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1. General Information

Unless otherwise noted, all materials were gained from commercial sources
without further purification. Solvents were available from Sigma-Aldrich, Alfa-Aesar,
and Acros and used directly without further purification. Before running reactions all
heating plates were allowed to warm to the desired temperature for at least 15 minutes
to allow for sufficient equilibration.

All isolated compounds were characterized by 'H NMR, 3C NMR
spectroscopy. Copies of the 'H NMR, *C NMR could be noted in the supporting
information. '"H NMR spectra were recorded either on a Bruker AVANCE AV-500
spectrometer (500 MHz for 'H, 125 MHz for '*C) or Bruker AVANCE AV-500
spectrometer (600 MHz for 'H, 150 MHz for '*C). All 'H NMR experiments were
reported in units, parts per million (ppm), and were measured relative to the signals
for residual chloroform (7.26 ppm) in the deuterated solvent, unless otherwise stated.
All BC NMR spectra were reported in ppm relative to CDCl3 (77.23 ppm), unless
otherwise stated.

High-resolution electrospray ionization (HRESI) mass spectra were carried out
using an Agilent 6520B Q-TOF mass spectrometer (Agilent Technologies, Santa

Clara, CA, USA).



2. Experimental section
2.1 Preparation and characterization of substrates

2.1.1 Procedure for the preparation of template substrates

N
NHNH,HCI O /Xl {
© . ij Ce(NH,)»(NO3)s _ @E@ NBuw,HSO,, NaOH N
N

MeOH, 66 °C

s1 1a' 1a

To a solution of s1 (1.0 g, 6.9 mmol) and cylohexanone (6.9 mmol) in MeOH (40
mL) in a round bottom flask were added Ce(NH4)2(NO3)s (1.4 mmol). Then the
reaction mixture was heated to 66 °C until the reaction completed as judged by TLC.
The reaction mixture was quenched with H,O and extracted with ethyl acetate (three
times). The combined organic layer was washed with brine, dried over MgSQs4, and
concentrated in vacuum. The residue was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (15:1) as eluents to afford the
product 1a’.! The product was used in the next step without further purification. A 100
mL flask was charged with s1 (1.1 g, 6.4 mmol), NBusHSO4 (0.64 mmol) and NaOH
(16 mmol). The flask was then fitted with a reflux condenser and flushed with argon.
Dry CH2Cl> (20 mL) and dimethylcarbamylchloride (9.6 mmol) were added to the
flask and the resulting solution was refluxed overnight. The reaction was quenched
with saturated NH4Cl solution. The organic layer was separated, and the aqueous
phase was extracted with CH2Cl.. The organics were combined, dried over MgSOQOa,
concentrated and the residue was purified by silica gel column chromatography using

petroleum ether/ethyl acetate (10:1) as eluents.?
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N,N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1a)
Faint yellow solid, m.p. 73-74 °C; '"TH NMR (600 MHz, CDCl3) 6 7.44 (d, J= 7.7 Hz,
1H), 7.23 (d, J= 8.1 Hz, 1H), 7.18 (t, J= 7.5 Hz, 1H), 7.13 (t, J= 7.3 Hz, 1H), 3.04 (s,
6H), 2.79 (s, 2H), 2.68 (t, J = 6.0 Hz, 2H), 1.94-1.84 (m, 4H); '3C NMR (150 MHz,
Chloroform-d) 6 154.6, 135.3, 134.9, 128.6, 122.1, 120.7, 118.0, 113.8, 111.3, 77.2,
37.9, 23.0, 22.9, 22.7, 20.8; HRMS calcd. for CisHioN2O [M+H]": 243.1492, found:
243.1491.

The spectroscopic data are in accordance with those reported.?
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N,N,6-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1b)

Yellow oil; '"H NMR (600 MHz, CDCl3) 6 7.22 (d, J = 1.6 Hz, 1H), 7.11 (d, J = 8.2
Hz, 1H), 7.00 (dd, J = 8.4, 1.6 Hz, 1H), 3.04 (s, 6H), 2.78 (s, 2H), 2.66-2.64 (m, 2H),
2.44 (s, 3H), 1.93-1.82 (m, 4H); *C NMR (150 MHz, CDCl;) § 154.8, 135.6, 133.3,
130.1, 128.9, 123.5, 118.0, 113.6, 111.2, 77.2, 38.0, 23.2, 23.1, 22.8, 21.4, 20.9;
HRMS calcd. for Ci4H17N2O [M+H]": 257.1648, found: 257.1651.

The spectroscopic data are in accordance with those reported.?
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6-(tert-butyl)-N,N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1c)

White solid, m.p. 106-108 °C; '"H NMR (600 MHz, CDCls) 6 7.41 (d, J = 1.9 Hz, 1H),

7.25 (dd, J = 8.6, 1.9 Hz, 1H), 7.16 (d, J = 8.6 Hz, 1H), 3.05 (s, 6H), 2.79 (t, J = 5.6



Hz, 2H), 2.69 (td, J = 5.8, 2.0 Hz, 2H), 2.08-1.70 (m, 4H), 1.38 (s, 9H); 13C NMR
(150 MHz, CDCl;) ¢ 154.8, 143.8, 135.5, 133.1, 128.4, 120.1, 114.0, 113.9, 111.0,

77.2, 37.9, 34.5, 31.8, 23.1, 23.1, 22.8, 20.9; HRMS calcd. for Ci9H27N>O [M+H]":
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6-methoxy-/V, N-dimethyl-1,2,3,4-tetrahydro-9 H-carbazole-9-carboxamide (1d)

299.2118, found: 299.2120.

Yellow oil; 'TH NMR (500 MHz, CDCl3) 6 7.18 (d, J = 8.8 Hz, 1H), 6.94 (s, 1H), 6.86
(d, J= 8.6 Hz, 1H), 3.90 (s, 3H), 3.09 (s, 6H), 2.84 (s, 2H), 2.69 (s, 2H), 2.03-1.84 (m,
4H); BC NMR (125 MHz, CDCls) § 154.8, 154.7, 136.2, 129.9, 129.2, 113.7, 112.0,
111.0, 100.7, 77.2, 55.7, 37.9, 23.1, 23.0, 22.7, 20.9; HRMS calcd. for CisH21N20>
[M+H]": 273.1595, found: 273.1594.

The spectroscopic data are in accordance with those reported.’
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6-fluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1e)
Faint yellow oil; 'H NMR (600 MHz, CDCl; ¢ 7.14 (dd, J = 8.8, 4.3 Hz, 1H), 7.07
(dd, J =9.1, 2.5 Hz, 1H), 6.90 (td, J = 9.0, 2.6 Hz, 1H), 3.04 (s, 6H), 2.78 (s, 2H),
2.63 (tt, J = 5.9, 1.8 Hz, 2H), 1.98-1.82 (m, 4H); 3C NMR (150 MHz, CDCIl3) ¢
158.8 (d, J=235.5 Hz), 154.8, 137.6, 131.8, 129.7 (d, /= 9.0 Hz), 114.2 (d, J=4.5
Hz), 112.3 (d, /= 10.5 Hz), 110.2 (d, J = 25.5 Hz), 103.9 (d, J = 24.0 Hz), 77.2, 38.3,

23.5, 23.3, 23.0, 21.2; HRMS calcd. for CisHisFNO [M+H]": 261.1398, found:

261.1399.
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6-chloro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1f)
Faint yellow oil; "TH NMR (500 MHz, CDCI3) § 7.39 (s, 1H), 7.13 (s, 2H), 3.03 (s,
6H), 2.78 (t, J = 5.5 Hz, 2H), 2.64 (td, J = 5.9, 1.8 Hz, 2H), 1.98-1.80 (m, 4H); 3C
NMR (125 MHz, CDCl3) 0 154.1, 136.8, 133.3, 129.7, 126.3, 122.1, 117.7, 113.3,
112.2, 77.2, 37.8, 22.9, 22.9, 22.5, 20.6; HRMS calcd. for CisHisCIN2O [M+H]":
277.1102, found: 277.1102.

The spectroscopic data are in accordance with those reported.?
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6-bromo-N,N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1g)
Faint yellow oil; "TH NMR (500 MHz, CDCl3) 6 7.55 (d, J = 1.9 Hz, 1H), 7.25 (dd, J =
8.8, 2.5 Hz, 1H), 7.09 (d, J = 8.6 Hz, 1H), 3.02 (s, 6H), 2.77 (s, 2H), 2.63 (t, J = 5.6
Hz, 2H), 1.91-1.83 (m, 4H); 3C NMR (125 MHz, CDCl3) 6 154.0, 136.6, 133.5,
130.2, 124.7, 120.7, 113.9, 113.2, 112.6, 77.2, 37.8, 22.8, 22.8, 22.5, 20.6; HRMS
calcd. for CisHisBrN>O [M+H]*: 321.0597, found: 321.0597.

The spectroscopic data are in accordance with those reported.?
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N,N-dimethyl-6-(trifluoromethoxy)-1,2,3,4-tetrahydro-9H-carbazole-9-carbo
xamide (1h)

Faint yellow solid, m.p. 73-74 °C; 'TH NMR (500 MHz, CDCl3) 6 7.27 (d, J = 2.2 Hz,
1H), 7.20 (d, /= 8.7 Hz, 1H), 7.04 (dd, J = 8.8, 2.3 Hz, 1H), 3.04 (s, 6H), 2.78 (s, 2H),
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2.71-2.58 (m, 2H), 1.97-1.82 (m, 4H); 1*C NMR (125 MHz, CDCI3) J 154.6, 144.2,
137.8, 133.7, 129.5, 122.2, 116.1, 114.4, 112.2, 111.1, 77.2, 38.3, 23.4, 23.4, 23.0,

21.2; HRMS calcd. for Ci6HisF3sN20O2 [M+H]™: 327.1315, found: 327.1316.
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5-fluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1i)

Faint yellow oil; 'H NMR (600 MHz, CDCl3) 6 7.33 (dd, J = 8.5, 5.4 Hz, 1H), 6.95
(dd, J =9.9, 2.3 Hz, 1H), 6.89 (td, J = 9.0, 2.3 Hz, 1H), 3.05 (s, 6H), 2.76 (s, 2H),
2.65 (td, J = 5.9, 2.0 Hz, 2H), 1.91-1.84 (m, 4H); *C NMR (125 MHz, CDCls) ¢
160.0 (d, J = 236.2 Hz), 154.2, 135.5 (d, J = 5.0 Hz), 135.0 (d, J = 12.5 Hz), 125.0,
118.4 (d, J=10.0 Hz), 113.6, 108.8 (d, /= 23.8 Hz), 98.5 (d, /= 26.2 Hz), 77.2, 37.8,

22.9,22.6,20.7, HRMS calcd. for CisHisFN,O [M+H]": 261.1398, found: 261.1400.
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5-chloro-N,N-dimethyl-1,2,3,4-tetrahydro-9 H-carbazole-9-carboxamide (1j)

Faint yellow oil; 'H NMR (600 MHz, CDCl3) ¢ 7.33 (d, J = 8.3 Hz, 1H), 7.22 (d, J =
1.8 Hz, 1H), 7.10 (dd, /= 8.3, 1.8 Hz, 1H), 3.04 (s, 6H), 2.76 (s, 2H), 2.65 (tt, J = 5.8,
1.8 Hz, 2H), 1.95-1.79 (m, 4H); 13C NMR (150 MHz, CDCls) J 154.0, 136.0, 135.3,
128.0, 127.1, 121.2, 118.8, 113.7, 111.4, 77.2, 37.9, 22.9, 22.9, 22.5, 20.7;, HRMS

caled. for CisHisCIN,O [M+H]": 277.1102, found: 277.1102.
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7-fluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1k)
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Faint yellow solid; m.p. 101-102 °C; 'H NMR (600 MHz, CDCls) 6 7.06 (td, J = 8.0,
5.1 Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H), 6.77 (ddd, J = 10.4, 7.9, 0.8 Hz, 1H), 3.03 (s,
6H), 2.87 (t, J = 5.5 Hz, 2H), 2.76 (s, 2H), 1.96-1.80 (m, 4H); 3C NMR (150 MHz,
CDCL) § 156.6 (d, J = 244.5 Hz), 154.1, 137.3 (d, J = 12.0 Hz), 134.9, 122.5 (d, J =
7.5 Hz), 117.0 (d, J= 19.5 Hz), 111.8, 107.3, 106.2 (d, J = 19.5 Hz), 77.2, 37.8, 22.8,

22.8,22.6,22.3; HRMS calcd. for CisHisFN,O [M+H]": 261.1398, found: 261.1397.
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7-chloro-N,N-dimethyl-1,2,3,4-tetrahydro-9 H-carbazole-9-carboxamide (11)

Faint yellow solid; m.p. 90-91 °C; 'H NMR (600 MHz, CDCI3) § 7.10 (d, J = 7.1 Hz,
1H), 7.06-7.03 (m, 2H), 3.11-2.95 (m, 8H), 2.75 (s, 2H), 1.93-1.81 (m, 4H); *C
NMR (125 MHz, CDCl3) ¢ 153.8, 136.0, 135.9, 126.0, 125.6, 122.5, 121.3, 113.4,

109.6, 77.2,37.7,22.9, 22.9, 22.4; HRMS calcd. for CisHisCIN2O [M+H] *: 277.1102,

found: 277.1101.
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5,6-difluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1m)

White solid, m.p. 78-79 °C; 'TH NMR (600 MHz, CDCls) J 6.95 (ddd, J = 10.7, 8.9,
7.4 Hz, 1H), 6.88 (dd, J = 8.8, 3.3 Hz, 1H), 3.03 (s, 6H), 2.89-2.84 (m, 2H), 2.75 (s,
2H), 1.88-1.85 (m, 4H); 3C NMR (125 MHz, CDCls) 6 153.8, 145.0 (dd, J = 227.5,
3.8 Hz), 143.4 (dd, J = 243.8, 12.5 Hz), 136.6, 132.7, 118.4 (d, J = 16.2 Hz), 112.2,
111.0 (d, J = 21.2 Hz), 106.4, 77.2, 37.7, 22.9, 22.6, 22.4, 22.1; HRMS calcd. for

Ci1sH17F2N20 [M+H]™: 279.1303, found: 279.1301.
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6,7-difluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1n)
Yellow solid, m.p. 71-72 °C; "TH NMR (600 MHz, CDCls) 6 7.15 (dd, J = 10.4, 7.7
Hz, 1H), 7.05 (dd, J = 10.8, 6.6 Hz, 1H), 3.03 (s, 6H), 2.75 (d, J = 7.3 Hz, 2H),
2.68-2.55 (m, 2H), 1.89-1.85 (m, 4H); '3C NMR (150 MHz, CDCl) ¢ 154.1, 147.7
(dd, J=240.0, 15.0 Hz), 146.8 (dd, J = 238.5, 15.0 Hz), 136.7, 130.0 (d, /= 9.0 Hz),
124.0 (d, J=7.5 Hz), 113.6, 105.0 (d, J = 18.0 Hz), 100.1 (d, /= 24.0 Hz), 77.2, 37.9,
23.0, 22.8, 22.5, 20.7; HRMS calcd. CisHi7FaN2O [M+H]": 279.1303, found:

279.1304.
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N,N,3-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (10)
Yellow solid, m.p. 60-61 °C; "TH NMR (600 MHz, CDCl3) 6 7.43 (d, J = 7.5 Hz, 1H),
7.23 (d, J = 8.1 Hz, 1H), 7.20-7.16 (m, 1H), 7.14 (td, J = 7.4, 1.2 Hz, 1H), 3.06 (s,
3H), 3.03 (s, 3H), 2.83 (d, J = 5.3 Hz, 2H), 2.82-2.79 (m, 1H), 2.28-2.23 (m, 1H),
2.02-1.90 (m, 2H), 1.58-1.51 (m, 1H), 1.14 (d, J = 6.5 Hz, 3H); *C NMR (150 MHz,
CDCl3) 0 154.6, 135.2, 135.1, 128.5, 122.1, 120.7, 118.0, 113.7, 111.4, 77.2, 38.0,

37.7, 31.3, 29.2, 29.0, 22.6, 21.6; HRMS calcd. for CisH2:1N2O [M+H]": 257.1648,

found: 257.1647.

CH,
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6-fluoro-N,N,3-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1p)
Faint yellow solid, m.p. 80-81 °C; 'TH NMR (600 MHz, CDCl3) ¢ 7.14 (dd, J = 8.8,
4.3 Hz, 1H), 7.06 (dd, J=9.1, 2.5 Hz, 1H), 6.90 (td, /= 9.0, 2.6 Hz, 1H), 3.04 (s, 3H),
3.02 (s, 3H), 2.81 (s, 2H), 2.79-2.71 (m, 1H), 2.23-2.18 (m, 1H), 2.01-1.86 (m, 2H),
1.56-1.49 (m, 1H), 1.13 (d, J = 6.5 Hz, 3H); '3C NMR (150 MHz, CDCI;) J 158.5 (d,
J =235.5 Hz), 154.5, 137.0, 131.7, 129.2 (d, J = 10.5 Hz), 113.8, 112.0 (d, J = 9.0
Hz), 109.9 (d, J = 25.5 Hz), 103.6 (d, J = 24.0 Hz), 77.2, 38.1, 37.8, 31.2, 29.2, 29.1,
22.8,21.6; HRMS calcd. for CisH20FN>O [M+H]": 275.1554, found: 275.1555.
CHj
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N,N,3,6-tetramethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1q)
Faint yellow oil; '"H NMR (600 MHz, CDCl3) 6 7.22-7.20 (m, 1H), 7.10 (d, J = 8.3
Hz, 1H), 7.02-6.98 (m, 1H), 3.04 (s, 3H), 3.02 (s, 3H), 2.84-2.79 (m, 2H), 2.81-2.76
(m, 1H), 2.43 (s, 3H), 2.24-2.19 (m, 1H), 2.00-1.91 (m, 2H), 1.55-1.49 (m, 1H), 1.13
(d, J= 6.5 Hz, 3H); 13C NMR (150 MHz, CDCls) 6 155.2, 135.7, 133.9, 130.5, 129.1,
123.8,118.4, 113.9, 111.5, 77.2, 38.6, 38.1, 31.7, 29.7, 29.5, 23.1, 22.0, 21.7; HRMS

caled. for C17H23N20 [M+H]": 271.1805, found: 271.1806.
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5-fluoro-N,N,3-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1r)
Faint yellow solid, m.p. 70-71 °C; 'TH NMR (500 MHz, CDCls) 6 7.31 (dd, J = 8.5,

5.4 Hz, 1H), 6.95 (dd, J=9.9, 2.3 Hz, 1H), 6.89 (ddd, J = 9.5, 8.6, 2.3 Hz, 1H), 3.05

(s, 3H), 3.03 (s, 3H), 2.79 (d, J = 5.3 Hz, 2H), 2.76 (d, J = 5.1 Hz, 1H), 2.33-2.16 (m,
11



1H), 2.03-1.88 (m, 2H), 1.57-1.47 (m, 1H), 1.13 (d, J = 6.5 Hz, 3H); 3C NMR (125
MHz, CDCls) 6 160.0 (d, J = 237.5 Hz), 154.2, 135.3, 135.2, 124.8, 118.4 (d, J = 10.0
Hz), 113.5, 108.8 (d, J = 23.8 Hz), 98.5 (d, J = 27.5 Hz), 77.2, 37.9, 37.6, 31.1, 29.1,

28.9,22.5,21.4; HRMS calcd. for CisH20FN,O [M+H]": 275.1554, found: 275.1555.
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7-fluoro-N,N,3-trimethyl-1,2,3,4-tetrahydro-9 H-carbazole-9-carboxamide (1s)
Faint yellow oil; '"H NMR (500 MHz, CDCl3) 6 7.11 (td, J = 8.0, 5.1 Hz, 1H), 7.03 (d,
J = 8.1 Hz, 1H), 6.81 (dd, J = 10.5, 7.8 Hz, 1H), 3.14-3.02 (m, 7H), 2.84 (s, 2H),
2.58-2.38 (m, 1H), 2.10-1.92 (m, 2H), 1.65-1.60 (m, 1H), 1.18 (d, J = 6.5 Hz, 3H);
I3C NMR (125 MHz, CDCl3) 6 156.6 (d, J = 245.0 Hz), 154.1, 137.5 (d, J = 12.5 Hz),
134.7, 122.4 (d, J= 7.5 Hz), 116.9 (d, J = 20.0 Hz), 111.7, 107.3, 106.2, 77.2, 37.6,
30.8, 30.6, 29.1, 22.4, 21.4; HRMS calcd. for CisH20FN>O [M+H]*: 275.1554, found:

275.1555.

CHs

N
Cl ;\ y
0 N\
7-chloro-N,N,3-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide (1t)
Faint yellow solid, m.p. 89-90 °C; 'H NMR (600 MHz, CDCIl3) ¢ 7.10 (dd, J = 7.3,
1.7 Hz, 1H), 7.08-7.02 (m, 2H), 3.38-3.24 (m, 1H), 3.03 (s, 3H), 3.01 (s, 3H), 2.78 (s,
2H), 2.57-2.46 (m, 1H), 1.99-1.86 (m, 2H), 1.55-1.44 (m, 1H), 1.14 (d, J = 6.6 Hz,
3H); 13C NMR (150 MHz, CDCl3) § 153.9, 136.3, 135.8, 126.0, 125.5, 122.5, 121.4,
113.4,109.7, 77.2, 37.7, 31.3, 30.6, 29.3, 22.6, 21.6; HRMS calcd. for Cis6H20CIN20

[M+H]*: 291.1259, found: 291.1257.
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N,N-dimethyl-2,3-dihydrocyclopenta[b]indole-4(1H)-carboxamide (1u)
Faint yellow solid, m.p. 96-97 °C; 'H NMR (500 MHz, CDCl3) 6 7.41 (dd, J = 7.3,
1.6 Hz, 1H), 7.39-7.35 (m, 1H), 7.22 -7.12 (m, 2H), 3.07 (s, 6H), 2.97 (ddd, J = 7.8,
5.1, 1.7 Hz, 2H), 2.81 (ddt, J = 7.4, 5.4, 1.8 Hz, 2H), 2.53 (p, J = 7.2 Hz, 2H); 13C
NMR (125 MHz, CDCl3) o 155.5, 145.2, 140.4, 126.3, 123.4, 122.2, 121.7, 119.2,
113.4, 77.2, 38.6, 28.4, 27.0, 24.6; HRMS calcd. for Ci4sH7N.O [M+H]": 229.1335,
found: 229.1336.

The spectroscopic data are in accordance with those reported.?

Boc

/

N
Crd
N
)/\ /
N
o \
tert-butyl 5-(dimethylcarbamoyl)-1,3,4,5-tetrahydro-2 H-pyrido[4,3-b]indole-2-
carboxylate (1v)
Faint yellow oil; 'TH NMR (500 MHz, CDCls) 6 7.43 (d, J = 7.7 Hz, 1H), 7.30-7.26
(m, 1H), 7.25-7.20 (m, 1H), 7.17 (t, J= 7.2 Hz, 1H), 4.62 (s, 2H), 3.79 (s, 2H), 3.06 (s,
6H), 2.91 (s, 2H), 1.50 (s, 9H); 3C NMR (125 MHz, CDCl3) 6 155.5, 154.6, 135.7,

126.8, 123.3, 121.7, 118.4, 112.2, 100.4, 80.4, 77.2, 40.9, 38.4, 28.9, 23.9; HRMS

calcd. for C19H2sN3NaOs [M+Na]*: 366.1788, found: 366.1788.

N—Boc
A\
N
"
N
o\
tert-butyl 9-(dimethylcarbamoyl)-1,3,4,9-tetrahydro-2 H-pyrido[3,4-b]indole-2-

carboxylate (1w)
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Faint yellow oil; 'TH NMR (500 MHz, DMSO-ds) 6 7.49 (d, J = 7.7 Hz, 1H), 7.33 (d,
J=8.1 Hz, 1H), 7.27-7.20 (m, 1H), 7.16 (t, J = 7.4 Hz, 1H), 4.60 (s, 2H), 3.68 (t, J =
5.7 Hz, 2H), 2.98 (s, 6H), 2.70 (t, J = 5.8 Hz, 2H), 1.43 (s, 9H); 3C NMR (125 MHz,
DMSO-ds) 6 154.2, 153.0, 134.6, 131.9, 127.1, 122.9, 121.0, 118.3, 111.9, 79.3, 41.4,
39.5, 37.6, 28.0; HRMS calcd. for Ci9H2sN3NaOs [M+Na]*: 366.1788, found:

366.1786.
/Et
N
(Lo
N
)\ /
N
0 \
3-ethyl-N,N-dimethyl-2-0x0-2,3-dihydro-1H-benzo|d]imidazole-1-carboxamide
(1x)
White solid, m.p. 63-64 °C; '"H NMR (500 MHz, CDCl3) 6 7.33 (dd, J = 7.8, 1.3 Hz,
1H), 7.16 (td, J= 7.7, 1.3 Hz, 1H), 7.11 (td, /= 7.7, 1.3 Hz, 1H), 7.01 (dd, J= 7.7, 1.2
Hz, 1H), 3.92 (q, J = 7.2 Hz, 2H), 3.17 (s, 6H), 1.35 (t, J = 7.3 Hz, 3H); *C NMR

(125 MHz, CDCl3) 0 151.2, 150.7, 129.3, 127.1, 122.6, 121.5, 111.8, 107.5, 77.2, 38.3,

35.7, 13.0; HRMS calcd. for Ci12H16N3O02 [M+H]": 234.1237, found: 234.1236.

)’\ /
o} N\

N,N-dimethyl-9H-carbazole-9-carboxamide (1y)
Faint yellow solid, m.p. 138-139 °C; 'TH NMR (600 MHz, CDCl3) 6 8.06 (d, J = 7.8
Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 7.48 (ddd, J = 8.3, 7.1, 1.3 Hz, 2H), 7.38-7.30 (m,
2H), 3.10 (s, 6H); 1*C NMR (150 MHz, CDCl3) J 155.1, 138.9, 126.8, 124.6, 121.7,
120.5, 112.9, 77.2, 38.3; HRMS calcd. for CisHisN2O [M+H]": 239.1179, found:
239.1180.

The spectroscopic data are in accordance with those reported.’
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N,N,14-trimethyl-9-0x0-6,9,14,14a-tetrahydroindolo([3',2':3,4]|pyrido|2,1-b]
quinazoline-5(7H)-carboxamide (4)

Yellow solid, m.p. 218-220 °C; "TH NMR (500 MHz, CDCl3) 6 8.11 (dd, J=7.9, 1.5
Hz, 1H), 7.62 (d, J= 7.8 Hz, 1H), 7.48 (td, J= 7.7, 1.5 Hz, 1H), 7.36 (dd, /= 8.4, 2.5
Hz, 2H), 7.30-7.24 (m, 1H), 7.22-7.16 (m, 1H), 7.10 (d, /= 7.9 Hz, 1H), 6.16 (s, 1H),
5.07-4.89 (m, 1H), 3.38-3.28 (m, 1H), 3.22 (s, 3H), 3.09 (s, 3H), 3.04-2.93 (m, 2H),
2.58 (s, 3H); 13C NMR (125 MHz, CDCls) 6 164.8, 153.6, 150.6, 136.0, 133.0, 129.9,
128.8, 126.8, 124.3, 123.8, 123.3, 122.4, 121.5, 1194, 117.6, 111.6, 77.2, 68.6, 39.4,
38.0, 37.1, 29.3, 20.2; HRMS calcd. for C2oH2»N4O> [M+H]": 375.1816, found:

375.1816.
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2.2 Optimization Studies

Table S1. Screening of time ¢

N . 2 Cu(OAc), (3 equiv.)
/ (0] AgNTf, (20 mol%)
)\N DCE (1 mL), 100 °C
a \ Time
1a (0.1 mmol, 1 equiv.) 2 (5 equiv.) 3a
entry time (h) yield (%)
1 36 80
2 24 74
3 12 86
4 6 67

“Data were obtained by 'H NMR analysis with CH>Br» as reference.

Table S2. Screening of temperature “

Q OFt [CP*RRCL], (5 mol%)
@E\Q N /Y Cu(OAC), (3 equiv.)

O§/Z P
z
AN

s (0] AgNTf, (20 mol%) = \
)\N DCE (1 mL), 12 h
0 \ Temperature EtO 0)
1a (0.1 mmol, 1 equiv.) 2 (5 equiv.) 3a
entry temperature (°C) yield (%)
1 100 86
2 80 93
3 40 26

¢ Data were obtained by 'H NMR analysis with CH,Br» as reference.

After completing the conditional screening, it was later found that the reaction
can also be carried out in water with a yield of 90%. Therefore, the reaction

conditions were further optimized.
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Table S3. Screening of catalyst amount ¢

N
[Cp*RhCl,], (x mol%)
) . /ﬁ( OFt AgNTH, (20 mol%) N
N R )\N
s 0 Cu(OAc), (3 equiv.) Ze \
)\N H,O (1 mL), 80 °C
oA 12h EtO” O
1a (0.1 mmol, 1 equiv.) 2 (5 equiv.) 3a
entry X yield * (%)
1 5 96
2 4 92
3 2.5 64
4 1 24
¢ Data were obtained by 'H NMR analysis with CH,Br» as reference.
Table S4. Screening of oxidant amount ¢
A\
. .Y ! AgNTH, (20 mol%) I}\ /
Vs 0 Cu(OAc), (y equiv.) g N\
)/'\N H,O (1 mL), 80 °C
oA 12h Et0” S0
la (0.1 mmol, 1 equiv.) 2 (5equiv.) 3a
entry y yield ¢ (%)
1 3 96
2 2 84
3 1 40

@ Data were obtained by 'H NMR analysis with CH2Br» as reference.
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Table S5. Screening of olefinated reagent amount “

A\
N\ OFEt [Cp*RhCl,], (5 mol%)
= AgNTH, (20 mol%) N v
N + )/\
Cu(OAc), (2 equiv.) - N

pu—g © d A\
N H,0 (1 mL), 80 °C
o 12h E0” Y0
1a (0.1 mmol, 1 equiv.) 2 (zequiv.) 3a
entry z yield “ (%)
1 5 96
2 3 92
3 2 86

@ Data were obtained by 'H NMR analysis with CH2Br» as reference.

Table S6. Optimization of deuterium conditions “

N\ [Cp*RhCl,], (5 mol %) AN
N AgNTf, (20 mol %) N

/ i /
Ve G- e N B
80°C,12h
lu Su
entry solvent deuterium yield (%) ¢
incorporation (%) ?
1 DO 99 90
2 [D4]-methanol 75 86
3 [D1]-TFA 0 Trace
4 CDCl3 -- 95

“1u (0.1 mmol, 1 equiv.), [Cp*RhCl:]2 (5§ mol%), AgNTt: (20 mol%), Cu(OAc): (3
equiv.), D20 (0.5 mL), 80 °C, 12 h. ® Deuterium incorporation at the aromatic position
was determined by 'H NMR spectroscopy. ¢ Data are reported as isolated yields.
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2.3 The general procedure for rhodium-catalyzed olefination

N [Cp*Rh],Cl, (4 mol%) A
N N /\R Cu(OAc), (2 equiv.) N
Y AgNTH; (20 mol%) )\ /
O)\N\ H,0, 80 °C - N

12h
1 2 3

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar,
substrate (0.1 mmol, 1.0 equiv.), olefin (0.2 mmol, 2.0 equiv.), [Cp*RhCl:]> (0.004
mmol, 4 mol%), Cu(OAc)2 (0.2 mmol, 2.0 equiv.), and AgNTf: (0.02 mmol, 20 mol%)
were taken. Subsequently, H>O (1 mL) was added and the reaction mixture was
stirred vigorously at 80 °C for 12 h. The reaction mixture was then diluted with
EtOAc and filtered through celite pad. After evaporation of the solvent, the crude
mixture was purified by preparative Thin-Layer Chromatography (petroleum ether/ethyl

acetate = 3:1).

ethyl (E)-3-(9-(dimethylcarbamoyl)-2,3,4,9-tetrahydro-1H-carbazol-8-yl)acrylate
(3a)

Yellow oil, 28 mg, 84% yield; '"H NMR (500 MHz, CDCl3) 6 7.96 (d, J = 15.6 Hz,
1H), 7.47 (d, J= 7.7 Hz, 1H), 7.36 (d, J = 7.5 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 6.41
(d, J = 15.6 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 3.19 (s, 3H), 2.94-2.81 (m, 1H),
2.75-2.65 (m, 2H), 2.60 (s, 3H), 2.58-2.46 (m, 1H), 1.98-1.89 (m, 2H), 1.89-1.82 (m,
2H), 1.34 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl3) 6 166.9, 154.9, 140.2,

135.3, 133.3, 129.4, 121.1, 120.8, 120.3, 119.4, 119.2, 112.7, 77.2, 60.6, 38.0, 36.6,
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23.0, 22.9, 22.2, 20.8, 14.5; HRMS calcd. for C20H25sN203; [M+H]": 341.1860, found:

341.1860.

ethyl(E)-3-(9-(dimethylcarbamoyl)-6-methyl-2,3,4,9-tetrahydro-1H-carbazol-8-
yDacrylate (3b)

Yellow oil, 29 mg, 80% yield; '"H NMR (500 MHz, CDCl3) 6 7.92 (d, J = 15.6 Hz,
1H), 7.27 (s, 1H), 7.20 (s, 1H), 6.40 (d, J = 15.6 Hz, 1H), 4.46-4.17 (m, 2H), 3.18 (s,
3H), 2.93-2.80 (m, 1H), 2.65 (d, J = 5.3 Hz, 2H), 2.59 (s, 3H), 2.55-2.46 (m, 1H),
2.43 (s, 3H), 1.94-1.89 (m, 2H), 1.87-1.83 (m, 2H), 1.34 (t, J = 7.1 Hz, 3H); 3C
NMR (125 MHz, CDCh) ¢ 166.7, 154.8, 140.0, 135.2, 131.5, 129.9, 129.5, 122.0,
120.3, 118.8, 118.7, 112.0, 77.2, 60.3, 37.7, 36.3, 22.8, 22.7, 22.0, 21.1, 20.6, 14.3;

HRMS calcd. for C21H27N203 [M+H]": 355.2016, found: 355.2014.

ethyl (E)-3-(6-(tert-butyl)-9-(dimethylcarbamoyl)-2,3,4,9-tetrahydro-1H-carba
zol-8-yl)acrylate (3¢)

Yellow oil, 29 mg, 79% yield; 'TH NMR (600 MHz, CDCl3) 6 7.95 (d, J = 15.6 Hz,
1H), 7.46 (d, J= 1.8 Hz, 1H), 7.41 (d, /= 1.8 Hz, 1H), 6.42 (d, /= 15.6 Hz, 1H), 4.27
(q, J=7.1 Hz, 2H), 3.18 (s, 3H), 2.89-2.79 (m, 1H), 2.73-2.67 (m, 2H), 2.64 (s, 3H),
2.55-2.48 (m, 1H), 1.97-1.88 (m, 2H), 1.88-1.82 (m, 2H), 1.38 (s, 9H), 1.35 (t, J="7.1
Hz, 3H); 1*C NMR (150 MHz, CDCl3) J 166.8, 154.9, 143.7, 140.6, 135.3, 131.5,

129.2, 118.8, 118.6, 118.5, 116.6, 112.5, 77.2, 60.4, 37.9, 36.4, 34.6, 31.8, 22.9, 22.7,
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22.1,20.7, 14.3; HRMS calcd. for C24H33N203 [M+H]*: 397.2486, found: 397.2486.

ethyl (E)-3-(9-(dimethylcarbamoyl)-6-methoxy-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3d)

Yellow oil, 30 mg, 83% yield; '"H NMR (600 MHz, CDCl3) 6 7.90 (d, J = 15.6 Hz,
1H), 7.11-6.85 (m, 2H), 6.39 (d, J = 15.6 Hz, 1H), 4.27 (q, J = 7.2, 2H), 3.86 (s, 3H),
3.17 (s, 3H), 2.89-2.81 (m, 1H), 2.66-2.62 (m, 2H), 2.61 (s, 3H), 2.54-2.47 (m, 1H),
1.96-1.88 (m, 2H), 1.88-1.83 (m, 2H), 1.34 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz,
CDCl) 0 166.6, 154.8, 154.5, 139.7, 136.1, 130.2, 128.6, 119.7, 119.4, 112.3, 108.8,
103.6, 77.2, 60.4, 55.9, 37.8, 36.4, 22.8, 22.7, 22.2, 20.7, 14.3; HRMS calcd. for

C21H26N2NaO4 [M+Na]*: 393.1785 found: 393.1783.

ethyl (E)-3-(9-(dimethylcarbamoyl)-6-fluoro-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3e)

Yellow oil, 26 mg, 74% yield; 'TH NMR (600 MHz, CDCls) 6 7.88 (dd, J = 15.6 Hz,
1H), 7.12 (dd, J = 8.6, 2.5 Hz, 1H), 7.09 (dd, J = 10.0, 2.5 Hz, 1H), 6.39 (d, J = 15.6
Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 3.19 (s, 3H), 2.89-2.81 (m, 1H), 2.63 (s, 5H),
2.55-2.48 (m, 1H), 1.98-1.89 (m, 2H), 1.89-1.82 (m, 2H), 1.35 (t,J = 7.1 Hz, 3H); 1*C
NMR (125 MHz, CDCl3) 6 166.5, 158.2 (d, J = 235.0 Hz), 154.7, 139.0, 137.3, 130.4
(d, J=10.0 Hz), 130.0, 120.5, 120.0 (d, /= 8.8 Hz), 112.9 (d, /= 5.0 Hz), 108.1 (d, J
=26.2 Hz), 105.8 (d, J=23.8 Hz), 77.2, 60.8, 38.0, 36.7, 23.0, 22.8, 22.3, 20.8, 14.5;
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F NMR (471 MHz, CDClg) ) -123.2; HRMS calcd. for CyoH24FN2O3 [M+H]+I

359.1765 found: 359.1758.

ethyl (E)-3-(6-chloro-9-(dimethylcarbamoyl)-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3f)

Yellow oil, 25 mg, 68% yield; '"H NMR (600 MHz, CDCl3) 6 7.86 (d, J = 15.6 Hz,
1H), 7.42 (d, J= 1.9 Hz, 1H), 7.31 (d, /= 1.9 Hz, 1H), 6.40 (d, /= 15.6 Hz, 1H), 4.27
(q, J=7.1 Hz, 2H), 3.18 (s, 3H), 2.95-2.81 (m, 1H), 2.63 (d, J = 5.6 Hz, 2H), 2.60 (s,
3H), 2.55-2.45 (m, 1H), 2.00-1.89 (m, 2H), 1.89-1.81 (m, 2H), 1.34 (t, J = 7.2 Hz,
3H); 13C NMR (150 MHz, CDCl3) 6 166.3, 154.2, 138.6, 136.7, 131.4, 130.4, 126.4,
120.4, 120.4, 120.1, 119.4, 112.2, 77.2, 60.6, 37.8, 36.5, 22.7, 22.5, 22.0, 20.5, 14.3;

HRMS calcd. for C20H24CIN2O3 [M+H]*: 375.1470, found: 375.1469.

ethyl (E)-3-(6-bromo-9-(dimethylcarbamoyl)-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3g)

Yellow oil, 22 mg, 54% yield; 'TH NMR (600 MHz, CDCl3) ¢ 7.85 (d, J = 15.6 Hz,
1H), 7.57 (d, J= 1.8 Hz, 1H), 7.44 (d, /= 1.8 Hz, 1H), 6.40 (d, /= 15.6 Hz, 1H), 4.26
(q, /=7.1 Hz, 2H), 3.18 (s, 3H), 2.92-2.81 (m, 1H), 2.63 (t, J = 5.8 Hz, 2H), 2.59 (s,
3H), 2.56-2.46 (m, 1H), 1.99-1.88 (m, 2H), 1.88-1.79 (m, 2H), 1.34 (t, J = 7.1 Hz,
3H); 13C NMR (150 MHz, CDCls) ¢ 166.3, 154.1, 138.5, 136.5, 131.7, 130.9, 123.1,
122.4, 120.6, 120.4, 113.8, 112.1, 77.2, 60.6, 37.8, 36.5, 22.7, 22.5, 22.0, 20.5, 14.3;
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HRMS calcd. for C20H24BrN20s [M+H]™: 419.0965, found: 419.0967.

ethyl (E)-3-(9-(dimethylcarbamoyl)-6-(trifluoromethoxy)-2,3,4,9-tetrahydro-1H-
carbazol-8-yl)acrylate (3h)

Yellow oil, 27 mg, 65% yield; '"H NMR (500 MHz, CDCls) 6 'H NMR (500 MHz,
Chloroform-d) & 7.89 (d, J = 15.6 Hz, 1H), 7.31 (d, J = 2.2 Hz, 1H), 7.22-7.19 (m,
1H), 6.41 (d, J = 15.6 Hz, 1H), 4.27 (q, J = 7.0 Hz, 2H), 3.20 (s, 3H), 2.87-2.83 (m,
1H), 2.65 (s, 5H), 2.55-2.49 (m, 1H), 1.93-1.91 (m, 2H), 1.89-1.87 (m, 2H), 1.35 (t, J
= 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl3) J 166.2, 154.1, 143.5, 138.5, 137.2,
131.3, 129.9, 121.6, 120.7, 119.8, 113.9, 112.8, 112.3, 77.2, 60.6, 37.8, 36.5, 22.7,
22.5, 22.0, 20.5, 14.2; YF NMR (471 MHz, CDCl;) J -58.0;HRMS calcd. for

C21H24F3N204 [M+H]": 425.1683, found: 425.1682.

ethyl (E)-3-(9-(dimethylcarbamoyl)-5-fluoro-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3i)

Yellow solid, 23 mg, 65% yield, m.p. 110-111 °C; '"H NMR (600 MHz, CDCl3) 6 7.73
(d, J=16.0 Hz, 1H), 7.35 (dd, J = 8.5, 4.9 Hz, 1H), 6.94 (dd, J = 11.6, 8.5 Hz, 1H),
6.58 (d, J=16.0 Hz, 1H), 4.27 (qd, J = 7.2, 2.7 Hz, 2H), 3.18 (s, 3H), 2.85-2.79 (m,
1H), 2.68 (s, 3H), 2.67-2.63 (m, 2H), 2.55-2.48 (m, 1H), 1.95-1.88 (m, 2H), 1.88-1.82
(m, 2H), 1.35 (t, J = 7.1 Hz, 3H); ¥*C NMR (150 MHz, CDCl3) § 167.1, 158.5 (d, J =

246.0 Hz), 154.6, 135.6, 133.7, 133.6 (d, J = 7.5 Hz), 125.8, 123.6 (d, J = 12.0 Hz),
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120.1, 112.7, 109.5 (d, J = 25.5 Hz), 107.7 (d, J = 18.0 Hz), 77.2, 60.7, 38.0, 36.6,
22.9,22.8,22.2,20.7, 14.5; F NMR (471 MHz, CDCl3) ¢ -119.6;HRMS calcd. for

C20H24FN203 [M+H]*: 359.1765, found: 359.1757.

ethyl (E)-3-(5-chloro-9-(dimethylcarbamoyl)-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3j)

Yellow oil, 20 mg, 53% yield; "TH NMR (500 MHz, CDCl3) ¢ 7.86 (d, J = 16.2 Hz,
1H), 7.33 (d, J=8.3 Hz, 1H), 7.19 (d, /= 8.3 Hz, 1H), 6.26 (d, J= 16.3 Hz, 1H), 4.28
(q, J = 7.1 Hz, 2H), 3.04 (s, 3H), 2.78 (dd, J = 14.2, 8.8 Hz, 1H), 2.69 (s, 3H),
2.68-2.61 (m, 2H), 2.57-2.47 (m, 1H), 1.92-1.83 (m, 4H), 1.35 (t,J = 7.1 Hz, 3H); 3C
NMR (125 MHz, CDCl) ¢ 166.2, 153.9, 138.0, 136.0, 133.8, 128.1, 127.3, 124.7,
122.3, 119.1, 118.5, 112.8, 77.2, 60.6, 37.8, 36.1, 22.7, 22.6, 22.2, 20.5, 14.3; HRMS

calcd. for C20H24CIN2O3 [M+H]": 375.1470, found: 375.1469.

ethyl (E)-3-(9-(dimethylcarbamoyl)-7-fluoro-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3k)

Yellow oil, 17 mg, 47% yield; "TH NMR (500 MHz, CDCl3) 6 7.87 (d, J = 15.6 Hz,
1H), 7.28 (d, J = 4.9 Hz, 1H), 6.78 (dd, J = 10.0, 8.3 Hz, 1H), 6.34 (d, J = 15.6 Hz,
1H), 4.26 (q, J = 7.1 Hz, 2H), 3.20 (s, 3H), 2.87 (d, J = 5.9 Hz, 2H), 2.61 (s, 3H),
2.46-2.50 (m, 2H), 1.96-1.88 (m, 2H), 1.86 (dd, J=7.9, 4.4 Hz, 2H), 1.34 (t, J=7.1
Hz, 3H); 3C NMR (125 MHz, CDCl;3) d 166.6, 157.9 (d, J = 250.0 Hz), 154.0, 139.0,
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1352 (d, J = 12.5 Hz), 134.7, 121.7 (d, J = 7.5 Hz), 118.6, 117.4 (d, J = 21.2 Hz),
115.7,110.7, 106.6 (d, J=20.0 Hz), 77.2, 60.4, 37.7, 36.4, 22.7,22.4,22.0, 21.9, 14.3;
BF NMR (471 MHz, CDCl3) ¢ -121.2;HRMS calcd. for Cy0H24FN>O3; [M+H]":

359.1765, found: 359.1763.

ethyl (E)-3-(7-chloro-9-(dimethylcarbamoyl)-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (31)

Yellow oil, 15 mg, 39% yield; TH NMR (500 MHz, CDCl3) ¢ 7.88 (d, J = 15.6 Hz,
1H), 7.23 (d, J= 8.1 Hz, 1H), 7.07 (d, /= 8.1 Hz, 1H), 6.37 (d, /= 15.6 Hz, 1H), 4.26
(q, J=7.0 Hz, 2H), 3.19 (s, 3H), 3.09-3.01 (m, 2H), 2.90-2.79 (m, 1H), 2.59 (s, 3H),
2.54-2.44 (m, 1H), 1.96-1.81 (m, 4H), 1.34 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz,
CDCl) 0 166.5, 154.1, 139.0, 135.9, 133.8, 128.2, 126.2, 121.6, 121.3, 119.5, 117.9,
112.5, 77.2, 60.5, 37.7, 36.5, 22.9, 22.8, 22.2, 22.1, 14.3; HRMS calcd. for

C20H24CIN203 [M+H]": 375.1470, found: 375.1470.

ethyl (E)-3-(9-(dimethylcarbamoyl)-5,7-difluoro-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3m)

Yellow oil, 22 mg, 59% yield; '"H NMR (500 MHz, CDCl3) ¢ 7.80 (d, J = 15.5 Hz,
1H), 7.16 (dd, J = 11.6, 7.3 Hz, 1H), 6.31 (d, J = 15.5 Hz, 1H), 4.26 (q, J = 6.9 Hz,
2H), 3.19 (s, 3H), 2.90-2.83 (m, 2H), 2.83-2.76 (m, 1H), 2.63 (s, 3H), 2.55-2.43 (m,

1H), 1.97-1.79 (m, 4H), 1.34 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl;) 6
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166.2, 153.8, 144.9 (d, J=237.5 Hz), 144.6 (d, J = 251.2 Hz), 137.9, 136.5, 130.5 (d,
J=10.0 Hz), 129.8, 119.8, 114.8, 111.2, 109.4 (d, /= 21.2 Hz), 77.2, 60.5, 37.7, 36.5,
22.6,22.2,21.9,21.8, 14.2; F NMR (471 MHz, CDCl3) 6 -147.3 (d, J = 23.5 Hz),
-150.1 (d, J = 18.8 Hz); HRMS calcd. for Cy0H23F2N20O3 [M+H]*: 377.1671, found:

377.1669.

ethyl (E)-3-(9-(dimethylcarbamoyl)-5,6-difluoro-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (3n)

Faint yellow solid, 26 mg, 69% yield, m.p. 118-120 °C; 'H NMR (500 MHz, CDCI;3)
07.69 (d,J=16.1 Hz, 1H), 7.19 (dd, J=9.8, 7.5 Hz, 1H), 6.59 (dd, J = 16.1, 1.2 Hz,
1H), 4.28 (qd, J = 7.1, 1.4 Hz, 2H), 3.17 (s, 3H), 2.86-2.76 (m, 1H), 2.69 (s, 3H),
2.65-2.57 (m, 2H), 2.54-2.45 (m, 1H), 1.94-1.88 (m, 2H), 1.88-1.81 (m, 2H), 1.35 (t, J
= 7.1 Hz, 3H); BC NMR (125 MHz, CDCI3) ¢ 167.0, 154.5, 147.4 (d, J = 238.8 Hz),
146.8 (d, J = 262.5 Hz), 137.1, 133.2, 129.2, 125.0 (d, J = 12.5 Hz), 124.5, 113.1,
109.4 (d, J=13.8 Hz), 106.6 (d, J = 18.8 Hz), 77.2, 61.1, 38.3, 36.9, 23.1, 23.0, 22.5,
21.0, 14.8; YF NMR (471 MHz, CDCl3) 6 -144.0 (d, J = 23.5 Hz), -145.7 (d, J = 23.5

Hz); HRMS calcd. for C2oH23F2N>O3 [M+H]": 377.1671, found: 377.1670.

EtO
ethyl (E)-3-(9-(dimethylcarbamoyl)-3-methyl-2,3,4,9-tetrahydro-1H-carbazol-
8-yDacrylate (30)

Faint yellow oil, 29 mg, 83% yield; 'H NMR (600 MHz, CDCL:) 6 7.95 (dd, J = 15.6,
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1.4 Hz, 1H), 7.47 (d, J = 7.7 Hz, 1H), 7.36 (d, J = 7.5 Hz, 1H), 7.14 (t, J = 7.6 Hz,
1H), 6.41 (dd, J = 15.6, 5.9 Hz, 1H), 4.47-4.18 (m, 2H), 3.19 (s, 3H), 2.97-2.86 (m,
1H), 2.86-2.74 (m, 1H), 2.63 (s, 1H), 2.56 (s, 2H), 2.56-2.51 (m, 1H), 2.32-2.21 (m,
1H), 2.05-1.90 (m, 2H), 1.61-1.50 (m, 1H), 1.35 (t, /= 7.1 Hz, 3H), 1.14 (dd, J = 6.5,
1.6 Hz, 3H); 3C NMR (150 MHz, CDCL) 6 167.1, 155.3, 140.4, 135.3, 133.9, 133.6,
129.6, 121.3, 120.5, 119.7, 119.5, 112.7, 77.2, 60.8, 38.2, 36.9, 31.5, 29.6, 29.4, 22.3,

21.9, 14.7; HRMS calcd. for C21H27N20; [M+H]": 355.2016, found: 355.2013.

ethyl (E)-3-(9-(dimethylcarbamoyl)-6-fluoro-3-methyl-2,3,4,9-tetrahydro-1H-car

bazol-8-yl)acrylate (3p)

Yellow solid, 28 mg, 75% yield, m.p. 123-124 °C; '"H NMR (600 MHz, CDCls) ¢
7.86 (d, J = 15.5 Hz, 1H), 7.12-7.01 (m, 2H), 6.36 (dd, J = 14.7, 6.2 Hz, 1H),
4.36-4.18 (m, 2H), 3.16 (s, 3H), 2.90-2.80 (m, 1H), 2.76-2.68 (m, 1H), 2.63 (s, 3H),
2.54-2.48 (m, 1H), 2.26-2.13 (m, 1H), 2.04-1.85 (m, 2H), 1.61-1.46 (m, 1H), 1.32 (td,
J=1.1,2.0 Hz, 3H), 1.10 (d, J = 6.6 Hz, 3H); 13C NMR (150 MHz, CDCl3) 6 166.2,
1579 (d, J = 235.5 Hz), 154.4, 138.6 (d, J = 10.5 Hz), 136.7, 130.1, 129.9, 120.1,
119.7 (d, J=9.0 Hz), 112.3, 107.7 (d, J = 27.0 Hz), 105.5 (d, J = 22.5 Hz), 77.2, 60.4,
37.7, 36.3, 30.8, 29.0, 28.8, 21.8, 21.4, 14.2; YF NMR (471 MHz, CDCl3) ¢ -123.2;

HRMS calcd. for C21H26FN2O3 [M+H]": 373.1922, found: 373.1921.

HsC

EtO

ethyl (E)-3-(9-(dimethylcarbamoyl)-3,6-dimethyl-2,3,4,9-tetrahydro-1H-car
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bazol-8-yl) acrylate (3q)

Yellow oil, 29 mg, 80% yield; 'H NMR (600 MHz, CDCl3) 6 7.92 (d, J = 15.6 Hz,
1H), 7.26 (s, 1H), 7.19 (s, 1H), 6.40 (dd, J = 15.6, 5.7 Hz, 1H), 4.31-4.22 (m, 2H),
3.17 (s, 3H), 2.95-2.84 (m, 1H), 2.81-2.75 (m, 1H), 2.59 (s, 3H), 2.54-2.48 (m, 1H),
2.44 (s, 3H), 2.27-2.18 (m, 1H), 2.03-1.90 (m, 2H), 1.59 (s, 1H), 1.34 (t, J = 7.2 Hz,
3H), 1.13 (d, J = 6.6 Hz, 3H); ¥*C NMR (125 MHz, CDCl3) J 166.9, 155.2, 140.3,
135.3, 132.2, 131.9, 130.2, 129.7, 122.2, 120.5, 119.0, 112.3, 77.2, 60.5, 38.0, 36.6,
31.3, 294, 29.2, 22.2, 21.7, 21.3, 14.5; HRMS calcd. for C»H29N>0O3 [M+H]":

369.2173, found: 369.2175.

EtO
ethyl (E)-3-(9-(dimethylcarbamoyl)-5-fluoro-3-methyl-2,3,4,9-tetrahydro-1H-car
bazol-8-yl)acrylate (3r)

Yellow oil, 25 mg, 68% yield; 'TH NMR (600 MHz, CDCl3) 6 7.72 (d, J = 16.0 Hz,
1H), 7.33 (ddd, J = 8.3, 5.0, 3.2 Hz, 1H), 6.93 (dd, /= 11.6, 8.5 Hz, 1H), 6.57 (ddd, J
= 16.0, 12.4, 1.3 Hz, 1H), 4.38-4.19 (m, 2H), 3.17 (s, 3H), 2.89-2.81 (m, 1H),
2.80-2.74 (m, 1H), 2.66 (s, 3H), 2.58-2.48 (m, 1H), 2.29-2.15 (m, 1H), 2.02-1.87 (m,
2H), 1.64-1.49 (m, 1H), 1.34 (t, J = 7.1 Hz, 3H), 1.12 (dd, J = 6.6, 2.6 Hz, 3H); 3C
NMR (150 MHz, CDCl;) 6 166.9, 158.2 (d, J = 244.5 Hz), 154.4, 135.1, 133.8, 133.4,
125.5,123.4, 119.9, 112.5, 109.2 (d, J = 25.5 Hz), 107.5 (d, J = 36.0 Hz), 77.2, 60.5,
37.8, 36.4, 309, 29.2, 28.9, 21.8, 21.4, 14.3; F NMR (471 MHz, CDCl3) ¢

-119.6;HRMS calcd. for C21H26FN203; [M+H]": 373.1922, found: 373.1924.
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EtO
ethyl(E)-3-(9-(dimethylcarbamoyl)-7-fluoro-3-methyl-2,3,4,9-tetrahydro-1H-carb
azol-8-yl)acrylate (3s)

Yellow oil, 20 mg, 54% yield; '"H NMR (600 MHz, CDCl3) 6 7.87 (d, J = 15.4 Hz,
1H), 7.27 (d, J = 5.2 Hz, 1H), 6.77 (dd, J = 9.9, 8.3 Hz, 1H), 6.33 (dd, J = 15.6, 6.3
Hz, 1H), 4.36-4.16 (m, 2H), 3.19 (s, 3H), 3.02 (s, 1H), 2.94-2.82 (m, 1H), 2.60 (s, 3H),
2.56-2.48 (m, 1H), 2.49-2.34 (m, 1H), 2.07-1.85 (m, 2H), 1.62-1.46 (m, 1H), 1.34 (t,J
= 7.1 Hz, 3H), 1.12 (dd, J = 6.6, 2.3 Hz, 3H); 3C NMR (150 MHz, CDCl3) § 166.6,
157.9 (d, J=250.5 Hz), 154.1, 139.0, 135.6 (d, J = 12.0 Hz), 134.6, 121.7 (d, J=9.0
Hz), 118.6, 117.3 (d, J = 21.0 Hz), 115.7, 110.7, 106.7 (d, J = 19.5 Hz), 77.2, 60.4,
37.8, 36.5, 30.3, 29.3, 29.0, 21.8, 21.4, 14.3; F NMR (471 MHz, CDCl3) ¢

-121.2;HRMS calcd. for C21Ha6FN2O3 [M+H]": 373.1922, found: 373.1919.

ethyl (E)-3-(7-chloro-9-(dimethylcarbamoyl)-3-methyl-2,3,4,9-tetrahydro-1H-car
bazol-8-yl)acrylate (3t)

Yellow oil, 19 mg, 48% yield; 'TH NMR (600 MHz, CDCls) 6 7.88 (dd, J = 15.6, 2.2
Hz, 1H), 7.22 (d, /= 8.5 Hz, 1H), 7.06 (d, J= 8.1 Hz, 1H), 6.37 (dd, J=15.5, 6.6 Hz,
1H), 4.43-4.19 (m, 2H), 3.28 (ddt, J = 15.5, 10.1, 5.0 Hz, 1H), 3.18 (d, J = 7.3 Hz,
3H), 2.92-2.81 (m, 1H), 2.66-2.47 (m, 5H), 2.02-1.85 (m, 2H), 1.53 (dtd, J = 24.4,
12.3, 11.6, 5.5 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H), 1.14 (dd, J = 6.7, 2.5 Hz, 3H); 3C

NMR (125 MHz, CDCl3) ¢ 166.5, 154.1, 139.0, 135.7, 134.2, 128.1, 126.1, 121.6,
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121.2, 119.5, 118.0, 112.5, 77.2, 60.4, 37.7, 36.5, 31.1, 30.2, 29.4, 21.9, 21.4, 14.3;

HRMS calcd. for C21H26CIN203 [M+H]": 389.1626, found: 389.1625.

O\ 2.

=
EtO" O
ethyl (E)-3-(4-(dimethylcarbamoyl)-1,2,3,4-tetrahydrocyclopenta|b]indol-5-yl)
acrylate (3u)
Faint yellow oil, 29 mg, 90% yield; "H NMR (500 MHz, CDCl3) 6 7.94 (d, J = 15.7
Hz, 1H), 7.44 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.5 Hz, 1H), 7.15 (t, J = 7.7 Hz, 1H),
6.40 (d, J = 15.7 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 3.23-3.07 (m, 3H), 3.03-2.92 (m,
2H), 2.85-2.79 (m, 3H), 2.75 (s, 2H), 2.55 (p, J=7.1 Hz, 2H), 1.34 (t, J= 7.1 Hz, 3H);
13C NMR (125 MHz, CDCl3) 6 166.6, 154.8, 145.2, 140.2, 138.2, 126.5, 121.8, 121.3,
120.8, 120.8, 120.5, 118.8, 77.2, 60.3, 28.0, 25.7, 24.3, 14.3; HRMS calcd. for

C19H23N203 [M+H]": 327.1703, found: 327.1704.

EtO
tert-butyl (E)-5-(dimethylcarbamoyl)-6-(3-ethoxy-3-oxoprop-1-en-1-yl)-1,3,4,5-
tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (3v)

Yellow oil, 29 mg, 67% yield; 'TH NMR (600 MHz, CDCl3) 6 7.93 (d, J = 15.6 Hz,
1H), 7.47 (d, J= 7.7 Hz, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.17 (t, /= 7.7 Hz, 1H), 6.42
(d, J=15.5 Hz, 1H), 4.78-4.61 (m, 1H), 4.60-4.48 (m, 1H), 4.27 (q, J = 7.1 Hz, 2H),
3.95 (s, 1H), 3.67 (s, 1H), 3.19 (s, 3H), 3.02-2.88 (m, 1H), 2.71-2.57 (m, 4H), 1.50 (s,
9H), 1.34 (t, J = 7.2 Hz, 3H); 13C NMR (150 MHz, CDCl3) § 166.5, 154.9, 154.1,

139.6, 133.3, 126.9, 121.5, 121.2, 120.1, 119.8, 119.6, 119.5, 80.1, 77.2, 60.5, 40.3,
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37.9, 36.5, 29.6, 28.4, 14.3; HRMS calcd. for Co4H31N3NaOs [M+Na]": 464.2156,

found: 464.2156.

tert-butyl (E)-9-(dimethylcarbamoyl)-8-(3-ethoxy-3-oxoprop-1-en-1-yl)-1,3,4,9-te
trahydro-2H-pyrido|[3,4-b]indole-2-carboxylate (3w)

Faint yellow oil, 31 mg, 70% yield; "TH NMR (500 MHz, CDCl3) 6 7.93 (d, J = 15.6
Hz, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.17 (t, J = 7.7 Hz, 1H),
6.42 (d, J=15.6 Hz, 1H), 4.70 (s, 1H), 4.50 (s, 1H), 4.27 (q, J = 6.8 Hz, 2H), 4.19 —
4.00 (m, 1H), 3.95 —3.55 (m, 1H), 3.17 (s, 3H), 2.77 (d, /= 7.0 Hz, 2H), 2.61 (s, 3H),
1.49 (s, 9H), 1.34 (t, J = 7.0 Hz, 3H); ¥C NMR (125 MHz, CDCl3) ¢ 166.7, 155.2,
154.1, 139.9, 133.5, 128.7, 122.0, 121.4, 120.5, 120.1, 119.7, 80.4, 77.2, 60.7, 41.2,
38.2, 36.7, 29.8, 28.6, 14.5; HRMS calcd. for C24H31N3NaOs [M+Na]™: 464.2156,

found: 464.2158.

ethyl (E)-3-(3-(dimethylcarbamoyl)-1-ethyl-2-0x0-2,3-dihydro-1H-benzo[d]imida
zole-4-yl)acrylate (3x)

Faint yellow oil, 29 mg, 88% yield; 'H NMR (500 MHz, CDCl3) § 7.72 (dd, J = 15.8,
2.5 Hz, 1H), 7.30-7.26 (m, 1H), 7.16 (td, J = 8.0, 2.4 Hz, 1H), 6.99 (dd, /=79, 2.4
Hz, 1H), 6.33 (dd, J = 15.5, 2.5 Hz, 1H), 4.25 (q, J = 7.2 Hz, 2H), 3.91 (qt, J = 7.8,
3.9 Hz, 2H), 3.23 (s, 3H), 3.15 (s, 3H), 1.39-1.29 (m, 6H); 13C NMR (125 MHz,

CDCl) 0 166.5, 151.8, 151.7, 138.6, 131.2, 126.2, 123.2, 120.5, 120.3, 119.4, 109.0,
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77.2, 60.7, 38.5, 37.1, 36.3, 14.4, 13.4; HRMS calcd. for Ci7H22N304 [M+H]":

332.1605, found: 332.1602.

ethyl (E)-3-(9-(dimethylcarbamoyl)-9H-carbazol-1-yl)acrylate (3y)

Faint yellow solid, 30 mg, 90% yield, m.p. 146-147 °C; '"H NMR (500 MHz, CDCl;3)
0 8.14-7.89 (m, 3H), 7.63 (d, J = 7.6 Hz, 1H), 7.51-7.44 (m, 2H), 7.35-7.29 (m, 2H),
6.46 (d, J = 15.6 Hz, 1H), 4.30 (qd, J = 7.2, 2.1 Hz, 2H), 3.29 (s, 3H), 2.81 (s, 3H),
1.37 (t, J = 7.1 Hz, 3H); ¥C NMR (125 MHz, CDCl3) ¢ 166.7, 154.8, 140.0, 139.3,
137.2, 127.2, 125.6, 125.3, 123.7, 122.2, 121.7, 121.7, 120.5, 120.2, 119.7, 111.1,
77.2, 60.7, 38.2, 36.8, 14.5; HRMS calcd. for C20H21N2O3 [M+H]": 337.1547, found:

337.1549.

MeO™ ~O

methyl (E)-3-(4-(dimethylcarbamoyl)-1,2,3,4-tetrahydrocyclopenta|b]indol-5-yl)
acrylate (3aa)

Yellow solid, 28 mg, 89% yield, m.p. 101-102 °C; '"H NMR (500 MHz, CDCls) ¢
7.96 (d,J=15.6 Hz, 1H), 7.44 (d, J= 7.7 Hz, 1H), 7.34 (d, /= 7.5 Hz, 1H), 7.15 (t, J
= 7.6 Hz, 1H), 6.40 (d, J = 15.7 Hz, 1H), 3.80 (s, 3H), 3.24-2.63 (m, 10H), 2.54 (p, J
= 7.1 Hz, 2H); BC NMR (125 MHz, CDCl3) § 167.3, 155.0, 145.4, 140.8, 138.4,
126.7, 122.0, 121.5, 121.1, 121.0, 120.6, 118.6, 77.2, 51.8, 38.2, 36.7, 28.2, 26.0, 24.5;

HRMS calcd. for CisH21N2O3 [M+H]": 313.1547, found: 313.1547.
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N\
N

N
EtO. ~ 0 \

Et0” S0
diethyl(E)-(2-(4-(dimethylcarbamoyl)-1,2,3,4-tetrahydrocyclopenta|b]indol-5-yl)
vinyl)phos phonate (3ab)

Yellow oil, 21 mg, 54% yield; '"H NMR (500 MHz, CDCl3) 6 7.69 (dd, J=22.4, 17.2
Hz, 1H), 7.43 (d, J = 7.7 Hz, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.15 (t, J = 7.7 Hz, 1H),
6.21 (dd, J=19.2, 17.1 Hz, 1H), 4.15 (p, J = 7.2 Hz, 4H), 3.25-2.66 (m, 10H), 2.54 (q,
J=7.1Hz, 2H), 1.36 (t,J = 7.1 Hz, 6H); '3*C NMR (150 MHz, CDCls) 6 154.8, 145.1,
144.4, 137.9, 126.5, 121.8, 121.3, 120.7, 120.6, 115.4, 114.2, 77.2, 61.9, 61.9, 38.2,
36.4,27.9, 25.7, 24.3, 16.4, 16.3; HRMS calcd. for C20H2sN204P [M+H]": 391.1776,

found: 391.1779.

(E)-N,N-dimethyl-5-styryl-2,3-dihydrocyclopenta[b]indole-4(1 H)-carboxamide
(3ac)

Yellow oil, 19 mg, 57% yield; "TH NMR (500 MHz, CDCl3) 6 7.52 (d, J= 7.6 Hz, 2H),
7.41 (d, J=16.0 Hz, 1H), 7.36 (q, J = 8.0, 7.5 Hz, 4H), 7.27 (d, /= 7.3 Hz, 1H), 7.17
(t,J=17.7 Hz, 1H), 7.03 (d, J = 16.0 Hz, 1H), 3.18-2.68 (m, 8H), 2.64-2.49 (m, 4H);
13C NMR (125 MHz, CDCl3) 6 155.7, 145.0, 138.2, 137.7, 130.3, 129.1, 128.0, 126.8,
126.4, 124.7, 124.3, 122.0, 121.8, 120.6, 118.9, 77.2, 38.3, 37.1, 28.5, 26.2, 24.8;

HRMS calcd. for C22H23N2O [M+H]*: 331.1085, found: 331.1082.
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(E)-5-(3-fluorostyryl)-N,N-dimethyl-2,3-dihydrocyclopenta|b]indole-4(1H)-carbo
xamide (3ad)

Yellow oil, 18 mg, 51% yield; "TH NMR (500 MHz, CDCl3) 6 7.41 (d, J = 15.9 Hz,
1H), 7.37 (d, J = 7.9 Hz, 1H), 7.32 (dd, J = 6.7, 3.8 Hz, 2H), 7.29 (d, J = 9.9 Hz, 1H),
7.21-7.18 (m, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.01-6.93 (m, 2H), 3.01 (s, 4H), 2.84 (t, J
— 7.1 Hz, 3H), 2.62 (s, 2H), 2.55 (p, J = 7.3 Hz, 3H); 3C NMR (125 MHz, CDCls) §
163.4 (d, J = 243.8 Hz), 155.4, 144.9, 139.9 (d, J= 7.5 Hz), 138.0, 130.3 (d, /= 8.8
Hz), 128.9, 126.3, 126.0, 123.6, 122.4, 121.9, 121.6, 120.5, 119.0, 114.5 (d, J = 21.2
Hz), 113.0 (d, J = 21.2 Hz), 28.2, 26.0, 24.6; YF NMR (471 MHz, CDCls) ¢

-113.3;HRMS calcd. for C2o0H2,FN,O [M+H]*: 349.1711, found: 349.1712.

(E)-N,N-dimethyl-5-(2-(phenylsulfonyl)vinyl)-2,3-dihydrocyclopenta[b]indole-4(1
H)-carboxamide (3ae)

Yellow solid, 18 mg, 47% yield, m.p. 102-104 °C; '"H NMR (600 MHz, CDCls) ¢
8.05-7.93 (m, 3H), 7.64-7.58 (m, 1H), 7.55 (dd, J = 8.3, 6.8 Hz, 2H), 7.46 (d, J = 7.7
Hz, 1H), 7.25-7.21 (m, 1H), 7.12 (t, /= 7.7 Hz, 1H), 6.81 (d, /= 15.0 Hz, 1H), 3.25 (s,
3H), 2.87 (s, 4H), 2.85-2.78 (m, 3H), 2.62-2.48 (m, 2H); ¥C NMR (150 MHz, CDCl;3)
0 154.7, 145.5, 140.5, 138.9, 138.4, 133.2, 129.2, 127.7, 127.3, 126.8, 122.0, 121.8,
121.3,121.0, 118.2, 77.2, 38.2, 36.5, 28.0, 25.8, 24.2; HRMS calcd. for C22H23N203S

[M+H]*: 395.1424, found: 395.1423.
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N, N-dimethyl-5-(1-methyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)-2,3-dihydro
cyclopenta|b]indole-4(1H)-carboxamide (3af)

Yellow solid, 14 mg, 43% yield, m.p. 128-130 °C; '"H NMR (500 MHz, CDCls) ¢
7.51 (dd, J=7.1, 1.8 Hz, 1H), 7.24-7.17 (m, 2H), 6.51 (s, 1H), 3.05 (s, 3H), 3.01 (s,
6H), 2.90 (t, J = 7.2 Hz, 2H), 2.83 (t, J = 7.0 Hz, 2H), 2.53 (p, J = 7.1 Hz, 2H); 3C
NMR (125 MHz, CDCl3) 6 171.0, 170.8, 155.6, 148.0, 144.9, 137.5, 127.4, 124.7,
123.6, 122.5, 121.5, 121.4, 115.3, 77.2, 28.0, 27.0, 24.1, 23.6; HRMS calcd. for

C19H20N303 [M+H]": 338.1499, found: 338.1500.
EtO

ethyl (E)-3-(5-(dimethylcarbamoyl)-14-methyl-9-0x0-5,6,7,9,14,14a-hexahydro
indolo[3',2':3,4] pyrido[2,1-b]quinazolin-4-yl)acrylate (4a)

Yellow solid, 23 mg, 49% yield, m.p. 221-222 °C; 'H NMR (500 MHz, CDCl3) 6 8.6
(d, J=15.8 Hz, 1H), 7.6 (d, /= 7.8 Hz, 1H), 7.4 (t,J= 7.8 Hz, 1H), 7.4-7.3 (m, 2H),
7.3-7.3 (m, 1H), 7.3-7.2 (m, 1H), 7.1 (d, /= 8.1 Hz, 1H), 6.2 (d, /= 15.9 Hz, 1H), 6.1
(s, 1H), 4.9 (ddd, J=12.9, 5.4, 2.1 Hz, 1H), 4.5-4.2 (m, 2H), 3.3 (ddd, /= 12.9, 11.2,
4.3 Hz, 1H), 3.1 (s, 3H), 3.1 (d, J= 2.7 Hz, 3H), 3.0-3.0 (m, 1H), 2.9 (tdd, J = 10.5,
5.6, 1.8 Hz, 1H), 2.5 (s, 3H), 1.3 (t,J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) §

167.0, 163.9, 153.7, 152.0, 145.6, 138.4, 136.4, 132.4, 126.7, 124.6, 124.5, 124.0,
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122.4,121.8,120.1, 119.6, 118.3, 118.1, 111.9, 77.2, 67.2, 60.6, 39.0, 37.3, 37.0, 29.5,

20.4, 14.5; HRMS calcd. for C27H29N4O4 [M+H]*: 473.2183, found: 473.2184.

(E)-N,N,14-trimethyl-9-0x0-4-styryl-6,9,14,14a-tetrahydroindolo([3',2':3,4] py
rido[2,1-b]quinazoline-5(7 H)-carboxamide (4b)

Faint yellow solid, 20 mg, 43% yield, m.p. 216-217 °C '"H NMR (600 MHz, CDCl3) ¢
8.2 (d, J=16.2 Hz, 1H), 7.7-7.5 (m, 3H), 7.5 (d, J = 7.6 Hz, 1H), 7.4 (t, J = 7.8 Hz,
1H), 7.3 (t, J=6.9 Hz, 4H), 7.2 (d, J = 7.8, 3.5 Hz, 2H), 7.1-7.0 (m, 2H), 6.1 (s, 1H),
4.9 (ddd, J=12.9, 5.5, 2.1 Hz, 1H), 3.4 (ddd, J=12.8, 11.1, 4.3 Hz, 1H), 3.2 (s, 3H),
3.1 (s, 3H), 3.1-3.0 (m, 1H), 3.0-2.9 (m, 1H), 2.4 (s, 3H); 3C NMR (150 MHz,
CDClz) 0 164.4, 153.5, 152.0, 140.9, 137.7, 136.2, 132.0, 130.2, 129.9, 129.2, 129.1,
128.5,127.4, 126.9, 126.5, 124.3, 123.0, 122.1, 121.5, 119.4, 117.7, 111.7, 66.8, 38.5,
37.1, 36.7, 29.3, 20.3; HRMS calcd. for C30H20N4O> [M+H]": 477.2285, found:

477.2285.

diethyl (E)-(2-(5-(dimethylcarbamoyl)-14-methyl-9-0x0-5,6,7,9,14,14a-hexahydro
indolo[3',2':3,4|pyrido|[2,1-b]quinazolin-4-yl)vinyl)phosphonate (4c)

Faint yellow solid, 25 mg, 47% yield, m.p. 226-227 °C; '"H NMR (600 MHz, CDCI;3)
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§ 8.3 (dd, J =222, 17.5 Hz, 1H), 7.6 (d, J = 7.8 Hz, 1H), 7.4 (t, J = 7.8 Hz, 1H),
7.4-7.3 (m, 2H), 7.3 (d, J = 7.6 Hz, 1H), 7.2 (d, J = 7.9 Hz, 1H), 7.1-7.1 (m, 1H),
6.2-6.1 (m, 1H), 6.1 (s, 1H), 4.9 (ddd, J = 12.9, 5.4, 1.9 Hz, 1H), 4.2 (qd, J = 7.3, 3.0
Hz, 4H), 3.3 (ddd, J = 12.9, 11.3, 4.3 Hz, 1H), 3.1 (s, 3H), 3.1 (s, 3H), 3.0 (ddd, J =
14.0, 4.2, 2.1 Hz, 1H), 2.9 (dddd, J = 16.0, 11.4, 5.5, 1.7 Hz, 1H), 2.4 (s, 3H), 1.4 (td,
J=17.1, 5.0 Hz, 6H); *C NMR (150 MHz, CDCL) 6 163.5, 153.4, 151.7, 149.1, 138.6,
138.5, 136.1, 132.1, 126.4, 124.4, 124.0, 123.6, 121.6, 119.4, 117.8, 115.9, 114.6,
111.7,77.2, 66.9, 62.0, 61.9, 38.7, 37.0, 36.7, 29.2, 20.2, 16.4, 16.3; HRMS calcd. for

C23H33N4NaOsP [M+Na]": 559.2081, found: 559.2075.

(E)-N,N,14-trimethyl-9-0x0-4-(3-oxopent-1-en-1-yl)-6,9,14,14a-tetrahydro
indolo[3',2':3,4]pyrido|[2,1-b]quinazoline-5(7 H)-carboxamide (4d)

Yellow solid, 17 mg, 37% yield, m.p. 223-224 °C;'H NMR (500 MHz, CDCls) 6 8.57
(d, J=16.4 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.43 (t, J= 7.8 Hz, 1H), 7.38-7.30 (m,
3H), 7.27-7.23 (m, 1H), 7.14 (dd, /= 8.0, 1.1 Hz, 1H), 6.49 (d, /= 16.4 Hz, 1H), 6.11
(s, IH), 4.86 (ddd, J=12.9, 5.4, 2.0 Hz, 1H), 3.35 (ddd, J = 12.9, 11.2, 4.3 Hz, 1H),
3.16 (s, 3H), 3.11 (s, 3H), 3.03 (ddt, J = 15.8, 4.1, 1.8 Hz, 1H), 2.96-2.90 (m, 1H),
2.90-2.85 (m, 1H), 2.85-2.78 (m, 1H), 2.47 (s, 3H), 1.19 (t, J = 7.3 Hz, 3H); ¥C
NMR (125 MHz, CDCl3) ¢ 202.5, 164.4, 153.9, 152.3, 144.1, 138.7, 136.6, 132.7,
130.3, 129.1, 126.9, 124.9, 124.5, 124.1, 122.5, 122.1, 119.9, 118.3, 112.2, 77.2, 67 4,
39.2, 37.5, 37.2, 32.7, 29.7, 20.7, 8.7, HRMS calcd. for Co7H29N4O3 [M+H]":

457.2234, found: 457.2236.
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2.4 The general procedure for rhodium-catalyzed deuteration

N [Cp*RhCl,], (5 mol %) N
AgNTH, (20 mol %)
N N

/ Cu(OAc), (3 equiv.) 99 /
O)\N D,0, 80 °C ] o)\ N\
\ 12h
Tu Su, 90%

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar,
substrate (0.1 mmol, 1.0 equiv.), [Cp*RhCl:]2 (0.005 mmol, 5 mol%), Cu(OAc): (0.3
mmol, 3.0 equiv.), and AgNTf; (0.02 mmol, 20 mol%) were taken. Subsequently,
D0 (0.5 mL) was added and the reaction mixture was stirred vigorously at 80 °C for
12 h. The reaction mixture was then diluted with EtOAc and filtered through celite
pad. After evaporation of the solvent, the crude mixture was purified by preparative

Thin-Layer Chromatography (petroleum ether/ethyl acetate = 3:1).

A\
N /
D )\ N
ss] O \

N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-8-d (5a)

Faint yellow solid, 21 mg, 88% yield; '"H NMR (500 MHz, CDCl3) § 7.44 (d, J = 7.6
Hz, 1H), 7.23 (d, J= 8.1 Hz, 0.15H), 7.19 (d, /= 7.1 Hz, 1H), 7.14 (t, J= 7.4 Hz, 1H),
3.05 (s, 6H), 2.80 (t, J = 5.5 Hz, 2H), 2.73-2.63 (m, 2H), 1.96-1.83 (m, 4H); 3C
NMR (150 MHz, CDCl3) ¢ 154.5, 135.2, 134.9, 128.5, 122.1, 120.6, 117.9, 113.7,
111.2, 77.2, 37.8, 23.0, 22.9, 22.6, 20.8; HRMS calcd. for C;sH;sDN.O [M+H]":

244.1555, found: 244.1551.

H3C
A\
D N
o p )\N/
855 O \

N,N,6-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-7,8-d- (Sb)
Yellow oil, 21 mg, 83% yield; "TH NMR (500 MHz, CDCl3) § 7.22 (d, J= 1.5 Hz, 1H),

7.11 (d, J = 8.4 Hz, 0.15H), 7.00 (d, J = 1.6 Hz, 0.90H), 3.04 (s, 6H), 2.78 (s, 2H),
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2.65 (td, J = 5.9, 2.0 Hz, 2H), 2.44 (s, 3H), 1.96-1.80 (m, 4H); '*C NMR (150 MHz,
DMSO-de) 5 153.5, 135.1, 132.9, 129.2, 128.0, 123.4, 117.8, 112.3, 111.0, 39.5, 37.3,

22.6,22.4,22.4,21.0,20.4; HRMS calcd. for CisH20DN>O [M+H]": 258.1711, found:

258.1712.
Hs;CO
’ \
D N
2 p )\N/
pag O\

6-methoxy-/V, N-dimethyl-1,2,3,4-tetrahydro-9 H-carbazole-9-carboxamide-7,8-d>
(3d)

Yellow oil, 22 mg, 80% yield; "H NMR (600 MHz, CDCls) 6 7.12 (d, J = 8.8 Hz,
0.06H), 6.89 (d, J = 2.5 Hz, 1H), 6.81 (d, J = 2.5 Hz, 0.78H), 3.85 (s, 3H), 3.03 (s,
6H), 2.79 (s, 2H), 2.70-2.58 (m, 2H), 1.95-1.77 (m, 4H); 3C NMR (150 MHz, CDCl;3)
0 154.8, 154.7, 136.2, 129.8, 129.3, 113.7, 110.9, 100.7, 100.7, 77.2, 55.7, 37.9, 23.1,

23.0, 22.7, 20.9; HRMS calcd. for CicH19DN2O> [M+H]": 274.1660, found:

274.1655.
F
A\
D N
o N
g7 O \

6-fluoro-N,N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-7,8-d>
(Se)

Faint yellow oil, 22 mg, 85% yield; '"H NMR (500 MHz, CDCls) 6 7.14 (dd, J = 8.9,
4.3 Hz, 0.13 H), 7.07 (dd, J=9.1, 2.3 Hz, 1H), 6.90 (dd, J=9.2, 2.6 Hz, 0.87 H), 3.03
(s, 6H), 2.78 (s, 2H), 2.67-2.57 (m, 2H), 1.94-1.80 (m, 4H); '*C NMR (125 MHz,
CDCl) 0 158.4 (d, J = 235.0 Hz), 154.3, 137.1, 131.3, 129.3 (d, J = 10.0 Hz), 113.8,
111.8 (d, J= 8.8 Hz), 109.6 (d, J = 26.2 Hz), 103.4 (d, J = 23.8 Hz), 77.2, 37.8, 23.0,
22.9, 22.5, 20.7, HRMS calcd. for CisHi7DFN.O [M+H]": 262.1460, found:

262.1459.
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Br

A\
N /
D )\ N
gop O \

6-bromo-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-8-d (5g)

Faint yellow oil, 24 mg, 76% yield; "TH NMR (600 MHz, CDCl3)  7.55 (d, J = 2.0 Hz,
1H), 7.25 (d, J = 1.9 Hz, 1H), 7.09 (d, J = 8.6 Hz, 0.20H), 3.02 (s, 6H), 2.78 (s, 2H),
2.69-2.58 (m, 2H), 1.94-1.77 (m, 4H); *C NMR (150 MHz, CDCl3) J 154.1, 136.7,
133.5, 130.3, 124.8, 120.8, 113.9, 113.3, 112.6, 77.2, 37.8, 22.9, 22.8, 22.5, 20.6;

HRMS calcd. for C1sHi7DBrN>O [M+H]": 322.0660, found: 322.0652.

F4CO
A\
N /
D /N
g3 O \

N, N-dimethyl-6-(trifluoromethoxy)-1,2,3,4-tetrahydro-9H-carbazole-9-carbo
xamide-8-d (5h)

Faint yellow oil, 26 mg, 79% yield; "TH NMR (500 MHz, DMSO-ds) 6 7.41 (d, J=2.3
Hz, 1H), 7.38-7.34 (m, 0.17H), 7.12 (d, J = 2.3 Hz, 1H), 2.96 (s, 6H), 2.70 (d, /= 6.0
Hz, 2H), 2.63 (t, J = 5.9 Hz, 2H), 1.87-1.75 (m, 4H); 3C NMR (125 MHz, DMSO-ds)
0 153.3,143.2, 137.9, 133.4, 130.1, 128.8, 119.8, 115.7, 113.3, 110.9, 39.5, 37.8, 22.9,

22.8, 22.7, 20.7, HRMS calcd. for CisHi7DF3N,O> [M+H]": 328.1378, found:

328.1377.
F
A\
D N
N
o9 O \

5-fluoro-/N,N-dimethyl-1,2,3,4-tetrahydro-9 H-carbazole-9-carboxamide-7,8-d:
(51)
Yellow oil, 21 mg, 82% yield; '"H NMR (500 MHz, CDCl3) 6 7.32 (dd, J = 8.6, 5.4
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Hz, 1H), 6.89 (t, J = 9.0 Hz, 0.94H), 3.04 (s, 6H), 2.76 (s, 2H), 2.69-2.60 (m, 2H),
1.94-1.79 (m, 4H); 3C NMR (125 MHz, CDCl3) J 159.9 (d, J = 236.2 Hz), 154.2,
135.5, 134.9 (d, J=11.2 Hz) 125.0, 118.4 (d, J = 11.0 Hz), 113.6, 108.8 (d, J = 23.8
Hz), 98.2 (q, J = 25.6 Hz), 77.2, 37.8, 22.9, 22.9, 22.5, 20.7, HRMS calcd. for

C1sH17DFN,O [M+H]*: 262.1460, found: 262.1457.

F
F
A\
N /
D )\ N
7e; O \

5,6-difluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-8-d
(Sm)

Faint yellow solid, 22 mg, 78% yield; "TH NMR (500 MHz, CDCl3) J 6.94 (dd, J =
10.8, 7.4 Hz, 1H), 6.88 (dd, J = 8.9, 3.4 Hz, 0.22H), 3.02 (s, 6H), 2.89-2.81 (m, 2H),
2.74 (s, 2H), 1.94-1.77 (m, 4H); *C NMR (125 MHz, CDCl;) 6 153.8, 145.0 (dd, J =
231.2, 7.5 Hz), 143.3 (dd, J = 245.0, 12.5 Hz), 136.6, 132.5 (d, J = 8.8 Hz), 118.3 (d,
J =175 Hz), 112.1, 1109 (d, J = 21.2 Hz), 106.4 (q, J = 3.8 Hz), 77.2, 37.7, 22.9,

22.6, 22.4, 22.0;, HRMS caled. for CisHisDF2N2O [M+H]": 280.1366, found:

280.1360.
F
A\
F N
/
D )\N
oo O \

6,7-difluoro-N, N-dimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-8-d
(Sm)

Faint yellow solid, 23 mg, 81% yield; "TH NMR (500 MHz, CDCl3) J 7.19 (dd, J =
10.4, 7.7 Hz, 1H), 3.08 (s, 6H), 2.80 (s, 2H), 2.68-2.59 (m, 2H), 1.97-1.87 (m, 4H);
13C NMR (125 MHz, CDCI3) 6 154.0, 147.6 (dd, J = 238.8, 15.0 Hz), 146.7 (dd, J =
238.1, 15.0 Hz), 136.7, 129.9 (d, /= 10.0 Hz), 123.9 (d, J = 6.2 Hz), 113.6, 104.9 (d,

J=18.8 Hz), 99.8 (d, J=9.5 Hz), 77.2, 37.8, 23.0, 22.7, 22.4, 20.7; HRMS calcd. for
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C1sH1sDF2N2O [M+H]": 280.1366, found: 280.1362.

CHs
A\
D N
[7] D )\ N/
o171 O \

N,N,3-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-7,8-d: (50)

Yellow oil, 23 mg, 91% yield; "TH NMR (500 MHz, CDCls) § 7.43 (dd, J = 7.7, 1.4
Hz, 1H), 7.23 (dd, J = 8.1, 1.5 Hz, 0.09H), 7.19 (d, /= 7.6 Hz, 1H), 7.14 (t, /= 7.4
Hz, 1H), 3.06 (s, 3H), 3.03 (s, 3H), 2.84 (d, J = 5.6 Hz, 2H), 2.81 (d, /= 5.3 Hz, 1H),
2.33-2.20 (m, 1H), 2.02-1.90 (m, 2H), 1.65-1.48 (m, 1H), 1.14 (d, J = 6.5 Hz, 3H);
I3C NMR (125 MHz, CDCls) 6 155.1, 135.6, 135.5, 128.9, 122.5, 121.1, 118.4, 114.2,
111.8, 77.2, 38.5, 38.2, 31.7, 29.7, 29.5, 23.1, 22.0; HRMS calcd. for CisH20DN20O

[M+H]": 258.1711, found: 258.1703.

CHs
F
N\
D N
g O \

6-fluoro-V,N,3-trimethyl-1,2,3,4-tetrahydro-9H-carbazole-9-carboxamide-7,8-d>
(5p)

Yellow solid, 22 mg, 81% yield; '"H NMR (500 MHz, CDCl3) 6 7.18-7.13 (m, 0.12H),
7.06 (dd, J = 9.1, 2.5 Hz, 1H), 6.90 (dd, J = 9.3, 2.6 Hz, 1H), 3.04 (s, 3H), 3.02 (s,
3H), 2.81 (s, 2H), 2.79-2.71 (m, 1H), 2.26-2.16 (m, 1H), 2.00-1.91 (m, 2H), 1.58-1.48
(m, 1H), 1.13 (d, J = 6.5 Hz, 3H); 1*C NMR (125 MHz, CDCl3) J 158.4 (d, J = 235.0
Hz), 154.4, 136.9, 131.5, 129.2, 129.1, 113.7, 109.6 (d, J = 25.0 Hz), 1034 (d, J =
23.8 Hz), 77.2, 38.0, 37.7, 31.1, 29.1, 29.0, 22.7, 21.5; HRMS calcd. for

Ci6H19DFN>O [M+H]*: 276.1617, found: 276.1611.
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N
N

/

[9[3] O)\N\
N,N-dimethyl-2,3-dihydrocyclopenta[b]indole-4(1 H)-carboxamide-5-d (5u)
Yellow solid, 20 mg, 90% yield; "TH NMR (600 MHz, CDCl3) 6 7.41 (dd, J=7.5, 1.5
Hz, 1H), 7.20-7.12 (m, 2H), 3.06 (s, 6H), 3.00-2.94 (m, 2H), 2.83-2.76 (m, 2H), 2.53
(p, /= 7.2 Hz, 2H); 13C NMR (125 MHz, CDCl3) 6 155.0, 144.8, 139.9, 125.8, 123.0,
121.7, 121.2, 118.8, 113.0, 77.2, 38.2, 279, 26.6, 24.1; HRMS calcd. for

C14H16DN2O [M+H]": 230.1398, found: 230.1398.

oY

N /Dgg\

¢
D )’\N
o] O \

N,N-dimethyl-9H-carbazole-9-carboxamide-1,8-d> (Sy)

Yellow oil, 22 mg, 94% yield; "TH NMR (500 MHz, CDCls) 6 8.05 (dd, J = 7.8, 1.2
Hz, 2H), 7.47 (dd, J = 7.2, 1.2 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 3.12 (s, 6H); 13C
NMR (125 MHz, CDCls) 0 154.8, 138.5, 126.3, 124.3, 121.4, 120.1, 112.3, 77.2, 38.0;

HRMS calcd. for CisHi13D2N>0 [M+H]*: 241.1304, found: 241.1301.
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2.5 The utility of this method - removal of template

A\ A\
N N
)\N/ 30% NaOH aq H
Z 0\ 80°C,12h ~
EtO (6] HO (6]
3u 3u', 75%
[99] / 80°C,3h [o9] H
N
O)\ \
5y 5y', 89%

A sealable tube with a magnetic stir bar was charged with 3u and Sy (0.25 mmol),
EtOH (2.8 mL) and 30% sodium hydroxide solution (0.9 mL). The tube was then
capped and the mixture was stirred at 80 °C. The mixture was then stirred at 80 °C for
3-12 h, then the solution was cooled to ambient temperature, concentration, acidified
to pH = 5-6 using 1N HCl, and extracted with ethyl acetate for 3 times. The combined
organic phases were dried over anhydrous MgSOa. The solvent was concentrated and
the residue was purified by preparative Thin-Layer Chromatography (petroleum

ether/ethyl acetate = 2:1) to provide the desired products.

Iz _

HO™ O

(E)-3-(1,2,3,4-tetrahydrocyclopenta[b]indol-5-yl)acrylic acid (3u’)

Yellow solid, 43 mg, 75% yield, m.p. 150-151 °C; '"H NMR (500 MHz, CDCls) ¢
8.50 (s, 1H), 8.09 (d, J = 15.9 Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 7.6 Hz,
1H), 7.11 (t, J = 7.7 Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 2.90 (t, J = 7.2 Hz, 2H),
2.86-2.79 (m, 2H), 2.55 (p, J = 7.2 Hz, 2H); C NMR (125 MHz, CDCI3) J 172.0,

144.6, 143.6, 139.5, 125.7, 121.5, 121.0, 120.4, 119.6, 117.8, 116.3, 77.2, 28.6, 25.8,
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24.3; HRMS calcd. for CisH12NO, [M-H]: 226.0874, found: 226.0876.

9H-carbazole-1,8-d2 (Sy’)
White solid, 38 mg, 89% yield; '"H NMR (500 MHz, CDCls) ¢ 8.15-8.07 (m, 2H),
8.05 (s, 1H), 7.43 (d, J = 7.2 Hz, 2H), 7.25 (s, 2H); '3C NMR (125 MHz, CDCl) ¢

139.3, 125.6, 123.2, 120.2, 119.3, 110.4, 77.2; HRMS calcd. for Ci12HsD>N [M-H]:
168.0788, found: 168.0787.
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2.6. Mechanistic Studies
2.6.1 H/D exchange experiment

[Cp*RhCl,]; (4 mol%)
AgNTTf, (20 mol%)

A\ Cu(OAc), (2 equiv.) A\

N D,0 (10 equiv.) N

)\N/ DCE, 80 °C b )NN/
) \ 12h [60] O \
la

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar,
substrate (0.1 mmol, 1.0 equiv.), D20 (0.3 mL), [Cp*RhCl:]> (0.004 mmol, 4 mol%),
Cu(OAc)2 (0.2 mmol, 2.0 equiv.), AgNTf> (0.02 mmol, 20 mol%) and DCE (0.7 mL)
were taken. The reaction mixture was stirred vigorously at 80 °C for 12 h. The
reaction mixture was then diluted with EtOAc and filtered through celite pad. After
evaporation of the solvent, the crude mixture was purified by preparative Thin-Layer
Chromatography (petroleum ether/ethyl acetate = 3:1).

N
N

D N/

o] O\
Faint yellow oil, 21 mg, 87% yield; '"H NMR (600 MHz, CDCls) 6 7.45 (dd, J = 7.7,
1.3 Hz, 1H), 7.23 (d, J = 8.1 Hz, 0.40H), 7.21-7.17 (m, 1H), 7.14 (t, J = 7.4 Hz, 1H),

3.05 (s, 6H), 2.80 (s, 2H), 2.69 (tt, J= 5.7, 1.9 Hz, 2H), 1.96-1.82 (m, 4H).
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H3C F 2 (2 equiv.)
N\ N\ [CP*RNCly], (4 mol %)
N N AgNTf, (20 mol %)

/ / Cu(OAc), (2 equiv.)
o)\ N o)\ N H,0, 80 °C
12 h
3b/3e =17
1b 1e 3b 3e

The mixture of 1b (0.1 mmol, 1 equiv.) & 1e ( 0.1 mmol, 1 equiv.), ethyl acrylate
(2, 0.2 mmol, 2 equiv.), [Cp*RhCl:]2 (0.004 mmol, 4 mol%), AgNTf> (0.2 mmol, 20
mol%), Cu(OAc)> (0.2 mmol, 2.0 equiv.) and H>O (1 mL) were added into the tube
and sealed. The reaction mixture was vigorously stirred at 80 °C for 12 h. Then, the
reaction mixture was then diluted with EtOAc and filtered through celite pad. After
evaporation of the solvent, the crude mixture was purified by preparative Thin-Layer

Chromatography (TLC).
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2.6.3 Radical trapping experiments

2 (2 equiv.) N\
N [Cp*RhCl,], (4 mol %)
N AgNTH, (20 mol %) T}\ y
A

)\ / Cu(OAc), (2 equiv.) Ze
S N H,0, 80 °C
12 h Et0” SO
1a 3a, 82%

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar, 1a
(0.1 mmol, 1.0 equiv.), 2 (0.2 mmol, 2.0 equiv.), [Cp*RhCl2]> (0.004 mmol, 4 mol%),
Cu(OAc)2 (0.2 mmol, 2.0 equiv.), AgNTf; (0.02 mmol, 20 mol%) and different
proportions of free radical scavenger were taken. Subsequently, HO (1 mL) was
added and the reaction mixture was stirred vigorously at 80 °C for 12 h. The reaction
mixture was then diluted with EtOAc and filtered through celite pad. After
evaporation of the solvent, NMR yields of 3a were measured with an internal standard

of CH2Br; (0.1 mmol).

2.6.4 NMR studies:
2.6.4.1 Real-time on-line 'H NMR momitoring of substrate-Rh-NaOAc

interaction

In a clean NMR tube the substrate 1e (1 equiv.) was added to 500 pul of CDCls.
The '"H NMR and ""F NMR of 1e was recorded. Then [Cp*RhCl], (0.25 equiv.) was
added and put for sonication for 30 min at 80 °C. The 'H NMR and '°F NMR of the
reaction mixture was recorded. Then NaOAc (4 equiv.) was added and put for
sonication for 30 min at 80 °C. The 'H NMR and !°F NMR of the reaction mixture

was recorded.

48



2.6.4.2 C-H olefination monitored by "TH NMR and F NMR spectroscopy

2 (2 equiv.)
N [Cp*RhCl,], (4 mol %)
N AgNTf, (20 mol %)

)\N/ Ag,CO3 (2 equiv.)
CHE CDCly, 80 °C

EtO

1e (0.1 mmol) 3e

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar, 1a
(0.1 mmol, 1.0 equiv.), 2 (0.2 mmol, 2.0 equiv.), [Cp*RhClz]2 (0.004 mmol, 4 mol%),
Ag>COs; (0.2 mmol, 2.0 equiv.), AgNTf; (0.02 mmol, 20 mol%) and different
proportions of free radical scavenger were taken. Subsequently, CDCl; (1 mL) was
added and the reaction mixture was stirred vigorously at 80 °C. The 'H NMR and '°F

NMR of the reaction mixture was recorded at 0 h, 1.5h, 2.5h, 3.5 h, 6 h.

2.6.5 ESI-MS studies:

2.6.5.1 ESI-MS study to detect the monomeric Rh-substrate complex IT

A 465, 1042 +E&5|

%n_‘ I}‘-N’
oy

miz 485 |
wob. lL=a

it B
Sl @p ’ H® . s8e.44%0 +ES
L5 - ,}-—n\
B AN o O R
1 Lk Et ; fa

5.7 ?'\Q" 583, 4511
bt v

n
'z - 565 e ¢ 585

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar, 1u
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(0.1 mmol, 1 equiv.), [Cp*RhClL:]> (0.1 mmol, 1 equiv.), and NaOAc (0.3 mmol, 3
equiv.) were taken. Subsequently, DCE (1 mL) was added and the reaction mixture
was stirred at 80 °C for 12 h. After evaporation of the solvent, ESI-MS analysis of the

mixture was undertaken.

2.6.5.2 ESI-MS study to detect the monomeric Rh-substrate-olefin complex III or
v

An oven-dried screw cap reaction tube was charged with a magnetic stir-bar, 1u
(0.1 mmol, 1 equiv.), [Cp*RhCl2]2 (0.1 mmol, 1 equiv.), NaOAc (0.3 mmol, 3 equiv.)
and 2 (0.2 mmol, 2 equiv.) were taken. Subsequently, DCE (1 mL) was added and the
reaction mixture was stirred at 80 °C for 12 h. After evaporation of the solvent,

ESI-MS analysis of the mixture was undertaken.
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3. Spectra for new compounds

"H NMR spectra of compound 1¢
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HRMS spectrum of compound 1¢

%105 [*ES| Scan (5,488 min) Frag=180.0v 12-Z-positive-01.d
16 255 2120
14
12
1
0.8
06
D4 00,2148
02
0 Il L
28 284 25 26 CIRE T W T L 302 33 a4 505 %06
Elemental Composition Calculator
Target m/z: 2992120 Result type: Positive 1ons Species: [M+H]
Elements: C (0-80): H (0-120): © (0-30) : N(0-5)
Ion Formula Calcalated m/z PPM Error
C19H27TN2O 2992118 -0.85
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"H NMR spectra of compound 1e
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HRMS spectrum of compound 1e

w105 [*ESI Bean (3,602 min) Frag=160.0V 38-2-MS-pasitivetive-01.d
5-
45-
L2 261.1368
3.5-
q.
25-
=2
15- 262.1437
I e T
Elemental Composition Calculator
Target m/z: 261.1399 Result type: Positive ions Species: [M+H]
Elements: C (0-80); H (0-120): O (0-30) : N(0-5); F(0-5)
Ion Formula Calcalated m/z PPM Error
C15HI18FN20 261.1398 -042
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"H NMR spectra of compound 1h
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HRMS spectrum of compound 1h

wins [ESI Scan {3.785 min} Frag=160.0V 58-2-positive-01.d

3.5

25

1.5

e

k=l kil

581347

g 12 23

324 325 3 330

E‘:DIIHI& E‘?Iﬂass-a;aaﬁlqn fmh?ph

Elemental Composition Calculator

M 32 313

34

Target mz: | 3371316

Result tyvpe: Positive 10ns

Species:

[M-+H]

Elements:

C (0-80); H (0-120); O (0-30) : N(0-5): F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C16H18F3N202

3271315

-0.25
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"H NMR spectra of compound 1i
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HRMS spectrum of compound 1i

«in 5 |*ES| Scan (3081 min} Frag=160.0% PW1-M5-posiive-01.d

261.1400

3601333 3831433

254 255

256 257

958 254 260 ] o684

w 262 2
Counts vs. Mass-to-Charge (miz)

Elemental Composition Calculator

266 266 267 268

260

Target m/z:

261.1400

Result tvpe: Positive 10ns

Species: [M+HT

Elements:

C (0-80): H(0-120): O (0-30); F (0-5): N (0-5)

Ion Formula

Calcalated m/z

PPM Error

C15HISEN2O

261.1398

-0.85

58




"H NMR spectra of compound 1j
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HRMS spectrum of compound 1j

405 [#EET Ban 105 min) Frog=160.01 B0 2 2 poeitive 01.d
n 271102
4
38
3
25
4
15 274 108%
o 7811
05 |
268 269 270 an 272 273 274 275 276 i‘?? 2B ??P 280 281 282 283 284 285 286 287
Counts vs, Mass-so-Charge (miz)
Elemental Composition Calculator
Target m/z: 277.1102 Result type: Positive 10ns Species: [DM+HHT
Elements:

C (0-80): H (0-120): O (0-30)

1 N(0-5) ; CL{0-3)

Ion Formula

Calcalated m/z

PPM Error

C15H18CIN20

2771102

-0.01
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"H NMR spectra of compound 1k
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HRMS spectrum of compound 1k

wie® [+ESI Scan (3.382 min) Frag=180.0V pw2-ME-positive-01.d
14
261.1397
12
q-
ne-
0.6
B 263 1442
35 2% 257 258 259 2 e 2 s B e (2 264 /5 266 267 768
Elemental Composition Calculator
Target m/z: 2611397 Result type: Positive 10108 Species: [M+H]
Elements:

C (0-80): H (0-120): O (0-30) : N(0-5) : F(0-5)

Ion Formula

Calcalated m/z PPM Error

C15H18FN20

261.1398 0.44
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"H NMR spectra of compound 11
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HRMS spectrum of compound 11

w405 |*ES! Scan (4,147 mim) Frag=160.0V PW3-MS-positive-01.d
22
z
18 2771404
1.6
1.4
13
1.
. 8-
2781073
BB 269 290 PM 292 293 2 096 7 1&7 F 295 280 Zai 282 283 Pad 285 a6 287
Counts ws. Mass-10-Charge {m/iz)
Elemental Composition Calculator
Target m/z: 277.1101 Result type: Positive 10ns Species: [M+H]
Elements: C (0-80); H (0-120): O (0-30) ; N(0-3) : CL{0-5)
Ion Formula Calcalated m/z PPM Ervor
C15H18CIN20O 277.1102 0.55
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"H NMR spectra of compound 1m
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HRMS spectrum of compound 1m
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Elemental Composition Calculator
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Target m/z: 279.1301

Result type:

Positive 1ons

Species:

[M+H]

Elements:

C (0-80); H (0-120); O (0-30): N (0-5) :F (0-5)

Ion Formula

Calcalated m/z

PPM Error

C15H17F2ZN20

279.1303

0.76
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"H NMR spectra of compound 1n
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HRMS spectrum of compound 1n

1= [+ESI Scan (3:207 min) Frag=160.0V 46-2-1-positive-01.d
2731304
12
1
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2801327
0.5
0 L L
275 2 275 276 247 2 is 2 Bhassto B el 753 284 285 286
Elemental Compeosition Calculator
Target m/z: 279.1304 Result tyvpe: Positive ions Species: [M+H]
Elements:

C (0-80); H (0-120): O (0-30) : N(0-5): F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C15HI1T7FZN2O

279.1303
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"H NMR spectra of compound 10
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HRMS spectrum of compound 10
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arget mz: | 2571647

Result type: Positive ions

Species:

[M+H]

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5)

Ion Formula

Calcalated m/z

PPM Error

C16H2IN2O

257.1648

0.66
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"H NMR spectra of compound 1p
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HRMS spectrum of compound 1p

x105 [*ESI Scan {3,880 min) Frag=160.0W 49-2-positive-01.4
2751565
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(i} L L
268 290 2 292 a7 274 Gnunmﬂustusstgzglqe Em-'r:l?” R 7 1] 281 282
Elemental Composition Calculator
Target m/z: 3751555 Result tyvpe: Positive 1ons Species: [M+H]
Elements: C (0-80); H (0-120): O (0-30) : N(0-5); F(0-5)

Ion Formula

Calcalated m/z PPM Error

C16H20FN2ZO

2751554

-0.12
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"H NMR spectra of compound 1q
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HRMS spectrum of compound 1q

w10% [+ES! Scan (5.428 min) Frag=180.0V pwi-ME-positive-01.d
0.9
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271.1806
o
{1.6-
1.5-
0.4
0.3- 265 1648 272184
265 266 267 268 269 Dy s 2 s e T 274 275 e 21 278
Elemental Compeosition Calculator
Target m/z: 2711806 Result tvpe: Positive 1ons Species: M+H]
Elements: C (0-80): H (0-120): O (0-30) : N(0-5)
Ion Formula Calcalated m/z PPM Error
C17H23N20 271.1805 -0.47
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"H NMR spectra of compound 1r
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HRMS spectrum of compound 1r

10 = [*ES1 Scan (31854 min) Frag=160.0V PWE-MS-positve-01.d
ad
28
26
o 2751555
23
2
18
16
1.4
12
1
0.8 2761582
Elemental Composition Calculator
Target m/z: 275.1555 Result type: Positive 1003 Species: [M+H]
Elements: C (0-80); H(0-120): O (0-30) ; N(0-5) : F(0-3)
Ion Formula Calcalated m/z PPM Error
C16H20FN2O 2751554 -0.15
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"H NMR spectra of compound 1s
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HRMS spectrum of compound 1s

405 [*EBI Saan (3,633 min) Frag=160.0 2 2 3 pocitve 01.d
22 275 1565
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268 270 21 272 275 ??l‘(:mlnl‘i uz?aasﬂ.h('i::lf:gz (mbf?? 2R 21 280 281 282
Elemental Composition Calculator
Target m/z: 2751555 Result tvpe: Positrve 1ons Species: [M+H]
Elements: C (0-80): H (0-120): O (0-30) : N(0-5): F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C16H20FN2O

2751554

-0.24
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"H NMR spectra of compound 1t
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HRMS spectrum of compound 1t

{04 [+ESI Scan {4.210 min] Frag=160.00 PW3-MS5-positive-01.d
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a7  29% 244 795 206 297 28R 299 00 Abd
Counts vs. Mass-to-Charge (miz)

Elemental Composition Calculator

Target m/z: 2911257 Result type: Positive 1ons Species: [WV+H]"

Elements: C (0-80); H (0-120); O (0-30); N (0-5)

Ion Formula Calcalated m/'z PPM Error

C16H20CIN2O 291:1259 0.55
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"H NMR spectra of compound 1v
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HRMS spectrum of compound 1v

w1005 [*ES! Scan (3.228 min) Frag=160.0V pwd-ME-positive-01.d
45-
A
A5 366, 178E
a.
25
2.
18- 367.1620
360 362 363 i sescmm \?fei.uw.u?&?,c - c“”;ags 369 7] ER R 372 ERE]
Elemental Composition Calculator
Target m/z: 366.1788 Result type: Positive 1ons Species: [M+Na]"
Elements: C (0-80): H (0-120): O (0-30); N(0-5): Na (0-5)
Ion Formula Calculated m/z PPM Error
C19H25N3Na03 366.1738 0.03
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"H NMR spectra of compound 1x
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HRMS spectrum of compound 1x

%105 |*ES! Scan (2,603 min} Frag=160.00 PW2-M5-posiive-11.d

3.2

28
26
34
23

1.6
14

12

234 1936

235 1381

L] 225 FET FLE] 233

Elemental Composition Calculator

3% o8, Fi
Ciounts vs. Mass-to-Charge (miz)

2356

FLT) 250 20 2

Target m/z: 234.1236 Result tvpe:

Positive 10ns

Species: [M+H]

Elements:

C (0-80): H (0-120): O (0-30): N (0-5)

Ion Formula

Calcalated m/z

PPM Error

CI12H16N302

234.1237

0.45
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"H NMR spectra of compound 4
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HRMS spectrum of compound 4

w10® |*ES| Scan (3,126 min) Frag=160.0 pwi-MS-positive-01.d
23
.
18- 3751816
18-
14
12
i-
il 3761837
369 370 3 372 37 T W) I 378 379 380 381 382
Elemental Composition Calculator
Target m/z: 3175 1816 Result tvpe: Positive 1ons Species: [M+H]
Elements: C (0-80): H (0-120): O (0-30) : N(0-5)
Ion Formula Calcalated m/z PPM Error
C22H23N402 375.1816 -0.23
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"H NMR spectra of compound 3a
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HRMS spectrum of compound 3a

s [*ES! Scan (4,073 min) Frag=160.0V 24-3-M3-positvative-01.d
3
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X
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1.5
14
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- n 1
335. 336 337 338 339 3t S Wammr B (2 344 345 336 347 348
Elemental Composition Calculator
Target m/z: 341.1860 Result type: Positive 1ons Species: M+H]
Elements:

C (0-80): H (0-120); O (0-30) : N(0-5)

Ion Formula

Calcalated m/z PPM Error

C20H25N203

341.1860 -0.09
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"H NMR spectra of compound 3b
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HRMS spectrum of compound 3b

40 3 |+ESI Scan (5.225 min) Frag=160.0v PW-16-MS-positive-01.d
23 3552014
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u 3 Counts vs. Mass—ms-?:harge %mfz} 3 360

Elemental Composition Calculator

Target m/z: 355.2014 Result type: Positive 10ns Species: [M+H]"
Elements: C (0-80); H (0-120); O (0-30) ;: N(0-3)
Ion Formula Calcalated m/z PPM Error
C21H27TN203 355.2016 0.71
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"H NMR spectra of compound 3¢
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HRMS spectrum of compound 3¢

105 [*E5I Boan (3888 min} Frog—180.00 H12 3 ME positive H.d

2.2+

0.8
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387 3971

Elemental

a2

573 3074 05
Counts ve. Maee to-Charge {miz)

Composition Calculator

3978 3927 3978 3979

Target m/z: 397.2486

Result type:

Positive 10ns

Species: [M+H]

Elements:

C (0-80): H (0-120); O (0-30) : N(0-3)

Ion Formula

Calcalated m/z

PPM Error

C24H33N203

397.2486

0.02
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"H NMR spectra of compound 3d
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HRMS spectrum of compound 3d

w10 5
1.8+

1.6
1.4
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0.8
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0.2

+ES| Scan (2.916 min) Frag=160.0V H43-3-MS-positive-01.d

3931783

3941807

388 389 390

3 395

392 383 304
Counts vs. Mass-to-Charge (m'z)

Elemental Composition Calculator

396 397 398 399

Target m/z: 393.1783

Result type: Positive 10ns

Species: [M+Na]”

Elements:

C (0-30): H (0-120): O (0-30)

- N(0-5); Na (0-5)

Ion Formula

Calculated m/z

PPM Error

C21H26N2NaO4

393.1785

0.46
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"H NMR spectra of compound 3e
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F NMR spectra of compound 3e
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HRMS spectrum of compound 3e
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w10 5 [+ES! Scan (3,898 min) Frag=160.0V H38-3C-MS-positive-01.d

1.8 3501758
16
1.4
12

1-
0.8
0.6-
0.4 360.1782
0.2

0- Ii s 1

a2z 353 e 2 363 364 365 366
Elemental Composition Calculator
Target m/z: 3591758 Result type: Positive 10ns Species: [M+H]™
Elements: C (0-80): H (0-120); O (0-30) : N(0-5) : F(0-5)
Ion Formula Calcalated m/z PPM Error
C20H24FN203 3591765 2.01
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"H NMR spectra of compound 3f
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HRMS spectrum of compound 3f

+ES| Scan {4,836 min) Frag=160.0V pwl4-M5-positie-01.d

x10%
5.5
5.
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35-
3_
25-
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w6 367 36 e o w2 w0 g W wie 9 ah o 39 g B ok ok 38 o
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Elemental Composition Calculator
Target m/z: 751469 Result tvpe: Positive ions Species: [M+H]

Elements:

C (0-80): H (0-120): O (0-30)

- N(0-5) : C(0-5)

Ion Formula

Calcalated m/z

PPM Error

C20H24CIN2

Q3

375.1470

0.13
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"H NMR spectra of compound 3g
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HRMS spectrum of compound 3g
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Composition Calculator

420 4201

Target m/z: 419.0967

Result tvpe:

Positive ions

Species:

[M+H]

Elements:

C (0-80): H (0-120): O (0-30)

1 N(0-5) Br(0-3)

Ion Formula

Calcalated m/z

PPM Error

C20H24BrN203

419.0965

-0.53
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"H NMR spectra of compound 3h
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F NMR spectra of compound 3h
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Elemental Composition Calculator

432

Target m/z:

425.1682

Result type:

Positrve 10ns

Species:

[M+H]

Elements:

C (0-80): H (0-120); O (0-30) : N(0-5) : F{0-5)

Ion Formula

Calcalated m/z

PPM Error

C21H24F3N204

425.1683

0.11
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"H NMR spectra of compound 3i
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F NMR spectra of compound 3i

2
E‘U ll[] (3 -10 -éU -?:U -‘IIU -%U -éO —}U -éU -Br(] -lIUO -1'10 -1[20 -1‘30 -1‘40 -1‘50 -1!60 -1‘70 -1‘80 -1‘90 -2‘00 -2‘10 -Zri
£1 (ppm)
HRMS spectrum of compound 3i
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Elemental Composition Caleulator
Target m/z: 31590 1757 Result tvpe: Positive ions Species: [M+H]
Elements: C (0-80); H (0-120): O (0-30) ; N(0-5) : F(0-5)
Ion Formula Calcalated m/'z PPM Error
C20H24FN203 359.1765 246
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"H NMR spectra of compound 3j
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HRMS spectrum

of compound 3j

%105 |ES! Bcan (4048 min) Frag-160.0V HED 3 30 ME pocitive 0.4
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ourtie vi. Mage-to-Charge {mizh

Elemental Composition Calculator

37645

Target m/z: 3

75 1469 Result type: Positive 10ns Species:

[M+H]

Elements:

C (0-80): H (0-120); O (0-30) : N(0-5) : C1(0-5)

Ion Formula Calcalated m/'z PPM Error

C20H24CIN203 375.1470 037
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"H NMR spectra of compound 3k
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F NMR spectra of compound 3k
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Elemental Composition Calculator

Target m/z: 359.1763 Result type: Positive 10ns Species: [M+H]
Elements: C (0-80): H (0-120); O (0-30) : N(0-5) :F(0-5)
Ion Formula Calcalated m/z PPM Error
C20H24FN203 359.1765 0.75
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"H NMR spectra of compound 31
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HRMS spectrum of compound 31

x10:% [+ES! Scan {4,284 min) Frag=160.0V pw13-ME-paositive-01 d
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Elemental Composition Calculator
Target m/z: 3751470 Result tvpe: Positive 1ons Species: [M+H]
Elements: C (0-80): H (0-120): O (0-30) : N(0-5) : CI(0-5)
Ion Formula Calcalated m/z PPM Error

C20H24CIN203

3751470

-0.11
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"H NMR spectra of compound 3m
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F NMR spectra of compound 3m
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Elemental Compesition Calculator
Target m/z: 377.1669 Result tvpe: Positive 10ns Species: [h+H]
Elements: C (0-80): H (0-120): O (0-30) : N(0-5) : F(0-5)
Ion Formula Calcalated m/z PPM Error
C20H23F2N203 377.1671 0.48
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"H NMR spectra of compound 3n
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13C NMR spectra of compound 3n
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F NMR spectra of compound 3n
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Elemental Composition Calculator
Target m/z: 377.1670 Result tyvpe: Positive 1ons Species: [M+H]
Elements: C (0-80): H(0-120); O (0-30) ; N(0-5) : F(0-5)
Ion Formula Calcalated m/'z PPM Error
C20H23F2N203 377.1671 0.31
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"H NMR spectra of compound 30
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HRMS spectrum of compound 30
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Elemental Composition Calculator
Target m/z: 355 2013 Result tyvpe: Positive 1ons Species: [M+HT
Elements: C (0-80): H (0-120): O (0-30) : N(0-3)
Ion Formula Calcalated m/z PPM Error
C21H2TNZO3 355.2016 0.95
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"H NMR spectra of compound 3p
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F NMR spectra of compound 3p
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Elemental Composition Calculator
Target m/z: 373 1921 Result tvpe: Positive 1ons Species: [M+H]
Elements:

C (0-80); H (0-120); © (0-30) ; N(0-5) ; F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C21H26FN203

373.1922
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"H NMR spectra of compound 3q
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HRMS spectrum of compound 3q
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Elemental Composition Calculator
Target m/z: 369.2175 Result tyvpe: Positive 10ns Species: [M+H]
Elements: C (0-80): H (0-120): O (0-30) : N(0-5)
Ion Formula Calcalated m/'z PPM Error
C22H29NM203 3659.2173 -0.57
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"H NMR spectra of compound 3r
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F NMR spectra of compound 3r
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Elemental Composition Calculator

3680

Target m/z: 373.1924

Result type: Positive ions Species:

MH]

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5) :F(0-5)

Ion Formula

Calcalated m/z PPM Error

C21H26FN2032

3731922 -0.6
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"H NMR spectra of compound 3s
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F NMR spectra of compound 3s
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W e w0 wn R g s W W e W
Elemental Compesition Calculator
Target m/z: 373.1919 Result type: Positive 1ons Species: [M+HH]
Elements:

C (0-80): H(0-120); O (0-30) : N(0-5) : F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C21H26FN203

373:1922

0.76
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"H NMR spectra of compound 3t

€11
€11
pT'T
11
€e'l
pE'T
SE'T
051
151
167
z6'1
Z6'1
€61
€6'T
56T
96'T1
96T
052
ommy
052y
152
1677
zs'2
b5z
55
5574
g9z
98]
(87
68C
8rE
1€

J
— 80t
2 60€

L

= Py

=507
] yosz
= 01

A

—— =85

— el

—— {50

huw =00'T

uubfwmo

9.5 9.0 8.5 8.0 73 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 20 1.5 1.0 0.5 0.0 0.5 -1.0 =15 =24
f1 (ppm)

10.0

13C NMR spectra of compound 3t

EbT—
AN
roel
ﬁqmm
el

09—

Ll

ETad:
AN
mmﬂﬁy
AR
91217
Tt

THET
mmmﬁ“
0'€el

THeT—

§'LT—

-10

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

190



HRMS spectrum of compound 3t
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Elemental Compesition Calculator

a87

J8E fi: 1]

Target m/z: 389.1625

Result tyvpe: Positive 1015 Species:

[M+H]

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5) : CI(0-5)

Ion Formula

Calcalated m/'z PPM Error

C21H26CIN203

389.1626
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"H NMR spectra of compound 3u

8€'9
'S
v
ST
Ay
Ve
St
b
mv,nw
£6L~
%L

] —

!

—— =70

1

/85T

— .

S5

% hzeT
LR

3 Ry

= =00'c

|
"m_ F60'7

zcQ'T
=C0T

——
H_ )
- Fagt

EtO

7.5

-1.0 =15

-0.5

EPT—

0.0

£hT
LSe—
ad

0.5

1.0

1.5

2.0

£09—

2.5

3.0

Ll

4.0 3.5
f1 (ppm)

45

5.0

g811
ST
v
8T
T
m,mﬁ\
ST
ZEET—
ZorT"
T

6.0 5.5

6.5

7.0

8%5T—

8.0

91—

8.5

9.0

13C NMR spectra of compound 3u

9.5

Q

EtO

I

-10

180 170 160 150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10
f1 (ppm)

190



HRMS spectrum of compound 3u
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Elemental

Composition Calculator

an 332 333 334

Target m/z:

3271704

Result tvpe:

Positive 1ons

Species: [M+HT

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5)

Ion Formula

Calcalated m/'z

PPM Error

C19H23N203

327.1703

-0.32

128




"H NMR spectra of compound 3v
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HRMS spectrum of compound 3v

s+ [*ES| Scan (3.508 min) Frag=160.0V boc3-MS-positivetive-01.d
4.5-
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=
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2.
154 459 2554 485 2167 4722427
456 487 453 488 460 461 462 ag-m A4 465 -i(f:s 457 46 48 4T 4H 4R 4B
wils v, Meme-lu-Cles g (mfc)
Elemental Composition Calculator
Target m/z: 464 2156 Result type: Positive 1ons Species: [M+Na]™
Elements: C (0-80): H (0-120): O (0-30): N(0-3); Na (0-5)
Ion Formula Calculated m/z PPM Error
C24H31N3Na0s 464.2156 -0.07
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"H NMR spectra of compound 3w
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HRMS spectrum of compound 3w

i [*ES! Scan (5.244 min) Frag=185.0V PANGE-3-MS-posiive-01.d
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o L I L 1
453 4% 4G5 dGe 47 4S8 450 A0 401 462 dB3 ABY 465 AG6 dG7T 468 460 4A0 4TI 472 43 AV 475 476 47T
Elemental Composition Calculator
Target m/z: 464 2158 Result tyvpe: Positive 10ns Species: [M+Na]*
Elements: C (0-80); H (0-120): O (0-30) N(0-5): Na (0-3)
Ion Formula Calculated m/z PPM Error
C24H31N3Na035 464.2156 -0.44
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"H NMR spectra of compound 3x
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HRMS spectrum of compound 3x

105 |*EBI Bean (2,907 min) Frag—180.0¢ HE? 3 MS pasitive 01 d
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Counie ve. Mass o Change miz)

Elemental Composition Calculator

Target m/z: 332 1602 Result type: Positive 10ns Species: [M+HT

Elements: C (0-80): H (0-120): O (0-30) : N(0-3)

Ion Formula Calcalated m/'z PPM Error

C17H2IN304 332.1605 0.88

134



"H NMR spectra of compound 3y
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HRMS spectrum of compound 3y
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Elemental Composition Calculator
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Target m/z:

[¥¥]
(W]

7.1549

Result tvpe:

Positive 10ns

Species: [b+HT

Elements:

C (0-80): H(0-120): O (0-30) : N{0-5)

Ion Formula

Calcalated m/z

PPM Error

C20H21N203

337.1547

-0.71
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"H NMR spectra of compound 3aa
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HRMS spectrum of compound 3aa
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Elemental Composition Calculator

320

Target m/z: 313.1547

Result tvpe:

Positrve 1005 Species:

[M+HT

Elements:

C (0-80): H (0-120): O (0-30) ; N(0-5)

Ion Formula

Calcalated m/z PPM Error

C18H21N203

313.1547 -0.03
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"H NMR spectra of compound 3ab
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HRMS spectrum of compound 3ab
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Elemental Composition Calculator

395 356 397 30B

399

T

arget m/z: 391.1779

Result type: Positive 1ons

Species: [VM+H]

Elements:

C (0-80): H (0-120): O (0-30)

cN(0-3) : P(0-3)

Ion Formula

Calcalated m/z

PPM Error

C20H28N204P

391.1776

0.67
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"H NMR spectra of compound 3ac
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HRMS spectrum of compound 3ac
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Elemental Composition Calculator

3
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Target m/z: 331.1082

Result tvpe: Positive 1005

Species:

[M+H]

Elements:

C (0-80): H (0-120): O (0-30) : N{0-5)

Ion Formula

Calcalated m/z

PPM Error

C22H23N20

331.1085

0.92
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"H NMR spectra of compound 3ad
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F NMR spectra of compound 3ad
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HRMS spectrum of compound 3ad

«lig [¥ESI Scan (5.200 min) Frag=165.0V PWEE-3F-MS-positive-01.d
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4
3
3501744
2.
1 :343.i1..3-a4
L 1) La Ly
. 343 34 COEE T ‘gs-isMalsm_agu- s ¥z 3% 354 385 956
Elemental Composition Calculator
Target m/z: 3491712 Result type: Positive 1ons Species: [M+H]
Elements: C (0-80): H (0-120): O (0-30) ; N(0-5) : F(0-5)
Ion Formula Calcalated m/z PPM Error
C22H22FN20 3451711 -0.44
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"H NMR spectra of compound 3ae
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HRMS spectrum of compound 3ae

«10% [*ESl Scan (2312 min) Frag=160.0V pw7-ME-positive-01.d
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&7 3% 39 %0 3; 3%z 33 aM 286 986 39 398 399 400 401 4bz 43 404
Cummis v, Mass-u-Clasges (i)
Elemental Composition Calculator
Target m/z: 395 1423 Result tvpe: Positive 10ns Species: [M+H]

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5) : S(0-5)

Ion Formula

Calcalated m/z

PPM Error

C22H23N2038

395.1424

0.16
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"H NMR spectra of compound 3af
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HRMS spectrum of compound 3af

Ea L

1.3-
1.2
1.1

u

0.9

0.7
0.5
0.5-
0.4

+ES| Scan (3,108 min) Frag=160.0% 60-M-M5-positvative-11.d

338.1500

336,153

332 333 334

335 337 33 39 340 341
Cammits v, E’luab—lu-aurw iz}

Elemental Compesition Calculator

342 343 344 345

Target m/z: 338.1500

Result tyvpe: Positive 1ons

Species:

[M+H]

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5)

Ion Formula

Calcalated m/z

PPM Error

CI19H20N303

338.1499

-0.22
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"H NMR spectra of compound 4a
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HRMS spectrum of compound 4a
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Elemental

e i)

Composition Calculator

Target m/z: 4732184

Result tvpe:

Positive ions Species: [pM+H]

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5)

Ion Formula

Calcalated m/z PPM Error

C2TH29N404

473.2183 -0.25
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"H NMR spectra of compound 4b
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HRMS spectrum of compound 4b

A [FESI Bcan (3773 min) Frag=160.0 30-hyx-MS-positivstive-01.d
3.
28
26-
24
5 477.2285
]
18-
1.8
14
1.2
o 4752443 4782312
468 470 47 472 473 474 475 lﬁawr|lb11?Mda:|?}C"wu:]‘talrd <80 481 487 483 <84 485 4356
Elemental Composition Calculator
Target m/z: 477 2785 Result tvpe: Positive 1omns Species: [M+H]™
Elements: C (0-80): H (0-120)%: O {0-30) ; N(0-5)
Ion Formula Calcalated m/z PPM Error
C30H29N402 477.2285 0.07
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"H NMR spectra of compound 4¢
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HRMS spectrum of compound 4¢

10, [*ESI Scan (3.145 min) Frag=160.0V' 30-7p-MS-positive-01.d
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[ ¥ 5 3 [
881 SR 88 5&4 s 666 oy o3 ma0 GG o ﬁ;‘; 562 563 S04 585 GO6 507 G6A
Elemental Composition Calculator
Target m/z: 550 2075 Result type: Positrve 1ons Species: [M+Na]”

Elements:

C (0-80); H (0-120): O (0-30): N(0-5): Na (0-5) : P (0-5)

Ion Formula

Calculated m/z

PPM Error

C28H33N4NaOs5P

559.2081

1.05
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"H NMR spectra of compound 4d
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HRMS spectrum of compound 4d

= [+ES| Scan (2,838 min) Frag=180.0W 30-5-2-M5-positvetive-T .d

=
=
]

5- 4572230

25 458 2278

449 450 451 452 453 454 455 456 el 4 459 460 461 4562 453
Cumnis Ua.ﬁuab—lu-ﬁ‘mw {mlfeh

Elemental Composition Calculator

G4 465 66

Target m/z: 4573236 Result type: Positive 1008 Species:

[M-H]

Elements: C (0-80); H (0-120): O (0-30) : N(0-5)
Ion Formula Calcalated m/z PPM Error
C27H29N403 457.2234 3
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"H NMR spectra of compound 5a
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HRMS spectrum of compound 5a

<ip 5 [*ES| Scan (2.864 min) Frag=160.0V D24-2-MS-positive-01.d

2431480

2441551

2451579

238

239 2400

241 242

Elemental Composition Calculator

243 244 245 246.
Counts vs. Mass-to-Charge (miz)

248 249 250 251

Target m'z:

2441551

Result type:

Positive 1ons

Species: [M+H]

Elements:

C (0-80): H (0-120). © (0-30) : N(0-5) :D(0-5)

Ion Formula

Calcalated m/z

PPM Error

C15HISDN20O

244.1555
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"H NMR spectra of compound 5b
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HRMS spectrum of compound Sb
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Elemental Composition Calculator

262 263

264 265

266

Target m/z: 258.1712

Result tvpe: Positive 1ons

Species:

[M+H]

Elements:

C (0-80): H (0-120): O (0-30) : N{0-5): D(0-5)

Ion Formula

Calcalated m/z

PPM Error

C16H20DN2O

2581711

-0.22
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"H NMR spectra of compound 5d

581
58'1
581
o8]
o871
81
81
{81
81
88T
8871
8871
691
691
8871
067
omi
16T

£9¢
Yot |
pozd
sozd
soz
9971

goed
sge/

189
189
£229
om.mw‘

ETL

H4CO.

N

[22]

i

|

Fas'1
byt
Fs6's

=86'C

80
860
900

4.5 4.0 3.5 3.0 %5 2.0 15 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

5.0

5.5

13C NMR spectra of compound 5d

8.0

9.5

60z
h.mm#
UL
ez

6LE—

L'85—

CEL—

L0071
_\..Ooﬂv

e0rT~
LB

ERT7
m.mmﬁ\
el

£'P5T
m,vmﬁv

H4CO.

[22]

-10

a0 80 70 60 50 40 30 20 10
f1 (ppm)

100

180 170 160 150 140 130 120

190

161



HRMS spectrum of compound 5d
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Elemental
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Gty . Masa-te-Chage fuld

Composition Calculator

7435 2744 27445 2745

Target m/z: 274.1655

Result tvpe:

Positive 10ns

Species: [M+H]

Elements:

C (0-80): H (0-120); O (0-30)

- N(0-5) : D(0-5)

Ion Formula

Calcalated m/z

PPM Error

C16H19DN202

2741660

1.89
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"H NMR spectra of compound 5e
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HRMS spectrum of compound Se
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+ES| Scan [3.192 min} Frag=160.0V PW18-MS-positive-01 d
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Elemental Composition Calculator

Target m/z: 252.1459

Result tvpe: Positive 1ons Species: [v+H]™

Elements:

C (0-80): H (0-120): O (0-30) : N(0-5) : D(0-5) : F(0-5)

Ion Formula

Calcalated m/z PPM Error

C15H17DFEN20

262.1460 0.40
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"H NMR spectra of compound 5g
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HRMS spectrum of compound 5g

20 ¥ LaS] L (3188 H0) FrasslS0 OF DN-I-Tpesizivel &

L& m
1L.#
1LH

y
o
o
[
o+

“ | i1

21 -4 s 1 e L. 9 nLes oz mcs Xzl s ima s iz ™ E 1z 4 X545 3m=s a3 b= 1
i 5 SR (e
Elemental Composition Calculator
Target m/z: 322 0652 Result type: Positive 1ons Species: [M+H]"
Elements: C (0-80): H (0-120); O (0-30) : N(0-5)

Ion Formula

Calcalated m/z

PPM Error

C28H38NO10

322.066

352
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"H NMR spectra of compound 5h
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HRMS spectrum of compound Sh
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Elemental Composition Calculator

Target m/z: 328.1377

Result type: Positive ions Species: [M+H]T

Elements:

C (0-80); H (0-120); O (0-30) ; N(0-5) : D{0-3) : F(0-5)

Ion Formula

Calcalated m/z PPM Error

C16H17DF3N202

328.1378 0.14
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"H NMR spectra of compound 5i
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HRMS spectrum of compound 5i

X105 +ESl Sxan (2848 min) Frag—180.00 [4E 2 M5 positive 0.4
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Elemental

261 262 263 264 265
Counts vs. Mass-to-Charge (miz)

Composition Calculator

266 267 268 260

Target miz: | 262.1454

Result tvpe:

Positive 10ns

Species: M+H]

Elements:

C (0-80): H(0-120): O (0-30) : N(0-3) : D(0-5) : F(0-3)

Ion Formula

Calcalated m/z

PPM Error

CI5H17DFN20

262.1460
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"H NMR spectra of compound 5m
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HRMS spectrum of compound Sm

<105 [*ESI Scan (2893 min) Frag=160.0V D46-2-2-M5-positive-01.d
24
232 JRA 15E0
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2794 s 2.8 27 7R 799 i_LFSD asln C'L?m,( |I faﬂ-.‘l 2804 2805 2806 2B0T 2808 2809
S va. Mana-so-Clianys s
Elemental Compesition Calculator
Target m/z: 280.1360 Result type: Positive 1ons Species: [M+H]
Elements: C (0-80); H (0-120): O (0-30) : N(0-5) : D(0-5) : F(0-5)
Ion Formula Calcalated m/z PPM Error
C15H16DF2N20 280.1366 238
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"H NMR spectra of compound 5n
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HRMS spectrum of compound Sn

%105 |*ES! Scan (2823 min} Frag=160.0Y D46-2-1-M5-posiive-01.d
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Elemental Composition Calculator

2806 2807 2808 ZB09

Target m/z: 280.1362

Result type: Positive 1ons

Species: [M+HT

Elements:

C (0-80): H(0-120); O (0-30) : N(0-5)

) - D(0-5) : F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C15H16DF2N20

280.1366
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"H NMR spectra of compound 50
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HRMS spectrum of compound S0

x105 #ES1 Scan (3173 ming Frag=16000V D53-2-ME-positee-01 dl
4
35 258.1703
3
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2
15
1
05
o I
258,06 258.08 2581 25812 25814 Czlflilﬂ;l-l E; Mag?;i?;gh\ugn c?mraﬂ:‘? 25822 25824 25826 258 78 2583
Elemental Compeosition Caleculator
Target m/z: 2581703 Result type: Positive 10ns Species: [M+H]"
Elements: C (0-80); H (0-120); O (0-30) : N{0-5) ; D(0-5)
Ion Formula Calcalated m/z PPM Error
C16H20DN20O 258.1711 3.11
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"H NMR spectra of compound 5p
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HRMS spectrum of compound Sp
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Elemental Composition Calculator

Target m/z: 276.1611

Result tvpe: Positive 1ons

Species:

[M+H]

Elements:

C (0-80); H (0-120); © (0-30) : N(0-5) : D(0-5) : F(0-5)

Ion Formula

Calcalated m/z

PPM Error

C16H19DFN2O

276.1617

2.07
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"H NMR spectra of compound 5u

057
157
£SZ

PSZ Y
9571
&7y
607
v |
ogzy,
192
zecdf
567
567
%67

6%

mm&
sz
L0E

N
\

\N\r

D
199] ©

L

ooz
Foo'T

b

-1.0

-0.5

3.0 2.5 2.0 1.5 1.0 0.5

3.5

70 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

7.5

8.3

9.0

2.5

100

13C NMR spectra of compound 5u

ThT~
99z~
6Lz

8eE—

ELi—

QETTy
m,m:/
m,ﬁwﬁ/
h,ﬁmﬁp\n
[oR A

m,mmﬁ.\

EeET—
8T —

E:EST=

o

=

=

=

=

o

a

o

@

o

g

=]

A

=)

B

=

=

o

]
£ =

o8 o~

52
= —
pre)

=

=]

=

o

=

=

o

=

=

o

@

=

=)

=

=

=)

A

=

o

]

-

o

=

5

180

190



HRMS spectrum of compound Su

«10% |*ES| Scan (3.3 min) Frag=180.0V DBD-2-MS-positivetive-02.4
24
224
il 230.1358
1.8+
1.6
S EFLRLLY
17
§-
0.8 2311430
234 225 276 27 278 T T 233 73 235, 236 BT
Elemental Composition Calculator
Target m/z: 230.1398 Result tyvpe: Positive 1ons Species: [pM+H]
Elements: C (0-80); H (0-120): © (0-30) : N(0-5); D(0-3)
Ion Formula Calcalated m/z PPM Error
Cl14H16DN2O 230.1398 0.04

180




"H NMR spectra of compound 5y
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HRMS spectrum of compound Sy

<EE&I Boan (2701 min} Frag—160.08 DER 2 MS positree 0.l

241130

242 1334
240 1327

23 23 2400 41 4
G 8 Counts vs ﬁnns;u.mhgufa (miz)

Elemental Composition Calculator

243 244

Target m/z: 2411301

Result tvpe: Positive ions

Species: [MHH]

Elements:

C (0-80); H (0-120): O (0-30)

- N(0-5) : D(0-3)

Ion Formula

Calcalated m/'z

PPM Error

C15HI13D2N20

241.1304
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"H NMR spectra of compound 3u’
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HRMS spectrum of compound 3u’

4D £ |51 Scan (4.858 min) Frag=160.0v 60-4--MS-negative-01.d

0-! il

226.0876

2T 00

220 221 223

223 224

225 226 227 228
Counts vs. Mass-to-Charge (miz)

Elemental Composition Calculator

229

230 231 232 233

Target m/z: 226.0876

Result type: Negative 10ns

Species: [WM-H]

Elements:

C (0-80): H (0-120): O (0-30): N(0-5)

Ion Formula

Calculated m/z

PPM Error

Cl4HI12INO2

226.0874

-1.0
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"H NMR spectra of compound 5y’

8.10
8.10
8.09
8.08
8.05
743
742
726
726
725

i
5
L

| |
e kel - N MG i
A L
W M ay M~
Ui @ o
P o —
95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
13 9
C NMR spectra of compound Sy
Mmoo oMo T &
& HpRa S &
— — o — M~
| SN | |
[99]I>I
5y'
| |- 4
190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0 -10

a0
f1 (ppm)

185



HRMS spectrum of compound 5y’

40 & |-ES! Scan (3.228 min) Frag=160.0v D58-1-MS-negative-01.d
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m

Elemental Composition Calculator

Target m/z:

168.0787

Result tvpe:

Negative ions

Species:

[M-H]

Elements:

C (0-80): H({0-120); O (0-30

J: N(0D-5): D(0-3)

Ion Formula

Calculated m/z

PPM Error

C12HG6D2N

168.0788

032
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4. X-ray Crystallographic Analysis of 3p

Crystallographic data have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC Number: 2025858.

F1
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Table S6 Crystal data and structure refinement for 3p.

Bond precision: C-C=0.0027 A Wavelength=1.54178

Cell: a=10.4277 (3) b =28.5846 (2) c=22.3869 (5)
alpha=90 beta=98.044 (1) gamma=90

Temperature: 170 K
Calculated Reported

Volume 1984.31 (9) 1984.30 (9)

Space group P21/n P12I/m1

Hall group -P 2yn -P 2yn

Moiety formula C21H25FN203 C21H25FN203

Sum formula C21H25FN203 C21H25FN203

Mr 372.43 372.43

Dx,g cm™ 1.247 1.247

Z 4 4

Mu (mm™) 0.738 0.738

F000 792.0 792.0

F000’ 794.53

h,k,Imax 12,9, 26 12,9, 25

Nref 3257 3203

Tmin, Tmax 0.876, 0.915 0.647,0.754

Tmin’ 0.869

Correction method= # Reported T Limits: Tmin=0.647 Tmax=0.754

AbsCorr = MULTI-SCAN

Data completeness = 0.983

Theta (max) = 63.675

R (reflections) = 0.0483 (2738)

wR2 (reflections) = 0.1354 (3203)

S =1.040

Npar= 294
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