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1. General remarks 

Reactions were carried out using commercial available reagents in over-dried apparatus. CH2Cl2 was 
dried over powdered CaH2 and distilled under nitrogen just before use. Et2O, THF, Toluene and PhOMe 
were directly distilled before use. Enantiomeric excesses (ee) were determined by HPLC analysis using 
the corresponding commercial chiral column as stated in the experimental procedures at 23 ºC with UV 
detector at 254 nm. Optical rotations were reported as follows: [α]25

D (c g/100 mL, in solvent). 1H 
NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts were reported in 
ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCl3, δ = 7.26). 
Spectra were reported as follows: chemical shift (δ ppm), multiplicity (s = singlet, d = doublet, t = 
triplet, q = quartet, m = multiplet), coupling constants (Hz), integration and assignment. 13C NMR 
spectra were collected on commercial instruments (100 MHz) with complete proton decoupling. 
Chemical shifts are reported in ppm from the tetramethylsilane with the solvent resonance as internal 
standard (CDCl3, δ = 77.0; DMSO, δ = 39.5). HRMS was recorded on a commercial apparatus (ESI 
Source). 

2. General procedure for chiral N,N'-dioxide preparation 

The N,N'-dioxide ligands were synthesized by the same procedure in the literature1. 

 

3. General procedure for substractes 1 and 2 

A) Preparation of Boc-group of the 3-aryl/alkyl-substituted methyleneindolinone derivatives 

1.2 

 

To oxindole (10 mmol) in EtOH (15 mL) was added the corresponding aldehyde (12 mmol) and 
piperdine (1 mmol). After refluxing for 8 hours, the reaction was cooled to room temperature. Crude 
product was purified by flash filter. The solid was dissolved by CH2Cl2 (30 mL), then DMAP (0.5 
mmol) and (Boc)2O (12 mmol) were added. After stirring for 1 hour, the reaction was quenched by 
addition of 25 mL of cold water. The organic layer was then washed with cold water and brine. The 
organic layer was dried over MgSO4, filtered, and concentrated. Crude product was purified by flash 
column silica gel chromatography to give the corresponding products. 

Less than 5% of (Z)-isomer can be collected, and the 1H NMR was compared with the (E) isomer 



 

S3 

 

shown below. 
B) General procedure for preparation of Boc-protected arylidenoxindoles 1.3 

 

Wittig reagent (1 mmol, 1 equiv) was added to a solution of the Boc-protected isatin (2 mmol, 2 equiv) 
in CHCl3 (5 mL) in a 25-mL round bottom flask. The solution was stirred at room temperature for 30 
min. The mixture was purified by flash chromatography to afford the desired products about 60% 
yields. 
C) General procedure for preparation of phenyliodonium ylide malonate 2.4 

 

In a 50 mL flask under argon were added KOH (2.0g, 36.0 mmol) MeCN (20 mL) and dimethyl 
malonate (693 uL, 6.00mmol). The heterogenerous mixture was cooled at 0 ºC (ice/water bath) and 
stirred vigorously for 5 min to produce a milky white suspension. PhI(OAc)2 (2.13g, 6.6 mmol) was 
then added in one portion and the reaction mixture was stirred vigorously for 2h at 0 ºC. The reaction 
mixture gradually became a thick creamy mixture. Water (10 mL) was then added and the mixture was 
stirred for 1 min. The beige/yellow biphasic solution containing a fluffy white suspension was filtered. 
The solid was washed with water. It is important that the solvent be completely removed between each 
wash. The solid was finally washed with EtOH and Et2O then dried under high vacuum to yield 2 as an 
off-white solid. 
D) General procedure for preparation of coumarins 1.4 

 

Salicylaldehyde (2.08 mL, 20 mmol), di-tert-butyl malonate (4.48 mL, 20 mmol) or prepared di-alkyl 
malonate, piperidine (0.25 mL, 12.5 mol%) and acetic acid (3 droplet) were added to 10 mL toluene or 
corresponding alcohol. The mixture was heated under reflux 12–14 h until salicylaldehyde disappeared. 
Then it was cooled to room temperature with the chemical salted out. Filter the desired product with 
ether and recrystallized from dicholormathane/n-hexane. 
 

4. General procedure for the catalytic asymmetric cyclopropanation 

Preparation of the chiral catalyst: N,N′-dioxide L-PiPr2 (0.1 mmol) and Ni(OTf)2 (0.1 mmol) were 
stirred in 2.0 mL of CH2Cl2 at 30 ºC  for 30 min, and then dried under high vacuum. 

General procedure for catalytic asymmetric reaction: A dry reaction tube was charged with 
L-PiPr2-Ni(OTf)2 (1:1, 5 mol%) and 1 (0.10 mmol) under N2 atmosphere. Then, Et2O (0.8 mL) and 
CH2Cl2 (0.2 mL) was added and the mixture was stirred at 25 ºC  for 15 min. Finally, phenylidonium 
ylide 2 (0.15 mmol) was added under stirring. The reaction mixture was stirred at 25 ºC  for 24–48 h. 
The residue was purified by flash chromatography (petroleum ether/ethyl acetate 8:1 to 4:1) on silica 
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gel to afford the product. The enantiomeric excess (ee) was determined by high-performance liquid 
chromatography (HPLC) with Chiralcel IA, Chiralcel ID. 

Typical procedure for the scale-up reaction: A flask (100 mL) was charged with L-PiPr2-Ni(OTf)2 
(1:1, 5 mol%) and 1a (4.0 mmol) under N2 atmosphere. Then, Et2O (32 mL) and CH2Cl2 (8 mL) was 
added and the mixture was stirred at 25 ºC  for 15 min. Finally, phenylidonium ylide 2 (6.0 mmol) was 
added under stirring. The reaction mixture was stirred at 25 ºC  for 24 h. The residue was purified by 
flash chromatography (petroleum ether/ethyl acetate 8:1 to 4:1) on silica gel to afford the product 3a as 
a white solid (1.900 g, >19:1 d.r. and 99% ee). 

5. Optimization of the reaction conditions 

A) Preliminary survey of the metal salts 

 
Entry[a] Metal salt (mol%) Yield (%)[b] d.r.[c] Ee (%)[d] 

1 Sc(OTf)3 trace - - 

2 Cu(OTf)2 trace - - 

3 CuBr N.D. [e] - - 

4 Zn(OTf)2 33 >19:1 77 

5 Ni(OTf)2 65 >19:1 65 

[a] Unless otherwise noted, all reactions were performed with L-PiPr2-metal salt (1:1, 5 mol%), 1a (0.10 mmol), 

phenylidonium ylide 2 (0.15 mmol) in CH2Cl2 (1.0 mL) under N2 at 25 ºC for 24 h. [b] Isolated yield. [c] 

Determined by 1H NMR spectroscopy and chiral HPLC analysis. [d] Determined by chiral HPLC analysis 

(Chiralcel IA). [e] Carbene dimer ethene-tetracarboxylate was the major product. 

B) Survey of the chiral ligands 

 

Entry[a] Ligand (mol%) Yield (%)[b] d.r.[c] Ee (%)[d] 

1 L-PiPr2 65 >19:1 65 

2 L-PiPh 37 >19:1 7[e] 

3 L-PrPr2 39 >19:1 22[e] 

4 L-RaPr2 50 >19:1 15 

[a] Unless otherwise noted, all reactions were performed with L-Ni(OTf)2 (1:1, 5 mol%), 1a (0.10 mmol), 

phenylidonium ylide 2 (0.15 mmol) in CH2Cl2 (1.0 mL) under N2 at 25 ºC for 24 h. [b] Isolated yield. [c] 
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Determined by 1H NMR spectroscopy and chiral HPLC analysis. [d] Determined by chiral HPLC analysis 

(Chiralcel IA). [e] The reverse of the enantioselectivity. 

C) Survey of the solvents 

 

Entry[a] Solvent Yield (%)[b] d.r.[c] Ee (%)[d] 

1 CH2Cl2 65 >19:1 65 

2 THF 81 >19:1 89 

3 Toluene 58 >19:1 97 

4 Et2O 85 >19:1 98 

5 PhOMe 72 >19:1 99 

6 MeOtBu 79 >19:1 99 

7 CH2Cl2 : Et2O=1:4 99 >19:1 99 

[a] Unless otherwise noted, all reactions were performed with L-PiPr2-Ni(OTf)2 (1:1, 5 mol%), 1a (0.10 mmol), 

phenylidonium ylide 2 (0.15 mmol) in the corresponding solvent (1.0 mL) under N2 at 25 ºC for 24 h. [b] Isolated 

yield. [c] Determined by 1H NMR spectroscopy and chiral HPLC analysis. [d] Determined by chiral HPLC 

analysis (Chiralcel IA). 

D) Optimization of the amount of the catalyst a 

 
Entry[a] Cat. Loading (x mol%) Yield (%)[b] d.r.[c] Ee (%)[d] 

1 5 99 >19:1 99 

2 2.5 90 >19:1 97 

3 1 80 >19:1 96 

4 0.5 79 >19:1 95 

5 0.1 45 >19:1 90 

[a] Unless otherwise noted, all reactions were performed with L-PiPr2-Ni(OTf)2 (1:1, x mol%), 1a (0.15 mmol), 

phenylidonium ylide 2 (0.1 mmol) in Et2O (0.8 mL) and CH2Cl2 (0.2 mL) under N2 at 25 ºC for 24 h. [b] Isolated 
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yield. [c] Determined by 1H NMR spectroscopy and chiral HPLC analysis. [d] Determined by chiral HPLC 

analysis (Chiralcel IA). 

6. Preliminary mechanism study 

A) HRMS analysis 

a) The mixture of L-PiPr2 and Ni(OTf)2 (1:1). 

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

%

0

100

140926_NI_OTF2_N_O 27 (0.464) AM (Cen,2, 80.00, Ht,5000.0,0.00,1.00); Sm (Mn, 2x3.00); Cm (3:35) TOF MS ES+ 
1.40e4855.3484

345.2390

333.1442

305.2176186.1219

353.1829

354.1881

354.6940

705.3890

355.1919

649.4681

505.2974361.1421

492.2635

385.2801

505.7987

506.7970

799.4312

708.3896

857.3507

858.3547

1133.5092

859.3535

861.3801

863.3866

1017.4095864.3887

866.3854
1020.4106

1134.5138

1159.5774

1160.5798

1162.5779 1349.5763

1293.6550 1353.5793 1861.68471653.8033

 

b) The mixture of L-PiPr2 , Ni(OTf)2, 1a and 2 (1:1:1:1). 

15-Jan-201516:39:59

m/z
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

%

0

100

150115_NI_L_4E_2A 19 (0.327) Cm (1:35) TOF MS ES+ 
8.13e5857.3068

855.2834

713.2898475.7341

353.1666

345.2277

344.1350

268.0896

705.3740

476.7348

525.7658

714.2998

1200.4629

858.3369

859.3418

1115.3976

860.3531

861.3532

862.3588

1201.4897

1202.4913

1203.5021

1204.5018

1675.6930
1331.5375

1333.5380

1334.5377

1677.6947

1877.2350

1679.7006 1878.7367

 

c) The mixture of L-PiPr2, Ni(OTf)2 and 1b’ (1:1:2). 

HRMS (ESI-TOF) Calcd 

for M (H1): 855.3488 

Found: 855.3484 

HRMS (ESI-TOF) Calcd 

for M (H1): 855.3488 

Found: 855.2834 

HRMS (ESI-TOF) Calcd 

for M (H2):1200.5065 

Found: 1200.4629 
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m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

%

0

100

140926_NI_OTF2_N_O_1A 35 (0.602) AM (Cen,2, 80.00, Ht,5000.0,0.00,1.00); Sm (Mn, 2x3.00); Cm (2:35) TOF MS ES+ 
1.14e4353.1838

345.2443

344.1357

222.0850

186.1212

354.1869

855.3484

463.7291

354.6915

355.1895

361.1361

363.1347

464.2310

705.3860

649.4657
465.2302

513.7570

514.2582

515.2573

525.8135

707.3852

708.3864

709.3843

1176.4922

857.3476

858.3497

859.3473

1026.5299
861.3725

864.3846 1159.5734

1177.4974

1179.4962

1180.4973

1181.4968

1841.22281183.4952

 

d) The mixture of L-PiPr2 , Ni(OTf)2, 1b’ and 2 (1:1:2:3). 

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

%

0

100

140926_NI_OTF2_N_O_1A_2A 27 (0.464) AM (Cen,2, 80.00, Ht,5000.0,0.00,1.00); Sm (Mn, 2x3.00); Cm (2:35) TOF MS ES+ 
7.93e3353.1852

345.2458

334.9720

329.2518

148.0457
302.9471

520.1734

354.1870

354.6896

463.7292

356.9563

361.1334

705.3854

521.1734

633.4703

521.6745

617.4752

522.6760

524.1752

707.3849
855.3483

708.3867

709.3851

710.3870

1189.3279

857.3472

1176.4937

1017.4062

858.3491

859.3475

861.3647

1039.3646

1040.3700

1042.3654

1191.3285

1192.3303

1193.3291

1510.47661194.3291 1351.3922
1853.5624

 

B) Electroparamagnetic resonance (EPR) analysis 

EPR measurements: EPR spectra were recorded at room temperature on a Bruker ESP-300E: 
Receiver Gain = 1.78 e+003; Phase = 0 deg; Harmoni = 1; Mod. Frequency = 100.000 KHz; Mod. 
Amplitude = 0.50G; Center Field = 3364.010 G; Sweep width 40.000 G; Resolution = 2048 points; 
Conversion Time =40.00ms; Time const. = 20.48 m; Sweep time = 81.92s; Power = 29.55 mw. 

No signal of the reagents as oxindoles 1a or phenyliodonium ylide 2 appeared from 3344.010 G to 
3384.010 G when 1a or 2 (0.05 mmol) was stirred in Et2O/CH2Cl2 (0.06 mL) at room temperature 
(Figure 1a and 1b). No signal appeared when Ni(OTf)2 or L-PiPr2 or the complex of Ni(OTf)2/L-PiPr2 
(0.01 mmol) was stirred in Et2O/CH2Cl2 (0.06 mL) at room temperature (Figure 1c–e). No signal 
appeared when Ni(OTf)2 and phenyliodonium ylide 2 or the complex of Ni(OTf)2/L-PiPr2 (0.01 mmol) 
and was phenyliodonium ylide 2 stirred in Et2O/CH2Cl2 (0.06 mL) at room temperature (Figure 1f–g). 
Interestingly, the EPR spectrum of the mixture of oxindole 1a and phenyliodonium ylide 2 with or 
without the catalyst exhibits a similar rhombic band and is centered around g = 2.003 (Figure 1h–k). 

HRMS (ESI-TOF) Calcd 

for M (H1): 855.3488 

Found: 855.3484 

HRMS (ESI-TOF) Calcd 

for M (H3):1176.4848 

Found: 1176.4922 

HRMS (ESI-TOF) Calcd 

for M (H1): 855.3488 

Found: 855.3483 

HRMS (ESI-TOF) Calcd 

for M (H3):1176.4848 

Found: 1176.4937 
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The intensity of the band is stronger when the chiral catalyst is added (Figure 1k vs 1h). After 5 hours, 
further as the reaction proceeded, the amount of carbenes gradually dropped (Figure 2). After the 
reaction was completed, the signal will disappear. 
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Figure 1 The electroparamagnetic resonance (EPR) spectra (X band, 9.43 GHz, RT; in Et2O/CH2Cl2= 4/1 at room temperature) of 
a) 1a (0.05 mmol); b) 2 (0.05 mmol); c) Ni(OTf)2 (0.01 mmol); d) L-PiPr2 (0.01 mmol); e) the complex of Ni(OTf)2/L-PiPr2 
(0.01 mmol); f) Ni(OTf)2 (0.01 mmol) and 2 (0.05 mmol); g) the complex of Ni(OTf)2/L-PiPr2 (0.01 mmol) and 2 (0.05 mmol); 
h) 1a (0.05 mmol) and 2 (0.05 mmol); i) Ni(OTf)2 (0.01 mmol), 1a (0.05 mmol) and 2 (0.05 mmol); j) L-PiPr2 (0.01 mmol), 1a 
(0.05 mmol) and 2 (0.05 mmol); k) the complex of Ni(OTf)2/L-PiPr2 (0.01 mmol), 1a (0.05 mmol) and 2 (0.05 mmol). 

 
Figure 2 The electroparamagnetic resonance (EPR) spectra (X band, 9.43 GHz, RT) of the complex of Ni(OTf)2/L-PiPr2 (0.01 
mmol), 2 (0.05 mmol) and 1a (0.05 mmol) in Et2O/CH2Cl2= 4/1 at room temperature after 5h, scanning a spectrum every 5 min. 
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No signal of reagents as phenyl substituted 3-alkenyl-oxindole 1b’ or phenyliodonium ylide 2 
appeared from 3344.010 G to 3384.010 G when 1b’ or 2 (0.05 mmol) was stirred in Et2O/CH2Cl2 (0.06 
mL) at room temperature (Figure 3a and 3b). Notably, the EPR spectrum of the mixture of oxindole 
1b’ and phenyliodonium ylide 2 with or without the catalyst exhibits a similar rhombic band and is 
centered around g = 2.003 (Figure 3c–f). The intensity of the band is stronger when the chiral catalyst 
is added (Figure 3f vs 3c). 

 
Figure 3 The electroparamagnetic resonance (EPR) spectra (X band, 9.43 GHz, RT; in Et2O/CH2Cl2= 4/1 at room temperature) of 
a) 1r (0.05 mmol); b) 2 (0.05 mmol); c) 1b’ (0.05 mmol) and 2 (0.05 mmol); d) L-PiPr2 (0.01 mmol), 1b’ (0.05 mmol) and 2 
(0.05 mmol); e) Ni(OTf)2 (0.01 mmol), 1b’ (0.05 mmol) and 2 (0.05 mmol); f) the complex of Ni(OTf)2/L-PiPr2 (0.01 mmol), 
1b’ (0.05 mmol) and 2 (0.05 mmol). 

 
Figure 4 The electroparamagnetic resonance (EPR) spectra (X band, 9.43 GHz, RT) of the complex of Ni(OTf)2/L-PiPr2 (0.01 
mmol), 2a (0.05 mmol) and 1b’ (0.05 mmol) in Et2O/CH2Cl2= 4/1 at room temperature after 5 min, scanning a spectrum every 5 
min. 
 
C) Control experiment. 
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Scheme 1. Control experiment. 
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Scheme 2. Survey of other alkyl-substituted alkenes. 

7. The analytical and spectral characterization data of the spirocyclopropanation 

products 

(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 2'-oxospiro[cyclopropane-1,3'-indoline]-1',2,2,3- 
tetracarboxylate (3a): 

Prepared according to the general procedure (24 h). The tittle compound 3a 
was obtained as a white solid in 99% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
tr (major) = 7.30 min, tr (minor) = 11.52 min. [α]28.4

D = −55.1 (c = 0.93, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.4 Hz, 1H), 7.43 (d, J 
= 7.6 Hz, 1H), 7.37 – 7.31 (m, 1H), 7.14 – 7.08 (m, 1H), 3.80 (d, J = 4.4 Hz, 

6H), 3.35 (s, 1H), 1.62 (s, 9H), 1.40 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 170.47, 164.76, 163.80, 
163.10, 148.57, 140.79, 128.95, 126.60, 123.59, 119.71, 114.52, 84.88, 83.25, 53.59, 53.23, 47.41, 
40.37, 39.26, 28.06, 27.96. HRMS (ESI-TOF) calcd for C24H29NO9 ([M]+Na+) = 498.1735, Found 
498.1737. 

A
U

0.00

0.20

0.40

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

7
.1

7
5

1
1
.3

9
7

 

 Retention Time Area % Area 
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1 7.175 10542272 49.95 

2 11.397 10561796 50.05 
A

U

0.00

0.10

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

7
.3

0
3

1
1
.5

2
1

 

 Retention Time Area % Area 

1 7.303 3984150 99.31 

2 11.521 27512 0.69 

Gram-scale synthesis of 1',3-di-tert-butyl 2,2-dimethyl 2'-oxospiro[cyclopropane- 
1,3'-indoline]-1',2,2,3- tetracarboxylate (3a): 

Prepared according to the general procedure (24 h). The tittle compound 3a 
was obtained as a white solid in 99% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
tr (major) = 7.20 min, tr (minor) = 11.60 min. 1H NMR (400 MHz, CDCl3) δ 
7.89 (d, J = 8.2 Hz, 1H), 7.47 – 7.41 (m, 1H), 7.38 – 7.31 (m, 1H), 7.15 – 
7.08 (m, 1H), 3.80 (d, J = 4.4 Hz, 6H), 3.36 (s, 1H), 1.63 (s, 9H), 1.41 (s, 
9H). 13C NMR (100 MHz, CDCl3) δ = 170.46, 164.75, 163.80, 163.09, 

148.57, 140.78, 128.95, 126.60, 123.59, 119.71, 114.51, 84.87, 83.24, 53.57, 53.21, 47.41, 40.37, 39.25, 
28.05, 27.95. 

A
U

0.00

0.20

0.40

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

7
.1

7
5

1
1
.3

9
7

 

 Retention Time Area % Area 

1 7.175 10542272 49.95 

2 11.397 10561796 50.05 

 

A
U

0.00

0.50

1.00

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

7
.2

0
7

1
1
.6

0
9

 

 Retention Time Area % Area 

1 7.207 28358260 99.50 

2 11.609 142440 0.50 

 

(1R,3S)-1'-(tert-butyl) 2,2,3-trimethyl 2'-oxospiro[cyclopropane-1,3'-indoline]-1',2,2,3- 
tetracarboxylate (3b): 

Prepared according to the general procedure (24 h). The tittle compound 3b 
was obtained as a colorless oil in 99% yield, >19:1 d.r., 97% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
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tr (major) = 13.16 min, tr (minor) = 23.77 min. [α]28.1
D = −61.8 (c = 0.67, in CH2Cl2). 1H NMR (400 

MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 1H), 7.42 – 7.34 (m, 2H), 7.13 (td, J = 7.6, 0.8 Hz, 1H), 3.81 (d, J 
= 0.8 Hz, 6H), 3.74 (s, 3H), 3.44 (s, 1H), 1.62 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 170.18, 165.40, 
164.42, 162.84, 148.47, 140.91, 129.15, 126.43, 123.86, 119.54, 114.66, 84.97, 53.69, 53.43, 52.74, 
47.66, 40.54, 37.97, 28.04. HRMS (ESI-TOF) calcd for C21H23NO9 ([M]+Na+) = 456.1265, Found 
456.1268. 

A
U

0.00

0.10

0.20

Minutes

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

13
.0

19

23
.7

19

 

 Retention Time Area % Area 

1 13.019 7006148 49.71 

2 23.719 7088934 50.29 

A
U

0.00

0.10

Minutes

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
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(1R,3S)-1'-(tert-butyl) 3-ethyl 2,2-dimethyl 2'-oxospiro[cyclopropane-1,3'-indoline]-1',2,2,3- 
tetracarboxylate (3c): 

Prepared according to the general procedure (24 h). The tittle compound 3c 
was obtained as a colorless oil in 96% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
tr (major) = 11.52 min, tr (minor) = 20.25 min. [α]28.3

D = −53.4 (c = -0.63, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 1H), 7.44 – 7.32 
(m, 2H), 7.12 (td, J = 7.6, 0.8 Hz, 1H), 4.25 – 4.12 (m, 2H), 3.80 (s, 6H), 

3.42 (s, 1H), 1.62 (s, 9H), 1.23 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ = 170.26, 164.95, 
164.52, 162.88, 148.50, 140.88, 129.11, 126.52, 123.80, 119.58, 114.62, 84.96, 62.05, 53.70, 53.39, 
47.56, 40.50, 38.25, 28.05, 14.04. HRMS (ESI-TOF) calcd for C22H25NO9 ([M]+Na+) = 470.1422, 
Found 470.1424. 
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1 11.511 3348921 99.61 
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(1R,3S)-1'-(tert-butyl) 3-isopropyl 2,2-dimethyl 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3d): 

Prepared according to the general procedure (24 h). The tittle compound 3d 
was obtained as a colorless oil in 99% yield, >19:1 d.r., 98% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
tr (major) = 9.83 min, tr (minor) = 16.51 min. [α]28.7

D = −54.3(c = 0.60, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.4 Hz, 1H), 7.41 (d, J 
= 8.0 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 5.02 (hept, J 

= 6.4 Hz, 1H), 3.79 (s, 6H), 3.38 (s, 1H), 1.61 (s, 9H), 1.25 (d, J = 6.4 Hz, 3H), 1.12 (d, J = 6.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ = 170.28, 164.57, 164.43, 162.93, 148.51, 140.84, 129.04, 126.53, 
123.67, 119.59, 114.56, 84.90, 70.05, 53.61, 53.28, 47.49, 40.44, 38.46, 28.04, 21.74, 21.61. HRMS 
(ESI-TOF) calcd for C23H27NO9 ([M]+Na+) = 484.1578, Found 484.1579. 
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(1R,3S)-3-benzyl 1'-tert-butyl 2,2-dimethyl 2'-oxospiro[cyclopropane-1,3'-indoline]-1',2,2,3- 
tetracarboxylate (3e): 

Prepared according to the general procedure (24 h). The tittle compound 3e 
was obtained as a colorless oil in 99% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
tr (major) = 20.93 min, tr (minor) = 27.49 min. [α]28.5

D = −46.2 (c = 1.20., in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 1H), 7.42 – 7.26 
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(m, 7H), 7.08 (t, J = 7.6 Hz, 1H), 5.16 (s, 2H), 3.80 (s, 3H), 3.76 (s, 3H), 3.47 (s, 1H), 1.62 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ = 170.13, 164.84, 164.43, 162.83, 148.47, 140.90, 134.74, 129.12, 128.58, 
128.52, 126.50, 123.80, 119.46, 114.63, 84.95, 67.70, 53.68, 53.35, 47.58, 40.60, 38.16, 28.04. HRMS 
(ESI-TOF) calcd for C27H27NO9 ([M]+Na+) = 532.1578, Found 532.1587. 
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(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 5'-methyl 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3f): 

Prepared according to the general procedure (24 h). The tittle 
compound 3f was obtained as a colorless oil in 99% yield, >19:1 d.r., 
97% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 8.15 min, tr (minor) = 10.43 min. 
[α]28.8

D = −54.0 (c = 1.07, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.75 (d, J = 8.4 Hz, 1H), 7.21 (s, 1H), 7.14 (dd, J = 8.4, 1.2 Hz, 1H), 

3.79 (d, J = 9.6 Hz, 6H), 3.33 (s, 1H), 2.31 (s, 3H), 1.61 (s, 9H), 1.39 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ = 170.62, 164.87, 163.77, 163.12, 148.61, 138.41, 133.07, 129.45, 126.95, 119.64, 114.26, 
84.70, 83.16, 53.56, 53.20, 47.23, 40.33, 39.29, 28.06, 27.92, 21.24. HRMS (ESI-TOF) calcd for 
C25H31NO9 ([M]+Na+) = 512.1891, Found 512.1895. 
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 Retention Time Area % Area 

1 8.150 7647242 98.53 

2 10.432 113821 1.47 

(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 5'-methoxy 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3g): 

Prepared according to the general procedure (24 h). The tittle 
compound 3g was obtained as a colorless oil in 99% yield, >19:1 d.r., 
99% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 14.55 min, tr (minor) = 13.36 min. 
[α]28.8

D = −58.9 (c = 0.44, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.80 (d, J = 9.2 Hz, 1H), 7.06 (d, J = 2.4 Hz, 1H), 6.88 (dd, J = 8.8, 

2.8 Hz, 1H), 3.80 (d, J = 6.4 Hz, 6H), 3.77 (s, 3H), 3.35 (s, 1H), 1.62 (s, 9H), 1.42 (s, 9H). 13C NMR 
(100 MHz, CDCl3) δ = 170.54, 164.78, 163.80, 163.03, 155.92, 148.63, 134.23, 120.95, 115.22, 114.50, 
112.61, 84.67, 83.23, 55.61, 53.60, 53.25, 47.44, 40.50, 39.32, 28.08, 27.97. HRMS (ESI-TOF) calcd 
for C25H31NO10 ([M]+Na+) = 528.1840, Found 528.1842. 
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(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 5'-fluoro 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3h): 

Prepared according to the general procedure (24 h). The tittle compound 
3h was obtained as a colorless oil in 94% yield, >19:1 d.r., 95% ee. 
HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 
254 nm) tr (major) = 7.02 min, tr (minor) = 8.93 min. [α]29.4

D = −51.3 (c = 

0.86, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J = 9.2, 4.8 Hz, 
1H), 7.23 (dd, J = 9.6, 2.8 Hz, 1H), 7.05 (td, J = 8.8, 2.8 Hz, 1H), 3.80 (d, 

J = 7.6 Hz, 6H), 3.35 (s, 1H), 1.61 (s, 9H), 1.42 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 170.09, 
164.47, 163.60, 162.94, 159.07 (d, J = 240), 148.52, 136.84 (d, J = 2), 121.63 (d, J = 10), 115.61 (d, J 
= 11) , 115.45 (d, J = 4), 114.45 (d, J = 28), 85.07, 83.59, 53.63, 53.36, 47.68, 40.24, 39.49, 28.04, 
27.93. HRMS (ESI-TOF) calcd for C24H28FNO9 ([M]+Na+) = 516.1640, Found 516.1647. 
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(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 5'-chluoro 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3i): 

Prepared according to the general procedure (24 h). The tittle 
compound 3i was obtained as a white solid in 95% yield, >19:1 d.r., 
93% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 7.62 min, tr (minor) = 9.71 min. 
[α]29.2

D = −55.4 (c = 0.70, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.85 (d, J = 8.8 Hz, 1H), 7.44 (d, J = 2.4 Hz, 1H), 7.32 (dd, J = 8.8, 2.4 

Hz, 1H), 3.81 (d, J = 11.6 Hz, 6H), 3.35 (s, 1H), 1.61 (s, 9H), 1.42 (s, 9H). 13C NMR (100 MHz, CDCl3) 
δ = 169.82, 164.46, 163.49, 162.95, 148.40, 139.33, 129.29, 128.89, 126.82, 121.56, 115.61, 85.23, 
83.72, 53.63, 53.38, 47.65, 40.02, 39.55, 28.03, 27.93. HRMS (ESI-TOF) calcd for C24H28

34.9589ClNO9 
([M]+Na+) = 532.1350, Found 532.1356; HRMS (ESI-TOF) calcd for C24H28

36.9659ClNO9 ([M]+Na+) = 
534.1321, Found 532.1340. 
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(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 5'-bromo 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3-tetracarboxylate (3j): 
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Prepared according to the general procedure (24 h). The tittle 
compound 3j was obtained as a white solid in 95% yield, >19:1 d.r., 
91% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 8.19 min, tr (minor) = 10.29 min. 
[α]27.4

D = −45.7 (c = 0.42, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.80 (d, J = 8.8 Hz, 1H), 7.57 (d, J = 2.0 Hz, 1H), 7.47 (dd, J = 8.8, 2.0 

Hz, 1H), 3.81 (d, J = 12.8 Hz, 6H), 3.35 (s, 1H), 1.61 (s, 9H), 1.43 (s, 9H). 13C NMR (100 MHz, CDCl3) 
δ = 169.70, 164.46, 163.46, 162.96, 148.37, 139.82, 131.81, 129.57, 121.90, 116.80, 116.03, 85.28, 
83.78, 53.64, 53.40, 47.67, 39.90, 39.58, 28.03, 27.94. HRMS (ESI-TOF) calcd for C24H28

78.9183BrNO9 
([M]+Na+) = 576.0840, Found 576.0845; HRMS (ESI-TOF) calcd for C24H28

80.9163BrNO9 ([M]+Na+) = 
578.0825, Found 578.0835. 
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(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 5'-iodo 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3k): 

Prepared according to the general procedure (24 h). The tittle compound 
3k was obtained as a white solid in 95% yield, >19:1 d.r., 92% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 
nm) tr (major) = 8.48 min, tr (minor) = 10.47 min. [α]27.4

D = −39.5(c = 

1.03, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.71 (s, 1H), 7.69 – 7.63 
(m, 2H), 3.82 (s, 3H), 3.78 (s, 3H), 3.34 (s, 1H), 1.60 (s, 9H), 1.42 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ = 169.53, 164.46, 163.42, 162.97, 148.34, 140.52, 137.74, 135.19, 
122.10, 116.47, 87.13, 85.28, 83.81, 53.64, 53.38, 47.64, 39.65, 39.55, 28.02, 27.97. HRMS (ESI-TOF) 
calcd for C24H28INO9 ([M]+Na+) = 642.0709, Found 642.0701. 
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(1R,3S)-1',3-di-tert-butyl 2,2-dimethyl 6'-bromo 2'-oxospiro[cyclopropane-1,3'-indoline] 
-1',2,2,3- tetracarboxylate (3l): 

Prepared according to the general procedure (24 h). The tittle 
compound 3l was obtained as a white solid in 90% yield, >19:1 d.r., 
94% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 5.97 min, tr (minor) = 9.77 min. 
[α]27.4

D = −62.7 (c = 0.29, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
8.13 (d, J =2.0 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 7.26 – 7.24 (m, 1H), 

3.79 (d, J = 4.8 Hz, 6H), 3.34 (s, 1H), 1.62 (s, 9H), 1.41 (s, 9H). 13C NMR (101 MHz, CDCl3) δ = 
169.93, 164.45, 163.71, 162.97, 148.30, 141.75, 127.88, 126.66, 123.00, 118.69, 118.07, 85.44, 83.55, 
53.68, 53.35, 47.43, 40.11, 39.30, 28.01, 27.96. HRMS (ESI-TOF) calcd for C24H28

78.9183BrNO9 
([M]+Na+) = 576.0840, Found 576.0851; HRMS (ESI-TOF) calcd for C24H28

80.9163BrNO9 ([M]+Na+) = 
578.0825, Found 578.0832. 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl 3-acetyl 2'-oxospiro[cyclopropane-1,3'-indoline]-1',2,2- 
tricarboxylate (3m): 
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Prepared according to the general procedure (15 h) below 0 °C. The tittle 
compound 3m was obtained as a colorless oil in 90% yield, >19:1 d.r., 98% 
ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 
254 nm) tr (major) = 8.15 min, tr (minor) = 9.69 min. [α]26.4

D = −73.2 (c = 

0.46, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 1H), 
7.40 – 7.31 (m, 1H), 7.22 (dd, J = 8.0, 1.2 Hz, 1H), 7.11 (td, J = 7.6, 0.8 Hz, 

1H), 3.80 (d, J = 4.2 Hz, 6H), 3.55 (s, 1H), 2.31 (s, 3H), 1.63 (s, 9H). 13C NMR (101 MHz, CDCl3) δ = 
198.51, 170.46, 164.66, 163.19, 148.48, 140.65, 129.12, 126.22, 123.96, 119.41, 114.66, 85.02, 53.71, 
53.40, 48.41, 44.11, 41.50, 31.48, 28.04. HRMS (ESI-TOF) calcd for C21H23NO8 ([M]+Na+) = 
440.1321, Found 440.1324. 
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(1R,3S)-1'(tert-butyl) 2,2-dimethyl 3-benzoyl 2'-oxospiro[cyclopropane-1,3'-indoline] -1',2,2- 
tricarboxylate (3n): 

Prepared according to the general procedure (24 h) below 0 °C. The tittle 
compound 3n was obtained as a white solid in 95% yield, >19:1 d.r., 
92% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 90/10, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 11.67 min, tr (minor) = 8.52 min. 
[α]26.5

D = +18.3 (c = 0.93, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
8.21 – 8.05 (m, 2H), 7.89 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 
7.48 (t, J = 8.0 Hz, 2H), 7.37 – 7.27 (m, 2H), 7.14 – 7.06 (m, 1H), 4.09 

(s, 1H), 3.85 (s, 3H), 3.69 (s, 3H), 1.64 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 189.84, 170.72, 
165.25, 163.45, 148.53, 140.81, 136.43, 133.93, 129.06, 128.87, 128.48, 126.43, 123.93, 119.71, 
114.66, 84.95, 53.67, 53.37, 49.48, 41.58, 41.01, 28.07. HRMS (ESI-TOF) calcd for C26H25NO8 
([M]+Na+) = 502.1478, Found 502.1485. 
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(1R,3S)-1'(tert-butyl) 2,2-dimethyl 3-(4-methoxybenzoyl) 2'-oxospiro[cyclopropane-1,3'- 
indoline]-1',2,2- tricarboxylate (3o): 

Prepared according to the general procedure (48 h) below 0 °C. 
The tittle compound 3o was obtained as a white solid in 80% 
yield, >19:1 d.r., 97% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH 
= 90/10, flow rate 1.0 mL/min, λ = 254 nm) tr (major) = 
22.69min, tr (minor) = 17.81 min. [α]20.6

D = −4.7 (c = 2.13, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 8.13 – 8.02 (m, 2H), 
7.93 – 7.82 (m, 1H), 7.33 – 7.29 (m, 2H), 7.11 – 7.04 (m, 1H), 

6.98 – 6.86 (m, 2H), 4.07 (s, 1H), 3.84 (d, J = 2.8 Hz, 6H), 3.71 (s, 3H), 1.63 (s, 9H). 13C NMR (100 
MHz, CDCl3) δ = 188.14, 170.85, 165.39, 164.18, 163.55, 148.55, 140.74, 130.89, 129.59, 128.95, 
126.57, 123.87, 119.81, 114.58, 114.07, 84.90, 55.54, 53.64, 53.31, 49.20, 41.56, 41.04, 28.07. HRMS 
(ESI-TOF) calcd for C27H27NO9 ([M]+Na+) = 532.1584, Found 532.1593. 
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(1R,3S)-1'(tert-butyl) 2,2-dimethyl 3-(4-chlorobenzoyl) 2'-oxospiro[cyclopropane-1,3'- 
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indoline]-1',2,2- tricarboxylate (3p): 
Prepared according to the general procedure (48 h) below 0 °C. The 
tittle compound 3p was obtained as a white solid in 90% 
yield, >19:1 d.r., 90% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 
90/10, flow rate 1.0 mL/min, λ = 254 nm) tr (major) = 13.35 min, tr 
(minor) = 9.50 min. [α]23.3

D = +50.4 (c = 1.01, in CH2Cl2). 1H NMR 
(400 MHz, CDCl3) δ 8.15 – 8.08 (m, 2H), 7.90 (d, J = 8.4 Hz, 1H), 
7.51 – 7.42 (m, 2H), 7.38 – 7.31 (m, 1H), 7.24 (s, 1H), 7.14 – 7.07 

(m, 1H), 3.99 (s, 1H), 3.85 (s, 3H), 3.67 (s, 3H), 1.64 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 188.61, 
170.60, 165.21, 163.35, 148.49, 140.86, 140.44, 134.82, 129.86, 129.24, 129.19, 126.21, 123.98, 
119.56, 114.74, 85.00, 53.72, 53.49, 49.74, 41.43, 40.63, 28.07. HRMS (ESI-TOF) calcd for 
C26H24

34.9589ClNO8 ([M]+Na+) = 536.1088, Found 536.1092; HRMS (ESI-TOF) calcd for 
C26H24

36.9659ClNO8 ([M]+Na+) = 538.1059, Found 538.1074. 
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1 9.499 1687724 4.88 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl-2'-oxo-3-propylspiro[cyclopropane-1,3'-indoline]-1',2,2- 

tricarboxylate (4a): 

Prepared according to the general procedure (48 h). The tittle compound 4a 
was obtained as a colorless oil in 65% yield, >19:1 d.r., 98% ee. HPLC 
(Chiralcel IA, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 6.58 min, tr (minor) = 7.50 min. [α]13.0

D = +718.1 (c = 0.65, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 
8.0 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 3.74 (d, J = 15.6 

Hz, 6H), 2.67 (t, J = 7.4 Hz, 1H), 2.10 – 2.01 (m, 1H), 1.84 – 1.75 (m, 1H), 1.61 (s, 9H), 1.49 – 1.29 
(m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ = 171.74, 166.33, 164.90, 148.80, 
140.68, 128.28, 125.07, 123.70, 121.86, 114.79, 84.55, 53.17, 52.95, 49.04, 41.13, 38.69, 28.07, 24.03, 
21.90, 13.53. HRMS (ESI-TOF) calcd for C22H27NO7 ([M]+Na+) = 440.1685, Found 440.1686. 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl 3-cyclopentyl-2'-oxospiro[cyclopropane-1,3'-indoline]- 

1',2,2-tricarboxylate (4a'): 

Prepared according to the general procedure (120 h). The tittle compound 4a' 
was obtained as a colorless oil in 32% yield, >19:1 d.r., 97% ee. HPLC 
(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 3.92 min, tr (minor) = 5.34 min. [α]18.1

D = +27.9 (c = 0.24 in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.99 – 7.85 (m, 1H), 7.55 (dd, J = 7.6, 
0.8 Hz, 1H), 7.37 – 7.30 (m, 1H), 7.14 (td, J = 7.6, 0.8 Hz, 1H), 3.76 (s, 3H), 
3.72 (s, 3H), 2.50 (d, J = 11.2 Hz, 1H), 2.20 – 2.12 (m, 1H), 1.90 – 1.89 (m, 

1H), 1.83 – 1.75 (m, 1H), 1.62 (s, 9H), 1.59 – 1.52 (m, 1H), 1.40 – 1.09 (m, 6H), 0.97 – 0.85 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ = 171.68, 166.35, 165.01, 148.81, 140.59, 128.25, 124.73, 123.79, 
121.76, 114.78, 84.53, 53.15, 52.92, 49.05, 44.44, 41.06, 32.02, 31.80, 31.15, 28.08, 26.01, 25.73, 
25.55. HRMS (ESI-TOF) calcd for C25H31NO7 ([M]+Na+) = 480.1998, Found 480.1999. 
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1 3.922 1507803 98.58 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl 3-cyano-2'-oxospiro[cyclopropane-1,3'-indoline] -1',2,2- 

tricarboxylate (4a'''): 

Prepared according to the general procedure (120 h). The tittle compound 
4a''' was obtained as a colorless oil in 82% yield, >19:1 d.r., 85% ee. HPLC 
(Chiralcel ID, n-hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 3.92 min, tr (minor) = 5.34 min. [α]18.1

D = +59.5 (c = 0.20, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.0 Hz, 1H), 7.58 (dd, J = 
8.0, 0.8 Hz, 1H), 7.48 – 7.41 (m, 1H), 7.23 (td, J = 7.6, 0.8 Hz, 1H), 3.82 (d, J 

= 4.0 Hz, 6H), 3.33 (s, 1H), 1.62 (s, 10H). 13C NMR (100 MHz, CDCl3) δ = 168.59, 162.90, 161.88, 
148.14, 141.06, 130.31, 124.79, 124.45, 118.41, 115.28, 112.26, 85.47, 54.07, 53.97, 47.30, 40.10, 
28.01, 22.39. HRMS (ESI-TOF) calcd for C20H20N2O7 ([M]+Na+) = 423.1168, Found 423.1162. 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl-2'-oxo-3-phenylspiro[cyclopropane-1,3'-indoline]-1',2,2- 

tricarboxylate (4b): 

Prepared according to the general procedure (48 h). The tittle compound 4b 
was obtained as a white solid in 89% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 10.77 min, tr (minor) = 13.51 min. [α]20.6

D = +77.4 (c = 0.70, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 
7.6 Hz, 4H), 7.08 (d, J = 6.0 Hz, 2H), 6.93 (t, J = 8.0 Hz, 1H), 6.70 (d, J = 8.0 

Hz, 1H), 4.06 (s, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 1.65 (s, 9H).  13C NMR (100 MHz, CDCl3) δ = 171.47, 
166.29, 164.30, 148.80, 140.84, 130.00, 129.78, 128.43, 128.22, 127.89, 122.99, 120.50, 114.37, 84.69, 
53.32, 52.89, 50.06, 42.19, 40.07, 28.11. HRMS (ESI-TOF) calcd for C25H25NO7 ([M]+K+) = 474.1523, 
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Found 474.1527. 
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(1R,3S)-1'-tert-butyl-2,2-dimethyl-2'-oxo-3-(m-tolyl)spiro[cyclopropane-1,3'-indoline]-1',2,2-
tricarboxylate (4c): 

Prepared according to the general procedure (48 h). The tittle 
compound 4c was obtained as a white solid in 92% yield, >19:1 d.r., 
99% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 8.15 min, tr (minor) = 9.97 min. 
[α]25.9

D = +75.8 (c = 0.33, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.93 (d, J = 8.4 Hz, 1H), 7.34 – 7.27 (m, 1H), 7.17 (t, J = 7.6 Hz, 1H), 
7.11 (d, J = 7.6 Hz, 1H), 6.97 – 6.88 (m, 2H), 6.85 (d, J = 7.2 Hz, 1H), 
6.73 (d, J = 8.0 Hz, 1H), 4.03 (s, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 2.27 (s, 

3H), 1.65 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 171.52, 166.39, 164.35, 148.83, 140.82, 137.88, 
130.62, 129.64, 128.63, 128.40, 128.10, 128.03, 127.00, 122.89, 120.53, 114.33, 84.66, 53.32, 52.84, 
50.08, 42.18, 40.07, 28.11, 21.33. HRMS (ESI-TOF) calcd for C26H27NO7 ([M]+K+) = 504.1419, 
Found 504.1424. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 2'-oxo-3-(p-tolyl)spiro[cyclopropane-1,3'-indoline]-1',2,2- 
tricarboxylate (4d): 

Prepared according to the general procedure (48 h). The tittle compound 
4d was obtained as a white solid in 70% yield, >19:1 d.r., 98% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 
nm) tr (major) = 14.49 min, tr (minor) = 17.84 min. [α]20.8

D = +56.3 (c = 

0.57, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 1H), 
7.34 – 7.28 (m, 1H), 7.09 (d, J = 8.0 Hz, 2H), 6.96 – 6.92 (m, 3H), 6.73 
(dd, J = 7.6, 0.8 Hz, 1H), 4.01 (s, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 2.34 (s, 
3H), 1.65 (s, 9H). 13C NMR (101 MHz, CDCl3) δ = 171.56, 166.39, 

164.36, 148.82, 140.79, 137.64, 129.84, 128.96, 128.37, 127.97, 126.58, 122.96, 120.57, 114.33, 84.68, 
53.33, 52.91, 50.10, 42.20, 39.95, 28.11, 21.25. HRMS (ESI-TOF) calcd for C26H27NO7 ([M]+Na+) = 
488.1680, Found 488.1687. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 2'-oxo-3-(3-phenoxyphenyl) spiro[cyclopropane-1,3' 
-indoline] -1',2,2- tricarboxylate (4e): 

Prepared according to the general procedure (48 h). The tittle 
compound 4e was obtained as a white solid in 77% yield, >19:1 d.r., 
99% ee. HPLC (Chiralcel ID, n-hexane/ i-PrOH = 80/20, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 15.26 min, tr (minor) = 9.67 min. 
[α]20.7

D = +29.0 (c = 1.47, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
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7.91 (d, J = 8.0 Hz, 1H), 7.35 – 7.26 (m, 3H), 7.25 (d, J = 5.2 Hz, 1H), 7.05 (t, J = 7.2 Hz, 1H), 7.01 – 
6.90 (m, 4H), 6.81 (dd, J = 12.4, 7.6 Hz, 2H), 6.70 (s, 1H), 4.01 (s, 1H), 3.81 (s, 3H), 3.62 (s, 3H), 1.64 
(s, 9H). 13C NMR (100 MHz, CDCl3) δ = 171.33, 166.16, 164.16, 156.98, 156.95, 148.74, 140.84, 
131.67, 129.72, 129.67, 128.50, 127.83, 124.95, 123.30, 123.09, 120.40, 120.24, 118.77, 114.43, 84.72, 
53.34, 52.92, 49.84, 42.21, 39.84, 28.10. HRMS (ESI-TOF) calcd for C31H29NO8 ([M]+Na+) = 
566.1791, Found 566.1797. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl-3-(2-methoxyphenyl) 2'-oxospiro[cyclopropane-1,3'- 
indoline] -1',2,2- tricarboxylate (4f): 

Prepared according to the general procedure (48 h). The tittle compound 4f 
was obtained as a white solid in 65% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 15.15 min, tr (minor) = 17.17 min. [α]29.7

D = +94.5 (c = 0.27, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.0 Hz, 1H), 7.32 – 7.28 
(m, 1H), 7.26 – 7.24 (m, 1H), 7.00 – 6.94 (m, 1H), 6.91 – 6.84 (m, 2H), 6.80 
(d, J = 8.4 Hz, 1H), 6.71 (dd, J = 8.0, 0.8 Hz, 1H), 3.82 (s, 3H), 3.81 (s, 1H), 
3.69 (s, 3H), 3.48 (s, 3H), 1.65 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 

171.73, 166.53, 164.85, 158.12, 148.93, 140.64, 130.82, 129.40, 128.05, 127.09, 122.89, 121.51, 
120.00, 118.27, 114.12, 110.66, 84.52, 55.01, 53.16, 52.70, 49.85, 42.47, 36.94, 28.12. HRMS 
(ESI-TOF) calcd for C26H27NO8 ([M]+K+) = 504.1629, Found 504.1636. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl-3-(3-methoxyphenyl) 2'-oxospiro[cyclopropane-1,3'- 
indoline] -1',2,2- tricarboxylate (4g): 

Prepared according to the general procedure (48 h). The tittle 
compound 4g was obtained as a white solid in 93% yield, >19:1 d.r., 
99% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 26.22 min, tr (minor) = 18.25 min. 
[α]29.7

D = +78.6 (c = 0.48, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.92 (d, J = 8.0 Hz, 1H), 7.33 – 7.28 (m, 1H), 7.20 (t, J = 8.0 Hz, 1H), 
6.97 – 6.92 (m, 1H), 6.84 (dd, J = 8.4, 2.4 Hz, 1H), 6.77 (d, J = 8.0 
Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 6.61 (s, 1H), 4.03 (s, 1H), 3.83 (s, 

3H), 3.69 (d, J = 3.6 Hz, 6H), 1.65 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 171.47, 166.27, 164.26, 
159.33, 148.80, 140.81, 131.21, 129.29, 128.48, 128.01, 122.95, 122.25, 120.42, 115.40, 114.35, 
113.78, 84.71, 55.19, 53.34, 52.92, 50.06, 42.16, 40.06, 28.10. HRMS (ESI-TOF) calcd for C26H27NO8 
([M]+K+) = 504.1629, Found 504.1632. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl-3-(2,3-dimethoxyphenyl) 2'-oxospiro[cyclopropane -1,3'- 
indoline] -1',2,2- tricarboxylate (4h): 

Prepared according to the general procedure (48 h). The tittle compound 4h 
was obtained as a white solid in 71% yield, >19:1 d.r., 94% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 14.49 min, tr (minor) = 16.21 min. [α]29.0

D = +80.4 (c = 0.49, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.0 Hz, 1H), 7.43 – 7.27 
(m, 1H), 7.02 – 6.83 (m, 4H), 6.47 – 6.45 (m, 1H), 3.87 (d, J = 2.0 Hz, 1H), 
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3.84 (s, 3H), 3.81 (s, 3H), 3.76 (s, 3H), 3.67 (s, 3H), 1.63 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 
171.81, 166.66, 164.63, 152.85, 148.85, 148.41, 140.86, 128.33, 128.03, 123.90, 123.25, 123.08, 
122.85, 120.87, 114.22, 112.58, 84.56, 60.50, 55.84, 53.08, 52.87, 50.11, 42.19, 36.49, 28.11. HRMS 
(ESI-TOF) calcd for C27H29NO8 ([M]+K+) = 550.1474, Found 550.1478. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 3-(3-fluorophenyl)-2'-oxospiro[cyclopropane-1,3'- 
indoline]-1',2,2- tricarboxylate (4i): 

Prepared according to the general procedure (48 h). The tittle compound 
4i was obtained as a white solid in 65% yield, >19:1 d.r., 98% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 
nm) tr (major) = 9.25 min, tr (minor) = 11.51 min. [α]23.6

D = +84.6 (c = 

0.85, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.4 Hz, 1H), 
7.36 – 7.29 (m, 1H), 7.26 – 7.12 (m, 1H), 7.04 – 6.93 (m, 2H), 6.89 – 
6.79 (m, 2H), 6.75 (d, J = 7.6 Hz, 1H), 4.01 (s, 1H), 3.83 (s, 3H), 3.69 (s, 
3H), 1.65 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 171.23, 166.02, 

164.04, 162.43 (d, J = 245), 148.72, 140.90, 132.23 (d, J = 8), 129.77 (d, J = 8), 128.69, 127.58, 125.80, 
125.77, 123.20, 120.10, 117.05 (d, J = 22), 114.98 (d, J = 21), 114.53, 84.81, 53.38, 53.01, 49.92, 
42.07, 39.34, 28.09. HRMS (ESI-TOF) calcd for C25H24FNO7 ([M]+Na+) = 492.1429, Found 492.1430. 

A
U

0.00

0.10

0.20

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

9
.2

3
3

1
1
.4

4
3

 

 Retention Time Area % Area 

1 9.233 5026555 50.17 

2 11.443 4993238 49.83 



 

S30 

 

A
U

0.00

0.05

0.10

0.15

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

9
.2

4
9

1
1
.5

1
0

 
 Retention Time Area % Area 

1 9.249 3014359 99.18 

2 11.510 24788 0.82 

(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 3-(4-fluorophenyl)-2'-oxospiro[cyclopropane-1,3'- 
indoline]-1',2,2- tricarboxylate (4j): 

Prepared according to the general procedure (48 h). The tittle compound 4j 
was obtained as a white solid in 89% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) 
tr (major) = 10.90 min, tr (minor) = 14.70 min. [α]25.9

D = +81.6 (c = 0.94, in 
CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.0 Hz, 1H), 7.34 – 
7.29 (m, 1H), 7.05 (dd, J = 8.0, 5.6 Hz, 2H), 7.00 – 6.93 (m, 3H), 6.72 – 
6.66 (m, 1H), 3.98 (s, 1H), 3.83 (s, 3H), 3.68 (s, 3H), 1.65 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ = 171.31, 166.11, 164.14, 162.32 (d, J = 245), 

148.74, 140.88, 131.78 (d, J = 8), 128.60, 127.57, 125.50 (d, J = 3), 123.13, 120.30, 115.28 (d, J = 22), 
114.51, 84.79, 53.38, 52.96, 50.07, 42.11, 39.25, 28.09. HRMS (ESI-TOF) calcd for C25H24FNO7 
([M]+Na+) = 492.1429, Found 492.1438. 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl-3-(3-chlorophenyl)-2'-oxospiro[cyclopropane-1,3'- 
indoline]-1',2,2-tricarboxylate (4k): 

Prepared according to the general procedure (48 h). The tittle compound 
4k was obtained as a white solid in 65% yield, >19:1 d.r., 98% ee. 
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HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm) tr (major) = 8.35 
min, tr (minor) = 10.76 min. [α]23.8

D = +71.1 (c = 1.07, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.94 
(d, J = 8.4 Hz, 1H), 7.32 (dd, J = 17.2, 8.8 Hz, 2H), 7.22 (t, J = 7.8 Hz, 1H), 7.11 (s, 1H), 6.96 (dd, J = 
13.6, 7.2 Hz, 2H), 6.74 (d, J = 8.0 Hz, 1H), 3.99 (s, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 1.65 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ = 171.19, 165.98, 164.01, 148.71, 140.91, 134.05, 131.84, 130.10, 129.46, 
128.73, 128.30, 128.14, 127.55, 123.21, 120.07, 114.57, 84.82, 53.41, 53.02, 49.88, 41.98, 39.20, 28.09. 
HRMS (ESI-TOF) calcd for C25H24

34.9689ClNO7 ([M]+Na+) = 508.1134, Found 508.1143; 
C21H17

36.9659ClNO ([M]+Na+) = 510.1104, Found 510.1124. 
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(1R,3S)-1'-tert-butyl 2,2-dimethyl-3-(4-chlorophenyl)-2'-oxospiro[cyclopropane-1,3'- 
indoline]-1',2,2-tricarboxylate (4l): 

Prepared according to the general procedure (48 h). The tittle compound 
4l was obtained as a white solid in 85% yield, >19:1 d.r., 99% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 
nm) tr (major) = 12.22 min, tr (minor) = 16.04 min. [α]25.7

D = +58.2 (c = 

0.84, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.0 Hz, 1H), 
7.35 – 7.30 (m, 1H), 7.27 (d, J = 6.0 Hz, 2H), 7.02 (d, J = 8.0 Hz, 2H), 
6.97 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 7.6 Hz, 1H), 3.98 (s, 1H), 3.83 (s, 
3H), 3.68 (s, 3H), 1.65 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 171.24, 

166.04, 164.06, 148.72, 140.90, 133.91, 131.44, 128.67, 128.47, 128.31, 127.52, 123.21, 120.20, 
114.55, 84.82, 53.39, 53.00, 49.99, 42.02, 39.23, 28.09. HRMS (ESI-TOF) calcd for C25H24

34.9689ClNO7 
([M]+Na+) = 508.1134, Found 508.1132; C21H17

36.9659ClNO ([M]+Na+) = 510.1104, Found 510.1121. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 3-(3-bromophenyl)-2'-oxospiro[cyclopropane-1,3'- 
indoline]-1',2,2- tricarboxylate (4m): 

Prepared according to the general procedure (48 h). The tittle 
compound 4m was obtained as a white solid in 90% yield, >19:1 d.r. 
(96:4 d.r.), 98% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow 
rate 1.0 mL/min, λ = 254 nm) tr (major) = 8.79 min, tr (minor) = 11.05 
min. [α]25.9

D = +72.8 (c = 0.32, in CH2Cl2). 1H NMR (400 MHz, CDCl3) 
δ 7.94 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.33 (t, J = 7.6 Hz, 
1H), 7.27 (s, 1H), 7.16 (t, J = 8.0 Hz, 1H), 6.97 (t, J = 8.0 Hz, 2H), 6.74 
(d, J = 7.6 Hz, 1H), 3.99 (s, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 1.65 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ = 171.17, 165.97, 163.99, 148.71, 140.91, 132.99, 132.10, 131.05, 
129.72, 128.79, 128.74, 127.56, 123.21, 122.10, 120.05, 114.57, 84.82, 53.41, 53.02, 49.87, 41.95, 
39.10, 28.09. HRMS (ESI-TOF) calcd for C25H24

78.9183BrNO7 ([M]+Na+) = 552.0628, Found 552.0633; 
C25H24

80.9163BrNO7 ([M]+Na+) = 554.0615, Found 554.0608. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 3-(4-bromophenyl)-2'-oxospiro[cyclopropane-1,3' 
-indoline] -1',2,2- tricarboxylate (4n): 

Prepared according to the general procedure (48 h). The tittle compound 
4n was obtained as a white solid in 78% yield, >19:1 d.r., 98% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 
nm) tr (major) = 12.94 min, tr (minor) = 16.84 min. [α]25.9

D = +47.6 (c = 

0.33, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.4 Hz, 1H), 
7.42 (d, J = 8.4 Hz, 2H), 7.35 – 7.30 (m, 1H), 6.97 (t, J = 7.2 Hz, 3H), 
6.73 (d, J = 7.6 Hz, 1H), 3.95 (s, 1H), 3.82 (s, 3H), 3.67 (s, 3H), 1.65 (s, 
9H). 13C NMR (100 MHz, CDCl3) δ = 171.23, 166.02, 164.04, 148.71, 

140.90, 131.76, 131.41, 128.84, 128.68, 127.51, 123.23, 122.10, 120.19, 114.55, 84.82, 53.39, 53.00, 
49.96, 41.98, 39.27, 28.09. HRMS (ESI-TOF) calcd for C25H24

78.9183BrNO7 ([M]+Na+) = 552.0628, 
Found 552.0639; C25H24

80.9163BrNO7 ([M]+Na+) = 554.0615, Found 554.0616. 
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 (1R,3S)-1'-(tert-butyl) 2,2-dimethyl 3-(benzo[d][1,3]dioxol-5-yl) 2'-oxospiro[cyclopropane 
-1,3'-indoline] -1',2,2- tricarboxylate (4o): 

Prepared according to the general procedure (48 h). The tittle compound 
4o was obtained as a white solid in 70% yield, 19:1 d.r., 98% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 
nm) tr (major) = 45.86 min, tr (minor) = 27.67 min. [α]24.4

D = +35.1 (c = 

1.08, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 1H), 
7.32 (dd, J = 16.0, 7.6 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.81 (d, J = 8.0 
Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 6.58 – 6.47 (m, 2H), 5.94 – 5.91 (m, 
2H), 3.95 (s, 1H), 3.81 (s, 3H), 3.69 (s, 3H), 1.64 (s, 9H). 13C NMR (100 

MHz, CDCl3) δ = 171.40, 166.22, 164.21, 148.77, 147.49, 147.25, 140.82, 128.47, 127.88, 123.48, 
123.19, 123.05, 122.30, 120.37, 114.78, 114.39, 110.88, 110.29, 108.10, 101.18, 84.70, 53.32, 52.93, 
50.20, 42.28, 39.87, 28.09. HRMS (ESI-TOF) calcd for C26H25NO9 ([M]+Na+) = 518.1422, Found 
518.1431. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 3-(benzo[d][1,3]dioxol-5-yl) 2'-oxospiro[cyclopropane- 
1,3'-indoline] -1',2,2- tricarboxylate (4p): 

Prepared according to the general procedure (48 h). The tittle 
compound 4p was obtained as a white solid in 74% yield, >19:1 d.r., 
97% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 13.93 min, tr (minor) = 17.81 min. 
[α]24.7

D = +30.6 (c = 1.36, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
7.96 (d, J = 8.4 Hz, 1H), 7.87 – 7.80 (m, 1H), 7.80 – 7.75 (m, 1H), 7.71 
– 7.65 (m, 1H), 7.55 (s, 1H), 7.52 – 7.41 (m, 2H), 7.34 – 7.28 (m, 1H), 
7.20 (dd, J = 8.4, 1.6 Hz, 1H), 6.87 (td, J = 7.6, 1.0 Hz, 1H), 6.69 (dd, J 

= 7.9, 1.0 Hz, 1H), 4.35 (s, 0.05H), 4.19 (s, 1H), 3.86 (s, 3H), 3.81 (s, 0.05H), 3.69 (s, 3H), 3.68 (s, 
0.15H), 1.67 (s, 9H), 1.62 (s, 0.45H). 13C NMR (100 MHz, CDCl3) δ = 171.51, 166.34, 164.28, 148.84, 
140.87, 132.94, 132.74, 129.11, 128.52, 127.96, 127.81, 127.76, 127.68, 127.31, 126.35, 126.27, 
123.09, 120.52, 114.46, 84.76, 53.43, 52.94, 50.20, 42.18, 40.13, 28.13. HRMS (ESI-TOF) calcd for 
C26H25NO9 ([M]+Na+) = 524.1685, Found 524.1681. 
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(1R,3S)-1'-(tert-butyl) 2,2-dimethyl 6'-chloro-2'-oxo-3-phenylspiro[cyclopropane-1,3'- 
indoline]-1',2,2- tricarboxylate (4q): 

Prepared according to the general procedure (48 h). The tittle 
compound 4q was obtained as a white solid in 80% yield, >19:1 d.r., 
98% ee. HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, flow rate 1.0 
mL/min, λ = 254 nm) tr (major) = 10.81 min, tr (minor) = 9.03 min. 
[α]13.5

D = +41.2 (c = 0.92, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
8.01 (d, J = 2.0 Hz, 1H), 7.35 – 7.27 (m, 3H), 7.04 (dd, J = 6.8, 1.4 Hz, 
2H), 6.91 (dd, J = 8.4, 2.0 Hz, 1H), 6.63 (d, J = 8.4 Hz, 1H), 4.05 (s, 
1H), 3.83 (s, 3H), 3.70 (s, 3H), 1.65 (s, 9H). 13C NMR (100 MHz, 

CDCl3) δ = 171.09, 166.07, 164.30, 148.54, 141.64, 134.50, 129.88, 129.45, 128.87, 128.37, 128.10, 
123.16, 118.86, 115.11, 85.23, 53.39, 53.04, 50.06, 41.99, 40.20, 28.06. HRMS (ESI-TOF) calcd for 
C25H24

34.9689ClNO7 ([M]+Na+) = 508.1139, Found 508.1137; C21H17
36.9659ClNO ([M]+Na+) = 510.1109, 

Found 510.1120. 
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1a-tert-buty 1,1-dimethyl 2-oxo-1a,2-dihydrocyclopropa[c]chromene-1,1,1a(7bH)- 
tricarboxylate (4r): 

Prepared according to the general procedure (72 h). The tittle compound 4r 
was obtained as a white solid in 80% yield, >19:1 d.r., 82% ee. [α]23..8

D = 
−12.5 (c = 0.40, in CH2Cl2). HPLC (Chiralcel IA, n-hexane/ i-PrOH = 98/2, 
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flow rate 1.0 mL/min, λ = 254 nm) tr (major) = 8.96 min, tr (minor) = 12.14 min. 1H NMR (400 MHz, 
CDCl3) δ 7.46 – 7.39 (m, 1H), 7.34 – 7.27 (m, 1H), 7.16 (t, J = 7.6 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 
3.84 (s, 3H), 3.79 (s, 1H), 3.47 (s, 3H), 1.47 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 165.75, 163.62, 
162.48, 159.37, 150.16, 129.87, 129.37, 125.00, 116.92, 113.99, 84.25, 53.81, 53.39, 43.58, 41.62, 
33.57, 27.66. 
HRMS (ESI-TOF) calcd for C19H20O8 ([M]+Na+) = 399.1050, Found 399.1051. 
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1a-tert-buty 1,1-dimethyl 6-methyl-2-oxo-1a,2-dihydrocyclopropa[c]chromene-1,1,1a(7bH)- 
tricarboxylate (4s): 

Prepared according to the general procedure (72 h). The tittle 
compound 5b was obtained as a white solid in 85% yield, >19:1 d.r., 
76% ee. [α]23.7

D = −6.7 (c = 0.18, in CH2Cl2). HPLC (Chiralcel IA, 
n-hexane/ i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm) tr 
(major) = 8.72 min, tr (minor) = 10.03 min. 1H NMR (400 MHz, 
CDCl3) δ 7.24 (d, J = 1.2 Hz, 1H), 7.09 (dd, J = 8.4, 1.6 Hz, 1H), 6.91 

(d, J = 8.4 Hz, 1H), 3.85 (s, 3H), 3.75 (s, 1H), 3.51 (s, 3H), 2.33 (s, 3H), 1.48 (s, 9H). 13C NMR (100 
MHz, CDCl3) δ = 165.84, 163.64, 162.56, 159.56, 148.11, 134.73, 130.46, 129.55, 116.62, 113.62, 
84.14, 53.73, 53.36, 43.54, 41.64, 33.74, 27.67, 20.67. HRMS (ESI-TOF) calcd for C20H22O8 ([M]+Na+) 
= 413.1207, Found 413.1216. 
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Trimethyl 2-oxo-2H-spiro[benzofuran-3,1'-cyclopropane]-2',2',3'- tricarboxylate (4t): 
Prepared according to the general procedure (24 h). The tittle compound 4t 
was obtained as a white solid in 95% yield, >19:1 d.r., 0% ee. HPLC 
(Chiralcel IA, n-hexane/ i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm) 
tr = 9.76 min, tr = 11.03 min. 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.35 (m, 
2H), 7.18 – 7.13 (m, 2H), 3.82 (d, J = 2.0 Hz, 6H), 3.75 (s, 3H), 3.47 (s, 1H). 

13C NMR (101 MHz, CDCl3) δ = 171.98, 164.98, 163.69, 162.58, 154.60, 
129.92, 127.32, 124.04, 119.47, 110.77, 53.93, 53.58, 52.93, 47.27, 38.28, 37.96. HRMS (ESI-TOF) 
calcd for C16H14O8 ([M]+Na+) = 357.0581, Found 357.0579. 
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3'-tert-butyl 2',2'-dimethyl 2-oxo-2H-spiro[benzofuran-3,1'-cyclopropane]-2',2',3'- 
tricarboxylate (4t'): 

Prepared according to the general procedure (24 h). The tittle compound 4t' 
was obtained as a white solid in 85% yield, >19:1 d.r., 0% ee. HPLC 
(Chiralcel IC, n-hexane/ i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm) 
tr = 11.16 min, tr = 11.51 min. 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 
8.0, 1.2 Hz, 1H), 7.37 (td, J = 8.0, 1.6 Hz, 1H), 7.20 – 7.11 (m, 2H), 3.82 (d, 
J = 6.0 Hz, 6H), 3.39 (s, 1H), 1.42 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 
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= 172.29, 164.02, 163.33, 162.86, 154.53, 129.71, 127.45, 123.78, 119.61, 110.68, 83.69, 53.85, 53.38, 
47.06, 39.19, 38.10, 27.94. 
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3-tert-butyl 2,2-dimethyl 2'-oxo-1'-tosylspiro[cyclopropane-1,3'-indoline]-2,2,3- 
tricarboxylate (4u): 

Prepared according to the general procedure (24 h). The tittle compound 4u 
was obtained as a white solid in 98% yield, >19:1 d.r., 0% ee. HPLC 
(Chiralcel IC, n-hexane/ i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm) 
tr = 12.94 min, tr = 17.87 min. 1H NMR (400 MHz, CDCl3) δ 7.99 (t, J = 8.4 
Hz, 3H), 7.47 – 7.31 (m, 4H), 7.13 (td, J = 8.0, 1.2 Hz, 1H), 3.76 (s, 3H), 
3.61 (s, 3H), 3.30 (s, 1H), 2.43 (s, 3H), 1.41 (s, 9H). 13C NMR (101 MHz, 

CDCl3) δ = 170.40, 164.25, 163.43, 162.96, 145.93, 140.32, 134.89, 129.79, 129.39, 128.22, 127.25, 
124.00, 119.72, 113.24, 83.50, 53.45, 53.31, 47.64, 40.05, 38.82, 27.93, 21.75. 

A
U

0.00

0.02

0.04

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00

1
2
.9

8
8

1
7
.9

3
5

 

 Retention Time Area % Area 

1 12.988 1730474 49.83 

2 17.935 1742434 50.17 

A
U

0.00

0.05

0.10

0.15

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00

1
2
.9

4
3

1
7
.8

7
3

 



 

S39 

 

 Retention Time Area % Area 

3 12.943 5249385 50.99 

4 17.873 5044710 49.01 

 

2-(tert-butyl) 1,1-dimethyl –2-((R)-2-oxo-3-(phenylamino)indolin-3-yl)ethane-1,1,2,- 
tricarboxylate (5): 

Prepared according to the general procedure (24 h). The tittle compound 5 
was obtained as a yellow oil in 90% yield, >19:1 d.r. (97:3 d.r.), 99% ee. 
HPLC (Chiralcel IA, n-hexane/ i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 
254 nm) tr (major) = 27.03 min, tr (minor) = 35.2 min. [α]14.0

D = +12.5 (c = 

0.45, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 8.50 (s, 1H), 7.40 (d, J = 
7.5 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.8 
Hz, 2H), 6.82 (d, J = 7.8 Hz, 1H), 6.67 (t, J = 7.3 Hz, 1H), 6.37 (d, J = 7.9 

Hz, 2H), 5.14 (s, 1H), 4.28 (d, J = 8.8 Hz, 1H), 3.95 (d, J = 8.9 Hz, 1H), 3.74 (s, 3H), 3.60 (s, 3H), 1.29 
(s, 9H). 13C NMR (100 MHz, CDCl3) δ = 177.14, 169.12, 168.76, 167.96, 144.31, 140.66, 129.91, 
128.97, 127.20, 126.28, 122.95, 120.15, 116.79, 110.51, 82.57, 65.17, 53.26, 52.82, 52.34, 50.00, 27.52. 
Dept135 NMR (100 MHz, CDCl3) δ = 129.91, 128.97, 126.28, 122.95, 120.15, 116.78, 110.51, 77.24, 
53.26, 52.82, 52.34, 49.99, 27.52. HRMS (ESI-TOF) calcd for C25H28N2O7 ([M]+Na+) = 491.1794, 
Found 491.1786. 
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