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1. General methods.  

CH2Cl2 and THF were dried according to Purification of Common Laboratory Chemicals. Other 

reagents were used without further purification. 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. 1H NMR (300 MHz), 13C NMR (75 MHz) were measured on a Bruker AVANCE Ⅲ–300 

spectrometer, 1H NMR (400 MHz), 13C NMR (100MHz) 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 6700 spectrophotometer and are reported as wavenumber (cm1). 

4
1
 were prepared according to published literature procedures. 5a-5g

2
, 5h

3
, 5l

2
 were prepared 

according to published literature procedures. 5i, 5j, 5k were commercially available from Acros Corp. 

6
4
, 7

4
 were prepared according to published literature procedures. 3a

5
, 3b-3d

6
 were prepared 

according to published literature procedures. The spectroscopic data of 1j
5
, 2j

5
, 2m

4
, 2n

4 
were 

published in the previous literature. 
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2. General procedures and data for compounds 

General procedure A : Preparation of N-protected amine 1 

 

To a solution of N-protected amine 4 (0.5 mmol, 1.0 equiv) in CH2Cl2 (0.1M) under nitrogen 

atmosphere, the corresponding conjugated ketone 5 (1.5 mmol, 3.0 equiv) and Hoveyda-Grubbs 2
nd 

generation catalyst (5 mol%) were added. The resulting solution was stirred for 12 h at room 

temperature and then, solvents were removed and the crude mixture purified by flash 

chromatography with hexanes / ethyl acetate as eluents to give the desired product 1. 

 

Data for Compounds Afforded by General Procedure A 

 

According to general procedure A, 1a was obtained from 4a and 5a as a foam solid in 79% yield.  

1
H NMR (400 MHz, CDCl3): δ = 7.52 (dd, 

1
J = 2.0 Hz, 

2
J = 8.4 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 

6.99-6.92 (m, 1H), 6.87 (d, J = 15.2Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 4.56 (br s, 1H), 3.88 (s, 6H), 

3.11 (q, J = 6.4 Hz, 2H), 2.28 (q, J = 7.2Hz, 2H), 1.69-1.62 (m, 2H), 1.37 (s, 9H); 
13

C NMR (100 

MHz, CDCl3): δ = 188.80, 155.99, 153.19, 149.17, 147.37, 130.92, 125.84, 123.11, 110.80, 109.97, 

79.25, 56.06, 56.01, 40.06, 29.96, 29.67, 28.77; FTIR (film): v max 3378, 2925, 2854, 1699, 1663, 

1558, 1497, 1454, 1249, 1137, 1027, 980, 774 cm
-1

; HRMS (ESI) calcd for C19H27NO5Na (M+Na)
+
: 

372.1787, found: 372.1788. 

 

 

According to general procedure A, 1b was obtained from 4b and 5a as a colorless oil in 78% yield.  

1
H NMR (400 MHz, CDCl3): δ = 7.47 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 1.6 Hz, 1H), 7.21-7.15 (m, 
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5H), 6.94-6.89 (m, 1H), 6.85 (d, J = 15.2 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 5.52 (t, J = 5.6 Hz, 1H), 

4.98 (s, 2H), 3.778 (s, 3H), 3.775 (s, 3H), 3.12 (q, J = 6.4 Hz, 2H), 2.20 (q, J = 6.8 Hz, 2H), 

1.64-1.57 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ = 188.56, 156.58, 153.15, 149.04, 147.37, 136.70, 

130.72, 128.39, 127.93, 127.87, 125.65, 123.12, 110.72, 110.05, 66.37, 55.91, 55.82, 40.42, 29.77, 

28.45. FTIR (film): v max 3369, 3063, 2936, 2613, 2536, 2031, 1957, 1698, 1596, 1267, 1022, 890, 

762 cm
-1

; HRMS (ESI) calcd for C22H25NO5 Na (M+Na)
+
: 406.1630, found: 406.1632. 

 

 

According to general procedure A, 1c was obtained from 4b and 5c as a white solid in 75% yield : 

m.p. 69-70 °C. 
1
H NMR (400 MHz, CDCl3): δ = 7.82 (d, J = 7.2 Hz, 2H), 7.46-7.42 (m, 1H), 

7.36-7.32 (m, 2H), 7.24-7.16 (m, 5H), 6.96-6.89 (m, 1H), 6.80 (d, J = 15.6 Hz, 1H), 5.04 (br s, 1H), 

4.99 (s, 2H), 3.14 (q, J = 6.4 Hz, 2H), 2.22 (q, J = 6.8 Hz, 2H), 1.66-1.58 (m, 2H); 
13

C NMR (100 

MHz, CDCl3): δ = 190.70, 156.54, 148.42, 137.82, 136.63, 132.77, 128.57, 128.54, 128.12, 128.09, 

126.37, 66.64, 40.54, 29.95, 28.56; FTIR (film): v max 3346, 2929, 1717, 1669, 1578, 1531, 1448, 

1340, 1250, 1002, 846, 773, 696 cm
-1

; HRMS (ESI) calcd for C20H21NO3Na (M+Na)
+
: 346.1419, 

found: 346.1425. 

 

 

According to general procedure A, 1d was obtained from 4b and 5d as a brown oil in 68% yield.  

1
H NMR (400 MHz, CDCl3): δ = 7.94 (d, J = 8.8 Hz, 2H), 7.36-7.31 (m, 5H), 7.03-6.93 (m, 1H), 

6.94 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 14.8 Hz, 1H), 5.10 (s, 2H), 4.83 (br s, 1H), 3.87 (s, 3H), 3.26 (q, 

J = 6.8 Hz, 2H), 2.34 (q, J = 6.8 Hz, 2H), 1.78-1.71 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ = 

188.85, 163.39, 156.42, 147.08, 136.55, 130.86, 130.72, 128.55, 128.15, 126.12, 113.79, 66.72, 

55.47, 40.58, 29.91, 28.67; FTIR (film): v max 3368, 2955, 1697, 1599, 1509, 1414, 1357, 1309, 1259, 

1214, 1171, 1113, 1029, 990, 827, 699 cm
-1

; HRMS (ESI) calcd for C21H23NO4Na (M+Na)
+
: 

376.1525, found: 376.1529. 
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According to general procedure A, 1e was obtained from 4b and 5e as a brown oil in 75% yield. 

1
H NMR (400 MHz, CDCl3): δ = 8.23 (d, J = 8.8 Hz, 2H), 7.98 (d, J = 8.8 Hz, 2H), 7.28-7.21 (m, 

5H), 7.06-6.98 (m, 1H), 6.82 (d, J = 15.2 Hz, 1H), 5.03 (s, 2H), 4.81 (br s, 1H), 3.20 (q, J = 6.4 Hz,  

2H), 2.32 (q, J = 7.2 Hz, 2H), 1.73-1.62 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ = 189.11, 156.47, 

150.56, 150.06, 142.65, 136.46, 129.50, 128.57, 128.21, 128.11, 126.04, 123.79, 66.79, 40.41, 29.98, 

29.69, 28.49; FTIR (film): v max 3365, 2925, 2855, 1722, 1710, 1693, 1602, 1513, 1462, 1345, 1238, 

1025, 854, 818, 736 cm
-1

; HRMS (ESI) calcd for C20H20N2O5Na (M+Na)
+
: 391.1270, found: 

391.1272. 

 

 

According to general procedure A, 1f was obtained from 4b and 5f as a brown solid in 64% yield. 

mp 89-90 °C; 
1
H NMR (400 MHz, CDCl3): δ = 7.78 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 

7.27-7.22 (m, 5H), 6.97-6.92 (m, 1H), 6.79 (d, J = 15.2 Hz, 1H), 5.01 (s, 2H), 4.88 (br s, 1H), 3.17 (q, 

J = 6.8 Hz, 2H), 2.26 (q, J = 7.2 Hz, 2H), 1.67-1.62 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ = 

189.28, 156.49, 148.84, 139.18, 136.53, 136.11, 129.98, 128.88, 128.55, 128.17, 128.12, 125.94, 

66.73, 40.49, 29.70, 28.56; FTIR (film): v max 3348, 2924, 2854, 1714, 1620, 1506, 1456, 1377, 1245, 

1091, 1009, 812, 728, 699, 619, 575 cm
-1

; HRMS (ESI) calcd for C20H23ClNO4 (M+H3O)
+ 

: 

376.1316 , found: 376.1528. 

 

 

According to general procedure A, 1g was obtained from 4b and 5g as a white solid in 78% yield. 

m.p. 74-75 °C; 
1
H NMR (400 MHz, CDCl3): δ = 7.46 (d, J = 7.2 Hz, 1H), 7.36 (d, J = 1.2 Hz, 1H), 
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7.27-7.21 (m, 5H), 6.94-6.88 (m, 1H), 6.78 (d, J = 15.2 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 5.95 (s, 

2H), 5.01 (s, 2H), 4.89 (br s, 1H), 3.16 (q, J = 6.4 Hz, 2H), 2.24 (q, J = 7.2 Hz, 2H), 1.68-1.61 (m, 

2H); 
13

C NMR (100 MHz, CDCl3): δ = 188.39, 156.48, 151.66, 148.23, 147.50, 136.58, 132.54, 

128.54, 128.13, 125.96, 124.77, 108.44, 107.87, 101.83, 66.69, 40.53, 29.89, 28.61; FTIR (film): v 

max 3345, 3065, 3033, 2929, 1712, 1666, 1622, 1519, 1488, 1445, 1323, 1172, 1135, 980, 841, 797 

cm
-1

; HRMS (ESI) calcd for C21H21NO5Na (M+Na)
+ 

: 390.1317 , found: 390.1322. 

 

 

According to general procedure A, 1h was obtained from 4b and 5h as a brown oil in 62% yield.  

1H NMR (300 MHz, CDCl3): δ = 7.62 (t, J = 0.9 Hz, 1H), 7.39-7.28 (m, 5H), 7.26 (d, J = 6.0 Hz, 

1H), 7.17-7.08 (m, 1H), 6.83 (d, J = 15.6 Hz, 1H), 6.57-6.55 (m, 1H), 5.10 (s, 2H), 4.83 (br s, 1H), 

3.26 (q, J = 6.6 Hz, 2H), 2.35 (q, J = 7.5 Hz, 2H), 1.80-1.70 (m, 2H); 
13

C NMR (100MHz, CDCl3): δ 

= 177.98, 156.43, 153.27, 147.50, 146.59, 136.53, 128.55, 128.15, 127.87, 125.45, 117.71, 112.40, 

66.73, 40.53, 30.23, 28.53; FTIR (film): v max 3422, 3033, 2954, 2885, 1683, 1622, 1586, 1499, 1418, 

1355, 1213, 1100, 1041, 991, 882, 699 cm
-1

; HRMS (ESI) calcd for C18H19NO4Na (M+Na)
+ 

: 

336.1212, found: 336.1210. 

 

 

According to general procedure A, 1i was obtained from 4b and 5i as a brown oil in 69% yield.  

1
H NMR (400 MHz, CDCl3): δ = 6.76-6.69 (m, 1H), 6.02 (d, J = 16 Hz, 1H), 4.71 (br s, 1H), 

3.11-3.06 (m, 2H), 2.23-2.19 (m, 2H), 2.17 (s, 3H), 1.64-1.57 (m, 2H), 1.37 (s, 9H); 
13

C NMR (100 

MHz, CDCl3): δ = 198.49, 155.97, 147.18, 131. 59, 79.15, 39.96, 28.58, 28.46, 28.35, 26.85; FTIR 

(film): v max 3366, 2924, 2856, 2361, 1697, 1627, 1521, 1455, 1392, 1366, 1253, 1173, 1104, 980, 

777, 613 cm
-1

; HRMS (ESI) calcd for C12H21NO3Na (M+Na)
+ 

: 250.1419, found: 250.1421. 
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According to general procedure A, 1j was obtained from 4b and 5i as a brown oil in 89% yield. The 

spectroscopic data are in agreement with those previously reported in the literature 
[5]

. 

 

 

According to general procedure A, 1k was obtained from 4b and 5k as a brown oil in 85% yield.  

1
H NMR (400 MHz, CDCl3): δ = 7.30-7.20 (m, 5H), 6.74-6.68 (m, 1H), 6.03 (d, J = 16 Hz, 1H), 5.02 

(s, 2H), 4.91 (br s, 1H), 3.13 (q, J = 6.4 Hz, 2H), 2.49-2.44 (m, 2H), 2.16 (q, J = 7.2 Hz, 2H), 

1.63-1.56 (m, 2H), 1.00(t, J = 7.2 Hz, 3H); 
13

C NMR (100MHz, CDCl3): δ =201.01, 156.50, 145.60, 

136.58, 130.45, 128.51, 128.10, 128.06, 66.61, 40.46, 33.29, 29.67, 29.53, 28.48, 8.05; FTIR (film): 

v max 2924, 2855, 1710, 1589, 1462, 1452, 1378, 1110, 828, 731 cm
-1

; HRMS (ESI) calcd for 

C16H21NO3Na (M+Na)
+ 

: 298.1419 , found: 298.1429. 

 

 

 

According to general procedure A, 1l was obtained from 4b and 5l as a brown oil in 68% yield.  

1
H NMR (400 MHz, CDCl3): δ = 7.24-7.15 (m, 7H), 7.10-7.06 (m, 3H), 6.71-6.64 (m, 1H), 6.00 (d, J 

= 15.6 Hz, 1H), 4.98 (s, 2H), 4.95 (br s, 1H), 3.08 (q, J = 6.4 Hz, 2H), 2.85-2.80 (m, 2H), 2.76-2.72 

(m, 2H), 2.11 (q, J = 7.2 Hz, 2H), 1.57-1.50 (m, 2H); 
13

C NMR (100MHz, CDCl3): δ = 199.44, 

156.52, 146.23, 141.24, 136.60, 130.71, 128.57, 128.51, 128.41, 128.16, 128.12, 126.12, 66.68, 

41.75, 40.46, 30.06, 29.59, 28.47; FTIR (film): v max 3348, 3062, 3029, 2933, 1717, 1628, 1529, 1454, 

1366, 1249, 1137, 1027, 980, 774, 699cm
-1

; HRMS (ESI) calcd for C22H25NO3Na (M+Na)
+ 

: 

374.1732 , found: 374.1738. 
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General procedure B: Aza-Michael Addition 

 

To a solution of N-protected amine 1 (0.5 mmol, 1.0 equiv) in CH2Cl2 (0.1M) was added the chiral 

Brønsted acid catalyst 3d (10 mol %) under nitrogen atmosphere at -20
o
C. The reaction mixture was 

stirred at the same temperature. After the reaction was completed (as judged by TLC analysis), the 

crude reaction mixture was subjected to flash chromatography on silica gel by using mixtures of 

hexanes and ethyl acetate as eluents to afford the corresponding product 2. 

 

General procedure C: Domino Cross Metathesis/Aza-Michael Addition 

 

To a solution of N-protected amine 4b (0.5 mmol, 1.0 equiv) and the corresponding conjugated 

ketone 5 (1.5 mmol, 3.0 equiv) in CH2Cl2 (0.1M) under nitrogen atmosphere, the Hoveyda-Grubbs 

2nd 
generation catalyst (5mol %) and the chiral Brønsted acid catalyst 3d were sequentially added at 0

 

o
C. The resulting solution was stirred at the same temperature. After the reaction was completed (as 

judged by TLC analysis), the crude reaction mixture was subjected to flash chromatography on silica 

gel by using mixtures of hexanes and ethyl acetate as eluents to afford the corresponding product 2. 

 

Data for Compounds Afforded by General Procedure B and C. 

 

According to General Procedure B: 2a was obtained from 1a as a colorless oil in 93% yield and 94/6 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 90:10); λ = 254 nm, flow rate = 0.5 mL/min, tR (minor) = 21.58 min, tR(major) = 
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22.59 min; [α]
27

D +4.5 (c 0.4, CHCl3, 94/6 er); 
1
H NMR (400 MHz, CDCl3): δ = 7.71 (d, J = 8 Hz, 

1H), 7.61 (s, 1H), 6.90 (d, J = 8.4 Hz, 1H), 4.34-4.29 (m, 1H), 3.952 (s, 3H), 3.950 (s, 3H), 3.63 (d, J 

= 5.2Hz, 1H), 3.39-3.35 (m, 2H), 2.77-2.71 (m, 1H), 2.04-1.77(m, 4H), 1.47 (s, 9H); 
13

C NMR 

(100MHz, CDCl3): δ = 197.59, 154.41, 153.34, 149.06, 130.18, 123.24, 110.33, 110.07, 79.39, 56.06, 

56.02, 54.70, 46.46, 43.14, 31.11, 28.56, 23.23; IR (film):
 
v max

 
3079, 2968, 2927, 1685, 1595, 1515, 

1456, 1402, 1367, 1341, 1271, 1169, 1117, 1024, 909, 805 cm
-1

; HRMS (ESI) calcd for 

C19H27NO5Na (M+Na)
+
: 372.1787, found: 372.1785. 

 

 

According to General Procedure B: 2b was obtained from 1b as a colorless oil in 90% yield and 98/2 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ = 254 nm, flow rate = 0.5 mL/min, tR (minor) = 40.78 min, tR(major) = 

45.57 min; [α]
26

D -7.3 (c 4.8, CHCl3, 98/2 er); 
1
H NMR (400 MHz, CDCl3): δ = 7.71 (d, J = 7.6Hz, 

1H), 7.55 (s, 1H), 7.35-7.29 (m, 5H), 6.92-6.90 (m, 1H), 5.09 (s, 2H), 4.92 (s, 1H), 4.02 (s, 1H), 3.96 

(s, 3H), 3.93 (s, 3H), 3.33-3.24 (m, 2H), 3.15(s, 1H), 1.91-1.85 (m, 1H), 1.78-1.66 (m, 3H); 
13

C 

NMR (100MHz, CDCl3): δ = 192.61, 156.48, 154.11, 149.37, 136.54, 128.80, 128.54, 128.14, 

128.09, 123.31, 110.27, 110.18, 66.69, 59.19, 56.90, 56.16, 56.07, 40.48, 29.06, 26.46; IR (film): v 

max
 
3360, 3064, 2941, 1671, 1543, 1509, 1419, 1349, 1204, 1027, 1014, 889, 811 cm

-1
; HRMS (ESI) 

calcd for C22H25NO5K (M+K)
+
: 422.1370, found: 422.1580.  

 

 

According to General Procedure B: 2c was obtained from 1c as a colorless oil in 91% yield and 95/5 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 1.0 mL/min, tR (minor) = 15.93 min, tR(major) = 

12.93 min; [α]
25

D +13.3 (c 1.2, CHCl3, 95/5 er);  
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According to General Procedure C: 2c was obtained from 4b and 5c as a brown oil in 76% yield and 

94/6 er at 0
 o
C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ = 254 nm, flow rate = 0.5 mL/min, tR (minor) = 32.67 min, tR(major) = 

37.36 min; 
1
H NMR (400 MHz, CDCl3): δ = 7.95 (d, J = 7.2Hz, 1H), 7.74 (d, J = 7.2Hz, 1H), 

7.57-7.44 (m, 2H), 7.38-7.31 (m, 6H), 5.06 (s, 2H), 4.29-4.27 (m, 1H), 3.78-3.74 (m, 1H, major 

rotamer) and 3.45-3.40 (m, 1H, minor rotamer), 3.39-3.32 (m, 2H), 2.75-2.68 (m, 1H), 2.01-1.94 (m, 

1H), 1.85-1.67 (m, 3H); 
13

C NMR (100MHz, CDCl3): δ = 198.91 and 198.55, 153.74 and 153.58, 

135.86 and 135.70, 135.60 and 135.54, 132.13, 127.58 and 127.45, 127.31 and 127.23, 127.11 and 

126.90, 126.76, 65.97 and 65.59, 53.95 and 53.17, 45.75 and 45.42, 42.70 and 41.81, 30.16 and 

29.32, 22.56 and 21.74; IR (film): v max
 
3347, 3066, 2941, 1698, 1597, 1514, 1450, 1413, 1359, 1254, 

1117, 1013, 913, 880 cm
-1

; HRMS (ESI) calcd for C20H21NO3Na (M+Na)
+
: 346.1419, found: 

346.1414.  

 

 

According to General Procedure B: 2d was obtained from 1d as a foam solid in 85% yield and 93/7 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 1.0 mL/min, tR (minor) = 26.49 min, tR(major) = 

36.47 min; [α]
24

D -9.2 (c 0.5, CHCl3, 93/7 er).  

According to General Procedure C: 2d was obtained from 4b and 5d as a colorless oil in 59% yield 

and 97/3 er at 0
 o

C, The er values were determined by HPLC analysis using a Chiralpak OD-H 

column (hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) = 52.89 min, 

tR(major) = 67.81 min. 
1
H NMR (400 MHz, CDCl3): δ = 8.06 (d, J = 8.4 Hz, 2H, major rotamer) and  

7.81 (d, J = 8.4 Hz, 2H, minor rotamer), 7.38-7.31 (m, 5H), 6.93 (d, J = 8.4 Hz, 2H, major rotamer) 

and 6.75 (d, J = 8.8 Hz, 2H, minor rotamer), 5.16 (s, 2H), 4.36-4.34 (m, 1H), 3.85 (s, 3H, major 

rotamer) and 3.83(s, 3H, major rotamer), 3.80-3.78 (m, 1H, major rotamer) and 3.49-3.43 (m, 1H, 

minor rotamer), 3.49-3.43 (m, 2H), 2.75-2.69 (m, 1H), 2.09-2.02 (m, 1H), 1.98-1.83 (m, 3H); 
13

C 

NMR (100MHz, CDCl3): δ = 197.48 and 197.07, 163.57, 154.83 and 154.69, 136.92 and 136.67, 

130.76 and 130.51, 129.91 and 129.70, 128.62 and 128.50, 128.42 and 128.09, 127.96 and 127.80, 
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113.78, 67.11 and 66.63, 55.47, 55.29 and 54.51, 46.81 and 46.47, 43.53 and 42.69, 30.99and 30.18, 

23.59 and 22.75; IR (film): v max
 
3589, 2924, 2851, 1703, 1597, 1560, 1508, 1458, 1259, 1102, 870 

cm
-1

; HRMS (ESI) calcd for C21H26NO5 (M+H3O)
+
: 372.1811, found: 372.1786. 

 

 

According to General Procedure B: 2e was obtained from 1e as a colorless oil in 90% yield and 91/9 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 1.0 mL/min, tR (minor) = 46.14 min, tR(major) = 

74.32 min; [α]
25

D -7.8 (c 1.3, CHCl3, 91/9 er).  

According to General Procedure C: 2e was obtained from 4b and 5e as a brown oil in 52% yield and 

87/13 er at 0
 o
C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) = 92.80 min, tR(major) = 

148.63 min. 
1
H NMR (400 MHz, CDCl3): δ = 8.22 (d, J = 8.4 Hz, 2H, major rotamer) and 7.99 (d, J 

= 8Hz, 2H, minor rotamer), 8.14 (d, J = 8.4 Hz, 2H, major rotamer) and 7.85 (d, J = 8Hz, 2H, minor 

rotamer), 7.30-7.19 (m, 5H), 5.07 (s, 2H), 4.28-4.26 (m, 1H), 3.80-3.75 (m, 1H, major rotamer) and 

3.50-3.47 (m, 1H, minor rotamer), 3.45-3.37 (m, 2H), 2.82-2.76 (m, 1H), 2.06-2.01 (m, 1H), 

1.89-1.81 (m, 2H), 1.76-1.71 (m, 1H); 
13

C NMR (100MHz, CDCl3): δ = 197.34 (major rotamer) and 

196.92 (minor rotamer), 154.92 (major rotamer) and 154.52 (minor rotamer), 150.37, 141.03 (major 

rotamer) and 140.65 (minor rotamer), 136.72 (major rotamer) and 136.36 (minor rotamer), 129.44 

(major rotamer) and 129.18 (minor rotamer), 128.75 (major rotamer) and 128.52 (minor rotamer), 

128.18 (minor rotamer) and 128.06 (major rotamer), 127.85, 123.87, 67.36 (minor rotamer) and 

66.78 (major rotamer), 54.80 (major rotamer) and 54.05 (minor rotamer), 46.87 (minor rotamer) and 

46.82 (major rotamer), 44.42 (minor rotamer) and 43.50 (major rotamer), 31.16 (minor rotamer) and 

30.50 (major rotamer), 22.78 (major rotamer) and 22.68 (minor rotamer). IR (film):
 
v max 3107, 2960, 

2092, 1693, 1603, 1525, 1498, 1412, 1347, 1187, 1098, 856, 747cm
-1

; HRMS (ESI) calcd for 

C20H20N2O5Na (M+Na)
+
: 391.1270, found: 391.1267. 
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According to General Procedure B: 2f was obtained from 1f as a colorless oil in 87% yield and 95/5 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 1.0 mL/min, tR (minor) = 18.44 min, tR(major) = 

13.95 min; [α]
25

D +23.2 (c 1.6, CHCl3, 95/5 er).  

According to General Procedure C: 2f was obtained from 4b and 5f as a brown oil in 60% yield and 

94/6 er at 0
 o
C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) = 30.19 min, tR(major) = 

40.73 min.
 1

H NMR (400 MHz, CDCl3): δ = 7.99 (d, J = 8.4Hz, 2H, major rotamer) and 7.74 (d, J = 

8Hz, 2H, minor rotamer), 7.42 (d, J = 8.4 Hz, 2H, major rotamer) and 7.25 (d, J = 8 Hz, 2H, minor 

rotamer), 7.37-7.30 (m, 5H), 5.15 (s, 2H), 4.34-4.32 (m, 1H), 3.82-3.78 (m,1H, major rotamer) and 

3.51-3.48 (m, 1H, minor rotamer), 3.49-3.42 (m, 2H), 2.80-2.74 (m, 1H), 2.10-2.05 (m, 1H), 

1.93-1.77 (m, 3H); 
13

C NMR (100MHz, CDCl3): δ = 197.68 (major rotamer) and 197.28 (minor 

rotamer), 154.84 (major rotamer) and 154.59 (minor rotamer), 139.65, 136.83 (major rotamer) and 

136.54 (minor rotamer), 135.05 (major rotamer) and 134.84 (minor rotamer), 129.85 (major rotamer) 

and 129.59 (minor rotamer), 128.95 (major rotamer) and 128.66 (minor rotamer), 128.51 (major 

rotamer) and 128.38 (minor rotamer), 128.24  (major rotamer) and 127.99 (minor rotamer), 127.82, 

67.14 (major rotamer) and 66.70 (minor rotamer), 54.99 (major rotamer) and 54.19 (minor rotamer), 

46.83 (major rotamer) and 46.49 (minor rotamer), 43.82 (major rotamer) and 42.92 (minor rotamer), 

31.16 (minor rotamer) and 30.34 (major rotamer), 22.78 (major rotamer) and 22.69 (minor rotamer). 

IR (film):
 
v max 3065, 3034, 2925, 1701, 1588, 1571, 1536, 1488, 1449, 1410, 1357, 1309, 1211, 

1093, 1011, 992 cm
-1

; HRMS (ESI) calcd for C20H20ClNO3Na (M+Na)
+
: 380.1029, found: 380.1026.

 

 

 

According to General Procedure B: 2g was obtained from 1g as a colorless oil in 84% yield and 97/3 
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er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 1.0 mL/min, tR (minor) = 18.76 min, tR(major) = 

22.02 min; [α]
25

D -6.4 (c 1.2, CHCl3, 97/3 er ). 

According to General Procedure C: 2g was obtained from 4b and 5g as a pale white solid in 62% 

yield and 97/3 er at 0
 o
C and mp : 68-69°C. The er values were determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) 

=60.29 min, tR(major) = 74.32 min.
1
H NMR (400 MHz, CDCl3): δ = 7.63 (d, J = 8.4Hz, 1H, major 

rotamer), 7.42 (s, 1H), 7.33-7.18 (m, 5H), 6.77 (d, J = 8Hz, 1H, major rotamer) and 6.54 (d, J = 8Hz, 

1H, minor rotamer), 5.94 (s, 2H), 5.074 (s, 2H, major rotamer) and 5.069 (s, 2H, minor rotamer), 

4.29-4.23 (m, 1H), 3.70-3.66 (m, 1H, major rotamer) and 3.40-3.37 (m, 1H, minor rotamer), 

3.40-3.33 (m, 2H), 2.66-2.60 (m, 1H), 2.00-1.93 (m, 1H), 1.85-1.72 (m, 3H). 
13

C NMR (100MHz, 

CDCl3): δ = 195.90 (major rotamer) and 195.51 (minor rotamers), 153.78 (major rotamer) and 

153.61 (minor rotamers), 150.81, 147.19, 135.87 (major rotamer) and 135.63 (minor rotamers), 

130.66 (major rotamer) and 130.54 (minor rotamers), 127.56 (major rotamer) and 127.46 (minor 

rotamers), 127.27 (minor rotamers) and 127.08 (major rotamer), 126.92 (minor rotamers) and 126.77 

(major rotamer), 123.97 (major rotamer) and 123.67 (minor rotamers), 106.96 (minor rotamers) and 

106.92 (major rotamer), 106.77 (major rotamer) and 106.72 (minor rotamers), 100.80, 65.99 (minor 

rotamers) and 65.61 (major rotamer), 54.23 (major rotamer) and 53.43 (minor rotamers), 45.78 

(minor rotamers) and 45.43 (major rotamer), 42.53 (minor rotamers) and 41.70 (major rotamer), 

30.09 (minor rotamers) and 29.21 (major rotamer), 22.56 (major rotamer) and 21.73 (minor 

rotamers). IR (film): v max
 
3506, 3066, 3032, 2924, 2785, 1671, 1604, 1505, 1489, 1437, 1355, 1282, 

1258, 1187, 933, 905 cm
-1

. HRMS (ESI) calcd for C21H21NO5Na (M+Na)
+
: 390.1317, found: 

390.1316. 

 

According to General Procedure B: 2h was obtained from 1h as a colorless oil in 89% yield and 91/9 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 1.0 mL/min, tR (minor) =15.05 min, tR(major) 
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=21.19 min. 

According to General Procedure C: 2h was obtained from 4b and 5h as a brown oil in 52% yield and 

92/8 er at 0
 o
C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) =23.93 min, tR(major) = 

33.74 min; [α]
25

D +9.3 (c 0.6, CHCl3, 92/8 er). 

1
H NMR (400 MHz, CDCl3): δ = 7.50 (s, 1H, major rotamer) and 7.41 (s, 1H, minor rotamer), , 

7.32-7.19 (m, 5H), 6.90 (d, J = 2.4 Hz, 1H), 6.44 (s, 1H, major rotamer) and 6.33 (s, 1H, minor 

rotamer), 5.07 (s, 2H), 4.30-4.24 (m, 1H), 3.50 (dd, J = 2.4 & 14.4 Hz) and 3.22 (dd, J = 3.2 & 14.8 

Hz), 3.41-3.34 (m, 2H), 2.68-2.62 (m, 1H), 2.02-1.95 (m,1H), 1.87-1.77 (m, 3H); 
13

C NMR 

(100MHz, CDCl3): δ = 187.40 (major rotamer) and 187.17 (minor rotamer), 154.77 (major rotamer) 

and 154.75 (minor rotamer), 154.65, 152.53, 146.65, 136.89 (major rotamer) and 136.61 (minor 

rotamer), 128.51 (major rotamer) and 128.30 (minor rotamer), 128.09 (major rotamer) and 127.96 

(minor rotamer), 127.82, 118.35 (major rotamer) and 117.67 (minor rotamer), 112.25, 67.06 (minor 

rotamer) and 66.64 (major rotamer), 55.20 (major rotamer) and 54.27 (minor rotamer), 46.74 (minor 

rotamer) and 46.43 (major rotamer), 43.64 (minor rotamer) and 42.82 (major rotamer), 31.92 (minor 

rotamer) and 31.15 (major rotamer), 23.58 (major rotamer) and 22.76 (minor rotamer); IR (film):
 
v 

max 3337, 3127, 3033, 2926, 1700, 1568, 1498, 1468, 1416, 1357, 1309, 1287, 1213, 1187, 1102, 

1027 cm
-1

; HRMS (ESI) calcd for C18H19NO4Na (M+Na)
+
: 336.1212, found: 336.1210. 

 

 

According to General Procedure B: 2i was obtained from 1i as a colorless oil in 90% yield and 92/8 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 16.91 min, tR(major) = 

15.38 min; [α]
25

D +38.4 (c 0.9, CHCl3, 92/8 er) [lit. [α]
28

D -43.3 (c 0.1, CHCl3) for S-enantiomer ] 

The absolute configuration of 2i was assigned as “R” by a comparison of its optical rotation with the 

literature value of the S-enantiomer. 
1
H NMR (400 MHz, CDCl3): δ = 4.07 (br s, 1H), 3.25 (m, 2H,), 

3.07-3.00 (m, 1H, major rotamer) and 2.89-2.83 (m, 1H, minor rotamer), 2.37-2.24 (m, 1H), 2.08 (s, 
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3H), 2.03-1.95 (m, 1H), 1.80-1.71 (m, 2H), 1.60-1.54 (m, 1H), 1.39 (s, 9H); 
13

C NMR (100MHz, 

CDCl3): δ = 206.57 (major rotamer) and 206.25 (minor rotamer), 153.36 (major rotamer) and 153.22 

(minor rotamer), 78.53 (minor rotamer) and 78.24 (major rotamer), 52.45, 47.70 (minor rotamer) and 

46.92 (major rotamer), 45.51 (major rotamer) and 45.38 (minor rotamer), 30.53 (minor rotamer) and 

30.41 (major rotamer), 29.80 (major rotamer) and 29.52 (minor rotamer), 29.30 (minor rotamer) and 

28.67 (major rotamer), 27.51 (minor rotamer) and 27.30 (major rotamer). IR (film) :
 
v max 3589, 2874, 

2930, 2879, 1693, 1479, 1456, 1390, 1303, 1285, 1254, 1169, 1123, 1103, 1009, 951, 859 cm
-1

; 

HRMS (ESI) calcd for C12H21NO3Na (M+Na)
+
: 250.1419, found: 250.1414. 

 

 

According to General Procedure B: 2j was obtained from 1j as a colorless oil in 97% yield and 98/2 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 30.58 min, tR(major) = 

38.02 min. 

According to General Procedure C: 2j was obtained from 4b and 5j as a brown oil in 74% yield and 

95/5 er at 0
 o
C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 28.69 min, tR(major) = 

34.62 min; [α]
25

D +37.1 (c 0.18, CHCl3, 95/5 er) [lit.
 [5]

 [α]
28

D +38.0 (c 0.5, CHCl3)] The absolute 

configuration of 2i was assigned as “R” by a comparison of its optical rotation with the literature 

value of the R-enantiomer., The spectroscopic data are in agreement with those previously reported in 

the literature
[5]

.
 
HRMS (ESI) calcd for C15H19NO3Na (M+Na)

+
:284.1263, found: 284.1258. 

 

 

According to General Procedure B: 2k was obtained from 1k as a colorless oil in 84% yield and 97/3 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 21.69 min, tR(major) = 
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28.57 min. 

 According to General Procedure C: 2k was obtained from 4b and 5k as a colorless oil in 76% yield 

and 97/3 er at 0
 o

C, The er values were determined by HPLC analysis using a Chiralpak OD-H 

column (hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 21.79 min, 

tR(major) = 28.41 min; [α]
25

D +38.2 (c 0.2, CHCl3, 97/3 er). 
1
H NMR (400 MHz, CDCl3): δ = 

7.32-7.27 (m, 5H), 5.11 (m, 2H), 4.24-4.19 (m, 1H), 3.48-3.42 (m, 2H), 3.14-3.10 (m, 1H, major 

rotamer) and 3.87-2.84 (m, 2H, minor rotamer), 2.44-2.38 (m, 2H), 2.30-2.28 (m, 1H), 2.13-2.04 (m, 

1H), 1.84-1.78 (m, 2H), 1.69-1.62 (m, 1H), 1.05-0.88 (m, 3H); 
13

C NMR (100MHz, CDCl3): δ = 

209.80 (major rotamer) and 209.59 (minor rotamer), 154.58, 136.94 (major rotamer) and 136.77 

(minor rotamer), 128.44, 127.88 (major rotamer) and 127.75 (minor rotamer), 66.74 (minor rotamer) 

and 66.50 (major rotamer), 54.11 (major rotamer) and 53.36 (minor rotamer), 47.07 (minor rotamer) 

and 46.64 (major rotamer), 46.33 (major rotamer) and 46.17 (minor rotamer), 36.38 (minor rotamer) 

and 36.26 (major rotamer), 31.67 (minor rotamer) and 30.91 (major rotamer), 23.60 (major rotamer) 

and 22.81 (minor rotamer), 7.64; IR (film):
 
v max 2935, 2087, 1701, 1498, 1450, 1414, 1358, 1283, 

1213, 1185, 1101, 1028, 919 cm
-1

; HRMS (ESI) calcd for C16H21NO3Na (M+Na)
+
: 298.1419, found: 

298.1424. 

 

 

According to General Procedure B: 2l was obtained from 1l as a colorless oil in 87% yield and 97/3 

er at -20
 o

C , The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 64.48 min, tR(major) = 

88.43 min. 

According to General Procedure C: 2l was obtained from 4b as a brown oil in 61% yield and 96/4 er 

at 0
 o

C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=220 nm, flow rate = 0.5 mL/min, tR (minor) = 65.36 min, tR(major) = 

89.77 min; [α]
25

D +10.7 (c 2.5, CHCl3, 96/4 er). 
1
H NMR (400 MHz, CDCl3): δ = 7.25-7.01 (m, 10H), 

5.01 (s, 2H), 4.14-4.08 (m, 1H), 3.30-3.28 (m, 2H), 3.06-3.02 (m, 1H, major rotamer), 2.82-2.63 (m, 

4H), 2.53-2.51 (m, 1H), 2.32-2.56 (m, 1H), 1.99-1.94 (m, 2H), 1.74-1.50 (m, 1H); 
13

C NMR 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S17 

 

(100MHz, CDCl3): δ = 207.41 (major rotamer) and 207.22 (minor rotamer), 153.61, 139.99 (major 

rotamer) and 139.76 (minor rotamer), 135.89 (major rotamer) and 135.71 (minor rotamer), 127.45 

(minor rotamer) and 127.30 (major rotamer), 126.90 (major rotamer) and 126.79 (minor rotamer), 

125.04, 65.80 (minor rotamer) and 65.55 (major rotamer), 53.01 (major rotamer) and 52.24 (minor 

rotamer), 46.76 (minor rotamer) and 45.78 (major rotamer), 45.63 (minor rotamer) and 45.32 (major 

rotamer), 43.58, 30.56 (minor rotamer) and 29.84 (major rotamer), 28.62, 22.56 (major rotamer) and 

21.75 (minor rotamer); IR (film):
 
v max 3062, 3029, 2955, 2879, 1698, 1604, 1497, 1454, 1413, 1357, 

1336, 1305, 1212, 1185, 1106, 985, 769 cm
-1

; HRMS (ESI) calcd for C22H25NO3Na (M+Na)
+
: 

374.1732, found: 374.1738. 

 

 

According to General Procedure C: 2m was obtained from 6 and 5j as a brown oil in 61% yield and 

94/6 er at 0
 o
C, The er values were determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) = 13.89 min, tR(major) = 

16.53 min; [α]
25

D +80.2 (c 0.4, CHCl3, 94/6 er ); [lit.
 [4]

 [α]
25

D +82.5 (c 1.0, CHCl3)] The absolute 

configuration of 2m was assigned as “R” by a comparison of its optical rotation with the literature 

value of the R-enantiomer for the same enantiomer. 
1
H NMR (400 MHz, CDCl3): 7.70-7.81 (m, 1H), 

7.34-7.24 (m, 5H), 7.08-7.04 (m, 2H), 6.90-6.86 (m, 1H), 5.20 (s, 2H), 4.79-4.75 (m, 1H), 3.39-3.32 

(m, 1H), 2.94 (s, 1H), 2.63-2.54 (m, 2H), 2.01 (s, 3H); The spectroscopic data are in agreement with 

those previously reported in the literature.
[4]

 

 

 

According to General Procedure C: 2n was obtained from 7 and 5j as a colorless oil in 64% yield 

and 97/3 er at 0
 o

C, The er values were determined by HPLC analysis using a Chiralpak OD-H 
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column (hexane/2-propanol 95:5); λ=254 nm, flow rate = 0.5 mL/min, tR (minor) = 20.45 min, 

tR(major) = 27.19 min; [α]
25

D +90.9 (c 0.44, CHCl3, , 97/3 er); [lit.
 [4]

 [α]
25

D +90.6 (c 1.0, CHCl3 )], 

The absolute configuration of 2n was assigned as “R” by a comparison of its optical rotation with the 

literature value of the R-enantiomer. 
1
H NMR (400 MHz, CDCl3): 7.32-7.14 (m, 9H), 5.43 (d, J = 3.2 

Hz, 1H), 5.18-5.07 (m,2H), 4.77-4.59 (m, 2H), 3.24 (dd, J = 3.2 Hz & 17.2Hz, 1H, major rotamer) 

and 3.03 (dd, J = 2.8Hz &16.4Hz, 1H, minor rotamer), 2.89-2.83 (m, 1H, major rotamer) and 

2.77-2.70 (m, 1H, minor rotamer), 2.06 (s, 3H, major rotamer) and 1.93 (s, 3H, minor rotamer); The 

spectroscopic data are in agreement with those previously reported in the literature.
[4] 
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3. Copies of NMR Spectra  

NMR Spectra for Compounds Afforded by General Procedure A. 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S26 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S28 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S29 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012



S30 

 

 

NMR Spectra for Compounds Afforded by General Procedures B and C. 
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4. Copies of HPLC Traces 

HPLC Spectra for Compounds Afforded by General Procedure B at -20
 °
C: 
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HPLC Spectra for Compounds Afforded by General Procedure C at 0 °C: 
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