,06
1.14
0.94

~a (04
0.97.

= 1100
(L1

1.03
1.03

S7



HEW Li~,
DLEEE~
zirove"

LA N
FEREPG
or0ss

HOF L —

89 0L —

Wy —

.unm.NNF
N-&.mﬁ.#
v.m.m.qN_../

912 °GTh ~
0FL'5EL O e
zie'szh

S09°921

6641 <
V621 &
GER'6ZL .

Lttt
[ 4

s

0

=40

S8



0.080-
0.070
N
0.060] 3
[«2]
0.050] S
05
—
2 0.040
0.030|
0.020-
0.010
0.000-
‘ 1000 B 1100 B 1200 o 1306 o 14‘00 o 15‘00 B 16‘00 B ‘l7i00‘ o ‘18}00
Minutes
0.507
0.45
0.407
F3C
0.357 \
0.307
<D( 0.257
0.207
0.157
0.107 m
~
0.05] 3
0.00] 7/\7
‘ 1000 B 1100 o 1200 o 1300 B 14‘00 B 15‘00 o 18‘00 o ‘17100‘ B ‘18‘.00
Minutes
Retention Time Height Area % Area
1 7.277 519475 13544335 92.23
2 15.752 23753 1141786 7.77

2-(1,1,1-trifluoro-3-nitro-2-p-tolylpropan-2-yl)-4,7-dihydro-1H-indole (3ca):

/ \FsC O

N
H

NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether

1:10 (v/v); Yellow oil, 92% vyield, [a]p”’ = + 30.5 (¢ 1.0, CH,Cl,), 88% ee [Daicel

Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH =

mL/min, 254 nm; tminer = 15.3 min, tmajor = 8.4 min]; '"H NMR (500 MHz, CDCls): &

85/15, 1.0

2.38 (s, 3H), 3.20-3.26 (m, 4H), 5.15 (d, J = 13.0 Hz, 1H), 5.39 (d, J = 13.0 Hz, 1H),
5.81-5.84 (m, 1H), 5.90-5.94 (m, 1H), 6.20 (d, J = 1.5 Hz, 1H), 7.21 (d, J = 8.5 Hz,
2H), 7.24 (d, J = 8.5 Hz, 2H), 7.74 (s, 1H); '°F NMR (376 MHz, CDCls): § -68.9 (s,
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3F); °C NMR (125 MHz, CDCls): 8 21.0, 23.8, 24.7, 54.8 (q, J = 25.9 Hz), 78.4,

108.7, 114.2, 122.6, 122.9, 125.5 (q, J = 283.4 Hz), 125.7, 125.8, 128.5, 129.4, 130.8,

139.1; HRMS m/z (EI+): Calculated for C;sH;7N,O,F; ([M]+): 350.1242, Found

350.1265.
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2-(1,1,1-trifluoro-2-(4-methoxyphenyl)-3-nitropropan-2-yl)-4,7-dihydro-1H-indole
(3da):

OMe

Ppe (]

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:5 (v/v); Yellow oil, 90% yield, [a]o’ = + 30.6 (¢ 1.0, CH,CL,), 88% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 21.9 min, tyajor = 12.4 min]; 'H NMR (500 MHz, CDCls): &
3.20-3.25 (m, 4H), 3.84 (s, 3H), 5.14 (d, /= 13.0 Hz, 1H), 5.37 (d, /= 13.5 Hz, 1H),
5.83 (d,J=10.0 Hz, 1H), 5.93 (d, /= 10.5 Hz, 1H), 6.20 (d, /= 1.0 Hz, 1H), 6.91 (dt,
J=2.5,9.0 Hz, 2H), 7.28 (d, J = 9.0 Hz, 2H), 7.76 (s, 1H); "’"F NMR (376 MHz,
CDCls): & -69.1 (s, 3F); °C NMR (125 MHz, CDCl3): & 23.8, 24.6, 54.5 (q, J = 25.9
Hz), 55.2, 78.4, 108.6, 114.0, 114.1, 122.5, 122.9, 125.4, 125.5 (q, J = 283.4 Hz),
125.73, 125.78, 129.9, 159.9; HRMS m/z (EI+): Calculated for C;sH;7N,O3F3 ([M]+):

366.1191, Found 366.1211.
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2-(2-(3,5-dimethylphenyl)-1,1,1-trifluoro-3-nitropropan-2-yl)-4,7-dihydro-1H-indole
(3ea):

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 90% vyield, [a]p”’ = + 37.2 (¢ 0.5, CH,Cl,), 84% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 93/7, 1.0 mL/min,
254 nm; tminor = 16.6 min, tpajor = 8.2 min]; '"H NMR (500 MHz, CDCl;): 6 2.33 (s,
6H), 3.21-3.27 (m, 4H), 5.15 (d, J = 13.0 Hz, 1H), 5.39 (d, J = 13.0 Hz, 1H),
5.82-5.86 (m, 1H), 5.92-5.95 (m, 1H), 6.20 (d, J = 1.5 Hz, 1H), 6.96 (s, 2H), 7.05 (s,
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1H), 7.73 (s, 1H); ’F NMR (376 MHz, CDCLs): & -68.5 (s, 3F); *C NMR (125 MHz,
CDCls): & 21.4, 23.8, 24.6, 54.8 (q, J = 25.8 Hz), 78.4, 108.5, 114.1, 122.5, 122.9,
125.4 (q, J = 283.5 Hz), 125.6, 125.7, 126.2 (d, J = 1.4 Hz), 130.7, 133.6, 138.2;
HRMS m/z (EI+): Calculated for C;9H9N,O,F3 ([M]+): 364.1399, Found 364.1402.
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2-(2-(4-chlorophenyl)-1,1,1-trifluoro-3-nitropropan-2-yl)-4,7-dihydro-1H-indole
(3fa):

Cl

[ T$s (

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 89% yield, [a]p’ = + 36.5 (¢ 1.0, CH,Cl,), 81% ee [Daicel
Chiralcel OD-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0 mL/min,
254 NM; tminor = 14.4 Min, tpgior = 18.0 min]; "H NMR (500 MHz, CDCl3): § 3.20-3.27
(m, 4H), 5.15 (d, J = 13.0 Hz, 1H), 5.39 (d, J = 13.0 Hz, 1H), 5.82-5.86 (m, 1H),
5.91-5.94 (m, 1H), 6.20 (d, /= 1.5 Hz, 1H), 7.30 (d, /= 8.5 Hz, 2H), 7.38 (dt, /= 2.5,
9.5 Hz, 2H), 7.75 (s, 1H); ’F NMR (376 MHz, CDCl;): & -68.9 (s, 3F); *C NMR
(125 MHz, CDCl3): 8 23.8, 24.6, 54.7 (q, J = 26.0), 78.2, 109.1, 114.3, 122.2, 122.5,
1253 (q, J = 283.6), 125.7, 126.2, 128.9, 130.0, 132.4, 135.4; HRMS m/z (EI+):
Calculated for C17H;4N,O,F;Cl ([M]+): 370.0696, Found 370.0718.

A 1 = T om A A S P — = cgengNes —
ES22385388 &8 §3Z3;ass SEREREE8R8QR%R &
o [om P P P P Poe P P P [F= =] [Fe R Te R W T T W W e Ty OO m —
CRRNERSSRY gs poomony EEEREREELEEEE
Cl
F3C
LIy O
N NO,
1

I ki T =
= E ® E= = = =
[—] —— = o0 — — -

S17



[0 R
SEOVE

GLOPS
LA

6L
£t c.tw
el
LOZ8L &.

0l 601 —
A A

alaeel
La) .NN_,%.
EOLPELS]
AT RTAR
L
ZEP9CL
oE6 HE L
0 O |
ik CEL
L

ZT

cl
FsC
s L
NO,

o6 —

-0

0 60

-5

-0

S18



0.22

0.20

0.187
F3C
(I g

0.167
N NO,

18.331

Cl

14.4

0.147

0.12-

AU

0.107

0.08

0.06

0.04

0.02

0.00§ x

—_—
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00
Minutes

0.30

0.25-
/ 5 O

N
N NO,

Cl

18.08;

0.20q
Opt

0.15+

AU

0.10

0.057

] %14473
>

0.00

——— —— ——
11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00
Minutes

Retention Time Height Area % Area
1 14.473 41862 1453353 9.48
2 18.081 298824 13874142 90.52

2-(1,1,1-trifluoro-2-(3-fluorophenyl)-3-nitropropan-2-yl)-4,7-dihydro-1H-indole
(3ga):

F
/ (5§ O
N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 92% vyield, [a]p”’ = + 33.6 (¢ 1.0, CH,Cl,), 85% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 10.7 min, tmajor = 8.3 min]; '"H NMR (500 MHz, CDCls): &
3.21-3.26 (m, 4H), 5.16 (d, J=13.0 Hz, 1H), 5.39 (d, J = 13.5 Hz, 1H), 5.82-5.86 (m,
1H), 5.91-5.95 (m, 1H), 6.21 (d, J= 2.0 Hz, 1H), 7.08 (d, J = 10.5 Hz, 1H), 7.12 (tdd,
J=1.0,2.5, 8.5 Hz, 1H), 7.16 (dt, J=1.0,8.0 Hz, 1H), 7.38 (td, J = 6.0, 8.5 Hz, 1H),
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7.78 (s, 1H); "’F NMR (376 MHz, CDCls): & -63.7 (s, 1F), -68.7 (d, J = 3.8Hz, 3F);
BC NMR (125 MHz, CDCly): & 23.7, 24.5, 54.8 (q, J = 26.5 Hz), 78.1, 109.0, 114.3,
116.1, 116.3, 121.9, 122.4, 124.2, 125.2 (q, J = 283.8 Hz), 125.6, 126.3, 130.1 (d, J =
8.0 Hz), 136.4 (d, J= 7.1 Hz), 162.6 (d, J = 245.8 Hz); HRMS m/z (EI+): Calculated
for C17H14N,O,F 4 (IM]): 354.0991, Found 354.0991.
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2-(1,1,1-trifluoro-3-nitro-2-(4-(trifluoromethyl)phenyl)propan-2-yl)-4,7-dihydro- 1 H-i
ndole (3ha):

CF;

/ \FeC O

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 88% yield, [a]p’’ = + 30.0 (¢ 0.5, CH,Cl,), 86% ece [Daicel
Chiralcel OD-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0 mL/min,
254 nm; tyminer = 15.6 min, tygjor = 12.5 min]; "H NMR (500 MHz, CDCls): 6 3.21-3.26
(m, 4H), 5.19 (d, J = 13.5 Hz, 1H), 5.45 (d, J = 13.5 Hz, 1H), 5.84 (dd, J= 1.5, 11.5
Hz, 1H), 5.93 (dd, J= 1.5, 11.5 Hz, 1H), 6.21 (d, J= 1.5 Hz, 1H), 7.50 (d, J = 8.5 Hz,
2H), 7.67 (d, J = 8.5 Hz, 2H), 7.75 (s, 1H); ’F NMR (376 MHz, CDCl;): & -63.7 (s,
3F), -68.7 (s, 3F); °C NMR (125 MHz, CDCls): & 23.7, 24.5, 54.9 (q, J = 25.8 Hz),
78.0, 109.2, 114.4, 121.8, 122.4, 123.6 (q, J = 270.6 Hz), 125.1 (q, J = 283.6 Hz),
125.60 (q, J = 3.6 Hz), 125.64, 126.5, 129.1, 131.3 (q, J = 32.8 Hz), 138.0; HRMS
m/z (EI+): Calculated for C;sH 4N,O,F¢ ([M]"): 404.0959, Found 404.0981.

i — L -] — a3 & ot~ & — &N [T-]
-] — e P — & e} o E oM o— M~
BEF2EE % 53k Es EEEEER 5
[ S S X AL R R - k<] o o N Rc) —
R el Y fe— NN/ St e

CF3

I S

N NO,

L
{
r

- . 1 J'L JL

1.99-3

o096
0.97.
LIRS
1.00
1.00-

S22



EHLET
GG

43438
LPOSS

_zd‘,_.“mmw
ara L

HMHPEL .\.1

9601 —

L g
Wb ZEL
WG Sz
S19'52)
gy
si59z1
L 6EL
vl LELY

Lr0BEL—

CF3
FaC
s

NO,

Bl —
BLEs—

CFs
FaC
s

NO,

ZT

S23



15.627

—
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes

0.457
CF3 9
0.40 N
Crss J
0.35 H NO,
0.307 opt
0.257
2
0.207
0.157
0104 3
©
0.057 3
0.0 pay = /\ ooy
800 900 100 1100 1200 1300 1400 1500 1600 1700 1800 1900 20,00
Minutes
Retention Time Height Area % Area
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2-(1,1,1-trifluoro-3-nitro-2-(thiophen-3-yl)propan-2-yl)-4,7-dihydro-1H-indole (3ia):

[

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 86% vyield, [a]p”’ = + 31.3 (¢ 1.0, CH,Cl,), 68% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 13.5 min, tmajor = 9.5 min]; '"H NMR (500 MHz, CDCls): &
3.19-3.26 (m, 4H), 5.13 (d, J=12.5 Hz, 1H), 5.28 (d, J = 12.5 Hz, 1H), 5.82-5.84 (m,
1H), 5.91-5.93 (m, 1H), 6.16 (d, J = 2.5 Hz, 1H), 7.07 (d, J = 3.0 Hz, 1H), 7.40 (d, J =
4.0 Hz, 2H), 7.72 (s, 1H); ’F NMR (376 MHz, CDCls): & -70.2 (s, 3F); °C NMR
(125 MHz, CDCls): & 23.8, 24.6, 52.7 (q, J = 27.0 Hz), 78.3, 108.3, 114.5, 122.1,

122.5, 125.2 (q, J = 283.0 Hz), 125.7, 125.9, 126.0 (d, J = 1.9 Hz), 126.3, 127.5,
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133.6; HRMS m/z (EI+): Calculated for C;sH;3N,O,F3S ([M]"): 342.0650, Found

342.0658.
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2-(1,1,1-trifluoro-2-(naphthalen-2-yl)-3-nitropropan-2-yl)-4,7-dihydro-1H-indole
3ja):

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 85% yield, [a]p®’ = + 109.0 (¢ 0.5, CH,CL,), 82% ee [Daicel

Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0

mL/min, 254 nm; tyinor = 16.7 min, tyajor = 12.6 min]; "H NMR (500 MHz, CDCls): &

3.16-3.21 (m, 2H), 3.25-3.29 (m, 2H), 5.26 (d, J = 13.0 Hz, 1H), 5.52 (d, J = 13.5 Hz,
1H), 5.82-5.84 (m, 1H), 5.92-5.95 (m, 1H), 6.25 (d, J= 1.5 Hz, 1H), 7.39 (d, J= 8.5
Hz, 1H), 7.54-7.59 (m, 2H), 7.70 (s, 1H), 7.86 (t, J = 4.0 Hz, 2H), 7.89 (d, J = 16.5 Hz,
2H); "’F NMR (376 MHz, CDCls): & -68.4 (s, 3F); °C NMR (125 MHz, CDCl;): &
23.8,24.7,55.2 (q,J=25.8 Hz), 78.3, 108.7, 114.3, 122.6, 122.8, 125.4, 125.6 (q, J =
283.8 Hz), 125.7, 126.1, 126.8, 127.3, 127.5, 128.4, 128.5, 128.6, 131.0, 132.8, 133.0;

HRMS m/z (EI+): Calculated for CoHi7N205F; ([M]"): 386.1242, Found 386.1249.
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2-(1,1,1-trifluoro-2-(nitromethyl)-4-phenylbutan-2-yl)-4,7-dihydro-1H-indole (3ka):

\':3C Ph

N NO,

[

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 84% vyield, [a]p”’ = + 28.6 (¢ 1.0, CH,Cl,), 71% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 90/10, 1.0
mL/min, 254 nm; tminer = 8.9 min, tmajor = 11.4min]; 'H NMR (500 MHz, CDCl5): 6
2.33-2.41 (m, 1H), 2.53-2.61 (m, 2H), 2.87-2.94 (m, 1H), 3.20-3.23 (m, 2H),
3.27-3.31 (m, 2H), 4.92 (d, J = 12.0 Hz, 1H), 5.07 (d, J = 12.0 Hz, 1H), 5.84-5.88 (m,
1H), 5.91-5.95 (m, 1H), 6.00 (d, J= 2.5 Hz, 1H), 7.24 (t, J = 7.5 Hz, 2H), 7.26 (dt, J =
2.0, 7.5 Hz, 1H), 7.33 (t, J= 7.5 Hz, 2H), 7.94 (s, 1H); ’F NMR (376 MHz, CDCls):

5 -72.2 (s, 3F); °C NMR (125 MHz, CDCls): & 23.8, 24.6, 29.8, 32.9, 49.4 (q, J =
S29



283.4 Hz), 1263,
126.5, 128.3, 128.7, 140.5; HRMS m/z (EI+): Calculated for C;oH;9N,O,F3 ([M]+)

364.1399, Found 364.1419.
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2-(1,1,1-trifluoro-2-(nitromethyl)decan-2-yl)-4,7-dihydro-1H-indole (3la):

/ \F3C
N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 88% yield, [a]p?” =+ 1.7 (¢ 1.0, CH,CL), 62% ee [Daicel
Chiralcel OD-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 90/10, 1.0 mL/min,
254 nm; tminor = 36.3 min, tyajor = 29.7 min]; 'H NMR (500 MHz, CDCl5): § 0.90 (t, J
= 7.0 Hz, 3H), 1.28-1.41 (m, 11H), 1.51-1.58 (m, 1H), 2.03-2.09 (m, 1H), 2.18-2.24
(m, 1H), 3.17-3.21 (m, 2H), 3.26-3.29 (m, 2H), 4.81 (d, J=12.0 Hz, 1H), 4.96 (d, J =
11.5 Hz, 1H), 5.82-5.86 (m, 1H), 5.89-5.91 (m, 1H), 5.92 (d, J = 3.0 Hz, 1H), 7.92 (s,
1H); "’F NMR (376 MHz, CDCls): & -72.2 (s, 3F); °C NMR (125 MHz, CDCl;): &
14.0, 22.6, 23.3, 23.8, 24.6, 29.18, 29.19, 29.8, 30.7, 31.7,49.4 (q, J = 25.3 Hz), 75.8,
107.7, 114.3, 121.8, 122.5, 125.7, 126.0, 126.1 (q, J = 283.5 Hz); HRMS m/z (EI+):
Calculated for C9H,7N,0,F3 ([M]"): 372.2025, Found 372.2023.
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5-methyl-2-(1,1,1-trifluoro-3-nitro-2-phenylpropan-2-yl)-4,7-dihydro-1H-indole
(3ab):

F.C
N1 _ph

N NO,

[

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 90% vyield, [a]p”’ = + 32.6 (¢ 0.5, CH,Cl,), 88% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer =11.1 min, tmejor = 8.0 min]; '"H NMR (500 MHz, CDCl;): 6
1.81 (s, 3H), 3.11-3.16 (m, 4H), 5.15 (d, J = 13.5 Hz, 1H), 5.39 (d, J = 13.5 Hz, 1H),
5.52 (s, 1H), 6.18 (s, 1H), 7.33-7.40 (m, 5H), 7.72 (s, 1H); ’F NMR (376 MHz,
CDCls): & -68.6 (s, 3F); °C NMR (125 MHz, CDCls): & 23.6, 24.2,29.4, 55.0 (q, J =
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283.6 Hz), 126.2, 128.5,

128.7, 129.0, 132.9, 133.9; HRMS m/z (EI+): Calculated for CisH7N>OF5 ([M]"):

350.1242, Found 350.1247.
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5-fluoro-2-(1,1,1-trifluoro-3-nitro-2-phenylpropan-2-yl)-4,7-dihydro-1H-indole (2ac):

Ph
N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 87% yield, [a]p’ = + 43.0 (¢ 0.5, CH,Cl,), 88% ece [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 14.7 min, tmajor = 9.5 min]; '"H NMR (500 MHz, CDCls): &
3.25-3.29 (m, 2H), 3.39 (t, J/ = 7.0 Hz, 2H), 5.17 (d, J = 13.5 Hz, 1H), 5.36-5.43 (m,
2H), 6.24 (d, J = 1.5 Hz, 1H), 7.34-7.43 (m, 5H), 7.85 (s, 1H); '’F NMR (376 MHz,
CDCls): & -68.9 (s, 3F), -105.9 to -106.0 (m, 1F); °C NMR (125 MHz, CDCls): &
22.3 (d, J=9.0 Hz), 25.3 (d, J = 28.9 Hz), 55.0 (q, J = 25.8 Hz), 78.2,98.8 (d, J =
20.6 Hz), 108.8, 113.2 (d, J = 14.1 Hz), 123.9, 125.1, 125.3 (q, J = 283.6 Hz), 128.5,
128.7, 129.1, 133.6, 159.0 (d, J = 249.6 Hz); HRMS m/z (EI+): Calculated for
C17H14N,O5F, (IM])): 354.0991, Found 354.0999.
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6-fluoro-2-(1,1,1-trifluoro-3-nitro-2-phenylpropan-2-yl)-4,7-dihydro-1H-indole (3ad):

TS

Ph
N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:10 (v/v); Yellow oil, 89% vyield, [a]p”’ = + 32.6 (¢ 0.5, CH,Cl,), 88% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 18.5 min, tmajor = 8.9 min]; '"H NMR (500 MHz, CDCls): &
3.24-3.29 (m, 2H), 3.38-3.41(m, 2H), 5.18 (d, J = 13.0 Hz, 1H), 5.41 (d, J = 13.5 Hz,
1H), 5.46-5.52 (m, 1H), 6.24 (d, J= 1.5 Hz, 1H), 7.34-7.44 (m, 5H), 7.85 (s, 1H); °F
NMR (376 MHz, CDCls): & -69.8 (s, 3F), -107,5 to -107.6 (m, 1F); °C NMR (125
MHz, CDCls): 6 22.3 (d, J= 8.5 Hz), 25.1 (d, J=31.4 Hz), 55.0 (g, / = 25.9 Hz), 78.2,

101.5 (d, J = 17.2 Hz), 108.7, 114.1, 124.0, 124.1, 125.3 (q, J = 283.8 Hz), 128.5,
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128.7, 129.1, 133.6, 156.3 (d, J = 247.5 Hz); HRMS m/z (EI+): Calculated for

C17H14N202F4 ([Mr) 3540991, Found 354.0997.
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General procedure for one-pot synthesis of 2-alkylated indoles 4:

To a dried Schlenk tube were added Ni(ClO4),:6H,O (7.3 mg, 0.02 mmol) and
ligand L7 (11.7 mg, 0.024 mmol) under N, 2.0 mL toluene was then added through
syringe. The resulting mixture was stirred at 80 °C for 1h, after which the nitroalkene
(0.2 mmol) and 4,7-dihydroindole (0.3 mmol) were added. The mixture was stirred at
80 °C until the reaction was completed (monitored by TLC). The reaction mixture
was then cooled to room temperature and 10 mL CH,Cl, and 3.0 equiv of
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) were added. The resulting mixture
was stirred at room temperature for 2 h. The solvent was then evaporated and the
residue was purified by chromatography on silica gel, eluting with ethyl

acetate/petroleum ether (1:5~1:3) to afford the 2-alkylated indole product.

2-(1,1,1-trifluoro-3-nitro-2-phenylpropan-2-yl)-1H-indole (4a):

FsC
N1 Ph

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:5 (v/v); White solid, 85% yield, [a]p®’ =+ 22.5 (¢ 1.0, CH2CLy), 91% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 20.0 min, tmajor = 11.3 min]; '"H NMR (500 MHz, CDCls): 6
5.32(d,J=13.5 Hz, 1H), 5.54 (d, J= 13.5 Hz, 1H), 6.84 (s, 1H), 7.18 (td, /= 1.0, 8.0
Hz, 1H), 7.26 (td, J = 1.0, 8.0 Hz, 1H), 7.33 (t, J = 8.5 Hz, 3H), 7.40-7.46 (m, 3H),
7.68 (d, J = 8.0 Hz, 1H), 8.25 (s, 1H); "’F NMR (376 MHz, CDCls): & -68.4 (s, 3F);
C NMR (125 MHz, CDCl3): 6 55.4 (q, J=26.0 Hz), 78.1, 104.9, 111.2, 120.6, 121.1,
123.4, 125.3 (q, J = 283.8 Hz), 127.2, 128.6, 128.9, 129.5, 130.8, 133.0, 136.2;
HRMS m/z (EI+): Calculated for C;7H;3N20,F3 ([M]"): 334.0929, Found 334.0941.
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2-(2-(3,5-dimethylphenyl)-1,1,1-trifluoro-3-nitropropan-2-yl)- 1H-indole (4b):

g )

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:5 (v/v); White solid, 86% vyield, [a]po”’ = + 20.4 (¢ 0.5, CH,Cl,), 84% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tminer = 13.5 min, tmajor = 7.5 min]; '"H NMR (500 MHz, CDCls): &
2.31 (s, 6H), 5.29 (d, J=13.5 Hz, 1H), 5.50 (d, /= 13.5 Hz, 1H), 6.82 (s, 1H), 6.93 (s,
2H), 7.07 (s, 1H), 7.18 (td, J = 1.0, 8.0 Hz, 1H), 7.26 (td, /= 1.0,7.0 Hz, 1H), 7.34 (dd,
J = 1.0, 8.0 Hz, 1H), 7.69 (d, J = 7.5 Hz, 1H), 8.24 (s, 1H); ’F NMR (376 MHz,
CDCLs): & -68.2 (s, 3F); °C NMR (125 MHz, CDCls): & 21.4, 55.2 (q, J = 25.9 Hz),
78.2,104.6, 111.2, 120.4, 121.0, 123.2, 125.3 (q, J = 283.8 Hz), 126.20, 126.21, 127.2,
131.1, 132.7, 136.1, 138.5; HRMS m/z (EI+): Calculated for C;9H7N,O,F; ([M]+):
362.1242, Found 362.1234.
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2-(1,1,1-trifluoro-2-(4-methoxyphenyl)-3-nitropropan-2-yl)-1H-indole (4c):

O \F3C O OMe

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:3 (v/v); White solid, 82% vyield, [a]p’’ = + 16.6 (¢ 0.5, CH,Cl,), 88% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 80/20, 1.0
mL/min, 254 nm; tminor = 22.2 min, tmajor = 14.7 min]; "H NMR (500 MHz, CDCls): o
3.84 (s, 3H), 5.28 (d, /= 13.0 Hz, 1H), 5.48 (d, J=13.0 Hz, 1H), 6.83 (s, 1H), 6.91 (d,
J=8.5Hz, 2H), 7.18 (t, J = 7.5 Hz, 1H), 7.23-7.27 (m, 3H), 7.34 (d, J = 8.0 Hz, 1H),
7.68 (d, J = 8.0 Hz, 1H), 8.26 (s, 1H); "’F NMR (376 MHz, CDCl): & -68.8 (s, 3F);
BC NMR (125 MHz, CDCl3): & 54.9 (q, J = 26.3 Hz), 55.3, 78.2, 104.8, 111.1, 114.2,
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120.5, 121.0, 123.3, 124.5, 125.3 (q, J = 283.9 Hz), 127.2, 129.9, 131.0, 136.1, 160.2;
HRMS m/z (EI+): Calculated for C1sHisN2OsF; ([M]"): 364.1035, Found 364.1039.
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2-(1,1,1-trifluoro-2-(3-fluorophenyl)-3-nitropropan-2-yl)-1H-indole (4d):

F
N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:5 (v/v); White solid, 85% vyield, [a]p”’ = + 18.2 (¢ 0.5, CH,Cl,), 85% ee [Daicel
Chiralpak AS-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0
mL/min, 254 nm; tyiner = 13.8 min, tyajor = 11.6 min]; 'H NMR (500 MHz, CDCls): &
5.30 (d, J=14.0 Hz, 1H), 5.50 (d, J = 13.5 Hz, 1H), 6.84 (t, /= 1.0 Hz, 1H), 7.06 (d,
J=10.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.16 (tdd, J = 0.5, 2.5, 8.0 Hz, 1H), 7.20
(td, /=0.5,7.0 Hz, 1H), 7.28 (td, J= 1.0, 7.5 Hz, 1H), 7.36 (dd, J = 1.0, 8.5 Hz, 1H),
7.40 (td, J = 6.5, 8.5 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 8.28 (s, IH); ’F NMR (376
MHz, CDCls): & -68.3 (s, 3F), -111.01 to -111.07 (m, 1F); °C NMR (125 MHz,
CDCl3): 6 55.1 (q, J=25.0 Hz), 77.9, 105.1, 111.2, 116.1 (d, J = 24.1 Hz), 116.6 (d, J
=20.8 Hz), 120.7, 121.1, 123.6, 124.2, 125.0 (q, J = 284.0 Hz), 127.0, 130.0, 130.4 (d,
J=28.1Hz), 1353 (d, /= 7.0 Hz), 136.2, 162.7 (d, J = 246.4 Hz); HRMS m/z (EI+):
Calculated for C;7H,N,0,F4 ([M]"): 352.0835, Found 352.0833.

TF o o900t oh e 8

—8.285
701

665

06

94

7

75

74

50

57

289
AT
276
216
pral
200
42

. 540
AR
S b
_=5.320
5,202
—1.580

-,
3

# 109942
1.00

S50



i ES
b

L8
[A1 ¥
1 T
L3S

oL SoL—
£9E L1
660911
26291l
G911
ZeLoi
LrL 02
51121
619 £21
0F6 €21
EFT T
ZHe 9l
6r0'JZ1
#20'0E 1
HOF 081
£LF OEL
9EE SEL
266 5L
99T 9EL
£PL19L~
FLLEOL—

FLUNARA
LU
GO LLL-
G0° 1L
H LLL-
O LLL-
[ LA
MY L=

Gt —

F
NO3

T
-20

-E10

S51



0.2
0.18

0.167

F3C
0.14] O W O

H NO2

13.882

0.12

11.904

Rac
0.107

AU

0.08

0.067

0.04

0.02

0.00

NN N U N U U U U
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00
Minutes

0.40

11.694

0.357 E

0.304 O \Fsc O

N
0.25] H NO,

Opt
0.20]

AU

0.157

0.10

13.847

0.05

0.00 -

— 7 [ [ T T
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00
Minutes

Retention Time Height Area % Area
1 11.694 385085 17715243 92.49
2 13.847 33059 1437946 7.51

2-(1,1,1-trifluoro-3-nitro-2-(4-(trifluoromethyl)phenyl)propan-2-yl)-1H-indole (4e):

O \F3C O CF3

N NO,

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether
1:5 (v/v); White solid, 80% vyield, [a]o”’ = + 16.4 (¢ 0.5, CH,Cl,), 86% ee [Daicel
Chiralcel OD-H column (25 cm x 0.46 cm ID), n-hexane/i-PrOH = 85/15, 1.0 mL/min,
254 nm; tminor = 46.4 min, tmajer = 24.0 min]; '"H NMR (500 MHz, CDCl3): 6 5.33 (d, J
=13.5 Hz, 1H), 5.56 (d, J = 13.5 Hz, 1H), 6.85 (s, 1H), 7.20 (td, J = 1.0, 7.0 Hz, 1H),
7.29 (td, J = 1.0, 7.0 Hz, 1H), 7.36 (dd, J = 1.0, 8.0 Hz, 1H), 7.47 (d, J = 8.5, 2H),
7.69 (t, J = 8.0 Hz, 3H), 8.26 (s, 1H); '’F NMR (376 MHz, CDCls): & -63.8 (s, 3F),
-68.4 (s, 3F); *C NMR (125 MHz, CDCls): 6 55.3 (q, J = 26.1 Hz), 77.7, 105.3, 111.3,
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120.8, 121.2, 123.5 (q, J = 270.8 Hz), 123.8, 125.0 (q, J = 284.3 Hz), 125.8 (q, J = 3.6
Hz), 127.0, 129.2, 129.8, 131.7 (q, J = 32.9 Hz), 136.3, 137.0; HRMS m/z (EI+):
Calculated for CisH1N>0,Fs ([M]"): 402.0803, Found 402.0823.
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Determine the absolute configuration of product 4a:

The CD spectrum of product 4a and its analogous product (A) reported in our
previous work (Ref.11a, J. Am Chem. Soc. 2013, 135, 2983) were recorded on JASCO
J-815 CD spectrometer. Based on the observed cotton effect of these two compounds
at around 300 nm and the known R configuration for compound B, the absolute

configuration of the present product 4a was assigned to be S.
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