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General methods.

Unless stated otherwise, all solvents were purified and dried according to standard
methods prior to use. *H and *°F NMR spectra were recorded on Varian or Angilent
instrument (600 MHz, 400 MHz and 376 MHz, 300 MHz and 282 MHz, respectively)
and referenced relative to tetramethylsilane signal or residual protio solvent signals
respectively. *C NMR spectra were recorded on Varian or Agilent instrument (155
MHz, 101 MHz or 75 MHz) and referenced relative to residual solvent signals. Data
for '"H NMR are recorded as follows: chemical shift (5, ppm), multiplicity (s = singlet,
d = doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling
constant(s) in Hz, integration). Data for *C NMR and *°F NMR are reported in terms

of chemical shift (3, ppm).
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Reaction Condition Optimization Section (complete optimization data)

Table S1. Examination of catalysts

QN{\NHP%(]J

H
1

1.1 equiv

: R =1-pyrenyl

N
‘R = 2,4,6-(iPr)3-CgHy
‘R = SiPh,

:R= 3,5-(CF3)2-C6H3

: R = 1-naphthyl
: R = 2-naphthyl
: R = 9-anthryl

: R =9-phenyl
: R =2-BuO-naphthyl

J

Na,CO3 (1.1 equiv)

| CPA (10 mol %) K
F 2BF, CeHsF rt,8h N

H

c14
entry PG yield (%)° ee (%)°
1 COOMe 48 5.5
2 COOMe 70 4
3 COOMe 52 0
4 COOMe 58 13
5 COOMe 48 3
6 COOMe 67 37
7 COOMe 56 22
8 COOMe 14 19
9 Boc 48 55
10 Boc 93 22
11 Ci10 Boc 17 0
12 C11 Boc 44 28
13 Ci12 Boc 39 35
14 C13 Boc 35 13
15 Cl14 Boc 34 0

# Reaction conditions: 1 (0.2 mmol), CPA (0.02 mmol), Selectfluor (0.22 mmol), Na,COs
(0.22 mmol) in CgHsF (4 mL) at rt. ° Isolated yield. ¢ Determined by HPLC analysis.
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Table S2. Examination of solvents, bases, temperature, and concentration

C6 (10 mol %) F
Q—Q\NHBQC [@\CI base (1.1 equiv) > Q—?

N N~ . CeHsF, 1t, 8 h NBoc

H F 2BF, ’|}1|

1b 1.1 equiv 2
entry® solvent base T(°C) time yield (%)°  ee (%)°
1 CeHsF Na,CO3 rt 8h 48 55
2 hexane Na,CO3 rt 8h 23 0
3 toluene Na,CO3 rt 8h 47 26
4 DCM Na,CO3 rt 8h 23 49
5 EA Na,CO3 rt 8h 66 33
6 CeHsF NaHCO; rt 8h 46 40
8 CeHsF K>CO3 rt 8h 64 41
9 CeHsF NasPO4 rt 8h 53 50
10 CeHsF PS rt 8h 72 56
11 CeHsF PS 0 8h 60 65
12¢ CeHsF PS 0 11h 41 5
13 CgHsF /c-Hexane  PS 0 11h 69 33
14 CeHsF /H,0 PS 0 1h 42 63
15 CgHsF /IDMA PS 0 2h 85 50
16 CeHsF /CH3CN PS 0 10 min 50 69
17 CgHsF /MeOH PS 0 1lh 55 23
18 CH3CN/H,0 PS 0 10 min 41 17
19 CH3CN PS 0 10 min 78 47
20 CeHsF /CH3CN PS -40 3h 73 88
21 CgHsF /CH3CN PS -60 16 h 64 90
22° CeHsF/CHsCN PS -60 16 h 87 90
23" CgHsF /CH3CN PS -60 10 h 84 88
249 CeHsF /CH3CN PS -60 18 h 66 90

# Reaction conditions: 1b (0.2 mmol), C6 (0.02 mmol), Selectfluor (0.22 mmol), base (0.22

mmol), Solvent (4 mL). ° Isolated yield. © Determined by HPLC analysis. ¢ 4 A MS was used.
®At 0.1 M. "At 0.2 M.¢5 mol % C6 was used. PS: proton sponge.

S4



General procedure for the synthesis of substrates (1a-1z)

Method A
o
CI\/\)J\
R@\ 1) EOH, reflux, 48 h RWNHBOC
A5z 5 Boc,0, NaOH, EA =N
H H

1

Take the synthesis of 1b as an example. To a solution of the substituted
phenylhydrazine (10 mmol, 1.0 equiv) in EtOH (30 mL) was added 5-chloropentan-2-
one (1.7 mL, 20 mmol). The reaction mixture was stirred at reflux for 12-24 h. Then
the solvent was removed under reduced pressure. The resulting substituted 2-(2-
methyl-1H-indol-3-yl)ethanamine was directly used in the next step without further
purification.

A solution of 2-(2-methyl-1H-indol-3-yl)ethanamine (1.40 g, 10.5 mmol) and
NaOH in ethyl acetate (30 mL) was added dropwise to a solution of di-tert-
butyldicarbonate (12.6 mmol, 1.2 equiv) in CH,Cl, (30 mL) at 0 °C. The mixture was
warmed to room temperature and stirred for 0.5 h. Then the reaction mixture was
quenched with NaHCOg3 saturated solution and extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over Na,SO,4 and filtrated.
After the solvent was removed under reduced pressure, the residue was purified by
silica gel column chromatography (ethyl acetate/petroleum ether = 1/10, v/v) to give

tert-butyl (2-(2-methyl-1H-indol-3-yl)ethyl)carbamate 1.

Q/Q NHCO,Me

N
H

Methyl (2-(2-methyl-1H-indol-3-yl)ethyl)carbamate (1a) *
Method A. White solid. Analytical data for 1a: *H NMR (400 MHz, CDCls) & 7.83 (br
s, 1H), 7.49 (d, J = 7.2 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.14-7.06 (m, 2H), 4.71 (br

s, 1H), 3.66 (s, 3H), 3.43 (q, J = 6.0 Hz, 2H), 2.91 (t, J = 6.4 Hz, 2H), 2.38 (s, 3H).
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Q—\QNHBoc

H
tert-Butyl (2-(2-methyl-1H-indol-3-yl)ethyl)carbamate (1b)*
Method A. White solid. Analytical data for 1b: *H NMR (400 MHz, CDCls) & 7.92
(brs, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.27 (d, J = 7.6 Hz, 1H), 7.14-7.05 (m, 2H), 4.58
(brs, 1H), 3.37 (t, J = 6.0 Hz, 2H), 2.89 (t, J = 6.4 Hz, 2H), 2.37 (s, 3H), 1.44 (s, 9H).

(:i]r—§i:\NHCbz

N
Benzyl (2-(2-methyl-1H-indol-3-yl)ethyl)carbamate (1c)

Method A. Light red solid. Analytical data for 1c: *H NMR (400 MHz, CDCl3) & 7.79
(brs, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.37-7.29 (m, 5H), 7.28-7.26 (m, 1H), 7.14-7.05
(m, 2H), 5.10 (s, 2H), 4.77 (br s, 1H), 3.45 (g, J = 6.6 Hz, 2H), 2.92 (t, J = 6.8 Hz,
2H), 2.34 (s, 3H).

NHFmoc
g

N
H

(9H-Fluoren-9-yl)methyl (2-(2-methyl-1H-indol-3-yl)ethyl)carbamate (1d)

Method A. White solid. Analytical data for 1d: Mp = 132.7-133.7 <C, *H NMR (400
MHz, CDCl3) & 7.81 (br s, 1H), 7.76 (d, J = 7.6 Hz, 2H), 7.56 (d, J = 7.6 Hz, 2H),
7.51 (d, J = 7.6 Hz, 1H), 7.41-7.38 (m, 2H), 7.32-7.26 (m, 2H), 7.15-7.07 (m, 2H),
4.82 (br's, 1H), 4.39 (d, J = 6.8 Hz, 2H), 4.20 (t, J = 6.8 Hz, 1H), 3.48-3.43 (m, 2H),
2.92 (t, J = 6.8 Hz, 2H), 2.34 (s, 3H). *C NMR (101 MHz, CDCls) & 156.4, 143.9,
141.2, 135.2, 132.0, 127.6, 127.0, 125.0, 121.1, 119.9, 119.3, 117.7, 110.3, 109.9,
108.3, 66.5, 47.2, 41.4, 24.6, 11.5. IR (film) 1695, 1515, 1461, 1447, 1237, 737 cm™.
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MeO

Q{\NHBOC

N
H

tert-Butyl (2-(5-methoxy-2-methyl-1H-indol-3-yl)ethyl)carbamate (1e) 3

Method A. White solid. Analytical data for 1e: *"H NMR (400 MHz, CDCls3) § 7.91 (br
s, 1H), 7.13 (d, J = 8.8 Hz, 1H), 6.94 (s, 1H), 6.76 (dd, J = 8.6, 2.0 Hz, 1H), 4.62 (br s,
1H), 3.84 (s, 3H), 3.38-3.33 (m, 2H), 2.84 (t, J = 6.8 Hz, 2H), 2.41-2.29 (m, 3H), 1.43
(s, 9H).

Q_Q\NHBOC

N
H

tert-Butyl (2-(2,5-dimethyl-1H-indol-3-yl)ethyl)carbamate (1f)

Method A. White solid. Analytical data for 1f: *H NMR (400 MHz, CDCls) § 7.83 (br
s, 1H), 7.27 (s, 1H), 7.14 (d, J = 8.4 Hz, 1H), 6.93 (dd, J = 8.4, 1.6 Hz 1H), 4.58 (br s,
1H), 3.35 (d, J = 6.8 Hz, 2H), 2.85 (t, J = 6.4 Hz, 2H), 2.43 (s, 3H), 2.34 (s, 3H), 1.44
(s, 9H). *C NMR (101 MHz, CDCls) & 156.0, 146.7, 133.5, 132.1, 128.3, 122.4,
117.6, 109.9, 108.1, 85.2, 41.0, 28.4, 27.4, 24.6, 21.5, 11.6. IR (film) 3392, 2927,
1687, 1366, 1161, 1051, 788 cm™. HRMS (ESI) calcd for Ci7H:N,0, [M+H]':
289.1911. Found: 289.1913.

tBu

QQ\NHBOC

N
H

tert-Butyl (2-(5-(tert-butyl)-2-methyl-1H-indol-3-yl)ethyl)carbamate (19)

Method A. Grey solid. Analytical data for 1g: Mp = 133.8-134.9 <, 'H NMR (400
MHz, CDCl3) & 8.20 (br s, 1H), 7.46 (s, 1H), 7.20-7.17 (m, 2H), 4.72-4.66 (m, 1H),
3.38-3.35 (m, 2H), 2.88 (t, J = 6.4 Hz, 2H), 2.30 (s, 3H), 1.43 (s, 9H), 1.38 (s, 9H).
BC NMR (101 MHz, CDCl3) 6 156.5, 156.0, 141.9, 133.4, 132.2, 128.1, 118.9, 113.4,
109.7,108.2, 79.5, 78.9, 41.0, 34.4, 31.9, 28.3, 28.1, 24.4, 11.4. IR (film) 3286, 1689,
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1493, 1165, 806, 665 cm™. HRMS (ESI) calcd for CpoH31N20O, [M+H]™: 331.2380.
Found: 331.2382.

NHBoc
\

N

tert-Butyl (2-(2,7-dimethyl-1H-indol-3-yl)ethyl)carbamate (1h)

Method A. White solid. Analytical data for 1h: Mp = 94.8-95.6 T, ‘H NMR (400
MHz, CDCl3) & 7.72 (br s, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.01 (dd, J = 7.6 Hz, 1H),
6.93 (d, J = 7.2 Hz, 1H), 4.56 (br s, 1H), 3.36 (d, J = 6.2 Hz, 2H), 2.88 (t, J = 6.4 Hz,
2H), 2.46 (s, 3H), 2.41 (s, 3H), 1.43 (s, 9H). **C NMR (101 MHz, CDCls)  156.0,
134.7, 131.6, 128.1, 121.8, 119.5, 119.4, 115.7, 109.1, 78.9, 41.0, 28.4, 24.7, 16.5,

11.6. IR (film) 3296, 2973, 2931, 1689, 1500, 1163, 1052, 778 cm™. HRMS (ESI)
caled for C17H25N,0, [M+H]™: 289.1911. Found: 289.1911.

&\Q\NHBOC

N
H

tert-Butyl (2-(2-methyl-5-(trifluoromethyl)-1H-indol-3-yl)ethyl)carbamate (1i)

F3C

Method A. White solid. Analytical data for 1i: Mp = 144.8-145.2 <C, *H NMR (400
MHz, CDCl3) & 8.01 (br s, 1H), 7.75 (s, 1H), 7.43-7.30 (m, 2H), 4.56 (br s, 1H), 3.38-
3.33 (M, 2H), 2.92-2.89 (m, 2H), 2.42 (s, 3H), 1.42 (s, 9H). °C NMR (101 MHz,
CDCls) § 156.0, 136.7, 134.2, 127.9, 125.5 (q, J = 271.0 Hz), 121.1 (d, J = 31.3 Hz),
117.3, 115.0, 110.3, 109.1, 79.1, 67.7, 41.1, 28.2, 25.4, 24.4. F NMR (376 MHz,
CDCl3) 5 -60.08 (s). IR (film) 3266, 1686, 1497, 1330, 1151, 1105, 1049, 816, 672
cm™. HRMS (ESI) calcd for C17H25F3sN3O, [M+NH,4]*: 360.1893. Found: 360.1895.
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EtO
NHBoc
\

N
H

Ethyl 3-(2-((tert-butoxycarbonyl)amino)ethyl)-2-methyl-1H-indole-5-carboxylate (1j)
Method A. White solid. Analytical data for 1j: Mp = 158.8-159.4 <, ‘H NMR (400

MHz, CDCls) & 8.23 (d, J = 1.6 Hz, 1H), 8.10 (br s, 1H), 7.85 (dd, J = 8.4, 1.6 Hz,
1H), 7.27 (d, J = 7.6 Hz, 2H), 4.57 (br s, 1H), 4.40 (q, J = 7.2 Hz, 2H), 3.40-3.35 (m,
2H), 2.92 (t, J = 6.4 Hz, 2H), 2.40 (d, J = 2.0 Hz, 3H), 1.44-1.40 (m, 12H). *C NMR
(101 MHz, CDCI3) 6 167.9, 156.0, 138.0, 133.5, 128.1, 122.6, 121.5, 120.5, 109.8,
79.1, 60.5, 41.0, 28.4, 24.5, 14.5, 11.6. IR (film) 3347, 3247, 1679, 1617, 1362, 1272,
1131, 770, 682 cm™. HRMS (ESI) calcd for CigH3oN3Os [M+NH,]": 364.2231.
Found: 364.2232.

F

Q\Q\NHBOC

N
H

tert-Butyl (2-(5-fluoro-2-methyl-1H-indol-3-yl)ethyl)carbamate (1k)

Method A. White solid. Analytical data for 1k: Mp = 102.3-103.4 <C, *H NMR (400
MHz, CDCls) 6 8.14 (br s, 1H), 7.21-7.06 (m, 2H), 6.83 (d, J = 2.4 Hz, 1H), 4.62 (br s,
1H), 3.32 (t, J = 6.0 Hz, 2H), 2.83 (t, J = 6.4 Hz, 2H), 2.34 (s, 3H), 1.44 (s, 9H). **C
NMR (101 MHz, CDCls) & 158.9, 156.5, 156.0, 134.0, 131.7, 110.7, 110.6, 109.0,
108.8, 106.8, 103.0, 102.7, 79.1, 40.9, 28.4, 28.2, 24.5, 11.6. °F NMR (376 MHz,
CDCl3) 6 -124.79 .IR (film) 1704, 1507, 1363, 1244, 1159, 847 cm™. HRMS (ESI)
caled for C1gH22FN,O, [M+H]': 293.166. Found: 293.1665.

Cl
CZ—Q\NHBOC

N

H

tert-Butyl (2-(5-chloro-2-methyl-1H-indol-3-yl)ethyl)carbamate (11) *
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Method A. Brown solid. Analytical data for 1I: *H NMR (400 MHz, CDCls) & 8.16
(brs, 1H), 7.42 (s, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 4.60 (br s,
1H), 3.31 (m, 2H), 2.82 (m, 2H), 2.33 (s, 3H), 1.44 (s, 9H).

Bl
\

N
H

tert-Butyl (2-(5-bromo-2-methyl-1H-indol-3-yl)ethyl)carbamate (1m) °

Method A. Light brown solid. Analytical data for 1m: *H NMR (400 MHz, CDCls) &
8.17 (br s, 1H), 7.57 (s, 1H), 7.16 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H), 4.61
(br's, 1H), 3.31 (g, J = 6.0 Hz, 2H), 2.93-2.70 (m, 2H), 2.33 (s, 3H), 1.44 (s, 9H).

Method B

Qe iy

EtOH, reflux toluene reflux
B
0 1) NH,NH,sH,0 '
Br N DCM-MeOH
\\ NHBoc
\ (e} 2) Boc,0O, NaOH N
H
N 1
H ) n
+
N 1) NH,NH,eH,0
Br/@_\/(\\/ { DCM-MeOH Br/Q_\/C\NHBOC
H 2) Boc,0, NaOH H
10

separable by silica gel chromatography

To a solution of 3-bromophenylhydrazine (10 mmol, 1.0 equiv) in EtOH (30 mL)
was added 5-chloropentan-2-one (1.7 mL, 20 mmol). The reaction mixture was stirred
at reflux for 24 h. Then the solvent was removed under reduced pressure. To the
resulting 4- or 6-bromo-2-(2-methyl-1H-indol-3-yl)ethanamine mixture was then
added toluene (50 mL) and potassium phthalimide (12 mmol, 1.2 equiv), the reaction
mixture was stirred at reflux overnight. The solvent was removed under reduced
pressure, giving the separated 4- or 6-bromo substituted products. Then the 4- or 6-
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bromo substituted product was dissolved in DCM-MeOH (1:1), hydrazine hydrate (28
mmol, 2.8 equiv) was added. The reaction mixture was then stirred at room
temperature overnight. After the reaction was complete, it was quenched with NH,4CI
saturated aqueous solution, extracted with DCM, dried with Na,SO,, and filtrated.
The products were directly used in the next step without further purification. Then a
solution of above products (10 mmol) and NaOH in ethyl acetate (30 mL) was added
dropwise to a solution of di-tert-butyldicarbonate (12 mmol, 1.2 equiv) in DCM (30
mL) at 0 °C. The mixture was warmed to room temperature and stirred for 0.5 h. Then
the reaction mixture was quenched with NaHCO; saturated solution and extracted
with ethyl acetate. The combined organic layers were washed with brine, dried over
Na,SO, and filtrated. After the solvent was removed under reduced pressure, the
residue was purified by silica gel column chromatography (ethyl acetate/petroleum

ether = 1/5, v/v) to give 1n or lo.

Br
Q“\f\NHBoc
N
H

tert-Butyl (2-(4-bromo-2-methyl-1H-indol-3-yl)ethyl)carbamate (1n)

Method B. Light green solid. Analytical data for 1n: Mp = 97.6-98.8 T, H NMR
(400 MHz, CDCl3) 5 8.58 (br s, 1H), 7.20-7.17 (m, 2H), 6.90-6.86 (m, 1H), 4.76 (br s,
1H), 3.40 (g, J = 6.8 Hz, 2H), 3.10 (t, J = 7.2 Hz, 2H), 2.30 (s, 3H), 1.43 (s, 9H). °C
NMR (101 MHz, CDCl3) 6 156.1, 136.5, 134.2, 126.1, 123.6, 121.5, 112.9, 109.7,
108.7, 79.0, 42.4, 28.4, 28.0, 24.6, 11.5. IR (film) 3292, 2973, 2928, 1687, 1623, 1497,
1249, 1163, 742 cm™. FTMS (ESI) calcd for C1gH2:N,0,Br [M]*: 352.0781. Found:
352.0783.

Br/Q—fNHBoc

N
H
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tert-Butyl (2-(6-bromo-2-methyl-1H-indol-3-yl)ethyl)carbamate (10)

Method B. Light green solid. Analytical data for 10: Mp = 115.1-116.8 T, ‘H NMR
(400 MHz, CDCls) 6 8.24 (br s, 1H), 7.31-7.29 (m, 2H), 7.12 (d, J = 8.4, 1H), 4.63 (br
s, 1H), 3.30 (g, J = 6.8 Hz, 2H), 2.82 (t, J = 6.8 Hz, 2H), 2.29 (s, 3H), 1.43 (s, 9H).
¥C NMR (101 MHz, CDCl3) 6 156.0, 134.0, 132.8, 127.4, 122.1, 118.9, 114.1, 113.1,
108.5, 79.1, 40.9, 29.6, 28.4, 24.4, 11.5. IR (film) 3416, 3251, 2970, 2928, 2863, 1685,
1617, 1494, 1162, 1052, 850, 716 cm™. FTMS (ESI) caled for Ci6H22N,0O,Br
[M+H]": 353.0859. Found: 353.0859.

Q“\Q\NHB%
N
H

Br
tert-Butyl (2-(7-bromo-2-methyl-1H-indol-3-yl)ethyl)carbamate (1p)

Method A. White solid. Analytical data for 1p: Mp = 166.8-167.4 T, *H NMR (400
MHz, CDCls) & 8.03 (br s, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H),
6.95 (dd, J = 7.6 Hz, 1H), 4.56 (br s, 1H), 3.34 (g, J = 6.8 Hz, 2H), 2.87 (t, J = 6.8 Hz,
2H), 2.41 (s, 3H), 1.43 (s, 9H). *C NMR (101 MHz, CDCl3) & 155.9, 133.8, 132.8,
129.7, 123.3, 120.5, 117.1, 110.0, 105.0, 103.9, 79.1, 40.9, 28.4, 24.8, 11.6. IR (film)
3099, 1642, 1299, 1027, 8053274, 1689, 1488, 1164, 775 cm™. HRMS (ESI) calcd for
C16H2,BrN,0, [M+H]": 353.0859. Found: 353.0861.

F

NHBoc
O

N

H

tert-Butyl (2-(4,6-difluoro-2-methyl-1H-indol-3-yl)ethyl)carbamate (1q)
Method A. Light red solid. Analytical data for 1q: Mp = 100.9-102.1 T, *H NMR
(400 MHz, CDCls) 6 8.64 (br s, 1H), 6.73 (dd, J = 9.2, 1.6 Hz, 1H), 6.51 (ddd, J =

12.0, 10.6, 2.0 Hz, 1H), 4.71 (br s, 1H), 3.36 (q, J = 6.2 Hz, 2H), 2.89 (t, J = 6.4 Hz,

2H), 2.26 (s, 3H), 1.42 (s, 9H). *C NMR (101 MHz, CDCls) § 159.7, 159.6, 157.3,
S12



157.2, 156.8, 156.6, 156.1, 154.3, 154.2, 137.0, 136.9, 136.7, 132.4, 129.6, 113.5,
113.3,106.8, 94.9, 94.9, 94.7, 94.6, 94.6, 94.4, 94.3, 93.2, 93.1, 92.9, 92.9, 79.1, 41.6,
28.3,25.4, 11.1, 11.1. *°F (film) 3422, 3306, 2984, 2938, 2865, 1689, 1502, 1167, 976,
825 cm™. NMR (376 MHz, CDCl3) 6 -120.61 (td, J = 12.9, 9.9, 3.5 Hz), -122.43 (d, J
= 10.4 Hz). IR (film) 3422, 3306, 2938, 1689, 1502, 1247, 1167, 976, 825 cm™.
FTMS (ESI) calcd for C16HaoN20,F, [M+H]": 310.1487. Found: 310.1488.

Cl
NHBoc
N
H

tert-Butyl (2-(4,6-dichloro-2-methyl-1H-indol-3-yl)ethyl)carbamate (1r)

Method A. Grey white solid. Analytical data for 1r: Mp = 154.4-154.8 <, 'H NMR
(400 MHz, CDCl3) & 8.30 (br s, 1H), 7.13 (s, 1H), 7.02 (d, J = 0.6 Hz 1H), 4.67 (br s,
1H), 3.37 (g, J = 6.6 Hz, 2H), 3.05 (t, J = 6.6 Hz, 2H), 2.33 (s, 3H), 1.42 (s, 9H). °C
NMR (101 MHz, CDCl3) 6 156.0, 136.6, 134.4, 126.3, 125.3, 123.8, 120.5, 109.1,
108.9, 79.1, 42.2, 28.4, 24.9, 11.5. IR (film) 3674, 3421, 3211, 2980, 2941, 2736,
1683, 1489, 1168, 905, 767 cm™. FTMS (ESI) calcd for CisH21N20.Cly [M+H]":
343.0975. Found: 343.0974.

Method C:
QMe 1) TES, TFA, DCM
rt
N\ et * Meo)\ ) TES, T0A, DM CZ—Q:NHBOC
H NHCOCF, 2) NaOH (aq), MeOH ”
1.0 equiv 1.1 equiv 3) NaOH, Boc,O, DCM

Prepared according to literature procedures. ®

Q{\NHBOC
=

H

tert-Butyl (2-(2-ethyl-1H-indol-3-yl)ethyl)carbamate (1s)
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Method C. White solid. Analytical data for 1s: Light yellow solid, Mp = 86.3-

87.5 T, 'H NMR (400 MHz, CDCl3) & 8.12 (s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.25 (d,
J =75 Hz, 1H), 7.16-7.02 (m, 2H), 4.63 (s, 1H), 3.36 (d, J = 6.1 Hz, 2H), 2.88 (t, J =
6.4 Hz, 2H), 2.72 (q, J = 7.6 Hz, 2H), 1.43 (s, 9H), 1.25 (t, J = 7.6 Hz, 3H). *C NMR
(101 MHz, CDCl3) & 156.0, 137.9, 135.3, 128.4, 121.0, 119.1, 118.0, 110.4, 107.4,
79.0, 41.0, 28.4, 24.5, 19.2, 14.4. IR (film) 3404, 2972, 2932, 1688, 1507, 1392, 1247,
1164, 737 cm™. HRMS (ESI) calcd for Ci7HasN,O, [M+H]": 289.1911. Found:
289.1912.

Method D:
{  NHBoc pr PdCI, (10 mol %) (" Wrisoo
+ norbornene (4.0 equiv)
N D > N
H K2CO3 (40 eqUiV) H
1w, 1.0 equiv 2.0 equiv DMF, H,0 (1 M) 1t

Prepared according to modified literature procedures.” A Schlenk flask equipped
with a magnetic stirring bar was charged with 1w (5.0 mmol, 1 equiv), norbornene
(20 mmol, 2 equiv), K,CO3 (20 mmol, 4 equiv), and PdCl;, (0.5 mmol, 0.1 equiv). A
solution of water in DMF (25 mL, 1 M) was added, then the
(bromomethyl)cyclopropane (20 mmol, 4 equiv) was added via syringe. The reaction
mixture was heated at 100 T and monitored by TLC. Upon completion, the reaction
mixture was cooled to room temperature, diluted with ethyl acetate, and filtered. The
filtrate was extracted with ethyl acetate. The combined organic layers were washed
with brine, dried over Na,SO, and filtrated. After the solvent was removed under
reduced pressure, the residue was purified by silica gel column chromatography (ethyl

acetate/petroleum ether = 1/4, v/v) to afford the 2-alkylindole product.

NHBoc
\
N
H

tert-Butyl (2-(2-(cyclopropylmethyl)-1H-indol-3-yl)ethyl)carbamate (1t)
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Method D. Light yellow oil. Analytical data for 1t: *H NMR (400 MHz, CDCl3) &
8.24 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.16-7.03 (m, 2H),
4.61 (s, 1H), 3.36 (g, J = 6.4 Hz, 2H), 2.88 (t, J = 6.4 Hz, 2H), 2.65 (d, J = 6.8 Hz,
2H), 1.43 (s, 9H),1.04-0.94 (m, 1H), 0.62-0.57 (m, 2H), 0.28 (q, J = 4.9 Hz, 2H). °C
NMR (101 MHz, CDCl3) 6 155.9, 136.1, 135.2, 128.3, 121.1, 119.2, 118.1, 110.4,
107.9, 78.9, 40.9, 30.6, 28.4, 24.5, 10.4, 4.6. IR (film) 3335, 1691, 1500, 1365, 1164,
743 cm™. HRMS (ESI) calcd for CgH27N,0, [M+H]*: 315.2067. Found: 315.207.

\ NHBoc
N X

H
tert-Butyl (2-(2-(pent-4-en-1-yl)-1H-indol-3-yl)ethyl)carbamate (1u)

Method C. White solid. Analytical data for 1u: Mp = 89.3-90.5 T, ‘H NMR (400
MHz, CDCls) & 8.05 (br s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.27 (d, J = 7.6 Hz, 1H),
7.14-7.05 (m, 2H), 5.86-5.76 (m, 1H), 5.06-4.98 (m, 2H), 4.60 (br s, 1H), 3.38 (d, J =
5.8 Hz, 2H), 2.88 (t, J = 6.8 Hz, 2H), 2.72 (t, J = 7.6 Hz, 2H), 2.10 (g, J = 7.2 Hz, 2H),
1.74 (p, J = 7.6 Hz, 2H), 1.43 (s, 8H). *C NMR (101 MHz, CDCls) & 155.9, 138.0,
136.2, 135.3, 128.4, 121.1, 119.1, 118.1, 115.2, 110.3, 108.3, 79.0, 40.9, 33.2, 29.0,
28.4, 25.3, 24.7. IR (film) 3420, 3286, 2973, 2932, 2866, 1685, 1495, 1455, 1167, 776

cm™. HRMS (ESI) calcd for CaoHagN20, [M+H]": 329.2224. Found: 329.2222.

C\Z{\NHBOC
Pr

N
tert-Butyl (2-(2-isopropyl-1H-indol-3-yl)ethyl)carbamate (1v)

Method C. Light yellow oil. Analytical data for 1v: 'H NMR (400 MHz, CDCls) &
8.05 (br s, 1H), 7.50 (d, J = 7.6 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.14-7.05 (m, 2H),
4.63 (br s, 1H), 3.40-3.05 (m, 2H), 3.26-3.19 (m, 1H), 2.90 (t, J = 6.8 Hz, 2H), 1.43 (s,
9H), 1.31 (d, J = 7.2 Hz, 6H). 3C NMR (101 MHz, CDCls) § 155.9, 141.8, 135.2,
128.3, 121.0, 119.2, 118.1, 110.4, 106.5, 79.0, 40.9, 28.4, 25.4, 24.6, 22.9. IR (film)
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3336, 2967, 1687, 1507, 1365, 1247, 1163, 741 cm™. HRMS (ESI) calcd for
C1gH27N20, [M+H]": 303.2067. Found: 303.2071.

Q\f—_\NHBOC

N
H

tert-Butyl (2-(1H-indol-3-yl)ethyl)carbamate (1w)?
White solid. Analytical data for 1w: 'H NMR (400 MHz, Chloroform-d) & 8.10 (br s,

1H), 7.61 (d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.23-7.19 (m, 1H), 7.14-7.19
(m, 1H), 7.03 (s, 1H), 4.62 (br s, 1H), 3.50-3.45 (m, 2H), 2.96 (t, J = 6.8 Hz, 2H),
1.44 (d, J = 1.6 Hz, 9H).

NHBoc
Br/CZ—g_—\

N
H

tert-Butyl (2-(6-bromo-1H-indol-3-yl)ethyl)carbamate (1x)°

White solid. Analytical data for 1x: 1H NMR (400 MHz, Chloroform-d) 6 8.02 (br s,
1H), 7.46 (d, J = 8.4 Hz, 1H), 7.22 (d, J = 8.5 Hz, 1H), 7.02 (s, 1H), 4.59 (br s, 1H),
3.46-3.41 (m, 2H), 2.92 (t, J = 6.8 Hz, 2H), 1.43 (s, 9H).

\ NHBoc
N
H
tert-Butyl (2-(2,4,6-trimethyl-1H-indol-3-yl)ethyl)carbamate (1y)
Method A. Grey solid. Analytical data for 1y: Mp = 91.2-92.3 T, 'H NMR (400

MHz, CDCls) & 7.69 (br s, 1H), 6.91 (s, 1H), 6.66 (s, 1H), 4.59 (s, 1H), 3.32 (d, J =
7.2 Hz, 2H), 2.98 (t, J = 6.8 Hz, 2H), 2.62 (s, 3H), 2.38 (s, 3H), 2.34 (s, 3H), 1.44 (s,
9H). 3C NMR (101 MHz, CDCls) & 155.9, 136.0, 131.4, 130.6, 129.1, 124.5, 123.0,
110.0, 108.7, 108.2, 79.6, 79.0, 42.5, 28.4, 28.2, 25.9, 21.3, 20.0, 11.5. IR (film) 3443,

S16



3257, 1680, 1605, 1364, 1272, 1251, 1160, 1050, 788, 702 cm™. HRMS (ESI) calcd
for C1gH27N,0, [M+H]": 303.2067. Found: 303.2068.

Q’{\NHBOC

N
Me

tert-Butyl (2-(1-methyl-1H-indol-3-yl)ethyl)carbamate (1z)*°

White solid. Analytical data for 1z: *H NMR (400 MHz, CDCls) 6 7.59 (d, J = 8.0 Hz,
1H), 7.30 (d, J = 8.4 Hz, 1H), 7.26-7.21 (m, 1H), 7.13-7.09 (m, 1H), 6.89 (s, 1H),
4.60 (br s, 1H), 3.76 (s, 3H), 3.45 (d, J = 5.6 Hz, 2H), 2.98 (t, J = 6.8 Hz, 2H), 1.44 (s,
9H).
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General procedure for asymmetric fluorinative dearomatization of tryptamine

derivatives
C6 (5 or 10 mol %) R F
PS (1.1 equiv) \
R1T’ h \ NHPG Selectfluor (1.1 equiv) ! N
— R2 o — N
ﬂ CeHsF:CH3CN (1:1), -60 °C ” R2 PG
1 2

To a 25 mL Schlenk tube, substrate 1 (0.2 mmol), C6 (7.0 mg, 0.01 mmol, 5
mol% or 14.0 mg, 0.02 mmol, 10 mol %), and Proton Sponge (PS, 47.1 mg, 0.22
mmol) were dissolved in C¢HsF/CH3CN (1:1, 2 mL). The vial was capped with a
screw cap. The reaction mixture was stirred at room temperature for 10 min, and stirred
at -60 °C for 15 min. Then Selectfluor (77.9 mg, 0.22 mmol) was added. After the
reaction was complete (monitored by TLC), Na,S,0; saturated aqueous solution (2 mL)
was poured into the solution, and then the mixture was allowed to warm to the room
temperature. The reaction mixture was extracted with ethyl acetate, dried with Na;SO,,
and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate/ petroleum ether = 1/10, v/v) to afford the

desired product 2.

F

Ot
N CO,Me

H
(3aR,8aS)-Methyl-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-
1(2H)-carboxylate (2a)

Light yellow oil, 10 mol % C6 was used, 41.8 mg, 85% yield, 85% ee. Analytical data
for 2a: [o]p?° = 248.1 (c = 1.0 Chloroform, 85% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) & 7.35 (d, J = 7.2 Hz, 1H), 7.24-7.20 (m, 1H), 6.83-6.80 (m,
1H), 6.66-6.62 (m, 1H), 5.75 (br s, 0.8H), 5.18 (br s, 0.2H), 3.80 (s, 0.8H), 3.65 (s,
2.2H), 3.71-3.58 (m, 1H), 3.16-3.04 (m, 1H), 2.60-2.44 (m, 2H), 1.70 (d, J = 4.0 Hz,
2.2H), 1.66 (d, J = 3.2 Hz, 0.8H). °C NMR (101 MHz, CDCl3) & 154.8, 150.3 (d, J =
4.1 Hz), 131.6 (d, J = 3.4 Hz), 124.9, 124.4 (d, J = 21.7 Hz), 119.4, 119.1 (d, J = 2.9
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Hz), 110.4 (d, J = 1.5 Hz), 110.2 (d, J = 1.8 Hz), 104.4 (d, J = 201.4 Hz), 84.3 (d, J =
26.8 Hz), 52.5, 52.0, 45.0 (d, J = 4.3 Hz), 44.5 (d, J = 4.7 Hz), 31.6 (d, J = 29.0 Hz),
31.2 (d, J = 29.0 Hz), 19.9 (d, J = 9.3 Hz), 18.9 (d, J = 8.8 Hz). *>F NMR (376 MHz,
CDCls) & -142.81 (d, J = 12.8 Hz), -145.63 (d, J = 13.5 Hz). IR (film) 3350, 2945,
1674, 1373 cm™. HRMS (ESI) calcd for CisHi6FN,O, [M+H]": 251.119. Found:
251.1192. The enantiomeric excess was determined by Daicel Chiralpak 1C-H (0.46
cm x 25 cm), Hexanes / IPA =90/ 10, 1.0 mL/min, A = 254 nm, t (minor) = 7.10 min,

t (major) = 7.92 min.

Boc

Iz

(3aR,8aS)-tert-Butyl-3a-fluoro-8a-methyl-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2b)
Light yellow oil, 10 mol % C6 was used, 50.2 mg, 87% vyield, 90% ee. Analytical data
for 2b: [o]p® = 329.7 (c = 1.0 Chloroform, 90% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) § 7.35 (d, J = 7.4 Hz, 1H), 7.22 (dd, J = 7.6 Hz, 1H), 6.82
(dd, J = 7.6 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 5.77 (br, 0.6H), 5.13 (br, 0.4H), 3.66-
3.53 (m, 1H), 3.10-3.00 (m, 1H), 2.63-2.34 (m, 2H), 1.73-1.63 (m, 3H), 1.58-1.49 (m,
3H), 1.42-1.40 (m, 6H). *C NMR (101 MHz, CDCl3) 6 153.9, 153.4, 150.5 (d, J =
4.2 Hz), 150.0 (d, J = 4.1 Hz), 131.6 (d, J = 2.8 Hz), 131.5 (d, J = 3.3 Hz), 124.9,
124.9, 124.7, 124.5, 119.4, 119.0 (d, J = 2.8 Hz), 110.4, 110.1, 105.4 (d, J = 201.5
Hz), 104.6 (d, J = 200.5 Hz), 84.1 (d, J = 26.6 Hz), 83.5 (d, J = 25.7 Hz), 80.8, 80.0,
44.8 (d, J = 4.5 Hz), 44.5 (d, J = 4.0 Hz), 31.6 (d, J = 28.7 Hz), 31.1 (d, J = 28.1 H2),
28.5 (d, J = 25.2 Hz), 27.3, 20.1 (d, J = 9.5 Hz), 19.1 (d, J = 8.9 Hz). '°F NMR (376
MHz, CDCl3) & -143.10 (d, J = 13.2 Hz), -145.25 (d, J = 14.2 Hz). IR (film) 3406,
2938, 1678, 1393 cm™. HRMS (ESI) calcd for CigH2FN,0, [M+H]*: 293.166.
Found: 293.1667. The enantiomeric excess was determined by Daicel Chiralpak AD-
H (0.46 cm x 25 cm), Hexanes / IPA =95/ 5, 1.0 mL/min, A = 254 nm, t (minor) =

5.86 min, t (major) = 6.68 min.
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F

N\
N ; Cbz

H
(3aR,8aS)-Benzyl-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-
1(2H)-carboxylate (2c)

Light yellow oil, 5 mol % C6 was used, 52.9 mg, 81% vyield, 90% ee. Analytical data
for 2¢: [a]p”®® = 255.9 (c = 1.0 Chloroform, 90% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) & 7.88 (s, 1H), 7.49 (s, 1H), 7.35 (d, J = 4.8 Hz, 5H), 7.26 (d,
J = 6.8 Hz, 1H), 7.17-7.02 (m, 2H), 5.11 (d, J = 5.6 Hz, 2H), 4.81 (s, 1H), 3.45 (dd, J
= 11.8, 6.2 Hz, 2H), 2.92 (t, J = 5.8 Hz, 2H), 2.31 (d, J = 15.6 Hz, 3H). *C NMR
(101 MHz, CDCl3) & 154.2, 150.3 (d, J = 4.0 Hz), 136.2, 131.7 (d, J = 3.5 Hz), 128.8,
128.5, 128.3 (d, J = 24.3 Hz), 128.0, 127.7, 124.9, 119.2 (d, J = 3.0 Hz), 110.5, 110.1,
104.5 (d, J = 200.9 Hz), 84.5 (d, J = 26.9 Hz), 67.3, 66.6, 44.7 (d, J = 4.7 Hz), 31.7 (d,
J=28.8 Hz), 19.0 (d, J = 8.8 Hz). *°F NMR (376 MHz, CDCls) § -143.04 (d, J = 13.2
Hz), -145.52 (d, J = 13.2 Hz). IR (film) 3378, 2945, 1678, 1407, 1337, 1037, 750 cm™.
HRMS (ESI) calcd for CigHFN,O, [M+H]": 327.1503. Found: 327.1505. The
enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm),
Hexanes / IPA =48/ 2, 0.5 mL/min, A = 254 nm, t (major) = 31.46 min, t (minor) =
33.60.

F

gt
N Fmoc

H
(3aR,8aS)-(9H-Fluoren-9-yl)methyl-3a-fluoro-8a-methyl-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2d)
Light yellow oil, 5 mol % C6 was used, 55.4 mg, 69% vyield, 86% ee. Analytical data
for 2d: [a]p?®® = 189.5 (c = 1.0 Chloroform, 86% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, DMSO-Dg) 5 8.01 (d, J = 7.2 Hz, 0.5H), 7.96 (d, J = 7.2 Hz, 0.5H),
7.88 (d, J = 2.4 Hz, 0.5H), 7.86 (d, J = 2.8 Hz, 0.5H), 7.76 (d, J = 7.6 Hz, 0.5H), 7.73
(d, J = 7.2 Hz, 0.5H), 7.58-7.48 (m, 2H), 7.45-7.26 (m, 4H), 7.22-7.09 (m, 1H), 6.85-
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6.62 (m, 2H), 6.18 (d, J = 7.6 Hz, 1H), 4.73 (m, 1H), 4.37-4.21 (m, 2H), 3.59-3.54 (m,
1H), 2.92-2.88 (m, 1H), 2.74-2.58 (m, 1H), 2.36-2.13 (m, 1H), 1.59 (d, J = 3.8 Hz,
1.5H), 0.80 (d, J = 3.6 Hz, 1.5H). *C NMR (151 MHz, DMSO-Ds, 80 °C) & 152.8,
143.5, 140.5, 140.3, 130.9, 130.8, 127.1, 127.1, 126.6, 124.3, 124.2, 123.5 (d, J = 21.9
Hz), 119.6, 119.5, 117.7, 104.7 (d, J = 200.7 Hz), 65.6, 54.2, 46.4, 45.3, 43.9 (d, J =
4.5 Hz), 18.1 (d, J = 9.5 Hz). *°F NMR (376 MHz, DMSO-Dg) & -136.03 (d, J = 14.3
Hz), -136.55 (d, J = 14.1 Hz). IR (film) 3402, 2891, 1686, 1611, 1451, 1455, 745 cm™.
HRMS (ESI) calcd for CyH24FN,O, [M+H]": 415.1816. Found: 415.1821. The
enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm),
Hexanes / IPA =80/ 20, 1.0 mL/min, A = 254 nm, t (minor) = 12.52 min, t (major) =
18.51 min.

MeO

F
Q_X?Boc
N
H

(3aR,8aS)-tert-Butyl-3a-fluoro-5-methoxy-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[ 2,3-
blindole-1(2H)-carboxylate (2e)

Light yellow oil, 10 mol % C6 was used, 32.2 mg, 50% vyield, 84% ee. Analytical data
for 2e: [o]p®>! = 281.8 (c = 1.0 Chloroform, 84% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) § 6.93 (s, 1H), 6.83 (d, J = 8.4 Hz, 1H), 6.61 (d, J = 7.6 Hz,
1H), 5.56 (br, 0.6H), 4.91 (br, 0.4H), 3.77 (s, 3H), 3.70-3.52 (m, 1H), 3.09-3.02 (m,
1H), 2.58-2.37 (m, 2H), 1.66 (dd, J = 12.0, 4.0 Hz, 3H), & 1.54 (s, 3H), 1.42 (s, 6H).
BC NMR (101 MHz, CeDg) & 154.1 (d, J = 3.3 Hz), 154.0, 145.2 (d, J = 4.5 Hz),
126.0 (d, J = 21.4 Hz), 118.1 (d, J = 3.7 Hz), 111.5, 110.8, 105.2 (d, J = 201.4 Hz),
85.3 (d, J = 26.5 Hz), 79.6, 55.5, 45.0 (d, J = 4.4 Hz), 31.9 (d, J = 28.6 Hz), 19.6 (d, J
= 8.7 Hz). *F NMR (376 MHz, CDCls) & -142.85 (s), -146.31 (d, J = 12.2 Hz). IR
(film) 3368, 2889, 1676, 1493, 1385, 1157, 1033 cm™. HRMS (ESI) calcd for
C17H24FN203 [M+H]": 323.1765. Found: 323.1774. The enantiomeric excess was
determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA=95/5, 1.0

mL/min, A = 254 nm, t (minor) = 7.38 min, t (major) = 11.79 min.
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NBoc
H

(3aR,8aS)-tert-Butyl-3a-fluoro-5,8a-dimethyl-3,3a,8,8a-tetranydropyrrolo[ 2,3-
blindole-1(2H)-carboxylate (2f)

Light yellow oil, 10 mol % C6 was used, 34.3 mg, 56% vyield, 90% ee. Analytical data
for 2f: [a]p?®? = 278.9 (c = 1.0 Chloroform, 90% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) & 7.15 (s, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.57 (t, J = 7.9 Hz,
2H), 3.66-3.53 (m, 1H), 3.08-3.01 (M, 1H), 2.55-2.46 (m, 2H), 2.27 (s, 3H), 1.65 (dd,
J=12.8, 4.0 Hz, 3H), 1.52 (s, 3H), 1.40 (s, 6H). *C NMR (101 MHz, C¢Ds) & 154.0,
149.1 (d, J = 4.2 Hz), 132.5 (d, J = 3.6 Hz), 125.5, 110.6 (d, J = 1.6 Hz), 105.0 (d, J =
201.1 Hz), 84.9 (d, J = 26.5 Hz), 79.6, 45.0 (d, J = 4.5 Hz), 31.8, 28.4 (d, J = 16.7 Hz),
20.7, 19.6 (d, J = 8.8 Hz). *°F NMR (376 MHz, CDCls) & -142.16, -145.39. IR (film)
3366, 2977, 1684, 1367, 1154, 1034 cm™. HRMS (ESI) calcd for Ci7H24FN,0,
[M+H]": 307.1816. Found: 307.1823. The enantiomeric excess was determined by
Daicel Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA =95 /5, 1.0 mL/min, A =
254 nm, t (minor) = 5.42 min, t (major) = 6.34 min.

F
QﬁBoc
N
H

(3aR,8aS)-tert-Butyl-5-(tert-butyl)-3a-fluoro-8a-methyl-3,3a,8,8a-

tBu

tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (29)
Light yellow oil, 10 mol % C6 was used, 44.6 mg, 64% yield, 82% ee. Analytical data
for 2g: [a]p®>° = 169.9 (c = 1.0 Chloroform, 82% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) § 7.36 (s, 1H), 7.27 (d, J = 10.0 Hz, 1H), 6.61 (d, J = 8.4 Hz,
1H), 5.65 (br s, 0.7H), 5.05 (br s, 0.3H), 3.66-3.54 (m, 1H), 3.08-3.06 (M, 1H), 2.59-
2.54 (m, 2H), 1.69-1.65 (m, 3H), 1.54 (s, 3H), 1.42 (s, 6H), 1.30 (s, 9H). *C NMR
(101 MHz, CDCl3) & 153.9, 153.4, 148.3 (d, J = 4.2 Hz), 147.7 (d, J = 3.7 Hz), 142.3,
128.8, 128.7 (d, J = 3.8 Hz), 124.3 (d, J = 21.4 Hz), 121.4, 110.0, 109.9, 105.2 (d, J =
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200.1 Hz), 84.5 (d, J = 26.7 Hz), 80.8, 80.0, 44.8 (d, J = 4.3 Hz), 44.6 (d, J = 4.6 Hz),
34.3,31.9, 31.4 (d, J = 50.9 Hz), 31.0 (d, J = 28.9 Hz), 28.7, 28.4, 20.2 (d, J = 9.4 Hz),
19.2 (d, J = 9.2 Hz). *°F NMR (376 MHz, CDCI3) § -142.69 (d, J = 13.8 Hz), -144.30
(d, J = 14.6 Hz). IR (film) 3389, 2962, 1685, 1495, 1366, 1160, 1033 cm™. HRMS
(ESI) calcd for CyH3oFN,0, [M+H]": 349.2286. Found: 349.2286. The enantiomeric
excess was determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA
=95/5, 1.0 mL/min, X = 254 nm, t (minor) = 4.81 min, t (major) = 7.29 min.
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(3aR,8aS)-tert-Butyl-3a-fluoro-7,8a-dimethyl-3,3a,8,8a-tetranydropyrrolo[2,3-
b]indole-1(2H)-carboxylate (2h)

Light yellow oil, 5 mol % C6 was used, 65% yield, 61% ee. Analytical data for 2h:
[a]o?>* = 152.7 (c = 1.0 Chloroform, 61% ee). Two rotamers exist in NMR. *H NMR
(400 MHz, CDCl3) 6 7.21 (d, J = 7.2 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H), 6.77 (dd, J =
7.6 Hz, 1H), 5.68 (br, 0.5H), 5.13 (br, 0.5H), 3.67-3.50 (m, 1H), 3.12-2.98 (m, 1H),
2.62-2.37 (m, 2H), 2.12 (s, 3H), 1.75-1.65 (m, 3H), 1.53 (s, 3H), 1.41 (s, 6H). **C
NMR (101 MHz, CDCl3) & 153.9, 153.3, 149.3, 149.3, 148.8, 148.8, 132.3, 132.3,
132.2, 132.2, 124.0, 123.8, 122.4, 122.2, 119.9, 119.9, 119.7, 119.6, 119.4, 119.2,
119.2, 106.5, 106.1, 84.2, 83.9, 83.9, 83.2, 80.7, 80.1, 44.9, 44.8, 44.5, 445, 31.9,
31.6, 31.0, 30.7, 28.7, 28.4, 20.2, 20.1, 19.2, 19.1, 16.5, 16.2. "*F NMR (376 MHz,
CDCl3) § -143.19 (d, J = 13.5 Hz), -145.31 (d, J = 13.3 Hz). IR (film) 3437, 3392,
3315, 2967, 2921, 1718, 1657, 1525, 1264, 1095, 1051, 931, 809 cm™. HRMS (ESI)
calcd for Ci7H24FN,O, [M+H]": 307.1816. Found: 307.1823. The enantiomeric
excess was determined by Daicel Chiralpak SFC OJ-H (0.46 cm x 25 cm), Hexanes /
IPA=95/5, 1.3 mL/min, A =214 nm, t (major) = 3.28 min, t (minor) = 3.54 min.
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(3aR,8aS)-tert-Butyl-3a-fluoro-8a-methyl-5-(trifluoromethyl)-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2i)

Light yellow oil, 10 mol % C6 was used, 45.1 mg, 62% yield, 85% ee. Analytical data
for 2i: [a]o”®® =480.0 (c = 1.0 Chloroform, 85% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) 5 7.58 (s, 1H), 7.47 (d, J = 8.0 Hz, 1H), 6.68 (d, J = 8.4 Hz,
1H), 6.04 (br s, 0.7H), 5.35 (br s, 0.3H), 3.70-3.56 (m, 1H), 3.12-3.07 (m, 1H), 2.56-
2.45 (m, 2H), 1.70 (d, J = 4.0 Hz, 3H), 1.55 (s, 3H), 1.43 (s, 6H). *°F NMR (376 MHz,
CDCls) § 78.90 (s), 78.79 (s), -3.38 (d, J = 13.1 Hz), -5.56 (d, J = 12.7 Hz). **C NMR
(101 MHz, CDCl3) & 153.9, 152.9, 152.7 (d, J = 93.1 Hz), 129.3, 124.8 (d, J = 22.2
Hz), 124.6 (g, J = 270.5 Hz), 122.5 (d, J = 3.4 Hz), 120.8 (d, J = 32.7 Hz), 109.6,
109.5, 104.1 (d, J = 201.7 Hz), 84.6 (d, J = 26.3 Hz), 81.2, 80.4, 31.8 (d, J = 28.2 Hz),
28.6, 28.4, 18.9 (d, J = 9.2 Hz). IR (film) 3385, 1679, 1626, 1390, 1325, 1150, 849,
654 cm™. HRMS (ESI) calcd for C17H,1F4N,O, [M+H]": 361.1534. Found: 361.1535.
The enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46 cm x 25
cm), Hexanes / IPA =95/5, 1.0 mL/min, A = 254 nm, t (minor) = 4.43 min, t (major)
=5.45 min.

F
%Boc
N

H
(3aR,8aS)-1-tert-Butyl-5-ethyl-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[ 2,3-

EtO,C

b]indole-1,5(2H)-dicarboxylate (2j)

Light yellow oil, 10 mol % C6 was used, 20.3 mg, 28% yield, 85% ee. Analytical data
for 2j: [o]p"? =383.5 (c = 1.0 Chloroform, 85% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3)  8.06 (t, J = 2.0 Hz, 1H), 8.01-7.92 (m, 1H), 6.63 (d, J =
8.4 Hz, 1H), 6.10 (brs, 0.7H), 5.43 (br s, 0.3H), 4.38-4.30 (m, 2H), 3.69-3.56 (M, 1H),
3.13-2.97 (m, 1H), 2.63-2.44 (m, 2H), 1.71-1.67 (m, 3H), 1.55 (s, 3H), 1.43 (s, 6H),
1.38 (t, J = 7.2 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 166.3, 154.0, 153.9, 134.2,
127.2, 124.6, 124.3, 121.4, 120.9, 120.9, 109.1, 108.9, 105.0, 103.0, 84.7, 84.4, 80.4,

60.5, 46.3, 44.9, 44.8, 44.6, 31.9, 31.6, 29.7, 28.6, 28.4, 20.1, 19.0, 18.9, 14.4. °F
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NMR (376 MHz, CDCls) & -142.60 (d, J = 19.6 Hz), -145.03 (d, J = 14.1 Hz). IR
(film) 3380, 2988, 1688, 1616, 1365, 1156, 1029, 773 cm™. HRMS (ESI) calcd for
C19H26FN204 [M+H]": 365.1871. Found: 365.1872. The enantiomeric excess was
determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA=95/5, 1.0
mL/min, A = 254 nm, t (minor) = 3.10 min, t (major) = 11.36 min.

NBoc

(3aR,8aS)-tert-Butyl-3a,5-difluoro-8a-methyl-3,3a,8,8a-tetranydropyrrolo[ 2,3-
b]indole-1(2H)-carboxylate (2k)

Light yellow oil, 5 mol % C6 was used, 28.2 mg, 46% vyield, 89% ee. Two rotamers
exist in NMR. Analytical data for 2k: [o]p**® =282.4 (c = 1.0 Chloroform, 89% ee).
Two rotamers exist in NMR. *H NMR (400 MHz, CDCl3) & 7.05 (d, J = 7.6 Hz, 1H),
6.96-6.92 (m, 1H), 6.61-6.58 (m, 1H), 5.67 (br s, 0.6H), 5.02 (br s, 0.4H), 3.67-3.55
(m, 1H), 3.12-3.02 (m, 1H), 2.50-2.40 (m, 2H), 1.70-1.66 (m, 3H), 1.55 (s, 3H), 1.43
(s, 6H). °C NMR (101 MHz, CDCls) & 158.1, 158.0, 157.9, 155.8, 155.6, 155.6,
153.8, 153.3, 146.7, 146.6, 146.1, 125.9, 125.8, 125.7, 125.6, 118.5, 118.4, 118.4,
118.3, 118.2, 118.2, 111.9, 111.8, 111.7, 111.6, 111.2, 111.1, 110.9, 110.9, 106.3, &
104.5 (d, J = 201.0 Hz), 85.0, 84.8, 84.5, 84.3, 81.0, 80.2, 44.8, 44.7, 44.5, 445, 31.7,
31.4, 31.3, 31.0, 29.7, 28.6, 28.4, 20.2, 20.1, 19.1, 19.0. **F NMR (376 MHz, CDCl3)
§ -124.74 (s), -125.37 (s), -144.50 (d, J = 11.7 Hz), -146.86 (s). IR (film) 3408, 2978,
1678, 1393, 1158, 1034, 774 cm™. HRMS (ESI) calcd for CigH2FoN,0, [M+H]:
311.1566. Found: 311.1576. The enantiomeric excess was determined by Daicel
Chiralpak SFC OJ-H (0.46 cm x 25 cm), Hexanes / IPA =95/5, 1.3 mL/min, A = 214

nm, t (major) = 3.28 min, t (minor) = 3.65 min.
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(3aR,8aS)-tert-Butyl-5-chloro-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[ 2,3-
b]indole-1(2H)-carboxylate (21)

Light yellow oil, 5 mol % C6 was used, 45.5 mg, 70% vyield, 86% ee. Analytical data
for 21: [a]p>>° = 269.0 (c = 1.0 Chloroform, 86% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) 6 7.30 (s, 1H), 7.17 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 8.4 Hz,
1H), 3.68-3.54 (m, 1H), 3.10-3.05 (m, 1H), 2.51-2.46 (m, 2H), 1.66 (m, 3H), 1.55 (s,
3H), 1.43 (s, 6H). *C NMR (101 MHz, C¢Ds) & 154.0, 149.5 (d, J = 4.1 Hz), 131.8 (d,
J=3.2 Hz), 126.7 (d, J = 22.2 Hz), 125.3, 123.6 (d, J = 3.2 Hz), 111.5, 104.4 (d, J =
202.2 Hz), 85.0 (d, J = 26.4 Hz), 79.82, 44.9 (d, J = 4.5 Hz), 31.7 (d, J = 28.3 Hz),
28.4 (d, J = 14.8 Hz), 19.3 (d, J = 8.9 Hz). 1°F NMR (376 MHz, CDCls) & -143.91 (d,
J =13.4 Hz), -146.30 (d, J = 10.9 Hz). IR (film) 3370, 2979, 1681, 1479, 1367, 1157,
1035 cm™. HRMS (ESI) calcd for CigH2.CIFN,O, [M+H]*: 327.127. Found:
327.1278. The enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46
cm x 25 cm), Hexanes / IPA =95 /5, 1.0 mL/min, A = 254 nm, t (minor) = 5.22 min, t

(major) = 6.60 min.

Br

NBoc

(3aR,8aS)-tert-Butyl-5-bromo-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-
b]indole-1(2H)-carboxylate (2m)

Light yellow oil, 5 mol % C6 was used, 64.9 mg, 89% vyield, 85% ee. Analytical data
for 2m: [a]p™>> = 270.5 (c = 1.0 Chloroform, 85% ee). Two rotamers exist in NMR.
'H NMR (400 MHz, CDCl3) 6 7.44 (s, 1H), 7.30 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 8.43
Hz, 1H), 5.80 (s, 1H), 3.61 (dt, J = 20.3, 9.6 Hz, 1H), 3.14-3.00 (m, 1H), 2.54-2.37 (m,
2H), 1.54 (s, 3H), 1.42 (s, 6H). *C NMR (101 MHz, CDCl3) & 153.8, 153.2, 149.4,
148.8, 134.3, 134.2, 127.9, 126.9, 126.7, 111.9, 111.6, 110.7, 110.2, 105.2, 103.2,
84.6, 84.3, 84.1, 83.8, 81.0, 80.2, 44.8, 44.7, 44.5, 31.7, 31.4, 31.3, 31.0, 29.6, 28.6,
28.3,20.1, 20.0, 19.0, 18.9. IR (film) 3379, 2978, 1736, 1477, 1367, 1157, 1036 cm™.

F NMR (376 MHz, CDCls) § -143.66 (d, J = 14.5 Hz), -146.05 (d, J = 13.0 Hz).
526



HRMS (ESI) calcd for CigH,1BrFN,O; [M+H]": 371.0765. Found: 371.0764. The
enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm),
Hexanes / IPA =95 /5, 1.0 mL/min, A = 254 nm, t (minor) = 5.31 min, t (major) =
6.85 min.

Br

H NBoc
(3aR,8aS)-tert-Butyl-4-bromo-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[ 2,3-
b]indole-1(2H)-carboxylate (2n)

Light yellow oil, 10 mol % C6 was used, 68.3 mg, 92% yield, 69% ee. Analytical data
for 2n: [a]p>*%=210.2 (c = 1.0 Chloroform, 69% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) § 7.06-7.02 (m, 1H), 6.94-6.89 (m, 1H), 6.56 (d, J = 8.0 Hz,
1H), 5.83 (br s, 0.7H), 5.14 (br s, 0.3H), 3.66-3.53 (m, 1H), 3.19-3.11 (m, 2H), 2.51-
2.38 (m, 1H), 1.67 (d, J = 4.4 Hz, 3H), 1.55 (s, 3H), 1.43 (s, 6H). ©*C NMR (101 MHz,
CDCI3) 6 154.0, 152.1, 132.8, 132.8, 122.9, 122.8, 122.6, 122.4, 120.5, 109.2, 84.5,
84.3, 81.0, 80.2, 44.6, 31.0, 30.8, 29.7, 28.6, 28.4, 19.1. *°F NMR (376 MHz, CDCls)
§-146.96 (d, J = 17.2 Hz), -149.01 (d, J = 17.6 Hz). IR (film) 3377, 2972, 2928, 1664,
1605, 1455, 1377, 1044, 775 cm™. HRMS (ESI) calcd for CigH21N20,BrF [M+H]":
371.0765. Found: 371.0765. The enantiomeric excess was determined by Daicel
Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA =98/ 2, 1.0 mL/min, A = 254 nm,

t (minor) = 6.03 min, t (major) = 7.02 min.
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(3aR,8aS)-tert-Butyl-6-bromo-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-
b]indole-1(2H)-carboxylate (20)
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Light yellow oil, 10 mol % C6 was used, 65.0 mg, 88% yield, 97% ee. Analytical data
for 20: [a]p**> = 188.5 (c = 1.0 Chloroform, 97% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) & 7.19 (d, J = 8.0 Hz, 1H), 6.96-6.91 (m, 1H), 6.81 (s, 1H),
5.83 (br s, 0.7H), 5.16 (s, 0.3H), 3.67-3.53 (m, 1H), 3.10-3.00 (m, 1H), 2.50-2.39 (m,
2H), 1.68-1.64 (m, 3H), 1.54 (s, 3H), 1.43 (s, 6H). *C NMR (101 MHz, CDCl3) &
153.9, 151.7, 129.0, 128.2, 126.2, 125.7, 125.3, 123.9, 123.6, 122.4, 121.9, 113.4,
113.2, 110.0, 105.0, 103.0, 84.6, 84.3, 80.3, 44.8, 31.8, 31.5, 29.7, 28.7, 28.4, 19.1,
19.0. F NMR (376 MHz, CDCly) 6 -143.16 (d, J = 14.5 Hz), -145.45 (d, J = 12.9
Hz). IR (film) 3407, 2923, 2855, 1683, 1606, 1379, 1031, 768 cm™. HRMS (ESI)
caled for CigHo1N,O-BrF [M+H]": 371.0765. Found: 371.0765. The enantiomeric
excess was determined by Daicel Chiralcel OJ-H (0.46 cm x 25 cm), Hexanes / IPA =

95/5, 1.0 mL/min, A = 254 nm, t (major) = 6.05 min, t (minor) = 9.07 min.
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(3aR,8aS)-tert-Butyl-7-bromo-3a-fluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[ 2,3-
b]indole-1(2H)-carboxylate (2p)
Light yellow oil, 5 mol % C6 was used, 64.1 mg, 85% vyield, 64% ee. Analytical data

for 2p: [a]p?*° = 194.4 (c = 1.0 Chloroform, 86% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) & 7.38 (d, J = 7.8 Hz, 1H), 7.31-7.28 (m, 1H), 6.75-6.68 (m,
1H), 5.97 (br s, 0.5H), 5.54 (br s, 0.5H), 3.65-3.54 (m, 1H), 3.11-3.02 (m, 1H), 2.59—
2.41 (m, 2H), 1.70 (dd, J = 19.3, 4.1 Hz, 3H), 1.57 (s, 5H), 1.44 (s, 4H). *C NMR
(151 MHz, CDCI3) 6 153.8, 153.2, 149.0, 148.6, 134.0, 134.0, 133.9, 133.9, 126.0,
125.8, 123.9, 123.7, 120.6, 120.5, 120.1, 106.5, 106.2, 105.1, 104.9, 103.8, 83.9, 83.8,
83.1, 82.9, 81.2, 80.4, 44.8, 44.8, 44.4, 44.4, 32.3, 32.1, 31.0, 30.9, 28.6, 28.4, 20.0,
19.9, 19.1, 19.1. **F NMR (376 MHz, CDCl3) & -143.56 (d, J = 13.5 Hz), -145.26 (d,
J = 10.8 Hz). HRMS (ESI) calcd for CigH21N,O,BrF [M+H]": 371.0765. Found:
371.0762. The enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46
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cm x 25 cm), Hexanes / IPA =50/ 1, 0.51 mL/min, A = 254 nm, t (major) = 10.01

min, t (minor) = 11.23 min.

H NBoc
(3aR,8aS)-tert-Butyl-3a,4,6-trifluoro-8a-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-
b]indole-1(2H)-carboxylate (2q)

White solid, 10 mol % C6 was used, 42.8 mg, 65% yield, 96% ee. Analytical data for
2g: Mp = 122.1-1225 <T, [a]p®®° = 357.1 (c = 0.1 Chloroform, 96% ee). Two
rotamers exist in NMR. *H NMR (400 MHz, CDCls) 6 6.28-6.12 (m, 2H), 5.99 (br s,
0.7H), 5.31 (s, 0.3H), 3.70-3.56 (m, 1H), 3.19-3.10 (m, 1H), 2.84-2.76 (m, 1H), 2.51-
2.38 (m, 1H), 1.67-1.66 (m, 3H), 1.55 (s, 9H), 1.44 (s, 1H). *C NMR (151 MHz,
CDCl3) 6 167.1, 167.1, 167.1, 167.0, 165.5, 165.5, 165.4, 165.4, 161.8, 161.7, 160.1,
160.0, 153.9, 153.3, 153.1, 106.8, 106.7, 106.6, 104.5, 103.7, 103.1, 102.3, 94.9, 94.7,
94.5,94.4,94.2, 94.1, 93.9, 93.7, 93.5, 85.2, 85.0, 84.5, 84.4, 81.2, 80.4, 45.0, 45.0,
44.7, 44.7, 31.0, 30.8, 30.5, 30.3, 28.6, 28.4, 26.9, 20.1, 20.0, 19.0, 18.9. *F NMR
(376 MHz, CDCls) & -105.24 — -105.40 (m), -105.63 (qd, J = 9.5, 5.6 Hz), -115.14 (dt,
J=11.8,5.9 Hz), -115.53 (td, J = 10.1, 9.4, 3.1 Hz), -143.17 (d, J = 15.2 Hz), -145.82
(dg, J = 14.8, 4.4 Hz). IR (film) 3363, 2985, 2934, 1679, 1392, 1163, 1028, 779, 675
cm™. FTMS (ESI) calcd for C16H20N205F3 [M+H]": 329.1471. Found: 329.1470. The
enantiomeric excess was determined by Daicel Chiralcel OJ-H (0.46 cm x 25 cm),
Hexanes / IPA =98/ 2, 1.0 mL/min, X = 254 nm, t (major) = 4.83 min, t (minor) =
5.87 min.
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(3aR,8aS)-tert-Butyl-4,6-dichloro-3a-fluoro-8a-methyl-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2r)
White solid, 10 mol % C6 was used, 51.2 mg, 71% vyield, 96% ee. Mp = 127.7-

128.1 T, Analytical data for 2r: [o]p>*® = 332.5 (c = 1.0 Chloroform, 96% ee). Two

rotamers exist in NMR. *H NMR (400 MHz, CDCls) § 6.74 (s, 1H), 6.52 (s, 1H), 5.95
(br s, 0.7H), 5.24 (br s, 0.3H), 3.68-3.54 (m, 1H), 3.20-3.03 (M, 2H), 2.51-2.38 (m,
1H), 1.67-1.66 (m, 3H), 1.55-1.43 (m, 9H). *C NMR (151 MHz, CDCls) & 154.0,
153.1, 152.5, 152.4, 151.8, 138.0, 137.9, 132.9, 129.4, 129.2, 128.3, 128.2, 127.6,
119.9, 119.6, 119.5, 119.4, 108.8, 108.6, 105.3, 103.9, 84.8, 84.7, 81.2, 80.5, 44.7,
44.6, 44.5, 30.8, 30.6, 30.4, 30.2, 28.6, 28.4, 20.3, 20.2, 19.1, 19.0. *F NMR (376
MHz, CDCls) 6 -146.45 (d, J = 16.8 Hz), -148.55 — -149.37 (m). IR (film) 3368, 2981,
2936, 2895, 1675, 1590, 1384, 1165, 1032, 975, 846, 661 cm™. FTMS (ESI) calcd for
C16H20N20,ClF [M+H]": 361.0880. Found: 361.0881. The enantiomeric excess was
determined by Daicel Chiralcel OJ-H (0.46 cm x 25 cm), Hexanes / IPA=98/2, 1.0

mL/min, A = 254 nm, t (major) = 4.74 min, t (minor) = 5.74 min.
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(3aR,8aS)-tert-Butyl-8a-ethyl-3a-fluoro-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-
1(2H)-carboxylate (25)

Light yellow oil, 10 mol % C6 was used, 43.5 mg, 71% yield, 89% ee. Analytical data
for 2s: [a]p?>® = 376.2 (c = 1.0 Chloroform, 89% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) & 7.32 (d, J = 7.2 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 6.83-
6.78 (m, 1H), 6.64 (d, J = 7.6 Hz, 1H), 5.65 (br s, 0.6H), 5.01 (br s, 0.4H), 3.65 (M,
1H), 3.14-3.07 (m, 1H), 2.56-2.50 (m, 2H), 2.41-2.25 (m, 1H), 2.04 (m, 1H), 1.54 (s,
3H), 1.43 (s, 6H), 0.98 (t, J = 7.6 Hz, 3H). *C NMR (101 MHz, CDCls) & 154.0,
153.6, 150.4 (d, J = 4.0 Hz), 149.9, 131.6, 131.5 (d, J = 3.2 Hz), 125.1 (d, J = 22.0
Hz), 124.8, 124.7, 119.3 (d, J = 1.6 Hz), 118.8 (d, J = 2.6 Hz), 110.2, 109.9, 106.2 (d,
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J =202.9 Hz), 105.4 (d, J = 201.0 Hz), 86.8 (d, J = 26.1 Hz), 86.2 (d, J = 25.8 H2),
45.3 (d, = 4.4 Hz), 45.0 (d, J = 3.5 Hz), 33.0 (d, J = 28.9 Hz), 32.6 (d, J = 28.4 Hz),
26.8 (d, J = 7.8 Hz), 25.7 (d, J = 7.5 Hz). **F NMR (376 MHz, CDCls) & -142.96 (d, J
= 14.0 Hz), -145.36 (s). IR (film) 3338, 2973, 1683, 1366, 1240, 1161, 742 cm™.
HRMS (ESI) caled for Ci7H24FN,O, [M+H]": 307.1816. Found: 307.182. The
enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm),
Hexanes / IPA =95 /5, 1.0 mL/min, A = 254 nm, t (minor) = 5.55 min, t (major) =
6.55 min.

NBoc

Iz

(3aR,8aS)-tert-Butyl-8a-(cyclopropylmethyl)-3a-fluoro-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2t)

Light yellow oil, 10 mol % C6 was used, 53.3 mg, 82% yield, 85% ee. Analytical data
for 2t: [a]p?®* = 234.7 (c = 1.0 Chloroform, 85% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) & 7.35 (d, J = 7.2 Hz, 1H), 7.23 (m, 1H), 6.81 (t, J = 7.6 Hz,
1H), 6.65 (t, J = 7.6 Hz, 1H), 5.58 (br s, 1H), 3.74-3.62 (m, 1H), 3.19-3.12 (m, 1H),
2.74-2.59 (m, 1H), 2.65-2.53 (m, 1H), 2.23-2.18 (m, 1H), 2.02-1.87 (m, 1H), 1.56-
1.39 (m, 9H), 0.79-0.77 (m, 1H), 0.51-0.46 (m, 2H), 0.19 (d, J = 3.6 Hz, 2H). *C
NMR (101 MHz, cdcl) 6 154.0, 150.3, 131.6, 131.5, 131.5, 125.5, 125.3, 124.7,
119.4, 119.0, 110.4, 110.1, 106.0, 104.0, 86.6, 86.3, 80.0, 45.3, 45.2, 45.1, 37.8, 37.7,
36.5, 36.4, 32.5, 32.3, 31.7, 31.4, 29.7, 28.7, 28.5, 6.3, 6.2, 5.3, 4.5, 3.8, 3.8. IR (film)
3391, 2929, 1681, 1381, 1160, 746 cm™. HRMS (ESI) calcd for CigHaFN,O,
[M+H]": 333.1973. Found: 333.1974. The enantiomeric excess was determined by
Daicel Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA =95 /5, 1.0 mL/min, A =

254 nm, t (minor) = 5.44 min, t (major) = 6.21 min.
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F

NBoc
%
H

(3aR,8aS)-tert-Butyl-3a-fluoro-8a-(pent-4-en-1-yl)-3,3a,8,8a-tetrahydropyrrolo[ 2,3-
blindole-1(2H)-carboxylate (2u)

Light yellow oil, 10 mol % C6 was used, 50.8 mg, 73% yield, 85% ee. Analytical data
for 2u: [0]o”>® = 281.8 (c = 1.0 Chloroform, 85% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) § 7.32 (d, J = 7.6 Hz, 1H), 7.23-7.19 (m, 1H), 6.84-6.78 (m,
1H), 6.66-6.62 (m, 1H), 5.87-5.77 (m, 1H), 5.66 (br s, 0.7H), 5.05-4.97 (m, 2H), 4.94
(br s, 0.3H), 3.71-3.57 (m, 1H), 3.14-3.05 (m, 1H), 2.59-2.47 (m, 2H), 2.38-1.97 (m,
4H), 1.61 (s, 1H), 1.54 (s, 3H), 1.43 (s, 6H), 1.33-1.29 (m, 1H). **C NMR (151 MHz,
CDCIs) 6 154.0, 153.5, 150.4, 150.4, 149.8, 147.0, 138.6, 138.3, 131.6, 131.6, 131.5,
128.8, 125.1, 125.1, 125.0, 124.9, 124.8, 124.7, 124.6, 124.4, 123.9, 119.3, 119.1,
118.9, 118.8, 115.0, 114.6, 110.2, 109.9, 106.9, 106.1, 105.5, 104.8, 86.4, 86.2, 85.9,
85.7, 80.9, 80.1, 45.2, 45.2, 44.9, 44.9, 34.8, 34.5, 33.9, 33.9, 33.5, 33.5, 33.0, 32.8,
32.6, 32.5, 32.5, 31.4, 30.2, 28.6, 28.4, 28.3, 24.0, 24.0, 23.9. '°F NMR (376 MHz,
CDCl3) 6 -142.38 (d, J = 14.5 Hz), -144.82. IR (film) 3404, 3327, 2973, 2930, 1678,
1164, 911, 747 cm™. HRMS (ESI) calcd for CaoHasFN,0, [M+H]*: 347.2129. Found:
347.2129. The enantiomeric excess was determined by Daicel Chiralcel OJ-H (0.46
cm x 25 ¢cm), Hexanes / IPA =98/ 2, 1.0 mL/min, X = 254 nm, t (major) = 5.62 min, t

(minor) = 8.44 min.

F

%Boc
N

H iPr
(3aR,8aS)-tert-Butyl-3a-fluoro-8a-isopropyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-
1(2H)-carboxylate (2v)

Light yellow oil, 10 mol % C6 was used, 43.6 mg, 68% yield, 62% ee. Analytical data
for 2v: [a]p?>® = 47.5 (c = 1.0 Chloroform, 62% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) & 7.13 (d, J = 7.2 Hz, 1H), 6.97 (dd, J = 6.8 Hz, 1H), 6.64
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(dd, J = 7.2 Hz, 1H), 6.28 (d, J = 7.6 Hz, 1H), 6.00 (br s, 1H), 3.32-3.27 (m, 1H),
3.19-3.02 (m, 1H), 2.94-2.87 (m, 1H), 2.44-2.25 (m, 1H), 2.19-2.06 (m, 1H), 1.42-
1.15 (m, 15H). *C NMR (151 MHz, cdcl3) & 154.2, 150.4, 149.7, 149.6, 131.4, 129.9,
125.8, 124.3, 118.7, 110.1, 106.4, 105.1, 80.0, 45.6, 33.6, 33.4, 32.4, 30.9, 29.7, 28.4,
18.1, 17.2, 17.2. F NMR (376 MHz, CDCl3) & -145.05 (d, J = 15.8 Hz). IR (film)
3389, 2921, 2852, 1690, 1462, 1376, 1161, 744 cm™. HRMS (ESI) calcd for
C1gH26FN20, [M+H]": 321.1973. Found: 321.1976. The enantiomeric excess was
determined by Phenomenex Cellulose-2 (0.46 cm x 25 cm), Hexanes / IPA =99/ 1,
1.0 mL/min, A = 254 nm, t (minor) = 5.46 min, t (major) = 7.31 min.

F

%Boc
N

H H
(3aR,8aS)-tert-Butyl-3a-fluoro-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-
carboxylate (2w)

Light red oil, 10 mol % C6 was used, 28.3 mg, 51% vyield, 56% ee. Analytical data for
2w: [0]o™>® = 132.0 (c = 1.0 Chloroform, 56% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) & 7.34 (d, J = 7.6 Hz, 1H), 7.26-7.22 (m, 1H), 6.84 (dd, J =
7.8 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 5.48 (dd, J = 27.0, 19.2 Hz, 1H), 5.11 (br s,
0.5H), 4.69 (br s, 0.5H), 3.86-3.71 (m, 1H), 3.27-3.17 (m, 1H), 2.72-2.57 (m, 1H),
2.51-2.43 (m, 1H), 1.53-1.47 (m, 9H). *C NMR (101 MHz, CDCls) § 154.6, 153.6,
150.5, 150.4, 131.6, 131.6, 131.5, 131.5, 126.7, 124.9, 124.7, 124.6, 124.5, 124.4,
119.6, 119.6, 119.2, 119.2, 117.7, 117.5, 117.5, 117.4, 117.3, 110.4, 110.3, 109.0,
106.1, 83.5, 81.2, 80.7, 80.4, 79.9, 79.8, 79.6, 79.5, 46.3, 45.7, 45.7, 45.2, 45.2, 35.3,
35.0, 34.7, 28.5, 28.4. *°F NMR (376 MHz, CDCls) 6 -135.70 (td, J = 17.8, 5.4 Hz), -
136.98 (td, J = 18.6, 18.2, 7.3 Hz). IR (film) 3361, 2978, 2932, 1693, 1615, 1403,
1167, 753 cm™. HRMS (ESI) calcd for CisHxFN,0, [M+H]*: 279.1503. Found:
279.151. The enantiomeric excess was determined by Daicel Chiralpak AD-H (0.46
cm x 25 cm), Hexanes / IPA =90/ 10, 1.0 mL/min, A = 254 nm, t (minor) = 7.37 min,

t (major) = 8.24 min.
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F

Br/4<:i:§_§;i3%oc
N

H H

(3aR,8aS)-tert-Butyl-6-bromo-3a-fluoro-3,3a,8,8a-tetranydropyrrolo[2,3-b]indole-
1(2H)-carboxylate (2x)
Light yellow oil, 10 mol % C6 was used, 41.8 mg, 59% vyield, 77% ee. Analytical data
for 2x: [a]p?>° = 111.9 (c = 1.0 Chloroform, 77% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCls) § 7.17 (d, J = 7.2 Hz, 1H), 6.96-6.91 (m, 1H), 6.83-6.81 (m,
1H), 5.46 (dd, J = 23.4, 18.8 Hz, 1H), 5.27 (br s, 0.6H), 4.79 (br s, 0.4H), 3.86-3.69
(m, 1H), 3.24-3.15 (m, 1H), 2.70-2.55 (m, 1H), 2.46-2.39 (m, 1H), 1.52 (s, 4H), 1.47
(s, 5H). °C NMR (101 MHz, CDCls) & 154.4, 153.4, 151.7, 151.7, 151.3, 125.8,
125.7, 125.6, 123.8, 123.6, 122.4, 122.4, 122.0, 122.0, 1133, 108.2, 107.2, 106.2,
105.2, 80.9, 80.6, 79.9, 79.8, 79.6, 79.5, 45.6, 45.1, 35.1, 34.8, 34.6, 28.5, 28.3. F
NMR (376 MHz, CDClj3) 6 -138.55 (id, J = 18.2, 6.0 Hz), -139.93 (td, J = 18.2, 6.6
Hz). IR (film) 3351, 2925, 1692, 1609, 1405, 1168, 899, 783 cm™. HRMS (ESI) calcd
for C15H10FN,0, [M+H]": 357.0608. Found: 357.0609. The enantiomeric excess was
determined by Daicel Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA =90 / 10,
1.0 mL/min, A = 254 nm, t (major) = 7.00 min, t (minor) = 7.83 min.

HO

NBoc

(3aR,8aS)-tert-Butyl-3a-hydroxy-4,6,8a-trimethyl-3,3a,8,8a-tetrahydropyrrolo[ 2, 3-
b]indole-1(2H)-carboxylate (2yy)

Light yellow oil, 10 mol % C6 was used, 46.1 mg, 72% yield, 93% ee. Analytical data
for 2m: [a]p”? =201.5 (c = 1.0 Chloroform, 93% ee). Two rotamers exist in NMR. *H
NMR (400 MHz, CDCl3) § 6.38 (d, J = 4.4 Hz, 1H), 6.26 (d, J = 6.8 Hz, 1H), 5.68 (br
s, 0.6H), 5.01 (s, 0.4H), 3.52-3.41 (m, 1H), 3.01-2.95 (m, 1H), 2.64-2.57 (m, 1H),
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2.35 (s, 3H), 2.22 (s, 3H), 2.19-2.15 (m, 1H), 1.53 (s, 3H), 1.40 (s, 6H), 1.26 (s, 3H).
B3C NMR (101 MHz, CDCl3) 6 154.0, 153.5, 150.0, 149.4, 140.2, 135.8, 123.8, 122.8,
122.3, 119.2, 108.7, 108.4, 104.9, 87.7, 86.8, 84.5, 83.9, 80.3, 79.5, 44.5, 44.2, 32.0,
31.6, 31.5, 29.6, 28.7, 28.4, 22.6, 21.4, 20.4, 19.3, 17.6. IR (film) 3371, 2926, 1675,
1596, 1383, 1166, 1046, 757 cm™. HRMS (ESI) calcd for CigHz/N,O3 [M+H]":
319.2016. Found: 319.2018. The enantiomeric excess was determined by Daicel
Chiralpak AD-H (0.46 cm x 25 cm), Hexanes / IPA =95 /5, 1.0 mL/min, A = 254 nm,

t (minor) =6.70 min, t (major) = 8.98 min.

F

%BOC
N

Me H
tert-Butyl-3a-fluoro-8-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-
carboxylate (2z) *°
Light yellow oil, 10 mol % C6 was used, 13.6 mg, 23% yield. Analytical data for 2z:
Two rotamers exist in NMR. *H NMR (400 MHz, CDCl3) & 7.31-7.24 (m, 2H), 6.77
(dd, J = 7.6 Hz, 1H), 6.51 (d, J = 8.0 Hz, 1H), 5.46 (dd, J = 37.8, 21.2 Hz, 1H), 4.04-
3.83 (M, 1H), 3.26-3.11 (m, 1H), 3.05-2.99 (m, 3H), 2.62-2.50 (M, 1H), 2.39-2.36 (m,
1H), 1.54-1.43 (m, 9H). *F NMR (376 MHz, CDCl3) § -132.05 — -138.20 (m), -
138.20 — -140.56 (m).
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Transformations of product 2b

F
(CFaCO)zo EtzN TMSOTf
N NBoc DCM 0°C
DCM, -78 °C
p 3 COCF3 COCF3

90% ee 84% vyield, 90% ee 88% yield

To a solution of compound 2b (524 mg, 1.8 mmol, 90% ee) in DCM (18 mL) was
added Et3N (0.5 mL, 3.6 mmol, 1.2 equiv). The reaction mixture was stirred at 0 °C for
10 min, and then (CF3C0O),0 (0.5 mL, 3.6 mmol, 1.2 equiv) was added slowly. After
the reaction was complete (monitored by TLC), NaHCO; saturated solution (2 mL) was
poured into the solution, and then warm to room temperature. The reaction mixture was
extracted with ethyl acetate, dried with Na,SO,4, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (ethyl
acetate/ petroleum ether = 1/20, v/v) to afford desired product 3.

To a solution of compound 3 (155.0 mg, 0.4 mmol) in DCM (4 mL) was slowly
added TMSOTTf (144.8 uL, 0.8 mmol, 2.0 equiv) at -78 °C. After the reaction was
complete (monitored by TLC), H,O (2 mL) was poured into the solution, and then the
mixture was allowed to warm to the room temperature. The reaction mixture was
extracted with ethyl acetate, dried with Na,SO,4, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (ethyl

acetate/ petroleum ether = 1/10, v/v) to afford desired product 4.

F
N\
'}l Boc
COCF;,

(3aR,8aS)-tert-Butyl-3a-fluoro-8a-methyl-8-(2,2,2-trifluoroacetyl)-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (3)

White solid. 588.0 mg, 84% yield, 90% ee. Analytical data for 3: Mp = 91.7-92.5 <C,
Two rotamers exist in NMR. [o]o>! =95.0 (c = 0.2 Chloroform, 90% ee). *H NMR

(400 MHz, CDCls) § 7.51 (d, J = 7.6 Hz, 1H), 7.43-7.37 (m, 2H), 7.29 (m, 1H), 3.84-

3.75 (m, 1H), 3.00-2.93 (m, 1H), 2.57-2.45 (m, 2H), 1.98 (d, J = 4.4 Hz, 3H), 1.49 (s,
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9H). *C NMR (101 MHz, CDCl3) 6 154.0 (d, J = 39.3 Hz), 153.3, 139.6 (d, J = 4.5
Hz), 131.0 (d, J = 2.4 Hz), 129.3 (d, J = 22.6 Hz), 126.3, 124.5, 117.2 (d, J = 6.2 Hz),
115.9 (g, J = 288.7 Hz), 103.8 (d, J = 206.5 Hz), 92.7-91.0 (m), 81.5, 44.8, 31.7 (d, J
= 26.8 Hz), 28.4, 19.0 (d, J = 5.5 Hz). *°F NMR (376 MHz, CDCl5) & -68.90 (s), -
151.99 (s). HRMS (ESI) calcd for CigH»F4N,Os [M+H]": 389.1483. Found:
389.1483. The enantiomeric excess was determined by Daicel Chiralpak IC-H (0.46
cm x 25 c¢cm), Hexanes / IPA =95/5, 1.0 mL/min, A = 254 nm, t (major) = 6.77 min.

o
N

COCF,
(3aR,8aS)-2,2,2-Trifluoro-1-(3a-fluoro-8a-methyl-1,3,3a,8a-tetrahydropyrrolo[2,3-
b]indol-8(2H)-yl)ethanone
Light yellow oil, 101.2 mg, 88% vyield. Analytical data for 4: *"H NMR (400 MHz,
CDCl3) § 9.10 (br, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.25 (t, J =
7.6 Hz, 1H), 6.89 (d, J = 7.2 Hz, 1H), 4.16-4.01 (m, 1H), 3.75 (s, 1H), 2.69-2.47 (m,
1H), 2.43-2.34 (m, 1H), 2.13 (s, 3H). °C NMR (101 MHz, CDCls) §171.7 (d, J =
20.7 Hz), 155.0 (d, J = 37.9 Hz), 133.0, 129.8, 128.8 (d, J = 21.8 Hz), 126.4, 125.3 (d,
J=6.1Hz), 1245, 117.1, 114.3, 111.4, 109.5 (d, J = 179.7 Hz), 57.6, 45.6, 38.5 (d, J
= 23.0 Hz), 15.5. *F NMR (376 MHz, CDCl3) & -76.22 (s), -140.30 (td, J = 29.3, 12.6
Hz). HRMS (ESI) calcd for CsHisF4N,O [M+H]*: 289.0959. Found: 289.0961.

F DMAP (10 mol %)  Br F F
Q—? NBS (2.4 equiv) .
_NBS (2.4 equlv)
NBoc
N toluene, rt N NBoc N NBoc
H H

Br H Br
2b, 86% ee 2bb 2p

To a solution of compound 2b (29.2 mg, 0.1 mmol, 86% ee) in toluene (2 mL)
was added DMAP (1.2 mg, 0.01 mmol), and then NBS (42.7 mg, 0.24 mmol, 2.4
equiv) was added in one pot. After the reaction was complete (monitored by TLC),
Na,S,0;3 saturated aqueous solution (2 mL) was poured into the solution. The reaction

mixture was extracted with ethyl acetate, dried with Na,SO,4, and concentrated under
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reduced pressure. The residue was purified by silica gel column chromatography

(ethyl acetate/ petroleum ether = 1/20, v/v) to afford desired products 2bb and 2p.

Br F

NBoc
N
Br H

(3aR,8aS)-tert-Butyl-5,7-dibromo-3a-fluoro-8a-methyl-3,3a,8,8a-
tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2bb)

White solid, 30.6 mg, 68% vyield, 87% ee. Analytical data for 2bb: Mp = 128.5-
129.1 T, [a]p?®° = 171.0 (c = 1.0 Chloroform, 87% ee). Two rotamers exist in NMR.
'H NMR (400 MHz, CDCl3) 5 7.51 (s, 1H), 7.39 (d, J = 6.4 Hz, 1H), 5.98 (br s, 0.5H),
5.51 (br s, 0.5H), 3.65-3.55 (m, 1H), 3.14-3.04 (m, 1H), 2.57-2.40 (m, 2H), 1.68 (dd,
J=18.2, 4.2 Hz, 3H), 1.56 (s, 3H), 1.44 (s, 4H). *C NMR (151 MHz, CDCls) 5 153.7,
153.0, 148.1, 147.7, 136.0, 135.9, 127.4, 127.3, 127.1, 126.9, 110.6, 110.0, 106.2,
105.8, 104.9, 104.5, 104.1, 84.3, 84.1, 83.4, 83.2, 81.4, 80.6, 44.7, 44.4, 32.2, 32.0,
31.0, 30.9, 28.6, 28.3, 19.9, 19.8, 19.0, 18.9. 1°F NMR (376 MHz, CDCls) & -143.96
(d, J =14.6 Hz), -145.92. IR (film) 3367, 2968, 2925, 2861, 1689, 1459, 1374, 1255,
1155, 1034, 863, 783, 639 cm™. FTMS (ESI) calcd for CisHaoN20,BroF [M+H]+:
448.9870. Found: 448.9871. The enantiomeric excess was determined by Daicel
Chiralcel OD-H (0.46 cm x 25 cm), Hexanes / IPA =50/ 1, 0.51 mL/min, A = 254 nm,

t (minor) = 8.41 min, t (major) = 9.11 min.

F DMAP (10 mol %) cl F
TCCA (2.4 equiv)
NBoc NBoc
N toluene, rt N
H

Cl H
2b, 86% ee 2bc

To a solution of compound 2b (29.2 mg, 0.1 mmol, 86% ee) in toluene (2 mL)
was added DMAP (1.2 mg, 0.01 mmol), and then TCCA (55.8 mg, 0.24 mmol, 2.4
equiv) was added in one pot. After the reaction was complete (monitored by TLC),
Na,S,0;3 saturated solution (2 mL) was poured into the solution. The reaction mixture

was extracted with ethyl acetate, dried with Na,SO,4, and concentrated under reduced
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pressure. The residue was purified by silica gel column chromatography (ethyl

acetate/ petroleum ether = 1/20, v/v) to afford desired product 2bc.

F
QﬁBOC
N

Cl H
(3aR,8aS)-tert-Butyl-5,7-dichloro-3a-fluoro-8a-methyl-3,3a,8,8a-

Cl

tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (2bc)
White solid, 23.8 mg, 66% vyield, 88% ee. Analytical data for 2bc: Mp = 73.1-

74.9 T, [a]p?®’ = 248.0 (c = 0.1 Chloroform, 88% ee). Two rotamers exist in NMR.

'H NMR (400 MHz, CDCl3) § 7.25-2.22 (m, 2H), 5.97 (br s, 0.6H), 5.48 (br s, 0.4H),
3.66-3.55 (m, 1H), 3.14-3.02 (m, 1H), 2.56-2.41 (m, 2H), 1.72-1.66 (m, 3H), 1.56 (s,
4H), 1.44 (s, 5H). 3C NMR (151 MHz, CDCl3) & 153.7, 153.1, 149.0, 146.2, 145.8,
130.8, 127.2, 127.0, 124.1, 123.7, 123.5, 115.9, 115.8, 106.1, 105.7, 104.7, 104.4,
84.7, 84.5, 83.8, 83.6, 81.4, 80.6, 44.8, 44.8, 44.4, 44.4, 42,6, 32.1, 31.9, 31.0, 30.8,
28.6, 28.4,19.9, 19.9, 19.0, 19.0. °F NMR (376 MHz, CDCls) & -144.33 (d, J = 14.6
Hz), -146.21. IR (film) 3368, 2976, 2928, 1688, 1463, 1375, 1159, 1036, 863, 768 cm’
L FTMS (ESI) calcd for C1gH20N,0,ClF [M+H]": 361.0880. Found: 361.0882. The
enantiomeric excess was determined by Daicel Chiralcel OD-H (0.46 cm x 25 cm),
Hexanes / IPA =50/ 1, 0.51 mL/min, A = 254 nm, t (minor) = 8.43 min, t (major) =
9.14 min.
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X-Ray crystal structure of enantiopure 3 (CCDC 1526408)

The crystal of enantiopure 3 was obtained through slow evaporation from its

solution in tetrahydrofuran and n-hexane. The structure and absolute configuration of

3 were then determined by X-ray crystallographic analysis.

(R)
NBoc

(s)
COCF,

Table 1. Crystal data and structure refinement for cd214591.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

€d214591

C18 H20 F4 N2 O3

388.36

293(2) K

0.71073 A

Monoclinic

P21

a=10.606(4) A o=90%
b =6.390(3) A B=95.946(8)<
c=13.828(6) A y=90<
932.0(7) A3

2

1.384 Mg/m?

0.121 mm-?

404

0.112 x 0.089 x 0.075 mm3

2.308 to 25.050<

-12<=h<=12, -7<=k<=7, -14<=I<=16
4955

2965 [R(int) = 0.0582]
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Completeness to theta = 25.242°

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

97.8 %

Semi-empirical from equivalents

0.7457 and 0.4412

Full-matrix least-squares on F2
2965/1 /248

1.168

R1 =0.0888, wR2 = 0.2191
R1=0.1018, wR2 = 0.2281
0.1(10)

n/a

0.507 and -0.327 e. A3
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Taw-T91-400c-a
new experiment

=

1000

— 45
15, 6

<

— 57,580

=100

T T T T T T T T T T T T T
23 220 210 200 190 1B0  ITO 180 150 140 130 120 110 100 o0 2] 0 &0 50 40 a0 20 1 ] -0
fl (ppa)

Law—T-01-400f
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1100

TE. 22

1000

| ! r
= )
- 100

T T T T T T T T T T T T T T
100 B0 L] 40 n 0 -20 -40 -0 -30 -0 -120 -140 160 -180 -2 20 240  -I80 -I80  -300
fl (ppn)
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NMR Spectra of 2bb
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Mxw-1900c—1-40000

Br =

NBoc

TZ
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Law—1904c am@
mRE 140
393
axx
L\"J# F130
C | 120
110
- MNBoc 100
Cl H Lag
a0
FT0
a0
50
40
! Fan
F20
10
0
=10
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
a0 70 50 30 i -10 -30 -50 =70 -a0 -1i0 -130 -150 -230 -270 -280
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HPLC Chromatographs of 2a

o
o

0.30
0259
020+
0157
010+
0059
0.00
Q.00 I II.IEIDI o 2.00 o I3.'!]DI I 4.IDI’.] I I.‘3.'!]DI I EIIJGI o I? I:?DI SEIS-I IQ.'IZ?D
Minutes
RT Area | % Area| Height
1| 7.588 | 3784478 | 50.21|299409
2| 8433 | 3752654 | 4979255980
0.70] %
0.60] H
0.50 ‘ |
1 |
0.404 | |
5 ]
E | |
0.307 | |
3 |
0.20 | |
] | 2
0.109 Il &
. ! i '“i
0.00 — —— — —
000 100 200 300 400 500 600 700 800 900 1000 1100  12.00
Minutes
RT Area % Area | Height
7102 | 8769782 | 92.39 | 690989
27915 722302 761 | 52302

S128



HPLC Chromatographs of 2b

AL

Al

0.050
u
0.040-
0.030
0.020-]
0.010
0.000-] e =
0.00 100 200 300 400 s00 800 7bo 800 800 1000
Minutes
RT Area | % Area | Height
1|5.555 460927 | 50.12 | 47759
2|6.295 | 458638 | 49.88 43212
1.00-
D804
D60+
D.40
020+ =2
©Q
Ly
0.00 ﬂf\‘- r
D.00 1.00 2.0 300 400 soo B0 "7.00 800
Minutas
RT Area % Area | Height
1|5.609 595720 5.07| 60012
216.340 [ 11152944 | 94.93 | 986061
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HPLC Chromatographs of 2c

0.025+
0.020+
] |
0.015+ ‘ | | |
2 0010 | | |
] Lo
0.005 | | | \
] o
0.000] R
:Kxu BUEE
T f II |
-0.0055 A P - AAAl Aﬁ__ S——
000 s00 1000 1s00 2000 2500 8000 3500 4000
Minutes
RT Area % Area | Height
28988 1256042 | 501133184
230990 | 1250610 | 498932105
0.040-]
0.030-
= B
< 0020
0.010- s
] w
-J_J_L R
T [y ]
0.000 -,
0.ao " 00 10,00 1500 2000 2500 3000 3500 " 4000
Minutes

RT Area | % Area | Height
31.463 [ 1777057 | 94.79 | 43598
33.601 97598 5.21| 2380

-

3]
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HPLC Chromatographs of 2d

0.15- i
o
n
- 0.10 ?_3
Ey
0.05+
0.00 J Y
0.00 5.IIJCI I'ICI!CIDI I IE!DG I IED!UGI I25!GDI ISG!DU I ISS.UD
Minutes
RT Area | % Area | Height
112617 | 4350389 | 50.33 | 181091
2|18.519 | 4293347 | 49.67| 87615
0.20
015
b= |
=
0.10
[Te]
o
0.05 o
0.00 ﬂ./\ )
0.00 2.IIJG 4.IEH} E.lIJD I B.iI}D I1 D_DGI I'I Q!EIDI I I‘l 4?GDI IIEJDEII I1B!DGI IED.DGI
Minutes
RT Area % Area | Height
1]112.515 910823 713 | 37438
2118.511| 11863897 | 92.87 | 235774
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HPLC Chromatographs of 2e

0.12
=
0.10 ~
=4
0.08
Z 008
0.04-
0.02
0.00- = 3 1
0.00 2.II'.‘|0 4.bﬂ S.bD I 8.|I]D s 10.00 - 12?0{1 I I 14?DD I
Minutes
RT Area | % Area | Height
1| 6.906 | 1416395 | 50.66 | 120250
2110774 (1379214 | 49.34| 85819
012
010
0.08
>
< .06
0.04 o
5]
=
0.024 P~
0.00 ﬂj\n )
0.00 I 2_IIZIG 4.E]D E.E}D I I S.ll]D I I 10.00 I I 12![]0 I I I 14!1][] I
Minutes
RT Area | % Area| Height
1| 7.382| 200512 7.86| 16966
2|11.790 [ 2351756 | 92.14 | 126226
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HPLC Chromatographs of 2f

AU

AU

0.10-
0.08-
0.06—:
0.04—_
0.02—:
0.00 yy X g B
0.00' o I1.bOV o 2.60I I3.60I '4.60' o I5.(|)O' o ’6.(|)0' o '7.00‘ o IS.E)O o yg.bOI kT
Minutes
RT Area | % Area | Height
115.126 | 1098251 | 50.14 | 110318
2(5.993|1091914 | 49.86 | 105207
0.16—3
0.14 ®
0.124
0.10
0.08
0.06-]
0.04] ©
b h J
0.024 o
0.00 ’\—Ar -
0.00 200 400 800 800 " 10000 " 12000 " 1400 |
Minutes
RT Area | % Area | Height
1|5.418 96389 5.08| 11166
2[6.338 1801225 | 94.92 (170913

10.00
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HPLC Chromatographs of 2g

Al

AU

1.20
1.00+
o
0.80- @
P
0.60
0.40
0.20+
0.00 F- .1
ooo 1.00 200 300 s00 500 ‘500 700 500 ‘spn
Minutes
RT Area % Area| Height
1]5.011 12508064 [ 49.67 | 1158608
2|7.812 12672657 | 50.33| 638624
0.30+
025
020
0.15
0104 =
o
~
0.00 = T =
ﬂ.}ﬂl o 1.l|]DI 2.1|]DI 3.l|]DI I4."!]DI o SE}D o IG.E]DI I I?.bﬂl o IB.IIJD B.IIIIG I I1D.UD
Minutes
RT Area | % Area| Height
1|4.810| 593036 8.85| 57291
2|7.294 | 6109948 | 91.15( 316910
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HPLC Chromatographs of 2h

DADT A,

2200

=1 =211

15 Ref=300 100

2000 4
130014
16004
14004
12004
% 10004
a004
G004
4004
2004
o

Pra L

L

i

I

FiAN

il 05

Signal:

15 2 15

El 25

Time [min]

4 45

DAD1 A, Sig=210, 16 Ref=360, 100

55

RT [min]

Type

Width [min]

Area

Height

Area%

3.253

BvV

0.0770

5164.9712

1056.5814

47.0459

3.508

VB

0.0869

5813.6040

1062.0057

52.9541

Sum

10978.5752

DAL A,

=ig=210

15 Faf=200 100

3251
3004
2751
2304
2254
200
1754
150
1254
100+

751

50

251

malLl

oy

Signal:

15 2 25 3 55

Time [min]

DADL A, Sig=210, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

3.281

BY

0.0721

780.0882

168.3072

80.57538

3.537

VB

0.0792

186.0540

36.4463

19.4242

Sum

966.1422
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HPLC Chromatographs of 2i

] $
0.50 ]
] A
0.40]
- 0304 ‘
= ]
0.20] ‘
0.10] ‘ M
E |I ‘ | |\
0.00 —
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Minutes
RT Area % Area | Height
1(4.374 | 5054509 | 50.45 | 564483
215409 | 4963749 4955|511270
2.00] %
] i
150 | |
2 |
1.00 \
] | |
] © | |
0.50 o [
] < [
] X [
A \
0.00 N A S
000 100 200 a0 400 500 600 700 800 900 10,00
Minutes
RT Area % Area | Height
114428 | 1887678 7.53| 220959
25454 | 23179645 | 9247 | 2297261
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HPLC Chromatographs of 2j

AU

Al

0.014 ?ﬁ
L=
id
0.012
0.010
1 o
0.008 @
0.006] N
0.004
0.002-
0.000+ Jﬂ"_mﬂ
oo 200 400 600 8b0 1000 1200 1400 1600 ‘18100 2000
Minutes
RT Area | % Area | Height
1| 3.826| 114843 | 49.96| 14943
2|11.622 | 115047 | 50.04| 6007
u.nm—:
0.003
0.006-
0.004
u.nuz—: by
i o
0.000
0.00 200 400 £.00 500 " 100 " 1200
Minutes
RT Area | % Area | Height
1| 3101 15985 7.01] 1509
2|11.357 | 211946 | 9299 | 11022
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HPLC Chromatographs of 2k

mal

Ll

50—

WA A, Sig=210,710 Ref=360

100

5004
450+
4004
3504
004
2504
2004
1504
100+

50+

0

2 05

Signal:

Tirre [rmiri]

DAD1 A, Sig=210, 16 Ref=360, 100

RT [min]

Type

Width [min]

Area

Height

Area%

3.267

MM

0.0737

1275.8678

280.9491

49.9846

3.641

MM

0.0836

1276.6549

254 4320

50.0154

sum

25525227

550

DAL A, Sig=210 18 Ref=360,100

500+
4504
400+
3504
3004
2504
200+
1504
1004
50
04

el

bl
oy

b3.651

Signal :

5 35
Time [min]

DADI A, Sig=210, 16 Ref=360, 100

5.5

RT [min]

Type

Width [min]

Area

Height

Area%

3.276

Bv

0.0711

1072.6036

2355274

94.2445

3.651

WV

0.0835

65.5039

12.2355

5.7555

Sum

1138.1076
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HPLC Chromatographs of 21

025 ¢ g
! [{]
'y
0.201
0.151
o |
<
0.104
0.05 J
0.00- = -
oot et e el o e e g
0.00 1.00 2.00 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00
Minutes
RT Area |% Area| Height
115.513 2611753 | 50.57 | 259305
2|6.990 [ 2553104 | 49.43 | 228446
1.40
1.20-
1.00-
0.80-
5 ey
]
0.60-
0.40-
8
0.20 o
0.00 ﬁa/\a = =
000 100 200 300 400 5.00 600 700 800 900 1000
Minutes
RT Area % Area | Height
115.222 | 1304558 6.98 | 128935
2|6.597 (17372872 | 93.02 | 1402025
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HPLC Chromatographs of 2m

AU

AU

- o
1.204 b=
[ ~
1.00+
0.801
0.60-
0.40-
0.201 J
0.00 Ly S x - -
000 100 200 300 400 500 600 7.00 '8.00 900 1000
Minutes
RT Area % Area | Height
1]5.652 | 13506347 | 50.80 | 1320458
2|7.304 | 13079596 | 49.20 | 1080348
120+
1.00
0.50-
0.60-
0.40~
] =
N (5]
020 2
0.00 —A
000 100 200 3.00 400 500 600 7.00 '8.00 900 1000
Minutes
RT Area % Area | Height
115.310| 1252133 7.34| 124837
2|6.854 | 15799941 | 92.66 | 1236208
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HPLC Chromatographs of 2n

3404
320
3004
280
260
240
220

2

R B[R]

5 i1
B [A] (min)

AERE
Ve TG

HETH AR

'

S

6.032
6.998

217268. 906
188377. 031

3142376. 730
3168071. 000

49. 7964
20. 2036

4058453. 938

6310447. 750

100. 0000

1,100,
1,000
900,
200,
700
600,
500

e ()

400
300,
200
100

2

TR B e [A)

5
B+ (8] (mi m)

BIERR
VEE G

BETE R

wE

6. 028
7.015

217161. 188
867603. 000

2323823, 000
12801862. 000

15,3746
84. 6254

1084764. 188

15127685. 000

100. 0000
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HPLC Chromatographs of 20

e e bma e e e s s g

600
550
500

450 q

400 |
350 \

Z 300 (

; 250}

200
150
100,

504

0
0 1 2 3 4 5 6 3 9 10
B [A] (min)
SHTERE
%S W42 {R Ees ) Ve 15 I TH R T
4.948 467624. 063 6009539. 000 49. 9409
2 7.373 202489. 250 6023753. 500 a0. 0391
Hit 670113, 313 12033294, 300 100. 0000
1, LU
1,100]
1,000
900y
200y
—. 70| \
E
= 600
=
~ 500
400
300y
2004
1004
G —l
0 1 2 3 4 5 6 8 9 10
B 18] (min)
BERE
%5 i 47 R B 15 [4) I 157 e TH R wE
1 6. 045 1003884. 625 23629176. 000 98. 2514
2 9. 088 11110. 179 436666. 300 1. 7486
ﬂﬂ-‘ 1014994, 804 26115842. 500 100. 0000
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HPLC Chromatographs of 2p

0.16
0.14 : ﬁ
0.12 || :H
0.10 | ‘ | \
2 0.08 | | | |
. |
I
0.047 || | ||
] |
0.02- A ‘I |I || \
] \J \ || I'.
0.004— T—— B T — —
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 24000 2600 2800 30f
Minutes
RT Area % Area | Height
1| 9961 |3927456 | 5039 | 159932
2 (11156 | 3866600 | 4961 | 143742
050
0 40] | |
5 030] | |
0.20] | ||
] I
0.10 I| | o
] [ |
b | i
0.001 —— —/\ﬁ‘m/\ 2
T T T | T T T T T T | T T T | T T T | T T T | T T T | T T | T T T | T T T ‘ T T T | T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
Minutes
RT Area % Area | Height
1110.013 | 13694600 93.01 | 557599
21 11.232| 1029104 699 | 40275
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HPLC Chromatographs of 2q

ou
55
50
45
40
5
~ 3
=25
N
15
10
5
0 I
5
-10
3 4 5 B 8 9
B (6] (min)
FWERE
L35 [: 224 R B B[R] e 72 W TH B
1 4. 857 31979. 967 562103. 730 49, 8822
2 5.748 26361. 096 564760. 063 50. 1178
Hit 58341. 063 1126865. 813 100. 0000
45
40
5]
30
5 20
15]
10
5]
o A
3 4 5 & 8 [} 10
B (] (min)
FHTERE
=355 [ 222 B B [ 3= L: i B
1 4.830 20766. 449 556856. 625 97. 7934
2 5. 868 521. 211 12564. 598 2. 2066
E-H-‘ 21287. 661 569421. 223 100. 0000
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HPLC Chromatographs of 2r

1,300 soem e soocee cyceiooe
1.200]
1,100]
1,000]
900 f\
800
£ 700 \
= 6oo| |
500
400
300
200
100}
% 2 3 ) 5 6 8 ] 10
B fA] (min)
FMERE
S [ 34 LREF B A e 75 e 7] £ P
1 4,863 942735. 563 21715380. 000 49. 8928
2 5.832 752774. 875 21808690. 000 50. 1072
Mt 1695510. 438 43524070. 000 100. 0000
140] — - =
130]
120{
110]
100]
90| \I
80|
70|
£ 6ol
E 5o
= a0
30|
20}
10}
o S —
10,
20/
30
2 5 7
B 7] (min)
FHERR
5 e 224 £ B B 1) 1 T L JiTE A TR
1 4,742 111909. 492 3084642. 500 98. 0507
2 5.742 2336. 747 61325. 449 1. 9493
B 114246. 239 3145967. 949 100. 0000
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HPLC Chromatographs of 2s

Al

AU

0.50+ E
[
0.40
0.30
020+
0104
0.00 T .1
D.]UI o 1.1|]EII 2.l|][ll |3.1|]D| 4."1}D| I SE}D o IB."!]GI IT.E]D B.Illlﬂ IE.IIJU I I‘IEI.CID
Minules
RT Area % Area | Height
1|5.461 | 5378051 | 50.06|531536
2|6.461 | 5364275 | 49.94 | 476761
1204
1.00+
0.60
0.60
0.40
(=]
0.20 o
W
0.00 zrf\ﬁ
D_}GI o 'I.ll]Dl 2.l|]DI 3.l|]DI 4.E}DI I SE}D o IE.E]DI IT.E]DI o IB.I!_'ID IB_I!_'ICI I I‘ID.GD
Minules
RT Area % Area | Height
1]5.550 747230 543 81064
2|6.549 | 13016570 94.57 | 1163405
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HPLC Chromatographs of 2t

i 4

4
gt 7] (min)

SERE

O B B )

e

I T AR

LS

4. 557

3.

165

255738. 297
282389. 813

3328977.
3334260.

000
750

49. 9604
50. 0396

238128. 109

B6663237.

750

100. 0000

=

P
o
[=]

RT

Area

% Area

Height

5.440

232018

743

25938

2|6.208

2891153

92.57

263732

—
5.00
Minutes

10.00

—
12.00

! I
14.00

0
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HPLC Chromatographs of 2u

0
45
40
kL
a0
~ 25
B
X
0
Y e N o
-10
1 2 3 4 5 [ 7 F] B 10
I [E] {min)
STERE
357 i 44 { B B[] [ 323 e T P
1 5. 380 16466. 363 TE5450. 375 50. 2248
2 T.245 11473. 976 T58603. 563 49, 7754
it 27940, 339 1524053938 100. 0000
340
320
300]
280]
2604
240
2204
. 200y
E 180|
£ 1604
F 140
120{
100]
80f
80f
40]
204 . ——
o
0 1 2 3 4 5 B 7 [ 9 10 11 12 13 14
#t [l (min)
FHERR
5 [ £ {RERS [A] Ve T W THI AR =&
1 5.618 249267, 250 10261510, 000 92, 4834
2 8. 437 8485, 041 834000. 000 7. 5166
Bt 257752, 291 11095510, 000 100. 0000
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HPLC Chromatographs of 2v

080
0.50+
0.40~
Z 0.3 o
o
]
0.20 =
0.10+
0.00 =
0.00 100 2.00 300 400  s00 800 700 800 800 1000 1100
Minutes
RT Area % Area | Height
116.339 | 15985375 50.97 | 591421
2|7.688 | 15375692 49.03| 196766
0.0o 1.00 200 300 400  s00  &bo 700 80D 900 1000
Minutes
RT Area | % Area | Height
1|5459 | 28972 18.87| 1258
2|7.307 | 124570 81.13| 3606
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HPLC Chromatographs of 2w

— =
B3e

.

| | T | T T T | T T T T | T T T T | T T T T | T T T
0.00 1.00 2.00 3.00 4.00 5.00 | I
Minutes

RT Area |% Area | Height
7.441 | 2924051 50.28 | 246766
2(8.319 (2891686 | 49.72| 214275

-

K
7367

o
o
=

LT

[=]

o

o
s

| [
] o\ | [
N \

\—m:’l — &
0.00 1.60 2.60 IS_EJOI I |4.|00| o Iﬁ.bﬂl o IG.bO I
Minutes
Channel: W2489 ChA; Processed Channel: W2489 ChA 254nm;
6-33-26 PM CST, Result Id- 4642: Processing Method: 352

.
oootf—— S ene S T

7.00 8.00 9.00 10.0C

Injection: 1; Date Acquired: 12/21/2016

Peak Name:
Injection| RT Area | % Area | Height
1 1(8.239 (538829 | 77.90| 36408
2 1(7.367 [ 152844 | 22.10| 13049
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HPLC Chromatographs of 2x

0.14
1 <
T uwy
bl o
0.12 I~
. i
0.107 l ("
] [ [
0.08 | ‘ [
=] 1 | I
< 0067 | | | ||
] R
0.04 | .
] | | .
B | | | ||
0.02 | [
] [ | \
| Y / .
000————— — = vl S
000 100 200 300 400 'sbo | 600 700 800 " 900 1000
Minutes
RT Area % Area | Height
1| 7.020 | 1535798 | 4983 (133831
27854 | 1546454 | 5017 | 114759
0.151 |
1 |
] X
5 0107 \ ||
] | |
] [
0.057 | |I 3
] [ 0
| | ~
i | '.,‘ ;.f\\
0.00 R Y e -, Sy AN B
000 100 200 300 4bo 500 600 700 800 "9bo 1000
Minutes
RT Area % Area | Height
170042120737 | 8869 186764
27834 270373 11.31| 20676
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HPLC Chromatographs of 2yy

0.050

0.040-]

0.030

Al

0.0201

0.010

9.037

o

RT Area | % Area

Height

-

B6.735 | 841835| 49.80

55060

[+

9.037 | 845116 | 50.10

44949

5.00 6.00
Minutes

10.00

0.16

0.144

0124

0.107

0.08

Al

0.06+

0.04+

0.02
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HPLC Chromatographs of 3
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HPLC Chromatographs of 2bb
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