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Abstract: Taking into account the postulated reaction mechanism for the organocatalytic epoxidation of 16 
electron poor olefins developed by our laboratory, we have deeply investigated the key factors able to 17 
positively influence the H-bond network installed inside the substrate/catalyst/oxidizing agent. With this aim, 18 
we have (i) tested a few catalysts displaying various effects that noticeably differs in term of steric hindrance 19 
and electron demand, (ii) employed a-alkylidene oxindoles decorated with different substituents on the 20 
aromatic ring (11a-g) on the exocylic double bond (11h-l), and the amide moiety (11m-v). The observed results 21 
suggest that the modification of the EWG weakly conditions the overall outcomes, conversely a strong 22 
influence is unambiguously ascribable to the either N-protected or N-unprotected lactam framework. 23 
Specifically, when the NH free substrate (11m-u) are employed an inversion of the stereochemical control is 24 
observed, while the introduction of Boc protecting group afford the desired product 12v in excellent 25 
enantioselectivity (97:3 er).   26 
Keywords: Epoxidation; Organicatalysis; Epoxyoxindole; Alkylidenoxindoles, H-bond network. Non-covalent 27 
catalysis, Chiroptical properties. 28 
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1. General Information 45 

Solvents and common reagents were purchased from a commercial source and used without further purification. 46 
All the known a-ylideneoxindoles (11a-b, 11e-f, 11h-k, and 11m-v) were synthesised according the literature [1-47 
4], whereas the unknown substrates (11c, 11d, 11g, 11l) were analogously prepared and fully characterised as 48 
reported in the Supporting Information. All reactions were monitored by thin layer chromatography (TLC) 49 
carried out on Merck F-254 silica glass plates and visualized with UV light or by 5% phosphomolibdic 50 
acid/ethanol test. Flash chromatography was performed on Sigma-Aldrich silica gel (60, particle size:0.040-0.063 51 
mm). 1H NMR and 13C NMR were recorded in CDCl3 (99.8% in deuterium) using a Varian Gemini 300 52 
spectrometer (300 MHz). All chemical shifts are expressed in parts per million (δ scale) and are referenced to the 53 
residual protons of the NMR solvent (CDCl3, d 7.24 ppm). Optical rotations were made with the enantioenriched 54 
samples on a Jasco DIP-370 digital polimeter using a Na-lamp. The diastereomeric ratio of the epoxides was 55 
determined by 1H NMR analysis of the crude reaction mixtures. The enantioselectivities were determined by 56 
HPLC analysis on chiral stationary phase [TSP Spectra Series P200, UV detector at λ = 254 nm, using Daicel 57 
Chiralpack IC column and Daicel Chiralpack IA column]. Infrared Spectra (FT-IR) were obtained using a Bruker 58 
Vector 22 spectrometer; data are presented as the frequency of absorption (cm-1). Melting points were 59 
determined with a Mel-Temp. HRMS Spectra were recorded with Micromass Q-TOF micro Mass Spectrometer 60 
(Waters). Micromass LCT (ESI) with Lock-Spray-Injector (Injection Loop-Modus in a HPLC system, Waters, 61 
Alliance 2695). ORD spectra were recorded with Jasco DIP370 digital polarimeter at four different wavelengths 62 
(589, 546, 435, 405 nm) at concentration of 0.35 g/100 mL in chloroform solution. Experimental ECD/UV spectra 63 
were obtained by a JASCO 815SE apparatus from 400 to 180 nm under the following experimental conditions: 64 
integration time 1 s, scan speed 200 nm/min, bandpass 1 nm, 10 accumulations. Concentration used was 0.00354 65 
M in acetonitrile solution in a 0.1 mm pathlength quartz cuvette. IR and VCD spectra were collected on a JASCO 66 
FVS6000 FTIR equipped with a liquid N2-cooled MCT detector, 5000 accumulations were averaged in the 850-67 
1500 cm-1 region at 4 cm-1 resolution. The spectra were obtained in CCl4 solutions, in 200 mm pathlength BaF2 68 
cells for a concentration of 0.046 M. 69 

2. Syntheses of 3-ylideneoxindoles 11a-v 70 

2.1 General Procedure for preparing a-ylideneoxindoles 11a-g 71 

 72 

To a stirred solution of N-methyl isatine (2.7 mmol) in THF (9.0 mL) at 0 °C triethyl phosphonoacetate (3.0 mmol) 73 
and a solution of K2CO3 (8.7 mmol) in water (1.8 mL) were added. The mixture was stirred at 0 °C for 15 min 74 
and once reached the room temperature was kept under stirring until the reaction completion (TLC Hexane 75 
/EtOAc). Afterwards, diethyl ether (50.0 mL) was added and the organic phase was washed with brine, dried 76 
with anhydrous Na2SO4 and concentrated under vacuum. The crude product was subsequently purified by flash 77 
chromatography on silica gel (nHexane/EtOAc). 78 

The analytical data of compounds 11a, 11b, 11e, and 11f were fully in agreement with the characterization 79 
reported in literature [1,3]. 80 

2.2. Characterization Data for a-ylideneoxindoles 11c, 11d, and 11g 81 

(E)-ethyl 2-(5-isopropyl-1-methyl-2-oxoindolin-3-ylidene) 11c 82 

Following the general procedure, the single E diastereoisomer 11c was obtained as an orange 83 
solid in 63% yield after purification by flash chromatography on silica gel 84 
(nHexane/EtOAc=8/2), m.p. 70-72 °C. IR (CHCl3): 𝜈= 3025, 3020, 3011, 1722, 1712, 1612, 1490, 85 
1370 cm-1. 1H NMR (CDCl3, 300MHz, 25 °C): δ (ppm) 1.26 (d, J = 7.0Hz, 6H, (CH3)2CH), 1.38 86 
(t, J = 7.1Hz, 3H, CH3CH2O); 2.88-2.98 (m, 1H, (CH3)2CHC); 3.22 (s, 3H, NCH3); 4.34 (q, J = 87 

7.0Hz, 2H, CH3CH2O); 6.72 (d, J = 7.9Hz, 1H, CHarom); 6.89 (s, 1H, CH=C); 7.24 (d, J = 7.9Hz, 1H, CHarom); 8.47 (s, 88 
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1H, CHarom). 13C NMR (CDCl3, 75MHz, 25 °C): δ (ppm) 14.3, 24.3, 26.4, 34, 61.2, 108, 119.9, 122.2, 127.2, 130.3, 89 
138.3, 143.7, 144.1, 165.8, 167.7. HRMS: exact mass calculated for (C16H19NNaO3) requires m/z 296.1263, found 90 
m/z 296.1265. 91 

(E)-ethyl 2-(5,7-dichloro-1-methyl-2-oxoindolin-3-ylidene)acetate 11d 92 

Following the general procedure, the single E diastereoisomer 11d was obtained as an orange 93 
solid in 89% yield after purification by flash chromatography on silica gel 94 
(nHexane/EtOAc=8/2), m.p. 148-150 °C. IR (CHCl3): 𝜈= 3029, 3016, 1726, 1714, 1574, 1453, 95 
1374, 1339 cm-1. 1H NMR (CDCl3, 300MHz, 25 °C): δ (ppm) 1.36 (t, J = 6.9Hz, 3H, CH3CH2O); 96 
3.54 (s, 3H, NCH3); 4.31 (q, J = 6.9Hz, 2H, CH3CH2O); 6.90 (s, 1H, CH=C); 7.23 (s, 1H, CHarom); 97 

8.51 (s, 1H, CHarom). 13C NMR (CDCl3, 75MHz, 25 °C): δ (ppm) 14.4, 30, 61.9, 116.1, 123.3, 125.4, 127.6, 128.4, 133.7, 98 
135.7, 140.3, 165.2, 167.5. HRMS: exact mass calculated for (C17H15NNaO3) requires m/z 322.0014, found m/z 99 
322.0017. 100 

(E)-ethyl 2-(1-methyl-2-oxo-1H-benzo[g]indol-3(2H)-ylidene)acetate 11g 101 

Following the general procedure, the single E diastereoisomer 11g was obtained as an orange 102 
solid in 51% yield after purification by flash chromatography on silica gel 103 
(nHexane/EtOAc=8/2), m.p. 180-182 °C. IR (CHCl3): 𝜈 = 3038, 3027, 1710, 1644, 1620, 1590, 1466, 104 
1377 cm-1. 1H NMR (CDCl3, 300MHz, 25 °C): δ (ppm) 1.39 (t, J = 6.8 Hz, 3H, CH3CH2O); 3.83 (s, 105 
3H, NCH3); 4.35 (q, J = 6.8 Hz, 2H, CH3CH2O); 6.97 (s, 1H, CH=C); 7.42-7.53 (m, 3H, CHarom); 106 
7.82 (d, J = 8.2 Hz, 1H, CHarom); 8.41 (d, J = 8.2 Hz, 1H, CHarom); 8.63 (d, J = 8.6 Hz, 1H, CHarom). 107 

13C NMR (CDCl3, 75MHz, 25 °C): δ (ppm) 14.3, 31.1, 61.4, 115.9, 120.9, 122.6, 122.8, 122.9, 124.2, 126.1, 127.6, 129.5, 108 
137.0, 137.3, 143.5, 165.9, 169.4. HRMS: exact mass calculated for (C17H15NNaO3) requires m/z 304.0950, found 109 
m/z 304.0971. 110 

2.3 General Procedure for preparing a-ylideneoxindoles 11h-l 111 

 112 

To a stirred solution of tetraethyl methylenebis(phosphonate) (2.6 mmol) in anhydrous THF (2 mL) under Ar at 113 
0 °C, LDA (2 m in THF, 1.43 mL) was added dropwise. After 30 min, the mixture was warmed to room 114 
temperature, stirred for an additional 30 min and cooled again to 0 °C. At this temperature, a solution of isatine 115 
(2 mmol) in anhydrous THF (8 mL) was slowly added. The reaction mixture could reach room temperature, and 116 
stirred until complete (monitored by TLC; hexane/ethyl acetate). Saturated aqueous NH4Cl solution was slowly 117 
added, and the aqueous layer was extracted with ethyl acetate (3x50 mL). The combined organic phases were 118 
dried with anhydrous Na2SO4 and concentrated under reduced pressure to give the crude product, which was 119 
subsequently purified by flash chromatography on silica gel (hexane/ethyl acetate) 120 

The analytical data of compounds 11h-k were fully in agreement with the characterization reported in literature 121 
[3]. 122 

2.4 Characterization Data for a-ylideneoxindoles 11l 123 

(E)-diethyl ((5-chloro-1-methyl-2-oxoindolin-3-ylidene)methyl)phosphonate 11l 124 

Following the general procedure, the single E diastereoisomer 11l was obtained as an orange 125 
amorphous solid in 30% yield after purification (nHexane/EtOAc=6/4). IR (CHCl3): 𝜈 = 1727, 126 
1606 cm-1. 1H NMR (CDCl3, 300MHz, 25 °C): δ (ppm) 1.34 [t, J = 7.0Hz, 6H, (CH3CH2O)2P], 127 
3.20 (s, 3H, CH3N), 4.12–4.21 [m, 4H, (CH3CH2O)2P], 6.71 (d, J = 8.2Hz, 1H, CHarom), 6.85 (d, 128 

JHP = 13.0Hz, 1H, CHP=O), 7.31 (d, J = 8.2Hz, 1H, CHarom), 8.49 (s, 1H, CHarom). 13C NMR (CDCl3, 75MHz, 25 °C): 129 
δ (ppm) 16.4, 26.5, 62.7 (d, JCP = 5.6Hz), 109.2, 121.1 (d, JCP = 7.0Hz), 121.4 (d, JCP = 189.5Hz), 128.0, 128.5, 132.0, 130 
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140.5 (d, JCP = 4.9Hz), 144.2, 166.2 (d, JCP = 25.7Hz). HRMS: exact mass calculated for (C14H17ClNNaO4P) requires 131 
m/z 352.0627, found m/z 352.0631. 132 

2.6 General Procedure for preparing 3-ylideneoxindoles 11n-u 133 

 134 

To a stirred solution of the simple isatine (2.7 mmol) in THF (9.0 mL) at 0 °C triethyl phosphonoacetate (3.0 135 
mmol) and a solution of K2CO3 (8.7 mmol) in water (1.8 mL) were added. The mixture was stirred at 0 °C for 15 136 
min and once reached the room temperature was kept under stirring until the reaction completion (TLC Hexane 137 
/EtOAc). Afterwards, diethyl ether (50.0 mL) was added and the organic phase was washed with brine, dried 138 
with anhydrous Na2SO4 and concentrated under vacuum. The crude product was subsequently purified by flash 139 
chromatography on silica gel (nHexane/EtOAc). 140 

The analytical data of compounds 11n-u were fully in agreement with the characterization reported in literature 141 
[4]. 142 

2.8 Synthesis and characterization of a -ylideneoxindoles 11v 143 

 144 

In a round bottomed flask, 262mg of Boc2O were added drop by drop to a solution of a-ylideneoxindole 11m 145 
(217 mg, 1 mmol) and DMAP (12 mg, 0.1 mmol) in CH3CN (10mL). The solution was stirred at room temperature 146 
overnight. The solvent was removed under reduced pressure and the crude was purified via flash 147 
chromatography, yielding 314 mg (0.99 mmol) of clean product as a yellow solid.  148 

The analytical data of compounds 11v were fully in agreement with the characterization reported in literature 149 
[4].150 
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3. Organocatalytic nucleophilic epoxidation of a-alkyliden oxindoles 11a-v 151 

3.1 Experimental Procedure for the synthesis of Epoxides trans 12 a-v and cis 13a-v 152 

 153 

To a solution of the catalyst 1 (38 mg, 0.15 mmol) and trans-a-ylideneoxindoles 11 (0.5 mmol) in nHexane for 154 
HPLC grade (2.7 mL) was added TBHP (5.5 M in decane solution, 0.6 mmol, 0.11 mL). The resultant 155 
heterogeneous mixture was maintained under stirring at room temperature (25 °C) until the reaction completion 156 
(TLC nHexane/EtOAc). Afterwards, the crude reaction mixture was purified by flash chromatography on silica 157 
gel (nHexane/EtOAc) to furnish the expected epoxy oxindoles trans-12 and cis-13. 158 

3.2 Characterization of epoxy oxindoles trans-12 and cis-13 159 

(2'R,3'R)-ethyl 1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12a  160 

Following the above general procedure, trans diastereoisomer 12a was obtained as a whitish solid 161 
in 61% yield after purification after purification by flash chromatography on silica gel 162 
(nHexane/EtOAc=7/3), m.p. 132-134 °C. IR (CHCl3): 𝜈 = 3033, 3010, 2984, 1736, 1709,1618, 1495, 163 
1473, 1376, 1347 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.26 (t, J = 7.2 Hz, 3H, 164 
CH3CH2O), 3.25 (s, 3H, CH3N), 4.18 (s, 1H, OCH), 4.24 (dq, J = 10.9 Hz, 7.2 Hz, 1H, CH3CHHO), 165 

4.29 (dq, J = 10.9 Hz, 7.2 Hz, 1H,CH3CHHO), 6.89 (ddd, J = 7.9 Hz, 0.9 Hz, 0.6 Hz, 1H, CHarom), 7.04 (dt, J = 7.7 166 
Hz, 0.9 Hz,1H, CHarom), 7.39 (dt, J = 7.9 Hz, 1.3 Hz, 1H, CHarom), 7.45 (ddd, J = 7.7 Hz, 1.3 Hz, 0.6 Hz, 1H, CHarom). 167 
13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 27.0, 60.0, 60.3, 62.4, 109.1, 119.5, 123.3, 125.0, 131.3, 145.9, 165.9, 168 
170.1. HRMS: exact mass calculated for (C13H13NNaO4) requires m/z 270.0742, found m/z 270.0741. Chiral-phase 169 
HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=7/3, flow rate 1.0mL/min]: Tmajor = 11.91 170 
min, Tminor = 14.97 min er = 91:9. [α]D = -93 (c = 1.6 g/cm3 inCH2Cl2). 171 

(2'S,3'R)-ethyl 1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate, 13a 172 

Following the above general procedure, cis diastereoisomer 13a was obtained as a pale yellow 173 
solid in 34% yield after purification by flash chromatography on silica gel 174 
(nHexane/EtOAc=7/3), m.p. 160-161 °C IR (CHCl3): 𝜈 = 3034, 3010, 2933, 1759, 1733, 1621, 175 
1472, 1375, 1345 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.35 (t, J = 7.2 Hz, 3H, 176 
CH3CH2O), 3.22 (s, 3H, CH3N), 4.15 (s, 1H, OCH), 4.34 (q, J = 7.2 Hz, 2H, CH3CH2O), 6.89 (dd, 177 

J = 7.8 Hz, 0.5 Hz, 1H, CHarom), 7.04-7.14 (m, 2H, CHarom), 7.40 (ddd, J = 7.9 Hz, 6.2 Hz, 2.8 Hz, 1H, CHarom). 13C 178 
NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 26.9, 60.3, 60.4, 62.3, 109.2, 121.4, 122.6, 123.2, 131.4, 145.5, 165.0, 179 
169.0. HRMS: exact mass calculated for (C13H13NNaO4) requires m/z 270.0742, found m/z 270.0739. Chiral-phase 180 
HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=7/3, flow rate 1.0mL/min]: Tmajor = 14.60 181 
min, Tminor = 19.82 min, er = 60:40. [α]D = -105 (c = 0.035 g/cm3 in CHCl3). 182 

(2'R,3'R)-ethyl 5-iodo-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12b 183 

Following the above general procedure, trans diastereoisomer 12b was obtained as a pale 184 
yellow solid in 32% yield after purification by flash chromatography on silica gel 185 
(nHexane/EtOAc=7/3), m.p. 143-145 °C. IR (CHCl3): 𝜈= 3028, 3017, 3008, 1736, 1727, 1611, 1535, 186 
1486, 1358, 1340 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.33 (t, J = 7.1 Hz, 3H, 187 
CH3CH2O); 3.24 (s, 3H, NCH3); 3.94-4.41 (m, 3H, CH3CH2O, OCH); 6.69 (t, J = 8.2 Hz, 1H, 188 

CHarom); 6.68-6.78 (m, 2H, CHarom). 13C NMR (CDCl3, 75 MHz, 25°C): d (ppm) 14.3, 27.0, 59.6, 60.0, 62.6, 85.6, 189 
111.0, 121.7, 133.6, 140.0, 145.4, 165.5, 169.3. HRMS: exact mass calculated for (C13H12INNaO4) requires m/z 190 
395.9709, found m/z 395.9712. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, 191 
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nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 13.04 min, Tminor = 10.19 min er = 80:20. [α] D = -9 (c = 0.0140 192 
g/cm3 in CHCl3). 193 

(2'S,3'R)-ethyl 5-iodo-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13b  194 

Following the above general procedure, cis diastereoisomer 13b was obtained as a pale 195 
yellow solid in 32% yield after purification by flash chromatography on silica gel 196 
(nHexane/EtOAc=7/3), m.p. 165-170 °C. IR (CHCl3): 	𝜈 = 3025, 3017, 3008, 1753, 1736, 1611, 197 
1486, 1465, 1430, 1340 cm-1.1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.35 (t, J = 7.1 Hz, 3H, 198 

CH3CH2O); 3.21 (s, 3H, NCH3); 4.14 (s, 1H, OCH3); 4.35 (dq, J = 9.8 Hz, 7.1 Hz, 1H, CH3CHHO); 4.38 (dq, J = 9.8 199 
Hz, 7.1Hz, 1H, CH3CHHO); 6.69 (d, J = 8.2 Hz, 1H, CHarom); 7.37 (s, 1H, CHarom); 7.71 (dd, J = 8.2 Hz, 1.5 Hz, 1H, 200 
CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 27.0, 59.6, 60.0, 62.6, 85.6, 111.0, 121.7, 133.6, 140.0, 145.4, 201 
165.5, 169.3. HRMS: exact mass calculated for (C13H12INNaO4) requires m/z 395.9709, found m/z 395.9712. Chiral-202 
phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 203 
14.94 min, Tminor = 19.58 min er = 66:34. [α]D = -9 (c = 0.0140 g/cm3 in CHCl3) 204 

(2'R,3'R)-ethyl 5,7-dichloro-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'- carboxylate 12c 205 

Following the above general procedure, trans diastereoisomer 12c was obtained as a pale 206 
yellow solid in 38% yield after purification by flash chromatography on silica gel 207 
(nHexane/EtOAc=8/2), m.p. 98-100 °C. IR (CHCl3): 𝜈= 3025, 3011, 2959, 1739, 1727, 1625, 208 
1494, 1471, 1369, 1346 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.20 (d, J = 6.8 Hz, 209 
6H, (CH3)2CHCarom); 1.29 (t, J = 7.1 Hz, 3H, CH3CH2O); 2.80-2.95 (m, 1H, (CH3)2CHCarom); 3.26 210 

(s, 3H, NCH3); 4.18-4.41 (m, 3H, CH3CH2O, OCH); 6.84 (d, J = 7.9 Hz, 1H, CHarom); 7.24 (d, J = 7.9 Hz, 1H, CHarom); 211 
7.33 (m, 2H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 24.2 (2xC), 26.9, 34.0, 59.9, 60.3, 62.3, 108.9, 212 
119.3, 123.0, 129.0, 143.6, 144.3, 165.9, 170.0. HRMS: exact mass calculated for (C16H19NNaO4) requires m/z 213 
312.1212, found m/z 312.1215. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, 214 
nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 14.85 min, Tminor = 8.42 min er = 89:11. [α]D = -79 (c = 0.0220 215 
g/cm3 in CHCl3). 216 

(2'S,3'R)-ethyl 5,7-dichloro-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'- carboxylate 13c  217 

Following the above general procedure, cis diastereoisomer 13c was obtained as a pale 218 
yellow solid in 52% yield after purification by flash chromatography on silica gel 219 
(nHexane/EtOAc=8/2), m.p. 120-122 °C. IR (CHCl3): 𝜈 = 3025, 3011, 2959, 1739, 1727, 1625, 220 
1494, 1471, 1369, 1346 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.22 (d, J = 6.8 Hz, 221 
6H, (CH3)2CHCarom); 1.36 (t, J = 7.1 Hz, 3H, CH3CH2); 2.80-2.95 (m, 1H, (CH3)2CHCarom); 3.23 222 

(s, 3H, NCH3); 4.18 (s, 1H, OCH); 4.30-4.40 (m, 3H, CH3CH2O, OCH); 6.83 (d, J = 7.9 Hz, 1H, CHarom); 6.98 (s, 1H, 223 
CHarom); 7.28 (d, J = 7.9 Hz, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.2, 24.2 (2xC), 26.8, 33.9, 224 
60.2, 60.3, 62.1, 109.0, 120.5, 121.1, 129.2, 143.2, 144.3, 164.9, 168.9. HRMS: exact mass calculated for 225 
(C16H19NNaO4) requires m/z 312.1212, found m/z 312.1215. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 226 
5µ, l=254 nm, nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 13.73 min, Tminor = 15.19 min er = 64:36. [α]D = 227 
-33 (c = 0.0250 g/cm3 in CHCl3).  228 

(2'R,3'R)-ethyl 5,7-dichloro-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'- carboxylate 12d 229 

Following the above general procedure, trans diastereoisomer 12d was obtained as a pale red 230 
solid in 29% yield after purification by flash chromatography on silica gel 231 
(nHexane/EtOAc=8/2), m.p. 124-126 °C. IR (CHCl3): 𝜈 = 3031, 3006, 1740, 1729, 1578, 1463, 232 
1337, 1309 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.31 (t, J = 7.1 Hz, 3H, CH3CH2O); 233 
3.62 (s, 3H, NCH3); 4.18-4.40 (m, 3H, CH3CH2O, OCH); 7.34 (s, 1H, CHarom); 7.40 (s, 1H, CHarom). 234 

13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 30.5, 59.4, 60.6, 62.8, 117.0, 123.6, 124.0, 129.0, 132.9, 140.2, 165.1, 235 
170.1. HRMS: exact mass calculated for (C13H11Cl2NNaO4) requires m/z 337.9963, found m/z 337.9961. Chiral-236 
phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 237 
11.74 min, Tminor = 9.48 min er = 93:7. [α]D = -96 (c = 0.0160 g/cm3 in CHCl3). 238 
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(2'S,3'R)-ethyl 5,7-dichloro-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'- carboxylate 13d  239 

Following the above general procedure, cis diastereoisomer 13d was obtained as a pale red 240 
solid in 50% yield after purification by flash chromatography on silica gel 241 
(nHexane/EtOAc=8/2), m.p. 194-196 °C. IR (CHCl3): 𝜈 = 3034, 3003, 1759, 1740, 1583, 1463, 242 
1334, 1306 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.36 (t, J = 7.1 Hz, 3H, 243 
CH3CH2O); 3.59 (s, 3H, NCH3); 4.12 (s, 1H, OCH); 4.35 (q, J = 7.1 Hz, 2H, CH3CH2O); 6.97 244 

(s, 1H, CHarom); 7.35 (s, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.2, 30.2, 59.2, 60.7, 62.5, 117.1, 245 
121.4, 125.3, 128.9, 132.8, 139.7, 164.0, 168.8. HRMS: exact mass calculated for (C13H11Cl2NNaO4) requires m/z 246 
337.9963, found m/z 337.9961. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, 247 
nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 21.69 min, Tminor = 20.20 min er = 77:23. [α]D = -42 (c = 0.0220 248 
g/cm3 in CHCl3). 249 

(2'R,3'R)-ethyl 5-methoxy-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12e  250 

Following the above general procedure, trans diastereoisomer 12e was obtained as a pale 251 
yellow solid in 50% yield after purification by flash chromatography on silica gel (nHexane 252 
/EtOAc = 8/2), m.p. 105-107 °C. IR (CHCl3): 𝜈 = 1735, 1734, 1614, 1492, 1467, 1358, 1260 253 
cm-1. 1H NMR (CDCl3, 300MHz, 25 °C):  d (ppm) 1.28 (t, J = 7.1 Hz, 3H, CH3CH2O); 3.23 (s, 254 
3H, NCH3); 3.75 (s, 3H, OCH3); 4.18 (s, 1H, OCH); 4.22-4.25 (m, 2H, CH3CH2O); 6.80 (d, J = 255 

8.5 Hz, 1H, CHarom); 6.92 (d, J = 8.5 Hz, 1H, CHarom); 7.09 (s, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d 256 
(ppm) 14.3, 26.9, 56.0, 59.9, 62.3, 66.1, 109.5, 112.3, 115.9, 120.5, 139.1, 156.3, 165.8, 169.8 ppm. HRMS: exact mass 257 
calculated for (C14H15NNaO4) requires m/z 300.0848, found m/z 300.0844. HPLC analysis: [Daicel Chiralpack IC 258 
5µ, l=254 nm, nHeptane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 16.33 min, Tminor = 11.45 min er = 90:10. [α]D 259 
= -10 (c = 0.0451 g/cm3 in CHCl3). 260 

(2'S,3'R)-ethyl 5-methoxy-1-methyl-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13e 261 

Following the above general procedure, cis diastereoisomer 13e was obtained as a pale 262 
yellow solid in 50% yield after purification by flash chromatography on silica gel 263 
(nHexane/EtOAc = 8/2), m.p. 121-123 °C. IR (CDCl3): 𝜈	= 1763, 1603, 1502, 1367, 1290 264 
cm-1.1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.34 (t, J = 7.2 Hz, 3H, CH3CH2O); 3.18 265 

(s, 3H, NCH3); 3.75 (s, 3H, OCH3); 4.12 (s, 1H, OCH); 4.33 (q, J = 7.2 Hz, 2H, CH3CH2O); 6.69 (s, 1H, CHarom); 6.69 266 
(d, J = 8.5 Hz, 1H, CHarom); 6.90 (d, J = 8.5 Hz, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.1, 26.7, 267 
56.0, 60.3, 62.1, 65.8, 109.4, 109.7, 116,4, 122.4, 138.6, 156.5, 164.8, 168.6. HRMS: exact mass calculated for 268 
(C14H15NNaO5) requires m/z 300.0848, found m/z 300.0846. HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, 269 
nHeptane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 16.35 min, Tminor = 19.33 min er = 62:38. [α]D = -4 (c = 0.0390 270 
g/cm3 in CHCl3). 271 

(2'R,3'R)-ethyl 1-methyl-5-nitro-2-oxospiro[indoline-3,2'-oxirane]-3'- carboxylate 12f  272 

Following the above general procedure, trans diastereoisomer 12f was obtained as a pale 273 
yellow solid in 19% yield after purification by flash chromatography on silica gel (DCM 274 
100%), m.p. 170-172 °C. IR (CHCl3): 𝜈	 = 3031, 3017, 3009, 1754, 1743, 1617, 1533, 1494, 1340 275 
cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.34 (t, J = 7.1 Hz, 3H, CH3CH2O); 3.35 (s, 276 
3H, NCH3); 4.23-4.42 (m, 3H, CH3CH2O, OCH); 7.03 (d, J = 8.9 Hz, 1H, CHarom); 8.37 (d, J = 277 

7.4 Hz, 2H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.2, 27.4, 59.4, 60.1, 62.9, 108.9, 120.4, 121.1, 128.0, 278 
143.8, 150.9, 165.1, 170.1. HRMS: exact mass calculated for (C13H12N2NaO6) requires m/z 315.0593, found m/z 279 
315.0596. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=70/30, flow rate 280 
1.0mL/min]: Tmajor = 23.13 min, Tminor = 22.02 min er = 85:15. [α]D = -29 (c = 0.0180 g/cm3 in CDCl3). 281 

(2'S,3'R)-ethyl 1-methyl-5-nitro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13f  282 

Following the above general procedure, cis diastereoisomer 13f was obtained as a pale 283 
yellow solid in 53% yield after purification by flash chromatography on silica gel (DCM 284 
100%), m.p. 168-170 °C. IR (CHCl3): 𝜈	 = 3029, 3017, 3009, 1754, 1729, 1630, 1527, 1494, 285 
1463, 1340 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.37 (t, J = 7.1 Hz, 3H, 286 
CH3CH2O); 3.33 (s, 3H, NCH3); 4.29 (s, 1H, OCH); 4.36 (dq, J = 9.2 Hz, 7.1 Hz, 1H, 287 
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CH3CHHO); 4.38 (dq, J = 9.2 Hz, 7.1 Hz, 1H, CH3CHHO); 7.03 (d, J = 8.9 Hz, 1H, CHarom); 8.02 (d, J = 1.9 Hz, 1H, 288 
CHarom); 8.39 (dd, J = 8.7 Hz, 2.2 Hz, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.1, 27.3, 59.2, 60.4, 289 
62.5, 109, 118.5, 122.2, 128.1, 143.2, 150.5, 163.9, 169.1. HRMS: exact mass calculated for (C13H12N2NaO6) requires 290 
m/z 315.0593, found m/z 315.0596. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, 291 
nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0mL/min]: Tmajor = 12.89 min, Tminor = 14.80 min er = 62:38. [α]D = -29 292 
(c = 0.0160 g/cm3 in CHCl3). 293 

(2'R,3'R)-ethyl 1-methyl-2-oxo-1,2-dihydrospiro[benzo[g]indole-3,2'-oxirane]-3'- carboxylate 12g    294 

Following the above general procedure, trans diastereoisomer 12g was obtained as a pale red 295 
solid in 50% yield after purification by flash chromatography on silica gel 296 
(nHexane/EtOAc=8/2), m.p. 185-187 °C. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.26-1.30 297 
(m, 3H, CH3CH2O); 3.88 (s, 3H, NCH3); 4.21-4.31 (m, 3H, OCH, CH3CH2O), 7.50-7.55 (m, 4H, 298 
CHarom); 7.86-7.88 (m, 1H, CHarom), 8.40-8.43 (m, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C):  299 
d (ppm) 14.3, 28.3, 59.2, 62.5, 63.6, 109.2, 118.5, 122.2, 123.7, 124.7, 126.6, 128.1, 129.2, 142.3, 149.3, 300 

168.6, 170.1. HRMS: exact mass calculated for (C17H15NNaO4) requires m/z 320.0899, found m/z 320.0896. Chiral-301 
phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=70/30, flow rate 1.0mL/min]: Tmajor = 302 
18.48 min, Tminor = 13.56 min er = 91:9. [α]D = -20.15 (c = 0.0059 g/cm3 in CHCl3). 303 

(2'S,3'R)-ethyl 1-methyl-2-oxo-1,2-dihydrospiro[benzo[g]indole-3,2'-oxirane]-3'- carboxylate 13g 304 

Following the above general procedure, cis diastereoisomer 13g was obtained as a pale red 305 
solid in 48% yield after purification by flash chromatography on silica gel 306 
(nHexane/EtOAc=8/2), m.p. 199-200 °C.  1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.39 (t, 307 
J = 7.0 Hz, 3H, CH3CH2O); 3.83 (s, 3H, NCH3); 4.27 (s, 1H, OCH), 4.39 (q, J = 7.0 Hz, 2H, 308 
CH3CH2O), 7.16 (d, J = 8.1 Hz, 1H, CHarom), 7.51-7.54 (m, 1H, CHarom); 7.60 (d, J = 8.2 Hz, 1H, 309 
CHarom), 7.87-7.90 (m, 1H, CHarom); 8.38-8.41 (m, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 310 

°C):  d (ppm) 14.1, 28.9, 61.3, 63.5, 66.7, 113.3, 121.1, 122.8, 123.9, 126.2, 126.6, 127.6, 128.7, 139.3, 145.3, 166.4, 170.1. 311 
HRMS: exact mass calculated for (C17H15NNaO4) requires m/z 320.0899, found m/z 320.0902. Chiral-phase 312 
HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0mL/min]: Tmajor 313 
= 8.91 min, Tminor = 9.71 min er = 55:45. 314 

(2'S,3'S)- diethyl 1-methyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl)phosphonate 12h  315 

Following the above general procedure, trans diastereoisomer 12h was obtained as a pale yellow 316 
solid in 45% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=4/6), 317 
m.p. 166-168 °C. IR (CHCl3): 𝜈	 = 1725, 1236 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 318 
1.21 [t, J = 7.0 Hz, 3H, (CH3CH2O)2P], 1.41 [t, J = 7.1 Hz, 3H, (CH3CH2O)2P], 3.26 (s, 3H, NCH3), 319 
3.73 (d, JHP = 27.6 Hz, 1H, OCH), 3.95–4.14 [m, 2H, (CH3CH2O)2P], 4.20–4.37 [m, 2H, 320 

(CH3CH2O)2P], 6.90 (d, J = 7.9 Hz, 1H, CHarom), 7.1 (dt, J = 7.7, 1.0 Hz, 1H, CHarom), 7.39 (dt, J = 7.9, 1.3 Hz, 1H, 321 
CHarom), 7.99 (d, J = 7.7 Hz, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): δ (ppm) 15.9 (d, JCCOP = 5.8 Hz), 16.0 322 
(d, JCCOP = 5.7 Hz), 26.3, 55.5 (d, JCP = 203.5 Hz), 59.7, 62.7 (d, JCOP = 6.3 Hz), 63.1 (d, JCOP = 6.1 Hz), 108.4, 118.9, 323 
122.6, 126.5, 130.6, 145.3, 170.2. HRMS: exact mass calculated for (C14H18NNaO5P) requires m/z 334.0820, found 324 
m/z 334.0824. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHexane/iPrOH=9/1, flow rate 325 
1.0mL/min]: Tmajor = 42.20 min, Tminor = 23.60 min er = 80:20. [α]D = -2 (c = 0.0101 g/cm3 in CHCl3). 326 

(2'S,3'R)- diethyl 1-methyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl phosphonate 13h 	327 

Following the above general procedure, cis diastereoisomer 13h was obtained as a pale 328 
yellow solid in 35% yield after purification by flash chromatography on silica gel 329 
(nHexane/EtOAc=4/6), m.p. 179-182 °C. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.35–330 
1.43 [m, 6H, (CH3CH2O)2P], 3.26 (s, 3H, NCH3), 3.71 (d, JHP = 27.4 Hz, 1H, OCH), 4.18–4.48 331 
[m, 4H, (CH3CH2O)2P], 6.89 (d, J = 7.9 Hz, 1H, CHarom), 7.04–7.08 (m, 2H, CHarom), 7.35–7.44 332 

(m, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.0 (d, JCCOP = 5.8 Hz), 16.3 (d, JCCOP = 5.7 Hz), 27.3, 333 
57.5 (d, JCP = 203.5 Hz), 58.4, 62.5 (d, JCOP = 6.3 Hz), 73.1 (d, JCOP = 6.1 Hz), 107.9, 117.7, 124.1, 126.1, 131.5, 147.2, 334 
168.1 ppm. HRMS: exact mass calculated for (C14H18NNaO5P) requires m/z 334.0820, found m/z 334.0818. Chiral-335 
phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHexane/iPrOH=9/1, flow rate 1.0mL/min]: Tmajor = 336 
16.50 min, Tminor = 12.80 min er = 61:39. [α]D = -19.45 (c = 0.0098 g/cm3 in CHCl3). 337 

N
O

EtO2C

O

N
O

O
CO2Et

N
O

(EtO)2OP

O

N
O

O
PO(OEt)2



Molecules 2018, 23, x FOR PEER REVIEW  9 of 20 

 9 

(2'S,3'S)- diethyl 1-phenyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl phosphonate 12i 338 

Following the above general procedure, trans diastereoisomer 12i was obtained as a pale yellow 339 
solid in 57% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=1/1), 340 
m.p. 197-199 °C. IR (CHCl3): 𝜈 = 1716, 1265 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.18 341 
[t, J = 7.1 Hz, 3H, (CH3CH2O)2P], 1.34 [t, J =7.1 Hz, 3H, (CH3CH2O)2P], 3.76 (d, JHP = 27.6 Hz, 1H, 342 
OCH), 4.00–4.08 [m, 2H, (CH3CH2O)2P], 4.18–4.33 [m, 2H, (CH3CH2O)2P], 6.77 (d, J = 7.6 Hz, 1H, 343 

CHarom), 7.05 (t, J = 7.6 Hz, 1H, CHarom), 7.22 (t, J = 7.6 Hz, 1H, CHarom), 7.35–7.46 (m, 5H, CHarom), 7.96 (d, J = 7.6 344 
Hz, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.0 (d, JCCOP = 5.7 Hz), 16.2 (d, JCCOP = 5.8 Hz), 58.1 345 
(d, JCP = 203.7 Hz), 60.1, 62.9 (d, JCOP = 6.2 Hz), 63.4 (d, JCOP = 6.1 Hz), 109.8, 118.8, 123.3, 126.1, 126.9, 128.3, 129.5, 346 
130.6, 133.5, 145.5, 169.8 ppm. HRMS: exact mass calculated for (C19H20NNaO5P) requires m/z 396.0977, found 347 
m/z 396.0975. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHexane/iPrOH=9/1, flow rate 348 
1.0mL/min]: Tmajor = 39.90 min, Tminor = 17.50 min er = 79:21. [α]D = -6.7 (c = 0.0122 g/cm3 in CHCl3). 349 

(2'S,3'R)- diethyl 1-phenyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl phosphonate 13i  350 

Following the above general procedure, cis diastereoisomer 13i was obtained as a pale-351 
yellow solid in 36% yield after purification flash chromatography on silica gel 352 
(nHexane/EtOAc=1/1), m.p. 211-213 °C. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.33–353 
1.42 [m, 6H, (CH3CH2O)2P], 3.79 (d, JHP = 27.3 Hz, 1H, OCH), 4.18–4.45 [m, 4H, (CH3CH2O)2P], 354 
6.86 (d, J = 7.9 Hz, 1H, CHarom), 7.05– 7.14 (m, 2H, CHarom), 7.28–7.39 (m, 1H, CHarom), 7.40–355 

7.57 (m, 5H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): δ (ppm) 16.2 (d, JCCOP = 5.7 Hz), 16.4 (d, JCCOP = 5.8 Hz), 356 
58.6 (d, JCP = 203.7 Hz), 60.1, 63.3 (d, JCOP = 6.2 Hz), 63.6 (d, JCOP = 6.1 Hz), 108.8, 117.6, 123.3, 126.0, 126.9, 128.4, 357 
129.5, 130.6, 133.5, 146.2, 169.8 ppm. HRMS: exact mass calculated for (C19H20NNaO5P) requires m/z 396.0977, 358 
found m/z 396.0975. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHexane/iPrOH=9/1, flow 359 
rate 1.0mL/min]: Tmajor = 12.40 min, Tminor = 9.29 min er = 62:38. [α]D = -20.5 (c = 0.0047 g/cm3 in CHCl3). 360 

(2'S,3'S)- diethyl 1-benzyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl phosphonate 12j  361 

Following the above general procedure, trans diastereoisomer 12j was obtained as a yellow solid 362 
in 45% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=1/1), m.p. 363 
205-207 °C. IR (CHCl3): 𝜈 = 1731, 1262 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.22 [t, 364 
J = 7.1 Hz, 3H, (CH3CH2O)2P], 1.43 [t, J =7.1 Hz, 3H, (CH3CH2O)2P], 3.81 (d, JHP = 27.4 Hz, 1H, 365 
OCH), 4.02–4.14 [m, 2H, (CH3CH2O)2P], 4.24–4.39 [m, 2H, (CH3CH2O)2P], 4.96 (s, 2H, CH2N), 366 

6.81 (d, J = 7.6 Hz, 1H, CHarom), 7.07 (t, J = 7.6 Hz, 1H, CHarom), 7.24–7.36 (m, 6H, CHarom), 8.00 (d, J = 7.6 Hz, 1H, 367 
CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.2 (d, JCCOP = 5.7 Hz), 16.4 (d, JCCOP = 5.8 Hz),44.4, 58.1 (d, JCP 368 
= 203.1 Hz), 60.2 (d, JCCP = 1.1 Hz), 62.9 (d, JCOP = 6.0 Hz), 63.3 (d, JCOP = 6.0 Hz), 109.3, 119.2, 122.1, 127.3, 127.5, 369 
127.7, 128.7, 131.7, 135.2, 145.5, 170.7 ppm. HRMS: exact mass calculated for (C20H22NNaO5P) requires m/z 370 
410.1133, found m/z 410.1130. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, 371 
nHexane/iPrOH=9/1, flow rate 1.0mL/min]: Tmajor = 39.90 min, Tminor = 17.50 min er = 74:26. [α]D = -6.7 (c = 0.0122 372 
g/cm3 in CHCl3). 373 

(2'S,3'R)- diethyl 1-benzyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl phosphonate 13j 374 

Following the above general procedure, cis diastereoisomer 13j was obtained as a yellow 375 
solid in 35% yield after purification by flash chromatography on silica gel 376 
(nHexane/EtOAc=1/1), m.p. 222-225 °C. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.33 [t, J 377 
= 7.1 Hz, 6H (CH3CH2O)2P], 3.69 (d, JHP = 27.6 Hz, 1H, OCH), 4.14–4.40 [m, 4H, (CH3CH2O)2P], 378 
4.90 (s, 2H, CH2N), 6.71 (d, J = 7.8 Hz, 1H, CHarom), 6.92–7.02 (m, 2H, CHarom), 7.16–7.30 (m, 379 

6H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.2 (d, JCCOP = 5.7 Hz), 16.4 (d, JCCOP = 5.8 Hz),44.6, 57.9 380 
(d, JCP = 203.1 Hz), 60.7 (d, JCCP = 1.1 Hz), 62.6 (d, JCOP = 6.0 Hz), 62.3 (d, JCOP = 6.0 Hz), 109.3, 119.2, 122.5, 127.4, 381 
127.6, 127.7, 128.7, 131.7, 135.2, 145.5, 170.7 ppm. HRMS: exact mass calculated for (C20H22NNaO5P) requires m/z 382 
410.1133, found m/z 410.1130. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, 383 
nHexane/iPrOH=9/1, flow rate 1.0mL/min]: Tmajor = 10.00 min, Tminor = 12.10 min er = 55:45. [α]D = -10.7 (c = 0.0053 384 
g/cm3 in CHCl3). 385 
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(2'S,3'S)- diethyl 1-(2,4-dichlorobenzyl)-2-oxospiro[indoline-3,2'-oxiran]-3'-yl)phosphonate 12k  386 

Following the above general procedure, trans diastereoisomer 12k was obtained as a pale 387 
yellow solid in 54% yield after purification by flash chromatography on silica gel 388 
(nHexane/EtOAc=1/1), m.p. 235-237 °C. IR (CHCl3): 𝜈 = 1733, 1253 cm-1. 1H NMR (CDCl3, 389 
300 MHz, 25 °C):  d (ppm) 1.23 [t, J = 7.1 Hz, 3H, (CH3CH2O)2P], 1.42 [t, J =7.1 Hz, 3H, 390 
(CH3CH2O)2P], 3.81 (d, JHP = 27.4 Hz, 1H, OCH), 3.97–4.19 [m, 2H, (CH3CH2O)2P], 4.22–391 
4.39 [m, 2H, (CH3CH2O)2P], 5.03 (s, 2H, CH2N), 6.73 (d, J = 7.9 Hz, 1H, CHarom), 7.05–7.20 392 

(m, 3H, CHarom), 7.30–7.34 (m, 3H, CHarom), 7.43 (d, J = 1.9 Hz, 1H, CHarom), 8.00 (d, J = 7.6 Hz, 1H, CHarom). 13C 393 
NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 15.9 (d, JCCOP = 5.6 Hz), 16.0 (d, JCCOP = 5.5 Hz), 41.1, 57.9 (d, JCP = 203.0 Hz), 394 
59.7 (d, JCCP = 1.1 Hz), 62.6 (d, JCOP = 6.2 Hz), 63.1 (d, JCOP = 6.2 Hz), 109.2, 118.9, 123.0, 126.8, 127.2, 128.8, 129.2, 395 
130.6, 130.8, 133.2, 133.8, 144.0, 170.6 ppm. HRMS: exact mass calculated for (C20H20Cl2NNaO5P) requires m/z 396 
478.0354, found m/z 478.0356. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, 397 
nHexane/iPrOH=9/1, flow rate 1.0mL/min]: Tmajor = 26.20 min, Tminor = 16.80 min er = 72:28. [α]D = -20.4 (c = 0.0091 398 
g/cm3 in CHCl3).  399 

(2'S,3'R)- diethyl 1-(2,4-dichlorobenzyl)-2-oxospiro[indoline-3,2'-oxiran]-3'-yl)phosphonate 13k 400 

Following the above general procedure, cis diastereoisomer 13k was obtained as a pale 401 
yellow solid in 29% yield after purification by flash chromatography on silica gel 402 
(nHexane/EtOAc=1/1), m.p. 227-229 °C. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.50 403 
[t, J = 7.1 Hz, 6H (CH3CH2O)2P], 3.87 (d, JHP = 27.6 Hz, 1H, OCH), 4.21–4.57 [m, 4H, 404 
(CH3CH2O)2P], 5.15 (s, 2H, CH2N), 6.83 (d, J = 7.2 Hz, 1H, CHarom), 7.14–7.52 (m, 6H, 405 
CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.2 (d, JCCOP = 5.6 Hz), 16.4 (d, JCCOP = 406 
5.5 Hz), 41.1, 58.2 (d, JCP = 203.0 Hz), 59.9 (d, JCCP = 1.1 Hz), 62.8 (d, JCOP = 6.2 Hz), 63.5 (d, 407 

JCOP = 6.2 Hz), 109.2, 118.9, 123.0, 126.8, 127.2, 128.8, 129.2, 130.6, 130.8, 133.2, 133.8, 144.0, 170.4 ppm. HRMS: 408 
exact mass calculated for (C20H20Cl2NNaO5P) requires m/z 478.0354, found m/z 478.0357. Chiral-phase HPLC 409 
analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHexane/iPrOH=9/1, flow rate 1.0mL/min]: Tmajor = 11.00 min, Tminor 410 
= 9.90 min ee = 55:45. [α]D = -5.32 (c = 0.0064 g/cm3 in CHCl3). 411 

(2'S,3'S)- diethyl 5-chloro-1-methyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl)phosphonate 12l 412 

Following the above general procedure, trans diastereoisomer 12l was obtained as a white 413 
solid in 38% yield after purification by flash chromatography on silica gel 414 
(nHexane/EtOAc=1/1), m.p. 211-215 °C. IR (CHCl3): 𝜈 = 1734, 1260 cm-1. 1H NMR (CDCl3, 415 
300 MHz, 25 °C): d (ppm) 1.26 [t, J = 7.0 Hz, 3H, (CH3CH2O)2P], 1.42 [t, J =7.0 Hz, 3H, 416 
(CH3CH2O)2P], 3.26 (s, 3H, NCH3); 3.73 (d, JHP = 26.6 Hz, 1H, OCH), 4.05–4.18 [m, 2H, 417 

(CH3CH2O)2P], 4.25–4.34 [m, 2H, (CH3CH2O)2P], 6.83 (d, J = 8.3 Hz, 1H, CHarom), 7.38 (d, J = 8.3 Hz, 1H, CHarom), 418 
8.02 (s, 2H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.4 (d, JCP = 5.9 Hz), 16.6 (d, JCP = 5.6 Hz), 27.1, 419 
58.1 (d, JCP = 203.4 Hz), 59.9, 63.3 (d, JCP = 6.3 Hz), 63.8 (d, JCP = 6.1 Hz), 109.8, 121.2, 127.5, 128.8, 131.0, 144.3, 170.4. 420 
HRMS: exact mass calculated for (C14H17ClNNaO5P) requires m/z 368.0431, found m/z 368.0433. Chiral-phase 421 
HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=9/1, flow rate 1.0mL/min]: Tmajor = 18.92 422 
min, Tminor = 17.56 min er = 77:23. [α]D = +4 (c = 0.0170 g/cm3 in CHCl3).  423 

(2'S,3'R)- diethyl 5-chloro-1-methyl-2-oxospiro[indoline-3,2'-oxiran]-3'-yl)phosphonate 13l 424 

Following the above general procedure, cis diastereoisomer 13l was obtained as a pale 425 
yellow solid in 58% yield after purification by flash chromatography on silica gel 426 
(nHexane/EtOAc=1/1), m.p. 229-231 °C. IR (CHCl3): 𝜈	= 1752, 1258 cm-1. 1H NMR 427 
(CDCl3, 300 MHz, 25 °C): d (ppm) 1.59-1.65 [m, 6H (CH3CH2O)2P], 3.48 (s, 3H, NCH3); 428 
3.92 (d, JHP = 27.0 Hz, 1H, OCH), 4.44–4.68 [m, 4H, (CH3CH2O)2P], 7.05 (d, J = 7.9 Hz, 1H, 429 

CHarom), 7.50–7.60 (m, 2H, CHarom) ppm. 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 16.2 (t, JCP = 6.3 Hz), 16.9 (d, 430 
JCP = 5.6 Hz),27.0, 60.0 (d, JCP = 200.7 Hz), 60.6, 62.8 (d, JCP = 6.5 Hz), 64.4 (d, JCP = 6.6 Hz), 122.5, 125.8 (d, JCP = 27.0 431 
Hz), 126.5 (d, JCP = 9.2 Hz), 128.2 (d, JCP = 20.0 Hz), 131.0, 143.7, 168.5. HRMS: exact mass calculated for 432 
(C14H17ClNNaO5P) requires m/z 368.0431, found m/z 368.0433. Chiral-phase HPLC analysis: [Daicel Chiralpack 433 
IC 5µ, l=254 nm, nHexane/EtOH=85/15, flow rate 1.0mL/min]: Tmajor = 32.17 min, Tminor = 30.15 min er = 57:43. [α]D 434 
= -1 (c = 0.0060 g/cm3 in CHCl3). 435 

N
O

(EtO)2OP

Cl O

N
O

Cl
O

PO(OEt)2

N
O

(EtO)2OP

O

Cl
Cl

N
O

O
PO(OEt)2

Cl
Cl



Molecules 2018, 23, x FOR PEER REVIEW  11 of 20 

 11 

(2’S,3'S)-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12m 436 

Following the above general procedure, trans diastereoisomer 12m was obtained as a white solid 437 
in 62% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 438 
(CHCl3): 𝜈 = 3433, 3035, 3009, 1751, 1726, 1622, 1474, 1340, 1318 cm-1. 1H NMR (CDCl3, 300 MHz, 439 
25 °C): d (ppm) 1.29 (t, J = 7.1 Hz, 3H, CH3CH2O); 4.17 - 4.47 (m, 3H, CH3CH2O, OCH); 6.87-7.17 440 
(m, 2H, CHarom); 7.27 - 7.51 (m, 2H, CHarom); 9.38 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C):  441 

d (ppm) 14.3, 59.9, 60.5, 62.5, 111.4, 119.6, 123.3, 125.2, 131.3, 143.0, 165.7, 172.6. HRMS: exact mass calculated for 442 
(C12H11NNaO4) requires m/z 256.0586, found m/z 256.0582. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 443 
5µ, l=254 nm, nHexane/EtOH=90/10, flow rate 1.0mL/min]: Tmajor = 6.28 min, Tminor = 5.51 min er = 75:25. [α]D = -444 
84.22 (c = 0.0155 g/cm3 in CHCl3). 445 

(2’R,3'S)-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13m 446 

Following the above general procedure, cis diastereoisomer 13m was obtained as a white solid 447 
in 34% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 448 
(CHCl3): 𝜈 = 3434, 3026, 3009, 1759, 1734, 1723, 1620, 1469, 1337 cm-1. 1H NMR (CDCl3, 300 449 
MHz, 25 °C): d (ppm) 1.33 (t, J = 6,8 Hz, 3H, CH3CH2O); 4.18 (s, OCH); 4.34 (q, J = 6.8 Hz, 2H, 450 
CH3CH2O); 6.91 - 7.13 (m, 3H, CHarom); 7.28 - 7.40 (m, 1H, CHarom); 9.19 (s, 1H, NH). 13C NMR 451 

(CDCl3, 75 MHz, 25 °C):  d (ppm) 14.3, 29.8, 60.4, 62.2, 111.5, 121.5, 122.7, 123.2, 131.4, 142.6, 164.7, 171.4. HRMS: 452 
exact mass calculated for (C12H11NNaO4) requires m/z 256.0586, found m/z 256.0589. Chiral-phase HPLC analysis: 453 
[Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=90/10, flow rate 1.0mL/min]: Tmajor = 16.35 min, Tminor = 15.61 454 
min er= 61:39. [α]D = -22.78 (c = 0.0155 g/cm3 in CHCl3). 455 

(2'S,3'S)-ethyl 5-fluoro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12n  456 

Following the above general procedure, trans diastereoisomer 12n was obtained as a white 457 
solid in 32% yield after purification by flash chromatography on silica gel 458 
(nHexane/EtOAc=7/3). IR (CHCl3): 𝜈 = 3429, 3207, 3031, 2979, 1715, 1767, 1752, 1630, 1481, 459 
1319, 1231, 1204 cm-1. 1H NMR (CDCl3, 300 MHz, 25°C): d (ppm) 1.32 (t, 3H, J = 7.1 Hz, 460 
CH3CH2O); 4.19 (s, 1H, OCH); 4.26-4.36 (m, 2H, CH3CH2O); 6.88 (m, 1H, CHarom); 7.06 (t, 1H, J 461 

= 8.4 Hz, CHarom); 7.24 (m, 1H, CHarom); 8.66 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.3, 60.0, 462 
60.5, 62.7, 111.9 (d, JCF = 7.9 Hz), 113.5 (d, JCF = 26.7 Hz), 117.9 (d, JCF = 23.9 Hz), 121.3 (d, JCF = 9.1 Hz), 138.8, 159.3 463 
(d, JCF = 242.2 Hz), 165.4, 172.3. HRMS: exact mass calculated for (C12H10FNNaO4) requires m/z 274.0492, found 464 
m/z 274.0497. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=90/10, flow rate 465 
1.0mL/min]: Tmajor = 10.44 min, Tminor = 9.05 min er = 93:7. [α]D = -132 (c = 0.0155 g/cm3 in CHCl3). 466 

(2'R,3'S)-ethyl 5-fluoro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate, 13n 467 

Following the above general procedure, cis diastereoisomer 13n was obtained as a white 468 
solid in 58% yield after purification by flash chromatography on silica gel 469 
(nHexane/EtOAc=7/3). IR (CHCl3): 𝜈 = 3429, 3207, 3031, 2979, 1715, 1767, 1752, 1630, 1481, 470 
1319, 1231, 1204 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.35 (t, 3H, J = 7.0 Hz, 471 
CH3CH2O); 4.15 (s, 1H, OCH); 4.35 (q, 2H, J = 7.0 Hz, CH3CH2O); 6.84–6.93 (m, 2H, CHarom); 472 

7.07 (t, 1H, J = 8.6 Hz, CHarom); 8.44 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 15.1, 59.5, 61.1, 62.9, 473 
113.1 (d, JCF = 7.9 Hz), 115.3 (d, JCF = 26.7 Hz), 116.4 (d, JCF = 23.9 Hz), 120.1 (d, JCF = 9.1 Hz), 139.1, 158.1(d, JCF = 474 
242.2 Hz), 166.8, 171.5 HRMS: exact mass calculated for (C12H10FNNaO4) requires m/z 274.0492, found m/z 475 
274.0497. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHeptane/EtOH/DEA=70/30/0.1, 476 
flow rate 1.0mL/min]: Tmajor = 5.22 min, Tminor = 5.97 min er = 61:39. [α]D = -381 (c = 0.0221 g/cm3 in CHCl3). 477 

(2'S,3'S)-ethyl 5-chloro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12o 478 

Following the above general procedure, trans diastereoisomer 12o was obtained as a white 479 
solid in 33% yield after purification by flash chromatography on silica gel 480 
(nHexane/EtOAc=1/1). IR (CHCl3): 𝜈 = 3433, 3213, 3021, 1764, 1755, 1602, 1441, 1240, 1228, 481 
1213 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.32 (t, 3H, J = 7.1 Hz, CH3CH2O); 4.19 482 
(s, 1H, OCH); 4.26-4.36 (m, 2H, CH3CH2O); 6.88 (m, 1H, CHarom); 7.06 (t, 1H, J = 8.4 Hz, CHarom); 483 

7.24 (m, 1H, CHarom); 8.66 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 60.0, 60.5, 62.7, 112.1, 123.3, 484 
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125.9, 129.0, 131.3, 140.3, 165.4, 171.8. HRMS: exact mass calculated for (C12H10ClNNaO4) requires m/z 290.0196, 485 
found m/z 290.0198. Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=70/30, 486 
flow rate 1.0mL/min]: Tmajor = 5.15 min, Tminor = 4.66 min er = 73:27. [α]D = -43 (c = 0.0108 g/cm3 in CHCl3). 487 

(2'R,3'S)-ethyl 5-chloro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13o 488 

Following the above general procedure, cis diastereoisomer 13o was obtained as a white 489 
solid in 50% yield after purification by flash chromatography on silica gel 490 
(nHexane/EtOAc=1/1). IR (CHCl3): 𝜈 = 3433, 3265, 3024, 1761, 1733, 1633, 1481, 1277, 1200 491 
cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.34 (t, 3H, J = 7.2 Hz, CH3CH2O); 4.16 (s, 492 

1H, OCH); 4.34 (q, 2H, J = 7.2 Hz, CH3CH2O); 6.92 (d, 1H, J = 8.3 Hz, CHarom); 7.08 (s, 1H, CHarom); 7.33 (d, 1H, J = 493 
8.3 Hz, CHarom); 8.65 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.2, 60.1, 60.5, 62.4, 112.4, 123.3, 494 
128.9, 131.3, 131.4, 140.9, 164.2, 170.7. HRMS: exact mass calculated for (C12H10ClNNaO4) requires m/z 290.0196, 495 
found m/z 290.0198 Chiral-phase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, 496 
nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0mL/min]: Tmajor = 5.30 min, Tminor = 6.13 min er = 59:41. [α]D = -29 (c 497 
= 0.0164 g/cm3 in CHCl3). 498 

(2'S,3'S)-ethyl 5-iodo-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12p 499 

Following the above general procedure, trans diastereoisomer 12p was obtained as a white solid 500 
in 71% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=1/1). IR 501 
(CHCl3): 𝜈 = 1765, 1760, 1602, 1441, 1240, 1228 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 502 
1.34 (t, 3H, J = 7.0 Hz, CH3CH2O); 4.17-4.40 (m, 3H, CHO, CH3CH2O); 6.76 (d, 1H, J = 8.3 Hz, 503 
CHarom); 7.67 (d, 1H, J = 8.3 Hz, CHarom); 7.76 (s, 1H, CHarom), 8.73 (bs, 1H, NH). 13C NMR (CDCl3, 504 

75 MHz, 25 °C):  d (ppm) 14.4, 59.8, 60.1, 62.7, 85.6, 113.0, 122.0, 134.2, 140.1, 142.4, 165.4, 171.2. HRMS: exact mass 505 
calculated for (C12H10INNaO4) requires m/z 381.9552, found m/z 381.9555. Chiral-phase HPLC analysis: [Daicel 506 
Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=90/10, flow rate 1.0mL/min: Tmajor = 11.56 min, Tminor = 9.81 min ee = 507 
68:32. [α]D = -23 (c = 0.0120 g/cm3 in CHCl3). 508 

(2'R,3'S)-ethyl 5-iodo-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13p 509 

Following the above general procedure, cis diastereoisomer 13p was obtained as a white solid 510 
in 20% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=1/1). 511 
IR (CHCl3): 𝜈  = 3025, 3017, 3008, 1753, 1736, 1611, 1486, 1465, 1430, 1340 cm-1. 1H NMR 512 
(CDCl3, 300 MHz, 25 °C):  d (ppm) 1.35 (t, 3H, J = 7.1 Hz, CH3CH2O); 4.18 (s, 1H, OCH); 4.25-513 
4.43 (m, 2H, CH3CH2O); 6.77 (d, 1H, J = 8.2 Hz, CHarom); 7.67 (d, 1H, J = 8.2 Hz, CHarom); 7.76 514 

(s, 1H, CHarom); 8.81 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.2, 60.1, 60.5, 62.4, 112.4, 123.3, 515 
128.9, 131.3, 131.4, 140.9, 164.2, 170.7. HRMS: exact mass calculated for (C12H10INNaO4) requires m/z 381.9552, 516 
found m/z 381.9555. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 5µ, l=254 517 
nm, nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0mL/min: Tmajor = 5.46 min, Tminor = 6.43 min er = 59:41. [α] D = -2 518 
(c = 0.0101 g/cm3 in CHCl3). 519 

(2'S,3'S)-ethyl 2-oxo-5-(trifluoromethoxy)spiro[indoline-3,2'-oxirane]-3'-carboxylate 12q  520 

Following the above general procedure, trans diastereoisomer 12q was obtained as a white 521 
solid in 29% yield after purification by flash chromatography on silica gel 522 
(nHexane/EtOAc=7/3). IR (CHCl3): 𝜈 = 3433, 3210, 3028, 1764, 1724, 1630, 1478, 1371, 1234, 523 
1197 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.31 (t, 3H, J = 7.0 Hz, CH3CH2O); 524 
4.20 (s, 1H, OCH); 4.31 (q, 2H, J = 7.0 Hz, CH3CH2O); 6.97 (d, 1H, J = 8.4 Hz, CHarom); 7.22-525 

7.26 (m, 1H, CHarom); 7.41 (s, 1H, CHarom); 8.41 (bs, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.2, 60.1, 526 
60.0, 62.7, 111.6, 119.6, 120.6 (q, JCF = 256.0 Hz), 121.3, 124.6, 141.3, 145.1, 165.3, 171.7. HRMS: exact mass calculated 527 
for (C13H10F3NNaO5) requires m/z 340.0409, found m/z 340.0410. Chiral-phase HPLC analysis: [Daicel Chiralpack 528 
IC 5µ, l=254 nm, nHexane/EtOH=95/5, flow rate 1.0mL/min: Tmajor = 12.04 min, Tminor = 9.15 min er = 87:13. [α] D = 529 
-56.53 (c = 0.0168 g/cm3 in CHCl3). 530 
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(2'R,3'S)-ethyl 2-oxo-5-(trifluoromethoxy)spiro[indoline-3,2'-oxirane]-3'-carboxylate 13q  531 

Following the above general procedure, cis diastereoisomer 13q was obtained as a white 532 
solid in 47% yield after purification by flash chromatography on silica gel 533 
(nHexane/EtOAc=7/3). IR (CHCl3): 𝜈  = 3433, 3207, 3015, 1764, 1724, 1636, 1584, 1487, 534 
1264, 1234 cm-1. 1H NMR (CDCl3, 300 MHz, 25 °C): d (ppm) 1.35 (t, 3H, J = 7.0 Hz, 535 
CH3CH2O); 4.19 (s, 1H, OCH); 4.35 (q, 2H, J = 7.0 Hz, CH3CH2O); 6.99-7.01 (m, 2H, 536 

CHarom); 7.23 (s, 1H, CHarom); 8.57 (bs, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.2, 60.3, 60.5, 62.5, 537 
112.4, 116.6, 120.6 (q, JCF = 257.3 Hz), 122.3, 124.7, 141.3, 145.1, 164.3, 171.3. HRMS: exact mass calculated for 538 
(C13H10F3NNaO5) requires m/z 340.0409, found m/z 340.0410. Chiral-phase HPLC analysis: [Daicel Chiralpack IB 539 
5µ, l=254 nm, nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0mL/min+: Tmajor = 4.44 min, Tminor = 5.31 min er = 66:34. 540 
[α] D = -20.7 (c = 0.0133 g/cm3 in CHCl3).  541 

(2'S,3'S)-ethyl 7-fluoro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12r  542 

Following the above general procedure, trans diastereoisomer 12r was obtained as a white solid 543 
in 21% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=8/2). IR 544 
(CHCl3): 𝜈 = 3433, 3031, 2976, 2930, 1752, 1737, 1639, 1493, 1234, 1228 cm-1. 1H NMR (CDCl3, 300 545 
MHz, 25 °C): d (ppm) 1.30 (t, 3H, J = 7.0 Hz, CH3CH2O); 4.20 (s, 1H, OCH); 4.25-4.30 (m, 2H, 546 
CH3CH2O); 7.01-7.05 (m, 1H, CHarom); 7.14 (t, 1H, J = 9.2 Hz, CHarom); 7.28 (d, 1H, J = 9.2 Hz, CHarom); 547 

7.84 (s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 60.0, 60.1, 62.5, 118.4 (d, JCF = 17 Hz), 121.1 (d, 548 
JCF = 3.6 Hz), 122.2, 124.0 (d, JCF = 5.9 Hz), 129.9, 147.4 (d, JCF = 244.7 Hz), 165.3, 170.5. HRMS: exact mass calculated 549 
for (C12H10FNNaO4) requires m/z 274.0492, found m/z 274.0493. Chiral-phase HPLC analysis: [Daicel Chiralpack 550 
IC 5µ, l=254 nm, nHexane/EtOH=8/2, flow rate 1.0mL/min: Tmajor = 7.88 min, Tminor = 8.60 min er = 92:8. [α]D = -551 
63.2 (c = 0.0150 g/cm3 in CHCl3). 552 

(2'R,3'S)-ethyl 7-fluoro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13r  553 

Following the above general procedure, cis diastereoisomer 13r was obtained as a white solid 554 
in 72% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=8/2). IR 555 
(CHCl3): 𝜈 = 3433, 3201, 3056, 2988, 1773, 1761, 1605, 1328, 1252 cm-1. 1H NMR (CDCl3, 300 556 
MHz, 25 °C):  d (ppm) 1.36 (t, 3H, J = 7.1 Hz, CH3CH2O); 4.18 (s, 1H, OCH); 4.36 (q, 2H, J = 7.1 557 
Hz, CH3CH2O); 6.92 (d, 1H, J = 7.4 Hz, CHarom); 7.01-7.17 (m, 2H, CHarom); 8.42 (s, 1H, NH). 13C 558 
NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.1, 60.3, 60.5, 62.4, 118.4 (d, JCF = 8.6 Hz), 118.6 (d, JCF 559 

= 5.1 Hz), 124.0, 124.2 (d, JCF = 3.5 Hz), 129.8 (d, JCF = 13.2 Hz), 147.5 (d, JCF = 246.1 Hz), 164.5, 170.6. HRMS: exact 560 
mass calculated for (C12H10FNNaO4) requires m/z 274.0492, found m/z 274.0493. Chiral-phase HPLC analysis: 561 
[Daicel Chiralpack IB 5µ, l=254 nm, nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0 mL/min: Tmajor = 5.08 min, 562 
Tminor = 5.78 min er = 70:30. [α]D = -44.4 (c = 0.0291 g/cm3 in CHCl3). 563 

(2'S,3'S)-ethyl 7-chloro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12s  564 

Following the above general procedure, trans diastereoisomer 12s was obtained as a white solid 565 
in 35% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 566 
(CHCl3): 𝜈	= 3420, 3177, 3009, 1764, 1749, 1624, 1478, 1316, 1234, 1189 cm-1. 1H NMR (CDCl3, 300 567 
MHz, 25 °C): d (ppm) 1.29 (t, 3H, J = 6.8 Hz, CH3CH2O); 4.20-4.31 (m, 2H, CH3CH2O, OCH); 7.01 568 
(t, 1H, J = 8.1 Hz, CHarom); 7.36 (t, 2H, J = 8.1 Hz, CHarom); 8.14 (s, 1H, NH). 13C NMR (CDCl3, 75 569 

MHz, 25 °C): d (ppm) 14.2, 60.1, 60.7, 62.5, 116.3, 121.3, 123.6, 124.1, 131.1, 140.4, 165.3, 171.2. HRMS: exact mass 570 
calculated for (C12H10ClNNaO4) requires m/z 290.0196, found m/z 290.0197. Chiral-phase HPLC analysis: [Daicel 571 
Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=8/2, flow rate 1.0mL/min: Tmajor = 7.72 min, Tminor = 10.00 min er = 572 
88:12. [α]D = -186.6 (c = 0.0220 g/cm3 in CHCl3). 573 

(2'R,3'S)-ethyl 7-chloro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13s  574 

Following the above general procedure, cis diastereoisomer 13s was obtained as a white solid in 575 
63% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 576 
(CHCl3): 𝜈 = 3426, 3201, 3003, 1764, 1736, 1627, 1478, 1328, 1237, 1200 cm-1. 1H NMR (CDCl3, 300 577 
MHz, 25°C):  d (ppm) 1.35 (t, 3H, J = 7.1 Hz, CH3CH2O); 4.16 (s, 1H, OCH); 4.38 (q, 2H, J = 7.1 Hz, 578 
CH3CH2O); 7.03-7.05 (m, 2H, CHarom); 7.35 (d, 1H, J = 7.4 Hz, CHarom); 8.02 (s, 1H, NH). 13C NMR 579 
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(CDCl3, 75 MHz, 25 °C): d (ppm) 14.2, 60.5, 60.6, 62.4, 116.4, 121.0, 123.1, 124.1, 131.2, 140.0, 164.3, 170.2. HRMS: 580 
exact mass calculated for (C12H10ClNNaO4) requires m/z 290.0196, found m/z 290.0197. Chiralphase HPLC 581 
analysis: [Daicel Chiralpack IB 5µ, l=254 nm, nHeptane/EtOH/DEA=70/30/0.1, flow rate 1.0mL/min: Tmajor = 5.24 582 
min, Tminor = 5.67 min er= 62:38. [α]D = -27.9 (c = 0.0168 g/cm3 in CHCl3). 583 

(2'S,3'S)-ethyl 7-bromo-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12t  584 

Following the above general procedure, trans diastereoisomer 12t was obtained as a white solid 585 
in 49% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 586 
(CHCl3): 𝜈 = 3414, 3210, 3006, 1742, 1730, 1621, 1444, 1316, 1234 cm-1. 1H NMR (CDCl3, 300 MHz, 587 
25 °C): d (ppm) 1.29 (t, 3H, J = 7.1 Hz, CH3CH2O); 4.20 (s, 1H, OCH); 4.23-4.37 (m, 2H, CH3CH2O); 588 
6.96 (t, 1H, J = 7.9 Hz, CHarom); 7.42 (d, 1H, J = 7.9 Hz, CHarom); 7.48 (d, 1H, J = 7.9 Hz, CHarom); 8.06 589 

(s, 1H, NH). 13C NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.3, 60.1, 61.0, 62.6, 104.1, 121.4, 124.3, 124.5, 133.9, 141.9, 590 
165.3, 170.5. HRMS: exact mass calculated for (C12H10BrNNaO4) requires m/z 333.9691, found m/z 333.9693. 591 
Chiralphase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=7/3, flow rate 1.0mL/min: Tmajor 592 
= 6.14 min, Tminor = 7.18 min er = 92:8. [α] D = -15.85 (c = 0.0132 g/cm3 in CHCl3). 593 

(2'S,3'R)-ethyl 7-bromo-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13t  594 

Following the above general procedure, cis diastereoisomer 13t was obtained as a white solid 595 
in 38% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 596 
(CHCl3): 𝜈 = 3414, 3210, 3006, 1742, 1730, 1621, 1444, 1316, 1234 cm-1. 1H NMR (CDCl3, 300 597 
MHz, 25 °C):  d (ppm) 1.35 (t, 3H, J = 6.9 Hz, CH3CH2O); 4.16 (s, 1H, OCH); 4.36 (q, 2H, J = 6.9 598 
Hz, CH3CH2O); 6.97-7.07 (m, 2H, CHarom); 7.49 (d, 1H, J = 7.8 Hz, CHarom); 7.66 (s, 1H, NH). 13C 599 

NMR (CDCl3, 75 MHz, 25 °C): d (ppm) 14.2, 60.7, 60.9, 62.4, 104.2, 121.7, 123.2, 124.4, 134.0, 141.6, 164.2, 169.5. 600 
HRMS: exact mass calculated for (C12H10BrNNaO4) requires m/z 333.9691, found m/z 333.9693. Chiral-phase 601 
HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=8/2, flow rate 1.0mL/min: Tmajor = 13.98 min, 602 
Tminor = 12.80 min er = 65:35. [α]D = -32.92 (c = 0.0120 g/cm3 in CHCl3). 603 

(2'S,3'S)-ethyl 5,7-dichloro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 12u  604 

Following the above general procedure, trans diastereoisomer 12u was obtained as a white 605 
solid in 27% yield after purification by flash chromatography on silica gel 606 
(nHexane/EtOAc=7/3). IR (CHCl3): 𝜈	= 3423, 3031, 3009, 1757, 1743, 1463, 1323, 1290 cm-1. 1H 607 
NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.32 (t, J = 7.0 Hz, 3H, CH3CH2O); 4.18-4.36 (m, 3H, 608 
CH3CH2O, OCH); 7.38 (s, 1H, CHarom); 7.42 (s, 1H, CHarom); 8.09 (s, 1H, NH). 13C NMR (CDCl3, 609 

75 MHz, 25 °C): d (ppm) 14.3, 60.1, 60.4, 62.9, 116.6, 122.4, 124.4, 129.3, 130.8, 138.9, 165.1, 170.1. HRMS: exact 610 
mass calculated for (C12H9Cl2NNaO4) requires m/z 323.9806, found m/z 323.9808. Chiral-phase HPLC analysis: 611 
[Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=7/3, flow rate 1.0mL/min: Tmajor = 5.52 min, Tminor = 6.34 min 612 
er = 83:17. [α]D = +137 (c = 0.0090 g/cm3 in CHCl3). 613 

(2'S,3'R)-ethyl 5,7-dichloro-2-oxospiro[indoline-3,2'-oxirane]-3'-carboxylate 13u  614 

Following the above general procedure, cis diastereoisomer 13u was obtained as a white 615 
solid in 51% yield after purification by flash chromatography on silica gel 616 
(nHexane/EtOAc=7/3). IR (CHCl3): 𝜈 = 3423, 3031, 3003, 1740, 1633, 1469, 1315 cm-1. 1H 617 
NMR (CDCl3, 300 MHz, 25 °C):  d (ppm) 1.35 (t, J = 7.2 Hz, 3H, CH3CH2O); 4.16 (s, OCH); 618 
4.35(q, J = 6.6 Hz, 2H, CH3CH2O); 7.01 (s, 1H, CHarom); 7.37 (s, 1H, CHarom); 8.31 (s, 1H, NH). 619 

13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.2, 60.1, 60.6, 62.6, 116.8, 121.8, 124.4, 129.2, 130.9, 138.6, 163.8, 169.3. 620 
HRMS: exact mass calculated for (C12H9Cl2NNaO4) requires m/z 323.9806, found m/z 323.9808. Chiralphase HPLC 621 
analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=9/1, flow rate 1.0mL/min: Tmajor = 20.84 min, Tminor 622 
= 19.81 min er = 86:14. [α]D = +10 (c = 0.0100 g/cm3 in CHCl3). 623 
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(2R,3'R)-1-(tert-butyl) 3'-ethyl -2-oxospiro[indoline-3,2'-oxirane]-1,3'-dicarboxylate 12v 624 

Following the above general procedure, trans diastereoisomer 12v was obtained as a white solid 625 
in 60% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 626 
(CHCl3): 𝜈 = 3035, 307, 2984, 1736, 1618, 1603,1495, 1473, 1376, 1347 cm-1. 1H NMR (CDCl3, 300 627 
MHz, 25 °C): d (ppm) 1.23 (t, J = 5.9 Hz, 3H, CH3CH2O), 1.48 (s, 9H), 4.22 (s, 2H, CH3CH2O), 4.59 - 628 
4.45 (m, 1H), 7.22 (dtd, J = 26.3, 7.4, 2.0 Hz, 1H, CHarom), 7.38 (dd, J = 7.3, 2.2 Hz, 2H, CHarom), 7.89 629 

(dd, J = 7.4, 2.1 Hz, 1H, CHarom). 13C NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.0, 27.8, 60.5, 61.1, 69.2, 83.4, 114.4, 630 
115.3, 125.2, 125.8, 129.3, 131.3, 150.5, 166.4, 170.8. HRMS: exact mass calculated for (C17H19NNaO6) requires m/z 631 
356,1110, found m/z 356,1112. Chiralphase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, 632 
nHexane/EtOH=9/1, flow rate 1.0mL/min: Tmajor = 6.80 min, Tminor = 5.75 min er = 96:4. [α]D = +27 (c = 0.0103 g/cm3 633 
in CHCl3). 634 

(2S,3'R)-1-(tert-butyl) 3'-ethyl -2-oxospiro[indoline-3,2'-oxirane]-1,3'-dicarboxylate 13v 635 

Following the above general procedure, cis diastereoisomer 13v was obtained as a white solid 636 
in 60% yield after purification by flash chromatography on silica gel (nHexane/EtOAc=7/3). IR 637 
(CHCl3): 𝜈 = 3034, 3076, 2984, 1736, 1618, 1608,1498, 1473, 1376, 1347cm-1. 1H NMR (CDCl3, 300 638 
MHz, 25 °C): d (ppm) 1.37 (t, J = 5.9 Hz, 3H, CH3CH2O), 1.64 (s, 9H), 4.17 (s, 2H, CH3CH2O), 4.36 639 
(q, J = 7,2 Hz, 2H, CH3CH2O), 6,91 - 7,10 (m, 2H, CHarom); 7,42 - 7,46(m, 2H, CHarom) ppm. 13C 640 

NMR (CDCl3, 75 MHz, 25 °C):  d (ppm) 14.2, 28.0, 60.3, 61.5, 68.9, 83.6, 114.4, 115.3, 125.8, 126.4, 127.3, 131.3, 150.5, 641 
166.4, 170.8. HRMS: exact mass calculated for (C17H19NNaO6) requires m/z 356,1110, found m/z 356,1116. 642 
Chiralphase HPLC analysis: [Daicel Chiralpack IC 5µ, l=254 nm, nHexane/EtOH=9/1, flow rate 1.0mL/min: Tmajor 643 
= 15.27 min, Tminor = 14.48 min er = 64:36. [α] D = -3 (c = 0.0112 g/cm3 in CHCl3). 644 
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4 Conformational analysis 646 

Conformational analysis was carried out by arbitrarily fixing S configuration on 2' carbon and performing a 647 
molecular mechanics (MM) conformational search on the two possible diastereomers of trans-12h and cis-13h 648 
with (2'S,3'S) and (2'S,3'R) absolute configuration (AC). The searches provided 82 conformers for both 649 
diastereomer. All conformers were fully optimized at DFT level of theory with polarizable continuum model 650 
(PCM). In Figure SM-1 the most populated conformers (90% of overall population) considered in chiroptical 651 
properties calculations are reported.  652 

It is important to notice (vide infra) that the relative conformers populations, calculated on the basis of free 653 
energies, slightly changes in the three distributions treated with different PCM solvent models. In any case, in 654 
the scope of AC assignment and considering the similar behavior of single calculated conformers, the overall 655 
property (ECD, ORD and VCD) is not affected. 656 

 657 

Figure SM-1. Most populated conformers involved in ECD, ORD, VCD calculations for both possible 658 
diastereomers (2'S,3'S), top, and (2'S,3'R), lower. 659 
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4.1 Calculation of ECD/UV spectra 660 

Optimization and frequencies calculation at B3LYP/TZVP/PCM(CH3CN) provided five most populated 661 
conformations for (2'S,3'S) and seven for (2'S,3'R) diastereomers covering 90% of overall population. For all 662 
provided conformers ECD/UV spectra were calculated at CAM-B3LYP/TZVP/PCM(CH3CN) level (Table SM-1). 663 

Table SM-1. Conformation analysis of the (2'S,3'S) and (2'S,3'R) diastereomers of trans-12h and cis-13h. 664 
Population factors (%pop) are calculated according to DG (in kcal/mol) at B3LYP/TZVP/PCM(CH3CN) level. 665 

 666 

 667 

Figure SM-2. Comparison of experimental and calculated ECD spectra for the different AC of compound trans-668 
12h and cis-13h for the statistical average and for single conformer (CAM-B3LYP/TZVP/PCM(CH3CN). 669 

 670 
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4.2 Calculation of ORD spectra 671 

Optimization and frequencies calculation at B3LYP/TZVP/PCM(CHCl3) provided five most populated 672 
conformations for (2'S,3'S) and six for (2'S,3'R) diastereomers covering 90% of overall population. The 673 
experimental ORD was measured in CHCl3 at concentration of 0.35 g/100 mL. 674 

Table SM-2. Conformation analysis of the (2'S,3'S) and (2'S,3'R) diastereomers of trans-12h and cis-13h. 675 
Population factors (%pop) are calculated according to DG (in kcal/mol) at B3LYP/TZVP/PCM(CHCl3) level. 676 

 677 
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4.3 Calculation of VCD/IR spectra 678 

Optimization and frequencies calculation at B3LYP/TZVP/PCM(CCl4) provided five most populated 679 
conformations for (2'S,3'S) and (2'S,3'R) diastereomers covering 90% of overall population. All provided 680 
conformers VCD/IR spectra were calculated at the same level.  681 

Table SM-3. Conformation analysis of the (2'S,3'S) and (2'S,3'R) diastereomers of trans-12h and cis-13h. 682 
Population factors (%pop) are calculated according to DG (in kcal/mol) at B3LYP/TZVP/PCM(CCl4) level. 683 

 684 

 685 

Figure SM-3. Comparison of experimental and calculated VCD (top) and IR (lower) spectra for the different AC 686 
of compound trans-12h and cis-13h for the statistical average and for single conformer (B3LYP/TZVP/PCM(CCl4). 687 

 688 
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