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I: General Information 

Chemicals were purchased as reagent grade and used without further purification. 

Solvents (THF, toluene) were distilled from appropriate drying agents prior to use. In 

addition, more solvents were purchased from commercial suppliers and dried over 

molecular sieves. Proton nuclear magnetic resonance (
1
H NMR) spectra were 

recorded on a Bruker (400 MHz) spectrometer. Chemical shifts were recorded in parts 

per million (ppm, δ) relative to tetramethylsilane (δ 0.00) or chloroform (δ = 7.26, 

singlet). 
1
H NMR splitting patterns are designated as singlet (s), doublet (d), triplet (t), 

quartet (q), dd (doublet of doublets); m (multiplets), and etc. All first-order splitting 

patterns were assigned on the basis of the appearance of the multiplet. Splitting 

patterns that could not be easily interpreted are designated as multiplet (m) or broad 

(br). Carbon nuclear magnetic resonance (
13

C NMR) spectra were recorded on a 

Bruker (400 MHz) (100 MHz) spectrometer. Fourier transform infrared spectroscopy 

(FT-IR, a Bruker model VECTOR-22 Fourier transform spectrometer). High 

resolution mass spectral analysis (HRMS) was performed on a Waters Q–TOF 

Permier Spectrometer.  X-ray crystallography analysis was performed on Bruker X8 

APEX X-ray diffractionmeter. Analytical thin-layer chromatography (TLC) was 

carried out on Merck 60 F254 precoated silica gel plate (0.2 mm thickness).  
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II. General procedure  

  

a)  General procedure for the synthesis of indole derivatives 1 (1a as an example). 

 

 

Step A: Aldehyde S1
[1, 2]

 (1.05 equiv.) and 1,3-indandione S2 (10 mmol, 1.0 equiv.) 

were dissolved in 100 mL ethanol. The reaction mixture was stirred at reflux 

temperature for about 6 hours, at which time the condensation product precipitates 

from the reaction mixture. Removing the solvent  though decompression filtration , 

the yellow solid product was  obtained in almost equivalent yield  which was used 

directly in the next step. Condensation product (5 mmol, 1.0 equiv) and Hantzsch 

ester (1.0 equiv) were dissolved in 50 mL CHCl3 and the mixture was stirred at reflux 

temperature for about 12 hours, after the complete conversion of starting material, the 

reaction mixture was concentrated in vacuo to afford a yellow solid. Crystallization of 

solids from EtOAc/PE to remove reduction of the product, given substrate S3 as pale 

yellow solids in excellent yield (two steps, >80% yield). 

Step B: To a solution of substrate S3 (5.0 mmol, 1.0 equiv) in 1,4-dioxane was added 

Bu4NOH (40% in H2O, 1.2 equiv). After the mixture was stirred at room temperature 

for 30 min, CD3I (1.05 equiv) was slowly added and the solution was stirred for 

further 12 h at room temperature. When the reaction is complete, the mixture was 

poured into aqueous NH4Cl solution, and diluted with EtOAc. The organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated. The residue was 

purified by column chromatography on silica gel to afford the desired fluorination 

product S4 as a yellow solid.  

A solution of  PIFA (3.6 mmol, 1.2 equiv) in CH2Cl2 (5 mL) was added dropwise 

to the reaction mixture of S4 (3.0 mmol, 1.0 equiv) and Bu4NCl (3.6 mmol, 1.2 equiv) 

in 20 mL CH2Cl2  at -30 
o
C. The reaction was completed in ten minutes, upon which 

time the mixture was poured into water, and extracted with CH2Cl2. The organic layer 

was washed with brine, dried over Na2SO4, filtered and concentrated. The residue was 

purified by column chromatography on silica gel using DCM/PE (4:1-1:0) as eluent to 
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afford the desired product as a white solid. 

 b) General procedure for the synthesis of product 3.  (3a as an example). 

 

 

To an oven-dried screw-capped test tube equipped with a magnetic stirring bar the 

triazolium salt NHC C (4.2 mg, 10 mol %), NaOAc (12.0 mg, 0.15 mmol), anhydrous 

4Å MS (100 mg), 2a (0.12 mmol, 1.2 equiv) and 1a (0.10 mmol, 1.0 equiv) were 

added. To this mixture was added anhydrous mesitylene (1.0 mL, 0.1M). The 

resultant reaction mixture was kept stirring at room temperature for 24 h. Then the 

reaction was added to 100 mg silica gel and was kept stirring at 70 ℃ for 10 h. When 

the reaction is complete, the crude residue was purified by flash column 

chromatography on silica gel using PE/EtOAc (3:1) as eluent to afford the desired 

product 3.  

 

c) Experimental procedure for the scale-up reaction. 

 

 

 

A dry 25 mL Schlenk tube equipped with a magnetic stirring bar was successively 

charged with 1a (1.0 g, 3.1 mmol), NHC C (127.1 mg, 0.31 mmol), NaOAc (372 mg, 

4.7 mmol), anhydrous 4Å MS (500 mg) and 2a (3.72 mmol). To this mixture was 

added anhydrous mesitylene (8 mL). The resultant reaction mixture was kept stirring 

at room temperature for 24 h. Then the reaction was added to 3000 mg silica gel and 

was kept stirring at 70 ℃ for 10 h. When the reaction is complete, the crude residue 

was purified by flash column chromatography on silica gel using PE/EtOAc (3:1) to 

afford the 3a as white solid (1230 mg, 97% yield, >20:1 dr and >99% ee). 
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d) Stereochemistry determination 3h via X-ray crystallographic analysis 

Product 3h was crystallized as a colorless crystal via vaporization of a 

hexane/ethyl acetate solution, and its absolute configuration was determined by x-ray 

structure analysis. CCDC 2027679 contains the supplementary crystallographic data 

that can be obtained free of charge from The Cambridge Crystallographic Data Centre 

via www.ccdc.cam.ac.uk/data request/cif. 

 

                                            
  

III. Characterizations of products, reference 

a) Characterizations of products 

 

2-(Methyl-d3)-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3(2H)-dione 

(1a): white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.82 (d, J = 7.6 Hz, 1H), 7.75 (d, J 

= 8.0 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.43-7.47 (m, 2H),  7.03-7.20 (m, 5H), 6.83 

(d= 7.2, 1H), 6.43 (d, J = 3.6 Hz, 1H), 6.418 (d, J = 8 Hz, 1H), 4.04 (d, J = 3.2 Hz, 

1H), 2.62 (s, 1H), 2.33 (dd, J = 14.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ=203.4, 

202.5, 176.6, 144.2, 131.5, 130.0, 140.4, 135.7, 135.1, 128.3, 128.0, 127.9, 124.7, 

123.4，123.1, 122.3, 107.8, 100.0, 77.4, 77.1, 76.8, 52.4, 42.0, 34.1，26.1; 
2
H NMR 
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(61.4 MHz, CHCl3) δ= 0.75 (s, 3D); HRMS (ESI) Calcd for C20H15D3NO3
+
 [M+H]

+
 

323.1470; Found: 323.1471. 

 

2-((4-Chloro-1-methyl-2-oxoindolin-3-yl)methyl)-2-(methyl-d3)-1H-indene-

1,3(2H)-dione (1b): white solid. 
1
H NMR (400 MHz, CDCl3)  δ = 7.85-7.88 (m, 1H), 

7.80-7.84 (m, 1H), 7.75-7.78 (m, 2H), 7.00 (d, J = 8.0 Hz, 1H),  6.73 (d,  J = 8.0 Hz, 

1H), 6.30 (s, 1H), 3.38-3.41 (m, 1H), 2.96 (s, 1H), 2.44-2.56 (m, 1H), 2.24 (t, J = 16.0 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ =202.9, 201.6 , 175.7, 145.7，141.3, 140.5，

135.6, 135.0，131.5，129.7，125.4，123.3，122.1，123.0, 106.2，77.4, 77.1, 76.8, 

52.2, 42.5, 34.8，26.2; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.18 (s, 3D); HRMS (ESI) 

Calcd for C20H14D3ClNO3
+ 

[M+H]
+
 357.1080; Found: 357.1082. 

 

 

2-((5-methoxy-1-methyl-2-oxoindolin-3-yl)methyl)-2-(methyl-d3)-1H-indene-

1,3(2H)-dione (1c): white solid. 
1
H NMR (400 MHz, CDCl3)  δ = 7.88-7.74 (m, 4H), 

7.76-7.41 (m, 3H), 3.75 (s, 3H), 3.41 (dd, J = 16.8, 8.0 Hz, 1H),  2.95 (s, 3H), 2.48 

(dd, J = 9.2, 12.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ =203.3, 202.5, 176.3,155.8, 

141.6, 140.4, 135.1，130.5，123.1, 113.6, 111.4, 108.7, 77.5, 77.1, 76.8,  56.4, 43.1, 

34.7，27.0; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.14 (s, 3D); HRMS (ESI) Calcd for 

C21H17D3NO4
+
 [M+H]

+
 353.1575; Found: 352.1571. 

 



S7 

 

 

2-(Methyl-d3)-2-((1-methyl-5-nitro-2-oxoindolin-3-yl)methyl)-1H-indene-1,3(2H)-

dione (1d): white solid. 
1
H NMR (400 MHz, CDCl3) δ = 8.15 (d, J = 10.2 Hz, 1H), 

8.07-8.02(m, 1H), 7.99 -7.90 (m, 2H), 7.89 - 7.78 (m, 2H), 6.72 (d, J = 8.0 Hz, 1H), 

3.60 (dd, J =16.8, 8.0 Hz, 1H), 3.10 (s, 3H), 2.57- 2.43 (m, 2H). 
13

C NMR (100 MHz, 

CDCl3) δ= 202.9, 202.1, 176.8, 149.8, 141.4, 140.3, 136.1, 135.5, 128.9, 125.7, 123.7, 

123.5, 121.8, 120.4, 117.9, 106.9, 77.5, 77.2, 76.3, 52.3, 41.6, 33.5, 26.7.; 
2
H NMR 

(61.4 MHz, CHCl3) δ =1.42 (s, 3D); HRMS (ESI) Calcd for C20H13D3N2O5
+
 [M+H]

+
 

368.1320; Found: 368.1320. 

 

 

2-((1,6-Dimethyl-2-oxoindolin-3-yl)methyl)-2-(methyl-d3)-1H-indene-1,3(2H)-

dione (1e) : white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.85-7.88 (m, 1H), 7.80-

7.84 (m, 1H), 7.75-7.78 (m, 2H), 7.00 (d, J = 8.0 Hz, 1H), 6.73 (d,  J = 8.0 Hz, 1H), 

6.30 (s, 1H), 3.39-3.41 (m, 1H), 2.96 (s, 1H), 2.21-2.55 (m, 1H), 2.24 (t, J = 16.0 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3) δ= 203.3, 202.6 , 177.0, 144.3, 141.5，140.4, 

138.4, 135.2, 135.0, 124.7, 124.5, 123.4, 123.0, 122.8，108.7, 77.4, 77.1, 76.8, 52.5, 

42.0, 34.5，26.0，21.7; 
2
H NMR (61.4 MHz, CHCl3) δ =1.14 (s, 3D); HRMS (ESI) 

Calcd for C21H17N3DO3
+
 [M+H]

+
 337.1626; Found: 337.1630. 
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2-((7-Bromo-1-methyl-2-oxoindolin-3-yl)methyl)-2-(methyl-d3)-1H-indene-

1,3(2H)-dione (1f): white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.93-7.91 (m, 1H), 

7.84-7.75 (m, 3H), 7.19 (d, J = 8 Hz, 1H), 7.07 (d, J = 8 Hz, 1H), 6.78 (t, J = 8 Hz, 

1H), 3.46-3.42 (m, 1H), 3.34 (s, 3H), 2.55-2.43 (m, 2H); 
13

C NMR (100 MHz, CDCl3) 

δ =203.0，202.5, 176.8, 141.4, 141.3, 140.3, 137.7, 135.3, 134.0, 130.6, 124.1, 

123.4, 123.4, 123.0, 102.1, 100.0, 77.4, 77.1,  76.8, 52.3, 42.0, 34.3, 29.7; 
2
H NMR 

(61.4 MHz, CHCl3) δ =1.19 (s, 3D); HRMS (ESI) Calcd for C20H14D3NBrO3
+
 

[M+H]
+
 401.0575; Found: 401.0570. 

 

 

2-((1-Benzyl-2-oxoindolin-3-yl)methyl)-2-(methyl-d3)-1H-indene-1,3(2H)-dione 

(1g):  white solid. 
1
H NMR (400 MHz, CDCl3) δ =  7.90-7.94 (m, 1H), 7.76-7.81 (m, 

2H), 7.28 (d, J = 8 Hz, 2H), 7.18-7.23 (m, 4H), 7.02 (t, J = 4 Hz, 1H), 6.93 (t,  J = 8 

Hz, 1H), 6.48 (d, J = 8 Hz, 1H), 4.62-4.78 (m, 2H), 3.56-3.59 (m, 1H), 2.44-2.57 (m, 

2H); 
13

C NMR (100 MHz, CDCl3) δ= 203.5，202.2, 176.8, 143.2, 141.6, 140.4, 

135.7, 135.1, 128.8, 128.3, 128.2, 127.6, 127.4, 124.5, 123.6, 123.4, 123.3, 122.4, 

109.0, 77.4, 77.1, 76.8, 52.5, 43.7, 41.8, 34.4; 
2
H NMR (61.4 MHz, CHCl3) δ=1.47 (s, 

3D); HRMS (ESI) Calcd for C26H19D3O3N
+ 

[M+H]
+
 399.1783; Found: 399.1781. 
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2-((1-Allyl-2-oxoindolin-3-yl)methyl)-2-(methyl-d3)-1H-indene-1,3(2H)-dione (1h): 

white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.92-7.82 (m, 2H), 7.80 -7.72 (m, 2H), 

7.16 -7.07 (m, 2H), 6.93 (t, J = 8.0 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 3.42 (dd, J = 8.0, 

4.0 Hz, 1H), 2.98 (s, 3H), 2.56-2.36 (m, 2H), 1.87 (q, J = 8.0Hz, 2H).δ = 7.85-7.88 (m, 

1H), 7.80-7.84 (m, 1H), 7.75-7.78 (m, 2H), 7.00 (d, J = 8.0 Hz, 1H),  6.73 (d,  J = 8.0 

Hz, 1H), 6.30 (s, 1H), 3.38-3.41 (m, 1H), 2.96 (s, 1H), 2.44-2.56 (m, 1H), 2.24 (t, J = 

16.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3)δ = 203.6, 202.7, 144.2, 141.7, 135.6, 

135.0, 128.3, 128.0, 124.8, 123.0, 122.6, 122.3, 106.6, 77.5, 77.2, 76.8, 56.9, 42.0, 

33.6, 31.6, 26.1, 9.1. 
2
H NMR (61.4 MHz, CHCl3) δ =1.51 (s, 3D); HRMS (ESI) 

Calcd for C22H17NO3D3
+ 

[M+H]
+
 349.1626; Found: 349.1629.

 
 

 

 

2-Methyl-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3(2H)-dione (1i): 

white solid. 
1
H NMR (400 MHz, CDCl3) δ = 8.19 (s, 1H), 7.75-7.83 (m, 3H), 7.69 (d, 

J = 8.8 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.44-7.53 (m, 3H), 7.37 (t, J = 8.0 Hz, 1H), 

7.21 (t, J = 7.6 Hz, 1H), 4.15 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ= 203.3，202.4, 

176.6, 144.2, 141.6, 140.4, 135.7, 135.1, 128.3, 128.0, 124.7, 123.5, 123.1, 122.3, 

77.4, 77.1, 76.8, 52.6, 42.0, 34.2, 26.1, 23.8; HRMS (ESI) Calcd for C20H18NO3
+
 

[M+H]
+
 320.1281; Found: 320.1285. 

 

 



S10 

 

 

2-((1-Methyl-2-oxoindolin-3-yl)methyl)-2-propyl-1H-indene-1,3(2H)-dione (1j): 

white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.85-7.89 (m, 2H), 7.75-7.77 (m, 2H), 

7.08-7.15 (m, 2H), 6.91-6.95 (m, 1H), 6.53 (d, J = 8 Hz, 1H), 3.40-3.43 (m, 1H), 2.98 

(s, 3H), 2.41-2.52 (m, 2H), 1.77-1.81 (m, 2H), 0.97-1.07 (m, 2H), 0.76 (d, J = 8 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3) δ=203.5, 202.8, 176.6, 144.2, 142.8, 141.6, 135.0, 

128.3, 128.0, 124.7, 123.0, 123.2, 122.6, 122.3, 107.8, 77.4, 77.1, 76.8, 56.8, 42.0, 

40.6, 34.0, 26.1, 18.1, 14.4; HRMS (ESI) Calcd for C22H22NO3
+
 [M+H]

+
 348.1594; 

Found: 348.1595. 

 

 

2-Isopropyl-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3(2H)-dione 

(1k): white solid. 
1
H NMR (400 MHz, CDCl3) δ= 7.83-7.88 (m, 2H), 7.71-7.77 (m, 

2H), 7.08-7.15 (m, 2H), 6.91 (t, J = 8 Hz, 1H), 6.54 (d, J = 8 Hz, 1H), 3.38-3.41 (m, 

1H), 2.99 (s, 3H), 2.47-2.58 (m, 2H), 2.13-2.02 (m, 1H), 1.68 (d, J = 4Hz, 1H), 0.97 

(d, J = 8 Hz, 3H), 0.82 (d, J = 8 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ= 203.4, 

202.5, 176.4, 142.8, 141.6, 140.4, 135.8, 136.5, 135.0, 128.0, 124.9, 123.5, 123.2, 

121.7, 111.6, 77.5, 77.1, 76.7, 52.5，44.7, 42.0, 35.8, 19.8; HRMS (ESI) Calcd for 

C22H22NO3
+
 [M+H]

+
 348.1594; Found: 348.1598. 
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2-((1-Methyl-2-oxoindolin-3-yl)methyl)-2-(prop-2-yn-1-yl)-1H-indene-1,3(2H)-

dione  (1l): white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.66-7.69 (m, 1H), 7.61-

7.64 (m, 1H), 7.55-7.58 (m, 2H), 7.07-7.16 (m, 2H), 6.88-6.98 (m, 6H), 6.51 (d, J = 8 

Hz, 1H), 3.45-3.48 (m, 1H), 3.11-3.19 (m, 1H), 2.99 (s, 3H), 2.54-2.66 (m, 2H), 2.13-

2.02 (m, 1H), 1.68 (d, J = 4Hz, 1H), 0.97 (d, J = 8 Hz, 3H), 0.82 (d, J = 8 Hz, 3H);
 

13
C NMR (100 MHz, CDCl3) δ= 201.2, 200.7, 176.3, 144.2, 142.7, 141.5, 135.8, 

135.2, 128.5, 127.5, 124.8, 123.2, 122.8, 122.4, 107.8, 100.0，77.9, 77.4, 77.1, 76.8, 

72.2, 55.0, 41.9, 33.2, 26.6, 26.1; HRMS (ESI) Calcd for C22H18NO3
+
 [M+H]

+
 

344.1281; Found: 344.1287. 

 

2-Allyl-2-((1-methyl-2-oxoindolin-3-yl)methyl)-1H-indene-1,3(2H)-dione (1m): 

white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.88-7.84 (m, 2H), 7.78-7.74 (m, 2H), 

7.09-7.15(m, 1H) ,6. 93 (d, J =4 Hz, 1H) ,6.52 (d, J = 4 Hz, 1H) , 5.45 (d, J = 4 Hz, 

1H), 5.01 (d, J = 4Hz, 1H), 4.91 (d, J = 4Hz, 1H), 5.14 (d, J = 8 Hz, 2H), 3.44-3.41 

(m, 1H), 2.98 (s, 1H), 2.56 (d, J = 8 Hz, 1H), 2.51-2.54 (m, 2H), 2.39-2.45 (m, 1H);
 

13
C NMR (100 MHz, CDCl3) δ= 203.4, 202.3, 176.4, 143.4, 141.6, 140.4, 135.7, 

135.1,131.6, 128.2, 124.6, 123.5, 122.3, 117.6, 108.8, 77.1, 76.8, 77.2, 52.5, 42.3, 

41.8, 34.3; HRMS (ESI) Calcd for C22H20NO3
+
 [M+H]

+
 346.1438; Found: 346.1437. 
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Ethyl 2-(2-((1-methyl-2-oxoindolin-3-yl)methyl)-1,3-dioxo-2,3-dihydro-1H-inden-

2-yl)acetate  (1n): white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.92 (d, J =4 Hz, 1H), 

7.68-7.75 (m, 2H), 7.08-7.15 (m, 2H), 7.00 (t, J = 4Hz, 1H),6.47 (d, J =4 Hz, 1H), 

3.85-3.91 (m, 2H), 3.50 (t, J = 4Hz, 1H),3.15 (s, 2H), 2.98 (s, 3H), 2.34-2.46 (m, 2H), 

1.01 (t, J = 8 Hz, 3H);
 13

C NMR (100 MHz, CDCl3) δ= 201.8, 201.3, 176.1, 170.2, 

144.0, 142.2, 141.6, 135.5, 135.1, 128.5, 127.2, 124.8, 123.0, 122.8, 122.5, 107.8, 

100.0, 77.9,77.4, 77.1, 76.8, 61.2, 53.7, 41.9, 39.7, 34.2, 26.2,13.8; HRMS (ESI) 

Calcd for C23H22NO5
+
 [M+H]

+
 392.1492; Found: 392.1497. 

 

 

2-((1-Methyl-2-oxoindolin-3-yl)methyl)-2-(2-nitrobenzyl)-1H-indene-1,3(2H)-

dione (1o): white solid. 
1
H NMR (400 MHz, CDCl3) δ = 7.50-7.53 (m, 1H), 7.41-7.45 

(m, 2H), 7.35-7.37 (m, 1H), 7.18-7.30 (m, 4H), 4.12 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ= 201.7, 201.0, 176.4, 149.7, 144.2, 142.1, 141.1, 135.7, 135.1, 133.8, 132.6, 

128.5, 125.4, 124.8, 123.2, 122.8, 122.4, 107.8, 77.4, 77.1, 76.8, 56.8, 41.8, 39.2, 33.5, 

26.1; HRMS (ESI) Calcd for C26H21N2O5
+
 [M+H]

+
 441.1445; Found: 441.14457. 
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 (2R,3R,9aS)-1'-Methyl-9a-(methyl-d3)-3-phenyl-3,9a-dihydrospiro[fluorene-2,3'-

indoline]-2',9(1H)-dione (3a): white solid, 38.8 mg, 95% yield. [α]D
25

 (c 1.0, CHCl3) 

= + 56.0. 1H NMR (400 MHz, CDCl3) δ = 7.82 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.0 

Hz, 1H), 7.64-7.68 (m, 1H), 7.42-7.47 (m, 2H), 7.03-7.20 (m, 5H), 6.82 (d, J = 8.0 Hz, 

1H), 6.41 (d, J = 8.0 Hz, 1H), 4.04 (d, J = 4.0 Hz, 1H), 2.62 (s, 1H),  2.34 (dd, J =12.0 

Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ =203.4, 202.5, 176.7,28.0, 124.7, 123.5, 

123.1, 122.4,111.2, 107.9, 77.5, 77.2, 76.8, 52.5 , 42.1, 34.2, 26.1; 
2
H NMR (61.4 

MHz, CHCl3) δ =1.14 (s, 3D); HRMS (ESI) Calcd for C28H21NO2D3
+
 [M+H]

+
 

409.1990; Found: 409.1904; >99% ee as determined by HPLC (Chiralcel IA, 90:10 

hexanes/i-PrOH, 0.8 mL/min), tr (major) = 23.5 min, tr (minor) = 17.2 min.  

 

 (2R,3R,9aS)-1'-Methyl-9a-(methyl-d3)-3-(p-tolyl)-3,9a-dihydrospiro[fluorene-

2,3'-indoline]-2',9(1H)-dione (3b): white solid, 31 mg, 90% yield. [α]D
25

 (c 1.0, 

CHCl3) = + 73.1. 
1
H NMR (400 MHz, CDCl3) δ = 7.81 (d, J = 4 Hz, 1H), 7.73 (d, J = 

8 Hz, 1H), 7.63-7.68 (m, 1H), 7.42-7.46 (m, 2H), 7.11-7.20 (m, 2H), 6.85 (d, J = 8 Hz, 

2H), 6.72 (d, J = 8 Hz, 2H), 6.61 (d, J = 4 Hz, 1H), 6.44 (d, J = 8 Hz, 2H), 4.01 (d, J = 

4 Hz, 1H), 2.65 (s, 3H), 2.32 (dd, J = 12.0 Hz, 2H), 2.21 (s, 3H);
13

C NMR (100 MHz, 

CDCl3) δ =207.2, 178.5, 147.0, 143.8, 143.4, 136.6, 135.5, 134.0, 135.2, 134.1, 134.0, 

129.1, 128.8, 128.2, 128.0, 124.5, 123.0, 122.6, 122.4, 121.8, 107.6, 77.4，77.1, 76.8，

56.7, 49.4, 48.8, 37.4, 25.6, 21.1; 
2
H NMR (61.4 MHz, CHCl3) δ =1.79 (s, 3D); 

HRMS (ESI) Calcd for C29H23N2OD3
+ 

[M+H]
+
 423.2146; Found: 423.2149; >99% ee 

as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) 

= 36.5 min, tr (minor) = 18.3 min. 
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 (2R,3R,9aS)-3-(4-Methoxyphenyl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3c): white solid, 37 mg, 94% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 87.5 
1
H NMR (400 MHz, CDCl3) δ = 7.81 (d, J = 4 

Hz, 1H), 7.73 (d, J = 8 Hz, 1H), 7.64-7.66 (m, 1H), 7.42-7.45 (m, 2H), 7.13-7.18 (m, 

2H), 6.74 (d, J = 8 Hz, 2H), 6.59 (d, J = 4 Hz, 3H), 6.44 (d, J = 8 Hz, 1H), 4.01 (d, J = 

4 Hz, 1H), 3.70 (s, 3H), 2.66 (s, 3H) , 2.31 (dd, J = 12.0 Hz, 2H);
 13

C NMR (100 MHz, 

CDCl3) δ =207.3, 178.6, 158.6, 147.0, 143.8, 143.4, 135.2, 134.2, 134.0, 130.6, 129.9, 

129.1, 128.1, 124.5, 123.0, 122.6, 122.5, 123.0, 121.8, 112.8, 107.7, 100, 77.4, 77.1, 

76.8, 56.7, 55.2, 49.0, 48.7, 37.4, 25.6; 
2
H NMR (61.4 MHz, CHCl3) δ=1.78 (s, 3D); 

HRMS (ESI) Calcd for C29H23NO3D3
+
 [M+H]

+
 439.2096; Found: 439.2098; >99% ee 

as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) 

= 37.7 min, tr (minor) = 22.8 min. 

 

 

 (2R,3R,9aS)-3-(4-Fluorophenyl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3d): white solid, 38.3 mg, 90% 

yield. [α]D
25

 (c 1.0, CHCl3) = -32.5. 
1
H NMR (400 MHz, CDCl3)  δ = 7.85-7.88 (m, 

1H), 7.80-7.84 (m, 1H), 7.75-7.78 (m, 2H), 7.00 (d, J = 8.0 Hz, 1H),  6.73 (d,  J = 8.0 

Hz, 1H), 6.30 (s, 1H), 3.38-3.41 (m, 1H), 2.96 (s, 1H), 2.44-2.56 (m, 1H), 2.24 (t, J = 

16.0 Hz, 1H); 
13

C NMR (100 MHz,CDCl3) δ = 207.0, 178.4, 163.2, 160.8, 146.9, 
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144.2, 143.3, 135.3, 134.4, 134.0, 130.5, 129.3, 128.3, 124.6, 123.1, 122.8, 121.9, 

114.4, 114.2, 107.8, 77.3, 77.2, 76.8, 56.6, 49.1, 48.8, 37.3, 25.6. 
2
H NMR (61.4 MHz, 

CHCl3) δ= 1.18 (s, 3D); HRMS (ESI) Calcd for C28H20NO2FD3
+
 [M+H]

+
427.1896; 

Found: 427.1899; >99% ee as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-

PrOH, 0.8 mL/min), tr (major) = 30.8 min, tr (minor) = 17.7 min. 

 

 (2R,3R,9aS)-3-(4-Chlorophenyl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3e): white solid, 38 mg, 91% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 103.1. 
1
H NMR (400 MHz, CDCl3)  δ = 7.86-7.64 (m, 

4H), 7.45(t, J = 7.6 Hz, 2H), 6.97-7.22 (m, 5H), 6.61-6.78 (m, 3H), 6.54 (d, J = 3.6 

Hz, 1H), 6.47 (dd, J = 2.8, 8.0 Hz, 1H), 2.67 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ= 

206.9, 178.2, 146.8, 144.3, 143.3, 137.2, 135.3, 134.0, 133.7, 133.0, 130.3, 130.1, 

129.3, 128.4, 127.7, 124.6, 123.0, 122.8, 121.9, 121.3, 107.9, 77.1, 56.5, 49.2, 48.8, 

37.4, 25.6, 14.2; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.18 (s, 3D); HRMS (ESI) Calcd for 

C28H20NO2ClD3
+ 

[M+H]
+
 443.1600; Found: 443.1605; >99% ee as determined by 

HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 38.3 min, tr 

(minor) = 19.1min. 

 

 

 (2R,3R,9aS)-3-(3-Chlorophenyl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3f): white solid, 39 mg, 90% 
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yield. [α]D
25

 (c 1.0, CHCl3) = + 93.4. 
1
HNMR (400 MHz, CDCl3) δ = 7.81-7.83 (m, 

1H), 7.74-7.77 (m, 1H), 7.64-7.69 (m, 1H), 7.43-7.47 (m, 2H), 7.14-7.21 (m, 2H), 

6.72-6.82 (m, 4H),  6.45-6.48 (m, 1H), 6.57 (d, J = 4.0 Hz, 1H), 6.47 (d, J = 4.0 Hz, 

1H), 4.04 (d, J = 4.0 Hz, 1H), 2.67 (d, J = 8.0 Hz, 2H), 2.33 (dd, J = 12.0 Hz, 2H); 
13

C 

NMR (100 MHz, CDCl3) 
13

C NMR (100 MHz, CDCl3) δ= 178.1, 146.8, 144.4, 143.3, 

140.7 140.4, 135.3, 134.0, 133.3, 129.3, 129.0, 128.6, 128.4, 127.2, 124.6, 123.0, 

122.8, 121.9, 120.9, 107.8, 77.5, 77.1, 76.8, 56.4, 49.6, 48.8, 37.2, 25.5; 
2
H NMR 

(61.4 MHz, CHCl3) δ= 1.47 (s, 3D); HRMS (ESI) Calcd for C28H20NO2ClD3
+
 [M+H]

+
 

443.1600; Found: 443.1603; >99% ee as determined by HPLC (Chiralcel IA, 90:10 

hexanes/i-PrOH, 0.8 mL/min), tr (major) = 24.6 min, tr (minor) = 17.4 min. 

 

 

 (2R,3S,9aS)-3-(2-Chlorophenyl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3g): white solid, 39 mg, 92% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 63.3.  
1
H NMR (400 MHz, CDCl3) δ =  7.81 (d, J = 4 

Hz, 1H), 7.52-7.70 (m, 2H), 7.48 (d, J = 8 Hz, 2H), 7.33 (d, J = 4 Hz, 1H), 7.05-7.15 

(m, 5H), 6.44 (d, J = 4 Hz, 1H), 6.42 (d, J = 8 Hz, 1H), 4.89 (d, J = 4 Hz, 1H), 2.81 (s, 

3H) , 2.46 (dd, J = 12 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ =207.2, 178.5, 147.0, 

144.2, 142.7, 137.6, 135.2, 134.2, 133.9, 131.9, 129.9, 129.0, 128.9, 128.4, 128.2, 

126.5, 124.6, 122.3, 121.8,121.8, 107.2, 77.4，77.1, 76.8，56.0, 48.4, 44.2, 38.2, 

25.7; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.79 (s, 3D); HRMS (ESI) Calcd for 

C28H20NO2D3S
+ 

[M+H]
+
 443.1600; Found: 443.1601; >99% ee as determined by 

HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 24.3 min, tr 

(minor) = 28.4 min. 
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 (2R,3R,9aS)-3-(4-Bromophenyl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3h): white solid, 34 mg, 90% 

yield. [α]D
25

 (c 1.0, CHCl3) = - 63.9. 
1
H NMR (400 MHz, CDCl3) δ = 7.89-7.93 (m, 

2H), 7.65-7.84 (m, 3H), 7.49 (d, J = 8.0 Hz, 2H), 7.15-7.24 (m, 2H), 7.03 (d, J = 4.0 

Hz, 1H), 6.46-6.53 (m, 2H), 6.38-6.49 (m, 3H), 4.17 (d, J = 4.0 Hz, 1H), 2.66 (d, J = 

4.0 Hz, 3H), 2.31 (dd, J = 12.0 Hz, 2H);  
13

C NMR (100 MHz, CDCl3) δ= 206.9, 

178.2, 146.8, 144.3, 143.3, 137.7, 135.3, 134.0, 133.6, 131.1, 130.7, 130.6, 129.3, 

128.4, 124.6, 123.0, 122.9, 121.9, 121.2, 107.9, 77.4, 77.1, 76.8, 56.4, 49.2, 48.8, 37.4, 

25.7; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.18 (s, 3D); HRMS (ESI) Calcd for 

C28H20NO2D3Br
+
 [M+H]

+
 487.1095; Found: 487.1090; >99% ee as determined by 

HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 42.1 min, tr 

(minor) = 21.2 min.  

 

 (2R,3R,9aS)-1'-Methyl-9a-(methyl-d3)-3-(4-nitrophenyl)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3i): white solid, 35 mg, 91% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 56.1. 
1
H NMR (400 MHz, CDCl3) δ = 7.89-7.93 (m, 

2H), 7.65-7.84 (m, 3H), 7.49 (d, J = 8.0 Hz, 2H), 7.15-7.24 (m, 2H), 7.03 (d, J = 4.0 

Hz, 1H), 6.46-6.53 (m, 2H), 6.38-6.49 (m, 3H), 4.17 (d, J = 4.0 Hz, 1H), 2.66 (d, J = 

4.0 Hz, 3H), 2.29-3.41 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ= 206.5, 177.8, 147.0, 

146.5 143.3, 135.4, 134.0, 133.6, 133.0, 130.0, 129.5, 128.7, 124.6, 123.0, 122.6, 
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121.9, 119.7, 108.0, 100.0, 77.4, 77.1, 76.8, 56.3, 49.5, 48.8, 37.5, 25.7; 
2
H NMR 

(61.4 MHz, CHCl3) δ= 1.16 (s, 3D); HRMS (ESI) Calcd for C28H20ClF6N2O4D3
+
 

[M+H]
+
 454.1841; Found: 454.1841; >99% ee as determined by HPLC (Chiralcel IA, 

90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 68.8 min, tr (minor) = 41.0 min. 

 

 (2R,3R,9aS)-1'-Methyl-9a-(methyl-d3)-3-(naphthalen-2-yl)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3j): white solid, 43 mg, 97% 

yield. [α]D
25

 (c 1.0, CHCl3) = - 56.9. 
1
H NMR (400 MHz, CDCl3) δ = 7.77-7.85 (m, 

2H), 7.66-7.72 (m, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.52(d, J = 8.0 Hz, 2H), 7.39 (d, J = 

4.0 Hz, 1H), 7.30 (s, 1H), 7.13-7.18 (m, 2H), 6.98 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 4.0 

Hz, 1H), 6.29 (d, J = 8.0 Hz, 1H), 4.22 (d, J = 4.0 Hz, 1H), 2.51 (s, 3H), 2.38 (dd, J = 

12.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ= 207.2, 178.5,144.7, 144.1, 143.3, 

136.2, 135.3, 134.0, 133.9, 132.9, 132.4, 129.2, 128.2, 127.9, 127.4, 127.2, 126.9, 

125.9, 125.8, 124.6, 123.1, 122.5, 122.0, 107.7, 77.1, 56.6, 50.0, 48.9, 37.5, 29.8, 

25.5; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.17(s, 3D); HRMS (ESI) Calcd for 

C32H23NO2D3
+
 [M+H]

+
 459.2146; Found: 459.2145; >99% ee as determined by 

HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 28.1 min, tr 

(minor) = 21.0 min. 
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 (2R,3S,9aS)-1'-Methyl-9a-(methyl-d3)-3-(thiophen-2-yl)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3k): white solid, 37 mg, 92% 

yield.  [α]D
25

 (c 1.0, CHCl3) = + 37.8. 
1
H NMR (400 MHz, CDCl3) δ =  7.82 (d, J = 4 

Hz, 1H), 7.79-7.71(m, 1H), 7.63-7.68 (m, 1H), 7.41-7.44 (m, 2H), 6.85 (d, J = 4 

Hz,1H), 6.80 (d, J = 4 Hz,1H), 6.75 (d, J = 4 Hz,1H), 6.72 (d, J = 4 Hz, 1H), 6.63 (d, 

J = 4 Hz, 1H), 6.54 (d, J = 8 Hz, 2H), 4.38 (d, J = 4 Hz, 1H), 2.76 (s, 3H), 2.32 (dd, J 

= 12.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ=178.4, 146.7, 144.1, 143.9, 141.3, 

135.3, 134.0, 129.3, 128.4, 126.2, 125.9, 124.5, 124.2, 123.0, 122.8, 122.3, 122.0, 

107.7, 100.0, 77.4, 77.1, 76.8, 56.6, 48.6, 44.9, 37.7, 25.8; 
2
H NMR (61.4 MHz, 

CHCl3) δ= 1.79 (s, 3D); HRMS (ESI) Calcd for C26H19NO2D3S
+ 

[M+H]
+
 415.1554; 

Found: 415.1550; >99% ee as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-

PrOH, 0.8 mL/min), tr (major) =28.0 min, tr (minor) = 19.6 min. 

 

 

 (2R,3S,9aS)-3-(Furan-2-yl)-1'-methyl-9a-(methyl-d3)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3l): white solid, 38 mg, 90% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 79.2.  
1
H NMR (400 MHz, CDCl3) δ = 7.81-7.74 (m, 

2H), 6.64 (d, J = 4 Hz,1H),7.46-7.38 (m, 2H), 7.24 (d, J = 4 Hz,1H), 7.10 (d, J = 4 Hz, 

2H), 6.60 (m, 2H), 6.1 (d, J = 8 Hz, 1H), 5.72 (d, J = 8 Hz, 1H),  4.24 (m, 1H), 2.85 (s, 

3H), 2.30 (dd, J = 12.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ=178.5 ,152.8, 146.7, 

144.1, 143.6, 141.7, 135.3, 129.3, 134.0, 129.3, 128.3, 124.5, 122.9, 122.8, 122.0, 

119.5, 110.2, 107.6, 107.1, 77.5, 77.1, 76.8, 55.2, 48.7, 43.8, 37.7, 25.9; 
2
H NMR 

(61.4 MHz, CHCl3) δ= 1.75 (s, 3D); HRMS (ESI) Calcd for C26H19NO3D3
+ 

[M+H]
+
 

399.1783; Found: 399.1780; >99% ee as determined by HPLC (Chiralcel IC, 90:10 

hexanes/i-PrOH, 0.8 mL/min), tr (major) = 42.4 min, tr (minor) = 26.6 min. 
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 (2R,3R,9aS)-4'-Chloro-1'-methyl-9a-(methyl-d3)-3-phenyl-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione  (3m): white solid, 40 mg, 95% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 63.4. 
1
HNMR (400 MHz, CDCl3) δ =  7.80 (d, J = 4 

Hz, 1H), 7.77 (d, J = 4 Hz, 1H), 7.66 (t, J = 4 Hz, 1H), 7.43 (t, J = 4 Hz, 1H), 6.97-

7.07 (m, 7H), 6.50 (d, J = 4 Hz, 1H), 6.26 (d, J = 4 Hz, 1H), 4.74 (d, J = 4 Hz, 1H), 

2.89 (d, J = 4 Hz, 1H), 2.74 (s, 3H) ,2.37 (d, J =4 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ =207.3, 177.7, 147.2, 144.9, 143.9, 139.4, 135.0, 133.6, 130.1, 129.5, 128.9, 

128.4, 127.6, 127.2, 124.5, 123.6, 121.8, 120.6, 106.1, 77.4, 77.1, 76.8, 56.7, 48.9, 

44.4, 33.0, 29.8, 25.1; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.96 (s, 3D); HRMS (ESI) 

Calcd for C28H20NO2D3Cl
+ 

[M+H]
+
 443.1600; Found: 443.1600; >99% ee as 

determined by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 

14.6 min, tr (minor) = 22.7min. 

 

 

 (2R,3R,9aS)-5'-Methoxy-1'-methyl-9a-(methyl-d3)-3-phenyl-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3n): white solid, 40 mg, 95% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 78.0.  
1
H NMR (400 MHz, CDCl3) δ = 7.62-7.82 (m, 

3H), 7.40-7.46 (m, 2H), 7.23-7.27 (m, 1H), 7.01-7.09 (m, 3H), 6.79-6.83 (m, 1H), 

6.38-6.49 (m, 3H), 4.88 (d, J = 8.0 Hz, 1H), 3.38 (d, J = 4.0 Hz, 3H), 2.74 (d, J = 4.0 

Hz, 3H), 2.27-2.44 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ=178.9, 156.5, 147.3 

143.7,143.0,  135.1, 133.8, 133.2, 129.3, 128.8,128.1, 127.6, 124.5, 122.9, 121.7, 
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121.6, 120.1, 109.4,106.9,  77.4, 77.1, 76.8, 56.2, 54.8, 49.1, 40.4, 37.9, 27.3; 
2
H 

NMR (61.4 MHz, CHCl3) δ= 1.14 (s, 3D); HRMS (ESI) Calcd for C29H23NO3D3
+
 

[M+H]
+
 439.2096; Found: 439.2098; >99% ee as determined by HPLC (Chiralcel IA, 

90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 64.3 min, tr (minor) = 21.2 min. 

 

 

 (2R,3R,9aS)-1'-Methyl-9a-(methyl-d3)-5'-nitro-3-phenyl-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3o): white solid, 39 mg, 94% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 106.1.  
1
H NMR (400 MHz, CDCl3) δ =8.34 (s, 

1H),8.29 (d, J = 4 Hz, 1H),  7.83 (d, J = 4 Hz, 1H), 7.74 (d, J = 4 Hz, 1H), 7.68 (t, J = 

4 Hz, 1H), 7.48 (t, J = 4 Hz, 1H), 7.05-7.14 (m, 3H), 6.82 (d, J =8 Hz, 2H), 6.51 (dd, 

J = 8 Hz, 2H), 4.74 (d, J = 4 Hz, 1H), 4.08 (d, J = 4 Hz, 1H), 2.72 (s, 3H) ,2.34 (dd, J 

=12 Hz, 2H);
13

C NMR (100 MHz, CDCl3) δ= 207.3, 177.7, 147.2, 144.9, 143.9, 139.4, 

135.0, 133.6, 130.1, 129.5, 128.9, 128.4, 127.6, 127.2, 126.5, 124.5, 123.6, 121.8, 

120.6, 106.1, 77.4，77.1, 76.8，56.7, 48.9, 44.4, 33.0, 25.7; 
2
H NMR (61.4 MHz, 

CHCl3) δ= 1.96 (s, 3D); HRMS (ESI) Calcd for C28H20N2O4D3
+ 

[M+H]
+
 454.1841; 

Found: 454.1840; >99% ee as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-

PrOH, 0.8 mL/min), tr (major) = 72.9 min, tr (minor) = 38.2 min. 

 

 

 (2R,3R,9aS)-1',6'-Dimethyl-9a-(methyl-d3)-3-phenyl-3,9a-dihydrospiro[fluorene-

2,3'-indoline]-2',9(1H)-dione (3p): white solid, 43 mg, 96% yield. [α]D
25

 (c 1.0, 
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CHCl3) = +119.1. 
1
H NMR (400 MHz, CDCl3) δ =8.34 (s, 1H),8.29 (d, J = 4 Hz, 1H),  

7.83 (d, J = 4 Hz, 1H), 7.74 (d, J = 4 Hz, 1H), 7.68 (t, J = 4 Hz, 1H), 7.48 (t, J = 4 Hz, 

1H), 7.05-7.14 (m, 3H), 1.54 (s, 3H), 6.49 (d, J = 4 Hz, 1H), 4.08 (d, J = 4 Hz, 1H), 

2.72 (s, 3H), 2.36 (dd, J =12 Hz, 2H),  1.59 (s, 3H) ; 
13

C NMR (100 MHz, CDCl3) δ= 

207.1, 178.4, 148.2, 143.2, 142.9, 139.4, 135.0, 133.6, 130.1, 129.5, 128.9, 128.4, 

127.6, 127.2, 126.5,124.5, 123.6, 121.8, 120.6, 106.1, 77.4, 77.1, 76.8, 56.3, 53.5, 

49.8, 36.5, 31.9, 25.5, 9.9; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.79 (s, 3D); HRMS (ESI) 

Calcd for C29H23NO2D3
+ 

[M+H]
+
 423.2146; Found: 423.2150; >99% ee as determined 

by HPLC (Chiralcel ADH, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 25.5 min, 

tr (minor) = 17.6 min. 

 

 

 (2R,3R,9aS)-7'-Bromo-1'-methyl-9a-(methyl-d3)-3-phenyl-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (3q): white solid, 41 mg, 97% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 99.3. 1
H NMR (400 MHz, CDCl3) δ = 7.82 (d, J = 

8.0 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 

7.38 (d, J = 8.0 Hz, 1H), 7.30 (s, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.10 (t, J = 8.0 Hz, 

2H), 6.98 (t, J = 8.0 Hz, 1H), 6.80 (d, J = 8.0 Hz, 2H), 6.59 (d, J = 4.0 Hz, 1H), 3.98 

(d, J = 4.0 Hz, 1H), 2.98 (s, 3H), 2.32 (dd, J = 4.0 Hz, 12 Hz, 2H); 
13

C NMR (100 

MHz, CDCl3)δ = 135.5, 135.4, 134.8, 134.1, 129.4, 129.1, 128.3, 127.8, 127.1, 124.6, 

123.5, 122.5, 122.2, 122.0, 109.6, 101.5, 77.5, 77.2, 76.8, 62.2, 56.2, 54.5, 50.1, 49.4, 

38.2, 29.9, 19.1, 18.4. 
2
H NMR (61.4 MHz, CHCl3) δ= 1.85(s, 3D); HRMS (ESI) 

Calcd for C28H20NBrO2D3
+ 

[M+H]
+
 487.1095; Found: 487.1099; >99% ee as 

determined by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 

23.5min, tr (minor) = 16.5 min.
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 (2R,3R,9aS)-1'-benzyl-9a-(methyl-d3)-3-phenyl-3,9a-dihydrospiro[fluorene-2,3'-

indoline]-2',9(1H)-dione (3r): white solid, 38 mg, 94% yield. [α]D
25

 (c 1.0, CHCl3) = 

+ 123.1.   
1
H NMR (400 MHz, CDCl3) δ= 7.82(dd, J = 8Hz, 2H),7.70 (d, J = 4Hz, 1H), 

7.65(d, J = 4Hz, 1H),7.52(d, J = 4Hz, 1H), 7.26-7.48 (m, 8H), 7.12 (d, J = 8 Hz, 2H), 

6.73 (d, J = 4 Hz, 1H), 6.54 (d, J = 8Hz, 2H), 6.31 (d, J = 4 Hz, 1H), 4.36 (dd, J = 8 

Hz, 2H), 4.20 (s, 1H), 2.40 (dd, J = 8 Hz, 2H);
13

C NMR (100 MHz, CDCl3) δ 

=207.1 ,178.8, 143.8, 142.6, 138.9, 135.4, 135.3, 134.2, 134.0, 129.5, 129.2, 128.2, 

128.1, 128.0, 127.2, 126.0, 124.6, 123.3, 122.8, 125.5, 121.9, 109.1, 77.4, 77.4, 77.1, 

76.8, 56.7，48.8, 48.7, 43.6, 39.0;
 2

H NMR (61.4 MHz, CHCl3) δ =1.46 (s, 3D); 

HRMS (ESI) Calcd for C34H25NO2D3
+ 

[M+H]
+
 485.2303; Found: 485.2300; >99% ee 

as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) 

= 25.7min, tr (minor) = 30.1 min. 

 

 

 (2R,3R,9aS)-1'-Allyl-9a-(methyl-d3)-3-phenyl-3,9a-dihydrospiro[fluorene-2,3'-

indoline]-2',9(1H)-dione (3s): white solid, 31 mg, 87% yield. [α]D
25

 (c 1.0, CHCl3) = 

+ 56.2.   
1
H NMR (400 MHz, CDCl3) δ =  7.81(d, J = 4Hz, 1H), 7.75(d, J = 4Hz, 1H), 

7.64 (t, J = 4Hz, 1H), 7.43-7.51 (m, 2H),7.05-7.16 (m, 5H), 6.89(d, J = 8Hz, 2H), 

6.67(d, J = 4Hz, 1H), 6.47(d, J = 4Hz, 1H), 5.00-5.14 (m, 1H), 4.90 (d, J = 4 Hz, 1H), 

4.88 (d, J = 4 Hz, 1H), 4.61(d, J = 4Hz, 1H), 4.11 (d, J = 4 Hz, 1H), 3.99 (d, J = 4 Hz, 



S24 

 

1H), 3.67-3.72 (m, 1H), 2.33 (dd, J = 12 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 

=207.2, 178.2, 147.0, 143.9, 142.7, 138.7, 135.3, 134.1, 134.0, 131.3, 129.3, 129.2, 

128.0, 127.8, 127.1, 124.6, 123.3, 122.7, 122.3, 121.9, 117.2, 108.8, 77.5, 77.1, 76.8，

56.6, 49.2, 48.7, 42.1, 38.2; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.50 (s, 3D); HRMS 

(ESI) Calcd for C30H23NO2D3
+ 

[M+H]
+
 435.2146; Found: 435.2150; 96% ee as 

determined by HPLC (Chiralcel IA, 97:3 hexanes/i-PrOH, 0.7 mL/min), tr (major) = 

62.5 min, tr (minor) = 74.5 min. 

 

 

 (2R,3R,9aS)-1',9a-Dimethyl-3-phenyl-3,9a-dihydrospiro[fluorene-2,3'-indoline]-

2',9(1H)-dione (4a): white solid, 39 mg, 96% yield. [α]D
25

 (c 1.0, CHCl3) = + 43.4.   

1
H NMR (400 MHz, CDCl3) δ=7.82 (d, J = 8.6 Hz, 1H), 7.75 (d, J = 6.9 Hz, 1H), 

7.70 -7.63 (m, 1H), 7.51 - 7.42 (m, 2H), 7.21- 7.02 (m, 5H), 6.83 (d, J = 7.1 Hz, 2H), 

6.63 (d, J = 3.6 Hz, 1H), 6.42 (d, J = 7.7 Hz, 1H), 4.05 (d, J = 3.6 Hz, 1H), 2.62 (s, 

3H), 2.34 (dd, J = 14.4 Hz, 2H), 1.65 (s, 3H) ;
13

C NMR (100 MHz, CDCl3) δ= 207.2, 

178.4, 147.0, 145.2, 144.0, 143.4, 138.5, 135.3, 134.0, 131.6, 129.2, 129.0, 128.2, 

127.5, 127.1, 126.6, 124.6, 123.1, 122.6, 122.1, 121.9, 107.6, 77.5, 77.1, 76.8, 56.7, 

49.9, 49.0, 37.4, 25.5, 24.8; HRMS (ESI) Calcd for C28H24NO2
+ 

[M+H]
+
 406.1802; 

Found: 406.1800; >99% ee as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-

PrOH, 0.8 mL/min), tr (major) = 21.0 min, tr (minor) = 11.3 min. 
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 (2R,3R,9aS)-1'-Methyl-3-phenyl-9a-propyl-3,9a-dihydrospiro[fluorene-2,3'-

indoline]-2',9(1H)-dione (4b): white solid, 34 mg, 87% yield. [α]D
25

 (c 1.0, CHCl3) = 

-63.5.    
1
H NMR (400 MHz, CDCl3) δ =  7.73-7.80 (d, J =8Hz, 2H) 7.66 (d, J = 4Hz, 

1H),7.38-7.45 (m, 2H), 7.03-7.19 (m, 5H), 6.82-6.86 (m, 2H), 6.62 (s, 1H),  6.40 (d, J 

= 4 Hz, 1H), 4.07 (d, J = 4 Hz, 1H), 2.63 (s, 3H), 2.36 (s, 3H), 1.99-2.13 (m, 

2H),1.20-1.35 (m, 2H), 0.91 (d, J = 4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ =207.2, 

178.4, 148.0, 143.1, 138.7, 135.2, 135.1, 133.7, 128.9, 128.1, 127.1, 123.9, 123.0, 

122.5, 122.3, 121.4, 107.6, 77.5,77.2，76.8, 56.4, 53.2, 49.8, 41.4, 36.7, 25.5, 18.9, 

14.7; HRMS (ESI) Calcd for C30H28NO2
+ 

[M+H]
+
434.2115; Found: 434.2110; >99% 

ee as determined by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 1.0 mL/min), tr 

(major) = 31.4 min, tr (minor) = 40.9 min. 

 

 

 (2R,3R,9aS)-9a-Allyl-1'-methyl-3-phenyl-3,9a-dihydrospiro[fluorene-2,3'-

indoline]-2',9(1H)-dione (4c): white solid, 35 mg, 96% yield. [α]D
25

 (c 1.0, CHCl3) = 

+ 66.4.    
1
H NMR (400 MHz, CDCl3) δ = 7.76 (dd, J1 = 22.4 Hz, J2 = 7.6 Hz, 2H), 

7.64 (t, J = 7.6 Hz, 1H), 7.40-7.45 (m, 2H), 7.01-7.16 (m, 5H), 6.83 (d, J = 6.8 Hz, 

2H), 6.40 (d, J = 3.2 Hz, 1H), 6.39 (d, J = 8.4 Hz, 1H), 5.71-5.81 (m, 1H), 5.19 (d, J = 

15.2 Hz, 1H), 4.02 (d, J = 3.2 Hz, 1H), 2.66 (s, 5H), 2.41 (s, 2H); 
13

C NMR (100 

MHz, CDCl3) δ = 206.0, 178.3, 147.7, 143.3, 142.4, 138.9, 135.1, 134.5, 133.4, 129.0, 

128.9, 127.7, 127.5, 127.0, 124.2, 122.9, 122.7, 122.4, 121.5, 119.3, 107.5, 77.4, 77.1, 

76.8, 55.8, 53.2, 50.1, 43.6, 35.3, 25.5; HRMS (ESI) Calcd for C30H26NO2
+ 

[M+H]
+
 

432.1958; Found: 432.1959; >99% ee as determined by HPLC (Chiralcel IC, 97:3 

hexanes/i-PrOH, 0.8 mL/min), tr (major) = 42.3 min, tr (minor) = 35.8 min. 
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 (2R,3R,9aS)-1'-Methyl-3-phenyl-9a-(prop-2-yn-1-yl)-3,9a-

dihydrospiro[fluorene-2,3'-indoline]-2',9(1H)-dione (4d): white solid, 35 mg, 97% 

yield. [α]D
25

 (c 1.0, CHCl3) = + 82.4. 1
H NMR (400 MHz, CDCl3)δ = 7.78 (dd, J = 

24.0, 8.0 Hz, 2H), 7.66 (t, J = 8.0 Hz, 1H), 7.45 (q, J = 8.0 Hz, 2H), 7.18 -6.97 (m, 

5H), 6.83 (d, J = 8.0 Hz, 2H), 6.62 (d, J = 4.0 Hz, 1H), 6.40 (d, J = 4.0 Hz, 1H), 4.19 

(d, J = 4.0 Hz, 1H), 2.80 (s, 2H), 2.67 (s, 3H), 2.61 (s, 1H), 2.50 (d, J = 12.0 Hz, 1H), 

2.07 (s, 1H).
13

C NMR (100 MHz, CDCl3) δ = 204.4, 178.2, 147.7, 143.2, 141.6, 138.8, 

135.4, 133.7, 132.9, 128.8, 128.2, 127.5, 127.1, 124.5, 123.9, 123.0, 122.5, 121.7, 

107.6, 80.3, 77.5, 77.2, 76.8, 71.4, 55.4, 52.2, 50.0, 34.8, 29.2, 25.5. HRMS (ESI) 

Calcd for C30H24NO2
+
 [M+H]

+
 430.1802; Found: 430.1800; >99% ee as determined 

by HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 23.3 min, tr 

(minor) = 27.2 min. 

 

 

(2R,3R,9aS)-1'-methyl-9a-(2-nitrobenzyl)-3-phenyl-3,9a-dihydrospiro[fluorene-

2,3'-indoline]-2',9(1H)-dione (4e): white solid, 40 mg, 96% yield. [α]D
25

 (c 1.0, 

CHCl3) = + 103.8.   
1
H NMR (400 MHz, CDCl3) δ= 7.44-7.57 (m, 5H), 7.32-7.44 (m, 

3H), 7.23-7.28 (m, 2H), 7.07-7.17 (m, 3H), 6.89 (d, J = 8Hz, 2H), 6.54 (d, J = 4Hz, 

1H), 6.40 (d, J = 4 Hz, 1H),  4.30 (d, J = 4Hz, 1H), 3.78 (d, J = 4 Hz, 1H), 3.53 (d, J = 

4 Hz, 1H), 2.65 (s, 3H), 2.43 (d, J=4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ= 206.2, 

178.3, 150.4 148.1, 143.3, 140.4, 138.5,135.2, 134.4, 133.8, 133.3, 131.9, 131.2, 
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128.9, 128.8, 128.2, 127.9, 127.5, 127.0, 125.9, 124.8, 123.5, 123.0, 122.6, 121.2, 

107.6, 100.0, 56.2, 54.6, 50.0, 40.4, 36.8, 25.6; HRMS (ESI) Calcd for C34H27N2O4
+ 

[M+H]
+
 527.1965; Found: 527.1960; >99% ee as determined by HPLC (Chiralcel IA, 

90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 41.3 min, tr (minor) = 57.7 min. 

 

 

Ethyl 2-((2R,3R,9aR)-1'-methyl-2',9-dioxo-3-phenyl-3,9-dihydrospiro[fluorene-

2,3'-indolin]-9a(1H)-yl)acetate (4f): white solid, 33 mg, 90% yield. [α]D
25

 (c 1.0, 

CHCl3) = + 39.9.  
1
H NMR (400 MHz, CDCl3) δ = 7.92 (d, J = 4 Hz, 1H), 7.69-7.79 

(m, 3H), 7.00-7.16 (m, 2H),6.98 (d, J = 4 Hz, 1H), 6.48 (d, J = 8 Hz, 2H), 3.86-3.91 

(m, 2H), δ =3.51 (t, J = 8 Hz, 1H)  3.15 (s, 2H), 2.98 (s, 3H), 2.34-2.46 (m, 2H), δ 

=1.01 (t, J = 8 Hz, 3H);
13

C NMR (100 MHz, CDCl3) δ =201.8, 176.2, 170.2 144.0, 

142.2, 141.6, 135.5, 135.1, 128.5, 127.2,124.8, 123.0, 122.8, 122.5, 107.8, 77.4, 77.1, 

76.8，61.2, 53.8, 41.9, 39.7, 34.8, 26.2, 13.8; HRMS (ESI) Calcd for C31H28NO4
+ 

[M+H]
+
 478.2013; Found: 478.2010; >99% ee as determined by HPLC (Chiralcel 

ODH, 80:20 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 18.1 min, tr (minor) = 25.6 

min. 

 

 

Methyl (2R,3R,4S,4aR,9aS)-4a-hydroxy-1'-methyl-9a-(methyl-d3)-2',9-dioxo-3-

phenyl-1,3,4,4a,9,9a-hexahydrospiro[fluorene-2,3'-indoline]-4-carboxylate (5): 

white solid, 41 mg, 74% yield. [α]D
25

 (c 1.0, CHCl3) = + 45.7.   
1
H NMR (400 MHz, 

CDCl3) δ= 7.94 (d, J = 8Hz, 1H), 6.62 (t, J = 4Hz, 1H), 6.58 (t, J= 4 Hz, 1H), δ = 
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7.33-7.38 (m, 2H),   7.04-7.09 (m, 2H), 6.90-7.03 (m, 4H), 6.43(d, J = 4Hz, 1H), 4.40 

(d, J = 4 Hz, 1H), 3.70 (d, J =4 Hz, 1H), 3.19 (s, 3H),  2.93 (s, 3H), 2.63 (d, J = 4 Hz, 

1H), 2.20 (d, J = 4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ= 203.0, 177.5, 176.0, 

155.4, 142.8, 135.8, 134.4, 133.2, 131.9, 129.1, 128.1, 127.3, 127.2, 125.0, 122.6, 

122.4, 107.8, 78.0, 77.5, 77.2, 76.8,54.1, 51.6, 50.9, 50.3, 48.6, 36.0, 25.9; 
2
H NMR 

(61.4 MHz, CHCl3) δ =1.25 (s, 3D); HRMS (ESI) Calcd for C31H26D3O5
+ 

[M+H]
+
 

484.2198; Found: 484.2199; >99% ee as determined by HPLC (Chiralcel ID, 90:10 

hexanes/i-PrOH, 1.0 mL/min), tr (major) = 4.1 min, tr (minor) =  15.8min. 

 

 

S-Benzyl (2R,3R,4S,4aR,9aS)-4a-hydroxy-1'-methyl-9a-(methyl-d3)-2',9-dioxo-3-

phenyl-1,3,4,4a,9,9a-hexahydrospiro[fluorene-2,3'-indoline]-4-carbothioate (6): 

white solid, 43 mg, 70% yield. [α]D
25

 (c 1.0, CHCl3) = + 67.4.  
1
H NMR (400 MHz, 

CDCl3) δ= 7.90 (d, J = 4Hz, 1H), δ = 7.48-7.51 (m, 2H), 7.48 (d, J = 4 Hz, 1H), 7.47 

(s, 1H), δ = 7.33-7.36 (m, 3H),   7.11-7.17 (m, 2H), 6.83-7.09 (m, 5H), 6.62 (d, J = 8 

Hz, 2H),6.47 (d, J = 4 Hz, 1H),  5.30 (t, J = 4Hz, 1H),  4.10 (t, J = 4Hz, 1H), 3.95 (d, 

J = 4 Hz, 1H), 3.83 (d, J = 4 Hz, 1H), 2.98 (s, 3H), 2.59 (d, J = 4 Hz, 1H), 2.23 (d, J = 

4 Hz, 1H),1.63 (s, 2H);
13

C NMR (100 MHz, CDCl3) δ= 203.5, 178.3, 173.5, 156.0, 

143.9, 143.5,143.2, 142.5, 138, 136.6, 134.2, 133.3, 132.3, 128.9, 128.6, 128.1, 127.7, 

127.5, 127.3, 124.7, 123.6, 122.7, 107.8, 78.4, 77.5, 77.2, 76.8, 54.2, 51.4, 50.4, 48.3, 

43.4, 36.4, 26.0; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.23 (s, 3D); HRMS (ESI) Calcd for 

C36H30D3N2O4
+ 

[M+H]
+
 560.2623; Found: 560.2625; >99% ee as determined by 

HPLC (Chiralcel IA, 75:25 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 49.6 min, tr 

(minor) = 31.7 min. 
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(2R,3R,4S,4aR,9aS)-N-Benzyl-4a-hydroxy-1'-methyl-9a-(methyl-d3)-2',9-dioxo-3-

phenyl-1,3,4,4a,9,9a-hexahydrospiro[fluorene-2,3'-indoline]-4-carboxamide (7): 

white solid, 40 mg, 63% yield. [α]D
25

 (c 1.0, CHCl3) = + 65.9.   
1
H NMR (400 MHz, 

CDCl3) δ =7.91 (d, J = 4Hz, 1H), 7.45 (t, J =4 Hz, 1H), δ = 7.46-7.30 (m, 2H), 7.17 (d, 

J =4 Hz, 3H), 7.06-7.16 (m, 4H), 6.98-7.03 (m, 3H), 6.80-6.82 (m, 2H), 6.65 (s, 1H), 

6.44 (d, J = 4 Hz, 1H),  5.23 (t, J = 4Hz, 1H), 4.61 (d, J = 4 Hz, 1H), 3.84 (t, J = 8 Hz, 

2H), 2.97 (s, 3H), 2.60 (d, J = 4 Hz, 1H),2.18 (d, J = 4 Hz, 1H);
13

C NMR (100 MHz, 

CDCl3) δ =203.5, 178.3, 173.5, 155.9, 154.8, 143.4, 143.1, 143.0, 142.5, 138.0, 136.9, 

136.5, 134.2, 133.3, 132.3, 128.8, 128.6, 128.1, 127.7, 127.5, 127.3, 125.1, 124.7, 

123.6, 122.7, 112.6, 107.8, 78.4, 77.4, 77.1, 76.8, 54.2, 51.4, 50.4, 48.3, 43.4, 38.5, 

36.3, 26.0; 
2
H NMR (61.4 MHz, CHCl3) δ= 1.22 (s, 3D); HRMS (ESI) Calcd for 

C36H29D3NSO4
+ 

[M+H]
+
 577.2235; Found: 577.2238; >99% ee as determined by 

HPLC (Chiralcel ID, 95:5 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 32.4 min, tr 

(minor) = 29.7 min. 

 

b) Reference 

1 Netz, Natalie; et al , A Modular Formal Total Synthesis of 

(±)Cycloclavine. Journal of Organic Chemistry (2016), 81(4), 1723-1730  

2 Wang, Qingmin; et al. The gem-difluoro lactam spiro benzo five-membered 

heterocyclic compound has structure in formula I, and shows good anti-TMV 

activity and insecticidal activity. China, CN111264542 A 2020-06-12 
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IV: 1H, 13C NMR spectra and HPLC data of products 
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HPLC spectra of the products. 
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V. Copies of MS spectra  
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