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1. General information
1-1. Reactions and purifications

Unless otherwise noted, all reactions were carried out under an air atmosphere and were stirred with
Teflon-coated magnetically stirred bars. All work-up and purification procedures were carried out with
reagent-grade solvents under ambient atmosphere. Thin layer chromatography (TLC) was performed on Merck
TLC plates (0.25 mm) pre-coated with silica gel 60 F254 and visualized by UV quenching and staining with

ninhydrin or KMnOs. Flash column chromatography was performed on a Biotage Isolera Spektra One.
1-2. Characterizations

Infrared (IR) spectra were recorded on a HORIBA FT210 Fourier transform infrared spectrophotometer. NMR
spectra were recorded on a Bruker AVANCE III HD400 NMR spectrometers. Chemical shifts (d) are given in ppm
relative to residual solvent peaks.! Data for 'H NMR are reported as follows: chemical shift (multiplicity, coupling
constants where applicable, number of hydrogens). Abbreviations are as follows: s (singlet), d (doublet), t (triplet),
dd (doublet of doublet), dt (doublet of triplet), ddd (doublet of doublet of doublet), q (quartet), m (multiplet), br
(broad). Single-crystal X-ray data were collected on a Rigaku R-AXIS RAPID II imaging plate area detector with
graphite-monochromated Cu-Ka radiation. Melting points were measured on a Yanagimoto Seisakusho Micro
Melting Point Apparatus. High-resolution mass spectra (ESI TOF (+)) were measured on a Thermo Fisher Scientific
LTQ Orbitrap XL.

1-3. Solvents and reagents

Unless otherwise noted, materials were purchased from commercial suppliers and were used without further
purification. Anhydrous MeOH were purchased from commercial suppliers. THF, CH2Cl>, and MeCN were
purified by passing through a solvent purification system (Glass Contour). TFE was purchased from TCI Co., Ltd.,
and used as received. HFIP, Rhz(esp)2, and phenol-ds were purchased from Sigma-Aldrich, and used as received.

Benzaldehyde-ds was purchased from CDI Isotpe.

1-4. List of abbreviation

Entry Chemical name Abbreviation
1 Bis[rhodium(a,a,«’,’-tetramethyl-1,3-benzenedipropionic acid)] Rhz(esp)2
2 Pentamethylcyclopentadienyliridium(III) chloride dimer [Cp*IrCl2]2
3 Rhodium(II) acetate dimer [Rh(OACc):]2
4 Pentamethylcyclopentadienylrhodium(IIl) chloride dimer [Cp*RhCL:]2
5 Dichloro(p-cymene)ruthenium(Il) dimer [Ru(p-cymene)Clz]2
6 1,1,1,3,3,3-Hexafluoro-2-propanol HFIP
7 Trifluoroethanol TFE
8 Trifluoroacetic acid TFA
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2. Synthesis of substituted isoxazolidin-5-ones
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4-Substituted isoxazolidin-5-ones S2a—c, S2e, S2i, S2k, S2w, and S2x are known in the literature.2 All compounds

were prepared by the general procedure A according to the reported literature.?> 5-Substituted isoxazolidin-5-one

S2z was also known.3

General procedure A: To a solution of ortho-phenylenediamine (1.0 equiv) in EtOH (0.05 M) at 25 °C were added
aldehyde (2.0 equiv), Meldrum’s acid (1.0 equiv), and (DL)-proline (20 mol%). The resulting solution was
vigorously stirred for 24 h and evaporated under reduced pressure to give the residue, which was dissolved in
CH:Clz, washed with 1M aq HCl. The resulting mixture was filtered through a pad of Celite and washed with
CH2Cl, and the filtrates were extracted with CH2Cl2 (3x). The combined organic layers were washed with water,
dried over Na2SOy, filtered and concentrated in vacuo to afford crude S1, which was used directly in the next step

without further purification.

Page S3 of 5194



Supporting Information
Yu, Espinosa, Noda, and Shibasaki

To a solution of crude S1 in THF (0.1 M) were added fert-butyl hydroxy((phenylsulfonyl)methyl)carbamate (1.0
equiv) and K2CO:s (2.5 equiv) at 25 °C. After being stirred at 25 °C for 24 h, the mixture was filtered through a pad
of Celite and washed with EtOAc, and the filtrates were evaporated under reduced pressure to give the crude

residue, which was purified by silica gel column chromatography, eluting with hexane/EtOAc to afford S2.

tert-Butyl 4-(4-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (52d): Prepared by the general procedure A from

?  4-methylbenzaldehyde (2.4 g, 20.0 mmol), and isolated as a white solid (76% yield for 2 steps).

/©/\E<O m.p. 63-65 °C; IR (thin film): v 2981, 1800, 1747, 1513, 1370, 1143, 850 cm'; 'TH NMR (400 MHz,

e Boc CDCls):  7.14 (d, ] = 8.0 Hz, 2H), 7.07 (d, ] = 8.0 Hz, 2H), 4.13 (dd, ] = 11.2, 8.4 Hz, 1H), 3.71

(dd, = 11.2, 9.2 Hz, 1H), 3.23-3.11 (m, 2H), 2.76 (dd, ] = 14.0, 9.6 Hz, 1H), 2.33 (s, 3H), 1.51 (s, 9H); 3C NMR (100

MHz, CDCls): & 174.3, 155.9, 136.9, 133.8, 129.6, 128.6, 84.1, 52.9, 42.3, 34.0, 28.0, 21.0; HRMS (ESI): m/z calc’d for
Ci1sH210sNNa [M + Na]*: 314.1363, found: 314.1354.

tert-Butyl 4-(3-fluorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S2f): Prepared by the general procedure A from
3-fluorobenzaldehyde (0.98 g, 7.9 mmol), and isolated as a white solid (81% yield for 2 steps).

F\©/\[[<o m.p. 68-70°C; IR (thin film): v 2981, 1799, 1717, 1589, 1371, 1144, 783 cm!; TH NMR (400 MHz,
N CDCls): § 7.33-7.27 (m, 1H), 6.99-6.89 (m, 3H), 4.16 (dd, ] = 10.8, 8.4 Hz, 1H), 3.68 (dd, ] = 11.2,

9.2 Hz, 1H), 3.26-3.16 (m, 2H), 2.81 (dd, ] = 14.0, 9.6 Hz, 1H), 1.51 (s, 9H); ¥C NMR (100 MHz,

CDCls): 8 173.9, 163.0 (d, ] = 245.6 Hz, 1C), 155.8, 139.3 (d, ] = 7.2 Hz, 1C), 130.5 (d, ] = 8.3 Hz, 1C), 124.4 (d, ] = 2.8 Hz,
1C), 115.6 (d, ] = 21.3 Hz, 1C), 114.3 (d, ] = 20.9 Hz, 1C), 84.3, 52.8, 41.9, 34.1, 28.0; ¥F NMR (376 MHz, CDCls): 8

112.2 (s, 1F); HRMS (ESI): m/z calc’d for CisHisOsNFNa [M + Na]*: 318.1112, found: 318.1105.

Boc

tert-Butyl 4-(3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S2g): Prepared by the general procedure A from

m.p. 55-57 °C; IR (thin film): v 2979, 1800, 1718, 1462, 1370, 1144, 779 cm'}; TH NMR (400 MHz,

Boc CDCls): § 7.22 (t, ] = 7.2 Hz, 1H), 7.08 (d, ] = 7.2 Hz, 1H), 7.00-6.98 (m, 2H), 4.14 (dd, ] = 10.8,

8.4 Hz, 1H), 3.71 (dd, ] = 11.2, 9.2 Hz, 1H), 3.24-3.16 (m, 2H), 2.75 (dd, ] = 13.6, 9.6 Hz, 1H), 2.34 (s, 3H), 1.51 (s, 9H);

1BC NMR (100 MHz, CDCls): 8 174.2, 155.9, 138.6, 136.8, 129.4, 128.8, 127.9, 125.6, 84.1, 52.9, 42.2, 344, 28.0, 21.3;
HRMS (ESI): m/z calc’d for CisH210sNNa [M + Na]*: 314.1363, found: 314.1356.

Me \@/\E/Z’ 3-methylbenzaldehyde (2.4 g, 20.0 mmol), and isolated as a white solid (55% yield for 2 steps).
o)

tert-Butyl 4-(3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S2h): Prepared by the general procedure A from

MeO \@Aﬁf m-anisaldehyde (2.72 g, 20.0 mmol), and isolated as a light-yellow oil (91% yield for 2 steps).
o

IR (thin film): v 2980, 1799, 1717, 1601, 1340, 1260, 1144, 779 cm-; 1TH NMR (400 MHz, CDCls):

Boc § 7.25 (t, ] = 8.0 Hz, 1H), 6.82-6.72 (m, 3H), 4.15 (dd, ] = 10.8, 8.4 Hz, 1H), 3.80 (s, 3H), 3.71

(dd, ] = 10.8, 9.2 Hz, 1H), 3.25-3.13 (m, 2H), 2.76 (dd, ] = 14.0, 9.6 Hz, 1H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls):

5 174.2, 160.0, 155.9, 138.4, 130.0, 120.9, 114.5, 112.4, 84.2, 55.2, 52.9, 42.1, 34.5, 28.0; HRMS (ESI): m/z calc’d for
C16H210sNNa [M + Na]*: 330.1312, found: 330.1309.
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tert-Butyl 4-(2-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S2j): Prepared by the general procedure A from

Me o  2-methylbenzaldehyde (2.4 g, 20.0 mmol), and isolated as a white solid (62% yield for 2 steps). m.p.

@AE(/O 68-70 °C; IR (thin film): v 2979, 1800, 1724, 1459, 1343, 1144, 847, 755 cm™; 'H NMR (400 MHz,

o CDCls): § 7.20-7.10 (m, 4H), 4.15 (dd, ] = 11.2, 8.4 Hz, 1H), 3.72 (dd, ] = 11.2, 9.2 Hz, 1H), 3.32 (dd, ] =

14.4, 4.4 Hz, 1H), 3.19-3.12 (m, 1H), 2.76 (dd, | = 14.4, 10.4 Hz, 1H), 2.34 (s, 3H), 1.52 (s, 9H); 3C NMR (100 MHz,

CDCls): 6 174.3, 155.9, 136.1, 135.3, 130.8, 129.0, 127.4, 126.5, 84.2, 53.2, 40.9, 31.9, 28.0, 19.3; HRMS (ESI): m/z calc’d
for CiéH2104NNa [M + Na]*: 314.1363, found: 314.1357.

tert-Butyl 4-(napht2halen-1-ylmethyl)-5-oxoisoxazolidine-2-carboxylate (S21): Prepared by the general procedure
A from 1-naphthaldehyde (1.87 g, 12.0 mmol), and isolated as a white solid (86% yield for 2
steps). m.p. 92-94 °C; IR (thin film): v 2981, 1798, 1716, 1370, 1143, 777 cm; 'H NMR (400 MHz,
CDCls): § 8.00 (d, ] = 8.0 Hz, 1H), 7.91-7.89 (m, 1H), 7.81 (d, ] = 8.4 Hz, 1H), 7.60-7.51 (m, 2H),
7.45-7.41 (m, 1H), 7.34 (d, ] = 6.0 Hz, 1H), 4.04 (dd, ] = 11.2, 8.0 Hz, 1H), 3.89 (dd, ] = 14.4, 4.0 Hz,
1H), 3.77 (dd, ] = 11.2, 8.8 Hz, 1H), 3.39-3.31 (m, 1H), 3.07 (dd, ] = 14.4, 10.8 Hz, 1H), 1.51 (s, 9H); 3C NMR (100
MHz, CDCls): 6 174.4, 155.9, 134.0, 132.9, 131.2, 129.2, 128.2, 126.9, 126.7, 126.1, 125.5, 122.8, 84.2, 53.4, 41.4, 32.0, 28.0;
HRMS (ESI): m/z calc’d for CisH210sNNa [M + Na]*: 350.1363, found: 350.1355.

Benzyl 5-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-1H-indole-1-carboxylate (S1m): Prepared by the

general procedure A from benzyl 5-formyl-1H-indole-1-carboxylate (2.00 g, 7.3 mmol), and

isolated as a white solid (83% yield). m.p. 106-107 °C; IR (thin film): v 3003, 2946, 1784, 1745,
coN_J O ° 1471, 1395, 1347, 1296, 1256, 1218, 1132, 1085, 1028, 951, 760, 732, 698 cm-; TH NMR (400
MHz, CDCLs): 8.07 (d, ] = 7.6 Hz, 1H), 7.61 (d, ] = 3.6 Hz, 1H), 7.53 (d, ] = 1.2 Hz, 1H), 7.50-7.46 (m, 2H), 7.44-7.36 (m,
3H), 7.27 (dd, ] = 8.4, 1.6 Hz, 1H), 6.55 (dd, ] = 3.6, 0.4 Hz, 1H), 5.4 (s, 2H), 3.79 (t, ] = 4.8 Hz, 1H), 3.58 (d, ] = 4.8 Hz,
2H), 1.71 (s, 3H), 1.44 (s, 3H); 3C NMR (100 MHz, CDCls): § 165.6, 150.9, 135.2, 134.5, 132.0, 130.9, 128.9, 128.8, 128.6,
126.5, 126.1, 122.4, 115.4, 108.3, 105.3, 68.9, 48.6, 32.3, 28.6, 27.4;, HRMS (ESI): m/z calc’d for C23sH210sNNa [M + Na]*:
430.1261, found: 430.1262.

tert-Butyl 4-((1-((benzyloxy)carbonyl)-1H-indol-5-yl)methyl)-5-oxoisoxazolidine-2-carboxylate (S2m): Prepared

o by the general procedure A from benzyl
o) 5-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-1H-indole-1-carboxylate S1m (1.23 g, 3.0
ChzN NBo° mol), and isolated as a colorless oil (89% yield); IR (thin film): v 2979, 2932, 1799, 1737, 1471,

1396, 1348, 1332, 1255, 1218, 1139, 1086, 1035, 761, 698 cm; 1TH NMR (400 MHz, CDCls): &
8.13 (d, ] = 7.6 Hz, 1H), 7.64 (d, ] = 3.6 Hz, 1H), 7.50-7.47 (m, 2H), 7.44-7.38 (m, 4H), 7.13 (dd, ] = 8.4, 1.6 Hz, 1H), 6.56
(d, ] = 3.6 Hz, 1H), 5.46 (s, 2H), 4.12 (dd, ] = 11.2, 8.4 Hz, 1H), 3.73 (dd, ] = 11.2, 9.2 Hz, 1H), 3.33 (dd, ] = 14.0, 4.4 Hz,
1H), 3.24-3.16 (m, 1H), 2.90 (dd, ] = 14.0, 9.6 Hz, 1H), 1.49 (s, 9H); *C NMR (100 MHz, CDCls): § 174.4, 156.1, 135.1,
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131.7, 131.2, 128.9, 128.6, 126.4, 125.3, 121.2, 115.8, 108.1, 84.3, 69.0, 53.0, 42.7, 34.5, 28.2; HRMS (ESI): m/z calc’d for
C2sH2606N2Na [M + Na]*: 473.1683, found: 473.1688.

5-(Dibenzo[b,dlfuran-4-ylmethyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S1n): Prepared by the general procedure A

O O from dibenzofuran-4-carboxaldehyde (1.23 g, 6.3 mmol), and isolated as a white solid (81%

o 7 o yield). m.p. 151-152 °C; IR (thin film): v 2884, 1786, 1748, 1450, 1385, 1301, 1184, 1072, 1019,

><O 946, 755 cm-; TH NMR (400 MHz, CDCls): 8 7.94 (dd, ] =7.6, 0.4 Hz, 1H), 7.87 (dd, = 7.6, 0.8

o}

Hz, 1H), 7.58 (d, ] = 8.4 Hz, 1H), 7.49-7.44 (m, 2H), 7.35 (dt, ] = 7.6, 0.8 Hz, 1H), 7.31 (t, [ = 7.6

Hz, 1H), 4.27 (t, ] = 5.6 Hz, 1H), 3.78 (d, ] = 6 Hz, 1H), 1.81 (s, 3H), 1.74 (s, 3H); 3C NMR (100 MHz, CDCL): § 165.2,

156.1, 154.3, 128.8, 127.3, 124.5, 124.3, 123.2, 123.0, 121.8, 120.9, 119.6, 111.9, 105.3, 46.6, 28.8, 26.9, 26.7; HRMS (ESI):
m/z calc’d for C1sH1605Na [M + Na]*: 347.0890, found: 347.0901.

tert-butyl 4-(dibenzo[b,d]furan-4-ylmethyl)-5-oxoisoxazolidine-2-carboxylate (S2n): Prepared by the general

0, procedure A from 5-(dibenzo[b,d]furan-4-ylmethyl)-2,2-dimethyl-1,3-dioxane-4,6-dione S1n

(@]
o NBoc  (0.57 g, 1.8 mmol), and isolated as a colorless oil (72% yield); IR (thin film): v 2980, 2930,
Q O 1799, 1747, 1716, 1451, 1370, 1325, 1187, 1142, 846, 755 cm-; 'H NMR (400 MHz, CDCls): §

7.96 (ddd, ] = 7.6, 0.8, 0.8 Hz 1H), 7.89 (dd, ] = 6.8, 2.0 Hz, 1H), 7.59 (d, ] = 8.4 Hz, 1H), 7.49
(dt, J=7.2,1.2 Hz, 1H), 7.37 (dt, ] = 7.6, 1.2 Hz, 1H), 7.34-7.28 (m, 2H), 4.17 (dd, ] = 10.8, 8.4 Hz, 1H), 3.80 (dd, ] = 11.2,
9.6 Hz, 1H), 3.66 (dd, ] = 14.4, 4.8 Hz, 1H), 3.55-3.47 (m, 1H), 3.13 (dd, ] = 14.0, 10 Hz, 1H), 1.50 (s, 9H); 3C NMR
(100 MHz, CDCl): 6 174.4, 156.2, 156.1, 154.6, 127.9, 127.6, 124.6, 124.4, 123.4, 123.2, 121.1, 121.0, 120.1, 112.0, 84.3,
53.5,41.1, 29.3, 28.2; HRMS (ESI): m/z calc’d for C21tH2105NNa [M + Na]*: 390.1312, found: 390.1313.

2,2-Dimethyl-5-(thiophen-2-ylmethyl)-1,3-dioxane-4,6-dione (S1o): Prepared by the general procedure A from
/ o O\A 2-thiophenecarboxaldehyde (3 g, 27.0 mmol), and isolated as a red oil (99% yield); IR (thin film): v
s\ O 3000, 2943, 2876, 1779, 1746, 1295, 1203, 1073, 1011, 939, 705 cm; *H NMR (400 MHz, CDCls): 8
© 7.16 (dd, ] = 5.2, 1.2 Hz, 1H), 6.99-6.98 (m, 1H), 6.92 (dd, ] = 4.8, 3.6 Hz, 1H), 3.76 (t, ] = 5.2 Hz,

1H), 370 (d, J = 44 Hz 2H), 176 (s, 3H), 159 (s, 3H); BC NMR (100 MHz, CDCl):
8165.1,138.3,128.0, 127.0, 125.2, 105.4, 48.4, 28.5, 27.4, 26.6; HRMS (ESI): m/z calc’d for CuH120sNaS [M + Nal*

263.0349, found: 263.0353.

tert-Butyl 5-oxo-4-(thiophen-2-ylmethyl)isoxazolidine-2-carboxylate (S20): Prepared by the general procedure A

Ox-0, from 2,2-dimethyl-5-(thiophen-2-ylmethyl)-1,3-dioxane-4,6-dione Slo (3.4 g, 14.2 mmol), and
@\I/NBOC isolated as an orange solid (72% yield). m.p. 69-70 °C; IR (thin film): v 2980, 2933, 1799, 1746,
1717, 1370, 1339, 1146, 848, 703 cm!; TH NMR (400 MHz, CDCls): 8 7.20 (dd, ] =5.2, 1.2 Hz, 1H), 6.96 (dd, ] =5.2, 3.2
Hz, 1H), 6.88 (d, ] = 3.2 Hz, 1H), 4.27 (dd, ] = 10.8, 8.4 Hz, 1H), 3.75 (dd, ] = 11.2, 9.6 Hz, 1H), 3.43 (dd, ] = 14.8, 4 Hz,
1H), 3.25-3.17 (m, 1H), 3.09 (dd, ] = 14.8, 9.6 Hz, 1H) 1.52 (s, 9H); 3C NMR (100 MHz, CDCls): 8 173.8, 156.0, 138.8,
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127.5, 126.6, 125.0, 84.4, 53.1, 42.6, 28.8, 28.2; HRMS (ESI): m/z calc’d for CisHi7OsNNaS [M + Na]*: 306.0770, found:
306.0774.

2,2-Dimethyl-5-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)-1,3-dioxane-4,6-dione (S1p): Prepared by the
0 general procedure A from 4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzaldehyde (3.5 g,

Me om /O% 15.0 mmol), and isolated as a white solid (90% yield). m.p. 119-120 °C; IR (thin film): v
Me>§‘/0 o0 2979, 2943, 2871, 1785, 1749, 1387, 1300, 1207, 1158, 1076, 1018, 993, 941, 754 cm; 'H
Me” e NMR (400 MHz, CDCLs): & 7.42 (d, ] = 8.4 Hz, 2H), 7.32 (d, ] = 8.4 Hz, 2H), 5.94 (s, 1H),
3.73 (t, ] = 5.2 Hz, 1H), 3.49 (d, ] = 4.8 Hz, 2H), 1.73 (s, 3H), 1.51 (s, 3H), 1.31 (s, 6H), 1.25 (s, 6H); 13C NMR (100 MHz,

CDClIs): 8 165.3, 138.9, 137.8, 129.9, 126.8, 105.4, 99.8, 82.8, 48.4, 31.9, 28.6, 27.3, 24.5, 22.3; HRMS (ESI): m/z calc’d for
C20H2606Na [M + Na]*: 385.1629, found: 385.1622.

tert-Butyl 5-oxo0-4-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)isoxazolidine-2-carboxylate (S2p): Prepared by

2 the general procedure A from
mo 2,2-dimethyl-5-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)-1,3-dioxane-4,6-dione

Me_ O Boc
Me>g\/o S1p (3.0 g, 8.5 mmol), and isolated as a white solid (67% yield). m.p. 143-144 °C; IR
e

M e (thin film): v 2979, 2933, 1800, 1748, 1717, 1458, 1370, 1222, 1146, 1076, 992, 848, 761 cm-;
1H NMR (400 MHz, CDCls): 8 7.46 (d, ] = 8.0 Hz, 2H), 7.19 (d, | = 8.4 Hz, 2H), 5.95 (s, 1H), 4.12 (dd, ] = 11.2, 8.4 Hz,
1H), 3.68 (dd, | = 11.2, 9.2 Hz, 1H), 3.26 (dd, | = 14.0, 4.4 Hz, 1H), 3.19-3.11 (m, 1H), 2.79 (dd, ] = 14.0, 10.0 Hz, 1H),
1.51 (s, 9H), 1.33 (s, 3H), 1.27 (s, 3H); 3C NMR (100 MHz, CDCls): 6 174.3, 156.0, 139.0, 137.5, 128.8, 127.2, 99.7, 84.3,
82.9,53.1,42.4, 34.3, 28.2, 24.5, 22.3; HRMS (ESI): m/z calc’d for C2H31OsNNa [M + Na]*: 428.2053, found: 428.2044.

5-(3-(Allyloxy)benzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (slq): Prepared by the general procedure A from

o 3-(allyloxy)benzaldehyde (0.9 g, 5.6 mmol), and isolated as a white solid (90% yield).

i O\Q/j% m.p. 59-60 °C; IR (thin film): v 3081, 3002, 2925, 2871, 1783, 1748, 1602, 1584, 1489, 1448,

© O)V 1394, 1296, 1204, 1018, 948 cm-'; tH NMR (400 MHz, CDCls): § 8 7.19 (t, ] = 8.0 Hz, 1H),

6.91-6.89 (m, 2H), 6.80 (ddd, ] = 8.0, 2.4, 0.8 Hz, 1H), 6.04 (ddt, ] = 17.2, 10.4, 5.2 Hz, 1H), 5.41 (ddt, ] = 17.6, 1.6, 1.6

Hz, 1H), 5.28 (ddt, ] = 10.4, 1.6, 1.2 Hz, 1H), 4.52 (ddd, ] = 5.2, 1.6, 1.6 Hz, 2H), 3.74 (t, ] = 4.8 Hz, 1H), 3.46 (d, ] = 5.2

Hz, 2H), 1.74 (s, 3H), 1.51 (s, 3H); 3C NMR (100 MHz, CDCls): 6 165.4, 158.9, 138.9, 133.3, 129.8, 122.3, 117.9, 116.2,

113.9, 1054, 68.9, 48.3, 32.3, 28.7, 27.4; HRMS (ESI): m/z calc’d for CisHi1sOsNNa [M + Na]* 313.1046, found:
313.1050.

tert-Butyl 4-(3-(allyloxy)benzyl)-5-oxoisoxazolidine-2-carboxylate (S2q): Prepared by the general procedure A
o] from 5-(3-(allyloxy)benzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione S1q (0.71 g, 2.4 mmol),

(0]
\©/\E‘<p and isolated as a colorless oil (82% yield); IR (thin film): v 2981, 2933, 1799, 1747, 1716,
N
1600, 1584, 1489, 1450, 1370, 1260, 1143, 1027, 848, 777 cm-1; TH NMR (400 MHz, CDCls): &

A
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7.23 (t, ] = 8 Hz, 1H), 6.83-6.81 (m, 1H), 6.78-6.74 (m, 2H), 6.05 (ddt, | =17.2, 10.4, 5.2 Hz, 1H), 5.42 (ddt, ] = 17.6, 1.6,
1.6 Hz, 1H), 5.30 (ddt, ] =10.4, 1.6, 1.2 Hz, 1H), 4.53 (ddd, | =5.2, 1.6, 1.6 Hz, 2H), 4.15 (dd, ] = 10.8, 8.4 Hz, 1H), 3.70
(dd, ] =11.2, 9.6 Hz, 1H), 3.24-3.12 (m, 2H), 2.76 (dd, | = 14.0, 9.6 Hz, 1H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls):
0 174.3, 159.2, 156.4, 138.6, 133.2, 130.2, 121.3, 118.0, 115.5, 113.4, 84.3, 68.9, 53.1, 42.3, 34.6, 28.2, 28.1, HRMS (ESI):
m/z calc’d for CisH230sNNa [M + Na]*: 356.1468, found: 356.4172.

2,2-Dimethyl-5-(4-((triisopropylsilyl)ethynyl)benzyl)-1,3-dioxane-4,6-dione (S1r): Prepared by the general
Q procedure A from 4-((triisopropylsilyl)ethynyl)benzaldehyde (3.8 g, 13.4 mmol), and

isolated as a white solid (90% yield). m.p. 111-112 °C; IR (thin film): v 2942, 2891, 2865,
TIPS Z e 2153, 1790, 1743, 1462, 1334, 1208, 1068, 940, 883, 677, 660 cm; TH NMR (400 MHz,
CDCls): 8 7.40 (d, ] = 8.4 Hz, 2H), 7.27 (d, ] = 8.0 Hz, 2H), 3.73 (t, ] = 4.8 Hz, 1H), 3.47 (dd, ] = 5.2 Hz, 2H), 1.74 (s, 3H),
1.58 (s, 3H), 1.12 (m, 21H); 3C NMR (100 MHz, CDCls): 8 165.2, 137.6, 132.4, 129.9, 122.6, 106.9, 105.4, 90.9, 48.2, 32.0,

28.6,27.3, 18.8, 11.5; HRMS (ESI): m/z calc’d for C2sH30OsNNaSi [M + Na]*: 437.2132, found: 437.2128.

tert-Butyl 5-oxo0-4-(4-((triisopropylsilyl)ethynyl)benzyl)isoxazolidine-2-carboxylate (S2r): Prepared by the

general procedure A from

/Q/\[ﬁgoc 2,2-dimethyl-5-(4-((triisopropylsilyl)ethynyl)benzyl)-1,3-dioxane-4,6-dione S1r (2.49 g,
TIPS 6.0 mmol), and isolated as a white solid (53% yield). m.p. 72-73 °C; IR (thin film): v 2943,
2892, 2865, 2155, 1800, 1748, 1720, 1462, 1370, 1143, 882, 841, 677, 659 cm!; TH NMR (400 MHz, CDCl3): § 7.44 (d, | =
8.4 Hz, 2H), 7.13 (d, ] = 8.0 Hz, 2H), 4.13 (dd, ] = 11.2, 8.8 Hz, 1H), 4.67 (dd, ] = 11.2, 9.2 Hz, 1H), 3.25-3.11 (m, 2H),
281 (dd, ] = 14.0, 92 Hz, 1H), 151 (s, 9H), 1.13 (m, 21H); BC NMR (100 MHz, CDCl):

8 174.1, 156.0, 137.2, 132.8, 128.8, 122.8, 106.6, 91.3, 84.4, 52.9, 42.2, 34.5,28.2, 18.8, 11.5; HRMS (ESI): m/z calc’d for
C26H30OsNNaSi [M + Na]*: 480.2541, found: 480.2542.

2,2-Dimethyl-5-(3-nitrobenzyl)-1,3-dioxane-4,6-dione (S1s): Prepared by the general procedure A from

oN wo 3-nitrobenzaldehyde (3 g, 20.0 mmol), and isolated as a colorless solid (59% yield). m.p.

149-150 °C; IR (thin film): v 3853, 3734, 3627, 1777, 1740, 1530, 1350, 1324, 1278, 1198, 1063,

° 952, 683, 669 cm'; tTH NMR (400 MHz, CDCls): 8 8.23-8.22 (m, 1H), 8.11 (ddd, ] = 8.4, 2.4, 1.2

Hz, 1H), 7.72 (ddd, ] = 7.6, 1.6, 1.2 Hz, 1H), 7.48 (t, ] = 8 Hz, 1H), 3.82 (t, ] = 5.2 Hz, 1H), 3.58 (d, ] = 5.2 Hz, 2H), 1.80

(s, 3H), 1.69 (s, 3H); 3C NMR (100 MHz, CDCls): 6 164.7, 148.5, 139.3, 136.4, 129.6, 124.9, 122.5, 105.5, 47.9, 31.4, 28.5,
27.1; HRMS (ESI): m/z calc’d for CisH130sNNa [M + Na]*: 302.0635, found: 302.0645.

tert-butyl 4-(3-nitrobenzyl)-5-oxoisoxazolidine-2-carboxylate (52s): Prepared by the general procedure A from
0 2,2-dimethyl-5-(3-nitrobenzyl)-1,3-dioxane-4,6-dione S1s (0.42 g, 1.5 mmol), and isolated as a
0
2N\©/\f<p white solid (99% yield). m.p. 65-67 °C; IR (thin film): v 3734, 3709, 3628, 2981, 1799, 1746, 1717,
N

Boc

1529, 1351, 1143, 669 cm-t; tH NMR (400 MHz, CDCL): 8 8.15 (dd, ] = 7.6, 2.0, 1.6 Hz, 1H), 8.09
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(t, ] =1.6 Hz, 1H), 7.59-7.52 (m, 2H), 4.22 (dd, | = 10.8, 8.4 Hz, 1H), 3.69 (dd, ] = 11.2, 9.6 Hz, 1H), 3.34 (dd, ] = 144,
5.2 Hz, 1H), 3.27-3.19 (m, 1H), 2.97 (dd, | = 14.4, 9.2 Hz, 1H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls): 6 173.6, 155.9,
148.7, 139.0, 135.1, 130.2, 123.8, 122.7, 84.7, 52.9, 51.9, 34.1, 28.2; HRMS (ESI): m/z calc’d for CisHi1sOsN2Na [M + Na]*:
345.1057, found: 345.1063.

5-(4-(Allyloxy)benzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S1y): Prepared by the general procedure A from 4-
9 (allyloxy)benzaldehyde (1.5 g, 9.2 mmol), and isolated as a yellow solid (97% yield). m.p.
/.% 58-59 °C; IR (thin film): v 3002, 2944, 2871, 1783, 1747, 1610, 1512, 1298, 1245, 1206, 1180,
o e 1020, 939, 832 cm?; TH NMR (400 MHz, CDCls): 6 7.23 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8
Hz, 2H), 6.03 (ddt, ] = 17.2, 10.8, 5.2 Hz, 1H), 5.39 (ddt, ] = 17.2, 1.6, 1.6 Hz, 1H), 5.27 (ddt, ] = 10.4, 1.6, 1.6 Hz, 1H),
450 (ddd, ] = 5.6, 1.2, 1.2 Hz, 2H), 3.71 (t, ] = 4.8 Hz, 1H), 3.44 (d, ] = 4.8 Hz, 2H), 1.72 (s, 3H), 1.47 (s, 3H); BC NMR
(100 MHz, CDCls): 6 165.6, 157.9, 133.4, 131.1, 129.4, 117.8, 115.0, 105.4, 68.9, 48.5, 31.7, 28.6, 27.6; HRMS (ESI): m/z
calc’d for CisH1sOsNa [M + Na]*: 313.1046, found: 313.1051.

\/\O

tert-Butyl 4-(4-(allyloxy)benzyl)-5-oxoisoxazolidine-2-carboxylate (S2y): Prepared by the general procedure A

o from 5-(4-(allyloxy)benzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione S1x (1.0 g, 3.4 mmol), and

S~ O/Q/\Eﬁgoc isolated as a colorless oil (81% yield); IR (thin film): v 2980, 2930, 1799, 1745, 1718, 1512,

1370, 1247, 1143, 1021, 997, 847 cm-; 'TH NMR (400 MHz, CDCls): 8 7.10 (d, ] = 8.8 Hz, 2H),

6.87 (d, ] = 8.4 Hz, 2H), 6.05 (ddt, ] = 17.2, 10.4, 5.2 Hz, 1H), 5.43 (ddt, ] = 17.6, 1.6, 1.6 Hz, 1H), 5.29 (ddt, ] = 10.8, 1.6,

1.2 Hz, 1H), 4.52 (ddd, ] =5.6, 1.2, 1.2 Hz, 2H), 4.13 (dd, ] = 10.8, 8.4 Hz, 1H), 3.71 (dd, ] = 11.2, 9.2 Hz, 1H), 3.20-3.08

(m, 2H), 2.76 (dd, | = 14.0, 9.6 Hz, 1H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls): § 174.4, 158.0, 156.1, 133.3, 129.9,

129.1, 117.9, 115.4, 84.3, 69.0, 53.0, 42.5, 33.8, 28.2; HRMS (ESI): m/z calc’d for CisH230sNNa [M + Na]*: 356.1468,
found: 356.1470.

(0]
(DL)-proline (20 mol%)
Oet _~  ~  J R”
EtOH
H 25°C,24h
(1.0 equiv) (1.0 equiv) (1.0 equiv)

General procedure B for the synthesis of S3:* Meldrum's acid (1.0 equiv), the corresponding aldehyde (1.0 equiv),
(DL)-proline (20 mol%) and diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (1.0 equiv) were dissolved
in EtOH (0.3 M). The solution was vigorously stirred until full conversion at room temperature, and then
concentrated under reduced pressure. The obtained crude residue was purified directly by silica gel column

chromatography, eluting with hexane/EtOAc to provide the desired Meldrum’s acid derivatives S3.
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5-(4-Hydroxy-2,6-dimethylbenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3b): Prepared by the general procedure
0 B from 4-hydroxy-2,6-dimethylbenzaldehyde (1.10 g, 7.39 mmol), and isolated as a white
MO solid (78% yield). m.p. 128-130 °C; IR (thin film): v 3404, 2960, 1747, 1597, 1297, 1201, 756

HO © O)V cm; TH NMR (400 MHz, CDCls): 8 6.53 (s, 2H), 4.80 (s, 1H), 3.63 (t, ] = 6.0 Hz, 1H), 3.41 (d, |

= 6.0 Hz, 2H), 2.35 (s, 6H), 1.78 (s, 3H), 1.76 (s, 3H); 3C NMR (100 MHz, CDCls): § 165.2, 154.0, 138.7, 127.1, 115.3,
105.0, 47.2, 28.8, 26.8, 26.2, 20.4; HRMS (ESI): m/z calc’d for CisH1sOsNa [M + Na]*: 301.1046, found: 301.1039.

5-(4-Hydroxy-3-methylbenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3c): Prepared by the general procedure B

o from 4-hydroxy-3-methylbenzaldehyde (1.0 g, 7.35 mmol), and isolated as a white solid (77%
mo yield). m.p. 137-139 °C; IR (thin film): v 3396, 2858, 1733, 1505, 1211, 756 cm-'; 'TH NMR (400
HO 0”0 MHz, CDCLs): 8 7.06 (s, 1H), 7.02-6.99 (m, 1H), 6.66 (d, ] = 8.0 Hz, 1H), 4.90 (brs, 1H), 3.71 (t, ]

= 4.8 Hz, 1H), 3.39 (d, ] = 4.8 Hz, 2H), 2.20 (s, 3H), 1.72 (s, 3H), 1.47 (s, 3H); 3C NMR (100 MHz, CDCls): § 165.5,
153.0, 132.4, 129.1, 128.4, 123.9, 115.0, 105.3, 48.3, 31.5, 28.5, 27.4, 15.7; HRMS (ESI): m/z calc’d for C1sH1s0sNa [M +
Na]*: 287.0890, found: 287.0880.

5-(4-Hydroxy-3,5-dimethylbenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3d): Prepared by the general procedure
B from 4-hydroxy-3,5-dimethylbenzaldehyde (751 mg, 5.0 mmol), and isolated as an
off-white solid (62% yield). m.p. 204-206 °C; IR (thin film): v 3466, 2866, 1733, 1487, 1339,
/% 1202, 1065, 960 cm'; 'TH NMR (400 MHz, CDCls): 8 6.92 (s, 2H), 3.69 (t, ] = 4.8 Hz, 1H), 3.36 (d,
] = 4.8 Hz, 2H), 2.20 (s, 6H), 1.72 (s, 3H), 1.48 (s, 3H); 3C NMR (100 MHz, CDCL): & 165.5,
151.3, 129.9, 128.7, 123.1, 105.2, 48.4, 31.5, 28.5, 27.4, 15.8; HRMS (ESI): m/z calc’d for CisH1sOsNa [M + Na]*
301.1046, found: 301.1035.

HO

5-(3,5-Di-tert-butyl-4-hydroxybenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione  (S3e): Prepared by the general
procedure B from 3,5-di-tert-butyl-4-hydroxybenzaldehyde (1.17 g, 5.0 mmol), and isolated

(6]
By o asa white solid (83% yield). m.p. 121-123 °C; IR (thin film): v 3629, 2957, 1748, 1436, 1298,
o o O)( 1204, 948, 764 cm-t; tH NMR (400 MHz, CDCls):  7.10 (s, 2H), 5.14 (s, 1H), 3.71 (t, ] = 4.8 Hz,
Bu 1H), 3.43 (d, ] = 4.8 Hz, 2H), 1.70 (s, 3H), 1.41 (s, 18H), 1.28 (s, 3H); 3C NMR (100 MHz,

CDCls): 8 165.7, 153.0, 136.1, 127.7, 126.5, 105.3, 48.5, 34.3, 32.7, 30.2, 28.5, 27.6, HRMS (ESI): m/z calc’d for
C21H300s5Na [M + Na]*: 385.1985, found: 385.1979.
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o o)
P Boc\N,OH K2COj3 (2.5 equiv)
R o P ——— R O
THF, 25 °C, 24 h N
o o)v PhO,S |
S3 (

1.0 equiv) S4

General procedure C for the synthesis of S4:2 To a solution of S3 in THF (0.1 M) were added fert-butyl
hydroxy((phenylsulfonyl)methyl) carbamate (1.0 equiv), and K2COs (2.5 equiv) at 25 °C. After being stirred at
25 °C for 24 h, the mixture was filtered through a pad of Celite and washed with EtOAc, and the filtrates were
evaporated under reduced pressure to give the crude residue, which was purified by silica gel column

chromatography, eluting with hexane/EtOAc to afford the corresponding products S4.

tert-Butyl 4-(4-hydroxy-2,6-dimethylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S4b): Prepared by the general
O procedure C from S3b (834.9 mg, 3.0 mmol), and isolated as off-white solid (78% yield). m.p.
Ho/éi\[:ﬁo 128-130 °C; IR (thin film): v 3422, 2980, 1800, 1720, 1460, 1307, 1143, 847, 758 cm'l; tH NMR
Boc (400 MHz, CDCLs): 8 6.54 (s, 2H), 5.23 (s, 1H), 4.09 (dd, J = 11.2, 8.4 Hz, 1H), 3.72 (dd, ] = 10.8,

8.4 Hz, 1H), 3.18 (dd, | = 14.4, 5.2 Hz, 1H), 3.08-3.00 (m, 1H), 2.90-2.84 (m, 1H), 2.27 (s, 6H), 1.52 (s, 9H); 3C NMR

(100 MHz, CDCls): 6 174.3, 155.8, 154.2, 138.0, 126.2, 115.4, 84.4, 53.5, 41.1, 28.0, 27.6, 20.3; HRMS (ESI): m/z calc’d
for C17H230sNNa [M + Na]*: 344.1468, found: 344.1468.

tert-Butyl 4-(4-hydroxy-3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S4c): Prepared by the general
o procedure C from S3c (607.9 mg, 2.3 mmol), and isolated as a white solid (76% yield). m.p.

D/\E«O 103-105 °C; IR (thin film): v 3433, 2979, 1799, 1717, 1509, 1370, 1145, 768 cm-; TH NMR (400
Ho N MHz, CDCL): 8 6.93 (d, ] = 2.0 Hz, 1H), 6.88 (dd, ] = 8.0, 2.0 Hz, 1H), 6.72 (d, ] = 8.0 Hz, 1H),
5.02 (s, 1H), 4.15-4.10 (m, 1H), 3.71 (dd, ] = 11.2, 8.8 Hz, 1H), 3.15-3.11 (m, 2H), 2.71 (dd, ] = 15.2, 10.4 Hz, 1H), 2.23
(s, 3H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls): 6 174.3, 155.9, 153.1, 131.3, 128.7, 127.3, 124.4, 115.3, 84.2, 52.8, 42.4,

33.6, 28.0, 15.8; HRMS (ESI): m/z calc’d for CisH210sNNa [M + Na]*: 330.1312, found: 330.1302.

tert-Butyl 4-(4-hydroxy-3,5-dimethylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S4d): Prepared by the general
o  procedure C from S3d (278.3 mg, 1.0 mmol), and isolated as a white solid (76% yield). m.p.

ji;/\[(/o 129-131 °C; IR (thin film): v 3788, 2979, 1795, 1710, 1490, 1208, 1146, 757 cm-; TH NMR (400
"o Boc  MHz, CDCl): 5 6.78 (s, 2H), 4.65 (s, 1H), 413 (dd, ] = 11.6, 8.4 Hz, 1H), 3.71 (dd, ] = 11.2, 8.8 Hz,
1H), 3.15-3.07 (m, 2H), 2.70-2.63 (m, 1H), 2.22 (s, 6H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls): 8 174.4, 155.9, 151.3,

128.8, 128.3, 123.5, 84.1, 52.9, 42.4, 33.7, 28.0, 15.9; HRMS (ESI): m/z calc’d for Ci7H230sNNa [M + Na]*: 344.1468,
found: 344.1459.
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tert-Butyl 4-(3,5-di-tert-butyl-4-hydroxybenzyl)-5-oxoisoxazolidine-2-carboxylate (S4e): Prepared by the general

procedure C from S3e (1.27 g, 3.5 mmol), and isolated as a white solid (84% yield). m.p. 95—

‘Bum«(} 97 °C; IR (thin film): v 3636, 2959, 1799, 1716, 1436, 1370, 1143, 758 cm-!; TH NMR (400 MHz,

HO N CDCLy): § 6.97 (s, 2H), 5.17 (s, 1H), 4.17 (dd, ] = 12.4, 8.4 Hz, 1H), 3.77 (dd, ] = 10.8, 8.8 Hz, 1H),

3.18-3.07 (m, 2H), 2.70 (dd, | = 14.0, 10.0 Hz, 1H), 1.52 (s, 9H), 1.44 (s, 18H); 3C NMR (100 MHz,

CDCls): 6 174.6, 156.1, 152.9, 136.4, 127.5, 125.2, 84.0, 53.0, 42.5, 34.5, 34.3, 30.2, 28.0; HRMS (ESI): m/z calc’d for
C2H350sNNa [M + Na]*: 428.2407, found: 428.2413.

By Boc

0 Et;NBNCI (20 mol%) EWG
Cs,CO; (1.1 equiv) o

RIS o ZEWG N o

Lz N THF, 25 °C R ’

| P N

Boc \

Boc
S2 or S4

General procedure D: A 20 mL vial equipped with a magnetic stirring bar were charged with S2 or S4 (1.0 equiv),
EtsNBnCl (20 mol%), and Cs2COs (1.1 equiv), followed by the addition of THF (0.2 M). To the resulting reaction
mixture was added an acceptor (1.5 equiv), and then the solution was stirred at room temperature until full
consumption of S2 was observed by TLC analysis. After the addition of H20, the aqueous phase was extracted
with EtOAc (3x). The combined organic layers were washed with brine, dried over Na:50s, filtered, and
concentrated under reduced pressure to give the residue, which was purified by silica gel column chromatography

(5% to 60% EtOAc in hexane) to give products.

tert-Butyl 4-benzyl-4-(3-methoxy-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (S2t): Prepared by the general
CO,Me procedure D from S2a (277 mg, 1.0 mmol), and methyl acrylate (129 mg, 1.5 mmol, 1.5 equiv), and

O isolated as a white solid (251 mg, 69% yield). 1H NMR (400 MHz, CDCls): & 7.35-7.26 (m, 3H),

0 7.18-7.15 (m, 2H), 3.99 (d, ] = 11.2 Hz, 1H), 3.80 (d, ] = 11.2 Hz, 1H), 3.68 (s, 3H), 3.06 (d, ] = 14.0 Hz,
Boc  111),2.85 (d, ] = 14.0 Hz, 1H), 2.48-2.45 (m, 2H), 2.05-2.01 (m, 2H), 1.49 (s, 9H); *C NMR (100 MHz,

CDCls): 0 175.4, 172.5, 155.6, 134.6, 130.0, 128.8, 127.6, 84.1, 55.5, 51.9, 48.6, 39.7, 29.5, 28.8, 28.0. Spectroscopic data

matched those reported.5

tert-Butyl 4-benzyl-4-(3-(benzyloxy)-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (S2u): Prepared by the

coen  general procedure D from S2a (555 mg, 2.0 mmol), and benzyl acrylate (486 mg, 3.0 mmol, 1.5

O equiv), and isolated as a light-yellow oil (778 mg, 89% yield). TH NMR (400 MHz, CDCls): d 7.39—-

2727 (m, 8H), 7.17-7.15 (m, 2H), 5.12 (5, 2H), 3.99 (d, ] = 112 Hz, 1H), 3.80 (d, ] = 11.2 Hz, 1H), 3.05

Boc (d, J=14.0 Hz, 1H), 2.85 (d, ] = 14.0 Hz, 1H), 2.53-2.50 (m, 2H), 2.07-2.03 (m, 2H), 1.48 (s, 9H); 13C

NMR (100 MHz, CDClIs):  175.4, 171.9, 155.5, 135.6, 134.5, 130.0, 128.8, 128.6, 128.35, 128.26, 127.6, 84.1, 66.7, 55.5,
48.6,39.7, 29.4, 29.0, 28.0. Spectroscopic data matched those reported.5
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tert-Butyl 4-benzyl-5-ox0-4-(2-(phenylsulfonyl)ethyl)isoxazolidine-2-carboxylate (S2v): Prepared by the general

SO,Ph procedure D from S2a (555 mg, 2.0 mmol), and (vinylsulfonyl)benzene (505 mg, 3.0 mmol, 1.5

O equiv), and isolated as a white solid (632 mg, 71% yield). tH NMR (400 MHz, CDCls): d 7.89-7.86

P (m, 2H), 7.70-7.66 (m, 1H), 7.60-7.56 (m, 2H), 7.30-7.26 (m, 3H), 7. 80-7.06 (m, 2H), 3.99 (d, ] = 11.6

Boc 1y, 1H), 3.73 (d, ] = 11.6 Hz, 1H), 3.24-3.19 (m, 2H), 3.00 (d, ] = 14.0 Hz, 1H), 2.81 (d, ] = 14.0 Hz,

1H), 2.12-2.07 (m, 2H), 1.47 (s, 9H); 3C NMR (100 MHz, CDCls): d 174.7, 155.3, 138.5, 134.1, 133.8, 129.8, 129.5, 128.9,
128.0, 127.8, 84.5, 55.8, 51.2, 48.0, 39.2, 27.9, 26.9. Spectroscopic data matched those reported.

tert-Butyl 4-(4-(tert-butoxy)benzyl)-4-(3-methoxy-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (S4f): Prepared

CO:Me Dby the general procedure D from S4a (699 mg, 2.0 mmol), and methyl acrylate (259 mg, 3.0

mmol, 1.5 equiv), and isolated as a white solid (755 mg, 87% yield). m.p. 93-95 °C; IR (thin

N/O film): v 2979, 1792, 1741, 1508, 1368, 1147, 848 cm!; tH NMR (400 MHz, CDCls): & 7.06-7.03 (m,

Boc  9H), 6.95-6.92 (m, 2H), 3.96 (d, ] = 11.2 Hz, 1H), 3.79 (d, ] = 11.2 Hz, 1H), 3.67 (s, 3H), 3.01 (d, |

= 14.0 Hz, 1H), 2.80 (d, ] = 14.0 Hz, 1H), 2.46-2.43 (m, 2H), 2.04-2.00 (m, 2H), 1.49 (s, 9H), 1.33 (s, 9H); 13C NMR (100

MHz, CDCls): o 175.5, 172.5, 155.7, 154.9, 130.5, 129.1, 124.2, 84.1, 78.5, 55.5, 51.9, 48.6, 38.9, 29.4, 28.81, 28.77, 28.0;
HRMS (ESI): m/z calc’d for C2sHs307NNa [M + Na]*: 458.2149, found: 458.2141.

BuO

tert-Butyl  4-(3-(benzyloxy)-3-oxopropyl)-4-(4-(tert-butoxy)benzyl)-5-oxoisoxazolidine-2-carboxylate  (S4g):
CO,Bn Prepared by the general procedure D from S4a (699 mg, 2.0 mmol), and benzyl acrylate (486

O mg, 3.0 mmol, 1.5 equiv), and isolated as a white solid (700 mg, 91% yield). m.p. 75-77 °C; IR

0 (thin film): v 2978, 1792, 1737, 1507, 1367, 1147, 753 cm; tTH NMR (400 MHz, CDCls): d 7.38-

/

BuO N
! Boc 7.30 (m, 5H), 7.06-7.03 (m, 2H), 6.94-6.90 (m, 2H), 5.11 (s, 2H), 3.96 (d, ] = 11.2 Hz, 1H), 3.78 (d,

J=11.2 Hz, 1H), 3.00 (d, ] = 14.0 Hz, 1H), 2.80 (d, | = 14.0 Hz, 1H), 2.52-2.49 (m, 2H), 2.06-2.02 (m, 2H), 1.49 (s, 9H),
1.33 (s, 9H); 3C NMR (100 MHz, CDCls): d 175.5, 171.9, 155.7, 154.9, 135.6, 130.5, 129.1, 128.6, 128.3, 128.2, 124.2,
84.1, 78.5, 66.6, 55.5, 48.6, 38.9, 29.4, 29.0, 28.8, 28.0; HRMS (ESI): m/z calc’d for C2oHs7O7NNa [M + Na]*: 534.2462,
found: 534.2457.

tert-Butyl 4-(4-(tert-butoxy)benzyl)-5-0x0-4-(2-(phenylsulfonyl)ethyl)isoxazolidine-2-carboxylate (S4h):

SO,Ph Prepared by the general procedure D from S4a (594 mg, 1.7 mmol), and

O (vinylsulfonyl)benzene S3c (429 mg, 2.55 mmol, 1.5 equiv), and isolated as a white solid (866

0 mg, 97% yield). m.p. 95-97 °C; IR (thin film): v 2979, 1792, 1717, 1507, 1318, 1149, 745 cm-1; TH

Boc NMR (400 MHz, CDCLs): & 7.88-7.86 (m, 2H), 7.69-7.65 (m, 1H), 7.59-7.55 (m, 2H), 6.96-6.94

(m, 2H), 6.89-6.87 (m, 2H), 3.97 (d, ] = 11.2 Hz, 1H), 3.71 (d, ] = 11.2 Hz, 1H), 3.23-3.16 (m, 2H), 2.93 (d, ] = 14.0 Hz,

1H), 2.75 (d, ] = 14.0 Hz, 1H), 2.07 (t, ] = 8.8 Hz, 2H), 1.46 (s, 9H), 1.32 (s, 9H); 3C NMR (100 MHz, CDCls): d 174.7,

155.4, 155.1, 138.5, 134.0, 130.4, 129.4, 128.3, 128.0, 124.2, 84.5, 78.6, 55.8, 51.2, 48.0, 38.5, 28.8, 27.9, 26.9; HRMS (ESI):
m/z calc’d for C2zH3sO7NNaS [M + Na]*: 540.2026, found: 540.2023.

‘BuO
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. o
< R TFA R
(0] /\ 0
R ’ CH,CI RIL ;
Pz N 2Ll
‘Boc 0t025°C, 1h ~F NH
S2 or S4 1or7

General procedure E: To a solution of S2 or S4 in CH2Cl: (0.1 M) was added TFA (0.2 M) at 0 °C, and the resulting
mixture was then stirred at room temperature for 1 h. The reaction mixture was concentrated under reduced
pressure after full consumption of starting materials S2 or S4. The obtained residue was diluted with EtOAc,
followed by the addition of sat aq NaHCOs. The aqueous phase was extracted with EtOAc (3x). The combined
organic layers were washed with brine, dried over Naz50;, filtered, and concentrated under reduced pressure to
give the crude product, which was purified by silica gel column chromatography (5% to 80% EtOAc in hexane) to
afford products 1 or 7.

4-Benzylisoxazolidin-5-one (1a): Prepared by the general procedure E from S2a (2.00 g, 7.22 mmol), and isolated
as a white solid (1.11 g, 86% yield). m.p. 55-57 °C; IR (thin film): v 3240, 2938, 1772, 1451, 1159, 981,
©/\EI< 749 cm-'; TH NMR (400 MHz, CDCls): 6 7.35-7.31 (m, 2H), 7.29-7.25 (m, 1H), 7.22-7.20 (m, 2H),
N'O 6.58 (brs, 1H), 3.66 (dd, | = 11.2, 8.4 Hz, 1H), 3.44 (t, ] = 11.2 Hz, 1H), 3.26-3.22 (m, 1H), 3.14-3.06
(m, 1H), 2.88-2.83 (m, 1H); *C NMR (100 MHz, CDCls): d 178.5, 137.5, 128.9, 128.6, 127.1, 52.9, 43.1,

34.6; HRMS (ESI): m/z calc’d for CioH1202N [M + H]*: 178.0863, found: 178.0864.

4-(4-Chlorobenzyl)isoxazolidin-5-one (1b): Prepared by the general procedure E from S2b (450 mg, 1.44 mmol),

o and isolated as a white solid (284 mg, 93% yield). m.p. 93-95 °C; IR (thin film): v 3231, 2942,

/©/\i< 1769, 1492, 1156, 982, 798 cm™; TH NMR (400 MHz, CDCls): 6 7.31-7.28 (m, 2H), 7.15-7.13 (m,

cl N,o 2H), 6.65 (brs, 1H), 3.65 (dd, ] = 11.2, 8.0 Hz, 1H), 3.41 (t, ] = 10.4 Hz, 1H), 3.20 (dd, ] = 14.0, 4.4

Hz, 1H), 3.12-3.04 (m, 1H), 2.83 (dd, ] = 14.0, 9.2 Hz, 1H); ¥C NMR (100 MHz, CDCls): 6 178.2,

135.9, 133.1, 129.9, 129.1, 52.8, 43.0, 33.9; HRMS (ESI): m/z calc’d for CioHuO2NCl [M + H]*: 212.0484, found:
212.0478.

4-(4-Bromobenzyl)isoxazolidin-5-one (1c): Prepared by the general procedure E from S2c¢ (600 mg, 1.68 mmol),
o and isolated as a white solid (400 mg, 93% yield). m.p. 105-107 °C; IR (KBr): v 3186, 2942, 1770,
/©/\ﬁ<o 1487, 1152, 982, 795 cm™; TH NMR (400 MHz, CDCls): o 7.46-7.42 (m, 2H), 7.09-7.06 (m, 2H),
Br H 6.68 (brs, 1H), 3.64 (dd, | = 11.2, 8.0 Hz, 1H), 3.40 (t, ] = 10.4 Hz, 1H), 3.17 (dd, ] = 14.0, 4.4 Hz,
1H), 3.12-3.04 (m, 1H), 2.80 (dd, ] = 14.0, 9.2 Hz, 1H); ¥C NMR (100 MHz, CDCls): 6 178.2, 136.5,

132.0, 130.3, 121.0, 52.7, 42.9, 33.9; HRMS (ESI): m/z calc’d for CioHuO2NBr [M + H]*: 255.9979, found: 255.9968.

4-(4-Methylbenzyl)isoxazolidin-5-one (1d): Prepared by the general procedure E from S2d (437 mg, 1.5 mmol),
0 and isolated as a white solid (254 mg, 66% yield). m.p. 42—44 °C; IR (thin film): v 3236, 2924,
o 1773,1516, 1157, 988, 796 cm™'; 'H NMR (400 MHz, CDCls):  7.13 (d, ] = 8.0 Hz, 2H), 7.09 (d, | =

Me N 8.0 Hz, 2H), 6.59 (brs, 1H), 3.67-3.62 (m, 1H), 3.44-3.39 (m, 1H), 3.20-3.16 (m, 1H), 3.11-3.03 (m,
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1H), 2.84-2.81 (m, 1H), 2.33 (s, 3H); 3C NMR (100 MHz, CDCls):  178.7, 136.8, 134.4, 129.6, 128.4, 52.9, 43.1, 34.2,
21.0; HRMS (ESI): m/z calc’d for C1iH1302NNa [M + Na]*: 214.0849, found: 214.0841.

4-(3-Chlorobenzyl)isoxazolidin-5-one (1le): Prepared by the general procedure E from S2e (426 mg, 1.36 mmol),

o and isolated as a colorless oil (268 mg, 93% yield). IR (thin film): v 3244, 2934, 1776, 1599, 1476,

C'W 1160, 996, 781 cm-1; 1TH NMR (400 MHz, CDCLs): d 7.30-7.25 (m, 2H), 7.22-7.21 (m, 1H), 7.12-

N/o 7.10 (m, 1H), 6.73 (brs, 1H), 3.68 (dd, ] =11.2, 8.0 Hz, 1H), 3.44 (t, ] = 10.4 Hz, 1H), 3.23 (dd, | =

14.0, 4.4 Hz, 1H), 3.16-3.08 (m, 1H), 2.82 (dd, ] = 14.0, 9.2 Hz, 1H); 3C NMR (100 MHz, CDCls):

0 178.2, 139.6, 134.6, 130.2, 128.7, 127.3, 126.8, 52.8, 42.9, 34.1;, HRMS (ESI): m/z calc’d for C1oHuO:2NCl1 [M + H]*
212.0473, found: 212.0476.

4-(2-Fluorobenzyl)isoxazolidin-5-one (1f): Prepared by the general procedure E from S2f (445 mg, 1.5 mmol), and

o isolated as a colorless oil (263 mg, 90% yield). IR (thin film): v 3243, 2933, 1773, 1589, 1450, 1253,

FWO 1159, 783 cmt; tH NMR (400 MHz, CDCls): o 7.32-7.26 (m, 1H), 6.99-6.89 (m, 3H), 3.66 (dd, | =

”/ 11.6, 8.0 Hz, 1H), 3.42 (dd, ] =11.2, 10.4 Hz, 1H), 3.23 (dd, ] = 14.4, 4.4 Hz, 1H), 3.15-3.08 (m, 1H),

2.83 (dd, | = 144, 9.2 Hz, 1H); C NMR (100 MHz, CDCls): d 178.2, 163.0 (d, ] = 245.4 Hz, 1C),

140.0 (d, ] =7.1 Hz, 1C), 130.5 (d, ] = 8.3 Hz, 1C), 124.2 (d, | = 2.9 Hz, 1C), 115.5 (d, | = 21.2 Hz, 1C), 114.1 (d, | = 20.8

Hz, 1C), 52.8, 42.9, 34.2 (d, | = 1.7 Hz, 1C); HRMS (ESI): m/z calc’d for CioHsO:NF [M — HJ*: 194.0612, found:
194.0620.

4-(3-Methylbenzyl)isoxazolidin-5-one (1g): Prepared by the general procedure E from S2g (400.0 mg, 1.37 mmol),

o and isolated as a colorless oil (205.0 mg, 78% yield). IR (thin film): v 3241, 2925, 1777, 1456,

Me\@/\E/( 1155, 993, 778 cm-t; 1TH NMR (400 MHz, CDCLs): & 7.23-7.19 (m, 1H), 7.09-7.07 (m, 1H), 7.01-

N 698 (m, 2H), 6.60 (brs, 1H), 3.65 (dd, ] = 11.2, 8.0 Hz, 1H), 3.45-3.40 (m, 1H), 3.22-3.17 (m, 1H),

3.13-3.05 (m, 1H), 2.83-2.78 (m, 1H), 2.34 (m, 3H); 3C NMR (100 MHz, CDCL): d 178.7, 138.6,

137.5, 129.3, 128.8, 127.8, 125.5, 52.9, 43.1, 34.5, 21.3; HRMS (ESI): m/z calc’d for C11iH1302NNa [M + Na]*: 214.0838,
found: 214.0838.

4-(3-Methoxybenzyl)isoxazolidin-5-one (1h): Prepared by the general procedure E from S2h (1.50 g, 4.88 mmol),
o and isolated as a colorless oil (812 mg, 80% yield). IR (thin film): v 3244, 2934, 1771, 1602,
Me°\©/\Ef< 1451, 1260, 1043, 778 cm-; tH NMR (400 MHz, CDCLs): d 7.23 (t, ] = 8.0 Hz, 1H), 6.81-6.73 (m,
N 3H), 6.69 (brs, 1H), 3.79 (s, 3H), 3.66-3.61 (m, 1H), 3.44-3.39 (m, 1H), 3.21-3.17 (m, 1H), 3.13-
3.05 (m, 1H), 2.82-2.77 (m, 1H); 3C NMR (100 MHz, CDCls): 5 178.7, 159.9, 139.1, 129.9, 120.8,

114.4,112.2, 55.1, 52.9, 43.0, 34.6; HRMS (ESI): m/z calc’d for C1iH1:30sNNa [M + Na]*: 230.0788, found: 230.0788.

H

4-(2-Chlorobenzyl)isoxazolidin-5-one (1i): Prepared by the general procedure E from S2i (425 mg, 1.36 mmol),
cl and isolated as a colorless oil (271 mg, 94% yield). IR (thin film): v 3245, 2934, 1773, 1474, 1161, 993,
o]
(j/\ﬁ( 754 cmt; TH NMR (400 MHz, CDCls): o 7.41-7.39 (m, 1H), 7.30-7.22 (m, 3H), 6.76 (brs, 1H), 3.65
o]

(dd, ] = 11.6, 8.0 Hz, 1H), 3.51-3.40 (m, 2H), 3.29-3.21 (m, 1H), 2.96 (dd, ] = 14.0, 9.2 Hz, 1H); ©C
H
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NMR (100 MHz, CDCls): d 178.3, 135.4, 133.9, 130.9, 129.8, 128.6, 127.3, 52.9, 41.8, 31.9; HRMS (ESI): m/z calc’d for
Ci1oH110:2NCl [M + H]*: 212.0473, found: 212.0476.

4-(2-Methylbenzyl)isoxazolidin-5-one (1j): Prepared by the general procedure E from S2j (437 mg, 1.5 mmol), and

Me 5 isolated as a colorless oil (286 mg, 99% yield). IR (thin film): v 3242, 2939, 1772, 1457, 1158, 991, 755

cm™”; TH NMR (400 MHz, CDCls): 6 7.20-7.09 (m, 4H), 6.74 (brs, 1H), 3.64 (dd, [ =11.2, 8.0 Hz, 1H),

©/\[:l<,0 3.44 (t, ] =10.4 Hz, 1H), 3.32 (dd, ] = 14.4, 4.4 Hz, 1H), 3.13-3.05 (m, 1H), 2.77 (dd, ] = 14.4, 10.0 Hz,

1H), 2.34 (m, 3H); 3C NMR (100 MHz, CDCls): 6 178.7, 136.0, 130.7, 128.8, 127.1, 126.4, 53.3, 42.1,
31.8, 19.4; HRMS (ESI): m/z calc’d for C11H1302NNa [M + Na]*: 214.0838, found: 214.0838.

H

4-(Naphthalen-2-ylmethyl)isoxazolidin-5-one (1k): Prepared by the general procedure E from S2k (500 mg, 1.53

O mmol), and isolated as a white solid (336 mg, 96% yield). m.p. 81-83 °C; IR (thin film): v 3240,

O 2931, 1774, 1437, 1161, 991, 810, 749 cm-'; 'TH NMR (400 MHz, CDCls): d 7.84-7.79 (m, 3H), 7.65

N (s, 1H), 7.52-7.45 (m, 2H), 7.34-7.31 (m, 1H), 6.59 (brs, 1H), 3.65 (dd, ] =11.6, 8.4 Hz, 1H), 3.51-

3.39 (m, 2H), 3.23-3.16 (m, 1H), 3.03-2.98 (m, 1H); ¥C NMR (100 MHz, CDCls): d 178.5, 135.0, 133.5, 132.4, 128.8,

127.7,127.5,127.2, 126.6, 126.5, 125.9, 52.9, 43.1, 34.8; HRMS (ESI): m/z calc’d for C1sH1302NNa [M + Na]*: 250.0838,
found: 250.0839.

4-(Naphthalen-1-ylmethyl)isoxazolidin-5-one (11): Prepared by the general procedure E from S2I (491 mg, 1.5

mmol), and isolated as a white solid (310 mg, 91% yield). m.p. 94-96 °C; IR (thin film): v 3240,
Q 2934, 1773, 1509, 1156, 975, 796, 776 cm-l; tH NMR (400 MHz, CDCLs): 8 8.02 (d, ] = 8.4 Hz, 1H),
N/O 7.90-7.88 (m, 1H), 7.79 (d, ] = 8.4 Hz, 1H), 7.59-7.50 (m, 2H), 7.44-7.40 (m, 1H), 7.33 (d, ] = 6.8 Hz,
H  1H), 3.88 (dd, ] = 14.4, 4.0 Hz, 1H), 3.54-3.43 (m, 2H), 3.31-3.23 (m, 1H), 3.08 (dd, ] = 14.4, 10.0 Hz,
1H); 3C NMR (100 MHz, CDCls): & 178.6, 134.0, 133.8, 131.3, 129.1, 128.0, 126.6, 126.5, 126.0, 125.5, 123.0, 53.4, 42.5,
31.9; HRMS (ESI): m/z calc’d for C1sH1302NNa [M + Na]*: 250.0838, found: 250.0839.

tert-Butyl 4-((1-((benzyloxy)carbonyl)-1H-indol-5-yl)methyl)-5-oxoisoxazolidine-2-carboxylate (1m): Prepared by

9 the general procedure E from tert-butyl

Nﬁ 4-((1-((benzyloxy)carbonyl)-1H-indol-5-yl)methyl)-5-oxoisoxazolidine-2-carboxylate S2m (0.25
CoN_ g, 0.62 mmol), and isolated as a white solid (63% yield). m.p. 99-100 °C; IR (thin film): v 3244,
2928, 1772, 1733, 1471, 1397, 1348, 1332, 1256, 1218, 1133, 1034, 762 cm’; TH NMR (400 MHz, CDCls): § 8.12 (d, ] =
7.6 Hz, 1H), 7.64 (d, ] = 3.6 Hz, 1H), 7.50-7.47 (m, 2H), 7.44-7.38 (m, 4H), 7.14 (dd, | = 8.4, 1.6 Hz, 1H), 6.56-6.56 (m,
2H), 5.45 (s, 2H), 3.62 (dd, ] = 10.4, 8.4 Hz, 1H), 3.45 (dd, ] = 10.8, 10 Hz, 1H), 3.30 (br d, ] = 13.6 Hz, 1H), 3.16-3.08
(m, 1H), 2.97-2.94 (m, 1H); 3C NMR (100 MHz, CDCls):  178.8, 150.9, 135.1, 134.5, 132.3, 131.2, 128.9, 128.6, 126 .4,
125.2,121.0, 115.7, 108.1, 69.0, 53.0, 43.6, 34.7; HRMS (ESI): m/z calc’d for C20H1s0sN2Na [M + Na]*: 373.1172, found:

373.1169.
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4-(Dibenzo[b,dlfuran-4-ylmethyl)isoxazolidin-5-one (1n): Prepared by the general procedure E from tert-butyl

Q 4-(dibenzo[b,d]furan-4-ylmethyl)-5-oxoisoxazolidine-2-carboxylate S2n (0.37 g, 1.0 mmol),

o ?\IH and isolated as a white solid (91% yield). m.p. 76-77 °C; IR (thin film): v 3243, 3058, 2933, 1774,

Q O 1450, 1423, 1186, 1158, 992, 754 cm-'; tH NMR (400 MHz, CDCL): 6 7.96 (ddd, ] = 7.6, 1.2, 0.8

Hz, 1H), 7.87 (dt, ] = 10.0, 3.6 Hz, 1H), 7.59 (dt, ] = 8.4, 0.8 Hz, 1H), 7.48 (dt, ] = 7.6, 1.6 Hz, 1H),

7.37 (dt, ] =7.2,0.8 Hz, 1H), 7.31 (d, ] =4.8 Hz, 2H), 6.69 (br s, 1H), 3.67-3.61 (m, 2H), .357-3.52 (m, 1H), 3.45-3.37

(m, 1H), 3.15 (dd, | = 14.0, 10.0 Hz, 1H); 3C NMR (100 MHz, CDCls): § 178.7, 156.1, 154.6, 127.8, 127.6, 124.5, 124 .4,

123.4, 123.2, 121.8, 121.0, 119.8, 111.9, 53.4, 42.4, 29.2; HRMS (ESI): m/z calc’d for CisH130sNNa [M + Na]*: 290.0788,
found: 290.0789.

4-(Thiophen-2-ylmethyl)isoxazolidin-5-one (l1o0): Prepared by the general procedure E from tert-butyl
o o 5-0x0-4-(thiophen-2-ylmethyl)isoxazolidine-2-carboxylate S20 (0.6 g, 2.1 mmol), and isolated as a
MNH white solid (74% yield). m.p. 58-59 °C; IR (thin film): v 3241, 2923, 1769, 1437, 1240, 1165, 992, 703
° cm; 1H NMR (400 MHz, CDCLs): 8 7.19 (dd, ] = 5.2, 1.2 Hz, 1H), 6. 96 (dd, ] = 5.2, 3.6 Hz, 1H), 6.88
(d, ] = 3.2 Hz, 1H), 6.67 (br s, 1H), 3.79-3.74 (m, 1H), 3.51-3.38 (m, 2H), 3.17-3.09 (m, 1H); 3C NMR (100 MHz,
CDCls): 8 178.2, 139.5, 127.5, 126.3, 124.8, 53.0, 43.5, 28.9; HRMS (ESI): m/z calc’d for CsHsO2NNaS [M + Na]*
206.0246, found: 206.0252.

4-(4-(4/4,5,5-Tetramethyl-1,3-dioxolan-2-yl)benzyl)isoxazolidin-5-one (1p): Prepared by the general procedure E

O  from tert-butyl
Mo 5-ox0-4-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)isoxazolidine-2-carboxylate S2p

Me. O NH
Me>§\/ S (0.2 g, 0.5 mmol), and isolated as a colorless oil (48% yield); IR (thin film): v 3235, 2979,
Me" Ve 2928, 1776, 1390, 1369, 1222, 1154, 1073, 991, 884, 806 cm’; 1H NMR (400 MHz, CDCls): §

7.45 (d, ] = 8.4 Hz, 2H), 7.20 (d, | = 8.0 Hz, 2H), 6.56 (br s, 1H), 5.95 (s, 1H), 3.62 (m, 1H), 3.41 (dd, ] = 10.0, 10.0 Hz,
1H), 3.24 (dd, ] = 13.6, 2.8 Hz, 1H), 3.12-3.04 (m, 1H), 2.86-2.81 (m, 1H), 1.32 (s, 6H), 1.27 (s, 6H); 3C NMR (100 MHz,
CDCls): & 178.2, 137.9, 132.8, 128.7, 122.7, 106.6, 91.2, 53.0, 43.2, 34.7, 18.8, 11.5; HRMS (ESI): m/z calc’d for
C17H230sNNa [M + Na]*: 328.1519, found: 328.1524.

4-(3-(Allyloxy)benzyl)isoxazolidin-5-one  (1q): Prepared by the general procedure E tert-Butyl
_~_O \@/\[‘( 4-(3-(allyloxy)benzyl)-5-oxoisoxazolidine-2-carboxylate S2q (0.25 g, 0.75 mmol), and
~ isolated as a yellow oil (83% yield); IR (thin film): v 3239, 2926, 2866, 1775, 1601, 1584, 1488,

1449, 1260, 1160, 1027, 993, 930, 777, 697 cm'; 'H NMR (400 MHz, CDCls): 8 7.23 (t, = 7.6

Hz, 1H), 6.83-6.76 (m, 3H), 6.57 (br s, 1H), 6.05 (ddt, | = 17.2, 10.4, 5.2 Hz, 1H), 5.41 (ddt, ] = 17.6, 1.6, 1.6 Hz, 1H),
5.29 (ddt, ] =10.4, 1.6, 1.6 Hz, 1H), 4.52 (ddd, ] =5.2, 1.6, 1.6 Hz, 2H), 3.66 (dd, ] = 10.4, 10.4 Hz, 1H), 3.43 (dd, | =9.6
Hz, 1H), 3.19 (br d, ] = 14.0 Hz, 1H), 3.12-3.05 (m, 1H), 2.84-2.81 (m, 1H); ¥C NMR (100 MHz, CDCls): § 178.7,
159.1, 139.2, 133.2, 130.1, 121.2, 118.0, 115.4, 113.3, 68.9, 53.1, 43.2, 34.8; HRMS (ESI): m/z calc’d for C1sH150sNNa [M
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+ Na]*: 256.0944, found: 256.0948.

4-(4-((Trimethylsilyl)ethynyl)benzyl)isoxazolidin-5-one (1r): Prepared by the general procedure E from tert-butyl

9 5-oxo-4-(4-((triisopropylsilyl)ethynyl)benzyl)isoxazolidine-2-carboxylate S2r (0.3 g, 0.65
/©/\E1:/g mmol), and isolated as a colorless oil (63% yield); IR (thin film): v 2942, 2891, 2865, 2155,

Z
TIPS 1776, 1507, 1462, 1159, 995, 882, 838, 677, 660 cm!; 'TH NMR (400 MHz, CDCl3): 6 7.44 (d, |

= 8.4 Hz, 2H), 7.14 (d, ] = 8.0 Hz, 2H), 6.58 (br s, 1H), 3.67-3.61 (m, 1H), 3.41 (dd, ] = 10.4, 10.4 Hz, 1H), 3.23 (dd, ] =
14.4, 4.0 Hz, 1H), 3.12-3.04 (m, 1H), 2.87-2.81 (m, 1H), 1.13 (m, 21H); ®C NMR (100 MHz, CDCL): § 178.2, 137.9,
132.8, 128.7, 122.7, 106.6, 91.2, 53.0, 43.2, 34.7, 18.8, 11.5; HRMS (ESI): m/z calc’d for C2tH:0-NNaSi [M + Na]*:
380.2016, found: 380.2017.

4-(3-Nitrobenzyl)isoxazolidin-5-one  (1s): Prepared by the general procedure E from tert-butyl

ON 0 4-(3-nitrobenzyl)-5-oxoisoxazolidine-2-carboxylate S2s (0.22 g, 0.68 mmol), and isolated as a
2
IOR®

2 white solid (92% yield). m.p. 90-92 °C; IR (thin film): v 3248, 2928, 1774, 1526, 1352, 1159, 994,

804, 735 cml; tH NMR (400 MHz, CDCls): § 8.14 (ddd, ] = 8, 2.0, 1.2 Hz, 1H), 8.09 (dd, ] = 2.0,

1.6 Hz, 1H), 7.58 (dd, ] = 7.6, 1.6 Hz, 1H), 7.53 (t, ] = 8.0 Hz, 1H), 6.77 (br s, 1H), 3.72 (dd, ] = 11.2, 8.0 Hz, 1H), 3.46

(dd, ] = 10.8, 10.8 Hz, 1H), 3.36 (dd, ] = 14.4, 4.8 Hz, 1H), 3.23-3.15 (m, 1H), 2.98 (dd, ] = 14.4, 8.8 Hz, 1H); 3C NMR

(100 MHz, CDCLs): & 177.8, 148.7, 139.7, 135.1, 130.1, 123.6, 122.5, 52.9, 42.9, 34.2; HRMS (ESI): m/z calc’'d for
C1oH1004N:2Na [M + Nal*: 245.0533, found: 245.0538.

Methyl 3-(4-benzyl-5-oxoisoxazolidin-4-yl)propanoate (1t): Prepared by the general procedure E from S2t (185 mg,
CO,Me 0.51 mmol), and isolated as a colorless oil (141 mg, 99% yield). IR (thin film): v 3251, 2949, 1769,
O 1736, 1202, 1174, 757, 705 cm-1; 'TH NMR (400 MHz, CDCls): & 7.36-7.31 (m, 3H), 7.23-7.21 (m, 2H),
O 3.69 (s, 3H), 3.55-3.46 (m, 2H), 3.09 (d, | = 13.6 Hz, 1H), 2.80 (d, | = 13.6 Hz, 1H), 2.61-2.42 (m, 2H),
2.14-2.02 (m, 2H); 3C NMR (100 MHz, CDCls): d 180.3, 173.0, 135.2, 129.3, 129.1, 127.8, 55.7, 51.9,
48.4, 41.3, 30.5, 28.8; HRMS (ESI): m/z calc’d for C1sH17zO4sNNa [M + Na]*: 286.1050, found: 286.1052.

Iz

Benzyl 3-(4-benzyl-5-oxoisoxazolidin-4-yl)propanoate (1u): Prepared by the general procedure E from S2u (527

CO,Bn mg, 1.2 mmol), and isolated as a colorless oil (382 mg, 94% yield). IR (thin film): v 3248, 2949, 1769,

? 1733, 1455, 1171, 750, 701 cm'; 'TH NMR (400 MHz, CDCls): o 7.38-7.31 (m, 8H), 7.22-7.20 (m, 2H),

O 514 (s, 2H), 3.53-3.45 (m, 2H), 3.09 (d, ] = 13.6 Hz, 1H), 2.79 (d, ] = 13.6 Hz, 1H), 2.65-2.51 (m, 2H),

2.12-2.06 (m, 2H); 3C NMR (100 MHz, CDCls): & 180.3, 172.3, 135.5, 135.2, 129.3, 129.1, 128.6, 128.4,

128.3, 127.8, 66.7, 55.7, 48.4, 41.2, 30.6, 29.1, HRMS (ESI): m/z calc’d for C20H210sNNa [M + Na]*: 362.1363, found:
362.1361.

N
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4-Benzyl-4-(2-(phenylsulfonyl)ethyl)isoxazolidin-5-one (1v): Prepared by the general procedure E from S2v (584

SO,Ph mg, 1.31 mmol), and isolated as a white solid (399 mg, 88% yield). m.p. 144-146 °C; IR (thin film):

O v 3248, 2931, 1768, 1443, 13066, 1148, 751 cm-; 'TH NMR (400 MHz, CDCls): & 7.92-7.90 (m, 2H),

P 7.71-7.67 (m, 1H), 7.62-7.57 (m, 2H), 7.31-7.30 (m, 3H), 7.15 (s, 2H), 5.66 (brs, 1H), 3.62-3.57 (m,

H 1H), 3.45-3.34 (m, 2H), 3.25-3.18 (m, 1H), 3.05 (d, | = 13.6 Hz, 1H), 2.76 (d, ] = 13.6 Hz, 1H), 2.22—

2.11 (m, 2H); 3C NMR (100 MHz, CDCls): d 179.4, 138.6, 134.5, 134.1, 129.5, 129.2, 128.0, 55.8, 51.3, 47.8, 40.7, 28.0;
HRMS (ESI): m/z calc’d for CisH190sNNaS [M + Na]*: 368.0927, found: 368.0928.

(5)-4-Allyl-4-benzylisoxazolidin-5-one (1w): Prepared by the general procedure E from (S)-S2w (92% ee, 130 mg,

| 0.41 mmol), and isolated as a colorless oil (80.0 mg, 90% yield). IR (thin film): v 3246, 2927, 1769,
? 1495, 1179, 1019, 924, 703 cm™; 'H NMR (400 MHz, CDCls): d 7.36-7.22 (m, 5H), 5.87-5.77 (m, 1H),
S

O 5.26-5.21 (m, 2H), 3.53 (s, 2H), 3.09 (d, ] = 13.6 Hz, 1H), 2.82 (d, ] = 13.6 Hz, 1H), 2.55-2.50 (m, 1H),
48.9, 41.7, 40.6; HRMS (ESI): m/z calc’d for C1sHi1s02NNa [M + Na]*: 240.0995, found: 240.0992.

N
2.42-2.37 (m, 1H); 3C NMR (100 MHz, CDCls): d 180.8, 135.6, 131.8, 129.3, 129.1, 127.7, 120.6, 55.1,

4-(4-Methoxybenzyl)isoxazolidin-5-one (1x): Prepared by the general procedure E from S2x (307 mg, 1.0 mmol),
o and isolated as a white solid (169 mg, 82% yield). m.p. 75-77 °C; IR (thin film): v 3244, 2938,
/©/\EZ< 1770, 1512, 1247, 1156, 1032, 806 cm™; 'TH NMR (400 MHz, CDCls): 6 7.12 (d, ] = 8.8 Hz, 2H),
MeO N'O 6.87-6.85 (m, 2H), 6.55 (brs, 1H), 3.79 (s, 3H), 3.67-3.63 (m, 1H), 3.44-3.39 (m, 1H), 3.16-3.13
(m, 1H), 3.09-3.01 (m, 1H), 2.84-2.82 (m, 1H); ¥C NMR (100 MHz, CDCls): 6 178.7, 158.7,

129.6, 129.4, 114.3, 55.3, 52.8, 43.2, 33.8; HRMS (ESI): m/z calc’d for C11H120sN [M - H]*: 206.0823, found: 206.0826.

4-(4-(Allyloxy)benzyl)isoxazolidin-5-one (ly): Prepared by the general procedure E from tert-butyl
O 4-(4-(allyloxy)benzyl)-5-oxoisoxazolidine-2-carboxylate S2y (0.27 g, 0.83 mmol), and

Mo isolated as a yellow oil (75% yield); IR (thin film): v 2984, 2926, 2859, 1777, 1612, 1512, 1458,
X0 NH

1372, 1245, 1221, 1167, 1131, 1022, 998, 832 cm-%; tH NMR (400 MHz, CDCls): 8 7.11 (d, ] =
8.4 Hz, 2H), 6.87 (d, ] = 8.8 Hz, 2H), 6.52 (br s, 1H), 6.05 (ddt, ] = 17.2, 10.4, 5.2 Hz, 1H), 5.41 (ddt, ] = 17.6, 1.6, 1.6 Hz,
1H), 5.29 (ddt, ] = 10.4, 1.2, 1.2 Hz, 1H), 4.52 (ddd, ] = 5.2, 1.6, 1.6 Hz, 2H), 3.66 (dd, ] = 11.6, 8.0 Hz, 1H), 3.42 (dd, ] =
11.2, 9.2 Hz, 1H), 3.15 (dd, ] = 14.0, 4.4 Hz, 1H), 3.09-3.01 (m, 1H), 2.82 (dd, ] = 13.6, 8.8 Hz, 1H); 3C NMR (100
MHz, CDCls): 8178.8, 157.9, 133.3, 129.8, 117.9, 115.3, 69.0, 53.0, 43.4, 33.9; HRMS (ESI): m/z calc’d for C1sH1s0sNNa
[M + NaJ*: 256.0944, found: 256.0945.

3-Phenethylisoxazolidin-5-one (1z): Prepared by the general procedure E from S2z (583 mg, 2.0 mmol), and
o isolated as a colorless oil (355 mg, 93% yield). IR (thin film): v 32333, 2928, 1782, 1454, 1177, 898,
5 702 cm”; TH NMR (400 MHz, CDCl): § 7.33-7.29 (m, 2H), 7.24-7.17 (m, 3H), 6.71 (brs, 1H), 3.82—

N 3.77 (m, 1H), 2.81-2.68 (m, 3H), 2.45-2.39 (m, 1H), 2.07-1.98 (m, 1H), 1.91-1.82 (m, 1H); 3C NMR
(100 MHz, CDCls): § 177.3, 140.3, 128.6, 128.3, 126.4, 58.6, 36.1, 34.2, 32.2; HRMS (ESI): m/z calc’d
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for CiiH120:N [M — H]J*: 190.0874, found: 190.0874.

4-(4-Hydroxybenzyl)isoxazolidin-5-one (7a): Prepared by the general procedure E from S4a (3.50 g, 10.0 mmol),

o and isolated as a white solid (1.76 g, 90% yield). m.p. 119-121 °C; IR (thin film): v 3434, 2248,

Q/\EZ( 1767, 1658, 1027, 821, 759 cm’; 'TH NMR (400 MHz, DMSO-ds): 0 9.25 (s, 1H), 8.25 (brs, 1H),

HO H'O 7.03-7.01 (m, 2H), 6.70-6.67 (m, 2H), 3.47-3.40 (m, 1H), 3.20 (dd, | = 13.6, 10.8 Hz, 1H), 3.10-

3.02 (m, 1H), 2.91 (dd, | = 14.0, 8.8 Hz, 1H), 2.67-2.65 (m, 1H); ¥C NMR (100 MHz, DMSO-ds):

0 179.8, 155.9, 129.7, 128.5, 115.2, 52.1, 42.7, 32.8; HRMS (ESI): m/z calc’d for C1oH1OsN [M — HJ*: 192.0666, found:
192.0664.

4-(4-Hydroxy-2,6-dimethylbenzyl)isoxazolidin-5-one (7b): Prepared by the general procedure E from S4b (321 mg,
1.0 mmol), and isolated as a white solid (195 mg, 88% yield). m.p. 151-153 °C; IR (KBr): v 3151,
/é(\fl? 2938, 1782, 1594, 1469, 1309, 968, 844 cmt; TH NMR (400 MHz, DMSO-ds): d 9.01 (s, 1H), 8.19
HO N  (brs, 1H), 6.42 (s, 2H), 3.50-3.44 (m, 1H), 3.30-3.25 (m, 1H), 2.96-2.86 (m, 2H), 2.74-2.71 (m, 1H),
2.18 (s, 6H); 3C NMR (100 MHz, DMSO-de): d 179.9, 155.2, 137.2, 126.1, 115.0, 53.0, 41.9, 26.8,

20.0; HRMS (ESI): m/z calc’d for Ci2H1s0OsNNa [M + Na]*: 244.0944, found: 244.0941.

4-(4-Hydroxy-3-methylbenzyl)isoxazolidin-5-one (7c): Prepared by the general procedure E from S4c (415 mg,

O 1.35 mmol), and isolated as a colorless gum (202 mg, 42% yield). IR (thin film): v 3240, 2924,

Hmo 1768, 1510, 1264, 1161, 993, 757 cm'}; tH NMR (400 MHz, DMSO-ds): 8 9.12 (brs, 1H), 8.24 (brs,

H' 1H), 6.91 (d, ] = 1.6 Hz, 1H), 6.85-6.82 (m, 1H), 6.69-6.67 (m, 1H), 3.46-3.41 (m, 1H), 3.23-3.16

(m, 1H), 3.08-3.03 (m, 1H), 2.90-2.86 (m, 1H), 2.63-2.61 (m, 1H), 2.08 (s, 3H); ¥C NMR (100 MHz, DMSO-ds): 8 179.8,

153.9, 130.9, 128.4, 126.8, 123.7, 114.5, 52.1, 42.7, 32.8, 16.0; HRMS (ESI): m/z calc’d for C11H1sOsNNa [M + Na]*
230.0788, found: 230.0787.

4-(4-Hydroxy-3,5-dimethylbenzyl)isoxazolidin-5-one (7d): Prepared by the general procedure E from S4d (200 mg,
o  0.62 mmol), and isolated as a white solid (118 mg, 86% yield). m.p. 94-96 °C; IR (KBr): v 3246,
o 2911, 1756, 1490, 1328, 1212, 1002, 814 cm*}; 'H NMR (400 MHz, CDCls): 9 6.80 (s, 2H), 5.00 (brs,
N 2H), 3.68-3.64 (m, 1H), 3.45-3.40 (m, 1H), 3.10-3.00 (m, 2H), 2.77-2.71 (m, 1H), 2.22 (s, 6H); 15C
NMR (100 MHz, CDCls): & 178.8, 151.3, 128.9, 128.7, 123.6, 52.8, 43.2, 33.8, 15.9; HRMS (ESI): m/z calc’'d for
C12H14OsN [M — H]*: 220.0979, found: 220.0978.

HO

4-(3,5-Di-tert-butyl-4-hydroxybenzyl)isoxazolidin-5-one (7e): Prepared by the general procedure E from S4e (600
Bu o mg, 1.48 mmol), and isolated as a white solid (366 mg, 81% yield). m.p. 110-112 °C; IR (thin
N,O film): v 3638, 2957, 1773, 1436, 1236, 1157, 880, 757 cm’; TH NMR (400 MHz, CDCls): d 6.98 (s,
" 2H), 5.89 (brs, 1H), 5.16 (brs, 1H), 3.70 (dd, ] = 11.6, 8.4 Hz, 1H), 3.45 (dd, ] = 11.6, 8.8 Hz, 1H),

HO
Bu
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3.14-3.01 (m, 2H), 2.80 (dd, | = 13.6, 8.4 Hz, 1H), 1.43 (s, 18H); 3C NMR (100 MHz, CDCls): o 178.9, 152.8, 136.4,
128.0, 125.1, 53.0, 43.4, 34.7, 34.3, 30.2; HRMS (ESI): m/z calc’d for CisH22OsNNa [M + Na]* 328.1883, found:
328.1880.

Methyl 3-(4-(4-hydroxybenzyl)-5-oxoisoxazolidin-4-yl)propanoate (7f): Prepared by the general procedure E from
CO,Me S4f (436 mg, 1.0 mmol), and isolated as a white solid (269 mg, 96% yield). m.p. 98-100 °C; IR
W (thin film): v 3377, 2953, 1516, 1441, 1209, 1055, 754 cm-; 'H NMR (400 MHz, CDCl): d 7.08-

Ho N/O 7.06 (m, 2H), 6.80-6.77 (m, 2H), 5.74 (brs, 2H), 3.70 (s, 3H), 3.57-3.48 (m, 2H), 3.02 (d, | = 13.6
A Hgz 1H), 2.73 (d, ] = 13.6 Hz, 1H), 2.61-2.41 (m, 2H), 2.13-2.00 (m, 2H); 3C NMR (100 MHz,

CDCls): © 180.7, 173.2, 155.5, 130.6, 126.8, 116.1, 55.6, 52.0, 48.6, 40.4, 30.4, 28.9; HRMS (ESI): m/z calc’d for
CusH17OsNNa [M + Na]*: 302.0999, found: 302.0996.

Benzyl 3-(4-(4-hydroxybenzyl)-5-oxoisoxazolidin-4-yl)propanoate (7g): Prepared by the general procedure E from
CO,Bn S4g (512 mg, 1.0 mmol), and isolated as a colorless gum (300 mg, 84% yield). IR (thin film): v
/©/§[/? 3393, 2942, 1769, 1733, 1516, 1174, 751 cm; TH NMR (400 MHz, CDCls): d 7.39-7.32 (m, 5H),
Ho C 7.07-7.04 (m, 2H), 6.79-6.75 (m, 2H), 5.14 (s, 2H), 3.53 (d, ] = 12.0 Hz, 1H), 3.44 (d, ] = 12.0 Hz,
" 1H), 3.01 (d, ] = 14.0 Hz, 1H), 2.72 (d, ] = 14.0 Hz, 1H), 2.65-2.46 (m, 2H), 2.14-2.01 (m, 2H); 1C

NMR (100 MHz, CDCls): d 180.6, 172.5, 155.5, 135.5, 130.6, 128.6, 128.4, 128.3, 126.9, 116.1, 66.8, 55.7, 48.6, 40.2, 30.3,
29.1; HRMS (ESI): m/z calc’d for C20H210sNNa [M + Na]*: 378.1312, found: 378.1305.

4-(4-Hydroxybenzyl)-4-(2-(phenylsulfonyl)ethyl)isoxazolidin-5-one (7h): Prepared by the general procedure E
SO,Ph from S4h (518 mg, 1.0 mmol), and isolated as a white foam (318 mg, 88% yield). IR (thin film):

9O v 3396, 2977, 1769, 1517, 1307, 1148, 753 cm; TH NMR (400 MHz, DMSO-ds):  9.28 (s, 1H),

- 0 839 (t, ] =80 Hz, 1H), 7.92-7.89 (m, 2H), 7.81-7.77 (m, 1H), 7.70-7.67 (m, 2H), 6.85-6.83 (m,
H 2H), 6.61-6.57 (m, 2H), 3.44-3.39 (m, 3H), 3.29-3.24 (m, 1H), 2.80-2.71 (m, 2H), 1.91-1.71 (m,

2H); 3C NMR (100 MHz, DMSO-ds):  179.7, 156.2, 138.5, 134.0, 131.0, 129.5, 127.8, 125.5, 115.0, 54.6, 50.3, 47.4, 36 .4,
25.3; HRMS (ESI): m/z calc’d for CisH19sOsNNaS [M + Na]*: 384.0876, found: 384.0869.

4-Allyl-4-(4-hydroxybenzyl)isoxazolidin-5-one (7i): Prepared by the general procedure E from S4i (221 mg, 0.57
| mmol), and isolated as a colorless oil (125 mg, 94% yield). IR (thin film): v 3247, 1766, 1516,
/©/5E12) 1443, 1233, 1177, 924, 838 cm™'; 'TH NMR (400 MHz, CDCls): d 7.09-7.07 (m, 2H), 6.79-6.76 (m,

Ho ”,o 2H), 5.86-5.70 (m, 2H), 5.25-5.21 (m, 2H), 3.52 (brs, 2H), 3.02 (d, ] = 14.0 Hz, 1H), 2.75 (d, ] =
14.0 Hz, 1H), 2.54-2.49 (m, 1H), 2.41-2.35 (m, 1H); ®C NMR (100 MHz, CDCL): 5 181.2, 155.5,

131.7, 130.6, 127.2, 120.7, 116.0, 55.0, 49.2, 40.9, 40.5; HRMS (ESI): m/z calc’d for CisH150sNNa [M + Na]*: 256.0944,
found: 256.0941.
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2,2-Dimethyl-5-(2-methyl-2-phenylpropyl)-1,3-dioxane-4,6-dione (S5): Prepared by the general procedure B from

0 3-methyl-3-phenyl-butanal (0.61 g, 4.1 mmol), and isolated as a white solid (72% yield). m.p.

0 144-145 °C; IR (thin film): v 3053, 2996, 2961, 2877, 1787, 1748, 1380, 1322, 1206, 1064, 960, 762,

0 OJV 699 cm-1; tTH NMR (400 MHz, CDCls): § 7.41 (d, ] = 7.6 Hz, 2H), 7.32 (t, ] = 7.6 Hz, 2H), 7.20 (t, ] =

7.2 Hz, 1H), 3.04 (t, ] = 4.0 Hz, 1H), 2.57 (d, ] = 3.6 Hz, 2H), 1.69 (s, 3H), 1.56 (s, 3H), 1.41 (s, 6H); 3C NMR (100 MHz,

CDCls): & 165.7, 146.9, 128.6, 126.6, 126.4, 104.5, 44.8, 38.4, 37.2, 29.2, 28.9, 25.8; HRMS (ESI): m/z calc’d for
Ci6H200sNNa [M + Na]*: 299.1254, found: 299.1259.

tert-Butyl 4-(2-methyl-2-phenylpropyl)-5-oxoisoxazolidine-2-carboxylate (S6): Prepared by the general procedure
o C from 2,2-dimethyl-5-(2-methyl-2-phenylpropyl)-1,3-dioxane-4,6-dione S5 (0.76 g, 2.7 mmol),
W?\IBOC and isolated as a colorless oil (97% yield); IR (thin film): v 2970, 2935, 1798, 1749, 1718, 1370,
1334, 1143, 849, 768, 702 cm-; tH NMR (400 MHz, CDCL): § 7.37-7.32 (m, 4H), 7.25-7.21 (m,

1H), 3.64 (dd, J=11.2, 8.4 Hz, 1H), 3.08 (dd, | = 11.2, 11.2 Hz, 1H), 2.61-2.53 (m, 1H), 2.38 (dd, | = 14.4, 2.4 Hz, 1H),
1.81 (dd, | = 14.4, 10.4 Hz, 1H), 1.45 (s, 9H), 1.39 (s, 3H), 1.38 (s, 3H); 3C NMR (100 MHz, CDCls): § 175.7, 155.9,
146.9, 128.8, 126.7, 125.9, 84.0, 54.9, 44.0, 38.0, 37.4, 30.0, 28.1, 28.0; HRMS (ESI): m/z calc’d for CisH2s0sNNa [M +

Nal*: 342.1676, found: 342.1680.

4-(2-Methyl-2-phenylpropyl)isoxazolidin-5-one (4): Prepared by the general procedure E from tert-butyl

(EIH isolated as a colorless o0il (99% yield); IR (thin film): v 3242, 2965, 2875, 1772, 1496, 1445, 1370,

1239, 1158, 995, 887, 767, 702, 684 cm-1; TH NMR (400 MHz, CDCls): 8 7.35-7.3 (m, 4H), 7.25-7.19

(m, 1H), 6.47 (s, 1H), 3.00 (dd, ] = 11.6, 8.8 Hz, 1H), 2.91 (m, 1H), 2.49-2.47 (m, 2H), 2.36 (dd, ] = 14.4, 2.4 Hz, 1H),
1.78 (dd, J = 14.4, 10.0 Hz, 1H), 1.39 (s, 3H), 1.38 (s, 3H); 3C NMR (100 MHz, CDCls): 8 180.3, 147.3, 128.6, 126.4,
125.9,54.9, 44.1, 39.2, 37.4, 30.1, 28.1; HRMS (ESI): m/z calc’d for CisHi7O2NNa [M + Na]*: 242.1152, found: 242.1153.

M 4-(2-methyl-2-phenylpropyl)-5-oxoisoxazolidine-2-carboxylate S6 (0.39 g, 1.2 mmol), and

(0] Ar2 (0]

LIHMDS
Art 0 a2 >x - AT 0
N THF N

~7810 25 °C "Boc

‘Boc

General procedure F: To a solution of Boc protected isoxazolidin-5-one in THF (0.3 M) was added LiHMDS (1.0 M
in THF, 1.6 equiv) at —78 °C. The solution was stirred for 1 h at the same temperature, followed by the addition of
the corresponding benzyl halide (2.0 equiv). The flask was gradually warmed to 25 °C. After the addition of sat aq
NH4C], the aqueous phase was extracted with EtOAc (3x). The combined organic layers were washed with brine,
dried over Na2SOy, filtered, and concentrated under reduced pressure. The obtained crude material was purified

by silica gel column chromatography to provide the alkylated products.
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tert-Butyl 4-benzyl-4-(4-fluorobenzyl)-5-oxoisoxazolidine-2-carboxylate (57a): Prepared by the general procedure

Ph. O F from S2a (100 mg, 0.36 mmol) and 4-fluorobenzyl bromide (90 uL, 0.72 mmol, 2.0 equiv), and
Mp isolated as a white solid (106 mg, 76% yield). m.p. 126-127 °C; IR (thin film): v 2981, 2931, 1790,
F N‘BOC 1715, 1510, 1370, 1225, 1145 cm-; 1H NMR (400 MHz, CDCls):  7.37-7.28 (m, 3H), 7.21-7.11 (m,

4H), 7.04-6.96 (m, 2H), 3.94 (d, ] = 11.2 Hz, 1H), 3.87 (d, ] = 11.2 Hz, 1H), 3.16 (d, ] = 5.6 Hz, 1H), 3.13 (d, ] = 5.6 Hz,
1H), 2.83 (d, ] = 13.9 Hz, 1H), 2.79 (d, ] = 13.9 Hz, 1H), 1.43 (s, 9H); 3C NMR (100 MHz, CDCls): 8 176.0, 162.4 (d, | =
245.0 Hz), 155.3, 132.1, 132.0, 130.6 (d, | = 3.0 Hz), 130.5, 129.0, 127.8, 115.8 (d, ] = 21.0 Hz), 84.0, 52.8, 51.2, 40.9, 40.1,
28.2; F NMR (376 MHz, CDCls): d —-114.9; HRMS (ESI): m/z calc’d for C2H2s0sNFNa [M + Na]*: 408.1582, found:
408.1586.

tert-Butyl 4-benzyl-4-(4-chlorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7b): Prepared by the general
Ph_ O procedure F from S2a (600 mg, 2.16 mmol) and 4-chlorobenzyl bromide (889 uL, 4.32 mmol,
QA& o 2.0 equiv), and isolated as a white solid (623 mg, 72% yield). m.p. 141-143 °C; IR (thin film): v
¢ N‘Boc 2981, 2931, 1790, 1715, 1493, 1369, 1145, 1092 cm'; 'TH NMR (400 MHz, CDCls): 0 7.37-7.27 (m,
5H), 7.21-7.16 (m, 2H), 7.15-7.08 (m, 2H), 3.95 (d, ] = 11.2 Hz, 1H), 3.85 (d, ] = 11.2 Hz, 1H), 3.16 (d, ] = 6.7 Hz, 1H),
3.12 (d, J = 6.7 Hz, 1H), 2.82 (d, ] = 13.8 Hz, 1H), 2.78 (d, ] = 13.8 Hz, 1H), 1.43 (s, 9H); 3C NMR (100 MHz, CDCls): d
175.9, 155.3, 134.7, 133.8, 133.4, 131.8, 130.5, 129.1, 129.0, 127.8, 84.1, 52.9, 51.2, 41.0, 40.2, 28.2; HRMS (ESI): m/z
calc’d for C2H2OsNCINa [M + Na]*: 424.1286, found: 424.1290.

tert-Butyl 4-benzyl-4-(4-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S7c): Prepared by the general
Ph O procedure F from S2a (600 mg, 2.16 mmol) and 4-methylbenzyl bromide (799 mg, 4.32 mmol,

M’O 2.0 equiv), and isolated as a white solid (667 mg, 81% yield). m.p. 126-127 °C; IR (thin film): v
Me N‘BOC 2980, 2923, 1790, 1715, 1369, 1146 cm'; '"H NMR (400 MHz, CDCls): d 7.36-7.25 (m, 3H), 7.21-

7.16 (m, 2H), 7.15-7.10 (m, 2H), 7.08-7.06 (m, 2H), 3.94 (d, ] = 11.2 Hz, 1H), 3.90 (d, ] = 11.2 Hz,
1H), 3.16 (d, ] = 14.1 Hz, 1H), 3.12 (d, ] = 14.1 Hz, 1H), 2.82 (d, ] = 10.0 Hz, 1H), 2.78 (d, ] = 10.0 Hz, 1H), 2.33 (s, 3H),
1.43 (s, 9H); 3C NMR (100 MHz, CDCls):  176.2, 155.4, 137.3, 135.0, 131.8, 130.5, 130.4, 129.6, 128.9, 127.6, 83.8, 52.9,
51.2,40.8, 40.5, 28.2, 21.2; HRMS (ESI): m/z calc’d for CsHOsNNa[M + Na]*: 404.1832, found: 404.1834.

tert-Butyl 4-benzyl-4-(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate (S7d): Prepared by the general
Ph. 0O procedure F from S2x (400 mg, 1.30 mmol) and benzyl bromide (309 uL, 2.60 mmol, 2.0
Mo equiv), and isolated as a white solid (387 mg, 75% yield). m.p. 111-112 °C; IR (thin film): v
MeO N 2979, 2934, 1789, 1714, 1513, 1369, 1249, 1145, 1032 cm'; TH NMR (400 MHz, CDCls): o 7.34—
7.23 (m, 3H), 7.20~7.14 (m, 2H), 7.12-7.06 (m, 2H), 6.87-6.80 (m, 2H), 3.93 (d, ] = 11.2 Hz, 1H),
3.89 (d, J=11.2 Hz, 1H), 3.77 (s, 3H), 3.14 (d, ] = 13.8 Hz, 1H), 3.09 (d, ] = 13.8 Hz, 1H), 2.80 (d, ] = 13.9 Hz, 1H), 2.76
(d, ] =13.9 Hz, 1H), 1.41 (s, 9H); 3C NMR (100 MHz, CDCls):  176.2, 162.7, 159.1, 155.3, 131.5, 130.4, 128.8, 127.6,
126.8, 114.2, 83.7, 55.3, 52.8, 51.3, 40.8, 40.1, 28.1, HRMS (ESI): m/z calc’d for C2sH2:OsNNa[M + Na]* 420.1781,
found: 420.1786.
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tert-Butyl 4-(4-acetamidobenzyl)-4-benzyl-5-oxoisoxazolidine-2-carboxylate (S7e): Prepared by the general

Ph._ O procedure F from S2a (300 mg, 1.08 mmol), N-(4-(bromomethyl)phenyl)acetamide (320 mg,

)Ok Mp 1.40 mmol, 1.3 equiv), and LiHMDS (2.7 mL, 2.70 mmol, 2.5 equiv), and isolated as a white
N

H ‘Boc solid (325 mg, 71% yield). m.p. 121-122 °C; IR (thin film): v 3314, 2980, 2931, 1790, 1716,

1671, 1602, 1536, 1516, 1370, 1317, 1145 cm!; tH NMR (400 MHz, CDCls): d 7.49-7.42 (m, 2H),
7.37-7.27 (m, 2H), 7.21-7.09 (m, 5H), 3.92 (d, ] = 11.3 Hz, 1H), 3.88 (d, ] = 11.3 Hz, 1H), 3.14 (d, ] = 9.0 Hz, 1H), 3.11
(d, J=9.0 Hz, 1H), 2.82 (d, ] = 10.5 Hz, 1H), 2.78 (d, ] = 10.5 Hz, 1H), 2.17 (s, 3H), 1.43 (s, 9H); 3C NMR (100 MHz,
CDCls): 0 176.0, 168.3, 155.4, 137.4, 134.9, 131.2, 130.7, 130.5, 128.9, 127.7, 120.1, 84.0, 53.0, 51.2, 40.7, 40.1, 28.2, 24.8;
HRMS (ESI): m/z calc’d for C2sH2s05N2Na [M + Na]*: 447.1890, found: 447.1896.

tert-Butyl 4-([1,1'-biphenyl]-4-ylmethyl)-4-benzyl-5-oxoisoxazolidine-2-carboxylate (S7f): Prepared by the

Ph. O general procedure F from S2a (800 mg, 2.88 mmol) and 4-phenylbenzyl bromide (1.42 g, 5.76
o mmol, 2.0 equiv), and isolated as a white solid (980 mg, 76% yield). m.p. 133-134 °C; IR (thin
Ph N film): v 3029, 2980, 2930, 1789, 1714, 1486, 1369, 1144 cm'; '"H NMR (400 MHz, CDCls): 6 7.62—

Boc
7.53 (m, 4H), 7.48-7.41 (m, 2H), 7.40-7.30 (m, 4H), 7.29-7.25 (m, 2H), 7.25-7.19 (m, 2H), 3.98 (s,

2H), 3.22 (d, ] = 13.8 Hz, 1H), 3.20 (d, ] = 13.8 Hz, 1H), 2.88 (d, ] = 13.8 Hz, 1H), 2.87 (d, ] = 13.8 Hz, 1H), 1.44 (s, 9H);
C NMR (100 MHz, CDCls): d 176.1, 155.4, 140.6, 140.5, 134.9, 133.9, 131.0, 130.5, 128.9, 128.9, 127.7, 127.5, 127.5,
127.1, 83.9, 52.9, 51.2, 40.8, 40.4, 28.2; HRMS (ESI): m/z calc’d for CsH2004NNa [M + Na]*: 466.1989, found: 466.1992.

tert-Butyl 4-benzyl-4-(3-fluorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7g): Prepared by the general

PR 0O procedure F from S2a (500 mg, 1.80 mmol) and 3-fluorobenzyl bromide (448 mL, 3.60 mmol, 2.0

FMO equiv), and isolated as a white solid (576 mg, 83% yield). m.p. 113-114 °C; IR (thin film): v 2980,

N 2932, 1789, 1717, 1587, 1369, 1255, 1145 cm!; TH NMR (400 MHz, CDCls): & 7.37-7.25 (m, 4H),

7.22-7.16 (m, 2H), 7.02-6.94 (m, 2H), 6.92-6.88 (m, 1H), 3.97 (d, ] = 11.2 Hz, 1H), 3.86 (d, ] = 11.2

Hz, 1H), 3.17 (d, ] = 4.8 Hz, 1H), 3.14 (d, ] = 4.8 Hz, 1H), 2.84 (d, ] = 11.6 Hz, 1H), 2.81 (d, ] = 11.6 Hz, 1H), 1.43 (s,

9H); 3C NMR (100 MHz, CDCls): & 175.8, 162.9 (d, | = 245.0 Hz), 155.3, 137.4 (d, ] = 7.0 Hz), 134.7, 130.5, 130.5, 130.4

(d, J=8.0 Hz), 128.9, 127.8, 117.5 (d, | = 21.0 Hz), 114.7 (d, ] = 21.0 Hz), 84.0, 52.9, 51.1, 40.9, 40.3, 28.2; ¥F NMR (376
MHz, CDCls): 5 -112.3; HRMS (ESI): m/z calc’d for C22H240sNFNa [M + Na]*: 408.1582, found: 408.1581.

tert-Butyl 4-benzyl-4-(3-chlorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7h): Prepared by the general

Ph. 0O procedure F from S2a (500 mg, 1.80 mmol) and 3-chlorobenzyl bromide (474 uL, 3.60 mmol,
cl B o 2.0 equiv), and isolated as a white solid (570 mg, 79% yield). m.p. 135-136 °C; IR (thin film): v
= N\Boc 2980, 2932, 1789, 1715, 1476, 1370, 1145, 1081 cm}; tH NMR (400 MHz, CDCls): d 7.37-7.29 (m,

3H), 7.28-7.22 (m, 2H), 7.21-7.15 (m, 3H), 7.09-7.06 (m, 1H), 3.97 (d, ] = 11.2 Hz, 1H), 3.85 (d, ] =
11.2 Hz, 1H), 3.15 (d, ] = 13.8 Hz, 1H), 3.13 (d, ] = 13.8 Hz, 1H), 2.83 (d, ] = 13.7 Hz, 1H), 2.79 (d, ] = 13.7 Hz, 1H), 1.44
(s, 9H); 3C NMR (100 MHz, CDCls): d 175.7, 155.3, 137.0, 134.7, 134.6, 103.5, 130.5, 130.2, 129.0, 128.7, 128.0, 127.8,
84.1,52.9, 51.0, 40.9, 40.2, 28.2; HRMS (ESI): m/z calc’d for C2H4OsNCINa [M + Nal*: 424.1286, found: 424.1290.
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tert-Butyl 4-benzyl-4-(3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S7i): Prepared by the general

Ph O procedure F from S2a (500 mg, 1.80 mmol) and 3-methylbenzyl bromide (490 uL, 3.60 mmol,

Me\wo 2.0 equiv), and isolated as a white solid (452 mg, 66% yield). m.p. 124-126 °C; IR (thin film): v

N 2979, 2928, 1790, 1714, 1369, 1145 cm1; 'H NMR (400 MHz, CDCls): d 7.35-7.27 (m, 3H), 7.23—

7.16 (m, 3H), 7.12-7.07 (m, 1H), 7.01-6.96 (m, 2H), 3.92 (s, 2H), 3.16 (d, ] = 10.0 Hz, 1H), 3.13 (d,

J=10.0 Hz, 1H), 2.82 (d, ] = 13.8 Hz, 1H), 2.79 (d, | = 13.8 Hz, 1H), 2.33 (s, 3H), 1.43 (s, 9H); 3C NMR (100 MHz,

CDCls): d 176.2, 155.3, 138.5, 135.0, 134.9, 131.3, 130.5, 128.9, 128.7, 128.4, 127.7, 127.6, 83.8, 52.9, 51.1, 40.9, 40.7, 28.2,
21.6; HRMS (ESI): m/z calc’d for C2sH27OsNNa [M + Na]*: 404.1832, found: 404.1839.

4-Benzyl-4-(4-fluorobenzyl)isoxazolidin-5-one (S8a): Prepared by the general procedure E from S7a (88 mg, 0.22

PR O mmol), and isolated as a white solid (61 mg, 97% yield). m.p. 100-101 °C; IR (thin film): v 3530,

Mo 3251, 3064, 3030, 2923, 1768, 1603, 1509, 1224, 1160, 1024 cm-'; 'H NMR (400 MHz, CDCls): d 7.39-

F NH 728 (m, 3H), 7.25-7.14 (m, 4H), 7.07-6.98 (m, 2H), 5.21 (s, 1H), 3.55 (s, 2H), 3.19 (d, ] = 5.2 Hz, 1H),

3.15 (d, ] = 5.2 Hz, 1H), 2.83 (s, 2H); 3C NMR (100 MHz, CDCls):  181.0, 162.4 (d, ] = 246.0 Hz),

135.6, 131.6, 131.5 (d, J = 3.0 Hz), 129.7, 129.3, 128.0, 116.0 (d, ] = 19.0 Hz), 54.6, 50.8, 42.6, 41.7; ¥F NMR (376 MHz,
CDCls): 6 -113.7, -115.2; HRMS (ESI): m/z calc’d for Ci7H16O2NFNa [M + Na]*: 308.1057, found: 308.1062.

4-Benzyl-4-(4-chlorobenzyl)isoxazolidin-5-one (S8b): Prepared by the general procedure E from S7b (328 mg,

oh 0.816 mmol), and isolated as a white solid (231 mg, 94% yield). m.p. 108-109 °C; IR (thin film): v

MO 3249, 3028, 2922, 1769, 1492, 1168, 1091, 1016 cm-!; 'TH NMR (400 MHz, CDCls): 6 7.37-7.29 (m,

o NH  5H), 7.25-7.21 (m, 2H), 7.19-7.12 (m, 2H), 5.22 (s, 1H), 3.54 (s, 2H), 3.19 (d, ] = 6.9 Hz, 1H), 3.15 (d,

J=6.9 Hz, 1H), 2.83 (s, 2H); ¥C NMR (100 MHz, CDCls): 5 180.9, 135.5, 134.2, 133.8, 131.4, 131.3,

129.7, 129.3, 128.0, 54.7, 50.7, 42.7, 41.8; HRMS (ESI): m/z calc’d for Ci7HisO2NCINa [M + Na]* 324.0762, found:
324.0763.

4-Benzyl-4-(4-methylbenzyl)isoxazolidin-5-one (S8c): Prepared by the general procedure E from S7c (347 mg, 0.91
Ph. O mmol), and isolated as a white solid (237 mg, 93% yield). m.p. 124-125 °C; IR (thin film): v 3251,

o 3025, 2920, 1766, 1513, 1454, 1170, 1024 cm™; 'H NMR (400 MHz, CDCls): d 7.38-7.27 (m, 3H),

Me NH 724718 (m, 2H), 7.17-7.06 (m, 4H), 5.13 (t, ] = 9.1 Hz, 1H), 3.66 (s, 1H), 3.42 (s, 1H), 3.17 (d, ] =
13.1 Hz, 1H), 3.14 (d, ] = 13.1 Hz, 1H), 2.83 (s, 2H), 2.33 (s, 3H); ¥C NMR (100 MHz, CDCls): & 181.4, 135.9, 132.6,
130.0, 129.9, 129.2, 129.1, 127.8, 127.7, 55.0, 50.8, 42.7, 42.4, 21.2; HRMS (ESI): m/z calc’d for CisH19O2NNa[M + Na]*:

304.1308, found: 304.1312.

4-Benzyl-4-(4-methoxybenzyl)isoxazolidin-5-one (S8d): Prepared by the general procedure E from S7d (522 g,
P o 1.31 mmol), and isolated as a white solid (382 mg, 98% yield). m.p. 85-86 °C; IR (thin film): v

Mo 3247, 3029, 2918, 2836, 1768, 1610, 1512, 1247, 1179, 1028 cm-; TH NMR (400 MHz, CDCls): d
MeO

’

NH 7.38-7.27 (m, 3H), 7.25-7.18 (m, 2H), 7.17-7.10 (m, 2H), 6.90-6.83 (m, 2H), 5.18 (t, ] = 8.9 Hz,

1H), 3.79 (s, 3H), 3.61 (s, 2H), 3.17 (d, ] = 14.5 Hz, 1H), 3.12 (d, ] = 14.5 Hz, 1H), 2.82 (s, 2H); #C

NMR (100 MHz, CDCls): d 181.4, 159.2, 135.8, 130.6, 130.0, 129.1, 127.8, 127.5, 114.5, 55.4, 54.9, 50.8, 42.6, 41.8;
HRMS (ESI): m/z calc’d for CisH19OsNNa [M + Na]*: 320.1257, found: 320.1264.
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N-(4-((4-Benzyl-5-oxoisoxazolidin-4-yl)methyl)phenyl)acetamide (S8e): Prepared by the general procedure E
from S7e (299 mg, 0.704 mmol), and isolated as an amourphous solid (197 mg, 86% yield). IR
(thin film): v 3249, 3119, 3031, 2921, 1768, 1669, 1601, 1536, 1515, 1412, 1318, 1168, 1024, 910
Q/%w cm1; tH NMR (400 MHz, CDCLs): 8 7.77 (s, 1H), 7.47 (d, ] = 8.2 Hz, 2H), 7.38-7.27 (m, 3H), 7.21
(dd, ] = 2.0, 7.4 Hz, 2H), 7.14 (d, ] = 8.2 Hz, 2H), 5.28 (s, 1H), 3.53 (s, 2H), 3.17 (d, ] = 13.4 Hz,
1H), 3.13 (d, ] = 13.4 Hz, 1H), 2.82 (s, 2H), 2.15 (s, 3H); 3C NMR (100 MHz, CDCL): d 181.4, 168.8, 137.8, 135.6, 131.3,
130.4, 129.8, 129.2, 127.8, 120.3, 54.7, 50.9, 42.6, 41.9, 24.6; HRMS (ESI): m/z calc’d for Ci9H200sN2Na [M + Na]*
347.1366, found: 347.1374.

4-([1,1'-Biphenyl]-4-ylmethyl)-4-benzylisoxazolidin-5-one (S8f): Prepared by the general procedure E from S7f
Phy O (532 mg, 1.19 mmol), and isolated as a white solid (380 mg, 93% yield). m.p. 153-154 °C; IR (thin
MO film): v 3518, 3243, 3079, 3027, 2924, 1768, 1485, 1449, 1167, 1028 cm}; tH NMR (400 MHz, CDCls):
Ph ® 7.63-7.54 (m, 4H), 7.50-7.42 (m, 2H), 7.41-7.28 (m, 6H), 7.27-7.23 (m, 2H), 5.25 (s, 1H), 3.66 (s,
1H), 3.53 (s, 1H), 3.25 (d, ] = 5.1 Hz, 1H), 3.21 (d, ] = 5.1 Hz, 1H), 2.90 (s, 2H); 3C NMR (100 MHz, CDCL): 5 181.2,
140.7, 1404, 135.7, 134.7, 130.3, 130.1, 129.8, 129.2, 129.0, 127.8, 127.6, 127.1, 54.8, 50.8, 42.7, 42.2; HRMS (ESI): m/z
calc’d for C2sH2102NNa [M + Na]*: 366.1465, found: 366.1465.

4-Benzyl-4-(3-fluorobenzyl)isoxazolidin-5-one (S8g): Prepared by the general procedure E from S7g (314 mg,
Ph_ O 0.812 mmol), and isolated as a white solid (216 mg, 93% yield). m.p. 82-83 °C; IR (thin film): v
FMQ 3250, 3063, 3030, 2947, 2923, 1768, 1587, 1487, 1454, 1254, 1170, 1147, 1025 cm; 'H NMR (400
MHz, CDCls): & 7.37-7.28 (m, 4H), 7.23 (dd, ] = 2.0, 7.5 Hz, 2H), 7.05-6.97 (m, 2H), 6.93 (dt, ] = 2.0,
9.6 Hz, 1H), 5.22 (s, 1H), 3.57 (s, 2H), 3.19 (d, ] = 13.6 Hz, 1H), 3.17 (d, ] = 13.6 Hz, 1H), 2.85 (s, 2H); *C NMR (100
MHz, CDCls): & 180.9, 163.0 (d, ] = 246.0 Hz), 138.2 (d, ] = 7.0 Hz), 135.5, 130.7, 129.5 (d, ] = 8.0 Hz), 129.3, 128.1,
125.7,117.0 (d, ] = 20.0 Hz), 114.8 (d, ] = 20.0 Hz), 54.8, 50.7, 42.7, 42.2; WF NMR (376 MHz, CDCls): 6 -111.1, -112.5;
HRMS (ESI): m/z calc’d for Ci7H1602NFNa [M + Na]*: 308.1057, found: 308.1063.

4-Benzyl-4-(3-chlorobenzyl)isoxazolidin-5-one (S8h): Prepared by the general procedure E from S7h (316 mg,

Ph. O 0.786 mmol), and isolated as a white solid (216 mg, 91% yield). m.p. 112-114 °C; IR (thin film): v

C'O/Q&p 3250, 3062, 3029, 2922, 1769, 1596, 1572, 1455, 1167, 1024 cm?; *H NMR (400 MHz, CDCls): d

NT739-7.31 (m, 3H), 7.31-7.25 (m, 2H), 7.25-7.18 (m, 3H), 7.15-7.09 (m, 1H), 5.24 (s, 1H), 3.56 (s,

2H), 3.19 (d, ] = 5.8 Hz, 1H), 3.15 (d, ] = 5.8 Hz, 1H), 2.83 (s, 2H); 3C NMR (100 MHz, CDCL): d 180.8, 137.8, 135.4,

135.0, 130.4, 130.1, 129.7, 129.4, 128.5, 128.2, 128.1, 54.7, 50.7, 42.6, 42.0; HRMS (ESI): m/z calc’d for Ciz7H1602NCINa
[M + Na]*: 324.0762, found: 324.0772.

4-Benzyl-4-(3-methylbenzyl)isoxazolidin-5-one (S8i): Prepared by the general procedure E from S7i (338 mg,
PR O 0.886 mmol), and isolated as a white solid (251 mg, 99% yield). m.p. 74-75 °C; IR (thin film): v

Me o 3526, 3247, 3028, 2946, 2920, 1769, 1604, 1494, 1455, 1444, 1167, 1026 cm-'; 'TH NMR (400 MHz,
M’W CDCls): d 7.38-7.28 (m, 3H), 7.25-7.19 (m, 3H), 7.11 (d, ] = 7.7 Hz, 1H), 7.02 (d, ] = 7.3 Hz, 2H),
5.14 (t, ] =9.1 Hz, 1H), 3.67 (s, 1H), 3.43 (s, 1H), 3.17 (d, ] = 13.4 Hz, 1H), 3.14 (d, | = 13.4 Hz, 1H), 2.84 (s, 2H), 2.33 (s,

Page 526 of S194



Supporting Information
Yu, Espinosa, Noda, and Shibasaki

3H); 3C NMR (100 MHz, CDCls): d 181.4, 139.0, 135.8, 135.7, 130.2, 130.0, 129.3, 129.2, 129.1, 127.9, 126.6, 55.0, 50.7,
42.7,42.6, 21.6; HRMS (ESI): m/z calc’d for CisH19O2NNa [M + Na]*: 304.1308, found: 304.1316.

tert-Butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate-ds (S9): Prepared by the general procedure A from

0 benzaldehyde-ds (1.00 g, 8.99 mmol), and isolated as a pale brown solid (1.73 g, 83% yield). m.p.

CeDs/\&,o 78-79 °C; IR (thin film): v 2980, 2934, 1798, 1747, 1715, 1476, 1457, 1371, 1330, 1141 cm*; 1H NMR

N‘Boc (400 MHz, CDCls): 0 4.19-4.08 (m, 1H), 3.71 (dd, ] =9.2, 11.1 Hz, 1H), 3.26 (dd, ] = 4.5, 14.0 Hz, 1H),

3.21-3.11 (m, 1H), 2.80 (dd, ] = 9.8, 14.0 Hz, 1H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls): 6 174.3, 156.1, 136.9, 128.7

(t, ] = 22.0 Hz), 128.4 (t, ] = 23.0 Hz), 126.9 (t, ] = 24.0 Hz), 84.3, 53.1, 42.3, 34.5, 28.2; HRMS (ESI): m/z calc’d for
Ci1sH14aD50OsNNa [M + Na]*: 305.1520, found: 305.1521.

tert-Butyl 4,4-dibenzyl-5-oxoisoxazolidine-2-carboxylate-ds (S10): Prepared by the general procedure F from S9
Ph_ O (408 mg, 1.44 mmol) and benzyl bromide (343 uL, 2.88 mmol, 2.0 equiv), and isolated as a white
CGDS%O solid (419 mg, 79% yield). m.p. 118-119 °C; IR (thin film): v 3029, 2980, 2931, 1789, 1715, 1370, 1347,
Boc 1144, 1051 cm; tH NMR (400 MHz, CDCL): & 7.36-7.27 (m, 3H), 7.21-7.16 (m, 2H), 3.92 (s, 2H),

3.17 (d, ] = 13.9 Hz, 1H), 3.16 (d, ] = 13.9 Hz, 1H), 2.83 (d, ] = 13.9 Hz, 1H), 2.81 (d, ] = 13.9 Hz, 1H), 1.43 (s, 9H); ©C
NMR (100 MHz, CDCls): & 176.1, 155.4, 135.0, 134.8, 130.5, 130.1 (t, | = 24.0 Hz), 128.9, 128.4 (t, ] = 24.0 Hz), 127.7,
127.2 (t, ] = 24.0 Hz), 83.9, 52.9, 51.2, 40.8, 40.7, 28.2; HRMS (ESI): m/z calc’d for C22H20Ds04sNNa [M + Na]*: 395.1990,

found: 395.1987.

4,4-Dibenzylisoxazolidin-5-one-ds (S11): Prepared by the general procedure E from $10 (255 mg, 0.684 mmol), and

Ph. O isolated as a white solid (175 mg, 94% yield). m.p. 120-121 °C; IR (thin film): v 3246, 3024, 2960, 2934,

CeDs o 1759, 1455, 1191, 1170, 1014 cm*; 'TH NMR (400 MHz, CDCls): 6 7.40-7.28 (m, 3H), 7.22 (dd, ] = 1.9,

N 76 Hz, 2H), 5.12 (t, ] = 9.1 Hz, 1H), 3.65 (s, 1H), 3.44 (s, 1H), 3.21 (d, ] = 13.6 Hz, 1H), 3.17 (d, | = 13.6

Hz, 1H), 2.86 (s, 2H); 3C NMR (100 MHz, CDCl): d 181.3, 135.8, 135.6, 130.3, 130.0, 129.8, 129.3, 127.9, 127.9, 54.9,
50.8, 42.7, 42.6; HRMS (ESI): m/z calc’d for Ci7H12Ds02NNa [M + Na]*: 295.1465, found: 295.1475.

tert-Butyl 4-(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate-ds (S12): Prepared by the general procedure B
b o from p-anisaldehyde-ds (378 mg, 2.69 mmol), and isolated as an amorphous solid (625 mg, 74%

D o  yield). IR (thin film): v 2980, 2938, 1799, 1746, 1715, 1457, 1411, 1370, 1231, 1144 cm~; 'TH NMR
o —N_ (400 MHz, CDCL): d 4.17-4.06 (m, 1H), 3.78 (s, 3H), 3.74-3.65 (m, 1H), 3.21-3.06 (m, 2H),

Boc
b 2.80-2.67 (m, 1H), 1.49 (s, 9H); 3C NMR (100 MHz, CDCls): d 174.3, 158.7, 156.0, 129.4 (t, ] =
24.0 Hz), 128.6, 114.0 (t, ] = 24.0 Hz), 84.1, 55.3, 52.9, 42.4, 33.5, 28.1; HRMS (ESI): m/z calc’d for CisH17D4OsNNa [M

+ Na]*: 334.1563, found: 334.1568.

MeO

tert-Butyl 4,4-bis(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate-ds (S13): Prepared by the general
procedure F from S12 (595 mg, 1.91 mmol) and PMB-CI (519 uL, 3.82 mmol, 2.0 equiv), and
isolated as a white solid (239 mg, 29% yield). m.p. 173-174 °C; IR (thin film): v 2979, 2936, 1790,
1714, 1513, 1457, 1409, 1369, 1250, 1231, 1146, 1032 cm'’; TH NMR (400 MHz, CDCls): o 7.13—
7.08 (m, 2H), 6.88-6.80 (m, 2H), 3.91 (s, 2H), 3.79 (s, 6H), 3.09 (d, ] = 13.9 Hz, 2H), 2.75 (d, ] =
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13.9 Hz, 2H), 1.42 (s, 9H); 3C NMR (100 MHz, CDCls): d 176.4, 159.1, 159.0, 155.4, 131.5, 131.1 (t, ] = 20.0 Hz), 126.9,
126.7, 114.3, 1139 (t, ] = 20.0 Hz), 83.7, 55.3, 55.3, 52.8, 51.5, 40.1, 40.0, 28.2; HRMS (ESI): m/z calc’d for
C2sH25D4O6sNNa [M + Na]*: 454.2138, found: 454.2140.

4,4-Bis(4-methoxybenzyl)isoxazolidin-5-one-ds (S14): Prepared by the general procedure E from S13 (148 mg,
0.342 mmol), and isolated as a white solid (103 mg, 91% yield). m.p. 127-128 °C; IR (thin film):
v 3246, 3006, 2936, 2837, 1768, 1611, 1586, 1512, 1455, 1408, 1302, 1247, 1230, 1179, 1027 cm!; 'H
NMR (400 MHz, CDCls): d 7.20-7.08 (m, 2H), 6.90-6.82 (m, 2H), 5.19 (t, ] = 9.0 Hz, 1H), 3.79 (s,
6H), 3.61 (brs, 1H), 3.40 (brs, 1H), 3.11 (d, ] = 9.0 Hz, 2H), 2.77 (s, 2H); 3C NMR (100 MHz,
CDCls): d 181.5, 159.3, 159.2, 131.0, 130.8, 127.7, 127.5, 114.6, 114.5, 55.4, 55.4, 54.9, 50.9, 41.8,
41.7, HRMS (ESI): m/z calc’d for CioH17DsOsNNa [M + Na]*: 354.1614, found: 354.1617.
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O

Catalyst (1 mol%)
’ oH
Solvent (0.1 M), 0 °C

N
1a 2a
Entry? Catalyst Solvent Time Results / Yield®
1 Rha(esp):2 CHoCl2 24h no product 2a detected; 1a decomposed partly
2 Rha(esp):2 THF 24h no product 2a detected; 1a decomposed partly
3 Rha(esp):2 MeCN 24h no product 2a detected; 1a decomposed partly
4 Rha(esp):2 MeOH 24h no product 2a detected; 1a decomposed partly
5 Rha(esp):2 TFE 25h 40% yield of 2a
6 Rha(esp):2 HFIP 10 min 97% yield of 2a
7 [Rh(OAc):]2 HFIP 5h 64% yield of 2a
8 [Cp*RhCL2]2 HFIP 24h no product 2a detected; 1a decomposed partly
9 [Cp*IxClo]2 HFIP 24h no product 2a detected; 1a decomposed partly
10 [Ru(p-cymene)Cla]2 HFIP 24h no product 2a detected; 1a decomposed partly
11 —e HFIP 24h no reaction

2 Run on 0.1 mmol scale for entries 1-5; 0.2 mmol scale for entry 6-11. ® Yield of isolated product is reported.  Without catalyst.

The procedure for the conditions screening was similar to the general procedure F described in 4-1 using the
designated catalyst (1 mol%) and solvent (0.1 M) instead of Rhz(esp)2 and HFIP (0.1 M).
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4. Substrate scope for Rh-catalyzed electrophilic amination reactions

4-1. General procedure for the synthesis of benzo-fused f-amino acids

1 0O O
R R Rhoesp, (1 mol%) R! R
0 OH
/
N HFIP, 0 °C N
H
H
1 (0.2 mmol) 2

General procedure G: To a 10 mL test tube equipped with a magnetic stirring bar were added substrates 1 (0.2
mmol), Rha(esp)2 (1 mol%, 0.002 mmol), followed by the addition of HFIP (2.0 mL, 0.1 M) at 0 °C (ice-water bath).
The resulting mixture was stirred at the same temperature. After full consumption of 1 by TLC analysis, the
reaction mixture was concentrated under reduced pressure. The obtained crude residue was purified by silica gel

column chromatography (0% to 40% methanol in EtOAc) to afford analytically pure products 2.

1,2,3,4-Tetrahydroquinoline-3-carboxylic acid (2a): Prepared by the general procedure G from 1a (35.4 mg, 0.2

mmol), stirred for 10 min, and isolated as a light-yellow solid (35.3 mg, 99% yield). 1H NMR (400

i MHz, CDCLs): d 7.52 (brs, 2H), 7.03-6.99 (m, 2H), 6.71-6.67 (m, 1H), 6.56 (d, ] = 8.0 Hz, 1H), 3.59—

ww 3.56 (m, 1H), 3.44-3.39 (m, 1H), 3.06-2.99 (m, 3H); 3C NMR (100 MHz, CDCL): d 179.7, 1434,

4 129.6, 127.1, 119.8, 118.1, 114.9, 43.3, 38.2, 29.2. HRMS (ESI): m/z calc’d for C1oH10O:2N [M - H]*
176.0717, found: 176.0713. Spectroscopic data matched those reported.s

7-Chloro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2b): Prepared by the general procedure G from 1b (42.3

o mg, 0.2 mmol), stirred for 30 min, and isolated as a light-yellow solid (32.3 mg, 76% yield).

MOH m.p. 144-146 °C; IR (thin film): v 3410, 2929, 1701, 1603, 1494, 1087, 788 cm'; 'H NMR (400

cl N MHz, DMSO-ds): 8 6.88 (d, ] = 8.0 Hz, 1H), 6.47 (d, ] = 2.0 Hz, 1H), 6.42 (dd, ] = 8.0, 2.0 Hz, 1H),

6.08 (brs, 1H), 3.38 (dd, ] = 11.6, 2.4 Hz, 1H), 3.17 (dd, ] = 11.6, 8.4 Hz, 1H), 2.86-2.76 (m, 2H),

2.72-2.68 (m, 1H); ¥C NMR (100 MHz, DMSO-ds): 6 174.6, 145.9, 130.8, 130.4, 117.5, 114.6, 112.1, 42.2, 36.9, 28.7;
HRMS (ESI): m/z calc’d for C1oH1102NCI [M + H]*: 212.0473, found: 212.0464.

7-Bromo-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2c): Prepared by the general procedure G from 1c (51.2 mg,
o 0.2 mmol), stirred for 30 min, and isolated as a yellow brown solid (35.0 mg, 68% yield). m.p.
MOH 207-209 °C; IR (KBr): v 3424, 1703, 1597, 1491, 1216, 862, 772 cm™'; '"H NMR (400 MHz, MeOD):

Br N 5 6.81 (d, ] = 8.0 Hz, 1H), 6.65 (d, ] = 2.0 Hz, 1H), 6.61 (dd, ] = 8.0, 2.0 Hz, 1H), 3.51-3.47 (m,
1H), 3.30-3.25 (m, 1H), 2.93-2.79 (m, 3H); *C NMR (100 MHz, MeOD): 0 177.3, 147.3, 131.7,

121.1, 120.2, 119.6, 117.3, 44.2, 39.1, 30.4;, HRMS (ESI): m/z calc’d for CioHuO:NBr [M + HJ*: 255.9968, found:

255.9959.
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7-Methyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2d): Prepared by the general procedure G from 1d (38.2

mg, 0.2 mmol), stirred for 15 min, and isolated as an off-white solid (38.2 mg, 99% yield).

i@\/j)iOH The ratio of C7-isomer and Cé6-isomer was 83:17; m.p. 168-170 °C; IR (thin film): v 3402, 2922,

Me~? 1702, 1618, 1498, 1308, 790 cm-1; TH NMR (400 MHz, CDCls) for the mixture isomer: d 6.91—

6.89 (m, 0.86H), 6.84-6.82 (m, 0.35H), 6.52-6.48 (m, 1.07H), 6.38 (s, 0.98H), 6.09 (brs, 1.75H),

3.57-3.53 (m, 1H), 3.42-3.37 (m, 1H), 3.02-2.96 (m, 3H), 2.22 (s, 3H); 3C NMR (100 MHz, CDCls) for the mixture

isomer: 0 179.0, 143.2, 140.9, 136.9, 130.1, 129.5, 127.7, 119.1, 116.7, 115.3, 115.1, 43.5, 43.3, 38.3, 29.2, 28.9, 21.1, 20.4;
HRMS (ESI): m/z calc’d for CiiH14O:2N [M + HJ*: 192.1019, found: 192.1010.

& H

6-Chloro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2e): Prepared by the general procedure G from 1e (42.3
o mg, 0.2 mmol), stirred for 10 min, and isolated as a yellow foam (38.3 mg, 91% yield). IR (thin
CleH film): v 3414, 2927, 1708, 1497, 1213, 809, 756 cm™; TH NMR (400 MHz, CDCls): 0 7.20 (brs, 2H),
N 6.98-6.93 (m, 2H), 6.44 (d, ] = 8.4 Hz, 1H), 3.54 (dd, ] = 11.6 Hz, 3.6 Hz, 1H), 3.44-3.39 (m, 1H),
3.02-2.93 (m, 3H); ¥C NMR (100 MHz, CDCls): & 179.3, 142.0, 129.1, 127.0, 122.3, 121.0, 115.7,

43.2, 37.8, 28.9; HRMS (ESI): m/z calc’d for CioH11O2NCl [M + H]J*: 212.0473, found: 212.0467.

6-Fluoro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2f): Prepared by the general procedure G from 1f (39.5 mg,

0.2 mmol), stirred for 20 min, and isolated as an off-white solid (39.5 mg, 99% yield). m.p. 150-

F\©\/jj10"| 152 °C; IR (thin film): v 2928, 1709, 1506, 1245, 1143, 948, 808 cm-1; 1H NMR (400 MHz, MeOD):

. d 6.72-6.63 (m, 2H), 6.52-6.48 (m, 1H), 3.48-3.44 (m, 1H), 3.27-3.22 (m, 1H), 2.95-2.93 (m, 2H),

" 2.85-2.78 (m, 1H); 3C NMR (100 MHz, MeOD): & 177.3, 157.0 (d, ] = 232.0 Hz), 141.9 (d, J = 1.7

Hz), 122.6 (d, ] = 7.0 Hz), 116.6 (d, ] = 7.6 Hz), 116.2 (d, ] = 22.1 Hz), 114.3 (d, ] = 22.5 Hz), 44.8, 39.4, 30.6 (d, ] = 1.2
Hz); HRMS (ESI): m/z calc’d for CioH11O2NF [M + H]*: 196.768, found: 196.0760.

6-Methyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2g): Prepared by the general procedure G from 1g (38.2
o mg, 0.2 mmol), stirred for 15 min, and isolated as a light yellow foam (38.0 mg, 99% yield).

OH ' The ratio of Cé-isomer and C8-isomer was 90:10; IR (thin film): v 3385, 2923, 1709, 1512, 1266,
3 H 1204, 810, 735 cm!; TH NMR (400 MHz, CDCls) for the mixture isomer: d 6.92-6.90 (m, 0.21H),
6.84-6.82 (m, 1.74H), 6.62 (t, ] = 7.6 Hz, 0.12H), 6.48 (d, | = 8.0 Hz, 0.91H), 5.74 (brs, 2H), 3.67-3.63 (m, 0.10H), 3.54—
3.51 (m, 0.88H), 3.50-3.45 (m, 0.10H), 3.42-3.37 (m, 0.91H), 3.06-2.96 (m, 2.93H), 2.22 (s, 2.61H), 2.10 (s, 0.26H); 3C
NMR (100 MHz, CDCl) for the mixture isomer: o 179.2, 179.1, 141.5, 140.9, 130.1, 128.3, 127.7, 127.5, 127.4, 121.7,
119.8, 118.9, 117.3, 114.9, 43.6, 43.5, 38.4, 38.1, 29.6, 29.1, 20.4, 17.1; HRMS (ESI): m/z calc’d for C1iH1O2N [M + H]*
192.1019, found: 192.1012.
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6-Methoxy-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2h): Prepared by the general procedure G from 1h (41.4

mg, 0.2 mmol), stirred for 20 min, and isolated as a yellow foam (41.4 mg, 99% yield). IR

MeO i (thin film): v 3382, 2934, 1714, 1506, 1250, 1036, 735 cm™; TH NMR (400 MHz, CDCls): 6 6.65-

wOH 6.61 (m, 2H), 6.53 (d, | = 8.4 Hz, 1H), 5.64 (brs, 2H), 3.74 (s, 3H), 3.50 (dd, ] = 11.6, 3.2 Hz, 1H),

3.39 (dd, ] =11.6, 8.0 Hz, 1H), 3.05-2.94 (m, 3H); 3C NMR (100 MHz, CDCls): d 178.5, 152.8,

137.0, 121.3, 116.4, 114.6, 113.5, 55.7, 43.7, 38.3, 29.3; HRMS (ESI): m/z calc’d for CuHuOsN [M + H]*: 208.0968,
found: 208.0971.

H

5-Chloro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2i): Prepared by the general procedure G from 1i (42.3 mg,
0.2 mmol), stirred for 15 min, and isolated as a yellow solid (21.0 mg, 50% yield). m.p. 150-

T i 152 °C; IR (thin film): v 3423, 2926, 1703, 1597, 1273, 942, 768 cm}; tH NMR (400 MHz, CDCls): d
@:D)%H 6.92 (t, ] = 8.0 Hz, 1H), 6.74 (dd, ] = 8.0, 1.2 Hz, 1H), 6.43 (d, ] = 8.0 Hz, 1H), 5.49 (brs, 2H), 3.55—
3.51 (m, 1H), 3.42-3.37 (m, 1H), 3.19-3.11 (m, 1H), 3.03-2.95 (m, 2H); *C NMR (100 MHz, CDCls):

0 178.8, 145.2, 134.9, 127.4, 118.5, 117.7, 113.0, 42.8, 38.1, 27.0; HRMS (ESI): m/z calc’d for CioHuO:2NCI [M + H]*:

212.0473, found: 212.0466.

H

5-Methyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2j): Prepared by the general procedure G from 1j (38.2 mg,

0.2 mmol), stirred for 15 min, and isolated as a light-yellow solid (20.5 mg, 53% yield). The

6ijfj)k0H ratio of C5-isomer and C8-isomer was 6:1; m.p. 147-149 °C; IR (thin film): v 3396, 2934, 1710,

N 1590, 1482, 1272, 1202, 771 cm-; TH NMR (400 MHz, CDCls) for the mixture isomer: d 6.95-6.91

(m, 1.10H), 6.64-6.58 (m, 1.06H), 6.44-6.42 (m, 0.93H), 6.15 (brs, 1.63H), 3.67-3.63 (m, 0.14H),

3.55-3.51 (m, 0.83H), 3.50-3.43 (m, 0.17H), 3.40-3.35 (m, 0.83H), 3.08-2.84 (m, 3H), 2.21 (s, 2.54H), 2.10 (s, 0.4H); BC

NMR (100 MHz, CDCl) for the mixture isomer: o 179.1, 143.5, 137.4, 128.3, 127.5, 126.6, 120.0, 118.5, 117.4, 112.8,
42.9, 38.6, 38.1, 29.6, 26.6, 19.4, 17.1; HRMS (ESI): m/z calc’d for C1iH14sO2N [M + H]*: 192.1019, found: 192.1011.

1,2,3,4-Tetrahydrobenzo[glquinoline-3-carboxylic acid (2k): Prepared by the general procedure G from 1k (45.5
o

mg, 0.2 mmol), stirred for 1 h, and isolated as a light-pink solid (45.5 mg, 99% yield). m.p.

OH 142-144 °C; IR (KBr): v 3414, 2931, 1697, 1521, 1399, 1287, 799 cm™; 'TH NMR (400 MHz,
N CDCls): d 7.77-7.70 (m, 2H), 7.44-7.41 (m, 2H), 7.25-7.14 (m, 4H), 3.76-3.73 (m, 1H), 3.59—

3.54 (m, 1H), 3.26-3.13 (m, 2H), 3.07-3.01 (m, 1H); ¥C NMR (100 MHz, CDCls): d 179.7, 137.9, 133.1, 128.5, 128.1,

125.3, 125.1, 123.4, 119.6, 118.1, 114.2, 43.6, 38.1, 29.7, HRMS (ESI): m/z calc’d for Ci1sH14O:2N [M + H]*: 228.1019,
found: 228.1009.
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1,2,3,4-Tetrahydrobenzol[f]lquinoline-2-carboxylic acid (21): Prepared by the general procedure G from 11 (45.5 mg,

0.2 mmol), stirred for 30 min, and isolated as a light-pink solid (45.5 mg, 99% yield). m.p. 170-

‘O oH 172°C; IR (KBr): v 3402, 2886, 1694, 1622, 1520, 1293, 800, 751 cmL; tH NMR (400 MHz, CDCls): d

N 7.76 (d, ] = 8.4 Hz, 1H), 7.69 (d, ] = 8.0 Hz, 1H), 7.54 (d, ] = 8.8 Hz, 1H), 7.47-7.43 (m, 1H), 7.28—

7.24 (m, 1H), 6.81 (d, ] = 8.8 Hz, 1H), 3.65-3.62 (m, 1H), 3.51-3.46 (m, 1H), 3.43-3.37 (m, 1H),

3.30-3.23 (m, 1H), 3.17-3.12 (m, 1H); ¥C NMR (100 MHz, CDCl): o 179.2, 140.9, 133.2, 128.5, 128.1, 127.7, 126.6,
122.2,121.1, 118.0, 110.2, 43.0, 38.4, 25.5; HRMS (ESI): m/z calc’d for C1aH1O:2N [M + H]J*: 228.1019, found: 228.1008.

1-((Benzyloxy)carbonyl)-6-carboxy-5,6,7,8-tetrahydro-1H-pyrrolo[3,2-g]lquinolin-8-ium trifluoro acetate
o) (2m-1°TFA):  Prepared by the general procedure G  from  tert-butyl

N oH 4-((1-((benzyloxy)carbonyl)-1H-indol-5-yl)methyl)-5-oxoisoxazolidine-2-carboxylate S1m

(70.0 mg, 0.2 mmol), obtained as a mixture of 2m-1 and 2m-2, and isolated by reverse phase
prep HPLC as an amorphous solid (33% yield); IR (thin film): v 2925, 2852, 1730, 1626, 1395,
1282, 1214, 760, 697 cm!; TH NMR (400 MHz, Acetone-de): 8 7.55-7.52 (m, 2H), 7.44-7.35 (m, 5H), 7.15 (s, 1H), 6.45
(dd, J=3.6, 0.4 Hz, 1H), 5.44 (s, 2H), 3.59 (dd, | = 11.2, 1.2 Hz, 1H), 3.41-3.35 (m, 1H), 3.10-3.00 (m, 2H), 2.92-2.86 (m,
1H); 3C NMR (100 MHz, Acetone-ds): 6 174.9, 151.5, 143.5, 136.9, 129.5, 129.3, 129.2, 127.1, 123.2, 122.5, 121.9, 117.6,
108.9, 100.4, 68.8, 44.4, 38.9, 30.1; YF NMR (376 MHz, Acetone-ds): & 76.76 (s, 3F); HRMS (ESI): m/z calc’d for

C20H1904N2 [M + HJ*: 351.1339, found: 351.1343.

CbzN -TFA

7-((Benzyloxy)carbonyl)-3-carboxy-2,3,4,7-tetrahydro-1H-pyrrolo[2,3-h]quinolin-1-ium trifluoro acetate

o (2m-2+TFA): Isolated as an amorphous solid (66% yield); IR (thin film): v 2922, 2851, 1739,

OH 1703, 1405, 1347, 1278, 1156, 1053, 761, 718cm-!; TH NMR (400 MHz, Acetone-ds): 8 7.57-7.54

_J N TPA (m, 2H), 7.50 (d, ] = 3.6 Hz, 1H), 7.53-7.36 (m, 4H), 6.93 (d, ] = 8.4 Hz, 1H), 6.72 (dd, ] = 4.0, 0.8

Hz, 1H), 5.47 (s, 2H), 3.66 (dd, | =12.0, 1.2 Hz, 1H), 3.41 (dd, ] =11.6, 9.2 Hz, 1H), 3.08-2.97 (m, 2H), 2.93-2.86 (m, 1H);

13C NMR (100 MHz, Acetone-de): 8 175.1, 151.6, 138.0, 136.8, 135.8, 129.5, 129.3, 129.2, 127.3, 123.8, 118.6, 112.9, 105.7,

104.6, 69.1, 44.0, 38.8, 30.3; “F NMR (376 MHz, Acetone-de): 8 76.79 (s, 3F); HRMS (ESI): m/z calc’d C20H190sN2 [M +
H]*: 351.1339, found: 351.1350.

CbzN

1,2,3,4-Tetrahydrobenzofuro[2,3-flquinoline-2-carboxylic acid (2n): Prepared by the general procedure G from

Oy _on 4-(dibenzolb,d]furan-4-ylmethyl)isoxazolidin-5-one 1n (53.5 mg, 0.2 mmol), and isolated as a

o light brown solid (99% yield). m.p. 207-208 °C; IR (thin film): v 2961, 2924, 2850, 1706, 1636,

Q O NH 1452, 1261, 1188, 1103, 1017, 800, 746 cm-; 'H NMR (400 MHz, CDCls): 8 7.77 (dd, [ = 7.2, 1.6

Hz, 1H), 7.55 (d, ] = 8.4 Hz, 1H), 7.49 (d, ] = 7.6 Hz, 1H), 7.33-7.24 (m, 2H), 6.56 (d, ] = 8.4 Hz,

1H), 5.83 (br s, 1H) ,3.65 (ddd, ] = 11.6, 3.2, 1.2 Hz, 1H), 3.52 (dd, ] = 11.6, 8.4 Hz, 1H), 3.40 (dd, ] = 16.8, 5.6 Hz, 1H),

326 (d, ] = 164, 84 Hz 1H), 3.14-307 (m, 1H); ©C NMR (100 MHz, CDCL):

8 178.6, 156.0, 155.8, 143.7, 125.3, 125.0, 122.7, 119.4, 119.0, 114.8, 111.3, 110.8, 103.7, 43.5, 37.7, 23.3; HRMS (ESI): m/z
calc’d for CisH12OsN [M + H]*: 268.0968, found: 268.0971.
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4,5,6,7-Tetrahydrothieno[3,2-b]pyridine-6-carboxylic acid (20): Prepared by the general procedure G from
H 4-(thiophen-2-ylmethyl)isoxazolidin-5-one 1o (36.7 mg, 0.2 mmol), and isolated as a brown solid

{S | OH (98% yield). m.p. >280 °C; IR (KBr): v 3413, 2922, 1721, 1619, 1580, 1406, 1282, 1214 cm-!; 'TH NMR
o (400 MHz, MeOD): 6 7.02 (dt, ] =5.2, 0.8 Hz, 1H), 6.52 (dt, | = 5.2, 0.4 Hz, 1H), 3.46 (ddd, | = 12.0,

2.8, 0.4 Hz, 1H), 3.20 (dd, | = 12.0, 9.2 Hz, 1H), 2.96-2.94 (m, 2H), 2.88-2.81 (m, 1H); 3C NMR (100 MHz, MeOD): §
177.3, 143.0, 122.9, 120.9, 113.6, 45.7, 40.7, 26.5; HRMS (ESI): m/z calc’d for CsH1002NS [M + H]*: 184.0427, found:

184.0430.

7-(4,4,5,5-Tetramethyl-1,3-dioxolan-2-yl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2p): Prepared by the

o general procedure G from
MOH 4-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)isoxazolidin-5-one 1p (61.1 mg, 0.2

M 0]
M§>§‘/o H mmol), and isolated as a yellow oil (94% yield); IR (thin film): v 3393, 2977, 2926, 2853,
Me” Me 1708, 1619, 1587, 1496, 1378, 1276, 1155, 1078, 987, 880 cm-!; 1TH NMR (400 MHz, CDCls):

§6.99 (d, ] = 8.0 Hz, 2H), 6.80 (d, ] = 7.6, 1.2 Hz, 1H), 6.67 (s, 1H), 5.86 (s, 1H), 3.56 (dd, ] = 11.6, 3.2 Hz, 1H), 3.40 (dd,
] = 11.6, 8.4 Hz, 1H), 3.03 (dd, ] = 6.8 Hz, 2H), 2.99-2.93 (m, 1H), 1.30 (s, 6H), 1.25 (s, 6H); *C NMR (100 MHz,
CDClLs): & 178.0, 143.5, 139.0, 129.7, 120.1, 116.1, 112.4, 99.9, 82.7, 43.5, 38.2, 29.4, 24.5, 22.3; HRMS (ESI): m/z calc’d
for C7H»0:sNNa [M + Na]*: 328.1519, found: 328.1522.

6-(Allyloxy)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2q): Prepared by the general procedure G from

O

o 4-(4-(allyloxy)benzyl)isoxazolidin-5-one 1q (46.6 mg, 0.2 mmol), and isolated as a orange
S
- ww solid (95% yield). m.p. 85-87 °C; IR (thin film): v 3383, 2924, 2851, 1717, 1608, 1505, 1421,

N 1231, 1023, 924 cm; 'TH NMR (400 MHz, CDCls): § 7.67 (br s, 2H), 6.66-6.63 (m, 2H), 6.53
(d, ] = 8.4 Hz, 1H), 6.04 (ddt, ] = 17.6, 10.8, 5.2 Hz, 1H), 5.38 (ddt, ] = 17.2, 1.6, 1.6 Hz, 1H), 5.26 (ddt, ] = 10.8, 1.6, 1.6
Hz, 1H), 4.45 (ddd, ] = 5.2, 1.6, 1.6 Hz, 2H), 3.50 (br dd, ] = 10.8, 2.4 Hz, 1H), 3.36 (dd, ] = 11.2, 8.0 Hz, 1H), 3.08-2.92
(m, 3H); 3C NMR (100 MHz, CDCls): 6 179.3, 151.9, 137.1, 133.9, 121.7, 117.5, 116.6, 116.0, 114.6, 69.7, 43.8, 38.5, 29.4;
HRMS (ESI): m/z calc’d for CisH160sN [M + H]J*: 234.1125, found: 234.1126.

7-((Triisopropylsilyl)ethynyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2r): Prepared by the general

] procedure G from 4-(4-((trimethylsilyl)ethynyl)benzyl)isoxazolidin-5-one 1r (71.5 g, 0.2

OH mmol), and isolated as a yellow oil (89% yield); IR (thin film): v 3414, 2942, 2891, 2153,

1708, 1609, 1569, 1464, 1274, 1177, 882, 676, 660, 625 cm!; TH NMR (400 MHz, CDCls): §

6.93 (d, ] = 7.6 Hz, 2H), 6.79 (dd, ] = 7.6, 1.2 Hz, 2H), 6.65 (s, 1H), 3.54 (dd, ] = 11.6, 3.6 Hz,

1H), 3.41 (dd, ] = 11.6, 8 Hz, 1H), 3.02 (d, ] = 6.4 Hz, 2H), 2.98-2.95 (m, 1H), 1.11 (m, 21H); 3C NMR (100 MHz,

CDCls): 6 179.0, 143.4, 129.6, 122.2, 121.8, 120.2, 117.7, 107.6, 89.3, 43.3, 38.1, 29.3, 18.8, 11.5; HRMS (ESI): m/z calc’d
for C21H»0:NSi [M + H]*: 358.2197, found: 358.2206.

AN

TIPS
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6-Nitro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2s): Prepared by the general procedure G from

o N\@\/j)i 4-(3-nitrobenzyl)isoxazolidin-5-one 1s (44.4 mg, 0.2 mmol), and isolated as a yellow oil (52%
2

yield); IR (thin film): v 3371, 3031, 2924, 2853, 1708, 1610, 1586, 1526, 1510, 1466, 1313, 1295,

& 1239, 1196, 1095, 909, 751 cm; TH NMR (400 MHz, MeOD): § 9.46-9.45 (m, 1H), 9.40 (dd, | =

9.2, 2.8 Hz, 1H), 8.05 (d, ] = 8.8 Hz, 1H), 5.15 (ddd, | = 124, 4.0, 1.2 Hz, 1H), 5.01 (dd, | = 12.4, 8.4 Hz, 1H), 4.63-4.50

(m, 2H), 4.44-4.38 (m, 1H); 3C NMR (100 MHz, MeOD): § 176.7, 152.2, 137.7, 126.9, 125.3, 119.4, 113.1, 44.0, 38.3,
30.7; HRMS (ESI): m/z calc’d for CioH1004N2Na [M + Na]*: 245.0533, found: 245.0541.

3-(3-Methoxy-3-oxopropyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2t): Prepared by the general procedure
G from 1t (52.7 mg, 0.2 mmol), stirred for 30 min, and isolated as an off-white solid (52.6 mg, 99%
o yield). m.p. 110-112 °C; IR (thin film): v 3400, 2949, 1732, 1603, 1498, 1216, 751 cm™; 'H NMR (400
on MHz, CDCL): d 7.01-6.97 (m, 2H), 6.70-6.66 (m, 1H), 6.53 (d, ] = 7.6 Hz, 1H), 3.64 (s, 3H), 3.53—
3.50 (m, 1H), 3.18 (d, ] = 13.2 Hz, 2H), 2.72 (d, ] = 16.4 Hz, 1H), 2.45-2.41 (m, 2H), 2.06-1.95 (m,
2H); 3C NMR (100 MHz, CDCls): d 179.9, 173.4, 142.9, 128.8, 127.1, 119.0, 118.2, 114.6, 51.7, 47.3,

43.5, 34.8, 30.5, 29.2; HRMS (ESI): m/z calc’d for C1sH1s0sN [M + H]J*: 264.1230, found: 264.1221.

MeO.__O

Iz

3-(3-(Benzyloxy)-3-oxopropyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2u): Prepared by the general
procedure G from 1u (67.8 mg, 0.2 mmol), stirred for 10 min, and isolated as a colorless oil (65.7
mg, 97% yield). IR (thin film): v 3404, 2938, 1732, 1498, 1283, 1173, 750 cm''; 'TH NMR (400 MHz,
CDCL): d 7.37-7.33 (m, 5H), 7.01-6.96 (m, 4H), 6.69-6.65 (m, 1H), 6.51-6.49 (m, 1H), 5.09 (s, 2H),
3.51-3.48 (m, 1H), 3.20-3.15 (m, 2H), 2.70 (d, | = 16.4 Hz, 1H), 2.51-2.46 (m, 2H), 2.10-1.96 (m,
2H); 3C NMR (100 MHz, CDCls): o 180.4, 172.8, 142.9, 135.7, 129.7, 128.5, 128.3, 128.2, 127.0,
118.9, 118.1, 114.5, 66.5, 47.3, 43.5, 34.7, 30.3, 29.4; HRMS (ESI): m/z calc’d for C20H220sN [M + H]*: 340.1543, found:
340.1536.

BnO.__O
O
OH

Iz

3-(2-(Phenylsulfonyl)ethyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2v): Prepared by the general procedure

G from 1v (69.1 mg, 0.2 mmol), stirred for 10 min, and isolated as a light-yellow solid (68.8 mg,

Ph.¢-0 99% yield). m.p. 171-173 °C; IR (thin film): v 3404, 2975, 1723, 1306, 1148, 1049, 749 cm-; 'H

2 NMR (400 MHz, CDCLs): d 7.87-7.85 (m, 2H), 7.66-7.61 (m, 1H), 7.55-7.51 (m, 2H), 7.01-6.92 (m,

2H), 6.70-6.66 (m, 1H), 6.51-6.49 (m, 1H), 4.94 (brs, 2H), 3.47 (d, ] = 11.6 Hz, 1H), 3.24-3.11 (m,

H 4H), 2.65 (d, | = 16.4 Hz, 1H), 2.13-1.97 (m, 2H); 3C NMR (100 MHz, CDCls): 0 178.4, 142.4, 138.6,

133.9, 129.7, 129.3, 127.9, 127.3, 118.7, 118.3, 114.8, 51.8, 47.1, 43.0, 34.9, 27.7, HRMS (ESI): m/z calc’d for CisH200sNS
[M + H]J*: 346.1108, found: 346.1101.
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(5)-3-Allyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2w): Prepared by the general procedure G from 1w (43.4

| mg, 0.2 mmol), stirred for 20 min, and isolated as a colorless oil (15.9 mg, 37% yield). [a]p®=-60.7

\\i (¢ =0.65, CHCIs); IR (thin film): v 3414, 2924, 1703, 1501, 1237, 921, 749 cm-; TH NMR (400 MHz,

| CDCls): d 7.02-6.98 (m, 2H), 6.70-6.68 (m, 1H), 6.54-6.52 (m, 1H), 5.84-5.75 (m, 1H), 5.13-5.08 (m,

H 2H), 3.52-3.48 (m, 1H), 3.20-3.13 (m, 2H), 2.75 (d, | = 16.0 Hz, 1H), 2.46-2.36 (m, 2H); 3C NMR

(100 MHz, CDCls): 0 180.2, 142.9, 132.6, 129.8, 127.0, 119.3, 118.9, 118.1, 114.5, 47.2, 44.2, 40.1, 34.6; HRMS (ESI): m/z
calc’d for CisH160:2N [M + H]J*: 218.1176, found: 218.1167.

2-(1,2,3,4-Tetrahydroquinolin-2-yl)acetic acid (2z): Prepared by the general procedure F from 1z (38.3 mg, 0.2

mmol), stirred for 10 min, and isolated as a brown oil (33.4 mg, 87% yield). IR (thin film): v

w 3389, 2926, 1711, 1496, 1309, 1206, 749 cm; tTH NMR (400 MHz, CDCLs): & 7.22-7.18 (m, 2H),

N O 7.01-6.97 (m, 2H), 6.69-6.65 (m, 1H), 6.55 (d, ] = 7.6 Hz, 1H), 3.78-3.71 (m, 1H), 2.91-2.72 (m,

2H), 2.61-2.59 (m, 2H), 2.03-1.96 (m, 1H), 1.82-1.72 (m, 1H); 3C NMR (100 MHz, CDCls): 6 177.7, 143.5, 129.3, 126.9,
121.2,117.9, 115.0, 47.7, 40.6, 27.8, 25.5; HRMS (ESI): m/z calc’d for C11H1O:2N [M + H]J*: 192.1019, found: 192.1010.

3-Carboxy-5,5-dimethyl-2,3,4,5-tetrahydro-1H-benzo[b]azepin-1-ium trifluoro acetate (5¢TFA): Prepared by the
general procedure G from 4-(2-methyl-2-phenylpropyl)isoxazolidin-5-one 4 (43.9 mg, 0.2

C&—{)ﬁ tea Mmmol), obtained as a mixture of 5 and 6, and isolated by reverse phase prep HPLC as an
N ° amorphous solid (65% yield); IR (thin film): v 3426, 2971, 1673, 1621, 1439, 1197, 1140, 840, 799,

762, 723 cm; TH NMR (400 MHz, CDCls): § 7.53-7.48 (m, 2H), 7.41 (t, ] = 7.26 Hz, 1H), 7.28 (dt, ] = 8.0, 0.8 Hz, 1H),
3.71 (d, ] = 3.6 Hz, 2H), 3.26 (br s, 1H), 2.30-2.22 (m, 2H), 1.48 (s, 3H), 1.46 (s, 3H); ®*C NMR (100 MHz, CDCL): 8
176.6, 142.1, 134.8, 130.2, 129.5, 128.4, 127.3 (q, ] = 256.9 Hz), 124.8, 50.0, 40.5, 39.3, 38.6, 32.2, 29.2; ¥YF NMR (376

MHz, CDCls): 8 75.76(s, 3F); HRMS (ESI): m/z calc’d for CisH1sO2N [M + H]*: 220.1332, found: 220.1332.
4-Carboxy-2,2-dimethyl-1-phenylpyrrolidin-1-ium trifluoro acetate (6°TFA): Isolated by reverse phase prep

MOH HPLC as an amorphous solid (22% yield); IR (thin film): v 3439, 3069, 2985, 1725, 1668, 1496,
©/N 5 1196, 1137, 798, 722, 706 cm-1; 1TH NMR (400 MHz, CDCls): tTH NMR (400 MHz, CDCls): 8 7.52 (s,
" TFA 5H), 4.30 (dd, | = 11.6, 7.6 Hz, 1H), 4.13 (dd, | = 11.6, 9.6 Hz, 1H), 3.71-3.62 (m, 1H), 2.63 (dd, ] =

14.0, 11.2 Hz, 1H), 2.52 (dd, ] = 13.6, 6.0 Hz, 1H), 1.40 (s, 3H), 1.28 (s, 3H); 3C NMR (100 MHz, CDCls): § 174.7, 134.5,
1305, 130.1, 123.8, 72.8, 53.6, 40.8, 38.4, 23.6, 23.0; F NMR (376 MHz, CDCLs): 8 75.64 (s, 3F); HRMS (ESI): m/z
calc’d for CisHisO:N [M + HJ*: 220.1332, found: 220.1335.
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4-2. General procedure for the synthesis of spirocyclic p-proline derivatives

o
o} .
R R Rhy(esp), (1 mol%) R O
X (0} f{, S
P NH HFIP (0.1 M) ®
HO 0°C o~ R,
7 (0.2 mmol) 8

General procedure H: To a 10 mL test tube equipped with a magnetic stirring bar were added substrates 7 (0.2
mmol), Rhz(esp)2 (1 mol%, 0.002 mmol), followed by the addition of HFIP (2 mL, 0.1 M) at 0 ‘C (ice-water
bath). The resulting mixture was stirred at the same temperature. After full consumption of 7 by TLC analysis,
the reaction mixture was concentrated under reduced pressure. The obtained crude residue was then washed

with CH2Cl2 (3x) to remove impurity, and gave analytically pure products 8.

8-Oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8a): Prepared by the general procedure H from 7a (38.6

mg, 0.2 mmol), stirred for 1 h, and isolated as a white powder (38.6 mg, 99% yield). m.p.

o© 170 °C (decomp.); IR (KBr): v 3446, 2978, 1686, 1553, 1391, 1262, 855 cm™'; TH NMR (400 MHz,

® D20): & 7.16-7.10 (m, 2H), 6.45-6.41 (m, 2H), 3.81-3.72 (m, 2H), 3.48-3.41 (m, 1H), 2.52-2.39 (m,

° HZ 2H); 3C NMR (100 MHz, D20): d 186.6, 178.3, 144.9, 144.3, 130.1, 129.9, 63.3, 48.0, 44.6, 39.9;
HRMS (ESI): m/z calc’d for CioH120sN [M + H]J*: 194.0812, found: 194.0803.

6,10-Dimethyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8b): Prepared by the general procedure H
from 7b (44.3 mg, 0.2 mmol), stirred for 2 h, and isolated as an off-white powder (42.5 mg, 96%

o2 yield). m.p. 175 °C (decomp.); IR (thin film): v 3445, 2976, 1680, 1559, 1388, 905, 603 cm; 'H

® NMR (400 MHz, D20): d 6.32-6.28 (m, 2H), 3.94-3.89 (m, 1H), 3.79-3.73 (m, 1H), 3.62-3.53 (m,

© H2 1H), 2.65-2.55 (m, 2H), 2.25 (s, 3H), 2.24 (s, 3H); 3C NMR (100 MHz, D20): 8 187.2, 176.9, 156.9,
128.2,127.6, 68.7, 51.0, 46.9, 39.1, 18.7; HRMS (ESI): m/z calc’d for C12H1s0sNNa [M+Na]*: 244.0944, found: 244.0933.

7-Methyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8c): Prepared by the general procedure H from

7¢ (31.0 mg, 0.15 mmol), stirred for 15 min, and isolated as a light-yellow solid (30.2 mg, 97%

o@ vyield). 'H NMR analysis revealed that the dr value was 1.3:1. m.p. 155 °C (decomp.); IR (thin

film): v 3431, 2982, 1673, 1583, 1396, 1123, 831, 707 cm; tH NMR (400 MHz, D:0) for the

2 mixture isomer: d 7.11-7.05 (m, 1H), 6.90-6.85 (m, 1H), 6.42-6.39 (m, 1H), 3.76-3.73 (m, 2H),

3.48-3.39 (m, 1H), 2.48-2.35 (m, 2H), 1.85 (m, 3H); ®C NMR (100 MHz, D:0) for the mixture

isomer: d 187.2, 178.4, 144.3, 143.6, 139.7, 139.0, 138.0, 137.6, 130.2, 129.9, 63.8, 47.7, 47.6, 44.6, 44.5, 39.7, 14.93, 14.91;
HRMS (ESI): m/z calc’d for CiiH14OsN [M + H]J*: 208.0968, found: 208.0958.
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7,9-Dimethyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8d): Prepared by the general procedure H
Q o from 7d (44.3 mg, 0.2 mmol), stirred for 30 min, and isolated as an white powder (35.6 mg, 80%
p@?\O yield). m.p. 210 °C (decomp.); IR (thin film): v 3445, 2986, 1651, 1581, 1390, 904, 703 cm; 'H
o N NMR (400 MHz, D20): & 6.95-6.89 (m, 2H), 3.85-3.76 (m, 2H), 3.55-3.46 (m, 1H), 2.52-2.40 (m,

2H), 1.95 (s, 3H), 1.94 (s, 3H); ¥C NMR (100 MHz, D20): d 187.8, 178.6, 139.2, 138.4, 137.9, 137.5,
63.7,47.4, 44.6, 39.6, 15.19. 15.17; HRMS (ESI): m/z calc’d for Ci2H16OsN [M + H]J*: 222.1125, found: 222.1115.

7,9-Di-tert-butyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8e): Prepared by the general procedure
Q o H from 7e (61.1 mg, 0.2 mmol), stirred for 1 h, and isolated as a white powder (60.2 mg, 98%
tB“@@?\o yield). m.p. 265 °C (decomp.); IR (thin film): v 3446, 2962, 1651, 1571, 1369, 1188, 881 cm™; 'H
0 N NMR (400 MHz, CDsCOOD): d 6.72-6.70 (m, 2H), 3.96-3.86 (m, 2H), 3.72-3.64 (m, 1H), 2.44 (d,
Bu = 8.4 Hz, 2H), 1.12 (s, 9H), 1.11 (s, 9H); ®C NMR (100 MHz, CDsCOOD): 5 184.7, 175.8, 149.25,

149.18, 134.6, 134.0, 64.3, 46.5, 41.9, 40.2, 34.8, 34.78, 28.32, 28.29; HRMS (ESI): m/z calc’d for CisH2s0sN [M + H]*:
306.2064, found: 306.2054.

3-(3-Methoxy-3-oxopropyl)-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8f): Prepared by the general
MeO. -0 procedure H from 7f (55.9 mg, 0.2 mmol), stirred for 15 min, and isolated as a white powder
Jé;f‘i . (481 mg, 86% yield). m.p. 145 °C (decomp.); IR (KBr): v 3438, 2962, 1737, 1551, 1387, 1267, 864
o5 C cm; 1H NMR (400 MHz, D:0): d 7.22-7.13 (m, 2H), 6.51-6.45 (m, 2H), 413 (d, ] = 12.0 Hz, 1H),

o H2 3.72 (s, 3H), 3.49 (d, ] = 12.0 Hz, 1H), 2.73 (d, | = 14.0 Hz, 1H), 2.44-2.35 (m, 3H), 2.24-2.17 (m,

1H), 2.11-2.03 (m, 1H); 3C NMR (100 MHz, D20): 6 186.5, 179.1, 175.8, 145.3, 144.9, 129.6, 129.3, 62.9, 54.8, 52.7, 52.3,
45.6, 32.4, 30.8; HRMS (ESI): m/z calc’d for C1aH1sOsN [M + H]*: 280.1179, found: 280.1173.

3-(3-(Benzyloxy)-3-oxopropyl)-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8g): Prepared by the
general procedure H from 7g (71.1 mg, 0.2 mmol), stirred for 10 min, and isolated as a white

B0 powder (61.1 mg, 86% yield). m.p. 175 °C (decomp.); IR (KBr): v 3447, 2934, 1734, 1547, 1382,
JCEE\)LOO 1183, 865, 761 cm-l; tH NMR (400 MHz, DMSO-de): & 7.39-7.31 (m, 5H), 7.02 (dd, ] = 10.0, 2.8

® Hz, 1H), 6.93 (dd, ] = 10.0, 2.8 Hz, 1H), 6.01-5.97 (m, 2H), 5.08 (s, 2H), 3.40 (d, ] = 10.4 Hz, 1H),

° " 2.99 (d, ] = 10.4 Hz, 1H), 2.41-2.25 (m, 3H), 2.09-2.01 (m, 1H), 1.99-1.91 (m, 1H), 1.76 (d, ] = 14.0

Hz, 1H); B3C NMR (100 MHz, DMSO-ds): d 185.2, 176.6, 172.2, 153.8, 153.7, 136.1, 128.4, 128.0, 127.9, 125.1, 125.0,
65.6, 60.3, 54.9, 54.2, 43.6, 31.9, 30.5; HRMS (ESI): m/z calc’d for C20H2205N [M + H]*: 356.1492, found: 356.1480.
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8-Ox0-3-(2-(phenylsulfonyl)ethyl)-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8h): Prepared by the general

Ph\S”o: . procedure H from 7h (72.3 mg, 0.2 mmol), stirred for 10 min, and isolated as an off-white

o powder (62.0 mg, 85% yield). m.p. 150 °C (decomp.); IR (KBr): v 3446, 1633, 1447, 1296, 1147,

o© 1087, 750 cm; tH NMR (400 MHz, DMSO-de): 0 7.93-7.91 (m, 2H), 7.79-7.75 (m, 1H), 7.70-7.66

. ﬁz (m, 2H), 6.96-6.87 (m, 2H), 6.00-5.96 (m, 2H), 3.38-3.30 (m, 2H), 3.23-3.15 (m, 1H), 2.96 (d, | =

10.8 Hz, 1H), 2.31 (d, ] = 13.6 Hz, 1H), 2.06-1.90 (m, 2H), 1.76 (d, ] = 13.6 Hz, 1H); 3C NMR (100
MHz, DMSO-de): d 185.1, 175.9, 153.6, 153.1, 138.6, 133.9, 129.5, 127.7, 125.3, 125.0, 60.4, 54.8, 53.4, 51.9, 43.4, 29.4;
HRMS (ESI): m/z calc’d for CisH2005NS [M + H]*: 362.1057, found: 362.1050.

3-Allyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8i): Prepared by the general procedure H from 7i
|

o (22.0 mg, 0.095 mmol), stirred for 1 h, and the reaction mixture was purified directly by silica
o2 gel column chromatography (0% to 100% methanol in EtOAc) to afford the product as a
ﬁ yellow solid (10.0 mg, 45% yield). m.p. 120 °C (decomp.); IR (thin film): v 3437, 1674, 1548,
" 1385, 1003, 857 cml; TH NMR (400 MHz, DMSO-ds): & 7.02-6.96 (m, 2H), 6.02-5.95 (m, 2H),
5.76-5.66 (m, 1H), 5.10-5.01 (m, 2H), 3.41 (d, ] = 10.4 Hz, 1H), 2.96 (d, | = 10.4 Hz, 1H), 2.54-2.50 (m, 1H), 2.42-2.33
(m, 2H), 1.77 (d, ] = 13.6 Hz, 1H); 3C NMR (100 MHz, DMSO-ds): d 185.7, 177.3, 154.5, 154.2, 135.4, 125.7, 125.3,

118.1, 61.1, 55.2, 55.1, 44.2, 41.9; HRMS (ESI): m/z calc’d for CisHi1sOsN [M + H]*: 234.1125, found: 234.1115.

4-3. Gram-scale synthesis

o O
Rhy(esp), (0.1 mol%
©/\E/< 2 2 ( 0) OH
0
N HFIP (0.3 M), 0 °C N
H H
1a (6.15 mmol) 2a, 1.08 g, 99% yield

To a 50 mL flask equipped with a magnetic stirring bar were added substrate 1a (1.09 g, 6.15 mmol) and
Rhz(esp)2 (4.70 mg, 0.1 mol%, 0.00615 mmol), followed by the addition of HFIP (20 mL, 0.3 M) at 0 °C
(ice-water bath). The resulting mixture was stirred at the same temperature. After full consumption of 1a by
TLC analysis (about 30 min), the reaction mixture was concentrated under reduced pressure. The obtained
crude residue was purified by silica gel column chromatography (0% to 20% methanol in EtOAc) to afford
product 2a as a light-yellow solid (1.08 g, 99% yield).
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7a (6.0 mmol)

(0]

Rhy(esp), (0.1 mol%) Oe
HFIP (0.3 M) ®
0°C 0 H

2
8a, 1.06 g, 91% yield

To a 50 mL flask equipped with a magnetic stirring bar were added substrate 7a (1.16 g, 6.0 mmol), Rhz(esp)2
(4.60 mg, 0.1 mol%, 0.006 mmol), followed by the addition of HFIP (20 mL, 0.3 M) at 0 °C (ice-water bath). The

resulting mixture was stirred at the same temperature. After full consumption of 7a by TLC analysis (about 1

h), the reaction mixture was concentrated under reduced pressure. The obtained crude product was further

washed with CH2Cl: for three times to afford the pure product 8a as an off-white solid (1.06 g, 91% yield).

5. X-Ray structure of 2f

Single crystals of 2f were obtained by slow diffusion of the solution of 2f in EtOAc at RT. A suitable crystal was

selected and the sample was measured on a Rigaku R-AXIS RAPID diffractometer using graphite monochromated

Cu-Ka radiation. The data were collected at 93.15 K. Refined structure and crystallographic parameters are

summarized in Figure S1 and Table S1. CCDC 1885044 contains the supplementary crystallographic data for 2f.

OH

N
H

2f

Figure S1. ORTEP diagram of 2f.

Table S1. Selected crystal data of 2f.

Empirical Formula C,oH;oFNO,
Formula Weight 195.19
Crystal Size 0.2x0.2x0.2mm
Crystal System Monoclinic
Lattice Parameters
a 20.7185(5) A
b 9.30450(10) A
c 12.4912(3) A
a 90 °
B 133.858(4) °
Y 90 °
\% 1736.31(10) A3
Space Group C2/c
Z value 8
Daic 1.493 g/cm?
Fooo 816.0
n(CukKa) 1.007 mm™
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6. Hammett analysis

(e} Rh,(esp), (1 mol%) Q
e O
| o HFIP, 0 °C OH
R NH

Procedure: To a solution of dibenzyl substituted substrate (0.1 mmol) in HFIP (0.1 M) was added Rhz(esp)2 (0.8 mg,
1 mol%) at 0 °C. After the substrate was consumed, the solution was diluted with CHCI3 and filtered through a
pad of celite, and removed under reduced pressure. The crude material was analyzed by NMR and HPLC

(detection wavelength 210 nm). All experiments were repeated twice.

Discussion: Figure S2 displays two plots for the Hammett analysis: one for the ipso carbon and the other for the
ortho carbon. The latter plot shows lower correlation than the former one. In particular, given the observed isomer
ratio in Table2, electron withdrawing groups are more likely to undergo the direct 6-membered ring formation
(path i in Figure 2). Nevertheless, the plot is less smooth in the o > 0 region. Thus, we conclude that the current

system involves spiro formation for both electron donating and withdrawing substituents.

a) 15 ‘ b) 15
@ y=-9.11x-0.0569 o)
° @
1.0 R*=0.974 1.0
0.5 05
— ® — [
3 F13
o o
o 00 o 00
. ® ® ®
® PP ° ° ©
4-F,4-Cl
-0.5 y=-0.827x-0.039 -0.5
R*=0.955
-1.0 -1.0 ® 4nHAC
-0.2 -0.1 0.0 0.1 0.2 0.3 04 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
Hammett Opara Hammett Opeta

Figure S2. (a) Hammett plot with respect to the ipso carbon. (b) Hammett plot with respect to the ortho carbon.
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PF2587
YH-106 p-Me

tert-Butyl 4-(4-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S2d):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(3-fluorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S2f):

1H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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tert-Butyl 4-(3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S2g):
H NMR (400 MHz, CDCls)
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tert-Butyl 4-(3-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate (S2h):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(2-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S2j):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(naphthalen-1-ylmethyl)-5-oxoisoxazolidine-2-carboxylate (S21):

1H NMR (400 MHz, CDCls)
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Benzyl 5-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-yl)methyl)-1H-indole-1-carboxylate (S1m):
H NMR (400 MHz, CDCls)
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5-(Dibenzo[b,d]furan-4-ylmethyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S1n):

1H NMR (400 MHz, CDCls)
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2,2-Dimethyl-5-(thiophen-2-ylmethyl)-1,3-dioxane-4,6-dione (S10):

H NMR (400 MHz, CDCls)
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2,2-Dimethyl-5-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)-1,3-dioxane-4,6-dione (S1p):
1H NMR (400 MHz, CDCls)
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5-(3-(Allyloxy)benzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S1q):
H NMR (400 MHz, CDCls)
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2,2-Dimethyl-5-(4-((triisopropylsilyl)ethynyl)benzyl)-1,3-dioxane-4,6-dione (S1r):

1H NMR (400 MHz, CDCls)
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2,2-Dimethyl-5-(3-nitrobenzyl)-1,3-dioxane-4,6-dione (S1s):
1H NMR (400 MHz, CDCls)
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5-(4-(Allyloxy)benzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S1y):

1H NMR (400 MHz, CDCls)
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2,2-Dimethyl-5-(2-methyl-2-phenylpropyl)-1,3-dioxane-4,6-dione (S5):

TH NMR (400 MHz, CDCls)
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tert-Butyl 4-((1-((benzyloxy)carbonyl)-1H-indol-5-yl)methyl)-5-oxoisoxazolidine-2-carboxylate (S2m):
H NMR (400 MHz, CDCls)
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tert-butyl 4-(dibenzo[b,d]furan-4-ylmethyl)-5-oxoisoxazolidine-2-carboxylate (S2n):

1H NMR (400 MHz, CDCL)
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tert-Butyl 5-oxo0-4-(thiophen-2-ylmethyl)isoxazolidine-2-carboxylate (S20):

TH NMR (400 MHz, CDCls)
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tert-Butyl 5-oxo0-4-(4-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)benzyl)isoxazolidine-2-carboxylate (S2p):
1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(3-(allyloxy)benzyl)-5-oxoisoxazolidine-2-carboxylate (S2q):

TH NMR (400 MHz, CDCls)
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tert-Butyl 5-oxo0-4-(4-((triisopropylsilyl)ethynyl)benzyl)isoxazolidine-2-carboxylate (S2r):
H NMR (400 MHz, CDCls)
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tert-butyl 4-(3-nitrobenzyl)-5-oxoisoxazolidine-2-carboxylate (S2s):
H NMR (400 MHz, CDCls)

4.245
4.224
4.218
4.196

g
£

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

P ;oSS
o
O2N
0
S2s NBoc
u H i I Wy JL L l
5 % T LY :

5.0 .
1 (ppm)

C NMR (100 MHz, CDCls)

5
o PR woe o =m ]
8 g 8 5§33 § RE 3 R8% ] g g 8
S 8 ¢ 248 8 K8 3 SRS 3 2 0§ 2
g a8 g g4 3 29 £ RRE o § 5 a3
| | [ Y [N | (.
[¢]
O,N
0
NBoc
S2s
I
I
I
I
I
’ ‘ I ‘ |. ' i, |
T T T T T T T T T T T T T T T T T T T T |
200 190 180 170 160 150 140 130 120 110 80 70 60 50 40 30 20 10 0

100
f1 (ppm)

Page S64 of S194



tert-Butyl 4-(4-(allyloxy)benzyl)-5-oxoisoxazolidine-2-carboxylate (S2y):
H NMR (400 MHz, CDCls)
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tert-Butyl 4-(2-methyl-2-phenylpropyl)-5-oxoisoxazolidine-2-carboxylate (S6):
H NMR (400 MHz, CDCls)
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5-(4-Hydroxy-2,6-dimethylbenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3b):
1H NMR (400 MHz, CDCls)
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5-(4-Hydroxy-3-methylbenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3c):

1H NMR (400 MHz, CDCls)
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5-(4-Hydroxy-3,5-dimethylbenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3d):

1H NMR (400 MHz, CDCls)
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5-(3,5-Di-tert-butyl-4-hydroxybenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (S3e):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(4-hydroxy-2,6-dimethylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S4b):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(4-hydroxy-3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S4c):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(4-hydroxy-3,5-dimethylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S4d):

1H NMR (400 MHz, CDCls)

€€9T
099
1497 W
9897
8697 .\.

£90¢
6.0

Z80°€ )
€60
001°E
60TEE

oITE—E
ozre
ared
Tere-)

s£red
spred

89¢
POLE: W
01LE
(474 s

I
x:\V
ETY,
estp/

2.0

4.0

42 41

Sad

HO

||
3.5 3.0 25

I

4.0
f1 (ppm)

|

8
T T
7.0 6.5 6.0 5.5 5.0 4.5

75

8.0

C NMR (100 MHz, CDCls)

988°ST—

€208 —

099°€€E—

vt —

95875 —

7899,
SOARW
8IELL

PO —

ST —

9T~
[ac s

EEETST—

EV6'SST—

LSEVLT—

PF1464

YH-56

10

20

30

40

50

60

70

80

90
f1 (ppm)

100

‘Boc
Page S73 of S194

HO
S4d
160 150 140 130 120 110

170

180




Supporting Information

Yu, Espinosa, Noda, and Shibasaki

tert-Butyl 4-(3,5-di-tert-butyl-4-hydroxybenzyl)-5-oxoisoxazolidine-2-carboxylate (S4e):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(3-methoxy-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (S2t):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(3-(benzyloxy)-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (S2u):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-5-0x0-4-(2-(phenylsulfonyl)ethyl)isoxazolidine-2-carboxylate (S2v):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(4-(tert-butoxy)benzyl)-4-(3-methoxy-3-oxopropyl)-5-oxoisoxazolidine-2-carboxylate (S4f):
H NMR (400 MHz, CDCls)
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tert-Butyl 4-(3-(benzyloxy)-3-oxopropyl)-4-(4-(tert-butoxy)benzyl)-5-oxoisoxazolidine-2-carboxylate (S4g):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(4-(tert-butoxy)benzyl)-5-oxo0-4-(2-(phenylsulfonyl)ethyl)isoxazolidine-2-carboxylate (S4h):

1H NMR (400 MHz, CDCls)
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4-Benzylisoxazolidin-5-one (1a):
1H NMR (400 MHz, CDCls)
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PF1289
YH-41 4-Cl

4-(4-Chlorobenzyl)isoxazolidin-5-one (1b):

1H NMR (400 MHz, CDCls)
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4-(4-Bromobenzyl)isoxazolidin-5-one (1c):

1H NMR (400 MHz, CDCls)
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4-(4-Methylbenzyl)isoxazolidin-5-one (1d):
1H NMR (400 MHz, CDCls)
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4-(3-Chlorobenzyl)isoxazolidin-5-one (1e):

1H NMR (400 MHz, CDCls)
W R R EEEEE EQKBUABRS RS ERENRRRESRLN DS
RGICI RS bepepeebalH P R R e R R L L E ]
e ) et Nk
5HREBARE 2% FEELEL = ~ozpes n
ARRARASY AR RRRssy  REEE M EEERERER R
IS A/ S NP TTT e | S

Supporting Information
Yu, Espinosa, Noda, and Shibasaki

: [ |
| LA H | o I U
5 Ly T 3 S— . NER | M iy M
3 a 2 s o o = o
~N - © - - - = -
T T T T T T T T T T T T T T T
7.30 725 7.20 715 710 3.7 3.6 3.5 34 3.3 3.2 3.1 3.0 2.9 2.8
f1 (ppm) f1 (ppm)
o
Cl
O
/
N
1e
1
|
i 1 (-
L - g l h
&8 4 —8—8,-85 —8
2 3 il g e
T T T T T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
13C NMR (100 MHz, CDCls)
PF1588 2 @ wuNon
o ! GLGRR ~8y ]
[ g 8 ARERY i : &8 8
| I AW N | |
o
Cl
O
/
N
1e
|
I
I
I
I
1
|
]
A L 5
T T T T T T T T T T T T T T T T T T T T T
0 190 180 170 160 150 140 130 120 110 o %00 5 90 80 70 60 50 40 30 20 10 0
ppm

Page S85 of 5194



Supporting Information

Yu, Espinosa, Noda, and Shibasaki

4-(2-Fluorobenzyl)isoxazolidin-5-one (1f):

1H NMR (400 MHz, CDCls)
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4-(3-Methylbenzyl)isoxazolidin-5-one (1g):

1H NMR (400 MHz, CDCls)
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4-(3-Methoxybenzyl)isoxazolidin-5-one (1h):
H NMR (400 MHz, CDCls)
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4-(2-Chlorobenzyl)isoxazolidin-5-one (1i):

1H NMR (400 MHz, CDCls)
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4-(2-Methylbenzyl)isoxazolidin-5-one (1j):

1H NMR (400 MHz, CDCls)

EVET—

9EL'T:
a@hn/
UL~

2
g
£

ZT

1

Me

T29E~

e~
oo

35 34 33 32 31 30 29 28 27
f1 (ppm)

7.10 7.05 37 3.6
f1 (ppm)

7.15

7.20

T T T
3.0 2.5 2.0 15 1.0 0.5 0.0

T
35

4.0
f1 (ppm)

4.5

T
5.0

5.5

6.5

13C NMR (100 MHz, CDCls)

SLE'6T—

8IE—

€O —

WS —

mmw.wN
8IELL

2UERT_
e —
[LcE A5
ot

90091 —

=
-2 0-Me Nr-é
|

PF2569
YH-113

Me

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

190

Page S90 of 5194



Supporting Information

Yu, Espinosa, Noda, and Shibasaki

4-(Naphthalen-2-ylmethyl)isoxazolidin-5-one (1k):

1H NMR (400 MHz, CDCls)
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4-(Naphthalen-1-ylmethyl)isoxazolidin-5-one (11):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-((1-((benzyloxy)carbonyl)-1H-indol-5-yl)methyl)-5-oxoisoxazolidine-2-carboxylate (1m):
1H NMR (400 MHz, CDCls)
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4-(Dibenzo[b,d]furan-4-ylmethyl)isoxazolidin-5-one (1n):

1H NMR (400 MHz, CDCls)
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4-(Thiophen-2-ylmethyl)isoxazolidin-5-one (10):

1H NMR (400 MHz, CDCls)
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4-(4-(4,4,5,5-Tetramethyl-1,3-dioxolan-2-yl)benzyl)isoxazolidin-5-one (1p):

TH NMR (400 MHz, CDCls)
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4-(3-(Allyloxy)benzyl)isoxazolidin-5-one (1q):

1H NMR (400 MHz, CDCls)
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4-(4-((Trimethylsilyl)ethynyl)benzyl)isoxazolidin-5-one (1r):
H NMR (400 MHz, CDCls)
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4-(3-Nitrobenzyl)isoxazolidin-5-one (1s):
H NMR (400 MHz, CDCls)
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Methyl 3-(4-benzyl-5-oxoisoxazolidin-4-yl)propanoate (1t):

1H NMR (400 MHz, CDCls)
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Benzyl 3-(4-benzyl-5-oxoisoxazolidin-4-yl)propanoate (1u):

1H NMR (400 MHz, CDCls)
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4-Benzyl-4-(2-(phenylsulfonyl)ethyl)isoxazolidin-5-one (1v):

1H NMR (400 MHz, CDCls)
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(5)-4-Allyl-4-benzylisoxazolidin-5-one (1w):

1H NMR (400 MHz, CDCls)
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4-(4-Methoxybenzyl)isoxazolidin-5-one (1x):
H NMR (400 MHz, CDCls)
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4-(4-(Allyloxy)benzyl)isoxazolidin-5-one (1y):
H NMR (400 MHz, CDCls)
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3-Phenethylisoxazolidin-5-one (1z):

1H NMR (400 MHz, CDCls)
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4-(2-Methyl-2-phenylpropyl)isoxazolidin-5-one (4):
H NMR (400 MHz, CDCls)
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4-(4-Hydroxybenzyl)isoxazolidin-5-one (7a):

1H NMR (400 MHz, DMSO-ds)
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4-(4-Hydroxy-2,6-dimethylbenzyl)isoxazolidin-5-one (7b):
H NMR (400 MHz, DMSO-ds)
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4-(4-Hydroxy-3-methylbenzyl)isoxazolidin-5-one (7¢):

1H NMR (400 MHz, DMSO-ds)

080'7—

8097—
SS8T
9987~
068'Z
1062
800°€-
020°€
£60°€
0b0'eS
b0
£50°e]
¥90'€]
8L0°€}
680°€]
65T°e}
8T'E]
602°€
ET e
zived]
vEpE
8sb'e-

€499
£69'9
2o
289
?m.eq
189 \.
116'9
1694

8€T8—

m:*l
=

YH-69 3-Me-4-OH-|

PF3370

NH

HO

7c

3.0

—

3.1

—T

2.6

2.7

2.8

2.9

33 32

3.4

35

f1 (ppm)

|

cze V)

6.0

o= o
T
6.5

7.0

T T T
8.5 8.0 7.5

9.0

9.5

T

10.0

0.0

0.5

1.0

15

4.5 4.0 35 3.0 25 2.0

5.0
f1 (ppm)

5.5

13C NMR (100 MHz, DMSO-ds)

b6'ST—

IS PIT—

SELET—
WL~
bSE8LT—
E£S8°0ET—

LE6'EST—

0

-Me-4<OH-NI-§
7

PF3370
YH-69 3

S—

YoLTr— e

45
f1 (ppm)

50

60125— 3

55

7c

HO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

Page 5110 of S194


7c

7c


4-(4-Hydroxy-3,5-dimethylbenzyl)isoxazolidin-5-one (7d):

1H NMR (400 MHz, CDCls)
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4-(3,5-Di-tert-butyl-4-hydroxybenzyl)isoxazolidin-5-one (7e):

1H NMR (400 MHz, CDCls)

Supporting Information
Yu, Espinosa, Noda, and Shibasaki

= = o T 4
Wiz ssdeu & 8 g RREE LOmonigEaagaaaietr  §
[ | B R
(e}
tBu
252 RB%8 <TR0SE2TRRAND guan o
RREG SeIT 8238535353538 2 RR
e, oiene e ?Mﬂzmmmmmmmnj NN NH
NS VN B e G PN HO
tBu
7e
[ | |
! I‘ | || ! il 1
| |
’\ | i T b it
‘,)‘JUL‘) U’J, ")'\7 ,](’»AUVJ UUU‘UN\‘G“{J 'Un‘u)luq‘\i
2 - = =
37 36 35 34 31 3.0 2.9 2.8
f1 (ppm)
|
! 1 ] l m i
A ol e, - - lil. lli R i L | »
S —8 — 3 ~8+8 5.5 5
p 3 r- TR < F | g
8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0c
f1 (ppm)
13C NMR (100 MHz, CDCls)
PF2695 @ 0 T 22 o o -
YH-125 3,5-ditBu 3 R ¥ 9% 288 8 g  B8=
g & & 8§48 RRE€ a ) 538
| | |1 N | | |
(o}
tBu
o
NH
HO
tBu
7e
[
1
I
i |
]
I
| ! l
|
. . - . . . : : - . . : . . . T T T . .
00 190 180 170 160 10 140 130 120 w0 (wo ; %0 80 70 60 50 40 30 20 10
ppm

Page 5112 of S194


7e

7e


Supporting Information

Yu, Espinosa, Noda, and Shibasaki

Methyl 3-(4-(4-hydroxybenzyl)-5-oxoisoxazolidin-4-yl)propanoate (7f):

1H NMR (400 MHz, CDCls)
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Benzyl 3-(4-(4-hydroxybenzyl)-5-oxoisoxazolidin-4-yl)propanoate (7g):

1H NMR (400 MHz, CDCls)
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4-(4-Hydroxybenzyl)-4-(2-(phenylsulfonyl)ethyl)isoxazolidin-5-one (7h):

1H NMR (400 MHz, DMSO-ds)
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4-Allyl-4-(4-hydroxybenzyl)isoxazolidin-5-one (7i):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(4-fluorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7a):

1H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(4-chlorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7b):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(4-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S7c):
H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate (S7d):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-([1,1'-biphenyl]-4-ylmethyl)-4-benzyl-5-oxoisoxazolidine-2-carboxylate (S7f):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(3-fluorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7g):

1H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(3-chlorobenzyl)-5-oxoisoxazolidine-2-carboxylate (S7h):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-4-(3-methylbenzyl)-5-oxoisoxazolidine-2-carboxylate (S7i):

1H NMR (400 MHz, CDCls)
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4-Benzyl-4-(4-fluorobenzyl)isoxazolidin-5-one (S8a):

1H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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4-Benzyl-4-(4-chlorobenzyl)isoxazolidin-5-one (S8b):

1H NMR (400 MHz, CDCls)
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4-Benzyl-4-(4-methylbenzyl)isoxazolidin-5-one (S8c):

1H NMR (400 MHz, CDCls)
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4-Benzyl-4-(4-methoxybenzyl)isoxazolidin-5-one (S8d):

1H NMR (400 MHz, CDCls)
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C NMR (100 MHz, CDCls)
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N-(4-((4-Benzyl-5-oxoisoxazolidin-4-yl)methyl)phenyl)acetamide (S8e):
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1H NMR (400 MHz, CDCls)
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4-([1,1'-Biphenyl]-4-ylmethyl)-4-benzylisoxazolidin-5-one (S8f):

1H NMR (400 MHz, CDCls)
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4-Benzyl-4-(3-fluorobenzyl)isoxazolidin-5-one (S8g):

1H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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4-Benzyl-4-(3-chlorobenzyl)isoxazolidin-5-one (S8h):

1H NMR (400 MHz, CDCls)

9TL—

sS1—

£8Z7—
SUE
olg-L
sle]
el
95c—

S
We
¥4
[4YA
eiL
SLL
ozL
ozL
e
174
L
£TL
VLA
STLA
0%
£1000 922
L2
8L
6z
6zL
0gL
0gL
(474
ZeL
£eL
€L
eeL
veL
SEL
SE€YL
otL
9EL

o]

J

—S6'0

(00l
8z
Tz

g8

T

75

8.0

9.0

0.0

05

20 1.5 1.0

40 35 3.0 25

45

1 opm)

55

6.5 6.0

7.0

85

95

C NMR (100 MHz, CDCls)

£0TV~.
£

L9085
LWvs—

V9L

syiLL’

OL'8ZLy
0Z'8ZL
me.zrx
SE6ZL-;
o621
vLOEL)
6£°08L)
nm,..n;
vyseL
ogzsL’

6L08L—

cl

(i

130 120 00
1 lppm)

160

190

10

70

80

90

110

140

170

Page 5137 of S194


S8h

S8h


Supporting Information

Yu, Espinosa, Noda, and Shibasaki

4-Benzyl-4-(3-methylbenzyl)isoxazolidin-5-one (S8i):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-benzyl-5-oxoisoxazolidine-2-carboxylate-ds (S9):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4,4-dibenzyl-5-oxoisoxazolidine-2-carboxylate-ds (510):

1H NMR (400 MHz, CDCls)
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4,4-Dibenzylisoxazolidin-5-one-ds (511):

1H NMR (400 MHz, CDCls)
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tert-Butyl 4-(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate-ds (S12):

H NMR (400 MHz, CDCls)
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tert-Butyl 4,4-bis(4-methoxybenzyl)-5-oxoisoxazolidine-2-carboxylate-ds (S13):

1H NMR (400 MHz, CDCls)
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4,4-Bis(4-methoxybenzyl)isoxazolidin-5-one-ds (S14):

1H NMR (400 MHz, CDCls)
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1,2,3,4-Tetrahydroquinoline-3-carboxylic acid (2a)
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1H NMR (400 MHz, CDCl;)
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7-Chloro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2b):

1H NMR (400 MHz, DMSO-ds)
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ic acid (2¢):

7-Bromo-1,2,3 4-tetrahydroquinoline-3-carboxyl

1H NMR (400 MHz, CD:0OD)
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7-Methyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2d):

1H NMR (400 MHz, CDCls)

9809—
LE'S
LYY
Tos'9\
o~m.e/
£25°9
1189
Sego-\
£689-F
216

09TL—

PF2646
YH-118 p-Me

1562
mwﬂ//n
€267~
w677
..8‘1\
S10°€-

PLE'E
€6E°E
Ns.mw
60bE
~Nv,mn\.

TES'E

wmmﬂm.l/l.
6SSE—F
ssc

uUeI—

N
1059~

0259
mm.wv

£189—
8E8'9—

£68'9—
ue'9—

J
3 "Wt
d J
a
o~ _ MM\M
5
o
s 214
o =
T
= ]
[P
g P
> 5]
fat= ZzT m
2
. =
B 2
E
wn D
o =
+
it}
@ ==
T
O =
Q
g
« 8
< 2 4T
ZT §
S .A
3 E
‘0
T
N P-4
Q. @
©E
2 = SE0
= iy

6.8 6.7

6.9

T
15 1.0 0.5

2.0

T
35 3.0 25

4.0
f1 (ppm)

T T
6.5 6.0 5.5 5.0 4.5

T
7.0

7.5

13C NMR (100 MHz, CDCls)

o
00~ —_ ~N
e e
€TH02~ ==
Y6012 9
526'8C [R——
oster
2687~ e
05162~ = =)
™M~
e — m S —
9EEED s "
seser =
n
@
wegE— E—
(=]
<+
IEEEP~ S
9S'EY"
w
+
7899
So.kv = 3
pin
T
]
o
[ =
090°STT—= = = B [}
gsesii L2 zT E
- 269'911— -— = 2
85TSTT r 5 e
Nmo.wz.\. 91611 — - m =
ozrer LS (m\ E
[0}
VELLTT F = 4
04621~ . E—
£L0061" L&
=
I
068'9€T~" F (] = =
026'0bT~_ o 9 —
SETEPT~_ veL LT — -4 |k mm, m o b
S
0Lb6TT~— — & m
£L0°0ET— b ZT 5
©
-8 E
]
L N
[
L& =
068961 — —— =
e
X
66941 — 026061 — - -
= L
a
] SETET— = [ ¥
Q3 Al
w I
a >

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

Page 5148 of S194



Supporting Information

Yu, Espinosa, Noda, and Shibasaki

6-Chloro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2e):

1H NMR (400 MHz, CDCls)
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6-Fluoro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2f):

1H NMR (400 MHz, CD:0OD)
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6-Methyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2g):

1H NMR (400 MHz, CDCls)
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6-Methoxy-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2h):

1H NMR (400 MHz, CDCls)
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DEPT 45 (100 MHz, CDCls) for 2h
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H-H COSY (400 MHz, CDCls) for 2h
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HMBC (400 MHz, CDCls) for 2h
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5-Chloro-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2i):

1H NMR (400 MHz, CDCls)

V6’

£6V'S—

PF3369
YH-70 2-CI

16T
896'2)
1862
6862+
mmo.m.&.m
W00t~
010E~F
a0l
€0
0
orrE—
ETE~—
HrE—
e
8re—

o
OH
2i

Cl

.

|
!

Uk

29

A
T
31

|
3.2

f1 (ppm)

T
33

WA _

A
3.4
JL ij

|

|
I ‘J“‘.
JA\J‘ |8

_

J.o
mM 0

o
LW
(=]
'S
2
L wn
2
L e
o]
|-
~
Le
p=
L W
e
oE
L 2§
pug
L v
<«
L2
&
L
9
L2
L'
Lo
o
—_~
o
@)
vm D
@]
N
|u H
o
re S
—
N
m
@]
o)
-

6’9t —

6IT'8E—

88—

789'9L

Cl

OH
2i
1

\.—m,k.\.

EWETT—
82LLTT
ovm.m:V

8L —

S88'VET —

LSTSHT—

PES'SLT—

PF1630
YH-70-1 2-C1

T T T T T T T T T T
180 170 160 150 140 130 120 110 90

190

100
f1 (ppm)

200

Page 5156 of S194



Supporting Information

Yu, Espinosa, Noda, and Shibasaki

5-Methyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2j):

1H NMR (400 MHz, CDCls)
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1,2,3,4-Tetrahydrobenzo[glquinoline-3-carboxylic acid (2k):

1H NMR (400 MHz, CDCls)
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1,2,3,4-Tetrahydrobenzo[f]quinoline-2-carboxylic acid (21):

1H NMR (400 MHz, CDCls)
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1-((Benzyloxy)carbonyl)-6-carboxy-5,6,7,8-tetrahydro-1H-pyrrolo[3,2-g]lquinolin-8-ium

(2m-1°TFA):
TH NMR (400 MHz, Acetone-de)
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9F NMR (376 MHz, Acetone-ds)
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HMBC (400 MHz, Acetone-ds)
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7-((Benzyloxy)carbonyl)-3-carboxy-2,3,4,7-tetrahydro-1H-pyrrolo[2,3-h]quinolin-1-ium

(2m-2*TFA):

TH NMR (400 MHz, Acetone-de)
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YF NMR (376 MHz, Acetone-ds)
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HMBC (400 MHz, CDCls)
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1,2,3,4-Tetrahydrobenzofuro[2,3-flquinoline-2-carboxylic acid (2n):
1H NMR (400 MHz, CDCls)
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4,5,6,7-Tetrahydrothieno[3,2-b]pyr

1H NMR (400 MHz, MeOD)
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7-(4,4,5,5-Tetramethyl-1,3-dioxolan-2-yl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2p):
1H NMR (400 MHz, CDCls)
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6-(Allyloxy)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2q):
H NMR (400 MHz, CDCls)
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7-((Triisopropylsilyl)ethynyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2r):
H NMR (400 MHz, CDCls)
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ic acid (2s):

6-Nitro-1,2,3,4-tetrahydroquinoline-3-carboxyl

1H NMR (400 MHz, MeOD)
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3-(3-Methoxy-3-oxopropyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2t):

1H NMR (400 MHz, CDCls)
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3-(3-(Benzyloxy)-3-oxopropyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2u):

1H NMR (400 MHz, CDCls)
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3-(2-(Phenylsulfonyl)ethyl)-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2v):

1H NMR (400 MHz, CDCls)
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(S)-3-Allyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2w):

1H NMR (400 MHz, CDCL)
C NMR (100 MHz, CDCls)
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2-(1,2,3,4-Tetrahydroquinolin-2-yl)acetic acid (2z):

1H NMR (400 MHz, CDCls)

a9~
059'9:
259'9
8999
onw.ww.

nww.o“\.
689'9:

996'9
Edk
§86'9—7
v&.m\
z10¢

181°L
wmﬂNW
NoNN\.
DNN.\.
092L

A

WAL

1
i
NV

I
N

1 i
1 u'UL

W

19 18 17

2.0

2.7 2.6 2.5 24
f1 (ppm)

2.8

29

69 68 67 66 65
f1 (ppm)

7.0

OH

A A’

m

L

A

2z

T
6.5

7.0

75

1.0 0.5 0.0

15

4.0 35 3.0 2.5 2.0

1 (ppm)

4.5

5.0

55

6.0

13C NMR (100 MHz, CDCls)

¥ab'ST—
woLe—

00LLr—

£89°9L
SQ.RW
8IELL

600°STT~"
85611 —
[ 7AR (4 5N

168'921 —
£9T6CT—

TSET—

SOUT—

PF3196
YH-150

OH

ZT

2z

T T T T T T T T
170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10

80

180

190

f1 (ppm)

Page 5176 of S194


2z

2z


Supporting Information
Yu, Espinosa, Noda, and Shibasaki

3-Carboxy-5,5-dimethyl-2,3,4,5-tetrahydro-1H-benzo[b]azepin-1-ium trifluoro acetate (5°TFA)
1H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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HMBC (400 MHz, CDCls)
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4-Carboxy-2,2-dimethyl-1-phenylpyrrolidin-1-ium trifluoro acetate (6°*TFA)
H NMR (400 MHz, CDCls)
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F NMR (376 MHz, CDCls)
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HMBC (400 MHz, CDCls)
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8-Oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8a):
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DEPT 135 (100 MHz, D20) for 4a
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DEPT 45 (100 MHz, D20) for 4a
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HSQC (400 MHz, D20) for 4a
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6,10-Dimethyl-8-oxo0-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8b):
H NMR (400 MHz, D-0)
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7-Methyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8c):

1H NMR (400 MHz, D20)
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7,9-Dimethyl-8-oxo0-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8d):

1H NMR (400 MHz, D20)
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7,9-Di-tert-butyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8e):
1H NMR (400 MHz, CD3:COOD)
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3-(3-Methoxy-3-oxopropyl)-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8f):

1H NMR (400 MHz, D20)
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3-(3-(Benzyloxy)-3-oxopropyl)-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8g):

1H NMR (400 MHz, DMSO-ds)
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8-0Ox0-3-(2-(phenylsulfonyl)ethyl)-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8h):

1H NMR (400 MHz, DMSO-ds)
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3-Allyl-8-oxo-1-azaspiro[4.5]deca-6,9-dien-1-ium-3-carboxylate (8i):

1H NMR (400 MHz, DMSO-ds)
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