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benzoxazinanone with pyrazolone 4,5-diones to access 
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1. General information 
High Performance Liquid Chromatography (HPLC) was analyzed by chiral column in comparison 

with authentic racemates, using a Daicel Chiralpak ID Column (250 × 4.6 mm), Daicel Chiralpak IB 

Column (250 × 4.6 mm), Daicel Chiralpak IA Column (250 × 4.6 mm) UV detection was performed 

at 220 nm or 254 nm. Nuclear magnetic resonance (NMR) spectra were recorded in CDCl3 or DMSO-

d6 on Bruker 600 or 700 MHz NMR instrument (at 600, or 700 MHz for 1H, and at 150, or 175 for 
13C). Protonchemical shifts are reported in parts per million (δ scale). The 1H NMR chemical shifts 

are reported in ppm with the internal TMS signal at 0.0 ppm as standard. The 13C NMR chemical 

shifts were given using CDCl3 or DMSO-d6 as the internal standard (CDCl3: δ = 77.00 ppm, DMSO-

d6: δ = 39.52 ppm). Data are reported as follows: chemical shift [multiplicity (s = singlet, d = doublet, 

t = triplet, q = quartet, m = multiplet), coupling constant(s) (Hz), integration]. High-resolution mass 

spectra (HRMS) were obtained using Agilent P/N G1969-90010. High-resolution mass spectra were 

reported for the molecular ion [M+H]+ or [M+Na]+. X-ray diffraction experiment was carried out on 

on Agilent Gemini or Agilent D8 QUEST and the data obtained were deposited at the Cambridge 

Crystallographic Data Centre. UV detection was performed at 254 nm. Column UV detection was 

performed at 254 nm. Column chromatography was performed on silica gel (200–300 mesh) using 

an eluent of ethyl acetate and petroleum ether. TLC was performed on glass-backed silica plates; 

products were visualized using UV light. Optical rotation values were measured with instruments 

operating at λ = 589 nm, corresponding to the sodium D line at 25 ℃. All reagents and solvents were 

obtained from commercial sources andused without further purification. Oil baths were used as the 

heat source. Melting points were recorded on BUCHI Melting Point M-565 instrument. Vinyl 

benzoxazinanone 1[1] and Pyrazolone 4,5-Diones 2[2] were prepared according to the literature 

procedures. 
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2. Screening of catalysts and condition optimization  
2.1 Condition optimization for catalytic asymmetric [4+2] cycloadditiona 

 

 

entry lig. 1a:2a base x solvent Yield (%)b drc ee(%)d 

1 L1 1:1.2 - - Toluene N.R. - - 



S4 
 

2 L2 1:1.2 - - Toluene 9 >19:1 36 

3 L3 1:1.2 - - Toluene 11 >19:1 20 

4 L4 1:1.2 - - Toluene 41 >19:1 60 

5 L5 1:1.2 - - Toluene 11 >19:1 90 

6 L6 1:1.2 - - Toluene 61 >19:1 4 

7 L7 1:1.2 - - Toluene 10 >19:1 80 

8 L8 1:1.2 - - Toluene 25 >19:1 88 

9 L9 1:1.2 - - Toluene 10 >19:1 64 

10 L10 1:1.2 - - Toluene N.R. - - 

11 L11 1:1.2 - - Toluene N.R. - - 

12 L12 1:1.2 - - Toluene N.R. - - 

13 L13 1:1.2 - - Toluene N.R. - - 

14 L14 1:1.2 - - Toluene N.R. - - 

15 L15 1:1.2 - - Toluene N.R. - - 

16 L5 1:1.2 - - MeCN 74 >19:1 74 

17 L5 1:1.2 - - THF 23 >19:1 90 

18 L5 1:1.2 - - DCM 18 >19:1 90 

19 L5 1:1.2 - - Toluene 11 >19:1 90 

20 L5 1:1.2 - - DCE 26 >19:1 86 

21 L5 1:1.2 - - CCl4 - - - 

22 L5 1:1.2 - - m-xylene 14 >19:1 90 

23 L5 1:1.2 - - p-xylene 20 >19:1 92 

24 L5 1:1.2 PhCOOH 1.0 p-xylene N.R. - - 
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aUnless otherwise noted. The reaction was carried out in solvent (1.0 mL) at room temperature for 12 h. bIsolated 

yield. cDetermined by 1H NMR. dDetermined by HPLC analysis. eAt 40 oC. fAt 60 oC 
 

2.2 Screening of the Ratio of matel and Liganda 

 

entry metal m/n x Yield(%)b drc ee(%)d 

1 Pd2(dba)3 5/10 0.5 64 >19:1 92 

2 Pd2(dba)3•CHCl3 5/10 0.5 66 >19:1 92 

25 L5 1:1.2 K2CO3 1.0 p-xylene 32 >19:1 92 

26 L5 1:1.2 Cs2CO3 1.0 p-xylene 51 >19:1 92 

27 L5 1:1.2 tBuOK 1.0 p-xylene N.R. - - 

28 L5 1:1.2 TEA 1.0 p-xylene 41 >19:1 92 

29 L5 1.5:1 Cs2CO3 1.0 p-xylene 62 >19:1 92 

30 L5 2.0:1 Cs2CO3 1.0 p-xylene 53 >19:1 92 

31 L5 1:1.5 Cs2CO3 1.0 p-xylene 64 >19:1 92 

32 L5 1:1.5 Cs2CO3 0.1 p-xylene 37 >19:1 92 

33 L5 1:1.5 Cs2CO3 0.3 p-xylene 64 >19:1 92 

34 L5 1:1.5 Cs2CO3 0.5 p-xylene 66 >19:1 92 

35 L5 1:1.2 Cs2CO3 0.5 p-xylene 58 >19:1 92 

36 L5 1.5:1 Cs2CO3 0.5 p-xylene 53 >19:1 92 

37e L5 1:1.5 Cs2CO3 0.5 p-xylene 35 >19:1 76 

38f L5 1:1.5 Cs2CO3 0.5 p-xylene 22 >19:1 64 
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3 Pd(PPh3)4 5/10 0.5 28 >19:1 54 

4 Pd(PPh3)Cl2 5/10 0.5 38 >19:1 66 

5 Pd(OAc)2 5/10 0.5 27 >19:1 24 

6 Pd2(dba)3 10/20 0.5 76 >19:1 92 

7 Pd2(dba)3 5/15 0.5 73 >19:1 92 

8 Pd2(dba)3 2.5/7.5 0.5 59 >19:1 92 

9 Pd2(dba)3•CHCl3 2.5/7.5 0.5 56 >19:1 92 

10 Pd2(dba)3 5/20 0.5 72 >19:1 92 

11 Pd2(dba)3 2.5/10 0.5 65 >19:1 92 

12 Pd2(dba)3•CHCl3 2.5/10 0.5 67 >19:1 92 

13 Pd2(dba)3•CHCl3 2.5/10 0.75 76 >19:1 92 

14 Pd2(dba)3•CHCl3 2.5/10 1.0 69 >19:1 92 

15 Pd2(dba)3•CHCl3 2.5/10 1.5 68 >19:1 92 

16 Pd2(dba)3•CHCl3 2.5/5 0.75 44 >19:1 92 

17 Pd2(dba)3•CHCl3 2.5/10 - 23 >19:1 92 

aUnless otherwise noted, reactions were carried out with 1a (0.1 mmol), 2a (0.15 mmol), chiral ligands L5 and 

Cs2CO3 (x equiv) in p-xylene (1.0 mL) at room temperature for 12 h. bIsolated yield. cDetermined by 1H NMR. 

dDetermined by HPLC analysis. 
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3. Preparation of Phosphoramidite ligands 

Preparation of Phosphoramidite ligands L4-L9[3-4] ware accomplished according to the reported 

procedures. 

[(R)-L5 as a representative example] 

A flame-dried Schlenk tube was equipped with vacuum/argon stopcock and a magnetic stirring bar. 

The Schlenk tube was charged with PCl3 (0.3 mL, 3.0 mmol, 1.0 equiv.), anhydrous Et3N (2.1 mL, 

15.0 mmol, 5.0 equiv.) DMAP (0.02 mmol, 0.05 equiv.) and THF (4 mL), and then cooled down to 

0 °C. Another flame-dried tube was charged with 1,2,3,4-tetrahydroquinoline (3.0 mmol, 1.0 equiv.) 

and THF (5 mL). This mixture was added dropwise to the above mentioned PCl3 solution at 0 °C. 

After the addition was complete, the reaction mixture was heated at 70 °C for 4h, and then was cooled 

down to 0 °C. To this Schlenk tube at 0°C was slowly added a solution of (R)-1,1-Bi(2-Naphthol) 

(3.0 mmol) in THF (5 mL). The resulting mixture was stirred at room temperature overnight and 

monitored by TLC (petroleum ether/ethyl acetate). After completion of the reaction, the reaction 

filtered through celite. The organic phase was concentrated and the residue was purified by flash 

column chromatography on silica gel (petroleum ether/ethyl acetate = 200/1 to v/v) to give the final 

products (R)-L5 (807.4 mg, 60% yield) as a white solid. 

4. General procedure for synthesis of Compound (±) 3 

 

To a dry flask filled with nitrogen were added Pd2(dba)3•CHCl3 (0.0025 mmol) and PPh3 (0.0100 
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mmol), then 1 mL p-xylene was added under Ar atmosphere. This solution was stirred at room 

temperature for 0.5 h. Then vinyl benzoxazinanone 1 (0.1000 mmol), pyrazolone 4,5-diones 2 (0.1500 

mmol) and Cs2CO3 (0.0750 mmol) were added subsequently. The reaction mixture was stirred at room 

temperature for 12 h and monitored by TLC (petroleum ether/ethyl acetate). After completion of the 

reaction, the reaction mixture was concentrated and the residue was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 200/1 to v/v) to give the final products 

(±) 3. 

5. General procedure for synthesis of Compound 3 

 

To a dry flask filled with nitrogen were added Pd2(dba)3•CHCl3 (0.0025 mmol) and L5 (0.0100 

mmol), then 1 mL p-xylene was added under Ar atmosphere. This solution was stirred at room 

temperature for 0.5 h. Then vinyl benzoxazinanone (0.1000 mmol) 1, Pyrazolone 4,5-Diones 2 

(0.1500 mmol) and Cs2CO3 (0.0750 mmol) were added subsequently. The reaction mixture was stirred 

at room temperature for 12 h and monitored by TLC (petroleum ether/ethyl acetate). After completion 

of the reaction, the reaction mixture was concentrated and the residue was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 200/1 to v/v) to give the final products 

3. 

 

(2S,4S)-3'-methyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3a) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3a as a white solid in 76% yield (35.9 mg), m.p. 180–182 °C; 

[α]D25 = +54.19 (c = 0.387, CH2Cl2); >19:1 dr; 92% ee, determined by HPLC on 

a Chiralpak ID column at 254 nm (n-hexane/2-propanol =90/10, 1 mL/min), tR 

= 7.67 min (minor), tR = 8.54 min (major); 1H NMR (600 MHz, CDCl3) δ 7.93–

7.92 (m, 2H), 7.85–7.82 (m, 3H), 7.38–7.35 (m, 2H), 7.18–7.15 (m, 2H), 7.14–7.13 (m, 2H), 6.99–

6.95 (m, 2H), 5.93 (d, J = 7.8 Hz, 1H), 5.88–5.82 (m, 1H), 5.49 (s, 1H), 5.47 (d, J = 4.2 Hz, 1H), 2.26 
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(s, 3H), 2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.7, 157.3, 144.9, 138.0, 134.2, 133.0, 132.2, 

130.8, 129.5, 129.2, 128.9, 128.8, 125.4, 124.3, 123.9, 122.4, 119.4, 87.6, 71.6, 21.6, 12.4. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C29H27NNaO4+ 496.1301, found 496.1305. 

 

(2S,4S)-3',6-dimethyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3b) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3b as a white solid in 68% yield (34.5 mg), m.p. 

178–180 °C; [α]D25 = +73.84 (c = 0.05, CH2Cl2); >19:1 dr; 80% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 8.87 min (minor), tR = 10.31 min (major); 
1H NMR (700 MHz, CDCl3) δ 7.91–7.90 (m, 2H), 7.83–7.82 (m, 2H), 7.72, (d, J = 8.4 Hz, 1H), 7.36–

7.34 (m, 2H), 7.14–7.12 (m, 3H), 6.97 (d, J = 6.3 Hz, 1H), 6.77 (s, 1H), 5.88 (d, J = 8.4 Hz, 1H), 

5.86–5.81 (m, 1H), 5.47 (d, J = 2.1 Hz, 1H), 2.26 (s, 3H), 2.17 (s, 3H), 2.11 (s, 3H). 13C NMR (175 

MHz, CDCl3) δ 168.8, 157.4, 144.8, 134.4, 133.7, 132.3, 130.9, 130.4, 129.5, 129.3, 129.2, 128.9, 

125.4, 124.9, 122.2, 119.5, 119.4, 87.5, 71.7, 21.6, 20.9, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd 

for C27H25N3NaO4S+ 510.1458, found 510.1467. 

 

(2S,4S)-3',7-dimethyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3c) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3c as a white solid in 71% yield (34.5 mg), m.p. 

124–126 °C; [α]D25 = +118.15 (c = 0.24, CH2Cl2); >19:1 dr; 94% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 11.29 min (minor), tR = 12.68 min 

(major); 1H NMR (700 MHz, CDCl3) δ 7.93–7.91 (m, 2H), 7.84–7.83 (m, 2H), 7.64 (s, 1H), 7.37–

7.35 (m, 2H), 7.15–7.13 (m, 3H), 6.84 (d, J = 7.7 Hz, 1H), 6.76 (d, J = 7.0 Hz, 1H), 5.89 (d, J = 7.7 

Hz, 1H), 5.85–5.80 (m, 1H), 5.46 (d, J = 3.6 Hz, 1H), 5.44 (s, 1H), 2.27 (s, 3H), 2.23 (s, 3H), 2.13 (s, 

3H). 13C NMR (175 MHz, CDCl3) δ 168.8, 157.3, 144.9, 138.8, 138.0, 134.2, 132.8, 132.4, 129.5, 

129.2, 128.9, 127.9, 125.4, 124.4, 124.0, 122.1, 120.1, 119.4, 87.5, 71.5, 21.63, 21.61, 12.4. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C27H25N3NaO4S+ 510.1458, found 510.1460. 
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(2S,4S)-6-fluoro-3'-methyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3d) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3d as a white solid in 73% yield (36.0 mg); m.p. 172–

174 °C; [α]D25 = +93.26 (c = 0.09, CH2Cl2); >19:1 dr; 92% ee, determined by 

HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-propanol = 90/10, 1 

mL/min), tR = 10.91 min (minor), tR = 13.00 min (major); 1H NMR (700 MHz, 

CDCl3) δ 7.90–7.89 (m, 2H), 7.83–7.81 (m, 3H), 7.37–7.35 (m, 2H), 7.16–7.14 (m, 3H), 6.87 (td, J 

= 8.4, 2.8 Hz, 1H), 6.87 (dd, J = 8.4, 3.5 Hz, 1H), 5.88 (d, J = 7.7 Hz, 1H), 5.83–5.78 (m, 1H), 5.50–

5.46 (m, 2H), 2.27 (s, 3H), 2.11 (s, 3H). 13C NMR (175 MHz, CDCl3) δ 168.6, 159.0 (d, 1JCF = 245.0 

Hz), 157.0, 145.1, 137.9, 134.0, 133.4 (d, 3JCF = 7.0 Hz), 131.5, 129.6, 129.1, 129.0 (d, 4JCF = 3.5 

Hz), 128.9, 125.5, 122.9, 121.4 (d, 3JCF = 8.8 Hz), 119.4, 115.4 (d, 2JCF = 22.8 Hz), 112.0 (d, 2JCF = 

24.5 Hz), 87.4, 71.3, 21.6, 12.3. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22FN3NaO4S+ 

514.1207, found 514.1198. 

 

(2S,4S)-6-chloro-3'-methyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3e) 

The residue was purified by a silica gel flash chrom atography (PE/EA = 

200/1) giving the product 3e as a white solid in 63% yield (33.0 mg), m.p. 

175–177 °C; [α]D25 = +84.77 (c = 0.07, CH2Cl2); >19:1 dr; 82% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 8.90 min (minor), tR = 10.39 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.92–7.91 (m, 2H), 7.83–7.82 (m, 2H), 7.76 (d, J = 9.0 Hz, 1H), 7.38–

7.35 (m, 2H), 7.16–7.12 (m, 4H), 6.96 (d, J = 3.0 Hz, 1H), 5.90 (d, J = 7.8 Hz, 1H), 5.84–5.78 (m, 

1H), 5.52–5.47 (m, 2H), 2.29 (s, 3H), 2.12 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.5, 157.0, 

145.3, 137.8, 133.8, 132.5, 131.6, 131.5, 129.7, 129.5, 129.2, 128.9, 128.8, 125.5, 124.7, 123.0, 120.7, 

119.4, 87.5, 71.2, 21.7, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22ClN3NaO4S+ 

530.0912, found 530.0918. 
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(2S,4S)-7-fluoro-3'-methyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3f) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3f as a white solid in 62% yield (30.7 mg), m.p. 153–

155 °C; [α]D25 = +95.21 (c = 0.07, CH2Cl2); >19:1 dr; 92% ee, determined by 

HPLC on a Chiralpak IB column at 254 nm (n-hexane/2-propanol = 90/10, 1 

mL/min), tR = 5.71 min (minor), tR = 6.34 min (major); 1H NMR (700 MHz, 

CDCl3) δ 7.95–7.94 (m, 2H), 7.83–7.82 (m, 2H),7.59 (dd, J = 10.5, 2.1 Hz, 1H), 7.38–7.35 (m, 2H), 

7.18–7.14 (m, 3H), 6.94–6.92 (m, 1H), 6.65 (td, J = 8.4, 2.8 Hz, 1H), 5.89 (d, J = 8.4 Hz, 1H), 5.84–

5.79 (m, 1H), 5.49–5.46 (m, 2H), 2.28 (s, 3H), 2.14 (s, 3H). 13C NMR (175 MHz, CDCl3) δ 168.5, 

162.6 (d, 1JCF = 245.0 Hz), 157.1, 145.3, 137.9, 134.2 (d, 3JCF = 12.3 Hz), 133.7, 132.0, 129.7, 129.3, 

128.9 126.3 (d, 4JCF = 1.8 Hz), 125.6 (d, 3JCF = 10.5 Hz), 125.5, 122.6, 119.4, 110.4 (d, 2JCF = 21.0 

Hz), 107.4 (d, 2JCF = 26.3 Hz), 87.5, 71.3, 21.7, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C26H22FN3NaO4S+ 514.1207, found 514.1214. 

 

(2S,4S)-7-chloro-3'-methyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3g) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3g as a white solid in 55% yield (27.8 mg), m.p. 

161–163 °C; [α]D25 = +79.43 (c = 0.04, CH2Cl2); >19:1 dr; 96% ee, 

determined by HPLC on a Chiralpak IA column at 254 nm (n-hexane/2-

propanol = 95/5, 1 mL/min), tR = 8.67 min (minor), tR = 11.76 min (major); 
1H NMR (700 MHz, CDCl3) δ 7.94–7.93 (m, 2H), 7.84 (d, J = 2.1 Hz, 1H), 7.84–7.82 (m, 2H), 7.38–

7.36 (m, 2H), 7.18–7.16 (m, 3H), 6.94–6.92 (m, 1H), 6.90–6.89 (m, 1H), 5.89 (d, J = 7.7 Hz, 1H), 

5.82–5.77 (m, 1H), 5.49 (d, J = 4.9 Hz, 1H), 5.48–5.46 (m, 1H), 2.29 (s, 3H), 2.14 (s, 3H). 13C NMR 

(175 MHz, CDCl3) δ 168.5, 157.0, 145.4, 137.9, 134.5, 134.0, 133.6, 131.8, 129.7, 129.3, 128.94, 

128.90, 125.5, 125.4, 123.8, 122.8, 119.5, 119.4, 87.6, 71.2, 21.7, 12.4. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C26H22ClN3NaO4S+ 530.0912, found 530.0921. 
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(2S,4S)-7-bromo-3'-methyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3h) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3h as a white solid in 72% yield (40.0 mg), m.p. 

142–144 °C; [α]D25 = +113.19 (c = 0.17, CH2Cl2); >19:1 dr; 96% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 6.10 min (minor), tR = 6.79 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.98 (d, J = 1.8 Hz, 1H), 7.94–7.93 (m, 2H), 7.84–7.82 (m, 2H), 7.38–

7.35 (m, 2H), 7.19–7.15 (m, 3H), 7.08 (dd, J = 1.8, 8.4 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 5.87 (d, J 

= 8.4 Hz, 1H), 5.82–5.76 (m, 1H), 5.49 (d, J = 4.2 Hz, 1H), 5.47 (d, J = 12.6 Hz, 1H), 2.29 (s, 3H), 

2.15 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.5, 157.0, 145.4, 137.9, 134.1, 133.6, 131.7, 

129.7,129.39, 129.36, 128.9, 126.7, 125.7, 125.5, 122.8, 122.3, 122.2, 119.4, 87.6, 71.2, 21.7, 12.4. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22BrN3NaO4S+ 574.0407, found 574.0403. 

 

(2S,4S)-3'-ethyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-pyrazol]-

5'(1'H)-one (3i) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3i as a white solid in 72% yield (35.1 mg), m.p. 164–166 °C; 

[α]D25 = +90.37 (c = 0.054, CH2Cl2); >19:1 dr; 92% ee, determined by HPLC on 

a Chiralpak IA column at 254 nm (n-hexane/2-propanol = 95/5, 1 mL/min), tR = 

7.87 min (minor), tR = 11.30 min (major); 1H NMR (600 MHz, CDCl3) δ 7.93–

7.91 (m, 2H), 7.87–7.85 (m, 2H), 7.83 (d, J = 7.8 Hz, 1H), 7.37–7.35 (m, 2H), 7.18–7.14 (m, 2H), 

7.13–7.11 (m, 2H), 6.98–6.94 (m, 2H), 5.92 (d, J = 7.8 Hz, 1H), 5.87–5.81 (m, 1H), 5.47 (s, 1H), 5.45 

(d, J = 3.6 Hz, 1H), 2.63–2.57 (m, 1H), 2.42–2.36 (m, 1H), 2.25 (s, 3H), 1.22 (t, J = 7.8 Hz, 3H). 13C 

NMR (150 MHz, CDCl3) δ 168.9, 161.0, 144.9, 138.1, 134.3, 133.1, 132.2, 131.0, 129.5, 129.2, 128.9, 

128.8, 125.3, 124.2, 123.9, 122.3, 119.6, 119.4, 87.8, 71.5, 21.6, 20.2, 9.1. HRMS (ESI-TOF) m/z: 

[M+Na]+ Calcd for C27H25N3NaO4S+ 510.1458, found 510.1463. 
  



S13 
 

(2S,4S)-3'-isopropyl-1'-phenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3j) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3j as a white solid in 65% yield (32.8 mg), m.p. 195–197 °C; 

[α]D25 = +132.78 (c = 0.07, CH2Cl2); >19:1 dr; 80% ee, determined by HPLC on 

a Chiralpak ID column at 254 nm (n-hexane/2-propanol = 90/10, 1 mL/min), tR 

= 8.24 min (minor), tR = 9.60 min (major); 1H NMR (700 MHz, CDCl3) δ 7.91–

7.90 (m, 2H), 7.88 (d, J = 8.4 Hz, 1H), 7.86–7.85 (m, 2H), 7.37–7.35 (m, 2H), 7.20–7.18 (m, 2H), 

7.14 (t, J = 7.7 Hz, 1H), 7.12–7.11 (m, 2H), 6.98–6.97 (m, 2H), 5.93 (d, J = 7.7 Hz, 1H), 5.87–5.82 

(m, 1H), 5.46 (s, 1H), 5.44 (d, J = 6.3 Hz, 1H), 2.86–2.80 (m, 1H), 2.26 (s, 3H), 1.34 (d, J = 7.0 Hz, 

1H), 1.07 (d, J = 7.0 Hz, 1H). 13C NMR (175 MHz, CDCl3) δ 168.6, 163.5, 144.8, 138.1, 134.5, 133.2, 

132.3, 131.3, 129.5, 129.1, 128.8, 128.4, 125.3, 124.2, 124.0, 122.0, 119.9, 119.4, 88.5, 71.2, 27.9, 

21.6, 20.7, 19.8. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C28H27N3NaO4S+ 524.1614, found 

524.1623. 

 

(2S,4S)-1',3'-diphenyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-pyrazol]-

5'(1'H)-one (3k) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3k as a white solid in 63% yield (33.7 mg), m.p. 195–197 °C; 

[α]D25 = +132.78 (c = 0.07, CH2Cl2); >19:1 dr; 82% ee, determined by HPLC on 

a Chiralpak ID column at 220 nm (n-hexane/2-propanol = 90/10, 1 mL/min), tR 

= 8.61 min (minor), tR = 10.03 min (major); 1H NMR (700 MHz, CDCl3) δ 7.97–

7.95 (m, 2H), 7.90–7.89 (m, 2H), 7.70 (d, J = 8.4 Hz, 1H), 7.68–7.67 (m, 2H), 7.42–7.40 (m, 2H), 

7.33 (t, J = 7.7 Hz, 1H), 7.20–7.17 (m, 2H), 7.12–7.10 (m, 2H), 7.05 (d, J = 7.7 Hz, 1H), 7.01 (t, J = 

7.0 Hz, 1H), 6.15 (d, J = 7.7 Hz, 1H), 5.90–5.85 (m, 1H), 5.51–5.47 (m, 2H), 2.26 (s, 3H). 13C NMR 

(175 MHz, CDCl3) δ 168.8, 154.5, 144.8, 138.0, 134.5, 133.4, 132.4, 130.7, 130.3, 129.5, 129.2, 

129.0, 128.9, 128.53, 128.52, 127.2, 125.7, 124.5, 123.9, 122.4, 119.7, 119.6, 88.1, 71.6, 21.6. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C31H25N3NaO4S+ 558.1458, found 558.1456. 
  



S14 
 

(2S,4S)-3'-methyl-1'-(o-tolyl)-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3l) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3l as a white solid in 73% yield (35.8 mg), m.p. 

173–175 °C; [α]D25 = +119.07 (c = 0.11, CH2Cl2); >19:1 dr; 96% ee, 

determined by HPLC on a Chiralpak IB column at 220 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 6.21 min (minor), tR = 6.95 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.95–7.93 (m, 2H), 7.82 (d, J = 7.8 Hz, 1H), 

7.40–7.36 (m, 1H), 7.24–7.20 (m, 3H), 7.17–7.14 (m, 1H), 7.11–7.09 (m, 2H), 6.99–6.94 (m, 2H), 

5.95 (d, J = 7.8 Hz, 1H), 5.91–5.85 (m, 1H), 5.50 (d, J = 1.2 Hz, 1H), 5.48–5.47 (m, 1H), 2.32 (s, 

3H), 2.24 (s, 3H), 2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 169.4, 157.2, 144.9, 135.6, 134.1, 

133.1, 132.4, 130.6, 129.5, 129.4, 128.8, 128.6, 126.7, 126.5, 124.2, 123.7, 122.3, 119.3, 87.1, 71.3, 

21.6, 18.0, 12.5. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C27H25N3NaO4S+ 510.1458, found 

510.1460. 

 

(2S,4S)-3'-methyl-1'-(m-tolyl)-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3m) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3m as a white solid in 72% yield (35.1 mg), 

m.p. 117–119 °C; [α]D25 = +72.14 (c = 0.10, CH2Cl2); >19:1 dr; 86% ee, 

determined by HPLC on a Chiralpak IA column at 254 nm (n-hexane/2-

propanol = 95/5, 1 mL/min), tR = 7.68 min (minor), tR = 8.48 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.94–7.93 (m, 2H), 7.82 (d, J = 9.0 Hz, 

1H), 7.65 (s, 1H), 7.63 (d, J = 6.0 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.19–7.15 (m, 1H), 7.14–7.12 (m, 

2H), 6.98–6.95 (m, 3H), 5.93 (d, J = 7.8 Hz, 1H), 5.87–5.82 (m, 1H), 5.49 (s, 1H), 5.47 (d, J = 3.6 

Hz, 1H), 2.34 (s, 3H), 2.26 (s, 3H), .2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.7, 157.2, 144.9, 

138.8, 137.8, 134.1, 133.0, 132.2, 130.8, 129.5, 129.2, 128.8, 128.7, 126.3, 124.3, 123.8, 122.4, 120.0, 

119.4, 116.7, 87.6, 71.5, 21.6, 21.6, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C27H25N3NaO4S+ 510.1458, found 510.1462. 
  



S15 
 

(2S,4S)-1'-(3-methoxyphenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-

dihydrospiro[benzo[d][1,3]oxazine-2,4'-pyrazol]-5'(1'H)-one (3n) 

The residue was purified by a silica gel flash chromatography (PE/EA 

= 200/1) giving the product 3n as a white solid in 75% yield (37.5 mg), 

m.p. 122–124 °C; [α]D25 = +173.70 (c = 0.07, CH2Cl2); >19:1 dr; 92% 

ee, determined by HPLC on a Chiralpak ID column at 220 nm (n-

hexane/2-propanol = 90/10, 1 mL/min), tR = 15.31 min (minor), tR = 

29.64 min (major); 1H NMR (600 MHz, CDCl3) δ 7.93–7.91 (m, 2H), 

7.82 (d, J = 7.8 Hz, 1H), 7.48–7.46 (m, 1H), 7.45–7.44 (m, 1H), 7.25 (t, J = 8.4 Hz, 1H), 7.19–7.15 

(m, 1H), 7.13–7.12 (m, 2H), 6.99–6.94 (m, 2H), 6.71–6.70 (m, 1H), 5.92 (d, J = 7.8 Hz, 1H), 5.87–

5.81 (m, 1H), 5.49 (d, J = 1.8 Hz, 1H), 5.46 (d, J = 3.6 Hz, 1H), 3.78 (s, 3H), 2.26 (s, 3H), 2.13 (s, 

3H). 13C NMR (150 MHz, CDCl3) δ 168.7, 160.1, 157.2, 145.0, 139.1, 134.1, 133.0, 132.2, 130.8, 

129.6, 129.5, 129.2, 128.8, 124.3, 123.9, 122.4, 119.4, 111.6, 111.5, 104.8, 87.6, 71.6, 55.4, 21.6, 

12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C27H25N3NaO5S+ 526.1407, found 526.1411. 

 

(2S,4S)-3'-methyl-1'-(p-tolyl)-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,4'-

pyrazol]-5'(1'H)-one (3o) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3o as a white solid in 75% yield (36.3 mg), m.p. 

170–172 °C; [α]D25 = +76.70 (c = 0.06, CH2Cl2); >19:1 dr; 86% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 85/15, 1 mL/min), tR = 10.24 min (minor), tR = 11.68 min 

(major); 1H NMR (700 MHz, CDCl3) δ 7.93–7.92 (m, 2H), 7.83 (d, J = 7.7 

Hz, 1H), 7.70–7.68 (m, 2H), 7.18–7.16 (m, 3H), 7.13–7.12 (m, 2H), 6.99–

6.95 (m, 2H), 5.94 (d, J = 8.4 Hz, 1H), 5.87–5.82 (m, 1H), 5.49 (s, 1H), 5.47–5.46 (m, 1H), 2.29 (s, 

3H), 2.26 (s, 3H), .2.12 (s, 3H). 13C NMR (175 MHz, CDCl3) δ 168.6, 157.1, 144.9, 135.5, 135.2, 

134.2, 133.1, 132.2, 130.9, 129.5, 129.4, 129.2, 128.8, 124.3, 123.8, 122.3, 119.6, 119.5, 87.6, 71.5, 

21.6, 21.0, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C27H25N3NaO4S+ 510.1458, found 

510.1459. 

 

 



S16 
 

(2S,4S)-1'-(2,4-dimethylphenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro 

[benzo[d][1,3]oxazine-2,4'-pyrazol]-5'(1'H)-one (3p) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3p as a white solid in 73% yield (36.5 mg), m.p. 

161–163 °C; [α]D25 = +108.43 (c = 0.056, CH2Cl2); >19:1 dr; 96% ee, 

determined by HPLC on a Chiralpak IB column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 6.47 min (minor), tR = 7.42 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.95–7.93 (m, 2H), 7.82 (d, J = 7.8 Hz, 1H), 

7.25 (d, J = 7.8 Hz, 1H), 7.17–7.14 (m, 1H), 7.10–7.09 (m, 2H), 7.04, (s, 

1H), 7.01 (d, J = 7.8 Hz, 1H), 6.98–6.93 (m, 2H), 5.94 (d, J = 7.8 Hz, 1H), 5.91–5.85 (m, 1H), 5.49 

(d, J = 2.4 Hz, 1H), 5.47 (d, J = 2.4 Hz, 1H), 2.27 (s, 6H), 2.24 (s, 3H), 2.11 (s, 3H). 13C NMR (150 

MHz, CDCl3) δ 169.5, 157.0, 144.9, 138.5, 135.3, 134.2, 133.1, 133.0, 132.4, 131.6, 130.6, 129.5, 

129.4, 128.7, 127.3, 126.3, 124.2, 123.7, 122.2, 119.3, 87.1, 71.2, 21.6, 21.2, 17.9, 12.5. HRMS (ESI-

TOF) m/z: [M+Na]+ Calcd for C28H27N3NaO4S+ 524.1614, found 524.1619. 

 

(2S,4S)-1'-(2-fluorophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3q) 

The residue was purified by a silica gel flash chromatography (PE/EA = 200/1) 

giving the product 3q as a white solid in 62% yield (30.6 mg), m.p. 184–

186 °C; [α]D25 = +79.55 (c = 0.04, CH2Cl2); >19:1 dr; 92% ee, determined by 

HPLC on a Chiralpak IB column at 254 nm (n-hexane/2-propanol = 90/10, 1 

mL/min), tR = 10.79 min (minor), tR = 12.23 min (major); 1H NMR (600 MHz, 

CDCl3) δ 7.94–7.93 (m, 2H), 7.82 (d, J = 7.8 Hz, 1H), 7.54–7.51 (m, 1H), 

7.28–7.25 (m, 1H), 7.18–7.14 (m, 3H), 7.12–7.10 (m, 2H), 6.99–6.95 (m, 2H), 5.91–5.84 (m, 2H), 

5.51 (d, J = 4.2 Hz, 1H), 5.49–5.48 (m, 1H), 2.25 (s, 3H), 2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) 

δ 169.3, 157.8, 156.7 (d, 1JCF = 252.0 Hz), 145.0, 134.1, 133.0, 132.1, 130.7, 129.6, 129.3(d, 3JCF = 

7.5 Hz), 129.3, 128.8, 126.8, 124.9 (d, 2JCF = 12.0 Hz), 124.5 (d, 3JCF = 4.5 Hz), 124.3, 123.8, 122.5, 

119.3, 116.7 (d, 2JCF = 19.5 Hz), 86.8, 71.6, 21.6, 12.5. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C26H22FN3NaO4S+ 514.1207, found 514.1215. 

 

 



S17 
 

(2S,4S)-1'-(2-chlorophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3r) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3r as a white solid in 66% yield (33.4 mg), m.p. 

180–182 °C; [α]D25 = +127.31 (c = 0.13, CH2Cl2); >19:1 dr; 94% ee, 

determined by HPLC on a Chiralpak IB column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 7.08 min (minor), tR = 9.25 min (major); 
1H NMR (700 MHz, CDCl3) δ 7.95–7.93 (m, 2H), 7.80 (d, J = 7.0 Hz, 1H), 

7.51 (dd, J = 1.4, 7.7 Hz, 1H), 7.44 (dd, J = 7.7, 1.4 Hz, 1H), 7.30–7.24 (m, 2H), 7.16–7.14 (m, 1H), 

7.10–7.09 (m, 2H), 6.98 (d, J = 5.6 Hz, 1H), 6.96–6.94 (m, 1H), 5.92–5.86 (m, 2H), 5.51–5.48 (m, 

2H), 2.23 (s, 3H), 2.13 (s, 3H). 13C NMR (175 MHz, CDCl3) δ 169.2, 157.6, 145.0, 134.6, 134.0, 

133.1, 132.2, 131.8, 130.6, 130.3, 129.7, 129.6, 129.4, 128.8, 128.3, 127.7, 124.3, 123.8, 122.4, 119.2, 

87.0, 71.1, 21.6, 12.5. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22ClN3NaO4S+ 530.0912, 

found 530.0913. 

 

(2S,4S)-1'-(3-chlorophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3s) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3s as a white solid in 73% yield (37.2 mg), m.p. 

126–128 °C; [α]D25 = +123.73 (c = 0.06, CH2Cl2); >19:1 dr; 96% ee, 

determined by HPLC on a Chiralpak IA column at 254 nm (n-hexane/2-

propanol = 95/5, 1 mL/min), tR = 7.67 min (minor), tR = 8.36 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.94–7.94 (m, 1H), 7.91–7.90 (m, 2H), 

7.82 (d, J = 7.8 Hz, 1H), 7.79–7.77 (m, 1H), 7.28 (t, J = 7.8 Hz, 1H), 7.19–7.16 (m, 1H), 7.15–7.14 

(m, 2H), 7.12–7.10 (m, 1H), 6.99–6.96 (m, 2H), 5.89 (d, J = 8.4 Hz, 1H), 5.87–5.81 (m, 1H), 5.50 (s, 

1H), 5.48–5.47 (m, 1H), 2.27 (s, 3H), 2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.8, 157.6, 

145.1, 139.0, 134.6, 134.0, 132.9, 132.1, 130.8, 129.9, 129.6, 129.2, 128.9, 125.2, 124.3, 124.0, 122.5, 

119.4, 119.1, 116.9, 87.5, 71.7, 21.7, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C26H22ClN3NaO4S+ 530.0912, found 530.0914. 

 

 



S18 
 

(2S,4S)-1'-(3-bromophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3t) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3t as a white solid in 68% yield (37.8 mg), m.p. 

121–123 °C; [α]D25 = +89.60 (c = 0.08, CH2Cl2); >19:1 dr; 90% ee, 

determined by HPLC on a Chiralpak IA column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 6.82 min (minor), tR = 7.66 min (major); 
1H NMR (600 MHz, CDCl3) δ 8.09–8.08 (m, 1H), 7.91–7.90 (m, 2H), 

7.84–7.81 (m, 2H), 7.27–7.26 (m, 1H), 7.22 (t, J = 7.8 Hz, 1H), 7.18–7.16 (m, 1H), 7.15–7.14 (m, 

2H), 6.99–6.96 (m, 2H), 5.89 (d, J = 7.8 Hz, 1H), 5.87–5.81 (m, 1H), 5.50 (s, 1H), 5.48–5.47 (m, 1H), 

2.27 (s, 3H), 2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.7, 157.7, 145.1, 139.1, 134.0, 132.9, 

132.1, 130.8, 130.2, 129.6, 129.2, 128.9, 128.1, 124.3, 124.0, 122.6, 122.5, 121.9, 119.8, 118.0, 87.5, 

71.7, 21.7, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22BrN3NaO4S+ 574.0407, found 

574.0405. 

 

(2S,4S)-1'-(4-fluorophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5' (1'H)-one (3u) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3u as a white solid in 64% yield (31.2 mg), m.p. 

181–183 °C; [α]D25 = +156.23 (c = 0.11, CH2Cl2); >19:1 dr; 80% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 6.89 min (minor), tR = 7.85 min (major); 
1H NMR (600 MHz, CDCl3) δ 7.92–7.91 (m, 2H), 7.82–7.79 (m, 3H), 7.19–

7.16 (m, 1H), 7.14–7.13 (m, 2H), 7.06–7.03 (m, 2H), 6.99–6.95 (m, 2H), 5.91 

(d, J = 7.8 Hz, 1H), 5.88–5.82 (m, 1H), 5.50 (s, 1H), 5.48–5.47 (m, 1H), 2.26 (s, 3H), .2.12 (s, 3H). 
13C NMR (150 MHz, CDCl3) δ 168.7, 160.2 (d, 1JCF = 243.0 Hz), 157.4, 145.0, 134.09, 134.07, 133.0, 

132.1, 130.8, 129.6, 129.2, 128.9, 124.3, 123.9, 122.4, 121.3 (d, 3JCF = 7.5 Hz), 119.4, 115.6 (d, 2JCF 

= 22.5 Hz), 87.5, 71.6, 21.6, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22FN3NaO4S+ 

514.1207, found 514.1216. 

 

 



S19 
 

(2S,4S)-1'-(4-bromophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (3v) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3v as a white solid in 72% yield (40.0 mg), m.p. 

177–179 °C; [α]D25 = +168.89 (c = 0.12, CH2Cl2); >19:1 dr; 90% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 8.95 min (minor), tR = 11.23 min (major); 
1H NMR (700 MHz, CDCl3) δ 7.90–7.89 (m, 2H), 7.82 (d, J = 9.1 Hz, 1H), 

7.77–7.75 (m, 2H), 7.47–7.45 (m, 2H), 7.18–7.16 (m, 1H), 7.14–7.12 (m, 

2H), 6.98–6.95 (m, 2H), 5.89 (d, J = 7.7 Hz, 1H), 5.87–5.82 (m, 1H), 5.49 (s, 1H), 5.47–5.46 (m, 1H), 

2.26 (s, 3H), .2.12 (s, 3H). 13C NMR (175 MHz, CDCl3) δ 168.7, 157.6, 145.1, 137.1, 134.1, 132.9, 

132.1, 131.9, 130.8, 129.6, 129.2, 128.9, 124.3, 124.0, 122.5, 120.7, 119.5, 118.2, 87.5, 71.7, 21.6, 

12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H22BrN3NaO4S+ 574.0407, found 574.0408. 

 

(2S,4S)-1'-(3,4-dichlorophenyl)-3'-methyl-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3] 

oxazine-2,4'-pyrazol]-5'(1'H)-one (3w) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

200/1) giving the product 3w as a white solid in 74% yield (39.9 mg), m.p. 

169–171 °C; [α]D25 = +144.27 (c = 0.14, CH2Cl2); >19:1 dr; 88% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 90/10, 1 mL/min), tR = 7.73 min (minor), tR = 8.93 min (major); 
1H NMR (600 MHz, CDCl3) δ 8.07 (d, J = 2.4 Hz, 1H), 7.90–7.88 (m, 

2H), 7.81 (d, J = 8.4 Hz, 1H), 7.76 (dd, J = 8.4, 2.4 Hz, 1H), 7.41 (d, J = 

9.0 Hz, 1H), 7.18–7.16 (m, 1H), 7.16–7.14 (m, 2H), 6.99–6.96 (m, 2H), 5.87–5.81 (m, 2H), 5.50–

5.46 (m, 2H), 2.27 (s, 3H), 2.12 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.8, 157.9, 145.2, 137.3, 

133.9, 132.84, 132.78, 132.0, 130.7, 130.5, 129.6, 129.1, 129.0, 128.5, 124.3, 124.1, 122.6, 120.5, 

119.4, 118.0, 87.4, 71.8, 21.7, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H21Cl2N3NaO4S+ 

564.0522, found 564.0524. 
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6. More Substrate Explorations 

 

To a dry flask filled with nitrogen were added Pd2(dba)3•CHCl3 (0.0050 mmol) and L3 (0.0100 

mmol), then 1 mL DCE was added under Ar atmosphere. This solution was stirred at room 

temperature for 0.5 h. Then vinyl benzoxazinanone 1b (0.1000 mmol), 1-benzyl-5-nitroindoline-2,3-

dione 4a (0.1500 mmol) and Cs2CO3 (0.0750 mmol) were added subsequently. The reaction mixture 

was stirred at room temperature for 12 h and monitored by TLC (petroleum ether/ethyl acetate). After 

completion of the reaction, the reaction mixture was concentrated and the residue was purified by 

flash column chromatography on silica gel (petroleum ether/ethyl acetate = 12/1 to v/v) to give the 

final products 5a (28.2 mg, 68% yield, 6:1 dr, 42% ee) as a white solid. 

 

(2R,4S)-1'-benzyl-5'-nitro-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,3'-indolin]-2'-one 

(5a) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

12/1) giving the product 5a as a white solid in 68% yield (28.2 mg), m.p. 

173–175 °C; [α]D25 = +98.55 (c = 0.17, CH2Cl2); 6:1 dr; 42% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 80/20, 1 mL/min), tR = 13.79 min (minor), tR = 9.95 min 

(major); 1H NMR (600 MHz, CDCl3) δ 8.38 (d, J = 2.4 Hz, 1H), 8.23 (dd, 

J = 8.4, 2.4 Hz, 1H), 7.36–7.34 (m, 2H), 7.32–7.28 (m, 3H), 7.17 (t, J = 

6.0 Hz, 1H), 7.05 (d, J = 7.2 Hz, 1H), 6.90 (t, J = 7.2 Hz, 1H), 6.79 (d, J = 9.0 Hz, 1H), 6.71 (d, J = 

7.8 Hz, 1H), 6.07 (d, J = 7.8 Hz, 1H), 6.01–5.95 (m, 1H), 5.57 (d, J = 16.8 Hz, 1H), 5.48 (dd, J = 9.6, 

1.2 Hz, 1H), 4.94 (d, J = 15.6 Hz, 1H), 4.85 (d, J = 15.6 Hz, 1H), 4.49 (s, 1H). 13C NMR (150 MHz, 

CDCl3) δ 173.1, 148.6, 143.8, 137.7, 136.1, 134.3, 129.2, 128.30, 128.28, 128.12, 128.10, 127.4, 

125.9, 122.3, 120.9, 120.9, 120.3, 115.9, 109.3, 81.2, 75.3, 43.9. HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C24H19N3NaO4+ 436.1268, found 436.1277. 
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To a dry flask filled with nitrogen were added Pd2(dba)3•CHCl3 (0.0050 mmol) and L9 (0.0100 

mmol), then 1 mL DCM was added under Ar atmosphere. This solution was stirred at room 

temperature for 0.5 h. Then vinyl benzoxazinanone (0.1000 mmol) 1b, 1-benzyl-5-chloroindoline-

2,3-dione (0.1500 mmol) and Cs2CO3 (0.0750 mmol) were added subsequently. The reaction mixture 

was stirred at room temperature for 12 h and monitored by TLC (petroleum ether/ethyl acetate). After 

completion of the reaction, the reaction mixture was concentrated and the residue was purified by 

flash column chromatography on silica gel (petroleum ether/ethyl acetate = 20/1 to v/v) to give the 

final products 5b (21.1 mg, 52% yield, 5:1 dr, 49% ee) as a white solid. 

 

(2S,4S)-1'-benzyl-5'-chloro-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-2,3'-indolin]-2'-one 

(5b) 

The residue was purified by a silica gel flash chromatography (PE/EA = 

20/1) giving the product 5b as a white solid in 52% yield (21.1 mg), m.p. 

162–165 °C; [α]D25 = +105.42 (c = 0.21, CH2Cl2); 5:1 dr; 49% ee, 

determined by HPLC on a Chiralpak ID column at 254 nm (n-hexane/2-

propanol = 80/20, 1 mL/min), tR = 8.47 min (minor), tR = 10.22 min 

(major); 1H NMR (600 MHz, CDCl3) δ 7.46 (d, J = 2.4 Hz, 1H), 7.34–7.32 

(m, 2H), 7.29–7.28 (m, 3H), 7.22 (dd, J = 8.4, 1.8 Hz, 1H), 7.14 (t, J = 7.8 Hz, 1H), 7.04 (d, J = 7.8 

Hz, 1H), 6.86 (t, J = 7.8 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.11 (d, J = 8.4 

Hz, 1H), 6.00–5.94 (m, 1H), 5.57 (d, J = 17.4 Hz, 1H), 5.46 (dd, J = 10.2, 1.8 Hz, 1H), 4.88 (d, J = 

15.6 Hz, 1H), 4.78 (d, J = 15.6 Hz, 1H), 4.44 (s, 1H). 13C NMR (150 MHz, CDCl3) δ 172.9, 141.5, 

138.2, 136.4, 135.0, 131.1, 128.9, 128.80, 128.79, 128.1, 127.9, 127.4, 125.9, 125.3, 122.4, 120.7, 

119.8, 115.6, 110.6, 81.7, 75.1, 43.6. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H19ClN2NaO2+ 

425.1027, found 425.1033. 
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To a dry flask filled with nitrogen were added Pd2(dba)3•CHCl3 (0.0050 mmol) and L3 (0.0100 

mmol), then 1 mL DCM was added under Ar atmosphere. This solution was stirred at room 

temperature for 0.5 h. Then vinyl benzoxazinanone (0.1000 mmol) 1b, indolo[2,1-b]quinazoline-

6,12-dione (0.1500 mmol) and Cs2CO3 (0.0750 mmol) were added subsequently. The reaction mixture 

was stirred at room temperature for 12 h and monitored by TLC (petroleum ether/ethyl acetate). After 

completion of the reaction, the reaction mixture was concentrated and the residue was purified by 

flash column chromatography on silica gel (petroleum ether/ethyl acetate = 30/1 to v/v) to give the 

final products 7 (13.7 mg, 36% yield, >19:1 dr, 90% ee) as a white solid. 

 

(2S,4S)-4-vinyl-1,4-dihydro-12'H-spiro[benzo[d][1,3]oxazine-2,6'-indolo[2,1-b]quinazolin]-12'-

one (7) 

The residue was purified by a silica gel flash chromatography (PE/EA = 30/1) 

giving the product 7 as a white solid in 36% yield (13.7 mg), m.p. 170–172 °C; 

[α]D25 = +124.78 (c = 0.12, CH2Cl2); >19:1 dr; 90% ee; determined by HPLC 

on a Chiralpak IA column at 254 nm (n-hexane/2-propanol = 80/20, 1 mL/min), 
tR = 16.46 min (minor), tR = 9.08 min (major); 1H NMR (600 MHz, CDCl3) δ 

8.56 (d, J = 7.8 Hz, 1H), 8.39 (d, J = 7.8 Hz, 1H), 7.73–7.70 (m, 1H), 7.68–7.66 

(m, 2H), 7.58–7.55 (m, 1H), 7.53–7.51 (m, 1H), 7.39–7.37 (m, 1H), 7.19 (t, J = 

7.8 Hz, 1H), 7.12 (d, J = 7.2 Hz, 1H), 6.93–6.91 (m, 3H), 6.70 (d, J = 7.8 Hz, 1H), 6.33 (d, J = 7.8 

Hz, 1H), 6.06–6.00 (m, 1H), 5.52 (d, J = 16.8 Hz, 1H), 5.45 (dd, J = 10.2, 1.2 Hz, 1H), 4.64 (s, 1H). 
13C NMR (150 MHz, CDCl3) δ 159.5, 156.8, 147.1, 138.8, 136.1, 134.3, 132.1, 130.1, 128.7, 128.2, 

127.6, 127.2, 126.8, 125.6, 124.7, 122.6, 122.2, 120.6, 119.4, 117.22, 117.21, 115.1, 84.8, 74.6. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H17N3NaO2+ 402.1213, found 402.1210. 
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As outline in the following scheme, other types of carbonyl compound were explored in the 

reaction with vinyl benzoxazinanone 1a or 1b in different conditions, unfortunally, the expected 

products were not obtained. 

 

7. The scale-up reaction 

 

To a dry flask filled with nitrogen were added Pd2(dba)3•CHCl3 (0.0250 mmol) and L5 (0.1000 

mmol), then 1 mL p-xylene was added under Ar atmosphere. This solution was stirred at room 

temperature for 0.5 h. Then vinyl benzoxazinanone (1.0000 mmol) 1a, Pyrazolone 4,5-Diones 2a 

(1.5000 mmol) and Cs2CO3 (0.7500 mmol) were added subsequently. The reaction mixture was stirred 

at room temperature for 12 h and monitored by TLC (petroleum ether/ethyl acetate). After completion 

of the reaction, the reaction mixture was concentrated and the residue was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 200/1 to v/v) to give the final products 

3a (332.5 mg, 66% yield, >19:1 dr, 94% ee) as a white solid. 
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8. Synthetic transformations of 3a 

8.1 Procedure for synthesis of compound 8 

 

3a (47.4 mg, 0.1000 mmol), diazo compound (27.9 mg, 0.1500 mmol), [Cp*RhCl2]2 (2.5 mg, 

0.0040 mmol), AgSbF6 (6.9 mg, 0.0200 mmol) and Cu(OAc)2 (18.2 mg, 0.1000 mmol) were 

dissolved in DCE (1.0 mL) under Ar atmosphere. The mixture was stirred at 80 oC for 12h and 

monitored by TLC (petroleum ether/ethyl acetate). After that the solvent was removed under reduced 

pressure. The residue was purified by flash column chromatography on silica gel (petroleum 

ether/ethyl acetate = 15/1 to v/v) to give the final products 8 (59,4 mg, 94% yield, >19:1 dr, 92% ee) 

as a white solid. 

 

diethyl 2-(2-((2S,4S)-3'-methyl-5'-oxo-1-tosyl-4-vinyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-1'(5'H)-yl)phenyl)malonate (8).  

The residue was purified by a silica gel flash chromatography 

(PE/EA = 15/1) giving the product 8 as a white solid in 94% yield 

(59.4 mg), m.p. 168–170 °C; [α]D25 = +114.55 (c = 0.09, 

CH2Cl2); >19:1 dr; 92% ee; determined by HPLC on a Chiralpak IA 

column at 254 nm (n-hexane/2-propanol = 90/10, 1 mL/min), tR = 

16.10 min (minor), tR = 21.81 min (major); 1H NMR (600 MHz, 

CDCl3) δ 7.92–7.91 (m, 2H), 7.81 (d, J = 8.4 Hz, 1H), 7.56–7.54 (m, 

1H), 7.47–7.46 (m, 1H), 7.38–7.32 (m, 2H), 7.18–7.15 (m, 1H), 7.11–7.10 (m, 2H), 6.99–6.94 (m, 

2H), 5.90–5.84 (m, 2H), 5.53–5.49 (m, 2H), 5.01 (s, 1H), 4.18–4.09 (m, 4H), 2.25 (s, 3H), 2.10 (s, 

3H), 1.19 (t, J = 6.6 Hz 3H), 1.14 (t, J = 7.2 Hz 3H). 13C NMR (150 MHz, CDCl3) δ 169.9, 168.4, 

168.3, 157.5, 145.0, 135.8, 134.0, 133.0, 132.2, 130.7, 130.13, 130.08, 129.5, 129.4, 128.9, 128.8, 

128.5, 126.2, 124.3, 123.8, 122.4 ,119.3, 86.9, 71.4, 61.8, 61.7, 53.0, 21.6, 14.1, 14.0, 12.4. HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C33H33N3NaO8S+ 654.1881, found 654.1879. 
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8.2 Procedure for synthesis of compound 9 

 

To 3 ml of 9-BBN (0.5 M in THF) solution at 0 oC under Ar atmosphere, a solution of the 

cycloaddition product 3a (0.2 M in THF, 0.1 mmol, 47.4 mg) was added dropwise. This mixture was 

stirred at room temperature for 36 h. After that, this mixture quenched with 2.0 mL of 2 N aqueous 

NaOH solution and 0.60 mL of 30% aqueous H2O2 solution. After stirring for 30 min, the aqueous 

layer was extracted with EtOAc (10 mL × 2). The organic layer was dried over Na2SO4, concentrated, 

and purified by column chromatography eluting with petroleum ether/ethyl acetate (2:1) to provide 

the product 9 (40.1 mg 82% yield, >19:1 dr, 90% ee) as a white solid. 

 

(2S,4S)-4-(2-hydroxyethyl)-3'-methyl-1'-phenyl-1-tosyl-1,4-dihydrospiro[benzo[d][1,3]oxazine-

2,4'-pyrazol]-5'(1'H)-one (9). 

The residue was purified by a silica gel flash chromatography (PE/EA = 2/1) 

giving the product 9 as a white solid in 82% yield (40.1 mg), m.p. 187–189 °C; 

[α]D25 = +110.60 (c = 0.08, CH2Cl2); >19:1 dr; 90% ee; determined by HPLC 

on a Chiralpak ID column at 220 nm (n-hexane/2-propanol = 80/20, 1 mL/min), 

tR = 9.56 min (minor), tR = 10.50 min (major); 1H NMR (700 MHz, DMSO-d6) 

δ 7.97–7.96 (m, 2H), 7.83–7.82 (m, 3H), 7.52–7.50 (m, 2H), 7.38–7.37 (m, 2H), 

7.32 (t, J = 8.4 Hz, 1H), 7.30–7.28 (m, 2H), 7.13 (t, J = 7.7 Hz, 1H), 5.59 (dd, J = 9.8, 3.5 Hz, 1H), 

4.61–4.60 (m, 1H), 3.60–3.56 (m, 1H), 3.54–3.50 (m, 1H), 2.43–2.38 (m, 1H), 2.32 (s, 3H), 2.08 (s, 

3H), 1.80–1.75 (m, 1H). 13C NMR (175 MHz, DMSO-d6) δ 168.7, 157.6, 146.0, 137.9, 133.8, 133.0, 

131.9, 130.4, 129.6, 129.3, 129.1, 126.0, 124.9, 124.1, 119.3, 119.2, 87.6, 67.7, 57.2, 33.8, 21.5, 12.5. 

HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C26H25N3NaO5S+ 514.1407, found 514.1411. 
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8.3 Procedure for synthesis of compound 10 

 

To a solution of 3a (47.4 mg, 0.1000 mmol) and methyl acrylate (0.5 mL) in 1,2-dichloroethane 

(1.0 mL), Titanium (IV) isopropoxide (9.54 mg, 0.0300 mmol) was added under Ar atmosphere. This 

mixture was stirred at room temperature for 15 min. After that, Hoveyda‐Grubbs catalyst (7.0 mg, 

0.0100 mmol) was added into the system and stirring at 60 oC for 4h and monitored by TLC 

(petroleum ether/ethyl acetate). After completion of the reaction, the solvent and remaining 

methylacrylate were removed in vacuo and the residue was purified by flash column chromatography 

on silica gel (petroleum ether/ethyl acetate = 20/1 to v/v) to give the final products 10 (33.4 mg, 63% 

yield, >19:1 dr, 90% ee) as a white solid. 

 

methyl (E)-3-((2S,4S)-3'-methyl-5'-oxo-1'-phenyl-1-tosyl-1,1',4,5'-

tetrahydrospiro[benzo[d][1,3]oxazine-2,4'-pyrazol]-4-yl)acrylate (10).  

The residue was purified by a silica gel flash chromatography (PE/EA = 20/1) 

giving the product 10 as a white solid in 63% yield (33.5 mg), m.p. 160–162 °C; 

[α]D25 = +62.11 (c = 0.07, CH2Cl2); >19:1 dr; 90% ee; determined by HPLC on 

a Chiralpak ID column at 254 nm (n-hexane/2-propanol = 70/30, 1 mL/min), 

tR = 10.77 min (minor), tR = 13.93 min (major); 1H NMR (700 MHz, CDCl3) δ 

7.91–7.90 (m, 2H), 7.86 (d, J = 9.1 Hz, 1H), 7.83–7.82 (m, 2H), 7.37–7.35 (m, 

2H), 7.21 (d, J = 6.3 Hz, 1H), 7.16 (d, J = 8.4 Hz, 1H), 7.14–7.13 (m, 2H), 7.02 

(dd, J = 6.3, 15.4 Hz, 1H), 6.97 (t, J = 7.7 Hz, 1H), 6.93 (d, J = 4.9.Hz, 1H), 6.16–6.14 (m, 1H), 6.12 

(d, J = 6.3 Hz, 1H), 3.70 (s, 3H), 2.26 (s, 3H), 2.13 (s, 3H). 13C NMR (175 MHz, CDCl3) δ 168.5, 

165.9, 157.0, 145.1, 140.2, 137.8, 134.0, 132.9, 129.8, 129.6, 129.3, 129.2, 128.9, 125.6, 125.3, 124.2, 

124.1, 119.9, 119.4, 87.4, 68.9, 52.0, 21.6, 12.4. HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for 

C28H25N3NaO6S+ 554.1356, found 554.1351.  
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9. X-ray Crystal Structures of 3l 

To a 5 mL tube containing 3l (20 mg) was added propan-2-ol (4 mL). A clear solution was obtained 

through ultrasound treatment and was kept at room temperature and 3l crystals were obtained after 

the solvent evaporated, which were characterized by single crystal X-ray diffraction. X-ray diffraction 

experiment was carried out on an Agilent D8 QUEST and the data obtained were deposited at the 

Cambridge Crystallographic Data Centre. The crystal structure was solved by Olex2 with the 

SHELXT structure solution program using Intrinsic Phasing and refined with the SHELXL 

refinement package using Least Squares minimisation. CCDC 2189303 (3l) contains the 

supplementary crystallographic data for this paper. X-ray crystal structure of 3l with the ellipsoid 

contour at 50% probability levels. 

 

Identification code  20220516_0m_a 

Empirical formula  C27H25N3O4S 

Formula weight  487.56 

Temperature/K  293.15 

Crystal system  orthorhombic 

Space group  P212121 

a/Å  8.0617(4) 

b/Å  10.9968(5) 

c/Å  27.6122(12) 

α/°  90 

β/°  90 
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γ/°  90 

Volume/Å3  2447.9(2) 

Z  4 

ρcalcg/cm3  1.323 

μ/mm-1  1.495 

F(000)  1024.0 

Crystal size/mm3 0.23 x 0.15 x 0.11 

Radiation  CuKα (λ = 1.54178) 

2Θ range for data collection/°  6.402 to 136.984 

Index ranges  -9 ≤ h ≤ 9, -13 ≤ k ≤ 12, -33 ≤ l ≤ 33 

Reflections collected  21413 

Independent reflections  4512 [Rint = 0.0515, Rsigma = 0.0375] 

Data/restraints/parameters  4512/0/339 

Goodness-of-fit on F2  1.067 

Final R indexes [I>=2σ (I)]  R1 = 0.0401, wR2 = 0.0926 

Final R indexes [all data]  R1 = 0.0468, wR2 = 0.0983 

Largest diff. peak and hole / e Å-3  0.18/-0.31 

Flack parameter 0.006(11) 
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11. NMR and HPLC Spectra 
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