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General information: 
All reactions were carried out under an atmosphere of nitrogen in flame-dried 

glassware.  THF was distilled over sodium-benzophenone before use.  Toluene was 
distilled over CaH2. Chromatographic separations were carried out using Silicycle ultra 
pure silica gel (230-400 mesh).  Analytical thin layer chromatography was performed on 
EM Reagent 0.25 nm silica gel 60-F plates. 

Melting points were measured with a Fisher-Johns melting point apparatus. 
Infrared spectra were recorded on a Perkin Elmer 1600 series FT-IR spectrometer. 
Optical rotations were measured on a Jasco DIP-370 digital polarimeter. 1H NMR were 
recorded on a Bruker ARX-250 (250 MHz), DRX-300 (300 MHz), DRX-500 (500 MHz) 
spectrometer and are reported in ppm (δ) from tetramethylsilane (TMS: δ 0.0 ppm). Data 
are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q 
= quartet, m = multiplet, dd = doublet of doublet, ddd = doublet of doublet of doublet), 
coupling constants (Hz), and integration. 13C NMR spectra were recorded on a Bruker 
ARX-250 (62.5 MHz), DRX-300 (75 MHz), and DRX-500 (125 MHz) spectrometer with 
complete proton decoupling. Chemical shifts are reported in ppm from tetramethylsilane 
with solvent resonance as the internal standard (CDCl3: δ 77.0 ppm). 
        2-Bromo-3-methoxy-5-methylbenzaldehyde,1 3-bromothiophene-2-carbaldehyde,2 
4-bromothiophene-3-carbaldehyde,3 1-bromonaphthalene-2-carbaldehyde,4 2-bromo-1-
methyl-1H-indole-3-carbaldehyde,5 3-bromofuran-2-carbaldehyde,6 2-bromo-pyridine-3-
carbaldehyde7 and cis-methyl o-bromocinnamate, trans-methyl o-bromocinnamate8 were 
synthesized by the literatures. 
 
General procedure for synthesizing bromocinnamates (Procedure A): 
 
 

Procedure A: A mixture of the ylide Ph3P=CHCOOMe 
(5.06 g, 15.1 mmol) and 5-Benzyloxy-2-bromobenzaldehyde 
(4.0 g, 13.75 mmol) in CH2C12 (70 mL) was heated under 
reflux for 16 hr.  After cooling, the reaction mixture was 
filtered. Removal of the solvent from the filtrate and 

crystallization from hexane and EtOAc afforded 3.36 g (70.5%) of a colorless solid, mp: 
86-87 oC; IR:  3096, 3068, 2945, 1703, 1580, 1474, 1274, 1172 cm-1; 1H NMR (300 
MHz, CDCl3): δ 8.0 (d, J = 16.1 Hz, 1H), 7.48(d, J = 8.8 Hz, 1H), 7.44-7.34 (m, 5H), 
7.19(d, J = 3.0 Hz, 1H), 6.87 (dd, J = 3.0, 8.8 Hz, 1H), 6.34 (d, J = 16.1 Hz, 1H), 5.05 (s, 
2H), 3.82 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 166.6, 158.1, 143.1, 136.1, 135.0, 
133.9, 128.6, 128.2, 127.4, 120.7, 118.3, 116.1, 113.7, 70.3, 51.8; Anal. Calcd for 
C17H15BrO3: C, 58.81; H, 4.35. Found: C, 58.95; H, 4.50. 
 
General procedure for synthesizing bromocinnamates (Procedure B): 
 

Procedure B:  To 10 mL of THF in  50 mL round bottomed flask 
was added methyl diethylphosphonoacetate (424 µL, 2.3 mmol).  
After stirring at 0 oC for 5min, 2.0 M n-butyllithium (1.15 mL, 2.3 
mmol) was added dropwise.  After 10 min, 3-bromothiophene-2-
carbaldehyde (441 mg, 2.3 mmol) was added dropwise. The 
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reaction mixture was warmed to room temperature, stirred for 4 hr, then quenched by ice 
water (10 mL).  The mixture was extracted with toluene (3 ×10 mL), washed with water, 
dried over MgSO4, filtered, and concentrated.  The crude product was purified by flash 
chromatography (10-14% EtOAc/Hexanes) to afford a colorless solid 500 mg (88%); mp: 
71-72 oC; IR: 3109, 2946, 1728, 1629, 1270, 1192; cm-1; 1H NMR (300 MHz, CDCl3): δ 
7.82 (d, J = 15.8 Hz, 1H), 7.32 (d, J = 5.3 Hz, 1H), 7.00 (d, J = 5.3 Hz, 1H), 6.27 (d, J = 
15.8 Hz, 1H), 3.79 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 166.6, 135.1, 134.0, 131.3, 
127.7, 118.2, 115.9, 51.7; HRMS calcd for (C8H7BrO2S)2Na  [M2 + Na]+ 516.8572; 
Found 516.8596. 
 

Procedure B:  colorless solid, 88.2% yield; mp: 40-41 oC; IR: 
3101, 2953, 1707, 1634, 1270, 1184 cm-1; 1H NMR (250 MHz, 
CDCl3): δ 7.65 (d, J = 16.1 Hz, 1H), 7.58 (d, J = 3.3 Hz, 1H ), 7.30 
(d, J = 3.3 Hz, 1H), 6.44 (d, J = 16.1 Hz, 1H), 3.80 (s, 3H); 13C 
NMR (75 MHz, CDCl3): δ 166.8, 136.2, 135.3, 125.1, 124.1, 119.3, 

112.3, 51.6; HRMS calcd for C8H7BrO2SNa [M + Na]+ 268.9242; Found 268.9250. 
 

Procedure B:  colorless solid; 87.3% yield; mp: 62-64 oC; IR: 3121, 
2998, 2945, 1703, 1642, 1258 cm-1; 1H NMR (300 MHz, CDCl3): δ 
7.50-7.44 (m, 2H), 6.54-6.53 (m, 1H), 6.36 (d, J = 15.9 Hz, 1H), 
3.79 (s, 3H), 13C NMR (75 MHz, CDCl3): δ 166.6, 147.6, 144.4, 

127.7, 116.7, 115.6, 105.3, 51.4; HRMS calcd for C8H7BrO3Na [M + Na]+ 252.9471, 
found 252.9480. 
 

Procedure B:  colorless solid; mp: 97-98 oC; IR: 3072, 2990, 
1715, 1634, 1188 cm-1; 1H NMR (300 MHz, CDCl3): δ 8.36 (dd, J 
= 1.9, 4.6 Hz, 1H), 7.93 (d, J = 15.6 Hz, 1H), 7.89 (dd, J = 1.8,  
7.7 Hz, 1H), 7.34 (dd, J = 4.7, 8.2 Hz, 1H), 6.43 (d, J = 16.0 Hz, 
1H), 3.84 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 165.9, 150.6, 

143.9, 140.9, 135.4, 131.7, 122.9, 122.4, 51.8; HRMS calcd for C9H8BrNO2Na [M + 
Na]+ 263.9631; Found 263.9643.  
 
General procedure for coupling reaction: 
 
(R,E)-7:  A 100 mL round bottomed flask equipped with a reflux condenser was charged 
with Pd(OAc)2 (144.6 mg, 0.644 mmol), rac-BINAP (601.6 mg, 0.97 mmol), and toluene 
(60 mL). E-methyl o-bromocinnamate (3.1 g, 12.88 mmol) was added, followed by the 
R-sulfoxmine (2.4 g, 1.54 mmol), and cesium carbonate(5.88 g, 18.03 mmol). The 
reaction mixture was heated in an oil bath at 110 oC-115 oC for 44 hr. The solution was 
cooled and diluted with dichloromethane, filtered through a pad of Celite and 
concentrated in vacuo, to give a brown oil. Purification of the product by flash 
chromatography (66% Et2O/Hexanes) afforded a pale yellow semisolid 3.69 g (91%); IR: 
2947, 2927, 1710, 1623, 1589, 1475, 1444, 1315, 1269, 1186, 1167 cm-1; 1H NMR (300 
MHz, CDCl3): δ 8.38 (d, J = 16.2 Hz, 1H), 7.94-7.91 (m, 2H), 7.61-7.48 (m, 4H), 7.06-
7.01 (m, 2H), 6.88-6.83 (m, 1H), 6.50 (d, J = 16.2 Hz, 1H), 3.82 (s, 3H), 3.29 (s, 3H); 13C 
NMR (75 Hz, CDCl3): δ 168.0, 144.9, 142.5, 139.0, 133.3, 130.7, 129.5, 128.3, 128.0, 
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127.5, 122.4, 121.6, 116.8, 51.4, 46.2; Anal. Calcd for C17H17NO3S: C, 64.74; H, 5.43; N, 
4.44. Found: C, 64.90; H, 5.69; N, 4.51. [α]25

D = 270.93 (c 1.08, CHCl3). 
 
(R,Z)-7:  colorless liquid, 71% yield; IR: 3061, 3015, 1718, 1589 cm-1; 1H NMR (250 
MHz, CDCl3): δ 7.95-7.92 (m, 2H), 7.62-7.42 (m, 5H), 7.02-7.00 (m, 2H), 6.90-6.86 (m, 
1H), 6.00 (d, J = 12.3 Hz, 1H), 3.67 (s, 3H), 3.20 (s, 3H); 13C NMR (62.5 Hz, CDCl3): δ 
167.1, 143.7, 142.4, 139.3, 133.2, 130.2, 129.7, 129.5, 128.4, 121.9, 121.14, 118.5, 51.1, 
45.7; HRMS calcd for C17H17NO3SNa [M + Na]+ 338.0821; Found 338.0806; [α]25

D = 
76.12 (c 1.13, CHCl3). 
 
(S, E)-8: yellow semi solid, 93.4% yield; IR: 3062, 3027, 2949, 2925, 1711, 1621, 1482, 
1160; 1H NMR (300 MHz, CDCl3): δ 8.34 (d, J = 16.2 Hz, 1H), 7.94-7.91 (m, 2H), 7.59-
7.50 (m, 3H), 7.40-7.30 (m, 5H), 7.10 (d, J = 3.0 Hz, 1H), 7.01 (d, J = 8.8, 1H), 6.74 (dd, 
J = 3.0, 8.8 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 4.96 (s, 2H), 3.82 (s, 3H), 3.26 (s, 3H); 
13C NMR (75 Hz, CDCl3): δ 168.0, 153.7, 142.4, 139.2, 138.6, 136.9, 133.3, 129.5, 
128.9, 128.5, 128.4, 127.9, 127.4, 123.8, 118.1, 117.1, 112.8, 70.3, 51.6, 45.9; Anal. 
Calcd for C24H23NO4S: C, 68.39, H; 5.50, N; 3.32. Found: C, 68.11; H, 5.65; N, 3.28; 
[α]25

D = -178.06 (c 0.93, CHCl3). 
 
(S, E)-9: pale yellow viscous oil, 77.6% yield; IR: 3106, 3057, 3019, 2942, 1710, 1608, 
1383;cm-1; 1H NMR (300 MHz, CDCl3): δ 8.41 (d, J = 15.7 Hz, 1H), 7.90-7.86 (m, 2H), 
7.57-7.49 (m, 3H), 7.01 (d, J = 5.3 Hz, 1H), 6.67 (d, J = 5.3 Hz, 1H), 6.10 (d, J = 15.7 
Hz, 1H), 3.74 (s, 3H), 3.23 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 167.9, 145.7, 139.1, 
135.9, 133.4, 129.5, 128.1, 126.8, 123.8, 123.7, 112.3, 51.2, 45.8; HRMS calcd for 
C15H15NO3S2Na [M + Na]+ 344.0385; Found 344.0393; [α]25

D = -517.81 (c 3.1, CHCl3). 
 
(R, E)-10: pale yellow oil; 82.7% yield; IR: 3096, 3060, 3019, 2917, 1703, 1625, 1437 
cm-1; 1H NMR (300 MHz, CDCl3): δ 7.88-7.85 (m, 2H), 7.78 (d, J = 16.1 Hz, 1H), 7.56-
7.45 (m, 3H), 7.35 (d, J = 3.3 Hz, 1H), 6.68 (d, J = 16.1 Hz, 1H), 6.38 (d, J = 3.3 Hz, 
1H), 3.76 (s, 3H), 3.22 (s, 3H); 13C-NMR (75 MHz, CDCl3): δ 168.1, 142.1, 138.3, 137.5, 
133.3, 132.5, 129.5, 128.4, 125.5, 116.5, 108.3, 51.4, 45.3; HRMS calcd for 
C15H15NO3S2Na [M + Na]+ 344.0385; Found 344.0440; [α]25

D = 128.45 (c 3.81, CHCl3). 
 
(S, E)-11: pale yellow semi solid, 96% yield; IR: 3137, 3117, 3056, 3023, 2945, 2929, 
1695, 1613, 1654, 1433, 1258; 1H NMR (250 MHz, CDCl3): δ 7.87-7.85 (m, 2H), 7.67 
(d, J = 15.7 Hz, 1H), 7.58-7.46 (m, 3H), 7.11 (d, J= 1.9 Hz 1H), 6.11 (d, J = 15.7 Hz, 
1H), 6.10 (d, J = 2.0 Hz, 1H), 3.72 (s, 3H), 3.23 (s, 3H); 13C NMR (62.5 MHz, CDCl3): δ 
168.2, 143.9, 141.4, 138.8, 135.1, 133.5, 129.5, 129.1, 128.1, 110.0, 108.9, 51.2, 45.6; 
HRMS calcd for C15H15NO4SNa [M + Na]+ 328.0614; Found 328.0628; [α]25

D = -515.71 
(c 3.54, CHCl3). 
 
(S, E)-12: pale yellow oil, 86.4% yield; IR: 3060, 3015, 2941, 2929, 1716, 1421, 1315; 
1H NMR (250 MHz, CDCl3): δ 8.09 (d, J = 16.2 Hz, 1H), 7.98-7.93 (m, 3H), 7.65 (dd, J 
= 1.7, 7.7 Hz 1H), 7.56-7.46 (m, 3H), 6.69 (dd, J = 4.8, 7.6 Hz, 1H), 6.56 (d, J = 16.2 Hz, 
1H), 3.75 (s, 3H), 3.35 (s, 3H); 13C NMR (62.5 MHz, CDCl3): δ 167.5, 157.6, 148.9, 
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141.3, 139.9, 135.9, 132.8, 129.2, 127.4, 121.2, 118.4, 116.1, 51.4, 45.4; HRMS calcd for 
C16H16N2O3SNa [M + Na]+ 339.0774; Found 339.0762; [α]25

D = -119.91 (c 4.5, CHCl3). 
 
General procedure for the intramolecular conjugate addition (Procedure C): 
 
(R, R)-13: To 5 mL THF in 50 mL round bottomed flask was added diisopropylamine 
(111 µL, 0.79 mmol). After stirring at -20 oC for 5 min, 2.23 M n-butyllithium (354 µL, 
0.79 mmol) was added dropwise. After 30 min, the temperature was raised to 0 oC for 10 
min, then LDA solution was added dropwise to (R, E)-7 (130 mg, 0.395 mmol) in  THF 
(5 mL) at –20 oC. The mixture was stirred for 1hr, quenched with water, diluted with 
ether (10mL), washed with brine, extracted with ether (3 × 5 mL), washed with water (5 
mL), dried over MgSO4, filtered, and concentrated. The crude product was purified by flash 
chromatography (66% Et2O/Hexanes) to afford a pale yellow semi solid 119 mg (92%): IR: 
3061, 3024, 2951, 1738, 1599, 1477, 1446, 1111 cm-1; 1H NMR (300 MHz, CDCl3): δ 
8.09-8.05 (m, 2H), 7.70-7.55 (m, 3H), 7.27-7.24 (m, 1H), 7.15-7.12 (m, 2H), 6.95-6.90 
(m, 1H), 3.91-3.83 (m, 1H), 3.64 (s, 3H), 3.57 (dd, J = 4.3, 12.7 Hz, 1H), 3.26 (dd, J = 
11.3, 12.7 Hz, 1H), 2.99 (dd, J = 5.5, 16.2 Hz, 1H), 2.74 (dd, J = 8.2, 16.2 Hz, 1H); 13C 
NMR (75 MHz, CDCl3): δ 171.4, 144.9, 138.8, 133.8, 129.4, 128.8, 128.7, 125.2, 124.2, 
124.1, 120.9, 51.9, 51.8, 36.4, 31.1; Anal. Calcd for C17H17NO3S: C, 64.74; H, 5.43; N, 
4.44. Found: C, 64.58; H, 5.64; N, 4.30; [α]25

D = -16.24 (c 1.17, CHCl3). 
 
(R, S)-13: Following previous procedure to afford a colorless liquid, 89% yield; IR: 2954, 
1729, 1471, 1448 cm-1; 1H NMR (500 MHz, CDCl3): δ 8.04-8.02 (m, 2H), 7.68-7.65 (m, 
1H), 7.59-7.56 (m, 2H), 7.25-7.22 (m, 1H), 7.12-7.07 (m, 2H), 6.94- 6.90 (m, 1H), 3.85-
3.82 (m, 1H), 3.73 (dd, J = 4.2, 13.2 Hz, 1H), 3.71 (s, 3H), 3.28 (dd, J = 9.8, 17.2 Hz, 
1H), 3.22 (dd, J = 5.6, 13.2 Hz, 1H), 2.86 (dd, J = 5.6, 17.2 Hz, 1H); 13C NMR (125 
MHz, CDCl3): δ 173.1, 145.2, 140.0, 134.7, 130.2, 129.6, 129.6, 128.8, 124.9, 124.2, 
121.8, 52.7, 51.8, 38.6, 34.4; HRMS calcd for C17H17NO3SNa [M + Na]+ 338.0821; 
Found 338.0810; [α]25

D = 50.67 (c 1.05, CHCl3). 
 
(S, S)-14: (S, E)-8 in THF was added 2.0 equiv. LDA at –78 oC, stirred for 30 min and 
then quenched following previous procedure to afford a pale yellow semi solid, yield 
90.7%; IR: 3064, 3035, 2953, 2921, 1723, 1478, 1282, 1217 cm-1; 1H NMR (300 MHz, 
CDCl3): δ 8.08-8.05 (m, 2H), 7.69-7.55 (m, 3H), 7.45-7.32 (m, 5H), 7.07 (d, J = 8.7 Hz, 
1H), 6.89 (dd, J = 2.8, 8.7 Hz, 1H), 6.80 (d, J = 2.9 Hz, 1H), 3.86-3.80 (m, 1H), 3.62 (s, 
3H), 3.57 (dd, J = 4.4, 12.8 Hz, 1H), 3.28 (dd, J = 10.3, 12.8 Hz, 1H), 2.94 (dd, J= 5.4, 
16.2 Hz, 1H), 2.72 (dd, J = 8.4, 16.2 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 171.4, 
153.3, 139.0, 138.5, 137.2, 133.8, 129.4, 128.9, 128.5, 127.9, 127.5, 125.2, 124.7, 114.8, 
112.9, 70.6, 52.0, 51.9, 36.5, 31.6; Anal. Calcd for C24H23NO4S: C, 68.39; H, 5.50; N, 
3.32. Found: C, 68.50; H, 5.67; N, 3.38. [α]25

D = -24.96 (c 2.46, CHCl3). 
 
General procedure for the intramolecular conjugate addition (Procedure D): 
 
(S, R)-15: To 5 mL THF in 25 mL round bottomed flask was added (S, E)-9 (250 mg, 
0.78 mmol) at -78 oC. After stirring 5min, 1.0 M LiHMDS (1.56 mL, 1.56 mmol was 
added dropwise. After stirring for 30 min, the reaction mixture was quenched with 
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CH3OH, washed with brine, extracted with CHCl3 (3 × 10 mL), washed with water, dried 
over MgSO4, filtered, and concentrated. The crude product was purified by flash 
chromatography (66% Et2O/Hexanes) to afford a pale yellow semi solid, 91.3% yield; IR: 
3068, 2941, 1732, 1523, 1384, 1241 cm-1; 1H NMR (300 MHz, CDCl3): δ 8.10-8.09 (m, 
2H), 7.73-7.67 (m, 1H), 7.63-7.56 (m, 2H), 7.12 (dd, J = 1.1, 5.2 Hz, 1H), 6.84 (d,  J = 
5.2 Hz, 1H), 4.09 -3.99 (m, 1H), 3.71 (s, 3H), 3.66 (dd, J = 4.9, 11.5 Hz, 1H), 3.05 (dd, J 
= 4.6, 16.2 Hz, 1H), 2.78 (dd, J = 11.5, 13.4 Hz, 1H), 2.66 (dd, J = 9.6, 16.2 Hz, 1H); 13C 
NMR (75 MHz, CDCl3): δ 170.7, 143.1, 136.4, 134.3, 129.4, 129.3, 125.5, 121.8, 113.3, 
52.0, 50.8, 39.1, 29.2; HRMS calcd for C15H15NO3S2Na [M + Na]+ 344.0385; Found 
344.0381; [α]25

D = -12.14 (c 1.68, CHCl3). 
 
(R, R)-16: Following previous procedure to afford a colorless solid, 93% yield; mp: 136-
138oC; IR: 3105, 3060, 2998, 2949 1732, 1446, 1237 cm-1; 1H NMR (300 MHz, CDCl3): 
δ 8.10-8.06 (m, 2H), 7.71-7.66 (m, 1H), 7.61-7.56 (m, 2H), 6.99 (dd, J = 1.6, 3.3 Hz, 
1H), 6.62 (d,  J = 3.3 Hz, 1H), 4.01- 3.94 (m, 1H), 3.69 (s, 3H), 3.55 (dd, J = 4.3, 11.8 
Hz, 1H), 3.07 (dd, J = 5.0, 16.0 Hz, 1H), 2.90 (dd, J = 11.8, 13.4 Hz, 1H), 2.72 (dd, J = 
8.3, 16.0 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ 171.1, 142.7, 137.4, 134.0, 129.3, 
129.1, 127.1, 118.5, 107.8, 51.9, 51.0, 37.4, 29.5; HRMS calcd for C15H15NO3S2Na [M + 
Na]+ 344.0385; Found 344.0406; [α]25

D = 40.52 (c 2.68, CHCl3). 
 
(S, S)-17: To 17 mL THF in 50 mL round bottomed flask was added 1.0 M LiHMDS 
(531 µL, 0.53 mmol)  at –50 oC for 5 min. (S, E)-11 (81 mg, 0.26 mmol) in THF (10 mL) 
was added dropwise over 1 hr. After stirring for 4hr, the reaction was quenched with 
CH3OH, washed with brine, extracted with CHCl3 (3 × 10 mL), washed with water, dried 
over MgSO4, filtered, and concentrated. The crude product was purified by flash 
chromatography (66% Et2O/Hexanes) to afford a pale yellow liquid 66 mg (84.7%); IR: 
2949, 2929, 2851, 1736, 1433, 1213 cm-1; 1H NMR (500 MHz, CDCl3): δ 8.13-8.11 (m, 
2H), 7.73-7.70 (m, 1H), 7.62-7.59 (m, 2H), 7.24-7.23 (m, 1H), 6.34 (d, J = 2.0 Hz, 1H), 
4.04-4.02 (m, 1H), 3.71 (s, 3H), 3.66 (dd, J = 5.7, 11.5 Hz, 1H), 3.21 (dd, J = 4.6, 16.5 
Hz, 1H), 2.84 (dd, J = 11.5, 12.7 Hz, 1H), 2.56 (dd, J = 9.6, 16.5 Hz, 1H); 13C NMR (125 
MHz, CDCl3): δ 171.2, 140.9, 136.0, 134.4, 132.4, 129.7, 129.4, 129.3, 108.8, 52.6, 52.0, 
35.6, 29.0. HRMS calcd for C15H15NO4SNa [M + Na]+ 328.0614; Found 328.0619; 
[α]25

D = 28.97 (c 2.23, CHCl3). 
 
(S, S)-18: To 19 mL THF (degassing by N2) in 50 mL round bottomed flask was added 
1.0 M LiHMDS (876 µL, 0.88 mmol)  at –30oC for 5min. (S, E)-12 (91.7 mg, 0.29 mmol) 
in THF (10 mL) was added dropwise over 1hr. After stirring for 3hr, the mixture was 
quenched with CH3OH, washed with brine, extracted with CHCl3 (3 × 15 mL). The 
combined CHCl3 extracts were washed with water, dried over MgSO4, filtered, and 
concentrated. The crude product was purified by flash chromatography (EtOAc) to afford a 
colorless liquid 76.5% yield; IR: 3060, 2949, 2921, 1728, 1417, 1286cm-1; 1H NMR (500 
MHz, CDCl3): δ 8.32-8.30 (m, 1H); 8.15-8.13 (m, 2H), 7.71-7.68 (m, 1H), 7.62-7.58 (m, 
2H), 7.46-7.44 (m, 1H), 6.88 (dd, J = 4.9, 7.6 Hz, 1H), 3.97-3.93 (m, 1H), 3.68 (s, 3H), 
3.60 (dd, J = 4.8, 12.5 Hz, 1H), 3.15 (t, J = 12.6 Hz, 1H), 3.03 (dd, J = 5.3, 16.3 Hz, 1H), 
2.81 (dd, J = 7.7, 16.3 Hz, 1H); 13C NMR (125 MHz, CDCl3): δ 171.1, 156.4, 148.5, 
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137.5, 134.2, 133.4, 129.4, 129.0, 119.2, 116.6, 52.0, 51..0, 35.8, 30.3; HRMS calcd for 
C16H16N2O3SNa [M  + Na]+ 339.0774; Found 339.0776; [α]25

D = 28.65 (c 1.85, CHCl3). 
 
19 (Procedure A): colorless solid, 60% yield; mp: 91-92 oC; IR: 3084, 3051, 2949, 2917, 
1703, 1625, 1572, 1433, 1278, 1176 cm-1; 1H NMR (500 MHz, CDCl3): δ 8.09 (d, J = 
15.9 Hz, 1H), 7.02 (s, 1H), 6.72 (s, 1H), 6.36 (d, J = 15.9 Hz, 1H), 3.89 (s, 3H), 3.81 (s, 
3H), 2.34 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 166.9, 156.1, 143.6, 138.2, 135.5, 
120.7, 120.3, 113.9, 111.7, 56.4, 51.8, 21.4; Anal. Calcd for C12H13BrO3: C, 50.55; H, 
4.60. Found: C, 50.70; H, 4.74. 
 
(R, E)-20: pale yellow semi solid, yield 53%; IR: 3060, 3015, 2945, 1719, 1621, 1466, 
1303 cm-1; H NMR (500 MHz, CDCl3): δ 8.41 (d, J =16.2 Hz, 1H), 7.95 (d, J = 7.2 Hz, 
2H), 7.57-7.46 (m, 3H), 6.98 (s, 1H), 6.57 (s, 1H), 6.42 (d, J = 16.2 Hz, 1H), 3.75 (s, 3H), 
3.44 (s, 3H), 3.14 (s, 3H), 2.23 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 167.3, 151.7, 
142.6, 142.1, 131.9, 131.3, 130.7, 129.4, 128.5, 126.6, 119.1, 116.4, 113.8, 54.7, 50.9, 
46.0, 20.6; Anal. Calcd for C19H21NO4S: C, 63.49; H, 5.89; N, 3.90. Found: C, 63.69; H, 
5.81; N, 3.77; [α]25

D = 91.56 (c 1.35, CHCl3). 
 
(R, R)-21: pale colorless solid, yield 36%; mp: 117-119 oC; IR: 3056, 2990, 2945, 1732, 
1564, 1462, 1247 cm-1; 1H NMR (500 MHz, CDCl3): δ 8.10-8.08 (m, 2H), 7.65-7.62 (m, 
1H), 7.57-7.54 (m, 2H), 6.71 (s, 1H), 6.57 (s, 1H), 3.80-3.75 (m, 1H), 3.60 (s, 3H), 3.54 
(dd, J = 4.5, 13.2 Hz, 1H), 3.34 (dd, J = 9.7, 13.2 Hz, 1H), 2.92 (dd, J = 5.6, 16.3 Hz, 
1H), 2.72 (dd, J = 8.6, 16.3 Hz, 1H), 2.31 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 171.5, 
152.3, 139.3, 133.5, 131.5, 130.3, 129.2, 128.9, 125.2, 118.0, 111.7, 55.9, 52.5, 51.7, 
36.5, 31.8, 21.3; Anal. Calcd for C19H21NO4S: C, 63.49; H, 5.89; N, 3.90. Found: C, 
63.66; H, 5.81; N, 3.87;  [α]25

D = -15.96 (c 1.09, CHCl3). 
 
22 (Procedure B): colorless solid, yield 81.6%; mp: 94-96 oC; IR: 3056, 2990, 2949, 
1719, 1274, 1237; 1H NMR (500 MHz, CDCl3): 8.39-8.36 (m, 2H), 7.79-7.76 (m, 1H), 
7.64-7.55 (m, 3H), 6.48 (d, J = 15.9 Hz, 1H), 3.58 (s, 3H); 13C NMR (125 MHz, CDCl3): 
167.7, 144.9, 135.7, 133.3, 132.8, 129.0, 128.9, 128.9, 128.8, 128.5, 127.6, 124.6, 121.9, 
52.7; HRMS calcd for C14H11BrO2Na [M + Na]+ 312.9835; Found 312.9852. 
 
(S, S)-23: A 100 mL round bottomed flask equipped with a reflux condenser was charged 
with Pd(OAc)2 (26.6 mg, 0.12 mmol), rac-BINAP (111 mg, 0.18 mmol), and 25 mL 
toluene. E-3-(1-Bromo-naphthalen-2-yl)-acrylic acid methyl ester (690 mg, 2.37 mmol) 
was added, followed by the S-sulfoximine(441 mg, 2.84 mmol), and cesium 
carbonate(1.08 g, 3.32 mmol). The reaction mixture was heated in an oil bath at 110oC- 
115 oC for 44 hr. The solution was cooled and diluted with dichloromethane, filtered 
through a pad of Celite and concentrated in vacuo, to give a brown oil. Purification of the 
product by flash chromatography (75% Et2O/Hexanes) afforded a colorless solid 521.7 
mg (60.5%); Mp: 53-55oC; IR: 3056, 2950, 2251, 1733, 1372, 1262 cm-1; 1H NMR (250 
MHz, CDCl3): δ 8.66-8.62 (m, 1H), 8.14–8.10 (m, 2H), 7.78-7.41 (m, 7H), 7.27-7.24 (m, 
1H), 4.04-3.93 (m, 1H), 3.65 (dd, J = 4.6, 12.8 Hz, 1H), 3.63 (s, 3H), 3.35 (dd, J = 10.6, 
12.8 Hz, 1H), 3.03 (dd, J = 5.4, 16.2 Hz, 1H), 2.78 (dd, J = 8.4, 16.2 Hz, 1H); 13C NMR 
(62.5 MHz, CDCl3): δ 171.6, 141.4, 139.3, 133.8, 133.7, 129.4, 129.2, 128.8, 127.2, 
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126.2, 125.3, 124.3, 123.3, 120.3, 117.8, 51.9, 51.8, 36.7, 31.7; HRMS calcd for 
C21H19NO3SNa [M + Na]+ 388.0978; Found 388.0985; [α]25

D = 155.05 (c 1.05, CHCl3). 
 
24 (Procedure B): colorless solid, yield 95%; mp: 100-102 oC; IR: 3076, 3002, 2949, 
2868, 2835, 1715, 1621, 1172 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.79 (d, J = 16.1 Hz, 
1H), 7.74-7.71 (m, 1H), 7.12-7.19 (m, 3H), 6.46 (d, J = 16.1 Hz, 1H), 3.80 (s, 3H), 3.57 
(s, 3H); 13C NMR (75 MHz, CDCl3): δ 168.1, 137.3, 137.0, 124.9, 122.8, 121.5, 121.1, 
119.3, 113.5, 110.9, 109.7, 51.2, 31.6; HRMS calcd for C13H12BrNO2Na [M + Na]+ 
315.99434; Found 315.9960. 
 
(S, S)-25: pale yellow liquid, yield 81.5%; IR: 3056, 2945, 2921, 2246, 1732, 1466, 1225 
cm-1; 1H NMR (250 MHz, CDCl3): δ 8.08–8.05 (m, 2H), 7.73-7.56 (m, 3H), 7.39-7.35 
(m, 1H), 7.22-7.19 (m, 1H), 7.08-7.00 (m, 2H), 4.13-4.05 (m, 1H), 3.72- 3.64 (m , 1H), 
3.68 (s, 3H), 3.65 (s, 3H), 3.41 (dd, J = 3.8, 16.2 Hz, 1H), 3.13 (dd, J = 10.4, 12.2 Hz, 
1H), 2.40 (dd, J = 10.6, 16.2 Hz, 1H); 13C NMR (62.5 MHz, CDCl3): δ 171.9, 142.9, 
137.1, 134.4, 133.8, 129.5, 128.9, 125.6, 119.3, 118.5, 116.6, 108.4, 87.1, 52.5, 51.7, 
37.7, 28.4, 27.6; HRMS calcd for C20H20N2O3SNa [M + Na]+ 391.10867; Found 
391.1089; [α]25

D = -89.14 (c 1.16, CHCl3). 
 
26 (Procedure B): colorless solid, yield 82%; mp: 162-164 oC; IR: 3080, 3003, 2949, 
1695, 1617, 1486, 1254 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.98 (d, J = 15.9 Hz, 1H), 
7.06 (s, 1H), 7.04 (s, 1H), 6.23 (d, J = 15.9 Hz, 1H), 6.02 (s, 2H), 3.81 (s, 3H); 13C NMR 
(75 MHz, CDCl3): δ 167.0, 150.0, 147.9, 142.9, 127.6, 118.5, 117.8, 113.1, 106.4, 102.2, 
51.7; HRMS calcd for C11H9BrO4Na [M + Na]+ 306.9576; Found 306.9580. 
 
(R, E)-27: pale yellow semi solid, 60% yield; IR: 3060, 3019, 2945, 2896, 1703, 1613, 
1474, 1301, 1221; 1H NMR (500 MHz, CDCl3): δ 8.36 (d, J = 16.1 Hz, 1H), 7.93-7.91 
(m, 2H), 7.60-7.51 (m, 3H), 6.95 (s, 1H), 6.66 (s, 1H), 6.25 (d, J = 16.1 Hz, 1H), 5.83 
(dd, J = 1.2, 16.4 Hz, 2H), 3.80 (s, 3H), 3.27 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 
168.3, 149.9, 143.0, 142.0, 140.7, 139.0, 133.4, 129.6, 128.3, 121.3, 114.0, 105.4, 103.8, 
101.2, 51.4, 46.0; HRMS calcd for C18H17NO5SNa [M + Na]+ 382.0720, found 382.0719; 
[α]25

D = 257.02 (c 2.08, CHCl3). 
 
(R, R)-28: pale yellow solid, yield 87.8%; mp: 137- 139 oC; IR: 3060, 2998, 2945, 2888, 
1732, 1482, 1241 cm-1; 1H NMR (500 MHz, CDCl3): δ 8.06-8.05 (m, 2H), 6.68-6.64 (m, 
1H), 6.79-6.75 (m, 2H), 6.68 (s, 1H), 6.63 (s, 1H), 5.90 (dd, J = 1.3, 6.5 Hz, 2H), 3.70-
3.76 (m, 1H), 3.62 (s, 3H), 3.53 (dd, J = 4.5, 13.0 Hz, 1H), 3.31 (dd, J = 10.1, 13.0 Hz, 
1H), 2.87 (dd, J = 5.7, 16.3 Hz, 1H), 2.70 (dd, J = 8.1, 16.3 Hz, 1H); 13C NMR (125 
MHz, CDCl3): δ 171.4, 147.5, 142.0, 139.5, 138.9, 133.7, 129.3, 128.7, 116.5, 105.5, 
105.4, 100.8, 52.4, 51.8, 36.7, 31.5; HRMS calcd for C18H17NO5SNa [M + Na]+ 
382.0720; Found 382.0731; [α]25

D = -2.74 (c 0.95, CHCl3). 
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