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1. General Information 

Unless otherwise specified, all reactions were conducted under an inert atmosphere and 

anhydrous conditions. All the solvents were purified according to the standard 

procedures. All chemicals which are commercially available were employed without 

further purification. Thin‐layer chromatography (TLC) was performed on silica gel 

plates using UV‐light (254 and 365 nm). Flash chromatography was conducted on silica 

gel (200–300 mesh). NMR spectra were recorded on a 400 MHz NMR spectrometer 

with CDCl3, CD2Cl2 or d6-DMSO as the solvent and TMS as an internal standard (400 

MHz for 1H and 100 MHz for 13C). All high-resolution mass spectra were obtained on 

a Q-TOF Micro LC/MS System ESI spectrometer to be given in m/z. Enantiomeric 

excesses values were determined with HPLC (chiral column; mobile phase hexane/i-

PrOH). Optical rotations were measured using an Anton Paar MCP‐4100 digital 

polarimeter. Indoles 1 and triazolediones 2 were synthesized according to modified 

literature-reported procedures1,2,3. anhydrides/acyl chlorides 3 employed directly from 

commercial sources. 
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2. Representative Procedures 

2.1 Optimization of the reaction conditions 

Table S1. Optimization of the reaction conditions of 5a'. 

 

Entry Solvent T(℃） Ratio (1a: 2a) Time(mins） Yield (%) 

1 CH2Cl2
 r.t. 1:1.2 20 86 

2 PhMe r.t. 1:1.2 20 67 

3 THF r.t. 1:1.2 20 23 

4 CH2Cl2 0 1:1.2 30 91 

5 CH2Cl2 -10 1:1.2 30 92 

6 CH2Cl2 -78 1:1.2 60 98 

7 CH2Cl2 -78 1:1 60 88 

8 CH2Cl2 -78 1.2:1 60 87 

Reaction conditions: 1a (0.1 mmol), and 2a (0.12 mmol) in the specified solvent (1 mL), 

isolated yield. 
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Table S2. Optimization of the reaction conditions of 4a. 

 

Entry Solvent 
Additive 

(1 eq.) 

Yield 

of 4a (%) 

Yield 

of 5a (%) 

1 CH2Cl2 - 57 32 

2 PhMe - 14 16 

3 MeCN - 36 58 

4 THF - 11 10 

5 CH2Cl2 Na2CO3 59 30 

6 CH2Cl2 Et3N 88 trace 

7[a] CH2Cl2 - 0 19 

Reaction conditions: 5a' (0.1 mmol), 3a (0.15 mmol) and DMAP (0.01 mmol) in the specified 

solvent (1 mL) at room temperature (r.t.) for 12 h, isolated yield. [a] without DMAP. 

 

  



5 

 

Table S3. Optimization of reaction conditions for synthesis of 4a by one-pot method. 

 

Entry T(℃） Ratio (1a: 2a) Additive Yield (%) 

1 r.t. 1:1.2 Et3N (1 eq.) 28 

2 -78℃ → r.t. 1:1.2 Et3N (1 eq.) 77 

3 -78℃ → r.t. 1.2:1 Et3N (1 eq.) 54 

4 -78℃ → r.t. 1:1.2 Et3N (2 eq.) 85 

Reaction conditions: 1a (0.1 mmol) and 2a (0.12 mmol) in CH2Cl2 (1 mL) at -78 ℃ for 1 h, then 3 

(0.15 mmol), DMAP (0.01 mol), and Et3N (x mmol) at room temperature (r.t.) for 24 h, isolated 

yield. 
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Table S4. Optimization of the reaction conditions of Asymmetric version of 4a. 

 

               
 

Entry Cat. Yield (%) Ee (%) 

1 C1       0 - 

2 C2 0 - 

3 C3 67 0 

4 C4 74 0 

5 C5 29 0 

6 C6 22 0 

7 C7 54 0 

8 C8 44 0 

Reaction conditions: 1a (0.1 mmol) and 2a (0.12 mmol) in CH2Cl2 (1 mL) at -78 ℃ for 1 h, then 3 

(0.15 mmol), cat.(10 mol%) at room temperature (r.t.) for 24 h, isolated yield. 
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Table S5. Optimization of the reaction conditions of Asymmetric version of 5l'. 

 
 

Entry Cat. Yield (%) Ee (%) 

1 spiro-CPA-1 94 91 

7 spiro-CPA-2 94 -21 

9 spiro-CPA-3 91 90 

12 spiro-CPA-4 96 95 

Reaction conditions: 1a (0.1 mmol) and 2l' (0.12 mmol) and spiro-CPA (5 mol%) in CH2Cl2:Et2O 

= 1:1 (1 mL) at -78 ℃ for 0.5 h, isolated yield, ee was determined by chiral HPLC.  
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Table S6. Optimization of the reaction conditions of Asymmetric version of 6a. 

 

Entry Base Yield (%) Ee (%) Dr (%) 

1 

DMAP (0.1 eq.) 

and Et3N (1 

eq.) 

96 59 1.5:1 

2 DMAP (0.1 eq.) 93 86 4:1 

3 Na2CO3 (1 eq.) trace - - 

4 K2CO3 (1 eq.) 18 - - 

5 DABCO (1 eq.) 25 - - 

6 DIPEA (1 eq.) 91 95 >20:1 

Reaction conditions: 5l' (0.1 mmol) in CH2Cl2 (1 mL) at room temperature (r.t.) for 24 h, isolated 

yield. ee and dr was determined by chiral HPLC.  
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2.2 General Procedures for the Synthesis of 4. 

 

Triazolediones 2 (0.24 mmol) was dissolved in CH2Cl2 (2 mL) at -78℃, and indoles 1 

(0.2 mmol) was slowly added, stirring for 1 h. After the reaction was completely 

monitored by TLC, the mixture was moved to room temperature, and Et3N (0.4 mmol) 

was added, stirring for 0.5 h, DMAP (0.02 mmol) and corresponding anhydrides/acyl 

chlorides 3 (0.03 mmol, 4a,4c and 4d used corresponding anhydrides, otherwise used 

acyl chlorides) were added, and the reaction was carried out for 24 h. The solvents were 

removed in vacuo and the crude product was separated by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 2:1) to afford 4. 

 

2.3 General Procedures for the Synthesis of 5a. 

 

5a' (0.2 mmol) was dissolved in MeCN (2 mL) room temperature (r.t.), and DMAP 

(0.02 mmol) was added, stirring for 0.5 h, acetic anhydride 3a (0.03 mmol) was added, 

and the reaction was carried out for 0.5 h. the reaction mixture is filtered and washed 

with MeCN to obtain a white solid product 5a. 

 

2.4 General Procedures for the Synthesis of 6. 

 



10 

 

Triazolediones 2 (0.24 mmol) and spiro-CPA (5 mmol%) was dissolved in CH2Cl2: 

Et2O = 1:1 (2 mL) stirring for 0.5 hour at -78℃, and indoles 1 (0.2 mmol) was slowly 

added, stirring for 1 hour. The reaction mixture was stirred until completion of reaction 

as monitored by TLC. The solvents were removed in vacuo and the crude product was 

separated by flash column chromatography on silica gel (petroleum ether/ethyl acetate 

= 1:1) to afford 5'. 

5' (0.2 mmol) was dissolved in CH2Cl2 (2 mL) room temperature (r.t.), and DIPEA (0.2 

mmol) was added, stirring for 0.5 h, anhydrides 3 (0.03 mmol) was added, and the 

reaction was carried out for 24 h. The solvents were removed in vacuo and the crude 

product was separated by flash column chromatography on silica gel (petroleum 

ether/ethyl acetate = 2:1) to afford 6. 

 

2.5 Large-scale synthesis of 4a. 

 
Triazolediones 2a (3.6 mmol) was dissolved in CH2Cl2 (2 mL) at -78℃, and indoles 1a 

(3 mmol) was slowly added, stirring for 4 hours. The reaction mixture was stirred until 

completion of reaction as monitored by TLC. The mixture was moved to room 

temperature, and Et3N (6 mmol) was added, stirring for 2 h, DMAP (0.3 mmol) and 

acetic anhydride 3a (4.5 mmol) were added, and the reaction was carried out for 48 h. 

Water was added and the mixture was extracted with AcOEt (3 × 20 mL). The combined 

organic layer was washed with brine, separated, dried over Na2SO4 and filtered. The 

solvent was then removed under reduced pressure and the residue was purified by 

column chromatography isolation (petroleum ether/ethyl acetate = 2:1) to afford 

product 4a (0.95 g) in 81% yield. 
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2.6 Detailed Procedures for further transformation of 4a: 

 

For compound 7: To a solution of the 4a (0.2 mmol) in CH2Cl2 (2 mL) was added NaH 

(0.3 mmol) stirring for 0.5 hour at room temperature, and acetic anhydride (0.3 mmol) 

was slowly added, stirring for 4 hours. After completion, the reaction mixture was 

quenched with saturated NH4Cl solution and extracted with CH2Cl2. The organic layer 

was washed with brine and dried over anhydrous Na2SO4. The solvent was then 

removed under reduced pressure and the residue was purified by column 

chromatography isolation (petroleum ether/ethyl acetate = 2:1) to afford product 7. 

For compound 8: To a solution of the 4a (0.2 mmol) in MeOH (2 mL) was added 

NH4OH (0.4 mL) stirring for 24 hours at 60℃. After completion, the reaction mixture 

is filtered and washed with MeOH and water to obtain a white solid product 8. 

For compound 9: To a solution of the 8 (0.2 mmol) in DMF (2 mL) was added NaH 

(0.3 mmol) stirring for 0.5 hour at r.t., and MeI (0.3 mmol) was slowly added, stirring 

for 2 hours. After completion, the reaction mixture was quenched with saturated NH4Cl 

solution and extracted with CH2Cl2. The organic layer was washed with brine and dried 

over anhydrous Na2SO4. The solvent was then removed under reduced pressure and the 

residue was purified by column chromatography isolation (petroleum ether/ethyl 

acetate = 4:1) to afford product 9. 
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3. Characterization of Products 

1'-acetyl-2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4a: 

 

A yellow solid; 66.3 mg; isolated yield = 85%; m.p. 155.1 – 156.1 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 9.10 (s, 1H), 7.59 – 7.38 (m, 8H), 7.26 (d, J = 1.0 Hz, 1H), 

2.42 (s, 3H), 1.36 (s, 9H); 13C NMR (100 MHz, d6-DMSO) δ ppm: δ 185.7, 172.8, 

152.4, 150.7, 150.3, 138.9, 135.2, 130.7, 129.9, 129.3, 129.0, 127.3, 121.0, 120.7, 80.3, 

37.1, 29.7, 28.2; HRMS (ESI) Calcd. For C22H23N4O3 [M+H]+ 391.1765, found 

391.1767. 

 

2-(tert-butyl)-1'-butyryl-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4b: 

 

A yellow solid; 61.1 mg; isolated yield = 73%; m.p. 127.7 – 128.7 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 9.08 (s, 1H), 7.54 (m, J = 19.9, 7.5 Hz, 3H), 7.48 – 7.36 (m, 

5H), 7.26 (d, J = 1.0 Hz, 1H), 2.87 – 2.74 (m, 2H), 1.48 – 1.39 (m, 2H), 1.36 (s, 9H), 

0.76 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, d6-DMSO) δ ppm: δ 186.0, 175.8, 152.5, 

150.7, 150.3, 138.9, 135.2, 130.7, 129.9, 129.3, 128.9, 127.2, 120.9, 80.3, 41.6, 37.1, 

29.7, 18.3, 13.8; HRMS (ESI) Calcd. For C24H27N4O3 [M+H]+ 419.2078, found 

419.2080. 

 

2-(tert-butyl)-1'-cinnamoyl-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 

4c: 

 

A yellow solid; 83.2 mg; isolated yield = 87%; m.p. 233.8 – 234.8 ℃; 1H NMR (400 



13 

 

MHz, d6-DMSO) δ ppm: δ 9.21 (s, 1H), 7.66 – 7.57 (m, 3H), 7.56 – 7.51 (m, 2H), 7.50 

– 7.37 (m, 9H), 7.30 – 7.24 (m, 2H), 1.40 (s, 9H).; 13C NMR (100 MHz, d6-DMSO) δ 

ppm: δ 185.8, 168.1, 152.4, 150.7, 150.7, 143.6, 138.8, 135.1, 134.5, 131.2, 130.9, 

129.9, 129.5, 129.3, 128.9, 128.9, 127.4, 122.6, 121.1, 80.1, 37.2, 29.8; HRMS (ESI) 

Calcd. For C29H27N4O3 [M+H]+ 479.2078, found 479.2090. 
 

tert-Butyl 2-(tert-butyl)-4',6'-dioxo-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-1'-

carboxylate 4d: 

 

A white solid; 78.9 mg; isolated yield = 88%; m.p. 181.8 – 182.8 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.51 – 7.39 (m, 6H), 7.31 – 7.23 (m, 3H), 5.86 (s, 1H), 1.50 (s, 

9H), 1.16 (s, 9H);  13C NMR (100 MHz, d6-DMSO) δ ppm: δ 187.0, 152.2, 150.2, 

149.1, 148.7, 138.6, 135.1, 131.6, 129.8, 129.4, 128.8, 127.5, 122.6, 121.2, 85.2, 80.3, 

37.0, 29.6, 26.9; HRMS (ESI) Calcd. For C25H28N4O4Na [M+Na]+ 471.2003, found 

471.2008. 
 

1'-benzoyl-2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4e: 

 
A white solid; 77.8 mg; isolated yield = 86%; m.p. 165.1 – 166.1 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.69 – 7.60 (m, 2H), 7.52 – 7.35 (m, 9H), 7.32 – 7.27 (m, 2H), 

7.21 – 7.15 (m, 1H), 6.17 (s, 1H), 1.49 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 

186.0, 170.4, 152.0, 151.2, 150.5, 136.8, 134.4, 133.5, 1323.0, 131.6, 129.3, 129.0, 

128.7, 128.7, 128.5, 127.3, 121.7, 120.5, 80.2, 37.6, 29.8; HRMS (ESI) Calcd. For 

C27H25N4O3 [M+H]+ 453.1922, found 453.1926. 
 

2-(tert-butyl)-1'-(4-methylbenzoyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4f: 
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A white solid; 74.6 mg; isolated yield = 80%; m.p. 158.6 – 159.6 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.57 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 7.6 Hz, 1H), 7.48 – 7.36 

(m, 5H), 7.30 (d, J = 7.3 Hz, 2H), 7.18 (t, 3H), 6.00 (s, 1H), 2.35 (s, 3H), 1.49 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ ppm: δ 186.2, 170.2, 152.0, 151.1, 150.6, 144.1, 136.8, 

133.5, 131.6, 131.5, 129.3, 129.0, 128.7, 127.3, 121.6, 120.6, 80.2, 37.3, 29.8, 21.7; 

HRMS (ESI) Calcd. For C28H27N4O3 [M+H]+ 467.2078, found 467.2084. 

 

2-(tert-butyl)-1'-(4-fluorobenzoyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4g: 

 

A yellow solid; 87.5 mg; isolated yield = 93%; m.p. 128.4 – 129.4 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 9.33 (s, 1H), 8.05 – 7.94 (m, 2H), 7.78 (d, J = 7.3 Hz, 1H), 

7.52 – 7.36 (m, 7H), 7.29 – 7.22 (m, 3H), 1.44 (s, 9H); 13C NMR (100 MHz, d6-DMSO) 

δ ppm: δ 186.8, 170.3, 165.3 (d, J = 251 Hz), 152.4, 151.1, 150.5, 138.2, 135.0, 132.5 

(d, J = 9 Hz), 131.6, 131.6, 131.4, 129.8, 129.3, 128.9, 127.4, 122.0, 121.1, 116.1 (d, J 

= 22 Hz) , 80.4, 37.1, 29.7; 19F NMR (376 MHz, d6-DMSO) δ ppm: δ -105.6; HRMS 

(ESI) Calcd. For C27H24N4O3F [M+H]+ 471.1827, found 471.1838. 

 

2-(tert-butyl)-1'-(4-chlorobenzoyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4h: 

 

A yellow solid; 78.7 mg; isolated yield = 83%; m.p. 136.3 – 137.3 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 9.34 (s, 1H), 7.92 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 7.2 Hz, 

1H), 7.49 (t, J = 7.4 Hz, 4H), 7.46 – 7.36 (m, 5H), 7.27 – 7.20 (m, 1H), 1.43 (s, 9H); 
13C NMR (100 MHz, d6-DMSO) δ ppm: δ 186.6, 170.5, 152.4, 151.0, 150.4, 138.3, 

138.1, 134.9, 133.9, 131.4, 131.2, 129.7, 129.3, 129.1, 128.9, 127.5, 121.9, 121.1, 80.4, 

37.1, 29.7; HRMS (ESI) Calcd. For C27H24ClN4O3 [M+H]+ 487.1532, found 487.1540. 
 

1’-(4-bromobenzoyl)-2-(tert-butyl)-5’-phenylspiro[indole-3,2’-[1,3,5]triazinane]-

4’,6’-dione 4i: 



15 

 

 

A white solid; 92.2 mg; isolated yield = 87%; m.p. 185.1 – 186.1 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: 1H NMR (400 MHz, CDCl3) δ 7.56 – 7.37 (m, 10H), 7.35 – 7.28 

(m, 2H), 7.24 – 7.14 (m, 2H), 1.50 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 186.0, 

169.7, 152.1, 150.9, 150.7, 137.0, 133.5, 133.4, 131.8, 131.5, 130.1, 129.3, 129.1, 128.7, 

127.9, 127.2, 121.6, 120.4, 80.3, 37.3, 29.8; HRMS (ESI) Calcd. For C27H24BrN4O3 

[M+H]+ 531.1027, found 531.1037. 
 

2-(tert-butyl)-5'-phenyl-1'-(4-(trifluoromethyl)benzoyl)spiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 4j: 

 

A yellow solid; 91.6 mg; isolated yield = 88%; m.p. 190.2 – 191.2 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.73 (d, J = 8.3 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 

7.6 Hz, 1H), 7.51 – 7.40 (m, 5H), 7.34 – 7.29 (m, 2H), 7.23 (d, J = 7.4 Hz, 1H), 5.89 

(s, 1H), 1.51 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 185.4, 169.4, 152.0, 150.7, 

150.4, 137.7, 136.4, 134.1 (d, J = 327 Hz), 133.2, 131.8, 129.4, 129.3, 128.7, 128.5, 

127.5, 125.6 (d, J = 4 Hz), 124.8, 121.9, 120.3, 80.2, 37.4, 29.7; 19F NMR (376 MHz, 

CDCl3) δ ppm: δ -63.20; HRMS (ESI) Calcd. For C28H24F3N4O3 [M+H]+ 521.1796, 

found 521.1810. 
 

2-(tert-butyl)-1'-(3-methylbenzoyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4k: 

 

A white solid; 83.9 mg; isolated yield = 90%; m.p. 204.8 – 205.8 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.50 (d, J = 7.6 Hz, 1H), 7.48 – 7.43 (m, 4H), 7.42 – 7.34 (m, 

3H), 7.29 – 7.24 (m, 4H), 7.17 (t, J = 7.5 Hz, 1H), 6.22 (s, 1H), 2.33 (s, 3H), 1.48 (s, 
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9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 186.1, 170.6, 152.0, 151.2, 150.5, 138.4, 

136.8, 134.4, 133.8, 133.5, 131.6, 129.3, 129.2, 129.0, 128.7, 128.3, 127.3, 125.7, 121.6, 

120.5, 80.2, 37.3, 29.8, 21.4; HRMS (ESI) Calcd. For C28H27N4O3 [M+H]+ 467.2078, 

found 467.2086. 
 

2-(tert-butyl)-1'-(2-fluorobenzoyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4l: 

 

A white solid; 88.4 mg; isolated yield = 94%; m.p. 137.3 – 138.3 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.56 – 7.36 (m, 8H), 7.31 – 7.26 (m, 2H), 7.24 – 7.19 (m, 1H), 

7.16 – 7.09 (m, 1H), 7.09 – 7.00 (m, 1H), 6.12 (s, 1H), 1.48 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ ppm: δ 185.8, 165.9, 159.2 (d, J = 251 Hz), 152.1, 150.7, 150.1, 136.8, 

134.3 (d, J = 9 Hz), 133.6, 131.5, 131.1, 129.3, 129.2, 128.7, 127.5, 124.7, 123.5, 121.5, 

120.8, 116.1(d, J = 23 Hz), 80.3, 37.2, 29.6; 19F NMR (376 MHz, CDCl3) δ ppm: δ -

113.63; HRMS (ESI) Calcd. For C27H24FN4O3 [M+H]+ 471.1827, found 471.1836. 
 

2-(tert-butyl)-1'-(furan-2-carbonyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4m: 

 

A brown solid; 82.2 mg; isolated yield = 93%; m.p. 253.9 – 254.9 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.54 (d, J = 0.9 Hz, 1H), 7.52 – 7.47 (m, 3H), 7.45 – 7.40 (m, 

2H), 7.39 – 7.33 (m, 3H), 7.22 – 7.16 (m, 1H), 7.15 – 7.10 (m, 1H), 6.49 – 6.45 (m, 

1H), 6.19 (s, 1H), 1.50 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 186.5, 163.5, 

151.9, 151.0, 150.6, 137.6, 136.5, 134.4, 134.2, 133.5, 131.7, 129.3, 129.1, 128.7, 127.9, 

127.2, 121.6, 121.0, 80.2, 37.2, 29.8; HRMS (ESI) Calcd. For C25H23N4O4 [M+H]+ 

443.1714, found 443.1726. 
 

2-(tert-butyl)-5'-phenyl-1'-(thiophene-2-carbonyl)spiro[indole-3,2'-[1,3,5]triazinane]-

4',6'-dione 4n: 
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A brown solid; 86.1 mg; isolated yield = 94%; m.p. 180.7 – 181.7 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.69 – 7.62 (m, 1H), 7.61 – 7.57 (m, 1H), 7.56 – 7.27 (m, 9H), 

7.20 – 7.14 (m, 1H), 7.06 – 7.02 (m, 1H), 6.09 (s, 1H), 1.50 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ ppm: δ 186.3, 159.3, 151.9, 150.9, 149.7, 147.4, 146.6, 136.8, 133.6, 

131.6, 129.3, 129.0, 128.8, 127.3, 121.5, 120.9, 120.0, 112.6, 70.0, 37.2, 29.7; HRMS 

(ESI) Calcd. For C25H23N4O3S [M+H]+ 459.1486, found 459.1494. 

 

1'-(2-naphthoyl)-2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 

4o: 

 

A white solid; 94.4 mg; isolated yield = 94%; m.p. 174.5 – 175.5 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 8.21 (s, 1H), 7.89 – 7.78 (m, 3H), 7.67 (dd, J = 8.6, 1.7 Hz, 1H), 

7.58 – 7.36 (m, 8H), 7.35 – 7.29 (m, 2H), 7.22 – 7.14 (m, 1H), 6.12 (s, 1H), 1.52 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 186.0, 170.5, 152.0, 151.2, 150.6, 136.8, 

135.4, 133.5, 132.4, 131.6, 131.6, 130.5, 129.4, 129.3, 129.1, 128.7, 128.3, 127.8, 127.3, 

127.0, 124.3, 121.7, 120.5, 80.3, 37.4, 29.8; HRMS (ESI) Calcd. For C31H27N4O3 

[M+H]+ 503.2078, found 503.2088. 

 

1'-acetyl-2-(tert-butyl)-5-methyl-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4p: 

 
A white solid; 68.7 mg; isolated yield = 85%; m.p. 204.8 – 205.8 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.50 (tdd, J = 7.5, 6.5, 4.1 Hz, 3H), 7.39 – 7.30 (m, 3H), 7.20 – 

7.15 (m, 1H), 7.12 (s, 1H), 5.68 (s, 1H), 2.52 (s, 3H), 2.37 (s, 3H), 1.42 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ ppm: δ 184.7, 171.9, 150.9, 150.2, 149.7, 137.2, 137.2, 

133.9, 131.6, 129.5, 129.3, 128.7, 121.1, 120.5, 80.0, 37.2, 29.6, 28.0, 21.5; HRMS 
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(ESI) Calcd. For C23H25N4O3 [M+H]+ 405.1922, found 405.1934. 

 

1'-acetyl-2-(tert-butyl)-5-fluoro-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4q: 

 

A yellow solid; 69.4 mg; isolated yield = 85%; m.p. 182.9 – 183.9 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.56 – 7.45 (m, 3H), 7.42 – 7.36 (m, 1H), 7.30 – 7.24 (m, 2H), 

7.10 – 6.96 (m, 2H), 6.24 (s, 1H), 2.51 (s, 3H), 1.38 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 185.7, 172.0, 161.8 (d, J = 247 Hz), 150.8, 149.8, 147.9, 138.9 (d, J 

= 8 Hz), 133.6, 129.5, 129.3, 128.7, 122.4, 117.4 (d, J = 23 Hz), 107.9, 80.0, 37.3, 29.5, 

28.0; 19F NMR δ ppm: (376 MHz, CDCl3) δ -113.55; HRMS (ESI) Calcd. For 

C22H22FN4O3 [M+H]+ 409.1671, found 409.1672. 

 

1'-acetyl-5-bromo-2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4r: 

 

A white solid; 79.6 mg; isolated yield = 85%; m.p. 196.3 – 197.3 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.56 – 7.45 (m, 4H), 7.41 – 7.36 (m, 1H), 7.34 – 7.31 (m, 2H), 

7.24 – 7.18 (m, 1H), 5.81 (s, 1H), 2.51 (s, 3H), 1.42 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 185.8, 172.0, 152.0, 151.0, 150.1, 137.0, 133.8, 131.2, 129.5, 129.3, 

128.7, 127.2, 121.5, 119.6, 80.1, 37.3, 29.6, 28.0; HRMS (ESI) Calcd. For 

C22H22BrN4O3 [M+H]+ 469.0870, found 469.0872. 

 

1'-acetyl-2-(tert-butyl)-7-methyl-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4s: 
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A white solid; 58.2 mg; isolated yield = 72%; m.p. 198.4 – 199.4 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.56 – 7.45 (m, 3H), 7.37 – 7.31 (m, 2H), 7.19 (d, J = 7.4 Hz, 

1H), 7.15 – 7.07 (m, 2H), 5.52 (s, 1H), 2.51 (s, 6H), 1.43 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 183.8, 171.9, 150.9, 150.4, 150.2, 136.9, 133.9, 132.7, 131.6, 129.4, 

129.2, 128.7, 126.8, 116.9, 80.3, 37.3, 29.7, 28.0, 16.3; HRMS (ESI) Calcd. For 

C23H25N4O3 [M+H]+ 405.1922, found 405.1922. 

 

1'-acetyl-2-(tert-butyl)-7-fluoro-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4t: 

 

A white solid; 65.3 mg; isolated yield = 80%; m.p. 190.3 – 191.3 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.57 – 7.45 (m, 3H), 7.30 (d, J = 7.0 Hz, 2H), 7.23 – 7.17 (m, 

1H), 7.12 (dd, J = 10.5, 8.2 Hz, 2H), 6.03 (s, 1H), 2.52 (s, 3H), 1.42 (s, 9H); 13C NMR 

(100 MHz, CDCl3) δ ppm: δ 186.4, 172.0, 154.1 (d, J = 256 Hz), 150.8, 149.8, 140.3, 

138.8 (d, J = 12 Hz), 133.6, 129.5, 128.8, 128.7, 128.6, 118.8 (d, J = 19 Hz) , 115.3, 

80.3, 37.6, 29.6, 27.9; 19F NMR δ ppm: (376 MHz, CDCl3) δ -125.21;HRMS (ESI) 

Calcd. For C22H22FN4O3 [M+H]+ 409.1671, found 409.1670. 

 

1'-acetyl-7-bromo-2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4u: 

 

A white solid; 71.1 mg; isolated yield = 76%; m.p. 201.6 – 202.6℃; 1H NMR (400 

MHz, CDCl3) δ ppm: 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.46 (m, 4H), 7.42 – 7.37 

(m, 1H), 7.34 – 7.32 (m, 2H), 7.24 – 7.19 (m, 1H), 5.71 (s, 1H), 2.51 (s, 3H), 1.43 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 185.8, 172.0, 152.0, 150.9, 150.1, 137.0, 

133.8, 131.2, 129.5, 129.3, 128.7, 127.2, 121.5, 119.6, 80.1, 37.3, 29.6, 28.0; HRMS 

(ESI) Calcd. For C22H22BrN4O3 [M+H]+ 469.0870, found 469.0871. 
 

1'-acetyl-2-methyl-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4v: 
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A yellow solid; 60.6 mg; isolated yield = 87%; m.p. 221.3 – 222.3 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.55 – 7.44 (m, 3H), 7.41 (d, J = 7.3 Hz, 1H), 7.38 – 7.31 (m, 

4H), 7.24 – 7.19 (m, 1H), 6.65 (d, J = 4.9 Hz, 1H), 2.50 (s, 3H), 2.20 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ ppm: δ 177.6, 171.6, 152.7, 151.6, 150.6, 135.9, 133.8, 131.4, 

129.4, 129.3, 128.7, 127.0, 121.3, 120.6, 78.8, 27.6, 14.9; HRMS (ESI) Calcd. For 

C19H17N4O3 [M+H]+ 349.1296, found 349.1293. 
 

1'-acetyl-2,5'-diphenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4w: 

 

A brown solid; 62.3 mg; isolated yield = 76%; m.p. 189.3 – 190.3 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 8.02 (d, J = 7.6 Hz, 2H), 7.59 – 7.40 (m, 7H), 7.36 – 7.17 (m, 

6H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 172.9, 171.2, 151.8, 151.2, 

150.4, 136.9, 134.0, 132.1, 131.4, 129.7, 129.5, 129.3, 128.9, 128.8, 127.6, 127.3, 122.0, 

119.9, 78.5, 27.3; HRMS (ESI) Calcd. For C24H19N4O3 [M+H]+ 411.1452, found 

411.1460. 
 

Ethyl 3-(2-acetyl-3,5-dioxo-4-phenyl-1,2,4-triazolidin-1-yl)-1H-indole-2-carboxylate 

5x: 

 

A white solid; 53.6 mg; isolated yield = 66%; m.p. 167.1 – 168.1 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 9.14 (s, 1H), 7.90 (d, J = 7.9 Hz, 1H), 7.63 (dd, J = 8.4, 1.1 Hz, 

2H), 7.58 – 7.51 (m, 2H), 7.50 – 7.44 (m, 1H), 7.33 – 7.26 (m, 2H), 7.25 – 7.20 (m, 

1H), 4.28 – 4.13 (m, 2H), 2.56 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 165.2, 159.4, 153.1, 149.2, 134.0, 130.9, 129.4, 129.1, 126.7, 126.5, 
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126.3, 122.2, 122.0, 120.7, 119.3, 112.4, 61.5, 24.5, 14.2; HRMS (ESI) Calcd. For 

C21H18N4O5Na [M+Na]+ 429.1170, found 429.1180. 

 

1'-acetyl-2-(tert-butyl)-5'-(4-methoxyphenyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4y: 

 

A white solid; 72.3 mg; isolated yield = 86%; m.p. 126.9 – 127.9 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.49 (d, J = 7.7 Hz, 1H), 7.39 (td, J = 7.6, 1.1 Hz, 1H), 7.32 (d, 

J = 7.2 Hz, 1H), 7.26 – 7.19 (m, 3H), 7.06 – 7.01 (m, 2H), 5.65 (s, 1H), 3.86 (s, 3H), 

2.52 (s, 3H), 1.43 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 185.9, 172.0, 160.0, 

152.0, 151.1, 150.3, 137.0, 131.2, 129.7, 127.1, 126.3, 121.5, 119.6, 114.8, 80.1, 55.6, 

37.3, 29.6, 27.9; HRMS (ESI) Calcd. For C23H25N4O4 [M+H]+ 421.1871, found 

421.1877. 

 

1'-acetyl-2-(tert-butyl)-5'-(4-chlorophenyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4z: 

 

A yellow solid; 63.6 mg; isolated yield = 75%; m.p. 169.2 – 170.2 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.56 – 7.43 (m, 3H), 7.42 – 7.35 (m, 1H), 7.27 – 7.17 (m, 4H), 

5.97 (s, 1H), 2.49 (s, 3H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 185.7, 

171.8, 152.0, 150.8, 149.9, 136.9, 135.3, 132.2, 131.2, 130.1, 129.6, 127.2, 121.5, 119.5, 

80.0, 37.3, 29.6, 27.9; HRMS (ESI) Calcd. For C22H22ClN4O3 [M+H]+ 425.1375, found 

425.1381. 

 

1'-acetyl-5'-(4-bromophenyl)-2-(tert-butyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4a': 
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A yellow solid; 78.6 mg; isolated yield = 84%; m.p. 187.1 – 188.1 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.67 – 7.61 (m, 2H), 7.47 (d, J = 7.6 Hz, 1H), 7.38 (td, J = 7.5, 

1.4 Hz, 1H), 7.25 – 7.15 (m, 4H), 6.03 (s, 1H), 2.49 (s, 3H), 1.39 (s, 9H); 13C NMR 

(100 MHz, CDCl3) δ ppm: δ 185.6, 171.8, 152.0, 150.7, 149.8, 137.0, 132.7, 132.6, 

131.2, 130.5, 127.1, 123.3, 121.6, 119., 80.04, 37.3, 29.6, 27.9; HRMS (ESI) Calcd. For 

C22H22BrN4O3 [M+H]+ 469.0870, found 469.0872. 

 

1'-acetyl-2-(tert-butyl)-5'-(4-iodophenyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4b': 

 

A yellow solid; 77.4 mg; isolated yield = 75%; m.p. 128.5 – 129.5 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.67 – 7.61 (m, 2H), 7.47 (d, J = 7.6 Hz, 1H), 7.38 (td, J = 7.5, 

1.4 Hz, 1H), 7.26 – 7.15 (m, 4H), 6.03 (s, 1H), 2.49 (s, 3H), 1.39 (s, 9H); 13C NMR 

(100 MHz, CDCl3) δ ppm: δ 185.6, 171.8, 152.0, 150.7, 149.8, 137.0, 132.7, 132.6, 

131.2, 130.5, 127.1, 123.3, 121.6, 119.5, 80.0, 37.3, 29.6, 27.9; HRMS (ESI) Calcd. For 

C22H22IN4O3 [M+H]+ 517.0732, found 517.0736. 

 

1'-acetyl-2-(tert-butyl)-5'-(m-tolyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4c': 

 

A yellow solid; 67.1 mg; isolated yield = 83%; m.p. 169.2 – 170.2 ℃; 1H NMR (400 
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MHz, CDCl3) δ ppm: δ 7.49 (d, J = 7.6 Hz, 1H), 7.41 (dt, J = 10.8, 7.6 Hz, 2H), 7.34 

(d, J = 7.3 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 7.4 

Hz, 2H), 5.70 – 5.54 (m, 1H), 2.52 (s, 3H), 2.44 (s, 3H), 1.44 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ ppm: δ 185.9, 172.0, 152.0, 150.9, 150.1, 139.6, 137.0, 133.7, 131.2, 

130.2, 129.3, 129.2, 127.2, 125.6, 121.5, 119.6, 80.1, 37.3, 29.6, 27.9, 21.4; HRMS 

(ESI) Calcd. For C23H25N4O3 [M+H]+ 405.1922, found 405.1931. 

 

1'-acetyl-2-(tert-butyl)-5'-(naphthalen-2-yl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4d': 

 

A white solid; 66.0 mg; isolated yield = 75%; m.p. 148.0 – 149.0 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.99 (d, J = 8.7 Hz, 1H), 7.91 (dd, J = 5.4, 2.9 Hz, 2H), 7.84 (d, 

J = 1.5 Hz, 1H), 7.60 – 7.53 (m, 2H), 7.48 (d, J = 7.8 Hz, 1H), 7.38 (t, J = 10.6, 4.0 Hz, 

3H), 7.23 (t, 1H), 5.92 – 5.76 (m, 1H), 2.51 (s, 3H), 1.43 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 185.9, 172.0, 152.0, 151.2, 150.2, 137.0, 133.4, 133.3, 131.2, 131.1, 

129.5, 128.2, 128.0, 127.9, 127.2, 127.2, 126.8, 125.8, 121.5, 119.7, 80.1, 37.4, 29.7, 

28.0; HRMS (ESI) Calcd. For C26H25N4O3 [M+H]+ 441.1922, found 441.1932. 

 

1'-acetyl-2-(tert-butyl)-5'-cyclohexylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4e': 

 

A yellow solid; 56.2 mg; isolated yield = 71%; m.p. 177.5 – 178.5 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 8.77 (s, 1H), 7.35 (q, J = 7.2 Hz, 2H), 7.27 (d, J = 7.2 Hz, 

1H), 7.19 (t, J = 7.2 Hz, 1H), 4.49 – 4.41 (m, 1H), 2.40 (s, 3H), 2.25 (dt, J = 16.2, 12.3 

Hz, 2H), 1.81 (d, J = 11.4 Hz, 2H), 1.73 (s, 2H), 1.63 (d, J = 11.8 Hz, 1H), 1.32 (s, 1H), 

1.25 (s, 9H), 1.17 – 1.09 (m, 1H), 1.05 (t, J = 7.0 Hz, 1H); 13C NMR (100 MHz, d6-

DMSO) δ ppm: δ 185.8, 172.9, 152.3, 151.2, 150.3, 138.7, 130.7, 127.2, 120.9, 120.3, 

80.0, 54.6, 37.0, 29.6, 28.2, 26.4, 25.4; HRMS (ESI) Calcd. For C22H29N4O3 [M+H]+ 

397.2235, found 397.2238. 
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1'-acetyl-2-(tert-butyl)-5'-butylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4f': 

 

 
A yellow solid; 50.3 mg; isolated yield = 68%; m.p. 131.8 – 132.8 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.44 (d, J = 7.7 Hz, 1H), 7.37 – 7.29 (m, 1H), 7.16 – 7.09 (m, 

1H), 7.08 – 7.01 (m, 1H), 6.44 – 6.25 (m, 1H), 3.89 – 3.77 (m, 2H), 2.50 (s, 3H), 1.67 

– 1.56 (m, 2H), 1.35 (s, 9H), 0.98 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

ppm: δ 186.0, 172.0, 151.9, 151.5, 149.8, 137.2, 130.9, 126.9, 121.2, 119.5, 79.8, 41.8, 

37.2, 30.3, 29.5, 27.9, 20.1, 13.8; HRMS (ESI) Calcd. For C20H27N4O3 [M+H]+ 

371.2078, found 371.2086. 

 

1'-acetyl-5'-benzyl-2-(tert-butyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4g': 

 
A yellow solid; 51.7 mg; isolated yield = 64%; m.p. 144.5 – 145.5 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.41 (dt, J = 4.1, 2.9 Hz, 3H), 7.38 – 7.32 (m, 3H), 7.31 – 7.26 

(m, 1H), 6.97 (td, J = 7.5, 0.8 Hz, 1H), 6.71 (d, J = 7.4 Hz, 1H), 6.48 (s, 1H), 5.01 (q, 

J = 14.0 Hz, 2H), 2.50 (s, 3H), 1.30 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 

185.8, 172.0, 151.9, 151.8, 149.8, 136.9, 136.3, 130.8, 129.3, 128.7, 128.1, 126.9, 121.2, 

119.7, 79.8, 44.8, 37.2, 29.5, 27.9; HRMS (ESI) Calcd. For C23H25N4O3 [M+H]+ 

405.1922, found 405.1926. 

 

1'-acetyl-2-(tert-butyl)-5'-(2-ethoxyphenyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4h': 
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A white solid; 75.5 mg; isolated yield = 87%; m.p. 221.2 – 222.2 ℃; dr = 1.1:1; 

unseparated two isomers: 1H NMR (400 MHz, d6-DMSO) δ ppm: δ 9.09 – 8.98 (m, 

1H), 7.70 – 7.58 (m, 1H), 7.48 – 7.37 (m, 4H), 7.26 – 7.11 (m, 2H), 7.08 – 7.02 (m, 

1H), 4.19 – 4.03 (m, 2H), 2.44 – 2.40 (m, 3H), 1.38 – 1.36 (m, 9H), 1.32 – 1.22 (m, 

3H); 13C NMR (100 MHz, d6-DMSO) δ ppm: δ 190.7, 190.5, 177.4, 177.2, 159.9, 159.8, 

157.3, 157.2, 155.7, 154.9, 154.6, 154.5, 143.9, 143.5, 136.4, 136.0, 135.6, 135.3, 131.9, 

131.6, 129.0, 128.3, 125.7, 125.6, 125.5, 125.4, 125.1, 118.1, 118.0, 85.1, 84.9, 69.3, 

69.0, 42.1, 41.9, 34.6, 34.5, 33.1, 32.8, 20.1, 20.0; HRMS (ESI) Calcd. For C24H27N4O4 

[M+H]+ 435.2033, found 435.2033. 

 

1'-acetyl-2-(tert-butyl)-5'-(o-tolyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 4i': 

 

A yellow solid; 67.1 mg; isolated yield = 83%; m.p. 116.0 – 117.0 ℃; dr = 1.6:1; 

unseparated two isomers: 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.51 – 7.46 (m, 1H), 

7.42 – 7.31 (m, 5H), 7.25 – 7.18 (m, 2H), 5.77 – 5.69 (m, 1H), 2.54 – 2.50 (m, 3H), 

2.36 – 2.25 (m, 3H), 1.44 – 1.39 (m, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 186.3, 

185.9, 171.9, 171.8, 152.1, 151.9, 150.8, 149.9, 149.5, 137.5, 136.9, 136.6, 136.2, 133.1, 

133.0, 131.3, 131.2, 131.1, 129.8, 129.7, 129.0, 128.4, 127.3, 127.2, 127.1, 121.6, 121.5, 

119.6, 119.4, 80.5, 80.1, 37.4, 37.2, 29.7, 29.6, 28.2, 27.9, 17.9, 17.5; HRMS (ESI) 

Calcd. For C23H25N4O3 [M+H]+ 405.1922, found 405.1922. 

 

1'-acetyl-5'-(2-bromophenyl)-2-(tert-butyl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4j': 

 

A yellow solid; 82.3 mg; isolated yield = 88%; m.p. 173.8 – 174.8 ℃; dr = 1.5:1; 

unseparated two isomers: 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.79 – 7.72 (m, 1H), 

7.54 – 7.32 (m, 6H), 7.25 – 7.18 (m, 1H), 5.92 – 5.77 (m, 1H), 2.57 – 2.49 (m, 3H), 

1.47 – 1.40 (m, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 186.1, 185.9, 171.7, 152.1, 

151.9, 150.3, 149.4, 149.2, 149.1, 137.2, 136.9, 133.6, 133.5, 131.2, 131.1, 131.0, 130.5, 

128.7, 128.6, 127.2, 127.1, 123.9, 123.8, 121.5, 121.4, 120.3, 119.5, 80.6, 80.0, 37.5, 
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37.2, 29.7, 29.6, 28.1, 27.8; HRMS (ESI) Calcd. For C22H22BrN4O3 [M+H]+ 469.0870, 

found 469.0880. 

 

1'-acetyl-2-(tert-butyl)-5'-(naphthalen-1-yl)spiro[indole-3,2'-[1,3,5]triazinane]-4',6'-

dione 4k': 

 

A brown solid; 65.1 mg; isolated yield = 74%; m.p. 149.5 – 150.5 ℃; dr = 1.8:1; 

unseparated two isomers: 1H NMR (400 MHz, CDCl3) δ ppm: δ 8.06 – 7.94 (m, 2H), 

7.82 – 7.66 (m, 1H), 7.65 – 7.46 (m, 6H), 7.45 – 7.39 (m, 1H), 7.34 – 7.26 (m, 1H), 

5.71 – 5.59 (m, 1H), 2.58 – 2.46 (m, 3H), 1.54 – 1.45 (m, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 186.3, 185.9, 172.0, 171.9, 152.1, 152.0, 151.3, 149.9, 137.6, 136.7, 

134.6, 131.3, 130.7, 130.4, 130.1, 129.1, 129.0, 127.8, 127.6, 127.4, 127.3, 127.2, 126.8, 

126.7, 126.6, 125.5 , 121.7, 121.6, 121.3, 121.1, 119.7, 119.6, 80.7, 80.2, 37.5, 37.2, 

29.8, 29.6, 28.2, 27.9; HRMS (ESI) Calcd. For C26H25N4O3 [M+H]+ 441.1922, found 

441.1930. 

 

(aS)-1-(2-(tert-butyl)-1H-indol-3-yl)-4-(2-(tert-butyl)phenyl)-1,2,4-triazolidine-3,5-

dione 5l': 

 

A white solid; 78.1 mg; isolated yield = 97%; m.p. 169.7 – 170.7 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 11.23 (d, J = 32.5 Hz, 1H), 7.70 – 7.58 (m, 1H), 7.57 – 7.32 

(m, 4H), 7.33 – 7.25 (m, 1H), 7.19 – 7.13 (m, 1H), 7.10 – 7.04 (m, 1H), 1.45 (s, 9H), 

1.38 (d, J = 17.3 Hz, 9H); 13C NMR (100 MHz, d6-DMSO) δ ppm: δ 152.9, 151.8, 149.3, 

146.9, 133.8, 132.8, 130.4, 129.0, 127.7, 125.6, 122.2, 120.3, 117.4, 116.6, 112.1, 105.7, 

35.8, 33.2, 31.8, 30.1; HRMS (ESI) Calcd. For C26H25N4O3 [M+H]+ 405.2286, found 

405.2298. 

 

(aS,S)-1'-acetyl-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)spiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6a: 
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A yellow solid; 76.7 mg; isolated yield = 86%; m.p. 206.0 – 207.0 ℃; dr > 20:1; [α]D

20 

= -21 (c 0.1, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm), t1 = 6.75 min (major), t2 = 8,79 min (minor), ee = 94%; major 

isomer: 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.68 – 7.63 (m, 1H), 7.52 – 7.33 (m, 

5H), 7.27 – 7.23 (m, 1H), 7.12 – 7.06 (m, 1H), 5.47 (s, 1H), 2.53 (s, 3H), 1.44 (s, 18H); 
13C NMR (100 MHz, CDCl3) δ ppm: δ 185.8, 172.0, 151.9, 151.7, 150.4, 147.9, 136.8, 

131.4, 131.3, 130.2, 130.1, 129.8, 127.4, 127.2, 121.6, 119.43, 80.1, 37.5, 36.4, 31.8, 

29.7, 27.7; HRMS (ESI) Calcd. For C26H31N4O3 [M+H]+ 447.2391, found 447.2401. 

 

(aS,S)-1'-acetyl-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)-5-fluorospiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6b: 

 
A white solid; 69.6 mg; isolated yield = 75%; m.p. 157.9 – 158.9 ℃; dr = 3:1; [α]D

20 = 

3 (c 0.1, MeCN); HPLC (Chiralpak IE-3, i-propanol/hexane = 5/95, flow rate 1.0 

mL/min, λ = 254 nm), major product: t1 = 11.77 min (major), t2 = 19.70 min (minor), 

ee = 95%; minor product: t1 = 8.77 min (minor), t2 = 10.34 min (major), ee = 95%; 

unseparated two isomers: 1H NMR (400 MHz, CDCl3) δ 7.66 – 7.58 (m, 1H), 7.48 – 

7.42 (m, 1H), 7.41 – 7.26 (m, 2H), 7.11 – 6.93 (m, 3H), 6.24 – 6.14 (m, 1H), 2.57 – 

2.47 (m, 3H), 1.46 – 1.34 (m, 18H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 185.7, 172.1, 

165.1, 161.8 (d, J = 247 Hz), 151.8, 150.2, 147.8, 138.6, 131.2, 130.2, 130.0, 129.8, 

127.5, 122.5, 122.4, 117.5, 117.3, 107.7, 107.5, 80.0, 37.5, 36.3, 31.8, 29.7, 27.7; 19F 

NMR (376 MHz, CDCl3) δ ppm: δ -113.38, -122.97. HRMS (ESI) Calcd. For 

C26H29FN4O3Na [M+Na]+ 487.2116, found 487.2128. 

 

(aS,S)-1'-acetyl-5'-(2-(tert-butyl)phenyl)-2-phenylspiro[indole-3,2'-[1,3,5]triazinane]-

4',6'-dione 6c: 
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A yellow solid; 85.7 mg; isolated yield = 92%; m.p. 221.5 – 222.5 ℃; dr = 14:1; [α]D
20 

= 166 (c 0.05, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 30/70, flow rate 

1.0 mL/min, λ = 254 nm), major product: t1 = 8.05 min (minor), t2 = 9.72 min (major), 

ee = 88%; minor product: t1 = 5.68 min (major), t2 = 7.95 min (minor), ee = 88%; major 

isomer: 1H NMR (400 MHz, CDCl3) δ ppm: δ 8.18 – 7.97 (m, 2H), 7.72 – 7.61 (m, 1H), 

7.53 – 7.43 (m, 4H), 7.42 – 7.28 (m, 5H), 7.21 – 7.15 (m, 1H), 6.53 – 6.37 (m, 1H), 

2.42 – 2.30 (m, 3H), 1.56 – 1.48 (m, 9H).; 13C NMR (100 MHz, CDCl3) δ ppm: δ 172.6, 

171.2, 151.8, 151.2, 150.6, 147.8, 137.4, 132.0, 131.4, 130.3, 130.2, 129.8, 128.8, 127.6, 

127.5, 122.2, 119.9, 78.7, 36.5, 31.8, 27.3; HRMS (ESI) Calcd. For C28H27N4O3 

[M+H]+ 467.2078, found 467.2080. 

 

(aS,S)-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)-1'-propionylspiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6d: 

 
A yellow solid; 77.2 mg; isolated yield = 84%; m.p. 118.7 – 119.7 ℃; dr > 20:1; [α]D

20 

= -10 (c 0.05, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 10/90, flow rate 

1.0 mL/min, λ = 254 nm), t1 = 5.74 min (major), t2 = 7.57 min (minor), ee = 94%; major 

isomer: 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.69 – 7.60 (m, 1H), 7.53 – 7.31 (m, 

5H), 7.28 – 7.22 (m, 1H), 7.07 – 7.00 (m, 1H), 5.70 (s, 1H), 3.11 – 2.98 (m, 1H), 2.87 

– 2.69 (m, 1H), 1.43 (d, J = 4.4 Hz, 18H), 1.08 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 185.9, 176.0, 151.9, 150.3, 147.9, 137.0, 131.4, 131.2, 130.2, 130.0, 

129.7, 127.4, 127.1, 121.6, 119.4, 80.2, 37.5, 36.4, 33.3, 31.8, 29.8, 9.1; HRMS (ESI) 

Calcd. For C27H33N4O3 [M+H]+ 461.2548, found 461.2555. 

 

(aS,S)-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)-1'-cinnamoylspiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6e: 
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A yellow solid; 86.5 mg; isolated yield =81%; m.p. 188.5 – 189.5 ℃; dr > 20:1; [α]D
20 

= 70 (c 0.05, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm), t1 = 7.87 min (major), t2 = 9.03 min (minor), ee = 94%; major 

isomer: 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.70 – 7.61 (m, 2H), 7.55 (d, J = 7.6 Hz, 

1H), 7.47 (d, J = 8.0 Hz, 3H), 7.44 – 7.32 (m, 6H), 7.30 (d, J = 4.1 Hz, 1H), 7.28 – 7.25 

(m, 1H), 7.11 – 7.06 (m, 1H), 5.63 (s, 1H), 1.50 (s, 9H), 1.46 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ ppm: δ 185.4, 167.0, 151.9, 150.7, 147.8, 146.1, 137.3, 134.3, 131.4, 

131.2, 130.8, 130.3, 123.0, 129.8, 128.9, 128.5, 127.4, 127.2, 121.6, 120.0, 119.6, 80.2, 

37.6, 36.4, 31.8, 29.8; HRMS (ESI) Calcd. For C33H35N4O3 [M+H]+ 535.2704, found 

535.2704. 

 

(tert-Butyl (aS,S)-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)-4',6'-dioxospiro[indole-3,2'-

[1,3,5]triazinane]-1'-carboxylate 6f: 

 

A white solid; 87.7 mg; isolated yield = 87%; dr = 1:1.4; minor isomer: m.p. 160.7 –

161.7 ℃; [α]D
20 = 10 (c 0.05, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm), t1 = 10.64 min (minor), t2 = 12.85 min (major), 

ee = 95%; 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.66 – 7.59 (m, 1H), 7.57 – 7.49 (m, 

1H), 7.45 – 7.38 (m, 3H), 7.35 – 7.26 (m, 2H), 7.13 – 7.05 (m, 1H), 5.60 (s, 1H), 1.49 

(s, 9H), 1.42 (s, 9H), 1.38 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 180.3, 147.2, 

146.7, 145.1, 144.4, 143.2, 133.2, 127.1, 126.4, 125.6, 125.0, 124.8, 122.6, 122.5, 116.9, 

115.2, 80.7, 75.4, 32.7, 31.4, 26.9, 25.1, 22.9; major isomer: m.p. 164.2 – 165.2 ℃; 

[α]D
20 = 12 (c 0.05, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 10/90, flow 

rate 1.0 mL/min, λ = 240 nm), t1 = 6.23 min (minor), t2 = 7.34 min (major), ee = 95%; 
1H NMR (400 MHz, CDCl3) δ ppm: δ 7.61 – 7.52 (m, 1H), 7.46 – 7.34 (m, 3H), 7.30 

(d, J = 7.1 Hz, 1H), 7.27 – 7.21 (m, 2H), 6.96 (d, J = 7.7 Hz, 1H), 6.04 (s, 1H), 1.50 (s, 

9H), 1.44 (s, 9H), 1.09 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 188.1, 151.8, 

150.5, 148.9, 148.7, 147.8, 137.4, 131.7, 131.5, 130.9, 129.4, 127.2, 127.0, 121.6, 121.4, 
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85.7, 80.4, 37.0, 36.1, 31.7, 29.7, 27.0; HRMS (ESI) Calcd. For C29H36N4O4Na 

[M+Na]+ 527.2629, found 527.2632. 

 

(aS,S)-1'-benzoyl-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)spiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6g: 

 
A yellow solid; 83.3 mg; isolated yield = 82%; dr = 3.4:1; major isomer: m.p. 120.6 –

121.6 ℃; [α]D
20  = -14 (c 0.2, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm), t1 = 6.70 min (major), t2 = 9.45 min (minor), 

ee = 95%; 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.60 – 7.53 (m, 4H), 7.45 (t, J = 7.6 

Hz, 2H), 7.40 (d, J = 7.2 Hz, 1H), 7.37 – 7.33 (m, 2H), 7.32 – 7.26 (m, 2H), 7.26 – 7.22 

(m, 1H), 7.01 – 6.93 (m, 1H), 6.21 (s, 1H), 1.50 (s, 9H), 1.46 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ ppm: δ 184.2, 170.4, 152.5, 151.7, 150.6, 147.8, 137.6, 134.9, 132.4, 

131.3, 131.1, 130.0, 129.9, 129.7, 128.5, 128.2, 127.4, 127.3, 121.8, 119.5, 80.5, 37.6, 

36.4, 31.9, 30.0; minor isomer: m.p. 118.2 – 119.2 ℃; [α]D
20 = 46 (c 0.05, MeCN); 

HPLC (Chiralpak IK-3, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm), 

t1 = 4.44 min (major), t2 = 5.21 min (minor), ee = 95%; 1H NMR (400 MHz, CDCl3) δ 

ppm: δ 7.62 – 7.55 (m, 3H), 7.50 – 7.40 (m, 4H), 7.39 – 7.31 (m, 4H), 7.24 – 7.19 (m, 

1H), 7.04 – 6.97 (m, 1H), 6.27 (s, 1H), 1.58 (s, 9H), 1.53 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 188.6, 171.3, 152.3, 150.7, 150.1, 147.7, 136.5, 135.1, 132.6, 131.8, 

130.8, 130.1, 129.5, 129.4, 128.3, 128.0, 127.3, 121.5, 120.9, 80.7, 37.2, 36.5, 31.9, 

29.7; HRMS (ESI) Calcd. For C31H33N4O3 [M+H]+ 509.2548, found 509.2558. 

 

(aS,S)-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)-1'-(2-iodobenzoyl)spiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6h: 

 
A yellow solid; 95.1 mg; isolated yield = 75%; dr = 1:1.3; minor isomer: m.p. 144.0 –

145.0 ℃; [α]D
20 = 76 (c 0.1, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 5/95, 

flow rate 1.0 mL/min, λ = 254 nm), t1 = 13.74 min (major), t2 = 17.40 min (minor), ee 

= 94%;  1H NMR (400 MHz, CDCl3) δ ppm: δ 7.73 (d, J = 7.9 Hz, 1H), 7.55 (d, J = 
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7.8 Hz, 2H), 7.51 – 7.42 (m, 2H), 7.40 – 7.34 (m, 1H), 7.33 – 7.26 (m, 3H), 7.20 – 7.07 

(m, 1H), 7.06 – 6.97 (m, 2H), 5.90 (s, 1H), 1.55 (s, 9H), 1.37 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ ppm: δ 169.2, 152.2, 151.8, 149.2, 147.7, 142.4, 139.8, 136.3, 131.5, 

131.3, 130.7, 130.3, 129.9, 129.8, 127.4, 127.3, 127.1, 124.8, 121.7, 120.1, 92.3, 80.4, 

37.8, 36.3, 31.7, 29.9; major isomer: m.p. 153.7 – 154.7 ℃; [α]D
20  = 86 (c 0.05, 

MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 

254 nm), t1 = 7.31 min (minor), t2 = 8.07 min (major), ee = 95%; 1H NMR (400 MHz, 

CDCl3) δ ppm: δ 7.75 (d, J = 7.9 Hz, 1H), 7.55 – 7.48 (m, 2H), 7.46 (d, J = 7.3 Hz, 1H), 

7.43 – 7.37 (m, 1H), 7.36 – 7.31 (m, 1H), 7.30 – 7.22 (m, 3H), 7.12 – 7.06 (m, 1H), 

7.04 – 6.95 (m, 2H), 5.75 (s, 1H), 1.62 (s, 9H), 1.42 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 187.1, 169.6, 152.6, 149.9, 149.2, 147.5, 141.9, 140.1, 136.5, 131.7, 

131.4, 131.0, 130.9, 129.7, 129.3, 127.4, 127.3, 127.2, 125.3, 121.7, 120.2, 92.4, 80.8, 

37.2, 36.1, 31.8, 29.9; HRMS (ESI) Calcd. For C31H32IN4O3 [M+H]+ 635.1514, found 

635.1519. 

 

(aS,S)-2-(tert-butyl)-5'-(2-(tert-butyl)phenyl)-1'-(3-fluorobenzoyl)spiro[indole-3,2'-

[1,3,5]triazinane]-4',6'-dione 6i: 

 

A yellow solid; 94.6 mg; isolated yield = 90%; dr = 3.9:1; major isomer: m.p. 151.3 –

152.3 ℃; [α]D
20 = 16 (c 0.15, MeCN); HPLC (Chiralpak IK-3, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 254 nm), t1 = 6.71 min (major), t2 = 7.43 min (minor), 

ee = 95%; 1H NMR (400 MHz, CDCl3) δ ppm: δ 7.64 – 7.55 (m, 2H), 7.51 – 7.45 (m, 

1H), 7.45 – 7.26 (m, 7H), 7.20 – 7.13 (m, 1H), 7.05 – 6.99 (m, 1H), 5.96 (s, 1H), 1.50 

(s, 9H), 1.48 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: δ 184.0, 169.1, 162.1 (d, J = 

246 Hz) , 152.2, 151.7, 150.5, 147.8, 137.2, 136.9 (d, J = 7 Hz), 131.3, 131.2, 130.0, 

129.9, 129.8, 127.5, 127.4, 124.1, 121.9, 119.5, 119.2, 115.5 (d, J = 24 Hz), 80.5, 37.7, 

36.4, 31.8, 30.0; 19F NMR (376 MHz, CDCl3) δ ppm: δ -112.19;minor isomer: m.p. 

110.7 – 111.7 ℃; [α]D
20  = 114 (c 0.05, MeCN); HPLC (Chiralpak IK-3, i-

propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm), t1 = 5.46 min (major), t2 

= 7.09 min (minor), ee = 95%;1H NMR (400 MHz, CDCl3) δ ppm: δ 7.61 – 7.52 (m, 

1H), 7.48 – 7.39 (m, 2H), 7.39 – 7.29 (m, 4H), 7.27 – 7.22 (m, 3H), 7.16 – 7.10 (m, 

1H), 7.01 – 6.95 (m, 1H), 5.97 (s, 1H), 1.55 (s, 9H), 1.50 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ ppm: δ 188.2, 170.1, 162.2 (d, J = 247 Hz), 152.3, 150.1, 147.7, 137.2, 136.4, 

131.9, 131.2, 130.7, 130.0 (d, J = 8 Hz), 129.6, 129.4, 127.3 , 123.5, 123.4, 121.6, 120.7, 

119.5, 114.8 (d, J = 24 Hz), 80.7, 37.2, 36.2, 31.8, 29.7; 19F NMR (376 MHz, CDCl3) 

δ ppm: δ -112.15; HRMS (ESI) Calcd. For C31H32FN4O3 [M+H]+ 527.2453, found 

527.2465. 
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1-acetyl-2-(2-(tert-butyl)-1H-indol-3-yl)-4-phenyl-1,2,4-triazolidine-3,5-dione 5a: 

 

A white solid; 71.7 mg; isolated yield = 92%; m.p. 202.8 – 203.8 ℃; 1H NMR (400 

MHz, CD2Cl2) δ ppm: δ 8.27 (s, 1H), 7.63 – 7.56 (m, 4H), 7.56 – 7.49 (m, 1H), 7.42 – 

7.33 (m, 2H), 7.26 – 7.19 (m, 1H), 7.18 – 7.11 (m, 1H), 2.60 (s, 3H), 1.57 (s, 9H); 13C 

NMR (100 MHz, CD2Cl2) δ ppm: δ 164.8, 151.6, 148.6, 145.0, 132.9, 130.8, 129.3, 

129.0, 126.3, 124.5, 122.3, 120.6, 116.5, 111.2, 108.1, 33.2, 29.5, 24.8; HRMS (ESI) 

Calcd. For C22H23N4O3 [M+H]+ 391.1765, found 391.1770. 

 

1',3'-diacetyl-2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 7: 

 

A white solid; 51.8 mg; isolated yield = 60%; m.p. 211.1 – 212.1 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: δ 7.60 – 7.48 (m, 4H), 7.44 – 7.35 (m, 3H), 7.30 – 7.25 (m, 1H), 

7.21 (t, J = 7.4 Hz, 1H), 2.33 (s, 6H), 1.45 (s, 9H); 13C NMR (100 MHz, CDCl3) δ ppm: 

δ 183.6, 172.2, 154.2, 149.4, 135.5, 133.5, 131.6, 129.6, 129.5, 128.6, 126.8, 121.5, 

119.0, 83.2, 37.1, 29.3, 28.6; HRMS (ESI) Calcd. For C24H25N4O4 [M+H]+ 433.1871, 

found 433.1872. 

 

2-(tert-butyl)-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 8: 

 

A white solid; 64.0 mg; isolated yield = 92%; m.p. 118.2 – 119.2 ℃; 1H NMR (400 

MHz, d6-DMSO) δ ppm: δ 8.72 (s, 2H), 7.61 (d, J = 7.1 Hz, 1H), 7.52 – 7.36 (m, 5H), 

7.37 – 7.24 (m, 3H), 1.44 (s, 9H); 13C NMR (100 MHz, d6-DMSO) δ ppm: δ 187.7, 

151.8, 151.5, 141.0, 135.7, 131.0, 130.2, 129.0, 128.2, 127.5, 122.9, 120.9, 80.0, 37.2, 
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29.7; HRMS (ESI) Calcd. For C20H20N4O2Na [M+Na]+ 371.1479, found 371.1483. 

 

2-(tert-butyl)-1',3'-dimethyl-5'-phenylspiro[indole-3,2'-[1,3,5]triazinane]-4',6'-dione 9: 

 

A yellow solid; 70.6 mg; isolated yield = 96%; m.p. 142.8 – 143.8 ℃; 1H NMR (400 

MHz, CDCl3) δ ppm: 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 7.6 Hz, 1H), 7.51 – 

7.44 (m, 3H), 7.44 – 7.38 (m, 1H), 7.36 – 7.25 (m, 4H), 2.53 (s, 6H), 1.47 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ ppm: δ 187.2, 151.5, 151.1, 135.3, 135.0, 131.9, 129.1, 

129.1, 128.5, 127.8, 122.3, 122.0, 86.9, 36.9, 30.7, 29.0; HRMS (ESI) Calcd. For 

C22H24N4O2Na [M+Na]+ 399.1792, found 399.1799.  
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4. Crystallographic data collections for compounds 4c 

 

 

Figure S1. X ray structure of 4c (CCDC 2310414) 
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Table S6 Crystal data and structure refinement for 202305130_auto. 

Identification code 202305130_auto 

Empirical formula C30H27Cl3N4O3 

Formula weight 597.90 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21/n 

a/Å 8.69500(14) 

b/Å 18.7885(3) 

c/Å 19.1891(3) 

α/° 90 

β/° 102.4918(17) 

γ/° 90 

Volume/Å3 3060.64(9) 

Z 4 

ρcalcg/cm3 1.298 

μ/mm-1 3.011 

F(000) 1240.0 

Crystal size/mm3 0.14 × 0.11 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 6.662 to 134.152 

Index ranges -9 ≤ h ≤ 10, -17 ≤ k ≤ 22, -21 ≤ l ≤ 22 

Reflections collected 11650 

Independent reflections 5472 [Rint = 0.0347, Rsigma = 0.0473] 

Data/restraints/parameters 5472/14/369 

Goodness-of-fit on F2 1.024 

Final R indexes [I>=2σ (I)] R1 = 0.0703, wR2 = 0.1885 

Final R indexes [all data] R1 = 0.0993, wR2 = 0.2172 

Largest diff. peak/hole / e Å-3 0.36/-0.49 
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5. NMR Spectra of compounds  

1H NMR spectrum of compound 4a ((CD3)2SO, 400 MHz) 

 

 
13C NMR spectrum of compound 4a ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4b ((CD3)2SO, 400 MHz) 

 

 

 

13C NMR spectrum of compound 4b ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4c ((CD3)2SO, 400 MHz) 

 

 
 

13C NMR spectrum of compound 4c ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4d (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4d ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4e (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4e (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4f (CDCl3, 400 MHz) 

 

 
 

13C NMR spectrum of compound 4f (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4g ((CD3)2SO, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4g ((CD3)2SO, 100 MHz) 
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19F NMR spectrum of compound 4g ((CD3)2SO, 376 MHz) 
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1H NMR spectrum of compound 4h ((CD3)2SO, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4h ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4i (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4i (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4j (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4j (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 4j (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 4k (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4k (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4l (CDCl3, 400 MHz) 

 

 
 

13C NMR spectrum of compound 4l (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 4l (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 4m (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4m (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4n (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4n (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4o (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4o (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4p (CDCl3, 400 MHz) 

 

 
 

13C NMR spectrum of compound 4p (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4q(CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4q (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 4q (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 4r (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4r (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4s (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4s (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4t (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4t (CDCl3, 100 MHz) 

 

 

  



60 

 

19F NMR spectrum of compound 4t (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 4u (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4u (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4v (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4v (CDCl3, 100 MHz) 

 

 

  



63 

 

1H NMR spectrum of compound 4w (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4w (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 3aa (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 3aa (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4y (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4y (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4z (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4z (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4a' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4a' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4b' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4b' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4c' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4c' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4d' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4d' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4e' ((CD3)2SO, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4e' ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4f' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4f' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4g' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4g' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4h' ((CD3)2SO, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4h' ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 4i' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4i' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4j' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4j' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 4k' (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 4k' (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 5l' ((CD3)2SO, 400 MHz) 

 

 

 
13C NMR spectrum of compound 5l' ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 6a (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6a (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6b (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6b (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 6b (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 6c (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6c (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6d (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6d (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6e (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6e (CDCl3, 100 MHz) 
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Cosy spectrum of compound 6e (CDCl3, 400 MHz) 

 

 

 

Noesy spectrum of compound 6e (CDCl3, 400 MHz) 
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1H NMR spectrum of compound 6f (minor isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6f (minor isomer) (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6f (major isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6f (major isomer) (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6g (major isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6g (major isomer) (CDCl3, 100 MHz) 

 

 

  



89 

 

1H NMR spectrum of compound 6g (minor isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6g (minor isomer) (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6h (minor isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6h (minor isomer) (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6h (major isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6g (major isomer) (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 6i (major isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6g (major isomer) (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 6i (major isomer) (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 6i (minor isomer) (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 6i (minor isomer) (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 6i (minor isomer) (CDCl3, 376 MHz) 
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1H NMR spectrum of compound 5a (CD2Cl2, 400 MHz) 

 

 

 
13C NMR spectrum of compound 5a (CD2Cl2, 100 MHz) 

 

 

  



97 

 

1H NMR spectrum of compound 7 (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 7 (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 8 ((CD3)2SO, 400 MHz) 

 

 

 
13C NMR spectrum of compound 8 ((CD3)2SO, 100 MHz) 
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1H NMR spectrum of compound 9 (CDCl3, 400 MHz) 

 

 

 
13C NMR spectrum of compound 9 (CDCl3, 100 MHz) 
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6. HPLC spectra of compounds  
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(minor isomer) 
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(major isomer) 
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((major isomer) 
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(minor isomer) 
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(minor isomer) 
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(major isomer) 
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(major isomer) 
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(minor isomer) 
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