
 

SUPPORTING INFORMATION 

Asymmetric phase-transfer catalysed β-addition of 
isoxazolidin-5-ones to MBH carbonates 

 

Vito Capaccio,a,b Katharina Zielke,a Andreas Eitzinger,a Antonio Massa,b Laura Palombi,b 
Kirill Faust,c and Mario Waser*a 

 

a) Institute of Organic Chemistry, Johannes Kepler University Linz, Altenbergerstraße 69, 4040 Linz, 
Austria. Fax: +43 732 2468 8747; Tel: +43 732 2468 8748;  
E-mail: Mario.waser@jku.at 

b) Dipartimento di Chimica e Biologia “A. Zambelli”, Universita’ di Salerno, Via Giovanni Paolo II, 102, 
84084, Fisciano, ITALY . 

c) Institute of Catalysis, Johannes Kepler University Linz, Altenbergerstraße 69, 4040 Linz, Austria. 

 

 

Table of contents 
1. Experimental ................................................................................................................................. 2 

1.1 General information ....................................................................................................................... 2 

1.2 Experimental procedures and compounds characterization ........................................................... 3 

1.2.1 General procedure for the synthesis of racemic compounds 5: ............................................................ 3 

1.2.2 General procedure A for the asymmetric b-addition of isoxazolidin-5-ones to MBH carbonates to 
obtain enantioenriched products 5a-w: .......................................................................................................... 3 

1.2.3 General procedure for the synthesis of benzyl-substituted isoxazolidin-5-one 2a-k: ......................... 14 

1.2.4 Preparation of Morita-Baylis-Hillman Carbonates 3a-m: .................................................................. 17 

2. Copies of NMR-Spectra ............................................................................................................. 20 

3. Copies of HPLC Chromatograms ............................................................................................... 44 

4. X-Ray Analysis of 5f .................................................................................................................. 90 
 

  

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2018

mailto:Mario.waser@jku.at


1. Experimental  

1.1 General information 
 

1H- and 13C-NMR spectra were recorded on a Bruker Avance III 300 MHz spectrometer with a 
broad band observe probe, a Bruker Avance III HD 600 and a Bruker Avance-400 at room 
temperature. All NMR spectra were referenced to residual CHCl3 (7.26 ppm, 1H; 77.00 ppm, 13C). 
The following abbreviations are used to indicate the multiplicity in NMR spectra: s = singlet; d = 
doublet; t = triplet; q = quartet; dd = double doublet; ddd = double doublet of doublet; m = 
multiplet; bs = broad signal.  

Optical rotation of compounds was performed on a Jasco P-2000 digital polarimeter and a Schmidt 
+ Haensch Polarimeter Model UniPol L 1000. 

High resolution mass spectra (HRMS) were acquired using a Bruker solariX XR Fourier transform 
ion cyclotron resonance mass spectrometer (Bruker Daltonik GmbH, Bremen, Germany) equipped 
with a 7 T refrigerated actively-shielded superconducting magnet. The samples were ionized in 
positive ion mode using a MALDI ion source.  
FTIR spectra were recorded as thin films on KBr plates using Bruker Tensor 27 spectrometer. 
HPLC analyses were performed using a Waters-Breeze 2487, UV dual λ absorbance detector and 
1525 Binary HPLC Pump and a Thermo Scientific Dionex Ultimate 3000 system with diode array 
detector, using a Chiralpak AD-H (250 x 4.6 mm, 5 µm), IC (250 x 4.6 mm, 5 µm), IA-3 (250 x 4.6 
mm, 5 µm) or a YMC Cellulose-SB (250 x 4.6 mm, 5 µm) chiral stationary phase. 

All chemicals were purchased from commercial suppliers and used without further purification. All 
reactions were performed under an Ar atmosphere. 

Catalysts A1-2, B, C, D1-3 were either commercial or prepared as described previously.1,2,3,4 

  

                                                            
1 M .Parvez, N. Haraguchi, S. Itsuno, Macromolecules, 2014, 47, 1922−1928. 
2 P .Nun, V. Pérez, M. Calmès, J. Martinez, F. Lamaty, Chem. Eur. J., 2012, 18, 3773-3779. 
3 M. Tiffner, J. Novacek, A. Busillo, K. Gratzer, A. Massa, M. Waser, RSC Adv., 2015, 5, 78941. 
4 M.Waser, K. Gratzer, R. Herchl, N. Müller, Org. Biomol. Chem., 2012, 10, 251. 



1.2 Experimental procedures and compounds characterization 
1.2.1 General procedure for the synthesis of racemic compounds 5:
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In a Schlenk tube, under argon atmosphere, the Baylis-Hillman carbonate 3 (1.5 eq., 0.15 mmol), 
benzyl-substituted isoxazolidin-5-one 2 (1.0 eq., 0.10 mmol) and tetrabutylammonium bromide 
(0.20 eq., 0.020 mmol, 6.4 mg) were dissolved in THF (2 ml). Then, Cs2CO3 (3.0 eq., 0.30 mmol, 
98 mg) was added and the resulting heterogeneous solution was stirred (1000 rpm) at room 
temperature for 24 h. Then, the mixture was filtered over a pad of Na2SO4, the solvent evaporated 
and the residue dried in vacuo. The resulting crude product was purified by chromatography (silica 
gel, heptane-ethyl acetate, 15/1 to 10/1) to afford racemic products 5. 

 

1.2.2 General procedure A for the asymmetric β-addition of isoxazolidin-5-ones to 
MBH carbonates to obtain enantioenriched products 5a-w: 
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In a Schlenk tube, under argon atmosphere, the Baylis-Hillman carbonate 3a-m (1.5 eq., 0.15 
mmol), benzyl-substituted isoxazolidin-5-one 2a-k (1.0 eq., 0.10 mmol) and catalyst D2 (0.05 eq., 
0.005 mmol, 5.4 mg) were charged and dissolved in 2.0 ml of isopropyl ether, and the mixture 
cooled at -20°C. After 20 minutes, Cs2CO3 (3.0 eq., 0.30 mmol, 97.7 mg) was quickly added and 
the mixture was stirred (1000 rpm) for 96 h. Then, the mixture was filtered over a pad of Na2SO4, 
washed with DCM, the solvent evaporated, and the residue dried in vacuo. The resulting crude 
product was purified by chromatography (silica gel, heptane-ethyl acetate, 15/1 to 10/1) to afford 
enantioenriched products 5a-w. 

tert-butyl (E)-4-benzyl-4-(2-(ethoxycarbonyl)-3-phenylallyl)-5-
oxoisoxazolidine-2-carboxylate (5a): Following the general procedure A 
with tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 
mmol, 1.0 eq.) and ethyl 2-(((tert-
butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 mmol, 1.5 

eq.), the title compound 5a was obtained as a colorless oil (41.9 mg, 90%, E/Z= 10:1, e.r.= 94:6 
(major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 43.9° (c = 0.41, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) 
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δ 7.83 (s, 1H), 7.30 – 7.06 (m, 8H), 7.04 – 6.94 (m, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.82 – 3.70 (m, 
2H), 3.06 (s, 2H), 2.96 (d, J = 13.9 Hz, 1H), 2.58 (d, J = 13.9 Hz, 1H), 1.40 (s, 9H), 1.28 (t, J = 7.1 
Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.5, 167.7, 154.9, 143.5, 134.9, 
134.9, 130.4, 128.9, 128.8, 128.7, 128.7, 128.0, 127.4, 83.6, 61.4, 54.4, 49.8, 40.8, 31.7, 28.1, 14.1 
ppm; IR (film): ν (cm-1) 2977, 2938, 1794, 1712, 1454, 1369, 1254, 1202, 1146, 1095, 1022, 848, 
754, 701; HRMS (MALDI-FT ICR): m/z calcd for C27H31NNaO6 [M+Na]+= 488.20456, found: 
488.20359; The enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-hexane:i-
PrOH = 95:5, 0.5 mL/min, 10 °C, tmajor = 46.8 min, tminor = 61.4 min). 

tert-butyl (E)-4-benzyl-4-(2-((benzyloxy)carbonyl)-3-phenylallyl)-5-
oxoisoxazolidine-2-carboxylate (5b): Following the general procedure A 
with tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 
mmol, 1.0 eq.) and benzyl 2-(((tert-
butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3b (55.2 mg, 0.15 mmol, 1.5 

eq.), the title compound 5b was obtained as a colorless oil (35.9 mg, 68%, E/Z= 8:1, e.r.= 78:22 
(major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 22.3° (c = 0.22, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) 
δ 7.85 (s, 1H), 7.46 – 7.04 (m, 13H), 7.04 – 6.89 (m, 2H), 5.22 (d, J = 12.3 Hz, 1H), 5.15 (d, J = 
12.3 Hz, 1H), 3.79 (d, J = 11.1 Hz, 1H), 3.73 (d, J = 11.1 Hz, 1H), 3.08 (s, 2H), 2.95 (d, J = 13.9 
Hz, 1H), 2.57 (d, J = 13.9 Hz, 1H), 1.38 (s, 9H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 
175.4, 167.6, 154.9, 143.8, 135.8, 134.8, 134.8, 130.4, 128.9, 128.8, 128.7, 128.6, 128.6, 128.3, 
127.8, 127.4, 83.6, 67.1, 54.5, 49.9, 40.7, 31.8, 28.1 ppm; IR (film): ν (cm-1) 2920, 2852, 1794, 
1713, 1633, 1497, 1456, 1369, 1253, 1146, 1030, 848, 753, 700; HRMS (MALDI-FT ICR): m/z 
calcd for C32H33NNaO6 [M+Na]+= 550.22001, found: 550.21909; The enantioselectivity was 
determined by HPLC (YMC Cellulose-SB column, n-hexane:i-PrOH = 80:20, 0.5 mL/min, 10 °C, 
tminor = 21.1 min, tmajor = 26.7 min). 

tert-butyl (E)-4-benzyl-4-(2-(tert-butoxycarbonyl)-3-phenylallyl)-5-
oxoisoxazolidine-2-carboxylate (5c): Following the general procedure A 
with tert-butyl 4-benzyl-5-oxoisoxazolidine-2- carboxylate 2a (27.7 mg, 0.10 
mmol, 1.0 eq.) and tert-butyl 2-(((tert-
butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3c (50.2 mg, 0.15 mmol, 1.5 

eq.), the title compound 5c was obtained as a colorless oil (26.2 mg, 53%, E/Z= 8:1, e.r.= 91:9 
(major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 33.0° (c = 1.00, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) 
δ 7.82 (s, 1H), 7.40 – 7.14 (m, 8H), 7.10 – 7.00 (m, 2H), 3.83 (d, J = 10.9 Hz, 1H), 3.76 (d, J = 10.9 
Hz, 1H), 3.11 (s, 2H), 3.02 (d, J = 13.9 Hz, 1H), 2.63 (d, J = 13.9 Hz, 1H), 1.54 (s, 9H), 1.46 (s, 9H) 
ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.2, 166.8, 154.9, 142.5, 135.3, 135.0, 130.4, 
129.5, 128.8, 128.7, 128.7, 128.4, 127.4, 83.6, 81.9, 54.6, 50.0, 40.7, 31.5, 28.1, 28.0 ppm; IR 
(film): ν (cm-1) 2976, 2933, 1798, 1711, 1495, 1477, 1455, 1394, 1369, 1255, 1147, 1017, 850, 
758, 701; HRMS (MALDI-FT ICR): m/z calcd for C29H35NNaO6 [M+Na]+= 516.23566, found: 
516.23499; The enantioselectivity was determined by HPLC (Chiralpak IA-3 column, n-hexane:i-
PrOH = 80:20, 0.8 mL/min, tmajor = 6.4 min, tminor = 8.6 min). 
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tert-butyl (E)-4-(2-(ethoxycarbonyl)-3-phenylallyl)-4-(4-methylbenzyl)-
5-oxoisoxazolidine-2-carboxylate (5d): Following the general procedure A 
with tert-butyl 4-(4-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate 2b 
(29.1 mg, 0.10 mmol, 1.0 eq.) and ethyl 2-(((tert-
butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 mmol, 1.5 

eq.), the title compound 5d was obtained as a colorless oil (44.1 mg, 92%, E/Z= 8:1, e.r.= 92:8 
(major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 30.9° (c = 0.80, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) 
δ 7.82 (s, 1H), 7.30 – 7.15 (m, 3H), 7.14 – 7.06 (m, 2H), 6.97 (d, J = 7.8 Hz, 2H), 6.87 (d, J = 7.8 
Hz, 2H), 4.20 (q, J = 7.2 Hz, 2H), 3.76 (s, 2H), 3.04 (s, 2H), 2.91 (d, J = 14.0 Hz, 1H), 2.54 (d, J = 
14.0 Hz, 1H), 2.24 (s, 3H), 1.39 (s, 9H), 1.28 (d, J = 7.2 Hz, 3H) ppm; 13C NMR (75 MHz, 
Chloroform-d, 298 K) δ 175.7, 167.7, 154.9, 143.5, 137.0, 134.9, 131.7, 130.2, 129.4, 128.9, 128.7, 
128.6, 128.0, 83.6, 61.4, 54.4, 49.8, 40.5, 31.7, 28.1, 21.0, 14.1 ppm; IR (film): ν (cm-1) 2978, 
2937, 1197, 1715, 1629, 1446, 1369, 1254, 1202, 1147, 1023, 848, 813, 763, 700; HRMS 
(MALDI-FT ICR): m/z calcd for C28H33NNaO6 [M+Na]+= 502.22001, found: 502.21955; The 
enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-hexane:i-PrOH = 80:20, 
0.5 mL/min, tmajor = 11.9 min, tminor = 16.0 min). 

tert-butyl (E)-4-(4-(tert-butyl)benzyl)-4-(2-(ethoxycarbonyl)-3-
phenylallyl)-5-oxoisoxazolidine-2-carboxylate (5e): Following the 
general procedure A with tert-butyl 4-(4-(tert-butyl)benzyl)-5-
oxoisoxazolidine-2-carboxylate 2c (33.3 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 

0.15 mmol, 1.5 eq.), the title compound 5e was obtained as a colorless oil (40.2 mg, 77%, E/Z= 
11:1, e.r.= 95:5 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 41.8° (c = 1.00, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.82 (s, 1H), 7.25 – 7.16 (m, 5H), 7.16 – 7.09 (m, 2H), 6.92 (d, J = 7.9 Hz, 
2H), 4.20 (d, J = 7.2 Hz, 2H), 3.77 (s, 2H), 3.06 (s, 2H), 2.91 (d, J = 14.0 Hz, 1H), 2.54 (d, J = 14.0 
Hz, 1H), 1.41 (s, 9H), 1.27 (t, J = 7.2 Hz, 3H), 1.22 (s, 9H) ppm; 13C NMR (75 MHz, Chloroform-
d, 298 K) δ 175.6, 167.7, 155.0, 150.2, 143.5, 135.0, 131.7, 130.2, 129.0, 128.7, 128.6, 128.0, 
125.6, 83.6, 61.4, 54.4, 49.7, 40.2, 34.4, 31.6, 31.3, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2968, 2869, 
1797, 1745, 1714, 1629, 1494, 1477, 1394, 1446, 1369, 1318, 1254, 1202, 1147, 1099, 1020, 850, 
757, 701; HRMS (MALDI-FT ICR): m/z calcd for C31H39NNaO6 [M+Na]+= 544.26696, found: 
544.26614; The enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-
PrOH = 80:20, 1.0 mL/min, tminor = 11.0 min, tmajor = 17.7 min). 

tert-butyl (E)-4-([1,1'-biphenyl]-4-ylmethyl)-4-(2-(ethoxycarbonyl)-
3-phenylallyl)-5-oxoisoxazolidine-2-carboxylate (5f): Following the 
general procedure A with tert-butyl 4-([1,1'-biphenyl]-4-ylmethyl)-5-
oxoisoxazolidine-2-carboxylate 2d (35.3 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 

mg, 0.15 mmol, 1.5 eq.), the title compound 5f was obtained as a colorless oil (40.1 mg, 74%, E/Z= 
9:1, e.r.= 92:8 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐 = 19.8° (c = 0.36, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.91 (s, 1H), 7.56 (d, J = 7.8 Hz, 2H), 7.50 – 7.41 (m, 4H), 7.39 – 7.34 (m, 
1H), 7.31 – 7.23 (m, 3H), 7.19 (s, 2H), 7.14 (d, J = 7.8 Hz, 2H), 4.29 (q, J = 7.1 Hz, 2H), 3.88 (s, 
2H), 3.16 (s, 2H), 3.06 (d, J = 13.9 Hz, 1H), 2.71 (d, J = 13.9 Hz, 1H), 1.47 (s, 9H), 1.36 (t, J = 7.1 
Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.6, 167.7, 155.0, 143.6, 140.5, 
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140.3, 134.9, 133.9, 130.8, 128.8, 128.8, 128.6, 128.0, 127.4, 127.4, 127.0, 83.7, 61.5, 54.4, 49.8, 
40.5, 31.6, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2979, 2935, 1796, 1713, 1636, 1488, 1447, 1369, 
1253, 1202, 1149, 1008, 848, 754, 698; HRMS (MALDI-FT ICR): m/z calcd for C33H35NNaO6 
[M+Na]+= 564.23566, found: 564.23488; The enantioselectivity was determined by HPLC (YMC 
Cellulose-SB column, n-hexane:i-PrOH = 80:20, 0.5 mL/min, tminor = 25.5 min, tmajor = 29.1 min). 

tert-butyl (E)-4-(2-(ethoxycarbonyl)-3-phenylallyl)-4-(4-
methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate (5g): Following the 
general procedure A with tert-butyl 4-(4-methoxybenzyl)-5-
oxoisoxazolidine-2-carboxylate 2e (30.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 

0.15 mmol, 1.5 eq.), the title compound 5g was obtained as a colorless oil (38.1 mg, 77%, E/Z= 
10:1, e.r.= 93:7 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 23.1° (c = 0.30, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.89 (s, 1H), 7.35 – 7.27 (m, 3H), 7.21 – 7.14 (m, 2H), 6.98 (d, J = 8.2 Hz, 
2H), 6.77 (d, J = 8.2 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 3.83 (s, 2H), 3.78 (s, 3H), 3.11 (s, 2H), 2.97 
(d, J = 14.1 Hz, 1H), 2.59 (d, J = 14.1 Hz, 1H), 1.46 (s, 9H), 1.35 (t, J = 7.1 Hz, 3H) ppm; 13C 
NMR (75 MHz, Chloroform-d, 298 K) δ 175.7, 167.7, 158.9, 154.9, 143.5, 143.4, 134.9, 131.4, 
128.9, 128.7, 128.6, 128.0, 126.7, 114.1, 83.6, 61.4, 55.2, 54.3, 49.9, 40.1, 31.7, 28.1, 14.1 ppm; IR 
(film): ν (cm-1) 2979, 2930, 1797, 1715, 1612, 1514, 1458, 1369, 1303, 1252, 1202, 1181, 1146, 
1034, 847, 763, 700; HRMS (MALDI-FT ICR): m/z calcd for C28H33NNaO7 [M+Na]+= 
518.21492, found: 518.21471; The enantioselectivity was determined by HPLC (Chiralpak AD-H 
column, n-hexane:i-PrOH = 80:20, 0.5 mL/min, 10 °C, tmajor = 23.0 min, tminor = 31.3 min). 

tert-butyl (E)-4-(4-chlorobenzyl)-4-(2-(ethoxycarbonyl)-3-phenylallyl)-
5-oxoisoxazolidine-2-carboxylate (5h): Following the general procedure 
A with tert-butyl 4-(4-chlorobenzyl)-5-oxoisoxazolidine-2-carboxylate 2f 
(31.2 mg, 0.10 mmol, 1.0 eq.) and ethyl 2-(((tert-
butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 mmol, 1.5 

eq.), the title compound 5h was obtained as a colorless oil (40.0 mg, 80%, E/Z= 6:1, e.r.= 88/12 
(major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 19.0° (c = 0.37, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) 
δ 7.91 (s, 1H), 7.38 – 7.27 (m, 3H), 7.24 – 7.14 (m, 4H), 6.97 (d, J = 8.0 Hz, 2H), 4.28 (q, J = 7.1 
Hz, 2H), 3.84 (d, J = 11.1 Hz, 1H), 3.76 (d, J = 11.1 Hz, 1H), 3.09 (s, 2H), 2.97 (d, J = 14.0 Hz, 
1H), 2.61 (d, J = 14.0 Hz, 1H), 1.47 (s, 9H), 1.35 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (75 MHz, 
Chloroform-d, 298 K) δ 175.4, 167.6, 154.8, 143.7, 134.9, 133.5, 133.3, 131.6, 128.9, 128.8, 128.7, 
128.7, 127.9, 83.8, 61.5, 54.4, 49.7, 40.1, 31.6, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2983, 2936, 
1795, 1714, 1632, 1494, 1446, 1369, 1253, 1202, 1146, 1095, 1016, 847, 756, 701; HRMS 
(MALDI-FT ICR): m/z calcd for C27H30ClKNNaO6 [M+Na]+= 538.13932, found: 538.13875; The 
enantioselectivity was determined by HPLC (YMC Cellulose-SB column, n-hexane:i-PrOH = 
90:10, 0.5 mL/min, 10 °C, tminor = 22.7 min, tmajor = 31.0 min). 

tert-butyl (E)-4-(4-bromobenzyl)-4-(2-(ethoxycarbonyl)-3-
phenylallyl)-5-oxoisoxazolidine-2-carboxylate (5i): Following the 
general procedure A with tert-butyl 4-(4-bromobenzyl)-5-
oxoisoxazolidine-2-carboxylate 2g (35.6 mg, 0.10 mmol, 1.0 eq.) and ethyl 
2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 

mmol, 1.5 eq.), the title compound 5i was obtained as a colorless oil (38.1 mg, 70%, E/Z= 10:1, 
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e.r.= 84:16 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 24.4° (c= 1.00, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.91 (s, 1H), 7.40 – 7.28 (m, 5H), 7.21 – 7.13 (m, 2H), 6.91 (d, J = 8.0 Hz, 
2H), 4.28 (q, J = 7.1 Hz, 2H), 3.84 (d, J = 11.1 Hz, 1H), 3.76 (d, J = 11.1 Hz, 1H), 3.09 (s, 2H), 2.95 
(d, J = 14.0 Hz, 1H), 2.60 (d, J = 14.0 Hz, 1H), 1.47 (s, 9H), 1.35 (t, J = 7.1 Hz, 3H) ppm; 13C 
NMR (75 MHz, Chloroform-d, 298 K) δ 175.3, 167.6, 154.8, 143.7, 134.9, 133.8, 132.0, 131.8, 
128.8, 128.7, 127.9, 121.7, 83.8, 61.5, 54.4, 49.6, 40.12, 31.6, 28.1, 14.1 ppm; IR (film): ν (cm-1) 
2980, 2937, 1795, 1712, 1490, 1369, 1253, 1146, 1074, 1012, 846, 755, 701; HRMS (MALDI-FT 
ICR): m/z calcd for C27H30BrNNaO6 [M+Na]+= 566.11487, found: 566.11407; The 
enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-PrOH = 80:20, 1.0 
mL/min, tminor = 12.7 min, tmajor = 24.8 min). 

tert-butyl (E)-4-(2-(ethoxycarbonyl)-3-phenylallyl)-5-oxo-4-(4-
(trifluoromethyl)benzyl)isoxazolidine-2-carboxylate (5j): Following 
the general procedure A with tert-butyl 5-oxo-4-(4-
(trifluoromethyl)benzyl)isoxazolidine-2-carboxylate 2h (34.5 mg, 0.10 
mmol, 1.0 eq.) and ethyl 2-(((tert-

butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 mmol, 1.5 eq.), the title compound 
5j was obtained as a colorless oil (43.8 mg, 82%, E/Z= 10:1, e.r.= 85:15 (major diastereomer)). 
[𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 25.2° (c = 0.50, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.93 (s, 1H), 7.48 (d, 
J = 7.9 Hz, 2H), 7.34 – 7.27 (m, 3H), 7.23 – 7.11 (m, 4H), 4.28 (q, J = 7.1 Hz, 2H), 3.87 (d, J = 11.1 
Hz, 1H), 3.74 (d, J = 11.1 Hz, 1H), 3.11 (s, 2H), 3.04 (d, J = 13.9 Hz, 1H), 2.70 (d, J = 13.9 Hz, 
1H), 1.47 (s, 9H), 1.36 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.1, 
167.5, 154.8, 143.8, 139.0, 134.9, 130.6, 129.7 (q, J= 32.6 Hz), 128.8, 128.7, 128.7, 127.8, 125.6 (q, 
J= 3.7 Hz), 124.0 (q, J= 272.0 Hz), 83.9, 61.5, 54.6, 49.7, 40.4, 31.6, 28.0, 14.1 ppm; IR (film): ν 
(cm-1) 2919, 2849, 1798, 1714, 1634, 1447, 1370, 1326, 1255, 1203, 1163, 1125, 1068, 1019, 850, 
764, 701; HRMS (MALDI-FT ICR): m/z calcd for C28H30F3NNaO6 [M+Na]+= 556.19174, found: 
556.19087; The enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-hexane:i-
PrOH = 80:20, 0.5 mL/min, tmajor = 14.3 min, tminor = 25.6 min). 

 tert-butyl (E)-4-(2,5-dimethylbenzyl)-4-(2-(ethoxycarbonyl)-3-
phenylallyl)-5-oxoisoxazolidine-2-carboxylate (5k): Following the 
general procedure A with t tert-butyl 4-(2,5-dimethylbenzyl)-5-
oxoisoxazolidine-2-carboxylate 2i (30.5 mg, 0.10 mmol, 1.0 eq.) and ethyl 
2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 

mmol, 1.5 eq.), the title compound 5k was obtained as a colorless oil (32.1 mg, 65%, E/Z= 8:1, 
e.r.= 89:11 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 66.9° (c= 1.00, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.93 (s, 1H), 7.37 – 7.28 (m, 3H), 7.28 – 7.19 (m, 2H), 7.00 (d, J = 7.5 Hz, 
1H), 6.94 (d, J = 8.0 Hz, 1H), 6.86 (s, 1H), 4.37 – 4.21 (m, 2H), 3.94 (d, J = 10.9 Hz, 1H), 3.56 (d, J 
= 10.9 Hz, 1H), 3.23 – 3.08 (m, 2H), 2.96 (d, J = 14.4 Hz, 1H), 2.73 (d, J = 14.4 Hz, 1H), 2.21 (s, 
3H), 2.07 (s, 3H), 1.47 (s, 9H), 1.37 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 
298 K) δ 175.7, 167.6, 154.8, 143.5, 136.0, 135.1, 133.8, 133.6, 130.8, 130.6, 128.9, 128.8, 128.6, 
128.3, 128.0, 83.6, 61.4, 54.2, 50.3, 36.3, 32.2, 28.1, 20.9, 19.5, 14.1 ppm; IR (film): ν (cm-1) 
2981, 2932, 1796, 1714, 1629, 1504, 1447, 1369, 1257, 1201, 1147, 1099, 1022, 848, 813, 755, 
701; HRMS (MALDI-FT ICR): m/z calcd for C29H35NNaO6 [M+Na]+= 516.23566, found: 
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516.23513; The enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-
PrOH = 90:10, 0.5 mL/min, tminor = 31.4 min, tmajor = 46.0 min). 

tert-butyl (E)-4-(2,4-dichlorobenzyl)-4-(2-(ethoxycarbonyl)-3-
phenylallyl)-5-oxoisoxazolidine-2-carboxylate (5l): Following the 
general procedure A with tert-butyl 4-(2,4-dichlorobenzyl)-5-
oxoisoxazolidine-2-carboxylate 2j (34.6 mg, 0.10 mmol, 1.0 eq.) and ethyl 
2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 0.15 

mmol, 1.5 eq.), the title compound 5l was obtained as a colorless oil (40.1 mg, 75%, E/Z= 9:1, e.r.= 
84:16 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 37.4° (c= 0.80, CHCl3). 1H NMR (300 MHz, Chloroform-d, 
298 K) δ 7.96 (s, 1H), 7.45 – 7.27 (m, 6H), 7.12 (s, 2H), 4.29 (q, J = 7.2 Hz, 2H), 3.98 (d, J = 11.2 
Hz, 1H), 3.55 (d, J = 11.2 Hz, 1H), 3.25 – 3.10 (m, 2H), 3.02 – 2.95 (m, 2H), 1.46 (s, 9H), 1.36 (d, J 
= 7.2 Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.1, 167.5, 154.7, 143.8, 135.8, 
135.0, 134.1, 132.6, 131.9, 129.5, 128.8, 128.8, 128.3, 127.8, 127.7, 83.8, 61.5, 54.4, 50.4, 36.0, 
32.3, 28.0, 14.1 ppm; IR (film): ν (cm-1) 2979, 1796, 1717, 1475, 1370, 1255, 1202, 1146, 1020, 
849, 759, 700; HRMS (MALDI-FT ICR): m/z calcd for C27H29Cl2NNaO6 [M+Na]+= 556.12641, 
found: 556.12767; The enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-
hexane:i-PrOH = 80:20, 0.5 mL/min, tminor = 13.7 min, tmajor= 15.8 min). 

tert-butyl (E)-4-(2-(ethoxycarbonyl)-3-phenylallyl)-4-(naphthalen-2-
ylmethyl)-5-oxoisoxazolidine-2-carboxylate (5m): Following the 
general procedure A with tert-butyl 4-(naphthalen-2-ylmethyl)-5-
oxoisoxazolidine-2-carboxylate 2k (32.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate 3a (46.0 mg, 

0.15 mmol, 1.5 eq), the title compound 5m was obtained as a colorless oil (40.2 mg, 78%, E/Z= 9:1, 
e.r.= 91:9 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 22.0° (c = 0.37, CHCl3). 1H NMR (300 MHz, Chloroform-
d, 298 K) δ 7.91 (s, 1H), 7.87 – 7.78 (m, 1H), 7.78 – 7.70 (m, 2H), 7.54 (s, 1H), 7.52 – 7.43 (m, 
2H), 7.22 – 7.08 (m, 6H), 4.29 (q, J = 6.8 Hz, 2H), 3.96 – 3.83 (m, 2H), 3.26 – 3.14 (m, 3H), 2.83 
(d, J = 13.9 Hz, 1H), 1.39 (d, J = 16.1 Hz, 12H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 
175.7, 167.7, 154.8, 143.6, 134.8, 133.4, 132.6, 132.4, 129.3, 128.7, 128.6, 128.6, 128.4, 128.2, 
128.0, 127.8, 127.6, 126.8, 126.1, 83.6, 61.5, 54.4, 50.0, 41.0, 31.8, 28.0, 14.1 ppm; IR (film): ν 
(cm-1) 2981, 2936, 1796, 1711, 1631, 1369, 1251, 1202, 1147, 1099, 1020, 849, 757, 700; HRMS 
(MALDI-FT ICR): m/z calcd for C31H32NNaO6 [M+Na]+= 538.22001, found: 53821925; The 
enantioselectivity was determined by HPLC (YMC Cellulose-SB column, n-hexane:i-PrOH = 
80:20, 0.5 mL/min, 10 °C, tminor = 19.2 min, tmajor = 25.6 min). 

tert-butyl (E)-4-benzyl-4-(2-(ethoxycarbonyl)-3-(p-tolyl)allyl)-5-
oxoisoxazolidine-2-carboxylate (5n): Following the general procedure A 
with tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 
0.10 mmol, 1.0 eq.) and ethyl 2-(((tert-butoxycarbonyl)oxy)(p-
tolyl)methyl)acrylate3d (48.0 mg, 0.15 mmol, 1.5 eq.), the title compound 

5n was obtained as a colorless oil (39.8 mg, 83%, E/Z= 7:1, e.r.= 92:8 (major diastereomer)). 
[𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 48.8° (c= 0.80, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.87 (s, 1H), 7.30 – 
7.23 (m, 3H), 7.13 – 7.03 (m, 6H), 4.27 (q, J = 7.1 Hz, 2H), 3.90 – 3.77 (m, 2H), 3.15 (s, 2H), 3.04 
(d, J = 14.0 Hz, 1H), 2.68 (d, J = 14.0 Hz, 1H), 2.35 (s, 3H), 1.46 (s, 9H), 1.35 (t, J = 7.1 Hz, 3H) 
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ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.7, 167.8, 154.9, 143.6, 138.9, 134.9, 131.9, 
130.4, 129.5, 129.0, 128.7, 127.4, 127.0, 83.6, 61.4, 54.4, 49.8, 40.9, 31.8, 28.1, 21.3, 14.1 ppm; IR 
(film): ν (cm-1) 2979, 2928, 1797, 1715, 1629, 1497, 1369, 1292, 1147, 1021, 848, 813, 759, 703; 
HRMS (MALDI-FT ICR): m/z calcd for C28H33NNaO6 [M+Na]+= 502.22001, found: 502.21964; 
The enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-PrOH = 80:20, 
1.0 mL/min, tminor = 15.8 min, tmajor = 25.2 min). 

tert-butyl (E)-4-benzyl-4-(2-(ethoxycarbonyl)-3-(4-
isopropylphenyl)allyl)-5-oxoisoxazolidine-2-carboxylate (5o): 
Following the general procedure A with tert-butyl 4-benzyl-5-
oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(4-isopropylphenyl)methyl)acrylate 3e 

(52.3 mg, 0.15 mmol, 1.5 eq.), the title compound 5o was obtained as a colorless oil (34.0 mg, 67%, 
E/Z= 6:1, e.r.= 91:9 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 45.7° (c = 1.00, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.85 (s, 1H), 7.29 – 7.22 (m, 3H), 7.15 – 7.05 (m, 6H), 4.27 (q, J = 7.1 Hz, 
2H), 3.86 (s, 2H), 3.22 – 3.09 (m, 2H), 3.05 (d, J = 14.0 Hz, 1H), 2.96 – 2.83 (m, 1H), 2.71 (d, J = 
14.0 Hz, 1H), 1.46 (s, 9H), 1.35 (t, J = 7.1 Hz, 3H), 1.26 (s, 3H), 1.24 (s, 3H). ppm; 13C NMR (75 
MHz, Chloroform-d, 298 K) δ 175.8, 167.9, 154.9, 149.8, 143.6, 134.9, 132.2, 130.5, 129.2, 128.8, 
128.7, 127.4, 126.9, 83.6, 61.4, 54.4, 49.7, 41.1, 33.9, 31.8, 28.1, 23.8, 23.8, 14.1 ppm; IR (film): ν 
(cm-1) 2979, 1797, 1714, 1635, 1455, 1369, 1253, 1146, 1017, 848, 703; HRMS (MALDI-FT 
ICR): m/z calcd for C30H37NNaO6 [M+Na]+= 530.25131, found: 530.25046; The enantioselectivity 
was determined by HPLC (Chiralpak AD-H column, n-hexane:i-PrOH = 80:20, 0.5 mL/min, tmajor= 
14.2 min, tminor = 15.6 min). 

tert-butyl (E)-4-benzyl-4-(3-(4-(tert-butyl)phenyl)-2-
(ethoxycarbonyl)allyl)-5-oxoisoxazolidine-2-carboxylate (5p): 
Following the general procedure A with tert-butyl 4-benzyl-5-
oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(4-(tert-butyl)phenyl)methyl)acrylate 

3f (54.4 mg, 0.15 mmol, 1.5 eq.), the title compound 5p was obtained as a colorless oil (40.2 mg, 
77%, E/Z= 8:1, e.r.= 91:9 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 63.4° (c = 0.80, CHCl3). 1H NMR (400 
MHz, Chloroform-d, 298 K) δ 7.84 (s, 1H), 7.32 – 7.22 (m, 5H), 7.11 (d, J = 7.8 Hz, 4H), 4.33 – 
4.21 (m, 2H), 3.91 – 3.83 (m, 2H), 3.23 – 3.10 (m, 2H), 3.05 (d, J = 13.9 Hz, 1H), 2.73 (d, J = 13.9 
Hz, 1H), 1.47 (s, 9H), 1.38 – 1.29 (m, 12H) ppm; 13C NMR (100 MHz, Chloroform-d, 298 K) δ 
175.8, 167.8, 154.8, 152.0, 143.4, 134.9, 131.7, 130.4, 128.9, 128.6, 127.3, 126.8, 125.6, 83.5, 61.3, 
54.4, 49.5, 40.9, 34.6, 31.7, 31.1, 28.0, 14.0 ppm; IR (film): ν (cm-1) 3023, 2966, 2929, 2856, 
1798, 1713, 1456, 1394, 1319, 1295, 1255, 1216, 1192, 1147, 1023, 849, 758, 703, 667; HRMS 
(MALDI-FT ICR): m/z calcd for C31H39NNaO6 [M+Na]+= 544.26696, found: 544.26616; The 
enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-PrOH = 80:20, 1.0 
mL/min, tminor = 12.2 min, tmajor = 19.9 min). 
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tert-butyl (E)-4-(3-([1,1'-biphenyl]-4-yl)-2-(ethoxycarbonyl)allyl)-4-
benzyl-5-oxoisoxazolidine-2-carboxylate (5q): Following the general 
procedure A with tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate 
2a (27.7 mg, 0.10 mmol, 1.0 eq.) and ethyl 2-([1,1'-biphenyl]-4-yl((tert-
butoxycarbonyl)oxy)methyl)acrylate 3g (57.4 mg, 0.15 mmol, 1.5 eq.), 

the title compound 5q was obtained as a colorless oil (49.8 mg, 92%, E/Z= 8:1, e.r.= 92:8 (major 
diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 44.1° (c= 1.00, CHCl3). 1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.92 
(s, 1H), 7.61 (d, J = 7.7 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 7.7 Hz, 2H), 7.40 (d, J = 7.4 
Hz, 1H), 7.34 (d, J = 8.3 Hz, 1H), 7.25 (d, J = 6.3 Hz, 4H), 7.15 – 7.04 (m, 2H), 4.30 (q, J = 7.1 Hz, 
2H), 3.89 (s, 2H), 3.27 – 3.13 (m, 2H), 3.07 (d, J = 13.9 Hz, 1H), 2.74 (d, J = 13.9 Hz, 1H), 1.47 (s, 
9H), 1.37 (t, J = 7.1 Hz, 3H). ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.7, 167.7, 
154.9, 143.1, 141.4, 140.1, 134.9, 133.7, 130.4, 129.6, 128.9, 128.8, 127.8, 127.5, 127.4, 127.0, 
127.0, 83.7, 61.5, 54.5, 49.8, 40.9, 31.8, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2978, 2924, 2849, 
1797, 1713, 1628, 1604, 1488, 1455, 1369, 1291, 1253, 1146, 1097, 1007, 848, 763, 700; HRMS 
(MALDI-FT ICR): m/z calcd for C33H35NNaO6 [M+Na]+= 564.23566, found: 564.23490; The 
enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-PrOH = 80:20, 1.0 
mL/min, tminor = 17.1 min, tmajor = 25.6 min). 

tert-butyl (E)-4-benzyl-4-(2-(ethoxycarbonyl)-3-(4-
methoxyphenyl)allyl)-5-oxoisoxazolidine-2-carboxylate (5r): 
Following the general procedure A with tert-butyl 4-benzyl-5-
oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(4-methoxyphenyl)methyl)acrylate 

3h (50.4 mg, 0.15 mmol, 1.5 eq.), the title compound 5r was obtained as a colorless oil (40.1 mg, 
81%, E/Z= 11:1, e.r.= 92:8 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 39.6° (c = 1.00, CHCl3). 1H NMR (400 
MHz, Chloroform-d, 298 K) δ 7.82 (s, 1H), 7.31 – 7.26 (m, 3H), 7.17 – 7.08 (m, 4H), 6.79 (d, J = 
8.8 Hz, 2H), 4.26 (m, 2H), 3.87 (s, 2H), 3.82 (s, 3H), 3.16 (s, 2H), 3.06 (d, J = 13.9 Hz, 1H), 2.74 
(d, J = 13.9 Hz, 1H), 1.46 (s, 9H), 1.34 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (150 MHz, Chloroform-
d, 298 K) δ 175.8, 168.0, 160.0, 154.9, 143.2, 135.0, 130.9, 130.5, 128.7, 127.4, 127.2, 125.6, 
114.2, 83.6, 61.3, 55.3, 54.4, 49.8, 41.0, 31.7, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2981, 2921, 
2850, 1796, 1709, 1605, 1512, 1456, 1369, 1303, 1255, 1176, 1146, 1030, 847, 759, 700; HRMS 
(MALDI-FT ICR): m/z calcd for C28H33NNaO6 [M+Na]+= 518.21492, found: 518.21503; The 
enantioselectivity was determined by HPLC (Chiralpak IC column, n-hexane:i-PrOH = 80:20, 1.0 
mL/min, tminor = 21.8 min, tmajor = 32.6 min). 

tert-butyl (E)-4-benzyl-4-(3-(4-chlorophenyl)-2-
(ethoxycarbonyl)allyl)-5-oxoisoxazolidine-2-carboxylate (5s): 
Following the general procedure A with tert-butyl 4-benzyl-5-
oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(4-chlorophenyl)methyl)acrylate 3i 

(51.1 mg, 0.15 mmol, 1.5 eq.), the title compound 5s was obtained as a colorless oil (39.0 mg, 78%, 
E/Z= 5:1, e.r.= 92:8 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 37.9° (c = 1.00, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.81 (s, 1H), 7.33 – 7.19 (m, 5H), 7.14 – 7.01 (m, 4H), 4.27 (q, J = 7.1 Hz, 
2H), 3.88 – 3.75 (m, 2H), 3.07 (s, 2H), 3.02 (d, J = 14.0 Hz, 1H), 2.69 (d, J = 14.0 Hz, 1H), 1.47 (s, 
9H), 1.35 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.5, 167.4, 154.9, 
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142.1, 134.7, 134.6, 133.2, 130.4, 130.1, 129.0, 128.8, 128.6, 127.5, 83.8, 61.6, 54.4, 49.8, 40.8, 
31.4, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2981, 1798, 1713, 1634, 1490, 1369, 1253, 1146, 1093, 
1013, 762, 703; HRMS (MALDI-FT ICR): m/z calcd for C27H30ClNNaO6 [M+Na]+= 522.16539, 
found: 522.16470; The enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-
hexane:i-PrOH = 80:20, 0.5 mL/min, tmajor= 15.1 min, tminor = 17.9 min). 

tert-butyl (E)-4-benzyl-4-(3-(4-bromophenyl)-2-
(ethoxycarbonyl)allyl)-5-oxoisoxazolidine-2-carboxylate (5t): 
Following the general procedure A with tert-butyl 4-benzyl-5-
oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-((4-bromophenyl)((tert-butoxycarbonyl)oxy)methyl)acrylate 3j 

(57.8 mg, 0.15 mmol, 1.5 eq.), the title compound 5t was obtained as a colorless oil (44.1 mg, 81%, 
E/Z= 5:1, e.r.= 91:9 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 27.0° (c = 0.80, CHCl3). 1H NMR (300 MHz, 
Chloroform-d, 298 K) δ 7.78 (s, 1H), 7.40 (d, J = 8.2 Hz, 2H), 7.30 – 7.22 (m, 3H), 7.08 – 7.04 (m, 
2H), 7.01 (d, J = 8.2 Hz, 2H), 4.27 (q, J = 7.1 Hz, 2H), 3.87 – 3.74 (m, 2H), 3.06 (s, 2H), 3.01 (d, J 
= 13.9 Hz, 1H), 2.68 (d, J = 13.9 Hz, 1H), 1.47 (s, 9H), 1.34 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (75 
MHz, Chloroform-d, 298 K) δ 175.5, 167.4, 154.9, 142.2, 134.7, 133.7, 132.0, 130.3, 128.8, 128.7, 
127.5, 122.8, 83.8, 61.6, 54.4, 49.8, 40.8, 31.4, 28.1, 14.1 ppm; IR (film): ν (cm-1) 2978, 1797, 
1712, 1636, 1487, 1456, 1393, 1369, 1308, 1252, 1146, 1074, 1010, 847, 811, 762, 703; HRMS 
(MALDI-FT ICR): m/z calcd for C27H30BrNNaO6 [M+Na]+= 566.11487, found: 566.11408; The 
enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-hexane:i-PrOH = 80:20, 
0.5 mL/min, tmajor= 15.1 min, tminor = 18.8 min). 

tert-butyl (E)-4-benzyl-4-(2-(ethoxycarbonyl)-3-(4-nitrophenyl)allyl)-
5-oxoisoxazolidine-2-carboxylate (5u): Following the general 
procedure A with tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate 
2a (27.7 mg, 0.10 mmol, 1.0 eq.) and ethyl 2-(((tert-
butoxycarbonyl)oxy)(4-nitrophenyl)methyl)acrylate 3k (52.7 mg, 0.15 

mmol, 1.5 eq.), the title compound 5u was obtained as a colorless oil (28.1 mg, 55%, E/Z= 5:1, 
e.r.= 93:7 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 19.5° (c = 0.80, CHCl3). 1H NMR (400 MHz, Chloroform-
d, 298 K) δ 8.11 (d, J = 8.5 Hz, 2H), 7.86 (s, 1H), 7.28 (d, J = 8.5 Hz, 2H), 7.27 – 7.20 (m, 3H), 
7.04 (d, J = 7.3 Hz, 2H), 4.37 – 4.22 (m, 2H), 3.82 (d, J = 11.0 Hz, 1H), 3.79 (d, J = 11.0 Hz, 1H), 
3.03 (s, 2H), 2.99 (d, J = 14.0 Hz, 1H), 2.70 (d, J = 14.0 Hz, 1H), 1.48 (s, 9H), 1.35 (t, J = 7.1 Hz, 
3H) ppm; 13C NMR (100 MHz, Chloroform-d, 298 K) δ 175.1, 166.8, 154.8, 147.3, 141.4, 140.7, 
134.5, 131.1, 130.2, 129.4, 128.7, 127.5, 123.8, 83.9, 61.8, 54.4, 49.7, 40.8, 31.2, 28.0, 13.9 ppm; 
IR (film): ν (cm-1) 2983, 2933, 2850, 1794, 1719, 1710, 1600, 1476, 1456, 1394, 1370, 1347, 1302, 
1254, 1205, 1146, 1110, 1015, 852, 756, 703; HRMS (MALDI-FT ICR): m/z calcd for 
C27H32N2NaO8 [M+2H+Na]+= 535.20509, found: 535.20425; The enantioselectivity was 
determined by HPLC (Chiralpak AD-H column, n-hexane:i-PrOH = 80:20, 0.5 mL/min, tmajor= 26.3 
min, tminor = 30.0 min). 
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tert-butyl (E)-4-benzyl-4-(3-(2,3-dichlorophenyl)-2-
(ethoxycarbonyl)allyl)-5-oxoisoxazolidine-2-carboxylate (5v): 
Following the general procedure A with tert-butyl 4-benzyl-5-
oxoisoxazolidine-2-carboxylate 2a (27.7 mg, 0.10 mmol, 1.0 eq.) and 
ethyl 2-(((tert-butoxycarbonyl)oxy)(2,3-dichlorophenyl)methyl)acrylate 3l 

(56.3 mg, 0.15 mmol, 1.5 eq.), the title compound 5v was obtained as a colorless oil (41.9 mg, 90%, 
E/Z= 4:1, e.r.= 93:7 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 25.3° (c= 0.80, CHCl3). 1H NMR (400 MHz, 
Chloroform-d, 298 K) δ 7.81 (s, 1H), 7.41 (d, J = 7.9 Hz, 1H), 7.23 – 7.17 (m, 3H), 7.14 (t, J = 7.9 
Hz, 1H), 7.04 – 6.96 (m, 3H), 4.36 – 4.21 (m, 2H), 3.82 (d, J = 11.0 Hz, 1H), 3.77 (d, J = 11.0 Hz, 
1H), 2.99 – 2.92 (m, 3H), 2.59 (d, J = 13.9 Hz, 1H), 1.47 (s, 9H), 1.35 (t, J = 7.1 Hz, 3H). ppm; 13C 
NMR (100 MHz, Chloroform-d, 298 K) δ 175.2, 166.8, 154.9, 140.2, 135.8, 134.6, 133.6, 131.6, 
130.7, 130.3, 130.1, 128.5, 127.7, 127.4, 127.3, 83.7, 61.6, 54.4, 49.7, 40.4, 31.6, 28.0, 14.0. ppm; 
IR (film): ν (cm-1) 3017, 2928 2856, 1795, 1717, 1641, 1559, 1456, 1411, 1395, 1371, 1216, 1184, 
1149, 1098, 1049, 1024, 848, 760, 702, 668; HRMS (MALDI-FT ICR): m/z calcd for 
C27H29Cl2NNaO6 [M+Na]+= 556.12641, found: 556.12582; The enantioselectivity was determined 
by HPLC (Chiralpak IC column, n-hexane:i-PrOH = 80:20, 1.0 mL/min, tminor = 13.0 min, tmajor = 
17.2 min). 

tert-butyl (E)-4-benzyl-4-(2-(ethoxycarbonyl)-3-(naphthalen-2-
yl)allyl)-5-oxoisoxazolidine-2-carboxylate (5w): Following the general 
procedure A with tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate 
2a (27.7 mg, 0.10 mmol, 1.0 eq.) and ethyl 2-(((tert-
butoxycarbonyl)oxy)(naphthalen-2-yl)methyl)acrylate 3m (53.5 mg, 0.15 

mmol, 1.5 eq.), the title compound 5w was obtained as a colorless oil (32.0 mg, 62%, E/Z= 7:1, 
e.r.= 91:9 (major diastereomer)). [𝜶𝜶]𝑫𝑫𝟐𝟐𝟐𝟐= 45.3° (c = 0.80, CHCl3). 1H NMR (300 MHz, Chloroform-
d, 298 K) δ 8.06 (s, 1H), 7.89 – 7.68 (m, 4H), 7.59 – 7.47 (m, 2H), 7.40 – 7.20 (m, 2H), 7.16 – 7.07 
(m, 2H), 7.05 – 6.92 (m, 2H), 4.31 (q, J = 7.1 Hz, 2H), 3.89 (d, J = 11.0 Hz, 1H), 3.80 (d, J = 11.0 
Hz, 1H), 3.22 (s, 2H), 3.05 (d, J = 13.9 Hz, 1H), 2.65 (d, J = 13.9 Hz, 1H), 1.45 (s, 9H), 1.38 (t, J = 
7.1 Hz, 3H) ppm; 13C NMR (75 MHz, Chloroform-d, 298 K) δ 175.5, 167.7, 154.9, 143.6, 134.8, 
133.1, 133.0, 132.4, 130.2, 128.8, 128.6, 128.5, 128.4, 128.2, 127.7, 127.4, 126.9, 126.6, 125.9, 
83.63, 61.49, 54.60, 49.93, 40.79, 31.96, 28.05, 14.13. ppm; IR (film): ν (cm-1) 3017, 2928, 2856, 
1795, 1717, 1641, 1456, 1411, 1395, 1371, 1216, 1184, 1149, 1098, 1049, 1024, 848, 760, 702, 
668; HRMS (MALDI-FT ICR): m/z calcd for C31H33NNaO6 [M+Na]+= 538.22001, found: 
538.21934; The enantioselectivity was determined by HPLC (Chiralpak AD-H column, n-hexane:i-
PrOH = 80:20, 0.5 mL/min, tmajor= 18.6 min, tminor = 21.4 min). 
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tert-butyl 4-benzyl-4-(2-benzyl-3-ethoxy-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (6a): 
5a (22.7 mg, 0.05 mmol, 1 eq.) was dissolved in MeOH and Pd/C 
(10%w/w, 2.1 mg, 0.002 mmol, 0.04 eq.) was added followed by three 
freeze-pump-thaw cycles to remove any remaining oxygen. The reaction 
mixture was flushed with hydrogen, and then vigorously stirred under a 
hydrogen atmosphere (balloon) over night at room temperature. The 
catalyst was filtered off over a pad of Celite® and washed 3 times with 

DCM. The filtrate was concentrated to give (6a) as a colourless oil (22.4 mg, 0.05 mmol, quant., 
d.r.=2:1). 1H NMR (700 MHz, δ, CDCl3, 298 K): Major: 1.12 (t, J = 7.1 Hz, 3H), 1.46 (s, 9H), 1.77 
(dd, J = 14.6, 1.8 Hz, 1H), 2.19-2.26 (m, 1H), 2.68-2.72 (m, 1H), 2.73 (d, J = 13.9 Hz, 1H), 2.84-
2.91 (m, 1H), 2.92-2.96 (m, 1H), 2.95 (d, J = 13.9 Hz, 1H), 3.71 (d, J = 11.1 Hz, 1H), 3.88 (d, 
J = 11.1 Hz, 1H), 4.00-4.08 (m, 2H), 6.98-7.00 (m, 1H), 7.08 (d, J = 11.1 Hz 1H), 7.13-7.15 (m, 
1H), 7.22-7.31 (m, 7H). Minor: 1.15 (t,  J = 7.1 Hz, 3H), 1.48 (s, 9H), 1.86 (dd, J = 14.8, 2.6 Hz, 
1H), 2.19-2.26 (m, 1H), 2.68-2.72 (m, 1H), 2.80 (d, J = 13.9 Hz, 1H), 2.84-2.91 (m, 1H), 2.92-2.96 
(m, 1H), 3,00 (d, J = 13.9 Hz, 1H), 3.75 (d, J = 11.0 Hz, 1H), 3.90 (d, J = 11.0 Hz, 1H), 4.00-4.08 
(m, 2H), 6.98-7.00 (m, 1H), 7.12-7.15 (m, 2H), 7.22-7.31 (m, 7H). 13C NMR (176 MHz, δ, CDCl3, 
298 K): Major: 14.1, 28.2, 35.4, 40.0, 40.5, 43.5, 48.9, 56.0, 61.0, 84.0, 127.0, 127.6, 128.7, 128.9, 
129.3, 130.2, 134.7, 138.0, 155.7, 174.7, 175.7. Minor: 14.1, 28.2, 29.8, 36.3, 39.7, 40.1, 43.1, 48.8, 
55.3, 61.1, 84.0, 126.9, 127.7, 128.7, 128.8, 129.1, 130.3, 134.7, 138.1, 155.5, 174.8, 175.4. IR 
(film): ν (cm-1) 3326, 3030, 2979, 2926, 2853, 1792, 1719, 1455, 1369, 1275, 1146, 1029, 847, 
747, 700. HRMS (ESI): m/z calcd for C27H33NO6: 468.2381[M+H]+; found: 468.2370. 

2,4-dibenzyl-2-(((tert-butoxycarbonyl)amino)methyl)-5-ethoxy-5-oxopentanoic acid (7a): 5a 
(57.6 mg, 0.12 mmol, 1 eq.) was dissolved in MeOH and Pd/C (10%w/w, 
13.2 mg, 0.012 mmol, 0.1 eq.) was added followed by three freeze-pump-
thaw cycles to remove any remaining oxygen. The reaction mixture was 
flushed with hydrogen, and then vigorously stirred under a hydrogen 
atmosphere (balloon) over night at room temperature. The catalyst was 
filtered off over a pad of Celite® and washed 3 times with DCM. The 

filtrate was concentrated to give (7a) as a colourless oil (57.1 mg, 0.12 mmol, quant., d.r.=2:1). 
Mixture of diastereomers (ratio 2:1): 1H NMR (300 MHz, δ, CDCl3, 298 K): 0.88-0.98 (m, 3H), 
1.48 (s, 9H), 1.66-1.84 (m, 1H), 2.23-2.34 (m, 1H), 2.67-2.99 (m, 6H), 3.33-3.55 (m, 1H), 3.88-3.99 
(m, 2H), 7.10-7.27 (m, 10H). 13C NMR (75 MHz, δ, CDCl3, 298 K): 13.9, 28.4, 35.8, 40.7, 41.1, 
43.4, 43.7, 51.4, 60.6, 79.5, 126.6, 126.8, 128.3, 128.4, 129.1, 130.1, 130.2, 136.1, 138.3, 138.4, 
156.2, 176.1, 180.5. IR (film): ν (cm-1) 3370, 2978, 2927, 2854, 1712, 1497, 1454, 1392, 1366, 
1325, 1248, 1163, 1046, 1023, 990, 851, 700. HRMS (ESI): m/z calcd for C27H33NO6: 
470.2537[M+H]+; found: 470.2528. 
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1.2.3 General procedure for the synthesis of benzyl-substituted isoxazolidin-5-one 2a-k: 
The benzyl-substituted isoxazolidin-5-one 2 were prepared according to literature.5,6 
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To a stirred solution of Meldrum's acid (1.0 eq., 2.08 mmol) in ethanol (10 ml ) was added 
potassium phosphate (0.20 eq., 0.416 mmol ) and the appropriate substituted benzaldehyde (1.0 eq., 
2.08 mmol). After 24-48 h the temperature of the reaction mixture was cooled at 0 °C and sodium 
borohydride (1.05 eq., 2.18 mmol) was added and the mixture was stirred overnight at room 
temperature. Afterward, 1 M aqueous HCl was added drop by drop until the pH value to 7 (or 6-5). 
Ethanol was removed by using a rotary evaporator and the crude product was extracted with ethyl 
acetate (3x60 mL). The combined organic phases washed with brine and dried over Na2SO4, the 
solvent evaporated and the residue dried in vacuo to yield derivatives of meldrum’s acid S1. 

To a solution of crude S1 in THF (0.1 M) were added tert-butyl hydroxy(tosylmethyl)carbamate 
(1.0 eq.) and K2CO3(2.5 eq.) at 25 °C. After 24h, the reaction mixture was filtered through a pad of 
sodium sulphate, washed with DCM and the filtrates were evaporated under reduced pressure to 
give the crude residue that was purified by chromatography (silica gel, heptane-ethyl acetate, 25/1 
to 15/1) to yield benzyl-substituted isoxazolidin-5-one 2 as a oil or a white/yellow solid. 

 

tert-butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate (2a): 

Known compound7 

 

tert-butyl 4-(4-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (2b): 

1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.14 (d, J = 7.8 Hz, 2H), 7.08 (d, J = 
7.8 Hz, 2H), 4.24 – 4.03 (m, 1H), 3.81 – 3.60 (m, 1H), 3.31 – 3.04 (m, 2H), 2.76 
(dd, J = 13.7, 9.4 Hz, 1H), 2.33 (s, 3H), 1.51 (s, 9H) ppm; 

13C NMR (75 MHz, Chloroform-d, 298 K): δ 174.3, 156.0, 136.9, 133.8, 129.6, 
128.6, 84.1, 52.9, 42.2, 34.0, 28.0, 21.0 ppm. 

                                                            
5 U. V. Desai, D. M. Pore, R. B. Mane, S. B. Solabannavar, P. P. Wadgaonkar, Synthetic Communications, 2004, 34, 25-
32. 
6 T. Cadart, C. Berthonneau, V. Levacher, S.Perrio, J.-F. Brière, Chem. Eur. J., 2016, 22, 15261-15264. 
7 T. Tite, M. Sabbah, V. Levacher, J. F. Brière, Chem. Commun., 2013, 49, 11569-11571. 
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tert-butyl 4-(4-(tert-butyl)benzyl)-5-oxoisoxazolidine-2-carboxylate (2c): 
1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.35 (d, J = 8.0 Hz, 2H), 7.13 (d, J 
= 8.0 Hz, 2H), 4.16 (dd, J = 11.0, 8.3 Hz, 1H), 3.82 – 3.62 (m, 1H), 3.33 – 3.03 
(m, 2H), 2.76 (dd, J = 13.7, 9.6 Hz, 1H), 1.52 (s, 9H), 1.31 (s, 9H) ppm; 
13C NMR (75 MHz, Chloroform-d, 298 K) δ 174.4, 156.0, 150.2, 133.9, 128.4, 
125.9, 84.1, 53.0, 42.2, 34.5, 34.0, 31.3, 28.1 ppm. 

tert-butyl 4-([1,1'-biphenyl]-4-ylmethyl)-5-oxoisoxazolidine-2-carboxylate 
(2d): 
1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.64 – 7.52 (m, 4H), 7.45 (t, J = 
7.4 Hz, 2H), 7.37 (d, J = 7.4 Hz, 1H), 7.27 (d, J = 7.9 Hz, 2H), 4.20 (dd, J = 
11.1, 8.2 Hz, 1H), 3.85 – 3.66 (m, 1H), 3.36 – 3.12 (m, 2H), 2.86 (dd, J = 
13.7, 9.4 Hz, 1H), 1.53 (s, 9H) ppm;  
13C NMR (75 MHz, Chloroform-d, 298 K) δ 174.2, 156.0, 140.5, 140.2, 
136.0, 129.2, 128.9, 127.7, 127.5, 127.0, 84.2, 53.0, 42.2, 34.1, 28.1 ppm. 

 

tert-butyl 4-(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate (2e): 

Known compound7 

 

tert-butyl 4-(4-chlorobenzyl)-5-oxoisoxazolidine-2-carboxylate (2f): 

Known compound8 

 

tert-butyl 4-(4-bromobenzyl)-5-oxoisoxazolidine-2-carboxylate (2g): 

Known compound8 

 

tert-butyl 5-oxo-4-(4-(trifluoromethyl)benzyl)isoxazolidine-2-carboxylate 
(2h): 
1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.60 (d, J = 8.0 Hz, 2H), 7.33 (d, J 
= 8.0 Hz, 2H), 4.17 (dd, J = 11.1, 8.4 Hz, 1H), 3.77 – 3.59 (m, 1H), 3.37 – 3.11 
(m, 2H), 2.89 (dd, J = 13.9, 9.2 Hz, 1H), 1.51 (s, 9H) ppm; 
13C NMR (75 MHz, Chloroform-d, 298 K) δ 173.8, 155.8, 140.9, 129.7 (q, J= 
32.6 Hz), 129.2, 126.0 (q, J= 3.7 Hz), 124.0 (q, J= 272.0 Hz), 84.4, 52.8, 41.8, 
34.2, 28.0 ppm. 

 

                                                            
8 J. S. Yu, H. Noda, M. Shibasaki, Angew. Chem. Int. Ed., 2018, 57, 818-822. 
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tert-butyl 4-(2,5-dimethylbenzyl)-5-oxoisoxazolidine-2-carboxylate (2i): 
1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.07 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 
7.7 Hz, 1H), 6.92 (s, 1H), 4.15 (dd, J = 11.1, 8.3 Hz, 1H), 3.79 – 3.67 (m, 1H), 3.28 
(dd, J = 14.3, 4.3 Hz, 2H), 3.21 – 3.05 (m, 1H), 2.72 (dd, J = 14.3, 10.4 Hz, 1H), 
2.31 (s, 3H), 2.29 (s, 3H), 1.53 (s, 9H) ppm; 
13C NMR (75 MHz, Chloroform-d, 298 K) δ 174.4, 156.0, 136.0, 135.1, 132.9, 
130.7, 129.8, 128.1, 84.2, 53.3, 41.1, 31.9, 28.1, 21.0, 18.9 ppm. 

 

tert-butyl 4-(2,4-dichlorobenzyl)-5-oxoisoxazolidine-2-carboxylate (2j): 
1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.40 (s, 1H), 7.21 (s, 2H), 4.17 (dd, 
J = 11.1, 8.2 Hz, 1H), 3.77 – 3.63 (m, 1H), 3.45 – 3.14 (m, 2H), 2.90 (dd, J = 
13.6, 8.2 Hz, 1H), 1.50 (s, 9H) ppm;  
13C NMR (75 MHz, Chloroform-d, 298 K) δ 173.8, 155.8, 134.7, 134.0, 133.3, 
131.9, 129.7, 127.7, 84.4, 52.9, 40.4, 31.5, 28.0 ppm. 

 

tert-butyl 4-(naphthalen-2-ylmethyl)-5-oxoisoxazolidine-2-carboxylate (2k): 

Known compound7 

 

 

 

 

  

N
Boc

O

O

2k

N
Boc

O

O

2j
Cl

Cl

N
Boc

O

O

2i



1.2.4 Preparation of Morita-Baylis-Hillman Carbonates 3a-m: 
The Morita-Baylis-Hillman carbonates 3 were prepared according to the literature.9,10 

H

O

OR1

O OH
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O

+
DABCO

RT
R R

OBoc
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O

R

Boc2O,
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DCM 
0°C to rt

24hS2 3
 

A mixture of aldehyde (1.0 eq, 4.41 mmol), acrylate (2.0 eq., 8.81 mmol) and DABCO (0.40 eq., 
1.76 mmol) was stirred for 3-7 days at rt. Then, the mixture was diluted with Et2O (30 mL) and 
washed with water (2x20 mL), 1M HCl (1x20 mL) and brine (10 mL). The organic phase was dried 
with sodium solphate and evaporated in vacuo to yield alcohols S2.  

Then, alcohols S2 were converted to the corresponding carbonates 3a-m: alcohol S1 (1.0 eq., 1.0 
mmol) and Boc2O (1.1 eq., 1.1 mmol) were dissolved in DCM (2.0 mL) and the solution was 
cooled to 0°C. Afterward, DMAP (0.10 eq., 0.10 mmol) was added and the reaction mixture stirred 
at room temperature for 24h. After 24h, the reaction mixture was diluted with CH2Cl2. The 
combined organic phase was washed with 4 N aq. HCl solution, saturated aq. NaHCO3 and brine. 
The organic layer, dried over anhydrous Na2SO4, filtered and vacuum at rotary evaporator to obtain 
an oil. The crude product was purified by chromatography (silica gel, heptane-ethyl acetate, 50/1 to 
20/1) to afford an oil or a white/pale yellow solid. 

ethyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate (3a): 

Known compound10 

 

benzyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate (3b): 

Known compound11 

 

tert-butyl 2-(((tert-butoxycarbonyl)oxy)(phenyl)methyl)acrylate (3c): 

Known compound12 

 

ethyl 2-(((tert-butoxycarbonyl)oxy)(p-tolyl)methyl)acrylate (3d): 

Known compound13 

 
                                                            
9 M. Kalyva, A. L. Zografos,E. Kapourani, E. Giambazolias, L. Devel, A. Papakyriakou, V. Dive, Y. G. Lazarou, D. 
Georgiadis, Chem. Eur. J., 2015, 21, 3278-3289. 
10 S. J. Singha Roy, S. Mukherjee, Chem. Commun., 2014, 50, 121-123. 
11 L. Zhang, H. Liu, G. Qiao, Z. Hou, Y. Liu, Y. Xiao, H. Guo, J. Am. Chem. Soc., 2015, 137, 4316-4319. 
12 S. Jayakumar, S. Muthusamy, M.j Prakash, V. Kesavan, Eur. J. Org. Chem., 2014, 1893-1898. 
13 S. Kayal, S. Mukherjee, Org. Lett., 2017, 19, 4944-4947. 
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ethyl 2-(((tert-butoxycarbonyl)oxy)(4-isopropylphenyl)methyl)acrylate 
(3e): 

Known compound13 

 

ethyl 2-(((tert-butoxycarbonyl)oxy)(4-(tert-butyl)phenyl)methyl)acrylate 
(3f): 

1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.39 – 7.27 (m, 4H), 6.47 (s, 1H), 
6.39 (s, 1H), 5.89 (s, 1H), 4.23 – 4.10 (m, 2H), 1.46 (s, 9H), 1.30 (s, 9H), 1.23 
(t, J = 7.1, 3H) ppm. 

 

ethyl 2-([1,1'-biphenyl]-4-yl((tert-butoxycarbonyl)oxy)methyl)acrylate 
(3g): 

1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.57 – 7.49 (m, 4H), 7.45 (d, J 
= 8.0 Hz, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.30 (d, J = 7.1 Hz, 1H), 6.52 (s, 1H), 
6.40 (s, 1H), 5.92 (s, 1H), 4.14 (d, J = 7.2 Hz, 2H), 1.44 (s, 9H), 1.20 (t, J = 
7.2 Hz, 3H) ppm. 

ethyl 2-(((tert-butoxycarbonyl)oxy)(4-methoxyphenyl)methyl)acrylate 
(3h): 

Known compound13 

 

ethyl 2-(((tert-butoxycarbonyl)oxy)(4-chlorophenyl)methyl)acrylate (3i): 

Known compound13 

 

ethyl 2-((4-bromophenyl)((tert-butoxycarbonyl)oxy)methyl)acrylate (3j): 

Known compound13 

 

ethyl 2-(((tert-butoxycarbonyl)oxy)(4-nitrophenyl)methyl)acrylate (3k): 

1H NMR (300 MHz, Chloroform-d, 298 K) δ 8.18 (d, J = 8.3 Hz, 2H), 7.58 (d, 
J = 8.3 Hz, 2H), 6.51 (s, 1H), 6.45 (s, 1H), 5.98 (s, 1H), 4.15 (q, J = 7.1 Hz, 

2H), 1.44 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H) ppm. 
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ethyl 2-(((tert-butoxycarbonyl)oxy)(2,3-dichlorophenyl)methyl)acrylate 
(3l): 

1H NMR (300 MHz, Chloroform-d, 298 K) δ 7.44 (d, J = 7.8 Hz, 1H), 7.32 (d, 
J = 7.8 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 6.89 (s, 1H), 6.47 (s, 1H), 5.63 (s, 
1H), 4.20 (q, J = 7.1 Hz, 2H), 1.47 (s, 9H), 1.24 (t, J = 7.1 Hz, 3H) ppm. 

 

ethyl 2-(((tert-butoxycarbonyl)oxy)(naphthalen-2-yl)methyl)acrylate 
(3m): 

Known compound10 
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2. Copies of NMR-Spectra 
 

Spectra contain traces of the 2nd diastereomere (not integrated!) 
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3. Copies of HPLC Chromatograms 
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4. X-Ray Analysis of 5f 
 

 

 

X-ray quality crystals were selected in Fomblin® Y H-VAC 140/13 perfluoropolyether at ambient 

temperature. The data was collected at 296(2) K on a Bruker D8 Quest Eco diffractometer using graphite 

monochromated Mo Kα radiation (λ = 0.71073 Å). The data was processed using APEX3,14 the structures 

were solved by intrinsic phasing (SHELXT, Version 2014/5),15 and refined by full matrix least squares 

procedures on F2 (SHELXL, Version 2014/7)16 using the graphical interface Shelxle17 within the SHELXTL 

suite of programs by Bruker. All non-hydrogen atoms were refined anisotropically. All hydrogen atoms 

were calculated geometrically, and a riding model was applied in the refinement process.  

Due to the absence of heavy atoms, compound 5f is a weak anomalous scatterer, rendering the Flack 

parameter meaningless. Detailed crystallographic and refinement data can be found in Table S1. 

1870182 contains the supplementary crystallographic data for 5f. These data can be obtained free of 

charge from The Cambridge Crystallographic Data Centre at www.ccdc.cam.ac.uk. 

 

 

 

 

 

 
                                                            
14 Bruker (2016), APEX3 v2016.9-0, SAINT V8.37A, SHELXTL-2014, Bruker AXS Inc.: Madison (WI), USA, 2016. 
15 a) G. M. Sheldrick, SHELXT-2014: Program for the Solution of Crystal Structures, University of Göttingen, Germany, 
2014. b) G. M Sheldrick, Acta Crystallogr., Sect. A: Found. Crystallogr. 2008, 64, 112−122. c) G. M. Sheldrick, Acta 
Crystallogr., Sect. A: Found. Adv. 2015, 71, 3−8. 
16 a) G. M. Sheldrick, SHELXL-2014: Program for the Refinement of Crystal Structures, University of Göttingen, 
Germany, 2014. b) G. M. Sheldrick, Acta Crystallogr., Sect. C: Struct. Chem. 2015, 71, 3−8. 
17 C. B. Hübschle, G. M. Sheldrick, B. Dittrich, Shelxle: a Qt graphical user interface for SHELXL, J. Appl. Crystallogr. 
2011, 44, 1281−1284. 

http://www.ccdc.cam.ac.uk/


Table S1: Crystal data, data collection and structure refinement details for compounds 5f. 

Compound 5f 

Empirical formula C33H35NO6 

Formula weight [g/mol] 541.62 

Color colorless 

Crystal size [mm] 0.70 × 0.53 × 0.07 

Crystal system monoclinic 

Space group Cc 

a [Å] 9.900(3) 

b [Å] 34.441(10) 

c [Å] 9.602(3) 

α [°] 90 

β [°] 116.727(10) 

γ [°] 90 

V [Å3] 2924.2(15) 

Z 4 

Dcalc [g/cm3] 1.230 

μ [mm-1] 0.08 

T [K] 296 

θ range [°] 2.5-23.3 

No. of reflections measured 30621 

No. of independent reflections 4190 

Obs. Reflections with I > 2σ(I) 2414 

No. of Parameters refined/restraints 365/2 

Absorption correction Multi-scan 

Tmin, Tmax 0.77, 0.99 

Δρmin/Δρmax [e Å-3] −0.24/0.20 

F(000) 1152 

Rint 0.172 

R1 (R[F2 ≥ 2σ(F2))]) 0.086 

wR2 (wR(F2)) 0.174 

GooF 1.12 

CCDC no. 1870182 
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