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General Information. All reagents were purchased from commercial sources and used without
further purification. 'H NMR spectra were determined on 400 MHz spectrometer as solutions in
CDCls. Chemical shifts are expressed in parts per million (d) and the signals were reported as s
(singlet), d (doublet), t (triplet), m (multiplate) and coupling constants (J) were given in Hz.
BC{'H} NMR spectra were recorded at 100 MHz in CDCl;. Chemical shifts as internal standard
are referenced to CDCl; (6 = 7.26 for 'H and 6 = 77.16 for *C{'H} NMR) as internal standard.
TLC was done on silica gel coated glass slide. All solvents were dried and distilled before use.
All reactions involving moisture sensitive reactants were executed using oven dried glassware.
Melting points (M.p.) were determined after recrystallization of solid compounds from a solution

of dichloromethane/petroleum ether (1:3).

Starting Materials. All 2H-indazoles was prepared by the reported method.!

O
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o

o AcOH, 125 ° h
R-NH, +OVO a) AcOH, 125 °C, 6 -
— b) NaHCO3, H,0

General procedure for the preparation of N-aryl & N-alkyl maleimides derivatives:> Maleic
anhydride (2.0 equiv) were stirred in acetic acid (1.5 mL per mmol of amine) until maleic
anhydride was dissolved completely. Then primary amine was added (1.0 equiv) to the reaction
mixture and refluxed for 6 h at 125 °C. After completion of the reaction, the reaction mixture
was allowed to cool down at room temperature and transfer to a 250 mL beaker. Saturated
NaHCO; aqueous solution was added to the beaker containing reaction mixture until
effervescence of CO, stop. Then, the aqueous mixture was extracted with ethyl acetate (3 x 10
mL). The organic phase was dried over anhydrous Na,SO,. The crude residue was obtained after

evaporating the solvent in vacuum. Then crude residue was further washed with 1(N) HCI (2 x
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20 mL) and brine solution (5 mL) respectively. The aqueous mixture was again extracted with
ethyl acetate (3 x 10 mL). Finally, excess solvent was removed under reduced pressure and the
residue was purified by column chromatography using ethyl acetate/hexane to get extra pure

maleimide with high yields.

2. Characterization data for the synthesized products:

o

1-Benzyl-1H-pyrrole-2,5-dione (2h): Yellow solid (90%, 33 mg); R,=0.50 (PE : EA = 80 : 20);
'H NMR (400 MHz, CDCls): 6 7.30-7.20 (m, 5H), 6.64 (s, 2H), 4.62 (s, 2H); C{'H} NMR

(100 MHz, CDCl3): 6 170.5, 136.3, 134.2, 128.8, 128.4, 127.9, 41.5.

1,2-DCE, 110°C 3aa O
3h

Ph [Cp*RhCly], (2 mol%) C?N
‘ AgSbFg (10 mol% ~.
S0 @ ST (L E
<\ S/ AgOAGc (10 mol%), AcOH (0.5 equiv)
1a 2a

Typical experimental procedure for the synthesized compounds (3aa-3ga): A mixture of 2-
(p-tolyl)-2H-indazole (0.2 mmol, 41.6 mg) (1a), [Cp*RhCl;], (2 mol%, 2.4 mg), AgSbF (10
mol%, 6.8 mg), and AgOAc (10 mol%, 3.3 mg) were taken in an oven dried screw-capped
reaction tube. Then 1,2-DCE (2 mL) and AcOH (0.5 equiv, 6.0 mg) were added to the mixture
and stirred for 5 min at room temperature under open atmosphere. After that, 1-phenyl-1H-
pyrrole-2,5-dione (2a) (0.24 mmol, 41.5 mg) was added, and the resultant mixture was stirred at
110 °C for 3 h. After completion of the reaction (TLC), the reaction was cooled to room
temperature and extracted with dichloromethane. The organic phase was dried over anhydrous

Na,SO,4. The crude residue was obtained after evaporating the solvent in vacuum and was
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purified by column chromatography on silica gel using a mixture of petroleum ether and ethyl
acetate (72:28) as an eluting solvent to afford the pure product 3aa (67 mg, 89%) as a light

yellow solid.

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-phenylpyrrolidine-2,5-dione (3aa): Light yellow
solid (89%, 67 mg); R, = 0.50 (PE : EA = 72 : 28); M.p. 143-144 °C; '"H NMR (400 MHz,
CDCl): 0 8.24 (s, 1H), 7.71-7.65 (m, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.35-7.28 (m, 5H), 7.23 (s,
1H), 7.15-7.11 (m, 1H), 6.92-6.90 (m, 2H), 4.21 (t, J = 8.4 Hz, 1H), 3.26 (d, J = 8.4 Hz, 2H),
2.46 (s, 3H); BC{'H} NMR (100 MHz, CDCl3): ¢ 176.1, 175.1, 149.7, 140.1, 137.7, 132.7,
131.8, 131.2, 129.7, 128.9, 128.4, 127.09, 127.07, 126.3, 125.3, 122.6, 122.4, 120.6, 117.9, 43.9,
38.0, 21.3; Anal. Calcd for C,4H[9N;O,: C, 75.57; H, 5.02; N, 11.02%; Found: C, 75.38; H, 4.98;

N, 11.11%.

3-(2-(2H-Indazol-2-yl)-5-methoxyphenyl)-1-phenylpyrrolidine-2,5-dione (3ba): Brown solid
(73%, 58 mg); Ry=0.45 (PE : EA = 65 : 35); M.p. 148-149 °C; 'H NMR (400 MHz, CDCl): §
8.21 (s, 1H), 7.71-7.65 (m, 2H), 7.42 (d, J = 8.8 Hz, 1H), 7.35-7.28 (m, 4H), 7.13 (t, J= 7.6 Hz,

1H), 7.00-6.98 (m, 1H), 6.94 (d, J = 2.8 Hz, 1H), 6.89-6.87 (m, 2H), 4.20-4.16 (m, 1H), 3.89 (s,
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3H), 3.28-3.25 (m, 2H); *C{'H} NMR (100 MHz, CDCls): ¢ 175.9, 175.0, 160.4, 149.7, 134.5,
133.2, 131.8, 129.0, 128.6, 128.5, 127.0, 126.4, 125.6, 122.6, 122.4, 120.6, 117.9, 116.3, 113 .4,
55.8, 44.0, 37.9; Anal. Calcd for C,4H9N3O5: C, 72.53; H, 4.82; N, 10.57; Found: C, 72.66; H,

4.85; N, 10.52%.

3-(5-Fluoro-2-(2H-indazol-2-yl)phenyl)-1-phenylpyrrolidine-2,5-dione (3ca): White solid
(81%, 62 mg); R,=0.50 (PE : EA =67 : 33); M.p. 177-178 °C; 'H NMR (400 MHz, CDCl;): ¢
8.23 (s, 1H), 7.71-7.65 (m, 2H), 7.50-7.47 (m, 1H), 7.35-7.29 (m, 4H), 7.23-7.13 (m, 3H), 6.89-
6.87 (m, 2H), 4.22 (t, J = 8.4 Hz, 1H), 3.27-3.25 (m, 2H); 3C{'H} NMR (100 MHz, CDCl;): ¢
175.3, 174.6, 162.7 (d, Jcr = 249.0 Hz), 149.9, 136.4, 136.3, 135.5 (d, Jor = 8.0 Hz), 131.6,
129.2 (d, Jor= 8.0 Hz), 129.0, 128.6, 127.3, 126.3, 125.5, 122.7 (d, Jc.r = 8.0 Hz), 120.6, 117.9
(d, Jer=10.0 Hz), 117.6, 116.0 (d, Jc.r = 22.0 Hz), 43.9, 37.7; Anal. Calcd for C,3H,cFN;0,: C,

71.68; H, 4.18; N, 10.90%; Found: C, 71.85; H, 4.23; N, 10.79%.

3-(5-Chloro-2-(2H-indazol-2-yl)phenyl)-1-phenylpyrrolidine-2,5-dione (3da): White solid
(91%, 73 mg); R,=0.50 (PE : EA =71 : 29); M.p. 158-159 °C; 'H NMR (400 MHz, CDCl;): ¢

8.23 (s, 1H), 7.71-7.62 (m, 2H), 7.49-7.42 (m, 3H), 7.34-7.27 (m, 4H), 7.16-7.13 (m, 1H), 6.87-
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6.83 (m, 2H), 4.25-4.21 (m, 1H), 3.28-3.24 (m, 2H); 3C{'H} NMR (100 MHz, CDCl;): J 175.3,
174.6, 149.9, 138.5, 135.5, 134.5, 131.6, 131.2, 129.2, 128.9, 128.5, 128.3, 127.4, 126.2, 125.2,
122.9, 122.5, 120.6, 117.9, 44.1, 37.7; HRMS (ESI-TOF) m/z: [M + Na]* Caled for

Cy3H,6CIN3O;,Na: 424.0823; found: 424.0816.

Ethyl-3-(2,5-dioxo-1-phenylpyrrolidin-3-yl)-4-(2H-indazol-2-yl)benzoate (3ea): Light yellow
solid (79%, 69 mg); R, = 0.45 (PE : EA = 69 : 31); M.p. 169-170 °C; '"H NMR (400 MHz,
CDCly): 0 8.32 (s, 1H), 8.19-8.16 (m, 2H), 7.72 (d, J = 8.8 Hz, 1H), 7.63-7.59 (m, 2H), 7.34-7.27
(m, 4H), 7.17-7.13 (m, 1H), 6.88-6.86 (m, 2H), 4.47-4.38 (m, 3H), 3.37-3.34 (m, 2H), 1.46-1.42
(m, 3H); BC{'H} NMR (100 MHz, CDCl3): ¢ 175.5, 174.9, 165.2, 150.2, 143.3, 133.0, 132.8,
131.7, 131.5, 130.3, 129.0, 128.5, 127.6, 126.9, 126.3, 125.1, 123.1, 122.7, 120.7, 118.0, 61.8,
44.6, 37.9, 14.4; HRMS (ESI-TOF) m/z: [M + H]* Caled for CsHN304: 440.1605; found:

440.1602.

3-(2-(2H-Indazol-2-yl)-4-methylphenyl)-1-phenylpyrrolidine-2,5-dione (3fa): Yellow solid
(93%, 71 mg); R,=0.45 (PE : EA =74 : 26); M.p. 138-139 °C; 'H NMR (400 MHz, CDCl;): ¢

8.27 (s, 1H), 7.71-7.66 (m, 2H), 7.34-7.28 (m, 7H), 7.13 (t, J = 8.0 Hz, 1H), 6.91-6.89 (m, 2H),
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4.21-4.17 (m, 1H), 3.22-3.20 (m, 2H), 2.43 (s, 3H); 3C{'H} NMR (100 MHz, CDCLy): J 176.1,
175.1, 149.7, 139.7, 139.3, 131.8, 130.4, 129.8, 128.8, 128.3, 127.7, 127.0, 126.3, 125.2, 122.5,
122.3, 120.5, 117.9, 43.6, 37.8, 20.9; Anal. Calcd for CosH;oN30,: C, 75.57; H, 5.02; N, 11.02%;

Found: C, 75.76; H, 5.05; N, 11.10%.

3-(2-(2H-Indazol-2-yl)-4-methoxyphenyl)-1-phenylpyrrolidine-2,5-dione (3ga): Light yellow
solid (88%, 69 mg); R, = 0.45 (PE : EA = 59 : 41); M.p. 147-148 °C; '"H NMR (400 MHz,
CDCl): 0 8.25 (s, 1H), 7.68-7.63 (m, 2H), 7.30-7.25 (m, 5H), 7.11 (t, /= 7.6 Hz, 1H), 7.03-7.01
(m, 2H), 6.87 (d, J = 8.0 Hz, 2H), 4.13 (t, /= 8.0 Hz, 1H), 3.81 (s, 3H), 3.16 (d, J = 8.0 Hz, 2H);
BC{'H} NMR (100 MHz, CDCl3): ¢ 176.3, 175.1, 159.7, 149.7, 140.7, 131.8, 131.7, 128.8,
128.3, 127.1, 126.3, 125.2, 124.6, 122.6, 122.3, 120.6, 117.9, 115.4, 112.7, 55.7, 43.4, 37.8;
Anal. Calcd for C,4H9N3O5: C, 72.53; H, 4.82; N, 10.57%; Found: C, 72.75; H, 4.88; N,

10.48%.

3-(4-Chloro-2-(2H-indazol-2-yl)phenyl)-1-phenylpyrrolidine-2,5-dione (3ha): Brown solid

(85%, 68 mg); R,=0.45 (PE : EA =70 : 30); M.p. 153-154 °C; 'H NMR (400 MHz, CDCl;): ¢
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8.25 (s, 1H), 7.70-7.62 (m, 2H), 7.51-7.45 (m, 2H), 7.36-7.27 (m, 5H), 7.14 (t, J = 8.0 Hz, 1H),
6.87-6.84 (m, 2H), 4.23 (t, J= 8.0 Hz, 1H), 3.21 (d, J = 7.6 Hz, 2H); 3C{'H} NMR (100 MHz,
CDCLy): § 175.5, 174.7, 149.9, 140.7, 134.4, 132.3, 131.6, 131.2, 129.7, 128.9, 128.4, 127.4,
127.1, 126.2, 125.1, 122.9, 122.4, 120.6, 117.9, 43.8, 37.6; Anal. Calcd for Co3H,4CIN;O4: C,

68.75; H, 4.01; N, 10.46%; Found: C, 68.90; H, 3.97; N, 10.35%.

3-(5-Chloro-4-fluoro-2-(2H-indazol-2-yl)phenyl)-1-phenylpyrrolidine-2,5-dione (3ia): White
solid (87%, 72 mg); Ry = 0.50 (PE : EA = 65 : 35); M.p. 173-174 °C; '"H NMR (400 MHz,
CDCls): 0 8.23 (s, 1H), 7.71-7.58 (m, 3H), 7.33-7.25 (m, 5H), 7.15 (t, J = 8.4 Hz, 1H), 6.86-6.83
(m, 2H), 4.22 (t, J= 8.0 Hz, 1H), 3.25 (d, /= 8.0 Hz, 2H); C{'H} NMR (100 MHz, CDCl3): ¢
175.0, 174.4, 158.2 (d, Jc.r = 252.0 Hz), 150.0, 136.6 (d, Jc.r = 4.0 Hz), 133.5 (d, Jcr = 6.0 Hz),
131.5, 129.5, 129.0, 128.6, 127.6, 126.2, 125.4, 123.2, 122.6, 121.5 (d, Jc.r= 19.0 Hz), 120.6,
118.9 (d, Jcr = 23.0 Hz), 117.9, 43.8, 37.6; Anal. Calcd for Cp3H;sCIFN;O;: C, 65.80; H, 3.60;

N, 10.01%; Found: C, 65.64; H, 3.62; N, 9.92%.

3-(2-(5-Methoxy-2H-indazol-2-yl)-5-methylphenyl)-1-phenylpyrrolidine-2,5-dione 3ja):

Brown gummy mass (86%, 70 mg); R,=0.55 (PE : EA =64 : 36); 'H NMR (400 MHz, CDCl5):
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0 8.07 (s, 1H), 7.54 (d, J=9.6 Hz, 1H), 7.36-7.25 (m, SH), 7.21 (s, 1H), 7.01-6.98 (m, 1H), 6.95-
6.93 (m, 2H), 6.88 (d, J=2.4 Hz, 1H), 4.20 (t, J = 8.0 Hz, 1H), 3.82 (s, 3H), 3.20 (d, /= 8.0 Hz,
2H), 2.44 (s, 3H); BC{'H} NMR (100 MHz, CDCls): ¢ 176.1, 175.1, 155.6, 146.5, 139.7, 137.5,
132.4, 131.8, 131.4, 129.5, 128.8, 128.3, 126.8, 126.3, 124.1, 122.3, 122.1, 119.2, 96.4, 55.4,
44.0, 37.8, 21.1; Anal. Calcd for C,sH,N3;03: C, 72.98; H, 5.14; N, 10.21%; Found: C, 72.76; H,

5.19; N, 10.31%.

3-(2-(5-Fluoro-2H-indazol-2-yl)-5-methylphenyl)-1-phenylpyrrolidine-2,5-dione (3ka): Yellow
solid (76%, 60 mg); R, = 0.40 (PE : EA = 71 : 29); M.p. 175-176 °C; '"H NMR (400 MHz,
CDCl): 0 8.20 (s, 1H), 7.63-7.60 (m, 1H), 7.39-7.24 (m, 7H), 7.12-7.07 (m, 1H), 6.94-6.92 (m,
2H), 4.24-4.20 (m, 1H), 3.27-3.24 (m, 2H), 2.46 (s, 3H); *C{'H} NMR (100 MHz, CDCl;):
176.1, 175.1, 160.0, 147.2, 140.3, 137.5, 132.5, 131.6 (d, Jcr = 36.0 Hz), 129.8, 129.0, 128.5,
127.0, 126.2, 125.4 (d, Jcr = 8.0 Hz), 121.7 (d, Jc.r = 12.0 Hz), 120.1 (d, Jcr = 10.0 Hz), 118.9,
118.6, 102.9 (d, Jcr = 24.0 Hz), 44.0, 37.9, 21.3; Anal. Calcd for C,4sHsFN;0,: C, 72.17; H,

4.54; N, 10.52%; Found: C, 72.31; H, 4.61; N, 10.43%.
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3-(2-(5-Chloro-2H-indazol-2-yl)-5-methylphenyl)-1-phenylpyrrolidine-2,5-dione (3la): White
solid (81%, 67 mg); Ry= 0.50 (PE : EA = 68 : 32); M.p. 179-180 °C; 'H NMR (400 MHz,
CDCl): 6 8.19 (s, 1H), 7.67 (s, 1H), 7.58 (d, J = 9.2 Hz, 1H), 7.38-7.29 (m, 5H), 7.24-7.21 (m,
2H), 6.92-6.90 (m, 2H), 4.20 (t, /= 7.2 Hz, 1H), 3.25-3.23 (m, 2H), 2.46 (s, 3H); *C{'H} NMR
(100 MHz, CDCls): ¢ 176.0, 175.0, 148.0, 140.4, 137.3, 132.6, 131.8, 131.4, 129.8, 129.0,
128.55, 128.50, 128.3, 127.0, 126.2, 125.0, 122.7, 119.5, 119.3, 44.0, 37.9, 21.3; Anal. Calcd for

C4H,5CIN3O;: C, 69.31; H, 4.36; N, 10.10%; Found: C, 69.18; H, 4.32; N, 10.04%.

3-(4-Chloro-2-(5-fluoro-2H-indazol-2-yl)phenyl)-1-phenylpyrrolidine-2,5-dione (3ma):
Yellow solid (92%, 77 mg); R, = 0.50 (PE : EA = 70 : 30); M.p. 160-161 °C; 'H NMR (400
MHz, CDCly): ¢ 8.24 (s, 1H), 7.63-7.60 (m, 1H), 7.53-7.49 (m, 2H), 7.40-7.27 (m, 5H), 7.14-
7.09 (m, 1H), 6.91 (d, J = 8.4 Hz, 2H), 4.29-4.25 (m, 1H), 3.25-3.22 (m, 2H); BC{'H} NMR
(100 MHz, CDCl3): 6 175.5, 174.7, 158.9 (d, Jcr = 240.0 Hz), 147.3, 140.5, 134.6, 132.4, 131.6,
131.1, 129.8, 128.9, 128.5, 127.1, 126.1, 125.2 (d, Jcr = 9.0 Hz), 121.8 (d, Jor = 12.0 Hz),
120.1 (d, Jor = 9.0 Hz), 119.2 (d, Jcr = 29.0 Hz), 102.9 (d, Jcr = 25.0 Hz), 43.8, 37.6; Anal.

Calcd for C»3H;sCIFN;O,: C, 65.80; H, 3.60; N, 10.01%; Found: C, 65.96; H, 3.53; N, 10.10%.
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3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-methylpyrrolidine-2,5-dione (3ab): Light yellow
solid (80%, 51 mg); Ry = 0.40 (PE : EA = 69 : 29); M.p. 134-135 °C; '"H NMR (400 MHz,
CDCly): 0 8.19 (s, 1H), 7.71-7.64 (m, 2H), 7.36 (d, J = 8.0 Hz, 1H), 7.32-7.25 (m, 2H), 7.11 (t, J
= 8.8 Hz, 2H), 4.03-3.99 (m, 1H), 3.07 (t, J = 9.6 Hz, 2H), 2.68 (s, 3H), 2.43 (s, 3H); *C{'H}
NMR (100 MHz, CDCly): 6 177.4, 176.3, 149.5, 140.1, 137.5, 133.1, 130.8, 129.5, 126.95,
126.91, 125.3, 122.5, 122.3, 120.5, 117.7, 43.5, 38.1, 25.0, 21.2; Anal. Calcd for C,9H{7N30,: C,

71.46; H, 5.37; N, 13.16%; Found: C, 71.26; H, 5.34; N, 13.04%.

3-(5-Bromo-2-(2H-indazol-2-yl)phenyl)-1-methylpyrrolidine-2,5-dione (3nb): Yellow gummy
mass (88%, 67 mg); R,=0.45 (PE : EA = 69 : 29); 'H NMR (400 MHz, CDCl,): ¢ 8.19 (s, 1H),
7.69 (d, J= 8.4 Hz, 1H), 7.65-7.59 (m, 2H), 7.50 (d, J = 2.4 Hz, 1H), 7.36-7.30 (m, 2H), 7.12 (t,
J = 8.0 Hz, 1H), 4.07-4.03 (m, 1H), 3.10-3.07 (m, 2H), 2.66 (s, 3H); *C{'H} NMR (100 MHz,
CDClLy): 0 176.5, 175.7, 149.7, 139.0, 135.3, 133.7, 132.1, 128.4, 127.3, 125.2, 123.5, 122.9,
122.5, 120.5, 117.8, 43.5, 37.9, 25.1; Anal. Calcd for CsH;4BrN;O,: C, 56.27; H, 3.67; N,

10.94%; Found: C, 56.15; H, 3.71; N, 11.01%.

3-(2-(5-Methoxy-2H-indazol-2-yl)-5-methylphenyl)-1-methylpyrrolidine-2,5-dione 3jb):
White solid (84%, 58 mg); R,=0.45 (PE : EA = 68 : 32); M.p. 165-167 °C; '"H NMR (400 MHz,

CDCLy): 6 8.06 (s, 1H), 7.56 (d, J= 9.2 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 7.27 (s, 1H), 7.13 (s,
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1H), 7.04-7.01 (m, 1H), 6.91 (d, J =2.4 Hz, 1H), 4.06-4.02 (m, 1H), 3.85 (s, 3H), 3.10-3.05 (m,
2H), 2.72 (s, 3H), 2.44 (s, 3H); BC{'H} NMR (100 MHz, CDCl3): 0 177.5, 176.3, 155.6, 146.4,
139.8, 137.6, 133.0, 131.0, 129.5, 126.8, 124.2, 122.3, 122.1, 119.1, 96.4, 55.4, 43.6, 38.1, 25.0,
21.2; Anal. Caled for C,0H 9N;O;5: C, 68.75; H, 5.48; N, 12.03%; Found: C, 68.96; H, 5.43; N,

11.92%.

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-cyclohexylpyrrolidine-2,5-dione  (3ac):  Yellow
gummy mass (75%, 58 mg); R,= 0.50 (PE : EA =75 : 25); 'H NMR (400 MHz, CDCl;): 6 8.26
(s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 7.35-7.29 (m, 2H), 7.24 (d, /= 8.0 Hz, 1H), 7.11 (t, /= 7.6 Hz,
1H), 7.02 (s, 1H), 3.94-3.85 (m, 2H), 3.07-3.00 (m, 1H), 2.92-2.86 (m, 1H), 2.42 (s, 3H), 2.14 (s,
1H), 2.06-1.97 (m, 2H), 1.75 (d, J=10.8 Hz, 2H), 1.60 (d, /= 11.2 Hz, 1H), 1.40 (d, /= 9.2 Hz,
1H), 1.25-1.19 (m, 3H); *C{'H} NMR (100 MHz, CDCl3): ¢ 177.6, 176.2, 149.6, 140.2, 138.0,
133.7, 129.3, 129.0, 127.1, 126.8, 125.5, 122.4, 122.2, 120.5, 117.8, 52.0, 42.0, 38.0, 28.7, 25.8,
25.0, 21.3; Anal. Calcd for C,4H,5N30,: C, 74.39; H, 6.50; N, 10.84%; Found: C, 74.62; H, 6.53;

N, 10.96%.
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3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-(p-tolyl)pyrrolidine-2,5-dione (3ad): White solid
(83%, 65 mg); R,=0.50 (PE : EA =71 : 29); M.p. 155-156 °C; 'H NMR (400 MHz, CDCl;): ¢
8.24 (s, 1H), 7.71-7.66 (m, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.32-7.27 (m, 2H), 7.22 (s, 1H), 7.16-
7.12 (m, 3H), 6.79 (d, J = 8.4 Hz, 2H), 4.19 (t, J = 8.0 Hz, 1H), 3.25-3.23 (m, 2H), 2.46 (s, 3H),
2.33 (s, 3H); BC{'H} NMR (100 MHz, CDCls): ¢ 176.3, 175.2, 149.7, 140.1, 138.4, 137.7,
132.8, 131.1, 129.6, 129.2, 127.08, 127.02, 126.1, 125.3, 122.5, 122.4, 120.6, 117.9, 43.9, 38.0,
21.29, 21.24; Anal. Calcd for CysH,1N3O,: C, 75.93; H, 5.35; N, 10.63%; Found: C, 76.05; H,

5.32; N, 10.55%.

3-(5-Chloro-2-(2H-indazol-2-yl)phenyl)-1-(p-tolyl)pyrrolidine-2,5-dione (3dd): White solid
(69%, 57 mg); R,=0.55 (PE : EA =70 : 30); M.p. 192-194 °C; 'H NMR (400 MHz, CDCl;): ¢
8.24 (s, 1H), 7.72-7.64 (m, 2H), 7.50-7.43 (m, 3H), 7.33-7.29 (m, 1H ), 7.17-7.11 (m, 3H), 6.74
(d, J = 8.4 Hz, 2H), 4.26-4.22 (m, 1H), 3.29-3.26 (m, 2H ), 2.32 (s, 3H); 3C{'H} NMR (100
MHz, CDCl): 6 175.4, 174.7, 150.0, 138.6, 135.6, 134.7, 131.0, 129.7, 129.2, 129.0, 128.4,
127.4, 126.1, 125.3, 123.0, 122.6, 120.6, 118.0, 44.0, 37.8, 21.2; Anal. Calcd for C,4H5CIN;O,:

C, 69.31; H, 4.36; N, 10.10%; Found: C, 69.45; H, 4.41; N, 9.98%.
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3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-(4-methoxyphenyl)pyrrolidine-2,5-dione (3ae):
Yellow solid (82%, 67 mg); Ry = 0.45 (PE : EA = 68 : 32); M.p. 188-189 °C; 'H NMR (400
MHz, CDCl,): 6 8.23 (s, 1H), 7.71-7.65 (m, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 8.4 Hz,
2H), 7.22 (s, 1H), 7.13 (t, J = 7.6 Hz, 1H), 6.84-6.78 (m, 4H), 4.19 (t, J = 8.4 Hz, 1H), 3.77 (s,
3H), 3.26-3.24 (m, 2H), 2.46 (s, 3H); 3C{'H} NMR (100 MHz, CDCly): 6 176.4, 175.4, 159.4,
149.7, 140.1, 137.7, 132.8, 131.2, 129.6, 127.6, 127.1, 127.0, 125.4, 124.5, 122.6, 122.4, 120.6,
117.9, 114.3, 55.5, 43.9, 38.0, 21.3; Anal. Calcd for C,5sH;N3;05: C, 72.98; H, 5.14; N, 10.21%;

Found: C, 73.21; H, 5.07; N, 10.11%.

Cl

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-(4-chlorophenyl)pyrrolidine-2,5-dione (3af): White
solid (90%, 74 mg); R,= 0.50 (PE : EA = 70 : 30); M.p. 190-191 °C; '"H NMR (400 MHz, 'H
NMR (400 MHz, CDCls): ¢ 8.20 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.38
(d, J=8.0 Hz, 1H), 7.31-7.22 (m, 5H), 7.13 (t, J = 8.4 Hz, 1H), 6.76 (d, J = 8.8 Hz, 2H), 4.22-
4.18 (m, 1H), 3.37-3.19 (m, 2H), 2.46 (s, 3H); 3C{'H} NMR (100 MHz, CDCl;): 6 175.7, 174.8,
149.7, 140.0, 137.4, 134.0, 132.3, 132.0, 130.3, 129.8, 129.0, 127.5, 127.1, 127.0, 125.2, 122.7,
122.4, 120.6, 117.9, 44.5, 37.9, 21.2; Anal. Calcd for C,4H sCIN;O,: C, 69.31; H, 4.36; N,

10.10%; Found: C, 69.43; H, 4.38; N, 10.04%.
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3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-(m-tolyl)pyrrolidine-2,5-dione (3ag): Yellow
gummy mass (87%, 68 mg); R,= 0.45 (PE : EA =75 : 25); 'H NMR (400 MHz, CDCl;): 6 8.24
(s, 1H), 7.72-7.66 (m, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.30 (t, /= 8.4 Hz, 2H ), 7.23-7.19 (m, 2H),
7.16-7.09 (m, 2H), 6.72 (d, J = 8.0 Hz, 1H), 6.55 (s, 1H), 4.22-4.18 (m, 1H) 3.38-3.21 (m, 2H),
2.46 (s, 3H), 2.26 (s, 3H); BC{'H} NMR (100 MHz, CDCl;): ¢ 176.1, 175.2, 149.7, 140.0,
139.0, 137.6, 132.7, 131.6, 131.5, 129.6, 129.3, 128.7, 127.1, 127.0, 125.3, 123.4, 122.6, 122.4,
120.6, 118.0, 44.1, 38.1, 21.3, 21.2; Anal. Calcd for C,sH;N30,: C, 75.93; H, 5.35; N, 10.63%;

Found: C, 76.13; H, 5.31; N, 10.55%.

Ph [Cp*RhCl5], (2 mol%) =
_ 1 AgSbFg (10 mol%) o
N@— + 0 o} > N
CCN' (/" AgOAc (10 mol%), NaOAc (0.5 equiv)
1,2-DCE, 110°C
1a 2a 3aa O N o
sh Ph

Typical experimental procedure for the synthesized compounds (4aa-4ga): A mixture of 2-
(p-tolyl)-2H-indazole (0.2 mmol, 41.6 mg) (1a), [Cp*RhCl,], (2 mol%, 2.4 mg), AgSbF (10
mol%, 6.8 mg), AgOAc (10 mol%, 3.3 mg), and NaOAc (0.5 equiv, 8.2 mg) were taken in an
oven dried screw-capped reaction tube. Then 1,2-DCE (2 mL) was added to the mixture and
stirred for 5 min at room temperature under open atmosphere. After that, 1-phenyl-1H-pyrrole-
2,5-dione (2a) (0.24 mmol, 41.5 mg) was added, and the resultant mixture was stirred at 110 °C
for 5 h. After completion of the reaction (TLC), the reaction was cooled to room temperature and

extracted with dichloromethane. The organic phase was dried over anhydrous Na,SO,. The crude
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residue was obtained after evaporating the solvent in vacuum and was purified by column
chromatography on silica gel using a mixture of petroleum ether and ethyl acetate (79:21) as an

eluting solvent to afford the pure product 4aa (50 mg, 67%) as a yellow solid.

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-phenyl-1H-pyrrole-2,5-dione (4aa): Yellow solid
(67%, 50 mg); R,=0.50 (PE : EA =79 : 21); M.p. 125-126 °C; 'H NMR (400 MHz, CDCl;): ¢
8.29 (s, 1H), 7.74-7.68 (m, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.34-7.29 (m,
3H), 7.26-7.25 (m, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.00-6.98 (m, 2H), 6.48 (s, 1H), 2.51 (s, 3H);
BC{'H} NMR (100 MHz, CDCl3): ¢ 169.2, 167.8, 149.7, 145.4, 139.4, 137.3, 132.1, 131.9,
131.4, 129.0, 127.7, 127.1, 126.7, 126.0, 125.4, 124.7, 124.5, 122.9, 122.8, 120.7, 117.6, 21.2;
Anal. Calcd for Cy4H7N30,: C, 75.98; H, 4.52; N, 11.08%; Found: C, 75.86; H, 4.56; N,

11.03%.

3-(5-Fluoro-2-(2H-indazol-2-yl)phenyl)-1-phenyl-1H-pyrrole-2,5-dione (4ca): Light yellow
solid (52%, 39 mg); R,= 0.50 (PE : EA = 78 : 22); M.p. 129-130 °C; 'H NMR (400 MHz,
CDCl): 0 8.27 (s, 1H), 7.74-7.69 (m, 2H), 7.66-7.62 (m, 1H), 7.57-7.55 (m, 1H), 7.38-7.27 (m,

S5H), 7.18-7.14 (m, 1H), 7.01-6.99 (m, 2H), 6.42 (s, 1H); *C{'H} NMR (100 MHz, CDCl;): &
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167.5, 163.4, 160.9, 149.9, 143.3, 131.2, 129.3, 129.1, 127.9, 127.8, 127.7, 127.5, 127.1, 126.0,
124.8, 123.0 (d, Jcr = 19.0 Hz), 120.7, 118.6, 118.4, 118.3 (d, Jor = 14.0 Hz), 117.7; Anal.

Calcd for Cy3H4FN;0,: C, 72.06; H, 3.68; N, 10.96%; Found: C, 72.24; H, 3.66; N, 11.03%.

3-(2-(5-Methoxy-2H-indazol-2-yl)-5-methylphenyl)-1-phenyl-1H-pyrrole-2,5-dione (4ja):
Brown solid (71%, 58 mg); R,=0.45 (PE : EA =72 : 28); M.p. 162-163 °C; 'H NMR (400 MHz,
CDCl): 0 8.15 (s, 1H), 7.60-7.52 (m, 3H), 7.45-7.43 (m, 1H), 7.34-7.30 (m, 2H), 7.27-7.24 (m,
1H), 7.04-7.00 (m, 3H), 6.91 (d, J = 2.0 Hz, 1H), 6.49 (s, 1H), 3.85 (s, 3H), 2.50 (s, 3H);
BC{'H} NMR (100 MHz, CDCl3): ¢ 169.3, 167.9, 155.7, 146.7, 145.7, 139.1, 137.4, 132.1,
131.9, 131.5, 129.0, 127.7, 126.5, 126.1, 125.2, 124.5, 123.4, 123.0, 122.3, 119.0, 96.5, 55.4,
21.2; Anal. Calcd for C,5H19N3O5: C, 73.34; H, 4.68; N, 10.26%; Found: C, 73.17; H, 4.71; N,

10.14%.

3-(2-(5-Chloro-2H-indazol-2-yl)-5-methylphenyl)-1-phenyl-1H-pyrrole-2,5-dione (4la):
Yellow solid (69%, 56 mg); R, = 0.45 (PE : EA = 72 : 28); M.p. 141-142 °C; 'H NMR (400
MHz, CDCl,): 6 8.25 (s, 1H), 7.70 (s, 1H), 7.64 (d, J = 9.2 Hz, 1H), 7.54 (d, J = 8.0 Hz, 2H),

7.47-7.45 (m, 1H), 7.35-7.31 (m, 2H), 7.28-7.24 (m, 2H), 6.99 (d, J = 7.6 Hz, 2H), 6.52 (s, 1H),
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2.51 (s, 3H); BC{'H} NMR (100 MHz, CDCl): ¢ 169.1, 167.8, 148.0, 145.5, 139.7, 137.0,
132.2, 132.0, 131.4, 129.1, 128.6, 128.4, 127.8, 126.8, 126.0, 125.3, 124.7, 124.1, 123.2, 119.4,
119.2, 21.2; Anal. Calcd for Co4HsCIN;O,: C, 69.65; H, 3.90; N, 10.15%; Found: C, 69.80; H,

3.92; N, 10.09%.

3-(2-(2H-Indazol-2-yl)-4-methylphenyl)-1-(m-tolyl)-1H-pyrrole-2,5-dione (4ag): Light yellow
liquid (64%, 50 mg); R,= 0.45 (PE : EA =79 : 21); 'H NMR (400 MHz, CDCl;): 0 8.30 (s, 1H),
7.74-7.70 (m, 2H), 7.55 (t, J = 4.8 Hz, 2H), 7.45 (d, J = 7.2 Hz, 1H), 7.35-7.31 (m, 1H), 7.21-
7.13 (m, 2H), 7.05 (d, J = 7.6 Hz, 1H), 6.82 (d, J= 7.6 Hz, 1H), 6.66 (s, 1H), 6.51 (s, 1H), 2.51
(s, 3H), 2.22 (s, 3H); BC{'H} NMR (100 MHz, CDCl;): ¢ 169.3, 167.9, 149.7, 145.5, 139.4,
139.0, 137.4, 132.1, 131.9, 131.3, 128.8, 128.6, 127.1, 126.8, 126.6, 125.4, 124.9, 124.7, 123.2,
122.9, 122.8, 120.8, 117.7, 21.3, 21.2; Anal. Calcd for C,sH9N;O,: C, 76.32; H, 4.87; N,

10.68%; Found: C, 76.44; H, 4.84; N, 10.71%.

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-(p-tolyl)-1H-pyrrole-2,5-dione (4ad): Yellow solid
(76%, 59 mg); R,=0.50 (PE : EA =77 : 23); M.p. 135-136 °C; 'H NMR (400 MHz, CDCl;): ¢

8.28 (s, 1H), 7.71 (t, J = 8.4 Hz, 2H), 7.57-7.53 (m, 2H), 7.45-7.43 (m, 1H), 7.34-7.30 (m, 1H),
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7.15-7.10 (m, 3H), 6.87 (d, J = 8.4 Hz, 2H), 6.45 (s, 1H), 2.50 (s, 3H), 2.30 (s, 3H); 3C{'H}
NMR (100 MHz, CDCl;): 6 169.4, 168.0, 149.7, 145.2, 139.4, 137.8, 137.4, 132.1, 131.9, 129.7,
128.8, 127.1, 126.7, 126.0, 125.5, 124.9, 124.5, 122.9, 122.8, 120.7, 117.7, 21.26, 21.20; HRMS

(ESI-TOF) m/z: [M + H]" Calcd for C,sH,oN30;: 394.1550; found: 394.1548.

Cl

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-(4-chlorophenyl)-1H-pyrrole-2,5-dione (4af):
Yellow solid (77%, 63 mg); Ry = 0.55 (PE : EA = 70 : 30); M.p. 149-150 °C; 'H NMR (400
MHz, CDCl): ¢ 8.31 (s, 1H), 7.74-7.65 (m, 2H), 7.55 (t, J = 8.0 Hz, 2H), 7.46 (d, J = 9.6 Hz,
1H), 7.34-7.32 (m, 1H), 7.30-7.24 (m, 2H), 7.16-7.14 (m, 1H), 6.93-6.90 (m, 2H), 6.52 (s, 1H),
2.50 (s, 3H); BC{'H} NMR (100 MHz, CDCl;): ¢ 168.9, 167.4, 149.7, 145.9, 139.4, 137.3,
133.3, 132.3, 131.9, 130.0, 129.2, 127.2, 127.1, 126.8, 126.5, 125.2, 124.6, 122.9, 122.8, 120.7,
117.5, 21.2; Anal. Calcd for Co4HsCIN;O,: C, 69.65; H, 3.90; N, 10.15%; Found: C, 69.47; H,

3.92; N, 10.12%.

3-(2-(2H-Indazol-2-yl)-5-methylphenyl)-1-benzyl-1H-pyrrole-2,5-dione (4ah): Yellow gummy
mass (81%, 63 mg); R,=0.45 (PE : EA =79 : 21); 'H NMR (400 MHz, CDCl,): ¢ 8.22 (s, 1H),

7.68 (d, J = 8.4 Hz, 1H), 7.56-7.48 (m, 3H), 7.42-7.40 (m, 1H), 7.30-7.26 (m, 1H), 7.21-7.20 (m,
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3H), 7.13-7.10 (m, 3H), 6.30 (s, 1H), 4.49 (s, 2H), 2.48 (s, 3H); 3C{'H} NMR (100 MHz,
CDCLy): 5 170.0, 168.9, 149.6, 145.0, 139.3, 137.4, 136.2, 131.9, 128.7, 128.2, 127.7, 127.0,
126.9, 125.9, 124.9, 124.2, 122.7, 122.6, 120.5, 117.9, 41.6, 21.2; Anal. Calcd for CosH;oN;05:

C, 76.32; H, 4.87; N, 10.68%; Found: C, 76.54; H, 4.92; N, 10.73%.

3-(2-(2H-Indazol-2-yl)-4-methylphenyl)-1-phenyl-1H-pyrrole-2,5-dione (4fa): Yellow solid
(79%, 59 mg); R,=0.50 (PE : EA =79 : 21); M.p. 116-117 °C; 'H NMR (400 MHz, CDCl;): ¢
8.20 (s, 1H), 7.64-7.59 (m, 3H), 7.38 (s, 1H), 7.30 (d, J= 7.6 Hz, 1H), 7.24-7.19 (m, 3H), 7.16 (t,
J=4.4Hz, 1H), 7.07-7.03 (m, 1H), 6.92-6.90 (m, 2H), 6.28 (s, 1H) 2.42 (s, 3H); BC{'H} NMR
(100 MHz, CDCl;): 0 169.3, 168.0, 149.8, 144.9, 142.5, 139.6, 131.5, 131.4, 129.9, 129.0, 127.7,
127.2, 126.5, 126.2, 126.1, 124.5, 122.9, 122.2, 120.7, 117.7, 21.5; HRMS (ESI-TOF) m/z: [M +

Na]" Calcd for C,4H 7N3O,Na: 402.1213; found: 402.1215.

3-(2-(2H-Indazol-2-yl)-4-methoxyphenyl)-1-phenyl-1H-pyrrole-2,5-dione (4ga): Light yellow
solid (55%, 43 mg); R, = 0.50 (PE : EA = 70 : 30); M.p. 136-137 °C; '"H NMR (400 MHz,
CDCly): 0 8.28 (s, 1H), 7.81 (d, J= 8.4 Hz, 1H), 7.74-7.71 (m, 2H), 7.36-7.27 (m, 4H), 7.18-7.10

(m, 3H), 7.03 (d, J = 7.2 Hz, 2H), 6.18 (s, 1H), 3.93 (s, 3H); '*C{'H} NMR (100 MHz, CDCl;):
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0169.4,168.3,162.0, 149.8, 144.1, 141.2, 132.9, 131.5, 129.0, 127.7, 127.4, 126.1, 125.2, 124.5,
123.0, 122.9, 120.7, 117.8, 117.4, 114.7, 112.3, 56.0; Anal. Calcd for C,4H;7N;05: C, 72.90; H,

4.33; N, 10.63%; Found: C, 72.68; H, 4.29; N, 10.71%.

Methyl (E)-3-(2-(2H-indazol-2-yl)-5-methylphenyl)acrylate (4ai): Yellow liquid (81%, 47 mg);
R,=0.50 (PE : EA =78 : 22); 'H NMR (400 MHz, CDCl5): ¢ 8.09 (s, 1H), 7.80 (d, /= 9.2 Hz,
1H), 7.72 (d, J = 8.4 Hz, 1H), 7.56-7.44 (m, 3H), 7.37-7.32 (m, 2H), 7.16-7.13 (m, 1H), 6.41 (d,
J=16.0 Hz, 1H), 3.71 (s, 3H), 2.46(s, 3H); *C{'H} NMR (100 MHz, CDCl;): ¢ 166.8, 149.8,
139.9, 139.4, 138.0, 131.4, 130.0, 128.0, 127.0, 126.8, 125.3, 122.5, 122.4, 120.8, 120.4, 118.1,
51.8, 21.3; Anal. Calcd for C;sH¢sN,O,: C, 73.95; H, 5.52; N, 9.58%; Found: C, 74.16; H, 5.55;

N, 9.49%.

Methyl (E)-3-(2-(5-fluoro-2H-indazol-2-yl)-5-methylphenyl)acrylate (4ki): Yellow liquid
(53%, 32 mg); R,=0.45 (PE : EA =71 : 29); 'H NMR (400 MHz, CDCls): J 8.05 (s, 1H), 7.78-
7.75 (m, 1H), 7.56 (s, 1H), 7.50-7.42 (m, 2H), 7.34-7.27 (m, 2H), 7.18-7.12 (m, 1H), 6.40 (d, J =
16.0 Hz, 1H), 3.72 (s, 3H), 2.47 (s, 3H); BC{'H} NMR (100 MHz, CDCl3): J 166.8, 158.8 (d,
Jor =240.0 Hz), 147.3, 139.7 (d, Jor = 7.0 Hz), 137.8, 131.5, 130.1, 128.1, 126.9, 125.4 (d, Jc.r

= 9.0 Hz), 121.7, 121.6, 120.5 (d, Joy = 70.0 Hz), 120.2, 118.6 (d, Joy = 29.0 Hz), 102.7 (d, Jer
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= 23.0 Hz), 51.9, 21.3; Anal. Calcd for C;gH;sFN,O,: C, 69.67; H, 4.87; N, 9.03%; Found: C,

69.43; H,4.91; N, 8.91%.

3. Mechanistic investigations:

H [CP*RhCly], (2 mol%) H D
_ AgSbFg (10 mol%)
CE\,N Me AgOAc (10 mol%) =\ Ve
N AcOH (0.5 equiv) SN
1a N 1,2-DCE/D,0 (2:1) D
110°C. 3 h 100% deuterium
’ 1a-dy, 92% yield

Preparation of 2-(4-methylphenyl-2,6-d,)-2H-indazole (1a-d,).> A mixture of 2-(p-tolyl)-2H-
indazole (0.2 mmol, 41.6 mg) (1a), [Cp*RhCl,]; (2 mol%, 2.4 mg), AgSbFs (10 mol%, 6.8 mg),
and AgOAc (10 mol%, 3.3 mg) were taken in an oven dried screw-capped reaction tube. Then
1,2-DCE (2 mL) and AcOH (0.5 equiv, 6.0 mg) was added to the mixture and stirred for 5 min at
room temperature under open atmosphere. After that, D,O (1 mL) was added, and the resultant
mixture was stirred at 110 °C for 3 h. Then, the reaction was cooled to room temperature and
extracted with dichloromethane. The organic phase was dried over anhydrous Na,SO,. The crude
residue was obtained after evaporating the solvent in vacuum and was purified by column
chromatography on silica gel using a mixture of petroleum ether and ethyl acetate (85:15) as an
eluting solvent to afford the pure product 1a-d, as a white solid. The deuterium incorporation

was determined using 400 MHz 'H NMR as 100%.

[Cp*RhCl,], (2 mol%)

AgSbFg (10 mol%)
AgOAc (10 mol%)
Me + ||
AcOH (0.5 equiv)
110 °C, 15 min
1al1a-d, ( 1 1) KIE ~ 6.1
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Intermolecular experiment.** 1-Phenyl-1H-pyrrole-2,5-dione (2a) (0.24 mmol, 41.5 mg) was
reacted with 2-(p-tolyl)-2H-indazole (1a) (0.1 mmol, 20.8 mg) and 2-(4-methylphenyl-2,6-d,)-
2H-indazole (1a-d;) (0.1 mmol, 21.0 mg) for 15 min under standard reaction condition. The
resulting solution was then diluted with dichloromethane (3 x 10 mL) and washed with brine (2 x
5 mL) and water (5 mL). The organic phase was dried over anhydrous Na,SO,. The crude
residue was obtained after evaporating the solvent in vacuum and was purified by column
chromatography on silica gel using a mixture of petroleum ether and ethyl acetate (72:28) as an
eluting solvent to afford 3aa and a mixture of unreacted 1a and 1a-d, as a light yellow solid. The
KIE was found to be 6.1 after 15 min at ~20% conversion, based on 400 MHz '"H NMR of the

product 3aa and 3aa-d;.

[Cp*RhC|2]2 (2 mol%) [Cp*RhC|2]2 (2 mol%) D
— AgSbFg (10 moI:Aa) 3aa  AgSbFg (10 mol%)
_ INOMQ + 2a _AgOAc (10 mol%) or AgOAc (10 mol%) 22 + CE\N Mo
N AcOH (0.5 equiv)  3aa-ds ~ AcoH (0.5 equiv) <\
1a 110°C, 15 min 110 °C, 15 min D
kH/kD ~ 4.68 1a-d,

Parallel Experiment study.* In a set of two experiments: in first set, 1-phenyl-1H-pyrrole-2,5-
dione (2a) (0.12 mmol, 20.7 mg) was reacted with 2-(p-tolyl)-2H-indazole (1a) (0.1 mmol, 20.8
mg) under standard reaction conditions. Whereas in another set, 2-(4-methylphenyl-2,6-d,)-2H-
indazole (1a-d;) (0.1 mmol, 21.0 mg) was used instead of 1a in the reaction with 1-phenyl-1H-
pyrrole-2,5-dione (2a) under the standard reaction conditions. The two reactions were allowed to
stir at 110 °C with stirring for 15, 25, 35 and 45 minutes. After cooling down, the mixture was
concentrated in vacuo and purified by column chromatography, affording the product 3aa or

3aa-d;. The KIE value was determined to be 4.68.
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t/min. 15 25 35 45
yield
3aa 16.4% 23.5% 31% 38.4%
3aa-d; 3.5% 5.0% 6.6% 8.2%
kH/kD=0.735/0.157=4.68
45
40
=0.735 5275
35 4 x://
30
_l 25 /
S 20 // ——12a
a5 15 ——1a-d2

Experimental procedure of 3aa on 5 mmol scale: A mixture of 2-(p-tolyl)-2H-indazole (5.0
mmol, 1.04 g) (1a), [Cp*RhCl,], (2 mol%, 61.8 mg), AgSbF¢ (10 mol%, 171.8 mg), AgOAc (10
mol%, 83.5 mg), and AcOH (0.5 equiv, 150.0 mg) were taken in an oven dried round-bottom
pressure flask (100 mL). Then 1,2-DCE (50 mL) was added to the mixture and stirred for 5 min
at room temperature under open atmosphere. After that, 1-phenyl-1H-pyrrole-2,5-dione (2a) (6.0
mmol, 1.03 g) was added, and the resultant mixture was stirred at 110 °C for 3 h. After
completion of the reaction (TLC), the reaction was cooled to room temperature and extracted

with dichloromethane. The organic phase was dried over anhydrous Na,SO,. The crude residue

10

5 ———

y=0.157x+ 1.115

] 10 20 30 40

Time (min) —

50

[Cp*RhCly], (2 mol%)

Ph
_ ! AgSbFg (10 mol%)
N—@— + O (0] >
CCN' S/ AgOAc (10 mol%), AcOH (0.5 equiv)
1,2-DCE, 110°C
1a, 5.0 mmol 2a, 6.0 mmol 3h

=
= IN
N

o0~~~ O
Ph
3aa, 1.58 g
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was obtained after evaporating the solvent in vacuum and was purified by column
chromatography on silica gel using a mixture of petroleum ether and ethyl acetate (72:28) as an

eluting solvent to afford the pure product 3aa (1.58 g, 83%) as a light yellow solid.
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5. NMR spectra for the synthesized products
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T T T T T T
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 479
PROCNO 1
F
F2 - Acquisition Parameters
— Date_ 20191030
N cl Time 18.33
~ INSTRUM spect
N PROBHD 5 mm PABBO BB/
PULPROG zgpg30
r—\ TD 32768
I\ SOLVENT €DCl3
. =0 NS 220
0O °N DS 2
| SWH 24038.461 Hz
H i FIDRES 0.733596 Hz
3ai “ RO 0.6815744 sec
| ') RG 186.42
l;__hx_y, DW 20.800 usec
DE 6.50 usec
TE 297.1 K
D1l 2.00000000 sec
D11 0.03000000 sec
TDO i
CHANNEL fl ========
100.6278588 MHz
13C
8.90 usec
54.00000000 W
======== CHANNEL f2 ==
SFO2 400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.00000000 W _
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177855 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
Dr. A HAJRA-2019-13C
EXPNO 452
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191024
Time 12.04
MeO INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 32768
SOLVENT CcDC13
NS 30
Ds 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
. RG 186.42
33] DW 20.800 usec
DE 6.50 usec
TE 297.7 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1
SFO1 100.6278588 MHz
NUC1 13C
Pl 8.90 usec
PLW1 54.00000000 W
======== CHANNEL f2
SFO2 400.1516006 MHz
Nuc2 1H
CPDPRG (2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 1
SF 100.6177968 MHz
WDW EM
SSB ]
LB 1.00 Hz
GB 0
BC 1.40

l ' ! ” - bl v LLJ._J |

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters

NAME Dr. A HAJRA-201%-13C
EXPNO 467
PROCNO

F2 - Acquisition Parameters

Date 20191027

Time 12.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 32768
SOLVENT CDC13

NS 650

Ds 2

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42

DW 20.800 usec
DE 6.50 usec
TE 297.6 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

==m===== CHANNEL fl =====

SFO1 100.6278588 MHz
NUC1 13C

P 8.90 usec
PLWL 54.00000000 W

CHANNEL f2 ========
400.1516006 MHz
1H

CPDPRG[2 waltzl6é
PCPD2 90.00 usec
PLWZ 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W

F2 - Processing parameters

SF 100.6177844 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

BPC 1.40
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CI Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 419
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191017
Time 20.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
3a| PULPROG zgdc
TD 32768
SOLVENT CcDC13
NS 420
Ds 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
BO 0.6815744 sec
RG 186.42
DW 20.800 usec
DE 6.50 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1l
100.6278588 MHz
13C
8.90 usec
54.00000000 W
== CHANNEL f2 ========
400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
F2 - Processing parameters
SI 6384
SF 100.6177867 MHz
WDW EM
S5B 0
LB 1.00 Hz
GB 0
PC 1.00
1 el | A
Y faidene
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S54




€CZ°€
GETE
ive°¢
[A-TAR

LSZT' Y
ﬁméw
6L ¥
\.mm.w\.

9069
LZ6'9
960°L
20T L
6TT L
ST L
ChI*L
8FT1°L
PLZ L
182°L
L6z L
coE"L
8EE L —

9SEL—TF
S8E°L
S0 L

96¥%°L
c0S°L
[44 3%
FES"L
6ES L
T09°L
cT9°L
[ XA
SE9"L
6v¥c8

9069 ——
5 T

960°L
NS.»./.
o=
ST L

vl L—7
gvT L

EN;./
182°L

L6z L~
0eL—
P —
95€ "L ——
S8E"L

sovL—"

96b "L
Nom.hyr
225" L—~—
VES'L——F
6€5°L

109°L——

o
Z19°L
vum.rﬂ““n

SE9°L

68e8—

WMJL

ppm

.

10°2
—E0°T
L0'S
00°¢
€0°T

S55



— o NNODINNOANDOMNONNMITNO HO O N

v “HEMn W s o rj o« cﬁ o n? OO N r1 'f r1 r1 © :; g: ;; ;g E;

= orFOYNAHO @O~V AddoOOo MmN .o . .

~ o~ CIITMOOOMNANNNNNNNNNNNA—AOO ~r- 9o [

o A A A A A A A A A A A A A A A A A A A~ A ~ = - ™

VOSSN [ ] “Féide
Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 481
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191031
Time 10.06
INSTRUM spect
PROBHD 5 mm FABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 120
Ds 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RQ 0.6815744 sec
RG 186.42
DwW 20.800 usec
DE 6.50 usec
TE 298.3 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO i

.= CHANNEL f] =s=s=ss==
SFOl 100.6278588 MHz
NUC1 13C
P1 8.90 usec
PLW1 54.00000000 W
s==s===== CHANNEL f2 =
SFO2 400.1516006 MHz
NuC2 1H
CPDPRG (2 waltzl6é
PCPD2 00 usec
PLWZ 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
sI 1
SF 100.6177931 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40
o ok I l o " A al "

T k] T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters

NAME Dr. A HAJRA-2019-13C
EXPNO 520
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191113
Time 10.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 300
DS 2
SWH 24038.461 Hz
FIDRES | 0.733596 Hz
AQ 0.6815744 sec
RG 67.81
oW 20.800 usec
DE 6.50 usec
TE 296.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
=mm===== CHANNEL f] ==s=s===
SFO1 100.6278588 MHz
NUC1 3¢
P1 8.90 usec
PLW1 54.00000000 W

ClI £2
SF02 400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177886 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB Q
PC 1.40

L | 11“ . | e

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
NEME Dr. A HAJRA-2019-13C
EXPNO 422
PROCNO 1
—
N Br F2 - Acquisition Parameters
= Date_ 20191018
N Time 11.06
INSTRUM spect
I.'— 1 PROBHD 5 mm PABBO BB/
a PULPROG zgpg30
0{/{\, /EO ™ 32768
3bn N SOLVENT cpeL3
v NS 240
Me DS 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42
DW 20.800 usec
DE 6.50 usec
TE 300.9 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL fl ========
100.6278588 MHz
13C
8.90 usec
54.00000000 W
CHANNEL f2 ==
SFO2 400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177858 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
” EC 1.40
- g “ . - "
ety il T e v »
T T T T T T T T T T
200 180 140 120 100 80 60 40 20 0 ppm

S60
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 473
PROCNO
F2 - Acquisition Parameters
Date_ 20191028
Time 16.07
INSTRUM spect
PROBHD 5 mm PABEO BB/
MeO PULFPROG 2gpg30
TD 32768
SOLVENT CDC13
NS 512
Ds 2
SWH 24038.461 Hz
3b' FIDRES 0.733596 Hz
) AQ 0.6815744 sec
RG 186.42
Dw 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
=== CHANNEL f]l =s=======
SFO1 100.6278588 MHz
NUC1
Pl 8.90 usec
PLW1 54.00000000 W
CHANNEL 2 ========
400.1516006 z
1H
waltzlé
90.00 usec
12.00000000 W
0.32231000 W
0.16212000 W
F2 - Processing parameters
ST 16384
SF 100.6177873 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 1]
} EC 1.40
“ ‘ IH " ) |
T T T T T T T T T T I T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters

NAME Dr. A HAJRA-2019-13C
EXPNO 527
PROCNO A

F2 - Acquisition Parameters
Date_ 20191115
Time 12.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CcDC13

NS 50

DS 2

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 62.69

DW 20.800 usec
DE 6.50 usec
TE 297.1 K

Dl 2.00000000 sec
D11 0,03000000 sec
TDO 3

CHANNEL fl ====
100.6278588 MHz
13C

8.90 usec
54.00000000 W

=== CHANNEL f2 =

SFO2 400.1516006 MHz
NUC2 1H
CPDPRG(2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
s1 16

SF 100.6177901 MHz
WDW 1

SSB 0

LB 1.00 Hz
GB 0

BC 1.40

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current yers
NAME B ‘-2019—13C
EXPNO 444
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191022
Time 15,27
INSTRUM spect
PROBHD 5 mm PABBO BB/
'[PULPROG 2gpg30-
‘TD 32768
ISOLVENT CDC13
NS 220
Ds 2
SWH 24038.461 Hz
3da FIDRES 0.733596 Hz
pate] 0.6815744 sec
RG 186.42
DW 20.800 usec
Me DE 6.50 usec
TE 299.8 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ===
SFO1 100.6278588
NUC1 13C
Pl 8.90 usec
PLW1 54.00000000 W

CHANNEL £2 ===
400.1516006 MHz

12.00000000 W
0.32231000 W
0.16212000 W

F2 - Processing parameters
s1 1

SF 100.6177903 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 434
PROCNO  §
F2 - Acquisition Parameters
Date_ 20191021
Time 15.49
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 512
Ds 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42
Me DW 20.800 usec
DE 6.50 usec
TE 299.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ========
100.6278588 MHz
13c
8.90 usec
54.00000000 W
CHANNEL £2 =:
400.1516006 MHz
1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177844 MHz
WDW EM
SsB Q
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T 1
180 170 160 150 140 130 120 110 80 40 30 20 10 ppm
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 458
PROCNO i
F2 - Acquisition Parameters
= Date_ 20191025
Time 17.48
o M Me INSTRUM spect
N PROBHD 5 mm PRBBO BB/
PULPROG zgpg30
TD 32768
o " SOLVENT cbel13
N NS 250
DS 2
SWH 24038.461 Hz
3ea FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42
OMe DW 20.800 usec
DE 6.50 usec
TE 297.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
100.6278588 MHz
13C
8.90 usec
54.00000000 W
CPDPRG[ 2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177871 MHz
WDW EM
sSsB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 80 40 30 20 10 ppm
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——44.54
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Current Data Parameters

NAME
EXPNO
PROCNQ

Date_
Time

N Me INSTRUM

N PROBHD

PULPROG

TD

SOLVENT
NS

FIDRES
3fa AQ

Cl TE

T

T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 ppm

572

Dr. A HAJRA-2019-13C
509

1

F2 - Acquisition Parameters

20191107
10.59
spect

5 mm PABBO BB/
zgpg30

32768

CcDC13

205

2
24038.461 Hz
0.733596 Hz
0.6815744 sec
77.59
20.800 usec
6.50 usec
298.7 K
2.00000000 sec
0.03000000 sec
1

CHANNEL f1 ===
100.6278588

400.1516006 MHz
1H

CPDPRG (2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI
SF 100.6177875 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters

NAME Dr. A HAJRA-2019-13C
EXPNO 499
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191104
Time 20.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 220
DS 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 67.81
DW 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
100.6278588 MHz
13C
8.90 usec

54.00000000 W

CHANNEL f2 ===
400.1516006
1H

waltzle
90.00
12.00000000 W
0.32231000 W
0.16212000 W

1638
100.6177902 MHz

SF

WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

NAME Dr. A HAJRA-2019-13C
EXPNO 543
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191124
Time 18.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
Me TD 32768
SOLVENT CDC13
NS 512
— DS 2
o SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42
\ oW 20.800 usec
. DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
100.6278588 MHz
13C
8.90 usec
.00000000 W
CHANNEL f2 == -
SFO2 400.1516006 MHz
Nuc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177858 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 470
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191027
Time 18.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgdc
TD 32768
SOLVENT CDC13
NS 2048
DS 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
dac RG 186.42
DwW 20.800 usec
DE 6.50 usec
TE 297.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHRNNEL f1
SFO1 100.6278588 MHz
NUC1 C
Pl 8.90 usec
PLW1 54.00000000 W
L SFO2 400.1516006
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
F2 - Processing parameters
SI 16384
SF 100.6177844 MHz
WDW EM
SSB [¢]
LB 1.00 Hz
GB 0
BC 1.00
T T T T T T T T T T T T 25 |
190 180 170 160 150 140 130 120 110 100 90 80 10 ppm
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C

EXPNO 538
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191121
Time 19.31
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT cDCl3
NS 512
DS 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
RQ 0.6815744 sec
RG 186.42
DwW 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 = =
100.6278588 MHz
13c
8.90 usec

54.00000000 W

======== CHANNEL f2 =

SFO2 400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W

F2 - Processing parameters
SI 16384

SF 100.6177857 MHz
WDW EM
SSB Q

LB 1.00 Hz
GB o

EC 1.40
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Current Data Parameters
NAME Dr. A HAJRR-2019-13C
EXPNO 420
PROCNO 1
F2 - Acquisition Parameters
Cl Date_ 20191017
Time 21.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFPROG zgpg30
TD 32768
SOLVENT CDC13
NS 512
DS 2
SWH 24038.461 Hz
4 I FIDRES 0,733596 Hz
a AQ 0.6815744 sec
RG 186.42
DW 20.800 usec
DE 6.50 usec
TE 297.9 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL fl ==
SFO1 100.6278588 MHz
NUC1 13C
P1 8.90 usec
PLW1 54.00000000 W
== CHANNEL f2 ==
SFO2 400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177843 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

582



gez e —

T8 " Cr—

Me

1169°9—
19979

S18°'9 —
FER G

LBO L~
mmo.w#

TEL L
m:.ﬁ/
05T'L
69T L~
QLT L——
mﬂé“
STz L
652 L—"
sTe°L
LIE" T
mmm.\.\
mmm.r\.
FSEL
Shb L ——
€9 L—"

o

6.5 ppm

6.6

o

7
\F\l
=]
il

;

|

001

583



S84

30 20 10 ppm

NO OCMEHYN—AIMOVHEONNMVWO oW
MO FPHITOTAHONMOWO ADWO T~ NG ®D® @ O O~
AT, Ve te o Vg g oge SR D Rt § R WM e b e e = = @ ™~
O~ VNN 40O~ OO ITTONNO . . .
W FITOMOMOMMONNNNNNNNNNNNA o~ 0 —
T A A A A A A A A A A A A A A A A A A A ~r~r~- o~ o
OSSNV v oS
Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 501
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191105
Time 13.26
INSTRUM spect
PROBHD 5 mm PREBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 640
Ds 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42
Me DW 20.800 usec
DE 6.50 usec
TE 297.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
==s=s=== CHANNEL fl === -
SFO1 100.6278588 MHz
NUC1 13C
Pl 8.90 usec
PLW1 54.00000000 W
CHRANNEL f2 ==
400.1516006 MHz
1H
CPDPRG([2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI
SF 100.6177842 MHz
WDW EM
SSB
LB 1.00 Hz
GB
PC 1.40
T T T 1 T T T T T 1
170 160 150 140 130 120
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Current Data Parameters

NAME Dr. A HAJRA-2019-13C
EXPNO 442
PROCNO
F2 - Acquisition Parameters
Date_ 20191022
Time 11.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT cDCl3
NS 824
Ds 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42
ow 20.800 usec
DE 6.50 usec
TE 299.3 K
Dl 2.00000000 sec
D11 0.03000000 sec

Me DO 1
CHANNEL f1 =
100.6278588 MHz
13C
8.90 usec

54.00000000 W

CHANNEL f2 =
SFO2 400.1516006 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177847 MHz
WDW EM
S5B 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
508

EXPNO

PROCNO

F2 - Acquisition Parameters

Date_ 20191107

Time 10.17

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zgpg30

TD 32768

SOLVENT CDC13

NS 512

DS 2

SWH 24038.461 Hz

FIDRES 0.733596 Hz

AQ 0.6815744 sec

RG 120.16

DW 20.800 usec

DE 6.50 usec

TE 299.4 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1

100.6278588 MHz
13c

sec

8.90 u
54.00000000 W

======== CHANNEL f2 =====

SFO2 400.1516006 z
NUC2 1H
CPDPRG[2 waltzl6é
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W

F2 - Processing parameters

SF 100.6177843 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C

EXPNO 462
PROCNO 3
F2 - Bcquisition Parameters
= Date_ 20191026
Time 9.39
. INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 640
0 DS 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
4ha \ i RG 186.42
& DW 20.800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1
SFOL 100.6278588 MHz
NUCL C
Pl ; 8.90 usec
PLWL 54.00000000 W

CHANNEL f2
400.1516006 MHz

NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W

F2 - Processing parameters
SI 16384

SF 100.6177848 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T 1
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Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 445
PROCNO 1
Me F2 - Acquisition Parameters
Date_ 201910
Time 20.57
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 620
DS 2
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
4f RG 186.42
a DW 20.800 usec
DE 6.50 usec
TE 299.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1
100.6278588

SFQ2 400.1516006 MHz
NUC2 1H
CPDPRG (2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
PLW12 0.32231000 W
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384

SF 100.6177846 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S92



ppm

_J

OMe

TIL L~
PeL L ——
ceLL——
cri ="

S08° L ——
9Z8 " L——

ppm

S93

T

ARRS RARRS




oo W TOCOACNNONSI AN ON
49 & @dgbics S daaonn e g g
oo o AT AN AN~ O TONO ™~ <N T -
ww W SLELOONNN NN NN A A ~~ 9 o
— B e e e s s e e R e e R R e | [l wn
VNS N \% | valay
Current Data Parameters
NAM] Dr. A HAJRA-2019-13C
EXPNO 491
PROCNO 1
OMe F2 - Acquisition Parameters
Date 20191103
Time 13585,
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CcDC13
512
&
24038.461 Hz
0.733596 Hz
0.6815744 sec
186.42
20.800 usec
6.50 usec
297.8 K
2.000G0000 sec
0.030C0000 sec
1
CHANNEL f1 -
100.6278588 MHz
13C
8.90 usec
54.00000000 W
== CHANNEL f2 =
400.1516006 MHz
NUC2 1H
CPDPRG([2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 W
0. W
W
T T T T T T T T T T T T T T T T T T 1
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Current Data Parameters

NAME Dr. A HAJRA-2019-13C
EXPNO 591
PROCNO i

F2 - Acquisition Parameters
Date_ 20191223

Time 20.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDCL3

NS 220

DS 2

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 186.42

DW 20.800 usec
DE 6.50 usec
TE 297.0 K
D1l 2.00000000 sec
D11 0.03000000 sec
TDO 1

NUC2
CPDPRG[2
BCPD2
PLW2
PLW12
PLW13

CHANNEL f1 =
100.6278588 MHz
13C

8.90 u
54.00000000 W

CHANNEL f2 =

400.1516006

1H

waltzlé

90.00 usec
12.00000000 W
0.32231000 W
0.16212000 W

F2 - Processing parameters

SI
SF
WDW
SsB

100.6177872 MHz

EM
0
1.00 Hz
0
1.40
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l \ l \\\\'\‘\\V V////l/ v Current Data Parameters
NAME Dr. A HAJRA-2019-13C
EXPNO 592
PROCNO 1
F2 - Acquisition Parameters
Date_ 20191225
Time 15.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 350
Ds 2
SWH 24038.461 Hz
— FIDRES 0.733596 Hz
Me aQ 0.6815744 sec
L RG 186.42
N DW 20.800 usec
DE 6.50 usec
TE 298.5 K
\\ D1 2.00000000 sec
D11 0.03000000 sec
DO
MaDOC & :
100.6278588 MHz
13c
8.90 usec
54.00000000 W
= CHANNEL f2 = =
SFO2 400.1516006 MHz
NUC2 1H
CPDPRG(2 waltzlé
PCPD2 90.00 usec
PLW2 12.00000000 w
PLW12 0.32231000 w
PLW13 0.16212000 W
F2 - Processing parameters
SI 16384
SF 100.6177844 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BEC 1.40
T T T I T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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