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I. General Methods 
All reactions were carried out without strict water-free and oxygen-free conditions. All reagents were 
obtained from commercial suppliers unless otherwise stated. All solvents and reagents were directly used 
for reactions without further purification unless otherwise stated. When the reactions preformed at the 
condition of DABCO, 1,4-Dioxane and DCM was pre-dried with CaH2. Flash chromatography was performed 
using silica gel (200-300 mesh). Reactions were monitored by TLC or/and colour changes of reaction solution. 
Visualization was achieved under a UV lamp (254 nm and 365 nm), I2 and by developing the plates with 
anisaldehyde. 1H and 13C NMR were recorded on 400 and 600 MHz NMR spectrometers with 
tetramethylsilane (TMS) as the internal standard and were calibrated using residual undeuterated solvent 
as an internal reference (CHCl3: 1H NMR= 7.26, 13C NMR= 77.16; DMSO-d6: 1H NMR= 2.50, 13C NMR= 39.52). 
IR spectra were acquired on an FT-IR spectrometer and are reported in wavenumbers (cm-1). High-resolution 
mass spectra were obtained using electrospray ionization (ESI). The following abbreviations are used for the 
multiplicities: s: singlet, d: doublet, t: triplet, m: multiplet, br s: broad singlet for proton spectra. Coupling 
constants (J) are reported in Hertz (Hz). 

II. Preparation of intermediates 
A mixture of ketone (4.0 mmol, 1.0 equiv.), alkyne (4.0 mmol, 1.0 equiv.) and tBuOK (4.0 mmol, 1.0 equiv.) 
in DMSO (10 mL) was heated and stirred at 100 °C for 0.5-1 h. After cooling to room temperature, the 
reaction mixture was diluted with H2O (10 mL), neutralized with saturated aqueous NH4Cl and extracted 
with ethyl acetate (3×10 mL). The organic layer was washed with H2O and dried with anhydrous MgSO4. 
After removal of ethyl acetate, the product was purified by flash chromatography (hexane/ethyl acetate = 
27/1-20/1) to afford 1 as a white or yellow solid (33-72% yield).1 All MBH carbonates 2 were prepared by two-
step reactions, including the Morta-Maylis-Hillman reaction (1 equiv. DABCO/1 equiv. aldehyde/1.5 equiv. 
acrylate/1:1 dioxane:H2O or THF/2-3 days)2and the formation of O-Boc derivative (0.1 equiv. DMAP/1 equiv. MBH-
alcohol/1.5 equiv.Boc2O/DCM/rt/overnight), with 22-64% total yields.3 
III. General procedure for condition optimization 
A 10 mL tube was charged with β,γ-unsaturated ketones 1a (0.2 mmol, 1.0 equiv.), MBH carbonate 2a (0.3-
0.6 mmol, 1.5-3.0 equiv.), base (0.01-0.04 mmol, 5-20 mol%) and solvent (0.5-2 mL). The suspended solution 
was vigorously stirred at rt-reflux, and then base was added. The reaction mixture was stirred at room 
temperature and monitor by TLC plate. The solution was added by 5 mL H2O and 10 mL brine, before the 
resulting mixture was extracted with EtOAc (3 x 10 mL). The combined organic layers were dry with Na2SO4, 
filtered, and concentrated. The residue was purified by flash silica gel chromatography eluated with 
EtOAc:PE ( 1:25) to afford the corresponding products 3a. 
IV. General procedure for typical procedure for monoallylation 
A tube (25 mL) was charged with β,γ-unsaturated ketones 1a (0.5 mmol, 1.0 equiv.), MBH carbonate 2a (0.75 
mmol, 1.5 equiv.) and dioxane (1.25 mL). The suspended solution was vigorously stirred at rt, and then 
DABCO (0.025 mmol, 0.05 equiv., 5 mol%) was added. When the reaction mixture became clear the reaction 
finished (5 min-24 h). The solution was added by 10 mL H2O and 10 mL brine, before the resulting mixture was 
extracted with DCM (3 x 10 mL). The combined organic layers were dry with Na2SO4, filtered, and concentrated. The 
residue was purified by flash silica gel chromatography eluated with EtOAc:PE (1:27 to 1:20) to afford the 
corresponding monoallylated products 3. 

V. General procedure for typical procedure for dialkylation 

A tube (25mL) was charged with β,γ-unsaturated ketones 1a (0.5 mmol, 1.0 equiv.), MBH carbonate 2a (2.25 
mmol, 4.5 equiv.) and DCM (1.25 mL). The suspended solution was vigorously stirred at rt, and then DABCO 
(0.1 mmol, 0.2 equiv., 20 mol%) was added. When the reaction mixture became clear the reaction finished (2-
24 h). The solution was added by 10 mL H2O and 10 mL brine, before the resulting mixture was extracted with DCM 
(3 x 10 mL). The combined organic layers were dry with Na2SO4, filtered, and concentrated. The residue was purified 
by flash column chromatography eluated with EtOAc:PE (1:23 to 1:19) to afford the corresponding diallylated 
products 4 and 6. 

VI. The phenomenon of the reaction and TLC. 
 TLC of starting materials (1a and 2a) and products (3a, 4a and 6a) showed the result (Fig. 1). 

 
Fig. 1 
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VII. Data for all new compounds 

[Reaction time: 5 min]; 3a: 158 mg, 95%, a yellow oil; IR (thin film): νmax 2982, 1712, 1631, 
1447, 1192, 1027, 967, 747, 692cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (m, 2H), 7.58-7.53 (m, 
1H), 7.46 (ψt, J = 7.4 Hz, 2H), 7.33-7.25 (m, 4H), 7.30-7.26 (m, 2H), 7.22-7.18 (m, 1H), 6.46 (d, 
J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 9.2 Hz, 1H), 6.18 (d, J = 1.2 Hz, 1H), 5.59 (d, J = 0.8 Hz, 1H), 

4.57 (td, J = 8.4, 6.8 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.02 (dd, J = 14.0, 6.4 Hz, 1H), 2.67 (dd, J = 14.0, 8.0 Hz, 
1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.2, 167.0, 137.4, 136.7, 133.4, 133.2, 128.7, 
128.6, 128.5, 128.0, 127.7, 126.3, 60.8, 49.6, 35.5, 14.2; HRMS (ESI): m/z calcd for C22H22O3Na [M+Na]+ 

357.1467, found 357 1416. 
[Reaction time: 5 min]; 3b: 139 mg, 80%, a yellow oil; IR (thin film): νmax 2982, 1712, 1447, 1264, 1193, 1142, 

969, 819, 709 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.4 Hz, 2H), 7.58-7.52 
(m, 1H), 7.49-7.43 (m, 2H), 7.21 (dt, J = 8.4, 2.4 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.42 (d, J 
= 16.0 Hz, 1H), 6.21-6.14 (m, 2H), 5.58 (d, J = 1.2 Hz, 1H), 4.55 (td, J = 8.4, 7.2 Hz, 1H), 4.21 
(q, J = 7.1 Hz, 2H), 3.01 (ddd, J = 15.6, 6.4, 0.8 Hz, 1H), 2.66 (dd, J = 14.0, 8.0, 0.8 Hz, 1H), 
2.30 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.3, 167.0, 137.5, 

137.4, 136.7, 134.0, 133.3, 133.2, 129.2, 128.7, 128.0, 126.6, 126.2, 60.8, 49.6, 35.5, 21.2, 14.2; HRMS (ESI): 
m/z calcd for C23H24O3Na [M+Na]+ 371.1623, found 371.2265. 

[Reaction time: 5 min]; 3c: 160 mg, 89%, a yellow oil; IR (thin film): νmax 2966, 1713, 1683, 
1447, 1192, 1142, 969, 823, 707 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 6.8, 1.2 Hz, 
2H), 7.57-7.52 (m, 1H), 7.50-7.42 (m, 2H), 7.24 (dt, J = 8.4, 2.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 
2H), 6.43 (d, J = 16.0 Hz, 1H), 6.21-6.14 (m, 2H), 5.58 (d, J = 1.2 Hz, 1H), 4.55 (td, J = 8.0, 

6.8 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.01 (ddd, J = 14.0, 6.4, 0.8 Hz, 1H), 2.66 (ddd, J = 14.0, 8.0, 0.8 Hz, 1H), 
2.60 (q, J = 7.6 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.2, 
167.0, 144.0, 137.5, 136.7, 134.2, 133.3, 133.2, 128.7, 128.6, 128.0, 128.0, 126.6, 126.3, 60.8, 49.6, 35.4, 
28.6, 15.6, 14.2; HRMS (ESI): m/z calcd for C24H26O3Na [M+Na]+ 385.1780, found 385.1842. 

[Reaction time: 1 h]; 3d: 148 mg, 76%, a yellow oil; IR (thin film): νmax 2928, 1713, 1448, 
1186,1026, 967, 820, 705 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 2H), 
7.57-7.52 (m, 1H), 7.48-7.43 (m, 2H), 7.23 (dt, J = 8.0, 2.4 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 
6.43 (d, J = 16.0 Hz, 1H), 6.17 (dd, J = 16.0, 9.2 Hz, 1H), 6.17 (d, J = 1.2 Hz, 1H), 5.58 (d, J = 

1.2 Hz, 1H), 4.55 (td, J = 8.4, 7.2 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.01 (ddd, J = 13.6, 6.4, 1.2 Hz, 1H), 2.66 
(ddd, J = 14.0, 8.0, 1.2 Hz, 1H), 2.56 (t, J = 7.6 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR 
(100 MHz, CDCl3): δ 200.1, 166.8, 142.5, 137.3, 136.5, 134.0, 133.2, 133.0, 128.5, 128.4, 1284, 127.8, 126.4, 
126.1, 60.6, 49.4, 35.2, 35.2, 33.4, 22.1, 14.1, 13.8; HRMS (ESI): m/z calcd for C26H31O3Na [M+H]+ 391.2273, 
found 391.2289. 

[Reaction time: 10 h]; 3e: 80 mg, 44%, a yellow oil; IR (thin film): νmax 3932, 1712, 1599, 
1449, 1192, 1045, 968, 778, 689 cm−1;1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 6.8, 1.2 Hz, 
2H), 7.58-7.53 (m, 1H), 7.49-7.44 (m, 2H), 7.19 (t, J = 8.0 Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 
6.85 (t, J = 2.0 Hz, 1H), 6.76 (ddd, J = 8.0, 2.4, 0.8 Hz, 1H), 6.43 (d, J = 15.9 Hz, 1H), 6.24 (dd, 
J = 16.0, 9.2 Hz, 1H), 6.18 (d, J = 1.6 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.57 (td, J = 8.4, 6.4 Hz, 

1H), 4.21 (q, J = 7.2 Hz, 2H), 3.79 (s, 3H), 3.01 (ddd, J = 14.0, 6.8, 1.2 Hz, 1H), 2.67 (ddd, J = 14.0, 8.0, 1.2 Hz, 
1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.2, 167.0, 159.8, 138.2, 137.4, 136.6, 133.3, 
133.3, 129.5, 128.7, 128.1, 128.0, 119.0, 113.4, 111.5, 60.8, 55.2, 49.5, 35.5, 14.2; HRMS (ESI): m/z calcd for 
C23H24O4K [M+K]+ 403.1312, found 403.1310.                  

[Reaction time: 5 min]; 3f: 148 mg, 81%, a yellow oil; IR (thin film): νmax 2931, 1712, 1512, 
1250, 1180, 1032, 967, 827, 708 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 6.8, 1.6 
Hz, 2H), 7.58-7.53 (m, 1H), 7.48-7.44 (m, 2H), 7.25 (d, J = 6.8 Hz, 1H), 6.81 (dt, J = 8.8, 2.8 
Hz, 2H), 6.40 (d, J = 16.0 Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 6.08 (dd, J = 16.0, 9.2 Hz, 1H), 

5.58 (d, J = 1.2 Hz, 1H), 4.54 (td, J = 8.4, 7.2 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.78 (s, 3H), 3.00 (ddd, J = 14.0, 
6.4, 1.2 Hz, 1H), 2.66 (ddd, J = 14.0, 8.0, 1.2 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
200.3, 167.0, 159.3, 137.5, 136.7, 133.2, 132.8, 129.6, 128.7, 128.6, 127.9, 127.5, 125.4, 113.9, 60.8, 55.3, 
49.6, 35.5, 29.7, 14.2; HRMS (ESI): m/z calcd for C23H24O4Na [M+Na]+ 387.1572, found 387.1534. 

[Reaction time: 5 min]; 3g: 132 mg, 75%, a yellow oil; IR (thin film): νmax 2983, 1712, 1583, 
1445, 1195, 1143, 966, 780, 687 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 
2H), 7.59-7.55 (m, 1H), 7.50-7.45 (m, 2H), 7.23 (td, J = 8.0, 6.0 Hz, 1H), 7.07 (dt, J = 7.6, 1.6 
Hz, 1H), 7.02 (ddd, J = 10.0, 2.4, 1.6 Hz, 1H), 6.90 (tdd, J = 8.4, 2.4, 1.0 Hz, 1H), 6.42 (d, J = 
16.0 Hz, 1H), 6.27 (dd, J = 15.9, 8.9 Hz, 1H), 6.18 (d, J = 1.2 Hz, 1H), 5.59 (d, J = 1.6 Hz, 1H), 

4.58 (td, J = 8.0, 6.0 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.01 (ddd, J = 14.0, 6.4, 1.2 Hz, 1H), 2.66 (ddd, J = 13.6, 
8.0, 1.0 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.1, 167.0, 139.2 (d, J = 8.0 Hz), 137.4, 
136.6, 133.5, 132.1 (d, J = 3.0 Hz), 130.1 (d, J = 8.0 Hz), 129.3, 128.9, 128.7, 128.3, 125.8, 122.2 (d, J = 3.0 
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Hz), 114.5 (d, J = 21.0 Hz), 112.9 (d, J = 22.0 Hz), 61.0, 49.5, 35.6, 14.3; 19F NMR (376 MHz, CDCl3): -113.5; 
HRMS (ESI): m/z calcd for C22H21FO3Na [M+Na]+ 375.1372, found 375.1361. 

[Reaction time: 5 min]; 3h: 141 mg, 80%, a yellow oil; IR (thin film): νmax 2983, 1713, 1509, 
1447, 1143, 1026, 969, 831, 711 cm−1;1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 
2H), 7.58-7.54 (m, 1H), 7.50-7.45 (m, 2H), 7.30-7.26 (m, 2H), 7.00-6.93 (m, 2H), 6.41 (d, J = 
16.0 Hz, 1H), 6.18 (d, J = 1.6 Hz, 1H), 6.16 (dd, J = 16.0, 9.2 Hz, 1H), 5.58 (d, J = 1.2 Hz, 1H), 

4.56 (td, J = 8.8, 7.6 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 3.00 (ddd, J = 14.0, 6.4, 1.2 Hz, 1H), 2.67 (ddd, J = 13.6, 
8.0, 1.2 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.1, 167.0, 137.4, 136.5, 133.3, 132.9 
(d, J = 3.0 Hz), 132.1, 128.7, 128.6, 128.0, 127.9, 127.8, 127.4 (d, J = 3.0 Hz), 115.5 (d, J = 22.0 Hz), 60.8, 49.5, 
35.5, 14.2; 19F NMR (376 MHz, CDCl3): -114.3; HRMS (ESI): m/z calcd for C22H22FO3 [M+H]+ 353.1553, found 
353.1614. 

[Reaction time: 10 h]; 3i: 88 mg, 48%, a yellow oil; IR (thin film): νmax 2982, 1712, 1595,  
1447, 1190, 1143, 967, 779, 687 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 
2H), 7.60-7.55 (m, 1H), 7.50-7.45 (m, 2H), 7.30 (d, J = 2.0 Hz, 1H), 7.23-7.15 (m, 3H), 6.39 (d, 
J = 16.0 Hz, 1H), 6.27 (dd, J = 16.0, 8.8 Hz, 1H), 6.19 (d, J = 1.2 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 
4.57 (td, J = 8.4, 6.4 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.01 (ddd, J = 13.6, 6.4, 1.2 Hz, 1H), 2.66 

(ddd, J = 14.0, 8.0, 1.2 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 199.9, 166.9, 138.6, 
137.3, 136.4, 134.5, 133.3, 131.9, 129.7, 129.3, 128.7, 128.6, 128.1, 127.6, 126.3, 124.5, 60.8, 49.4, 35.5, 
14.2; HRMS (ESI): m/z calcd for C22H22ClO3 [M+H]+ 369.1257, found 369.1239. 

[Reaction time: 5 min]; 3j: 125 mg, 68%, a yellow oil; IR (thin film): νmax 2982, 1713, 1491, 
1370, 1279, 1189, 968, 820, 693 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.79 (dt, J = 7.2, 1.2 
Hz, 2H), 7.55-7.50 (m, 1H), 7.40-7.35 (m, 2H), 7.30 (dt, J = 8.4, 2.4 Hz, 2H), 7.15 (dt, J = 8.4, 
2.8 Hz, 2H), 6.57 (d, J = 11.2 Hz, 1H), 6.16 (d, J = 1.2 Hz, 1H), 5.72 (dd, J = 11.6, 10.8 Hz, 
1H), 5.59 (d, J = 1.2 Hz, 1H), 4.93 (dt, J = 10.8, 6.8 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 2.99 

(ddd, J = 13.6, 6.8, 1.2 Hz, 1H), 2.58 (ddd, J = 14.0, 8.0, 1.2 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 200.0, 166.9, 137.3, 136.5, 135.2, 133.3, 133.3, 132.0, 128.7, 128.7, 128.6, 128.4, 128.1, 127.5, 
60.8, 49.5, 35.5, 14.2; HRMS (ESI): m/z calcd for C22H21ClO3Na [M+Na]+ 391.1077, found 391.1144. 

[Reaction time: 10 h]; 3k: 92 mg, 45%, a yellow oil; IR (thin film): νmax 2930, 1712, 1594, 1446, 
1279, 1190, 967, 777, 688 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 6.8, 1.2 Hz, 2H), 
7.59-7.55 (m, 1H), 7.49 (t, J = 1.6 Hz, 1H), 7.47 (dt, J = 5.6, 1.6 Hz, 2H), 7.33 (ddd, J = 8.0, 2.0, 
1.2 Hz, 1H), 7.23 (dt, J = 7.6, 1.6 Hz, 1H), 7.14 (t, J = 7.8 Hz, 1H), 6.38 (d, J = 16.0 Hz, 1H), 6.26 
(dd, J = 15.6, 8.4 Hz, 1H), 6.19 (d, J = 1.2 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.57 (td, J = 8.4, 6.4 

Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.01 (ddd, J = 13.8, 6.4, 1.2 Hz, 1H), 2.66 (ddd, J = 13.8, 8.0, 1.0 Hz, 1H), 1.30 
(t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 197.6, 164.6, 136.6, 135.0, 134.1, 131.1, 129.6, 128.2, 127.7, 
127.0, 126.9, 126.4, 126.3, 125.9, 122.7, 120.4, 58.6, 47.2, 33.3, 11.9; HRMS (ESI): m/z calcd for C22H22BrO3 

[M+H]+ 413.0752, found 413.0700. 
[Reaction time: 5 min]; 3l: 106 mg, 51%, a yellow oil; IR (thin film): νmax 2755, 1881, 1257, 
1167, 1024, 952, 823, 686, 641 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 
2H), 7.59-7.54 (m, 1H), 7.50-7.45 (m, 2H), 7.39 (dt, J = 9.0, 2.4 Hz, 2H), 7.18 (dt, J = 8.4, 2.8 
Hz, 2H), 6.39 (d, J = 16.0 Hz, 1H), 6.25 (dd, J = 16.0, 8.8 Hz, 1H), 6.18 (d, J = 1.2 Hz, 1H), 5.58 
(d, J = 1.2 Hz, 1H), 4.56 (td, J = 8.0, 6.4 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.00 (ddd, J = 14.0, 

6.4, 1.2 Hz, 1H), 2.66 (ddd, J = 13.6, 8.0, 1.0 Hz, 1H), 29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 198.3, 
165.2, 135.6, 134.8, 134.0, 131.6, 130.4, 130.0, 127.0, 126.9, 126.8, 126.4, 126.1, 119.7, 59.1, 47.8, 33.8, 
12.5; HRMS (ESI): m/z calcd for C22H21BrO3Na [M+Na]+ 435.0572, found 435.0559. 

[Reaction time: 24 h]; 3m: 126 mg, 72%, a yellow oil; IR (thin film): νmax 2983, 1713, 1607, 
1447, 1370, 1184, 967, 824, 744 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.95 (dt, J = 8.4, 2.0 
Hz, 2H), 7.33-7.28 (m, 3H), 7.27 (d, J = 0.8 Hz, 2H), 7.25 (d, J = 1.6 Hz, 1H), 7.22-7.17 (m, 
1H), 6.45 (d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 8.8 Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 5.58 

(d, J = 1.2 Hz, 1H), 4.54 (td, J = 8.4, 7.2 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.00 (ddd, J = 14.0, 6.4, 1.2 Hz, 1H), 
2.66 (ddd, J = 13.6, 8.0, 1.2 Hz, 1H), 2.40 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 199.8, 
167.0, 144.1, 137.5, 136.8, 134.1, 133.2, 129.4, 128.8, 128.5, 127.9, 127.9, 127.6, 126.3, 60.8, 49.4, 35.4, 
21.7, 14.2. HRMS (ESI): m/z calcd for C23H24O3Na [M+Na]+ 371.1623, found 371.1579. 

[Reaction time: 24 h]; 3n: 117 mg, 65%, a yellow oil; IR (thin film): νmax 2970, 1713, 1679, 
1606, 1370, 1184, 967, 746, 694 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.98 (dt, J = 8.4, 2.0 
Hz, 2H), 7.33 (d, J = 1.8 Hz, 1H), 7.31-7.28 (m, 2H), 7.28-7.26 (m, 2H), 7.25-7.17 (m, 2H), 
6.45 (d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 9.2 Hz, 1H), 6.17 (d, J = 1.2 Hz, 1H), 5.58 (d, J 

= 1.2 Hz, 1H), 4.55 (dddd, J = 8.8, 7.5, 6.5, 0.8 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.01 (ddd, J = 14.0, 6.4, 1.2 Hz, 
1H), 2.73-2.64 (m, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.25 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 199.8, 
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167.0, 150.2, 137.5, 136.8, 134.3, 133.2, 128.9, 128.5, 128.2, 128.0, 127.9, 127.6, 126.3, 60.8, 49.5, 35.4, 
29.0, 15.2, 14.2; HRMS (ESI): m/z calcd for C24H27O3 [M+H]+ 363.1960, found 363.1975. 

[Reaction time: 10 h]; 3o: 112 mg, 61%, a yellow oil; IR (thin film): νmax 2933, 1711, 1600, 
1510, 1257, 1172, 968, 841, 746 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 8.8, 3.2 
Hz, 2H), 7.33-7.30 (m, 2H), 7.29-7.26 (m, 2H), 7.22-7.18 (m, 2H), 6.94 (dt, J = 8.8, 2.8 Hz, 
2H), 6.44 (d, J = 15.6 Hz, 1H), 6.25 (dd, J = 15.6, 8.8 Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 5.58 

(d, J = 1.2 Hz, 1H), 4.52 (ddd, J = 9.2, 8.0, 6.4 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H), 3.00 (ddd, J = 13.6, 
6.4, 1.2 Hz, 1H), 2.65 (ddd, J = 13.6, 8.0, 1.0 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
198.7, 167.0, 163.6, 137.5, 136.8, 133.0, 131.0, 129.6, 128.5, 128.1, 127.9, 127.6, 126.3, 113.9, 60.8, 55.5, 
49.2, 35.5, 14.2; HRMS (ESI): m/z calcd for C23H25O4 [M+H]+ 365.1753, found 365.1722. 

[Reaction time: 10 h]; 3p: 129 mg, 73%, a yellow oil; IR (thin film): νmax 2933, 1711, 1587, 
1441, 1261, 1141, 968, 743, 693 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.84 (dt, J = 7.8, 1.2 Hz, 
1H), 7.71 (ddd, J = 9.6, 2.8, 1.6 Hz, 1H), 7.44 (td, J = 8.0, 5.6 Hz, 1H), 7.33-7.30 (m, 2H), 
7.30-7.27 (m, 2H), 7.25-7.19 (m, 2H), 6.45 (d, J = 16.0 Hz, 1H), 6.25-6.21 (m, 1H), 6.19 (d, 

J = 1.6 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.51 (ddd, J = 9.2, 8.4, 6.8 Hz, 1H), 4.22 (q, J = 7.1 Hz, 2H), 3.00 (ddd, 
J = 14.0, 6.4, 1.2 Hz, 1H), 2.66 (ddd, J = 14.0, 8.0, 1.2 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 198.9 (d, J = 1.0 Hz), 166.9, 138.7 (d, J = 6.0 Hz), 137.2, 136.6, 133.7, 130.3 (d, J = 8.0 Hz), 128.6, 
128.3, 127.8, 127.1, 126.3, 124.3 (d, J = 3.0 Hz), 120.2 (d, J = 20.0 Hz), 115.3 (d, J = 23.0 Hz),, 60.9, 49.8, 35.5, 
14.2; 19F NMR (376 MHz, CDCl3): -111.7; HRMS (ESI): m/z calcd for C22H22FO3 [M+H]+ 353.1553 found 
353.1544. 

[Reaction time: 10 h]; 3q: 117 mg, 64%, a yellow oli; IR (thin film): νmax 2929, 1713, 1571, 
1420, 1194, 1144, 967, 751, 694 cm−1;1H NMR (400 MHz, CDCl3): δ 7.99 (t, J = 1.8 Hz, 1H), 
7.92 (dt, J = 8.0, 1.2 Hz, 1H), 7.52 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.41 (t, J = 8.0 Hz, 1H), 
7.34-7.30 (m, 2H), 7.30-7.26 (m, 2H), 7.24-7.19 (m, 1H), 6.45 (d, J = 16.0 Hz, 1H), 6.21 (dd, 

J = 16.0, 9.2 Hz, 1H), 6.19 (d, J = 1.2 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.51 (ddd, J = 9.6, 8.4, 6.4 Hz, 1H), 4.22 
(q, J = 7.1 Hz, 2H), 2.99 (ddd, J = 14.0, 6.8, 1.2 Hz, 1H), 2.66 (ddd, J = 14.0, 8.0, 1.2 Hz, 1H), 1.30 (t, J = 7.2 Hz, 
3H); 13C NMR (100 MHz, CDCl3): δ 198.9, 166.9, 138.2, 137.2, 136.6, 135.1, 133.7, 133.1, 130.0, 128.7, 128.6, 
128.2, 127.8, 127.1, 126.7, 126.4, 60.9, 49.7, 35.5, 14.2; HRMS (ESI): m/z calcd for C22H22ClO3 [M+H]+ 

369.1257, found 369.1230. 
[Reaction time:24 h]; 3r: 94 mg, 51%, a yellow oil; IR (thin film): νmax 2981, 1712, 1589, 
1401, 1195, 1144, 967, 747, 695 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.99 (dt, J = 8.8, 2.4 
Hz, 2H), 7.44 (dt, J = 8.4, 1.2 Hz, 2H), 7.33-7.30 (m, 2H), 7.30-7.27 (m, 2H), 7.23-7.19 (m, 
1H), 6.44 (d, J = 16.0 Hz, 1H), 7.24-7.20 (m, 1H), 6.18 (d, J = 1.2 Hz, 1H), 5.58 (d, J = 1.2 Hz, 

1H), 4.51 (td, J = 8.4, 6.4 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 2.99 (ddd, J = 14.0, 6.4, 1.2 Hz, 1H), 2.65 (ddd, J = 
14.0, 8.0, 1.2 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 199.0, 167.0, 139.7, 137.2, 136.6, 
134.9, 133.6, 130.1, 129.0, 128.6, 128.8, 127.8, 127.3, 126.3, 60.9, 49.6, 35.5, 14.2; HRMS (ESI): m/z calcd 
for C22H22ClO3 [M+H]+ 369.1257, found 369.1232. 

[Reaction time: 10 h]; 3s: 108 mg, 53%, a yellow oil; IR (thin film): νmax 2928, 1713, 1685, 
1370, 1247, 1192, 966, 748, 704 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.15 (t, J = 2.0 Hz, 1H), 
7.97 (dt, J = 8.0, 1.2 Hz, 1H), 7.67 (ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.35 (d, J = 7.9 Hz, 1H), 
7.35-7.25 (m, 4H), 7.24-7.19 (m, 1H), 6.45 (d, J = 16.0 Hz, 1H), 6.21 (dd, J = 16.0, 9.2 Hz, 

1H), 6.18 (d, J = 1.6 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.50 (q, J = 7.8 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 2.99 (ddd, 
J = 14.0, 6.4, 1.2 Hz, 1H), 2.66 (ddd, J = 13.8, 8.0, 1.0 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 198.8, 166.9, 138.4, 137.2, 136.6, 136.1, 133.7, 131.6, 130.3, 128.6, 127.8, 127.2, 127.1, 126.4, 
123.1, 60.9, 49.7, 35.5, 14.2; 1HRMS (ESI): m/z calcd for C22H21BrO3Na [M+Na]+ 435.0572, found 435.0557. 

[Reaction time: 10 h]; 3t: 120 mg, 60%, a yellow oil; IR (thin film): νmax 2983, 1748, 1370, 
1326, 1278, 1167, 1068, 964, 859 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.16-8.14 (m, 2H), 
7.74-7.72 (m, 2H), 7.33-7.31 (m, 2H), 7.29-7.26 (m, 2H), 7.24-7.20 (m, 1H), 6.46 (d, J = 
16.0 Hz, 1H), 6.22 (dd, J = 16.0, 9.2 Hz, 1H), 6.19 (d, J = 1.6 Hz, 1H), 5.60 (d, J = 1.2 Hz, 

1H), 4.56 (ddd, J = 9.2, 8.0, 6.4 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 3.02 (ddd, J = 13.6, 6.4, 1.2 Hz, 1H), 2.67 (ddd, 
J = 14.0, 8.0, 1.2 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 199.3, 166.9, 139.3, 137.1, 
136.5, 134.0, 129.0, 128.6, 128.3, 127.9, 126.8, 126.4, 125.8, 125.8, 125.7, 60.9, 50.0, 35.5, 14.2; 19F NMR 
(376 MHz, CDCl3): -63.2; HRMS (ESI): m/z calcd for C23H21F3O3Na [M+Na]+ 425.1340, found 425.1323. 

[Reaction time: 5 min]; 5a: 154 mg, 96%, a yellow oil; IR (thin film): νmax 3461, 2953, 1718, 
1598, 1493, 1446, 1205, 750, 694 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 
2H), 7.58-7.53 (m, 1H), 7.49-7.44 (m, 2H), 7.33-7.30 (m, 2H), 7.27-7.25 (m, 2H), 7.22-7.18 (m, 
1H), 6.46 (d, J = 16.0 Hz, 1H), 6.23 (dd, J = 16.0, 8.8 Hz, 1H), 6.18 (d, J = 1.2 Hz, 1H), 5.61 (d, J 

= 1.2 Hz, 1H), 4.60-4.53 (m, 1H), 3.75 (s, 3H), 3.02 (ddd, J = 14.0, 6.4, 1.2 Hz, 1H), 2.68 (ddd, J = 14.0, 8.0, 1.2 
Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 200.1, 167.5, 137.1, 136.7, 136.6, 133.4,. 133.2, 128.7, 128.6, 128.5, 
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128.3, 127.7, 127.6, 126.3, 51.9, 49.6, 35.4; HRMS (ESI): m/z calcd for C21H20O3Na [M+Na]+ 343.1310, found 
343.1301. 

[Reaction time: 5 min]; 5b: 161 mg, 92%, a yellow oil; IR (thin film): νmax 2968, 1713, 1449, 
1265, 1192, 1142, 967, 746, 692 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.08 (d, J = 7.2 Hz, 2H), 
7.59 (dt, J = 7.5, 3.8 Hz, 1H), 7.50 (t, J = 8.0 Hz, 2H), 7.37-7.33 (m, 2H), 7.32-7.30 (m, 2H), 
7.27-7.23 (m, 1H), 6.50 (dd, J = 16.0, 2.4 Hz, 1H), 6.34-6.25 (m, 1H), 6.22 (s, 1H), 5.63 (s, 1H), 

4.62 (d, J = 8.0 Hz, 1H), 4.16 (td, J = 6.6, 2.6 Hz, 2H), 3.06 (dd, J = 14.0, 6.4 Hz, 1H), 2.72 (dd, J = 14.4, 8.0 Hz, 
1H), 1.78-1.68 (m, 2H), 0.99 (td, J = 7.6, 2.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.2, 167.1, 137.4, 136.7, 
136.6, 133.4, 133.2, 128.7, 128.6, 128.5, 128.0, 127.7, 126.3, 66.4, 49.6, 35.5, 22.0, 10.5; HRMS (ESI): m/z 
calcd for C23H24O3Na [M+Na]+ 371.1623, found 371.1615. 

[Reaction time: 5 min]; 5c: 170 mg, 94%, a yellow oil; IR (thin film): νmax 2961, 1713, 1633, 
1450, 1275, 1185, 966, 746, 692 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.09 (d, J = 7.6 Hz, 2H), 
7.60 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.2 Hz, 2H), 7.34-7.34 (m, 2H), 7.32-7.30 (m, 2H), 7.27-7.23 
(m, 1H), 6.50 (d, J = 16.0 Hz, 1H), 6.32-6.25 (m, 1H), 6.22 (s, 1H), 5.63 (s, 1H), 4.62 (dd, J = 

15.8, 9.0 Hz, 1H), 4.21 (ψq, J = 7.6 Hz, 2H), 3.06 (dd, J = 14.0, 6.4 Hz, 1H), 2.72 (dd, J = 14.0, 8.0 Hz, 1H), 1.69 
(q, J = 7.5 Hz, 2H), 1.47-1.42 (m, 2H), 0.98 (dt, J = 9.6, 7.2 Hz, 4H); 13C NMR (100 MHz, CDCl3): δ 200.2, 167.1, 
137.4, 136.7, 136.6, 133.4, 133.2, 128.7, 128.6, 128.5, 128.0, 127.7, 126.3, 64.7, 49.6, 35.5, 30.7, 19.2, 13.7; 
HRMS (ESI): m/z calcd for C24H26O3Na [M+Na]+ 385.1780, found 385.1768. 

[Reaction time: 5 min]; 5d: 167 mg, 92%, a yellow oil; IR (thin film): νmax 2978, 1707, 1449, 
1368, 1253, 1143, 967, 748, 692 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.05 (dt, J = 5.4, 1.0 Hz, 
2H), 7.59-7.56 (m, 1H), 7.50-7.47 (m, 2H), 7.35-7.33 (m, 2H), 7.31-7.28 (m, 2H), 7.24-7.21 (m, 
1H), 6.49 (d, J = 10.8 Hz, 1H), 6.26 (dd, J = 10.4, 6.0 Hz, 1H), 6.10 (d, J = 1.2 Hz, 1H), 5.54 (d, J 

= 0.8 Hz, 1H), 4.62 (td, J = 6.2, 5.0 Hz, 1H), 2.99 (ddd, J = 9.2, 4.4, 0.8 Hz, 1H), 2.68 (ddd, J = 9.2, 4.8, 0.6 Hz, 
1H), 1.51 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 200.4, 166.2, 138.8, 136.8, 136.8, 133.2, 128.7, 128.6, 128.5, 
127.9, 127.6, 127.2, 126.3, 49.7, 35.7, 28.1; HRMS (ESI): m/z calcd for C24H26O3Na [M+Na]+ 385.1780, found 
385.1762. 

[Reaction time: 5 min]; 5e: 157 mg, 77%, a white solid, >20:1 dr, m.p. 56.3-57.7oC ; IR (thin film): 
νmax 2982, 1709, 1670, 1448, 1256, 1141, 952, 746, 703 cm−1; 1H NMR (400 MHz, CDCl3): δ 8.05 (dt, 
J = 7.2, 1.2 Hz, 2H), 7.59-7.54 (m, 1H), 7.49-7.45 (m, 2H), 7.30-7.24 (m, 4H), 7.22-7.12 (m, 4H), 7.11-
7.08 (m, 2H), 6.27 (d, J = 6.0 Hz, 1H), 6.18 (s, 1H), 5.95 (dd, J = 16.0, 8.8 Hz, 1H), 5.59 (d, J = 1.2 Hz, 
1H), 4.92 (dd, J = 11.2, 8.8 Hz, 1H), 4.69 (d, J = 11.2 Hz, 1H), 4.13-4.03 (m, 2H), 1.17 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ 199.2, 166.3, 142.5, 140.0, 137.0, 136.7, 134.5, 133.3, 129.0, 128.8, 128.4, 128.4, 
128.3, 127.6, 126.8, 126.7, 126.2, 123.8, 60.9, 54.3, 49.3, 14.0; HRMS (ESI): m/z calcd for C28H27O3 [M+H]+ 411.1960, 
found 411.1919. 

[Reaction time: 24 h]; 5f: 119 mg, 56%, a yellow solid, >20:1 dr, 59.3-62.1oC; IR (thin film): 
νmax 2924, 1715, 1673, 1370, 1259, 1148, 970, 738, 689 cm−1; 1H NMR (400 MHz, CDCl3): δ 
8.04 (dt, J = 7.2, 1.2 Hz, 2H), 7.59-7.55 (m, 1H), 7.50-7.45 (m, 2H), 7.26-7.21 (m, 1H), 7.21-
7.18 (m, 1H), 7.17-7.11 (m, 3H), 7.08-7.03 (m, 4H), 6.21 (d, J = 0.8 Hz, 1H), 6.16 (d, J = 16.4 
Hz, 1H), 5.92 (dd, J = 16.0, 8.8 Hz, 1H), 5.52 (d, J = 1.2 Hz, 1H), 5.01 (d, J = 10.8 Hz, 1H), 4.80 

(dd, J = 11.2, 8.4 Hz, 1H), 4.11-4.02 (m, 2H), 2.43 (s, 3H), 1.16 (t, J = 7.2 Hz, 3H): δ 199.4, 166.4, 142.7, 138.3, 
137.4, 137.0, 136.7, 134.3, 133.3, 130.4, 128.8, 128.4, 128.4, 127.6, 127.3, 126.6, 126.2, 125.9, 125.7, 123.7, 
60.9, 55.2, 43.7, 20.1, 14.0; HRMS (ESI): m/z calcd for C29H28O3Na [M+Na]+ 447.1936, found 447.1920. 

[Reaction time: 24 h]; 5g: 142 mg, 67%, a yellow solid, >20:1 dr, 62.2-63.5oC; IR (thin film): 
νmax 2925, 1711, 1667, 1277,1142, 963, 791, 714, 658 cm−1; 1H NMR (400 MHz, CDCl3): δ 
8.06 (dt, J = 7.2, 1.2 Hz, 2H), 7.58-7.54 (m, 1H), 7.49-7.45 (m, 2H), 7.21-7.17 (m, 2H), 7.16-
7.13 (m, 2H), 7.10-7.08 (m, 4H), 6.98-6.95 (m, 1H), 6.27 (d, J = 16.0 Hz, 1H), 6.17 (s, 1H), 
5.95 (dd, J = 16.0, 8.8 Hz, 1H), 5.58 (d, J = 1.2 Hz, 1H), 4.91 (dd, J = 11.2, 8.8 Hz, 1H), 4.64 

(d, J = 11.2 Hz, 1H), 4.13-4.03 (m, 2H), 2.28 (s, 3H), 1.18 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 199.2, 
166.4, 142.6, 139.8, 137.7, 137.0, 136.8, 134.3, 133.2, 129.7, 128.8, 128.5, 128.4, 128.1, 127.6, 127.6, 126.9, 
126.3, 126.1, 123.7, 60.8, 54.2, 49.2, 21.5, 14.0; HRMS (ESI): m/z calcd for C29H28O3Na [M+Na]+ 447.1936, 
found 447.1925. 

[Reaction time: 24 h]; 5h: 112 mg, 53%, a yellow solid, >20:1 dr, 63.1-64.2oC; IR (thin film): 
νmax 2945, 1715, 1678, 1448, 1262, 1146, 967, 817, 691 cm−1; 1H NMR (400 MHz, CDCl3): 
δ 8.05 (dt, J = 7.2, 1.2 Hz, 2H), 7.58-7.54 (m, 1H), 7.49-7.45 (m, 2H), 7.21-7.18 (m, 2H), 
7.16 (t, J = 2.2 Hz, 2H), 7.13-7.11 (m, 2H), 7.05 (d, J = 8.0 Hz, 2H), 6.29 (d, J = 16.0 Hz, 1H), 
6.15 (s, 1H), 5.97 (dd, J = 16.0, 8.4 Hz, 1H), 5.58 (d, J = 1.2 Hz, 1H), 4.92 (dd, J = 11.2, 8.8 

Hz, 1H), 4.64 (d, J = 11.2 Hz, 1H), 4.12-4.04 (m, 2H), 2.27 (s, 3H), 1.18 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 199.3, 166.4, 142.7, 137.0, 136.8, 136.8, 136.3, 134.3, 133.2, 129.0, 128.8, 128.8, 128.4, 127.6, 
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126.9, 126.3, 123.6, 60.8, 54.2, 48.9, 21.1, 14.0; HRMS (ESI): m/z calcd for C29H28O3Na [M+Na]+ 447.1936, 
found 447.1924. 

[Reaction time: 24 h]; 5i: 113 mg, 53%, a yellow solid, >20:1 dr, 56.3.2-58.5oC; IR (thin film): 
νmax 2925, 1712, 1507, 1253, 1224, 1143, 965, 829, 962 cm−1; 1H NMR (400 MHz, CDCl3): δ 
8.05 (dt, J = 6.8, 1.2 Hz, 2H), 7.59-7.55 (m, 1H), 7.50-7.45 (m, 2H), 7.27-7.22 (m, 2H), 7.21-
7.19 (m, 2H), 7.18-7.14 (m, 1H), 7.11 (dt, J = 6.6, 1.8 Hz, 2H), 6.97-6.91 (m, 2H), 6.27 (d, J 
= 15.6 Hz, 1H), 6.18 (s, 1H), 5.93 (dd, J = 16.0, 9.2 Hz, 1H), 5.58 (d, J = 1.2 Hz, 1H), 4.88 (dd, 

J = 11.2, 8.8 Hz, 1H), 4.67 (d, J = 11.2 Hz, 1H), 4.14-4.04 (m, 2H), 1.17 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 199.0, 166.2, 142.3, 136.9, 136.5, 135.7 (d, J= 3.0 Hz), 134.8, 133.4, 130.5, 130.4, 128.8, 128.5, 
128.4, 127.8, 126.4, 126.2, 123.9, 115.1 (d, J= 21.0 Hz), 60.9, 54.3, 48.6, 14.0; 19F NMR (376 MHz, CDCl3): -
116.1; HRMS (ESI): m/z calcd for C28H25FO3Na [M+Na]+ 451.1685, found 451.1678. 

[Reaction time: 24 h]; 5j: 150 mg, 67%, a yellow solid, >20:1 dr, 57.7.2-60.5oC; IR (thin 
film): νmax 3431, 2926, 1490, 1711, 1255, 1146, 959, 751, 689 cm−1; 1H NMR (400 MHz, 
CDCl3): δ 8.04 (dt, J = 7.2, 1.2 Hz, 2H), 7.59-7.55 (m, 1H), 7.50-7.45 (m, 2H), 7.22 (s, 4H), 
7.21-7.16 (m, 2H), 7.14-7.09 (m, 2H), 6.29 (d, J = 16.0 Hz, 1H), 6.18 (s, 1H), 5.93 (dd, J = 
16.0, 8.8 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.89 (dd, J = 11.2, 8.8 Hz, 1H), 4.66 (dd, J = 11.2, 

1.2 Hz, 1H), 4.14-4.04 (m, 2H), 1.18 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 198.8, 166.1, 142.1, 
138.6, 136.8, 136.4, 134.9, 133.4, 132.6, 130.4, 128.8, 128.5, 128.4, 127.8, 126.3, 126.2, 124.1, 61.0, 54.0, 
48.7, 29.7, 14.0; HRMS (ESI): m/z calcd for C28H25ClO3Na [M+Na]+ 467.1390, found 467.1373. 

[Reaction time: 24 h]; 5k: 125 mg, 51%, a yellow solid, >20:1 dr, 61.8.2-63.7oC; IR (thin 
film): νmax 3451, 2926, 1712, 1488, 1255, 970, 751, 690 cm−1; 1H NMR (400 MHz, CDCl3): 
δ 8.04 (dt, J = 6.8, 1.2 Hz, 2H), 7.59-7.55 (m, 1H), 7.50-7.45 (m, 2H), 7.38 (td, J = 4.4, 2.6 
Hz, 2H), 7.24-7.20 (m, 1H), 7.20-7.14 (m, 4H), 7.22 (dt, J = 6.6, 1.4 Hz, 2H), 6.30 (d, J = 16.0 
Hz, 1H), 6.18 (s, 1H), 5.93 (dd, J = 16.0, 8.8 Hz, 1H), 5.59 (d, J = 1.2 Hz, 1H), 4.89 (dd, J = 

10.8, 8.8 Hz, 1H), 4.65 (d, J = 11.2 Hz, 1H), 4.13-4.04 (m, 2H), 1.18 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 198.8, 166.1, 142.0, 139.2, 136.8, 136.4, 134.9, 133.4, 131.4, 130.8, 128.8, 128.5, 128.4, 127.8, 
126.3, 126.2, 124.2, 120.8, 61.0, 54.0, 48.8, 14.0; HRMS (ESI): m/z calcd for C28H25BrO3Na [M+Na]+ 511.0885, 
found 511.0873. 

[Reaction time: 2 h]; 4a: 145 mg, 65%, a yellow oil; IR (thin film): νmax 2982, 1713, 1629, 
1447, 1260, 1153, 950, 743, 695 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.91 (dt, J = 7.2, 1.2 
Hz, 2H), 7.47-7.43 (m, 1H), 7.37-7.32 (m, 2H), 7.28-7.26 (m, 4H), 7.24-7.19 (m, 1H), 6.42 
(d, J = 16.8 Hz, 2H), 6.34 (d, J = 16.8 Hz, 2H), 6.20 (d, J = 1.2 Hz, 2H), 5.57 (d, J = 1.2 Hz, 

2H), 3.95-3.84 (m, 4H), 3.24 (dd, J = 14.4, 0.8 Hz, 2H), 3.00 (dd, J = 14.4, 1.2 Hz, 2H), 1.06 (t, J = 7.2 Hz, 6H); 
13C NMR (100 MHz, CDCl3): δ 202.5, 167.6, 137.2, 137.1, 136.7, 132.0, 131.6, 130.6, 129.6, 128.5, 128.2, 
128.1, 127.7, 126.3, 60.8, 56.5, 37.2, 14.0; HRMS (ESI): m/z calcd for C28H30O5K [M+H]+ 485.1730, found 
485.1767. 

6a: 45 mg, 20%, a yellow oil; IR (thin film): νmax 2930, 1715, 1651, 1449, 1273, 1100, 1028, 955, 
700 cm−1;1H NMR (400 MHz, CDCl3): δ 7.63 (dt, J = 7.2, 1.2 Hz, 2H), 7.55-7.50 (m, 1H), 7.43-
7.39 (m, 2H), 7.29 (td, J = 7.2, 1.6 Hz, 2H), 7.23-7.19 (m, 1H), 7.16 (d, J = 1.4 Hz, 2H), 6.50 (d, J 
= 10.0 Hz, 1H), 6.15 (dd, J = 17.6, 1.2 Hz, 2H), 5.42 (d, J = 1.2 Hz, 2H), 4.25-4.09 (m, 5H), 3.51 

(s, 2H), 2.77 (dd, J = 14.0, 6.8 Hz, 1H), 2.64 (dd, J = 14.0, 8.8 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3): δ 197.5, 166.7, 166.7, 148.6, 142.2, 138.1, 137.9, 137.8, 131.9, 129.6, 128.8, 128.2, 127.5, 
127.3, 126.9, 125.5, 60.9, 60.8, 44.2, 39.6, 29.7, 28.9, 14.2, 14.2; HRMS (ESI): m/z calcd for C28H30O5Na [M+Na]+ 
469.1991, found 469.20862. 

[Reaction time: 2 h]; 4b: 143 mg, 68%, a yellow oil; IR (thin film): νmax 2952, 1722, 1676, 
1631, 1442, 1157, 951, 735, 695 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.91 (dt, J = 7.2, 1.2 
Hz, 2H), 7.47-7.43 (m, 1H), 7.37-7.33 (m, 2H), 7.30-7.28 (m, 4H), 7.24-7.20 (m, 1H), 6.36 
(dd, J = 27.4, 16.4 Hz, 2H), 6.20 (d, J = 1.2 Hz, 2H), 5.58 (d, J = 1.2 Hz, 2H), 3.43 (s, 6H), 

3.23 (dd, J = 14.4, 1.2 Hz, 2H), 3.01 (dd, J = 14.4, 1.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 202.4, 168.0, 
137.2, 136.8, 136.6, 132.0, 131.7, 130.6, 129.6, 128.6, 128.5, 128.1, 127.8, 126.3, 56.4, 51.8, 37.3; HRMS 
(ESI): m/z calcd for C26H26O5Na [M+Na]+ 441.1678, found 441.1667. 

6b: 31 mg, 15%, a yellow oil; IR (thin film): νmax 2825, 1719, 1652, 1440, 1276, 1150, 
959, 759, 700 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.67 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.6 
Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.36-7.27 (m, 3H), 7.20 (d, J = 7.6 Hz, 2H), 6.54 (d, J = 
10.0 Hz, 1H), 6.20 (d, J = 12.0 Hz, 2H), 5.48 (d, J = 6.8 Hz, 2H), 4.16 (d, J = 8.4 Hz, 1H), 

3.80 (d, J = 2.0 Hz, 3H), 3.75 (d, J = 2.4 Hz, 3H), 3.56 (s, 2H), 2.82 (dd, J = 14.0, 6.8 Hz, 1H), 2.69 (dd, J = 13.8, 
8.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 197.5, 167.2, 167.1, 148.4, 142.2, 138.1, 137.8, 137.7, 137.5, 132.0, 
129.6, 128.8, 128.2, 127.6, 127.5, 126.9, 125.9, 52.0, 51.9, 44.2, 39.6, 29.7; HRMS (ESI): m/z calcd for 
C26H26O5Na [M+Na]+ 441.1678, found 441.1665. 
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[Reaction time: 2 h]; 4c: 131 mg, 55%, a yellow oil; IR (thin film): νmax 2969, 1715, 1677, 
1447, 1260, 1164, 949, 755, 694 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.91 (dt, J = 7.2, 1.2 
Hz, 2H), 7.47-7.43 (m, 1H), 7.36-7.32 (m, 2H), 7.29-7.27 (m, 4H), 7.24-7.19 (m, 1H), 6.38 
(d, J = 16.7 Hz, 2H), 6.20 (d, J = 1.2 Hz, 2H), 5.56 (d, J = 1.6 Hz, 2H), 3.85-3.74 (m, 4H), 

3.25 (dd, J = 14.4, 1.2 Hz, 2H), 3.00 (dd, J = 14.4, 1.2 Hz, 2H), 1.47 (td, J = 7.2, 7.2 Hz, 4H), 0.81 (t, J = 7.4 Hz, 
6H); 13C NMR (100 MHz, CDCl3): δ 202.5, 167.7, 137.2, 137.1, 136.7, 132.0, 131.6, 130.6, 129.6, 128.5, 128.2, 
128.1, 127.7, 126.3, 66.4, 56.5, 37.1, 21.7, 10.3; HRMS (ESI): m/z calcd for C30H24O5Na [M+Na]+ 497.2304, 
found 497.2299. 

6c: 41 mg, 17%, a yellow oil; IR (thin film): νmax 2968, 1711, 1651, 1449, 1273, 958, 
758, 697, 655 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.63 (dt, J = 6.8, 1.2 Hz, 2H), 7.55-
7.50 (m, 1H), 7.44-7.39 (m, 2H), 7.31-7.27 (m, 2H), 7.23-7.19 (m, 1H), 6.54 (dt, J = 6.8, 
1.4 Hz, 2H), 6.51 (d, J = 10.4 Hz, 1H), 6.18 (d, J = 1.6 Hz, 1H), 6.12 (d, J = 1.2 Hz, 1H), 

5.42 (dd, J = 10.0, 1.2 Hz, 2H), 4.15-4.05 (m, 5H), 3.51 (d, J = 1.6 Hz, 2H), 2.78 (ddd, J = 14.0, 6.8, 1.2 Hz, 1H), 
2.65 (ddd, J = 14.0, 8.8, 1.2 Hz, 1H), 1.75-1.60 (m, 4H), 0.95 (dt, J = 13.6, 7.2 Hz, 6H); 13C NMR (100 MHz, 
CDCl3): δ 197.5, 166.7, 148.7, 142.3, 138.1, 138.0, 137.8, 137.8, 131.9, 129.6, 128.8, 128.2, 127.5, 127.3, 
126.9, 125.4, 44.3, 39.6, 29.7, 28.9, 22.0, 22.0, 10.5, 10.5; HRMS (ESI): m/z calcd for C30H34O5Na [M+Na]+ 
497.2304, found 497.2298. 

[Reaction time: 2 h]; 4d: 144 mg, 57%, a yellow oil; IR (thin film): νmax 2961, 1716, 1677, 
1629, 1449, 1260, 1162, 949, 695 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.91 (dt, J = 7.2, 
1.2 Hz, 2H), 7.47-7.43 (m, 1H), 7.34-7.32 (m, 2H), 7.29-7.27 (m, 4H), 7.23-7.19 (m, 1H), 
6.38 (q, J = 16.8 Hz, 2H), 6.19 (d, J = 1.2 Hz, 2H), 5.56 (d, J = 1.2 Hz, 2H), 3.90-3.78 (m, 

4H), 3.24 (dd, J = 14.4, 0.8 Hz, 2H), 3.00 (dd, J = 14.0, 0.8 Hz, 2H), 1.46-1.38 (m, 4H), 1.28-1.21 (m, 4H), 0.84 
(t, J = 7.4 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 202.5, 167.7, 137.2, 137.1, 136.7, 132.0, 131.6, 130.6, 129.6, 
128.5, 128.2, 128.0, 127.7, 126.3, 64.7, 56.5, 37.2, 30.4, 19.1, 13.7; HRMS (ESI): m/z calcd for C32H38O5Na 
[M+Na]+ 525.2617, found 525.2607. 

6d: 39 mg, 16%, a yellow oil; IR (thin film): νmax 2961, 1715, 1653, 1451, 1275, 1154, 
959, 699 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.65 (dt, J = 6.8, 1.6 Hz, 2H), 7.57-7.53 
(m, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.31 (dd, J = 8.2, 6.6 Hz, 2H), 7.26-7.22 (m, 1H), 7.19-
7.17 (m, 2H), 6.53 (d, J = 10.0 Hz, 1H), 6.19 (d, J = 1.6 Hz, 1H), 6.13 (d, J = 1.2 Hz, 1H), 

5.45 (d, J = 1.2 Hz, 1H), 5.43 (d, J = 1.6 Hz, 1H), 4.21-4.11 (m, 5H), 3.53 (s, 2H), 2.80 (dd, J = 14.0, 6.4 Hz, 1H), 
2.66 (dd, J = 13.8, 8.6 Hz, 1H), 1.74-1.64 (m, 3H), 1.41 (td, J = 14.8, 7.6 Hz, 5H), 0.96 (dt, J = 14.2, 7.2 Hz, 6H; 
13C NMR (100 MHz, CDCl3): δ 197.5, 166.7, 148.6, 142.3, 138.1, 138.0, 137.8, 137.8, 131.9, 129.6, 128.8, 
128.2, 127.5, 127.2, 126.8, 125.4, 64.8, 64.7, 44.2, 39.6, 30.7, 30.6, 28.9, 19.3, 19.2, 13.7; HRMS (ESI): m/z 
calcd for C32H38O5Na [M+Na]+ 525.2617, found 525.2602. 

[Reaction time: 2 h]; 4e: 152 mg, 61%, a yellow oil; IR (thin film): νmax 2978, 1710, 1677, 
1368, 1254, 1147, 948, 850, 694 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.90 (dt, J = 7.2, 1.2 
Hz, 2H), 7.46-7.42 (m, 1H), 7.36-7.32 (m, 2H), 7.30-7.26 (m, 3H), 7.24-7.17 (m, 2H), 6.43 
(dd, J = 30.8, 16.8 Hz, 2H), 6.14 (d, J = 1.6 Hz, 2H), 5.50 (d, J = 1.6 Hz, 2H), 3.20 (d, J = 

14.4 Hz, 2H), 2.95 (d, J = 14.0 Hz, 2H), 1.28 (s, 18H); 13C NMR (100 MHz, CDCl3): δ 202.8, 166.7, 138.3, 137.5, 
137.0, 131.9, 131.7, 130.4, 129.6, 128.5, 128.0, 127.6, 126.4, 80.7, 56.6, 37.0, 27.9, 27.8; HRMS (ESI): m/z 
calcd for C32H38O5Na [M+Na]+ 525.2617, found 525.2602. 

6e: 41 mg, 16%, a yellow oil; IR (thin film): νmax 2928, 1710, 1654, 1368, 1278, 1147, 960, 
850, 699 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.64 (dt, J = 7.2, 1.2 Hz, 2H), 7.54-7.50 (m, 1H), 
7.43-7.38 (m, 2H), 7.37-7.26 (m, 2H), 7.23-7.18 (m, 1H), 7.16 (dt, J = 6.8, 1.4 Hz, 2H), 6.50 
(d, J = 10.0 Hz, 1H), 6.09 (dd, J = 4.6, 1.4 Hz, 1H), 6.02 (d, J = 1.2 Hz, 1H), 5.38 (d, J = 1.2 Hz, 

1H), 5.33 (d, J = 1.6 Hz, 1H), 4.08 (td, J = 9.2, 6.0 Hz, 1H), 3.47 (d, J = 5.2 Hz, 2H), 2.74 (ddd, J = 13.6, 6.4, 1.2 Hz, 1H), 
2.59 (dd, J = 13.8, 8.6 Hz, 1H), 1.48 (s, 9H), 1.45 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 197.6, 165.9, 165.9, 148.9, 
142.5, 139.3, 139.1, 138.2, 137.8, 131.9, 129.7, 128.8, 128.1, 127.5, 126.8, 126.6, 124.4, 44.4, 39.6, 28.1, 28.0; HRMS 
(ESI): m/z calcd for C32H38O5Na [M+Na]+ 525.2617, found 525.2605. 

[Reaction time: 2 h]; 4f: 77 mg, 33%, a yellow oil; IR (thin film): νmax 2926, 1715, 1598, 
1447, 1268, 1157, 949, 783, 691 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.93 (dt, J = 7.2, 1.2 
Hz, 2H), 7.50-7.45 (m, 1H), 7.40-7.35 (m, 2H), 7.22 (t, J = 7.8 Hz, 1H), 6.90 (d, J = 7.6 Hz, 
1H), 6.83-6.78 (m, 2H), 6.43 (dd, J = 36.2, 16.6 Hz, 2H), 6.23 (d, J = 1.6 Hz, 2H), 5.59 (d, J 
= 1.6 Hz, 2H), 4.00-3.86 (m, 4H), 3.81 (s, 3H), 3.25 (d, J = 14.4 Hz, 2H), 3.02 (d, J = 14.4 

Hz, 2H), 1.10 (t, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 202.4, 167.6, 159.8, 138.2, 137.2, 137.1, 132.0, 
132.0, 130.5, 129.6, 129.5, 128.2, 128.1, 118.9, 113.4, 111.6, 60.8, 56.4, 55.2, 37.2, 14.0; HRMS (ESI): m/z 
calcd for C29H32O6Na [M+Na]+ 499.2097, found 499.2084. 
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[Reaction time: 2 h]; 4h: 137 mg, 57%, a yellow oil; IR (thin film): νmax 2982, 1713, 1629, 
1445, 12612, 1153, 949, 782, 691 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.89 (dt, J = 7.2, 1.2 
Hz, 2H), 7.48-7.44 (m, 1H), 7.38-7.34 (m, 2H), 7.24 (d, J = 2.0 Hz, 1H), 7.21-7.17 (m, 2H), 
7.15-7.11 (m, 1H), 6.43 (d, J = 16.4 Hz, 1H), 6.27 (d, J = 16.4 Hz, 1H), 6.22 (d, J = 1.6 Hz, 
2H), 5.58 (d, J = 1.2 Hz, 2H), 3.99-3.86 (m, 4H), 3.23 (dd, J = 14.4, 0.8 Hz, 2H), 2.99 (dd, J 

= 14.4, 1.2 Hz, 2H), 1.09 (t, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 202.1, 167.5, 138.6, 137.1, 136.9, 
134.5, 133.3, 132.1, 129.8, 129.6, 129.3, 128.5, 128.1, 127.6, 126.2. 124.4, 60.9, 56.6, 37.3, 14.0; HRMS (ESI): 
m/z calcd for C28H29ClO5Na [M+Na]+ 503.1601, found 503.1587. 

[Reaction time: 2 h]; 4i: 145 mg, 55%, a yellow oil; IR (thin film): νmax 2982, 1715, 1677, 
1445, 1277, 1154, 950, 781, 695 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.89 (dt, J = 7.2, 1.2 
Hz, 2H), 7.49-7.44 (m, 1H), 7.40-7.33 (m, 4H), 7.19-7.12 (m, 2H), 6.42 (d, J = 16.4 Hz, 1H), 
6.25 (d, J = 16.8 Hz, 1H), 6.22 (d, J = 1.6 Hz, 2H), 5.58 (d, J = 1.2 Hz, 2H), 3.99-3.86 (m, 4H), 
3.23 (dd, J = 14.4, 1.2 Hz, 2H), 2.99 (dd, J = 14.4, 1.2 Hz, 2H), 1.09 (t, J = 7.2 Hz, 6H); 13C 

NMR (100 MHz, CDCl3): δ 202.0, 167.5, 138.9, 137.0, 136.9, 133.3, 132.1, 130.5, 130.1, 129.6, 129.2, 129.1, 
128.5, 128.1, 124.9, 122.8, 60.9, 56.6, 37.3, 14.0; HRMS (ESI): m/z calcd for C28H29BrO5Na [M+Na]+ 547.1096, 
found 547.1081. 

6i: 71 mg, 27%, a yellow oil; IR (thin film): νmax 2926, 1714, 1654, 1472, 1153, 1027, 957, 
816, 697 cm−1; 1H NMR (400 MHz, CDCl3): δ 7.64 (dt, J= 6.8, 1.2 Hz, 2H), 7.56-7.51 (m, 
1H), 7.45-7.40 (m, 2H), 7.37-7.32 (m, 2H), 7.16 (t, J= 7.6 Hz, 1H), 7.11-7.07 (m, 1H), 6.40 
(d, J= 10.0 Hz, 1H), 6.19 (d, J= 1.2 Hz, 1H), 6.13 (d, J= 1.2 Hz, 1H), 5.45 (d, J= 1.4 Hz, 2H), 
4.24-4.14 (m, 5H), 3.50 (s, 2H), 2.76 (ddd, J= 14.0, 6.4, 1..2 Hz, 1H), 2.61 (dd, J= 14.0, 

9.2 Hz, 1H), 1.31 (td, J= 7.2, 1.6 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 197.4, 166.6, 144.7, 138.5, 138.0, 
137.7, 137.6, 132.1, 130.6, 130.3, 129.7, 129.3, 128.6, 128.2, 127.5, 126.3, 125.8, 125.6, 61.0, 60.9, 43.8, 
39.5, 29.7, 14.2, 14.2; HRMS (ESI): m/z calcd for C28H29BrO5Na [M+Na]+ 547.1096, found 547.1078. 

[Reaction time: 24 h]; 4k/6k: 113 mg, 48%, a yellow oil 
mixture, 10:1 rr; IR (thin film): νmax 2981, 1713, 1599, 1446, 
1258, 1169, 948, 754, 694 cm−1; 1H NMR (400 MHz, CDCl3): 4k: 
δ 7.97 (dt, J = 8.8, 3.2 Hz, 2H), 7.27 (t, J = 4.4 Hz, 4H), 7.24-
7.19 (m, 1H), 6.83 (dt, J = 9.2, 2.8 Hz, 2H), 6.43 (d, J = 16.8 Hz, 

1H), 6.33 (d, J = 16.8 Hz, 1H), 6.19 (d, J = 1.2 Hz, 2H), 5.57 (d, J = 1.6 Hz, 2H), 3.94-3.85 (m, 4H), 3.82 (s, 3H), 
3.23 (dd, J = 14.4, 1.2 Hz, 2H), 2.98 (dd, J = 14.4, 1.2 Hz, 2H), 1.07 (t, J = 7.2 Hz, 6H); 13C NMR (100 MHz, 
CDCl3): 4k: δ 200.3, 167.7, 162.6, 137.3, 136.8, 132.2, 132.1, 130.3, 129.6, 128.5, 128.2, 127.7, 126.3, 113.2, 
60.8, 56.3, 55.4, 37.2, 14.0; HRMS (ESI): m/z calcd for C29H32O6Na [M+Na]+ 499.2097, found 499.2082. 

[Reaction time: 24 h]; 4l/6l: 78 mg, 34%, a yellow oil mixture, 2:1 rr; IR (thin 
film): νmax 2983, 1714, 1680, 1586, 1439, 1150, 964, 754, 696 cm−1; 1H NMR 
(400 MHz, CDCl3) δ: 1H NMR (400 MHz, CDCl3): δ 4l: 7.72 (ddd, J = 8.0, 1.6, 
1.0 Hz, 1H), 7.60 (ddd, J = 10.0, 2.4, 1.6 Hz, 1H), 7.35-7.31 (m, 1H), 7.31-7.27 

(m, 4H), 7.25-7.19 (m, 2H), 6.35 (d, J = 2.4 Hz, 2H), 6.21 (d, J = 1.2 Hz, 2H), 5.58 (q, J = 1.2 Hz, 2H), 4.02-3.82 (m, 4H), 
3.22 (dd, J = 14.2, 1.0 Hz, 2H), 3.00 (dd, J = 14.2, 1.0 Hz, 2H), 1.08 (t, J = 7.2 Hz, 6H); 6l: 7.18-7.14 (m, 1H), 5.43 (dd, J 
= 12.0, 1.2 Hz, 1H), 4.26-4.10 (m, 2H), 3.50 (s, 1H), 1.27 (dt, J = 26.8, 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 4l/6l: 
201.1, 196.0, 167.5, 166.6 (d, J = 4.0 Hz), 163.5, 161.0, 149.0, 142.1, 140.2 (d, J = 6.0 Hz), 139.1 (d, J = 6.0 Hz). 137.9, 
137.7 (d, J = 5.0 Hz), 137.0, 136.5, 131.1, 130.0, 129.8 (d, J = 8.0 Hz), 129.6 (d, J = 8.0 Hz), 128.8, 128.6, 128.4, 127.9, 
127.5, 127.4, 126.9, 126.3, 125.6, 125.4 (d, J = 3.0 Hz), 125.3 (d, J = 3.0 Hz), 119.1 (d, J = 21.0 Hz), 119.0 (d, J = 22.0 
Hz), 116.5 (d, J = 23.0 Hz), 116.4 (d, J = 22.0 Hz), 60.9, 56.5, 44.2, 39.6, 37.2, 29.7, 28.9, 14.2 (d, J = 3.6 Hz), 13.9; 19F 
NMR (376 MHz, CDCl3): δ 4l/6l: -111.9, -112.2; HRMS (ESI): m/z calcd for C28H29FO5Na [M+Na]+ 487.1897, found 
487.1882. 

[Reaction time: 6 h]; 4m/6m: 160 mg, 67%, a yellow oil mixture, 2:1 rr; IR 
(thin film): νmax 2983, 1714, 1680, 1445, 1260, 955, 815, 749, 698 cm−1; 1H 
NMR (400 MHz, CDCl3): δ 4m: 7.87 (t, J = 2.0 Hz, 1H), 7.81 (ddd, J = 8.0, 1.6, 
1.2 Hz, 1H), 7.50 (dd, J = 8.0, 2.0 Hz, 1H), 7.42 (ddd, J = 8.0, 2.4, 1.2 Hz, 1H), 

7.33-7.26 (m, 5H), 6.34 (d, J = 2.4 Hz, 2H), 6.22 (d, J = 1.6 Hz, 2H), 5.58 (d, J = 1.2 Hz, 2H), 3.99-3.83 (m, 4H), 3.21 (dd, 
J = 14.2, 1.0 Hz, 2H), 2.99 (dd, J = 14.2, 1.0= Hz, 2H), 1.08 (t, J = 7.2 Hz, 6H); 6m: 7.26-7.18 (m, 2H), 7.18-7.14 (m, 1H), 
5.58 (dd, J = 24.0, 1.2 Hz, 2H), 5.49-5.38 (m, 1H), 4.27-4.13 (m, 2H), 3.49 (s, 1H), 1.27 (dt, J = 14.2, 7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ 4m/6m: 201.1, 196.6, 167.5, 166.6, 149.2, 142.1, 139.8. 138.7, 137.9, 137.7, 137.2, 137.0, 
136.5, 134.4, 133.6, 131.9, 131.2, 131.1 (2C), 129.7, 129.5, 129.2, 128.8, 128.7, 128.6, 128.5, 128.4, 128.1, 128.0, 
127.9, 127.8, 127.7, 127.5, 127.4, 126.9, 126.3, 125.6, 125.4, 60.9, 60.9, 56.5, 44.1, 39.7, 38.2, 37.3, 29.7, 28.9, 14.2 
(d, J = 5.0 Hz), 13.9; HRMS (ESI): m/z calcd for C28H29ClO5Na [M+Na]+ 503.1601, found 503.1589. 
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[Reaction time: 6 h]; 4n/6n: 170 mg, 69%, a yellow oil mixture, 1.5:1 
rr; IR (thin film): νmax 2983, 1714, 1630, 1588, 1446, 1264, 949, 752, 
697 cm−1; 1H NMR (400 MHz, CDCl3): δ 4n: 7.88 (dt, J = 8.8, 2.4 Hz, 2H), 
7.58 (dt, J = 8.8, 2.2 Hz, 1H), 7.39 (dt, J = 8.4, 2.6 Hz, 1H), 7.30-7.26 (m, 

4H), 7.25-7.20 (m, 2H), 6.34 (d, J = 9.2 Hz, 2H), 6.21 (d, J = 1.2 Hz, 2H), 5.58 (d, J = 1.2 Hz, 2H), 3.97-3.83 (m, 
4H), 3.21 (dd, J = 14.4, 0.8 Hz, 2H), 2.98 (dd, J = 14.2, 1.2= Hz, 2H), 1.07 (t, J = 7.2 Hz, 6H); 6n: 7.34-7.31 (m, 
2H), 7.18-7.12 (m, 1H), 5.42 (q, J = 1.2 Hz, 1H), 4.23-4.12 (m, 2H), 3.50 (s, 1H), 1.27 (dt, J = 24.0, 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3): δ 4n/6n: 201.1, 196.2, 167.5, 166.6 (d, J = 4.0 Hz), 148.5, 142.1, 138.4, 138.3, 
137.9, 137.7, 137.6, 137.0, 136.5, 136.4, 135.3, 132.0, 131.3, 131.2, 131.0, 130.9, 130.6, 128.8, 128.6, 128.5, 
128.4, 128.3, 127.9, 127.5, 127.3, 126.9, 126.3, 125.6, 60.9, 60.8, 56.4, 44.2, 39.5, 38.2, 37.3, 29.7, 29.0, 
14.2 (d, J = 6.0 Hz), 13.9; HRMS (ESI): m/z calcd for C28H29O5Na [M+Na]+ 503.1601, found 503.1584. 

[Reaction time: 6 h]; 4o/6o: 164 mg, 62%, a yellow oil mixture, 1.5:1 
rr; IR (thin film): νmax 2983, 1714, 1679, 1445, 1260, 1153, 953, 746, 
695 cm−1; 1H NMR (400 MHz, CDCl3) δ 4o: 8.03 (t, J = 1.6 Hz, 1H), 7.86 
(dt, J = 8.4, 1.2 Hz, 1H), 7.60-7.55 (m, 1H), 7.33-7.26 (m, 4H), 7.26-

7.20 (m, 2H), 6.34 (d, J = 1.6 Hz, 2H), 6.22 (d, J = 1.2 Hz, 2H), 5.58 (d, J = 1.2 Hz, 2H), 3.99-3.84 (m, 4H), 3.21 
(dd, J = 14.4, 1.0 Hz, 2H), 2.99 (dd, J = 14.4, 1.2 Hz, 2H), 1.08 (t, J = 7.2 Hz, 6H); 6o: 7.19-7.13 (m, 1H), 5.50-
5.35 (m, 1H), 4.28-4.11 (m, 2H), 3.48 (s, 1H), 1.27 (dt, J = 22.8, 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
201.0, 195.9, 167.5, 162.6 (d, J = 2.0 Hz), 149.2, 142.1, 140.0, 138.9, 137.9, 137.7, 137.0, 136.5, 134.9, 134.8, 
132.6, 132.5, 131.1, 131.0, 129.8, 129.5, 128.9, 128.7, 128.6, 128.5, 128.3, 128.1, 128.0, 127.9, 127.8, 127.5, 
127.1, 126.9, 126.3, 125.6, 122.4, 122.3, 60.9, 56.5, 44.1, 39.7, 38.2, 37.3, 29.7, 28.9, 14.2 (d, J = 4.0 Hz), 
13.9; HRMS (ESI): m/z calcd for C28H29BrO5Na [M+Na]+ 547.1096, found 547.1080. 

[Reaction time: 6 h]; 4p/6p: 159 mg, 62%, a yellow oil mixture, 
1.4:1 rr; IR (thin film): νmax 2928, 1716, 1683, 1326, 1170, 1132, 
950, 755, 697 cm−1; 1H NMR (400 MHz, CDCl3): δ 4p: 8.04-7.99 
(m, 2H), 7.61 (dd, J = 8.8, 0.8 Hz, 2H), 7.33-7.27 (m, 3H), 7.25-
7.20 (m, 2H), 6.35 (d, J = 1.2 Hz, 2H), 6.23 (d, J = 1.2 Hz, 2H), 5.60 

(d, J = 1.2 Hz, 2H), 3.98-3.83 (m, 4H), 3.22 (dd, J = 14.4, 1.2 Hz, 2H), 3.01 (dd, J = 14.4, 1.2 Hz, 2H), 1.07 (t, J 
= 7.2 Hz, 6H); 6p: 7.68 (dd, J = 14.4, 8.4 Hz, 2H),7.16-7.13 (m, 1H), 6.15 (dd, J = 9.6, 1.3 Hz, 1H), 5.42 (dt, J = 
4.1, 1.4 Hz, 1H), 4.24-5.13 (m, 2H), 3.52 (s, 1H), 1.27 (dt, J = 22.8, 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 
4p/6p: δ 202.7, 196.3, 167.5, 166.6 (d, J= 5.0 Hz), 137.7, 137.0, 136.4, 131.2, 130.9, 129.9, 129.7, 128.9, 
128.6, 128.5, 128.0, 127.5, 127.3, 127.0, 149.8, 141.9, 141.3, 140.2, 137.9, 137.7 (d, J= 4.0 Hz), 136.9, 136.4, 
133.1, 131.2, 130.9, 129.9, 129.7, 128.9, 128.6, 128.5, 128.0, 127.5, 127.3, 127.0, 126.3, 125.6, 125.2 (d, J= 
3.0 Hz), 125.1 (d, J= 4.0 Hz), 125.0, 60.9, 56.5, 44.3, 39.4, 37.3, 29.7, 32.0, 28.8, 22.8, 14.2 (d, J= 4.0 Hz), 13.9; 
19F NMR (376 MHz, CDCl3): -63.1; HRMS (ESI): m/z calcd for C29H29O5Na [M+Na]+ 537.1865, found 537.1845. 
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IX. Copes of NMR for all new compounds 

1H NMR and 13C NMR Spectra for Compound 3a 
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1H NMR and 13C NMR Spectra for Compound 3b 
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1H NMR and 13C NMR Spectra for Compound 3c 
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1H NMR and 13C NMR Spectra for Compound 3d 
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1H NMR and 13C NMR Spectra for Compound 3e 
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1H NMR and 13C NMR Spectra for Compound 3f 
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1H NMR, 13C NMR and 19F NMR Spectra for Compound 3g 
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1H NMR Spectrum for Compound 3g (20% DABCO/DCM) 
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1H NMR, 13C NMR and 19F NMR Spectra for Compound 3h 
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1H NMR and 13C NMR Spectra for Compound 3i 
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1H NMR and 13C NMR Spectra for Compound 3j 
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1H NMR and 13C NMR Spectra for Compound 3k 
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1H NMR and 13C NMR Spectra for Compound 3l 
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1H NMR and 13C NMR Spectra for Compound 3m 
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1H NMR Spectrum for Compound 3m (20% DABCO/DCM) 
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1H NMR and 13C NMR Spectra for Compound 3n 
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1H NMR and 13C NMR Spectra for Compound 3o 
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1H NMR, 13C NMR and 19F NMR Spectra for Compound 3p 
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1H NMR Spectrum for Compound 3p (20% DABCO/DCM) 
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1H NMR and 13C NMR Spectra for Compound 3q 
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1H NMR and 13C NMR Spectra for Compound 3r 
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1H NMR and 13C NMR Spectra for Compound 3s 
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1H NMR, 13C NMR and 19F NMR Spectra for Compound 3t 
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1H NMR and 13C NMR Spectra for Compound 5a 
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1H NMR and 13C NMR Spectra for Compound 5b 
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1H NMR and 13C NMR Spectra for Compound 5c 
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1H NMR and 13C NMR Spectra for Compound 5d 
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1H NMR and 13C NMR Spectra for Compound 5e 
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1H NMR and 13C NMR Spectra for Compound 5f 
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1H NMR and 13C NMR Spectra for Compound 5g 
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1H NMR and 13C NMR Spectra for Compound 5h 

 

 



S44 

 

1H NMR, 13C NMR and 19F NMR Spectra for Compound 5i 
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1H NMR and 13C NMR Spectra for Compound 5j 
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1H NMR and 13C NMR Spectra for Compound 5k 
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1H NMR and 13C NMR Spectra for Compound 4a 
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1H NMR, 13C NMR and 2D-NOESY Spectra for Compound 6a 
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1H NMR and 13C NMR Spectra for Compound 4b 
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1H NMR and 13C NMR Spectra for Compound 6b 
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1H NMR and 13C NMR Spectra for Compound 4c 
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1H NMR and 13C NMR Spectra for Compound 6c 
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1H NMR and 13C NMR Spectra for Compound 4d 
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1H NMR and 13C NMR Spectra for Compound 6d 
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1H NMR and 13C NMR Spectra for Compound 4e 
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1H NMR and 13C NMR Spectra for Compound 6e 
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1H NMR and 13C NMR Spectra for Compound 4f 
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1H NMR and 13C NMR Spectra for Compound 4h 
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1H NMR and 13C NMR Spectra for Compound 4i 
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1H NMR and 13C NMR Spectra for Compound 6i 
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1H NMR and 13C NMR Spectra for Compounds 4k/6k 
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1H NMR, 13C NMR and 19F NMR Spectra for Compounds 4l/6l 
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1H NMR and 13C NMR Spectra for Compounds 4m/6m 
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1H NMR and 13C NMR Spectra for Compounds 4n/6n 
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1H NMR and 13C NMR Spectra for Compounds 4o/6o 
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1H NMR, 13C NMR and 19F NMR Spectra for Compounds 4p/6p 
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X. Copes of HRMS for all new compounds 

HRMS for Compound 3a 

 

HRMS for Compound 3b 

 

HRMS for Compound 3c 

 

HRMS for Compound 3d 
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HRMS for Compound 3e 

 

HRMS for Compound 3f 

 

HRMS for Compound 3g 
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HRMS for Compound 3h 

 

HRMS for Compound 3i 

 

HRMS for Compound 3j 

 

HRMS for Compound 3k 
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HRMS for Compound 3l 

 

HRMS for Compound 3m 

 

HRMS for Compound 3n 

 

HRMS for Compound 3o 
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HRMS for Compound 3p 

 

HRMS for Compound 3q 

 

HRMS for Compound 3r 

 

HRMS for Compound 3s 
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HRMS for Compound 3t 

 

HRMS for Compound 5a 

 

HRMS for Compound 5b 
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HRMS for Compound 5c 

 

HRMS for Compound 5d 

 

HRMS for Compound 5e 
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HRMS for Compound 5f 

 

HRMS for Compound 5g 

 

HRMS for Compound 5h 
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HRMS for Compound 5i 

 

HRMS for Compound 5j 

 

HRMS for Compound 5k 
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HRMS for Compound 4a 

 

HRMS for Compound 6a 

 

HRMS for Compound 4b 
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HRMS for Compound 6b 

 

HRMS for Compound 4c 

 

HRMS for Compound 6c 
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HRMS for Compound 4d 

 

HRMS for Compound 6d 

 

HRMS for Compound 4e 
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HRMS for Compound 6e 

 

HRMS for Compound 4f 

 

HRMS for Compound 4h 
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HRMS for Compound 4i 

 

HRMS for Compound 6i 

 

HRMS for Compounds 4k/6k 
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HRMS for Compounds 4l/6l 

 

HRMS for Compounds 4m/6m 

 

HRMS for Compounds 4n/6n 
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HRMS for Compounds 4o/6o 

 

HRMS for Compounds 4p/6p 
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XII. Copes of Data of X-ray crystal structure for 5k (CCDC 2369042) 
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