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1.  General Information 

Unless otherwise noted, all air- and moisture-sensitive manipulations were carried out 

with standard Schlenk techniques under nitrogen or in a glove box under nitrogen. All 

reactions were carried out under a nitrogen atmosphere; materials obtained from 

commercial suppliers were used directly without further purification. Solvents were 

distilled following standard procedures before use. Reactions were monitored by thin 

layer chromatography (TLC) using silicycle pre-coated silica gel plates. Flash column 

chromatography was performed on silica gel 60 (particle size 300-400 mesh ASTM, 

purchased from Yantai, China) and eluted with petroleum ether/ethyl acetate. 

Dichloromethane (CH2Cl2), Trichloromethane, dichloroethane and ethyl acetate were 

freshly distilled from CaH2; tetrahydrofuran (THF), toluene and ether were dried with 

sodium benzophenone and distilled before use. 

1H NMR spectra were recorded on a BRUKER 500 (500 MHz) or BRUKER 600 (600 

MHz) spectrometer in CDCl3. Chemical shifts are reported in ppm with 

tetramethylsilane (TMS: 0 ppm) with the solvent resonance as the internal standard. 

Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, m = multiplet), coupling constants (Hz), and integration. 13C NMR 

spectra were recorded on a BRUKER 500 (125 MHz) or BRUKER 600 (150 MHz) 

spectrometer in CDCl3 with complete proton decoupling. Chemical shifts are reported 

in ppm with the deuterium solvent as the internal standard (e.g. CDCl3: 77.0 ppm) 
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2. Optimization of reaction conditions

Supplementary Table 1. Optimization of reaction conditionsa

Entry Cat. Solvent L 
dr b Yiledb (%) 

3a 3a/4a 

1 Cu(OTf)2 CHCl3 - 2.6:1 44/0 

2 Sc(OTf)3 CHCl3 - - - 

3 AgOTf CHCl3 - 1.2:1 5/5 

4 Fe(OTf)3 CHCl3 - - - 

5 CuCl CHCl3 - 4.4:1 12/5 

6 CuCl2 CHCl3 - 1.5:1 10/0 

7 L’AuOTf CHCl3 - 1.0:1 12/0 

8 Rh2(OAc)4 CHCl3 - - - 

9 Cu(OTf)2 CHCl3 L2 5.5:1 40/22 

10 Cu(OTf)2 CHCl3 L3 4.4:1 48/0 

11 Cu(OTf)2 CHCl3 L4 1.5:1 30/0 

12 Cu(OTf)2 CHCl3 L5 1.2:1 23/0 

13 Cu(OTf)2 CHCl3 L6 - - 

14 Cu(OTf)2 CHCl3 L7 2.8:1 7/0 

15 Cu(OTf)2 CHCl3 L1 7.3:1 75/5 

16 Cu(OTf)2 DCE L1 7.6:1 60/0 

17 Cu(OTf)2 CCl4 L1 - - 

18 Cu(OTf)2 DCM L1 8.0:1 85/0 

19 Cu(OTf)2 PhCl L1 4.6:1 64/0 

20 Cu(OTf)2 toluene L1 4.0:1 50/0 

aUnless otherwise noted, all reactions were performed with 1a (0.2 mmol), 2a (0.1 mmol), Cat. (10 mol%), 

L (15 mol%) in solvent (2.0 mL) at 40 ℃ under Ar atmosphere for 2 h; The yields were determined by 

crude 1H NMR using CH2Br2 as internal standard. L’ = (2,4-tBu2PhO)3P. 



Initially, α-alkynyl-α-diazoketones 1a and 2-phenylindole 2a were selected as model 

substrates for reaction screening. Initially, 1a (2.0 equiv) and 2a were subjected to the 

reaction in CHCl3 at 40 oC by using Cu(OTf)2 as catalyst, spirocyclic product 3a was 

indeed formed in 44% yield with 2.6:1 diastereoselectivity (Table 1, entry 1). Among 

the catalysts tested, Cu(OTf)2 was found to be optimal (Table 1, entries 1-8) in terms of 

the yield of spirocyclic product 3a. To further improve the yield and diastereoselectivity, 

we then explored the effect of the types of ligand on the reaction (entries 9-15). Using 

4,7-dimethoxy-1,10-phenanthroline (L3) as a ligand, the dr value and yield of product 

3a were slightly improved (entry 10). When the ligand species was switched to 1,10-

phenanthroline (L2), although the dr value of product 3a was further increased to 5.5:1, 

however, the by-product, C-H functionalization product 4a was obtained in 22% yield 

(entry 9). Continuing to screen the ligand species, we found that when the 3,4,7,8-

tetramethyl-1,10-phenanthroline (L1) ligand was used, product 3a achieved 75% yield 

and the dr value reached 7.3:1, only a little by-product 4a was generated (entry 15). 

After screening the solvents, DCM gave the best results, and the yield of product 3a 

was improved to 85% with 8.0:1 dr, without by-product 4a formed  (entry 18, for more 

details, please see Table 2 and Table 3).  
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Supplementary Table 2. Optimization of reaction conditionsa

Entry Cat. Solvent (x ml) 
dr b Yiled b (%) 

3a 3a/4a 

1 Cu(OTf)2
c CHCl3 (2.0 mL) 4.5:1 22/8 

2 Cu(OTf)2
d CHCl3 (2.0 mL) 3.8:1 70/0 

3 Cu(OTf)2
e CHCl3 (2.0 mL) - - 

4 Cu(OTf)2
f CHCl3 (2.0 mL) 1.4:1 66/0 

5 Cu(OTf)2
g CHCl3 (2.0 mL) 3.9:1 75/0 

6 Cu(OTf)2
h CHCl3 (2.0 mL) - - 

7 Cu(OTf)2
i CHCl3 (2.0 mL) 6.2:1 60/0 

8 Cu(OTf)2
j CHCl3 (2.0 mL) 5.8:1 70/0 

9 Cu(OTf)2
k CHCl3 (2.0 mL) 7.3:1 68/0 

10 Cu(OTf)2 CHCl3 (1.0 mL) 6.2:1 72/0 

11 Cu(OTf)2 CHCl3 (4.0 mL) 7.2:1 66/0 

aUnless otherwise noted, all reactions were performed with 1a (0.2 mmol), 2a (0.1 mmol), Cat. (10 mol%), 

L1 (15 mol%) in solvent (2.0 mL) at 40 ℃ under Ar atmosphere for 2 h; bYields were determined by crude 

1H NMR using CH2Br2 as internal standard; cReaction stirred at 30 ℃; dReaction stirred at 50 ℃; eUsing 

Cat. 5 mol%; fUsing Cat. 20 mol%; gUsing L1 10 mol%; hUsing L1 20 mol%; iUsing 1a (0.1 mmol); jUsing 

1a (0.25 mmol); kReaction stirred for 3 h. 
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Supplementary Table 3. Optimization of reaction conditionsa 

 

 

 

 

Entry L 
er c(%) dr b Yiled b (%) 

3a 3a 3a/4a 

1 L8 49:51 1.2:1 27/5 

2 L9 55:45 1.3:1 19/3 

3 L10 56:44 1.3:1 32/7 

4 L11 52:48 5.5:1 27/4 

5 L12 48:52 2.3:1 27/10 

6 CPA1 45:55 >20:1 27/9 

aUnless otherwise noted, all reactions were performed with 1a (0.2 mmol), 2a (0.1 mmol), Cat. (10 mol%), 

L (15 mol%) in solvent (2.0 mL) at 40 ℃ under Ar atmosphere for 2 h; bYields were determined by crude 

1H NMR using CH2Br2 as internal standard; cThe er was determined by HPLC. 
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3. Copper catalyzed carbocyclization of 4a 

 

1-(4-bromophenyl)-1-(2-phenyl-1H-indol-3-yl)oct-3-yn-2-one (4a) 

In a dried glass tube, a mixture of Cu(OTf)2 (7.2 mg, 10 mol%), 

1,10-phenanthroline (5.4 mg, 15 mol%) in DCM (2 mL) was stirred 

at room temperature for 15 mins. Subsequently, indoles 2 (0.2 

mmol, 1.0 equiv.) was added to the reaction mixture at room 

temperature, and diazo compounds 1 (0.4 mmol, 2.0 equiv.) was dissolved in 2 mL 

DCM and added to the reaction mixture. Then the resulting mixture was continually 

stirred at 40 ℃ for 1 h. The mixture was concentrated under reduced pressure and the 

residue was purified by column chromatography on silica gel (PE/EA = 30:1 to 10:1) 

to afford the desired product yellow oil 4a (19.7 mg, 21%) and 3a (34.7 mg, 37%). 

Subsequently, in a dried glass tube, a mixture of Cu(OTf)2 (1.5 mg, 10 mol%), 3,4,7,8-

tetramethyl-1,10-phenanthroline (1.5 mg, 15 mol%) in DCM (0.5 mL) was stirred at 

room temperature for 15 mins. Subsequently, 4a (0.04 mmol, 1.0 equiv.) was dissolved 

in 0.5 mL DCM and added to the reaction mixture. Then the resulting mixture was 

continually stirred at 40 ℃ for 2 h and 4a was consumed completely determined by 

TLC analysis. The mixture was concentrated under reduced pressure and the residue 

was purified by column chromatography on silica gel (PE/EA = 30:1 to 10:1) to afford 

the desired product 3a. And it was found that 4a was almost completely converted to 

the cyclization product 3a (18.2 mg, 92%). 4a : 1H NMR (600 MHz, CDCl3) δ δ 8.35 (s, 

1H), 7.49 – 7.37 (m, 9H), 7.21 (t, J = 7.6 Hz, 1H), 7.12 (d, J = 8.2 Hz, 2H), 7.07 (t, J = 7.6 Hz, 1H), 

5.42 (s, 1H), 2.09 – 2.13 (m, 2H), 1.26 – 1.22 (m, 2H), 1.07 (h, J = 7.3 Hz, 2H), 0.75 (t, J = 7.3 Hz, 

3H); 13C NMR (150 MHz, CDCl3) δ 185.4, 138.0, 136.7, 136.0, 132.1, 131.3, 131.0, 129.0, 128.5, 

128.4, 127.7, 122.6, 121.0, 121.0, 120.4, 111.0, 107.3, 96.4, 81.5, 56.7, 29.3, 21.5, 18.6, 13.4; 

HRMS (ESI) calculated for [C28H24BrNNaO] [M+Na]+: 492.0933, found: 492.0935. 
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4. General procedure for the synthesis of 1 and 2

4.1  Synthesis of diazo compound 1 

Under argon atmosphere, an oven dried round-bottom flask was charged with diazo 

precursor (5 mmol, 1 equiv.) and p-acetamidobenzenesulfonyl azide (p-ABSA, 6 mmol, 

1.2 equiv.) in acetonitrile (20 mL). To this solution at 0 ºC was added 1,8-dizaobicyclo 

[5.4.0]undec-7-ene (7.5 mmol, 1.5 equiv.) in one portion. After stirring at 0 ºC for 5 

minutes, the reaction was quenched with saturated sodium bicarbonate solution. Diethyl 

ether was added and layers were separated. The aqueous layer was extracted with 

diethyl ether for two more times. The combined organic layers were washed with brine, 

dried over magnesium sulfate, filtered through a plug of silica gel and concentrated in 

vacuo. The crude residue was purified by flash chromatography.  

All of the known diazo 1 were prepared according to the literature procedures. [1] 

Characterization of new diazo 1n, 1p, 1q, 1r and 1s are listed below. 

1. 1-diazo-1-(p-tolyl)oct-3-yn-2-one (1n)

Following the general procedure. 897.2 mg, 61% yield; yellow solid; Rf = 

0.5 (PE/EA = 10:1). 1H NMR (500MHz, CDCl3) δ 7.50 (d, J = 8.8 Hz, 

2H), 7.37 (d, J = 8.8 Hz, 2H), 2.41 (t, J = 7.1 Hz, 2H), 1.61 – 1.55 (m, 

2H), 1.44 (q, J = 7.5 Hz, 2H), 0.94 (t, J = 7.3 Hz, 3H). 

2. 1-(3-bromophenyl)-1-diazooct-3-yn-2-one (1p)

Following the general procedure. 768.8 mg, 45% yield; yellow oil; Rf = 0.5 

(PE/EA = 10:1). 1H NMR (600 MHz, CDCl3) δ 7.75 (t, J = 1.7 Hz, 1H), 7.47 

(d, J = 8.0 Hz, 1H), 7.36 (d, J = 7.9 Hz, 1H), 7.29 – 7.25 (m, 1H), 2.41 (t, J = 

7.1 Hz, 2H), 1.60 – 1.55 (m, 2H), 1.48 – 1.40 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H); HRMS (ESI) 

calculated for [C14H13BrN2NaO] [M+Na]+: 327.0103, found: 327.0092. 
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3. 1-diazo-1-(m-tolyl)oct-3-yn-2-one (1q) 

Following the general procedure. 340.2mg, 40% yield; yellow oil; Rf = 0.45 

(PE/EA = 10:1).1H NMR (600 MHz, CDCl3) δ 7.37 – 7.32 (m, 2H), 7.28 (t, 

J = 7.7 Hz, 1H), 7.05 (d, J = 7.5 Hz, 1H), 2.40 (t, J = 7.1 Hz, 2H), 2.36 (s, 3H), 

1.60 – 1.54 (m, 2H), 1.47 – 1.40 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H); HRMS (ESI) calculated for 

[C15H16N2NaO] [M+Na]+: 263.1155, found: 263.1149. 

4. 1-(4-chlorophenyl)-1-diazopent-3-yn-2-one (1r) 

Following the general procedure. 340.2mg, 40% yield; yellow solid; Rf = 

0.45 (PE/EA = 10:1). 1H NMR (500 MHz, CDCl3) δ 7.51 – 7.47 (m, 2H), 

7.36 (d, J = 8.8 Hz, 2H), 2.06 (s, 3H). 

5. 1-(4-chlorophenyl)-1-diazonon-3-yn-2-one (1s) 

Following the general procedure. 1.0076g, 52% yield; yellow solid; Rf 

= 0.5 (PE/EA = 10:1). 1H NMR (500 MHz, CDCl3) δ 7.50 (d, J = 8.8 

Hz, 2H), 7.37 (d, J = 8.7 Hz, 2H), 2.40 (t, J = 7.1 Hz, 2H), 1.63 – 1.58 

(m, 2H), 1.44 – 1.30 (m, 4H), 0.92 (t, J = 7.1 Hz, 3H). HRMS (ESI) calculated for [C15H15ClN2NaO] 

[M+Na]+: 297.0765, found: 297.0757. 

4.2  Synthesis of indoles 2 

Method A: 

 

Synthesis compound 2 with reference to Chen's report[2]. A mixture of indole (2 mmol), 

Pd(OAc)2 (22.4 mg, 5 mol%), Cu(OAc)2 (36.4 mg, 10 mol%), potassium 

phenylfluoroborate (3 mmol), acetic acid (10 mL) was stirred at room temperature 

under air for 12 h. Afterward, the reaction mixture was filtered through a plug of Celite 

and the filtrate was evaporated. The resulting oil was dissolved in ether (25 mL) and 

washed with aqueous NaHCO3 (2×15 mL). The organic layer was dried with Na2SO4 
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and concentrated. The residue was purified by flash column chromatography to afford 

the corresponding product 2. Compound 2k synthesed according to method A. 

Method B: 

 

To a solution of 2-Iodoaniline (2.0 mmol) in dry Et3N and THF (v/v = 1:1, 3 mL) D 

(2.0 mmol), Pd(PPh3)4 (115.6 mg, 5 mol%) and CuI (4.0 mg, 2 mol%) was added. The 

mixture was heated at reflux for 4 h. The solvent was removed under reduced pressure 

and the residue was filtered through Celite using toluene as solvent. The solvent was 

removed and the crude residue was purified by flash chromatography on silica gel. 

Then the obtained E taken in DCM (20 mL) was added with pyridine (3 equiv.) 

followed by tosyl chloride (1.3 equiv.) at 0 °C over a period of 15 mins. After addition 

completes, reaction stirred at RT for 12 h. After reaction completed (monitored by TLC), 

reaction mass quenched with ice-cold water and extracted into DCM. The obtained 

crude material passed through flash column chromatography to give pure product. To 

a solution of K2CO3 (0.15 equiv.) in water (1.5 mL) was added to the product obtained 

in one step up. The resulting mixture was stirred vigorously at 130 °C in a sealed tube 

under an argon atmosphere for 10 h. The reaction solution was cooled to room 

temperature and extracted by DCM (three times), and the organic phase was collected. 

Pure product was obtained by flash chromatography on silica gel. To a solution of the 

product obtained in one step up in MeOH (0.05 M) was added Mg (15 equiv.). After 

being stirred at 50 °C for 6 h, the reaction mixture was poured into aq. NH4Cl and then 

the product was extracted with DCM (three times). The combined organic layer was 

washed with brine, dried over MgSO4, and concentrated in vacuo. The residue was 
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purified by column chromatography on silica gel to afford 2. Compound 2a, 2b, 2c, 2d, 

2e, 2f, 2g, 2h, 2i and 2j synthesed according to method B[3]. 

5. General procedure for the synthesis of spirocyclic 3 

 

General procedure 1 (GP-1): In a dried glass tube, a mixture of Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) in DCM (2 mL) 

was stirred at room temperature for 15 mins. Subsequently, indoles 2 (0.2 mmol, 1.0 

equiv.) was added to the reaction mixture at room temperature, and diazo compounds 1 

(0.4 mmol, 2.0 equiv.) was dissolved in 2 mL DCM and added to the reaction mixture. 

Then the resulting mixture was continually stirred at 40 ℃ for 2 h and 2 was consumed 

completely determined by TLC analysis. The dr of the product was calculated by crude 

1H NMR. The mixture was concentrated under reduced pressure and the residue was 

purified by column chromatography on silica gel (PE/EA = 60:1 to 30:1 or PE/EA = 

50:1 to 20:1) to afford the desired product 3. 

1. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-4-one 

(3a) 

The general procedure was followed using 1a (121.3 mg, 0.4 mmol, 2.0 

equiv.) and 2a (37.5 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 60:1 to 30:1), 3a (dr = 9.0:1, 62.4 mg, 

83%) was obtained as yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ [8.07 – 8.03 (m, 1.8H), 7.76 – 7.73 

(m, 0.1H), 7.51 -7.50 – (m, 0.1H)], [7.57 – 7.51 (m, 3.6H), 7.38 – 7.35 (m, 0.4H)], 7.25 – 7.21 (m, 

1H), [7.10 (d, J = 8.4 Hz, 1.8H), 6.94 (d, J = 8.4 Hz, 0.2H)], 7.05 (t, J = 7.5 Hz, 1H), [7.19 – 7.17 

(m, 0.1H), 6.85 (d, J = 7.4 Hz, 0.9H)], [6.60 (d, J = 8.2 Hz, 1.8H), 6.34 (d, J = 8.2 Hz, 0.2H)], 6.58 

(s, 1H), [4.47 (s, 0.9H), 4.36 (s, 0.1H)], 2.11 – 2.02 (m, 1H), 1.71 – 1.64 (m, 1H), 1.50 – 1.39 (m, 
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2H), 1.19 – 1.13 (m, 2H), [0.79 – 0.77 (m, 0.3H), 0.74 (t, J = 7.3 Hz, 2.7H); 13C NMR (125 MHz, 

CDCl3) δ 204.2, 181.1, 176.4, 154.7, 137.9, 132.7, 132.3, 131.8, 131.0, 130.4, 129.4, 129.4, 129.2, 

127.4, 125.8, 123.0, 121.2, 121.1, 73.5, 59.9, 29.5, 28.7, 22.0, 13.6; HRMS (ESI) calculated for 

[C28H24BrNNaO] [M+Na]+: 492.0933, found: 492.0936. 

2. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(p-tolyl)spiro[cyclopentane-1,3'-indol]-2-en-4-one 

(3b) 

The general procedure was followed using 1a (121.0 mg, 0.4 mmol, 2.0 

equiv.) and 2b (37.8 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 60:1 to 30:1), 3b (dr = 5:1, 83.9 mg, 

95%) was obtained as yellow solid: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ [7.95 (d, J = 8.0 Hz, 1.8H), 7.72 (d, 

J = 8.0 Hz, 0.1H), 7.95 (m, 0.1H)], [7.50 (d, J = 7.7 Hz, 0.9H), 7.30 – 7.28 (m, 0.1H)], [7.34 (d, J = 

7.9 Hz, 1.8H), 7.31 (d, J = 7.9 Hz, 0.2H)], 7.22 (t, J = 7.7 Hz, 1H), [7.09 (d, J = 8.3 Hz, 1.8H), 7.00 

– 6.98 (m, 0.2H)], 7.02 (t, J = 7.4 Hz, 1H), [6.95 (d, J = 7.4 Hz, 0.1H), 6.83 (d, J = 7.4 Hz, 0.9H)], 

[6.60 (d, J = 8.1 Hz, 1.8H), 6.37 (d, J = 8.1 Hz, 0.2H)] 6.57 (s, 1H), [4.47 (s, 0.9H), 4.36 (s, 0.1H)], 

[2.45 (s, 2.7H), 1.69 (s, 0.3H)], 2.10 – 2.02 (m, 1H), 1.69 – 1.63 (m, 1H), 1.49 – 1.39 (m, 2H), 1.16 

(q, J = 6.6, 5.9 Hz, 2H), [0.78 – 0.76 (m, 0.3H), 0.73 (d, J = 7.3 Hz, 2.7H)]; 13C NMR (125 MHz, 

CDCl3) δ 204.3, 181.2, 176.3, 154.8, 142.4, 137.8, 132.7, 131.0, 130.4, 130.2, 129.6, 129.3, 129.2, 

127.4, 125.6, 123.0, 121.1, 120.9, 73.4, 60.2, 29.5, 28.7, 22.0, 21.6, 13.6; m.p. = 119.7 – 129.1 °C; 

HRMS (ESI) calculated for [C29H26BrNNaO] [M+Na]+: 506.1090, found: 506.1090. 

3. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(4-ethylphenyl)spiro[cyclopentane-1,3'-indol]-2-

en-4-one (3c) 

The general procedure was followed using 1a (121.1 mg, 0.4 mmol, 2.0 equiv.) and 2c (41.5 mg, 

0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 

mg, 15 mol%) and 4 mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3c (dr = 5.4:1, 52.3 mg, 56%) was obtained as 
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yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (600 MHz, CDCl3) δ 8.02 – 7.92 

(m, 2H), 7.50 (d, J = 5.3 Hz, 1H), 7.37 (d, J = 5.7 Hz, 2H), 7.22 (t, J = 7.4 

Hz, 1H), [7.12 – 7.08 (m, 1.8H), 6.94 – 6.91 (m, 0.2H)], 7.02 (d, J = 6.2 

Hz, 1H), 6.83 (d, J = 7.1 Hz, 1H), [6.61 (d, J = 5.7 Hz, 1.8H), 6.36 – 6.34 

(m, 0.2H)], 6.57 (s, 1H), [4.47 (s, 0.9H), 4.35 (s, 0.1H)], [2.76 – 2.74 (m, 1.8H), 2.64 – 2.60 (m, 

0.2H)], 2.10 – 2.04 (m, 1H), 1.69 – 1.64 (m, 1H), 1.48 – 1.39 (m, 2H), 1.33 – 1.27 (m, 3H), 1.20 – 

1.14 (m, 2H), 0.76 – 0.72 (m, 3H); 13C NMR (150 MHz, CDCl3) δ 204.4, 176.4, 148.6, 137.8, 

132.7, 131.0, 130.4, 129.8, 129.3, 129.1, 129.0, 127.5, 125.6, 123.0, 121.1, 120.9, 73.4, 60.1, 29.5, 

28.9, 28.7, 22.0, 15.1, 13.6; HRMS (ESI) calculated for [C30H28BrNNaO] [M+Na]+: 520.1246, 

found: 520.1240. 

4. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(4-(tert-butyl)phenyl)spiro[cyclopentane-1,3'-

indol]-2-en-4-one (3d) 

The general procedure was followed using 1a (122.0 mg, 0.4 mmol, 2.0 

equiv.) and 2d (50.0 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.4, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3d (dr = 3.3:1, 31.7 mg, 

30%) was obtained as yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel, following column chromatography separation, the second 

diastereomer is scarcely discernible in the NMR spectrum. 1H NMR (500 MHz, CDCl3) δ 7.97 (d, 

J = 8.5 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 7.8 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 7.10 (d, 

J = 8.4 Hz, 2H), 7.02 (t, J = 7.5 Hz, 1H), 6.83 (d, J = 7.5 Hz, 1H), 6.61 (d, J = 8.0 Hz, 2H), 6.57 (s, 

1H), 4.47 (s, 1H), 2.11 – 2.05 (m, 1H), 1.70 – 1.66 (m, 1H), 1.64 (d, J = 3.2 Hz, 1H), 1.51 – 1.44 

(m, 2H), 1.38 (s, 9H), 1.19 – 1.15 (m, 2H), 0.75 (t, J = 7.3 Hz, 3H); 13C NMR (125 MHz, CDCl3) 

δ 204.4, 181.4, 177.7, 156.0, 138.0, 134.8, 132.8, 131.8, 131.7, 131.0, 130.4, 129.4, 129.2, 127.3, 

126.5, 125.6, 123.0, 121.0, 73.1, 61.0, 34.4, 31.1, 29.7, 27.4, 22.1, 14.5; HRMS (ESI) calculated 

for [C32H32BrNNaO] [M+Na]+: 548.1559, found: 548.1547. 
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5. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(4-methoxyphenyl)spiro[cyclopentane-1,3'-indol]-

2-en-4-one (3e) 

The general procedure was followed using 1a (119.9 mg, 0.4 mmol, 2.0 

equiv.) and 2e (45.1 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 60:1 to 30:1), 3e (dr = 7.0:1, 85.6 mg, 

85%) was obtained as yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ [7.75 (d, J = 7.6 Hz, 0.1H), 7.52 (d, 

J = 7.6 Hz, 1.8H), 7.50 – 7.48 (m, 0.1H)], [7.71 – 7.69 (m, 0.9H), 7.34 – 7.31 (m, 0.1H)], [7.43 (t, 

J = 7.9 Hz, 0.9H), 7.39 (t, J = 7.9 Hz, 0.1H)], [7.25 – 7.21 (m, 0.9H), 6.98 – 6.96 (m, 0.1H)], 7.15 

– 7.07 (m, 3H), [7.07 – 7.03 (m, 0.9H), 6.90 – 6.87 (m, 0.1H)], [6.97 (d, J = 7.6 Hz, 0.1H ), 6.85 (d, 

J = 7.6 Hz, 0.9H)], [6.79 (s, 0.1H), 6.57 (s, 0.9H)], [6.61 (d, J = 8.5 Hz, 1.8H), 6.34 (d, J = 8.5 Hz, 

2H)], [4.50 (s, 0.9H), 4.34 (s, 0.1H)], [3.92 (s, 2.7H), 3.72 (s, 0.3H)], 2.13 – 2.01 (m, 1H), 1.70 – 

1.63 (m, 1H), 1.53 – 1.37 (m, 2H), 1.21 – 1.13 (m, 2H), [0.78 (t, J = 7.3 Hz, 0.3H), 0.74 (t, J = 7.3 

Hz, 2.7H)]; 13C NMR (125 MHz, CDCl3) δ 204.2, 181.1, 176.3, 160.4, 154.6, 138.0, 133.6, [132.6, 

131.5], [131.0, 130.7], [130.4, 129.8], [129.5, 129.4], [129.2, 129.1], [127.2, 125.9], [123.0, 121.6], 

[121.2, 121.1], [119.8, 119.6], [118.1, 117.6], [112.2, 111.9], 73.6, [60.0, 59.5], [55.5, 55.2], [29.5, 

29.2], [28.9, 28.7], [22.2, 22.0], 13.6; HRMS (ESI) calculated for [C29H26BrNNaO2] [M+Na]+: 

522.1039, found: 522.1037. 

6. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(4-chlorophenyl)spiro[cyclopentane-1,3'-indol]-2-

en-4-one (3f) 

The general procedure was followed using 1a (127.1 mg, 0.4 mmol, 2.0 

equiv.) and 2f (45.0 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.4, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3f (dr = 4.8:1, 39.8 mg, 

40%) was obtained as yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ [8.06 – 8.03 (m, 1.8H), 7.72 – 7.69 
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(m, 0.2H)], [7.57 – 7.52 (m, 3.6H), 7.40 – 7.34 (m, 0.4H)], 7.25 – 7.21 (m, 1H), [7.10 (d, J = 8.5 

Hz, 1.8H), 6.94 (d, J = 8.5 Hz, 0.2H)], 7.07 – 7.02 (m, 1H), [7.19 – 7.17 (m, 0.1H), 6.85 (d, J = 7.0 

Hz, 0.9H)], [6.60 (d, J = 8.4 Hz, 1.8H), 6.34 (d, J = 8.4 Hz, 0.2H)], 6.58 (s, 1H), [4.47 (s, 0.9H), 

4.36 (s, 0.1H)], 2.11 – 2.03 (m, 1H), 1.70 – 1.64 (m, 1H), 1.49 – 1.41 (m, 2H), 1.21 – 1.14 (m, 2H), 

[0.79 – 0.77 (m, 0.3H), 0.74 (t, J = 7.3 Hz, 2.7H)]; 13C NMR (125 MHz, CDCl3) δ 204.3, 181.1, 

176.4, 154.7, 137.9, 132.6, 132.3, 131.8, 131.0, 130.4, 129.5 129.4, 129.2, 127.4, 125.8, 123.0, 

121.2, 121.1, 73.5, 59.9, 29.5, 28.7, 22.0, 13.6; MALDI-MS calculated for [C28H24BrClNO] 

[M+H]+: 504.0730, found: 503.9740. 

7. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(3-chlorophenyl)spiro[cyclopentane-1,3'-indol]-2-

en-4-one (3g) 

The general procedure was followed using 1a (125.1 mg, 0.4 mmol, 2.0 

equiv.) and 2g (45.8 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3g (dr = 4.8:1, 70.2 mg, 

68%) was obtained as yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ [8.17 (s, 0.9H), 8.06 – 8.04 (m, 0.1H)], 

[7.82 (d, J = 7.8 Hz, 0.9H), 7.77 – 7.74 (m, 0.1H)], 7.54 (t, J = 6.6 Hz, 2H), 7.47 (t, J = 7.9 Hz, 1H), 

7.24 (d, J = 8.9 Hz, 1H), [7.11 (d, J = 8.4 Hz, 1.8H), 7.01 (d, J = 8.4 Hz, 0.2H)], 7.07 (t, J = 7.5 Hz, 

1H), [7.41 – 7.31 (m, 0.1H), 6.85 (d, J = 7.5 Hz, 0.9H)], [6.60 (d, J = 4.0 Hz, 1.8H), 6.37 – 6.35 (m, 

0.2H)], [6.63 (s, 0.1H), 6.59 (s, 0.9H)], [4.43 (s, 0.9H), 4.36 (s, 0.1H)], 2.07 – 1.99 (m, 1H), 1.70 – 

1.63 (m, 1H), 1.50 – 1.39 (m, 2H), 1.20 – 1.15 (m, 2H), [0.80 – 0.78 (m, 0.3H), 0.75 (t, J = 7.4 Hz, 

2.7H)]; 13C NMR (125 MHz, CDCl3) δ 203.9, 180.6, 175.0, 154.4, 138.0, 135.8, 134.0, 132.5, 

131.8, 131.1, 130.7, 130.4, 129.8, 129.4, 127.6, 126.3, 125.1, 123.1, 121.5, 121.3, 73.5, 59.6, 29.7, 

28.7, 22.0, 13.6; HRMS (ESI) calculated for [C28H23BrClNNaO] [M+Na]+: 526.0544, found: 

526.0557. 

8. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(2-chlorophenyl)spiro[cyclopentane-1,3'-indol]-2-

en-4-one (3h) 
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The general procedure was followed using 1a (118.5 mg, 0.4 mmol, 2.0 

equiv.) and 2h (43.9 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 60:1 to 30:1), 3h (dr = 5.4:1, 93 mg, 

96%) was obtained as yellow oil: Two diastereoisomers are hard to be separated by column 

chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ [8.06 – 8.04 (m, 1.8H), 7.76 – 7.73 

(m, 0.1H), 7.51 – 7.48 (m, 0.1H)], [7.57 – 7.51 (m, 3.6H), 7.39 – 7.33 (m, 0.4H)], [7.32 – 7.30 (m, 

0.1H), 7.25 – 7.21 (m, 0.9H)], [7.10 (d, J = 8.5 Hz, 1.8H), 6.94 (d, J = 8.5 Hz, 0.2H)], 7.04 (t, J = 

7.5 Hz, 1H), [7.18 (d, J = 7.1 Hz, 0.1H), 6.85 (d, J = 7.1 Hz, 0.9H)], 6.61 (s, 1H), [6.59 (d, J = 7.9 

Hz, 1.8H), 6.34 (d, J = 7.9 Hz, 0.2H)], [4.47 (s, 0.9H), 4.37 (s, 0.1H)], 2.11 – 2.03 (m, 1H), 1.71 – 

1.64 (m, 1H), 1.52 – 1.39 (m, 2H), 1.21 – 1.12 (m, 2H), [0.79 – 0.77 (m, 0.3H), 0.74 (t, J = 7.3 Hz, 

2.7H)]; 13C NMR (125 MHz, CDCl3) δ 204.2, 181.1, 176.4, 154.7, 137.9, 132.6, 132.3, 131.8, 

131.0, 130.4, 129.4, 129.4, 129.2, 127.4, 125.8, 123.0, 121.2, 121.1, 73.5, 59.9, 29.5, 28.7, 22.0, 

13.6; MALDI-MS calculated for [C28H24BrClNO] [M+H]+: 504.0730, found: 504.0050. 

9. (1R,5R)-5-(4-bromophenyl)-2-butyl-2'-(thiophen-3-yl)spiro[cyclopentane-1,3'-indol]-2-

en-4-one (3i)

The general procedure was followed using 1a (113.0 mg, 0.4 mmol, 2.0 

equiv.) and 2i (36.2 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 60:1 to 30:1), 3i (dr = 4.7:1, 70.4 mg, 81%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel. 

1H NMR (500 MHz, CDCl3) δ [7.91 – 7.90 (m, 0.9H),7.72 – 7.68 (m, 0.1H)], [7.84 – 7.81 (m, 

0.9H), 7.48 – 7.46 (m, 0.1H)], [7.52 – 7.48 (m, 1.8H), 7.40 – 7.32 (m, 0.2H)], 7.24 – 7.19 (m, 1H), 

[7.18 – 7.15 (m, 0.2H), 7.11 (d, J = 8.5 Hz, 1.8H)], 7.02 – 6.98 (m, 1H), [7.04 – 7.02 (m, 0.1H), 

6.79 (d, J = 7.5 Hz, 0.9H)], [6.63 (d, J = 8.5 Hz, 1.8H), 6.37 (d, J = 8.5 Hz, 0.2H)], 6.58 (s, 1H), 

[4.49 (s, 0.9H), 4.36 (s, 0.1H)], 2.04 – 1.95 (m, 1H), 1.68 – 1.62 (m, 1H), 1.48 – 1.37 (m, 2H), 1.19 

– 1.12 (m, 2H), [0.79 – 0.76 (m, 0.3H), 0.74 (t, J = 7.4 Hz, 2.7H)]; 13C NMR (125 MHz, CDCl3) δ
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204.4, [181.0, 179.4], 172.6, 155.1, 137.4, 134.9, 132.9, [131.0, 130.8], 130.3, [130.0, 129.6], 129.2, 

127.3, 127.0, 126.9, [125.8, 125.6], 123.1, 121.1, 121.0, 73.6, 60.1, 29.5, 28.7, 22.0, 13.6; HRMS 

(ESI) calculated for [C26H22BrNNaOS] [M+Na]+: 498.0498, found: 498.0497. 

10. (1R,5R)-5-(4-bromophenyl)-2-butyl-5'-methyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-

en-4-one (3j)

The general procedure was followed using 1a (122.0 mg, 0.4 mmol, 

2.0 equiv.) and 2j (40.7 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 

10 mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) 

and 4 mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After 

purification by column chromatography (PE/EA = 50:1 to 20:1), 3j (dr = 3.0:1, 55.6 mg, 58%) was 

obtained as yellow oil : Two diastereoisomers are hard to be separated by column chromatography 

on silica gel, following column chromatography separation, the second diastereomer is scarcely 

discernible in the NMR spectrum. 1H NMR (600 MHz, CDCl3) δ [8.03 (d, J = 5.4 Hz, 1.8H), 7.61 

– 7.63 (m, 0,2H), 7.29 – 7.31 (m, 0.2H)], [7.51 – 7.55 (m, 2.4H), 7.15 – 7.19 (m, 0.6H)], [7.39 (d, J

= 7.8 Hz, 0.8H), 7.34 (d, J = 7.7 Hz, 0.2H)], 7.10 (d, J = 8.3 Hz, 2H), [7.28 – 7.30 (m, 0.2H), 7.02 

(d, J = 7.8 Hz, 0,8H)], [6.93 (d, J = 8.3 Hz, 0,4H), 6.63 (s, 0.8H), 6.57 (s, 1H)], 6.60 (d, J = 8.1 Hz, 

2H), [4.46 (s, 0.8H),4.34 (s, 0.2H)], [2.47 (s, 0.6H), 2.25 (s, 2.4H)], 2.10 – 2.04 (m, 1H), 1.76 – 1.64 

(m, 1H), 1.53 – 1.42 (m, 2H), 1.14 – 1.22 (m,2H), 0.73 – 0.78 (m, 3H); 13C NMR (150 MHz, CDCl3) 

δ [205.1, 204.3], [181.2, 180.1], [175.9, 175.3], [152.6, 142.0], [138.0, 137.2], [135.8, 134.7], [132.9, 

132.7], 132.4, [131.5, 131.2], [130.9, 130.7], [130.4, 130.1], [129.8, 129.7], [129.4, 129.2], 128.1, 

[127.4, 127.3], [123.6, 121.8], [121.1, 121.1], [120.9, 120.7], [73.7, 73.3], [60.3, 59.9], [29.5, 29.2], 

[28.8, 28.6], [22.1, 22.0], [21.6, 21.4], [14.2, 13.5]; HRMS (ESI) calculated for [C29H26BrNNaO] 

[M+Na]+: 506.1090, found: 506.1093. 

11. (1R,5R)-5-(4-bromophenyl)-2-butyl-6'-methyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-

en-4-one (3k)

The general procedure was followed using 1a (118.4 mg, 0.4 mmol, 

2.0 equiv.) and 2k (37.0 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 

10 mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.0 mg, 15 mol%) 

and 4 mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After 
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purification by column chromatography (PE/EA = 60:1 to 30:1), 3k (dr = 5.0:1, 72.1 mg, 83%) was 

obtained as yellow solid: Two diastereoisomers are hard to be separated by column chromatography 

on silica gel. 1H NMR (500 MHz, CDCl3) δ [8.04 – 8.00 (m, 1.84H), 7.49 – 7.46 (m, 0.16H)], 7.54 

(q, J = 7.1, 6.3 Hz, 3H), 7.33 (s, 1H), [7.11 (d, J = 8.4 Hz, 1.84H), 6.93 (d, J = 8.4 Hz, 0.16H)], 6.85 

(d, J = 7.0 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), [6.60 (d, J = 8.4 Hz, 1.84H), 6.35 (d, J = 8.4 Hz, 

0.16H)], 6.55 (s, 1H), [4.45 (s, 0.92H), 4.34 (s, 0.08H)], [2.50 (s, 0.24H), 2.32 (s, 2.76H)], 2.08 – 

2.01 (m, 1H), 1.70 – 1.63 (m, 1H), 1.51 – 1.39 (m, 2H), 1.13 – 1.20 (m, 2H), [0.80 – 0.77 (m, 0.24H), 

0.75 (t, J = 7.4 Hz, 2.76H)]; 13C NMR (125 MHz, CDCl3) δ 204.4, 181.4, 176.5, 155.0, 139.2, 

134.8, 132.8, 132.5, 131.6, 131.0, 130.4, 129.4, 129.1, 127.4, 126.7, 122.7, 121.9, 121.1, 73.2, 59.8, 

29.4, 28.7, 22.0, 21.5, 13.6; m.p. = 119.5 – 129.9 °C; HRMS (ESI) calculated for [C29H26BrNNaO] 

[M+Na]+: 506.1090, found: 506.1082. 

12. (1R,5R)-2-butyl-2',5-diphenylspiro[cyclopentane-1,3'-indol]-2-en-4-one (3l) 

The general procedure was followed using 1l (90.5 mg, 0.4 mmol, 2.0 equiv.) 

and 2a (37.5 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 mol%), 3,4,7,8-

tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 mL DCM by GP-1, 

TLC (Rf = 0.3, PE/EA = 10:1). After purification by column chromatography 

(PE/EA = 30:1), 3l (dr = 6.0:1, 63 mg, 83%) was obtained as yellow oil: Two diastereoisomers are 

hard to be separated by column chromatography on silica gel, following column chromatography 

separation, the second diastereomer is scarcely discernible in the NMR spectrum. 1H NMR (500 

MHz, CDCl3) δ 8.09 – 8.03 (m, 2H), 7.58 – 7.51 (m, 4H), 7.22 (t, J = 7.5 Hz, 1H), 7.07 (q, J = 7.7 

Hz, 2H), 6.94 (s, 1H), 6.87 – 6.80 (m, 2H), 6.60 (d, J = 11.9 Hz, 2H), 4.47 (s, 1H), 2.11 – 2.03 (m, 

1H), 1.72 – 1.65 (m, 1H), 1.50 – 1.39 (m, 2H), 1.20 – 1.13 (m, 2H), 0.74 (t, J = 7.3 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) δ 204.0, 181.2, 176.3, 154.7, 137.8, 135.9, 132.3, 131.8, 131.6, 130.2, 

129.5, 129.5, 129.4, 129.2, 127.4, 127.3, 125.7, 123.1, 121.9, 121.1, 73.6, 59.7, 29.5, 28.7, 22.0, 

13.6; MALDI-MS calculated for [C28H26NO] [M+H]+: 414.1834, found:414.1710. 

13. (1R,5R)-2-butyl-2'-phenyl-5-(p-tolyl)spiro[cyclopentane-1,3'-indol]-2-en-4-one (3m) 
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The general procedure was followed using 1m (99.0 mg, 0.4 mmol, 2.0 

equiv.) and 2a (37.5 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3m (dr = 10:1, 62.4 mg, 79%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel, 

nevertheless, following column chromatography separation, the second diastereomer is scarcely 

discernible in the NMR spectrum. 1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 6.2 Hz, 2H), 7.56 – 

7.49 (m, 4H), 7.20 (t, J = 7.6 Hz, 1H), 7.03 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.77 (d, J 

= 7.7 Hz, 2H), 6.60 (d, J = 7.7 Hz, 2H), 6.58 (s, 1H), 4.50 (s, 1H), 2.09 (s, 3H), 2.07 – 2.02 (m, 1H), 

1.70 – 1.63 (m, 1H), 1.50 – 1.41 (m, 2H), 1.19 – 1.14 (m, 2H), 0.74 (t, J = 7.3 Hz, 3H). 13C NMR 

(125 MHz, CDCl3) δ 205.2, 180.9, 176.7, 154.8, 138.3, 136.5, 132.6, 131.6, 130.5, 129.6, 129.3, 

128.8, 128.6, 128.6, 127.5, 125.6, 123.3, 120.9, 73.9, 60.4, 29.5, 28.7, 22.0, 20.9, 13.6; HRMS (ESI) 

calculated for [C29H27NNaO] [M+Na]+: 428.1985, found: 428.1995. 

14. (1R,5R)-2-butyl-2'-phenyl-5-(m-tolyl)spiro[cyclopentane-1,3'-indol]-2-en-4-one (3n) 

The general procedure was followed using 1n (96.2 mg, 0.4 mmol, 2.0 equiv.) 

and 2a (38.9 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 mol%), 

3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 mL DCM 

by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by column 

chromatography (PE/EA = 50:1 to 20:1), 3n (dr = 3.6:1, 67.0 mg, 83%) was obtained as yellow oil: 

Two diastereoisomers are hard to be separated by column chromatography on silica gel. 1H NMR 

(500 MHz, CDCl3) δ [8.06 (d, J = 7.2 Hz, 1.8H), 7.75 – 7.72 (m, 0.1H), 7.40 – 7.37 (m, 0.1H)], 

[7.57 – 7.48 (m, 3.6H), 7.36 – 7.30 (m, 0.4H)], 7.18 (q, J = 7.4 Hz, 1H), [7.15 – 7.11(m, 0.1H), 7.01 

(t, J = 7.5 Hz, 0.9H)], 6.92 – 6.78 (m, 2H), [6.75 (d, J = 7.7 Hz, 0.9H), 6.72 – 6.69 (m, 0.1H)], [6.62 

(s, 0.1H), 6.59 (s, 0.9H)], [6.55 (s, 1H), 6.29 (s,0.1H)], [6.50 (d, J = 7.7 Hz, 0.9H), 6.22 (d, J = 7.7 

Hz, 0.1H)], [4.49 (s, 0.9H), 4.39 (s, 0.1H)], [2.08 (s, 2.7H), 1.91 (s, 0.3H)], 2.03 (d, J = 9.4 Hz, 1H), 

1.71 -1.64 (m, 1H), 1.52 – 1.39 (m, 2H), 1.17 (q, J = 7.9 Hz, 2H), [0.80 – 0.77 (m, 0.3H), 0.74 (t, J 

= 7.4 Hz, 2.7H)]; 13C NMR (125 MHz, CDCl3) δ 205.2, 181.0, 176.7, 154.8, 138.2, 137.3, 133.6, 

132.6, 131.6, 129.7, 129.4, 129.4, 128.8, 127.7, 127.7, 127.5, 125.7, 125.4, 123.4, 120.8, 73.9, 60.4, 
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29.5, 28.7, 22.0, 21.2, 13.6; HRMS (ESI) calculated for [C29H27NNaO] [M+Na]+: 428.1985, found: 

428.1996. 

15. (1R,5R)-2-butyl-5-(4-methoxyphenyl)-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-4-one 

(3o) 

The general procedure was followed using 1o (107.8 mg, 0.4 mmol, 2.0 

equiv.) and 2a (36.0 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.0 mg, 15 mol%) and 

4 mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification 

by column chromatography (PE/EA = 60:1 to 30:1), 3o (dr = 6.0:1, 57.2 mg, 73%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel. 

1H NMR (600 MHz, CDCl3) δ [8.07 – 8.04 (m, 1.8H), 7.75 – 7.72 (m, 0.1H), 7.50 – 7.47 (m, 0.1H)], 

[7.56 – 7.50 (m, 3.6H), 7.40 – 7.35 (m, 0.4H)], [7.33 – 7.30 (m, 0.1H), 7.22 – 7.19 (m, 0.9H), 7.05 

– 7.02 (m, 1H), [7.19 – 7.15 (m, 0.1H), 6.88 (d, J = 7.3, 0.9H)], [6.64 (d, J = 8.7 Hz, 1.8H), 6.39 (d, 

J = 8.7 Hz, 0.2H)], [6.61 (s, 0.1H), 6.58 (s, 0.9H)], [6.51 (d, J = 8.7 Hz, 1.8H), 6.36 (d, J = 8.7 Hz, 

0.2H)], [4.50 (s, 0.9H), 4.40 (s, 0.1H)], 3.60 (s, 3H), 2.10 – 2.03 (m, 1H), 1.70 – 1.65 (m, 1H), 1.50 

– 1.40 (m, 2H), 1.20 – 1.14 (m, 2H), [0.79 – 0.77 (m, 0.3H), 0.74 (t, J = 7.3 Hz, 2.7H); 13C NMR 

(150 MHz, CDCl3) δ 205.2, 180.8, 176.7, 158.3, 154.8, 138.3, 132.5, 131.6, 129.8, 129.5, 129.4, 

128.9, 127.4, 125.7, 125.6, 123.2, 120.9, 113.3, 74.0, 60.2, 55.0, 29.6, 28.7, 22.0, 13.6; HRMS (ESI) 

calculated for [C29H27NNaO2] [M+Na]+: 444.1934, found: 444.1945. 

16. (1R,5R)-5-(3-bromophenyl)-2-butyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-4-one 

(3p) 

The general procedure was followed using 1p (122.1 mg, 0.4 mmol, 2.0 

equiv.) and 2a (37.1 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 mol%), 

3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 mL DCM 

by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by column 

chromatography (PE/EA = 50:1 to 20:1), 3p (dr = 6.3:1, 67.6 mg, 75%) was obtained as yellow oil: 

Two diastereoisomers are hard to be separated by column chromatography on silica gel. 1H NMR 

(600 MHz, CDCl3) δ [8.08 – 8.03 (m, 1.8H), 7.75 (d, J = 7.7Hz, 0.1H), 7.50 (d, J = 7.7Hz, 0.1H)], 

[7.59 – 7.52 (m, 3.6H), 7.36 – 7.30 (m, 0.4H)], [7.40 – 7.36 (m, 0.1H), 7.24 – 7.21 (m, 0.9H)], [7.21 
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– 7.18 (m, 0.2H), 7.09 – 7.07 (m, 0.8H)], 7.07 – 7.02 (m, 1H), [6.94 (t, J = 1.9 Hz, 0.9H), 6.66 (t, J 

= 1.9 Hz, 0.1H)], 6.85 (d, J = 7.1 Hz, 1H), [6.83 (t, J = 7.9 Hz, 0.9H), 6.71 (t, J = 7.9 Hz, 0.1H)], 

[6.60 (d, J = 7.9 Hz, 0.9H), 6.35 (d, J = 7.9 Hz, 0.1H)], [6.63 (t, J = 1.6 Hz, 0.1H), 6.59 (t, J = 1.6 

Hz, 0.9H)], [4.47 (s, 0.9H), 4.37 (s, 0.1H)], 2.10 – 2.04 (m, 1H), 1.71 – 1.65 (m, 1H), 1.52 – 1.40 

(m, 2H), 1.22 – 1.14 (m, 2H), [0.78 (t, J = 7.3 Hz, 0.3H), 0.74 (t, J = 7.3 Hz, 2.7H)]; 13C NMR (125 

MHz, CDCl3) δ 204.1, 181.2, 176.3, 154.7, 137.8, 135.9, 132.3, 131.8, 131.6, 130.2, 129.5, 129.5, 

129.4, 129.2, 127.4, 127.3, 125.7, 123.1, 121.8, 121.1, 73.6, 59.7, 29.5, 28.7, 22.0, 13.6; HRMS 

(ESI) calculated for [C28H24BrNNaO] [M+Na]+: 492.0933, found: 492.0930. 

17. (1R,5R)-2-butyl-5-(4-chlorophenyl)-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-4-one 

(3q) 

The general procedure was followed using 1q (103.4 mg, 0.4 mmol, 2.0 

equiv.) and 2a (37.1 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 60:1 to 30:1), 3q (dr = 8.4:1, 81.5 mg, 82%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel. 

1H NMR (600 MHz, CDCl3) δ [8.07 – 8.04 (m, 1.8H), 7.76 – 7.74 (m, 0.1H), 7.50 – 7.49 (m, 0.1H)], 

[7.58 – 7.51 (m, 3.6H), 7.40 – 7.35 (m, 0.4H)], 7.25 – 7.21 (m, 1H), 7.04 (t, J = 7.5 Hz, 1H), [6.95 

(d, J = 8.5 Hz, 1.8H), 6.79 (d, J = 8.5 Hz, 0.2H)], 6.85 (d, J = 7.5 Hz, 1H), [6.66 (d, J = 8.5 Hz, 

1.8H), 6.40 (d, J = 8.5 Hz, 0.2H)], [6.62 (s, 0.1H), 6.58 (s, 0.9H)], [4.49 (s, 0.9H), 4.38 (s, 0.1H)], 

2.10 – 2.04 (m, 1H), 1.71 – 1.65 (m, 1H), 1.50 – 1.39 (m, 2H), 1.19 – 1.14 (m, 2H), [0.79 – 0.77 (m, 

0.3H), 0.74 (t, J = 7.3 Hz, 2.7H)]; 13C NMR (125 MHz, CDCl3) δ 204.3, 181.1, 176.4, 154.7, 137.9, 

132.9, 132.3, 132.1, 131.8, 130.0, 129.4, 129.4, 129.2, 128.1, 127.4, 125.8, 123.0, 121.1, 73.6, 59.8, 

29.5, 28.7, 22.0, 13.6; HRMS (ESI) calculated for [C28H24ClNNaO] [M+Na]+: 448.1439, found: 

448.1437. 

18. (1R,5R)-5-(4-chlorophenyl)-2-methyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-4-one 

(3r) 
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The general procedure was followed using 1r (94.8 mg, 0.4 mmol, 2.0 

equiv.) and 2a (38.1 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3r (dr = 4.0:1, 63.4 mg, 84%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel. 

1H NMR (600 MHz, CDCl3) δ [8.06 (d, J = 6.5 Hz, 1.8H), 7.76 – 7.74 (m, 0.1H), 7.51 – 7.49 (m, 

0.1H)], [7.58 – 7.52 (m, 3.6H), 7.38 – 7.29 (m, 0.4H)], 7.23 (t, J = 7.6 Hz, 1H), 7.05 (t, J = 7.5 Hz, 

1H), [6.95 (d, J = 8.5 Hz, 1.8H), 6.79 (d, J = 8.5 Hz, 0.2H)], [7.19 – 7.17 (m, 0.1H), 6.86 (d, J = 7.4 

Hz, 0.9H)], [6.67 (d, J = 8.4 Hz, 1.8H), 6.41 (d, J = 8.4 Hz, 0.2H)], [6.60 (s, 0.1H), 6.56 (s, 0.9H)], 

[4.49 (s, 0.9H), 4.39 (s, 0.1H)], [1.75 (s, 2.7H), 1.68 (s, 0.3H)]; 13C NMR (125 MHz, CDCl3) δ 

204.4, 176.5, 176.3, 154.8, 137.5, 132.9, 132.3, 132.2, 131.8, 131.4, 123.0, 129.5, 129.2, 128.1, 

127.4, 125.9, 123.0, 121.1, 73.6, 60.0, [29.7, 15.9]; HRMS (ESI) calculated for [C25H18ClNNaO] 

[M+Na]+: 406.0969, found: 406.0966. 

19. (1S,5R)-5-(4-chlorophenyl)-2-ethyl-2,2,2-trimethyl-2'-phenyl-2λ7-spiro[cyclopentane-

1,3'-indol]-2-en-4-one (3s) 

The general procedure was followed using 1s (116.3 mg, 0.4 mmol, 2.0 

equiv.) and 2a (39.0 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.2 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.4, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3s (dr = 7.2:1, 59.0 mg, 62%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel. 

1H NMR (600 MHz, CDCl3) δ [8.07 – 8.04(m, 1.8H), 7.75 (d, J = 7.7 Hz, 0.1H), 7.50 (d, J = 7.6 

Hz, 0.1H)] [7.56 – 7.50 (m, 3.6H), 7.40 – 7.36 (m, 0.4H)], [7.34 – 7.30 (m, 0.1H), 7.25 – 7.21 (m, 

0.9H),] 7.04 (t, J = 6.9 Hz, 1H), [6.95 (d, J = 8.1 Hz, 1.8H), 6.79 (d, J = 8.2 Hz, 0.2H)], [7.18 (d, J 

= 7.6 Hz, 0.1H), 6.85 (d, J = 7.5 Hz, 0.9H)], [6.66 (d, J = 8.1 Hz, 1.8H), 6.40 (d, J = 8.2 Hz, 0.2H)], 

[6.62 (s, 0.1H), 6.59 (s, 0.9H)], [4.49 (s, 0.9H),4.39 (s, 0.1H)], 2.10 – 2.03 (m, 1H), 1.70 – 1.64 (m, 

1H), 1.51 – 1.42 (m, 2H), 1.14 – 1.12 (s, 4H), 0.76 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 204.4, 

181.1, 176.4, 154.6, 137.9, 132.9, 132.2, 132.1, 131.8, 130.0, 129.4, 129.1, 128.0, 127.4, 125.8, 
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123.0, 121.1, 73.6, 59.8, 30.9, 29.7, 26.2, 22.1, 13.7; HRMS (ESI) calculated for [C29H26ClNNaO] 

[M+Na]+: 462.1595, found: 462.1593. 

20. (1S,5R)-5-(4-bromophenyl)-2-ethyl-2,2,2,2,2,2,2,2-octamethyl-2'-phenyl-2λ12-

spiro[cyclopentane-1,3'-indol]-2-en-4-one (3t) 

The general procedure was followed using 1t (138.5 mg, 0.4 mmol, 2.0 

equiv.) and 2a (40.5 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.4, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3t (dr = 12:1, 92.8 mg, 82%) was obtained as 

yellow oil: Two diastereoisomers are hard to be separated by column chromatography on silica gel. 

1H NMR (500 MHz, CDCl3) δ [8.05 (d, J = 6.2 Hz, 1.8H), 7.76 – 7.73 (m, 0.1H), 7.51 –7.48 (m, 

0.1H)], [7.57 – 7.51 (m, 3.6H), 7.40 – 7.35 (m, 0.4H)], [7.23 (t, J = 7.1 Hz, 0.9H), 7.40 – 7.30 (m, 

0.1H)], [7.10 (d, J = 8.4 Hz, 1.8H), 6.94 (d J = 8.4 Hz, 0.2H)], 7.04 (t, J = 7.4 Hz, 1H), [7.18 (d, J 

= 7.5 Hz, 0.1H), 6.85 (d, J = 7.5 Hz, 0.9H)], [6.61 (d, J = 8.4 Hz, 1.8H), 6.34 (d, J = 8.4 Hz, 0.2H)], 

6.58 (s, 1H), [4.47 (s, 0.9H), 4.37 (s, 0.1H)], 2.10 – 2.03 (m, 1H), 1.70 – 1.64 (m, 1H), 1.50 – 1.40 

(m, 2H), 1.27 – 1.23 (m, 2H), 1.21 – 1.18 (m, 4H), 1.16 – 1.09 (m, 8H), 0.86 (t, J = 7.1 Hz, 3H); 

13C NMR (125 MHz, CDCl3) δ 204.2, 181.1, 176.4, 154.7, 137.9, 132.7, 132.3, 131.7, 131.0, 130.4, 

129.4, 129.2, 127.4, 125.8, 123.0, 121.2, 121.1, 73.5, 59.9, 31.8, 29.8, 29.4, 29.3, 29.2, 29.0, 28.8, 

26.6, 22.6, 14.0; HRMS (ESI) calculated for [C34H36BrNNaO] [M+Na]+: 576.1872, found: 

576.1866. 

21. (1R,5R)-5-(4-bromophenyl)-2-cyclopropyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-

4-one (3u) 

The general procedure was followed using 1u (117.7 mg, 0.4 mmol, 2.0 

equiv.) and 2a (39.7 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 

mol%), 3,4,7,8-tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 

mL DCM by GP-1, TLC (Rf = 0.3, PE/EA = 10:1). After purification by 

column chromatography (PE/EA = 50:1 to 20:1), 3u (dr = 1.7:1, 73.6 mg, 79%) was obtained as 

yellow soild: Two diastereoisomers are hard to be separated by column chromatography on silica 

gel. 1H NMR (600 MHz, CDCl3) δ [8.10 (d, J = 7.6 Hz, 1.70H), 7.76 – 7.74 (m, 0.15H), 7.51 – 
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7.49 (m, 0.15H)], [7.59 – 7.52 (m, 3.55H), 7.40 – 7.36 (m, 0.45H)], [7.34 – 1.31 (m,0.15H), 7.24 (t, 

J = 7.6 Hz, 0.85H)], [7.2 – 7.16 (m, 0.15H), 6.88 (d, J = 7.5 Hz, 0.85H)], [7.10 (d, J = 8.1 Hz, 

1.70H), 6.94 (d, J = 8.1 Hz, 0.30H)], 7.06 (t, J = 7.5 Hz, 1H), [6.60 (d, J = 8.1 Hz, 1.70H), 6.34 (d, 

J = 8.1 Hz, 0.30H)], 6.17 (d, J = 6.7 Hz, 1H), [4.45 (s, 0.85H), 4.36 (s, 0.15H)], 1.04 – 1.00 (m, 1H), 

0.91 – 0.81 (m, 4H); 13C NMR (125 MHz, CDCl3) δ [204.4, 203.7], [185.5, 184.2], [177.1, 176.7], 

[154.8, 141.9], [137.9, 134.8], [133.0, 132.8], 132.4, 131.7, [131.0, 130.7], [130.5, 130.4], [129.8, 

129.4], [129.3, 129.2], 128.1, [127.7, 127.1], [125.9, 124.5], [123.4, 121.6], [122.9, 121.4], [121.1, 

121.0], [74.0, 73.6], [59.6, 59.5], [14.2, 13.9], [13.6, 13.5], [11.7, 11.6]; m.p. = 136.7 – 147.8 °C; 

HRMS (ESI) calculated for [C27H20BrNNaO] [M+Na]+: 476.0620, found: 476.0617. 

22. (1S,5R)-2',5-diphenylspiro[cyclopentane-1,3'-indol]-2-en-4-one (3v) 

The general procedure was followed using 1v (68.2 mg, 0.4 mmol, 2.0 equiv.) 

and 2a (38.2 mg, 0.2 mmol, 1.0 equiv.), Cu(OTf)2 (7.3 mg, 10 mol%), 3,4,7,8-

tetramethyl-1,10-phenanthroline (7.1 mg, 15 mol%) and 4 mL DCM by GP-1, 

TLC (Rf = 0.4, PE/EA = 10:1). After purification by column chromatography 

(PE/EA = 50:1 to 20:1), 3v (dr = 2.3:1, 23.1 mg, 35%) was obtained as pale yellow oil: Two 

diastereoisomers are hard to be separated by column chromatography on silica gel. 1H NMR (500 

MHz, CDCl3) δ [8.12 – 8.09 (m, 1.50H), 7.75 – 7.73 (m, 0.25H), 7.58 – 7.56 (m, 0.25H)], [7.64 (d, 

J = 5.6 Hz, 0.75H), 7.29 – 7.27 (m, 0.25H)], [7.55 – 7.49 (m, 3.00H),  7.39 – 7.33 (m, 1.00H)], [7.21 

– 7.12 (m, 1.25H), 7.05 – 6.91 (m, 3.75H)], 6.87 – 6.84 (m, 1.00H), [6.83 – 6.82 (m, 0.25H), 6.81 

(d, J = 5.4 Hz, 0.75H)], [6.73 (d, J = 5.9 Hz, 1.50H), 6.49 – 6.47 (m, 0.50H)], [4.47 (s, 0.75H), 4.39 

(s, 0.25H)]; 13C NMR (125 MHz, CDCl3) δ 205.6, 176.8, [162.4, 161.8], 154.6, [136.9, 135.8], 

134.2, 133.6, 132.8, [131.6, 130.3], [129.5, 129.3], 129.0, [128.7, 128.1], [128.0, 127.9], [127.8, 

127.6], [127.2, 127.1], [126.9, 125.6], [124.2, 121.6], [121.5, 121.0], [71.4, 71.0], 59.3; HRMS 

(ESI) calculated for [C24H17NNaO] [M+Na]+: 358.1202, found: 358.1205. 
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6.  Gram scale preparation of 3a and synthetic application 

6.1  Gram scale preparation of spirocyclic 3a 

 

In a dried glass tube, a mixture of Cu(OTf)2 (72.8 mg, 10 mol%), 3,4,7,8-tetramethyl-

1,10-phenanthroline (70.2 mg, 15 mol%) in DCM (20 mL) was stirred at room 

temperature for 15 mins. Subsequently, indole 2a (2.0 mmol, 1.0 equiv.) was added to 

the reaction mixture at room temperature, and diazo compounds 1a (4.0 mmol, 2.0 

equiv.) was dissolved in 20 mL DCM and added to the reaction mixture. Then the 

resulting mixture was continually stirred at 40 oC for 2 h and 2a was consumed 

completely determined by TLC analysis. The dr of the product was calculated by crude 

1H NMR. The mixture was concentrated under reduced pressure and the residue was 

purified by column chromatography on silica gel (PE/EA = 60:1 to 30:1) to afford the 

desired product 3a. 

6.2  Synthetic application 

1) 5-(4-bromophenyl)-2-butyl-2'-phenylspiro[cyclopentane-1,3'-indol]-2-en-4-ol (5) 

 

In a dried reaction tube, 3a (70.4 mg, 0.15 mmol, 1.0 equiv.) and AlCl3 (30 mg, 0.22 

mmol, 1.5 equiv.) were dissolved with THF (2.0 mL), then LiAlH4 (0.3 mL, 0.3 mmol, 

2.0 equiv.) was slowly dropped at 0 °C and stirred for 15 mins. After the reaction was 

complete (monitored by TLC), the crude reaction mixture was filtered with Celite and 

washed with EA. The solvent was removed under reduced pressure. Then the residue 

was purified by silica gel column chromatography (PE/EA = 30:1 to 10:1) to afford the 

desired product 5 (dr = 5.7:1, 27.1 mg, 38%; 29.5 mg, 42%) as a yellow oil. 1H NMR 



S26 

 

(500 MHz, CDCl3) δ [8.00 – 7.93 (m, 1.70H), 7.44 – 7.40 (m, 0.30H)], [7.73 – 7.70 (m, 0.85H), 

7.66 – 7.64 (m, 0.15H)], 7.53 (d, J = 7.7 Hz, 1H), [7.51 – 7.45 (m, 2.55H), 7.39 – 7.35 (m, 0.45H)], 

7.34 – 7.30 (m, 1H), [7.25 – 7.21 (m, 0.85H), 6.97 – 6.93 (m, 0.15)], [7.10 (d, J = 8.6 Hz, 0.3H), 

7.05 (d, J = 8.6 Hz, 1.7H)], 6.64 (t, J = 9.5 Hz, 2H), [6.30 (d, J = 2.3 Hz, 0.15H), 6.23 (d, J = 2.3 

Hz, 0.85H), 5.15 (s, 1H), 3.98 (d, J = 5.5 Hz, 1H), [2.20 (d, J = 3.7 Hz, 0.85H), 2.03 – 2.04 (m, 

0.15H)], [1.88 – 1.80 (m, 0.85H), 1.74 – 1.68 (m, 0.15H)], 1.49 – 1.42 (m, 1H), 1.42 – 1.29 (m, 2H), 

1.20 – 1.12 (m, 2H), [0.82 (t, J = 7.3 Hz, 0.45H), 0.74 (t, J = 7.3 Hz, 2.55H)]; 13C NMR (125 MHz, 

CDCl3) δ 179.1, 154.8, 153.6, 139.2, 134.6, 133.5, 131.4, 130.9, [130.7, 130.7], 130.5, 128.9, [128.6, 

128.5], [128.2, 128.2], 127.8, [125.6, 121.63], [125.5, 121.3], 121.1, 120.7, 76.5, 76.0, [57.5, 56.9], 

[29.2, 29.1], [27.7, 27.3], [22.4, 22.2], [13.8, 13.8]; HRMS (ESI) calculated for [C28H27BrNO] 

[M+H]+: 472.1271, found: 472.1280. 1H NMR (500 MHz, CDCl3) δ 8.23 – 8.20 (m, 2H), 7.55 – 

7.51 (m, 3H), 7.44 (d, J = 7.7 Hz, 1H), 7.23 – 7.19 (m, 1H), 7.13 – 7.04 (m, 4H), 6.62 (d, J = 8.6 

Hz, 2H), 6.11 (d, J = 1.7 Hz, 1H), 5.71 (s, 1H), 4.04 (d, J = 8.1 Hz, 1H), 2.28 (d, J = 5.8 Hz, 1H), 

1.90 – 1.83 (m, 1H), 1.42 – 1.36 (m, 1H), 1.35 – 1.26 (m, 2H), 1.18 – 1.11 (m, 2H), 0.72 (t, J = 7.3 

Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 177.7, 154.2, 148.9, 139.6, 134.4, 133.0, 131.1, 130.8, 

129.4, 129.2, 129.1, 128.5, 128.2, 125.4, 122.9, 120.9, 120.8, 78.4, 75.9, 62.7, 29.0, 28.0, 22.2, 13.7; 

HRMS (ESI) calculated for [C28H27BrNO] [M+H]+: 472.1271, found: 472.1277. 

2) 5-(4-bromophenyl)-2-butyl-2'-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one (6) 

 

To a dried reaction tube containing compound 3a (90.0 mg, 0.20 mmol, 1.0 equiv.) in 

MeOH (2 mL) at RT was added NaBH3CN (50.3 mg, 0.40 mmol, 2.0 equiv.), and AcOH 

(28.8 mg, 0.24 mmol, 1.2 equiv.). After 48 h, the reaction was quenched with saturated 

aqueous NaHCO3 (10 mL), extracted successively with EA (3×10 mL), and the 

combined organics washed with brine (10 mL), dried by Na2SO4, The solvent was 

removed under reduced pressure. Then the residue was purified by silica gel column 

chromatography (PE/EA = 50:1 to 20:1) to afford the desired yellow solid product 6a 
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(51.5 mg, 57%) and yellow oil product 6b (11.7 mg, 13%): Two diastereoisomers can 

be separated by column chromatography on silica gel. 1H NMR (500 MHz, CDCl3) δ 7.41 

(d, J = 5.0 Hz, 4H), 7.36 – 7.32 (m, 1H), 7.07 (d, J = 8.2 Hz, 2H), 6.95 – 6.90 (m, 1H), 6.58 (d, J = 

8.1 Hz, 3H), 6.49 (t, J = 7.4 Hz, 1H), 6.41 (d, J = 9.5 Hz, 2H), 5.32 (s, 1H), 4.14 (s, 1H), 3.56 (s, 

1H), 2.70 – 2.58 (m, 1H), 2.52 – 2.45 (m, 1H), 1.82 – 1.73 (m, 2H), 1.47 (q, J = 7.4 Hz, 2H), 0.98 

(t, J = 7.3 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 206.9, 180.9, 150.1, 137.4, 136.3, 132.3, 131.5, 

130.4, 129.1, 128.9, 128.6, 128.3, 126.8, 125.2, 120.3, 119.0, 109.8, 70.3, 67.8, 57.5, 30.4, 29.5, 

22.6, 13.9; m.p. = 125.7 - 126.3 °C; HRMS (ESI) calculated for [C28H26BrNNaO] [M+Na]+: 

494.1090, found: 494.1086. 1H NMR (500 MHz, CDCl3) δ 7.35 – 7.28 (m, 5H), 7.27 – 7.25 (m, 

2H), 7.00 (t, J = 7.7 Hz, 1H), 6.84 (d, J = 8.5 Hz, 2H), 6.72 (d, J = 7.8 Hz, 1H), 6.42 (t, J = 7.5 Hz, 

1H), 6.11 (s, 1H), 6.09 (d, J = 7.5 Hz, 1H), 5.07 (s, 1H), 4.26 (s, 1H), 4.14 (s, 1H), 1.75 – 1.68 (m, 

1H), 1.40 – 1.33 (m, 1H), 1.28 – 1.20 (m, 2H), 1.02 – 0.95 (m, 2H), 0.66 (t, J = 6.9 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) δ 207.0, 184.2, 151.1, 139.4, 136.6, 131.2, 131.1, 130.6, 128.7, 128.6, 

128.3, 126.8, 126.6, 126.1, 121.0, 118.9, 109.3, 74.7, 68.6, 65.1, 30.5, 29.3, 22.2, 13.6; MALDI-

MS calculated for [C28H27BrNO] [M+H]+: 472.1276, found: 472.0580. 
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7. The studies of biological activity 

Antibacterial activity of compounds 3, 5 and 6a against Xanthomonas oryzae pv. 

oryzae (Xoo) and Xanthomonas axonopodis. pv. citri (Xac):  

Antibacterial activities of the title compounds against Xoo and Xac were evaluated by 

using the turbidimeter test. Thiodiazole-copper was used as the positive controls. The 

compound was dissolved in 150.0 μL of dimethylformamide and diluted with 0.1% (V 

/ V) Tween-20 to prepare the solutions on a concentration of 100 μg/mL. 1.0 mL of the 

above solution was added to the non-toxic nutrient broth (NB: 1.5 g of beef extract, 2.5 

g of peptone, 0.5 g of yeast powder, 5.0 g of glucose and 500 mL of distilled water, pH 

= 7.0 ~ 7.2) liquid medium in a 4.0 mL tube. Then, 40.0 μL of NB solution containing 

Xanthomonas oryzae pv. oryzae (Xoo) or Xanthomonas axonopodis. pv. citri (Xac) was 

added to 5.0 mL of the NB solution containing the test compound. The inoculated test 

tube was incubated at (28 ± 1) °C under continuous shaking at 200 rpm for 24 h. The 

culture growth was monitored by measuring the optical density at 595 nm (OD595) and 

expressed as corrected turbidity. The relative inhibitory rate was calculated as follows: 

I (%) = (Ctur − Ttur) / Ctur × 100% 

Ctur: the corrected turbidity value of bacterial growth on untreated NB; 

Ttur: the corrected turbidity value of bacterial growth on treated NB; 

I: The relative inhibitory rate.[4] 

Supplementary Table 3. Inhibition rate of compound 3, 5 and 6a against Xoo and Xac 

at (100 μg/mL). [a] 

compounds Xoo inhibition rate [%] Xac inhibition rate [%] 

3a 50.052.68 7.373.81 

3b 29.581.95 43.495.03 

3c 24.341.54 45.043.35 

3d 54.415.65 5.422.28 

3e 13.281.94 68.541.26 

3f 56.502.28 23.493.89 

3g 21.424.48 46.133.06 
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3h 64.682.88 42.402.0 

3i 3.823.35 48.153.32 

3k 0 41.210.59 

3l 71.681.27 67.382.52 

3m 23.272.58 19.741.87 

3n 50.821.23 25.672.99 

3o 65.081.65 0 

3p 41.310.58 65.291.26 

3q 71.770.22 78.450.44 

3r 56.640.77 54.871.27 

3s 33.220.57 52.702.27 

3t 62.070.38 76.061.27 

3u 44.222.71 58.932.05 

3v 63.632.52 0 

5 76.720.70 78.732.46 

6a 29.430.46 33.841.02 

BT[b] 53.291.30 53.722.11 

TC[b] 49.881.36 49.601.97 
[a] All data were average data of three replicates; [b] Commercial bactericide was used as the 

positive control, BT = Bismerthiazol, TC = Thiodiazole-copper. 
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9. X-ray Crystal data for 6a 

 

Crystal data and structure refinement for exp_4174_auto. 

Identification code exp_4174_auto 

Empirical formula C28H26BrNO 

Formula weight 472.41 

Temperature/K 169.99(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å 15.45840(10) 

b/Å 15.99770(10) 

c/Å 18.87770(10) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 4668.43(5) 

Z 8 

ρcalcg/cm3 1.344 

μ/mm-1 2.538 

F(000) 1952.0 

Crystal size/mm3 0.26 × 0.22 × 0.18 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 7.244 to 134.15 

Index ranges -18 ≤ h ≤ 18, -19 ≤ k ≤ 19, -22 ≤ l ≤ 22 

Reflections collected 133994 

Independent reflections 8340 [Rint = 0.0567, Rsigma = 0.0191] 

Data/restraints/parameters 8340/0/561 

Goodness-of-fit on F2 1.042 

Final R indexes [I>=2σ (I)] R1 = 0.0230, wR2 = 0.0596 

Final R indexes [all data] R1 = 0.0236, wR2 = 0.0600 

Largest diff. peak/hole / e Å-3 0.33/-0.48 

Flack parameter -0.020(4) 

 

10. NMR and HRMS spectra of new compounds 
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5, dr = 5.7:1, 38% 
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5, dr = 5.7:1, 38% 
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