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1. General information.  

Thin layer chromatography (TLC) was performed on EMD precoated plates (silica gel 60 F254, Art 

5715), Optical rotations were recorded on a A212000-T APIV/IW. Column chromatography was 

performed on Silica Gel 60 (300–400 Mesh) using a forced flow of 0.5–1.0 bar. 
1
H NMR (400 MHz), 

13
C NMR (100 MHz) were measured on a Bruker AVANCE Ⅲ–400 spectrometer. Chemical shifts 

are expressed in parts per million (ppm) with respect to the residual solvent peak. Coupling constants 

are reported as Hertz (Hz), signal shapes and splitting patterns are indicated as follows: br, broad; s, 

singlet; d, doublet; t, triplet; q, quartet; m, multiplet; Infrared (IR) spectra were recorded on a Nicolet 

iS10 spectrophotometer and are reported as wavenumber (cm
-1

). HRMS was measured by Agilent G 

6500. Optical rotations were recorded on a A212000-T APIV/IW. 

1
1
 was prepared according to published literature procedures. 1-(triphenylphosphoranylidene) 

propan-2-one, 2-(triphenylphosphoranylidene)-acetophenon, 2-chloroacetyl chloride, KOH (85% 

w/w) were commercially available. Other Wittig reagents
2
 and all the chiral PTC

3
 were prepared 

according to the published literature procedures.  
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2. Catalyst screening
a,b 

 

 

 

a
A solution of 1 (0.10 mmol), 2 (0.01 mmol), and 5M KOH (0.2 mL, 1.0 mmol) in toluene (2 mL) at -30 

o
C was 

stirred for 48 h. 
b 1

H NMR yield with CH2Br2 as internal standard. 
c
The reaction carried out at -20 °C. 
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3. Optimization of reaction conditions 

Entry Base 
Cat.2g 

[equiv.]. 

Toluene 

[mL] 

Temp. 

[℃] 

Yield 

[%
a
] 

Er 

1 5M KOH 0.2mL 0.1 2.0 -20 52 84.0/16.0 

2 5M KOH 0.1mL 0.1 2.0 -20 27 67.5/32.5 

3 5M KOH 0.4mL 0.1 2.0 -20 68 83.6/16.4 

4 5M KOH 0.8mL 0.1 2.0 -20 75 84.0/16.0 

5 5M KOH 2.0mL 0.1 2.0 -20 19 83.7/16.3 

6 5M KOH 0.8mL 0.1 2.0 -30 51 88.7/11.3 

7 5M KOH 0.8mL 0.1 2.0 -40 10 74.6/25.4 

8 6M KOH 0.8mL 0.1 2.0 -30 trace -- 

9 3M KOH 0.8mL 0.1 2.0 -30 33 84.0/16.0 

10 5M KOH 0.8mL 0.2 2.0 -30 20 78.2/21.8 

11 5M KOH 0.8mL 0.05 2.0 -30 trace -- 
a 1H NMR yield with CH2Br2 as internal standard. 

 

4. Representative procedures for the preparation and characterization of the 

starting materials 

 

 

 

1 was prepared according to General Procedure A: To  a  vigorously  stirred mixture  of  

3,4-dihydroisoquinoline (1.0 mmol, 1.0 equiv), dichloromethane (10 mL), and saturated  aqueous 

sodium hydrogen carbonate (10 ml) was added dropwise a solution of 2-chloroacetyl chloride (124.2 

mg, 1.1 mmol, 1.1 equiv ) in dichloromethane  (2 mL) at 0 ℃, and the mixture was stirred 

vigorously at 0 ℃ until the reaction was completed (monitoring by TLC) . The organic phase was 

separated and the aqueous phase was extracted with dichloromethane (5.0 mL × 3). The combined 

organic phase was washed with brine, dried over Na2SO4. The solvent was removed under reduced 
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pressure to afford the crude product and the crude mixture purified by flash chromatography with 

hexanes / ethyl acetate to afford the intermediates. 

Intermediate (0.5 mmol, 1.0 equiv) and the Wittig reagent (0.6 mmol, 1.2 equiv) were added to 

the flask, stirred vigorously at 110 ℃ until the reaction was completed, monitoring with TLC. The 

mixture was cool to room temperature, without removed the solvent under reduced pressure, the 

mixture was loaded on silica gel column and purified by flash chromatography (ethyl acetate 

/hexanes ) to afford the pure product 1. 

 

According to General Procedure A: 1a was obtained as a white solid in 65% yield. 

1
H NMR (400 MHz, CDCl3): δ 8.14 (d, J = 15.6 Hz, 1H), 8.05 (s, 1H), 8.04 (t, J = 1.6 Hz, 1H), 7.75 

(dd, J = 7.6, 0.8 Hz, 1H), 7.61 - 7.57 (m, 1H), 7.55 - 7.49 (m, 3H), 7.38 (td, J = 7.2, 1.2 Hz, 1H), 

7.32 (td, J = 7.4, 1.2 Hz, 1H), 7.27 - 7.25 (m, 1H), 6.73 (brs, 1H), 4.01 (s, 2H), 3.54 (dd, J = 13.2, 6.8 

Hz, 2H), 3.06 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3): δ 190.00, 165.99, 141.35, 138.76, 138.01, 133.90, 133.02, 130.74, 

130.61, 128.72, 128.55, 127.43, 126.90, 123.80, 42.65, 40.91, 32.78. 

FTIR (film): v max 3303, 2920, 2849, 1656, 1605, 1594, 1571, 1556, 1481, 1447, 1331, 1214, 1016, 

968, 749 cm
-1

. 

HRMS (ESI) calcd for C19H18ClNNaO2 (M+Na)
+
: 350.0924, found: 350.0922. 

  

According to General Procedure A: 1b was obtained as a yellow solid in 58% yield. 
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1
H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 15.6 Hz, 1H), 7.95 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 7.3 

Hz, 1H), 7.51 (d, J = 15.4 Hz, 1H), 7.40 – 7.28 (m, 4H), 7.25 (d, J = 7.5 Hz, 1H), 6.74 (brs, 1H), 

4.00 (s, 2H), 3.53 (q, J = 6.8 Hz, 2H), 3.05 (t, J = 7.2 Hz, 2H), 2.43 (s, 3H). 

13
C NMR (100 MHz, CDCl3) δ 189.48, 165.99, 143.89, 140.92, 138.68, 135.44, 134.02, 130.70, 

130.47, 129.42, 128.70, 127.39, 126.89, 123.88, 42.65, 40.89, 32.76, 21.73. 

FTIR (film): v max 3309, 1664, 1642, 1609, 1593, 1541, 1479, 1409, 1325, 1292, 1175, 1026, 978, 

753 cm
-1

. 

HRMS (ESI) calcd for C20H20ClNNaO2 (M+Na)
+
: 364.1080, found: 364.1076. 

 

According to General Procedure A: 1c was obtained as a yellow solid in 61% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 15.2 Hz, 1H), 8.08 – 8.03 (m, 2H), 7.74 (dd, J = 7.6, 1.2 

Hz, 1H), 7.52 (d, J = 15.2 Hz, 1H), 7.37 (td, J = 7.6, 1.5 Hz, 1H), 7.32 (td, J = 7.6, 1.3 Hz, 1H), 7.26 

(dd, J = 7.6, 1.3 Hz, 1H), 7.01 – 6.96 (m, 2H), 6.70 (brs, 1H), 4.01 (s, 2H), 3.89 (s, 3H), 3.54 (q, J = 

6.8 Hz, 2H), 3.06 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 188.24, 165.96, 163.58, 140.54, 138.59, 134.13, 130.91, 130.89, 

130.69, 130.38, 127.38, 126.87, 123.77, 113.93, 55.54, 42.65, 40.88, 32.78. 

FTIR (film): v max 3277, 1653, 1604, 1586, 1553, 1338, 1305, 1257, 1219, 1167 cm
-1

. 

HRMS (ESI) calcd for C20H20ClNNaO3 (M+Na)
+
: 380.1029, found: 380.1029. 
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According to General Procedure A: 1d was obtained as a yellow solid in 65% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 15.2 Hz, 1H), 8.14 (s, 1H), 8.12 (s, 1H), 7.78 (d, J = 6.8 

Hz, 1H), 7.75 (s, 1H), 7.73 (s, 1H), 7.66 (t, J = 1.6 Hz, 1H), 7.64 (s, 1H), 7.57 (d, J = 15.2 Hz, 1H), 

7.62 – 7.46 (m, 2H), 7.44 – 7.30 (m, 3H), 7.28 (dd, J = 7.6, 1.2 Hz, 1H), 6.72 (brs, 1H), 4.02 (s, 2H), 

3.55 (q, J = 6.8 Hz, 2H), 3.08 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 189.45, 166.00, 145.74, 141.30, 139.88, 138.78, 136.71, 133.96, 

130.77, 130.63, 129.18, 129.00, 128.30, 127.45, 127.37, 127.32, 126.92, 123.75, 42.66, 40.94, 32.82. 

FTIR (film): v max 3324, 2938, 1647, 1590, 1539, 1485, 1405, 1338, 1318, 1219, 1194, 1032, 1005, 

979, 835, 751, 693 cm
-1

. 

HRMS (ESI) calcd for C25H22ClNNaO2 (M+Na)
+
: 426.1237, found: 426.1236. 

 

According to General Procedure A: 1e was obtained as a yellow solid in 68% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.56 (s, 1H), 8.20 (d, J = 15.2 Hz, 1H), 8.12 (dd, J = 8.8, 1.6 Hz, 1H), 

8.00 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 8.8 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.82 (dd, J = 7.6, 1.2 Hz, 

1H), 7.68 (d, J = 15.2 Hz, 1H), 7.64 – 7.54 (m, 2H), 7.39 (td, J = 7.6, 1.6 Hz, 1H), 7.35 (td, J = 7.6, 

1.6 Hz, 1H), 7.28 (dd, J = 7.6, 1.2 Hz, 1H), 6.71 (brs, 1H), 4.01 (s, 2H), 3.56 (q, J = 6.8 Hz, 2H), 

3.08 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 189.80, 165.99, 141.32, 138.77, 135.59, 135.37, 134.00, 132.58, 

130.76, 130.62, 130.11, 129.58, 128.69, 128.54, 127.87, 127.46, 126.98, 126.88, 124.45, 123.87, 

42.66, 40.93, 32.82. 

FTIR (film): v max 3312, 3067, 1652, 1590, 1549, 1325, 1277, 1185, 1122, 1015, 968, 828, 761 cm
-1

. 

HRMS (ESI) calcd for C23H20ClNNaO2 (M+Na)
+
: 400.1080, found: 400.1081. 
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According to General Procedure A: 1f was obtained as a yellow solid in 67% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 15.2 Hz, 1H), 8.12 – 8.05 (m, 2H), 7.75 (d, J = 6.8 Hz, 

1H), 7.50 (d, J = 15.6 Hz, 1H), 7.39 (td, J = 7.4, 1.2 Hz, 1H), 7.33 (t, J = 6.8 Hz, 1H), 7.30 – 7.25 (m, 

1H), 7.22 – 7.13 (m, 2H), 6.69 (brs, 1H), 4.02 (s, 2H), 3.54 (dd, J = 13.6, 6.8 Hz, 2H), 3.07 (t, J = 7.2 

Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 188.32, 165.97, 165.73 (d, J = 254.8 Hz), 141.60, 138.79, 134.36 (d, 

J = 2.7 Hz), 133.81, 131.21, 131.12, 130.77, 130.70, 127.45, 126.89, 123.33, 115.96, 115.74, 42.64, 

40.93, 32.80. 

FTIR (film): v max 3310, 1664, 1638, 1597, 1502, 1409, 1327, 1296, 1028, 1154, 1024, 980, 832, 752 

cm
-1

. 

HRMS (ESI) calcd for C19H17ClFNNaO2 (M+Na)
+
: 368.0830, found: 368.0833. 

 

According to General Procedure A: 1g was obtained as a yellow solid in 71% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 15.6 Hz, 1H), 8.01 (s, 1H), 7.98 (s, 1H), 7.75 (d, J = 7.6 

Hz, 1H), 7.53 – 7.43 (m, 3H), 7.40 (t, J = 7.2 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.27 (d, J = 8.0 Hz, 

1H), 6.67 (brs, 1H), 4.02 (s, 2H), 3.54 (q, J = 6.8 Hz, 2H), 3.07 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 188.65, 165.96, 141.87, 139.44, 138.85, 136.32, 133.74, 130.78, 

129.96, 129.03, 127.46, 126.91, 123.21, 42.64, 40.94, 32.80. 

FTIR (film): v max 3312, 1665, 1642, 1595, 1537, 1409, 1291, 1209, 1087, 1027, 1010, 981, 830, 756 
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cm
-1

. 

HRMS (ESI) calcd for C19H17Cl2NNaO2 (M+Na)
+
: 384.0534, found: 384.0530. 

 

According to General Procedure A: 1h was obtained as a yellow solid in 67% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 15.4 Hz, 1H), 7.95 – 7.86 (m, 2H), 7.78 – 7.71 (m, 1H), 

7.69 – 7.61 (m, 2H), 7.47 (d, J = 15.4 Hz, 1H), 7.40 (td, J = 7.4, 1.2 Hz, 1H), 7.33 (t, J = 7.0 Hz, 1H), 

7.29 – 7.26 (m, 1H), 6.68 (brs, 1H), 4.02 (s, 2H), 3.54 (dd, J = 13.6, 6.8 Hz, 2H), 3.06 (t, J = 7.2 Hz, 

2H). 

13
C NMR (100 MHz, CDCl3) δ 188.86, 165.96, 141.93, 138.85, 136.74, 133.73, 132.02, 130.80, 

130.79, 130.06, 128.16, 127.47, 126.91, 123.17, 42.64, 40.94, 32.81. 

FTIR (film): v max 3315, 1665, 1642, 1594, 1536, 1476, 1409, 1322, 1290, 1208, 1067, 1024, 1007, 

975, 826, 787, 756 cm
-1

. 

HRMS (ESI) calcd for C19H17BrClNNaO2 (M+Na)
+
: 428.0029, found: 428.0026. 

 

According to General Procedure A: 1i was obtained as a light green solid in 60% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 15.6 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.67 (d, J = 1.2 

Hz, 1H), 7.46 – 7.22 (m, 5H), 6.72 (brs, 1H), 6.61 (dd, J = 3.6, 1.6 Hz, 1H), 4.02 (s, 2H), 3.54 (q, J = 

6.8 Hz, 2H), 3.07 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 177.78, 165.97, 153.62, 146.73, 140.52, 138.83, 133.71, 130.73, 

130.65, 127.39, 126.96, 123.20, 117.81, 112.66, 42.64, 40.90, 32.75. 

FTIR (film): v max 3290, 2947, 2880, 1649, 1603, 1590, 1558, 1461, 1392, 1330, 1306, 1241, 1215, 
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1190, 1152, 1039, 1010, 965, 881, 758 cm
-1

. 

HRMS (ESI) calcd for C17H16ClNNaO3 (M+Na)
+
: 340.0716, found: 340.0714. 

 

According to General Procedure A: 1j was obtained as a brown solid in 63% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 15.2 Hz, 1H), 7.88 (d, J = 3.2 Hz, 1H), 7.74 (d, J = 7.6 

Hz, 1H), 7.72 – 7.67 (m, 1H), 7.43 – 7.36 (m, 2H), 7.33 (t, J = 7.2 Hz, 1H), 7.27 (d, J = 6.0 Hz, 1H), 

7.20 (dd, J = 4.8, 4.0 Hz, 1H), 6.69 (brs, 1H), 4.02 (s, 2H), 3.54 (q, J = 6.8 Hz, 2H), 3.07 (t, J = 7.2 

Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 181.78, 165.96, 145.39, 140.70, 138.78, 134.19, 133.74, 132.02, 

130.76, 130.65, 128.36, 127.43, 126.93, 123.65, 42.65, 40.90, 32.80. 

FTIR (film): v max 3295, 1654, 1646, 1589, 1558, 1515, 1410, 1351, 1327, 1233, 1219, 1061, 966, 

858, 749 cm
-1

. 

HRMS (ESI) calcd for C17H16ClNNaO2S (M+Na)
+
: 356.0488, found: 356.0491. 

 

According to General Procedure A: 1k was obtained as a brown solid in 50% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.74 (d, J = 4.0 Hz, 1H), 8.26 (s, 2H), 8.20 (d, J = 8.0 Hz, 1H), 7.89 

(td, J = 7.6, 1.6 Hz, 2H), 7.50 (ddd, J = 7.6, 4.8, 1.1 Hz, 1H), 7.37 (td, J = 7.6, 1.6 Hz, 1H), 7.32 (td, 

J = 7.6, 1.6 Hz, 1H), 7.26 (dd, J = 7.6, 1.6 Hz, 1H), 6.71 (brs, 1H), 4.03 (s, 2H), 3.56 (q, J = 6.8 Hz, 

2H), 3.10 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 189.35, 166.00, 154.09, 148.90, 141.19, 138.86, 137.08, 134.02, 

130.67, 130.62, 127.38, 127.35, 127.01, 123.02, 122.78, 42.65, 41.00, 32.80. 

FTIR (film): v max 3285, 3087, 1656, 1594, 1558, 1427, 1406, 1329, 1269, 1220, 1190, 1024, 979, 
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752 cm
-1

. 

HRMS (ESI) calcd for C18H17ClN2NaO2 (M+Na)
+
: 351.0876, found: 351.0875. 

 

According to General Procedure A: 1l was obtained as a yellow solid in 53% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.04 – 8.02 (m, 3H), 7.86 (d, J = 2.0 Hz, 1H), 7.61 (t, J = 7.2 Hz, 1H), 

7.56 – 7.45 (m, 4H), 7.14 (d, J = 8.4 Hz, 1H), 6.73 (brs, 1H), 4.02 (s, 2H), 3.51 (q, J = 6.8 Hz, 2H), 

3.01 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 189.51, 166.06, 139.74, 137.69, 137.59, 135.97, 133.27, 133.23, 

132.31, 129.59, 128.79, 128.60, 124.71, 121.22, 42.62, 40.67, 32.39. 

FTIR (film): v max 3318, 1658, 1643, 1603, 1544, 1480, 1446, 1406, 1320, 1263, 1215, 1174, 1117, 

1019, 910, 857, 824, 786, 725, 692 cm
-1

. 

HRMS (ESI) calcd for C19H17BrClNNaO2 (M+Na)
+
: 428.0029, found: 428.0026. 

 

According to General Procedure A: 1m was obtained as a yellow solid in 81% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.58 (d, J = 2.0 Hz, 1H), 8.20 (dd, J = 8.4, 2.4 Hz, 1H), 8.15 – 8.05 

(m, 3H), 7.71 – 7.60 (m, 2H), 7.55 (t, J = 7.6 Hz, 2H), 7.47 (d, J = 8.4 Hz, 1H), 6.81 (brs, 1H), 4.03 

(s, 2H), 3.59 (q, J = 6.8 Hz, 2H), 3.17 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 189.14, 166.22, 147.24, 145.67, 138.74, 137.40, 135.53, 133.53, 

131.77, 128.88, 128.66, 126.06, 124.44, 121.71, 42.57, 40.33, 33.01. 

FTIR (film): v max 3332, 2927, 1652, 1600, 1542, 1515, 1434, 1343, 1265, 1221, 1076, 976, 836, 803, 

762, 729, 690 cm
-1

. 
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HRMS (ESI) calcd for C19H17ClN2NaO4 (M+Na)
+
: 395.0775, found: 395.0774. 

 

According to General Procedure A: 1n was obtained as a yellow solid in 73% yield;  

1
H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 15.6 Hz, 1H), 8.04 (s, 1H), 8.02 (d, J = 1.2 Hz, 1H), 7.75 

(d, J = 8.8 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.44 (d, J = 15.6 Hz, 1H), 6.86 

(dd, J = 8.8, 2.8 Hz, 1H), 6.78 (d, J = 2.8 Hz, 1H), 6.77 (brs, 1H),4.02 (s, 2H), 3.84 (s, 3H), 3.54 (dd, 

J = 13.6, 6.8 Hz, 2H), 3.04 (t, J = 7.2 Hz, 2H). 

13
C NMR (100 MHz, CDCl3) δ 190.07, 166.02, 161.56, 141.02, 140.95, 138.32, 132.79, 128.64, 

128.49, 128.44, 126.24, 121.22, 115.45, 113.60, 55.44, 42.66, 40.89, 32.98.  

FTIR (film): v max 3335, 2938, 2834, 1650, 1586, 1575, 1539, 1444, 1412, 1343, 1315, 1266, 1246, 

1216, 1184, 1163, 1103, 1019, 974, 810, 779, 688 cm
-1

. 

HRMS (ESI) calcd for C20H20ClNNaO3 (M+Na)
+
: 380.1029, found: 380.1029. 

 

According to General Procedure A: 1o was obtained as a white solid in 56 % yield. 

1
H NMR (400 MHz, CDCl3): δ 7.93 (d, J = 16.0 Hz, 1H), 7.63 (dd, J = 7.6, 1.2 Hz, 1H), 7.36 (td, J 

= 7.2, 1.2 Hz, 1H), 7.31-7.29 (m, 1H), 7.24 (dd, J = 7.2, 1.2 Hz, 1H), 6.77 (brs, 1H), 6.68(d, J = 16.0 

Hz, 1H), 4.03 (s, 2H), 3.53-3.47 (m, 2H), 3.04(t, J = 7.4, 2H), 2.44 (s, 3H). 

13
C NMR (100 MHz, CDCl3): δ = 198.64, 166.14, 140.12, 138.20, 133.57, 130.57, 130.51, 129.07, 

127.50, 126.86, 42.60, 41.12, 32.92, 27.77.  

FTIR (film): v max 3351, 3065, 2994, 2925, 1657, 1633, 1523, 1482, 1463, 1433, 1359, 974, 759, 

675 cm-1. 

HRMS (ESI) calcd for C14H16ClNO2 Na (M+Na)+: 288.0767, found: 288.0765.  
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5. 
1
H NMR and 

13
C NMR spectra 
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6. HPLC of the products 
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7． X-ray spectra of 3l (CCDC 1029009 ) 

 

 

 

 

 


