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General Methods: Commercially available compounds were used without further 

purification. Solvents were dried according to standard procedures. Column chromatography 

was performed using silica gel (200300 mesh). Melting points were determined on a XT4 

melting point apparatus without correction. The 
1
H NMR spectra were measured on Varian 

Mercury-plus 400 MHz spectrometer. Chemical shifts were recorded in δ (ppm) relative to 

tetramethylsilane (TMS) as the internal standard. 
13

C NMR spectra were measured at 

100 MHz. Chemical shifts are reported in ppm with the solvent resonance as the internal 

standard. Infrared spectra were obtained with a Perkin Elmer Spectrum One spectrometer. 

ESI-HRMS spectra were measured with a Bruker APEX IV Fourier-Transform mass 

spectrometer. Optical rotations were measured with a WZZ3 polarimeter. Enantiomeric 

excesses were determined by chiral HPLC using an Agilent 1200 LC instrument with Daicel 

Chiralpak IA, IB or ADH column.  

 

Materials: Chiral bis(oxazoline) I−X [1] and nitroalkene enoates 1 [2]
 
were prepared 

according to the reported procedures. The racemic reference compounds of 3 were 

synthesized by the direct treatment of nitroalkene enoates 1 and indoles 2 in the presence of 

10 mol% Zn(OTf)2. 

 

General Procedure (A) for the catalytic asymmetric tandem Friedel–Crafts 

alkylation/Michael addition reaction of indoles with nitroolefin enoates: To a dried 

Schlenk tube were added Zn(OTf)2 (7.3 mg, 0.02 mmol), ligand I (12.2 mg, 0.02 mmol) and 

NaOtBu (1.9 mg, 0.02 mmol) under argon followed by the addition of toluene (3 mL). The 

solution was stirred at room temperature for 0.5 h and then nitroolefin enoate 1 (0.2 mmol) 

was added. The mixture was stirred for 10 min then the indole 2 (0.3 mmol) was added. After 

stirring for 48 h at room temperature, the solvent was removed under vacuum. Purification by 

column chromatography afforded the desired product 3. 
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Ethyl 2-(4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3a): Compound 3a (the mixture 

of the major and minor diastereomer) was obtained according to the 

general procedure A (27.7 mg, 73% yield). It was analyzed to determine 

the diastereoselectivity and enantioselectivity of the reaction (96:4 dr, 

89% ee for the major diastereomer) by HPLC (Daicel Chiralpak IA 

column, n-hexane/2-propanol 85:15, flow rate 0.5 mLmin
1

, detection at 

254 nm), major diastereomer: tmajor = 19.9 min, tminor = 18.7 min; minor diastereomer: tR = 

17.3 min. The major diastereomer was purified by flash chromatography and obtained as a 

white solid, mp 163168 C. []D
25

 = +76.5 (c 1.51 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, 

CDCl3) δ 8.17 (s, 1H, NH), 7.36 (d, J = 8.0 Hz, 1H, ArH), 7.177.14 (m, 3H, ArH), 6.956.93 

O

NO2
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NH



 S2 

(m, 4H, ArH), 6.81 (t, J = 7.2 Hz, 1H, ArH), 5.23 (t, J = 10.4 Hz, 1H, CH), 5.09 (d, J = 10.4 

Hz, 1H, CH), 4.944.88 (m, 1H, CH), 4.23 (q, J = 7.0 Hz, 2H, CH2), 2.842.71 (m, 2H, CH2), 

1.311.26 (m, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ169.1, 152.6, 136.8, 129.5, 

128.4, 124.8, 124.5, 122.5, 122.1, 121.9, 119.9, 119.2, 116.6, 111.9, 111.6, 88.2, 73.2, 61.2, 

40.5, 37.2, 14.1 ppm. IR (KBr):  3416, 3061, 2983, 2908, 1737, 1585, 1552, 1485, 1456, 

1365, 1281, 1230, 1189, 1085, 1055, 745 cm
1

. HRMS (ESI): m/z calcd. for C21H20N2NaO5 

[M + Na]
+
 403.12644, found: 403.12618. 

 

Ethyl 2-(4-(5-methyl-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3b): Compound 3b 

(the mixture of the major and minor diastereomer) was obtained 

according to the general procedure A (54.2 mg, 69% yield). It was 

analyzed to determine the diastereoselectivity and enantioselectivity 

of the reaction (90:10 dr, 80% ee for the major diastereomer) by 

HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, 

flow rate 0.5 mLmin
1

, detection at 254 nm), major diastereomer: 

tmajor = 26.4 min, tminor = 28.4 min; minor diastereomer: tR = 22.7 min. The major diastereomer 

was purified by flash chromatography and obtained as a yellow oil. []D
25

: +98.7 (c 

3.83 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.08 (s, 1H, NH), 7.24 (d, J = 7.6 Hz, 

1H, ArH), 7.17 (t, J = 7.4 Hz, 1H, ArH), 7.08 (d, J = 2.4 Hz, 1H, ArH), 6.996.93 (m, 3H, 

ArH), 6.81 (t, J = 7.2 Hz, 1H, ArH), 6.73 (s, 1H, ArH), 5.22 (t, J = 10.0 Hz, 1H, CH), 5.06 (d, 

J = 10.4 Hz, 1H, CH), 4.944.88 (m, 1H, CH), 4.23 (q, J = 7.2 Hz, 2H, CH2), 2.862.71 (m, 

2H, CH2), 2.29 (s, 3H, CH3), 1.29 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) 

δ 169.1, 152.6, 135.2, 129.5, 129.2, 128.4, 125.2, 124.5, 124.2, 122.2, 122.1, 118.7, 116.5, 

111.4, 111.2, 88.2, 73.3, 61.2, 40.4, 37.3, 21.4, 14.1 ppm. IR (KBr):  3415, 2981, 2925, 1736, 

1584, 1552, 1485, 1455, 1367, 1280, 1229, 1197, 1054, 798, 759 cm
1

. HRMS (ESI): calcd. 

for C22H23N2O5 [M + H]
+
 395.16015, found: 395.16069; calcd. for C22H22N2NaO5 [M + Na]

+
 

417.14209, found: 417.14216. 

 

Ethyl 2-(4-(5-methoxy-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3c): Compound 3c 

(the mixture of the major and minor diastereomer) was obtained 

according to the general procedure A (62.0 mg, 76% yield). It was 

analyzed to determine the diastereoselectivity of the reaction by the 

ratio of weight (93:7 dr). The enantioselectivity for major 

diastereomer (72% ee) was determined by HPLC (Daicel Chiralpak 

IA column, n-hexane/2-propanol= 90:10, flow rate 0.5 mLmin
1

, 

detection at 254 nm), tmajor = 40.1 min, tminor = 38.2 min. The major diastereomer was purified 

by flash chromatography and obtained as a yellow oil. []D
25

: +58.7 (c 2.35 g/100 mL, 

CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.13 (s, 1H, NH), 7.23 (d, J = 8.8 Hz, 1H, ArH), 7.16 

(t, J = 7.4 Hz, 1H, ArH), 7.08 (d, J = 2.4 Hz, 1H, ArH), 6.976.94 (m, 2H, ArH), 6.846.80 

(m, 2H, ArH), 6.35 (d, J = 2.0 Hz, 1H, ArH), 5.18 (t, J = 10.2 Hz, 1H, CH), 5.07 (d, J = 10.8 

Hz, 1H, CH), 4.934.88 (m, 1H, CH), 4.23 (q, J = 7.2 Hz, 2H, CH2), 3.62 (s, 3H, OCH3), 

2.852.71 (m, 2H, CH2), 1.29 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 

169.1, 153.9, 152.6, 131.9, 129.5, 128.4, 125.5, 125.0, 122.1, 121.9, 116.5, 112.3, 111.6, 

101.2, 88.2, 73.2, 61.2, 55.6, 40.3, 37.2, 14.1 ppm. IR (KBr):  3417, 2985, 2938, 1736, 1625, 

Me
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1584, 1553, 1486, 1456, 1366, 1302, 1280, 1222, 1175, 1055, 1029, 925, 804, 760 cm
1

. 

HRMS (ESI): calcd. for C22H23N2O6 [M + H]
+
 411.15506, found: 411.15478. 

 

Ethyl 2-(4-(5-chloro-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3d): Compound 3d (the 

mixture of the major and minor diastereomer) was obtained according to the general 

procedure A (40.6 mg, 49% yield). It was analyzed to determine the diastereoselectivity of the 

reaction by the ratio of weight (82:18 dr). The enantioselectivity for the 

major diastereomer (62% ee) was determined by HPLC (Daicel 

Chiralpak IB column, n-hexane/2-propanol 90:10, flow rate 

0.5 mLmin
1

, detection at 254 nm), tmajor = 36.5 min, tminor = 41.2 min. 

The major diastereomer was purified by flash chromatography and 

obtained as a yellow oil. []D
25

: +39.9 (c 1.47 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, 

CDCl3) δ 8.25 (s, 1H, NH), 7.29 (d, J = 8.4 Hz, 1H, ArH), 7.227.11 (m, 3H, ArH), 6.97 (d, J 

= 8.4 Hz, 1H, ArH), 6.906.82 (m, 3H, ArH), 5.215.16 (m, 1H, CH), 5.06 (d, J = 10.4 Hz, 

1H, CH), 4.934.88 (m, 1H, CH), 4.24 (q, J = 7.2 Hz, 2H, CH2), 2.872.72 (m, 2H, CH2), 

1.31 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 169.0, 152.6, 135.2, 129.2, 

128.7, 125.9, 125.8, 125.6, 123.0, 122.3, 121.3, 118.6, 116.7, 112.7, 111.6, 88.1, 73.2, 61.3, 

40.4, 37.2, 14.1 ppm. IR (KBr):  3423, 2982, 1729, 1584, 1552, 1484，1456, 1366, 1279, 

1228, 1055, 893, 798, 757 cm
1

. HRMS (ESI): calcd. for C21H20ClN2O5 [M + H]
+
 415.10553, 

found: 415.10519; calcd. for C21H23ClN3O5 [M + NH4]
+
 432.13207, found: 432.13171. 

 

Ethyl 2-(4-(1-methyl-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3e) [3]: Compound 3e 

(the mixture of the major and minor diastereomer) was obtained 

according to the general procedure A (47.3 mg, 60% yield). It was 

analyzed to determine the diastereoselectivity of the reaction by the ratio 

of weight (88:12 dr). The enantioselectivity for major diastereomer (67% 

ee) was determined by HPLC (Daicel Chiralpak IA column, 

n-hexane/2-propanol 95:5, flow rate 0.5 mLmin
1

, detection at 254 nm), 

tmajor = 29.3 min, tminor = 22.4 min. The major diastereomer was purified by flash 

chromatography and obtained as a yellow oil. []D
25

: +69.7 (c 1.56 g/100 mL, CH2Cl2). 
1
H 

NMR (400 MHz, CDCl3) δ 7.30 (d, J = 8.4 Hz, 1H, ArH), 7.247.14 (m, 2H, ArH), 7.016.94 

(m, 5H, ArH), 6.826.78 (m, 1H, ArH), 5.235.17 (m, 1H, CH), 5.07 (d, J = 10.4 Hz, 1H, 

CH), 4.924.86 (m, 1H, CH), 4.22 (q, J = 7.2 Hz, 2H, CH2), 3.74 (s, 3H, NCH3), 2.832.69 

(m, 2H, CH2), 1.29 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 169.0, 152.6, 

137.6, 129.5, 128.9, 128.3, 125.5, 122.2, 122.1, 122.0, 119.4, 119.3, 116.5, 110.3, 109.6, 88.4, 

73.2, 61.1, 40.3, 37.2, 32.8, 14.1 ppm. IR (KBr):  3059, 2982, 2936, 1740, 1584, 1552, 1485, 

1456, 1369, 1332, 1281, 1231, 1212, 1187, 1054, 921, 760, 742 cm
1

. HRMS (ESI): calcd. for 

C22H23N2O5 [M + H]
+
 395.16015, found: 395.15976; calcd. for C22H22N2NaO5 [M + Na]

+
 

417.14209, found: 417.14127. The preparation of chiral 3e with a different configuration was 

reported in the literature
[3]

, [α]D
22

 –66.63 (c 1.00, CHCl3), 83% ee (>95:5 dr). 
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Ethyl 2-(6-chloro-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3f): Compound 3f (the 

mixture of the major and minor diastereomer) was obtained according 

to the general procedure A (53.8 mg, 65% yield). It was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction 

(95:5 dr, 91% ee for the major diastereomer) by HPLC (Daicel 

Chiralpak IA column, n-hexane/2-propanol 90:10, flow rate 0.5 

mLmin
1

, detection at 254 nm), major diastereomer: tmajor = 32.7 min, tminor = 28.4 min; minor 

diastereomer: tmajor = 22.9 min, tminor = 20.5 min. The major diastereomer was purified by 

flash chromatography and obtained as a yellow oil. []D
25

: +12.6 (c 2.34 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.24 (s, 1H, NH), 7.36 (d, J = 8.4 Hz, 1H, ArH), 7.207.11 (m, 

3H, ArH), 6.99 (d, J = 4.0 Hz, 2H, ArH), 6.90 (d, J = 8.0 Hz, 2H, ArH), 5.24 (t, J = 10.2 Hz, 

1H, CH), 5.04 (d, J = 10.4 Hz, 1H, CH), 4.914.86 (m, 1H, CH), 4.22 (q, J = 7.2 Hz, 2H, 

CH2), 2.842.71 (m, 2H, CH2), 1.28 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, 

CDCl3) δ 168.9, 151.2, 136.8, 128.9, 128.6, 127.1, 124.6, 124.5, 123.8, 122.6, 120.1, 118.9, 

118.0, 111.7, 111.0, 87.6, 73.3, 61.3, 40.2, 37.0, 14.1 ppm. IR (KBr):  3417, 3060, 2983, 

1736, 1554, 1479, 1458, 1365, 1263, 1228, 1186, 1096, 1147, 898, 823, 744 cm
1

. HRMS 

(ESI): calcd. for C21H20ClN2O5 [M + H]
+
 415.10553, found: 415.10520; calcd. for 

C21H23ClN3O5 [M + NH4]
+
 432.13207, found: 432.13170. 

 

Ethyl 2-(6-bromo-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3g): Compound 3g  

(the mixture of the major and minor diastereomer) was obtained 

according to the general procedure A (60.9 mg, 66% yield). It was 

analyzed to determine the diastereoselectivity and enantioselectivity of 

the reaction (93:7 dr, 87% ee for the major diastereomer) by HPLC 

(Daicel Chiralpak IB column, n-hexane/2-propanol 90:10, flow rate 

0.5 mLmin
1

, detection at 254 nm), major diastereomer: tmajor = 35.7 min, tminor = 38.8 min; 

minor diastereomer: tmajor = 32.5 min, tminor = 25.4 min. The major diastereomer was purified 

by flash chromatography and obtained as a yellow solid; mp 156159 C. []D
25

: +6.3 (c 

1.88 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H, NH), 7.37 (d, J = 8.4 Hz, 

1H, ArH), 7.287.25 (m, 1H, ArH), 7.217.17 (m, 1H, ArH), 7.13 (d, J = 2.4 Hz, 1H, ArH), 

7.067.00 (m, 3H, ArH), 6.85 (d, J = 8.8 Hz, 1H, ArH), 5.23 (t, J = 10.2 Hz, 1H, CH), 5.05 (d, 

J = 10.8 Hz, 1H, CH), 4.914.86 (m, 1H, CH), 4.22 (q, J = 7.0 Hz, 2H, CH2), 2.832.70 (m, 

2H, CH2), 1.28 (t, J = 7.0 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 168.9, 151.8, 

136.8, 131.8, 131.5, 124.6, 124.5, 124.3, 122.6, 120.2, 118.9, 118.5, 114.5, 111.7, 111.1, 87.6, 

73.4, 61.3, 40.1, 37.0, 14.1 ppm. IR (KBr):  3418, 2982, 1736, 1553, 1476, 1458, 1365, 1265, 

1229, 1184, 1047, 820, 744 cm
1

. HRMS (ESI): calcd. for C21H20BrN2O5 [M + H]
+
 459.05501, 

found: 459.05524; calcd. for C21H19BrN2NaO5 [M + Na]
+
 481.03696, found: 481.03643. 

 

Ethyl 2-(4-(1H-indol-3-yl)-3,6-dinitro-2H-chroman-2-yl)acetate (3h): Compound 3h (the 

mixture of the major and minor diastereomer) was obtained according 

to the general procedure A (47.8 mg, 56% yield). It was analyzed to 

determine the diastereoselectivity of the reaction by the ratio of 

weight (85:15 dr). The enantioselectivity for major diastereomer (80% 

ee) was determined by HPLC (Daicel Chiralpak AD-H column, 
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n-hexane/2-propanol 80:20, flow rate 1.0 mLmin
1

, detection at 254 nm), tmajor = 31.1 min, 

tminor = 28.2 min. The major diastereomer was purified by flash chromatography and obtained 

as a yellow oil. []D
25

: 11.3 (c 1.04 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.33 

(s, 1H, NH), 8.07 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1H, ArH), 7.86 (d, J = 2.4 Hz, 1H, ArH), 7.39 

(d, J = 8.0 Hz, 1H, ArH), 7.207.16 (m, 2H, ArH), 7.07 (d, J = 9.2 Hz, 1H, ArH), 6.98 (t, J = 

7.6 Hz, 1H, ArH), 6.91 (d, J = 8.0 Hz, 1H, ArH), 5.32 (t, J = 10.0 Hz, 1H, CH), 5.12 (d, J = 

10.4 Hz, 1H, CH), 5.044.99 (m, 1H, CH), 4.23 (q, J = 7.2 Hz, 2H, CH2), 2.892.77 (m, 2H, 

CH2), 1.29 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 168.6, 157.5, 142.6, 

137.0, 125.8, 124.9, 124.4, 124.2, 123.2, 122.8, 120.3, 118.5, 117.5, 112.0, 109.9, 86.7, 73.9, 

61.4, 40.2, 36.7, 14.1 ppm. IR (KBr):  3417, 3062, 2983, 2928, 1733, 1586, 1556, 1521, 

1481, 1459, 1342, 1258, 1208, 1095, 1042, 911, 842, 747 cm
1

. HRMS (ESI): calcd. for 

C21H20N3O7 [M + H]
+
 426.12958, found: 426.12945. 

 

Ethyl 2-(4-(1H-indol-3-yl)-8-methoxy-3-nitro-chroman-2-yl)acetate (3i): Compound 3i 

(the major diastereomer) was obtained according to the general procedure 

A (9.9 mg, 12% yield). It was analyzed to determine the 

diastereoselectivity of the reaction by the ratio of weight (minor 

diastereomer was not detected). Enantioselectivity for the major 

diastereomer (24% ee) was determined by HPLC (Daicel Chiralpak IA 

column, n-hexane/2-propanol 90:10, flow rate 1.0 mLmin
1

, detection at 

254 nm), tmajor = 21.6 min, tminor = 18.9 min; The major diastereomer was purified by flash 

chromatography and obtained as a white solid; mp 160162 C. []D
25

: +22.0 (c 

0.88 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.20 (s, 1H, NH), 7.35 (d, J = 8.4 Hz, 

1H, ArH), 7.177.12 (m, 2H, ArH), 6.986.93 (m, 2H, ArH), 6.796.73 (m, 2H, ArH), 

6.566.54 (m, 1H, ArH), 5.25 (t, J = 10.0 Hz, 1H, CH), 5.11 (d, J = 10.4 Hz, 1H, CH), 

4.944.88 (m, 1H, CH), 4.234.17 (m, 2H, CH2), 3.87 (s, 3H, CH3), 2.91 (dd, J1 = 7.6 Hz, J2 

= 16.0 Hz, 1H, CH2), 2.79 (dd, J1 = 4.0 Hz, J2 = 16.0 Hz, 1H, CH2), 1.28 (t, J = 7.0 Hz, 3H, 

CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 169.0, 148.1, 142.5, 136.8, 124.9, 124.4, 123.1, 

122.5, 121.8, 121.0, 119.9, 119.3, 112.1, 111.6, 110.6, 88.2, 73.4, 61.2, 56.1, 40.4, 37.1, 14.1 

ppm. IR (KBr):  3414, 2985, 1729, 1587, 1551, 1480, 1459, 1369, 1325, 1267, 1202, 1088, 

1078, 767, 741 cm
1

. HRMS (ESI): calcd. for C22H23N2O6 [M + H]
+
 411.15506, found: 

411.15549; calcd. for C22H26N3O6 [M + NH4]
+
 428.18161, found: 428.18254. 

 

Ethyl 2-(8-ethoxy--4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3j): Compound 3j (the 

mixture of the major and minor diastereomer) was obtained according to 

the general procedure A (40.3 mg, 47% yield). It was analyzed to 

determine the diastereoselectivity of the reaction by the ratio of weight 

(85:15 dr). Enantioselectivity for the major diastereomer (31% ee) was 

determined by HPLC (Daicel Chiralpak IA column, n-hexane/2-propanol 

85:15, flow rate 0.5 mLmin
1

, detection at 254 nm), tmajor = 22.2 min, 

tminor = 19.0 min. The major diastereomer was purified by flash chromatography and obtained 

as a yellow oil. []D
25

: +29.3 (c 0.75 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.21 

(s, 1H, NH), 7.34 (d, J = 8.4 Hz, 1H, ArH), 7.177.11 (m, 2H, ArH), 6.986.92 (m, 2H, ArH), 

6.796.71 (m, 2H, ArH), 6.55 (d, J = 7.6 Hz, 1H, ArH), 5.20 (t, J = 10.0 Hz, 1H, CH), 5.11 (d, 

J = 10.4 Hz, 1H, CH), 4.944.88 (m, 1H, CH), 4.21 (q, J = 7.2 Hz, 2H, CH2), 4.07 (q, J = 

O
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7.0 Hz, 2H, CH2), 2.91 (dd, J1 = 8.4 Hz, J2 = 16.0 Hz, 1H, CH2), 2.76 (dd, J1 = 3.6 Hz, J2 = 

15.6 Hz, 1H, CH2), 1.44 (t, J = 7.0 Hz, 3H, CH3), 1.30 (t, J = 7.0 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 169.1, 147.4, 136.8, 124.9, 124.3, 123.2, 122.5, 121.9, 121.2, 

119.9, 119.3, 112.5, 112.1, 111.5, 88.5, 73.5, 64.9, 61.2, 40.4, 37.3, 14.9, 14.2 ppm. IR (KBr): 

 3411, 2982, 2935, 1737, 1552, 1472, 1366, 1342, 1266, 1203, 1094, 1065, 767, 744 cm
1

. 

HRMS (ESI): calcd. for C23H25N2O6 [M + H]
+
 425.17071, found: 425.17123; calcd. for 

C23H28N3O6 [M + NH4]
+
 442.19726, found: 442.19779. 

 

Ethyl 2-(6,8-dibromo-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3k): Compound 3k 

(the mixture of the major and minor diastereomer) was obtained according to the general 

procedure A (23.1 mg, 21% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (72:28 dr, 

57% ee for the major diastereomer) by HPLC (Daicel Chiralpak IA 

column, n-hexane/2-propanol 90:10, flow rate 1.0 mLmin
1

, detection 

at 254 nm), major diastereomer: tmajor = 17.6 min, tminor = 16.3 min; 

minor diastereomer: tmajor = 10.0 min, tminor = 9.3 min. The major 

diastereomer was purified by flash chromatography and obtained as a yellow oil. []D
25

: 

+29.3 (c 0.75 g/100 mL, CH2Cl2). 
1
H NMR (400 MHz, CDCl3) δ 8.24 (s, 1H, NH), 7.62 (d, J 

= 2.0 Hz, 1H, ArH), 7.56 (d, J = 8.0 Hz, 1H, ArH), 7.41 (d, J = 8.0 Hz, 1H, ArH), 7.307.18 

(m, 4H, ArH), 6.61 (d, J = 2.0 Hz, 1H, ArH), 5.16 (t, J = 1.8 Hz, 1H, CH), 5.02 (s, 1H, CH), 

4.804.77 (m, 1H, CH), 4.174.08 (m, 2H, CH2), 2.97 (dd, J1 = 8.4 Hz, J2 = 16.8 Hz, 1H, 

CH2), 2.75 (dd, J1 = 5.2 Hz, J2 = 16.8 Hz, 1H, CH2), 1.18 (t, J = 7.2 Hz, 3H, CH3) ppm. 
13

C NMR (100 MHz, CDCl3) δ 169.3, 149.4, 136.4, 134.2, 132.0, 125.1, 124.8, 123.9, 123.3, 

120.6, 117.5, 116.1, 113.9, 111.9, 111.8, 84.0, 69.1, 61.3, 36.6, 36.3, 14.0 ppm. IR (KBr):  

3415, 3063, 2982, 2930, 1733, 1552, 1455, 1366, 1316, 1286, 1244, 1191, 1097, 1026, 921, 

864, 745 cm
1

. HRMS (ESI): calcd. for C21H19Br2N2O5 [M + H]
+
 536.96552, found: 

536.96564; calcd. for C21H22 Br2N3O5 [M + NH4]
+
 553.99207, found: 553.99228.  

 
 

General procedure (B) for the catalytic asymmetric tandem Friedel–Crafts 

alkylation/Michael addition reaction of indoles with nitroolefin enoates: To a dried 

Schlenk tube were added Zn(OTf)2 (7.3 mg, 0.02 mmol), ligand I (12.2 mg, 0.02 mmol) under 

argon followed by addition of the toluene (3 mL). The solution was stirred at room 

temperature for 0.5 h and then nitroolefin enoate 1 (0.2 mmol) was added. The mixture was 

stirred for 10 min then the indole 2 (0.3 mmol) was added. After stirring for 72 h at 10 C, 

Et3N (100 mg, 1 mmol) was added and stirred for another 24 h at room remperature. The 

solvent was removed under vacuum. Purification by column chromatography afforded the 

desired product 3. 

 

O

NO2

CO2Et

NH

Br

Br
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Ethyl 2-(4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3a): Compound 3a (the mixture 

of the major and minor diastereomer) was obtained according to the 

general procedure B (67.2 mg, 88% yield). It was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction 

(92:8 dr, 92% ee for the major diastereomer and 88% ee for the minor 

diastereomer) by HPLC (Daicel Chiralpak IA column, 

n-hexane/2-propanol 85:15, flow rate 0.5 mLmin
1

, detection at 254 nm), major diastereomer: 

tmajor = 19.8 min, tminor = 18.9 min; minor diastereomer: tmajor = 16.9 min, tminor = 14.4 min. 

[]D
25

 = +90.1 (c 3.02 g/100 mL, CH2Cl2). 

 

Ethyl 2-(4-(5-methyl-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3b): Compound 3b 

(the mixture of the major and minor diastereomer) was obtained 

according to the general procedure B (69.1 mg, 88% yield). It was 

analyzed to determine the diastereoselectivity of the reaction by the 

ratio of weight (44:56 dr). Enantioselectivity for major diastereomer 

(98% ee) and minor diastereomer (62% ee) were determined by HPLC 

separately (Daicel Chiralpak IA column, n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, 

detection at 254 nm and IB column, n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, 

detection at 254 nm), major diastereomer: tmajor = 23.3 min, tminor = 19.0 min; minor 

diastereomer: tmajor = 28.0 min, tminor = 30.7 min. The major diastereomer was purified by 

flash chromatography and obtained as a yellow oil. []D
25

(major diastereomer): 2.8 (c 

2.17 g/100 mL, CH2Cl2), []D
25

(minor diastereomer): +29.9 (c 1.78 g/100 mL, CH2Cl2). 

 

Ethyl 2-(4-(5-methoxy-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3c): Compound 3c 

(the mixture of the major and minor diastereomer) was obtained 

according to the general procedure B (78.8 mg, 96% yield). It was 

analyzed to determine the diastereoselectivity of the reaction by the 

ratio of weight (28:72 dr). Enantioselectivity for the major 

diastereomer (99% ee) and the minor diastereomer (73% ee) were 

determined by HPLC separately (Daicel Chiralpak IB column, 

n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, detection at 254 nm and IA column, 

n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, detection at 254 nm), major diastereomer: 

tmajor = 34.8 min, tminor = 33.2 min; minor diastereomer: tmajor = 42.9 min, tminor = 40.8 min. 

The major diastereomer was purified by flash chromatography and obtained as a yellow oil. 

[]D
25

(major diastereomer): 3.15 (c 2.67 g/100 mL, CH2Cl2), []D
25

(minor diastereomer): 

+34.8 (c 1.36 g/100 mL, CH2Cl2). 

 

Ethyl 2-(4-(5-chloro-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3d): Compound 3d (the 

mixture of the major and minor diastereomer) was obtained according 

to the general procedure B (47.8 mg, 58% yield). It was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction 

(76:24 dr, 82% ee for the major diastereomer and 53% ee for the minor 

diastereomer) by HPLC (Daicel Chiralpak IB column, 

n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, detection at 254 nm), major diastereomer: 

O

NO2

CO2Et

NH

O

NO2

CO2Et

NH
Cl
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tmajor = 36.4 min, tminor = 41.2 min; minor diastereomer: tmajor = 28.6 min, tminor = 27.1 min. The 

major diastereomer was purified by flash chromatography and obtained as a yellow oil. 

[]D
25

(major diastereomer): +17.6 (c 1.67 g/100 mL, CH2Cl2). 

 

Ethyl 2-(4-(1-methyl-1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3e): Compound 3e (the 

mixture of the major and minor diastereomer) was obtained according to 

the general procedure B (70.1 mg, 89% yield). It was analyzed to 

determine the diastereoselectivity of the reaction by the ratio of weight 

(82:18 dr). Enantioselectivity for major diastereomer (65% ee) and 

minor diastereomer (79% ee) were determined by HPLC separately 

(Daicel Chiralpak IA column, n-hexane/2-propanol = 95:5, flow rate 

0.5 mLmin
1

, detection at 254 nm), major diastereomer: tmajor = 29.0 min, tminor = 22.1 min; 

minor diastereomer: tmajor = 23.7 min, tminor = 21.4 min. The major diastereomer was purified 

by flash chromatography and obtained as a yellow oil. []D
25

(major diastereomer): +53.0 (c 

2.81 g/100 mL, CH2Cl2), []D
25

(minor diastereomer): 15.1 (c 1.07 g/100 mL, CH2Cl2). 

 

Ethyl 2-(6-chloro-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3f): Compound 3f (the 

mixture of the major and minor diastereomer) was obtained according 

to the general procedure B (71.4 mg, 86% yield). It was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction 

(74:26 dr, 95% ee for the major diastereomer, 95% ee for the minor 

diastereomer) by HPLC (Daicel Chiralpak IA column, 

n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, detection at 254 nm), major diastereomer: 

tmajor = 32.2 min, tminor = 28.5 min; minor diastereomer: tmajor = 22.1 min, tminor = 20.1 min. The 

major diastereomer was purified by flash chromatography and obtained as a yellow oil. 

[]D
25

(major diastereomer): +10.0 (c 2.07 g/100 mL, CH2Cl2). 

 

Ethyl 2-(6-bromo-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3g): Compound 3g (the 

mixture of the major and minor diastereomer) was obtained according 

to the general procedure B (91.8 mg, 100% yield). It was analyzed to 

determine the diastereoselectivity and enantioselectivity of the reaction 

(60:40 dr, 91% ee for the major diastereomer, 93% ee for the minor 

diastereomer) by HPLC (Daicel Chiralpak IB column, 

n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, detection at 254 nm), major diastereomer: 

tmajor = 37.9 min, tminor = 41.6 min; minor diastereomer: tmajor = 34.0 min, tminor = 26.6 min. 

[]D
25

(major diastereomer): +7.4 (c 2.74 g/100 mL, CH2Cl2). 

 

Ethyl 2-(4-(1H-indol-3-yl)-3,6-dinitro-chroman-2-yl)acetate (3h): Compound 3h (the 

mixture of the major and minor diastereomer) was obtained according 

to the general procedure B (76.1 mg, 89% yield). It was analyzed to 

determine the diastereoselectivity and enantioselectivity of the 

reaction (49:51 dr, 95% ee for both diastereomers) by HPLC (Daicel 

Chiralpak IA + AD-H column, n-hexane/2-propanol 80:20, flow rate 

1.0 mLmin
1

, detection at 254 nm), major diastereomer: tmajor = 18.4 min, tminor = 22.3 min; 

O

NO2

CO2Et
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CH3

Cl

O

NO2

CO2Et

NH

Br

O

NO2

CO2Et

NH



 S9 

minor diastereomer: tmajor = 28.5 min, tminor = 26.5 min. Both diastereomers were purified by 

flash chromatography and obtained as yellow oils. []D
25

(major diastereomer): 160.0 (c 

1.32 g/100 mL, CH2Cl2). 

 

Ethyl 2-(4-(1H-indol-3-yl)-8-methoxy-3-nitro-chroman-2-yl)acetate (3i): Compound 3i 

(the mixture of the major and minor diastereomer) was obtained according 

to the general procedure B (69.6 mg, 85% yield). It was analyzed to 

determine the diastereoselectivity of the reaction by the ratio of weight 

(58:42 dr). Enantioselectivity for major diastereomer (39% ee) and minor 

diastereomer (83% ee) were determined by HPLC separately (Daicel 

Chiralpak IA column, n-hexane/2-propanol 90:10, flow rate 1.0 mLmin
1

, 

detection at 254 nm and IA column, n-hexane/2-propanol 95:5, flow rate 0.5 mLmin
1

, 

detection at 254 nm), major diastereomer: tmajor = 23.0 min, tminor = 20.2 min; minor 

diastereomer: tmajor = 79.4 min, tminor = 85.7 min. The major diastereomer was purified by 

flash chromatography and obtained as a white solid; mp 167172 C. The minor diastereomer 

was purified by flash chromatography and obtained as yellow oil. []D
25

 (major diastereomer): 

+39.2 (c 1.55 g/100 mL, CH2Cl2), []D
25

 (minor diastereomer): +28.0 (c 1.27 g/100 mL, 

CH2Cl2). 

 

Ethyl 2-(8-ethoxy-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3j): Compound 3j  

(the mixture of the major and minor diastereomer) was obtained according 

to the general procedure B (79.7 mg, 94% yield). It was analyzed to 

determine the diastereoselectivity of the reaction by the ratio of weight 

(54:46 dr). Enantioselectivity for major diastereomer (30% ee) and minor 

diastereomer (97% ee) were determined by HPLC separately (Daicel 

Chiralpak IA column, n-hexane/2-propanol 85:15, flow rate 0.5 mLmin
1

, 

detection at 254 nm and AD-H column, n-hexane/2-propanol 90:10, flow rate 0.5 mLmin
1

, 

detection at 254 nm), major diastereomer: tmajor = 22.5 min, tminor = 19.5 min; minor 

diastereomer: tmajor = 51.5 min, tminor = 49.2 min. Both diastereomers were purified by flash 

chromatography and obtained as a yellow oil. []D
25

 (major diastereomer): +38.4 (c 

1.78 g/100 mL, CH2Cl2), []D
25

 (minor diastereomer): +58.0 (c 1.57 g/100 mL, CH2Cl2). 

 

Ethyl 2-(6,8-dibromo-4-(1H-indol-3-yl)-3-nitro-chroman-2-yl)acetate (3k): Compound 3k 

(the mixture of the major and minor diastereomer) was obtained according to general 

procedure B (81.2 mg, 75% yield). It was analyzed to determine the 

diastereoselectivity and enantioselectivity of the reaction (38:62 dr, 

90% ee for the major diastereomer, 53% ee for the minor diastereomer) 

by HPLC (Daicel Chiralpak IA column, n-hexane/2-propanol 90:10, 

flow rate 1.0 mLmin
1

, detection at 254 nm), major diastereomer: tmajor 

= 9.8 min, tminor = 9.2 min; minor diastereomer: tmajor = 17.5 min, tminor 

= 16.3 min. The major diastereomer was purified by flash chromatography and obtained as a 

white solid; mp 189191 C. The minor diastereomer was purified by flash chromatography 

and obtained as a white solid, mp 9195 C. []D
25

(major diastereomer): +41.0 (c 

1.46 g/100 mL, CH2Cl2), []D
25

(minor diastereomer): +39.2 (c 0.97 g/100 mL, CH2Cl2). 
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Copies of HPLC chromatograms of Friedel–Crafts alkylation products 3 

HPLC for general procedure A: 
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HPLC for general procedure B: 
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