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I. General 
 

All reactions were carried out under nitrogen atmosphere unless otherwise noted and monitored 
by thin-layer chromatography to detect the completion of the reaction. NMR spectra were recorded 
on a Varian Mercury V x300 spectrometer. Infrared spectra were obtained on a Bio-Rad FTS-185 
instrument. Mass spectra were provided on HP 5973 or Agilent 1100. The optical rotation was 
measured on a Perkin-Elmer 341 polarimeter and the enantiomeric excesses were determined after 
separation of the enantiomers by HPLC on a Perkin-Elmer (785A, 200 IC Pump) or Waters (515 
Pump, 2487. Dual Absorbance Detector) instruments. Elemental analyses were carried out on 
Elementar Vario EL instruments. All solvents were dried and distilled before use according to the 
standard procedure. All melting points were uncorrected. [Pd(dppp)(H2O)2](OTf)2 (4a),1 
[Pd(dppe)(H2O)2](OTf)2 (4b),2 [Pd((R)-binap)(H2O)2](OTf)2 (4e),3 Pd(OTf)2

.2H2O4 and 
arylboronic aicds (1a-1c5 and 1d6) were synthesized following the literature procedures. 
 
II. Enantioselective annulation of 2-acylarylboronic acids with substituted propynoates  
(i) General procedure for Table 1  

OH

Me

CO2Me

(-)-3aa  
Table 1, entry 1: 

To a Schlenk tube were added o-formylphenylboronic acid (45 mg, 0.3 mmol, 1.2 equiv.), 
[Pd((R)-binap)(H2O)2](OTf)2 (6.8 mg 3 mol%) and methyl 2-butynoate (29 mg, 0.25 mmol, 1 equiv.) 
and dioxane (2.0 mL) successively under N2. The reaction mixture was stirred at 20 oC for 12h until 
methyl 2-butynoate was disappeared as monitored by TLC. Then, the mixture was concentrated 
under reduced pressure and purified by flash column chromatography (ethyl acetate: petroleum 
ether = 1:4 to 1:2) to obtain the product 3aa.7

Yield: 92%.The ee value was determined by chiral HPLC using a Chiralcel OD-H column (250 mm) 
with hexane : isopropanol = 80 : 20, flow = 0.6 mL/min; ee: 91%; [α]D

20= -81.9 (c 0.505, CHCl3). 
m.p: 123-125 oC; 
1H NMR (300 MHz, CDCl3): δ 7.59-7.61 (m, 1H), 7.39-7.43 (m, 3H), 5.40 (s, 1H), 3.90 (s, 3H), 
3.20 (d, J=3.3 Hz, 1H), 2.50 (d, J=1.8 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 166.0, 153.1, 144.5, 
142.3, 132.0, 129.0, 128.6, 123.9, 121.3, 75.5, 51.4, 12.4; IR (KBr): ν 3319, 3217, 2943, 2838, 1709, 
1618, 1238, 755 cm-1; MS (70 eV, EI) m/z (%): 204 (M+), 189, 172, 144 (100), 115. 
Table 1, entry 4: 
When Pd(OTf)2/(R)-binap was used as catalyst, (-)-3aa was obtained similarly. 
Yield: 95%. The ee value was determined by chiral HPLC using a Chiralcel OD-H column (250 mm) 
with hexane : isopropanol = 80 : 20, flow = 0.6 mL/min; ee: 91.3%. 
 
(ii) General procedure for Table 2 
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OH

Me

CO2Me

(+)-3aa  
Entry 1 

To a Schlenk tube were added o-formylphenylboronic acid (45 mg, 0.3 mmol, 1.2 equiv.), a 
solution of Pd(OTf)2

.2H2O (3.6 mg, 3 mol%) and (S)-S1 (5.4 mg, 3.3 mol%) in dioxane (0.5 mL), 
methyl 2-butynoate (29 mg, 0.25 mmol, 1 equiv.) and dioxane (1.5 mL) successively under N2. The 
reaction mixture was stirred at 20 oC for 12 h until methyl 2-butynoate was disappeared as 
monitored by TLC. Then, the mixture was concentrated under reduced pressure and purified by 
flash column chromatography (ethyl acetate: petroleum ether = 1:4 to 1:2) to obtain the product: 
3aa.7

Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H column 
(150 mm) with hexane : isopropanol = 80 : 20, flow = 0.6 mL/min; ee: 97.8%; [α]D

20= +96.6 (c 
1.015, CHCl3). 

nC3H7

OH

OMe

O

3ab  
Entry 2  
Yield: 84%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 90 : 10, flow = 0.6 mL/min; ee: 86.1%; [α]D

20 = +76.3 (c 1.02, CHCl3). 
m.p: 97-98.5 oC; 
1H NMR (300 MHz, CDCl3): δ 7.59-7.62 (m, 1H), 7.38-7.46 (m, 3H), 5.40 (d, J=3 Hz, 1H), 3.89 (s, 
3H), 3.21 (d, J=3.3 Hz, 1H), 2.91-2.99 (m, 2H), 1.64-1.71 (m, 2H), 1.03 (t, J=7.2 Hz, 3H); 13C NMR 
(75 MHz, CDCl3): δ 165.8, 157.5 144.8, 141.7, 131.8, 128.9, 128.6, 124.0, 121.6, 75.7, 51.4, 28.4,  
22.2, 14.3; IR (KBr): ν  3346, 2951, 2868, 1707, 1614, 1245 cm-1; MS (70 eV, EI) m/z (%): 232 (M+), 
215, 200, 189, 172, 157, 144 (100), 129, 115, 77; Anal. Calcd for C14H16O3: C, 72.39; H, 6.94. 
Found: C, 72.30; H, 7.04. 
 

nC7H15

OH

OMe

O

3ac  
Entry 3  
Yield: 88%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 97 : 3, flow = 0.7 mL/min; ee: 89.3%; [α]D

20 = +61.8 (c 1.04, CHCl3). 
m.p: 89-90.5 oC; 
1H NMR (300 MHz, CDCl3): δ 7.59-7.61 (m, 1H), 7.38-7.44 (m, 3H), 5.40 (d, J=3.6 Hz, 1H), 3.89 
(s, 3H), 3.20 (d, J=3.0 Hz, 1H), 2.91-2.99 (m, 2H), 1.59-1.64 (m, 2H), 1,29-1.45 (m, 8H), 0.88 (t, 
J=6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 165.8, 157.8, 144.9, 141.7, 131.5, 128.9, 128.6, 124.0, 
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121.6, 75.7, 51.4, 31.7, 29.8, 29.0, 28.8, 26.6, 22.6, 14.1; IR (KBr): ν  3359, 3283, 2927, 2856, 1701, 
1699, 1614, 1244 cm-1; MS (70 eV, EI) m/z (%): 288 (M+), 256, 229, 199, 157, 144(100), 131, 115, 
43; Anal. Calcd for C18H24O3: C, 74.97; H, 8.39. Found: C, 75.19; H, 8.37. 

Ph

OH

OMe

O

3ad  
Entry 4  
Yield: 58%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 80 : 20, flow = 0.7 mL/min; ee: 90.4%; [α]D

20 = +68.1 (c 0.69, CHCl3). 
m.p: 122-124 oC; 
1H NMR (300 MHz, CDCl3): δ 7.66 (d, J=7.2 Hz, 1H), 7.38-7.50 (m, 6H), 7.32 (t, J=7.8 Hz, 1H),
7.19 (d, J=7.5 Hz, 1H), 5.57 (d, J=3.3 Hz, 1H), 3.72 (s, 3H), 3.39-3.42 (m, 1H); 13C NMR (75MHz, 
CDCl3): δ  165.4, 154.0, 144.6, 142.0, 133.0, 132.5, 129.1, 128.8, 128.7, 128.6, 127.9, 124.2, 123.3, 
76.2, 51.5; IR (KBr): ν 3362, 2943, 1714, 1601, 1577, 1226, 1130 cm-1; MS (70 eV, EI) m/z (%): 
266 (M+), 234, 206 (100), 178; HRMS Calcd for C17H14O3: 266.0943. Found: 266.0943. 
 

OH

OMe

O

OMe

3ae  
Entry 5  
Yield: 83%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 89.5%; [α]D

20 = +64.2 (c 0.775, CHCl3). 
m.p: 143-145; 
1H NMR (300 MHz, CDCl3): δ 7.66 (d, J=6.9 Hz, 1H), 7.28-7.43 (m, 5H), 7.0 (d, J=8.7 Hz, 2H), 
5.57 (d, J=3.3 Hz, 1H), 3.89 (s, 3H), 3.74 (s, 3H), 3.32 (d, J=3.3 Hz, 1H); 13C NMR (75 MHz, 
CDCl3): δ 165.8, 160.0, 153.9, 144.7, 142.1, 131.7, 130.4, 129.1, 128.7, 125.0, 124.2, 123.4, 113.4, 
76.1, 55.2, 51.5; IR (KBr): ν 3352, 2940, 1712, 1613, 1512, 1179, 1130 cm-1; MS (70 eV, EI) m/z 
(%): 296 (M+), 280, 264, 237, 236 (100), 165; Anal. Calcd for C18H14O4: C, 72.96; H, 5.44. Found: 
C, 72.70; H, 5.46. 

MOM

MOM

OH
3af  

Entry 6  
Yield: 95%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 95 : 5, flow = 0.6 mL/min; ee: 57.3%; [α]D

20 = -42.8 (c 2.555, CHCl3). 
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1H NMR (300 MHz, CDCl3): δ 7.52 (d, J=6.9 Hz, 1H), 7.21-7.38 (m, 3H), 5.23 (d, J=5.4 Hz, 1H), 
4.42-4.47 (m ,4H), 3.43 (s, 3H), 3.40 (s, 3H), 2.71 (d, J=3.0 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 
144.5, 143.1, 141.9, 137.0, 128.4, 126.3, 123.3, 120.3, 77.4, 66.9, 65.9, 58.5, 58.2; IR (KBr): ν 3383, 
3070, 3048, 2986, 2928, 2893, 2823, 1712, 1607, 1460, 1108 cm-1; MS (70 eV, EI) m/z (%): 220 
(M+), 188, 173, 158, 144, 128, 115 (100), 75, 45; HRMS Calcd for C13H16O3: 220.1099. Found: 
220.1107. 

Me

OH

OMe

OMeO

3ba  
Entry 7  
Yield: 83%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 97 : 3, flow = 0.7 mL/min; ee: 98.6%; [α]D

20 = +108.1 (c 0.94, CHCl3). 
m.p: 138-140 oC; 
1H NMR (300 MHz, CDCl3): δ 7.33 (d, J=8.1 Hz, 1H), 7.18 (d, J=2.4 Hz, 1H), 6.91 (dd, J=2.4 Hz, 
8.4 Hz, 1H), 5.36 (s, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.26 (d, J=3.3 Hz, 1H), 2.47 (d, J=1.8 Hz, 3H); 
13C NMR (75 MHz, CDCl3): δ 166.1, 161.3, 153.6, 146.9, 135.0, 127.0, 122.4, 114.5, 109.8, 75.4, 
55.5, 51.3, 12.6; IR (KBr): ν 3275, 3003, 2949, 2841, 1695, 1614, 1585, 1454, 1440, 1226 cm-1; MS 
(70 eV, EI) m/z (%): 234 (M+), 218, 203, 187, 175, 174 (100); Anal. Calcd for C13H14O4: C, 66.66; H, 
6.02. Found: C, 66.90; H, 5.98 

nC3H7

OH

OMe

OMeO

3bb  
Entry 8  
Yield: 92%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 84.3%; [α]D

20 = +88.2 (c 0.88, CHCl3). 
m.p: 113-114 oC;  
1H NMR (300 MHz, CDCl3): δ 7.33 (d, J=8.4 Hz, 1H), 7.18 (d, J=2.1 Hz, 1H), 6.90 (dd, J= 2.4 Hz, 
8.1 Hz, 1H), 5.35 (d, J=2.1 Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 3.26 (d, J=3 Hz, 1H), 2.86-2.95 (m, 
2H), 1.58-1.70 (m, 2H), 1.01 (t, J=7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 165.9, 161.2, 158.0, 
147.2, 134.4, 130.0, 122.7, 114.5, 109.9, 75.5, 55.2, 51.2, 28.5, 22.2, 14.3; IR (KBr): ν 3351, 3003, 
2950, 1706, 1609, 1457, 1440, 1233, 1217 cm-1; MS (70 eV, EI) m/z (%): 262 (M+), 231, 219, 203, 
202, 187, 174 (100), 160, 131, 115, 77; Anal. Calcd for C15H18O4: C, 68.68; H, 6.92. Found: C, 
68.89; H, 7.07. 

nC7H15

OH

OMe

OMeO

3bc  
Entry 9  
Yield: 94%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
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with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 87.3%; [α]D
20 = +72.5 (c 1.065, CHCl3). 

m.p: 92-93 oC; 
1H NMR (300 MHz, CDCl3): δ 7.32 (d, J=8.4 Hz, 1H), 7.17 (d, J=2.4 Hz, 1H), 6.89 (dd, J=2.4 Hz, 
8.4 Hz, 1H), 5.34 (d, J=3.0 Hz, 1H), 3.863 (s, 3H), 3.86 (s, 3H), 3.26 (d, J=3.0 Hz, 1H), 2.90-2.93 
(m, 2H), 1,60 (m, 2H), 1.26-1.41 (m, 8H), 0.88 (t, J=6.6 Hz, 3H); 13C NMR (75 MHz,CDCl3): δ 
165.9, 161.2, 158.3, 147.2, 134.4, 129.4, 122.3, 114.5, 109.9, 75.5, 55.6, 51.2, 31.7, 29.9, 29.0, 28.9, 
26.7, 22.6, 14.1; IR (KBr): ν 3358, 3274, 3002, 2950, 2924, 2854, 1704, 1609, 1225, 1087, 809 cm-1; 
MS (70 eV, EI) m/z (%): 318 (M+), 287, 258, 220, 201, 187, 174 (100), 43; Anal. Calcd for C19H26O5: 
C, 71.67; H, 8.23. Found: C, 71.76; H, 8.07. 

Me

OH

OMe

O

O

O

3ca  
Entry 10 
Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H column 
(150 mm) with hexane : isopropanol = 95 : 5, flow = 0.7 mL/min; ee: 76.1%; [α]D

20 = -71.6 (c 1.005, 
CHCl3). 
m.p: 170-172 oC; 
1H NMR (300 MHz, CDCl3): δ 7.09 (s, 1H), 6.88 (s, 1H), 6.02 (s, 2H), 5.27 (s, br, 1H), 3.87 (s, 3H), 
3.21 (d, J=2.7 Hz, 1H), 2.44 (d, J=1.8Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 165.8, 153,2, 149.2, 
148.4, 139.8, 136.5, 131.0, 105.5, 102.2, 101.6, 75.2, 51.3, 12.7; IR (KBr): ν 3341, 2951, 2914, 
1696, 1595, 1214 cm-1; MS (70 eV, EI) m/z (%): 248 (M+), 231, 216, 201, 188 (100); Anal.Calcd for 
C13H12O5: C, 62.90; H, 4.87. Found: C, 62.91; H, 4.80. 

nC3H7

OH

OMe

O

O

O

3cb  
Entry 11  
Yield: 99%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 83.1%; [α]D

20 = -62.3 (c 0.68, CHCl3). 
m.p: 117-118 oC; 
1H NMR (300 MHz, CDCl3): δ 7.09 (s, 1H), 6.88 (s, 1H), 6.02 (s, 2H), 5.27 (d, J=2.4 Hz, 1H), 3.86 
(s, 3H), 3.22 (d, J=3.0 Hz, 1H), 2.84-2.89 (m, 2H), 1.60-1.89 (m, 2H), 1.02 (t, J=7.5 Hz, 3H); 13C 
NMR (75 MHz, CDCl3): δ 165.5, 157.6, 149.0, 148.3, 140.1, 135.7, 130.7, 105.6, 102.3, 101.6, 75.1, 
51.2, 28.5, 22.1, 14.3; IR (KBr): ν 3340, 2875, 1701, 1592, 1249, 1211, 1033 cm-1; MS (70 eV, EI) 
m/z (%): 276 (M+), 259, 244, 234, 227, 216, 201, 188 (100), 174, 159, 115; Anal. Calcd for 
C15H16O5: C, 65.21; H, 5.84. Found: C, 65.23; H, 5.85. 

nC7H15

OH

OMe

O

O

O

3cc  
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Entry 12  
Yield: 90%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 97 : 3, flow = 1.0 mL/min; ee: 83.7%; [α]D

20 = -50.5 (c 1.005, CHCl3). 
m.p: 92-93 oC; 
1H NMR (300 MHz, CDCl3): δ 7.08 (s, 1H), 6.88 (s, 1H), 6.02 (s, 2H), 5.26 (d, J=2.7 Hz, 1H), 3.86 
(s, 3H), 3.22 (d, J=3.0 Hz, 1H), 2.84-2.89 (m, 2H), 1.56-1.60 (m, 2H), 1.28-1.40 (m, 8H), 0.88 (t, 
J=6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ  165.6, 157.9, 149.0, 148.3, 140.1, 135.7, 130.4, 
105.6, 102.3, 101.6, 75.2, 51.3, 31.7, 29.8, 29.0, 28.8, 26.8, 22.6, 14.1; IR (KBr): ν 3358, 2955, 
2926, 2854, 1699, 1593, 1214, 1033 cm-1; MS (70 eV, EI) m/z (%): 332 (M+), 314, 300, 272, 215, 
201, 188 (100), 174, 159, 43; Anal. Calcd for C19H24O5: C, 68.66; H, 7.28. Found: C, 68.62; H, 7.43. 

OH

OMe

O

O

O

OMe

3ce  
Entry 13  
Yield: 71%; The ee value was determined by chiral HPLC using a Chiralcel OJ-H column (150 mm) 
with hexane : isopropanol = 60 : 40, flow = 0.7 mL/min; ee: 89.2%; [α]D

20 = -51.9 (c 0.355, CHCl3). 
m.p: 166-167 oC. 
1H NMR (300 MHz, CDCl3): δ 7.38 (d, J=8.4 Hz, 2H), 7.14 (s, 1H), 6.99 (d, J=8.4 Hz, 2H), 6.70 (s, 
1H), 6.43 (d, J=3.0 Hz, 1H), 6.00 (s, 2H), 3.88 (s, 3H), 3.71 (s, 3H), 3.45 (d, J=3.0 Hz, 1H); 13C 
NMR (75 MHz, CDCl3): δ 165.2, 159.9, 154.1, 149.1, 148.3, 139.9, 138.1, 130.5, 130.2, 125.0, 
113.4, 105.6, 103.9, 101.6, 75.6, 55.2, 51.3; IR (KBr): ν 3400, 2900, 1716, 1208, 1178, 1305 cm-1; 
MS (70 eV, EI) m/z (%): 340 (M+), 324, 308, 281, 280 (100); Anal. Calcd for C19H16O6: C, 67.05; H, 
4.74. Found: C, 66.93; H, 4.94. 

Me

CO2Me

OH
Cl

3da  
Entry 14  
Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H (250 mm) 
column with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 96.4%; [α]D

20 = +95.4 (c 1.015, 
CHCl3). 
m.p: 131-133 oC; 
1H NMR (300 MHz, CDCl3): δ 7.58 (s, 1H), 7.31-7.36 (m, 2H), 5.38 (s, 1H), 3.89 (s, 3H), 3.21 (d, 
J= 3.3Hz, 1H), 2.47 (d, J=1.2Hz, 3H); 13C NMR (75 MHz,CDCl3): δ 165.8, 152.2, 146.1, 140.8, 
135.3, 132.4, 128.9, 124.7, 122.4, 75.3, 51.5, 12.5; IR (KBr): ν 3315, 2949, 1704, 1619, 1576, 1436, 
1237, 829 cm-1; MS (70 eV, EI) m/z (%): 240 [M+2], 238 (M+), 223, 207, 191, 189, 180, 179, 178 
(100), 171, 115; Anal. Calcd for C12H11ClO3: C, 60.39; H, 4.65. Found: C, 60.46; H, 4.72. 
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nC3H7

CO2Me

OH
Cl

3db  
Entry 15  
Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H column 
(150 mm) with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 98.7%; [α]D

20 = +88.4 (c 
1.015, CHCl3). 
m.p: 136-138 oC; 
1H NMR (300 MHz, CDCl3): δ 7.58 (s, 1H), 7.35 (s, 2H), 5.37 (d, J= 3.3Hz, 1H), 3.89 (s, 3H), 3.21 
(d, J= 3.3Hz, 1H), 2.09-2.95 (m, 2H), 1.61-1.69 (m, 2H), 1.02 (t, J=7.5Hz, 3H); 13C NMR (75 MHz, 
CDCl3): δ 165.6, 156.6, 146.5, 140.3, 135.2, 132.1, 128.9, 124.8, 122.6, 75.4, 51.5, 28.4, 22.1, 14.3; 
IR (KBr): ν 3353, 3269, 3025, 2996, 2875, 1704, 1613, 1434, 1244, 823 cm-1; MS (70 eV, EI) m/z 
(%): 268 [M+2], 266 (M+), 251, 235, 223, 206, 191, 178 (100), 165, 149, 128, 115; HRMS Calcd for 
C14H15ClO3: 266.0710. Found: 266.0703. 

nC7H15

CO2Me

OH
Cl

3dc  
Entry 16  
Yield: 65%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane: isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 91%; [α]D

20 = +61.5 (c 0.765, CHCl3). 
m.p: 82-83 oC; 
1H NMR (300 MHz, CDCl3): δ 7.58 (s, 1H), 7.35 (s, 2H), 5.37 (d, J= 3.3Hz, 1H), 3.88 (s, 3H), 3.21 
(d, J= 3.6Hz, 1H), 2.91 (m, 2H), 1.57-1.62 (m, 2H), 1.28-1.44 (m, 8H), 0.88 (t, J= 6.9Hz, 3H);13C 
NMR (75 MHz, CDCl3): δ 165.6, 156.9, 146.5, 140.3, 135.3, 131.8, 128.9, 124.8, 122.6, 75.4, 51.5, 
31.7, 29.8, 29.0, 28.8, 26.6, 22.6, 14.1; IR (KBr): ν 3367, 2854, 1708, 1612, 1432, 1234, 1197, 813 
cm-1; MS (70 eV, EI) m/z (%): 324 [M+2], 322 (M+), 305, 291, 255, 224, 205, 193, 191, 180, 178 
(100); HRMS Calcd for C18H23ClO3: 322.1336. Found: 322.1347. 

 

Ph

CO2Me

OH
Cl

3dd  
Entry 17  
Yield: 75%; The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 
hexane : isopropanol = 85 : 15, flow = 0.7 mL/min; ee: 89.8%; [α]D

20 = +75.1 (c 0.86, CHCl3). 
m.p: 120-122 oC; 
1H NMR (300 MHz, CDCl3): δ 7.65 (s, 1H), 7.42-7.49 (m, 3H), 7.39-7.41 (m, 2H), 7.31 (dd, 
J=1.8Hz, 8.1Hz, 1H), 7.12 (d, J= 7.2Hz, 1H), 5.56 (d, J= 3.6Hz, 1H), 3.71 (s, 3H), 3.37 (d, J= 3.3 
Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 165.1, 153.1, 146.2, 140.5, 135.5, 132.6, 132.5, 129.0, 
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128.9, 128.5, 128.0, 124.9, 124.2, 75.8, 51.6; IR (KBr): ν 3318, 2946, 1711, 1574, 1432, 1228, 1072 
cm-1; MS (70 eV, EI) m/z (%): 302 [M+2], 300 (M+), 285, 267, 253, 243, 242, 242, 240 (100), 205, 
178, 176, 88; HRMS Calcd for C17H13ClO3: 300.0553. Found: 300.0546. 

CO2Me

OMe

OH
Cl

3de  
Entry 18  
Yield: 55%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm) 
with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 87.3%; [α]D

20 = +58 (c 0.21, CHCl3). 
m.p: 137-139 oC; 
1H NMR (300 MHz, CDCl3): δ 7.64 (s, 1H), 7.40 (d, J= 8.7Hz, 2H), 7.32 (d, J= 8.1Hz, 1H), 7.18 (d, 
J= 8.7Hz, 1H), 7.00 (d, J= 9.0Hz, 2H), 5.44 (d, J= 3.0Hz, 1H), 3.88 (s, 3H), 3.74 (s, 3H), 3.35 (d, J= 
3.3Hz, 1H); 13C NMR (75 MHz, D6-DMSO and D6-Acetone): δ 164.5, 159.7, 148.9, 148.7, 140.0, 
135.1, 133.4, 130.1, 128.3, 124.4, 123.6, 113.6, 74.9, 55.0, 51.0; IR (KBr): ν 2950, 2838, 1718, 
1610, 1569, 1511, 1256, 1228, 1176 cm-1; MS (70 eV, EI) m/z (%): 332 [M+2], 330 (M+), 314, 273, 
272, 271, 270 (100), 255, 235, 199, 165; HRMS Calcd for C18H15ClO4: 330.0659. Found: 330.0656. 
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III. Copies of 1H, 13C NMR spectra of the annulation product 
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IV HPLC analysis reports 
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