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1. General remarks 

Reactions were carried out using commercially available reagents in over-dried apparatus. 

Nickel(II) trifluoromethanesulfonate and scandium(III) trifluoromethanesulfonate were purchased 

from Adamas Co. Ltd. and Alfa aesar chemical Co. Ltd. CH2Cl2 was dried over powdered CaH2 

and distilled under nitrogen just before use. Et2O, THF and toluene were directly distilled before 

use. EtOAc from Tansoole Co. Ltd. was directly used. 1H NMR spectra were recorded on 

commercial instruments (400 MHz). Chemical shifts were reported in ppm using solvent 

resonance as an internal standard [CDCl3,  = 7.26 ppm]. Data reported as: chemical shift ( ppm), 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of 

doublets, td = triplet of doublets, dt = doublet of triplets, ddd = doublet of doublet of doublets), 

coupling constants (Hz), integration and assignment. 13C{1H} NMR spectra were recorded on 

commercial instruments (100 MHz) with complete proton decoupling. Chemical shifts are 

reported in ppm using solvent as an internal standard [CDCl3,  = 77.00 ppm]. 19F{1H} NMR was 

measured at 376 MHz, and PhCF3 (-63.2 ppm) was used as an external standard. Enantiomeric 

excesses (ee) were determined b by high-performance liquid chromatography (HPLC) or 

supercritical fluid chromatography (SFC) analysis using the corresponding commercial chiral 

column as stated in the experimental procedures. Optical rotations were reported as follows: []D
T 

= (c = g/100 mL, in solvent). HRMS was recorded on a commercial apparatus (FTMS+c ESI). 

Chiral N,N′-dioxide ligands1, phenyliodonium ylide malonate2 and β-keto amide/ester3 were 

prepared according to previously reported method. 

2. General procedure for catalytic asymmetric α-alkylation reaction 

General procedure for catalytic asymmetric α-alkylation reaction: A dry reaction tube was 

charged with L-PiEt2/Ni(OTf)2 (1:1, 10 mol%), and β-keto amide/ester 1 (0.1 mmol). Then, ethyl 

acetate (1.0 mL) was added and the mixture was stirred at 35 oC for 0.5 h. Finally, water (5 L) and 

phenyliodonium ylide malonate 2 (0.12 mmol) were added under stirring. The reaction mixture was 

stirred at 35 oC for 12 h. The residue was purified by flash chromatography (petroleum ether/ethyl 

acetate 8:1 to 4:1) on silica gel to afford the product 3. The enantiomeric excesses (ee) was determined 

by high-performance liquid chromatography (HPLC) with Chiralcel IA, IC and ADH. 

 

Typical procedure for the scale-up reaction: A flask (100 mL) was charged with L-PiEt2 (0.15 

mmol, 90.0 mg), Ni(OTf)2 (0.15 mmol, 54.0 mg), and 1a (3.0 mmol, 0.93 g). Then, EtOAc (30 mL) 

was added and the mixture was stirred at 35 oC for 0.5 h. Finally, water (100 L) and phenyliodonium 

ylide malonate 2 (3.3 mmol, 1.10 g) were added under stirring. The reaction mixture was stirred at 35 

oC for 12 h. The residue was purified by flash chromatography (petroleum ether/ethyl acetate = 8/1) on 

silica gel to afford the product 3aa as a white solid (1.16 g, 88% yield, 93% ee) and up to 99% ee can 

be achieved after recrystallization (1.00 g, 76% yield, 99% ee). 

3. Experimental procedures for the reduction of 3aa 

To a solution of the adduct 3aa (43.9 mg, 0.1 mmol) in CH3OH (1.0 mL) was added KBH4 

(14.6 mg) at 0 oC. The mixture was allowed to stir for 1 h. Then saturated NH4Cl aqueous solution 

(2.0 mL) was added to the mixture. The mixture was extracted with CH2Cl2, drying over Na2SO4. 
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After evaporation of the solvent, the product 4 was purified on silica gel chromatography 

(petroleum ether/ethyl acetate = 2/1). The results were >99% yield, 2:1 dr, and 99% ee / 99% ee. 

4. Extra optimization 

 

Scheme S1. α-Alkylation of several substrates with phenyliodonium ylide malonate. 

5. Mechanism study 

(a) Electroparamagnetic resonance (EPR) analysis 

 

EPR measurements: EPR spectra were recorded at room temperature on a Bruker ESP-300E: 

Receiver Gain = 1.78 e+004; Phase = 0 deg; Harmoni = 1; Mod. Frequency = 100.000 KHz; Mod. 

Amplitude = 6.00 G; Center Field = 3360.00 G; Sweep width 90.000 G; Resolution = 2048 points; 

Conversion Time =40.00ms; Time const. = 20.48 ms; Sweep time = 81.92s; Power = 60.39 mw. 

 

Figure S1. The electroparamagnetic resonance (EPR) spectra of α-alkylation. The 

electroparamagnetic resonance (EPR) spectra (X band, 9.43 GHz, RT; in EtOAc at room 

temperature) of a) 2 (0.05 mmol); b) 1a (0.05 mmol); c) L-PiEt2 (0.05 mmol); d) Ni(OTf)2 (0.05 

mmol); e) the complex of Ni(OTf)2/L-PiEt2 (0.01 mmol); f) Ni(OTf)2 (0.01 mmol) and 2 (0.05 

mmol); g) L-PiEt2 (0.01 mmol) and 2 (0.05 mmol); h) the complex of Ni(OTf)2/L-PiEt2 (0.01 
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mmol), 1a (0.05 mmol) and 2 (0.05 mmol); i) the complex of Ni(OTf)2/L-PiEt2 (0.01 mmol), 1a 

(0.05 mmol), 2 (0.05 mmol) and H2O (3 µL). 

 

Table S1. EPR experiments of β-ketoamide 1a with 2. 

 

Figure S1 2 1a L-PiEt2 Ni(OTf)2 H2O Signal 

3a  - - - - No signal 

3b -  - - - No signal 

3c - -  - - No signal 

3d - - -  - No signal 

3e - -   - No signal 

3f  - -  - No signal 

3g  -  - - weak signal 

3h     - strong signal 

3i      strong signal 

 

(1) No signal of the reagents and catalysts appeared from 3315.00 G to 3405.00 G (Figure 

S1a-e). 

(2) No signal appeared when Ni(OTf)2 and phenyliodonium ylide 2 was stirred in EtOAc (0.06 

mL) at room temperature (Figure S1f). 

(3) Interestingly, the EPR spectrum of the mixture of L-PiEt2 and phenyliodonium ylide 2 in 

EtOAc (0.06 mL) exhibits weak signal (Figure S1g). This could be explained by the coordination 

of L-PiEt2 to the iodine(III) center, which activated phenyliodonium ylide 2. 

(4) The mixture of Ni(OTf)2/ L-PiEt2 (0.01 mmol), 1a (0.05 mmol) and 2 (0.05 mmol) exhibits 

double peaks and g-Factors are 2.006 and 2.001 (Figure S1h). The intensity of the signals is 

stronger when water is added (Figure S1i). 

 

(b) Control experiments 
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Scheme S2. Control experiments. 

 

Scheme S3. Control experiments. 
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(c) HRMS analysis 

Preliminary studies of the mechanism were carried out by HRMS experiments (Figure S2). The 

coordination of N,N'-dioxide L-PiEt2 with Ni(OTf)2 was confirmed by the ion peak at m/z 

(C35H52N4NiO4
2+) 325.1664, corresponding to the intermediate [Ni2+ + L-PiEt2]2+ (calculated. m/z 

325.1666). The interaction of β-ketoamide 1a with the catalyst was confirmed by the HRMS 

analysis of the mixture of β-ketoamide and the catalyst prepared in situ from Ni(OTf)2, L-PiEt2 

and 1a (1:1:2) in EtOAc. A peak at m/z (C55H75N5NiO6
2+) 479.7533 was detected responding to 

the intermediate TS-1 [Ni2+ + L-PiEt2 + 1a]2+ (calculated. m/z 479.7530). It implies the 

β-ketoamide 1a could be activated by the coordination with the Ni(II) in a bidentate fashion 

through its two carbonyl groups. 
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Figure S2. HRMS experiment: The mixture of L-PiEt2, Ni(OTf)2 and β-ketoamide 1a (1:1:2) 

Then, a peak at m/z 927.3762 was detected responding to the intermediate [L-PiEt2 + 2 + H+]+ 

(calculated. m/z 927.3763) by the HRMS analysis of the mixture of L-PiEt2 and 2 (1:1) in EtOAc 

(Figure S3). We suspected that the 2 could be activated by N,N'-dioxide L-PiEt2. HRMS (m/z): 

[L-PiEt2 + H+]+ calculated. for C35H53N4O4
+, 593.4061, found 593.4061. HRMS (m/z): [L-PiEt2 + 

Na+]+ calculated. for C35H52N4O4Na+, 615.3881, found 615.3877. HRMS (m/z): [L-PiEt2 + K+]+ 

calculated. for C35H52N4O4K+, 631.3620, found 631.3616. 
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Figure S3. HRMS experiment: The mixture of L-PiEt2 and 2 (1:1) 

 

When the mixture of β-ketoamide 1a, the catalyst and 2 prepared in situ from L-PiEt2, 

Ni(OTf)2, 1a and 2 (1:1:2:2) in EtOAc was carried out by HRMS experiment, intermediate [Ni2+ + 

L-PiEt2]2+ and intermediate TS-1 [Ni2+ + L-PiEt2 + 1a]2+ were detected (Figure S4). In the 

mixture, we also observed the formation of carbene dimer A and homocoupling by-product B, as 

well as α-hydroxylated by-product C. HRMS (m/z): [by-product A + H+]+ calculated. for 

C10H13O8
+, 261.0605, found 261.0605. HRMS (m/z): [by-product B + H+]+ calculated. for 

C10H15O8
+, 263.0761, found 263.0768. HRMS (m/z): [by-product C + H+]+ calculated. for 

C20H24NO3
+, 326.1751, found 326.1750. 
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Figure S4. HRMS experiment: The mixture of L-PiEt2, Ni(OTf)2, 1a and 2 (1:1:2:2) 

 

The •CH(CO2Me)2 was captured by TEMPO, the ion signal at m/z 288.1805 appears to 

correspond to the [TEMPO-A +H+] (calculated. m/z 288.1805) (Figure S5). At the same time, the 

ion signal at m/z 465.3111 appears to correspond to the [TEMPO-B +H+] (calculated. m/z 

465.3112), which was provided by TEMPO trapping the radical intermediate TS-B. We suspect 

that the free carbene promotes homolytic cleavage of the C-H of β-ketoamide 1a to form the 

radical intermediate TS-B or the free carbene intermediate may also trigger weaker C-H bond 

cleavage via a proton-coupled electron transfer (PCET) process to access the radical intermediate 

TS-B. 
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Figure S5. HRMS experiment: The mixture of L-PiEt2, Ni(OTf)2, 1a, 2 and TEMPO (1:1:2:2:2) 
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6. The X-ray data for 3xa, TEMPO-B' and L-PiEt2-Ni(ClO4)2 

 

Figure S6. X-ray crystal structure of 3xa, CCDC 1817766. 

Crystals of product 3xa (CCDC-1817766) suitable for the X-ray crystal structure analysis were 

obtained from a solution of obtained white solid in DCM, EtOAc and petroleum ether (1/1/4). 

 

Figure S7. X-ray crystal structure of TEMPO-B', CCDC 1817767. 

Crystals of product TEMPO-B' (CCDC-1817767) suitable for the X-ray crystal structure analysis 

were obtained from a solution of obtained white solid in DCM, MeOH and petroleum ether (1/1/4) 

in tube. Note, this single srystal was cultured from the mixture of TEMPO-A and TEMPO-B' 

because TEMPO-A and TEMPO-B' were hard to separate and purify in reaction system. 

 

Figure S8. X-ray crystal structure of the L-PiEt2/Ni(ClO4)2, CCDC 1831759. 

Crystals of L-PiEt2/Ni(ClO4)2 complex (CCDC-1831759) suitable for the X-ray crystal structure 

analysis were obtained from a solution of green solid in THF and n-hexane (1/2) in NMR tube. 

 

CCDC-1817766 (3xa), CCDC-1817767 (TEMPO-B') and CCDC-1831759 [L-PiEt2/Ni(ClO4)2] 

contain the supplementary crystallographic data for this paper. These data can be obtained free of 

charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk./ 

data_request/cif. 
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7. Spectral characterization data for the products 

Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-1-oxo-2,3-dihydro-1H-inden-2-yl] 

malonate (3aa): 

Prepared according to the general procedure (12 h). The compound 3aa was 

obtained as a white solid in 89% yield, 95% ee. Mp: 119-121 °C. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 9.91 min, tr (minor) = 15.95 min. []25.3
D = −23.9 (c = 0.94, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 1H), 7.61 (t, J = 

7.4 Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 6.24 (s, 1H), 4.38 (s, 1H), 4.02 (d, J = 

17.8 Hz, 1H), 3.77 (s, 3H), 3.58 (s, 3H), 3.44 (d, J = 17.8 Hz, 1H), 2.02 (s, 3H), 1.89 (s, 6H), 1.62 (s, 

6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 204.28, 167.51, 167.36, 164.27, 154.45, 135.62, 134.89, 

127.42, 126.42, 124.40, 61.48, 57.23, 57.22, 52.76, 52.75, 52.72, 52.70, 52.30, 40.91, 36.15, 33.46, 

29.29. HRMS (ESI-FTMS) calculated for C25H29NO6H+ ([M]+H+) = 440.2068, found 440.2070. 
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Gram-scale synthesis of 3aa:  

Prepared according to the general procedure (36 h). The compound 3aa was 

obtained as a white amorphous solid in 1.159 g, 88% yield, 93% ee. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 8.52 min, tr (minor) = 13.00 min. After recrystallization 1.001 g, 

76% yield, 99.5:0.5 er. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 

1H), 7.61 (t, J = 7.4 Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 6.24 (s, 1H), 4.38 (s, 

1H), 4.02 (d, J = 17.8 Hz, 1H), 3.77 (s, 3H), 3.58 (s, 3H), 3.44 (d, J = 17.8 Hz, 1H), 2.02 (s, 3H), 1.89 

(s, 6H), 1.62 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 204.28, 167.51, 167.36, 164.27, 154.45, 

135.62, 134.89, 127.42, 126.42, 124.40, 61.48, 57.23, 57.22, 52.76, 52.75, 52.72, 52.70, 52.30, 40.91, 

36.15, 33.46, 29.29. HRMS (ESI-FTMS) calculated for C25H29NO6H+ ([M]+H+) = 440.2068, found 

440.2070. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-5-fluoro-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ba):  

Prepared according to the general procedure (12 h). The compound 3ba 

was obtained as a white amorphous solid in 77% yield, 97% ee. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 

nm) tr (major) = 8.29 min, tr (minor) = 12.49 min. []26.3
D = −20.1 (c = 

0.54, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.76 (dd, J = 8.4, 5.2 Hz, 

1H), 7.15 (d, J = 8.4 Hz, 1H), 7.07 (td, J = 8.8, 1.6 Hz, 1H), 6.28 (s, 1H), 4.35 (s, 1H), 4.03 (d, J = 18.0 

Hz, 1H), 3.43 (d, J = 18.0 Hz, 1H), 2.04 (s, 3H), 1.90 (d, J = 2.0 Hz, 6H), 1.64 (s, 7H). 13C{1H} NMR 

(100 MHz, CDCl3) δ = 202.6, 167.8 (J = 257 Hz, 1C), 167.4, 164.0, 157.6 (J = 11 Hz, 1C), 131.3 (J = 2 

Hz, 1C), 126.8 (J = 10 Hz, 1C), 115.9 (J = 23 Hz, 1C), 113.3 (J = 22 Hz, 1C), 61.8, 57.27, 57.26, 52.89, 

52.87, 52.83, 52.81, 52.4, 41.0, 36.2, 33.3, 29.3. 19F {1H} NMR (376 MHz, CDCl3) δ = −100.77. 

HRMS (ESI-FTMS) calculated for C25H28FNO6H+ ([M]+H+) = 458.1973, found 458.1973. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-6-fluoro-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ca):  

Prepared according to the general procedure (12 h). The title compound 

3ca was obtained as a white amorphous solid in 78% yield, 94% ee. Mp: 

105-108 °C. HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min,  = 254 nm) tr (major) = 7.46 min, tr (minor) = 13.45 min. []26.3
D 

= −19.6 (c = 0.65, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 

8.4, 4.4 Hz, 1H), 7.39 (dd, J = 7.2, 2.0 Hz, 1H), 7.33 (td, J = 8.4, 2.4 Hz, 1H), 6.20 (s, 1H), 4.37 (s, 1H), 

3.99 (d, J = 17.6 Hz, 1H), 3.77 (s, 3H), 3.61 (s, 3H), 3.39 (d, J = 17.6 Hz, 1H), 2.04 (s, 3H), 1.90 (d, J 

= 2.4 Hz, 6H), 1.63 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 203.6, 167.4, 167.3, 163.8, 162.2 (J 

= 246 Hz, 1C), 150.0 (J = 2 Hz, 1C), 136.5 (J = 7 Hz, 1C), 127.9 (J = 8 Hz, 1C), 123.3 (J = 24 Hz, 1C), 

110.2 (J = 22 Hz, 1C), 62.5, 57.36, 57.36, 52.91, 52.90, 52.82, 52.80, 52.5, 40.9, 36.2, 33.0, 29.3. 19F 

{1H} NMR (376 MHz, CDCl3) δ = −114.30. HRMS (ESI-FTMS) calculated for C25H28FNO6H+ 

([M]+H+) = 458.1973, found 458.1973. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-7-fluoro-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3da):  

Prepared according to the general procedure (12 h). The title compound 3da 

was obtained as a white amorphous solid in 77% yield, 95% ee. Mp: 

135-138 °C. HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min,  = 254 nm) tr (major) = 8.47 min, tr (minor) = 13.79 min. []26.4
D = 

−11.5 (c = 0.56, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.59 (td, J = 8.0, 

5.2 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 6.98 (t, J = 8.8 Hz, 1H), 6.30 (s, 1H), 4.35 (s, 1H), 4.05 (d, J = 

18.0 Hz, 1H), 3.77 (s, 3H), 3.62 (s, 3H), 3.45 (d, J = 18.0 Hz, 1H), 2.04 (s, 3H), 1.92 (s, 6H), 1.64 (s, 

6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 200.8 (J = 2 Hz, 1C), 167.3, 167.3, 163.7, 159.2 (J = 263 

Hz, 1C), 156.5 (J = 1 Hz, 1C), 137.6 (J = 9 Hz, 1C), 122.9 (J = 13 Hz, 1C), 122.3 (J = 4 Hz, 1C), 114.2 

(J = 19 Hz, 1C), 61.9, 57.32, 57.31, 52.92, 52.90, 52.82, 52.80, 52.5, 40.9, 36.2, 33.2, 29.3. 19F {1H} 

NMR (376 MHz, CDCl3) δ = −113.50. HRMS (ESI-FTMS) calculated for C25H28FNO6H+ ([M]+H+) = 

458.1973, found 458.1974. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-4-chloro-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ea):  

Prepared according to the general procedure (12 h). The title compound 3ea 

was obtained as yellow oil in 91% yield, 92% ee. HPLC (Chiralcel IC, 

n-hexane/i-PrOH = 70/30, flow rate 1.0 mL/min,  = 254 nm) tr (major) = 

12.17 min, tr (minor) = 8.04 min. []26.1
D = −46.5 (c = 0.34, in CH2Cl2). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 

7.35 (t, J = 7.6 Hz, 1H), 6.22 (s, 1H), 4.39 (s, 1H), 4.08 (d, J = 18.4 Hz, 1H), 3.79 (s, 3H), 3.61 (s, 3H), 

3.36 (d, J = 18.4 Hz, 1H), 2.04 (s, 3H), 1.91 (d, J = 2.0 Hz, 6H), 1.64 (s, 6H). 13C{1H} NMR (100 MHz, 

CDCl3) δ = 203.7, 167.4, 167.2, 163.7, 152.0, 136.8, 135.4, 132.7, 129.0, 122.6, 61.6, 57.54, 57.53, 

52.97, 52.96, 52.90, 52.88, 52.5, 41.0, 36.2, 32.7, 29.3. HRMS (ESI-FTMS) calculated for 

C25H28ClNO6H+ ([M]+H+) = 474.1678, 476.1648, found 474.1678, 476.1652. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-5-chloro-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3fa):  

Prepared according to the general procedure (12 h). The title compound 

3fa was obtained as a white solid in 76% yield, 96% ee. Mp: 164-168 °C. 

HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  

= 254 nm) tr (major) = 8.27 min, tr (minor) = 11.96 min. []19.6
D = −53.6 

(c = 0.50, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 

1H), 7.48 (s, 1H), 7.35 (d, J = 8.4 Hz, 1H), 6.24 (s, 1H), 4.35 (s, 1H), 4.01 (d, J = 18.0 Hz, 1H), 3.77 (s, 

3H), 3.60 (s, 3H), 3.41 (d, J = 18.0 Hz, 1H), 2.03 (s, 3H), 1.90 (s, 6H), 1.63 (s, 6H). 13C{1H} NMR 

(100 MHz, CDCl3) δ = 203.0, 167.3, 167.3, 163.8, 155.9, 142.4, 133.4, 128.3, 126.7, 125.5, 61.7, 57.30, 
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57.29, 52.91, 52.89, 52.82, 52.81, 52.4, 40.9, 36.2, 33.1, 29.3. HRMS (ESI-FTMS) calculated for 

C25H28ClNO6H+ ([M]+H+) = 474.1678, 476.1648, found 474.1680, 476.1653. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-6-chloro-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ga):  

Prepared according to the general procedure (12 h). The title compound 

3ga was obtained as yellow oil in 72% yield, 93% ee. HPLC (Chiralcel 

IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 6.91 min, tr (minor) = 14.26 min. []25.5
D = −10.0 (c = 0.49, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.71 (s, 1H), 7.57 (dd, J = 8.0, 

1.6 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 6.21 (s, 1H), 4.36 (s, 1H), 3.99 (d, J = 18.0 Hz, 1H), 3.77 (s, 3H), 

3.61 (s, 3H), 3.39 (d, J = 18.0 Hz, 1H), 2.04 (s, 3H), 1.90 (d, J = 2.0 Hz, 6H), 1.63 (s, 6H). 13C{1H} 

NMR (100 MHz, CDCl3) δ = 203.3, 167.4, 167.3, 163.7, 152.6, 136.4, 135.6, 133.8, 127.7, 124.2, 62.1, 

57.4, 52.93, 52.92, 52.83, 52.81, 52.5, 40.9, 36.2, 33.1, 29.3. HRMS (ESI-FTMS) calculated for 

C25H28ClNO6H+ ([M]+H+) = 474.1678, 476.1648, found 474.1672, 476.1646. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-4-bromo-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ha):  

Prepared according to the general procedure (12 h). The title compound 3ha 

was obtained as yellow oil in 82% yield, 94% ee. HPLC (Chiralcel IC, 

n-hexane/i-PrOH = 70/30, flow rate 1.0 mL/min,  = 254 nm) tr (major) = 

12.94 min, tr (minor) = 8.20 min. []26.1
D = −55.6 (c = 0.75, in CH2Cl2). 1H 

NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 7.6 Hz, 1H), 

7.31 – 7.24 (m, 2H), 6.21 (s, 1H), 4.39 (s, 1H), 4.02 (d, J = 18.4 Hz, 1H), 3.79 (s, 3H), 3.61 (s, 3H), 

3.32 (d, J = 18.4 Hz, 1H), 2.04 (s, 3H), 1.90 (d, J = 2.0 Hz, 6H), 1.63 (s, 6H). 13C{1H} NMR (100 MHz, 

CDCl3) δ = 203.8, 167.3, 167.2, 163.6, 154.1, 138.4, 136.8, 129.1, 123.2, 121.9, 61.6, 57.52, 57.51, 

52.96, 52.94, 52.88, 52.86, 52.5, 40.9, 36.2, 34.7, 29.3. HRMS (ESI-FTMS) calculated for 

C25H28BrNO6Na+ ([M]+Na+) = 540.0992, 542.0972, found 540.0998, 542.0980. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-5-bromo-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ia):  

Prepared according to the general procedure (12 h). The title compound 

3ia was obtained as a white solid in 81% yield, 94% ee. Mp: 167-171 °C. 

HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  

= 254 nm) tr (major) = 8.48 min, tr (minor) = 12.28 min. []19.6
D = −55.5 

(c = 0.51, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.7 (s, 1H), 7.7 (d, J 

= 8.4 Hz, 1H), 7.4 (d, J = 8.0 Hz, 1H), 6.2 (s, 1H), 4.4 (d, J = 2.0 Hz, 1H), 4.0 (d, J = 18.0 Hz, 1H), 3.8 

(d, J = 2.0 Hz, 3H), 3.6 (d, J = 2.0 Hz, 3H), 3.4 (d, J = 18.0 Hz, 1H), 2.0 (s, 3H), 1.9 (s, 6H), 1.6 (s, 6H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 203.3, 167.4, 167.3, 163.8, 156.0, 133.8, 131.4, 131.14, 129.8, 

125.5, 61.6, 57.30, 57.29, 52.93, 52.92, 52.84, 52.82, 52.5, 40.9, 36.2, 33.1, 29.3. HRMS (ESI-FTMS) 

calculated for C25H28BrNO6Na+ ([M]+Na+) = 540.0992, 542.0972, found 540.0995, 542.0976. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl)}6-bromo-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ja):  

Prepared according to the general procedure (12 h). The title compound 

3ja was obtained as yellow oil in 77% yield, 92% ee. HPLC (Chiralcel IA, 

n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr (major) = 

6.93 min, tr (minor) = 15.26 min. []24.8
D = −7.3 (c = 0.53, in CH2Cl2). 1H 

NMR (400 MHz, CDCl3) δ 7.88 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.38 (d, 

J = 8.0 Hz, 1H), 6.22 (s, 1H), 4.36 (d, J = 2.0 Hz, 1H), 3.98 (d, J = 18.0 Hz, 1H), 3.77 (d, J = 2.0 Hz, 

3H), 3.61 (d, J = 2.0 Hz, 3H), 3.37 (d, J = 18.0 Hz, 1H), 2.04 (s, 3H), 1.90 (s, 6H), 1.64 (s, 6H). 13C{1H} 

NMR (100 MHz, CDCl3) δ = 203.2, 167.4, 167.3, 163.7, 153.1, 138.3, 136.73, 128.0, 127.3, 121.6, 
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62.0, 57.4, 52.94, 52.94, 52.84, 52.82, 52.5, 40.9, 36.2, 33.2, 29.3. HRMS (ESI-FTMS) calculated for 

C25H28BrNO6H+ ([M]+H+) = 518.1173, 520.1153, found 518.1169, 520.1149. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-4-iodo-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3ka):  

Prepared according to the general procedure (12 h). The title compound 3ka 

was obtained as a white solid in 82% yield, 93% ee. Mp: 135-138 °C. HPLC 

(Chiralcel IC, n-hexane/i-PrOH = 70/30, flow rate 1.0 mL/min,  = 254 nm) 

tr (major) = 14.20 min, tr (minor) = 8.44 min. []26.1
D = −67.6 (c = 0.75, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.6 Hz, 1H), 7.73 (d, J = 

7.6 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 6.21 (s, 1H), 4.39 (s, 1H), 3.90 (d, J = 18.0 Hz, 1H), 3.79 (s, 3H), 

3.61 (s, 3H), 3.24 (d, J = 18.0 Hz, 1H), 2.03 (s, 3H), 1.90 (s, 6H), 1.63 (s, 6H). 13C{1H} NMR (100 

MHz, CDCl3) δ = 204.2, 167.3, 167.2, 163.6, 158.1, 144.7, 136.3, 129.2, 124.0, 95.9, 61.9, 57.5, 52.96, 

52.94, 52.88, 52.86, 52.5, 41.0, 38.4, 36.2, 29.3. HRMS (ESI-FTMS) calculated for C25H28INO6Na+ 

([M]+Na+) = 588.0854, 590.0921, found 588.0853, 590.0912. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-4-methyl-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3la):  

Prepared according to the general procedure (12 h). The title compound 3la 

was obtained as a white solid in 71% yield, 94% ee. Mp: 120-124 °C. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) 

tr (major) = 6.62 min, tr (minor) = 7.60 min. []26.2
D = −37.2 (c = 0.48, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 

7.2 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), 6.31 (s, 1H), 4.39 (s, 1H), 3.95 (d, J = 17.8 Hz, 1H), 3.78 (s, 3H), 

3.59 (s, 3H), 3.28 (d, J = 17.8 Hz, 1H), 2.37 (s, 3H), 2.03 (s, 3H), 1.90 (d, J = 1.6 Hz, 6H), 1.63 (s, 6H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 204.7, 167.6, 167.4, 164.4, 153.5, 136.2, 135.8, 134.7, 127.6, 

121.8, 61.5, 57.31, 57.30, 52.80, 52.79, 52.76, 52.74, 52.3, 41.0, 36.2, 32.3, 29.3, 17.9. HRMS 

(ESI-FTMS) calculated for C26H31NO6H+ ([M]+H+) = 454.2224, found 454.2224. 
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Dimethyl 2-((R)-2-(((3S,5S,7S)-adamantan-1-yl)carbamoyl)-5-methyl-1-oxo-2,3-dihydro-1H- 

inden-2-yl)malonate (3ma):  

Prepared according to the general procedure (12 h). The title compound 

3ma was obtained as a white solid in 66% yield, 96% ee. Mp: 

146-149 °C. HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 

1.0 mL/min,  = 254 nm) tr (major) = 10.28 min, tr (minor) = 19.38 min. 

[]25.4
D = −45.4 (c = 0.46, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.65 (d, J = 7.6 Hz, 1H), 7.29 (s, 1H), 7.18 (d, J = 7.6 Hz, 1H), 6.26 (s, 1H), 4.37 (d, J = 1.6 Hz, 1H), 

3.96 (d, J = 18.0 Hz, 1H), 3.77 (d, J = 2.0 Hz, 3H), 3.59 (d, J = 2.0 Hz, 3H), 3.40 (d, J = 18.0 Hz, 1H), 

2.43 (s, 3H), 2.03 (s, 3H), 1.90 (s, 6H), 1.63 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 203.6, 

167.6, 167.4, 164.6, 154.9, 147.2, 132.6, 128.78, 126.83, 124.3, 61.6, 57.1, 52.77, 52.75, 52.73, 52.70, 

52.3, 40.9, 36.2, 33.3, 29.3, 22.2. HRMS (ESI-FTMS) calculated for C26H31NO6H+ ([M]+H+) = 

454.2224, found 454.2219. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-6-methyl-1-oxo-2,3-dihydro-1H- 

inden-2-yl]malonate (3na):  

Prepared according to the general procedure (12 h). The title compound 

3na was obtained as a white amorphous solid in 67% yield, 94% ee. Mp: 

104-109 °C. HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 

1.0 mL/min,  = 254 nm) tr (major) = 7.80 min, tr (minor) = 12.22 min. 

[]25.3
D = −23.3 (c = 0.40, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.56 (s, 1H), 7.41 (dd, J = 23.6, 7.6 Hz, 2H), 6.22 (s, 1H), 4.38 (s, 1H), 3.95 (d, J = 18.0 Hz, 1H), 3.77 

(s, 3H), 3.59 (s, 3H), 3.38 (d, J = 17.6 Hz, 1H), 2.39 (s, 3H), 2.03 (s, 3H), 1.89 (s, 6H), 1.63 (s, 6H). 

13C{1H} NMR (100 MHz, CDCl3) δ = 204.3, 167.6, 167.4, 164.5, 151.9, 137.4, 137.0, 135.1, 126.1, 
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124.4, 61.8, 57.2, 52.79, 52.78, 52.73, 52.71, 52.3, 41.0, 36.2, 33.2, 29.3, 21.1. HRMS (ESI-FTMS) 

calculated for C26H31NO6H+ ([M]+H+) = 454.2224, found 454.2220. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-5,6-dimethyl-1-oxo-2,3-dihydro- 

1H-inden-2-yl]malonate (3oa):  

Prepared according to the general procedure (12 h). The title compound 

3oa was obtained as a white amorphous solid in 65% yield, 94% ee. 

HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  

= 254 nm) tr (major) = 9.17 min, tr (minor) = 15.57 min. []19.8
D = −34.2 

(c = 0.42, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.52 (s, 1H), 7.26 (s, 

1H), 6.25 (s, 1H), 4.37 (s, 1H), 3.92 (d, J = 17.6 Hz, 1H), 3.77 (s, 3H), 3.59 (s, 3H), 3.36 (d, J = 17.6 

Hz, 1H), 2.33 (s, 3H), 2.29 (s, 3H), 2.02 (s, 3H), 1.89 (s, 6H), 1.62 (s, 6H). 13C{1H} NMR (100 MHz, 

CDCl3) δ = 203.8, 167.7, 167.5, 164.7, 152.7 146.3, 136.5, 133.1, 127.2, 124.8, 61.7, 57.1, 52.76, 52.74, 

52.70, 52.69, 52.2, 41.0, 36.2, 33.1, 29.3, 20.8, 19.7. HRMS (ESI-FTMS) calculated for C27H33NO6H+ 

([M]+H+) = 468.2383, found 468.2383. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-6-methoxy-1-oxo-2,3-dihydro- 

1H-inden-2-yl]malonate (3pa):  

Prepared according to the general procedure (12 h). The title compound 

3pa was obtained as a white solid in 61% yield, 93% ee. Mp: 

114-119 °C. HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 

1.0 mL/min,  = 254 nm) tr (major) = 8.78 min, tr (minor) = 14.66 min. 

[]25.4
D = −21.2 (c = 0.32, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.39 (d, J = 8.4 Hz, 1H), 7.29 – 7.22 (m, 1H), 7.20 (s, 1H), 6.19 (s, 1H), 4.40 (s, 1H), 3.93 (d, J = 17.6 

Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.61 (s, 3H), 3.36 (d, J = 17.6 Hz, 1H), 2.04 (s, 3H), 1.90 (s, 6H), 

1.64 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 204.1, 167.6, 167.5, 164.4, 159.5, 147.5, 136.0, 

127.2, 125.1, 105.6, 62.3, 57.2, 55.54, 55.53, 52.83, 52.83, 52.82, 52.76, 52.7, 52.3, 41.0, 36.2, 33.0, 

29.3. HRMS (ESI-FTMS) calculated for C26H31NO7H+ ([M]+H+) = 470.2173, found 470.2170. 
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Dimethyl 2-[(R)-2-{[(3S,5S,7S)-adamantan-1-yl]carbamoyl}-1-oxo-5-phenyl-2,3-dihydro- 
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1H-inden-2-yl]malonate (3qa):  

Prepared according to the general procedure (12 h). The title compound 

3qa was obtained as a white solid in 75% yield, 95% ee. Mp: 177-181 °C. 

HPLC (Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  

= 254 nm) tr (major) = 11.35 min, tr (minor) = 23.07 min. []20.5
D = −82.4 

(c = 0.50, in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8.0 Hz, 

1H), 7.68 (s, 1H), 7.61 (t, J = 7.6 Hz, 3H), 7.47 (t, J = 7.6 Hz, 2H), 7.41 (t, J = 7.2 Hz, 1H), 6.31 (s, 

1H), 4.41 (s, 1H), 4.09 (d, J = 17.6 Hz, 1H), 3.79 (s, 3H), 3.62 (s, 3H), 3.50 (d, J = 18.0 Hz, 1H), 2.04 

(s, 3H), 1.92 (s, 6H), 1.64 (d, J = 2.0 Hz, 6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 203.9, 167.6, 

167.5, 164.4, 155.1, 148.8, 140.1, 133.8, 128.9, 128.4, 127.5, 127.0, 124.9, 124.8, 61.8, 57.32, 57.31, 

52.86, 52.85, 52.79, 52.77, 52.4, 41.0, 36.2, 33.5, 29.3. HRMS (ESI-FTMS) calculated for 

C31H33NO6H+ ([M]+H+) = 516.2381, found 516.2383. 
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Dimethyl 2-[(R)-2-({[(3S,5S,7S)-adamantan-1-yl]oxy}carbonyl)-1-oxo-2,3-dihydro-1H-inden 

-2-yl]malonate (3ra):  

Prepared according to the general procedure (12 h). The title compound 3ra 

was obtained as colorless oil in 50% yield, 92% ee. HPLC (Chiralcel IA, 

n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr (major) = 

9.09 min, tr (minor) = 16.01 min. []20.3
D = −79.6 (c = 0.27, in CH2Cl2). 1H 

NMR (400 MHz, CDCl3) δ 7.78 (d, J = 7.6 Hz, 1H), 7.64 – 7.57 (m, 1H), 

7.49 (d, J = 7.6 Hz, 1H), 7.37 (t, J = 7.2 Hz, 1H), 4.71 (s, 1H), 3.82 (d, J = 17.6 Hz, 1H), 3.82 (s, 3H), 

3.51 (s, 3H), 3.41 (d, J = 17.6 Hz, 1H), 2.10 (s, 3H), 1.95 (d, J = 2.4 Hz, 6H), 1.58 (s, 6H). 13C{1H} 

NMR (100 MHz, CDCl3) δ = 199.7, 168.7, 167.8, 167.1, 154.2, 135.1, 134.9, 127.5, 126.1, 124.7, 83.1, 

62.1, 54.8, 52.70, 52.68, 52.66, 40.7, 35.9, 30.8. HRMS (ESI-FTMS) calculated for C25H28O7H+ 

([M]+H+) = 441.1908, found 441.1905. 
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Dimethyl (R)-2-[2-(tert-butylcarbamoyl)-1-oxo-2,3-dihydro-1H-inden-2-yl]malonate (3sa): 

Prepared according to the general procedure (12 h). The title compound 3sa was 

obtained as yellow oil in 70% yield, 93% ee. HPLC (Chiralcel IA, 

n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr (major) = 7.26 

min, tr (minor) = 9.38 min. []26.1
D = −48.6 (c = 0.36, in CH2Cl2). 1H NMR (400 

MHz, CDCl3) δ 7.76 (d, J = 7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.50 (d, J = 8.0 

Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 6.41 (s, 1H), 4.38 (s, 1H), 4.04 (d, J = 17.6 Hz, 1H), 3.77 (s, 3H), 

3.59 (s, 3H), 3.46 (d, J = 17.6 Hz, 1H), 1.27 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ = 204.5, 

167.5, 167.4, 164.7, 154.5, 135.7, 134.9, 127.5, 126.5, 124.4, 61.4, 57.29, 57.28, 52.82, 52.81, 52.73, 

52.71, 51.7, 33.4, 28.3. HRMS (ESI-FTMS) calculated for C19H23NO6H+ ([M]+H+) = 362.1598, found 

362.1595. 
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Dimethyl (R)-2-[2-(tert-butylcarbamoyl)-5-fluoro-1-oxo-2,3-dihydro-1H-inden-2-yl]malonate 

(3ta): 

Prepared according to the general procedure (12 h). The title compound 3ta 

was obtained as a white amorphous solid in 70% yield, 94% ee. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 6.87 min, tr (minor) = 8.65 min. []19.4
D = −17.6 (c = 0.32, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.76 (dd, J = 8.4, 5.2 Hz, 1H), 7.15 (d, 

J = 8.4 Hz, 1H), 7.08 (t, J = 8.8 Hz, 1H), 6.44 (s, 1H), 4.34 (s, 1H), 4.04 (d, J = 18.0 Hz, 1H), 3.76 (s, 

3H), 3.61 (s, 3H), 3.45 (d, J = 18.0 Hz, 1H), 1.27 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ = 202.7, 

167.8 (J = 257 Hz, 1C), 167.3, 167.3, 166.5, 164.3, 157.6 (J = 10 Hz, 1C), 131.3 (J = 1 Hz, 1C), 126.8 

(J = 11 Hz, 1C), 115.9 (J = 24 Hz, 1C),, 113.3 (J = 22 Hz, 1C), 61.6, 57.27, 57.25, 52.90, 52.88, 52.79, 

52.77, 51.8, 33.2, 28.2. 19F {1H} NMR (376 MHz, CDCl3) δ = −100.68. HRMS (ESI-FTMS) 

calculated for C19H22FNO6H+ ([M]+H+) = 380.1504, found 380.1504. 
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Dimethyl (R)-2-[2-(tert-butylcarbamoyl)-5-chloro-1-oxo-2,3-dihydro-1H-inden-2-yl]malonate 

(3ua): 

Prepared according to the general procedure (12 h). The title compound 3ua 

was obtained as a white solid in 80% yield, 92% ee. Mp: 125-129 °C. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 6.57 min, tr (minor) = 8.16 min. []20.7
D = −46.9 (c = 0.19, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 1H), 7.48 (s, 1H), 

7.35 (d, J = 8.4 Hz, 1H), 6.41 (s, 1H), 4.35 (s, 1H), 4.03 (d, J = 18.0 Hz, 1H), 3.76 (s, 3H), 3.61 (s, 3H), 

3.43 (d, J = 18.0 Hz, 1H), 1.27 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ = 203.2, 167.32, 167.30, 

164.2, 156.0, 142.4, 133.3, 128.3, 126.7, 125.5, 61.6, 57.3, 57.3, 52.92, 52.91, 52.79, 52.78, 51.8, 33.1, 

28.2. HRMS (ESI-FTMS) calculated for C19H22ClNO6Na+ ([M]+Na+) = 418.1028, 420.0998, found 

418.1028, 420.0997. 
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Dimethyl (R)-2-[2-(tert-butylcarbamoyl)-5-bromo-1-oxo-2,3-dihydro-1H-inden-2-yl]malonate 

(3va): 

Prepared according to the general procedure (12 h). The title compound 3va 

was obtained as a white solid in 85% yield, 92% ee. Mp: 106-109 °C. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 6.59 min, tr (minor) = 8.23 min. []19.5
D = −43.4 (c = 0.38, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.67 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 

7.52 (d, J = 8.0 Hz, 1H), 6.40 (s, 1H), 4.35 (d, J = 2.0 Hz, 1H), 4.03 (d, J = 18.0 Hz, 1H), 3.76 (d, J = 

2.0 Hz, 3H), 3.61 (d, J = 2.0 Hz, 3H), 3.44 (d, J = 18.0 Hz, 1H), 1.27 (d, J = 2.0 Hz, 9H). 13C{1H} 

NMR (100 MHz, CDCl3) δ = 203.4, 167.32, 167.29, 164.1, 156.1, 133.7, 131.4, 131.2, 129.8, 125.5, 

61.5, 57.3, 52.93, 52.80, 52.78, 51.8, 33.0, 28.2. HRMS (ESI-FTMS) calculated for C19H22BrNO6Na+ 

([M]+Na+) = 462.0523, 464.0502, found 462.0526, 464.0509. 
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Dimethyl (R)-2-[2-(tert-butylcarbamoyl)-6-chloro-1-oxo-2,3-dihydro-1H-inden-2-yl]malonate 

(3wa): 

Prepared according to the general procedure (12 h). The title compound 3wa 

was obtained as a white solid in 81% yield, 92% ee. Mp:105-110 °C. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr 

(major) = 5.92 min, tr (minor) = 8.15 min. []19.9
D = −10.1 (c = 0.41, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 1.6 Hz, 1H), 7.57 (dd, J 

= 8.4, 2.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 6.38 (s, 1H), 4.35 (s, 1H), 4.01 (d, J = 18.0 Hz, 1H), 3.76 

(s, 3H), 3.61 (s, 3H), 3.41 (d, J = 18.0 Hz, 1H), 1.27 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ = 

203.4, 167.3, 167.3, 164.1, 152.7, 136.4, 135.6, 133.8, 127.7, 124.1, 62.0, 57.4, 57.4, 52.95, 52.94, 

52.80, 52.78, 51.9, 33.0, 28.2. HRMS (ESI-FTMS) calculated for C19H22ClNO6Na+ ([M]+Na+) = 

418.1028, 420.0998, found 418.1028, 420.0999. 

 

5
.9

5
2

8
.2

3
0

A
U

0.00

0.20

0.40

0.60

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

 

 Retention Time Area % Area 

1 5.952 6508772 50.17 

2 8.230 6463471 49.83 



 

S28 

 

5
.9

2
4

8
.1

5
0

A
U

0.00

0.20

0.40

0.60

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

 

 Retention Time Area % Area 

1 5.924 7192064 95.76 

2 8.150 318376 4.24 

 

Dimethyl (R)-2-[2-(tert-butylcarbamoyl)-6-methoxy-1-oxo-2,3-dihydro-1H-inden-2-yl]malo- 

nate (3xa): 

Prepared according to the general procedure (12 h). The title compound 3xa 

was obtained as a white solid in 60% yield, 93% ee. Mp: 154-158 °C. HPLC 

(Chiralcel IA, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) 

tr (major) = 7.16 min, tr (minor) = 9.10 min. []19.8
D = −24.5 (c = 0.50, in 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.4 Hz, 1H), 7.25 – 

7.16 (m, 2H), 6.36 (s, 1H), 4.38 (s, 1H), 3.93 (d, J = 17.6 Hz, 1H), 3.83 (s, 3H), 3.76 (s, 3H), 3.60 (s, 

3H), 3.36 (d, J = 17.6 Hz, 1H), 1.26 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3) δ = 204.2, 167.6, 167.4, 

164.8, 159.4, 147.5, 136.0, 127.2, 125.2, 105.5, 62.2, 57.2, 55.53, 55.51, 52.84, 52.82, 52.71, 52.69, 

51.7, 32.9, 28.3. HRMS (ESI-FTMS) calculated for C20H25NO7H+ ([M]+H+) = 392.1704, found 

392.1706. 
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Dimethyl 2-(2-(((3r)-adamantan-1-yl)carbamoyl)-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl) 

malonate (3ya): 

Prepared according to the general procedure (12 h). The title compound 3ya was 

obtained as colorless oil in 28% yield, 32% ee. HPLC (Chiralcel IC, 

n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 254 nm) tr (major) = 19.78 

min, tr (minor) = 17.63 min. []26.0
D = 20.1 (c = 0.25, in CH2Cl2). 1H NMR (400 

MHz, CDCl3) δ 8.04 (d, J = 7.6 Hz, 1H), 7.50 (td, J = 7.6, 1.2 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 7.23 (d, 

J = 7.6 Hz, 1H), 5.98 (s, 1H), 4.45 (s, 1H), 3.74 (s, 3H), 3.69 (s, 3H), 3.16 – 3,07 (m, 1H), 2.88 – 2.79 

(m, 1H), 2.75 – 2.70 (m, 1H), 2.53 (td, J = 13.2, 4.4 Hz, 1H), 2.03 (s, 3H), 1.94 – 1.84 (m, 6H), 1.62 (s, 

6H). 13C{1H} NMR (100 MHz, CDCl3) δ = 198.5, 167.9, 167.8, 164.3, 144.2, 134.4, 131.5, 128.7, 

128.1, 126.7, 59.5, 57.6, 52.7, 52.5, 40.9, 36.2, 29.3, 27.6, 26.1. HRMS (ESI-FTMS) calculated for 

C26H31NO6H+ ([M]+H+) = 454.2224, found 454.2224. 
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methyl (3aR)-3a-{[(3R)-adamantan-1-yl]carbamoyl}-2-oxo-3,3a,4,8b-tetrahydro-2H-indeno 

[1,2-b]furan-3-carboxylate (4): 

The title compound 4 was obtained as a white solid in 80 % yield, 2:1 dr, 

99%/99% ee. SFC (Chiralcel AS, CO2/MeOH = 80/20, flow rate 2.0 mL/min, 

 = 210 nm) tr-major isomer (major) = 1.91 min, tr-major isomer (minor) = 2.36 min, 

tr-minor isomer (major) = 8.85 min, tr-minor isomer (minor) = 3.39 min. 1H NMR 

mixture of diastereoisomers (400 MHz, CDCl3) δ 7.52 (d, J = 7.2 Hz, 1H), 

7.42 – 7.27 (m, 3H), 6.08 – 5.84 (1H, major isomer: δ 5.84, 0.7H, minor isomer: δ 6.08, 0.3H), 5.84 – 

4.99 (1H, major isomer: δ 5.84, 0.7H, minor isomer: δ 4.99, 0.3H), 4.41 – 3.69 (1H, major isomer: δ 

4.41, 0.7H, minor isomer: δ 3.69, 0.3H), 3.84 (d, J = 0.8 Hz, 2H), 3.81 (d, J = 0.8 Hz, 1H), 3.48 (dd, J 

= 17.1, 10.2 Hz, 1H), 3.34 (dd, J = 17.6, 16.8 Hz, 1H), 2.02 (s, 3H), 1.86 (s, 6H), 1.62 (s, 5H). Major 

isomer: 13C{1H} NMR (100 MHz, CDCl3) 169.89, 169.04, 167.72, 142.47, 137.06, 130.76, 128.14, 

126.75, 124.81, 87.64, 59.18, 53.19, 53.17, 52.70, 52.69, 52.31, 41.17, 39.18, 36.09, 29.23. Minor 

isomer: 13C{1H} NMR (100 MHz, CDCl3) 169.57, 169.26, 166.80, 141.11, 137.14, 130.80, 128.31, 
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126.55, 125.42, 87.77, 60.94, 55.57, 55.56, 53.02, 53.00, 52.49, 41.82, 41.13, 36.09, 29.23. HRMS 

(ESI-FTMS) calculated for C24H27NO5H+ ([M]+H+) = 410.1962, found 410.1965. 
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Dimethyl 2-[(2,2,6,6-tetramethylpiperidin-1-yl)oxy]malonate (TEMPO-A): 

 

1H NMR (400 MHz, CDCl3) δ 4.96 (d, J = 1.2 Hz, 1H), 3.78 (d, J = 1.2 Hz, 

6H), 1.47 – 1.40 (m, 4H), 1.33 – 1.24 (m, 2H), 1.19 (s, 6H), 1.05 (s, 5H). 

HRMS (ESI-FTMS) calculated for C14H25NO5H+ ([M]+H+) = 288.1805, 

found 288.1805. 

 

N-(tert-butyl)-5-chloro-1-oxo-2-[(2,2,6,6-tetramethylpiperidin-1-yl)oxy]-2,3-dihydro-1H- 

indene-2-carboxamide (TEMPO-B’): 

1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.4 Hz, 1H), 7.46 (s, 1H), 

7.29 (d, J = 8.0 Hz, 1H), 6.77 (s, 1H), 4.31 (d, J = 17.6 Hz, 1H), 3.53 

(d, J = 17.6 Hz, 1H), 1.60 – 1.39 (m, 5H), 1.37 (s, 9H), 1.34 – 1.30 

(m, 1H), 1.22 (s, 3H), 1.18 (s, 3H), 1.07 (s, 3H), 0.61 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3) δ = 201.4, 167.7, 155.5, 142.1, 132.4, 

128.0, 126.2, 125.5, 91.3, 60.0, 59.5, 51.2, 40.3, 40.0, 32.2, 32.0, 

28.5, 20.7, 20.6, 16.7. HRMS (ESI-FTMS) calculated for 

C23H33ClN2O3H+ ([M]+H+) = 421.2252, 423.2223, found 421.2246, 423.2216.
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8. Copy of NMR spectra 
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