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1. General information

All reagents and solvents were purchased from Adamas were used without further purification.
The progress of the reaction was examined by thin-layer chromatography (TLC). Column
chromatography was carried out using silica gel (200-400 mesh). NMR spectra ("H NMR at 400
MHz, *C NMR at 100 MHz) were recorded on a Bruker Inova-400 instrument using
tetramethylsilane (TMS) as an internal standard. High-resolution mass spectrometry (HRMS) data
were obtained using a Micromass Q-TOF Global Tandem Mass Spectrometer. All the spectra data

of compounds 4 and 5 are deposited in supporting information.

2. General procedure for the synthesis of 4 and 5 (4a as an example)
TBAI 20 mol%

O @ TBHP 6 eq.

DMSO0, 90°C O

la 2a 3a

A sealed tube was charged with pyridine 1a (1.0 mmol), acetophenone 2a (0.5 mmol),
N-phenylmaleimide 3a (0.75 mmol), TBAI (20 mmol%) and TBHP (6.0 equiv, 3 mmol) at
room temperature, and DMSO (3 mL) was added. The resulting mixture was stirred for 18
hours at 90 <C and monitored by TLC. After the reaction completed, added 60 mL 10%
Na,S,03 solution (w/w) to the mixture and extracted with EtOAc 3 times (3 < 60 mL).
Combined organic layers were dried over anhydrous MgSQO,, and evaporated in vacuo to
afford crude product. The crude product was purified by column chromatography on silica

gel (petroleum ether/EtOAc = 8:1) to yield the desired product 4a as a yellow solid.
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3. Spectral data of compounds obtained in this study:

4-benzoyl-2-phenyl-1H-pyrrolo[3,4-a]lindolizine-1,3(2H)-dione (4a):

Yellow solid (159.6 mg, 87%); mp 222-224 °C; R; = 0.51 (petroleum ether/ethyl
acetate = 1:1); "H NMR (400 MHz, CDCl3) 5 9.63 (dt, J = 7.3, 1.0 Hz, 1H), 8.01 (dt, J = 8.9,
1.2 Hz, 1H), 7.91-7.81 (m, 2H), 7.63-7.58 (m, 1H), 7.52-7.45 (m, 3H), 7.40 (ddd, J = 8.8, 3.5,

1.4 Hz, 2H), 7.34-7.27 (m, 3H), 7.14 (td, J = 7.1, 1.4 Hz, 1H). 3C NMR (100 MHz, CDCls)

6 185.54, 162.56, 161.95, 138.71, 133.02, 132.49, 132.15, 130.03, 129.45, 128.85, 128.59, 128.32, 127.67, 126.92,
118.81, 117.66, 116.53, 110.62, 77.31, 76.99, 76.67. HRMS (TOF MS ES+): m/z [M+H]" calcd for Cy3H14N;03:

367.1006; found: 367.1008.

4-(4-methylbenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4b):
Yellow solid (163.6 mg, 86%); mp 238-240 °C; R; = 0.46 (petroleum ether/ethyl
acetate = 1:1); *H NMR (400 MHz, CDCl3) § 9.55 (d, J = 7.3 Hz, 1H), 7.99 (d, J = 8.9 Hz,

1H), 7.80 (d, J = 8.2 Hz, 2H), 7.50-7.45 (m, 1H), 7.44-7.38 (m, 2H), 7.36 -7.30 (m, 3H),

7.27 (d, J = 8.0 Hz, 2H), 7.10 (td, J = 7.1, 1.3 Hz, 1H), 2.41 (s, 3H). *C NMR (100 MHz,
CDCly) 5 185.09, 162.60, 162.13, 144.04, 135.86, 132.38, 132.22, 129.97, 129.81, 129.59, 129.07, 128.85, 128.36,
127.66, 126.93, 118.78, 117.88, 116.30, 110.29, 21.84. HRMS (TOF MS ES+): m/z [M+H]" calcd for CpyH1sN,05:

381.1163; found: 381.1166.

4-(4-methoxybenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4c):

Yellow solid (166.5 mg, 84%); mp 276-277°C; R; = 0.28 (dichloromethane); *H
NMR (400 MHz, CDCl3) 8 9.47 (d, J = 7.3 Hz, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.91 (d, J

= 8.8 Hz, 2H), 7.50-7.39 (m, 3H), 7.36-7.29 (m, 3H), 7.09 (dd, J = 10.0, 4.2 Hz, 1H),

6.95 (d, J = 8.9 Hz, 2H), 3.86 (s, 3H). 3C NMR (100 MHz, CDCl;) & 183.86, 163.92,

162.61, 162.28, 132.20, 131.01, 129.91, 129.09, 128.85, 128.16, 127.64, 126.88, 124.41, 123.93, 118.78, 118.03,
116.09,113.66, 109.97, 55.38. HRMS (TOF MS ES+): m/z [M+H]* calcd for CyH1N,O,4: 397.1112; found:

397.1115.

4-(4-hydroxybenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4d):
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Yellow solid (156.8 mg, 82%); mp 278-280°C; R; = 0.45 (petroleum ether/ethyl
acetate = 1:1); *H NMR (400 MHz, DMSO-dg) 5 10.40 (s, 1H), 9.25 (d, J = 7.3 Hz, 1H),

7.91 (d, J = 8.9 Hz, 1H), 7.80 (t, J = 8.8 Hz, 2H), 7.62-7.56 (m, 1H), 7.44 (t, J = 7.5 Hz,

2H), 7.38-7.29 (m, 3H), 7.24 (td, J = 7.1, 1.2 Hz, 1H), 6.80 (d, J = 8.7 Hz, 2H). *C NMR

(100 MHz, DMSO-ds) & 183.27, 162.96, 162.66, 162.32, 133.15, 132.88, 131.79, 131.14, 130.26, 129.50, 129.46,
129.06, 128.89, 127.99, 127.85, 118.40, 118.09, 116.72, 115.54, 115.42, 109.31. HRMS (TOF MS ES+): m/z

[M+H]* calcd for Cy3H14N,0,. 383.0956; found: 383.0960.

4-(4-aminobenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4e):

Yellow solid (143.0 mg, 75%); mp 268-270 °C; R; = 0.40 (petroleum ether/ethyl
acetate = 1:1); *H NMR (400 MHz, CDCls) § 9.36 (d, J = 7.3 Hz, 1H), 7.95 (d, J = 8.9

Hz, 1H), 7.82 (d, J = 8.7 Hz, 2H), 7.45-7.38 (m, 3H), 7.36 (t, J = 4.3 Hz, 2H), 7.31 (t, J

=7.2 Hz, 1H), 7.03 (td, J = 7.2, 1.2 Hz, 1H), 6.65 (d, J = 8.7 Hz, 2H), 4.16 (s, 2H). °C

NMR (100 MHz, CDCl;) & 183.14, 162.70, 162.50, 151.82, 132.71, 132.36, 132.12,
130.75, 129.84, 128.81, 128.35, 128.10, 127.78, 127.55, 126.91, 118.71, 118.53, 115.71, 113.71, 109.99, 109.47.

HRMS (TOF MS ES+): m/z [M+H]" calcd for C,3H15N3O4: 382.1115; found: 382.1117.

4-(4-nitrobenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]lindolizine-1,3(2H)-dione (4f):

Yellow solid (154.3 mg, 75%); mp 289-290 °C; R; = 0.48 (petroleum ether/ethyl
acetate = 2:1); 'H NMR (400 MHz, CDCl3) 3 9.79 (d, J = 7.2 Hz, 1H), 8.31 (d, J = 8.8

Hz, 2H), 8.07 (d, J = 8.9 Hz, 1H), 7.94 (d, J = 8.8 Hz, 2H), 7.63-7.57 (m, 1H), 7.45-7.38

(m, 2H), 7.36-7.25 (m, 4H). *C NMR (100 MHz, CDCly) § 183.57, 162.22, 161.86,

149.98, 144.21, 133.02, 131.81, 131.07, 130.32, 130.27, 129.93, 129.56, 129.01, 127.99, 126.80, 123.60, 119.01,

117.38, 116.66, 111.66. HRMS (TOF MS ES+): m/z [M+H]" calcd for C,3H13N50s: 412.0857; found: 412.0860.

4-(4-fluorobenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (49g):
Yellow solid (138.4 mg, 72%); mp 223-224 °C; R; = 0.24 (petroleum ether/ethyl
acetate = 3:1); "H NMR (400 MHz, CDCl) § 9.58 (d, J = 7.3 Hz, 1H), 7.99 (d, J = 8.9 Hz,

1H), 7.93-7.85 (m, 2H), 7.52-7.46 (m, 1H), 7.45-7.39 (m, 2H), 7.36-7.29 (m, 3H), 7.13

(ddd, J = 6.9, 6.4, 1.7 Hz, 3H). *C NMR (100 MHz, CDCI3) & 183.88, 167.09, 163.33 (d,
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J = 245.0 Hz), 162.45, 134.87 (d, J = 3.0 Hz), 132.56, 132.16, 132.10, 132.07, 130.01, 129.94, 128.92, 128.70,
127.78, 126.86, 118.83, 117.40, 116.60, 115.57 (d, J = 22.0 Hz), 110.62. HRMS (TOF MS ES+): m/z [M+H]"

calcd for Cy3H413FN,O5: 385.0912; found: 385.0914.

4-(4-chlorobenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4h):

Yellow solid (150.3 mg, 75%); mp 269-270 °C; R; = 0.56 (petroleum ether/ethyl
acetate = 2:1); *H NMR (400 MHz, CDCl3) § 9.62 (dt, J = 7.2, 1.0 Hz, 1H), 8.02 (dt, J =
8.9, 1.2 Hz, 1H), 7.85-7.77 (m, 2H), 7.52 (ddd, J = 8.8, 6.9, 1.0 Hz, 1H), 7.47-7.39 (m,

4H), 7.36 -7.27 (m, 3H), 7.15 (td, J = 7.1, 1.4 Hz, 1H). *C NMR (100 MHz, CDCly) &

184.11, 162.43, 162.06, 139.49, 136.94, 132.64, 132.05, 130.87, 130.05, 128.94, 128.80,
128.68, 127.83, 126.88, 118.87, 117.27, 116.70, 110.77. HRMS (TOF MS ES+): m/z [M+H]" calcd for

C,3H13CIN,O3: 401.0617; found: 401.0619.

4-(4-bromobenzoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4i):
Yellow solid (155.8 mg, 70%); mp 281-282°C; R; = 0.37 (petroleum ether/ethyl

acetate = 3:1); *H NMR (400 MHz, CDCly) 8 9.62 (d, J = 7.3 Hz, 1H), 8.02 (d, J = 8.9

Hz, 1H), 7.76-7.71 (m, 2H), 7.63-7.59 (m, 2H), 7.55-7.50 (m, 1H), 7.43 (dd, J = 10.3, 4.9

Hz, 2H), 7.36-7.30 (m, 3H), 7.16 (td, J = 7.1, 1.3 Hz, 1H). *C NMR (100 MHz, CDCly)

184.25, 162.43, 162.06, 137.38, 132.66, 132.05, 131.65, 130.97, 130.07, 128.96, 128.83, 128.22, 127.85, 126.89,
118.88, 117.21, 116.73, 110.81. HRMS (TOF MS ES+): m/z [M+H]" calcd for Cy3H;3BrN,05: 445.0112; found:

445.0115.

4-(furan-2-carbonyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4j)):
Yellow solid (149.6 mg, 84%); mp 261-263 °C; R; = 0.28 (petroleum ether/ethyl
acetate = 3:1); *H NMR (400 MHz, CDCl;) § 9.41 (d, J = 7.3 Hz, 1H), 7.96 (d, J = 8.9 Hz,

1H), 7.66 (dd, J = 1.5, 0.6 Hz, 1H), 7.47-7.42 (m, 3H), 7.40- 7.30 (m, 4H), 7.07 (td, J = 7.1,

1.3 Hz, 1H), 6.61 (dd, J = 3.6, 1.7 Hz, 1H). *C NMR (100 MHz, CDCly) & 171.56, 162.52,
162.30, 152.07, 147.61, 132.27, 129.65, 129.45, 128.96, 128.92, 128.85, 128.34, 127.73, 126.99, 126.92, 126.88,
120.12, 118.87, 116.31, 112.64, 110.60. HRMS (TOF MS ES+): m/z [M+H]" calcd for C,yH1,N,0,: 357.0799;

found: 357.0801.
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2-phenyl-4-(thiophene-2-carbonyl)-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4K):
Yellow solid (128.5 mg, 69%); mp 275°C; R; = 0.29 (petroleum ether/ethyl acetate =
3:1); 'H NMR (400 MHz, CDCl3) § 9.36 (d, J = 7.3 Hz, 1H), 7.99 (d, J = 8.9 Hz, 1H), 7.85

(dd, J=3.8, 1.0 Hz, 1H), 7.76 (dd, J = 4.9, 1.0 Hz, 1H), 7.45 (dd, J = 15.1, 7.2 Hz, 3H), 7.35

(dd, J = 16.7, 7.9 Hz, 3H), 7.15 (dd, J = 4.9, 3.9 Hz, 1H), 7.08 (td, J = 7.1, 1.2 Hz, 1H). ©°C
NMR (100 MHz, CDCly) § 176.60, 162.47, 162.21, 142.91, 135.65, 135.09, 135.02, 132.31, 132.13, 129.82,
128.93, 128.79, 128.35, 128.11, 127.77, 126.90, 118.89, 117.65, 116.25, 115.08, 110.31. HRMS (TOF MS ES+):

m/z [M+H]" calcd for C;H;,N,0,S: 373.0571; found: 373.0575.

4-isonicotinoyl-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (41):

Yellow solid (132.2 mg, 72%); mp 265-267 °C; R; = 0.29 (dichloromethane/ethyl
acetate = 2:1); *H NMR (400 MHz, CDCl3) § 9.77 (d, J = 7.2 Hz, 1H), 8.76 (d, J = 5.8 Hz,

2H), 8.02 (d, J = 8.9 Hz, 1H), 7.62-7.54 (m, 3H), 7.40 (dd, J = 10.5, 4.7 Hz, 2H), 7.34-7.30

(m, 1H), 7.29-7.25 (m, 2H), 7.21 (td, J = 7.1, 1.3 Hz, 1H). **C NMR (100 MHz, CDCls) &
183.81, 162.25, 161.69, 150.90, 149.94, 145.84, 132.96, 131.84, 131.13, 130.26, 129.67, 128.97, 127.93, 126.83,
122.32, 121.23, 118.94, 117.48, 116.37, 111.73. HRMS (TOF MS ES+): m/z [M+H]" calcd for CyH;3N;05:

368.0959; found: 368.0962.

4-(2-naphthoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4m):

Yellow solid (170.7mg, 82%); mp 277-278 °C; R; = 0.35 (petroleum ether/ethyl
acetate = 3:1); 'H NMR (400 MHz, CDCl3) 6 9.62 (d, J = 7.3 Hz, 1H), 8.40 (s,

1H), 8.02 (d, J = 8.9 Hz, 1H), 7.95-7.91 (m, 2H), 7.87 (t, J = 8.0 Hz, 2H), 7.58

-7.53 (m, 1H), 7.52-7.46 (m, 2H), 7.36 (dd, J = 8.2, 7.0 Hz, 2H), 7.31-7.25 (m,

3H), 7.13 (td, J = 7.1, 1.3 Hz, 1H). ®°C NMR (100 MHz, CDCl;) & 185.26, 162.60, 161.97, 135.80,
135.68, 132.53, 132.40, 132.19, 131.89, 130.09, 129.94, 129.62, 129.05, 128.83, 128.55, 128.35,
128.27, 127.91, 127.62, 126.81, 126.67, 124.93, 119.67, 118.85, 117.90, 116.47, 110.59. HRMS (TOF

MS ES+): m/z [M+H]" calcd for Cp7H;6N,04: 417.1163; found: 417.1165.

4-(1-naphthoyl)-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (4n):
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Yellow solid (179.1 mg, 86%); mp 215 °C; R; = 0.41 (petroleum ether/ethyl

acetate = 2:1); 'H NMR (400 MHz, CDCl5) § 10.03 (d, J = 7.2 Hz, 1H), 8.18 (dd,

@ J=6.1, 3.4 Hz, 1H), 8.03 (d, J = 8.3 Hz, 2H), 7.91 (dd, J = 6.2, 3.3 Hz, 1H),

n 7.78-7.70 (m, 1H), 7.61-7.43 (m, 4H), 7.34 (t, J = 7.6 Hz, 2H), 7.28-7.15 (m,

4H). C NMR (100 MHz, CDCly) & 186.45, 162.58, 161.22, 136.82, 133.83, 132.60, 132.10, 132.02,
131.02, 130.67, 130.48, 129.06, 128.81, 128.66, 128.23, 127.63, 127.24, 126.95, 126.20, 124.80,
124.78, 124.30, 119.67, 118.82, 118.78, 117.02, 111.35. HRMS (TOF MS ES+): m/iz [M+H]" calcd for

Cy7H1gN,O4: 417.1163; found: 417.1167.

4-benzoyl-2-(p-tolyl)-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (5a):
Yellow solid (163.6 mg, 86%); mp 227-229 °C; R; = 0.33 (petroleum ether/ethyl

acetate = 3:1); 'H NMR (400 MHz, CDCly) § 9.62 (d, J = 7.2 Hz, 1H), 7.99 (d, J = 8.9 Hz,
1H), 7.89-7.81 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.47 (q, J = 7.1 Hz, 3H), 7.23-7.16 (m, 4H),

7.12 (td, J = 7.1, 1.3 Hz, 1H), 2.34 (s, 3H). **C NMR (100 MHz, CDCl;) & 185.53, 162.72,

162.09, 138.71, 137.68, 132.98, 132.44, 130.17, 130.01, 129.51, 129.46, 128.53, 128.31,
126.81, 119.70, 118.78, 117.60, 116.47, 110.71, 21.13. HRMS (TOF MS ES+): m/z [M+H]" calcd for Cy4H16N,03:

381.1163; found: 381.1166.

4-benzoyl-2-(4-methoxyphenyl)-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (5b):
Yellow solid (166.5 mg, 84%); mp 240°C; R; = 0.46 (petroleum ether/ethyl acetate

= 2:1); 'H NMR (400 MHz, CDCl3) & 9.62 (d, J = 7.3 Hz, 1H), 7.99 (d, J = 8.9 Hz, 1H),

7.91-7.78 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (dt, J = 13.8, 4.1 Hz, 3H), 7.24-7.16 (m,

2H), 7.12 (td, J = 7.1, 1.3 Hz, 1H), 6.92 (d, J = 9.0 Hz, 2H), 3.78 (s, 3H). *C NMR (100

H,CO
5b

MHz, CDCl3) & 185.54, 162.87, 162.25, 158.95, 138.73, 132.98, 132.44, 130.16, 130.02,
129.45, 128.53, 128.30, 124.86, 118.78, 117.62, 116.45, 114.23, 110.67, 55.45. HRMS (TOF MS ES+): m/z

[M+H]" calcd for CysH16N,0,: 397.1112; found: 397.1114.

4-benzoyl-2-benzyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (5¢):
Yellow solid (171.2 mg, 90%); mp 209 °C; R; = 0.51 (petroleum ether/ethyl acetate

= 2:1); "H NMR (400 MHz, CDCly) § 9.55 (d, J = 7.2 Hz, 1H), 7.90 (dt, J = 8.9, 1.1 Hz,

1H), 7.86-7.79 (M, 2H), 7.68-7.62 (m, 1H), 7.53-7.47 (m, 2H), 7.42 (ddd, J = 8.8, 6.9, 0.9
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Hz, 1H), 7.36-7.30 (m, 2H), 7.28-7.18 (m, 3H), 7.05 (td, J = 7.1, 1.3 Hz, 1H), 4.69 (s, 2H). *C NMR (100 MHz,
CDCly) § 185.35, 163.42, 162.65, 138.73, 136.89, 133.00, 132.12, 130.59, 129.90, 129.58, 128.49, 128.38, 128.25,
12751, 118.56, 117.39, 116.20, 110.88, 41.66. HRMS (TOF MS ES+): m/z [M+H]* calcd for CpsHisN,03:

381.1163; found: 381.1164.

4-benzoyl-2-ethyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (5d):
Yellow solid (149.6 mg, 94%); mp 204-205 °C; R; = 0.44 (petroleum ether/ethyl

acetate = 3:1); 'H NMR (400 MHz, CDCly) § 9.58 (d, J = 7.2 Hz, 1H), 7.90 (d, J =

8.9 Hz, 1H), 7.81 (dd, J=8.2,1.2 Hz, 2H), 7.64 (t, J= 7.5 Hz, 1H), 7.49 (t, J = 7.7

Hz, 2H), 7.46-7.41 (m, 1H), 7.06 (td, J = 7.0, 1.3 Hz, 1H), 3.56 (q, J = 7.2 Hz, 2H),
1.15 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCly) § 185.46, 163.53, 162.80, 138.89, 132.84, 132.03,
130.92, 129.93, 129.45, 128.31, 128.21, 118.52, 117.25, 116.11, 111.18, 32.99, 14.04. HRMS (TOF MS

ES+): m/z [M+H]" calcd for C19H14N,05: 319.1006; found: 381.1170.

4-benzoyl-2-methyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (5e):
Yellow solid (140.0 mg, 92%); mp 246-247 °C; R; = 0.33 (petroleum ether/ethyl

acetate = 3:1); "H NMR (400 MHz, CDCl3) § 9.58 (d, J = 7.2 Hz, 1H), 7.90 (d, J =

8.9 Hz, 1H), 7.85-7.73 (m, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H),

7.46-7.40 (m, 1H), 7.06 (td, J = 7.1, 1.3 Hz, 1H), 2.99 (s, 3H). **C NMR (100
MHz, CDCly) § 185.54, 163.74, 163.11, 138.93, 132.84, 132.08, 130.90, 129.94, 129.40, 128.37, 128.24,

118.56, 117.32, 116.15, 111.10, 24.15. HRMS (TOF MS ES+): m/z [M+H]" calcd for C1gH;,N,03: 305.0850;

found: 305.0855.

6-benzoylbenzo[f]pyrido[2,1-a]isoindole-7,12-dione (5f):

Red solid (158.1 mg, 90%); mp 253-255 °C; R; = 0.41 (petroleum ether/ethyl
acetate = 3:1); "H NMR (400 MHz, CDCl5) 5 9.80 (d, J = 7.0 Hz, 1H), 8.24 (dd, J = 7.7,

1.0 Hz, 1H), 8.00 (dd, J = 7.7, 1.0 Hz, 1H), 7.93 (d, J = 9.1 Hz, 1H), 7.90-7.85 (m, 2H),

7.71 (td, J = 7.6, 1.3 Hz, 1H), 7.62 (td, J = 7.5, 1.3 Hz, 1H), 7.59-7.54 (m, 1H), 7.43 (t, J =
7.7 Hz, 2H), 7.37 (ddd, J = 9.0, 6.9, 1.1 Hz, 1H), 7.17 (td, J = 6.9, 1.2 Hz, 1H). *C NMR (100 MHz, CDCls) 3

191.65, 180.80, 174.87, 139.10, 138.92, 134.32, 133.73, 133.57, 133.01, 132.91, 129.23, 128.35, 128.28, 128.17,
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127.58, 127.11, 126.28, 121.29, 120.35, 117.62, 113.71. HRMS (TOF MS ES+): m/z [M+H]" calcd for Cy3H;3NO3:

352.0897; found: 352.0898.

4-benzoyl-6-methyl-2-phenyl-1H-pyrrolo[3,4-a]indolizine-1,3(2H)-dione (5g):
Yellow solid (144.6 mg, 76%); mp 178-180 °C; R; = 0.28 (petroleum ether/ethyl

acetate = 3:1); "H NMR (400 MHz, CDCls) & 8.14-8.03 (m, 2H), 7.94 (d, J = 8.6 Hz,
1H), 7.64 (t, J = 7.4 Hz, 1H), 7.51 (t, = 7.7 Hz, 2H), 7.42 (ddd, J = 15.2, 8.1, 4.5

Hz, 3H), 7.34-7.26 (m, 3H), 6.93 (d, J = 6.9 Hz, 1H), 2.51 (s, 3H). *C NMR (100

MHz, CDCl,) 6 184.19, 162.68, 162.34, 140.22, 137.59, 134.05, 133.99, 132.26, 130.52, 129.74, 128.78,
128.58, 127.96, 127.55, 126.88, 120.54, 117.63, 116.71, 109.39, 23.30. HRMS (TOF MS ES+): m/z

[M+H]" calcd for CysH16N,O3: 381.1163; found: 381.1165.

8-benzoyl-10-phenyl-9H-pyrrolo[3*,4*:3,4]pyrrolo[2,1-a]isoquinoline-9,11(10H)-dione (5h):
Light yellow solid (177.0 mg, 85%); mp 297-298 °C; R; = 0.46 (petroleum

ether/ethyl acetate = 3:1); "H NMR (400 MHz, CDCls) § 9.35 (dd, J = 6.9, 2.5 Hz, 1H),

9.15 (d, J = 7.6 Hz, 1H), 7.94 (dd, J = 8.2, 1.2 Hz, 2H), 7.83-7.77 (m, 1H), 7.76-7.70 (m,

2H), 7.63 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.7 Hz, 2H), 7.46-7.40 (m, 2H), 7.39-7.30 (m,

4H). *C NMR (100 MHz, CDCl3) & 185.73, 162.97, 161.76, 138.47, 133.43, 132.36, 132.29, 130.62, 129.82,
129.71, 129.16, 128.85, 128.40, 128.05, 127.77, 127.74, 126.98, 126.71, 125.35, 123.90, 119.73, 116.64, 112.65.

HRMS (TOF MS ES+): m/z [M+H]" calcd for C,;H1N,O4: 417.1163; found: 417.1166.

8-benzoyl-10-ethyl-9H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]isoquinoline-9,11(10H)-dione (5i):

Yellow solid (163.9 mg, 89%); mp 228-229°C; R; = 0.51 (petroleum ether/ethyl
acetate = 3:1); 'H NMR (400 MHz, €DCl3) 8 9.23 (d, J = 7.4 Hz, 1H), 9.09 (d, J

= 7.6 Hz, 1H), 7.95-7.85 (m, 2H), 7.77-7.73 (m, 1H), 7.72-7.63 (m, 3H), 7.52 (t,

J=7.8Hz, 2H),7.23 (d, J = 7.6 Hz, 1H), 3.63 (g, J = 7.2 Hz, 2H), 1.19 (t, J =
7.2 Hz, 3H). °C NMR (100 MHz, CDCl,) § 185.71, 163.80, 162.63, 138.63, 133.28, 131.82, 130.43,
129.72, 129.00, 128.91, 128.30, 127.60, 126.62, 125.34, 123.77, 119.20, 116.20, 113.22, 33.28, 14.03.

HRMS (TOF MS ES+): m/z [M+H]" calcd for C,3H16N,O3: 369.1163; found: 369.1164.
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8-benzoylbenzo[5,6]isoindolo[1,2-a]isoquinoline-9,14-dione (5j):

Red solid (170.6 mg, 85%); mp 311-312 °C; R; = 0.56 (petroleum ether/ethyl
acetate = 3:1); '"H NMR (400 MHz, CDCl3) 6 9.49 (d, J = 7.4 Hz, 1H), 8.25 (dd,

J=17.7,1.0Hz, 1H), 8.09-7.99 (m, 3H), 7.90 (d, J = 8.1 Hz, 1H), 7.72 (ddd, J =

9.0, 5.6, 1.7 Hz, 2H), 7.66-7.51 (m, 3H), 7.49-7.38 (m, 3H), 7.32 (d, J = 7.5 Hz,
1H). C NMR (100 MHz, CDCl;) & 194.92, 180.76, 175.22, 137.34, 134.52, 134.04, 133.77, 133.19,
133.16, 132.92, 129.51, 129.47, 129.23, 129.05, 128.90, 127.67, 126.90, 126.57, 124.74, 124.44,
124.40, 122.54, 117.60, 116.83, 109.98. HRMS (TOF MS ES+): m/z [M+H]" calcd for C,;H;sNO3: 402.1054;

found: 402.1055.

10-benzoyl-8-methyl-7H-pyrrolo[3',4':3,4]pyrrolo[1,2-a]quinoline-7,9(8H)-dione (5k):

Yellow solid (157.7 mg, 89%); mp 256-257 °C; R; = 0.47 (petroleum ether/ethyl
acetate = 3:1); "H NMR (400 MHz, CDCl;) & 8.13 (dd, J = 8.3, 1.2 Hz, 2H), 7.79

(dd, J=7.6, 1.7 Hz, 1H), 7.77-7.70 (m, 3H), 7.65 (d, J = 9.2 Hz, 1H), 7.57 (td, J =

7.5, 1.6 Hz, 2H), 7.54-7.45 (m, 2H), 3.01 (s, 3H). *C NMR (100 MHz, CDCly) &
185.95, 163.88, 163.13, 137.25, 134.50, 133.40, 131.54, 130.48, 129.64, 129.54, 129.51, 129.35,
128.71, 126.19, 125.19, 123.02, 119.30, 116.42, 112.10, 24.20. HRMS (TOF MS ES+): m/z [M+H]" calcd

for C,,H14N,04: 355.1006; found: 355.1009.

10-benzoyl-8-phenyl-7H-pyrrolo[3',4':3,4]pyrrolo[1,2-a]quinoline-7,9(8H)-dione (51):

Yellow solid (172.8 mg, 83%); mp 220-222 °C; R; = 0.45 (petroleum ether/ethyl
acetate = 3:1); *H NMR (400 MHz, CDCl,) & 8.23- 8.14 (m, 2H), 7.82 (s, 2H), 7.78
(d, J = 7.7 Hz, 1H), 7.73-7.66 (m, 2H), 7.58-7.48 (m, 4H), 7.44-7.38 (m, 2H), 7.36

-7.27 (m, 3H). *C NMR (100 MHz, CDCl,) & 186.09, 162.67, 161.95, 137.09,

134.57, 133.41, 132.21, 131.92, 130.50, 129.74, 129.62, 128.83, 128.80, 128.78,
128.45, 127.68, 126.87, 126.35, 125.31, 123.41, 119.33, 116.52, 111.64. HRMS (TOF MS ES+): m/z

[M+H]" calcd for Cy;H16N,O3: 417.1163; found: 417.1166.
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spectral copies of 1H NMR, and 13C NMR

4. Appendix
Compound 4a

L
zvL
€1
viL
SLL
oL
vzL
8z'L
62'L
0e'L
1eL
ze'L
zE'L
(29
8€'L
8€'L
6E'L
ov'L
Wi
'L
'L
'L
£v'L
oL
ov'L
iy
8y'L
8y'L
V'L
6v'L
05°2
05°2
05°L
5L
5L
85'L
85°L
65°2 1
09°Z
09°Z
192
29'21
29'21
£9°2
58°2
582+
99°L

0.0

1.0 05

1.5

2.0

2.5

3.0

3.5

55 50 45 4.0
f1 (ppm)

6.0

7.2
65

7.0

7.4
75

66°L
00'8
00'8
[4x:]
208
208
29’6
296
€9'6
v9'6
96
S9'6

18°L

18°L v
18°L

8.0

7.6
f1 (ppm)

9.0 85

8

7
9.5

8.0
105 10.0

199
66°9L W
LeLL

29'0L1 ~
£5'9LL
ee.h:V
18'8LL —
26'921
19'121
2ezr
65821
58'8Z1
Sv'62L
£0'05L
sLzel
6v'zEl
z0'eEL
LL'8gL

56191~
957291

VS8l —

.0

10

20

L,
30

40

180 170 160 150 140 130 120 110 100 92 80 70 60 50
1 (ppm)

190




Compound 4b

802
60°L
012
01°L
zLLA
AW
YZ'L
92
8Z°L
1EL
2e L
ve'L
6€°L ]
W
£v'L ]
Sb°L
Lv'L
6L
6L°L
1872
86°L
008
Y56~
956~

e

6L L~
8L

86°L
00'8 V

FezoL

7.6 7.4 72 7.0
f1 (ppm)

7.8

8.0

801
0z

16'C
»Mz
Vi

Azo'L

=00'L

2.5 2.0 1.5 1.0 0.5 0.0

3.0

w

6.5 6.0 5.5 5.0 4.5 4.0

7.0

7.5

8.0

f1 (ppm)

vl —

19'9L
66'9L W
LeLL

62011 —
oc'olL
88'LLL M

|8684t
99°221 /
9£°821 ~\
58821
L0°6Z)

18'6ZL
L6°6C1

vO'vylL —

€129~
09291

60681 —

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S12



Compound 4c

=]
re
“ 2
L@ ]
2 ] g
L2 ;
w —_— 2
|l _ !
=
Fe 2
v
L %
| = 8665 —  —
- g
]
[ en
H
858'€ — - 00t | o soL
-+ . - 4
69, -—
8Z'LL 2
v
-
6£6°9 <
2969 3z g
¥ [ wn
o :
660°L ] = L6601 gz
201" h 99°€LL
£v2'L [3e] 60911
1622 ~ < c08LL ] ]
S1EL [ @ 8L8LL -
9g€°L | c6'cZL I
pSeL -t L@ S.vﬁ/ =g s
85¢°L ~ 88'9z1 =
vov'L _XENF /
€Zv'LA — o0z | = 91'821 & -
6vL " =5 = [ 58'8z1 ]
[A4B\ . = — 20L°E 60'621 -
6572~ —=| Ieez | 16621
8L/ BEVL i = Lo'LEL g
Lol L S - v661 | o zzel
NB.\.\ 6SY°L ~E TT| esor -
- . 2 2
66°L 8lV'L r /m\. .
~ r o
- . ﬂ I3
= 82291\ z
L L2 19291 = =
® z6'c9L -
19r'6~ roe _ L ow =
6.6 = T
°
a < 8
G LS | S
vom.h\ - Tm b= = 98'€8L — 7
mNm.ﬁ | " s
2L6° L~ — Tm.o - e <
v66°L — - o .
=

S13




Compound 4d

e
W'z W
Lv'e

zee

6L9~
1837
vZL
0£L—
2L
€L
ve'L
L
oL
08'L
2L
06'L
£6'L

vZ'6
92'6 >

ov'oL —

f1 (ppm)

L00°L
fzoe
g0t
520z
Ao

£€6°0

1.0

w

2.5 2.0

3.0

4.0

4.5

5.0
11 (ppm)

10.0 9.5 9.0 8.5 8.0

10.5

[¢560L
zL9LL

g L
overs

G8°LZ1
66°LC1
68'8C1
90°6Z1
9v'62L
0S°621
9Z'0€L
YAl
6L°LEL
88°Z€L
SL'eel

[A4: 13
99291 W
96°291

L2°€8lL —

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S14



Compound 4e

10

20

30

40

w
re
_ =
FE
w
FE
L=
i [ v
=
e
_ n
F&
| =
e
w
b
99°9,
S wa.EW
955 < bz 0gLL
99°9 HE
£0°L
£0°L
voL Fag
vZ'L B
1L e
£82 1 | o=
€L | L Ly'60L
L6721 - | = 66'601 -
L6°L | Lo © LUELL A
6€°L VUSLE~
wm.ng [ L e es8LL~
1 o _ - :
WL e =—— =002 té mﬁ/
wiy il oo ls sg 221\
5 ., Bl iz
wv.h ;W 0 = I 61 -
pps == s | 18821
L veezL
V8L~ - zL'zeL
. 0 - =00
8L F o uﬂM 001 L S og°zel
NM.M | £ * LLzgl
<= | w Jesis—
- g “°
S
[ L= 05291
L= ° ozzoL
5e'6 _ .
o6 L "= 0L |
-]
18°L~ - o~
2> ~— |boog = <
£8'L ] =
EN pLesL —
. M L2
v6°' L~ - To._\ =
96'L— - = -
(B L2

60

70

90 80

100
fl (ppm)

S15

130

140

180 170 160

190




Compound 4f

vZ'L
9z'L

9z'L

7L

82'L
62°L
62'L
1€
9%
ze'L
€€°L
€€°L
vEL
pe'L W
or'L-~8
Zv'L]

ev'L

'L

'L
852
09'L Q
29°L

26°L
G6°L
50°8
80'8
0€'8 |
ze's”
816~
086~

=T

©

N

~

L
—TT1 ST T Y

s

Fsoz

7.3

7.5

Foo1-

Fooz
Frory

hoz

7.9 7.7
f1 (ppm)

8.1

8.3

ﬁem.n
H/mo.N

0L
»002
=0l

J40T

0.0

2.5 2.0 1.5 1.0 0.5

3.0

w

5.0 45 4.0

5.5
fl (ppm)

6.0

6.5

7.0

15

8.0

9.0

9.5

10.0

S9'9L
L6'9L W
6z'LL

99°LLL
99°9LL
8E°LLL
L0'6LL
09°€Z1
08°9Z1
66°LZ1
Lo'62k
9G°6Z1
€6°6Z1
L2°0EL
2€0€L
L0°LEL
18'LEL

FE55E—

86°671 —

98°191
lezzor

LS°€8L —

A

10

20

110 100 90 80 70 60 50 40
11 (ppm)

120

180 170 160 150 140

190

S16



Compound 4g

oLz
1L
L
49
z1L
vLL
SL'L
oL'L
vzL
o€,
og'L
LE'L
zeL
€L 1
ov'L
2vL
Lo
nas
112
6vL
6vL
6vL

1G7L A
\§°L7
18°L
88°L
88°L
68'L
06°L
16°L
86°L
00'8

166~
856~

7.1

80 79 78 77 7.6 75 74 73 7.2

f1 (ppm)

LS00°E

0°¢
e
Ago')
00T
200’}

=00'}

2.5 2.0 1.5 1.0

3.0

w

4.0

4.5

5.5 5.0

6.0

7.5 7.0

8.0

9.5 9.0

10.0

f1 (ppm)

[68:8et

69'9L
Lo°LL W
nn.hh

29°0LL
ov'SLL
89'GLL

{
09°9LL ~

oy LLL -7

/

8L2h
02'821
26021
v6'6zL
L0°0Ek
L0ZEL
oL'zeL
o1zeL
95°2€1
88'vEL

01294~
srzoL -
ssval

60291/

88'€81L —

N

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S17



Compound 4h

£1'L
yL'L
SL'L
SLL
1L
1L
vz'L
1e'L
2e°L
£€°L
ve'L
ge'L
WL
WL
WL
£v'L
£v'L
Sv'L
Sv°L
ov'L 1
052
052
1572
252
252
252
S
5L

00'8
108
Lo'g
€0°8
€0'8
€0°8
196
19'6
196
29'6
€9°6
€9°6

08°L
08°L
18°L
28°L

-
<
~
-
-

10°¢

0¥

To.mx

To.ﬁ

7.3

7.4

7.5

e

78 17 76
f1 (ppm)

7.9

8.0

=20°1
E0°€
Mo

Vi
0T
=01

2.5 2.0 1.5 1.0

3.0

w

4.0

4.5

7.5 7.0 6.5 6.0 5.5 5.0

8.0

9.5 9.0

10.0

f1 (ppm)

S9'9L
16'9L W
6Z°LL

LLOLL ~
0L°9LL
LTLLL
18'8LL —
88'9C1
€8°L21
89'8C1 A
08°821L
76821
S0°0€L
18°0€1
S0°ZEL
v9'zeL
v6°9€L
67°6€1L

90291 ~_
£7'29L -

Lyl —

I

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S18



Compound 4i

yLL
vi'L
S1°L
oL'L
1L
8L°L
sT'L
1e'L
£€°L
£€°L
S€'L
1)
WL
2L
£v'L
StL
052
05°2 1
25°L
25°L
£6°2 1
YL
vS'L
65°L
09°2
09°2
19°L-]
2o
292
2Ll %
[IVE
DVE
IZVE
VLl
VE

108

€0'8

196~
€96

“
e~
— 0°g|
N
r o=
—1 1. —==
’N oo, —
)~ =
= F g —
= T: £
- o=
= °
— To.ux7
[ -
=
r o=

s

AL
€22
e T
00z

0z

“o0°

=00'L

0.0

0.5

1.0

2.5 2.0

3.0

o
-

4.0

6.5 6.0 5.5 5.0 4.5

7.0

10.0 9.5 9.0

10.5

f1 (ppm)

99'9L
86'9L W
62°LL

18011 ~
€L°9L1L
[ZVA%3 V
88'8LL —
68'9Z1
G8°LZ)
[44:743 V
€8°8C1
96°821
L0°0€L
L6°0€L
S9°LEL
S0°ZEL
99°2€L
8¢°LEL

90291 ~_
£v'29L -

fscveL —

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S19



Compound 4j

09'9
09'9
199
39
9g'L /
8g'L
8e'L
6e'L
6e'L
L
£v'L

vv'L
99°L
99°L
99°L
99°L

or'6~
e

L0°L

€TL
€€°L
9¢€°L
9¢€°L

8¢Z
8¢€°L
6€°L
6€°L
(A2
VL
vl
vl

e

WL
'L
99°L
99°L
99°L
99°L
S6°L

0
<
~
O S

|

80 79 78 77 76 75 74 173 72 71 7.0

Foory
T:

Feig

Fe60

oo

f1 (ppm)

Yoot
oLy
Agle
=860

m\ao.—

o't

1.5 1.0 0.5 0.0

2.0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0
fl (ppm)

10.5

199
66°9L W
LeLL

09°0LL ~
V9°ZhL —
LE9LL~
L8°8L1 W
134

26°9Z1

€L22LF
ve8zL
26821
59°621

Lz°ZEL

9Lyl —
L0°CS 1 —

0€°291
fesealL >

9G°LLL —

180 170 160 150 140 130 120 110 100 92 80 70 60 50 40 30 20 10
f1 (ppm)

190

S20



Compound 4k

90°L
10°L

80°L

80°L

oL'L

oL'L

1L
5172
512
91°L 1
vz L
28
£€°L 1
9g°L
8c°L
2L
Gan
oYL
8L
SL°L

A
912 k‘“
9272

8L
582
58°L
982
16'2
008
SE'6~
16

2L
€€ L~
9g'L —
8e's
2rL—
YL

o:&\w

8Y'L

SLL
SLL /
9L’
9L'L
8L

G8°L
G8°L xﬁ
98’L

L6'L~
008 —

«
[ o~
0e
N
r o~
0'e
N =
L Mm MU
L [
]
L oz
MM 60"
®
L= uum
wﬂ Tm.o,
o
[~
” To.F S
-]

AL
=90’}
£80°€
Noo'e
860
5960
R0t

2.5 2.0 1.5 1.0

3.0

w

4.0

4.5

7.5 7.0 6.5 6.0 5.5 5.0

8.0

9.5 9.0

10.0

f1 (ppm)

89'9L
00°LL W
Nm.hh

LE0LL~
80°GLL

Sz'9LL V
_8.5 =

GE8sE

LLL2)
[3%:74%
S€'8Z1

6821
zo'sel /-

lezyl —

_‘N.va
Ly'291 >

09'9LL —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

fl (ppm)

S21



Compound 4l

61°L
61°L
L
'L
€T°L
€T°L
veL
9z'L
82°L
8Z°L
0€°L
2e°L
[AwA
8€°L
V'L
WL
2L
552 1
552 1
9G°L 1
LG7L
LG A
85°L +
8G°L
6G°L
09°L

69°L
0LL
0L'L
WL
o8
€0°8

SL'8
LL'8

96~
8.6

XAV
el
€TL

€0y

€'Y

—00°L

ke

7.2

7.3

7.5

7.6

0.0

35 3.0 2.5 2.0 1.5 1.0

4.0

4.5

6.0

6.5

7.0

10.0 95 9.0 85 8.0

10.5

LL9L
80°LL W
ov'LL

SLLLL
18911
svLLL
v6'8LL
£z'1Z)
zezzL /
£8'9Z1
£6'22) /
16'921
19'6Z1 W
9zZ'0¢1
£LLEL
v LeL
96'2€1
v8 syl —
v6'6vL
06°051 —

69°191
5229l

18'egl —

|

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S22



Compound 4m

1L
Z1L
£1°L
£1'L
SLL
SL'L
9z'L
82'L
82'L
ve'L
9g°L
og'L
8¢°L
L
8L
8L
6L
6L
[
052
5L
25°L
25°L
£5°2 1
€521
55
552
152
58
1824
6921
26°L
26°L
£6°L

thgw
G6°L
108 -7
€0'8

0’8 —

196~
€96

JAQ

o 0
RN
NNNM~
‘\\1//

6t'L

Lamim min)

75

7.6

7.8 7.7
f1 (ppm)

7.9

8.0

N

L1
Jiez
Zvee
7z
Vi
51T
2061
0L
=160

=00'L

2.5 2.0 1.5 1.0 0.5 0.0

3.0

w

4.0

4.5

5.0
11 (ppm)

5.5

6.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0

10.5

99'9L
wahww
0€LL

65°0LL
REE
06211
58'8LL |
19611
£6'vZ1
19'9Z1
18'921
29221
16°221
12821
5£°821
_mm.wﬂ q

e

£8'821
s0°6zL T
z9621 [
ve-6zL I
60°0€) |
68°LE)
61°2€1
ov'zel
£5°2€1
89°GEL
o0g'gel
167191~
09291

92°G81L —

1k

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S23



Compound 4n

8L'L
61°L
0z'L
2L
2L
£2°L
STL
S2'L
1721
2L
veLA
9¢'L
6L
05°2 1
16°2
252
€6°L
¥S LA
95'L—
vLILF
9.2
10
06°L
16'2]
162
z6'L ]
20'8
¥0°8
118
818 ]
81'8
618
£0°0L

vooL >

===

4n

Ty

6°0)

7.6 7.4 7.2
f1 (ppm)

7.8

8.0

8.2

— F00'L

0.0 -0)

0.5

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

6.0

10.0

10.5

f1 (ppm)

vL'9L
90°LL wv
8€°LL

SELLL
20°LLL
81811 |
z8'8L1
19°611
0€'v21 1
8L21
08421 |
02'921
56'9Z1
vz Lz
£9°221
£2'821
99°8Z1 -\
18'8Z1 -]
90°6Z1 |
8y°0cl
19°0€1 4
z0°11
Jeozel
o1'z€l
09°Z€1
£8'¢€l
z8'9¢1 -
ZZ'191L ~
85291 -~

S98L —

|

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S24



Compound 5a

V€T —

o012+
oL'2q
Ve
Z1LLA
€12
viL
nye
6L
0z'L ;W

veL/
Sv'L-F
9L Kw
8L
0572 ﬁ
15721

65°L
19°2
v8°L ]
8L
98°L
86°L
008
29'6

£9'6

71

74 73 12

7.5

7.7 1.6

79 178

8.0

f1 (ppm)

=L0'¢

=201
oy
£80°¢
0L
£00Z
=00}

=00'L

2.5 2.0 1.5 1.0

3.0

w

4.0

4.5

5.5 5.0

6.0

7.5 7.0

8.0

9.5 9.0

10.0

f1 (ppm)

€Lz —

(77
€0°LL W
mm.hh

LLOLL~
1r'9LL
09211
YA
0,611~
18'921
regzL
£5'921
o621
15'621
10'0¢L
L1081
Gait’
86'2€1
89'.€1
L2851

60°Z91 ~_
| (k41

€5°681 —

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S25



Compound 5b

8L€ —

069 1
£6'9 |
01721
012
[4VE
Ve
v1L
vLL
0Z'L
1L
2TL
221
YT L
Sv'L
L
8L -]
6L
05°L _m

05°2 4
852
65°L
1972
v8'L ]
¥8°L
98°L
86°L
00°g -
29°6
€96

H;CO

5b

00’}

r§6°C

00°2

S8

6.9

71

7.3

7.5

7.7

7.9

f1 (ppm)

2.5 2.0 1.5 1.0 0.5 0.0

3.0

w

6.5 6.0 5.5 5.0 4.5 4.0

7.0

7.5

8.0

f1 (ppm)

S¥'eS —

69°9L
Lo°LL W
nn.hh

19'0L1
ma.e:W
Sv'oLL -
29 LLL ~
8,811~
98'vZL ~_
08821

€5°8C1
SY'6ZL
20°0€L
9L°0€L

vyzelL
86°Z€L
€L°8€1

S6'8S 1~
STZ9L ~
18791

VG568l —

H;CO

5b

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S26



Compound 5c¢

10

20

30

=
1 Fe
w
r <
53 < 193
w, - w)
| w
L=
- 99'Ly —
w
Fe
<
Fe
0
e
L= vL9L
v wc.tw
8€'LL
w
F
8 -—— =60
50°L -
0z'L H
zTL B g
£2'L | =
522
522
szL N L2 88011 ~
1272 0z'9LL
£€°L 1 - 65LLL M
MMML = L& om.m: -
"1 15221
2L . 52'8z1
. ~ 0'L .
2Ly = o] m\cu.m [ wn.mﬁv
2L _ m\mo.m 6v'821
"L . — 201 | W 85°621
P = =T 60t/
€9'L 1 pok [4% 431
] x4~ = 61| = .
59'2 ~F Yooy [ 3 00°egl
S 0'L .
28°L a 68'9€L
28, ) - €L8El
v8'L ~ = F o
veL ke
68°L ] © - 59291~
mwi ~ F e 2r'e9l
16°2
. ~ "
wm.mv =~ == =00 [ ®
o =
~ re
Sc's8lL —
. _ =N w
682 - Foori- & s
16°L L

40

Il
90 80 70 60

100
fl (ppm)

S27

120

130

140

180 170 160

190




Compound 5d

€5°€
SS°€
LS°€
65°€

0L
S0°L 1
90°2 1
90°L 1
802
802
521
W
2L
£
£
oL
SvL
5L
L1722
6L
152
292
v9°L
99°2
08°2
182
28°L
€8°L
68°L
2621
156~
656~

feory

Fsou
Foz

Foory

To.u
ooy

78 17 76 75 74 73 72 71 170
f1 (ppm)

7.9

£80°}
0'L
0z
=00'}
200z

oo

=00'L

0.0

2.5 2.0

3.0

n
L

4.0

6.5 6.0 5.5 5.0 4.5

7.0

9.5 9.0

10.0

f1 (ppm)

oyl —

66°2€ —

€L'9L
S0°'LL W
LELL

8L LLL~
[3%:19%
ST'LLL V

[Fe8et
LegzL /
sv6zL

ce6z -
vezel —

688€1L —

08°291 ~
€5°€9L

97'G8L —

|

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S28



Compound 5e

66'C —

S0°L
50°L
90°2 1
10°2
80°L |
80" 1
€T°L
WL
WLA
£
V'L
Yy L
G2
Sb°L
Lv'L
8L
05°L
1924
£9°L
59°2
8.,
6L°L
08°L |
68°L |
26'21

LS°6
65°6 >

7.0

f1 (ppm)

79 78 77 76 15 74 173 72 7.1
1
A

=00}
0l
wco.N
0L
Bee'l
3

£86'0

0.0

1.0

w

2.0

w

3.0

“

5.0 4.5 4.0

5.5

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

f1 (ppm)

SLve —

89'9L
66'9L W
—n.hh

0L LLL~
fsroLt
e LLL V
9S°8LL
v2 8zl
L£'8C1
ov'62L ~—

ve'6zL /-
0601
80zl \

v82€L
€6'8€1

LLE9L ~
vL€9L

vS'G8L —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

200

S29



Compound 5f

yAWA

CTOOTNONNTTTONNNDO-NT®
CSNRANRRVAANNOOOIYTIIMAN
ONNNNNNNNNNNNNNNNNNN

e ———— e ———

10°8

oy

Fsuvyf
Forg

10"}
0’}

e
=~ =

T2de

73 12

7.4

79 78 17 16 15
f1 (ppm)

8.0

eeeareaexr e
Frrrerseae -

PEEE L PO

0.0

1.0

15

4.0 35 3.0 2.5 2.0

5.0 4.5

f1 (ppm)

6.0

6.5

7.0

9.5 9.0 8.5 8.0

10.0

199
66°9L W
LeLL

LUELL
z9LLL
se0zL
62121
sz'9z1L
Lz
85221
L1821
87821
ce'8zL
cz'6zL
162eL
LOEEL
15°¢eL
cLecL
zeveL
26851
oL6EL

L8'VLL —

08081 —

S9°L6L —

10

20

110 100 90 80 70 60 50 40
11 (ppm)

120

180 170 160 150 140

190

S30



Compound 5g

S
=
< H
= 0£'€z —
< =3
~ -
ez — —————— Fooe &
<
Ld 53
2
s
S
< 99'9,
M wa.ﬁw
0gLL H
]
-+
s
- =
3 B
g g
269 1 £ g
69 - " T
vz'L
122 - < 6£'60L — =
82 3 =)
og'L
oL | [T TTANS
L - £o°LLL - 8
] a
: vS'0ZL
LE'LA ) 88°9Z1
el o
! 66'¢- ~ == =860 | = |sszer Y 2
6€°L = 96°221 =
WL 2
evi E Lo —= ez ot
v 1 == ve | n 8L'821 <
_— = 0Z v. 621 s
g - 0L [
L reo — r560 | S
6L . = 3 9zzEL
Ss% r8rg £ — ke | 66cEl
by | & S0vEL
oL = 65°L€1
ey ) (241 4% e
v9'L 3 “ ) 2
bl Lo - vEToL -
£6°L 20°¢ = sozor
56°L | e
208 - r w -
8.& =
60'8 ° s
Loore = g
292~ = 61'v81L —
v9'L — 2ol g
99°L — i
=
[

S31



Compound 5h

szL
1eL
£€L
Se'L
seL
og°L
og°L
182
8c°L
8€°L
WL
'L
Sv'L
sv'L
[
Zs'L
192
£9°L 1
59°2 1
Ve
€272
€22
1L
oL
512
5172
61
0872
187

18-
282
6L
6°L
ve'L
6L
16
E.m/
ve'6
ve's
556
98°6

vLL
SLUL-E
SLL—
6LL~
gL/

7.2

7.3

E

)
<
S e
=
=

7.6

7.7

7.8

-——— =00l
— =0l

2.5 2.0

3.0

w
“

4.0

4.5

5.0

f1 (ppm)

7.0

7.5

8.0

10.0

10.5

99'9L
86'9L W
0€LL

59°ZLL
vo'9LL
€L6LL o
06'€Z1
5e'52l
12°921
86'9Z1
vi 121
127221
50'821
01821
58'821 -]
91°6Z1 7|
L2621
z8'6zL
z9°0g1
62°2€1
o°Z€ L
£V'EEL
REL

SR

9L 191~
167291

€L°681L —

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S32



Compound 5i

8L’
61"
24

&

09°¢
29°¢
v9'¢
99°¢

zz Ly
vz Ly
05°L 1
25°L 1
€52
59
99°2 1
99°2 1
19721
89" 1
89"
69°L
0272
212
2LL
€172
Ve
SL'L ]
88°L
mwi
06°2

80'6

HEAN
2267
£2'6 7

S miT——

¢t L~
veL—

0G°L~_

Fovy]

—86°¢

€T bt

oz

7.8 7.7 7.6 7.5 7.4 7.3 7.2

7.9

f1 (ppm)

=0T

=9}’
M\nc.N
6'C
'L
Hoz

2.5 2.0 1.5 1.0

3.0

w

4.0

4.5

5.5 5.0

6.0

7.0

7.5

8.0

9.5 9.0

10.0

f1 (ppm)

€0vL —

8z'¢e —

0L'9L
Lo°LL W
nm.hh

ZTELL

0Z'9LL
0z'6LL
LL°€TL
ve'szh
29'9Z1L
09°221L
0€'8ZL
16'8Z1 W
00'62L
zL62)
€V°0€L

z8'LEL
8C'EEL
€9'8€1
€9°291 ~

08°€91 -~

Lrs8l —

30 20 10

40

130 120 110 100 90 80 70 60
fl (ppm)

140

180 170 160

190

S33



Compound 5j

vZ'L

S0'8
ve'e
ve's

N e

o

how

8.0

8.2

8.4

f1 (ppm)

0L
e
voz
2901
hogz
oL

1.0

w

2.5 2.0

3.0

4.0

4.5

5.0

f1 (ppm)

8.0

8.5

10.0 9.5 9.0

10.5

69'9L
'L W
€€LL

lze2zeL

jeeveL —

200 19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

1o

S34



Compound 5k

vz'L
oL
ov'L
8L
8L
6L
05°L
152
25°L
£5°L
vs'L
55°L
55°L
1572
1571
85°L
65°L
v9'L |
99°2
12
1L
1L
€12
1L
Ve
9.2
8.1
612
0872

10°¢ —

18°L7

4%
€1'8
43
Sl'8

8L
(X-9]
5L V

85 LT
9L —
(Y]

€LL

L %
[TVRN
9LL—
8LL—
6L /¢
08°L *
18°L

f1 (ppm)

785 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 74

2z
11T
=L
Roo’
0° L
To0'z

1.0

w

2.0

2.5

4.0 3.5

4.5

f1 (ppm)

6.0

6.5

7.0

9.0

9.5

ozve —

0L'9L
20°LL W
nm.hh

oL'zLL
rA4-19
0€'6LL
[ x4
61'SCL
61°921L
| IA:14%
fseect
156zl
vS62L
V9621
8¥°0€L
VS LEL
ov'Ecl
0S'vEL
ST LEL

e

€1°E9L ~
88'¢9l -~

G6'G8L —

10

20

30

40

100 90 80 70 60
fl (ppm)
S35

110

120

130

140

180 170 160

190




Compound 5l

vz'L
8z'L
8z'L
67L
0e'L
L9
1L
zeL
zeL
£e°L
ve'L
ve'L
622
6€°L
WL
WL
Zv'L
sv'L
6v'L
6v'L
1L
152
z5°L
zs°L
£5°L
vSL
55"
55°2
95°2
95°2
1572
s
19°2 1
89°
69°
0L+
102+

6.2~
28,
01’8
118
118
81'8
618

[4: A \

7.9

f1 (ppm)

0'¢
0z
60°%
#1027
oL
6L
£00°C

0.0

0.5

1.0

2.5 2.0

3.0

o
-

50 45 40
11 (ppm)

6.5 6.0 5.5

7.0

10.0 9.5 9.0

10.5

69'9L
LoLL W
Nn.hh

9 LLL
25°9L1
£E°6L1
LY'EZ
1€'SZ1
g9zl
18'9Z1
89°L21 ;
S¥°8Z1
8.'821
08821
£8'821 —
z9°621 /F
X%
0S°0€L
z6'LEL
1zZeL
S.mmi
L5vEL |
60°LE1

S6'L9L ~
L9291

60981 —

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

S36



