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General 

Unless otherwise noted, all moisture or oxygen-sensitive reactions were carried out under an argon atmosphere 

in oven or heat-dried flasks. All the solvents used were purified according to the standard procedures: THF (Na), 

CH2Cl2 (CaH2), toluene (Na), and Et2O (Na). All commercially available reagents were used as received. All reactions 
were monitored by thin-layer chromatography (TLC) on silica gel F254 plates using UV light as visualizing agent (if 

applicable), and a solution of ammonium molybdate tetrahydrate (50 g/L) in EtOH followed by heating as developing 

agents. The products were purified by flash column chromatography on silica gel (300400 meshes) from the Anhui 
Liangchen Silicon Material Company in China. 

Proton nuclear magnetic resonance (1H NMR) and carbon NMR (13C NMR) spectra were recorded in CDCl3 

(unless otherwise stated). 1H (400 MHz) and 13C (100 MHz) were performed on 400 MHz spectrometers. Chemical 

shifts were denoted in ppm () and calibrated by using residual undeuterated solvent (CDCl3 (7.26 ppm), DMSO-d6 

(2.50 ppm) or tetramethylsilane (0.00 ppm)) as internal reference for 1H NMR and the deuterated solvent (CDCl3 

(77.00 ppm), DMSO-d6 (39.70 ppm) or tetramethylsilane (0.00 ppm)) as internal standard for 13C NMR. The 

following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd = 

double doublet, td = triple doublet, dt = double triplet, dq = double quartet, br = broad, m = multiplet. The mass data 
were recorded on a GCMS-QP2010 SE mass spectrometer by means of the ESI technique, and the relative intensity 

(%) is given in brackets. High-resolution mass spectral analysis (HRMS) data were measured on a Bruker ApexII mass 

spectrometer by means of the ESI technique. The IR spectra were recorded on Nicolet Nexus 670 FT-IR spectrometer. 

The X-ray single-crystal determination was performed on a Bruker APEX II X-ray single crystal diffractometer. Optical 
rotations were measured using a 0.1-mL cell with a 1.0-cm path length on Rudolph Autopol IV automatic polarimeter, 

and concentrations (c) were reported in g×(100 mL)-1. Analytical HPLC was recorded on a HPLC machine equipped 

with Waters 1525 Binary HPLC Pump and Waters 2998 Photodiode Array Detector (Waters HPLC machine). The 

chiral stationary phase was Daicel Chiralpak IA-3/IB-3/IC-3/IE-3 column (Ø = 0.46 cm, length = 25.0 cm). The 
melting points were measured on a Kolfer melting point apparatus without calibration (Beijing Tech Instrument Co., 

LTD). 

1. Preparation of para-Quinone Methides (p-QMs) 

The para-Quinone Methides 1a-1p,1a 1q,1b 1r,1c 1s,1d 1t1a and 1u1a were prepared according to the reported 

methods. The preparation of 1j referred to the reported procedure for 1a1a was as follows: 

 

In a Dean-Stark apparatus, the solution of 2,6-di-tert-butylphenol 1j-A (4.12 g, 20 mmol) and methyl 2-

formylbenzoate 1j-B (3.28 g, 20 mmol) in toluene was heated to reflux for 1 h. Piperidine (4 mL, 40 mmol) was added 

dropwise via the syringe within 2 h and then held to reflux for 3 h. After cooling just below the boiling point of the 
reaction mixture, acetic anhydride (3.8 mL, 40 mmol) was added and stirred for 20 min. Then the mixture was poured 

into ice-water and extracted with CH2Cl2. The combined the organic layers were dried over Na2SO4. After the removal 

of the solvent, the residual was purified by flash column chromatography purification on silica gel (petroleum 

ether/CH2Cl2 = 20:1) to afford the yellow solid product 1j (1.68 g, 24% yield). 1H NMR (400 MHz, CDCl3) δ = 8.09 
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(d, J = 7.9 Hz, 1H), 7.74 (s, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.16 (s, 

1H), 7.10 (s, 1H), 3.88 (br, 3H), 1.32 (s, 9H), 1.21 (s, 9H) ppm.  13C NMR (100 MHz, CDCl3) δ = 186.5, 166.8, 149.0, 

147.7, 142.7, 137.3, 134.9, 132.2, 131.9, 131.3, 131.1, 129.4, 128.7, 127.9, 52.2, 35.2, 34.9, 29.40, 29.36 ppm. MS (70 

eV, EI): m/z (%) = 352 (100) [M]+, 337 (55) [M  CH3]+, 320 (34), 309 (58), 305 (93), 295 (25), 277 (38), 263 (73), 

249 (30), 203 (21), 149 (26), 91 (20), 57 (38). IR (KBr) ῡ = 3408, 3067, 2953, 2910, 2864, 1710, 1612, 1552, 1480, 

1437, 1359, 1263, 1229, 1137, 1081, 934, 885, 822, 749, 710 cm-1. 

2. Preparation of Oxindoles 

The 3-substituted oxindoles 2a-2d,2a 2f-2l,2a 2n-2p,2a 2r,2a 2t-2y,2a 2e,2b 2m,2c 2q,2d and 2s2e were prepared 

according to the reported methods. The preparation of 2v2y referred to the reported procedure for 2a2a was as follows: 

 

A freshly prepared solution of 4-MeOC6H4MgBr in THF (12 mmol) was added dropwise to a stirred suspension 

of substituted isatin (5.0 mmol) in THF (30 mL) at 0 °C under argon. The mixture was allowed to warm to room 

temperature and stirred until the starting material was consumed. The reaction mixture was diluted with ethyl acetate, 

cooled in an ice-bath, and then quenched with 1N HCl. The aqueous layer was extracted with ethyl acetate, and the 

combined organic layers were washed with water and brine and then dried over Na2SO4. After the removal of the 

solvent under reduced pressure, the crude product was directly used for next step without further purification.  
The crude product obtained above was dissolved in AcOH (15 mL), followed by the sequential addition of SnCl2 

(1.4 g, 7.5 mmol) and conc. HCl (1.5 mL). The resulting mixture was heated to reflux for 3~4 h at 120 oC, and cooled 

to room temperature. After the removal of the solvent under reduced pressure, the residual was diluted with ethyl 

acetate (30 mL) followed by the slow addition of the saturated aqueous solution of Na2CO3. The mixture was extracted 

with ethyl acetate, and the combined organic layers were washed with water and brine, and then dried over Na2SO4. 
After the removal of the solvent, the flash column chromatography purification on silica gel (petroleum ether/ethyl 

acetate = 3:1) afforded the product 2v, 2x and 2y.  

 

2v: white powder (0.96 g, 60% yield). 1H NMR (400 MHz, DMSO-d6) δ = 10.68 (br, 1H), 7.43 (dd, J = 8.3, 1.8 Hz, 

1H), 7.18 (s, 1H), 7.13-6.83 (m, 5H), 4.77 (s, 1H), 3.77 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6) δ = 177.2, 

158.7, 142.2, 133.2, 130.9, 129.6, 129.1, 127.6, 114.4, 113.4, 111.6, 55.3, 51. 2 ppm. MS (70 eV, EI): m/z (%) = 319 

(78) [M (81Br)]+, 317 (77) [M (79Br)]+, 304 (8) [M (81Br)  CH3]+, 302 (8) [M (79Br)  CH3]+, 290 (31), 288 (32), 

276 (21), 274 (22), 238 (100) [M  Br]+, 210 (18), 195 (16), 167 (32), 152 (16), 76 (14), 63 (13). IR (KBr) ῡ = 3186, 
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3042, 2834, 1715, 1706, 1613, 1583, 1511, 1475, 1303, 1251, 1214, 1180, 1161, 1110, 1030, 906, 827, 819, 736, 629, 

577, 561, 521 cm-1. 

 

2x: white powder (0.91 g, 57% yield). 1H NMR (400 MHz, DMSO-d6) δ = 10.67 (br, 1H), 7.17-7.06 (m, 4H), 6.99 (d, 

J = 7.9 Hz, 1H), 6.93 (d, J = 8.6 Hz, 2H), 4.70 (s, 1H), 3.76 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6) δ = 177.5, 

158.7, 144.6, 129.9, 129.6, 129.1, 126.7, 124.4, 120.7, 114.3, 112.4, 55.2, 50.8 ppm. MS (70 eV, EI): m/z (%) = 319 

(62) [M (81Br)]+, 317 (61) [M (79Br)]+, 304 (9) [M (81Br)  CH3]+, 302 (9) [M (79Br)  CH3]+, 290 (24), 288 (25), 

276 (16), 274 (16), 238 (100) [M  Br]+, 195 (12), 167 (20), 152 (15), 139 (18), 76 (11), 69 (9), 63 (10). IR (KBr) 

ῡ = 3214, 2836, 1713, 1612, 1586, 1511, 1480, 1448, 1319, 1247, 1241, 1178, 1109, 1032, 929, 856, 822, 803, 750, 684, 

646, 587, 576, 516 cm-1. 

 
2y: white powder (0.65 g, 51% yield). 1H NMR (400 MHz, CDCl3) δ = 8.34 (br, 1H), 7.17-7.10 (m, 2H), 7.07-6.83 

(m, 5H), 4.63 (s, 1H), 3.79 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3) δ = 177.5, 159.2, 146.9 (d, 1JC-F = 244.2 Hz), 

132.4 (d, 4JC-F = 3.0 Hz), 129.4, 128.8 (d, 2JC-F = 12.1 Hz), 127.8, 123.3 (d, 3JC-F = 5.8 Hz), 120.9 (d, 3JC-F = 3.4 Hz), 

115.3 (d, 2JC-F = 17 Hz), 114.4, 55.3, 51.8 (d, 4JC-F = 2.3 Hz) ppm. MS (70 eV, EI): m/z (%) = 257 (100) [M]+, 242 (15) 

[M  CH3]+, 228 (52), 214 (40), 198 (14), 185 (26), 120 (7), 93 (6), 69 (6). IR (KBr) ῡ = 3149, 3035, 2837, 1712, 

1641, 1612, 1582, 1515, 1490, 1468, 1456, 1421, 1322, 1302, 1253, 1211, 1177, 1149, 1108, 1049, 1030, 1004, 825, 

772, 733, 715, 667, 589, 580, 521, 507, 470, 432 cm-1. 

3. Preparation of Chiral Catalysts 

The chiral thiourea catalysts (4a and 4b)3 and the chiral squaramide catalysts (4c4j)4 were prepared according 

to reported procedures. 
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4. The Condition Optimizations for Asymmetric Catalytic 1,6-Conjugate Addition 

4.1. The Screening of Catalystsa 

 
Entry Cat. Base t [h] Yield [%]b drc ee [%]d,e 

1 4a  96 NR   
2 4a K2CO3 18 93 5:3 19 (0) 
3 4b K2CO3 23 91 5:3 0 (0) 

4 4c K2CO3 24 97 8:3 11 (0) 
5 4d K2CO3 23 93 4:1 37 (21) 
6 4e K2CO3 13 94 4:1 64 (24) 
7 4f K2CO3 12 95 4:1 64 (21) 
8 4g K2CO3 28 87 3:1 51 (13) 
9 4h K2CO3 12 95 4:1 79 (17) 

10 4i K2CO3 9 94 5:1 80 (9) 
11 4j K2CO3 8 93 7:2 74 (12) 

aUnless otherwise stated all reactions were performed with 1a (0.05 mmol) and 2a (0.05 mmol) 
in the presence of catalyst 4 (0.005 mmol) and K2CO3 (0.075 mmol) in CH2Cl2 (1.0 mL) at 20 
oC. bYield of isolated product. cDetermined by HPLC. dDetermined by HPLC analysis using a 
chiral stationary phase. eEnantiomeric excess of minor diastereoisomer in the parentheses. NR = 
No reaction. 
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4.2. The Screening of Solventsa 

  

Entry Solvents t [h] Yield [%]b d.rc ee [%]d,e 

1 toluene 13 94 2:1 56 (5) 

2 p-xylene 13 94 5:3 50 (3) 

3 PhCF3 8 97 5:1 77 (13) 
4 mesitylene 13 89 5:3 53 (3) 

5 CH2Cl2 9 94 5:1 80 (9) 
6 (CH2Cl)2 10 94 9:2 80 (22) 

7 CHCl3 13 91 9:2 67 (14) 

8 t-BuOMe 7 95 10:3 22 (5) 

9 Et2O 7 96 5:1 60 (19) 
10 THF 1.0 98 13:1 90 (73) 

11 1,4-dioxane 1.5 97 3:1 25 (9) 

12 AcOEt 1.5 98 10:1 85 (60) 

13 acetone 0.5 98 6:1 55 (43) 

14 CH3CN 4 94 3:2 0 (0) 
15 CF3CH2OH 96 68 6:1 15 (3) 

16 n-hexane 96 75 3:2 33 (2) 

aUnless otherwise stated, all reactions were performed with 1a (0.05 mmol) and 2a (0.05 mmol) 
in the presence of the catalyst 4i (0.005 mmol) and K2CO3 (0.075 mmol) in the indicated 
solvents (1.0 mL) at 20 oC. bYield of isolated product. cDetermined by HPLC. dDetermined by 
HPLC analysis using a chiral stationary phase. eEnantiomeric excess of minor diastereoisomer in 
the parentheses. 

4.3. The Screening of Basesa 

 

Entry Base Equiv (Base) t (h) Yield[%]b drc ee [%]d,e

1 K3PO4.3H2O. 1.5 1.0 99 6:1 79 (65) 

2 KF.2H2O 1.5 7.5 92 17:1 92 (69) 
3 KOAc 1.5 2.5 96 15:1 92 (69) 

4 Ca(OAc)2 1.5 72.0 44 13:1 90 (69) 
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5 Li2CO3 1.5 36.0 90 11:1 91 (73) 

6 Na2CO3 1.5 6.0 97 17:1 94 (79) 

7 K2CO3 1.5 1.0 98 13:1 90 (73) 
8 Cs2CO3 1.5 1.2 76 5:2 0 (6) 

9 NaHCO3 1.5 12.0 94 13:1 94 (77) 

10 Et3N 1.5 48 88 14:1 93 (75) 

11 i-Pr2NEt 1.5 48 85 14:1 85 (53) 

12 DBU 1.5 0.7 92 5:1 36 (25) 

13 DABCO 1.5 33 91 12:1 95 (83) 
14 DMAP 1.5 10 93 17:1 92 (71) 

15 2,6-lutidine 1.5 36 64 18:1 93 (75) 

16 / / 72 36 13:1 93 (65) 

17 Na2CO3 0.8 6 92 17:1 94 (78) 

18 Na2CO3 1.0 6 94 17:1 94 (77) 

aUnless otherwise stated all reactions were performed with 1a (0.05 mmol) and 2a (0.05 mmol) in the 
presence of the catalysts 4i (0.005 mmol) and bases (the amount is indicated in the table) in THF (1.0 
mL) at 20 oC. bYield of isolated product. cDetermined by HPLC. dDetermined by HPLC analysis using 
a chiral stationary phase. eEnantiomeric excess of minor diastereoisomer in the parentheses. DBU = 1,8-
diazabicyclo[5.4.0]undec-7-ene; DABCO = 1,4-diazabicyclo[2.2.2]octane; DMAP = 4-
dimethylaminopyridine.   

4.4. The Screening of Catalyst Amounts and Reaction Temperaturea 

 

Entry 4i (equiv) Temp. (oC) t [h] Yield [%]b d.r.c ee [%]d,e 

1 0.025 20 13 88 17:1 87 (57) 
2 0.05 20 10 94 17:1 92 (71) 
3 0.1 20 6 96 17:1 94 (78) 
4 0.15 20 5 97 17:1 96 (88) 
5 0.2 20 4 97 17:1 96 (86) 

6 0.1 0 12 96 15:1 96 (85) 

8 0.1 20 14 94 34:1 98 (83) 

9 0.1 40 18 96 51:1 99 (90) 

aUnless otherwise stated all reactions were performed with 1a (0.05 mmol) and 2a (0.05 mmol) in 
the presence of the catalysts 4i (the amount is indicated in the table) and Na2CO3 (0.075 mmol) in 
THF (1.0 mL) at the indicated temperature. bYield of isolated product. cDetermined by HPLC. 
dDetermined by HPLC using a chiral stationary phase. eEnantiomeric excess of minor diastereoisomer 
in the parentheses.  
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5. General Procedure for Asymmetric 1,6-Conjugate Addition 

 

A mixture of para-quinone methides 1a1u (0.2 mmol), oxindoles 2a2y (0.2 mmol) and the catalyst 4i (14.5 

mg, 0.02 mmol) in THF (4.0 mL) was cooled to 40 oC, and then Na2CO3 (31.8 mg, 0.3 mmol) was added. The 

resulting reaction mixture was kept under vigorous stirring until the consumption of p-QMs or oxindoles (monitored 

by TLC analysis). Then the solvent was concentrated under reduced pressure, and the residue was purified by flash 

column chromatography on silica gel (petroleum ether/ethyl acetate10:1~2:1) to furnish the corresponding addition 

products 3aa3ay and 3ba3ua.  

Unless otherwise stated, the yields were referred to the isolated products by flash column chromatography, and 
the dr’s were determined by HPLC. The ee’s referred to the major diastereoisomer were determined by HPLC using a 

chiral stationary phase. 

6. Spectroscopic Data for Products 3aa3ay and 3ba3ua 

 

3aa: Following the above General Procedure, the reaction gave the product 3aa (18 h, white foam, 97.0 mg, 96% 

yield, >20:1 dr, 99% ee, [α]25
D = +65 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.20 (br, 1H), 7.61 (d, J = 7.3 

Hz, 2H), 7.30-7.18 (m, 4H), 7.14-7.04 (m, 3H), 6.97 (t, J = 7.6 Hz, 1H), 6.94-6.85 (m, 2H), 6.74 (d, J = 7.7 Hz, 1H), 

6.62 (d, J = 7.7, 1H), 6.60 (s, 2H), 5.16 (s, 1H), 5.03 (s, 1H), 1.18 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 

179.6, 152.4, 141.7, 140.3, 138.9, 134.2, 129.43, 129.37, 128.7, 128.5, 128.4, 128.3, 128.1, 128.0, 127.2, 127.0, 126.6, 

121.0, 110.0, 61.1, 59.6, 34.2, 30.0 ppm. IR (KBr): ῡ = 3637, 3390, 3255, 2956, 2872, 1710, 1619, 1598, 1496, 1471, 

1437, 1391, 1322, 1236, 1209, 1197, 1155, 1122, 887, 808, 749, 729, 670, 594, 582 cm-1. HRMS (ESI): m/z calcd for 

C35H37NO2Na [M + Na]+: 526.2717; found: 526.2711. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 12.8 min, tmajor = 8.1 min; For minor diastereoisomer: tminor = 6.2 min, tmajor = 4.5 min).
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3ab: Following the above General Procedure, the reaction gave the product 3ab (19 h, white solid, 104.9 mg, 96% 

yield, >20:1 dr, 96% ee, mp = 169.6-170.4 oC, [α]25
D = +94 (c = 1.2, CHCl3)). 1H NMR (400 MHz, CDCl3) δ = 7.65 (d, 

J = 7.0 Hz, 2H), 7.36-7.15 (m, 4H), 7.14-6.93 (m, 6H), 6.86 (d, J = 7.0 Hz, 1H), 6.74 (d, J = 7.7 Hz, 1H), 6.65 (s, 2H), 

5.27-5.08 (m, 1H), 5.19 (s, 1H), 5.04 (s, 1H), 4.92 (d, J = 10.2 Hz, 1H), 4.82 (d, J = 17.2 Hz, 1H), 4.16 (d, J = 17.2 Hz, 

1H), 3.80 (dd, J = 16.1, 6.0 Hz, 1H) 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 176.7, 152.4, 143.5, 140.1, 

139.1, 134.2, 131.4, 129.9, 129.5, 128.7, 128.3, 128.2, 128.1, 127.8, 127.7, 127.03, 126.98, 126.4, 121.1, 117.26, 109.0, 

60.9, 60.0, 42.2, 34.1, 30.0 ppm. IR (KBr): ῡ = 3524, 2957, 1710, 1609, 1495, 1486, 1466, 1434, 1360, 1312, 1235, 

1137, 1120, 1035, 916, 888, 801, 754, 724, 702, 698, 665, 593, 536, 498 cm-1. HRMS (ESI): m/z calcd for 

C38H41NO2Na [M + Na]+: 566.3030; found: 566.3022. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 97:3, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: 

tminor = 11.3 min, tmajor = 14.4 min; For minor diastereoisomer: tminor = 5.1 min, tmajor = 4.7 min). 

 

3ac: Following the above General Procedure, the reaction gave the product 3ac (19 h, white foam, 112.2 mg, 94% yield, 

10:1 dr, 79% ee, [α]25

D = +72 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 7.71 (d, J = 7.9 Hz, 2H), 7.33-6.94 (m, 

13H), 6.88 (d, J = 7.9 Hz, 1H), 6.69 (s, 2H), 6.64 (d, J = 7.3 Hz, 2H), 6.58 (d, J = 7.9 Hz, 1H), 5.26 (s, 1H), 5.06 (br, 

1H), 4.84 (d, J = 15.8 Hz, 1H), 4.30 (d, J = 15.8 Hz, 1H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 177.2, 

152.4, 143.6, 140.1, 139.2, 135.4, 134.2, 129.8, 129.2, 128.7, 128.4, 128.34, 128.31, 128.14, 128.08, 127.9, 127.1, 127.0, 

126.6, 121.2, 109.3, 60.8, 59.8, 43.8, 34.2, 30.1 ppm. IR (KBr): ῡ = 3633, 2954, 1712, 1610, 1487, 1495, 1436, 1360, 

1236, 1186, 1156, 1121, 1080, 1033,887, 805, 749, 727, 699 cm-1. HRMS (ESI): m/z calcd for C42H43NO2Na [M + 

Na]+: 616.3186; found: 616.3179. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak 

IA-3, n-hexane/2-propanol = 85:15, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 27.2 min, tmajor = 

16.9 min; For minor diastereoisomer: tminor = 7.9 min, tmajor = 4.1 min). 

 
3ad: Following the above General Procedure, the reaction gave the product 3ad (22 h, white foam, 97.2 mg, 93% 

yield, >20:1 dr, 90% ee, [α]25

D = +74 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 7.66 (d, J = 7.9 Hz, 2H), 7.39-

7.17 (m, 4H), 7.13-6.98 (m, 4H), 6.97-6.85 (m, 2H), 6.76-6.69 (m, 2H), 6.61 (s, 2H), 5.17 (s, 1H), 5.03 (s, 1H), 2.80 
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(s, 3H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 177.1, 152.4, 144.5, 140.2, 139.0, 134.2, 129.5, 129.3, 

128.8, 128.5, 128.3, 128.1, 127.9, 127.7, 127.1, 126.9, 126.5, 121.2, 108.0, 60.9, 60.1, 34.1, 30.0, 25.9 ppm. IR (KBr): ῡ 

= 3634, 2954, 1711, 1611, 1495, 1470, 1436, 1372, 1348, 1236, 1156, 1131, 1122, 1091, 1033, 945, 888, 802, 757, 748, 

698, 645, 599, 542 cm-1. HRMS (ESI): m/z calcd for C36H39NO2Na [M + Na]+: 540.2873; found: 540.2866. The dr 

and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 97:3, v = 

1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 6.8 min, tmajor = 13.5 min; For minor diastereoisomer: 

tminor = 5.2 min, tmajor = 6.1 min). 

 
3ae: Following the above General Procedure, the reaction gave the product 3ae (13 h, white foam, 111.1mg, 96% yield, 

10:1 dr, 11% ee (major isomer), [α]25

D = +3 (c = 0.7, CHCl3)). 1H NMR (400 MHz, CDCl3) δ = 7.95 (d, J = 8.1 Hz, 1H), 

7.69-7.62 (m, 2H), 7.48-7.41 (m, 1H), 7.39-7.26 (m, 3H), 7.23-7.14 (m, 4H), 7.03-6.95 (m, 2H), 6.73 (d, J = 7.6 Hz, 

1H), 6.65 (s, 2H), 5.30 (s, 1H), 5.09 (s, 1H), 4.35-4.27 (m, 2H), 1.32 (d, J = 7.2 Hz, 3H), 1.23 (s, 18H) ppm. 13C NMR 

(100 MHz, CDCl3) δ = 175.4 (CON), 152.6, 150.6 (COOEt), 140.1, 139.7, 138.7, 134.4, 129.6, 128.8, 128.5 (CH × 

2), 128.4 (CH × 2 + CH ×1), 128.3, 128.1, 127.8, 127.5, 127.0, 126.7, 123.3, 115.1, 63.0, 61.2, 60.4, 34.1, 30.0, 14.0 

ppm. IR (KBr): ῡ = 3621, 2959, 1761, 1737, 1728, 1606, 1481, 1466, 1436, 1390, 1344, 1304, 1285, 1240, 1171, 1157, 

1097, 1058, 1022, 888, 877, 808, 766, 727, 701, 597 cm-1. HRMS (ESI): m/z calcd for C38H41NO4Na [M + Na]+: 

598.2928; found: 598.2933. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IC-

3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 9.3 min, tmajor = 6.6 

min; For minor diastereoisomer: tmixture = 4.0-4.8 min). 

N
H

O

H

HO t-Bu

t-Bu

Me

3af  

3af: Following the above General Procedure, the reaction gave the product 3af (15 h, white foam, 100.6 mg, 97% 

yield, >20:1 dr, 99% ee, [α]25

D = +87 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.12 (br, 1H), 7.54 (d, J = 8.3 

Hz, 2H), 7.37-7.27 (m, 1H), 7.18-7.08 (m, 5H), 7.02 (t, J = 7.6, 1H), 6.99-6.92 (m, 2H), 6.80 (d, J = 7.8, 1H), 7.02 (d, 

J = 7.6, 1H), 6.64 (s, 2H), 5.16 (s, 1H), 5.08 (s, 1H), 2.33 (s, 3H), 1.24 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ 

= 179.6, 152.4, 141.7, 140.4, 136.8, 135.9, 134.1 (C × 2), 129.7, 129.4, 128.8, 128.4, 128.3, 128.2, 128.0, 127.1, 126.6, 

120.9, 110.0, 60.8, 59.8, 34.2, 30.0, 20.8 ppm. IR (KBr): ῡ = 3638, 3386, 3250, 2955, 1709, 1618, 1596, 1471, 1436, 

1391, 1360, 1324, 1236, 1192, 1155, 1122, 1023, 809, 752, 702, 588 cm-1. HRMS (ESI): m/z calcd for C36H39NO2Na 

[M + Na]+: 540.2873; found: 540.2865. The dr and ee values were determined by the chiral HPLC analysis (Daicel 

Chiralpak IA-3, n-hexane/2-propanol = 90:10, v = 1.0 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 7.6 

min, tmajor = 16.8 min; For minor diastereoisomer: tminor = 5.2 min, tmajor = 11.5 min). 
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3ag: Following the above General Procedure, the reaction gave the product 3ag (24 h, white foam, 103.9 mg, 97% 

yield, >20:1 dr, 99% ee, [α]25

D = +88 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.25 (br, 1H), 7.58 (d, J = 8.7 

Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.20-7.09 (m, 3H), 7.02 (t, J = 7.6 Hz, 1H), 6.98-6.90 (m, 2H), 6.85 (d, J = 8.8 Hz, 

2H), 6.80 (d, J = 7.4 Hz, 1H), 6.71-6.62 (m, 1H), 6.66 (s, 2H), 5.13 (s, 1H), 5.10 (s, 1H), 3.79 (s, 3H), 1.26 (s, 18H) 

ppm. 13C NMR (100 MHz, CDCl3) δ = 179.8, 158.8, 152.4, 141.7, 140.4, 134.1, 131.0, 129.7, 129.4, 129.3, 128.8, 128.4, 

128.3, 128.0, 127.1, 126.6, 120.9, 113.5, 110.0, 60.4, 59.7, 55.2, 34.2, 30.1 ppm. IR (KBr): ῡ = 3635, 3387, 3268, 2955, 

2872, 1709, 1618, 1509, 1483, 1471, 1437, 1391, 1324, 1252, 1238, 1184, 1155, 1121, 1035, 887, 827, 753, 703, 589, 

570 cm-1. HRMS (ESI): m/z calcd for C36H39NO3Na [M + Na]+: 556.2822; found: 556.2815. The dr and ee values were 

determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 90:10, v = 1.0 mL·min-1, λ = 

254.0 nm; For major diastereoisomer: tminor = 10.4 min, tmajor = 21.0 min; For minor diastereoisomer: tminor = 6.1 min, 

tmajor = 15.4 min). 

 

3ah: Following the above General Procedure, the reaction gave the product 3ah (21 h, white foam, 98.5 mg, 90% yield, 

12:1 dr, 99% ee, [α]25

D = +106 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.17 (br, 1H), 7.43 (d, J = 8.4 Hz, 

1H), 7.22 (t, J = 7.6 Hz, 1H), 7.12-7.03 (m, 3H), 6.98-6.86 (m, 3H), 6.71(d, J = 7.7 Hz, 1H), 6.67-6.60 (m, 2H), 6.62 

(s, 2H), 6.57(d, J = 7.5 Hz, 1H), 5.06 (s, 1H), 5.03 (s, 1H), 2.85 (s, 6H), 1.20 (s, 18H) ppm. 13C NMR (100 MHz, 

CDCl3) δ = 180.0, 152.3, 149.8, 141.7, 140.6, 134.0, 130.0, 129.3, 129.0, 128.9, 128.4, 128.0, 127.9, 127.2, 126.6, 126.4, 

120.6, 112.6, 109.9, 60.2, 59.6, 40.6, 34.2, 30.1 ppm. IR (KBr): ῡ = 3636, 3367, 3248, 2953, 1707, 1612, 1518, 1470, 

1436, 1390, 1357, 1321, 1234, 1155, 1121, 949, 820, 810, 752, 702, 587 cm-1. HRMS (ESI): m/z calcd for 

C37H42N2O2Na [M + Na]+: 569.3138; found: 569.3131. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 90:10, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 34.0 min, tmajor = 13.4 min; For minor diastereoisomer: tminor = 26.3 min, tmajor = 5.6 min). 

 

3ai: Following the above General Procedure, the reaction gave the product 3ai (13 h, white foam, 99.0 mg, 94% 

yield, >20:1 dr, 98% ee, [α]25

D = +65 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.26 (br, 1H), 7.70-7.61 (m, 

2H), 7.32 (t, J = 7.6 Hz, 1H), 7.18-6.88 (m, 8H), 6.81 (d, J = 7.8 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.65 (s, 2H), 5.13 
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(s, 1H), 5.11 (br, 1H), 1.26 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.4, 162.1 (d, 1JC-F = 246.7 Hz), 152.5, 

141.7, 140.1, 134.8 (d, 4JC-F = 2.8 HZ), 134.4, 130.1 (d, 3JC-F = 7.9 Hz), 129.31, 129.28, 128.6, 128.5, 128.4, 128.0, 127.0, 

126.7, 121.1, 114.8 (d, 2JC-F = 21.1 Hz), 110.1, 60.5, 60.0, 34.2, 30.1 ppm. IR (KBr): ῡ = 3638, 3254, 2958, 1709, 1618, 

1507, 1471, 1436, 1392, 1323, 1236, 1163, 1121, 887, 829, 811, 753, 702, 588 cm-1. HRMS (ESI): m/z calcd for 

C35H36FNO2Na [M + Na]+: 544.2622; found: 544.2617. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 90:10, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 7.2 min, tmajor = 10.7 min; For minor diastereoisomer: tminor = 4.9 min, tmajor = 7.8 min). 

 

3aj: Following the above General Procedure, the reaction gave the product 3aj (20 h, white foam, 104.8 mg, 97% 

yield, >20:1 dr, 97% ee, [α]25

D = +88 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.26 (br, 1H), 7.56 (d, J = 8.7 

Hz, 2H), 7.32-7.19 (m, 3H), 7.12-7.04 (m, 3H), 6.99-6.96 (m, 3H), 6.92-6.84 (m, 3H), 6.75 (d, J = 7.6, 1H), 6.64 (d, 

J = 7.6, 1H), 6.58 (s, 2H), 5.07 (s, 1H), 5.06 (s, 1H), 1.21 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.2, 152.5, 

141.6, 139.9, 137.6, 134.4, 133.3, 129.8, 129.3, 129.0, 128.7, 128.3, 128.1 (CH × 2 + C × 2), 128.0, 127.0, 126.7, 121.2, 

110.2, 60.6, 60.0, 34.2, 30.0 ppm. IR (KBr): ῡ = 3636, 3396, 3261, 2958, 1710, 1619, 1594, 1492, 1472, 1437, 1398, 

1323, 1236, 1155, 1122, 1097, 1014, 887, 824, 811, 752, 702, 586 cm-1. HRMS (ESI): m/z calcd for C35H36ClNO2Na 

[M + Na]+: 560.2327; found: 560.2321. The dr and ee values were determined by the chiral HPLC analysis (Daicel 

Chiralpak IA-3, n-hexane/2-propanol = 90:10, v = 1.0 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 8.2 

min, tmajor = 14.1 min; For minor diastereoisomer: tminor = 5.1 min, tmajor = 10.3 min). 

N
H

O

H

HO t-Bu

t-Bu

Me

3ak  

3ak: Following the above General Procedure, the reaction gave the product 3ak (20 h, white foam, 99.5 mg, 96% 

yield, >20:1 dr, 99% ee, [α]25

D = +63 (c = 0.8, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.19 (br, 1H), 7.54 (s, 1H), 7.41 

(d, J = 8.0 Hz, 1H), 7.34-7.28 (m, 1H), 7.22-7.6.93 (m, 8H), 6.80 (d, J = 7.7 Hz, 1H), 6.65 (d, J = 7.7 Hz, 1H), 6.67 (s, 

2H), 5.22 (s, 1H), 5.10 (s, 1H), 2.35 (s, 3H), 1.25 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.6, 152.4, 141.7, 

140.4, 138.8, 137.6, 134.2, 129.6, 129.4 (CH × 2), 128.9, 128.8, 128.5, 128.3, 127.98 (CH × 2), 127.96 (CH × 2), 127.1 

(CH × 2), 126.6, 125.5, 121.0, 110.0, 61.0, 59.6, 34.2, 30.0, 21.6 ppm. IR (KBr): ῡ = 3638, 3389, 3259, 2956, 1710, 

1618, 1484, 1471, 1436, 1323, 1235, 1156, 1122, 888, 770, 752, 702, 586 cm-1. HRMS (ESI): m/z calcd for 

C36H39NO2Na [M + Na]+: 540.2873; found: 540.2883. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 215.3 nm; For major 

diastereoisomer: tminor = 9.4 min, tmajor = 7.5 min; For minor diastereoisomer: tminor = 5.7 min, tmajor = 4.9 min). 
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3al: Following the above General Procedure, the reaction gave the product 3al (20 h, white foam, 103.4 mg, 96% 

yield, >20:1 dr, 99% ee, [α]25

D = +81 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.22 (br, 1H), 7.32-7.05 (m, 

8H), 7.00-6.86 (m, 3H), 6.80-6.70 (m, 2H), 6.67-6.60 (m, 1H), 6.63 (s, 1H), 5.13 (s, 1H), 5.05 (br, 1H), 3.69 (s, 3H), 

1.20 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.4, 159.4, 152.4, 141.6, 140.5, 140.3, 134.2 (C × 2), 129.5, 

129.3, 128.9, 128.7, 128.4, 128.0, 127.0, 126.6, 121.0, 120.8, 114.8, 112.4, 110.0, 61.0, 59.7, 55.1, 34.2, 30.0 ppm. IR 

(KBr): ῡ = 3633, 3389, 3271, 3060, 2955, 1710, 1618, 1599, 1582, 1486, 1471, 1435, 1322, 1290, 1253, 1237, 1155, 

1055, 887, 752, 731, 700, 582 cm-1. HRMS (ESI): m/z calcd for C36H39NO3Na [M + Na]+: 556.2822; found: 556.2815. 

The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 

95:5, v = 1.0 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 14.1 min, tmajor = 39.4 min; For minor 

diastereoisomer: tminor = 10.6 min, tmajor = 15.2 min). 

 

3am: Following the above General Procedure, the reaction was peformed with 1a (59.0 mg, 0.20 mmol), 2m (47.8 mg, 

0.20mmol), 4i (14.5 mg, 0.02 mmol), and K2CO3 (41.5 mg, 0.3 mmol) in THF (4.0 mL) at 20 oC for 33 h to afford 

the product 3am (white foam, 96.0 mg, 89% yield, >20:1 dr, 95% ee, [α]25

D = +402 (c = 1.0, EtOH)). 1H NMR (400 

MHz, CDCl3) δ = 7.71 (d, J = 7.7 Hz, 2H), 7.47 (br, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.31-7.25 (m, 1H), 7.17-7.09 (m, 

2H), 7.09-7.00 (m, 3H), 6.96 (t, J = 7.5 Hz, 1H), 6.75-6.65 (m, 2H), 6.60 (s, 2H), 6.46 (d, J =7.6 Hz, 1H), 5.23 (s, 1H), 

4.95 (s, 1H), 3.50 (s, 3H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 180.0, 157.2, 152.0, 141.8, 140.7, 

135.1, 134.0, 130.7, 129.8, 129.7, 128.9, 127.8, 127.6, 127.4, 127.0, 125.3, 124.3, 122.0, 120.4, 112.1, 108.2, 60.8, 58.4, 

55.3, 34.1, 30.1 ppm. IR (KBr): ῡ = 3637, 3404, 2955, 1709, 1618, 1493, 1473, 1436, 1323, 1251, 1158, 1124, 1026, 

889, 749, 702 cm-1. HRMS (ESI): m/z calcd for C36H39NO3Na [M + Na]+: 556.2822; found: 556.2814. The dr and ee 

values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 95:5, v = 1.0 

mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 6.1 min, tmajor = 18.3 min; For minor diastereoisomer: tminor = 

13.3 min, tmajor = 20.2 min). 

 

3an: Following the above General Procedure, the reaction was performed with 1a (61.5 mg, 0.21 mmol), 2n (53.8 mg, 

0.20mmol), 4i (14.5 mg, 0.02 mmol), and Na2CO3 (31.8 mg, 0.3 mmol) in THF (4.0 mL) at 40 oC for 20 h to afford 
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the product 3an (white foam, 106.5 mg, 94% yield, >20:1 dr, 99% ee, [α]25

D = +110 (c = 1.0, EtOH)). 1H NMR (400 

MHz, CDCl3) δ = 8.24 (br, 1H), 7.23 (t, J = 7.8 Hz, 1H), 7.14-7.01 (m, 3H), 7.00-6.79 (m, 5H), 6.72 (d, J = 7.7 Hz, 

1H), 6.83 (s, 2H), 6.68-6.60 (m, 1H), 6.35 (s, 1H), 5.10 (s, 1H), 5.06 (s, 1H), 3.69 (s, 6H), 1.22 (s, 18H) ppm. 13C 

NMR (100 MHz, CDCl3) δ = 179.2, 160.4, 152.4, 141.6, 141.3, 140.2, 134.2, 129.5, 129.3, 128.7, 128.4, 128.3, 128.0, 

127.0, 126.6, 121.0, 110.0, 107.1, 99.1, 61.0, 59.6, 55.3, 34.2, 30.0 ppm. IR (KBr): ῡ = 3634, 3390, 2956, 1711, 1594, 

1472, 1436, 1323, 1236, 1205, 1156, 1070, 837, 753, 702 cm-1. HRMS (ESI): m/z calcd for C37H41NO4Na [M + Na]+: 

586.2928; found: 586.2922. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-

3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 13.9 min, tmajor = 40.6 

min; For minor diastereoisomer: tminor = 11.9 min, tmajor = 14.7 min). 

 

3ao: Following the above General Procedure, the reaction gave the product 3ao (30 h, white foam, 103.1mg, 95% 

yield, >20:1 dr, 89% ee, [α]25

D = +66 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.41 (br, 1H), 7.31 (t, J = 7.6 

Hz, 1H), 7.28-7.18 (m, 2H), 7.12-7.06 (m, 2H), 7.02 (t, J = 7.5 Hz, 1H), 6.90-6.82 (m, 2H), 6.79 (d, J = 7.8 Hz, 1H), 

6.75-6.59 (m, 2H), 6.64 (s, 2H), 5.10 (s, 1H), 5.01 (s, 1H), 1.23 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 178.6, 

162.7 (dd, 1J C-F = 247.3 Hz, 3J C-F = 13.0 Hz, C × 2), 152.7, 143.3 (t, 3J C-F = 8.9 Hz), 141.6, 139.6, 134.6, 129.2, 129.0, 

128.4, 128.3, 128.1, 128.0, 126.9, 121.5, 111.7 (dd, 2J C-F =19.3 Hz, 4J C-F = 7.3 Hz), 110.4, 102.7 (t, 2J C-F = 25.5 Hz), 

60.8, 60.1, 34.2, 30.1 ppm. IR (KBr): ῡ = 3638, 3246, 2958, 17121, 1621, 1593, 1472, 1435, 1319, 1298, 1236, 1156, 

1119, 1028, 993, 852, 753, 731, 703, 688 cm-1. HRMS (ESI): m/z calcd for C35H35F2NO2Na [M + Na]+: 562.2528; 

found: 562.2532. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IB-3, n-

hexane/2-propanol = 98:2, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 7.8 min, tmajor = 11.9 min; 

For minor diastereoisomer: tminor = 5.3 min, tmajor = 10.1 min). 

 

3ap: Following the above General Procedure, the reaction gave the product 3ap (18 h, white foam, 107.9 mg, 97% 

yield, >20:1 dr, 99% ee, [α]25

D = +88 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.24 (br, 1H), 8.18 (dd, J = 8.8, 

1.8 Hz, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.74 (d, J = 7.9 Hz, 1H), 7.65 (s, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.44-7.22 (m, 

3H), 7.15-7.06 (m, 3H), 7.05-6.91 (m, 3H), 6.76 (d, J = 7.5 Hz, 1H), 6.69 (d, J = 7.5 Hz, 1H), 6.54 (s, 2H), 5.26 (s, 

1H), 4.98 (s, 1H), 1.04 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.5, 152.4, 141.7, 140.2, 136.2, 134.2, 132.9, 

132.5, 129.5 (CH × 2), 129.4, 128.6 (CH × 2), 128.5, 128.1 (CH × 2), 128.0, 127.8, 127.6, 127.1 (CH × 2), 127.0, 

126.7, 126.01, 125.97, 125.8, 121.1, 110.1, 61.2, 59.5, 34.0, 29.9 ppm. IR (KBr): ῡ = 3634, 3394, 2955, 1709, 1617, 

1597, 1471, 1436, 1322, 1236, 1155, 1121, 809, 750, 702 cm-1. HRMS (ESI): m/z calcd for C39H39NO2Na [M + Na]+: 

576.2873; found: 576.2866. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-
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3, n-hexane/2-propanol = 85:15, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 8.3 min, tmajor = 18.8 

min; For minor diastereoisomer: tminor = 5.5 min, tmajor = 13.7 min). 

 

3aq: Following the above General Procedure, the reaction gave the product 3aq (13 h, white foam, 99.2 mg, 97% yield, 

16:1 dr, 98% ee, [α]25

D = +67 (c = 0.5, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.26 (br, 1H), 7.33 (t, J = 7.7 Hz, 1H), 

7.23 (d, J = 5.0 Hz, 1H), 7.19-7.10 (m, 3H), 7.08-6.98 (m, 2H), 6.96-6.88 (m, 3H), 6.84 (d, J = 7.7 Hz, 1H), 6.80 (s, 

2H), 6.72 (d, J = 7.5 Hz, 1H), 5.12 (s, 1H), 5.01 (s, 1H), 1.30 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 178.7, 

152.7, 143.2, 141.6, 139.8, 134.3, 129.9, 129.1 (CH × 2), 128.9, 128.2 (CH × 2), 128.1, 127.6, 126.8 (CH × 4), 126.4, 

125.4, 121.2, 110.1, 61.4, 59.1, 34.2, 30.1 ppm. IR (KBr): ῡ = 3636, 3386, 3254, 2956, 1713, 1618, 1471, 1436, 1323, 

1235, 1156, 1122, 886, 808, 752, 703, 587 cm-1. HRMS (ESI): m/z calcd for C33H35NO2SNa [M + Na]+: 532.2281; 

found: 532.2278. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-

hexane/2-propanol = 93:7, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 9.0 min, tmajor = 16.4 min; 

For minor diastereoisomer: tminor = 7.1 min, tmajor = 10.0 min). 

 

3ar: Following the above General Procedure, the reaction gave the product 3ar (4 d, white foam, 90.0 mg, 85% 

yield, >20:1 dr, 99% ee, [α]25

D = +23 (c = 0.9, CHCl3)). 1H NMR (400 MHz, CDCl3) δ = 8.00 (br, 1H), 7.29-7.19 (m, 

1H), 7.18-7.07 (m, 3H), 7.05-6.95 (m, 2H), 6.94-6.76 (m, 3H), 6.82 (s, 2H), 6.66 (d, J = 7.7 Hz, 1H), 6.53 (d, J = 7.6 

Hz, 1H), 5.45 (s, 1H), 5.07 (s, 1H), 2.66 (s, 3H), 1.24 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 178.5, 152.4, 

141.4, 140.0, 135.7, 135.6, 134.5, 133.0, 131.1, 129.7 (CH × 2), 129.1, 128.9, 127.9 (CH × 2 + CH × 1), 126.8 (CH × 

2), 126.7, 122.5, 121.0, 109.4, 59.7, 55.4, 34.2, 30.1, 16.8 ppm. IR (KBr): ῡ = 3636, 3382, 3211, 2955, 1711, 1618, 1595, 

1471, 1436, 1321, 1236, 1156, 1121, 910, 808, 752, 703, 584 cm-1. HRMS (ESI): m/z calcd for C34H37NO2SNa [M + 

Na]+: 546.2437; found: 546.2445. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak 

IA-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 9.9 min, tmajor = 

18.8 min; For minor diastereoisomer: tminor = 9.0 min, tmajor = 10.9 min). 

 

3as: Following the above General Procedure, the reaction gave the product 3as (12 h, white foam, 96.4 mg, 97% 

yield, >20:1 dr, 99% ee, [α]25

D = +75 (c = 0.8, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.26 (br, 1H), 7.38 (t, J = 7.7 
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Hz, 1H), 7.23-7.10 (m, 5H), 7.02 (t, J = 7.6 Hz, 1H), 6.93-6.86 (m, 2H), 6.83 (d, J = 7.8 Hz, 1H), 6.64 (s, 2H), 6.59 

(d, J = 7.6 Hz, 1H), 6.21 (s, 2H), 5.21 (s, 1H), 5.19 (s, 1H), 1.34 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 

175.8, 152.9, 142.1, 138.0, 134.8, 130.3, 129.5, 128.8, 128.2, 127.2, 127.0, 126.4, 125.5, 121.4, 119.5, 110.5, 108.6, 69.4, 

58.6, 34.3, 30.1 ppm. IR (KBr): ῡ = 3638, 3352, 2956, 1724, 1620, 1472, 1437, 1237, 1156, 1094, 1078, 903, 888, 808, 

756, 725, 703, 585 cm-1. HRMS (ESI): m/z calcd for C33H36N2O2Na [M + Na]+: 515.2669; found: 515.2661. The dr 

and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 90:10, v = 

1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 5.5 min, tmajor = 10.0 min; For minor diastereoisomer: 

tminor = 4.8 min, tmajor = 6.2 min). 

 

3at: Following the above General Procedure, the reaction gave the product 3at (21 h, white foam, 101.0 mg, 94% 

yield, >20:1 dr, 99% ee, [α]25

D = +43 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.24 (br, 1H), 7.62 (d, J = 7.6 

Hz, 2H), 7.34-7.17 (m, 3H), 7.15-7.05 (m, 3H), 6.96-6.87 (m, 2H), 6.65-6.56 (m, 1H), 6.77 (dd, J = 8.5, 2.4 Hz, 1H), 

6.60 (s, 2H), 6.25 (d, J = 1.9 Hz, 1H ), 5.19 (s, 1H), 5.04 (br, 1H), 3.69 (s, 3H), 1.17 (s, 18H) ppm. 13C NMR (100 

MHz, CDCl3) δ = 179.5, 154.5, 152.4, 140.3, 139.1, 135.2, 134.3, 130.9, 129.5, 128.8, 128.23, 128.15, 127.9, 127.2, 

127.0, 126.6, 116.2, 112.4, 110.0, 61.5, 59.2, 55.6, 34.1, 30.0 ppm. IR (KBr): ῡ = 3635, 3399, 2955, 1707, 1599, 1488, 

1437, 1300, 1236, 1206, 1156, 1035, 892, 808, 748, 700, 590 cm-1. HRMS (ESI): m/z calcd for C36H39NO3Na [M + 

Na]+: 556.2822; found: 556.2815. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak 

IA-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 14.4 min, tmajor = 

19.9 min; For minor diastereoisomer: tminor = 8.5 min, tmajor = 10.3 min). 

 

3au: Following the above General Procedure, the reaction gave the product 3au (26 h, white foam, 112.1 mg, 96% 

yield, >20:1 dr, 96% ee, [α]25

D = +78 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.52 (br, 1H), 7.56 (d, J = 8.3 

Hz, 2H), 7.38 (dd, J = 8.3, 1.9 Hz, 1H), 7.31-7.20 (m, 3H), 7.14-7.03 (m, 3H), 6.94-6.81 (m, 3H), 6.64-6.52 (m, 1H), 

6.59 (s, 2H), 5.10 (s, 1H), 5.07 (br, 1H), 1.21 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.4, 152.6, 140.8, 

140.0, 138.1, 134.5, 131.7, 131.3, 131.2, 129.2, 128.3, 128.13, 128.10, 128.07, 127.5, 127.0, 126.8, 113.9, 111.6, 61.2, 

59.7, 34.2, 30.0 ppm. IR (KBr): ῡ = 3636, 3392, 3259, 2957, 1712, 1615, 1496, 1473, 1437, 1292, 1236, 1156, 1120, 

888, 810, 748, 735, 700, 590, 540 cm-1. HRMS (ESI): m/z calcd for C35H36BrNO2Na [M + Na]+: 604.1822; found: 

604.1816. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IE-3, n-hexane/2-

propanol = 97:3, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 9.3 min, tmajor = 10.5 min; For minor 

diastereoisomer: tminor = 5.7 min, tmajor = 6.3 min). 
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3av: Following the above General Procedure, the reaction gave the product 3av (20 h, white foam, 117.8 mg, 96% 

yield, >20:1 dr, 97% ee, [α]25

D = +93 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.57 (br, 1H), 7.47 (d, J = 8.2 

Hz, 2H), 7.36 (dd, J = 8.2, 1.8 Hz, 1H), 7.15-7.05 (m, 3H), 6.90-6.75 (m, 5H), 6.65-6.50 (m, 1H), 6.60 (s, 2H), 5.08 

(s, 1H), 5.02 (br, 1H), 3.73 (s, 3H), 1.23 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.6, 158.9, 152.6, 140.7, 

140.0, 134.4, 131.9, 131.2, 131.0, 130.0, 129.3, 129.1, 128.13, 128.07, 127.0, 126.7, 113.8, 113.6, 111.6, 60.5, 59.8, 55.2, 

34.2, 30.0 ppm. IR (KBr): ῡ = 3634, 3385, 3262, 2955, 1711, 1614, 1510, 1495, 1472, 1437, 1294, 1253, 1184, 1156, 

1119, 1035, 889, 826, 812, 703, 589, 538 cm-1. HRMS (ESI): m/z calcd for C36H38BrNO3Na [M + Na]+: 634.1927; 

found: 634.1931. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-

hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 18.0 min, tmajor = 20.9 min; 

For minor diastereoisomer: tminor = 8.9 min, tmajor = 12.0 min). 

 

3aw: Following the above General Procedure, the reaction gave the product 3aw (18 h, white foam, 108.0 mg, 96% 

yield, >20:1 dr, 99% ee, [α]25

D = +83 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.50 (br, 1H), 7.48 (d, J = 8.5 

Hz, 2H), 7.16-7.05 (m, 3H), 7.00-6.91 (m, 1H), 6.90-6.75 (m, 4H), 6.66-6.61 (m, 1H), 6.59 (s, 2H), 6.31 (d, J = 8.8 

Hz, 1H), 5.08 (s, 1H), 5.07 (br, 1H), 3.74 (s, 3H), 1.21 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 180.0, 158.9, 

157.9 (d, 1JC-F = 239.1 Hz), 152.6, 140.2, 137.7, 134.3, 131.2 (d, 3JC-F = 8.2 Hz), 130.4, 129.3, 129.1, 128.2, 128.1, 127.0, 

126.7, 116.2 (d, 2JC-F = 25.4 Hz), 114.7 (d, 2JC-F = 23.3 Hz), 113.6, 110.4 (d, 3JC-F = 8.0 Hz), 60.8, 59.6, 55.3, 34.2, 30.0 

ppm. IR (KBr): ῡ = 3637, 3268, 2956, 1709, 1605, 1510, 1485, 1456, 1437, 1294, 1254, 1184, 1156, 1121, 1035, 907, 

891, 825, 812, 703, 603, 592 cm-1. HRMS (ESI): m/z calcd for C36H38FNO3Na [M + Na]+: 574.2728; found: 574.2722. 

The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 

95:5, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 19.5 min, tmajor = 23.3 min; For minor 

diastereoisomer: tminor = 9.3 min, tmajor = 13.2 min). 

 

3ax: Following the above General Procedure, the reaction gave the product 3ax (20 h, white foam, 118.1 mg, 96% 

yield, >20:1 dr, 97% ee, [α]25

D = +72 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.71 (br, 1H), 7.56-7.48 (m, 

2H), 7.25-7.12 (m, 4H), 6.95 (br, 3H), 6.90-6.81 (m, 2H), 6.62 (s, 2H), 6.50-6.39 (m, 1H), 5.12 (br, 2H), 3.79 (s, 
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3H), 1.26 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 180.0, 158.9, 152.5, 143.0, 140.2, 134.3, 130.4, 129.4, 129.3 

(CH × 2), 129.1 (CH × 2), 128.8, 128.5, 128.1 (CH × 2), 127.0 (CH × 2), 126.8, 123.8, 122.0, 113.6, 60.3, 59.5, 55.3, 

34.2, 30.1 ppm. IR (KBr): ῡ = 3635, 3254, 2955, 1713, 1607, 1510, 1480, 1437, 1320, 1253, 1184, 1156, 1120, 1035, 

908, 828, 809, 702, 590 cm-1. HRMS (ESI): m/z calcd for C36H38BrNO3Na [M + Na]+: 634.1927; found: 634.1922. 

The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IE-3, n-hexane/2-propanol = 

90:10, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 7.6 min, tmajor = 27.0 min; For minor 

diastereoisomer: tminor = 5.0 min, tmajor = 15.8 min).  

 

3ay: Following the above General Procedure, the reaction gave the product 3ay (18 h, white foam, 104.3 mg, 94% yield, 

16:1 dr, 95% ee, [α]25

D = +78 (c = 0.8, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.08 (br, 1H), 7.51 (d, J = 8.8 Hz, 2H), 

7.15-7.03 (m, 4H), 6.98-6.78 (m, 5H), 6.52-6.46 (m, 1H), 6.62 (s, 2H), 5.09 (s, 1H), 5.06 (br, 1H), 3.74 (s, 3H), 1.20 

(s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 178.7,158.9, 152.5, 147.2 (d, 1JC-F = 244.4 Hz), 139.9, 134.2, 132.6, 

130.4, 129.33, 129.27 (CH × 2 + C × 1), 128.4, 128.1, 127.1, 126.7, 124.1(d, 4JC-F = 3.1 Hz), 121.4 (d, 3JC-F = 5.6 Hz), 

115.3 (d , 2JC-F = 16.8 Hz), 113.6, 61.0, 59.8, 55.2, 34.2, 30.0 ppm. IR (KBr): ῡ = 3636, 3443, 3394, 3264, 2956, 1716, 

1642, 1605, 1510, 1493, 1468, 1437, 1319, 1254, 1184, 1156, 1121, 1035, 892, 827, 746, 703, 581,533 cm-1. HRMS 

(ESI): m/z calcd for C36H38FNO3Na [M + Na]+: 574.2728; found: 574.2719. The dr and ee values were determined by 

the chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 93:7, v = 1.0 mL·min-1, λ = 254 nm; For major 

diastereoisomer: tminor = 11.0 min, tmajor = 16.2 min; For minor diastereoisomer: tminor = 6.5 min, tmajor = 5.5 min). 

 

3ba: Following the above General Procedure, the reaction gave the product 3ba (19 h, white foam, 99.3 mg, 95% 

yield, >20:1 dr, 98% ee, [α]25

D = +66 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.02 (br, 1H), 7.61 (d, J = 7.2 

Hz, 2H), 7.32-7.15 (m, 4H), 6.96 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 8.0, 2H), 6.73 (d, J = 7.6 Hz, 

1H), 6.66-6.57 (m, 1H), 6.60 (s, 2H), 5.12 (s, 1H), 5.02 (s, 1H), 2.20 (s, 3H), 1.18 (s, 18H) ppm. 13C NMR (100 

MHz, CDCl3) δ = 179.5, 152.4, 141.7, 139.0, 137.2, 135.9, 134.1, 129.4, 129.2, 128.9, 128.7, 128.6 (CH × 2 + C × 1), 

128.3, 128.1, 127.2, 127.0, 120.9, 109.9, 61.2, 59.4, 34.1, 30.1, 20.9 ppm. IR (KBr): ῡ = 3638, 3383, 3256, 2956, 1710, 

1619, 1595, 1471, 1437, 1322, 1236, 1191, 1155, 1121, 831, 748, 723, 697, 593, 582 cm-1. HRMS (ESI): m/z calcd for 

C36H39NO2Na [M + Na]+: 540.2873; found: 540.2869. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 96:4, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 16.2 min, tmajor = 9.9 min; For minor diastereoisomer: tminor = 7.7 min, tmajor = 4.8 min). 

S18



   

 

 

 

3ca: Following the above General Procedure, the reaction gave the product 3ca (72 h, white foam, 104.8 mg, 98% 

yield, >20:1 dr, 99% ee, [α]25

D = +57 (c = 0.5, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 7.69-7.58 (m, 3H), 7.33-7.20 

(m, 4H), 6.99 (t, J = 7.6 Hz, 1H), 6.88-6.80 (m, 2H), 6.77 (d, J = 7.6 Hz, 1H), 6.69-6.62 (m, 3H), 6.61 (s, 2H), 5.13 

(s, 1H), 5.02 (s, 1H), 3.69 (s, 3H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.2, 158.1, 152.4, 141.6, 

139.0, 134.2, 132.4, 130.5, 129.4, 129.0, 128.7, 128.4, 128.3, 128.1, 127.2, 127.0, 121.0, 113.3, 109.8, 61.3, 58.9, 55.0, 

34.2, 30.1 ppm. IR (KBr): ῡ = 3635, 3396, 2955, 1710, 1618, 1511, 1471, 1437, 1322, 1246, 1237, 1181, 1155, 1121, 

1036, 837, 749, 697, 582 cm-1. HRMS (ESI): m/z calcd for C36H39NO3Na [M + Na]+: 556.2822; found: 556.2816. The 

dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 90:10, 

v = 1.0 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 8.6 min, tmajor = 20.2 min; For minor diastereoisomer: 

tminor = 5.9 min, tmajor = 9.7 min). 

 

3da: Following the above General Procedure, the reaction gave the product 3da (13 h, white foam, 102.8 mg, 96% 

yield, >20:1 dr, 98% ee, [α]25

D = +60 (c = 0.5, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.02 (br, 1H), 7.60 (d, J = 7.1 

Hz, 2H), 7.35-7.19 (m, 4H), 7.00 (t, J = 7.5 Hz, 1H), 6.94-6.86 (m, 2H), 6.85-6.75 (m, 3H), 6.67 (d, J = 7.5 Hz, 1H), 

6.58 (s, 2H), 5.16 (s, 1H), 5.05 (s, 1H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.3, 161.6 (d, 1JC-F = 

244.8 Hz), 152.5, 141.5, 138.7, 136.1 (d, 4JC-F = 3.4 Hz), 134.3, 131.0 (d, 3JC-F = 7.7 Hz), 129.3, 128.6, 128.5, 128.4, 

128.24, 128.23, 127.3, 126.9, 121.2, 114.7 (d, 2JC-F = 20.8 Hz), 109.9, 61.2, 58.7, 34.2, 30.1 ppm. IR (KBr): ῡ = 3638, 

3399, 3255, 2957, 1709, 1619, 1509, 1471, 1437, 1322, 1231, 1159, 842, 749, 734, 697, 592, 581 cm-1. HRMS (ESI): 

m/z calcd for C35H36FNO2Na [M + Na]+: 544.2622; found: 544.2626. The dr and ee values were determined by the 

chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 96:4, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 13.9 min, tmajor = 8.1 min; For minor diastereoisomer: tminor = 6.8 min, tmajor = 4.8 min). 

 

3ea: Following the above General Procedure, the reaction gave the product 3ea (19 h, white foam, 105.5 mg, 98% 

yield, >20:1 dr, 98% ee, [α]25

D = +80 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.29 (br, 1H), 7.58 (d, J = 7.0 

Hz, 2H), 7.35-7.18 (m, 4H), 7.09 (d, J = 8.5 Hz, 2H), 6.98 (t, J = 7.6 Hz, 1H), 6.87 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 7.7 

Hz, 1H), 6.67(d, J = 7.6 Hz, 1H), 6.57 (s, 2H), 5.15 (s, 1H), 5.07 (s, 1H), 1.18 (s, 18H) ppm. 13C NMR (100 MHz, 

S19



   

 

 

CDCl3) δ = 179.5, 152.5, 141.5, 139.0, 138.6, 134.4, 132.3, 130.8 (CH × 2), 129.2, 128.6, 128.3 (CH × 4), 128.20 (CH 

× 2), 128.17, 128.1, 127.3, 126.9 (CH × 2), 121.2, 110.0, 61.1, 58.8, 34.2, 30.0 ppm. IR (KBr): ῡ = 3635, 3250, 2956, 

1709, 1619, 1491, 1471, 1436, 1322, 1236, 1155, 1093, 1014, 836, 751, 733, 697, 591, 581 cm-1. HRMS (ESI): m/z 

calcd for C35H36ClNO2Na [M + Na]+: 560.2327; found: 560.2320. The dr and ee values were determined by the chiral 

HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 10.5 min, tmajor = 8.6 min; For minor diastereoisomer: tminor = 5.9 min, tmajor = 4.3 min). 

 

3fa: Following the above General Procedure, the reaction gave the product 3fa (13 h, white foam, 114.1 mg, 98% 

yield, >20:1 dr, 98% ee, [α]25

D = +85 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.31 (br, 1H), 7.58 (d, J = 7.2 

Hz, 2H), 7.35-7.18 (m, 6H), 6.98 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 8.3 Hz, 2H), 6.73 (d, J = 7.6 Hz, 1H), 6.66 (d, J = 7.6 

Hz, 1H), 6.56 (s, 2H), 5.13 (s, 1H), 5.07 (s, 1H), 1.18 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.5, 152.5, 

141.5, 139.5, 138.6, 134.4, 131.2 (CH × 2), 131.0 (CH × 2), 129.2, 128.6, 128.3, 128.2 (CH × 4), 128.0, 127.3, 126.9 

(CH × 2), 121.2, 120.6, 110.1, 61.0, 58.9, 34.1, 30.0 ppm. IR (KBr): ῡ = 3636, 3393, 3252, 2956, 1710, 1619, 1487, 

1471, 1436, 1322, 1236, 1155, 1122, 1010, 834, 750, 732, 697, 591, 581 cm-1. HRMS (ESI): m/z calcd for 

C35H36BrNO2Na [M + Na]+: 604.1822; found: 604.1816. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 96:4, v = 1.0 mL·min-1, λ = 254.0 nm; For major 

diastereoisomer: tminor = 13.2 min, tmajor = 11.1 min; For minor diastereoisomer: tminor = 7.0 min, tmajor = 4.8 min). 

 

3ga: Following the above General Procedure, the reaction gave the product 3ga (12 h, white foam, 113.9 mg, 98% 

yield, >20:1 dr, 97% ee, [α]25

D = +93 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.45 (br, 1H), 7.59 (d, J = 7.1 

Hz, 2H), 7.32-7.17 (m, 5H), 7.12 (br, 1H), 7.02-6.90 (m, 2H), 6.84-6.75 (m, 2H), 6.64 (d, J = 7.5 Hz, 1H), 6.56 (s, 

2H), 5.10 (s, 1H), 5.08 (s, 1H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.5, 152.6, 142.6, 141.6, 138.4, 

134.4, 133.0, 129.7, 129.4, 129.0, 128.7, 128.4, 128.23, 128.18, 127.8, 127.6, 127.4, 126.9, 122.0, 121.1, 110.2, 61.0, 

59.2, 34.2, 30.0 ppm. IR (KBr): ῡ = 3635, 3399, 2957, 1710, 1619, 1593, 1472, 1437, 1322, 1236, 1155, 1122, 751, 731, 

698, 678, 585 cm-1. HRMS (ESI): m/z calcd for C35H36BrNO2Na [M + Na]+: 604.1822; found: 604.1813. The dr and 

ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 96:4, v = 1.0 

mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 11.2 min, tmajor = 8.1 min; For minor diastereoisomer: tminor 

= 6.4 min, tmajor = 4.7 min). 
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3ha: Following the above General Procedure, the reaction gave the product 3ha (14 h, white foam, 114.3 mg, 98% 

yield, >20:1 dr, 99% ee, [α]25

D = +193 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.31 (br, 1H), 7.60-7.43 (m, 

3H), 7.25-7.11 (m, 4H), 6.99-6.86 (m, 4H), 6.74 (d, J = 7.7 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 6.51 (s, 2H), 5.77 (s, 

1H), 5.00 (s, 1H), 1.14 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.5, 152.6, 141.4, 140.0, 139.3, 134.2, 133.1, 

130.2, 129.4, 128.4, 128.2, 127.9, 127.8, 127.2, 126.8, 126.5, 121.2, 110.0, 61.6, 57.7, 34.1, 30.1 ppm. IR (KBr): ῡ = 

3638, 3615, 3188, 2954, 1710, 1617, 1470, 1436, 1320, 1236, 1155, 1122, 1023, 907, 887, 806, 749, 733, 699, 676, 586 

cm-1. HRMS (ESI): m/z calcd for C35H36BrNO2Na [M + Na]+: 604.1822; found: 604.1826. The dr and ee values were 

determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 

254.0 nm; For major diastereoisomer: tminor = 10.2 min, tmajor = 16.0 min; For minor diastereoisomer: tminor = 11.4 min, 

tmajor = 18.0 min). 

 

3ia: Following the above General Procedure, the reaction gave the product 3ia (20 h, white foam, 105.6 mg, 98% 

yield, >20:1 dr, 99% ee, [α]25

D = +202 (c = 0.5, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.30 (br, 1H), 7.61-7.52 (m, 

2H), 7.32 (d, J = 7.7 Hz, 1H), 7.29-7.16 (m, 4H), 7.07-6.90 (m, 4H), 6.78 (d, J = 7.7 Hz, 1H), 6.59 (d, J = 7.5 Hz, 1H), 

6.54 (s, 2H), 5.82 (s, 1H), 5.04 (s, 1H), 1.18 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.5, 152.6, 141.3, 

139.3, 138.5, 135.0, 134.2, 130.2, 129.8, 129.3, 128.4, 128.20, 128.18, 128.0, 127.5, 127.2, 127.1, 126.9, 126.1, 121.2, 

110.0, 61.4, 54.6, 34.1, 30.0 ppm. IR (KBr): ῡ = 3639, 3620, 3189, 2956, 1711, 1618, 1471, 1436, 1321, 1236, 1156, 

1122, 1037, 1026, 806, 750, 736, 701, 682, 586 cm-1. HRMS (ESI): m/z calcd for C35H36ClNO2Na [M + Na]+: 

560.2327; found: 560.2319. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IE-

3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 7.6 min, tmajor = 12.2 

min; For minor diastereoisomer: tminor = 6.1 min, tmajor = 10.1 min). 

 

3ja: Following the above General Procedure, the reaction gave the product 3ja (7 d, white foam, 98.7 mg, 88% 

yield, >20:1 dr, 98% ee, [α]25

D = +161 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.16 (br, 1H), 7.85-7.69 (m, 

1H), 7.60-7.47 (m, 2H), 7.29-7.09 (m, 7H), 7.09-7.01 (m, 1H), 7.01-6.92 (m, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.71 (d, J 

= 7.6 Hz, 1H), 6.61 (s, 2H), 6.51 (s, 1H), 5.00 (s, 1H), 3.88 (s, 3H), 1.18 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) 

δ = 179.6, 168.7, 152.3, 141.7, 141.3, 139.5, 134.1, 131.4, 130.8, 130.6, 130.5, 129.6, 128.35, 128.29, 128.19, 128.15, 
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127.8, 127.1, 127.0, 126.0, 121.3, 109.9, 61.9, 52.9, 52.1, 34.1, 30.1 ppm. IR (KBr): ῡ = 3636, 3301, 2954, 1721, 1618, 

1485, 1471, 1435, 1262, 1238, 1195, 1132, 1123, 1080, 749, 734, 698, 677, 585 cm-1. HRMS (ESI): m/z calcd for 

C37H39NO4Na [M + Na]+: 584.2771; found: 584.2774. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IA-3, n-hexane/CH2Cl2 = 4:3, v = 0.70 mL·min-1, λ = 226.1 nm; For major diastereoisomer: 

tminor = 16.1 min, tmajor = 26.6 min; For minor diastereoisomer: tminor = 19.6 min, tmajor = 21.0 min). 

 

3ka: Following the above General Procedure, the reaction gave the product 3ka (72 h, white foam, 105.2 mg, 93% 

yield, >20:1 dr, 98% ee, [α]25

D = +206 (c = 0.5, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.60 (br, 1H), 7.52 (d, J = 7.1 

Hz, 2H), 7.27-7.24 (m, 4H), 7.15-7.08 (m, 1H), 7.05-7.00 (m, 1H), 6.99-6.92 (m, 2H), 6.92-6.83 (m, 1H), 6.78 (d, J 

= 7.8 Hz, 2H), 6.47 (s, 2H), 5.45 (s, 1H), 5.01 (s, 1H), 2.11 (s, 3H), 1.16 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) 

δ = 179.7, 168.4, 152.4, 148.6, 141.3, 139.3, 134.1, 133.1, 130.5, 129.0, 128.3, 128.2, 128.0, 127.8, 127.6, 127.1, 126.99, 

126.96, 125.1, 122.8, 121.2, 110.3, 60.7, 51.5, 34.0, 30.0, 20.8 ppm. IR (KBr): ῡ = 3634, 3387, 2956, 1769, 1710, 1619, 

1485, 1472, 1436, 1367, 1228, 1201, 1158, 750, 698, 586 cm-1. HRMS (ESI): m/z calcd for C37H39NO4Na [M + Na]+: 

584.2771; found: 584.2777. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IB-

3, n-hexane/2-propanol = 82:3, v = 0.85 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 15.0 min, tmajor = 

19.5 min; For minor diastereoisomer: tminor = 23.6 min, tmajor = 9.1 min). 

 

3la: Following the above General Procedure, the reaction gave the product 3la (48 h, white foam, 103.0 mg, 94% 

yield, >20:1 dr, 98% ee, [α]25

D = +74 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.12 (br, 1H), 7.59 (d, J = 7.3 

Hz, 2H), 7.31-7.18 (m, 4H), 7.02-6.93 (m, 1H), 6.83-6.76 (m, 1H), 6.64 (d, J = 7.5 Hz, 1H), 6.59 (s, 2H), 6.56 (d, J = 

8.0 Hz, 1H), 6.47-6.34 (m, 2H), 5.81 (s, 2H), 5.08 (s, 1H), 5.04 (s, 1H), 1.19 (s, 18H) ppm. 13C NMR (100 MHz, 

CDCl3) δ = 179.4, 152.4, 147.2, 146.0, 141.6, 138.9, 134.24, 134.20, 129.4, 128.7, 128.5 (CH × 2), 128.3 (CH × 2), 

128.1 (CH × 2), 127.2, 126.9 (CH × 2), 122.4, 121.1, 110.02, 109.95, 107.8, 100.6, 61.2, 59.2, 34.2, 30.1 ppm. IR 

(KBr): ῡ = 3635, 3392, 2956, 1710, 1619, 1503, 1488, 1471, 1438, 1322, 1250, 1233, 1040, 937, 750, 735, 714 cm-1. 

HRMS (ESI): m/z calcd for C36H37NO4Na [M + Na]+: 570.2615; found: 570.2610. The dr and ee values were 

determined by the chiral HPLC analysis (Daicel Chiralpak IE-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 

254 nm; For major diastereoisomer: tminor = 13.3 min, tmajor = 22.2 min; For minor diastereoisomer: tminor = 7.3 min, tmajor 

= 11.4 min). 
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3ma: Following the above General Procedure, the reaction was performed with 1m (74 mg, 0.21 mmol), 2a (41.8 mg, 

0.20 mmol), 4i (14.5 mg, 0.02 mmol), and Na2CO3 (31.8 mg, 0.3 mmol) in THF (4.0 mL) at 40 oC for 14 h to afford 

the product 3ma (white foam, 108.4 mg, 96% yield, >20:1 dr, 99% ee, [α]25

D = +112 (c = 1.0, EtOH)). 1H NMR (400 

MHz, CDCl3) δ = 7.91 (br, 1H), 7.63 (d, J = 7.1 Hz, 2H), 7.30-7.19 (m, 4H), 6.99 (t, J = 7.2 Hz, 1H), 6.80 (d, J = 7.7 

Hz, 1H), 6.69-6.60 (m, 1H), 6.64 (s, 2H), 6.67-6.22 (m, 1H), 6.18-6.12 (m, 2H), 5.06 (s, 1H), 5.05 (s, 1H), 3.51 (s, 

6H), 1.20 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.0, 160.1, 152.5, 142.3, 141.9, 138.7, 134.2, 129.6, 128.7, 

128.5, 128.3 (CH × 2 + C × 1)), 128.1 (CH × 2), 127.3, 127.0 (CH × 2), 121.0, 109.8, 106.9 (CH × 2), 100.2, 60.9, 

59.9, 54.8, 34.2, 30.1 ppm. IR (KBr): ῡ = 3634, 3390, 2956, 1711, 1594, 1472, 1436, 1205, 1156, 1070, 837, 753, 702 

cm-1. HRMS (ESI): m/z calcd for C37H41NO4Na [M + Na]+: 586.2928; found: 586.2921. The dr and ee values were 

determined by the chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 93:7, v = 1.0 mL·min-1, λ = 

226.1 nm; For major diastereoisomer: tminor = 20.3 min, tmajor = 30.4 min; For minor diastereoisomer: tminor = 6.5 min, 

tmajor = 5.0 min). 

 

3na: Following the above General Procedure, the reaction gave the product 3na (5 d, white foam, 98.4 mg, 88% 

yield, >20:1 dr, 99% ee, [α]25

D = +191 (c = 0.5, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.66 (br, 1H), 8.24 (d, J = 8.4 

Hz, 1H), 7.77 (d, J = 7.9 Hz, 1H), 7.67-7.54 (m, 3H), 7.49-7.33 (m, 2H), 7.27-7.08 (m, 5H), 6.97-6.83 (m, 2H), 6.84-

6.48 (m, 1H), 6.58 (s, 2H), 6.33 (d, J = 7.7 Hz, 1H), 6.03 (s, 1H), 5.00 (s, 1H), 1.14 (s, 18H) ppm. 13C NMR (100 

MHz, CDCl3) δ = 180.2, 152.6, 141.4, 139.6, 137.0, 134.1, 134.0, 132.3, 130.3, 128.7, 128.3 (CH × 2), 128.2, 128.1 

(CH × 2 + CH × 1 + C × 1), 127.2, 127.1, 126.9 (CH × 2), 126.1, 125.0, 124.8, 124.7, 123.7, 121.0, 110.3, 61.3, 53.9, 

34.1, 30.0 ppm. IR (KBr): ῡ = 3622, 3400, 2956, 1714, 1617, 1596, 1471, 1435, 1392, 1316, 1231, 1152, 1122, 796, 

778, 760, 745, 699, 548 cm-1. HRMS (ESI): m/z calcd for C39H39NO2Na [M + Na]+: 576.2873; found: 576.2867. The 

dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 95:5, v 
= 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 26.3 min, tmajor = 13.4 min; For minor diastereoisomer: 

tminor = 9.3 min, tmajor = 15.9 min). 

 

3oa: Following the above General Procedure, the reaction gave the product 3oa (19 h, white foam, 109.1 mg, 98% 
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yield, >20:1 dr, 97% ee, [α]25

D = +147 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.00 (br, 1H), 7.81-70 (m, 

3H), 7.65-7.54 (m, 2H), 7.50 (br, 1H), 7.46-7.39 (m, 2H), 7.38-7.27 (m, 4H), 7.13-7.05 (m, 2H), 6.81 (d, J = 7.7 Hz, 

1H), 6.75 (s, 2H), 6.66 (d, J = 7.7 Hz, 1H), 5.43 (s, 1H), 5.13 (s, 1H), 1.25 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) 

δ = 179.2, 152.4, 141.6, 138.9, 137.9, 134.2, 133.2, 132.2, 129.5, 128.6, 128.48, 128.46, 128.35, 128.29 (CH × 2), 128.1 

(CH × 2), 128.0, 127.9, 127.3, 127.2 (CH × 2), 127.1 (CH × 2), 125.5, 125.4, 121.0, 109.8, 61.2, 59.6, 34.1, 30.0 ppm. 

IR (KBr): ῡ = 3634, 3395, 2955, 1711, 1619, 1598, 1471, 1437, 1321, 1235, 1209, 1155, 1122, 747, 581 cm-1. HRMS 

(ESI): m/z calcd for C39H39NO2Na [M + Na]+: 576.2873; found: 576.2867. The dr and ee values were determined by 

the chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-propanol = 95:5, v = 1.0 mL·min-1, λ = 254 nm; For major 

diastereoisomer: tminor = 13.2 min, tmajor = 17.2 min; For minor diastereoisomer: tminor = 7.2 min, tmajor = 5.1 min). 

 

3pa: Following the above General Procedure, the reaction gave the product 3pa (9 h, white foam, 99.3 mg, 98% 

yield, >20:1 dr, 98% ee, [α]25

D = +139 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 9.19 (br, 1H), 8.30 (d, J = 5.8 

Hz, 2H), 7.58 (d, J = 7.3 Hz, 2H), 7.33-7.17 (m, 4H), 6.99 (t, J = 7.3 Hz, 1H), 6.96-6.86 (m, 2H), 6.81-6.69 (m, 2H), 

6.55 (s, 2H), 5.22 (s, 1H), 5.12 (s, 1H), 1.18 (s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.1, 152.7, 149.9, 

149.0 (CH × 2), 141.8, 138.3, 134.7, 129.3, 128.7, 128.2 (CH × 2), 128.1 (CH × 2 + CH × 1), 127.3, 127.0 (CH × 

2), 126.8, 124.8 (CH × 2), 121.1, 110.1, 60.6, 58.9, 34.1, 30.0 ppm. IR (KBr): ῡ = 3633, 3387, 3205, 2955, 1716, 

1619, 1598, 1472, 1436, 1236, 1200, 1155, 1122, 750, 731, 698, 584 cm-1. HRMS (ESI): m/z calcd for C34H37N2O2 

[M + H]+: 505.2850; found: 505.2846. The dr and ee values were determined by the chiral HPLC analysis (Daicel 

Chiralpak IA-3, n-hexane/2-propanol = 90:10, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 8.4 

min, tmajor = 17.1 min; For minor diastereoisomer: tminor = 12.1 min, tmajor = 15.2 min). 

 

3qa: Following the above General Procedure, the reaction was performed with 1q (46.5 mg, 0.20 mmol), 2a (41.8 mg, 

0.20 mmol), 4i (14.5 mg, 0.02 mmol), and Na2CO3 (31.8 mg, 0.3 mmol) in THF (4.0 mL) at 60 oC for 18 h to afford 

the product 3qa (white foam, 86.4 mg, 98% yield, 5.7:1 dr, 93% ee (major isomer), 83% ee (minor isomer), [α]25

D = 22 

(c = 0.8, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 9.45 (br, 1H), 7.59 (d, J = 7.7 Hz, 2H), 7.30-7.14 (m, 4H), 7.00-

6.86 (m, 2H), 6.69-6.56 (m, 1H), 6.62 (s, 2H), 5.04 (br, 1H), 3.95 (q, J = 13.7 Hz, 1H), 1.26 (br, 21 H, CH3 × 6 + CH3) 

ppm. 13C NMR (100 MHz, CDCl3) δ = 181.1, 152.5, 141.5, 138.7, 134.1, 130.2, 128.9, 128.09, 128.05, 127.97, 127.92, 

127.0, 126.1, 120.9, 109.8, 61.8, 47.2, 34.2, 30.2, 15.3 ppm. IR (KBr): ῡ = 3639, 3388, 3216, 2959, 1704, 1619, 1471, 

1436, 1236, 1214, 1159, 884, 749, 699 cm-1. HRMS (ESI): m/z calcd for C30H35NO2Na [M + Na]+: 464.2560; found: 

464.2552. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-

propanol = 93:7, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 7.8 min, tmajor = 8.6 min; For minor 

diastereoisomer: tminor = 5.1 min, tmajor = 13.2 min). 

S24



   

 

 

 

3ra: Following the above General Procedure, the reaction gave the product 3ac (10 h, white foam, 82.7 mg, 98% 

yield, >20:1 dr, 98% ee, [α]25

D = +23 (c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.28 (br, 1H), 7.63-7.48 (m, 

2H), 7.27-7.13 (m, 4H), 7.08-7.01 (m, 3H), 7.01-6.80 (m, 4H), 6.67 (d, J = 7.7 Hz, 1H), 6.33 (s, 2H), 5.15 (br, CH × 

1+ OH × 1), 1.92 (s, 6H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.8, 150.7, 141.3, 140.4, 139.0, 130.4, 130.1 (CH 

× 2 + C × 1), 129.5 (CH × 2), 128.2 (CH × 2), 128.1 (CH × 2), 128.0 (CH × 2), 127.94, 127.89, 127.2, 126.5, 122.0 

(C × 2), 121.4, 110.1, 61.1, 58.4, 15.9 ppm. IR (KBr): ῡ = 3399, 1707, 1619, 1489, 1471, 1200, 1144, 752, 734, 700, 

592 cm-1. HRMS (ESI): m/z calcd for C29H25NO2Na [M + Na]+: 442.1778; found: 442.1776. The dr and ee values 

were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 85:15, v = 1.0 mL·min-1, 

λ = 254 nm; For major diastereoisomer: tminor = 13.1 min, tmajor = 21.6 min; For minor diastereoisomer: tminor = 6.9 min, 
tmajor = 8.0 min). 

 

3sa: Following the above General Procedure, the reaction was performed with 1s (67.0 mg, 0.20 mmol), 2a (41.8 mg, 

0.20 mmol), 4i (14.5 mg, 0.02 mmol), and Na2CO3 (31.8 mg, 0.3 mmol) in THF (4.0 mL) at 60 oC for 18 h to afford 

the product 3sa (white foam, 107.6 mg, 98% yield, 9:1 dr, 96% ee (major isomer), 94% ee (minor isomer), [α]25
D = +99 

(c = 0.8, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.30 (br, 1H), 7.91-7.72 (m, 2H), 7.50-7.29 (m, 14H), 7.21-7.04 

(m, 7H), 6.88-6.78 (m, 1H), 6.84 (s, 2H), 5.46 (s, 1H), 5.40 (s, 1H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.4, 

148.0, 141.5, 139.8, 139.0, 137.4, 131.7, 130.9, 129.7, 129.5, 129.2, 128.6, 128.5, 128.4, 128.3, 128.12, 128.08, 127.39, 

127.36, 127.29, 126.7, 121.4, 110.3, 61.1, 58.7 ppm. IR (KBr): ῡ = 3533, 3380, 3199, 3057, 1706, 1618, 1496, 1470, 

1428, 1323, 1229, 1123, 907, 752, 698, 565 cm-1. HRMS (ESI): m/z calcd for C39H29NO2Na [M + Na]+: 566.2091; 

found: 566.2085. The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-

hexane/2-propanol = 93:7, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: tminor = 26.3 min, tmajor = 49.5 min; 

For minor diastereoisomer: tminor = 24.9 min, tmajor = 77.6 min). 

 

3ta: Following the above General Procedure, the reaction was performed with 1t (65.5 mg, 0.20 mmol), 2a (41.8 mg, 

0.20 mmol), 4i (14.5 mg, 0.02 mmol), and Na2CO3 (31.8 mg, 0.3 mmol) in THF (4.0 mL) at 60 oC for 18 h to afford 

the product 3ta (white foam, 105.7 mg, 98% yield, 13:1 dr, 99% ee (major isomer), 97% ee (minor isomer), [α]25
D = +70 

(c = 1.0, EtOH)). 1H NMR (400 MHz, CDCl3) δ = 8.36 (br, 1H), 7.68 (d, J = 7.5 Hz, 2H), 7.41-7.25 (m, 4H), 7.20-
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7.10 (m, 3H), 7.09-7.02 (m, 1H), 7.00-6.92 (m, 2H), 6.87 (s, 2H), 6.85-6.75 (m, 2H), 5.26 (s, 1H), 4.99 (br, 1H), 0.19 

(s, 18H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.5, 163.9, 141.7, 140.2, 138.7, 138.6, 129.8, 129.5, 129.3, 128.5, 

128.3, 128.24, 128.16, 128.0, 127.4, 126.6, 122.4, 121.1, 110.1, 60.9, 58.9, -0.7 ppm. IR (KBr): ῡ = 3608, 3391, 3256, 

2952, 1710, 1619, 1471, 1413, 1317, 1246, 1229, 1167, 1130, 859, 838, 753, 699, 570 cm-1. HRMS (ESI): m/z calcd 

for C33H37NO2Si2Na [M + Na]+: 558.2255; found: 558.2250. The dr and ee values were determined by the chiral HPLC 

analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 93:7, v = 1.0 mL·min-1, λ = 254 nm; For major diastereoisomer: 

tminor = 7.3 min, tmajor = 13.4 min; For minor diastereoisomer: tminor = 4.9 min, tmajor = 8.1 min). 

 

3ua: Following the above General Procedure, the reaction was performed with 1u (50.5 mg, 0.20 mmol; Z/E  

1:1), 2a (41.8 mg, 0.20 mmol), 4i (14.5 mg, 0.02 mmol), and Na2CO3 (31.8 mg, 0.3 mmol) in THF (4.0 mL) at 40 
oC for 16 h to afford the product 3ua (white foam, 90.7 mg, 98% yield, 18:1 dr, 98% ee, [α]25

D = +34 (c = 0.4, EtOH)). 
1H NMR (400 MHz, CDCl3) δ = 8.23 (br, 1H), 7.65-7.52 (m, 2H), 7.31-7.15 (m, 4H), 7.10-7.02 (m, 3H), 7.01-6.90 

(m, 3H), 6.87-6.80 (m, 1H), 6.69 (d, J = 7.7 Hz, 1H), 6.55 (s, 1H), 6.41 (s, 1H), 5.18 (s, 1H), 4.94 (br, 1H), 1.93 (s, 

3H), 1.14 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ = 179.7, 151.2, 141.4, 140.5, 139.0, 134.0, 130.2, 130.0, 129.7, 

129.5 (CH × 2), 128.3, 128.1 (CH × 4), 128.0, 127.9 (CH × 2), 127.3, 127.2, 126.5, 122.1, 121.3, 110.0, 61.2, 58.7, 

34.3, 29.5, 16.0 ppm. IR (KBr): ῡ = 3381, 3259, 2295, 1710, 1619, 1482, 1471, 1433, 1325, 1222, 1197, 1164, 751, 729, 

699, 587 cm-1. HRMS (ESI): m/z calcd for C32H31NO2Na [M + Na]+: 484.2247; found: 484.2242. The dr and ee values 

were determined by the chiral HPLC analysis (Daicel Chiralpak IA-3, n-hexane/2-propanol = 85:15, v = 1.0 mL·min-1, 

λ = 254 nm; For major diastereoisomer: tminor = 10.0 min, tmajor = 14.4 min; For minor diastereoisomer: tminor = 5.6 min, 

tmajor = 21.0 min). 

7. General Procedure for the Synthesis of 3aa on Gram Scale 

A gram scale reaction for the synthesis of 3aa was conducted under the optimized condition as follows:  

A mixture of para-quinone methides 1a (1.0 g, 3.4 mmol), 3-phenyl-oxindole 2a (707.2 mg, 3.4 mmol), and the 

catalyst 4i (247.0 mg, 0.34 mmol) in THF (70.0 mL) was cooled to 40 oC, and then Na2CO3 (500.0 mg, 4.7 mmol) 

was added. The resulting reaction mixture was kept under vigorous stirring for 18 h. Then the solvent was concentrated 

under reduced pressure, and the residue was purified by flash column chromatography on silica gel (petroleum 

ether/ethyl acetate = 8:1) to furnish the corresponding addition product 3aa (white foam, 1.68 g, 98% yield, >20:1 dr, 

96% ee). The dr and ee values were determined by the chiral HPLC analysis (Daicel Chiralpak IC-3, n-hexane/2-

propanol = 95:5, v = 1.0 mL·min-1, λ = 254.0 nm; For major diastereoisomer: tminor = 12.7 min, tmajor = 8.2 min; For 

minor diastereoisomer: tminor = 6.2 min, tmajor = 4.6 min). 

8. Absolute Configuration of 3ab by X-Ray Crystallographic Analysis 

The single crystal of 3ab, which was used for the determination of its absolute configuration via X-ray 

crystallography (see below, Figure S-1), was recrystallized from CH2Cl2 and petroleum ether (1:8). The intensity 

data were collected on an Agilent SuperNova (Dual, Cu at zero, Eos) diffractometer using graphite-monochromated 

Cu K radiation. 
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Figure S-1. ORTEP Drawing (20% probability ellipsoids) of 3ab (CCDC 1441998) 
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D1           1.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               62.400 usec
RG                 22.6
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    1
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              17.11
Date_          20150612
PROCNO                1
EXPNO                10
NAME     dengyh717 N−allyl −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127889 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.2 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              17.29
Date_          20150612
PROCNO                1
EXPNO                11
NAME     dengyh717 N−allyl −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300623 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.8 K
DE                 6.50 usec
DW               62.400 usec
RG                 25.4
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    1
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.02
Date_          20150613
PROCNO                1
EXPNO                10
NAME     dengyh718 N−Bn −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127919 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.8 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  240
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              18.47
Date_          20150613
PROCNO                1
EXPNO                15
NAME     dengyh718 N−Bn −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300385 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               6.31
Date_          20150602
PROCNO                1
EXPNO                11
NAME     dengyh668d 0.25mmol N−Me −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127844 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  360
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               6.52
Date_          20150602
PROCNO                1
EXPNO                12
NAME     dengyh668d 0.25mmol N−Me −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300091 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                297.5 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    1
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              18.40
Date_          20150620
PROCNO                1
EXPNO                10
NAME       dengyh726 re
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127805 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.5 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              18.53
Date_          20150620
PROCNO                1
EXPNO                11
NAME       dengyh726 re
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300096 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.51
Date_          20150530
PROCNO                1
EXPNO                10
NAME     dengyh709a 3−p−Me−C6H4 −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127792 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.4 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.09
Date_          20150530
PROCNO                1
EXPNO                11
NAME     dengyh709a 3−p−Me−C6H4 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300094 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              12.07
Date_          20150531
PROCNO                1
EXPNO                10
NAME     dengyh612 3−p−MeO−C6H4 −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127810 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.4 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              12.25
Date_          20150531
PROCNO                1
EXPNO                11
NAME     dengyh612 3−p−MeO−C6H4 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300388 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               1.55
Date_          20150605
PROCNO                1
EXPNO                10
NAME     dengyh655 3−p−NMe2−C6H4 −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127847 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  724
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  320
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               2.14
Date_          20150605
PROCNO                1
EXPNO                11
NAME     dengyh655 3−p−NMe2−C6H4 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300095 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                296.4 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.10
Date_          20150603
PROCNO                1
EXPNO                10
NAME     dengyh656 3−p−F−C6H4 −40 
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127783 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.2 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.23
Date_          20150603
PROCNO                1
EXPNO                11
NAME     dengyh656 3−p−F−C6H4 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300329 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               0.57
Date_          20150605
PROCNO                1
EXPNO                 3
NAME     dengyh634 3−p−Cl−C6H4 −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127808 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.5 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  360
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               1.18
Date_          20150605
PROCNO                1
EXPNO                 4
NAME     dengyh634 3−p−Cl−C6H4 −40

S74



S75



S76



9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

0
.
0
6
4

1
.
2
5
2

2
.
3
4
5

5
.
0
9
5

5
.
2
1
8

6
.
6
4
1

6
.
6
6
0

6
.
6
7
0

6
.
7
8
7

6
.
8
0
6

6
.
9
5
0

6
.
9
5
5

6
.
9
6
4

6
.
9
7
2

7
.
0
0
8

7
.
0
2
7

7
.
0
4
6

7
.
0
8
5

7
.
1
0
3

7
.
1
4
2

7
.
1
5
0

7
.
1
5
8

7
.
1
7
0

7
.
1
9
0

7
.
2
0
9

7
.
2
6
0

7
.
2
9
2

7
.
2
9
4

7
.
3
1
1

7
.
3
1
3

7
.
3
3
0

7
.
3
3
2

7
.
4
0
4

7
.
4
2
4

7
.
5
4
4

8
.
1
9
3

1
8
.
1
5

3
.
0
0

1
.
0
2

1
.
0
3

3
.
0
7

1
.
0
3

2
.
1
2

1
.
1
0

1
.
1
2

4
.
1
9

1
.
0
4

1
.
0
3

1
.
0
2

0
.
9
8

PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300095 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               3.40
Date_          20150605
PROCNO                1
EXPNO                 5
NAME     dengyh632 3−m−me−c6h4 −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127807 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  812
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  360
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               4.02
Date_          20150605
PROCNO                1
EXPNO                 6
NAME     dengyh632 3−m−me−c6h4 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300335 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              14.27
Date_          20150603
PROCNO                1
EXPNO                11
NAME     dengyh623b 3−m−OMe−c6h4 −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127823 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.5 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              14.45
Date_          20150603
PROCNO                1
EXPNO                12
NAME     dengyh623b 3−m−OMe−c6h4 −40
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300294 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               7.19
Date_          20150626
PROCNO                1
EXPNO                10
NAME     dengyh625 3−o−meo−c6h5
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127789 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  912
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               7.37
Date_          20150626
PROCNO                1
EXPNO                11
NAME     dengyh625 3−o−meo−c6h5
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300299 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              11.42
Date_          20150531
PROCNO                1
EXPNO                10
NAME     dengyh628 3−3,5−MeO−C6
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127817 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  724
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              12.00
Date_          20150531
PROCNO                1
EXPNO                11
NAME     dengyh628 3−3,5−MeO−C6H3 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300335 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               2.28
Date_          20150605
PROCNO                1
EXPNO                10
NAME     dengyh627 3,5−F−C6H3 −40 4

S93



210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
3
0
.
0
7

3
4
.
2
0

6
0
.
1
2

6
0
.
7
6

7
6
.
6
8

7
7
.
0
0

7
7
.
3
2

1
0
2
.
4
3

1
0
2
.
6
8

1
0
2
.
9
3

1
1
0
.
4
0

1
1
1
.
5
5

1
1
1
.
6
2

1
1
1
.
7
4

1
1
1
.
8
2

1
2
1
.
4
6

1
2
6
.
9
0

1
2
8
.
0
2

1
2
8
.
0
9

1
2
8
.
2
9

1
2
8
.
3
7

1
2
9
.
0
3

1
2
9
.
2
1

1
3
4
.
5
5

1
3
9
.
6
0

1
4
1
.
6
2

1
4
3
.
2
2

1
4
3
.
3
1

1
4
3
.
4
0

1
5
2
.
7
0

1
6
1
.
3
9

1
6
1
.
5
2

1
6
3
.
8
5

1
6
3
.
9
8

1
7
8
.
6
4

PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127793 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.1 K
DE                 6.50 usec
DW               20.800 usec
RG                 1290
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  360
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               2.49
Date_          20150605
PROCNO                1
EXPNO                11
NAME     dengy627 3,5−F−C6H3 −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300415 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               3.05
Date_          20150605
PROCNO                1
EXPNO                14
NAME     dengyh649d 3−2−naphthyl −40 4

6.46.66.87.07.27.47.67.88.08.28.4 ppm
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127834 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               20.800 usec
RG                  812
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  320
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               3.25
Date_          20150605
PROCNO                1
EXPNO                15
NAME     dengyh649d 3−2−naphthyl −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300095 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               2.54
Date_          20150517
PROCNO                1
EXPNO                 4
NAME     dengyh681ab 2−thienyl −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127792 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.8 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  360
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               3.15
Date_          20150517
PROCNO                1
EXPNO                 5
NAME     dengyh681ab 2−thienyl −40

S102



S103



S104



9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

0
.
0
0
0

1
.
2
3
6

2
.
6
5
6

5
.
0
7
1

5
.
4
5
2

6
.
5
2
6

6
.
5
4
5

6
.
6
5
3

6
.
6
7
2

6
.
8
2
4

6
.
8
3
7

6
.
8
6
4

6
.
8
8
3

6
.
9
0
3

6
.
9
0
8

6
.
9
2
1

6
.
9
7
4

6
.
9
8
9

6
.
9
9
7

7
.
1
0
9

7
.
1
1
6

7
.
1
2
5

7
.
2
1
2

7
.
2
2
9

7
.
2
3
1

7
.
2
4
8

7
.
2
5
0

8
.
0
0
4

18
.2

0

3.
00

1.
01

0.
99

1.
00

1.
02

3.
03

2.
08

2.
05

3.
03

1.
09

0.
97

PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300288 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   64
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.24
Date_          20150530
PROCNO                1
EXPNO                10
NAME     dengyh680b 3−Me−thieneyl −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127790 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.5 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.37
Date_          20150530
PROCNO                1
EXPNO                11
NAME     dengyh680b 3−Me−thieneyl −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300094 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.01
Date_          20150917
PROCNO                1
EXPNO                17
NAME     dengyh798a biluo
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127839 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.8 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  550
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              14.41
Date_          20150917
PROCNO                1
EXPNO                12
NAME     dengyh798a biluo
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300376 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    1
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.17
Date_          20150611
PROCNO                1
EXPNO                20
NAME     dengyh647 5−MeO−3−Ph −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127835 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.2 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  320
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.37
Date_          20150611
PROCNO                1
EXPNO                21
NAME     dengyh647 5−MeO−3−Ph −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300376 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              16.50
Date_          20150608
PROCNO                1
EXPNO                20
NAME     dengyh643 5−Br−3−Ph −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127824 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.9 K
DE                 6.50 usec
DW               20.800 usec
RG                  912
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  320
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              17.09
Date_          20150608
PROCNO                1
EXPNO                21
NAME     dengyh643 5−Br−3−Ph −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300368 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              16.19
Date_          20150608
PROCNO                1
EXPNO                 3
NAME     dengyh646 5−Br−3−pmp −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127845 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.8 K
DE                 6.50 usec
DW               20.800 usec
RG                  912
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  320
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              16.38
Date_          20150608
PROCNO                1
EXPNO                 4
NAME     dengyh646 5−Br−3−pmp −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300335 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                293.7 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.00
Date_          20150606
PROCNO                1
EXPNO                10
NAME     dengyh645 5−F−3−PMP −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127816 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.19
Date_          20150606
PROCNO                1
EXPNO                11
NAME     dengyh645 5−F−3−PMP −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300093 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.20
Date_          20150608
PROCNO                1
EXPNO                20
NAME     dengyh661 6−Br−3−pmp −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127814 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.0 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  360
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.26
Date_          20150608
PROCNO                1
EXPNO                11
NAME     dengyh661 6−Br−3−pmp −40
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300333 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.27
Date_          20150608
PROCNO                1
EXPNO                23
NAME     dengyh660 7−F−3−PMP −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127817 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.3 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  293
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.47
Date_          20150608
PROCNO                1
EXPNO                25
NAME     dengyh660 7−F−3−PMP −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300339 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.2 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              14.11
Date_          20150523
PROCNO                1
EXPNO                10
NAME     dengyh676 p−Me−QMs −40  4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127811 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.3 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              14.24
Date_          20150523
PROCNO                1
EXPNO                11
NAME     dengyh676 p−Me−QMs −40  4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300168 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                292.7 K
DE                 6.50 usec
DW               62.400 usec
RG                 80.6
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              10.02
Date_          20150515
PROCNO                1
EXPNO                12
NAME     dengyh675 p−MeO −40

S141



210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
3
0
.
0
8

3
4
.
1
7

5
4
.
9
7

5
8
.
9
0

6
1
.
2
6

7
6
.
6
8

7
7
.
0
0

7
7
.
3
2

1
0
9
.
7
6

1
1
3
.
3
1

1
2
1
.
0
3

1
2
7
.
0
1

1
2
7
.
2
4

1
2
8
.
1
5

1
2
8
.
3
1

1
2
8
.
4
4

1
2
8
.
6
6

1
2
8
.
9
6

1
2
9
.
4
2

1
3
0
.
4
7

1
3
2
.
3
6

1
3
4
.
1
6

1
3
8
.
9
5

1
4
1
.
5
7

1
5
2
.
3
7

1
5
8
.
1
1

1
7
9
.
1
6

PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127741 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                294.1 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  400
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              10.26
Date_          20150515
PROCNO                1
EXPNO                13
NAME     dengyh675 p−MeO −40
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300199 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.3 K
DE                 6.50 usec
DW               62.400 usec
RG                 90.5
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              22.21
Date_          20150524
PROCNO                1
EXPNO                14
NAME     dengyh682b p−F−QMs −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127744 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.4 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  400
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              22.45
Date_          20150524
PROCNO                1
EXPNO                15
NAME     dengyh682b p−F−QMs −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300333 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.4 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               0.55
Date_          20150526
PROCNO                1
EXPNO                 7
NAME     dengyh673 4−Cl−QMs −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127808 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.0 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  240
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              17.59
Date_          20150525
PROCNO                1
EXPNO                16
NAME     dengyh673 4−Cl−QMs −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300353 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              23.07
Date_          20150523
PROCNO                1
EXPNO                10
NAME     dengyh683ab p−Br−QMs −40   4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127829 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  240
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              23.22
Date_          20150523
PROCNO                1
EXPNO                11
NAME     dengyh683ab p−Br−QMs −40   4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300373 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.4 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               1.32
Date_          20150605
PROCNO                1
EXPNO                10
NAME     dengyh711b m−Br−QMs −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127833 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  812
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               1.44
Date_          20150605
PROCNO                1
EXPNO                11
NAME     dengyh711b m−Br−QMs −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300441 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.3 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.58
Date_          20150522
PROCNO                1
EXPNO                12
NAME     dengyh690ab o−Br
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127795 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.6 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.11
Date_          20150522
PROCNO                1
EXPNO                13
NAME     dengyh690ab o−Br
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300289 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.4 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              21.40
Date_          20150524
PROCNO                1
EXPNO                13
NAME     dengyh696 2−Cl−QMs −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127791 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.3 K
DE                 6.50 usec
DW               20.800 usec
RG                  912
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              21.52
Date_          20150524
PROCNO                1
EXPNO                14
NAME     dengyh696 2−Cl−QMs −40 4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300200 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.1 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.15
Date_          20150530
PROCNO                1
EXPNO                11
NAME     dengyh707a 2−COOCH3−QMs −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127768 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.2 K
DE                 6.50 usec
DW               20.800 usec
RG                  812
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.33
Date_          20150530
PROCNO                1
EXPNO                12
NAME     dengyh707a 2−COOCH3−QMs −40 4
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9 8 7 6 5 4 3 2 1 0 ppm
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300279 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    4
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               7.48
Date_          20150626
PROCNO                1
EXPNO                10
NAME     dengyh704b o−OAC−QMS
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127821 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.8 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  200
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.00
Date_          20150626
PROCNO                1
EXPNO                11
NAME     dengyh704b o−OAC−QMS
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300241 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.5 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.54
Date_          20150630
PROCNO                1
EXPNO                10
NAME     dengyh697b fujiaoji
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3
0
.
0
7

3
4
.
1
6

5
9
.
2
2

6
1
.
1
9

7
6
.
6
8

7
7
.
0
0

7
7
.
3
2

1
0
0
.
6
2

1
0
7
.
7
8

1
0
9
.
9
5

1
1
0
.
0
2

1
2
1
.
0
8

1
2
2
.
4
2

1
2
6
.
9
2

1
2
7
.
2
5

1
2
8
.
1
4

1
2
8
.
2
6

1
2
8
.
5
0

1
2
8
.
7
5

1
2
9
.
4
1

1
3
4
.
2
0

1
3
4
.
2
4

1
3
8
.
9
0

1
4
1
.
6
1

1
4
6
.
0
0

1
4
7
.
1
8

1
5
2
.
4
4

1
7
9
.
4
5

PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127773 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.2 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  110
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               8.56
Date_          20150630
PROCNO                1
EXPNO                11
NAME     dengyh697b fujiaoji
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0
.
0
0
0

1
.
2
0
0

3
.
5
0
7

5
.
0
4
9

5
.
0
5
9

6
.
1
4
9

6
.
1
5
4

6
.
2
4
4

6
.
2
4
9

6
.
6
4
2

6
.
6
6
2

6
.
7
8
7

6
.
8
0
7

6
.
9
7
4

6
.
9
9
2

7
.
0
1
1

7
.
2
3
0

7
.
2
3
9

7
.
2
4
3

7
.
2
5
0

7
.
2
5
5

7
.
2
6
9

7
.
2
8
5

7
.
6
2
4

7
.
6
4
2

7
.
9
1
2

18
.0

6

6.
00

2.
00

1.
98

1.
01

3.
00

1.
01

1.
04

4.
18

2.
07

0.
94

PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300214 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                293.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   13
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              15.01
Date_          20150520
PROCNO                1
EXPNO                10
NAME     dengyh674 3,5−MeO−QMs −40  4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127770 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.5 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  280
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              14.53
Date_          20150523
PROCNO                1
EXPNO                12
NAME     dengyh674 3,5−MeO−QMs −40  4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300686 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                290.4 K
DE                 6.50 usec
DW               62.400 usec
RG                 20.2
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    2
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              23.08
Date_          20151125
PROCNO                1
EXPNO                20
NAME     dengyh699 1−nap−QM −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127914 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                291.4 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  160
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              23.18
Date_          20151125
PROCNO                1
EXPNO                21
NAME     dengyh699 1−nap−QM −40
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300093 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                293.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              11.41
Date_          20150523
PROCNO                1
EXPNO                 6
NAME     dengyh698 2−naphthyl −40  4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127865 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.1 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              12.00
Date_          20150523
PROCNO                1
EXPNO                 7
NAME     dengyh698 2−naphthyl −40  4
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300242 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                296.9 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                    8
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.10
Date_          20150801
PROCNO                1
EXPNO                10
NAME     dengyhy779 4−Py−QMs −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127854 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.4 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  400
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               9.29
Date_          20150801
PROCNO                1
EXPNO                11
NAME     dengyhy779 4−Py−QMs −40
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300333 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.5 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              16.40
Date_          20150712
PROCNO                1
EXPNO                10
NAME     dengyh753 major −40
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127795 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.4 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  400
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              16.50
Date_          20150712
PROCNO                1
EXPNO                11
NAME     dengyh753 major −40
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300413 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.5 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              13.13
Date_          20150719
PROCNO                1
EXPNO                14
NAME     dengyh763a 2,6−Me−QM
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127851 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.1 K
DE                 6.50 usec
DW               20.800 usec
RG                  812
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  344
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              13.16
Date_          20150719
PROCNO                1
EXPNO                15
NAME     dengyh763a 2,6−Me−QM
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300094 MHz
SI                65536
P1                10.92 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                296.5 K
DE                 6.50 usec
DW               62.400 usec
RG                   57
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              13.40
Date_          20150708
PROCNO                1
EXPNO                20
NAME     dengyh740ab re
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127866 MHz
SI                32768
P1                14.70 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.5 K
DE                 6.50 usec
DW               20.800 usec
RG                 1030
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  300
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              13.58
Date_          20150708
PROCNO                1
EXPNO                10
NAME     dengyh740ab re
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300094 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                293.7 K
DE                 6.50 usec
DW               62.400 usec
RG                   32
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               6.14
Date_          20150705
PROCNO                1
EXPNO                12
NAME     dengyh743 major
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127820 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  400
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time               6.38
Date_          20150705
PROCNO                1
EXPNO                13
NAME     dengyh743 major
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1300403 MHz
SI                65536
P1                10.79 usec
NUC1                 1H
SFO1        400.1324710 MHz
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                294.3 K
DE                 6.50 usec
DW               62.400 usec
RG                 50.8
AQ            4.0894966 sec
FIDRES         0.122266 Hz
SWH            8012.820 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              17.52
Date_          20150705
PROCNO                1
EXPNO                10
NAME     dengyh745 2−tBu−6−Me −40 4
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6127836 MHz
SI                32768
P1                12.00 usec
NUC1                13C
SFO1        100.6228298 MHz
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           2.00000000 sec
TE                295.6 K
DE                 6.50 usec
DW               20.800 usec
RG                 2050
AQ            1.3631988 sec
FIDRES         0.366798 Hz
SWH           24038.461 Hz
DS                    2
NS                  480
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB/
INSTRUM           spect
Time              18.21
Date_          20150705
PROCNO                1
EXPNO                11
NAME     dengyh745 2−tBu−6−Me −40 4
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