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1. General information and starting materials

N-substituted-7-azaindoles' and cyclopropanols® were prepared according to the reported procedures.
Other reagents and solvents were obtained from commercial suppliers and used without further
purification unless otherwise noted. All reactions were carried out using Schlenk techniques or in a
nitrogen-filled glovebox. NMR spectra were recorded on the Bruker spectrometer in CDCIs at room
temperature. '"H NMR (500 MHz or 600 MHz) chemical shifts (§) were referenced to internal
standard TMS (6 = 0.00 ppm), and *C{'H} NMR (126 MHz or 151 MHz) chemical shifts were
referenced to internal solvent CDCIz (6 = 77.16 ppm) and chemical shifts are reported as parts per
million (ppm). Resonance patterns are reported with the notations s (singlet), d (doublet), dd (doublet
of doublets), t (triplet), q (quartet), quint (quintet), sext (sextet), and m (multiplet). Coupling
constants (J) are reported in hertz (Hz). HRMS data were recorded on a JEOL JMS-600 spectrometer
with electron spray ionization (ESI) source. The melting points were uncorrected. Products were
purified by flash column chromatography on silica gel (200-300 mesh) with freshly distilled ethyl
acetate (EA) and petroleum ether (PE).

2. General procedure for the synthesis of 3

To an oven-dried sealed tube charged with N-phenyl-7-azaindole 1a (38.8 mg, 0.2 mmol),
[RhCp*Cl2]2 (5 mg, 4 mol %), CsOAc (7.6 mg, 20 mol %), and Cu(OAc)2H20 (80 mg, 0.4 mmol)
were added 1-benzylcyclopropanol 2a (44.5 mg, 0.3 mmol) and methanol (1 mL) at room
temperature. The reaction mixture was allowed to stir in an oil bath at 50 °C for 4 h. Then the
reaction mixture was diluted with EtOAc (5 mL) and concentrated in vacuo. The residue was purified

by flash column chromatography (PE/EA = 15:1) to afford 58.5 mg of 3a in 86% yield.
3. General procedure for the synthesis of 4

To an oven-dried sealed tube charged with
3-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylpropan-1-one 3f (65.2 mg, 0.2 mmol), and
Cu(OAc)2 (109 mg, 0.6 mmol) was added anhydrous toluene (I mL) at room temperature. The
reaction mixture was allowed to stir in an oil bath at 130 °C under N2 for 2 h. Then the reaction
mixture was diluted with EtOAc (5 mL) and concentrated in vacuo. The residue was purified by flash

column chromatography (PE/EA = 20:1) to afford the product 4a as an orange solid (37.4 mg, 58%).
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4. Gram-scale synthesis of 3a

To a 100 mL round-bottomed flask charged with N-phenyl-7-azaindole 1a (776 mg, 4 mmol),
[RhCp*Cl2]2 (99 mg, 4 mol %), CsOAc (154 mg, 20 mol %), and Cu(OAc)2H20 (1.6 g, 8 mmol)
were added 1-benzylcyclopropanol 2a (890 mg, 6 mmol) and methanol (20 mL) at room temperature.
The reaction mixture was allowed to stir in an oil bath at 50 °C for 12 h. Then the reaction mixture
was diluted with EtOAc (60 mL) and concentrated in vacuo. The residue was purified by flash
column chromatography (PE/EA = 15:1) to afford 3a (1.02 g, 75%) as a colorless oil.

5. Optimization of reaction conditions

Table S1. Screening of other metal catalyst?
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@Reaction condition: 1a (0.2 mmol), 2a (0.3 mmol), catalyst (4 mol %),
CsOAc (20 mol %) and Cu(OAc), H,0 (2 equiv) in MeOH (1 mL) in a sealed
tube at 50 °C under N, for 4 h. PIsolated yield.
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6. Preliminary mechanism studies

(a) H/D exchange experiment

B [CP*RACl), (4mol %) ||
[0)
NN CsOAc (20 mol %) NN up
H Cu(OAc)zH0 (2 equiv)  H/D
CD;0D, 50°C, 4 h
50% deuterium
1a 1a-d,, 99% yield

(a) H/D exchange experiment: To an oven-dried sealed tube charged with N-phenyl-7-azaindole 1a
(38.8 mg, 0.2 mmol), [RhCp*Cl2]2 (5§ mg, 4 mol %), CsOAc (7.6 mg, 20 mol %), and Cu(OAc)2H20
(80 mg, 0.4 mmol) were added 1-benzylcyclopropanol 2a (44.5 mg, 0.3 mmol) and methanol-Da (1
mL) at room temperature. The reaction mixture was allowed to stir in an oil bath at 50 °C for 4 h.
Then the reaction mixture was diluted with EtOAc (5 mL) and concentrated in vacuo. The residue
was purified by flash column chromatography (PE/EA = 15:1) to afford deutrio-1a in 99% yield. 'H
NMR (500 MHz, CDCls) 6 8.40 (dd, J = 4.7, 1.5 Hz, 1H), 7.98 (dd, J = 7.8, 1.6 Hz, 1H), 7.80-7.75
(m, 1H), 7.56-7.47 (m, 3H), 7.36-7.33 (m, 1H), 7.14 (dd, J = 7.8, 4.7 Hz, 1H), 6.64 (d, J = 3.6 Hz,
1H).
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(b) Intermolecular competition experiment

| N o}
[Cp*RNhCl5], (4 mol %) Z~N

1a HOKBn CsOAc (20 mol %) N Bn
. .
1amd Cu(OAc)yH,0 (2 equiv) /D
5 2 D/H
a MeOH, 50 °C, 20 min
H/D
KIE = 1.63 D/H

3a or 3a-dy, 36% yield

(b) Intermolecular competition experiment: To an oven-dried sealed tube charged with the
mixture of N-phenyl-7-azaindole 1a (19.4 mg, 0.1 mmol), 1a-ds (19.9 mg, 0.1 mmol), [RhCp*Cl2]2
(5 mg, 4 mol %), CsOAc (7.6 mg, 20 mol %), and Cu(OAc)2H20 (80 mg, 0.4 mmol) were added
1-benzylcyclopropanol 2a (44.5 mg, 0.3 mmol) and methanol (1 mL) at room temperature. The
reaction mixture was allowed to stir in an oil bath at 50 °C for 20 min. Then the reaction mixture was
diluted with EtOAc (5 mL) and concentrated in vacuo. The residue was purified by flash column
chromatography (PE/EA = 15:1) to afford deutrio-3a in 36% yield. '"H NMR (500 MHz, CDCl3) §
8.19 (dd, J=4.7, 1.5 Hz, 1H), 7.90 (dd, J = 7.8, 1.5 Hz, 1H), 7.31-7.24 (m, 1.86H), 7.21-7.10 (m,
5H), 7.03 (dd, J = 7.8, 4.7 Hz, 1H), 6.90 (dd, J = 7.6, 1.5 Hz, 2H), 6.53 (d, J = 3.5 Hz, 1H), 3.35 (s,
2H), 2.60 (t, J="7.6 Hz, 2H), 2.43 (t, /= 7.6 Hz, 2H).
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(c) Deuterium incorporation experiment
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(c) Deuterium incorporation experiment: To an oven-dried sealed tube charged with 1a-ds (39.8
mg, 0.2 mmol), [RhCp*CL]2 (5 mg, 4 mol %), CsOAc (7.6 mg, 20 mol %), and Cu(OAc)2H20 (80
mg, 0.4 mmol) were added 1-benzylcyclopropanol 2a (44.5 mg, 0.3 mmol) and methanol (1 mL) at
room temperature. The reaction mixture was allowed to stir in an oil bath at 50 °C for 4 h. Then the
reaction mixture was diluted with EtOAc (5 mL) and concentrated in vacuo. The residue was purified
by flash column chromatography (PE/EA = 15:1) to afford 3a-d4 in 84% yield. '"H NMR (500 MHz,
CDCl3) 0 8.26 (d, J = 4.6 Hz, 1H), 7.99-7.94 (m, 1H), 7.24-7.19 (m, 3H), 7.18-7.17 (m, 1H), 7.09 (dd,
J=1.8,4.7Hz, 1H), 6.97 (d, J = 6.8 Hz, 2H), 6.59 (d, J = 3.5 Hz, 1H), 3.41 (s, 2H), 2.66 (t, J = 7.6
Hz, 2H), 2.49 (t, J = 7.6 Hz, 2H).
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7. Characterization data of products

4-(2-(1H-pyrrolo[2,3-b]|pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3a)

D 3
“ N

N Bn

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 86% yield;

'"H NMR (500 MHz, CDCls): 6 8.27 (d, J = 3.6 Hz, 1H), 7.97 (dd, J= 7.8, 0.9 Hz, 1H), 7.39-7.31 (m,
3H), 7.28-7.18 (m, 5H), 7.10 (dd, J = 7.8, 4.7 Hz, 1H), 6.98 (d, J = 6.4 Hz, 2H), 6.60 (d, J = 3.4 Hz,
1H), 3.42 (s, 2H), 2.67 (t, J = 7.6 Hz, 2H), 2.50 (t, J = 7.6 Hz, 2H);

13C NMR (126 MHz, CDCl3): § 207.2, 148.6, 143.8, 139.1, 137.0, 134.1, 130.4, 129.5, 129.4, 129.2,
129.0, 128.8, 127.5, 127.0, 120.6, 116.4, 101.2, 50.1, 42.3, 25.9 (one signal was overlapped by other
ones);

HRMS (ESI) caled for C2sH2iN20 [M + H]* 341.1648, found 341.1645.

4-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-(p-tolyl)butan-2-one (3b)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 88% yield;

'"H NMR (500 MHz, CDCl3): 6 8.27 (dd, J = 4.7, 1.4 Hz, 1H), 7.97 (dd, J = 7.8, 1.5 Hz, 1H),
7.38-7.31 (m, 3H), 7.29-7.26 (m, 1H), 7.19 (d, J = 3.5 Hz, 1H), 7.10 (dd, J = 7.8, 4.7 Hz, 1H), 7.04
(d, J=17.8 Hz, 2H), 6.86 (d, J = 7.9 Hz, 2H), 6.60 (d, J = 3.5 Hz, 1H), 3.38 (s, 2H), 2.66 (t,J = 7.7
Hz, 2H), 2.48 (t, J=7.7 Hz, 2H), 2.31 (s, 3H);

13C NMR (126 MHz, CDCl3): 6 207.5, 148.6, 143.9, 139.1, 137.0, 136.6, 131.0, 130.4, 129.5, 129.5,
129.3,129.2, 129.0, 127.5, 120.6, 116.4, 101.2, 49.7, 42.2, 25.9, 21.2 (one signal was overlapped by

other ones);
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HRMS (ESI) caled for caled for C24H23N20 [M + H]" 355.1805, found 355.1800.

4-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-(4-methoxyphenyl)butan-2-one (3¢)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/10) as a colorless oil in 72% yield;

'H NMR (500 MHz, CDCLs): 6 8.27 (dd, J = 4.6, 1.3 Hz, 1H), 7.97 (dd, J = 7.8, 1.3 Hz, 1H),
7.39-7.30 (m, 3H), 7.29-7.25 (m, 1H), 7.20 (d, J = 3.5 Hz, 1H), 7.10 (dd, J = 7.8, 4.7 Hz, 1H), 6.89
(d, J= 8.5 Hz, 2H), 6.77 (d, J = 8.6 Hz, 2H), 6.60 (d, J= 3.5 Hz, 1H), 3.77 (s, 3H), 3.35 (s, 2H), 2.67
(t,J=7.6 Hz, 2H), 2.48 (t, /= 7.6 Hz, 2H);

13C NMR (126 MHz, CDCl3): 6 207.6, 158.7, 148.6, 143.8, 139.1, 137.0, 130.39, 130.37, 129.5,
129.2, 129.0, 127.4, 126.2, 120.6, 116.4, 114.2, 101.2, 55.4, 49.2, 42.1, 25.9 (one signal was
overlapped by other ones);

HRMS (ESI) calcd for C24H23N202 [M + H]* 371.1754, found 371.1751.

4-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-(4-bromophenyl)butan-2-one (3d)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 80% yield;

"H NMR (500 MHz, CDCl3): 6 8.28-8.23 (m, 1H), 7.98 (dd, J = 7.8, 1.2 Hz, 1H), 7.40-7.32 (m, 5H),
7.30-7.26 (m, 1H), 7.20 (d, J= 3.5 Hz, 1H), 7.11 (dd, /= 7.8, 4.7 Hz, 1H), 6.82 (d, J = 8.2 Hz, 2H),
6.61 (d, J=3.5 Hz, 1H), 3.36 (s, 2H), 2.68 (t, /= 7.6 Hz, 2H), 2.47 (t, J = 7.6 Hz, 2H);

13C NMR (126 MHz, CDCl3): § 198.8, 148.7, 143.9, 143.8, 139.6, 137.1, 134.2, 134.1, 130.5, 129.6,
129.2,129.1, 128.19, 128.18, 127.5, 120.6, 116.4, 101.3, 39.4, 26.7, 21.7,
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HRMS (ESI) calcd for C2sH20BrN2O [M + H]* 419.0754, found 419.0752.

4-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-(3-bromophenyl)butan-2-one (3¢)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 83% yield;

'"H NMR (500 MHz, CDCl3): 6 8.27 (dd, J = 4.7, 1.5 Hz, 1H), 7.97 (dd, J = 7.8, 1.6 Hz, 1H),
7.40-7.32 (m, 4H), 7.28 (dd, J = 6.7, 2.6 Hz, 1H), 7.21 (d, J = 3.5 Hz, 1H), 7.15-7.13 (m, 1H),
7.12-7.07 (m, 2H), 6.89 (d, J = 7.7 Hz, 1H), 6.62 (d, J = 3.5 Hz, 1H), 3.36 (s, 2H), 2.69 (t, /= 7.6 Hz,
2H), 2.48 (t, J= 7.6 Hz, 2H);

3C NMR (126 MHz, CDCl): § 206.3, 148.5, 143.8, 138.8, 137.0, 136.1, 132.4, 130.4, 130.18,
130.17, 129.4, 129.3, 129.02, 129.00, 128.0, 127.6, 122.7, 120.5, 116.5, 101.3, 49.3, 42.4, 25.9;
HRMS (ESI) calcd for C23H20BrN20O [M + H]" 419.0754, found 419.0750.

3-(2-(1H-pyrrolo|2,3-b]pyridin-1-yl)phenyl)-1-phenylpropan-1-one (3f)
(> 3
N~

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 64% yield;

'"H NMR (500 MHz, CDCl3): 6 8.30 (dd, J = 4.7, 1.5 Hz, 1H), 7.98 (dd, J = 7.8, 1.6 Hz, 1H),
7.65-7.61 (m, 2H), 7.48-7.45 (m, 2H), 7.44-7.40 (m, 1H), 7.39-7.36 (m, 1H), 7.34-7.30 (m, 4H), 7.10
(dd, J=7.8,4.7 Hz, 1H), 6.64 (d, J=3.5 Hz, 1H), 3.02 (t, /= 7.8 Hz, 2H), 2.87 (t,J = 7.8 Hz, 2H);
13C NMR (126 MHz, CDCl3): § 199.2, 148.7, 143.9, 139.5, 137.1, 136.6, 133.0, 130.5, 129.6, 129.3,
129.2,129.1, 128.6, 128.1, 127.5, 120.7, 116.5, 101.3, 39.5, 26.7,

HRMS (ESI) caled for C22HioN20 [M + H]" 327.1492, found 327.1486.
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3-(2-(1H-pyrrolo|2,3-b]pyridin-1-yl)phenyl)-1-(p-tolyl)propan-1-one (3g)
d “! v
Me

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 60% yield;

"H NMR (500 MHz, CDCl3): 6 8.31 (dd, J=4.7, 1.4 Hz, 1H), 7.98 (dd, J = 7.8, 1.5 Hz, 1H), 7.54 (d,
J=28.2Hz, 2H), 7.47 (dd, J = 7.6, 1.1 Hz, 1H), 7.44-7.40 (m, 1H), 7.38-7.35 (m, 1H), 7.32 (dd, J =
10.2, 2.4 Hz, 2H), 7.14-7.07 (m, 3H), 6.64 (d, J = 3.5 Hz, 1H), 3.02-2.97 (m, 2H), 2.89-2.82 (m, 2H),
2.35 (s, 3H);

13C NMR (126 MHz, CDCls): 6 198.8, 148.7, 143.9, 143.8, 139.6, 137.1, 134.2, 130.6, 129.7, 129.29,
129.26, 129.2, 129.1, 128.2, 127.5, 120.7, 116.5, 101.3, 39.4, 26.7, 21.7;

HRMS (ESI) calcd for C23H21N20 [M + H]" 341.1648, found 341.1645.

3-(2-(1H-pyrrolo[2,3-b]|pyridin-1-yl)phenyl)-1-(4-chlorophenyl)propan-1-one (3h)
(Y 3
g “! )

Cl

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 55% yield;

"H NMR (500 MHz, CDCl3): 6 8.30 (dd, J=4.7, 1.3 Hz, 1H), 7.99 (dd, J= 7.8, 1.3 Hz, 1H), 7.53 (d,
J = 8.5 Hz, 2H), 7.47-7.41 (m, 2H), 7.40-7.35 (m, 1H), 7.34-7.31 (m, 1H), 7.31-7.30 (m, 1H),
7.29-7.26 (m, 2H), 7.11 (dd, J = 7.8, 4.7 Hz, 1H), 6.65 (d, J = 3.5 Hz, 1H), 2.98 (t, /= 7.7 Hz, 2H),
2.86 (t,J="17.7 Hz, 2H);

13C NMR (126 MHz, CDCl3): 6 198.0, 148.7, 143.9, 139.5, 139.2, 137.1, 134.9, 130.6, 129.6, 129.5,
129.3, 129.20, 129.20, 128.9, 127.7, 120.6, 116.5, 101.3, 39.5, 26.8;

HRMS (ESI) calcd for C22HisCIN20 [M + H]" 361.1102, found 361.1101.

1-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)pentan-3-one (3i)
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N

N

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 63% yield;

'"H NMR (500 MHz, CDCl3): ¢ 8.23 (dd, J = 4.7, 1.5 Hz, 1H), 7.91 (dd, J = 7.8, 1.6 Hz, 1H),
7.35-7.30 (m, 2H), 7.29-7.26 (m, 1H), 7.22 (dd, J = 9.8, 5.4 Hz, 2H), 7.03 (dd, J = 7.8, 4.7 Hz, 1H),
6.56 (d, J=3.5 Hz, 1H), 2.62 (t, J= 7.7 Hz, 2H), 2.39 (t, J = 7.7 Hz, 2H), 2.07 (q, J = 7.3 Hz, 2H),
0.80 (t,J=7.3 Hz, 3H);

13C NMR (126 MHz, CDCl3): § 210.5, 148.6, 143.8, 139.3, 137.0, 130.3, 129.6, 129.3, 129.0, 129.0,
127.4,120.6, 116.4, 101.2, 42.6, 35.8, 25.9, 7.8;

HRMS (ESI) calcd for CisHioN20 [M + H]* 279.1492, found: 279.1487.

3-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-cyclopropylpropan-1-one (3j)

N

N

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 67% yield;

"H NMR (500 MHz, CDCl3): 6 8.31 (dd, J=4.7, 1.5 Hz, 1H), 7.98 (dd, J= 7.8, 1.5 Hz, 1H), 7.40 (d,
J=3.8 Hz, 2H), 7.38-7.33 (m, 1H), 7.32-7.28 (m, 2H), 7.10 (dd, J = 7.8, 4.7 Hz, 1H), 6.64 (d, J=3.5
Hz, 1H), 2.72 (t, J= 7.6 Hz, 2H), 2.61 (t, J= 7.6 Hz, 2H), 1.62 (tt, J= 7.9, 4.6 Hz, 1H), 0.86-0.82 (m,
2H), 0.73-0.69 (m, 2H);

13C NMR (126 MHz, CDCl): J 209.8, 148.6, 143.8, 139.3, 137.0, 130.3, 129.6, 129.2, 129.03,
129.00, 127.4, 120.6, 116.4, 101.2, 43.5, 25.9, 20.4, 10.6;

HRMS (ESI) caled for CioH1oN20 [M + H]" 291.1492, found 291.1489.

3-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-(thiophen-3-yl)propan-1-one (3k)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 62% yield;

'"H NMR (500 MHz, CDCl3): 6 8.31 (dd, J =4.7, 1.4 Hz, 1H), 7.99 (dd, J = 7.8, 1.4 Hz, 1H), 7.57
(dd, J = 2.8, 1.0 Hz, 1H), 7.46 (dd, J = 7.6, 1.4 Hz, 1H), 7.44-7.40 (m, 1H), 7.39-7.35 (m, 1H),
7.34-7.29 (m, 3H), 7.18 (dd, /= 5.0, 2.9 Hz, 1H), 7.11 (dd, J = 7.8, 4.7 Hz, 1H), 6.65 (d, J= 3.5 Hz,
1H), 2.92-2.83 (m, 4H);

13C NMR (126 MHz, CDCl3): 6 193.6, 148.7, 143.9, 142.0, 139.4, 137.1, 132.0, 130.6, 129.6, 129.3,
129.17, 129.15, 127.6, 126.9, 126.2, 120.7, 116.5, 101.3, 40.6, 26.8;

HRMS (ESI) calcd for C20H17N20S [M + H]" 333.1056, found 333.1049.

4-(2-(1H-pyrrolo|2,3-b]pyridin-1-yl)phenyl)-1-phenoxybutan-2-one (31)

X

N

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 65% yield;

'TH NMR (500 MHz, CDCl3): 6 8.20 (dd, J = 4.7, 1.5 Hz, 1H), 7.89 (dd, J = 7.8, 1.6 Hz, 1H),
7.34-7.31 (m, 2H), 7.30-7.26 (m, 1H), 7.22 (d, J= 7.5 Hz, 1H), 7.18-7.15 (m, 3H), 7.01 (dd, J = 7.8,
4.7 Hz, 1H), 6.91-6.86 (m, 1H), 6.65-6.61 (m, 2H), 6.54 (d, /= 3.5 Hz, 1H), 4.22 (s, 2H), 2.68 (t,J =
7.7 Hz, 2H), 2.60 (t, J= 7.7 Hz, 2H);

13C NMR (126 MHz, CDCl3): § 206.6, 157.7, 148.5, 143.8, 138.8, 137.0, 130.4, 129.7, 129.5, 129.3,
129.09, 129.06, 127.6, 121.7, 120.6, 116.5, 114.5, 101.3, 72.6, 39.4, 25.2;

HRMS (ESI) calcd for C23H21N202 [M + H]" 357.1598, found 357.1594.

3-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)propanal (3m)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 80% yield;

'"H NMR (500 MHz, CDCl): 6 9.55 (s, 1H), 8.35-8.28 (m, 1H), 7.99 (dd, J = 7.8, 1.3 Hz, 1H),
7.43-7.36 (m, 3H), 7.31 (d, J= 7.7 Hz, 1H), 7.28 (d, J = 3.5 Hz, 1H), 7.12 (dd, J = 7.8, 4.7 Hz, 1H),
6.65 (d, J=3.5 Hz, 1H), 2.78 (t, J= 7.6 Hz, 2H), 2.55-2.52 (m, 2H);

3C NMR (126 MHz, CDCls): § 201.3, 148.5, 143.9, 138.5, 137.1, 130.2, 129.14, 129.07, 129.1,
129.1, 127.7, 120.6, 116.5, 101.4, 44.2, 24.1 (one signal was overlapped by other ones);

HRMS (ESI) calcd for CisHisN20 [M + H]" 251.1179, found 251.1176.

1-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-4-(4-isobutylphenyl)pentan-3-one (3n)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 58% yield;

'"H NMR (500 MHz, CDCl3): 6 8.24 (dd, J = 4.7, 1.3 Hz, 1H), 7.96 (dd, J = 7.8, 1.5 Hz, 1H),
7.35-7.29 (m, 2H), 7.26-7.21 (m, 2H), 7.08 (dd, J = 7.8, 4.7 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 6.86
(d, J= 8.0 Hz, 2H), 6.56 (d, J = 3.5 Hz, 1H), 3.45 (q, J = 6.9 Hz, 1H), 2.68-2.57 (m, 2H), 2.47-2.34
(m, 4H), 1.83 (dp, J=13.6, 6.8 Hz, 1H), 1.21 (d, /= 7.0 Hz, 3H), 0.90 (d, /= 6.6 Hz, 6H);

13C NMR (126 MHz, CDCl3): 6 209.9, 148.5, 143.8, 140.5, 139.2, 137.6, 136.9, 130.4, 129.7, 129.5,
129.1, 128.9, 127.5, 127.3, 120.5, 116.3, 101.1, 52.5, 45.1, 41.1, 30.3, 26.0, 22.53, 22.52, 17.3;
HRMS (ESI) calcd for C2sH31N20 [M + H]" 411.2431, found 411.2427.

4-(5-Methyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (30)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 90% yield;

'H NMR (500 MHz, CDCl3): ¢ 8.25 (dd, J = 4.7, 1.5 Hz, 1H), 7.94 (dd, J = 7.8, 1.6 Hz, 1H),
7.24-7.19 (m, 3H), 7.17-7.12 (m, 3H), 7.11 (s, 1H), 7.07 (dd, J = 7.8, 4.7 Hz, 1H), 6.99-6.95 (m, 2H),
6.57 (d, J=3.5 Hz, 1H), 3.40 (s, 2H), 2.62 (t, /= 7.6 Hz, 2H), 2.48 (t, J = 7.6 Hz, 2H), 2.35 (s, 3H);
13C NMR (126 MHz, CDCl3): 6 207.2, 148.6, 143.75, 138.83, 138.6, 134.3, 134.0, 130.9, 129.5,
129.3, 129.1, 128.7, 128.1, 126.9, 120.4, 116.3, 100.9, 50.0, 42.3, 25.7, 21.2 (one signal was
overlapped by other ones);

HRMS (ESI) calcd for C24H23N20 [M + H]* 355.1805, found 355.1802.

4-(5-Methoxy-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3p)

D 3
N

N Bn

OMe

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/10) as a colorless oil in 81% yield;

'"H NMR (500 MHz, CDCl3): ¢ 8.26 (dd, J = 4.7, 1.5 Hz, 1H), 7.96 (dd, J = 7.8, 1.5 Hz, 1H),
7.26-7.18 (m, 4H), 7.16 (d, J = 3.5 Hz, 1H), 7.09 (dd, J = 7.8, 4.7 Hz, 1H), 7.01-6.95 (m, 2H),
6.87-6.83 (m, 2H), 6.58 (d, J = 3.5 Hz, 1H), 3.82 (s, 3H), 3.42 (s, 2H), 2.60 (t, J = 7.5 Hz, 2H), 2.49
(t, J=7.5 Hz, 2H);

13C NMR (126 MHz, CDCl3): 6 207.1, 159.7, 148.7, 143.8, 140.4, 134.0, 129.9, 129.73, 129.68,
129.3, 129.1, 128.7, 127.0, 120.4, 116.2, 115.5, 112.5, 100.8, 55.5, 50.0, 42.2, 26.0;

HRMS (ESI) calcd for C24H23N202 [M + H]* 371.1754, found 371.1751.

4-(5-Fluoro-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3q)
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Bn

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 75% yield;

'"H NMR (500 MHz, CDCl3): 6 8.25 (dd, J = 4.7, 1.5 Hz, 1H), 7.96 (dd, J = 7.8, 1.6 Hz, 1H),
7.26-7.20 (m, 4H), 7.14 (d, J = 3.5 Hz, 1H), 7.10 (dd, J = 7.8, 4.7 Hz, 1H), 7.03-6.98 (m, 4H), 6.59
(d, J=3.5Hz, 1H), 3.44 (s, 2H), 2.62 (t,J= 7.4 Hz, 2H), 2.51 (t, /= 7.4 Hz, 2H);

3C NMR (126 MHz, CDCl3): 6§ 206.7, 162.5 (d, Jcr = 248.1 Hz), 148.6, 143.9, 141.7 (d, Jcr = 8.1
Hz), 133.9, 132.9 (d, Jcr = 2.9 Hz), 130.6, 130.5, 129.4 (d, Jcr = 16.4 Hz), 129.3, 128.8, 127.1,
120.5, 116.9 (d, Jer =22.7 Hz), 116.5, 114.3 (d, Jc-r = 22.6 Hz), 101.38, 50.1, 41.7, 25.7;

HRMS (ESI) calcd for C23H20FN20 [M + H]" 359.1554, found 359.1547.

4-(5-Chloro-2-(1H-pyrrolo|[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3r)

“ N

N Bn

Cl

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 83% yield;

'H NMR (500 MHz, CDCl3): ¢ 8.17 (dd, J = 4.7, 1.5 Hz, 1H), 7.89 (dd, J = 7.8, 1.5 Hz, 1H),
7.24-7.20 (m, 2H), 7.18-7.11 (m, 4H), 7.07 (d, J = 3.5 Hz, 1H), 7.02 (dd, J = 7.8, 4.7 Hz, 1H),
6.95-6.89 (m, 2H), 6.53 (d, /= 3.5 Hz, 1H), 3.37 (s, 2H), 2.55 (t, J= 7.5 Hz, 2H), 2.43 (t, /= 7.5 Hz,
2H);

13C NMR (126 MHz, CDCl3): § 206.6, 148.5, 143.9, 141.0, 135.5, 134.6, 133.9, 130.3, 130.2, 129.4,
129.3, 129.2, 128.8, 127.6, 127.1, 120.6, 116.6, 101.6, 50.1, 41.7, 25.6;

HRMS (ESI) caled for C23H20CIN20 [M + H]" 375.1259, found 375.1254.

4-(5-Bromo-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3s)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 80% yield;

'"H NMR (500 MHz, CDCl3): 6 8.25 (dd, J = 4.7, 1.5 Hz, 1H), 7.96 (dd, J = 7.8, 1.6 Hz, 1H),
7.72-7.60 (m, 2H), 7.27-7.21 (m, 3H), 7.14 (d, J = 3.5 Hz, 1H), 7.10 (dd, J = 7.8, 4.7 Hz, 1H), 6.99
(d, J=28.0 Hz, 3H), 6.60 (d, J = 3.5 Hz, 1H), 3.44 (s, 2H), 2.62 (t,J = 7.6 Hz, 2H), 2.49 (t, /= 7.6 Hz,
2H);

13C NMR (126 MHz, CDCl3): § 206.7, 148.4, 144.0, 141.4, 139.3, 136.8, 136.6, 133.9, 130.7, 129.3,
129.1, 128.8, 127.1, 120.6, 116.7, 101.7, 94.6, 50.1, 41.8, 25.4 (one signal was overlapped by other
ones);

HRMS (ESI) calcd for C2sH20BrN2O [M + H]* 419.0754, found 419.0744.

4-(2-(1H-Pyrrolo[2,3-b]pyridin-1-yl)-5-(trifluoromethyl)phenyl)-1-phenylbutan-2-one (3t)

D 3
“ N

N Bn

CF3

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 72% yield;

"H NMR (500 MHz, CDCl3): 6 8.25 (dd, J=4.7, 1.5 Hz, 1H), 7.98 (dd, J=7.9, 1.6 Hz, 1H), 7.59 (d,
J=6.9 Hz, 2H), 7.39 (d, J = 8.6 Hz, 1H), 7.27-7.20 (m, 3H), 7.17 (d, J = 3.6 Hz, 1H), 7.12 (dd, J =
7.8,4.7 Hz, 1H), 6.99 (dd, J=17.6, 1.5 Hz, 2H), 6.64 (d, J=3.6 Hz, 1H), 3.46 (s, 2H), 2.75 (t, J= 7.5
Hz, 2H), 2.53 (t, J = 7.5 Hz, 2H);

13C NMR (126 MHz, CDCls): § 206.5, 148.4, 144.1, 140.2, 140.0, 133.9, 130.9 (q, Jc.r = 32.6 Hz),
129.5, 129.3, 128.9, 128.8, 127.4 (q, Jcr = 3.7 Hz), 127.1, 124.4 (q, Jcr = 3.7 Hz), 123.9 (q, Jcr =
273.4 Hz), 120.7, 116.8, 102.1, 50.1, 41.6, 25.7 (one signal was overlapped by other ones);

HRMS (ESI) caled for C24H20F3N20 [M + H]" 409.1522, found 409.1518.
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4-(5-Acetyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3u)

“ N

N Bn

Me
(0]

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 64% yield;

'"H NMR (500 MHz, CDCl3): 6 8.25 (dd, J = 4.7, 1.5 Hz, 1H), 7.98 (dd, J = 7.8, 1.5 Hz, 1H),
7.95-7.90 (m, 2H), 7.38 (d, J = 8.1 Hz, 1H), 7.27-7.18 (m, 4H), 7.12 (dd, J = 7.8, 4.7 Hz, 1H),
7.02-6.95 (m, 2H), 6.64 (d, J = 3.5 Hz, 1H), 3.46 (s, 2H), 2.77 (t, J = 7.6 Hz, 2H), 2.61 (s, 3H), 2.55
(t,J=7.6 Hz, 2H);

13C NMR (126 MHz, CDCl:): 6 206.8, 197.4, 148.4, 144.0, 141.2, 139.3, 137.2, 134.0, 130.4, 129.45,
129.35, 129.2, 128.9, 128.8, 127.4, 127.1, 120.7, 116.8, 102.1, 50.1, 41.8, 26.8, 25.9;

HRMS (ESI) caled for C2sH23N202 [M + H]" 383.1754, found 383.1751.

Ethyl 3-(3-0x0-4-phenylbutyl)-4-(1H-pyrrolo[2,3-b]pyridin-1-yl)benzoate (3v)

>N

N Bn

CO,Et

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 78% yield;

"H NMR (500 MHz, CDCl3): 6 8.24 (dd, J=4.7, 1.5 Hz, 1H), 8.04 (d, /= 1.8 Hz, 1H), 8.00 (dd, J =
8.1,2.0 Hz, 1H), 7.96 (dd, J= 7.8, 1.6 Hz, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.26-7.17 (m, 4H), 7.10 (dd,
J =128, 4.7 Hz, 1H), 7.03-6.93 (m, 2H), 6.62 (d, J = 3.6 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 3.45 (s,
2H), 2.75 (t, J="7.7 Hz, 2H), 2.56 (t, J = 7.7 Hz, 2H), 1.40 (t,J = 7.1 Hz, 3H);

3C NMR (126 MHz, CDCl3): § 206.7, 165.9, 148.4, 143.9, 140.9, 139.0, 133.9, 131.5, 130.7, 129.3,
128.9, 128.9, 128.7, 128.6, 127.0, 120.6, 116.7, 101.9, 61.3, 50.0, 41.8, 25.8, 14.4 (one signal was

overlapped by other ones);
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HRMS (ESI) calcd for C2sHasN20s [M + H]* 413.1860, found 413.1855.

4-(4-Methyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3w)

“ >N

N Bn

Me

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 73% yield;

'H NMR (600 MHz, CDCl3): ¢ 8.30 (dd, J = 4.7, 1.5 Hz, 1H), 8.00 (dd, J = 7.8, 1.6 Hz, 1H),
7.28-7.23 (m, 4H), 7.21 (dd, J = 4.4, 2.4 Hz, 2H), 7.13 (dd, J = 7.8, 4.7 Hz, 2H), 7.05-6.97 (m, 2H),
6.62 (d, J=3.5 Hz, 1H), 3.45 (s, 2H), 2.65 (t, /= 7.6 Hz, 2H), 2.51 (t, J = 7.6 Hz, 2H), 2.38 (s, 3H);
3C NMR (151 MHz, CDCl:): 6 207.4, 148.5, 143.8, 137.3, 136.7, 135.9, 134.1, 130.2, 129.9, 129.54,
129.52,129.4, 129.2, 128.8, 127.0, 120.5, 116.3, 101.1, 50.1, 42.5, 25.5, 20.9;

HRMS (ESI) caled for C24H23N20 [M + H]" 355.1805, found 355.1802.

4-(4-Chloro-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3x)

“ N

N Bn

Cl

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 81% yield;

'"H NMR (600 MHz, CDCl3): J 8.30 (dd, J = 4.7, 1.4 Hz, 1H), 8.00 (dd, J = 7.8, 1.4 Hz, 1H), 7.36
(dd, J = 8.3, 2.2 Hz, 1H), 7.31-7.25 (m, 5H), 7.18-7.13 (m, 2H), 7.06-6.97 (m, 2H), 6.64 (d, J= 3.5
Hz, 1H), 3.47 (s, 2H), 2.67 (t, J=7.5 Hz, 2H), 2.51 (t,J = 7.5 Hz, 2H);

I3C NMR (151 MHz, CDCl3): § 206.9, 148.3, 143.9, 137.9, 137.7, 133.9, 132.6, 131.5, 129.5, 129.4,
129.2,129.12, 129.09, 128.8, 127.1, 120.6, 116.7, 101.8, 50.2, 41.9, 25.3;

HRMS (ESI) calcd for C23H20CIN20 [M + H]" 375.1259, found 375.1256.

4-(2-(1H-pyrrolo|2,3-b]pyridin-1-yl)thiophen-3-yl)-1-phenylbutan-2-one (3ab)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 76% yield;

'"H NMR (500 MHz, CDCl3): ¢ 8.29 (dd, J = 4.7, 1.5 Hz, 1H), 7.93 (dd, J = 7.8, 1.5 Hz, 1H),
7.28-7.19 (m, SH), 7.11 (dd, J = 7.8, 4.7 Hz, 1H), 7.08-7.03 (m, 2H), 6.88 (d, /= 5.7 Hz, 1H), 6.59
(d, J=3.6 Hz, 1H), 3.54 (s, 2H), 2.67-2.62 (m, 4H);

13C NMR (126 MHz, CDCl3): § 207.2, 149.2, 144.1, 137.5, 134.1, 133.4, 130.4, 129.4, 129.3, 128.8,
127.5,127.1, 123.6, 120.8, 116.9, 102.1, 50.2, 41.9, 21.9;

HRMS (ESI) caled for C21H19N20S [M + H]" 347.1213, found 347.1208.

4-(2-(1H-pyrrolo|2,3-b]pyridin-1-yl)furan-3-yl)-1-phenylbutan-2-one (3ac)
I o
N N
S Bn
O —

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 71% yield;

"H NMR (600 MHz, CDCl3): 6 8.22 (dd, J=4.7, 1.4 Hz, 1H), 7.88 (dd, J= 7.8, 1.5 Hz, 1H), 7.24 (d,
J=2.1Hz, 1H), 7.22-7.15 (m, 4H), 7.06 (dd, J = 7.8, 4.7 Hz, 1H), 7.05-6.99 (m, 2H), 6.53 (d, J=3.6
Hz, 1H), 6.29 (d, J= 2.1 Hz, 1H), 3.51 (s, 2H), 2.61 (t, /= 7.4 Hz, 2H), 2.51 (t,J = 7.4 Hz, 2H);

3C NMR (151 MHz, CDCl3): 6 207.4, 148.9, 144.1, 140.3, 140.0, 134.2, 129.5, 129.5, 129.2, 128.8,
127.1,120.9, 117.3, 117.2, 112.6, 102.7, 50.3, 41.6, 18.6;

HRMS (ESI) caled for C21Hi9N202 [M + H]" 331.1441, found 331.1439.

4-(2-(3-Acetyl-1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3ae)

S19



A/

Bn

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 64% yield;

"H NMR (500 MHz, CDCl3): 6 8.63 (dd, J=17.9, 1.5 Hz, 1H), 8.22 (dd, J=4.6, 1.4 Hz, 1H), 7.74 (s,
1H), 7.34 (dd, J=11.0, 4.1 Hz, 1H), 7.28 (dd, J = 12.1, 7.5 Hz, 2H), 7.20-7.13 (m, 5H), 6.90 (dd, J =
7.0, 1.9 Hz, 2H), 3.39 (s, 2H), 2.57 (t,J = 7.2 Hz, 2H), 2.49 (t, J= 7.2 Hz, 2H), 2.45 (s, 3H);

13C NMR (126 MHz, CDCl3): § 206.8, 193.2, 149.1, 145.4, 138.8, 135.8, 135.5, 133.9, 131.5, 130.4,
129.8,129.3, 128.8, 128.7, 127.6, 127.1, 119.0, 118.5, 116.7, 50.2, 41.9, 27.3, 25 4;

HRMS (ESI) calcd for C2sH23N202 [M + H]" 383.1754, found 383.1752.

4-(2-(4-Chloro-1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)-1-phenylbutan-2-one (3af)

Cl

N N Bn

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 75% yield;

'"H NMR (500 MHz, CDCls): 6 8.04 (d, J = 5.1 Hz, 1H), 7.32-7.28 (m, 1H), 7.25 (dd, J = 10.7, 3.9
Hz, 2H), 7.18-7.13 (m, 4H), 7.12 (d, J = 3.5 Hz, 1H), 7.04 (d, /= 5.1 Hz, 1H), 6.90 (dd, J= 7.6, 1.7
Hz, 2H), 6.62 (d, J=3.5 Hz, 1H), 3.37 (s, 2H), 2.57 (t,J= 7.6 Hz, 2H), 2.42 (t,J = 7.6 Hz, 2H);

13C NMR (126 MHz, CDCls): 6 207.0, 149.0, 144.1, 138.9, 136.5, 136.4, 134.0, 130.4, 130.0, 129.30,
129.29, 128.8, 128.8, 127.5, 127.1, 119.9, 116.6, 99.7, 50.1, 42.0, 25.7;

HRMS (ESI) calcd for C23H20CIN20 [M + H]" 375.1259, found 375.1254.

1-Phenyl-4-(2-(5-phenyl-1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)butan-2-one (3ag)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/15) as a colorless oil in 82% yield;

'H NMR (500 MHz, CDCl3): 6 8.41 (d, J = 2.1 Hz, 1H), 8.06 (d, J = 2.1 Hz, 1H), 7.54 (dd, J = 8.2,
1.1 Hz, 2H), 7.40 (dd, J = 10.6, 4.8 Hz, 2H), 7.32-7.25 (m, 4H), 7.21 (dd, J = 6.6, 2.7 Hz, 1H),
7.16-7.08 (m, 4H), 6.94-6.85 (m, 2H), 6.57 (d, J= 3.5 Hz, 1H), 3.37 (s, 2H), 2.64 (t, /= 7.6 Hz, 2H),
2.46 (t,J="17.6 Hz, 2H);

13C NMR (126 MHz, CDCl3): § 207.2, 148.1, 143.3, 139.6, 139.0, 136.9, 134.1, 130.4, 130.3, 130.2,
129.4, 129.1, 129.0, 128.8, 127.64, 127.55, 127.49, 127.2, 127.0, 120.6, 101.5, 50.1, 42.3, 25.8 (one
signal was overlapped by other ones);

HRMS (ESI) calcd for C20H2sN20 [M + H]" 417.1961, found 417.1958.

Phenyl(pyrido[3',2':4,5]pyrrolo[1,2-a]quinolin-6-yl)methanone (4a)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/20) as an orange solid in 58% yield,

M.p. = 164-165 °C;

'TH NMR (500 MHz, CDCls): 6 10.18 (d, J = 8.6 Hz, 1H), 8.58 (dd, J = 4.6, 1.6 Hz, 1H), 8.12 (dd, J
=17.9, 1.6 Hz, 1H), 791 (dd, J = 8.3, 1.2 Hz, 2H), 7.76-7.71 (m, 1H), 7.65-7.59 (m, 2H), 7.54-7.49
(m, 3H), 7.35-7.30 (m, 2H), 7.25-7.22 (m, 1H);

3C NMR (126 MHz, CDCl3): § 194.6, 146.0, 142.5, 138.0, 137.1, 133.0, 132.9, 132.1, 131.9, 130.0,
129.9, 129.1, 128.7, 127.8, 123.0, 122.4, 121.8, 118.5, 118.2, 96.4;

HRMS (ESI) caled for C22HisN20O [M + H]" 323.1179, found 323.1176.

Pyrido[3',2':4,5]pyrrolo[1,2-a]quinolin-6-yl(p-tolyl)methanone (4b)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/20) as an orange solid in 54% yield;

M.p. =200-201 °C;

'TH NMR (500 MHz, CDCl3): 6 10.21 (d, J = 8.5 Hz, 1H), 8.60 (dd, J = 4.6, 1.6 Hz, 1H), 8.14 (dd, J
=79,1.6 Hz, 1H), 7.84 (d, J= 8.1 Hz, 2H), 7.77-7.74 (m, 1H), 7.64 (dd, J= 7.7, 1.4 Hz, 1H), 7.51 (s,
1H), 7.38-7.30 (m, 4H), 7.17 (s, 1H), 2.47 (s, 3H);

13C NMR (126 MHz, CDCl3): § 194.3, 146.1, 144.0, 142.5, 137.1, 135.3, 133.1, 131.8, 131.3, 130.3,
129.9, 129.4, 129.1, 128.3, 123.8, 122.5, 122.0, 118.5, 118.2, 96.3, 21.9;

HRMS (ESI) calcd for C23H17N20 [M + H]" 337.1335, found 337.1331.

(4-Chlorophenyl)(pyrido[3',2':4,5]pyrrolo[1,2-a]quinolin-6-yl)methanone (4c)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/20) as an orange solid in 52% yield,

M.p. =196-197 °C;

'"H NMR (500 MHz, CDCls): § 10.22 (d, J = 8.6 Hz, 1H), 8.61 (dd, J = 4.6, 1.6 Hz, 1H), 8.16 (dd, J
=17.9, 1.6 Hz, 1H), 7.91-7.83 (m, 2H), 7.81-7.76 (m, 1H), 7.66 (dd, J = 7.7, 1.3 Hz, 1H), 7.56-7.47
(m, 3H), 7.40-7.34 (m, 2H), 7.20 (s, 1H);

3C NMR (126 MHz, CDCls): § 193.4, 146.1, 142.7, 139.5, 137.2, 136.3, 132.7, 132.2, 132.1, 131 .4,
130.0, 129.2, 129.1, 127.6, 124.0, 122.4, 121.7, 118.6, 118.4, 96.5;

HRMS (ESI) caled for C22H14CIN20 [M + H]" 357.0789, found 357.0781.

1-(Pyrido[3',2':4,5]pyrrolo[1,2-a]quinolin-6-yl)propan-1-one (4d)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/20) as an orange solid in 46% yield,

M.p. = 130-131 °C;

'TH NMR (500 MHz, CDCls): 6 10.18 (d, J = 8.5 Hz, 1H), 8.58 (dd, J = 4.6, 1.6 Hz, 1H), 8.17 (dd, J
=179, 1.6 Hz, 1H), 7.89 (s, 1H), 7.78-7.73 (m, 1H), 7.69 (dd, J = 7.7, 1.3 Hz, 1H), 7.65 (s, 1H),
7.38-7.32 (m, 2H), 3.11 (q, J= 7.2 Hz, 2H), 1.31 (t, /= 7.2 Hz, 3H);

3C NMR (126 MHz, CDCl3): § 199.6, 145.9, 142.4, 137.5, 132.2, 131.9, 131.1, 130.0, 129.2, 127.1,
123.8, 122.8,121.7, 118.5, 118.2, 97.5, 32.4, 8.7,

HRMS (ESI) calcd for CisHisN2O [M + H]" 275.1179, found 275.1175.

Cyclopropyl(pyrido[3',2':4,5]pyrrolo[1,2-a]quinolin-6-yl)methanone (4¢)

Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/20) as an orange solid in 50% yield,

M.p. = 134-135 °C;

'TH NMR (500 MHz, CDCls): § 10.19 (d, J = 8.5 Hz, 1H), 8.58 (dd, J = 4.6, 1.6 Hz, 1H), 8.16 (dd, J
=17.9, 1.6 Hz, 1H), 8.00 (s, 1H), 7.79-7.71 (m, 2H), 7.50 (s, 1H), 7.41-7.30 (m, 2H), 2.79-2.71 (m,
1H), 1.36 (dq, J= 7.0, 3.7 Hz, 2H), 1.13 (dq, J= 7.2, 3.6 Hz, 2H);

13C NMR (126 MHz, CDCl3): 6 199.2, 146.0, 142.4, 137.4, 132.2, 132.0, 130.6, 130.0, 129.1, 128.8,
123.8,122.7,122.0, 118.5, 118.2, 96.9, 18.5, 12.02, 11.97;

HRMS (ESI) calcd for C1oH1sN20 [M + H]* 287.1179, found 287.1174.

Pyrido[3',2':4,5]pyrrolo[1,2-a]quinolin-6-yl(thiophen-3-yl)methanone (4f)
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Following the general procedure, the title compound was isolated by flash chromatography (eluent:
ethyl acetate/petrol ether =1/20) as an orange solid in 63% yield;

M.p. = 182-183 °C;

'"H NMR (500 MHz, CDCls): § 10.21 (d, J = 8.5 Hz, 1H), 8.60 (dd, J = 4.6, 1.4 Hz, 1H), 8.15 (dd, J
=17.9, 1.4 Hz, 1H), 8.10-8.02 (m, 1H), 7.80-7.74 (m, 1H), 7.71-7.64 (m, 3H), 7.44 (dd, J = 5.1, 2.9
Hz, 1H), 7.39-7.33 (m, 2H), 7.22 (s, 1H);

13C NMR (126 MHz, CDCl3): § 187.8, 146.1, 142.6, 141.8, 137.1, 134.0, 132.8, 131.9, 130.6, 129.9,
129.2,129.0, 128.5, 126.8, 123.9, 122.5, 121.9, 118.6, 118.3, 96.2;

HRMS (ESI) calcd for C20H1sN20S [M + H]" 329.0743, found 329.0741.

S24



8. Copies of '"H NMR and *C NMR spectra of 3 and 4

ay’z
am.mW
152

099z
.\.m.mN
682

orE—

0'a,
94
Bl
@y
V2L
ee/

962
96 hW.
L

9z
hw.mv

=502
=0T

=Z0'Z

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.8 3.0 2.5 2.0 1.5 10 0.5 0o
£1 (ppnd

8.5

0.0

"H NMR spectrum of 3a

8RGI—

9z Tr—

B005—

bE0L
m_..t.w
Wrid

22—

EpgLL—
09021 —
EDT
aFiZl
prya)
00°62
EZEZ L
BE 62 |
2562}
OF'0el
oL vel

0E)
1061
8 °EF 1
5l

g —

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3a

S25



ez
GN/
o'z

057>

58T
19 ww
80°C
BEE—

099
Lga
98'9
Pi:p)
04
504
602
aLs
aLs
L
Gl 4
gL
a9z
FRAE
Py
BZ L
[
7621
6 i
EE'L
SELE
GE L
GE L
9E 1A
LB 1)
LB L

Lo am

BEL
GE'L

964
162
e
S
9z'8
Gz'a
iZe
g

2

HoH
(=0 e]
ocoo
o4 040

=02

f00'L
oz
4002

o Z

cCooo
0= — —

T.5

e
(= ]

=z0'}
=z0'}

0o

0.5

6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

7.0

9.0 858 8.0

8.5

10.0

'"H NMR spectrum of 3b

ghe—
065—

8LTF—

ELGF—

L69L

=

Wil

ol—

erall—
09°02 1 —
At
10°6E |
26Tl
96T L
67 6T
56T L
el
FANCIS
¥a'GE L
£l
PLEEL
88ErL
19°8F |

15 02—

Me

-10

200 100 180 1] 160 180 140 130 120 11n 100 eli} g0 T [ii1) 60 40 il 20 10
£1 ippm)
13C NMR spectrum of 3b
S26

210



FT
aF NW
052
50T

8T
[

GE'E—

LiE—

099
(=]
a8
B9
B89
089
604
aLs
aLs
LL2
gL
024
TV
6221
Bz i
ZE'4
EELE
GELg
GELE
9E £
LE7LA
LB 4

8R4
|

9z'8
g
e
BZ'8

W

=002
00e

Bz0e

Br0e

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3¢

MEEE—

olZr—

BLEr—

LE55—

bEOL
m—..__.__W.
3 s

W2k

5z qu)/
Zrakh
650z I
mfmmrgf
STl
006z b
AL
£5 AL L=
0L
BEOE
20781
zveeL
SErL—
B3 0F b

L85 k—

09°202—

3c

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 3¢

S27



ar'z
¥ NW
[

18T
et NW
0Lz

G9E'E—

099
[Rz]
z8
£B8'0
aLs
[T
L
[N
gL
[5AFS
L
Py
Py
622
FEL
22
[oWE
SELY
s g
OE L
9E L
182
BE 'L~

e

GE'L
GE'L

162
62
BE 2
G662
oZ'e
oz'g
e

=a0¢
=502

=E0EZ

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'"H NMR spectrum of 3d

GOV T—
2480—

HEBE—

bEOL
m—..__.__W.
3 s

9z —

Yrakl—
E9OZL—
05 4T1
mf.mm_‘W
6LBZL
ELBTL
FTBLL
E9 B L
GG0EL
FLFEL
0z ¥EL
HodEL
BGGEL
BLEFL
CEERL
ELBFL

Za'8el—

3d

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 3d

528



AN
ar 'z
05 e—
108
60T
0Le

%E
799
889
06'9
802
602
602
i3
I
[
zLL
vz
vl
FlL
i
12t
2L
7l
622
622
£E'21
'L
[
S )
92
NS §
964
1682
8E 2~
e

162
16 .__W.
BE 2
9z'8
g
e
BZ'8

L ae

=002
=00'e

=0

00l
=10
r8oe
P00l
2001

AR
© 0
oo
- —

=0
=00

a0 2.5 2.0

3.5

9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0
£l ipom)

8.5

10.0

"H NMR spectrum of 3e

BREI—

T —

92 By —

bEOL
m—..__.__W.
3 s

L0 —

2rath
[N
B9°ET
954l
¥OBZL
006z 1
[N
LTRTL
EFETL
LLOEL
BLOEL
Wogk
BEZEL
FLOEL
GE9EL
ZBBEL
caERL
GFarl

L2°90T—

10100 90 80 0 B0 50 an 0 20
£1 (ppm)

120

200 180 180 170 160 150 140

210

13C NMR spectrum of 3e

S29



S8°T
18 NW
68T

L0E
£0 mw
FOE

99
97

e
EEL
FA s

213
£g .__Wn
¥o'L
162
162

OE'g
Oe's
B
e

N

=

P

k1

=102
=o0e[

=0

0L
Ty
10
ool
3£07

202
LA

=00}

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3f

9997 —

9F'6e—

LEOL
abiL
3 3

OE 10—

aF ak—
Googl—

FELCL
S0°BL _.“k..
9G8Cl—¢
ELBTL
9L6T
fraliTa
296G L
GGOEL
EO0°EEL
Z9°9E L
OLiel
P BEL
VGER L
0Larl

GL6AL—

3f

200 180 180 190 160 180 140 130 120 U0 100 a0 il 0 A0 50 an 3n 20 10
£1 fppm)

210

13C NMR spectrum of 3f

S30



GET—
¥z
o8 NW
8T
BE'C
oo NN
LoE

98

192
I8 MW.
zhL
[y
s
€54~
e

162
662

Oe'8
oe's
B
e

~
NF N

4 ‘(\/)\ Me

39

o0l

[60€
7002
£0l
20
200

Loz
=00

=00

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3g

bhE—
FL92—

BEBE—

bEOL

2
RS

6210 —

e
\ Me

o

FBBE L

3g

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 3g

S31



¥8'T
o8 NW
B
96T
a6 NN
662

199
i
)
0g £
[}
£s i
¥l

BE 2
86

GZ'8
628
R
oe's

Y,
\

02
=002r

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3h

5L892—

aF'6E—

bEOL
m—..__.__W.
3 s

GETIDL—

8646 —

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 3h

S32



640
08 DW
80

50T
e
80°C
oLz
BE'T
GE'T
[ A
=l
8T
¥a'T

AR RN

959
6§97

0z h/
bL
XA
bEL
ZE .__V.

06 2
06 .__W.
LB'L
o]
]
XA
¥e'g

3i

||

=Z0'e

H..
‘zoz

#€0¢

S

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3i

'L

86—

ZB5E—

95 Tr—

bEGL
m—.hhv
MLl

BLHOb—

bakl—

B¥OEL
1062 v%
pOBC L

95 62 b=+
lE°0E vk‘

\.
69EL

azael”
BLERL—
95 BF b

grole—

3i

o \” 1‘ }

200 180 &0 190 180 150 140 130 1200 110 100 a0 a0 0 60 50 an 0 20 10
£1 (ppm)

210

3C NMR spectrum of 3i

S33



£9'9
e

G2 h/
[
433
oF 'L
e .__V.

FL: 3
16 .__W.
662
o)
LEE
LEB
o]

3

=501

=90'Z
=F0¢

=001
501
Z02
201

‘ooz
=001

e0l

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3j

09 0L—

EF0Z—

Z65L—

GPEr—

bEOL
m—..__.__W.
3 s

GLMOL—

Wak—

WL
00°62 vW
£0'6ZL

0962 b—=
EE°0E vL\

s
108k

veReLS
pEERL—
198

BLBDZ—

3

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

3C NMR spectrum of 3j

S34



EB'C
¥8'T
G8'T
982
68T
06°C
LB Z
26T

99
e

LEL
EEL
EEL
GF2
18 .__W
BEL
862
oog

o)
o)
LE B
]

3k

F50p

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3k

lBg9s—

ro0r—

bEOL
m—..__.__W.
3 s

EL—

250l
99°0Z L
ET9Tl
6eazl
BG AT L
GLaTl
LLBTL
0E"6T 1
EQBT L
19°0E L
lze L
B0°4EL
9EGEL
LG
FEERL
ELBFL

AR SRR

{5ERL—

7z

3k

| M ”hh | . ~

|

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 3k

S35



85T
0g NW.
18T
8T
B
60T

#E
59
799
£9'9
99
¥9'9
68'0
002
102
102
702
Gl
a1z
9144
9124
1114

1214
e 1
[
644
z6 1~
€82~

BB 2
G .__W.
062
GL8
Glg
oZa
ozg

Lot o o

3l

=r0z

00}
102
001
#9901
wwom
2E0)
2201

RN4

=00
=004

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 31

s —

FEE—

29Tin

G604
m_..t.w
LELL

G2 10—

7
€026}

e’
18°EF L —
05 8% b

LG —

F8°008 —

3

L M | ‘l

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

3C NMR spectrum of 31

S36



28T
5T
¥e'T
58T
58T

9L'c
8T
[

50,
87
8L
87
wi

oF 2
23 .__Hv.
862
66 MW.
oo'e
LB
e mW
EB

GE'E—

3m

=10Z
=80

o0
=p0l

Fooy

0o

0.5

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3m

EbFi—

Bl tr—

G604
m_..t.w
LELE

GE'LOb—

50—

(R
10 OSW
FLRZL

o621

b2OE L

7
90°Le )

i
T6Er—
058F b

EEWE—

=
=
N

3m

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3m

S37



958
>
é8 mV

89
669
0
0
7

G6L
G624
064
962
¥Ze
ria
GZa
28

3n

-

|

=109
=g0€e

B0

Feov
Isoe

=z0')

=00)
(202
Ip0Z
3002
+ 70T
*g0e

=00}
=0

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'"H NMR spectrum of 3n

BZ LT
5L

mm.mmv
E09Z—
0EDE~

ELIr—
FLSr—

GGTE—

bE0L
m_..t.w
Wrid

90 M0 —

FEOL—

e BE L
5 thr
8821

5 61—

E'OE b~
JERT
a6l
50K |
61 R 1
RX:J5a

06602 —

3n

wlo | NIt

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3n

S38



SEZ

Gk
aF NW
GF T

0g'c
20z
£E9°C

OF'e—

58

e
el
al hW
ol

[TA¥A
E2L

EGL
£6 hw.
G6L
e
sZe
gz'a
Gz'a

[
[s1]

30 Me

A
=902
*zoe

=202

3.5

9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0
£l ipom)

8.5

10.0

"H NMR spectrum of 30

¥z —
2LGE—

LA S

LEEY—

bE0L
m_..t.w
Wrid

2600 —

2ol —
Bl
10 mm_/
Pt
S0'6Z1
A
05624
060 |
€0l
827}
798
BBl
54 ER
798k |

alg—

Bn

30 Me

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50
£l ipom)

210

13C NMR spectrum of 30

S39



8
0g NW
=
63T
0g°c
28T

FE—

g

89
89
089
089
889
669
69
0
80s
602
oz
Ly
s
s
s
0 i
11
771
s
£
s
LS 3
(A
]
o714

GEL
GEL
162
oz'g
Gg'g
iZ8
g

(==
(A

U =z0'Z
=v0E

OMe

N
N
3p
.

— =00

rooe
IM Teor
$E01

=11l

uuumo_f
=10

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'"H NMR spectrum of 3p

LEGE—

ey —

LEEY—

FGEE—

bE0L
m_..t.w
Wrid

¥800L—

b T~
B 5L~
w2k

BEEL

vl
5 BR ="
£4°8F b~

2LEG L —

8002 —

Bn

OMe

3p

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3p

S40



GF T
LG NW
5T
0g'c
29 NN
£E9°C

FrE—

F

3q

=202
»zoe

=502

=00}

ndld
50l

Loow

=£0')
=00}

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'"H NMR spectrum of 3q

89GE—

W —

B005—

bE0L
m_..t.w
Wrid

BELOL—

el

mm.ﬁ).

£a oLt

18 m:W

6604
b

183

LB'BT b
GZ mm_/.
FE mN—N
[4 A
20
69 Slw
06°Er |
Pl

EG 1O~
05 €9 =

04 80E—

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3q

541



WT
£F NW
L

¥e'T
58 NN
18T

Ee—

Z5'9
e

02
aks
) hW.
P
44 .__L\
882
BB 2
684
062
FAN]
P
ala
Bla

Cl

3r

=Z0'Z
*00¢

=10Z

=00’}
[Z0e
$i0l
101
L0
Loz

=e0)
=e0

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3r

BSGE—

0L —

OLos—

bE0L
m_..t.w
Wrid

EQMOL—

20°9L}—
65021 —
{41
55T)
W5
126
E'aTl
LE6)
1z et
82 0}
6L
€3’}
35}
86071
08'erl
0z ert

£0°002—

Bn

N
N
3r Cl

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3r

S42



T
¥ NW
0s'c
0g'e
pic] NN
£8°T

FrE—

099
e

FLL
¥2 .__W
G4
992
82

GEL
GEL
162
162

¥
¥Ze
e
sZa

Bn

Br

3s

=0
=002

=p0'Z

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'H NMR spectrum of 3s

EFGE—

6L —

Hos—

bE0L
m_..t.w
Wrid

BSPE—

GO0 —

S99k —

15021 —
ELLT

mm mmv./,
a0 mm_v
SEBC L

bOE
U] mm—\
0g mmvu\\
28 mm_\\'
LZEEL
RO
L6°EF

ShAF

bé a0 —

o]

N

NN

—

>\‘*Bn

Br

3s

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

3C NMR spectrum of 3s

543



5T
£8 NW
G5T

¥LT
G ww
1T

ap'E—

£9'9
e

0oL
P
gl .__V.
ETL

¥eL
09—

62
162
IS
[0

ri'g
GZa
28
Gz'g

3t CFy

=p0e
=502

=0z

=00}

002
o
Ezo1
SE0°E
€01

‘502

zo'l
=001

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3t

GLGE—

95—

OLos—

bE0L
m_..t.w
Wrid

WA
9907+
rRe!
¥R
bz
b iz
P TH
+382)
8387}
06 67 1
ezt
58 eE b

Wt
sort”
FiR
It B L —

b5 o0z —

Bn

3t CFy

13C NMR spectrum of 3t

1k

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

S44



¥
55 NW
18T

18z~
9L'T
1T
[

ap £

9 muv.

88 2
0
& hW
V2L

11~
el

062
062
262
[
BB L
FEL
62
BE 2
G662
662
]
sa
Gz
9z'8

Bn

~ "z

Me

3u

ok
Mﬁ.om

0z

—_— 707

=001

FeleL
=£0'}
ooy
0L

Floz)
L00'}
=701

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'H NMR spectrum of 3u

08%GI~
Ge9z-"

6L —

ELD5—

bE0L
m_..t.w
Wrid

G0°z0k—

GE 26—

94 802 —

3u O

.hml“l Jo l

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3u

S45



GE'}
oF _VW
[

LERA
G8°T
5T

FLT
G Nw
18e

GhE—

BE'¥
GE'¥
3
[

pic] mv

EiY
0e'L
21
g2t
g8l
5wt/

=
I
FL
P
662
ooe
Loe
)
]
¥
EZe
ri'a
¥a
28

Bn

CO.Et

3v

=00e

zo'e
=i0Z

=p0'Z

802

ool

007
¥
S
Egop
Le0')

2ol
£00)
€01
00

a0

2.5

3.5

9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0
£l ipom)

8.5

10.0

"H NMR spectrum of 3v

Wl —

GLGE—

iy —

0ons—

S —

168L
m_‘.ﬁ.w
Wil

8810 —

80°gk—
8l —
L0z
SEEC
eLagl
068z}
EE'BZ
GZ 6T}
0loel
FEOIEL
L6 EE L
Z06el
G60F |
Z6°er
BEBF

5659 1—

ELO0E—

20

1o -10

200 180 180 170 160 150 140 jeli] 120 1o 100 a0 20 o 60 50 40 3o
£l ipom)

210

13C NMR spectrum of 3v

S46



HE'T
0g w/.
LG NW.

8T

¥
58T
98°c

GhE—

oy,
g
0zl
121
g2t
9L
21

G664
oo'e
[N}
R
Oe'g
LEB
o)

S&‘"Bn

[e]

Iw

Me

o

=P0E
=90'g
0z

=z0'2

Fool

S5
Yeoe
2002

‘£0'l

Lo
ool

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3w

GE0Z—
BF G —

GFIr—

L0705

G604
m_..t.v
LELE

S0 M0—

FEOL—

BE B8 k-
5 mf/
ERZ1
25 621
5B
98621
810l

ZBEFL—
L

GE'f0E—

i

Jtdm |

I

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

3C NMR spectrum of 3w

S47



0s'e
LG NW.
8T
98

8T
G8°C

irE—

199,
ke
i
8z
87 L
67 L
04

008
Loe
e

[
GZ'8
0E'8
0E'g

SR S g

Bn

3x

Cl

=502

00’}
002
.
#5072
P0G
Z0')

=10
=10

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3x

EEGZ—

e8’lr—

gLos—

G604
m_..t.v
LELE

LB b=

ZL 0k —

By e
£8 mi/
606 |
ZVEZ
9L ET
16T
6 LE

FEEFL—
EEBFL—

26902 —

Ix

Cl

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3x

S48



8T
28'e
£9°T
¥
502
58T
8T
80T
89T

FEE—

650
099
188
880
504
904
100
i
I
I
A
BlL
122
12
7Tl
72 i
€7 2
s §
s
A
92 4|
e
e |

gt
e

e
GZ'8
628
0E'g

Bn

Jab

bl |

=e0y

=502

=00}

FZol
002
e0)
Bp0'g

=00

=00}

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3ab

E6LE—

g8’y —

0zos—

bE0L
m_..t.w
Wrid

Gheol—

FGOLE
o0zt

e mmv./
a0 .__N—/
LG
GLeT)
SZEC

GE mmvw

ZFoel
GEEE}
Worel

b2 ng—

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3ab

549



0s'c
LG NW.
5T
0g'e
L9 NN
0T

bee—

o>
£5'9
597

al h/
gl
0z'2
¥eL
YL

8L
18 »_.W.
684
e
'8
4]
28

Bn

e

L
oo
o4 ey

=E0E

0o

0.5

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3ac

[240: 0

POy —

6T05—

G604
m_..t.w
LELE

69°Z01—

w5z —
2L
Rl
e
8L
16
oAzl
05671
1661
ot
BRI
8Bkl —

GE'f0E—

A

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3ac

S50



SFT
T
[5:04
0s'c
9g'e
18T
68T

GE'E—

689
689
069
168
ke
FlL
gLt
Gl
al's
e
iy
Al
6l LY
9z 4
6z
6z L
0E £
e
84—
[

98¢

wir—

4]
28
]
e
e
el
E08
£gg

FPOE
LS AN
\z0z

=|0¢

002
J20%
oz
250l

=0

=001

=00

3.5

4.0

9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5
£l ipom)

8.5

10.0

"H NMR spectrum of 3ae

OFGZ—
leile—

Gay—

l2os—

bE0L
m_..t.w
Wrid

04°8bb~_
LPBEE=
CEe
09421
89871
EBBC L
A
(R
LEDEL

GE5F L —
Ll

CTEG L=

GBO0Z—

Bn

7z

y,

3ae

T T T
120 1 100 a0
£l ipom)

T
130

T
140

T
200 180

T
210

13C NMR spectrum of 3ae

S51



oF 'z
ZF NW
L

58T
18 N%m
65T

EE—

299
299
089
069
169
159
€02
0L
4
4N
Els
L2
e
L1
bt
alz
b2
821
122
w2 g
521
S
s
A
621§
[
0L
[
e

¥
50 mv.

Cl
=
-

N

3af

=02
=502

=02

oot
20T
00l
u,;o !
20
2y0e
0l

E0)

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

"H NMR spectrum of 3af

L9GE—

FOTE—

GLos—

bE0L
m_..t.w
Wrid

ELBE—

85°0L—
GEEL—
04t
a8FiZl
L4821
ezt
62 62}
OE 62
oooel
BEDE}
BEEEl
9gge
FSOE L
068t
L Frl
GE'8F |

66902 —

Bn

3af

Lk

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3af

S52



GFT
o'z
arc—
£9°C
¥9°T
98z

ee—

a5 mv

e
)
v hwp
i

G2 L
OF 'L~
£GL
EGL

908
10 muv.

LB
oF muv.

dag

=0

#2701

(20T
Zoov
{00
o0t
=|0¢
=702

=00}

=00

8.5 9.0 858 8.0 T.5 7.0 6.5 6.0 5.6 8.0 4.5 4.0 3.5 a0 2.5 2.0
£l ipom)

10.0

'H NMR spectrum of 3ag

GaGI—

LA S

FLOS—

bE0L
m_..t.w
Wrid

Flb—

95 02—
E0° LT h
Bl 271
[AR
55121
#9471
54821
9662 1
90°62
5862 1
20 H
5206 H
EF 0E H
50°¥E L]
696 1
70°6E H
09°6E |
92 EF 1
Gioar

ey A

=2

Gl 0e—

En

3ag

200 180 180 170 160 150 140 130 120 1 100 a0 &0 T &l 50 40 a0 20
£l ipom)

210

13C NMR spectrum of 3ag

S53



443
[t
ves
0EL
et
[y
[
[y
[
£EL
e
£EL
et
05t
[y
152
5
0oL
[y
[
4
zas
oL
(&M
o
oL
[y
[V
Ll
Iy
Iy
bl
5t
06
0624
264
262

1%
%] Ny
Ele
ELB
158
BSE
858
858

NN
610

b H W R
— oMo = o
coocoooo
— O — 0N 0D N —

=0

=00}

T
4.0

4.5

8.0

0.5 0.0 &8 8.0 8.5 &0 T.8 T.0 6.5 6.0 8.5
£l ipom)

.o

"H NMR spectrum of 4a

bEGL
gl ._KW.
MLl

ZF96—

zekk
1SBLL

e
GF e _M/
0B'EL _../r

E8°4TL
e

65 PEL—

190 180 170 160 150 140 130 120 110 100 a0 80 0 80 a0 40 30 20 10
£1 ppm)
13C NMR spectrum of 4a
S54

200



LFT—

i
4
[
£EL
bEL
T
se
el
8L
[
oL
ey
oL
ol
il
biL
Iy
8Lt
Iy
100
e
e

R

ElBa*
ElLE
GLE
Gle
658
658
0o
09|

0zok
44 :fv

=|0€

ool

T T T
4.0 3.5 3.

4.5

8.0

2.5

0.5 0.0 &8 8.0 8.5 &0 T.8 T.0 6.5 6.0 8.5
£l ipom)

.o

'"H NMR spectrum of 4b

8e—

bEGL
gl ._KW.
MLl

92 96—

£z'al
boaLL
96121
Tt
pEEZL
et
Wazh
IEZL
e
el
L
AL EL-E
et —
azGEL
e
T~
POpEL—
B0°0Y L~

GEpEL—

|

1l |J||MA i

190 180 170 160 150 140 130 120 110 100 a0 80 0 B0 50 a0 a0 20 10
£1 fppm)

200

13C NMR spectrum of 4b

S55



el
gz
GeL
9ed
LEL
BEL
BEL
6eL
054
0sL
0sL
152
[4=ps
Ga’L
GoL
L9
L9
Ll
L
8LL
6274
6474
el
ogl
a8l
A
187l
BEL
884
68°LA

Gle
Ghe
ie
£L8
[3:0:)
Lag
98
coe

b0k
£2 E.v

=001

T
4.0

4.5

8.0

0.5 0.0 &8 8.0 8.5 &0 T.8 T.0 6.5 6.0 8.5
£l ipom)

.o

"H NMR spectrum of 4¢

bEGL
gl ._KW.
MLl

8F96—

OFesl—

o
0
~
A #
Q —
)8
\ A\

190 180 170 160 150 140 130 120 110 100 a0 80 0 80 a0 40 30 20 10
£1 ppm)
13C NMR spectrum of 4¢
S56

200



0L
—m.,.v
ek

60E
HE
ZLE
FLE

get
£EL
el
veL
T
el
LEL
oL
Bas
Bat
04l
[y
Ll
bil
Iy
FIvE
il
s
1044
682

gle
gle
LLB
gle
2578
BSE
858
658

Lok
Bl :fv

=z0e

0

b b v

H
O
— o —

oococooo

=00

eot

T
4.0

4.5

8.0

0.5 0.0 &8 8.0 8.5 &0 T.8 T.0 6.5 6.0 8.5
£l ipom)

.o

'"H NMR spectrum of 4d

08—

GETE—

bEOL
m—..__.__W.
3 s
Lyi6—

LAk
75Ak
bLTE
mmmmrum
SLELL
B0 LT
£ZELLE
bODEL
oL gl

PEIEL
FTIEL
FLE _.\

EFEFL
L85 _\\‘

G566 L —

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 4d

S57



L
[
ELL
ELL
FLL
G
FEL
GE'L
b
ge’l
LETL
LETL
ELT
FLT
GLZ
GLT
91T
LT
8T

gzl
EEL
FEL
FEL
GEYL
gg’s
gg’s
LEL
6EL
BEL
0sL
FLL
FiL
Gl
Gl
EFs
9Ll
RS
ALl
8271
ooe

=0z
Muu,.ow

918
ie

858
858
658
658

ww%

Al 0k
0z

= FE0'l

Fopg
Looy
0T
POl
00}

— 00}

IlTloo_.

T
4.0

4.5

8.0

0.5 0.0 &8 8.0 8.5 &0 T.8 T.0 6.5 6.0 8.5
£l ipom)

.o

"H NMR spectrum of 4e

L6
wamrUY

irel—

bEOL
m—gmv
3 s
G6O6—

0Z°BLL
YGBLL
00°zzh
89°22 T/r
ez
18°82 1
e L
50°0E 4
85061

EDEEL
LLEEL
hm#mf\

SFEFL
modﬁvkﬂ

GleeL—

L

ll _Illl

200 180 180 170 160 180 140 130 120 110 100 90 80 0 B0 50 an 0 20
£1 (ppm)

210

13C NMR spectrum of 4e

S58



(443
seL
el
e
el
L
el
BEL
Erl
vrL
b2
vl
ELY
Ep
Bas
oL
9L
il
il
iy
EIVE
Iy
208
108
108
EINE

GlB
gLe
gle
0o
09|
0o
lae

0z 0k
iz E‘V.

4f

|

=00

T
4.0

4.5

8.0

0.5 0.0 &8 8.0 8.5 &0 T.8 T.0 6.5 6.0 8.5
£l ipom)

.o

"H NMR spectrum of 4f

bEGL
gl ._KW.
MLl

G2 96—

8zekk
098l

PEITLE
mv.mm_‘/
Dm.mm_./

6479 )
=R
958l

LLBT vv
BE'GT L
EQOEL
ge" el
9L el
WP L

ELdEL
BL ¥ L
95 Zr
GlLarl

08" dgl=—

A IIJ|M||11

10

20

il

4n

a0

60

T

-
<
B W
S
_ £
©E
2 Q o
gg 2 n
= @ n
4
=0
a
g

160

160

170

180

190

200



