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1. General information 

Reagents were purchased from commercial sources and were directly used unless otherwise 

noted. 1H NMR and 13C NMR (400 MHz and 101 MHz, respectively) spectra were recorded in 

CDCl3. 1H NMR chemical shifts are reported in ppm relative to tetramethylsilane (TMS) with the 

solvent resonance employed as the internal standard (CDCl3 at 7.26 ppm). Data are reported as 

follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet and m = 

multiplet), coupling constants (Hz) and integration. 13C NMR chemical shifts are reported in ppm 

relative to tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3 at 

77.16 ppm). High performance liquid chromatography (HPLC) analysis was performed on an 

Agilent 1220 Infinity LC instrument equipped with a quaternary pump, using a Chiralpak AD-H, 

OD-H, IF, IH, AS-H Column (250 × 4.6mm). UV absorption was monitored at 254 nm. High 

Resolution Mass spectra were recorded by Waters G2-xs Tof (ESI+).  

2. General procedure for the synthesis of compounds 1 

 
In a dry 250 mL round-bottom flask, compound G1 (20 mmol) and K2CO3 (22 mmol) were 

accurately weighed, followed by the addition of N,N-dimethylformamide (40 mL). The mixture was 

magnetically stirred to disperse the solids sufficiently. The reaction system was placed in an oil bath 

at 100 °C and refluxed for 5 min, after which methyl iodide, benzyl bromide, or phenyl bromide (26 

mmol, MeI/BnBr/PhBr) was added dropwise slowly. Upon completion of the dropwise addition, the 

reaction was continued to reflux in the 100 oC oil bath for 3 h, during which the reaction progress 

was monitored by TLC. After the reaction was completed, heating was stopped and the system was 

cooled to room temperature. Then, 50 mL of distilled water was added to quench the reaction, and 

the organic phase was extracted with ethyl acetate (3 × 50 mL). The combined organic phases were 

washed with saturated brine three times. After each washing, the mixture was allowed to settle to 

achieve complete phase separation, and the organic layer was retained. The organic phase was dried 

over anhydrous Na2SO4 overnight (or until no obvious moisture was observed). After filtering off 

the desiccant, the solvent was removed by vacuum concentration to obtain the crude compounds 

G2. 

In a 250 mL round-bottom flask, the crude compounds G2 (20 mmol) were accurately weighed, 

followed by the addition of methanol (100 mL). Then, hydrazine hydrate (60 mmol) was added. The 

reaction mixture was placed in an oil bath at 70 ℃ and refluxed for 3 h. After the reaction, methanol 

was removed by vacuum concentration. The residue was dissolved in water and then extracted with 

ethyl acetate (3 × 50 mL), and the combined organic phases were washed with saturated brine three 

times, dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure to obtain the 

crude compounds G3. 

In a 250 mL round-bottom flask, the crude compounds G3 (20 mmol) were accurately weighed, 

and tetrahydrofuran (100 mL) was added to dissolve the compound completely. The reaction 

mixture was cooled to 0 ℃, and sodium hydride (NaH, 60 mmol, 60% dispersion in mineral oil) 

was added portionwise under stirring. After stirring for 10 min, (E)-1,4-dibromobut-2-ene (20 mmol) 

was added to the mixture. The reaction system was then allowed to warm up to room temperature 

and stirred for 2 h, which was monitored by TLC. Upon completion, water was added to quench the 

reaction. The mixture was extracted with ethyl acetate (3 × 50 mL), washed with saturated brine 
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three times, and dried over anhydrous MgSO₄. After filtration, the solvent was removed by vacuum 

concentration, and the crude compound was purified by flash column chromatography (hexane/ethyl 

acetate = 40:1 to 20:1) to obtain compounds 1. 

 

1'-Methyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-one 1a: White solid; 1.4 g, 35% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.27 - 7.23 (m, 1H), 7.06 - 7.02 (m, 1H), 6.89 - 6.84 (m, 2H), 6.30 - 6.21 

(m, 1H), 5.24 (dd, J = 17.2, 1.7 Hz, 1H), 5.12 (dd, J = 10.3, 1.7 Hz, 1H), 3.27 (s, 3H), 2.53 - 2.46 

(m, 1H), 1.98-1.91 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 174.8, 143.3, 134.1, 130.4, 126.9, 122.1, 

117.9, 116.8, 107.9, 37.2, 33.7, 26.5, 24.7. 

 

1'-Benzyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-one 1b: White solid; 1.7 g, 33% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.30 (d, J = 4.4 Hz, 4H), 7.26 - 7.22 (m, 1H), 7.15 - 7.11 (m, 1H), 7.00 

(t, J = 7.4 Hz, 1H), 6.85 (d, J = 7.4 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.36 - 6.26 (m, 1H), 5.27 (dd, 

J = 17.3, 1.8 Hz, 1H), 5.16 (dd, J = 10.4, 1.8 Hz, 1H), 4.97 (s, 2H), 2.54 (q, J = 8.6 Hz, 1H), 2.05 

(dd, J = 7.8, 4.7 Hz, 1H), 1.97 (dd, J = 8.7, 4.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 174.8, 142.4, 

136.2, 134.1, 130.4, 128.8, 127.5, 127.4, 126.7, 122.1, 118.0, 116.9, 108.9, 44.1, 37.5, 33.7, 24.9. 

 

1'-Phenyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-one 1c: White solid; 1.2 g, 23% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.57 - 7.53 (m, 2H), 7.50 - 7.47 (m, 2H), 7.44 - 7.40 (m, 1H), 7.23-7.19 

(m, 1H), 7.12 - 7.08 (m, 1H), 6.96 - 6.93 (m, 2H), 6.37 - 6.30 (m, 1H), 5.33 (dd, J = 17.2, 1.8 Hz, 

1H), 5.19 (dd, J = 10.4, 1.8 Hz, 1H), 2.64 - 2.60 (m, 1H), 2.12 - 2.04 (m, 2H). 13C NMR (101 MHz, 

CDCl3) δ 174.0, 143.1, 134.9, 133.9, 130.2, 129.5, 127.8, 126.7, 126.6, 122.6, 118.2, 117.0, 109.2, 

38.0, 33.8, 25.3. 

 

5'-Bromo-1',7'-dimethyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-one 1n: White solid; 1.2 g, 

21% yield. 1H NMR (400 MHz, CDCl3) δ 7.08 (d, J = 2.0 Hz, 1H), 6.74 (d, J = 2.1 Hz, 1H), 6.24 - 

6.14 (m, 1H), 5.23 (dd, J = 17.2, 1.7 Hz, 1H), 5.11 (dd, J = 10.3, 1.7 Hz, 1H), 3.50 (s, 3H), 2.54 (s, 

3H), 2.43 (q, J = 8.7 Hz, 1H), 1.95 (dd, J = 7.9, 4.8 Hz, 1H), 1.87 (dd, J = 8.8, 4.7 Hz, 1H). 13C 

NMR (101 MHz, CDCl3) δ 174.8, 140.2, 133.7, 133.0, 132.7, 121.5, 119.0, 117.2, 114.4, 38.1, 33.3, 

29.7, 25.3, 18.7. 
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3. General procedure for the synthesis of compounds 2 

 
To a magnetically stirred mixture of S1 (10 mmol) and triphenylphosphine (4 mmol) in 1,4-

dioxane (4 mL) was added dropwise a solution of ethyl propiolate/methyl propiolate S2 (10 mmol) 

in 1,4-dioxane (6 mL) over 30 min. The reaction mixture was maintained in a room-temperature 

water bath, and obvious heat evolution was observed. After stirring at room temperature for a further 

3 h, the reaction was monitored by TLC until completion. The solvent was removed under reduced 

pressure, and the crude compound was purified by column chromatography (hexane/ethyl acetate = 

3:1) to afford compounds 2. 

 

Methyl 2-(4-fluoro-1,3-dioxoisoindolin-2-yl)acrylate 2b: White solid; 1.6 g, 64% yield. 1H NMR 

(400 MHz, CDCl3) δ 7.84 - 7.65 (m, 2H), 7.43 (t, J = 8.5 Hz, 1H), 6.69 (s, 1H), 5.99 (s, 1H), 3.80 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 165.3 (d, J = 3.0 Hz, 1C), 163.1, 162.6, 158.0 (d, J = 265.0 

Hz, 1C), 137.3 (d, J = 7.0 Hz, 1C), 133.9, 128.8, 123.0 (d, J = 20.0 Hz, 1C), 120.2 (d, J = 4.0 Hz, 

1C), 117.7 (d, J = 12.4 Hz, 1C), 53.0. 

 

Methyl 2-(5-chloro-1,3-dioxoisoindolin-2-yl)acrylate 2c: Light yellow solid; 1.1 g, 42% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.87 - 7.78 (m, 2H), 7.75 -7.64 (m, 1H), 6.66 (s, 1H), 5.97 (s, 1H), 3.78 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 165.1, 162.5, 141.2, 134.6, 133.4, 129.8, 128.9, 128.5, 

125.2, 124.3, 52.9. 

 

Methyl 2-(5-nitro-1,3-dioxoisoindolin-2-yl)acrylate 2d: Yellow solid; 1.1 g, 40% yield. 1H NMR 

(400 MHz, CDCl3) δ 8.71 (s, 1H), 8.65 (d, J = 8.2 Hz, 1H), 8.12 (d, J = 8.1 Hz, 1H), 6.74 (s, 1H), 

6.05 (s, 1H), 3.82 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 164.4, 164.1, 162.3, 152.1, 136.2, 133.3, 

129.8, 129.2, 128.7, 125.3, 119.5, 53.2. 

 

Methyl 2-(5,6-dichloro-1,3-dioxoisoindolin-2-yl)acrylate 2e: Light yellow solid; 0.95 g, 32% 

yield. 1H NMR (400 MHz, CDCl3) δ 7.98 (s, 2H), 6.70 (s, 1H), 6.00 (s, 1H), 3.81 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 164.5, 162.4, 139.7, 130.9, 128.9, 128.8, 126.1, 53.1. 
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Methyl 2-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)acrylate 2f: White solid; 1.0 g, 36% 

yield. 1H NMR (400 MHz, CDCl3) δ 8.38 (s, 2H), 8.10 - 8.04 (m, 2H), 7.72 -7.70 (m, 2H), 6.72 (s, 

1H), 6.05 (s, 1H), 3.82 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 166.3, 162.8, 135.7, 130.4, 129.6, 

129.4, 128.3, 127.4, 125.6, 53.0. 

 

Methyl 2-(1,3-dioxo-1,3,4,5,6,7-hexahydro-2H-isoindol-2-yl)acrylate 2g: White solid; 2.1 g, 89% 

yield. 1H NMR (400 MHz, CDCl3) δ 6.54 (s, 1H), 5.90 - 5.88 (m, 2H), 5.79 (s, 1H), 3.72 (s, 3H), 

3.17 - 3.15 (m, 2H), 2.57 (d, J = 15.7 Hz, 2H), 2.24 (d, J = 12.2 Hz, 2H). 13C NMR (101 MHz, 

CDCl3) δ 178.3, 162.1, 129.6, 128.2, 127.5, 52.7, 39.4, 23.4. 

 

Ethyl 2-(1,3-dioxoisoindolin-2-yl)acrylate 2h: White solid; 2.1 g, 86% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.91 -7.87 (m, 2H), 7.78 -7.74 (m, 2H), 6.66 (s, 1H), 5.97 (s, 1H), 4.26 (q, J = 7.6 Hz, 2H), 

1.27 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 166.5, 162.3, 134.6, 131.9, 129.5, 127.9, 

124.0, 62.1, 14.1. 

4. General procedure for the synthesis of compounds 3 

 

To a mixture of compounds 1 (0.20 mmol) and compounds 2 (0.24 mmol) in 2.0 mL anhydrous 

ethyl acetate (EA) in a 4 mL flame-dried vial, Pd(tBu₃P)₂ (0.03 mmol, 15 mol%) and L6 (0.04 mmol, 

20 mol%) were added sequentially. The mixture was stirred at room temperature under an Ar 

atmosphere for 24 h. After completion of the reaction indicated by TLC analysis, the reaction 

mixture was purified by preparative TLC (silica gel, hexane/ethyl acetate (5:1, v/v)) with 4-6 

repeated developments, and visualized under UV light (254 nm). The desired band was scraped and 

eluted with dichloromethane. Filtration and concentration in vacuo afforded the title compounds 3.  

 

Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3a: White solid, 29.3 mg, 34% yield, 93% ee; [α]D
25 = - 14.50 (c = 

1.00, CH2Cl2), m.p. 98.3 - 99.4 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, 
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Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min,  = 254 nm, t(1S,2R,4R)-3a = 12.9 min (major), t(1R,2S,4S)-

3a = 19.2 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.87 - 7.80 (m, 2H), 7.80 - 7.75 (m, 1H), 7.75 

- 7.68 (m, 2H), 7.31 - 7.26 (m, 1H), 7.14 (td, J = 7.5, 1.0 Hz, 1H), 6.81 (d, J = 7.7 Hz, 1H), 6.23 - 

6.05 (m, 1H), 5.50 - 5.39 (m, 1H), 5.16 (dt, J = 8.3, 1.6 Hz, 1H), 5.12 (d, J = 1.7 Hz, 1H), 3.71 (s, 

3H), 3.53 (s, 1H), 3.17 (s, 3H), 2.58 - 2.43 (m, 2H), 2.16 (dd, J = 12.8, 6.2 Hz, 1H). 13C NMR (101 

MHz, CDCl3) δ 181.7, 172.0, 168.4, 143.3, 136.0, 134.2, 133.4, 131.8, 128.2, 123.7, 123.4, 123.2, 

116.3, 107.8, 72.5, 52.5, 51.0, 48.0, 44.5, 40.4, 26.2. HRMS (ESI) m/z: calculated for C25H22N2O5Na 

[M+Na]+: 453.1426, found: 453.1429. 

 

Methyl (1R,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3a': White solid, 19.5 mg, 23% yield, 80% ee; [α]D
25 = - 16.97 (c = 

1.00, CH2Cl2), m.p. 76.8 - 77.4 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, 

Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min,  = 254 nm, t(1R,2R,4S)-3a' = 10.6 min (minor), t(1S,2S,4R)-

3a' = 14.2 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.92 - 7.82 (m, 2H), 7.77 (dd, J = 5.5, 3.1 

Hz, 2H), 7.30 - 7.22 (m, 2H), 7.01 - 6.96 (m, 1H), 6.84 (d, J = 7.8 Hz, 1H), 6.26 - 6.15 (m, 1H), 

5.23 - 5.13 (m, 2H), 5.10 - 5.03 (m, 1H), 3.77 (s, 3H), 3.72 (d, J = 15.2 Hz, 1H), 3.25 (s, 3H), 2.71 

(t, J = 12.8 Hz, 1H), 2.58 (d, J = 15.2 Hz, 1H), 2.00 (ddd, J = 12.5, 6.3, 1.8 Hz, 1H). 13C NMR (101 

MHz, CDCl3) δ 179.2, 170.7, 168.9, 142.8, 135.8, 135.5, 134.4, 131.7, 128.1, 123.5, 122.8, 122.6, 

117.2, 108.1, 73.3, 52.8, 52.3, 47.4, 46.8, 41.3, 26.6. HRMS (ESI) m/z: calculated for C25H22N2O5Na 

[M+Na]+: 453.1426, found: 453.1429. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3a'': White solid, 19.5 mg, 23% yield, 88% ee; [α]D
25 = + 81.27 (c = 

1.00, CH2Cl2), m.p. 78.2 - 78.4 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, 

Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min,  = 254 nm, t(1S,2R,4S)-3a'' = 7.9 min (minor), t(1R,2S,4R)-

3a'' = 10.7 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 7.0 Hz, 1H), 7.83 (dd, J = 5.5, 

3.0 Hz, 2H), 7.73 (dd, J = 5.5, 3.0 Hz, 2H), 7.32 - 7.26 (m, 1H), 7.18 - 7.11 (m, 1H), 6.83 - 6.77 (m, 

1H), 5.94 - 5.81 (m, 1H), 5.15 - 5.08 (m, 1H), 5.00 - 4.92 (m, 1H), 4.74 - 4.56 (m, 1H), 3.87 (s, 3H), 

3.74 (d, J = 15.4 Hz, 1H), 3.18 (s, 3H), 2.77 (d, J = 15.4 Hz, 1H), 2.71 - 2.60 (m, 1H), 2.26 (dd, J = 

12.8, 6.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.2, 171.3, 168.8, 143.6, 135.2, 134.4, 132.8, 

131.4, 128.2, 124.0, 123.4, 123.1, 117.7, 107.8, 71.9, 53.1, 52.1, 48.3, 43.1, 41.9, 26.3. HRMS (ESI) 

m/z: calculated for C25H22N2O5Na [M+Na]+: 453.1426, found: 453.1429. 
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Methyl (1S,3S,4R)-1'-benzyl-3-(1,3-dioxoisoindolin-2-yl)-2'-oxo-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3b: Yellow solid, 35 mg, 35% yield, 93% ee; [α]D
25 = + 4.31 (c = 0.50, 

CH2Cl2), m.p. 98.2 - 98.7 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, Hexane/i-

PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4R)-3b = 24.8 min (major), t(1R,2S,4S)-3b = 32.7 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 - 7.79 (m, 3H), 7.72 (dd, J = 5.6, 3.0 Hz, 2H), 

7.32 - 7.22 (m, 5H), 7.20 - 7.07 (m, 2H), 6.70 (d, J = 7.6 Hz, 1H), 6.27 - 6.09 (m, 1H), 5.57 - 5.43 

(m, 1H), 5.25 - 5.10 (m, 2H), 4.96 - 4.77 (m, 2H), 3.71 (s, 3H), 3.61 (d, J = 14.9 Hz, 1H), 2.61 - 

2.50 (m, 2H), 2.22 (dd, J = 12.9, 6.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.9, 172.1, 168.5, 

142.4, 136.0, 134.2, 133.4, 131.9, 128.9, 128.1, 127.7, 127.3, 123.9, 123.4, 123.3, 116.3, 108.8, 

72.5, 52.5, 51.0, 48.3, 44.6, 43.7, 40.6. HRMS (ESI) m/z: calculated for C31H26N2O5Na [M+Na]+: 

529.1739, found: 529.1741. 

 

Methyl (1R,3S,4R)-1'-benzyl-3-(1,3-dioxoisoindolin-2-yl)-2'-oxo-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3b': White solid, 17.5 mg, 17% yield, 83% ee; [α]D
25 = - 3.66 (c = 

0.50, CH2Cl2), m.p. 87.1 - 87.3 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, 

Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1R,2R,4S)-3b' = 41.0 min (major), t(1S,2S,4R)-

3b' = 43.7 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.90 - 7.84 (m, 2H), 7.79 - 7.73 (m, 2H), 

7.33 - 7.24 (m, 6H), 7.11 (t, J = 7.7 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.71 (d, J = 7.8 Hz, 1H), 6.27 

- 6.14 (m, 1H), 5.26 - 5.14 (m, 2H), 5.14 - 5.07 (m, 1H), 5.01 - 4.88 (m, 2H), 3.87 - 3.76 (m, 4H), 

2.79 (t, J = 12.5 Hz, 1H), 2.56 (dd, J = 15.1, 1.7 Hz, 1H), 2.11 - 2.03 (m, 1H). 13C NMR (101 MHz, 

CDCl3) δ 179.4, 170.8, 169.0, 141.9, 135.9, 135.8, 135.5, 134.5, 131.7, 128.9, 128.0, 127.7, 127.3, 

123.6, 122.9, 122.8, 117.3, 109.2, 73.5, 52.9, 52.5, 47.8, 46.8, 44.1, 41.5. HRMS (ESI) m/z: 

calculated for C31H26N2O5Na [M+Na]+: 529.1739, found: 529.1741. 

 

Methyl (1S,3R,4R)-1'-benzyl-3-(1,3-dioxoisoindolin-2-yl)-2'-oxo-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3b'': White solid, 17.5 mg, 17% yield, 60% ee; [α]D
25 = + 27.95 (c = 

0.50, CH2Cl2), m.p. 85.9 - 86.2 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, 

Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4S)-3b'' = 21.3 min (minor), t(1R,2S,4R)-

3b'' = 29.6 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 6.6 Hz, 1H), 7.88 - 7.80 (m, 2H), 

7.77 - 7.71 (m, 2H), 7.33 - 7.24 (m, 5H), 7.19 - 7.08 (m, 2H), 6.69 (d, J = 7.5 Hz, 1H), 5.96 - 5.82 

(m, 1H), 5.17 - 5.09 (m, 1H), 5.02 - 4.93 (m, 2H), 4.78 (d, J = 15.8 Hz, 1H), 4.75 - 4.66 (m, 1H), 

3.89 (s, 3H), 3.78 (d, J = 15.4 Hz, 1H), 2.84 (d, J = 15.4 Hz, 1H), 2.71 (t, J = 12.3 Hz, 1H), 2.31 

(dd, J = 12.8, 6.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.4, 171.4, 168.9, 142.7, 136.1, 135.1, 

134.4, 132.7, 131.5, 128.9, 128.2, 127.7, 127.4, 124.2, 123.4, 123.2, 117.8, 108.9, 72.0, 53.3, 52.2, 

48.3, 43.7, 43.3, 42.3. HRMS (ESI) m/z: calculated for C31H26N2O5Na [M+Na]+: 529.1739, found: 

529.1741. 
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Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-2'-oxo-1'-phenyl-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3c: Yellow solid, 31.2 mg, 32% yield, 92% ee; [α]D
25 = + 12.95 (c = 

0.50, CH2Cl2), m.p. 98.2 - 98.7 oC. The ee was determined by chiral HPLC (Chiralcel OD-H, 

Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4R)-3c = 17.2 min (major), t(1R,2S,4S)-

3c = 31.0 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.87 - 7.80 (m, 3H), 7.71 (dd, J = 5.5, 3.0 Hz, 

2H), 7.52 - 7.44 (m, 2H), 7.41 - 7.34 (m, 3H), 7.24 - 7.17 (m, 2H), 6.83 - 6.79 (m, 1H), 6.25 - 6.09 

(m, 1H), 5.56 - 5.40 (m, 1H), 5.24 - 5.11 (m, 2H), 3.73 (s, 3H), 3.66 (d, J = 15.1 Hz, 1H), 2.69 - 

2.56 (m, 2H), 2.33 (dd, J = 13.0, 6.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.3, 172.2, 168.4, 

143.2, 135.9, 134.4, 134.2, 133.2, 131.9, 129.6, 128.1, 128.0, 126.5, 124.1, 123.8, 123.4, 116.4, 

109.2, 72.5, 52.6, 51.3, 48.7, 44.6, 40.9. HRMS (ESI) m/z: calculated for C30H24N2O5Na [M+Na]+: 

515.1583, found: 515.1587. 

  

Methyl (1R,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-2'-oxo-1'-phenyl-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3c': White solid, 31.2 mg, 32% yield, 84% ee; [α]D
25 = - 14.42 (c = 

0.50, CH2Cl2), m.p. 95.9 - 96.3 oC. The ee was determined by chiral HPLC (Chiralcel OD-H, 

Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1R,2R,4S)-3c' = 10.6 min (minor), t(1S,2S,4R)-

3c' = 14.2 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.91 - 7.85 (m, 2H), 7.80 - 7.74 (m, 2H), 7.55 

- 7.49 (m, 2H), 7.46 - 7.38 (m, 3H), 7.36 (d, J = 7.6 Hz, 1H), 7.20 - 7.14 (m, 1H), 7.06 - 6.99 (m, 

1H), 6.86 - 6.81 (m, 1H), 6.29 - 6.18 (m, 1H), 5.24 - 5.14 (m, 2H), 5.12 - 5.03 (m, 1H), 3.80 (d, J = 

15.2 Hz, 1H), 3.76 (s, 3H), 2.82 (t, J = 12.5 Hz, 1H), 2.69 (d, J = 15.1 Hz, 1H), 2.16 (dd, J = 12.9, 

6.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 178.9, 170.7, 169.0, 142.7, 135.8, 135.6, 134.6, 134.5, 

131.7, 129.7, 128.1, 128.0, 126.6, 123.6, 123.4, 123.1, 117.4, 109.5, 73.5, 52.9, 52.6, 47.9, 47.1, 

42.0. HRMS (ESI) m/z: calculated for C30H24N2O5Na [M+Na]+: 515.1583, found: 515.1587. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxoisoindolin-2-yl)-2'-oxo-1'-phenyl-4-vinylspiro[cyclopentane-

1,3'-indoline]-3-carboxylate 3c'': White solid, 15.7 mg, 16% yield, 85% ee; [α]D
25 = + 33.35 (c = 

0.50, CH2Cl2), m.p. 97.8 - 98.6 oC. The ee was determined by chiral HPLC (Chiralcel OD-H, 

Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4S)-3c'' = 15.8 min (major), t(1R,2S,4R)-

3c'' = 18.8 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.21 - 7.98 (m, 1H), 7.93 - 7.81 (m, 2H), 

7.80 - 7.71 (m, 2H), 7.55 - 7.48 (m, 2H), 7.45 - 7.36 (m, 3H), 7.25 - 7.17 (m, 2H), 6.89 - 6.78 (m, 

1H), 6.00 - 5.78 (m, 1H), 5.15 (d, J = 17.4 Hz, 1H), 4.99 (d, J = 10.4 Hz, 1H), 4.82 - 4.61 (m, 1H), 
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4.08 - 3.78 (m, 4H), 2.93 (d, J = 15.5 Hz, 1H), 2.83 - 2.72 (m, 1H), 2.44 (dd, J = 12.8, 6.7 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 180.7, 171.2, 168.9, 143.4, 135.1, 134.5, 134.4, 132.6, 131.4, 129.6, 

128.2, 128.0, 126.7, 124.5, 123.7, 123.4, 117.9, 109.2, 72.0, 53.2, 52.4, 48.2, 43.4, 42.6. HRMS 

(ESI) m/z: calculated for C30H24N2O5Na [M+Na]+: 515.1583, found: 515.1587. 

 

Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-5'-fluoro-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3d: Yellow solid, 26 mg, 29% yield, 91% 

ee; [α]D
25 = - 3.40 (c = 0.50, CH2Cl2), m.p. 93.6 - 94.6 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3d = 14.5 

min (major), t(1R,2S,4S)-3d = 17.9 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 - 7.63 (m, 4H), 

7.63 - 7.51 (m, 1H), 7.01 - 6.89 (m, 1H), 6.78 - 6.66 (m, 1H), 6.26 - 5.94 (m, 1H), 5.47 - 5.32 (m, 

1H), 5.13 (d, J = 4.3 Hz, 1H), 5.10 (s, 1H), 3.69 (s, 3H), 3.47 (d, J = 15.0 Hz, 1H), 3.13 (s, 3H), 

2.54 - 2.33 (m, 2H), 2.18 - 2.07 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.5, 171.9, 168.4, 159.8 

(d, J = 240.6 Hz, 1C) 139.2, 135.8, 135.2 (d, J = 8.3 Hz, 1C), 134.2, 131.8, 123.4, 116.4, 114.3 (d, 

J = 23.6 Hz, 1C), 112.0 (d, J = 25.1 Hz, 1C), 108.2 (d, J = 8.2.0 Hz, 1C), 72.4, 52.5, 51.3, 48.0, 44.6, 

40.4, 26.4. HRMS (ESI) m/z: calculated for C25H21N2O5NaF [M+Na]+: 471.1332, found: 471.1335. 

 

Methyl (1R,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-5'-fluoro-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3d': White solid, 32.5 mg, 36% yield, 84% 

ee; [α]D
25 = - 10.88 (c = 0.50, CH2Cl2), m.p. 82.6 - 83.3 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3d' = 10.2 

min (minor), t(1S,2S,4R)-3d' = 14.1 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.89 - 7.80 (m, 2H), 

7.77 - 7.71 (m, 2H), 7.06 - 6.98 (m, 1H), 6.96 - 6.86 (m, 1H), 6.76 - 6.68 (m, 1H), 6.25 - 6.08 (m, 

1H), 5.20 - 5.08 (m, 2H), 4.99 - 4.88 (m, 1H), 3.74 (s, 3H), 3.66 (d, J = 15.2 Hz, 1H), 3.17 (s, 3H), 

2.74 - 2.63 (m, 1H), 2.53 (d, J = 15.1 Hz, 1H), 2.00 - 1.94 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 

178.9, 170.5, 168.9, 159.3 (d, J = 240.7 Hz, 1C), 138.8, 137.3 (d, J = 7.8 Hz, 1C), 135.3, 134.5, 

131.6, 123.6, 117.4, 114.1 (d, J = 23.3 Hz, 1C), 111.1 (d, J = 25.2 Hz, 1C), 108.5 (d, J = 9.0 Hz, 

1C), 73.2, 52.8, 52.7, 47.2, 46.9, 41.3, 26.7. HRMS (ESI) m/z: calculated for C25H21N2O5NaF 

[M+Na]+: 471.1332, found: 471.1335. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxoisoindolin-2-yl)-5'-fluoro-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3d'': White solid, 13 mg, 15% yield, 77% 
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ee; [α]D
25 = + 69.64 (c = 0.50, CH2Cl2), m.p. 93.6 - 94.1 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3d'' = 7.0 min 

(minor), t(1R,2S,4R)-3d'' = 11.4 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.85 - 7.80 (m, 3H), 7.76 - 

7.71 (m, 2H), 7.00 - 6.95 (m, 1H), 6.74 - 6.69 (m, 1H), 5.93 - 5.77 (m, 1H), 5.09 (d, J = 16.3 Hz, 

1H), 4.96 (d, J = 10.6 Hz, 1H), 4.77 - 4.59 (m, 1H), 3.86 (s, 3H), 3.71 - 3.67 (m, 1H), 3.17 (s, 3H), 

2.74 (d, J = 15.6 Hz, 1H), 2.69 - 2.59 (m, 1H), 2.26 - 2.17 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 

181.0, 171.2, 168.8, 159.8 (d, J = 240.0 Hz, 1C), 139.6, 134.9, 134.4, 134.3 (d, J = 7.6 Hz, 1C), 

131.4, 123.4, 117.8, 114.4 (d, J = 23.6 Hz, 1C), 112.5 (d, J = 25.4 Hz, 1C), 108.2 (d, J = 8.3 Hz, 

1C), 71.8, 53.2, 52.6, 48.2, 43.1, 41.9, 26.4. HRMS (ESI) m/z: calculated for C25H21N2O5NaF 

[M+Na]+: 471.1332, found: 471.1335. 

 

Methyl (1S,3S,4R)-5'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3e: White solid, 30 mg, 33% yield, 99% ee; 

[α]D
25 = - 36.80 (c = 0.50, CH2Cl2), m.p. 92.6 - 93.9 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3e = 12.6 min 

(major), t(1R,2S,4S)-3e = 19.7 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 - 7.76 (m, 3H), 7.74 - 

7.67 (m, 2H), 7.23 (dd, J = 8.2, 2.3 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 6.19 - 6.03 (m, 1H), 5.43 - 

5.33 (m, 1H), 5.17 - 5.06 (m, 2H), 3.69 (s, 3H), 3.49 (d, J = 15.0 Hz, 1H), 3.13 (s, 3H), 2.49 - 2.36 

(m, 2H), 2.18 - 2.09 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.3, 171.9, 168.4, 141.9, 135.7, 

135.1, 134.2, 131.8, 128.6, 128.1, 124.4, 123.4, 116.5, 108.8, 72.4, 52.6, 51.1, 48.0, 44.5, 40.3, 26.4. 

HRMS (ESI) m/z: calculated for C25H20N2O5Cl [M-H]-: 463.1061, found: 463.1059. 

 

Methyl (1R,3S,4R)-5'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3e': White solid, 30 mg, 33% yield, 83% 

ee; [α]D
25 = - 10.37 (c = 0.50, CH2Cl2), m.p. 84.8 - 85.5 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3e' = 10.6 

min (minor), t(1S,2S,4R)-3e' = 14.2 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.93 - 7.81 (m, 2H), 

7.79 - 7.69 (m, 2H), 7.24 - 7.14 (m, 2H), 6.73 (d, J = 8.0 Hz, 1H), 6.25 - 6.10 (m, 1H), 5.25 - 5.10 

(m, 2H), 5.00 - 4.88 (m, 1H), 3.74 (s, 3H), 3.64 (d, J = 15.0 Hz, 1H), 3.20 (s, 3H), 2.67 (t, J = 12.3 

Hz, 1H), 2.60 - 2.50 (m, 1H), 2.00 (dd, J = 12.8, 6.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 178.9, 

170.4, 168.9, 141.4, 137.5, 135.3, 134.5, 131.6, 128.0, 127.9, 123.6, 123.3, 117.5, 109.1, 73.3, 52.8, 

52.5, 47.1, 47.0, 41.3, 26.7. HRMS (ESI) m/z: calculated for C25H20N2O5Cl [M-H]-: 463.1061, found: 

463.1059. 



 S10 

 

Methyl (1S,3R,4R)-5'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3e'': White solid, 18 mg, 20% yield, 79% 

ee; [α]D
25 = + 84.9 (c = 0.50, CH2Cl2), m.p. 90.2 - 91.3 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3e'' = 8.5 min 

(minor), t(1R,2S,4R)-3e'' = 16.3 min (major)). 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 2.4 Hz, 1H), 

7.89 - 7.82 (m, 2H), 7.79 - 7.72 (m, 2H), 7.29 - 7.25 (m, 1H), 6.74 (d, J = 8.4 Hz, 1H), 5.96 - 5.75 

(m, 1H), 5.11 (d, J = 17.3 Hz, 1H), 4.98 (d, J = 10.6 Hz, 1H), 4.75 - 4.58 (m, 1H), 3.88 (s, 3H), 3.70 

(d, J = 15.6 Hz, 1H), 3.18 (s, 3H), 2.76 (d, J = 15.5 Hz, 1H), 2.66 (t, J = 12.3 Hz, 1H), 2.23 (dd, J 

= 12.7, 6.7 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 180.8, 171.2, 168.8, 142.2, 134.9, 134.4, 134.3, 

131.4, 128.5, 128.2, 124.8, 123.5, 117.9, 108.7, 71.7, 53.2, 52.4, 48.2, 43.1, 41.9, 26.4. HRMS (ESI) 

m/z: calculated for C25H20N2O5Cl [M-H]-: 463.1061, found: 463.1059. 

 

Methyl (1S,3S,4R)-5'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3f: White solid, 39.8 mg, 39% yield, 90% 

ee; [α]D
25 = - 36.84 (c = 0.50, CH2Cl2), m.p. 102.8 - 103.5 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3f = 

12.9 min (major), t(1R,2S,4S)-3f = 21.3 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.91 (s, 1H), 7.87 

- 7.78 (m, 2H), 7.75 - 7.67 (m, 2H), 7.39 (d, J = 7.9 Hz, 1H), 6.67 (d, J = 8.2 Hz, 1H), 6.18 - 6.02 

(m, 1H), 5.45 - 5.32 (m, 1H), 5.20 - 5.04 (m, 2H), 3.70 (s, 3H), 3.49 (d, J = 15.0 Hz, 1H), 3.13 (s, 

3H), 2.51 - 2.38 (m, 2H), 2.14 (dd, J = 12.9, 6.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.2, 

171.9, 168.4, 142.4, 135.7, 135.5, 134.2, 131.8, 131.1, 127.1, 123.4, 116.5, 115.9, 109.3, 72.4, 52.6, 

51.1, 48.0, 44.5, 40.3, 26.4. HRMS (ESI) m/z: calculated for C25H21N2O5NaBr [M+Na]+: 531.0532, 

found: 531.0534. 

 

Methyl (1R,3S,4R)-5'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3f': White solid, 39.8 mg, 39% yield, 83% 

ee; [α]D
25 = - 4.82 (c = 0.50, CH2Cl2), m.p. 85.6 - 86.5 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3f' = 15.6 

min (minor), t(1S,2S,4R)-3f' = 19.5 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.94 - 7.83 (m, 2H), 

7.80 - 7.71 (m, 2H), 7.42 - 7.29 (m, 2H), 6.69 (d, J = 8.8 Hz, 1H), 6.28 - 6.10 (m, 1H), 5.24 - 5.10 

(m, 2H), 4.97 - 4.88 (m, 1H), 3.74 (s, 3H), 3.63 (d, J = 15.2 Hz, 1H), 3.20 (s, 3H), 2.66 (t, J = 12.4 
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Hz, 1H), 2.56 (d, J = 15.2 Hz, 1H), 2.06 - 1.98 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 178.9, 170.4, 

168.9, 141.9, 137.9, 135.4, 134.5, 131.6, 130.9, 126.1, 123.6, 117.5, 115.4, 109.6, 73.4, 52.8, 52.4, 

47.2, 47.0, 41.4, 26.7. HRMS (ESI) m/z: calculated for C25H21N2O5NaBr [M+Na]+: 531.0532, found: 

531.0534. 

 

Methyl (1S,3R,4R)-5'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3f'': White solid, 10.8 mg, 11% yield, 81% 

ee; [α]D
25 = + 72.69 (c = 0.50, CH2Cl2), m.p. 102.2 - 103.3 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3f'' = 

9.0 min (minor), t(1R,2S,4R)-3f'' = 17.4 min (major)). 1H NMR (400 MHz, CDCl3) δ 8.11 (s, 1H), 7.87 

- 7.82 (m, 2H), 7.77 - 7.72 (m, 2H), 7.45 - 7.39 (m, 1H), 6.68 (d, J = 8.3 Hz, 1H), 5.94 - 5.75 (m, 

1H), 5.10 (d, J = 17.2 Hz, 1H), 4.97 (d, J = 10.6 Hz, 1H), 4.70 - 4.57 (m, 1H), 3.87 (s, 3H), 3.68 (d, 

J = 15.6 Hz, 1H), 3.16 (s, 3H), 2.75 (d, J = 15.4 Hz, 1H), 2.65 (t, J = 12.3 Hz, 1H), 2.22 (dd, J = 

12.7, 6.7 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 180.7, 171.2, 168.8, 142.7, 134.9, 134.8, 134.4, 

131.4, 131.1, 127.5, 123.5, 117.9, 115.8, 109.3, 71.7, 53.2, 52.3, 48.2, 43.1, 41.9, 26.4. HRMS (ESI) 

m/z: calculated for C25H21N2O5NaBr [M+Na]+: 531.0532, found: 531.0534. 

  

Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-5'-methoxy-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3g: Yellow solid, 18 mg, 20% yield, 90% 

ee; [α]D
25 = - 24.44 (c = 0.50, CH2Cl2), m.p. 89.6 - 91.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3g = 13.8 min 

(major), t(1R,2S,4S)-3g = 20.4 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.93 - 7.75 (m, 2H), 7.75 - 

7.67 (m, 2H), 7.43 (d, J = 2.8 Hz, 1H), 6.88 - 6.74 (m, 1H), 6.69 (d, J = 8.5 Hz, 1H), 6.26 - 5.95 (m, 

1H), 5.51 - 5.32 (m, 1H), 5.22 - 5.00 (m, 2H), 3.85 (s, 3H), 3.69 (s, 3H), 3.50 (d, J = 15.0 Hz, 1H), 

3.13 (s, 3H), 2.57 - 2.34 (m, 2H), 2.15 (dd, J = 12.9, 6.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 

181.5, 171.9, 168.5, 156.7, 136.8, 136.0, 134.8, 134.2, 131.9, 123.4, 116.3, 112.8, 110.9, 108.2, 72.5, 

56.0, 52.5, 51.5, 48.1, 44.7, 40.6, 26.3. HRMS (ESI) m/z: calculated for C26H23N2O6 [M-H]-: 

459.1556, found: 459.1561. 

 

Methyl (1R,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-5'-methoxy-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3g': Yellow solid, 30 mg, 33% yield, 78% 

ee; [α]D
25 = - 22.62 (c = 0.50, CH2Cl2), m.p. 75.6 - 76.4 oC. The ee was determined by chiral HPLC 
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(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3g' = 15.9 

min (major), t(1S,2S,4R)-3g' = 17.8 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.87 - 7.81 (m, 2H), 

7.77 - 7.71 (m, 2H), 6.90 (s, 1H), 6.79 - 6.67 (m, 2H), 6.26 - 6.10 (m, 1H), 5.24 - 5.11 (m, 2H), 5.10 

- 5.03 (m, 1H), 3.74 (s, 3H), 3.68 (d, J = 15.2 Hz, 1H), 3.61 (s, 3H), 3.19 (s, 3H), 2.71 - 2.61 (m, 

1H), 2.48 (s, 1H), 2.05 - 1.98 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 179.0, 170.6, 168.9, 156.1, 

137.0, 136.3, 135.6, 134.5, 131.7, 123.5, 117.3, 112.5, 110.0, 108.5, 73.6, 55.6, 52.9, 52.8, 47.3, 

46.8, 41.4, 26.7. HRMS (ESI) m/z: calculated for C26H23N2O6 [M-H]-: 459.1556, found: 459.1561. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxoisoindolin-2-yl)-5'-methoxy-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3g'': Yellow solid, 18 mg, 20% yield, 83% 

ee; [α]D
25 = + 36.26 (c = 0.50, CH2Cl2), m.p. 86.4 - 87.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3g'' = 9.2 min 

(minor), t(1R,2S,4R)-3g'' = 14.1 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.85 - 7.79 (m, 2H), 7.76 - 

7.71 (m, 2H), 7.66 (d, J = 2.8 Hz, 1H), 6.85 - 6.77 (m, 1H), 6.72 - 6.67 (m, 1H), 5.94 - 5.80 (m, 1H), 

5.10 (d, J = 17.4 Hz, 1H), 4.96 (d, J = 10.5 Hz, 1H), 4.73 - 4.59 (m, 1H), 3.86 (d, J = 4.4 Hz, 6H), 

3.76 - 3.66 (m, 1H), 3.15 (s, 3H), 2.77 (d, J = 15.5 Hz, 1H), 2.67 - 2.59 (m, 1H), 2.29 - 2.21 (m, 

1H). 13C NMR (101 MHz, CDCl3) δ 181.0, 171.3, 168.8, 156.6, 137.2, 135.2, 134.3, 134.2, 131.5, 

123.4, 117.7, 112.3, 111.8, 108.0, 71.9, 56.0, 53.1, 52.5, 48.4, 43.3, 42.1, 26.4. HRMS (ESI) m/z: 

calculated for C26H23N2O6 [M-H]-: 459.1556, found: 459.1561. 

 

Methyl (1S,3S,4R)-1'-benzyl-3-(1,3-dioxoisoindolin-2-yl)-6'-fluoro-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3h: White solid, 43.6 mg, 42% yield, 93% 

ee; [α]D
25 = + 1.35 (c = 1.00, CH2Cl2), m.p. 149.7 - 150.6 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3h = 10.5 

min (major), t(1R,2S,4S)-3h = 15.1 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.92 - 7.58 (m, 5H), 

7.34 - 7.17 (m, 5H), 6.84 - 6.68 (m, 1H), 6.44 (d, J = 8.4 Hz, 1H), 6.25 - 6.04 (m, 1H), 5.54 - 5.33 

(m, 1H), 5.24 - 5.02 (m, 2H), 4.93 - 4.69 (m, 2H), 3.70 (s, 3H), 3.57 (d, J = 14.9 Hz, 1H), 2.66 - 

2.38 (m, 2H), 2.29 - 2.09 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 182.2, 172.0, 168.4, 162.9 (d, J 

= 244.7 Hz, 1C), 143.7 (d, J = 11.5 Hz, 1C), 135.8, 135.5, 134.2, 131.8, 128.9, 128.7 (d, J = 3.0 Hz, 

1C), 127.8, 127.2, 125.0 (d, J = 9.6 Hz, 1C), 123.4, 116.4, 109.3 (d, J = 22.1 Hz, 1C), 97.6 (d, J = 

27.7 Hz, 1C), 72.4, 52.5, 50.6, 48.2, 44.5, 43.8, 40.5. HRMS (ESI) m/z: calculated for C31H26N2O5F 

[M+H]+: 471.1332, found: 471.1335. 
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Methyl (1R,3S,4R)-1'-benzyl-3-(1,3-dioxoisoindolin-2-yl)-6'-fluoro-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3h': White solid, 28.4 mg, 27% yield, 83% 

ee; [α]D
25 = - 6.84 (c = 1.00, CH2Cl2), m.p. 95.2 - 95.8 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3h' = 14.1 

min (minor), t(1S,2S,4R)-3h' = 19.1 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.97 - 7.82 (m, 2H), 

7.80 - 7.70 (m, 2H), 7.39 - 7.15 (m, 6H), 6.69 - 6.57 (m, 1H), 6.50 - 6.41 (m, 1H), 6.28 - 6.08 (m, 

1H), 5.28 - 5.14 (m, 2H), 5.13 - 5.01 (m, 1H), 4.98 - 4.85 (m, 2H), 3.89 - 3.67 (m, 4H), 2.85 - 2.71 

(m, 1H), 2.63 - 2.46 (m, 1H), 2.11 - 1.97 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 179.7, 170.6, 

169.0, 162.7 (d, J = 245.0 Hz, 1C), 143.4 (d, J = 11.4 Hz, 1C), 135.4, 135.3, 134.5, 131.6, 131.3 (d, 

J = 3.0 Hz, 1C), 129.0, 127.9, 127.3, 123.8 (d, J = 9.6 Hz, 1C), 123.6, 117.4, 108.8 (d, J = 22.0 Hz, 

1C), 98.0 (d, J = 27.0 Hz, 1C), 73.3, 52.9, 52.0, 47.7, 46.8, 44.2, 41.6. HRMS (ESI) m/z: calculated 

for C31H26N2O5F [M+H]+: 471.1332, found: 471.1335. 

 

Methyl (1S,3R,4R)-1'-benzyl-3-(1,3-dioxoisoindolin-2-yl)-6'-fluoro-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3h'': White solid, 17.6 mg, 17% yield, 78% 

ee; [α]D
25 = + 60.13 (c = 1.00, CH2Cl2), m.p. 109.0 - 109.7 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3h'' = 

9.7 min (minor), t(1R,2S,4R)-3h'' = 12.5 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.97 - 7.55 (m, 

4H), 7.42 - 7.15 (m, 6H), 6.78 - 6.57 (m, 1H), 6.51 - 6.23 (m, 2H), 5.08 (d, J = 16.9 Hz, 1H), 5.02 - 

4.74 (m, 3H), 4.31 (d, J = 15.1 Hz, 1H), 4.20 - 4.04 (m, 1H), 3.79 (s, 3H), 2.83 - 2.60 (m, 2H), 2.55 

- 2.42 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.6, 172.8, 168.6, 162.7 (d, J = 244.8 Hz, 1C), 

143.7 (d, J = 11.4 Hz, 1C), 136.2, 135.5, 134.3, 131.7, 131.0 (d, J = 2.9 Hz, 1C), 129.0, 127.9, 127.4, 

124.6 (d, J = 9.8 Hz, 1C), 123.4, 117.9, 109.1 (d, J = 22.1 Hz, 1C), 97.7 (d, J = 27.5 Hz, 1C), 72.5, 

53.2, 51.9, 51.8, 44.3, 44.0, 43.0. HRMS (ESI) m/z: calculated for C31H26N2O5F [M+H]+: 471.1332, 

found: 471.1335. 

 

Methyl (1S,3S,4R)-6'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3i: White solid, 6.9 mg, 40% yield, 90% ee; 

[α]D
25 = - 14.8 (c = 0.50, CH2Cl2), m.p. 231.8 - 232.6 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3i = 12.2 min 

(major), t(1R,2S,4S)-3i = 16.3 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.89 - 7.77 (m, 2H), 7.76 - 

7.65 (m, 3H), 7.14 - 7.02 (m, 1H), 6.78 (d, J = 2.0 Hz, 1H), 6.20 - 6.01 (m, 1H), 5.44 - 5.33 (m, 1H), 

5.17 - 5.05 (m, 2H), 3.68 (s, 3H), 3.48 (d, J = 15.0 Hz, 1H), 3.13 (s, 3H), 2.48 - 2.35 (m, 2H), 2.18 

- 2.08 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.7, 172.0, 168.4, 144.5, 135.8, 134.2, 133.9, 

131.8, 124.8, 123.4, 123.0, 116.5, 108.6, 72.4, 52.6, 50.7, 48.0, 44.5, 40.3, 26.4. HRMS (ESI) m/z: 

calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 487.1040. 



 S14 

 

Methyl (1R,3S,4R)-6'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3i': White solid, 24.6 mg, 27% yield, 82% 

ee; [α]D
25 = - 7.26 (c = 0.50, CH2Cl2), m.p. 95.4 - 96.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3i' = 14.9 

min (minor), t(1S,2S,4R)-3i' = 17.4 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.90 - 7.70 (m, 4H), 

7.18 (d, J = 7.9 Hz, 1H), 7.03 - 6.89 (m, 1H), 6.81 (d, J = 2.1 Hz, 1H), 6.30 - 6.03 (m, 1H), 5.24 - 

5.08 (m, 2H), 5.03 - 4.94 (m, 1H), 3.75 (s, 3H), 3.67 (d, J = 15.2 Hz, 1H), 3.21 (s, 3H), 2.74 - 2.63 

(m, 1H), 2.55 - 2.43 (m, 1H), 1.99 - 1.92 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 179.2, 170.6, 

169.0, 144.1, 135.3, 134.5, 134.2, 133.9, 131.7, 123.7, 123.6, 122.5, 117.4, 108.9, 73.2, 52.9, 52.1, 

47.4, 46.9, 41.3, 26.7. HRMS (ESI) m/z: calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 

487.1040. 

 

Methyl (1S,3R,4R)-6'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3i'': White solid, 12.3mg, 13% yield, 81% 

ee; [α]D
25 = + 40.37 (c = 0.50, CH2Cl2), m.p. 89.5 - 90.0 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3i'' = 8.4 min 

(minor), t(1R,2S,4R)-3i'' = 11.7 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.0 Hz, 1H), 

7.87 - 7.80 (m, 2H), 7.78 - 7.70 (m, 2H), 7.13 - 7.08 (m, 1H), 6.80 (d, J = 2.1 Hz, 1H), 5.91 - 5.79 

(m, 1H), 5.13 - 5.06 (m, 1H), 5.00 - 4.93 (m, 1H), 4.71 - 4.60 (m, 1H), 3.87 (s, 3H), 3.70 (d, J = 

15.4 Hz, 1H), 3.16 (s, 3H), 2.73 (d, J = 15.5 Hz, 1H), 2.68 - 2.59 (m, 1H), 2.25 - 2.17 (m, 1H). 13C 

NMR (101 MHz, CDCl3) δ 181.2, 171.2, 168.9, 144.8, 134.9, 134.5, 134.0, 131.4, 131.0, 125.2, 

123.4, 122.9, 117.8, 108.5, 71.8, 53.2, 51.9, 48.2, 43.1, 41.9, 26.4. HRMS (ESI) m/z: calculated for 

C25H21N2O5NaCl [M+Na]+: 487.1037, found: 487.1040. 

 

Methyl (1S,3S,4R)-6'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3j: White solid, 38.6 mg, 38% yield, 90% 

ee; [α]D
25 = - 9.59 (c = 0.50, CH2Cl2), m.p. 159.2 - 160.4 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3j = 11.8 min 

(major), t(1R,2S,4S)-3j = 16.5 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.86 - 7.77 (m, 2H), 7.74 - 

7.67 (m, 2H), 7.64 (d, J = 7.9 Hz, 1H), 7.23 (d, J = 7.9 Hz, 1H), 6.93 (s, 1H), 6.17 - 5.99 (m, 1H), 

5.43 - 5.33 (m, 1H), 5.17 - 5.06 (m, 2H), 3.67 (s, 3H), 3.47 (d, J = 14.9 Hz, 1H), 3.12 (s, 3H), 2.49 
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- 2.36 (m, 2H), 2.11 (dd, J = 13.0, 6.3 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.5, 172.0, 168.3, 

144.6, 135.7, 134.2, 132.3, 131.7, 125.9, 125.2, 123.4, 121.6, 116.4, 111.3, 72.3, 52.5, 50.7, 47.9, 

44.5, 40.2, 26.4. HRMS (ESI) m/z: calculated for C25H21N2O5NaBr [M+Na]+: 531.0532, found: 

531.0535. 

 

Methyl (1R,3S,4R)-6'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3j': White solid, 25.7 mg, 25% yield, 82% 

ee; [α]D
25 = - 5.37 (c = 0.50, CH2Cl2), m.p. 85.5 - 86.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3j' = 15.9 

min (minor), t(1S,2S,4R)-3j' = 17.8 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.87 - 7.81 (m, 2H), 

7.78 - 7.73 (m, 2H), 7.15 - 7.06 (m, 2H), 6.95 (s, 1H), 6.22 - 6.08 (m, 1H), 5.22 - 5.11 (m, 2H), 5.02 

- 4.94 (m, 1H), 3.74 (s, 3H), 3.66 (d, J = 15.3 Hz, 1H), 3.20 (s, 3H), 2.73 - 2.63 (m, 1H), 2.48 (d, J 

= 15.1 Hz, 1H), 1.98 - 1.92 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 179.1, 170.5, 168.9, 144.2, 

135.3, 134.7, 134.5, 131.6, 125.5, 124.0, 123.6, 121.6, 117.4, 111.6, 73.2, 52.9, 52.1, 47.3, 46.9, 

41.2, 26.7. HRMS (ESI) m/z: calculated for C25H21N2O5NaBr [M+Na]+: 531.0532, found: 531.0535. 

 

Methyl (1S,3R,4R)-6'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3j'': White solid, 12.9 mg, 13% yield, 79% 

ee; [α]D
25 = + 67.62 (c = 0.50, CH2Cl2), m.p. 105.9 - 106.8 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3j'' = 

8.7 min (minor), t(1R,2S,4R)-3j'' = 11.7 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.90 - 7.82 (m, 3H), 

7.79 - 7.73 (m, 2H), 7.27 (d, J = 7.9 Hz, 1H), 6.96 (s, 1H), 5.96 - 5.79 (m, 1H), 5.11 (d, J = 17.3 Hz, 

1H), 4.97 (d, J = 10.5 Hz, 1H), 4.73 - 4.60 (m, 1H), 3.88 (s, 3H), 3.71 (d, J = 15.2 Hz, 1H), 3.17 (s, 

3H), 2.74 (d, J = 15.5 Hz, 1H), 2.69 - 2.60 (m, 1H), 2.26 - 2.18 (m, 1H). 13C NMR (101 MHz, 

CDCl3) δ 181.1, 171.1, 168.9, 144.9, 134.9, 134.4, 131.5, 131.3, 125.9, 125.5, 123.4, 121.8, 117.8, 

111.3, 71.7, 53.2, 51.9, 48.2, 43.0, 41.8, 26.4. HRMS (ESI) m/z: calculated for C25H21N2O5NaBr 

[M+Na]+: 531.0532, found: 531.0535. 

 

Methyl (1S,3S,4R)-7'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3k: White solid, 38.6 mg, 42% yield, 92% 

ee; [α]D
25 = - 1.79 (c = 0.50, CH2Cl2), m.p. 89.0 - 89.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4R)-3k = 17.2 
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min (major), t(1R,2S,4S)-3k = 31.5 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.87 - 7.76 (m, 2H), 

7.76 - 7.56 (m, 3H), 7.17 (d, J = 8.2 Hz, 1H), 7.02 (t, J = 7.7 Hz, 1H), 6.19 - 6.04 (m, 1H), 5.50 - 

5.36 (m, 1H), 5.23 - 5.02 (m, 2H), 3.68 (s, 3H), 3.60 - 3.40 (m, 4H), 2.58 - 2.29 (m, 2H), 2.20 - 2.05 

(m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.9, 172.1, 168.4, 139.1, 136.2, 135.7, 134.2, 131.8, 

130.4, 124.0, 123.4, 122.4, 116.4, 115.1, 72.3, 52.6, 50.8, 48.5, 44.5, 40.8, 29.6. HRMS (ESI) m/z: 

calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 487.1039. 

 

Methyl (1R,3S,4R)-7'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3k': White solid, 25.7 mg, 28% yield, 81% 

ee; [α]D
25 = - 17.26 (c = 0.50, CH2Cl2), m.p. 77.8 - 78.4 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3k' = 18.7 min 

(minor), t(1S,2S,4R)-3k' = 52.4 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.89 - 7.80 (m, 2H), 7.80 - 

7.71 (m, 2H), 7.22 - 7.08 (m, 2H), 6.88 (t, J = 7.8 Hz, 1H), 6.27 - 6.07 (m, 1H), 5.21 - 5.05 (m, 2H), 

5.01 - 4.87 (m, 1H), 3.76 (s, 3H), 3.69 - 3.51 (m, 4H), 2.69 (t, J = 12.6 Hz, 1H), 2.56 (d, J = 15.3 

Hz, 1H), 1.97 (dd, J = 12.6, 6.3 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 179.7, 170.5, 168.9, 138.8, 

138.7, 135.3, 134.5, 131.7, 130.4, 123.7, 123.6, 121.2, 117.4, 115.6, 73.3, 52.9, 52.1, 47.5, 47.0, 

41.9, 30.1. HRMS (ESI) m/z: calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 487.1039. 

 

Methyl (1S,3R,4R)-7'-chloro-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3k'': White solid, 12.9 mg, 14% yield, 73% 

ee; [α]D
25 = + 52.00 (c = 0.50, CH2Cl2), m.p. 75.2 - 76.1 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4S)-3k'' = 28.8 min 

(major), t(1R,2S,4R)-3k'' = 30.3 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.2 Hz, 1H), 

7.85 - 7.79 (m, 2H), 7.77 - 7.71 (m, 2H), 7.20 (d, J = 8.0 Hz, 1H), 7.05 (t, J = 7.7 Hz, 1H), 5.92 - 

5.76 (m, 1H), 5.11 (d, J = 17.4 Hz, 1H), 4.97 (d, J = 10.5 Hz, 1H), 4.72 - 4.58 (m, 1H), 3.88 (s, 3H), 

3.68 (d, J = 15.4 Hz, 1H), 3.55 (s, 3H), 2.77 (d, J = 15.4 Hz, 1H), 2.69 - 2.60 (m, 1H), 2.28 - 2.19 

(m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.4, 171.2, 168.9, 139.4, 135.5, 134.9, 134.4, 131.4, 

130.5, 123.9, 123.4, 122.6, 118.0, 115.2, 71.8, 53.2, 52.0, 48.1, 43.4, 42.4, 29.7. HRMS (ESI) m/z: 

calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 487.1039. 

 

Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3l: Yellow solid, 32 mg, 36% yield, 92% 
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ee; [α]D
25 = - 5.02 (c = 0.50, CH2Cl2), m.p. 92.8 - 93.2 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3l = 12.5 min 

(major), t(1R,2S,4S)-3l = 19.1 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.85 - 7.79 (m, 2H), 7.76 - 

7.65 (m, 2H), 7.63 (dd, J = 6.7, 2.2 Hz, 1H), 7.05 - 6.96 (m, 2H), 6.20 - 6.06 (m, 1H), 5.51 - 5.41 

(m, 1H), 5.17 - 5.08 (m, 2H), 3.70 (s, 3H), 3.51 (d, J = 15.1 Hz, 1H), 3.44 (s, 3H), 2.56 (s, 3H), 2.51 

- 2.39 (m, 2H), 2.12 (dd, J = 12.9, 6.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 182.5, 172.1, 168.5, 

141.0, 136.0, 134.1, 134.0, 131.9, 123.4, 123.2, 121.7, 119.4, 116.3, 72.5, 52.5, 50.6, 48.6, 44.5, 

40.9, 29.6, 19.0. HRMS (ESI) m/z: calculated for C26H24N2O5Na [M+Na]+: 467.1583, found: 

467.1588. 

 

Methyl (1R,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3l': Yellow solid, 24 mg, 27% yield, 80% 

ee; [α]D
25 = - 8.91 (c = 0.50, CH2Cl2), m.p. 80.3 - 81.0 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3l' = 13.0 

min (major), t(1S,2S,4R)-3l' = 14.9 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.90 - 7.80 (m, 2H), 

7.78 - 7.71 (m, 2H), 7.12 (d, J = 7.3 Hz, 1H), 6.95 (d, J = 7.7 Hz, 1H), 6.90 - 6.79 (m, 1H), 6.28 - 

6.10 (m, 1H), 5.21 - 5.08 (m, 2H), 5.01 - 4.92 (m, 1H), 3.76 (s, 3H), 3.66 (d, J = 15.2 Hz, 1H), 3.52 

(s, 3H), 2.69 (t, J = 12.5 Hz, 1H), 2.56 (s, 4H), 1.97 (dd, J = 12.2, 6.0 Hz, 1H). 13C NMR (101 MHz, 

CDCl3) δ 180.2, 170.7, 169.0, 140.5, 136.8, 135.7, 134.4, 131.8, 131.7, 123.5, 122.8, 120.6, 119.8, 

117.2, 73.5, 52.8, 51.7, 47.6, 47.0, 41.9, 30.0, 19.3. HRMS (ESI) m/z: calculated for C26H24N2O5Na 

[M+Na]+: 467.1583, found: 467.1588. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3l'': Yellow solid, 24 mg, 27% yield, 86% 

ee; [α]D
25 = + 78.42 (c = 0.50, CH2Cl2), m.p. 90.1 - 90.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3l'' = 9.4 min 

(minor), t(1R,2S,4R)-3l'' = 11.4 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.85 - 7.71 (m, 5H), 7.06 - 

6.98 (m, 2H), 5.96 - 5.79 (m, 1H), 5.12 (d, J = 17.8 Hz, 1H), 4.96 (d, J = 10.5 Hz, 1H), 4.73 - 4.55 

(m, 1H), 3.88 (s, 3H), 3.68 (d, J = 15.4 Hz, 1H), 3.46 (s, 3H), 2.77 (d, J = 15.3 Hz, 1H), 2.63 (t, J = 

12.3 Hz, 1H), 2.57 (s, 3H), 2.30 - 2.18 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.9, 171.4, 168.8, 

141.3, 135.3, 134.4, 133.4, 132.0, 131.4, 123.4, 123.1, 121.9, 119.4, 117.8, 72.0, 53.2, 51.7, 48.2, 

43.5, 42.5, 29.7, 19.1. HRMS (ESI) m/z: calculated for C26H24N2O5Na [M+Na]+: 467.1583, found: 

467.1588. 
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Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',5',7'-trimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3m: Yellow solid, 30 mg, 33% yield, 94% 

ee; [α]D
25 = - 21.69 (c = 0.50, CH2Cl2), m.p. 98.0 - 98.9 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3m = 6.7 min 

(major), t(1R,2S,4S)-3m = 8.4 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.89 - 7.78 (m, 2H), 7.76 - 

7.66 (m, 2H), 7.42 (s, 1H), 6.81 (s, 1H), 6.22 - 6.03 (m, 1H), 5.57 - 5.40 (m, 1H), 5.21 - 5.04 (m, 

2H), 3.69 (s, 3H), 3.50 (d, J = 15.0 Hz, 1H), 3.41 (s, 3H), 2.51 (s, 3H), 2.50 - 2.38 (m, 2H), 2.34 (s, 

3H), 2.10 (dd, J = 12.8, 6.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 182.4, 172.2, 168.5, 138.6, 

136.1, 134.1, 134.0, 132.7, 132.3, 131.9, 123.4, 122.2, 119.1, 116.2, 72.5, 52.5, 50.7, 48.6, 44.4, 

40.9, 29.5, 21.0, 18.8. HRMS (ESI) m/z: calculated for C27H26N2O5Na [M+Na]+: 481.1739, found: 

481.1740. 

 

Methyl (1R,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',5',7'-trimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3m': White solid, 26.7 mg, 29% yield, 90% 

ee; [α]D
25 = - 18.31 (c = 0.50, CH2Cl2), m.p. 73.2 - 74.4 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3m' = 17.8 min 

(minor), t(1S,2S,4R)-3m' = 18.9 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.90 - 7.82 (m, 2H), 7.78 - 

7.72 (m, 2H), 6.87 (s, 1H), 6.75 (s, 1H), 6.29 - 6.15 (m, 1H), 5.20 - 5.09 (m, 2H), 4.99 - 4.92 (m, 

1H), 3.76 (s, 3H), 3.62 (d, J = 15.1 Hz, 1H), 3.48 (s, 3H), 2.65 (t, J = 12.2 Hz, 1H), 2.56 (d, J = 15.0 

Hz, 1H), 2.51 (s, 3H), 2.13 (s, 3H), 2.00 (dd, J = 12.6, 6.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 

180.3, 170.7, 168.9, 138.1, 136.9, 135.8, 134.4, 132.2, 132.1, 131.7, 123.5, 121.4, 119.4, 117.2, 73.8, 

52.8, 51.8, 47.4, 47.2, 42.0, 30.0, 20.9, 19.1. HRMS (ESI) m/z: calculated for C27H26N2O5Na 

[M+Na]+: 481.1739, found: 481.1740. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',5',7'-trimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3m'': White solid, 20 mg, 22% yield, 76% 

ee; [α]D
25 = + 64.75 (c = 0.50, CH2Cl2), m.p. 75.8 - 76.4 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3m'' = 22.8 min 

(minor), t(1R,2S,4R)-3m'' = 56.6 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.87 - 7.81 (m, 2H), 7.76 

- 7.70 (m, 2H), 7.55 (s, 1H), 6.82 (s, 1H), 5.94 - 5.79 (m, 1H), 5.12 (d, J = 17.2 Hz, 1H), 4.96 (d, J 

= 10.5 Hz, 1H), 4.67 - 4.56 (m, 1H), 3.89 (s, 3H), 3.68 - 3.60 (m, 1H), 3.43 (s, 3H), 2.78 (d, J = 15.3 
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Hz, 1H), 2.61 (t, J = 12.2 Hz, 1H), 2.52 (s, 3H), 2.35 (s, 3H), 2.24 (dd, J = 12.7, 6.9 Hz, 1H). 13C 

NMR (101 MHz, CDCl3) δ 181.8, 171.4, 168.8, 138.8, 135.4, 134.3, 133.5, 132.5, 132.4, 131.4, 

123.4, 122.4, 119.1, 117.8, 72.0, 53.1, 51.7, 48.2, 43.4, 42.5, 29.6, 21.1, 18.9. HRMS (ESI) m/z: 

calculated for C27H26N2O5Na [M+Na]+: 481.1739, found: 481.1740. 

 

Methyl (1S,3S,4R)-5'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3n: White solid, 34.3mg, 33% yield, 99% 

ee; [α]D
25 = - 37.75 (c = 0.50, CH2Cl2), m.p. 110.1 - 112.2 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3n = 

12.7 min (major), t(1R,2S,4S)-3n = 22.5 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.82 (dd, J = 5.5, 

3.0 Hz, 2H), 7.75 (d, J = 2.1 Hz, 1H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 7.20 - 7.10 (m, 1H), 6.16 - 6.03 

(m, 1H), 5.47 - 5.34 (m, 1H), 5.15 - 5.12 (m, 1H), 5.12 - 5.06 (m, 1H), 3.69 (s, 3H), 3.46 (d, J = 

15.0 Hz, 1H), 3.41 (s, 3H), 2.52 (s, 3H), 2.47 - 2.36 (m, 2H), 2.09 (dd, J = 12.9, 6.2 Hz, 1H). 13C 

NMR (101 MHz, CDCl3) δ 181.9, 171.9, 168.4, 140.1, 136.0, 135.7, 134.3, 134.2, 131.8, 124.8, 

123.4, 121.4, 116.4, 115.6, 72.3, 52.6, 50.6, 48.4, 44.4, 40.7, 29.6, 18.7. HRMS (ESI) m/z: calculated 

for C26H23N2O5NaBr [M+Na]+: 545.0688, found: 545.0692. 

 

Methyl (1R,3S,4R)-5'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3n': White solid, 26.7 mg, 26% yield, 83% 

ee; [α]D
25 = - 4.93 (c = 0.50, CH2Cl2), m.p. 105.4 - 106.5 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3n' = 15.7 

min (major), t(1S,2S,4R)-3n' = 17.1 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.89 - 7.82 (m, 2H), 

7.78 - 7.72 (m, 2H), 7.17 (s, 1H), 7.09 (s, 1H), 6.27 - 6.10 (m, 1H), 5.19 - 5.09 (m, 2H), 4.92 - 4.79 

(m, 1H), 3.75 (s, 3H), 3.58 (d, J = 15.1 Hz, 1H), 3.48 (s, 3H), 2.68 - 2.56 (m, 2H), 2.52 (s, 3H), 2.00 

(dd, J = 12.6, 6.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 179.7, 170.3, 168.8, 139.6, 138.5, 135.4, 

134.4, 134.0, 131.5, 123.7, 123.5, 121.6, 117.4, 114.9, 73.4, 52.7, 51.7, 47.2, 46.9, 41.8, 29.9, 18.9. 

HRMS (ESI) m/z: calculated for C26H23N2O5NaBr [M+Na]+: 545.0688, found: 545.0692. 

 

Methyl (1S,3R,4R)-5'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3n'': White solid, 15.2 mg, 15% yield, 80% 

ee; [α]D
25 = + 128.86 (c = 0.50, CH2Cl2), m.p. 108.6 - 109.2 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3n'' = 
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11.1 min (minor), t(1R,2S,4R)-3n'' = 18.6 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 2.3 

Hz, 1H), 7.89 - 7.80 (m, 2H), 7.78 - 7.70 (m, 2H), 7.18 - 7.14 (m, 1H), 5.93 - 5.74 (m, 1H), 5.18 - 

5.07 (m, 1H), 4.96 (d, J = 10.6 Hz, 1H), 4.72 - 4.57 (m, 1H), 3.87 (s, 3H), 3.67 - 3.55 (m, 1H), 3.43 

(s, 3H), 2.74 (d, J = 15.4 Hz, 1H), 2.67 - 2.58 (m, 1H), 2.53 (s, 3H), 2.19 (dd, J = 12.7, 6.8 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 181.3, 171.1, 168.7, 140.4, 135.2, 134.8, 134.4, 134.3, 131.3, 125.0, 

123.4, 121.3, 117.9, 115.4, 71.6, 53.1, 51.7, 48.0, 43.3, 42.2, 29.6, 18.8. HRMS (ESI) m/z: calculated 

for C26H23N2O5NaBr [M+Na]+: 545.0688, found: 545.0692. 

 

Methyl (1S,3S,4R)-3-(4-fluoro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3o: White solid, 35.6 mg, 40% yield, 94% 

ee; [α]D
25 = - 12.13 (c = 0.50, CH2Cl2), m.p. 92.9 - 93.7 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3o = 15.2 min 

(minor), t(1R,2S,4S)-3o = 28.6 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.85 - 7.70 (m, 2H), 7.69 - 

7.63 (m, 1H), 7.43 - 7.33 (m, 1H), 7.32 - 7.25 (m, 1H), 7.19 - 7.11 (m, 1H), 6.81 (d, J = 7.6 Hz, 1H), 

6.21 - 6.05 (m, 1H), 5.48 - 5.35 (m, 1H), 5.21 - 5.09 (m, 2H), 3.72 (s, 3H), 3.53 (d, J = 15.1 Hz, 

1H), 3.17 (s, 3H), 2.55 - 2.43 (m, 2H), 2.20 - 2.12 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.7, 

171.7, 167.0 (d, J = 2.8 Hz, 1C), 165.4, 157.6 (d, J = 266.3 Hz, 1C), 143.3, 136.8 (d, J = 7.4 Hz, 

1C), 135.8, 134.2, 133.2, 128.2, 123.6, 123.3, 122.5 (d, J = 19.8 Hz, 1C), 119.7 (d, J = 3.8 Hz, 1C), 

117.5 (d, J = 12.1 Hz, 1C), 116.5, 107.9, 72.7, 52.6, 51.1, 48.0, 44.6, 40.5, 26.3. HRMS (ESI) m/z: 

calculated for C25H22N2O5F [M+H]+: 449.1513, found: 449.1516. 

 

Methyl (1R,3S,4R)-3-(4-fluoro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3o': White solid, 17.8 mg, 20% yield, 88% 

ee; [α]D
25 = - 16.26 (c = 0.50, CH2Cl2), m.p. 106.1 - 106.9 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3o' = 

20.7 min (minor), t(1S,2S,4R)-3o' = 24.9 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.80 - 7.73 (m, 

1H), 7.72 - 7.67 (m, 1H), 7.46 - 7.38 (m, 1H), 7.31 - 7.23 (m, 2H), 7.06 - 6.96 (m, 1H), 6.84 (d, J = 

7.6 Hz, 1H), 6.23 - 6.10 (m, 1H), 5.27 - 5.09 (m, 2H), 5.08 - 4.94 (m, 1H), 3.78 (s, 3H), 3.70 (d, J 

= 15.2 Hz, 1H), 3.24 (s, 3H), 2.71 (t, J = 12.6 Hz, 1H), 2.51 (d, J = 15.2 Hz, 1H), 2.02 - 1.94 (m, 

1H). 13C NMR (101 MHz, CDCl3) δ 179.2, 170.6, 167.8 (d, J = 2.9 Hz, 1C), 165.7, 157.8 (d, J = 

266.7 Hz, 1C), 142.8, 137.0 (d, J = 7.6 Hz, 1C), 135.8, 135.4, 133.9, 128.2, 122.9, 122.7 (d, J = 5.1 

Hz, 1C), 122.6, 119.8 (d, J = 3.8 Hz, 1C), 117.6 (d, J = 11.9 Hz, 1C), 117.4, 108.2, 73.6, 53.0, 52.4, 

47.5, 46.8, 41.3, 26.6. HRMS (ESI) m/z: calculated for C25H22N2O5F [M+H]+: 449.1513, found: 

449.1516. 
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Methyl (1S,3R,4R)-3-(4-fluoro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3o'': White solid, 17.8 mg, 20% yield, 88% 

ee; [α]D
25 = + 54.46 (c = 0.50, CH2Cl2), m.p. 85.4 - 86.7 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3o'' = 15.3 

min (minor), t(1R,2S,4R)-3o'' = 28.9 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 7.7 Hz, 

1H), 7.70 - 7.63 (m, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.33 (t, J = 8.4 Hz, 1H), 7.24 - 7.17 (m, 1H), 7.08 

(t, J = 7.6 Hz, 1H), 6.74 (d, J = 7.7 Hz, 1H), 5.87 - 5.76 (m, 1H), 5.09 - 5.01 (m, 1H), 4.95-4.89 (m, 

1H), 4.63-4.54 (m, 1H), 3.81 (s, 3H), 3.65 (d, J = 15.4 Hz, 1H), 3.11 (s, 3H), 2.70 (d, J = 15.5 Hz, 

1H), 2.65 (t, J = 12.0, 1H), 2.20 (dd, J = 12.0, 6.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.2, 

171.0, 167.6 (d, J = 2.8 Hz, 1C), 165.6, 157.7 (d, J = 266.4 Hz, 1C), 143.6, 136.9 (d, J = 7.5 Hz, 

1C), 135.1, 133.6, 132.7, 128.3, 124.1, 123.2, 122.7 (d, J = 19.8 Hz, 1C), 119.7 (d, J = 3.7 Hz, 1C), 

117.9, 117.3 (d, J = 12.0 Hz, 1C), 107.8, 72.2, 53.3, 52.1, 48.2, 43.0, 41.9, 26.3. HRMS (ESI) m/z: 

calculated for C25H22N2O5F [M+H]+: 449.1513, found: 449.1516. 

 

Methyl (1S,3S,4R)-3-(5-chloro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3p: Yellow solid, 33.6 mg, 36% yield, 93% 

ee; [α]D
25 = - 9.40 (c = 0.50, CH2Cl2), m.p. 93.2 - 94.0 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3p = 15.9 min 

(minor), t(1R,2S,4S)-3p = 20.7 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.88 - 7.71 (m, 3H), 7.71 - 

7.64 (m, 1H), 7.31 - 7.24 (m, 1H), 7.20 - 7.08 (m, 1H), 6.81 (d, J = 7.6 Hz, 1H), 6.21 - 6.01 (m, 1H), 

5.48 - 5.33 (m, 1H), 5.25 - 5.09 (m, 2H), 3.71 (s, 3H), 3.52 (d, J = 15.0 Hz, 1H), 3.16 (s, 3H), 2.58 

- 2.38 (m, 2H), 2.16 (dd, J = 12.9, 6.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.7, 171.7, 167.4, 

167.1, 143.3, 140.8, 135.8, 134.2, 133.5, 133.2, 129.9, 128.2, 124.7, 123.8, 123.6, 123.2, 116.5, 

107.8, 72.7, 52.6, 51.1, 47.9, 44.6, 40.5, 26.2. HRMS (ESI) m/z: calculated for C25H21N2O5NaCl 

[M+Na]+: 487.1037, found: 487.1037. 

 

Methyl (1R,3S,4R)-3-(5-chloro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3p': Yellow solid, 20.2 mg, 22% yield, 81% 
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ee; [α]D
25 = - 8.93 (c = 0.50, CH2Cl2), m.p. 83.0 - 83.9 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3p' = 24.9 min 

(minor), t(1S,2S,4R)-3p' = 61.0 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.89 - 7.76 (m, 2H), 7.74 - 

7.68 (m, 1H), 7.28 - 7.22 (m, 2H), 6.99 (t, J = 7.5 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.25 - 6.05 (m, 

1H), 5.24 - 5.12 (m, 2H), 5.06 - 4.96 (m, 1H), 3.77 (s, 3H), 3.70 (d, J = 15.2 Hz, 1H), 3.24 (s, 3H), 

2.71 (d, J = 12.5 Hz, 1H), 2.50 (d, J = 15.2 Hz, 1H), 2.03 - 1.94 (m, 1H). 13C NMR (101 MHz, 

CDCl3) δ 179.2, 170.6, 168.1, 167.7, 142.8, 141.2, 135.8, 135.4, 134.5, 133.4, 129.7, 128.2, 124.8, 

124.0, 122.9, 122.6, 117.4, 108.2, 73.6, 52.9, 52.4, 47.5, 46.9, 41.4, 26.6. HRMS (ESI) m/z: 

calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 487.1037. 

 

Methyl (1S,3R,4R)-3-(5-chloro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3p'': Yellow solid, 13.5 mg, 15% yield, 83% 

ee; [α]D
25 = + 91.66 (c = 0.50, CH2Cl2), m.p. 83.7 - 84.4 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3p'' = 15.6 min 

(minor), t(1R,2S,4R)-3p'' = 18.9 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 7.4 Hz, 1H), 

7.86 - 7.59 (m, 3H), 7.32 - 7.25 (m, 1H), 7.14 (t, J = 7.5 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 5.97 - 

5.76 (m, 1H), 5.10 (d, J = 17.4 Hz, 1H), 4.97 (d, J = 10.6 Hz, 1H), 4.76 - 4.53 (m, 1H), 3.87 (s, 3H), 

3.71 (d, J = 15.4 Hz, 1H), 3.18 (s, 3H), 2.77 (d, J = 15.5 Hz, 1H), 2.68 - 2.55 (m, 1H), 2.27 (dd, J = 

12.8, 6.7 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.2, 171.0, 167.9, 167.6, 143.6, 141.1, 135.1, 

134.5, 133.1, 132.8, 129.5, 128.3, 124.7, 124.0, 123.8, 123.2, 117.9, 107.9, 72.2, 53.2, 52.1, 48.3, 

43.1, 41.9, 26.3. HRMS (ESI) m/z: calculated for C25H21N2O5NaCl [M+Na]+: 487.1037, found: 

487.1037. 

 

Methyl (1S,3S,4R)-1'-methyl-3-(5-nitro-1,3-dioxoisoindolin-2-yl)-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3q: Yellow solid, 47.8 mg, 50% yield, 91% 

ee; [α]D
25 = - 15.69 (c = 0.50, CH2Cl2), m.p. 112.5 - 113.4 oC. The ee was determined by chiral 

HPLC (Chiralcel IH, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3q = 11.0 

min (minor), t(1R,2S,4S)-3q = 13.8 min (major)). 1H NMR (400 MHz, CDCl3) δ 8.75 - 8.51 (m, 2H), 

8.04 (d, J = 8.1 Hz, 1H), 7.71 (d, J = 7.4 Hz, 1H), 7.35 - 7.24 (m, 1H), 7.19 - 7.11 (m, 1H), 6.82 (d, 

J = 7.7 Hz, 1H), 6.15 - 6.01 (m, 1H), 5.45 - 5.33 (m, 1H), 5.23 - 5.11 (m, 2H), 3.73 (s, 3H), 3.53 (d, 

J = 15.1 Hz, 1H), 3.16 (s, 3H), 2.55 - 2.42 (m, 2H), 2.26 - 2.14 (m, 1H). 13C NMR (101 MHz, CDCl3) 

δ 181.7, 171.4, 166.3, 166.2, 151.9, 143.3, 136.3, 135.5, 133.1, 133.0, 129.4, 128.4, 124.7, 123.6, 

123.4, 118.9, 117.0, 108.0, 73.3, 52.8, 51.2, 47.8, 44.8, 40.6, 26.3. HRMS (ESI) m/z: calculated for 

C25H22N3O7 [M+H]+: 476.1458, found: 476.1462. 
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Methyl (1R,3S,4R)-1'-methyl-3-(5-nitro-1,3-dioxoisoindolin-2-yl)-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3q': Yellow solid, 13.7 mg, 14% yield, 72% 

ee; [α]D
25 = - 21.15 (c = 0.50, CH2Cl2), m.p. 96.3 - 97.1 oC. The ee was determined by chiral HPLC 

(Chiralcel IH, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3q' = 16.9 min 

(minor), t(1S,2S,4R)-3q' = 20.2 min (major)). 1H NMR (400 MHz, CDCl3) δ 8.78 - 8.50 (m, 2H), 8.07 

(d, J = 8.2 Hz, 1H), 7.34 - 7.18 (m, 2H), 7.07 - 6.95 (m, 1H), 6.85 (d, J = 7.8 Hz, 1H), 6.23 - 6.03 

(m, 1H), 5.28 - 5.11 (m, 2H), 5.07 - 4.95 (m, 1H), 3.88 - 3.63 (m, 4H), 3.25 (s, 3H), 2.81 - 2.66 (m, 

1H), 2.57 - 2.42 (m, 1H), 2.07 - 1.94 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 179.0, 170.4, 167.0, 

166.6, 152.1, 142.9, 136.0, 135.7, 135.1, 133.1, 129.7, 128.3, 124.9, 122.9, 122.5, 119.1, 117.8, 

108.4, 74.0, 53.1, 52.4, 47.5, 47.0, 41.4, 26.7. HRMS (ESI) m/z: calculated for C25H22N3O7 [M+H]+: 

476.1458, found: 476.1462. 

 

Methyl (1S,3R,4R)-1'-methyl-3-(5-nitro-1,3-dioxoisoindolin-2-yl)-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3q'': Yellow solid, 13.7 mg, 14% yield, 71% 

ee; [α]D
25 = + 63.22 (c = 0.50, CH2Cl2), m.p. 111.8 - 113.0 oC. The ee was determined by chiral 

HPLC (Chiralcel IH, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3q'' = 15.8 

min (major), t(1R,2S,4R)-3q'' = 28.8 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.79 - 8.53 (m, 2H), 

8.04 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 7.5 Hz, 1H), 7.39 - 7.23 (m, 1H), 7.17 (t, J = 7.6 Hz, 1H), 6.83 

(d, J = 7.8 Hz, 1H), 5.99 - 5.80 (m, 1H), 5.12 (d, J = 17.2 Hz, 1H), 4.99 (d, J = 10.5 Hz, 1H), 4.75 

- 4.61 (m, 1H), 3.89 (s, 3H), 3.72 (d, J = 15.4 Hz, 1H), 3.20 (s, 3H), 2.81 (d, J = 15.5 Hz, 1H), 2.68 

- 2.56 (m, 1H), 2.38 - 2.25 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 181.1, 170.7, 166.8, 166.5, 

152.1, 143.6, 135.7, 135.0, 132.8, 132.6, 129.6, 128.4, 124.8, 123.9, 123.2, 118.9, 118.1, 108.0, 72.7, 

53.4, 52.0, 48.3, 43.0, 41.8, 26.3. HRMS (ESI) m/z: calculated for C25H22N3O7 [M+H]+: 476.1458, 

found: 476.1462. 

 

Methyl (1S,3S,4R)-3-(5,6-dichloro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3r: White solid, 43 mg, 43% yield, 95% ee; 

[α]D
25 = + 5.91 (c = 0.50, CH2Cl2), m.p. 83.7 - 84.5 oC. The ee was determined by chiral HPLC 
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(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3r = 11.9 min 

(minor), t(1R,2S,4S)-3r = 13.3 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.94 (s, 2H), 7.27 - 7.24 (m, 

1H), 7.24 - 7.20 (m, 1H), 7.04 - 6.93 (m, 1H), 6.83 (d, J = 7.7 Hz, 1H), 6.24 - 6.00 (m, 1H), 5.28 - 

5.10 (m, 2H), 5.06 - 4.92 (m, 1H), 3.76 (s, 3H), 3.68 (d, J = 15.2 Hz, 1H), 3.23 (s, 3H), 2.70 (d, J = 

15.3 Hz, 1H), 2.47 (dd, J = 13.8, 11.1 Hz, 1H), 2.01 - 1.95 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 

179.1, 170.5, 167.1, 142.9, 139.5, 135.7, 135.2, 130.8, 128.2, 125.7, 122.9, 122.5, 117.6, 108.3, 73.8, 

53.0, 52.4, 47.5, 46.9, 41.3, 26.7. HRMS (ESI) m/z: calculated for C25H21N2O5Cl2 [M+H]+: 

499.0828, found: 499.0832. 

 

Methyl (1R,3S,4R)-3-(5,6-dichloro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3r': White solid, 17.2 mg, 17% yield, 77% 

ee; [α]D
25 = + 57.8 (c = 0.50, CH2Cl2), m.p. 149.3 - 151.0 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3r' = 8.4 min 

(minor), t(1S,2S,4R)-3r' = 14.5 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.98 - 7.83 (m, 3H), 7.32 - 

7.27 (m, 1H), 7.15 (t, J = 7.4 Hz, 1H), 6.81 (d, J = 7.7 Hz, 1H), 5.90 - 5.79 (m, 1H), 5.10 (d, J = 

17.3 Hz, 1H), 4.98 (d, J = 10.5 Hz, 1H), 4.70 - 4.60 (m, 1H), 3.86 (s, 3H), 3.69 (d, J = 15.5 Hz, 1H), 

3.18 (s, 3H), 2.76 (d, J = 15.4 Hz, 1H), 2.60 (t, J = 12.8 Hz, 1H), 2.27 (dd, J = 15.2, 1.0 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 181.2, 170.9, 166.9, 143.6, 139.4, 135.0, 132.7, 130.5, 128.4, 125.6, 

123.9, 123.2, 118.0, 107.9, 72.4, 53.3, 52.0, 48.2, 43.0, 41.8, 26.3. HRMS (ESI) m/z: calculated for 

C25H21N2O5Cl2 [M+H]+: 499.0828, found: 499.0832. 

 

Methyl (1S,3R,4R)-3-(5,6-dichloro-1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3r'': White solid, 17.2 mg, 17% yield, 86% 

ee; [α]D
25 = - 16.64 (c = 0.50, CH2Cl2), m.p. 103.6 - 104.6 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3r'' = 

6.5 min (minor), t(1R,2S,4R)-3r'' = 10.1 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 2H), 7.68 

(d, J = 7.3 Hz, 1H), 7.24 - 7.22 (m, 1H), 7.09 (t, J = 7.3 Hz, 1H), 6.77 (d, J = 7.7 Hz, 1H), 6.07-5.99 

(m, 1H), 5.36-5.29 (m, 1H), 5.13 - 5.09 (m, 2H), 3.66 (s, 3H), 3.46 (d, J = 15.0 Hz, 1H), 3.12 (s, 

3H), 2.38-2.47 (m, 2H), 2.13 (dd, J = 13.1, 6.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.6, 171.6, 

166.5, 143.3, 139.1, 135.6, 133.1, 130.9, 128.3, 125.5, 123.6, 123.3, 116.7, 107.9, 72.9, 52.7, 51.1, 

47.8, 44.6, 40.5, 26.3. HRMS (ESI) m/z: calculated for C25H21N2O5Cl2 [M+H]+: 499.0828, found: 

499.0832. 
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Methyl (1S,3S,4R)-3-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3s: White solid, 28 mg, 29% yield, 94% ee; 

[α]D
25 = - 27.98 (c = 0.50, CH2Cl2), m.p. 116.9 - 117.4 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 70/30, flow rate 2.0 mL/min, λ = 254 nm, t(1S,2R,4R)-3s = 10.8 min 

(major), t(1R,2S,4S)-3s = 20.4 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.30 (s, 2H), 8.08 - 7.97 (m, 

2H), 7.81 (d, J = 7.4 Hz, 1H), 7.74 - 7.62 (m, 2H), 7.35 - 7.23 (m, 1H), 7.20 - 7.06 (m, 1H), 6.81 (d, 

J = 7.7 Hz, 1H), 6.28 - 6.10 (m, 1H), 5.59 - 5.46 (m, 1H), 5.24 - 5.06 (m, 2H), 3.71 (s, 3H), 3.60 (d, 

J = 15.0 Hz, 1H), 3.17 (s, 3H), 2.61 - 2.43 (m, 2H), 2.25 - 2.13 (m, 1H). 13C NMR (101 MHz, CDCl3) 

δ 181.8, 172.0, 168.2, 143.3, 136.1, 135.6, 133.5, 130.3, 129.2, 128.2, 127.6, 124.8, 123.8, 123.3, 

116.2, 107.8, 72.9, 52.5, 51.0, 48.1, 44.6, 40.4, 26.3. HRMS (ESI) m/z: calculated for C29H24N2O5Na 

[M+Na]+: 503.1583 , found: 503.1584.  

 

Methyl (1R,3S,4R)-3-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3s': White solid, 28 mg, 29% yield, 81% 

ee; [α]D
25 = - 27.04 (c = 0.50, CH2Cl2), m.p. 95.0 - 95.9 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 70/30, flow rate 2.0 mL/min, λ = 254 nm, t(1R,2R,4S)-3s' = 7.7 min 

(minor), t(1S,2S,4R)-3s' = 23.0 min (major)). 1H NMR (400 MHz, CDCl3) δ 8.35 (s, 2H), 8.11 - 7.99 (m, 

2H), 7.77 - 7.62 (m, 2H), 7.33 (d, J = 7.6 Hz, 1H), 7.29 - 7.15 (m, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.82 

(d, J = 7.8 Hz, 1H), 6.33 - 6.17 (m, 1H), 5.26 - 5.08 (m, 3H), 3.87 - 3.69 (m, 4H), 3.24 (s, 3H), 2.73 

(t, J = 12.4 Hz, 1H), 2.58 (d, J = 15.1 Hz, 1H), 2.09 - 1.97 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 

179.3, 170.7, 168.7, 142.8, 136.0, 135.8, 135.7, 130.4, 129.4, 128.1, 127.3, 125.1, 122.9, 122.7, 

117.2, 108.1, 73.7, 52.8, 52.4, 47.5, 46.9, 41.4, 26.6. HRMS (ESI) m/z: calculated for C29H24N2O5Na 

[M+Na]+: 503.1583 , found: 503.1584. 

 

Methyl (1S,3R,4R)-3-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3s'': White solid, 18.7 mg, 20% yield, 87% 

ee; [α]D
25 = + 108.48 (c = 0.50, CH2Cl2), m.p. 216.9 - 217.5 oC. The ee was determined by chiral 

HPLC (Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3s'' = 
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16.6 min (major), t(1R,2S,4R)-3s'' = 19.3 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.33 (s, 2H), 8.11 

- 7.91 (m, 3H), 7.77 - 7.60 (m, 2H), 7.35 - 7.23 (m, 1H), 7.22 - 7.12 (m, 1H), 6.82 (d, J = 7.8 Hz, 

1H), 6.01 - 5.80 (m, 1H), 5.13 (d, J = 17.3 Hz, 1H), 4.96 (d, J = 10.5 Hz, 1H), 4.81 - 4.63 (m, 1H), 

4.07 - 3.73 (m, 4H), 3.20 (s, 3H), 2.88 - 2.59 (m, 2H), 2.37 - 2.21 (m, 1H). 13C NMR (101 MHz, 

CDCl3) δ 181.3, 171.3, 168.6, 143.6, 135.7, 135.3, 132.9, 130.4, 129.4, 128.2, 127.1, 124.9, 124.1, 

123.2, 117.7, 107.8, 72.3, 53.2, 52.2, 48.4, 43.1, 42.0, 26.3. HRMS (ESI) m/z: calculated for 

C29H24N2O5Na [M+Na]+: 503.1583 , found: 503.1584.  

 

Methyl (1S,3S,4R)-3-(1,3-dioxo-1,3,4,7-tetrahydro-2H-isoindol-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3t: Yellow solid, 41 mg, 47% yield, 93% 

ee; [α]D
25 = + 45.53 (c = 0.50, CH2Cl2), m.p. 62.1 - 62.9 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3t = 10.4 min 

(minor), t(1R,2S,4S)-3t = 14.0 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.72 (dd, J = 7.4, 1.2 Hz, 

1H), 7.29 - 7.23 (m, 1H), 7.16 - 7.06 (m, 1H), 6.80 (d, J = 7.6 Hz, 1H), 6.12 - 6.01 (m, 1H), 6.00 - 

5.86 (m, 2H), 5.31 - 5.18 (m, 1H), 5.13 - 4.96 (m, 2H), 3.67 (s, 3H), 3.41 (d, J = 15.0 Hz, 1H), 3.17 

(s, 3H), 3.15 - 3.09 (m, 1H), 3.09 - 3.00 (m, 1H), 2.65 - 2.54 (m, 2H), 2.38 (t, J = 12.8 Hz, 1H), 2.30 

- 2.19 (m, 3H), 2.10 (dd, J = 12.8, 6.3 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.6, 180.5, 179.8, 

171.3, 143.2, 136.1, 133.4, 128.1, 127.5, 127.4, 123.6, 123.1, 115.9, 107.7, 73.1, 52.2, 50.7, 47.2, 

44.0, 40.2, 39.2, 38.6, 26.2, 23.6, 23.4. HRMS (ESI) m/z: calculated for C25H26N2O5Na  [M+Na]+: 

457.1739, found: 457.1739. 

 

Methyl (1R,3S,4R)-3-(1,3-dioxo-1,3,4,7-tetrahydro-2H-isoindol-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3t': Yellow solid, 16.4 mg, 19% yield, 77% 

ee; [α]D
25 = + 48.73 (c = 0.50, CH2Cl2), m.p. 58.9 - 60.7 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3t' = 18.1 min 

(minor), t(1S,2S,4R)-3t' = 19.9 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.30 - 7.24 (m, 2H), 7.08 - 

7.00 (m, 1H), 6.91 - 6.81 (m, 1H), 6.16 - 6.04 (m, 1H), 5.95 - 5.90 (m, 1H), 5.89 - 5.81 (m, 1H), 

5.16 - 5.06 (m, 2H), 4.94 - 4.81 (m, 1H), 3.74 (s, 3H), 3.53 (d, J = 15.1 Hz, 1H), 3.22 (s, 3H), 3.16 

- 3.09 (m, 2H), 2.70 - 2.55 (m, 3H), 2.39 - 2.31 (m, 1H), 2.30 - 2.20 (m, 2H), 1.95 - 1.83 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 180.8, 180.5, 179.2, 170.1, 142.7, 135.8, 135.3, 128.1, 127.7, 127.7, 

122.7, 122.6, 117.1, 108.1, 73.6, 52.7, 51.9, 46.6, 46.2, 41.0, 39.2, 38.8, 26.5, 23.7, 23.6. HRMS 

(ESI) m/z: calculated for C25H26N2O5Na  [M+Na]+: 457.1739, found: 457.1739. 
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Methyl (1S,3R,4R)-3-(1,3-dioxo-1,3,4,7-tetrahydro-2H-isoindol-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3t'': Yellow solid, 16.4 mg, 19% yield, 83% 

ee; [α]D
25 = + 32.53 (c = 0.50, CH2Cl2), m.p. 60.2 - 60.9 oC. The ee was determined by chiral HPLC 

(Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3t'' = 15.1 min 

(minor), t(1R,2S,4R)-3t'' = 18.1 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.4 Hz, 1H), 

7.28 (s, 1H), 7.16 - 7.09 (m, 1H), 6.79 (d, J = 7.7 Hz, 1H), 5.96 - 5.89 (m, 2H), 5.81 - 5.67 (m, 1H), 

5.11 (d, J = 17.2 Hz, 1H), 5.03 (d, J = 10.5 Hz, 1H), 4.64 - 4.48 (m, 1H), 3.82 (s, 3H), 3.54 (d, J = 

15.4 Hz, 1H), 3.17 (s, 3H), 3.14 - 3.03 (m, 2H), 2.65 - 2.53 (m, 4H), 2.30 - 2.23 (m, 2H), 2.17 (dd, 

J = 12.7, 6.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 181.3, 180.7, 180.3, 171.1, 143.5, 135.3, 

132.7, 128.2, 127.9, 127.8, 124.0, 123.1, 117.8, 107.7, 72.3, 53.0, 52.2, 47.8, 42.4, 42.2, 39.2, 38.6, 

26.2, 23.6, 23.5. HRMS (ESI) m/z: calculated for C25H26N2O5Na [M+Na]+: 457.1739, found: 

457.1739. 

 

Ethyl (1S,3S,4R)-7'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3u: White solid, 33.8 mg, 33% yield, 84% 

ee; [α]D
25 = - 6.11 (c = 0.50, CH2Cl2), m.p. 88.9 - 90.6 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4R)-3u = 7.9 min 

(major), t(1R,2S,4S)-3u = 13.5 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.91 - 7.77 (m, 2H), 7.77 - 

7.62 (m, 3H), 7.35 (d, J = 8.0 Hz, 1H), 7.00 - 6.88 (m, 1H), 6.24 - 5.99 (m, 1H), 5.52 - 5.33 (m, 1H), 

5.13 (d, J = 5.7 Hz, 1H), 5.10 (s, 1H), 4.26 - 4.10 (m, 2H), 3.62 - 3.39 (m, 4H), 2.54 - 2.34 (m, 2H), 

2.19 - 2.08 (m, 1H), 1.22 - 1.16 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 182.1, 171.5, 168.4, 140.5, 

136.6, 135.8, 134.2, 133.7, 131.8, 124.4, 123.4, 122.9, 116.4, 102.0, 72.0, 61.9, 50.8, 48.5, 44.5, 

40.9, 29.8, 14.3. HRMS (ESI) m/z: calculated for C26H23N2O5NaBr [M+Na]+: 545.0688, found: 

545.0692. 

 

Ethyl (1R,3S,4R)-7'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 3u': White solid, 33.8 mg, 33% yield, 77% 

ee; [α]D
25 = - 23.93 (c = 0.50, CH2Cl2), m.p. 75.2 - 76.2 oC.The ee was determined by chiral HPLC 
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(Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1R,2R,4S)-3u' = 10.1 

min (major), t(1S,2S,4R)-3u' = 11.8 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 - 7.81 (m, 2H), 

7.77 - 7.72 (m, 2H), 7.32 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 7.3 Hz, 1H), 6.87 - 6.75 (m, 1H), 6.24 - 

6.11 (m, 1H), 5.20 - 5.08 (m, 2H), 5.01 - 4.92 (m, 1H), 4.28 - 4.17 (m, 2H), 3.69 (d, J = 15.3 Hz, 

1H), 3.61 (s, 3H), 2.71 (t, J = 12.6 Hz, 1H), 2.51 (d, J = 15.3 Hz, 1H), 2.01 - 1.94 (m, 1H), 1.32 - 

1.26 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 179.9, 170.0, 169.0, 140.1, 139.2, 135.4, 134.5, 133.7, 

131.7, 124.0, 123.5, 121.7, 117.4, 102.5, 73.1, 62.2, 52.0, 47.8, 46.8, 42.0, 30.3, 14.3. HRMS (ESI) 

m/z: calculated for C26H23N2O5NaBr [M+Na]+: 545.0688, found: 545.0692. 

 

Ethyl (1S,3R,4R)-7'-bromo-3-(1,3-dioxoisoindolin-2-yl)-1'-methyl-2'-oxo-4-

vinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 2-((((1S,3R,4R)-7'-bromo-3-

(ethoxycarbonyl)-1'-methyl-2'-oxo-4-vinylspiro[cyclopentane-1,3'-indolin]-3-yl)-l2-

azaneyl)carbonyl)benzoic acid 3u'': White solid, 11.3 mg, 11% yield, 87% ee; [α]D
25 = + 62.93 (c 

= 0.50, CH2Cl2), m.p. 76.6 - 77.5 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, 

Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, λ = 254 nm, t(1S,2R,4S)-3u'' = 8.7 min (major), t(1R,2S,4R)-

3u'' = 9.4 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.2 Hz, 1H), 7.87 - 7.78 (m, 2H), 

7.77 - 7.70 (m, 2H), 7.37 (d, J = 8.0 Hz, 1H), 7.02 - 6.95 (m, 1H), 5.94 - 5.77 (m, 1H), 5.11 (d, J = 

17.4 Hz, 1H), 4.96 (d, J = 10.5 Hz, 1H), 4.71 - 4.58 (m, 1H), 4.46 - 4.26 (m, 2H), 3.68 (d, J = 15.5 

Hz, 1H), 3.56 (s, 3H), 2.76 (d, J = 15.4 Hz, 1H), 2.70 - 2.59 (m, 1H), 2.26 - 2.17 (m, 1H), 1.33 - 

1.28 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 181.5, 170.6, 168.8, 140.8, 135.9, 135.0, 134.4, 133.8, 

131.4, 124.3, 123.4, 123.1, 117.8, 102.0, 71.9, 62.2, 52.0, 48.1, 43.5, 42.5, 29.9, 14.1. HRMS (ESI) 

m/z: calculated for C26H23N2O5NaBr [M+Na]+: 545.0688, found: 545.0692. 

5. Procedure for the synthesis of compound 4 

 

Step1. Ethylenediamine (0.5 mmol) was added dropwise to a solution of compound 3a (0.25 

mmol) in CH₂Cl₂/MeOH (2:1, v/v, 3 mL) at room temperature. The mixture was stirred for 6 h, and 

then purified by flash column chromatography (petroleum hexane /ethyl acetate = 2:1) to afford the 

deprotected intermediate. 

Step2. To a solution of intermediate (0.15 mmol) and triethylamine (0.20 mmol) in anhydrous 

THF (4 mL) at 0 °C, benzoyl chloride (0.18 mmol) was added dropwise. The reaction mixture was 

warmed to room temperature and stirred for 12 h. The reaction was quenched by adding saturated 

aqueous NH₄Cl (10 mL), and the mixture was extracted with CH₂Cl₂ (3 × 10 mL). The combined 

organic phases were washed with saturated brine, dried over anhydrous Na₂SO₄, filtered and 

concentrated in vacuo. Purification by flash column chromatography (petroleum hexane /ethyl 

acetate = 5:1) afforded the compound 4. 



 S29 

 

Methyl (1S,3S,4R)-3-benzamido-1'-methyl-2'-oxo-4-vinylspiro[cyclopentane-1,3'-indoline]-3-

carboxylate 4 : White solid, 58.0 mg, 58% yield, 94% ee; [α]D
25 = - 11.73 (c = 0.50, CH2Cl2), m.p. 

80.2 - 80.9 oC. The ee was determined by chiral HPLC (Chiralcel AD-H, Hexane/i-PrOH = 93/7, 

flow rate 0.8 mL/min, λ = 254 nm, t(1S,2R,4R)-4 = 31.9 min (major), t(1R,2S,4S)-4 = 41.6 min (minor)). 1H 

NMR (400 MHz, CDCl3) δ 7.87 - 7.73 (m, 3H), 7.48 - 7.43 (m, 1H), 7.43 - 7.36 (m, 2H), 7.31 - 7.23 

(m, 1H), 7.22 - 7.08 (m, 2H), 6.81 (d, J = 7.7 Hz, 1H), 5.81 - 5.65 (m, 1H), 5.28 (d, J = 17.0 Hz, 

1H), 5.17 (d, J = 10.4 Hz, 1H), 3.92 - 3.79 (m, 1H), 3.76 (s, 3H), 3.43 (d, J = 14.9 Hz, 1H), 3.18 (s, 

3H), 2.43 - 2.27 (m, 2H), 2.11 - 2.01 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 182.3, 173.1, 168.0, 

143.1, 134.8, 133.9, 133.5, 131.8, 128.5, 128.1, 127.3, 123.9, 123.4, 118.4, 107.8, 68.7, 52.6, 52.4, 

52.0, 47.3, 41.3, 26.4. HRMS (ESI) m/z: calculated for C24H24N2O4Na [M+Na]+: 427.1634, found: 

427.1638. 

6. Procedure for the synthesis of compound 5 

 

A solution of compound 3a (0.2 mmol) in dichloromethane (5 mL) was cooled to 0 °C in an 

ice bath. To this stirring solution was added a solution of m-chloroperbenzoic acid (0.52 mmol) in 

dichloromethane (5 mL) dropwise. The reaction mixture was stirred at 0 °C for 24 h. Upon 

completion, the reaction mixture was washed with a saturated aqueous sodium NaHCO₃ solution (2 

× 20 mL). The organic layer was separated, washed with water (2 × 10 mL), and dried over 

anhydrous NaSO₄. After filtration, the solution was concentrated under reduced pressure. 

Purification by flash column chromatography (petroleum hexane /ethyl acetate = 10:1) afforded the 

compound 5. 

 

Methyl (1S,3S,4S)-3-(1,3-dioxoisoindolin-2-yl)-1',4-dimethyl-2'-oxospiro[cyclopentane-1,3'-

indoline]-3-carboxylate 5 : Colorless oil, 27.0 mg, 51% yield, 95% ee; [α]D
25 = - 49.82 (c = 0.50, 

CH2Cl2). The ee was determined by chiral HPLC (Chiralcel AD-H, Hexane/i-PrOH = 93/7, flow 

rate 0.8 mL/min, λ = 254 nm, t(1S,2R,4R)-5 = 99.4 min (minor), t(1R,2S,4S)-5 = 118.1 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.91 - 7.84 (m, 2H), 7.80 - 7.75 (m, 2H), 7.25 - 7.19 (m, 1H), 7.09 (d, J 

= 7.3 Hz, 1H), 6.98 - 6.86 (m, 1H), 6.80 (d, J = 7.7 Hz, 1H), 3.93 - 3.83 (m, 4H), 3.76 - 3.71 (m, 

1H), 3.51 (d, J = 15.2 Hz, 1H), 3.21 (s, 3H), 3.01 (d, J = 15.2 Hz, 1H), 2.82 - 2.75 (m, 1H), 2.60 - 

2.55 (m, 1H), 2.48 (dd, J = 13.3, 8.7 Hz, 1H), 2.21 (dd, J = 13.3, 7.0 Hz, 1H). 13C NMR (101 MHz, 
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CDCl3) δ 180.2, 170.3, 168.9, 142.9, 135.9, 134.6, 131.7, 128.2, 123.7, 123.1, 122.5, 108.2, 72.6, 

53.3, 51.7, 51.1, 48.2, 46.0, 45.7, 39.7, 26.6. HRMS (ESI) m/z: calculated for C25H22N2O6Na 

[M+Na]+: 469.1376, found: 469.1380. 

7. Procedure for the synthesis of compound 6 

 

In a 4 mL flame-dried vial with a stir bar, a mixture of compound 3n (0.10 mmol), tetrakis 

(triphenylphosphine) palladium(0) (5 mol%) and allyltributylstannane (0.2 mmol) in 2.0 mL 

anhydrous DMF was heated at 90 °C for 1 h under an inert atmosphere, which was monitored by 

TLC. After completion of the reaction, the mixture was cooled to room temperature and then 

purified by column chromatography on silica gel (petroleum hexane /ethyl acetate = 10:1 to 5:1) to 

afford the target compound 6. 

 

Methyl (1S,3S,4R)-3-(1,3-dioxoisoindolin-2-yl)-1',7'-dimethyl-2'-oxo-4,5'-

divinylspiro[cyclopentane-1,3'-indoline]-3-carboxylate 6 : White solid , 30.0 mg, 74% yield, 99% 

ee; [α]D
25 = - 56.26 (c = 0.50, CH2Cl2), m.p. 97.6 - 98.0 oC. The ee was determined by chiral HPLC 

(Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 254 nm, t(1S,2R,4R)-6 = 20.7 min 

(major), t(1R,2S,4S)-6 = 38.5 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.88 - 7.79 (m, 2H), 7.76 - 

7.68 (m, 3H), 7.09 - 6.98 (m, 1H), 6.77 - 6.61 (m, 1H), 6.18 - 6.08 (m, 1H), 5.74 (d, J = 17.6 Hz, 

1H), 5.51 - 5.41 (m, 1H), 5.22 - 5.09 (m, 3H), 3.70 (s, 3H), 3.52 (d, J = 15.0 Hz, 1H), 3.43 (s, 3H), 

2.55 (s, 3H), 2.51 - 2.41 (m, 2H), 2.16 - 2.08 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 182.5, 172.1, 

168.5, 140.7, 136.4, 136.0, 134.4, 134.2, 133.0, 131.9, 130.3, 123.4, 119.3, 119.2, 116.3, 112.5, 72.5, 

52.6, 50.6, 48.5, 44.5, 40.9, 29.6, 19.0. HRMS (ESI) m/z: calculated for C28H27N2O5 [M+H]+: 

471.1920, found: 471.1922.  
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8. Crystallographic information for compounds of 3n, 3n'and 3n'' 

Sample preparation: A solution of each compound 3n, 3n'and 3n'' in a mixed solvent of EA 

(1 mL), DCM (1 mL) and petroleum ether (3 mL) was placed in a vial (15 mL). The single crystal 

was obtained by slowly evaporating the solvent at room temperature under the air condition.  
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8.1 Crystallographic information for compound 3n 

 

Table 1 Crystal data and structure refinement for 3n. 

Identification code CCDC 2528101 

Empirical formula C26H23BrN2O5 

Formula weight 523.37 

Temperature/K 100.00(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å 12.13710(10) 

b/Å 12.75540(10) 

c/Å 14.93530(10) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2312.19(3) 

Z 4 

ρcalcg/cm3 1.503 

μ/mm-1 2.771 

F(000) 1072.0 

Crystal size/mm3 0.14 × 0.13 × 0.11 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 9.118 to 149.38 

Index ranges -15 ≤ h ≤ 14, -11 ≤ k ≤ 15, -18 ≤ l ≤ 18 

Reflections collected 21994 

Independent reflections 4616 [Rint = 0.0163, Rsigma = 0.0108] 

Data/restraints/parameters 4616/0/318 

Goodness-of-fit on F2 1.030 

Final R indexes [I>=2σ (I)] R1 = 0.0170, wR2 = 0.0454 

Final R indexes [all data] R1 = 0.0171, wR2 = 0.0455 

Largest diff. peak/hole / e Å-3 0.24/-0.20 

Flack/Hooft parameter -0.025(3)/-0.006(2) 
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8.2 Crystallographic information for compound 3n' 

 

Table 2 Crystal data and structure refinement for 3n'. 

Identification code CCDC 2528102 

Empirical formula C26H23BrN2O5 

Formula weight 523.37 

Temperature/K 293.01(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å 10.6564(2) 

b/Å 10.6915(3) 

c/Å 21.0319(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2396.23(9) 

Z 4 

ρcalcg/cm3 1.451 

μ/mm-1 2.674 

F(000) 1072.0 

Crystal size/mm3 0.14 × 0.12 × 0.1 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.408 to 145.916 

Index ranges -13 ≤ h ≤ 13, -13 ≤ k ≤ 12, -25 ≤ l ≤ 25 

Reflections collected 25238 

Independent reflections 4569 [Rint = 0.0406, Rsigma = 0.0184] 

Data/restraints/parameters 4569/1/320 

Goodness-of-fit on F2 1.072 

Final R indexes [I>=2σ (I)] R1 = 0.0435, wR2 = 0.1233 

Final R indexes [all data] R1 = 0.0479, wR2 = 0.1276 

Largest diff. peak/hole / e Å-3 0.32/-0.68 

Flack/Hooft parameter -0.039(7)/-0.012(5) 
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8.3 Crystallographic information for compound 3n'' 

 

Table 3 Crystal data and structure refinement for 3n''. 

Identification code CCDC 2528103 

Empirical formula C26H23BrN2O5 

Formula weight 523.37 

Temperature/K 293.00(10) 

Crystal system tetragonal 

Space group P43212 

a/Å 11.22494(5) 

b/Å 11.22494(5) 

c/Å 40.1510(4) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 5059.00(7) 

Z 8 

ρcalcg/cm3 1.374 

μ/mm-1 2.533 

F(000) 2144.0 

Crystal size/mm3 0.14 × 0.13 × 0.12 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.178 to 146.426 

Index ranges -13 ≤ h ≤ 13, -13 ≤ k ≤ 13, -46 ≤ l ≤ 38 

Reflections collected 54525 

Independent reflections 4812 [Rint = 0.0328, Rsigma = 0.0133] 

Data/restraints/parameters 4812/0/318 

Goodness-of-fit on F2 1.021 

Final R indexes [I>=2σ (I)] R1 = 0.0275, wR2 = 0.0787 

Final R indexes [all data] R1 = 0.0287, wR2 = 0.0794 

Largest diff. peak/hole / e Å-3 0.18/-0.33 

Flack/Hooft parameter -0.017(4)/-0.021(3) 
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9. NMR and HPLC spectra for compounds 

9.1 NMR spectra for compounds 

1H NMR (400 MHz, CDCl3) of 3a 
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13C NMR (101 MHz, CDCl3) of 3a 
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1H NMR (400 MHz, CDCl3) of 3a' 
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13C NMR (101 MHz, CDCl3) of 3a' 
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1H NMR (400 MHz, CDCl3) of 3a'' 
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13C NMR (101 MHz, CDCl3) of 3a''
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1H NMR (400 MHz, CDCl3) of 3b 

 
 

 

13C NMR (101 MHz, CDCl3) of 3b 
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1H NMR (400 MHz, CDCl3) of 3b' 

 
 

 

13C NMR (101 MHz, CDCl3) of 3b' 
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1H NMR (400 MHz, CDCl3) of 3b'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3b'' 
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1H NMR (400 MHz, CDCl3) of 3c 

 

 

 

13C NMR (101 MHz, CDCl3) of 3c 
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1H NMR (400 MHz, CDCl3) of 3c' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3c' 
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1H NMR (400 MHz, CDCl3) of 3c'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3c'' 
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1H NMR (400 MHz, CDCl3) of 3d 
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13C NMR (101 MHz, CDCl3) of 3d 
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1H NMR (400 MHz, CDCl3) of 3d' 
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13C NMR (101 MHz, CDCl3) of 3d' 
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1H NMR (400 MHz, CDCl3) of 3d'' 
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13C NMR (101 MHz, CDCl3) of 3d'' 
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1H NMR (400 MHz, CDCl3) of 3e 

 

 

 

13C NMR (101 MHz, CDCl3) of 3e 
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1H NMR (400 MHz, CDCl3) of 3e' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3e' 
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1H NMR (400 MHz, CDCl3) of 3e'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3e'' 
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1H NMR (400 MHz, CDCl3) of 3f 

 

 

 

13C NMR (101 MHz, CDCl3) of 3f 
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1H NMR (400 MHz, CDCl3) of 3f' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3f' 
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1H NMR (400 MHz, CDCl3) of 3f'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3f'' 
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1H NMR (400 MHz, CDCl3) of 3g 

 
 

 

13C NMR (101 MHz, CDCl3) of 3g
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1H NMR (400 MHz, CDCl3) of 3g' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3g'
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1H NMR (400 MHz, CDCl3) of 3g'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3g''
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1H NMR (400 MHz, CDCl3) of 3h 

 

 

 

13C NMR (101 MHz, CDCl3) of 3h 
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1H NMR (400 MHz, CDCl3) of 3h' 

 
 

 

13C NMR (101 MHz, CDCl3) of 3h'
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1H NMR (400 MHz, CDCl3) of 3h'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3h''
 

  



 S65 

1H NMR (400 MHz, CDCl3) of 3i 

 

 

 

13C NMR (101 MHz, CDCl3) of 3i 
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1H NMR (400 MHz, CDCl3) of 3i' 

 
 

 

13C NMR (101 MHz, CDCl3) of 3i'
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1H NMR (400 MHz, CDCl3) of 3i'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3i''
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1H NMR (400 MHz, CDCl3) of 3j 

 

 

 

13C NMR (101 MHz, CDCl3) of 3j
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1H NMR (400 MHz, CDCl3) of 3j' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3j' 
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1H NMR (400 MHz, CDCl3) of 3j'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3j'' 
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1H NMR (400 MHz, CDCl3) of 3k 

 

 

 

13C NMR (101 MHz, CDCl3) of 3k
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1H NMR (400 MHz, CDCl3) of 3k' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3k'
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1H NMR (400 MHz, CDCl3) of 3k'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3k''
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1H NMR (400 MHz, CDCl3) of 3l 
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13C NMR (101 MHz, CDCl3) of 3l
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1H NMR (400 MHz, CDCl3) of 3l' 
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13C NMR (101 MHz, CDCl3) of 3l'
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1H NMR (400 MHz, CDCl3) of 3l'' 
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13C NMR (101 MHz, CDCl3) of 3l''
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1H NMR (400 MHz, CDCl3) of 3m 

 

 

 

13C NMR (101 MHz, CDCl3) of 3m
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1H NMR (400 MHz, CDCl3) of 3m' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3m' 
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1H NMR (400 MHz, CDCl3) of 3m'' 

 
 

 

13C NMR (101 MHz, CDCl3) of 3m''
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1H NMR (400 MHz, CDCl3) of 3n 
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13C NMR (101 MHz, CDCl3) of 3n 
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1H NMR (400 MHz, CDCl3) of 3n' 
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13C NMR (101 MHz, CDCl3) of 3n'
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1H NMR (400 MHz, CDCl3) of 3n'' 
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13C NMR (101 MHz, CDCl3) of 3n'' 
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1H NMR (400 MHz, CDCl3) of 3o 

 

 

 

 

 

 

 

 



 S90 

13C NMR (101 MHz, CDCl3) of 3o
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1H NMR (400 MHz, CDCl3) of 3o' 
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13C NMR (101 MHz, CDCl3) of 3o' 
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1H NMR (400 MHz, CDCl3) of 3o'' 
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13C NMR (101 MHz, CDCl3) of 3o''
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1H NMR (400 MHz, CDCl3) of 3p 
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13C NMR (101 MHz, CDCl3) of 3p
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1H NMR (400 MHz, CDCl3) of 3p' 
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13C NMR (101 MHz, CDCl3) of 3p'
 

 

 

  



 S99 

1H NMR (400 MHz, CDCl3) of 3p'' 
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13C NMR (101 MHz, CDCl3) of 3p''
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1H NMR (400 MHz, CDCl3) of 3q 

 

 

 

13C NMR (101 MHz, CDCl3) of 3q 
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1H NMR (400 MHz, CDCl3) of 3q' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3q' 
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1H NMR (400 MHz, CDCl3) of 3q'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3q''
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1H NMR (400 MHz, CDCl3) of 3r 
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13C NMR (101 MHz, CDCl3) of 3r
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1H NMR (400 MHz, CDCl3) of 3r' 
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13C NMR (101 MHz, CDCl3) of 3r'
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1H NMR (400 MHz, CDCl3) of 3r'' 
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13C NMR (101 MHz, CDCl3) of 3r'' 
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1H NMR (400 MHz, CDCl3) of 3s 

 

 

 

13C NMR (101 MHz, CDCl3) of 3s 
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1H NMR (400 MHz, CDCl3) of 3s' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3s' 
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1H NMR (400 MHz, CDCl3) of 3s'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3s'' 
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1H NMR (400 MHz, CDCl3) of 3t 

 

 

 

13C NMR (101 MHz, CDCl3) of 3t 

 

  



 S114 

1H NMR (400 MHz, CDCl3) of 3t' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3t' 
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1H NMR (400 MHz, CDCl3) of 3t'' 

 
 

 

13C NMR (101 MHz, CDCl3) of 3t''
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1H NMR (400 MHz, CDCl3) of 3u 

 

 

 

13C NMR (101 MHz, CDCl3) of 3u
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1H NMR (400 MHz, CDCl3) of 3u' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3u' 
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1H NMR (400 MHz, CDCl3) of 3u'' 

 

 

 

13C NMR (101 MHz, CDCl3) of 3u'' 

、 
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1H NMR (400 MHz, CDCl3) of 4 

 

 

 

13C NMR (101 MHz, CDCl3) of 4 
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1H NMR (400 MHz, CDCl3) of 5 

 

 

 

13C NMR (101 MHz, CDCl3) of 5 
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1H NMR (400 MHz, CDCl3) of 6 

 

 

 

13C NMR (101 MHz, CDCl3) of 6 
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9.2 HPLC spectra for compounds 

HPLC spectra of rac-3a 

 

 

 

HPLC spectra of chiral 3a 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3a = 12.9 min (major), t(1R,2S,4S)-3a = 19.2 min (minor). 
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HPLC spectra of rac-3a' 

 

 

 

HPLC spectra of chiral 3a' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3a' = 10.6 min (minor), t(1S,2S,4R)-3a' = 14.2 min (major). 
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HPLC spectra of rac-3a'' 

 

 

 

HPLC spectra of chiral 3a'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3a'' = 7.9 min (minor), t(1R,2S,4R)-3a'' = 10.7 min (major). 
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HPLC spectra of rac-3b 

 

 

 

 HPLC spectra of chiral 3b 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1S,2R,4R)-3b = 24.8 min (major), t(1R,2S,4S)-3b = 32.7 min (minor). 

  



 S126 

HPLC spectra of rac-3b' 

 

 

 

HPLC spectra of chiral 3b' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1R,2R,4S)-3b' = 41.0 min (major), t(1S,2S,4R)-3b' = 43.7 min (minor). 
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HPLC spectra of rac-3b'' 

 

 

 

HPLC spectra of chiral 3b'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1S,2R,4S)-3a'' = 21.3 min (minor), t(1R,2S,4R)-3a'' = 29.6 min (major). 
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HPLC spectra of rac-3c 

 

 

 

HPLC spectra of chiral 3c 

 

Chiral HPLC analysis: Chiralcel OD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1S,2R,4R)-3c = 17.2 min (major), t(1R,2S,4S)-3c = 31.0 min (minor). 
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HPLC spectra of rac-3c' 

 

 

 

HPLC spectra of chiral 3c' 

 

Chiral HPLC analysis: Chiralcel OD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1R,2R,4S)-3c' = 10.6 min (minor), t(1S,2S,4R)-3c' = 14.2 min (major). 
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HPLC spectra of rac-3c'' 

 

 

 

HPLC spectra of chiral 3c'' 

 

Chiral HPLC analysis: Chiralcel OD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1S,2R,4S)-3c'' = 15.8 min (major), t(1R,2S,4R)-3c'' = 18.8 min (minor). 
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HPLC spectra of rac-3d 

 

 

 

HPLC spectra of chiral 3d 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3d = 14.5 min (major), t(1R,2S,4S)-3d = 17.9 min (minor). 
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HPLC spectra of rac-3d' 

 

 

 

HPLC spectra of chiral 3d' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3d' = 10.2 min (minor), t(1S,2S,4R)-3d' = 14.1 min (major). 
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HPLC spectra of rac-3d'' 

 

 

 

HPLC spectra of chiral 3d'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3d'' = 7.0 min (minor), t(1R,2S,4R)-3d'' = 11.4 min (major). 
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HPLC spectra of rac-3e 

 

 

 

HPLC spectra of chiral 3e 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3e = 12.6 min (major), t(1R,2S,4S)-3e = 19.7 min (minor). 
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HPLC spectra of rac-3e' 

 

 

 

HPLC spectra of chiral 3e' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3e' = 10.6 min (minor), t(1S,2S,4R)-3e' = 14.2 min (major). 
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HPLC spectra of rac-3e'' 

 

 

 

HPLC spectra of chiral 3e'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3e'' = 8.5 min (minor), t(1R,2S,4R)-3e'' = 16.3 min (major). 
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HPLC spectra of rac-3f 

 

 

 

HPLC spectra of chiral 3f 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3f = 12.9 min (major), t(1R,2S,4S)-3f = 21.3 min (minor). 
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HPLC spectra of rac-3f' 

 

 

 

HPLC spectra of chiral 3f' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3f' = 15.6 min (minor), t(1S,2S,4R)-3f' = 19.5 min (major). 
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HPLC spectra of rac-3f'' 

 

 

 

HPLC spectra of chiral 3f'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3f'' = 9.0 min (minor), t(1R,2S,4R)-3f'' = 17.4 min (major). 
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HPLC spectra of rac-3g 

 

 

 

HPLC spectra of chiral 3g 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3g = 13.8 min (major), t(1R,2S,4S)-3g = 20.4 min (minor). 
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HPLC spectra of rac-3g' 

 

 

 

HPLC spectra of chiral 3g' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3g' = 15.9 min (major), t(1S,2S,4R)-3g' = 17.8 min (minor). 
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HPLC spectra of rac-3g'' 

 

 

 

HPLC spectra of chiral 3g'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3g'' = 9.2 min (minor), t(1R,2S,4R)-3g'' = 14.1 min (major). 
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HPLC spectra of rac-3h 

 

 

 

HPLC spectra of chiral 3h 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3h = 10.5 min (major), t(1R,2S,4S)-3h = 15.1 min (minor). 
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HPLC spectra of rac-3h' 

 

 

 

HPLC spectra of chiral 3h' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3h' = 14.1 min (minor), t(1S,2S,4R)-3h' = 19.1 min (major). 
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HPLC spectra of rac-3h'' 

 

 

 

HPLC spectra of chiral 3h'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3h'' = 9.7 min (minor), t(1R,2S,4R)-3h'' = 12.5 min (major). 
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HPLC spectra of rac-3i 

 

 

 

HPLC spectra of chiral 3i 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3i = 12.2 min (major), t(1R,2S,4S)-3i = 16.3 min (minor). 
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HPLC spectra of rac-3i' 

 

 

 

HPLC spectra of chiral 3i' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3i' = 14.9 min (minor), t(1S,2S,4R)-3i' = 17.4 min (major). 
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HPLC spectra of rac-3i'' 

 

 

 

HPLC spectra of chiral 3i'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3i'' = 8.4 min (minor), t(1R,2S,4R)-3i'' = 11.7 min (major). 
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HPLC spectra of rac-3j 

 

 

 

HPLC spectra of chiral 3j 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3j = 11.8 min (major), t(1R,2S,4S)-3j = 16.5 min (minor). 
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HPLC spectra of rac-3j' 

 

 

 

HPLC spectra of chiral 3j' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3j' = 15.9 min (minor), t(1S,2S,4R)-3j' = 17.8 min (major). 
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HPLC spectra of rac-3j'' 

 

 

 

HPLC spectra of chiral 3j'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3j'' = 8.7 min (minor), t(1R,2S,4R)-3j'' = 11.7 min (major). 
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HPLC spectra of rac-3k 

 

 

 

HPLC spectra of chiral 3k 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1S,2R,4R)-3k = 17.2 min (major), t(1R,2S,4S)-3k = 31.5 min (minor). 
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HPLC spectra of rac-3k' 

 

 

 

HPLC spectra of chiral 3k' 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1R,2R,4S)-3k' = 18.7 min (minor), t(1S,2S,4R)-3k' = 52.4 min (major). 
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HPLC spectra of rac-3k'' 

 

 

 

HPLC spectra of chiral 3k'' 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, 

λ = 254 nm, t(1S,2R,4S)-3k'' = 28.8 min (major), t(1R,2S,4R)-3k'' = 30.3 min (minor). 
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HPLC spectra of rac-3l 

 

 

 

HPLC spectra of chiral 3l 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3l = 12.5 min (major), t(1R,2S,4S)-3l = 19.1 min (minor). 
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HPLC spectra of rac-3l' 

 

 

 

HPLC spectra of chiral 3l' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3l' = 13.0 min (major), t(1S,2S,4R)-3l' = 14.9 min (minor). 
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HPLC spectra of rac-3l'' 

 

 

 

HPLC spectra of chiral 3l'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3l'' = 9.4 min (minor), t(1R,2S,4R)-3l'' = 11.4 min (major). 

  



 S158 

HPLC spectra of rac-3m 

 

 

 

HPLC spectra of chiral 3m 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3m = 6.7 min (major), t(1R,2S,4S)-3m = 8.4 min (minor). 
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HPLC spectra of rac-3m' and 3m'' 

 

HPLC spectra of chiral 3m' and 3m'' 

 

Chiral HPLC analysis of 3m': Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3m' = 17.8 min (minor), t(1S,2S,4R)-3m' = 18.9 min (major). 

Chiral HPLC analysis of 3m'': Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3m'' = 22.8 min (minor), t(1R,2S,4R)-3m'' = 56.6 min (major). 
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HPLC spectra of rac-3n 

 

 

 

HPLC spectra of chiral 3n 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3n = 12.7 min (major), t(1R,2S,4S)-3n = 22.5 min (minor). 
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HPLC spectra of rac-3n' 

 

 

 

HPLC spectra of chiral 3n' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3n' = 15.7 min (major), t(1S,2S,4R)-3n' = 17.1 min (minor). 
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HPLC spectra of rac-3n'' 

 

 

 

HPLC spectra of chiral 3n'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3n'' = 11.1 min (minor), t(1R,2S,4R)-3n'' = 18.6 min (major). 
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HPLC spectra of rac-3o 

 

 

 

HPLC spectra of chiral 3o 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4R)-3o = 15.2 min (minor), t(1R,2S,4S)-3o = 28.6 min (major). 
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HPLC spectra of rac-3o' and 3o''

 

HPLC spectra of chiral 3o' and 3o'' 

 

Chiral HPLC analysis of 3o': Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3o' = 20.7 min (minor), t(1S,2S,4R)-3o' = 24.9 min (major). 

Chiral HPLC analysis of 3o'': Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3o'' = 15.3 min (minor), t(1R,2S,4R)-3o'' = 28.9 min (major). 
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HPLC spectra of rac-3p 

 

 

 

HPLC spectra of chiral 3p 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4R)-3p = 15.9 min (minor), t(1R,2S,4S)-3p = 20.7 min (major). 
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HPLC spectra of rac-3p' 

 

 

 

HPLC spectra of chiral 3p' 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1R,2R,4S)-3p' = 24.9 min (minor), t(1S,2S,4R)-3p' = 61.0 min (major). 
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HPLC spectra of rac-3p'' 

 

 

 

HPLC spectra of chiral 3p'' 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4S)-3p'' = 15.6 min (minor), t(1R,2S,4R)-3p'' = 18.9 min (major). 
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HPLC spectra of rac-3q 

 

 

 

HPLC spectra of chiral 3q 

 

Chiral HPLC analysis: Chiralcel IH, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4R)-3q = 11.0 min (minor), t(1R,2S,4S)-3q = 13.8 min (major). 
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HPLC spectra of rac-3q' 

 

 

 

HPLC spectra of chiral 3q' 

 

Chiral HPLC analysis: Chiralcel IH, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1R,2R,4S)-3q' = 16.9 min (minor), t(1S,2S,4R)-3q' = 20.2 min (major). 
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HPLC spectra of rac-3q'' 

 

 

 

HPLC spectra of chiral 3q'' 

 

Chiral HPLC analysis: Chiralcel IH, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4S)-3q'' = 15.8 min (major), t(1R,2S,4R)-3q'' = 28.8 min (minor). 
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HPLC spectra of rac-3r 

 

 

 

HPLC spectra of chiral 3r 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3r = 11.9 min (minor), t(1R,2S,4S)-3r = 13.3 min (major). 
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HPLC spectra of rac-3r' 

 

 

 

HPLC spectra of chiral 3r' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3r' = 8.4 min (minor), t(1S,2S,4R)-3r' = 14.5 min (major). 
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HPLC spectra of rac-3r'' 

 

 

 

HPLC spectra of chiral 3r'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3r'' = 6.5 min (minor), t(1R,2S,4R)-3r'' = 10.1 min (major). 
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HPLC spectra of rac-3s 

 

 

 

HPLC spectra of chiral 3s 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 70/30, flow rate 2.0 

mL/min, λ = 254 nm, t(1S,2R,4R)-3s = 10.8 min (major), t(1R,2S,4S)-3s = 20.4 min (minor). 
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HPLC spectra of rac-3s' 

 

 

 

HPLC spectra of chiral 3s' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 70/30, flow rate 2.0 

mL/min, λ = 254 nm, t(1R,2R,4S)-3s' = 7.7 min (minor), t(1S,2S,4R)-3s' = 23.0 min (major). 
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HPLC spectra of rac-3s'' 

 

 

 

HPLC spectra of chiral 3s'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3s'' = 16.6 min (major), t(1R,2S,4R)-3s'' = 19.3 min (minor). 
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HPLC spectra of rac-3t 

 

 

 

HPLC spectra of chiral 3t 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4R)-3t = 10.4 min (minor), t(1R,2S,4S)-3t = 14.0 min (major). 
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HPLC spectra of rac-3t' 

 

 

 

HPLC spectra of chiral 3t' 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1R,2R,4S)-3t' = 18.1 min (minor), t(1S,2S,4R)-3t' = 19.9 min (major). 

  



 S179 

HPLC spectra of rac-3t'' 

 

 

 

HPLC spectra of chiral 3t'' 

 

Chiral HPLC analysis: Chiralcel IF, Hexane/i-PrOH = 85/15, flow rate 1.5 mL/min, 

λ = 254 nm, t(1S,2R,4S)-3t'' = 15.1 min (minor), t(1R,2S,4R)-3t'' = 18.1 min (major). 
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HPLC spectra of rac-3u 

 

 

HPLC spectra of chiral 3u 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4R)-3u = 7.9 min (major), t(1R,2S,4S)-3u = 13.5 min (minor). 
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HPLC spectra of rac-3u' 

 

 

 

HPLC spectra of chiral 3u' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1R,2R,4S)-3u' = 10.1 min (major), t(1S,2S,4R)-3u' = 11.8 min (minor). 
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HPLC spectra of rac-3u'' 

 

 

 

HPLC spectra of chiral 3u'' 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 85/15, flow rate 1.5 

mL/min, λ = 254 nm, t(1S,2R,4S)-3u'' = 8.7 min (major), t(1R,2S,4R)-3u'' = 9.4 min (minor). 
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HPLC spectra of rac-4 

 

 

 

HPLC spectra of chiral 4 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 93/7, flow rate 0.8 mL/min, 

λ = 254 nm, t(1S,2R,4R)-4 = 31.9 min (major), t(1R,2S,4S)-4 = 41.6 min (minor). 

  



 S184 

HPLC spectra of rac-5 

 

 

 

HPLC spectra of chiral 5 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 93/7, flow rate 0.8 mL/min, 

λ = 254 nm, t(1S,2R,4R)-5 = 99.4 min (minor), t(1R,2S,4S)-5 = 118.1 min (major). 
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HPLC spectra of rac-6 

 

 

 

HPLC spectra of chiral 6 

 

Chiral HPLC analysis: Chiralcel AD-H, Hexane/i-PrOH = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, t(1S,2R,4R)-6 = 20.7 min (major), t(1R,2S,4S)-6 = 38.5 min (minor). 

 


