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1. General information

'H NMR spectra were taken on a Bruker AVANCE III 600 or 400 MHz NMR
spectrometer. The chemical shifts are reported in ppm downfield to the CDCl;
resonance (6 = 7.27) and CD3;0D (8 = 3.31). Spectra are reported as follows: chemical
shift (0 ppm), multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet), coupling constants (Hz), integration, and assignment. '*C{'H} NMR data
were collected at 150 and 100 MHz with complete proton decoupling. The chemical
shifts are reported in ppm downfield to the central CDCl; resonance (6 = 77.0).
High—resolution mass spectra were performed on a microTOF—Q II instrument with
an ESI source. Melting points were measured with a RD—II melting point apparatus
and are uncorrected. Unless otherwise noted, all reagents and solvents obtained from
commercial sources were used without further purification. Deuterated solvents were
purchased from Sigma—Aldrich. Column chromatography was performed on silica gel
(200-300 mesh) using petroleum ether /ethyl acetate. All yields were referred to
isolated yields (average of two runs) of compounds. Starting materials such as N-
arylnitrones (2a—2n)' and donor—acceptor oxiranes 1> were separately synthesized

according to the corresponding literature procedures.

2. General procedure

2.1 The procedure for Sc(OTf);-catalyzed cycloaddition of N-arylnitrones and

donor-acceptor oxiranes

©_Ph
COOEt , PN S¢(OTf); (10 mol%), 4 A MS Ph
COOEt O¢g Chlorobenzene, 70 °C EtOOC

l"h
NJ
b
1
EtOOC o R
3

1a 2a aa

The mixture of donor-acceptor oxirane 1a (0.14 mmol, 1.4 equiv), N-phenylnitrone
2a (0.1 mmol), Sc(OTf); (0.01 mmol, 10 mol%) and PhCl (0.8 mL) was stirred at 70
°C (oil bath) under air atmosphere. Subsequently, the reaction was monitored by TLC.

Upon completion of the consumption of the N-phenylnitrone 2a, the reaction mixture
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was directly purified by silica gel column chromatography to give the cycloaddition

product 3aa.
2.2 Operational procedure for 3.0 mmol-scale preparation of 3aa

The mixture of donor-acceptor oxirane 1a (4.2 mmol, 1.4 equiv), N-phenylnitrone
2a (3 mmol), Sc(OTf); (0.3 mmol, 10 mol%) and PhCI (25 mL) was stirred at 70 °C
(oil bath) under air atmosphere. Subsequently, the reaction was monitored by TLC.
Upon completion of the consumption of the N-phenylnitrone 2a, the reaction mixture
was directly purified by silica gel column chromatography to give the cycloaddition

product 3aa (1.148 g, 83% yield).
2.3 Operational procedure for the synthesis of compound 4

The reaction system of compound 3ga (49.5 mg, 0.1 mmol) and KOH (0.15 mmol)
in MeOH (1.0 mL) was stirred at 25 °C for 12 h. Finally, the reaction mixture was
purified by silica gel column chromatography to produce the corresponding product 4

(36.8 mg, 90% yield).
3. Characterization data of products 3

Diethyl 2,3,6-triphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3aa)

Il’h

Ph No
(¢}

Etooc;[
E00C ©

White solid, mp 103—104 °C, 40 mg, yield: 87%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (400 MHz, CDCl): 6 7.76 (d, J= 6.7 Hz, 2H), 7.47-7.43 (m,
5H), 7.21-7.10 (m, 5H), 6.99 (d, J = 7.7 Hz, 2H), 6.91 (t, J = 7.3 Hz, 1H), 6.32 (s,
1H), 5.64 (s, 1H), 4.49—4.39 (m, 2H), 3.98-3.90 (m, 2H), 1.39 (t, J = 7.1 Hz, 3H),
0.85 (t, J = 7.1 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCl3): 8 167.4, 164.9,

147.9, 135.4, 132.5, 131.0, 129.8, 128.6, 128.5, 128.3, 127.6, 127.0, 123.1, 116.8,
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100.6, 84.0, 67.2, 63.1, 62.3, 14.3, 13.5 ppm. HRMS (ESI) m/z: [M + H] * calcd for
Cy7HsNOg", 462.1911; found, 462.1910.

Diethyl 2,3-diphenyl-6-(o-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3ba)

li‘h
Ph N<

(6]
EtOOC
O
EtOO0C

Yellow solid, mp 79-80 °C, 26 mg, yield: 54%. Eluent: petroleum ether/ethyl acetate
= 30:1; '"H NMR (600 MHz, CDCl3): 6 7.96-7.95 (m, 1H), 7.41-7.39 (m, 2H),
7.30-7.26 (m, 2H), 7.17-7.13 (m, 1H), 7.11-7.08 (m, 3H), 7.07-7.04 (m, 2H),
6.92—6.90 (m, 2H), 6.85-6.82 (m, 1H), 6.36 (s, 1H), 5.57 (s, 1H), 4.42—4.36 (m, 2H),
3.91-3.86 (m, 2H), 2.39 (s, 3H), 1.33 (t, /= 7.2 Hz, 3H), 0.78 (t, /= 7.2 Hz, 3H) ppm;
BC{™H} NMR (150 MHz, CDCl;):  166.7, 164.0, 147.1, 135.9, 132.6, 131.6, 130.1,
129.6, 128.7, 127.7, 126.7, 125.4, 125.3, 122.1, 115.6, 97.5, 83.1, 66.2, 62.1, 61.2,
18.1, 13.4, 12.6 ppm. HRMS (ESI) m/z: [M + H] * calcd for C,3H30NOg*, 476.2068;
found, 476.2060.

Diethyl 2,3-diphenyl-6-(m-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3ca)

Ph

|
Ph N<
(6]

Etoocq:

White solid, mp 79—81 °C, 37 mg, yield: 78%. Eluent: petroleum ether/ethyl acetate =
30:1; '"H NMR (400 MHz, CDCl3): 6 7.61 (d, J = 6.3 Hz, 2H), 7.53 (d, J = 6.8 Hz,
2H), 7.43 (t, J=17.7 Hz, 1H), 7.32 (t, /= 7.5 Hz, 1H), 7.22—7.16 (m, SH), 7.05 (d, J =
8.0 Hz, 2H), 6.98 (t, J = 7.3 Hz, 1H), 6.32 (s, 1H), 5.68 (s, 1H), 4.57-4.44 (m, 2H),
4.05-3.97 (m, 2H), 2.48 (s, 3H), 1.46 (t, J=7.9 Hz, 3H), 0.91 (t, J= 7.1 Hz, 3H) ppm;
BC{'H} NMR (100 MHz, CDCls): 6 167.5, 164.9, 147.9, 138.3, 135.3, 132.5, 131.0,
130.5, 128.6, 128.5, 128.3, 127.6, 126.5, 124.0, 123.1, 116.7, 100.7, 84.0, 67.0, 63.1,
62.3, 21.6, 14.3, 13.5 ppm. HRMS (ESI) m/z: [M + H] * calcd for CysH30NOg",

476.2068; found, 476.2070.
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Diethyl 2,3-diphenyl-6-(p-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3da)
Ph

I
Ph N
(O]

EtOOCI
E00C ©

White solid, mp 79—80 °C, 40 mg, yield: 84%. Eluent: petroleum ether/ethyl acetate =
30:1; '"H NMR (600 MHz, CDCl): 6 7.66 (d, J = 7.9 Hz, 2H), 7.48 (d, J = 8.0 Hz,
2H), 7.31 (d, J = 7.9 Hz, 2H), 7.20—7.13 (m, 5H), 7.00 (d, J = 8.4 Hz, 2H), 6.93 (t, J =
7.3 Hz, 1H), 6.29 (s, 1H), 5.63 (s, 1H), 4.52—4.42 (m, 2H), 4.00—3.94 (m, 2H), 2.42 (s,
3H), 1.42 (t, J=17.1 Hz, 3H), 0.87 (t,J= 7.1 Hz, 3H) ppm; *C{'H} NMR (150 MHz,
CDCl): 0 167.4, 164.8, 147.8, 139.6, 132.4, 132.3, 130.9, 129.1, 128.5, 128.2, 127.5,
126.8, 122.9, 116.6, 100.6, 83.9, 66.9, 62.9, 62.2, 21.4, 14.2, 13.4 ppm. HRMS (ESI)
m/z: [M + H] " calcd for CpgH30NOg¢*, 476.2068; found, 476.2064.

Diethyl 6-(2-chlorophenyl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ea)

Ph N<

EtOO0C
EtOOC

Light yellow solid, mp 139—-141 °C, 33 mg, yield: 66%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (400 MHz, CDCls): 6 8.17 (d, J= 7.4 Hz, 1H), 7.54-7.42 (m,
5H), 7.23-7.19 (m, 5H), 7.05 (d, J = 8.2 Hz, 2H), 6.96 (t, J = 7.3 Hz, 1H), 6.66 (s,
1H), 5.73 (s, 1H), 4.58—4.41 (m, 2H), 4.05-3.97 (m, 2H), 1.45 (t, J = 7.1 Hz, 3H),
091 (t, J = 7.1 Hz, 3H) ppm; BC{'H} NMR (100 MHz, CDCls): 8 167.3, 164.8,
147.6, 133.8, 132.8, 132.5, 131.0, 130.9, 129.7, 128.6, 128.4, 127.7, 127.3, 122.8,

116.3,97.9, 84.1, 66.4, 63.2, 62.4, 14.3, 13.5 ppm. HRMS (ESI) m/z: [M + HJ* calcd
for Co7H,,CINOG", 496.1521; found, 496.1520.

Diethyl 6-(3-chlorophenyl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3fa)
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White solid, mp 134-136 °C, 39 mg, yield: 79%. Eluent: petroleum ether/ethyl
acetate = 30:1; '"H NMR (600 MHz, CDCl5): 6 7.75 (s, 1H), 7.65 (d, J = 7.3 Hz, 1H),
7.45-7.40 (m, 4H), 7.21-7.13 (m, 5H), 6.98 (d, J = 8.6 Hz, 2H), 6.96 (t, J = 7.3 Hz,
1H), 6.29 (s, 1H), 5.61 (s, 1H), 4.52—4.43 (m, 2H), 4.02—-3.93 (m, 2H), 1.43 (t,J="7.1
Hz, 3H), 0.86 (t, / = 7.1 Hz, 3H) ppm; C{'H} NMR (150 MHz, CDCls): 6 167.1,
164.6, 147.6, 137.1, 134.4, 132.1, 130.8, 129.8, 129.2, 128.5, 128.3, 127.6, 127.0,
125.0, 123.2, 116.7, 99.5, 83.8, 67.2, 63.1, 62.3, 14.2, 13.4 ppm. HRMS (ESI) m/z:
[M + HJ" calcd for C,7H,7CINOg™*, 496.1521; found, 496.1523.

Diethyl 6-(4-chlorophenyl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ga)

Il’h

Ph N<

EtOOCI
E00C O
cl

White solid, mp 137-139 °C, 41 mg, yield: 82%. Eluent: petroleum ether/ethyl
acetate = 30:1; '"H NMR (600 MHz, CDCl): 6 7.70 (d, J = 8.4 Hz, 2H), 7.46 (d, J =
8.4 Hz, 2H), 7.41 (d, J = 7.2 Hz, 2H), 7.20-7.17 (m, 3H), 7.14-7.11 (m, 2H),
6.97-6.93 (m, 3H), 6.29 (s, 1H), 5.60 (s, 1H), 4.50—4.44 (m, 2H), 4.00-3.94 (m, 2H),
1.41 (t, J = 7.2 Hz, 3H), 0.85 (t, J = 6.6 Hz, 3H) ppm; BC{'H} NMR (150 MHz,
CDCl): 6 167.2, 164.7, 147.7, 135.6, 133.8, 132.2, 130.8, 128.7, 128.6, 128.3, 128.2,
127.6, 123.2, 116.8, 99.7, 83.9, 67.2, 63.1, 62.3, 14.3, 13.4 ppm. HRMS (ESI) m/z:
[M + H]* caled for C,7H»;CINOg*, 496.1521; found, 496.1518.

Diethyl 6-(2-fluorophenyl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ha)
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White solid, mp 121-123 °C, 31 mg, yield: 64%. Eluent: petroleum ether/ethyl
acetate = 30:1; '"H NMR (600 MHz, CDCls): 6 8.03 (t, J = 7.4 Hz, 1H), 7.51 (d, J =
7.1 Hz, 2H), 7.47-7.44 (m, 1H), 7.33 (t, J = 7.5 Hz, 1H), 7.20-7.16 (m, 5H), 7.15 (t, J
=9.2 Hz, 1H), 6.99 (d, J = 8.6 Hz, 2H), 6.93 (t,J = 7.4 Hz, 1H), 6.61 (s, 1H), 5.68 (s,
1H), 4.55-4.50 (m, 1H), 4.45—4.39 (m, 1H), 4.02-3.93 (m, 2H), 1.43 (t, J = 7.1 Hz,
3H), 0.87 (t,J = 7.1 Hz, 3H) ppm; BC{!H} NMR (150 MHz, CDCl;): 8 165.9 (d, J =
381.6 Hz), 160.6 (d, J = 249.5 Hz), 147.5, 132.3, 131.6, 131.5, 130.8, 128.5, 128.3,
127.6, 124.4, 124.4, 123.0, 116.5, 95.6, 84.0, 66.8, 63.1, 62.3, 14.1, 13.4 ppm. °F
NMR (564 MHz, CDCl;) 6 -112.68 ppm; HRMS (ESI) m/z: [M + H] * calcd for
C7H7FNOg™, 480.1817; found, 480.1816.

Diethyl 6-(3-fluorophenyl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ia)

White solid, mp 101-102 °C, 36 mg, yield: 75%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'TH NMR (600 MHz, CDCls): 6 7.54—7.48 (m, 2H), 7.47-7.44 (m, 1H),
7.42 (d, J = 7.8 Hz, 2H), 7.21-7.17 (m, 3H), 7.16—7.13 (m, 3H), 6.98 (d, J = 7.8 Hz,
2H), 6.94 (t, J= 7.2 Hz, 1H), 6.31 (s, 1H), 5.62 (s, 1H), 4.52—4.43 (m, 2H), 4.02-3.93
(m, 2H), 1.42 (t, J = 7.2 Hz, 3H), 0.86 (t, J = 6.6 Hz, 3H) ppm; 3C{'H} NMR (150
MHz, CDCl;): 6 165.9 (d, J=381.9 Hz), 162.8 (d, J = 244.8 Hz), 147.7, 137.6, 137.5,
132.2, 130.8, 130.2, 130.1, 130.1, 128.6, 128.3, 127.6, 123.2, 122.6, 122.5, 116.8,
116.7, 116.6, 116.5, 114.0, 113.9, 99.6, 99.5, 83.9, 67.3, 63.1, 62.3, 14.2, 13.4 ppm.
F NMR (564 MHz, CDCl3) & -112.40 ppm; HRMS (ESI) m/z: [M + H] * calcd for
C7H7FNOg™, 480.1817; found, 280.1814.

Diethyl 6-(4-fluorophenyl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ja)
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White solid, mp 98—100 °C, 38 mg, yield: 80%. Eluent: petroleum ether/ethyl acetate
=30:1; '"H NMR (600 MHz, CDCl): 8 7.76—7.74 (m, 2H), 7.45 (d, J = 7.1Hz, 2H),
7.20-7.13 (m, 7H), 6.98 (d, J = 8.6 Hz, 2H), 6.95 (t, J = 7.4 Hz, 1H), 6.30 (s, 1H),
5.63 (s, 1H), 4.52—4.43 (m, 2H), 4.02-3.93 (m, 2H), 1.42 (t, /= 7.1 Hz, 3H), 0.87 (t,
J="7.1 Hz, 3H) ppm; C{!H} NMR (150 MHz, CDCl;): 6 165.9 (d, J = 381.8 Hz),
163.5 (d, J = 246.8 Hz), 147.7, 137.5, 132.2, 130.8, 130.2, 128.9, 128.8, 128.5, 128.3,
127.5, 123.1, 116.7, 115.5, 115.4, 99.9, 83.9, 67.0, 63.0, 62.3, 14.2, 13.4 ppm. °F
NMR (564 MHz, CDCl;) 6 -112.52 ppm; HRMS (ESI) m/z: [M + H] * calcd for
Cy7H7FNOg™, 480.1817; found, 480.1818.

Diethyl 6-(naphthalen-1-yl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate
(3ka)
Ph
Ph.__N.
0]
Etooc;[ ‘
E00C © O

White solid, mp 122—-123 °C, 42 mg, yield: 81%. Eluent: petroleum ether/ethyl
acetate = 30:1; "H NMR (600 MHz, CDCl;): 6 8.34—8.32 (m, 2H), 8.00 (d, /= 8.2 Hz,
1H), 7.94-7.92 (m, 1H), 7.68 (t, J = 7.4 Hz, 1H), 7.57-7.52 (m, 4H), 7.23—7.15 (m,
5H), 7.07 (d, J = 8.6 Hz, 2H), 7.01 (s, 1H), 6.97 (t, J = 7.3 Hz, 1H), 5.77 (s, 1H),
4.58—4.50 (m, 2H), 4.06-3.98 (m, 2H), 1.47 (t, J = 7.1 Hz, 3H), 0.91 (t, J = 7.1 Hz,
3H) ppm; BC{'H} NMR (150 MHz, CDCls): § 167.5, 164.9, 147. 9, 133.6, 132.3,
131.1, 130.9, 130.7, 130.2, 128.6, 128.5, 128.3, 127.6, 126.6, 125.8, 125.3, 124.3,
123.8, 122.9, 116.4, 97.9, 84.1, 67.1, 63.2, 62.3, 14.3, 13.4 ppm. HRMS (ESI) m/z:
[M + H] * caled for C51H30NOg", 512.2068; found, 512.2070.

Diethyl 6-(naphthalen-2-yl)-2,3-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate
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(3la)

Ph N<

EtOOCJ:
E00C © OO

White solid, mp 118—119 °C, 41 mg, yield: 80%. Eluent: petroleum ether/ethyl
acetate = 30:1; '"H NMR (600 MHz, CDCl3): & 8.30 (s, 1H), 8.00-7.97 (m, 2H),
7.92-7.91 (m, 1H), 7.88 (dd, J = 8.5, 1.5 Hz, 1H), 7.57-7.55 (m, 2H), 7.54 (d, J=17.0
Hz, 2H), 7.24-7.15 (m, 5H), 7.06 (d, J = 7.7 Hz, 2H), 6.97 (t, J= 7.3 Hz, 1H), 6.52 (s,
1H), 5.70 (s, 1H), 4.56—4.47 (m, 2H), 4.06—3.97 (m, 2H), 1.46 (t, J = 7.1 Hz, 3H),
0.90 (t, J = 7.1 Hz, 2H) ppm; *C{!H} NMR (150 MHz, CDCl;): § 167.4, 164.8,
147.8, 133.9, 132.9, 132.6, 132.3, 130.9, 128.6, 128.3, 128.3, 127.7, 127.6, 126.7,
126.5, 126.3, 124.0, 123.1, 116.7, 100.5, 84.0, 67.2, 63.0, 62.3, 14.3, 13.4 ppm.
HRMS (ESI) m/z: [M + H] * caled for C5;H30NOg*, 512.2068; found, 512.2065.

Diethyl 2,6-diphenyl-3-(o-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3ab)

Et00Cc—__J_

EtOOC Ph

White solid, mp 99—100 °C, 30 mg, yield: 62%. Eluent: petroleum ether/ethyl acetate
=30:1; '"H NMR (600 MHz, CDCls): 6 7.67 (d, J= 7.8 Hz, 2H), 7.48 (d, /= 7.8 Hz,
2H), 7.31-7.29 (m, 2H), 7.20-7.13 (m, 5H), 7.00—6.99 (m, 2H), 6.94—6.91 (t, J = 7.2
Hz, 1H), 6.29 (s, 1H), 5.64 (s, 1H), 4.51-4.43 (m, 2H), 4.00—3.95 (m, 2H), 2.43 (s,
3H), 1.41 (t, J= 6.6 Hz, 3H), 0.86 (t, /= 6.6 Hz, 3H) ppm. BC{'H} NMR (150 MHz,
CDCl): 6 167.4, 164.8, 147.8, 139.6, 132.4, 132.3, 130.9, 129.1, 128.5, 128.2, 127.5,
126.8, 122.9, 116.6, 100.6, 83.9, 66.9, 62.9, 62.2, 21.4, 14.2, 13.4 ppm. HRMS (ESI)
m/z: [M + H] " calcd for CpgH30NOg*, 476.2068; found, 476.2066.

Diethyl 2,6-diphenyl-3-(m-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3ac)
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Et00Cc—__J_

EtOOC Ph

White solid, mp 102—104 °C, 39 mg, yield: 81%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'TH NMR (600 MHz, CDCls): 6 7.78 (d, J= 6.8 Hz, 2H), 7.51-7.47 (m,
3H), 7.35(d, J=17.7 Hz, 1H), 7.28 (s, 1H), 7.21 (t, J= 7.8Hz, 2H), 7.06—6.99 (m, 4H),
6.94 (t,J=7.3 Hz, 1H), 6.32 (s, 1H), 5.63 (s, 1H), 4.52—4.42 (m, 2H), 4.01 (q, J="7.1
Hz, 2H), 2.21 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H), 0.90 (t, /= 7.1 Hz, 3H) ppm; 3C{'H}
NMR (150 MHz, CDCl;): 6 167.4, 164.8, 147.8, 136.7, 135.3, 132.2, 131.7, 129.7,
128.9, 128.5, 127.9, 127.4, 126.9, 122.9, 116.6, 100.6, 84.0, 66.8, 62.9, 62.2, 21.3,
14.2, 13.4 ppm. HRMS (ESI) m/z: [M + H] * calcd for C,3H;30NOg", 476.2068; found,
476.2068.

Diethyl 2,6-diphenyl-3-(p-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3ad)

Et00C—k_ _J_

EtOOC Ph
White solid, mp 131-133 °C, 42 mg, yield: 87%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (600 MHz, CDCl): 6 7.79 (d, J= 7.7 Hz, 2H), 7.51-7.47 (m,
3H), 7.39 (d, J = 6.6 Hz, 2H), 7.21 (t, J = 7.7 Hz, 2H), 7.03 (d, J = 8.1 Hz, 2H),
6.97-6.92 (m, 3H), 6.32 (s, 1H), 5.64 (s, 1H), 4.52—4.43 (m, 2H), 4.01 (q, /= 7.1 Hz,
2H), 2.22 (s, 3H), 1.43 (t, J = 7.2 Hz, 3H), 0.93 (t, J = 7.1 Hz, 3H) ppm; 3C{'H}
NMR (150 MHz, CDCl5): & 167.4, 164.8, 147.8, 137.8, 135.3, 130.7, 129.6, 129.3,
128.5, 128.4, 128.3, 126.9, 122.9, 116.5, 100.5, 84.0, 66.7, 62.9, 62.2, 21.1, 14.2, 13.5
ppm. HRMS (ESI) m/z: [M + H] " calcd for CpgH30NO¢*, 476.2068; found, 476.2069.

Diethyl 3-(2-fluorophenyl)-2,6-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ae)
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Etooc—k_ L

EtOOC Ph

White solid, mp 100—102 °C, 32 mg, yield: 66%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'TH NMR (600 MHz, CDCls): 6 8.16—8.14 (m, 1H), 7.78—7.77 (m, 2H),
7.52—7.48 (m, 3H), 7.21-7.17 (m, 3H), 7.06—7.05 (m, 3H), 6.94 (t, J = 7.2 Hz, 1H),
6.72 (t,J = 9.0 Hz, 1H), 6.34 (s, 1H), 6.21 (s, 1H), 4.49—4.44 (m, 2H), 4.00—3.97 (m,
2H), 1.40 (t, J = 7.2 Hz, 3H), 0.92 (t, J= 6.6 Hz, 3H) ppm; 3C{'H} NMR (150 MHz,
CDCly): 0 165.6 (d, J=378.2 Hz), 161.1 (d, J=246.2 Hz), 147.5, 135.2, 132.1, 130.1,
129.9, 129.7, 128.5, 128.4, 127.9, 127.0, 126.7, 123.7, 123.2, 123.0, 120.3, 120.2,
116.4, 114.5, 114.3, 100.4, 63.0, 62.3, 57.3, 14.2, 13.3 ppm. ’F NMR (564 MHz,
CDCl;) d -115.2 ppm; HRMS (ESI) m/z: [M + H] " calcd for C,7H,,FNOg", 480.1817;
found, 480.1813.

Diethyl 3-(3-fluorophenyl)-2,6-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3af)

F
Ph
N.
0
Et00Cc—__J_
Et00C Ph

White solid, mp 103—105 °C, 39 mg, yield: 81%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'TH NMR (600 MHz, CDCls): 6 7.75-7.74 (m, 2H), 7.50—7.49 (m, 3H),
7.30-7.28 (m, 1H), 7.21-7.18 (m, 3H), 7.12—7.08 (m, 1H), 7.00—6.96 (m, 2H), 6.95 (t,
J=1.8 Hz, 1H), 6.89 (td, J = 8.7, 1.8 Hz, 1H), 6.30 (s, 1H), 5.62 (s, 1H), 4.51-4.44
(m, 2H), 4.01 (q, J = 7.2Hz, 2H), 1.41 (t, J = 7.2 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H)
ppm; BC{'H} NMR (150 MHz, CDCl3): 4 165.9 (d, J = 368.6 Hz), 1619 (d,J=
244.1 Hz), 147.6, 135.1, 134.8, 134.7, 129.8, 128.9, 128.8, 128.7, 128.6, 128.5, 126.8,
126.7, 126.7, 123.3, 118.0, 117.8, 116.7, 116.6, 115.3, 115.2, 100.6, 83.7, 66.6, 63.1,
62.4, 14.2, 13.5ppm. ’F NMR (564 MHz, CDCl;) 6 -113.26 ppm; HRMS (ESI) m/z:
[M + H] * caled for C,;H7FNOg", 480.1817; found, 480.1816.
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Diethyl 3-(4-fluorophenyl)-2,6-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3ag)

F

BOOC—K P

EtOOC Ph

White solid, mp 117-119 °C, 41 mg, yield: 86%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'TH NMR (600 MHz, CDCls): 6 7.75-7.74 (m, 2H), 7.51-7.44 (m, 5H),
7.21-7.19 (m, 2H), 6.98—6.94 (m, 3H), 6.84 (t, J = 8.4 Hz, 2H), 6.31 (s, 1H), 5.61 (s,
1H), 4.51-4.44 (m, 2H), 4.02-3.97 (m, 2H), 1.41 (t, J = 7.2 Hz, 3H), 0.91 (t, J= 7.2
Hz, 3H) ppm; BC{'H} NMR (150 MHz, CDCl;): 8 166.0 (d, J=371.6 Hz), 162.6 (d,
J =2459 Hz), 147.7, 135.2, 132.6, 132.5, 129.7, 128.6, 128.5, 128.3, 128.2, 126.8,
123.3,123.2,116.7, 114.6, 114.5, 100.6, 100.5, 83.8, 66.5, 63.0, 62.3, 14.2, 13.5 ppm.
19F NMR (564 MHz, CDCl;) 8 -113.39 ppm; HRMS (ESI) m/z: [M + H] * calcd for
Cy7H7FNOg™, 480.1817; found, 480.1814.

Diethyl 3-(naphthalen-1-yl)-2,6-diphenyl-1,5,2-dioxazinane-4,4-

dicarboxylate(3ah)

l Ph

EtooCc—_ L

EtOOC Ph

White solid, mp 123—125°C, 38 mg, yield: 74%. Eluent: petroleum ether/ethyl acetate
=30:1; "H NMR (600 MHz, CDCl5): 6 8.53 (dd, J= 7.4, 1.0 Hz, 1H), 8.03 (d, J= 8.6
Hz, 1H), 7.86 (d, J = 7.0 Hz, 2H), 7.72 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 7.4 Hz, 1H),
7.55-7.49 (m, 3H), 7.44 (t, J = 7.8 Hz, 1H), 7.40-7.37 (m, 1H), 7.35-7.32 (m, 1H),
7.22—7.15 (m, 1H), 7.05-7.00 (m, 3H), 6.79—6.76 (m, 1H), 6.73 (s, 1H), 6.42 (s, 1H),
4.59-4.48 (m, 2H), 3.71-3.65 (m, 1H), 3.63—-3.58 (m, 1H), 1.47 (t, J= 7.14 Hz, 3H),
0.42 (t, J = 7.1 Hz, 3H) ppm; *C{!H} NMR (150 MHz, CDCl;): § 167.8, 164.5,
147.7, 135.4, 133.1, 132.9, 130.9, 129.7, 129.2, 128.9, 128.8, 128.5, 128.4, 128.3,
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127.5, 126.9, 125.8, 125.0, 124.9, 123.5, 123.1, 117.5, 116.7, 100.6, 84.2, 63.1, 62.0,
59.0, 14.3, 12.9 ppm. HRMS (ESI) m/z: [M + H] * calcd for C5;H;3(NOg¢", 512.2068;
found, 512.2066.

Diethyl 3-(naphthalen-2-yl)-2,6-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate

(3ai)
Ak
N.
0
E100C—k_ )
Et0OC Ph

White solid, mp 113—115 °C, 39 mg, yield: 76%. Eluent: petroleum ether/ethyl
acetate = 30:1; '"H NMR (600 MHz, CDCl;): 6 8.05 (s, 1H), 7.87 (d, J = 6.8 Hz, 2H),
7.75=7.73 (m, 2H), 7.64 (s, 2H), 7.56—7.50 (m, 3H), 7.43—7.41 (m, 2H), 7.20 (t, J =
8.5 Hz, 2H), 7.07 (d, J = 7.7 Hz, 2H), 6.93 (t, J = 7.3Hz, 1H), 6.42 (s, 1H), 5.87 (s,
1H), 4.57-4.47 (m, 2H), 3.97-3.89 (m, 2H), 1.47 (t, J = 7.1 Hz, 3H), 0.81 (t, J = 7.1
Hz, 3H) ppm; BC{!H} NMR (150 MHz, CDCls): § 167.4, 164.8, 147.8, 135.3, 132.9,
132.5, 130.6, 130.1, 129.8, 128.6, 128.6, 128.5, 128.3, 127.4, 127.0, 126.9, 126.1,
125.7, 123.1, 116.6, 100.7, 84.1, 67.1, 63.0, 62.3, 14.3, 13.4 ppm. HRMS (ESI) m/z:
[M + H] " caled for C51H30NOg", 512.2068; found, 512.2067.

Diethyl 3-(furan-2-yl)-2,6-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate (3aj)

/ o Il’h
_— No
0
Et00C—h_ L )
gooc ©  F

White solid, mp 130-132 °C, 29 mg, yield: 65%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (600 MHz, CDCls): 6 7.80-7.79 (m, 2H), 7.55-7.51 (m, 3H),
7.33-7.28 (m, 3H), 7.26 (s, 1H), 7.06 (t, J = 7.2 Hz, 2H), 6.66—6.60 (m, 1H), 6.34 (s,
1H), 5.90 (s, 1H), 4.55-4.48 (m, 2H), 4.25—4.13 (m, 2H), 1.47 (t, J = 7.2 Hz, 3H),
1.11 (t, J = 7.2 Hz, 3H) ppm; BC{'H} NMR (150 MHz, CDCl;): J 166.6, 164.4,
147.8, 147.2, 141.8, 135.1, 129.7, 128.6, 128.4, 127.0, 123.4, 116.5, 111.8, 110.4,

100.4, 83.1, 63.0, 62.4, 61.5, 14.2, 13.8 ppm. HRMS (ESI) m/z: [M + H] * calcd for
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C25H26NO7+, 4521704, fOllIld, 452.1700.

Diethyl 2,6-diphenyl-3-(thiophen-2-yl)-1,5,2-dioxazinane-4,4-dicarboxylate (3ak)

/ S IIJh
_— N.
o
El00C—_ L
Et00C Ph

White solid, mp 139-140 °C, 36 mg, yield: 76%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (600 MHz, CDCls): 6 7.85 (d, J= 7.8 Hz, 2H), 7.53—7.50 (m,
3H), 7.25 (t, J = 7.6 Hz, 2H), 7.21 (d, J = 5.0 Hz, 1H), 7.08 (d, J = 8.6 Hz, 2H), 7.04
(d, J=3.5Hz, 1H), 6.99 (t, J = 6.7 Hz, 1H), 6.86—6.84 (m, 1H), 6.31 (s, 1H), 6.01 (s,
1H), 4.54—4.45 (m, 2H), 4.13—4.03 (m, 2H), 1.45 (t, J = 7.1 Hz, 3H), 1.05 (t, J = 7.1
Hz, 3H) ppm; BC{!H} NMR (150 MHz, CDCls): 6 166.8, 164.4, 147.6, 134.9, 131.9,
129.8, 129.8, 128.6, 128.4, 127.3, 127.2, 125.2, 123.2, 116.4, 100.8, 84.1, 63.8, 63.0,
62.4,14.2, 13.6 ppm. HRMS (ESI) m/z: [M + H] * calcd for C,sH,sNO¢S™, 468.1475;
found, 468.1474.

Diethyl 3,6-diphenyl-2-(m-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3al)

¢

Ph.__N.
0
Etoocl P
Et00C Ph

White solid, mp 114—115 °C, 36 mg, yield: 76%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (600 MHz, CDCls): 6 7.80 (d, J= 7.6 Hz, 2H), 7.54—7.50 (m,
5H), 7.22=7.17 (m, 3H), 7.11 (t, J = 7.8 Hz, 1H), 6.85 (s, 1H), 6.82 (d, J = 8.1 Hz,
1H), 6.78 (d, J = 7.4 Hz, 1H), 6.33 (s, 1H), 5.66 (s, 1H), 4.55-4.45 (m, 2H),
4.04-3.96 (m, 2H), 2.27 (s, 3H), 1.45 (t, /= 7.2 Hz, 3H), 0.90 (t, J= 7.1 Hz, 3H) ppm;
BC{'H} NMR (150 MHz, CDCl;): 4 167.4, 164.8, 147.7, 138.3, 135.3, 132.4, 130.9,
129.6, 128.5, 128.3, 128.2, 127.5, 126.9, 123.8, 117.2, 113.7, 100.6, 83.9, 66.9, 63.0,
62.2, 21.5, 14.2, 13.4 ppm. HRMS (ESI) m/z: [M + H] * caled for C,sH;3(NOg",
476.2068; found, 476.2065.
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Diethyl 3,6-diphenyl-2-(p-tolyl)-1,5,2-dioxazinane-4,4-dicarboxylate (3am)

Ph N<

EtOOCI P

EtOOC O Ph

White solid, mp 117-119 °C, 43 mg, yield: 90%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'TH NMR (600 MHz, CDCls): 6 7.76—7.75 (m, 2H), 7.49-7.46 (m, 5H),
7.20-7.12 (m, 3H), 6.98—6.96 (m, 2H), 6.86—6.85 (m, 2H), 6.31 (s, 1H), 5.56 (s, 1H),
4.47-4.43 (m, 2H), 3.99-3.94 (m, 2H), 2.22 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H), 0.86 (t,
J=17.2 Hz, 3H)ppm. BC{'H} NMR (150 MHz, CDCls): 6 167.6, 165.0, 145.6, 135.6,
132.7, 132.6, 131.2, 129.2, 128.3, 127.7, 127.1, 117.0, 100.7, 84.1, 67.4, 63.1, 62.4,
20.8, 14.4, 13.6 ppm. HRMS (ESI) m/z: [M + H] * calcd for CysH30NO¢", 476.2068;
found, 476.2069.

Diethyl 2-(3-chlorophenyl)-3,6-diphenyl-1,5,2-dioxazinane-4,4-dicarboxylate
(3an)

Etooclo P

EtOOC Ph

White solid, mp 139—141 °C, 37 mg, yield: 74%. Eluent: petroleum ether/ethyl
acetate = 30:1; 'H NMR (600 MHz, CDCls): 6 7.77 (d, J= 8.0 Hz, 2H), 7.52—7.48 (m,
5H), 7.21-7.16 (m, 3H), 7.13 (t, J = 8.1Hz, 1H), 7.01 (t, J = 2.0 Hz, 1H), 6.91-6.89
(m, 2H), 6.28 (s, 1H). 5.64 (s, 1H), 4.52—4.42 (m, 2H), 4.02—3.94 (m, 2H), 1.42 (t, J =
7.1Hz, 3H), 0.88 (t, J= 7.1 Hz, 3H) ppm; 3C{'H} NMR (150 MHz, CDCl;): § 167.2,
164.5, 148.9, 134.9, 134.5, 132.0, 130.8, 129.8, 129.6, 128.5, 128.4, 127.7, 126.9,
122.9, 116.2, 114.5, 100.7, 83.8, 66.6, 63.1, 62.3, 14.2, 13.4 ppm. HRMS (ESI) m/z:
[M + H] " caled for C,7H»7CINOg*, 496.1521; found, 496.1522.
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4. Characterization data of product 4

Il’h
Ph No
(0]
Oﬁl )\@\
o
OMe
Cl
Dark brown solid, mp 117-119 °C, 36.8 mg, yield: 90%. Silica gel TLC R, = 0.15
(EA:CH;0H = 9:1); TH NMR (600 MHz, CD;0D) ¢ 7.81-7.80 (m, 2H), 7.53—7.48
(m, 5H), 7.17-7.15 (m, 2H), 7.08=7.05 (m, 3H), 6.94-6.93 (m, 2H), 6.90-6.87 (m,
1H), 6.18 (s, 1H), 5.72 (s, 1H), 3.92 (s, 1H) ppm; 3C{IH} NMR (150 MHz, CD;0D)
0172.2, 150.0, 136.5, 136.4, 135.4, 132.6, 130.1, 129.7, 129.5, 128.7, 128.2, 123.7,

117.8, 101.3, 87.5, 68.9 ppm. HRMS (ESI) m/z: [M + H] * caled for C,3H,CINO,",
410.1154; found, 410.1151.
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6. Crystal structure of compound 3ba (CCDC 2203061)

> Prob = 50
5 Temp = 293
w
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fam]
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sl
o
Z 139 =z |h-1-20220729 P b c a R = 0.05 RES= 0 -16 X
CCDC number 2203061
Identification code 3ba
Empirical formula CosH29NOg
Formula weight 475.52
Temperature/K 293
Crystal system orthorhombic
Space group Pbca
a/A 9.66800(10)
b/A 16.9490(2)
c/A 30.1249(4)
o/° 90
pB/e 90
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V/°

Volume/A3

Z
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Crystal size/mm?
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Independent reflections
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Final R indexes [all data]

Largest diff. peak/hole / e A~

90
4936.36(10)

8

1.280
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0.13 x 0.07 x 0.06

CuKa (A = 1.54184)

10.438 to 143.05
‘11<h<11,-20<k<20,-35<1<37
37505

4780 [Ripe = 0.0245, Ryignma = 0.0127]
4780/0/319

1.055

R, = 0.0484, wR, = 0.1281

R, = 0.0542, wR, = 0.1331

0.25/-0.19
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7.

TH—, BC- and YF-NMR spectra of products 3
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PROCNO 1
Date_ 20180119
Time 10.51
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PROBHD 5 mm PABBO BB—
T : PULPROG 2530
4.5  ppm 4.00 opm N ™ 65536
SOLVENT cpCl3
EtO0C NS 16
DS 2
EtOOC SWH 12335.526 Hz
FIDRES 0.188225 Hz
a0 2.6564426 sec
RG 28.5
‘ : § i ; ' DW 40.533 usec
7.5 7.4 7.3 ppm 7.0 ppm i Il
D1 1.00000000 sec
CHANNEL £1 ==
11
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EXPNO 18011978
PROCNO 1
Date_ 20180119
Time 10.54
N INSTRUM spect
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RG 2050
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8. 'H- and C-NMR spectra of product 4
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