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I. General information.
1H NMR spectra were recorded on commercial instruments (400 MHz). Chemical
shifts were reported in ppm from tetramethylsilane with the solvent resonance as the
internal standard (CDCl3, δ = 7.26; DMSO, δ = 2.49). Spectra were reported as
follows: chemical shift (δ ppm), multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet), coupling constants (Hz), integration and assignment. 13C
NMR spectra were collected on commercial instruments (100 MHz) with complete
proton decoupling. Chemical shifts are reported in ppm from the tetramethylsilane
with the solvent resonance as internal standard (CDCl3, δ = 77.0; DMSO, δ = 39.6).
Enantiomeric excesses (ee) were determined by HPLC analysis using the
corresponding commercial chiralpak column as stated in the experimental procedures
at 25 oC. Optical rotations were reported as follows: [a]T D (c g/100 mL, in solvent).
HRMS was recorded on a commercial apparatus (ESI Source). All reagents and
solvents were obtained from commercial suppliers and used without further
purification except as indicated below. All catalytic reactions were run in dried
glassware. THF was distilled from sodium benzophenone ketyl.
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II.Optimization of other reaction conditions.

Table S1: Optimization for the amount of imidazole.

[a] Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), metal/ligand (1:1,
10 mol%), in THF (1.0 mL) under N2 at 35 °C for 0.5 h. Then imidazole, azlactone 2a (0.1 mmol)
were added successively and kept stirring at 35 °C for 72 h. [b] The quantity of the additive. [c]
Isolated yield. [d] Determined by chiral HPLC analysis. The diastereoselectivities were all over
19:1 determined by 1H NMR spectra.

Table S2: Optimization for the ratio of substrates.

Entry[a] Ratio(1a:2a)[b] Yield %[d] Ee%[c]

1 1.5:1 44 91

2 1.2:1 88 91

3 1:1 67 91

4 1:1.2 67 77

5 1:1.5 78 75

[a] Unless otherwise noted, all reactions were carried out with 1a, metal/ligand (1:1, 10 mol%), in
THF (1.0 mL) under N2 at 35 °C for 0.5 h. Then imidazole (0.15 eq.), azlactones (0.1 eq.) were
added successively and kept stirring at 35 °C for 72 h. [b] The ratio of substrates 1a to 2a. [c]
Determined by chiral HPLC analysis. [d] Isolated yield. The diastereoselectivities were all over
19:1 determined by 1H NMR spectra.

Entry[a] Imidazole[b] (eq.) Yield %[c] Ee%[d]

1 0.1 67 90

2 0.15 67 91

3 0.2 67 91

4 0.5 68 73

5 1.0 86 77

6 1.2 10 ND



S4

Table S3: Optimization for the ratio of ligand and metal.

Entry[a] M:L Yield %[b] Ee%[c]

1 1.5：1 38 62

2 1.2：1 82 77

3 1：1 88 91

4 1:1.05 90 91

5 1:1.1 88 90

6 1：1.2 83 90

7 1:1.5 92 84

[a] Unless otherwise noted, all reactions were carried out with 1a (0.12 mmol), metal/ligand in
THF (1.0 mL) under N2 at 35 °C for 0.5 h. Then imidazole (0.15 eq.), azlactones (0.1 mmol) were
added successively and kept stirring at 35 °C for 72 h. [b] Isolated yield. [c] Determined by chiral
HPLC analysis. The diastereoselectivities were over 19:1 determined by 1H NMR spectra.

III. Synthesis of substrates.
1. O-quinone methides (1a-1b) were prepared as previously described by Jurd.1
2. Procedure for preparation of azlactones.

To a solution of amide (8 mmol) in CH2Cl2 (25 mL) was added the solution of
EDCI (1.56 g) in CH2Cl2 (10 mL) at 0 ˚C. After being stirred at room temperature for
2 h, the reaction mixture was diluted with H2O for twice and extracted with CH2Cl2.
Organic phase was dried over Na2SO4 and then filtered. After being concentrated,
recrystallized with CH2Cl2 and n-hexane, the azlactone was obtained.

IV. General procedure of the catalytic reactions.
A dry reaction tube was charged with substrate 1 (0.12 mmol), Sc(OTf)3 (4.90

mg, 10 mol%), and the ligand L-RaMe2Bu (7.40 mg, 10.5 mol%) under nitrogen.
Then, THF (1.0 mL) and imidazole (0.15 eq, 20 uL, 0.75 mmol/mL in THF) were
added successively. The mixture was stirred at 35 oC for 0.5 h. Finally, the substrate 2
(0.1 mmol) was added one-pot at the indicated temperature. The reaction was
performed at 35 oC for 72 h. The residue was purified by flash chromatography on
silica gel (1/6, Etheyl acetate/petroleum ether) to afford the desired product.

1. L. Jurd, Tetrahedron, 1977, 33, 163.
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V. Failed substrates scope of the IEDDA reaction.

Substrate 1c was also attempted, 34% ee, 25% yield was obtained.

VI. Product characterization data.

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)benzamide
(3a)

Result: 90% Yield, 91% ee; [α]21D = −203.2 (c 0.19, CH2Cl2);
HPLC (Daicel chiralcel IB, n-hexane/i-PrOH 95/5, 1.0
mL/min) tR(major) = 10.29 min, tR(minor) = 12.09 min; 1H NMR

(400 MHz, CDCl3) δ 7.43 (dd, J = 14, 7.2 Hz, 3H), 7.32 (t, J = 7.5 Hz, 2H), 7.19 (dd,
J = 7.0, 3.6 Hz, 3H), 7.06 (d, J = 8.7 Hz, 4H), 6.85 – 6.60 (m, 5H), 5.95 (d, J =17.4
Hz, 2H), 5.29 (s, 1H), 4.14 (d, J = 14.0 Hz, 1H), 3.66 (d, J = 11.0 Hz, 3H), 3.17 (d, J
= 13.9 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.40, 167.98, 159.01, 148.03,
145.32, 144.30, 135.17, 135.01, 131.61, 130.19, 129.91, 128.97, 128.63, 128.42,
127.40, 126.74, 117.75, 114.15, 108.61, 102.03, 98.49, 65.92, 55.15, 49.17, 38.17.
ESI-HRMS calcd for [C31H25NO6+Na+]: 530.1580, found 530.1588.

AU

0.00

0.05

0.10

0.15

0.20

0.25

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

10.452
12.026

Retention Time % Area

1 10.452 49.55

2 12.026 50.45
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AU

0.00

0.05

0.10

0.15

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

10.287

12.087

Retention Time % Area

1 10.287 95.71

2 12.087 4.29

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-4-
fluorobenzamide (3b)

Result: 84% Yield, 92% ee; [α]21D = −184.7 (c 0.14,
CH2Cl2); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH
95/5, 1.0 mL/min) tR(major) = 12.99 min, tR(minor) = 15.97

min; 1H NMR (400 MHz, CDCl3) δ 7.45 (dd, J = 8.6, 5.3 Hz, 2H), 7.23 – 7.15 (m,
3H), 7.02 (dd, J = 19.2, 8.7 Hz, 6H), 6.81 (s, 1H), 6.69 (t, J = 7.5 Hz, 4H), 6.06 – 5.91
(m, 2H), 5.26 (s, 1H), 4.11 (d, J = 14.0 Hz, 1H), 3.67 (s, 3H), 3.17 (d, J = 14.0 Hz,
1H). 13C NMR (100 MHz, CDCl3) δ 168.40, 166.80, 166.03, 163.52, 159.02, 148.05,
145.34, 144.25, 134.93, 131.26, 131.23, 130.14, 129.85, 129.77, 129.12, 129.03,
128.91, 128.41, 127.42, 117.65, 115.78, 115.56, 114.14, 108.59, 102.03, 98.49, 65.90,
55.15, 49.19, 38.21. ESI-HRMS calcd for [C31H24FNO6+Na+]: 548.1485, found
548.1482.

AU

0.00

0.02

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

12.621 15.526

Retention Time % Area

1 12.621 50.66

2 15.526 49.34

AU

0.000

0.010

0.020

0.030

0.040

0.050

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

12.989

15.968
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Retention Time % Area

1 12.989 96.25

2 15.968 3.75

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-4-
chlorobenzamide(3c)

Result: 89% Yield, 94% ee; [α]25D = −106.2 (c 1.3,
CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH
80/20, 1.0 mL/min) tR(major) = 14.84 min, tR(minor) = 27.29

min; 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.34 (m, 2H), 7.34 – 7.27 (m, 2H), 7.19
(dd, J = 6.4, 3.6 Hz, 3H), 7.03 (dd, J = 6.6, 2.1 Hz, 4H), 6.81 (s, 1H), 6.75 – 6.55 (m,
4H), 5.99 (dd, J = 16.3, 1.2 Hz, 2H), 5.25 (s, 1H), 4.09 (d, J = 14.0 Hz, 1H), 3.68 (s,
3H), 3.17 (d, J = 14.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.36, 166.77, 159.03,
148.05, 145.35, 144.22, 137.89, 134.86, 133.38, 130.07, 129.82, 128.88, 128.43,
128.17, 127.45, 117.59, 114.14, 108.58, 102.04, 98.49, 65.91, 55.17, 49.17, 38.19.
ESI-HRMS calcd for [C31H2435ClNO6+Na+]: 564.1190, found 564.1189.

15.216
27.204

AU

0.00

0.10

0.20

分钟
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Retention Time % Area

1 15.216 49.95

2 27.204 50.05

14.835

27.289

AU

0.00

0.10

0.20

0.30

30
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Retention Time % Area

1 14.835 96.81

2 27.289 3.19
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-4-
bromobenzamide (3d)

Result: 90% Yield, 91% ee; [α]21D = −118.0 (c 0.2,
CH2Cl2); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH
95/5, 0.8 mL/min) tR(major) = 16.86 min, tR(minor) = 19.09
min; 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.5Hz,

2H), 7.30 (d, J = 8.5 Hz, 2H), 7.23 – 7.15 (m, 3H), 7.03 (d, J = 8.8 Hz, 4H), 6.80 (s,
1H), 6.69 (d, J = 8.5 Hz, 4H), 5.97 (d, J = 17.0 Hz, 2H), 5.25 (s, 1H), 4.10 (t, J = 9.1
Hz, 1H), 3.68 (d, J = 13.3 Hz, 3H), 3.17 (d, J = 14.0 Hz, 1H). 13C NMR (100 MHz,
CDCl3) δ 168.35, 166.85, 159.04, 148.06, 145.35, 144.23, 134.87, 133.85, 131.86,
130.07, 129.82, 128.89, 128.44, 128.35, 127.46, 126.35, 117.59, 114.16, 108.59,
102.04, 98.50, 65.91, 55.16, 49.17, 38.20. ESI-HRMS calcd for [C31H2480BrNO6+Na+]:
608.0685, found 608.0688.

AU

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Minutes
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

16.378
18.211

Retention Time % Area

1 16.378 49.15

2 18.211 50.85

AU

0.00

0.20

0.40

0.60

0.80

1.00

1.20

Minutes
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

16.862

19.093

Retention Time % Area

1 16.862 95.56

2 19.093 4.44
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-
7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-
4-cyanobenzamide (3e)

Result: 64% Yield, 94% ee; [α]21D = −185.7 (c 0.17,
CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-
PrOH 70/30, 1.0 mL/min) tR(major) = 20.49 min,
tR(minor) = 34.27 min; 1H NMR (400 MHz, CDCl3) δ

7.56 (dd, J = 56.3, 7.7 Hz, 4H), 7.24 – 6.97 (m, 7H), 6.74 (dd, J = 28.0, 20.6 Hz, 5H),
6.00 (d, J = 15.9 Hz, 2H), 5.22 (s, 1H), 4.06 (d, J = 14.0 Hz, 1H), 3.68 (s, 3H), 3.20 (d,
J = 14.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.26, 166.05, 159.12, 148.14,
145.43, 144.13, 138.83, 134.68, 132.52, 129.97, 129.76, 128.82, 128.49, 127.56,
127.39, 117.89, 117.35, 115.25, 114.21, 108.55, 102.08, 98.54, 65.99, 55.19, 49.24,
38.29. ESI-HRMS calcd for [C32H24N2O6+Na+]: 555.1532, found 555.1535.

AU

0.00

0.02

0.04

0.06

Minutes
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00

19.559 31.904

Retention Time % Area

1 19.559 49.87

2 31.904 50.13

AU

0.000

0.010

0.020

0.030

0.040

Minutes
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00

20.488

34.270

Retention Time % Area

1 20.488 97.02

2 34.270 2.98

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-
oxo-7,8-dihydro-6H-[1,3]dioxolo[4,5-
g]chromen-7-yl)-4-(trifluoromethyl)benzamide
(3f)

Result: 68% Yield, 92% ee; [α]21D = −100.6 (c
0.36, CH2Cl2); HPLC (Daicel chiralcel IB, n-
hexane/i-PrOH 90/10, 1.0 mL/min) tR(major) = 8.78

min, tR(minor) = 10.25 min; 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 6.4 Hz, 2H),
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7.46 (dt, J = 15.0, 7.4 Hz, 2H), 7.24 – 6.95 (m, 7H), 6.86 – 6.60 (m, 5H), 5.99 (d, J =
16.7 Hz, 2H), 5.25 (s, 1H), 4.10 (d, J = 14.0 Hz, 1H), 3.71 (d, J = 30.7 Hz, 3H), 3.20
(d, J = 14.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.32, 166.57, 159.15, 148.11,
145.40, 144.18, 135.99, 134.77, 131.86, 131.72, 131.40, 131.07, 130.93, 130.74,
130.06, 129.81, 129.68, 129.23, 128.86, 128.47, 128.20, 128.16, 127.53, 124.94,
124.03, 124.00, 122.23, 117.46, 114.23, 108.59, 102.06, 98.51, 65.98, 55.14, 49.29,
38.34. ESI-HRMS calcd for [C32H24F3NO6+Na+]: 598.1453, found 598.1452.

AU

0.00

0.05

0.10

0.15

0.20

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

8.619

9.916

Retention Time % Area

1 8.619 50.03

2 9.916 49.97

AU

0.00

0.05

0.10

0.15

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

8.776

10.247

Retention Time % Area

1 8.776 95.92

2 10.247 4.08

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-
7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-
4-methylbenzamide (3g)

Result: 90% Yield, 93% ee; [α]21D = −101.9 (c 1.61,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-
PrOH 90/10, 1.0 mL/min) tR(major) = 8.06 min, tR(minor)
= 9.56 min; 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J

= 8.1 Hz, 1H), 7.21 – 7.10 (m, 2H), 7.05 (dd, J = 6.5, 2.3 Hz, 1H), 6.80 (s, 1H), 6.68
(dd, J = 5.6, 2.9 Hz, 1H), 5.98 (dd, J = 16.4, 1.1 Hz, 1H), 5.28 (s, 1H), 4.14 (d, J =
14.0 Hz, 1H), 3.66 (d, J = 5.9 Hz, 3H), 3.15 (d, J = 13.9 Hz, 1H), 2.34 (s, 1H). 13C
NMR (100 MHz, CDCl3) δ 168.43, 167.85, 158.94, 147.99, 145.28, 144.31, 142.06,
135.04, 132.30, 130.19, 129.89, 129.24, 128.96, 128.37, 127.34, 126.76, 117.82,
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114.10, 108.61, 102.00, 98.46, 65.86, 55.14, 49.14, 38.13, 21.45. ESI-HRMS calcd
for [C32H27NO6+Na+]: 544.1736, found 544.1738.

8.017
9.206AU

0.00

0.20

0.40

0.60

分钟
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Retention Time % Area

1 8.017 49.69

2 9.206 50.31

8.062

9.557

AU

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

分钟
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Retention Time % Area

1 8.062 96.49

2 9.557 3.51

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-
7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-
yl)-4-ethylbenzamide (3h)

Result: 87% Yield, 92% ee; [α]20D = −133.6 (c 0.28,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-
PrOH 95/5, 1.0 mL/min) tR(major) = 10.78 min,
tR(minor) = 13.17 min; 1H NMR (400 MHz, CDCl3) δ

7.38 (d, J = 8.1 Hz, 2H), 7.23 – 7.13 (m, 5H), 7.05 (dd, J = 6.6, 2.2 Hz, 4H), 6.81 (s,
1H), 6.69 (dd, J = 6.3, 2.3 Hz, 4H), 5.98 (dd, J = 16.3, 1.1 Hz, 2H), 5.28 (s, 1H), 4.14
(d, J = 14.0 Hz, 1H), 3.67 (s, 3H), 3.15 (d, J = 13.9 Hz, 1H), 2.64 (q, J = 7.6 Hz, 2H),
1.21 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 168.42, 167.94, 158.94,
148.25, 147.98, 145.28, 144.31, 135.04, 132.58, 130.21, 129.90, 128.96, 128.38,
128.08, 127.33, 126.84, 117.83, 114.11, 108.61, 102.00, 98.46, 65.86, 55.15, 49.15,
38.13, 28.78, 15.28. ESI-HRMS calcd for [C33H29NO6+Na+]: 558.1893, found
558.1893.
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AU

0.00

0.10

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

10.622

12.458

Retention Time % Area

1 10.622 50.12

2 12.458 49.88

AU

0.00

0.05

0.10

0.15

0.20

0.25

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

10.775

13.169

Retention Time % Area

1 10.775 96.02

2 13.169 3.98

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-
oxo-7,8-dihydro-6H-[1,3]dioxolo[4,5-
g]chromen-7-yl)-4-methoxybenzamide (3i)

Result: 85% Yield, 90% ee; [α]21D = −114.6 (c
0.44, CH2Cl2); HPLC (Daicel chiralcel IB, n-
hexane/i-PrOH 80/20, 1.0 mL/min) tR(major) = 8.50
min, tR(minor) = 9.77 min; 1H NMR (400 MHz,

CDCl3) δ 7.44 (d, J = 8.7 Hz, 2H), 7.24 – 7.11 (m, 3H), 7.04 (d, J = 8.6 Hz, 4H), 6.88
– 6.75 (m, 3H), 6.68 (dd, J = 12.7, 6.7 Hz, 4H), 5.99 (d, J = 15.9 Hz, 2H), 5.28 (s, 1H),
4.14 (d, J = 13.9 Hz, 1H), 3.84 – 3.75 (m, 3H), 3.67 (s, 3H), 3.14 (d, J = 13.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 168.48, 167.34, 162.29, 158.92, 147.98, 145.27,
144.32, 135.08, 130.22, 129.89, 128.96, 128.58, 128.34, 127.39, 127.30, 117.86,
114.07, 113.77, 108.61, 101.98, 98.44, 77.37, 77.05, 76.74, 65.84, 55.39, 55.14, 49.16,
38.15. ESI-HRMS calcd for [C32H27NO7+Na+]: 560.1687, found 560.1685.

AU

0.00

0.02

0.04

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

8.649
9.758
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Retention Time % Area

1 8.649 49.91

2 9.758 50.09

AU

0.00

0.50

1.00

1.50

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-
7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-
4-nitrobenzamide (3j)

Result: 94% Yield, 96% ee; [α]25D = −84.2 (c 0.91,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-
PrOH 70/30, 1.0 mL/min) tR(major) = 10.31 min,
tR(minor) = 9.28 min; 1H NMR (400 MHz, CDCl3) δ

8.18 (d, J = 8.7 Hz, 2H), 7.55 (d, J = 8.7 Hz, 2H), 7.25 – 7.12 (m, 3H), 7.04 (d, J =
8.6 Hz, 4H), 6.75 (dd, J = 32.1, 15.9 Hz, 5H), 6.01 (dd, J = 15.9, 1.1 Hz, 2H), 5.23 (s,
1H), 4.07 (d, J = 14.1 Hz, 1H), 3.69 (s, 3H), 3.22 (d, J = 14.0 Hz, 1H). 1H NMR (400
MHz, CDCl3) δ 8.18 (d, J = 8.7 Hz, 2H), 7.55 (d, J = 8.7 Hz, 2H), 7.25 – 7.12 (m, 3H),
7.04 (d, J = 8.6 Hz, 4H), 6.75 (dd, J = 32.1, 15.9 Hz, 5H), 6.01 (dd, J = 15.9, 1.1 Hz,
2H), 5.23 (s, 1H), 4.07 (d, J = 14.1 Hz, 1H), 3.69 (s, 3H), 3.22 (d, J = 14.0 Hz, 1H).
ESI-HRMS calcd for [C31H24N2O8+Na+]: 575.1430, found 575.1428.
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-3-
chlorobenzamide (3k)

Result: 88% Yield, 91% ee; [α]20D = −99.0 (c 1.66,
CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH
80/20, 1.0 mL/min) tR(major) = 12.82 min, tR(minor) = 22.21

min; 1H NMR (400 MHz, CDCl3) δ 7.49 – 7.35 (m, 2H), 7.25 – 7.17 (m, 5H), 7.04 (d,
J = 8.2 Hz, 4H), 6.81 (s, 1H), 6.77 – 6.60 (m, 4H), 5.98 (d, J = 16.6 Hz, 2H), 5.24 (s,
1H), 4.09 (d, J = 14.0 Hz, 1H), 3.68 (s, 3H), 3.18 (d, J = 14.0 Hz, 1H). 13C NMR (100
MHz, CDCl3) δ 168.31, 166.49, 159.08, 148.07, 145.36, 144.20, 136.77, 134.83,
134.81, 131.70, 130.05, 129.92, 129.82, 128.88, 128.47, 127.50, 127.20, 124.64,
117.55, 114.22, 108.59, 102.05, 98.50, 65.94, 55.19, 49.20, 38.22. ESI-HRMS calcd
for [C31H2435ClNO6+Na+]: 564.1190, found 564.1187.
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Retention Time % Area

1 12.821 95.66

2 22.206 4.34

N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-2-
chlorobenzamide (3l)

Result: 85% Yield, 91% ee; [α]25D = −75.8 (c 1.49, CH2Cl2);
HPLC (Daicel chiralcel IB, n-hexane/i-PrOH 80/20, 1.0
mL/min) tR(major) = 6.99 min, tR(minor) = 7.89 min; 1H NMR

(400 MHz, CDCl3) δ 7.32 – 7.26 (m, 2H), 7.25 (s, 1H), 7.24 – 7.21 (m, 2H), 7.15 (m,
J = 18.0, 9.7, 2.5 Hz, 5H), 6.97 (dd, J = 7.7, 1.5 Hz, 1H), 6.82 – 6.65 (m, 5H), 5.97
(dd, J = 17.7, 1.2 Hz, 2H), 5.26 (s, 1H), 4.11 (d, J = 14.1 Hz, 1H), 3.71 (s, 3H), 3.21
(d, J = 14.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.23, 166.23, 159.18, 148.01,
145.32, 144.05, 134.77, 134.54, 131.50, 131.48, 130.66, 130.38, 130.11, 129.53,
129.19, 128.43, 127.45, 126.82, 117.72, 114.31, 108.57, 102.03, 98.51, 66.05, 55.27,
49.50, 38.51. ESI-HRMS calcd for [C31H2435ClNO6+Na+]: 564.1190, found 564.1188.
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-3,5-
dimethylbenzamide (3m)

Result: 80% Yield, 92% ee; [α]21D = −122.6 (c 0.23,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-PrOH
90/10, 1.0 mL/min) tR(major) = 6.76 min, tR(minor) = 8.01 min;

1H NMR (400 MHz, CDCl3) δ 7.24 – 7.15 (m, 3H), 7.14 – 6.88 (m, 7H), 6.81 (s, 1H),
6.64 (dd, J = 47.8, 8.4 Hz, 4H), 5.94 (t, J = 31.8 Hz, 2H), 5.28 (s, 1H), 4.12 (t, J =
14.5 Hz, 1H), 3.72 (d, J = 32.1 Hz, 3H), 3.15 (d, J = 13.9 Hz, 1H), 2.19 (d, J = 64.1
Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 168.44, 168.27, 158.97, 147.99, 145.28,
144.29, 138.30, 135.13, 135.04, 133.24, 130.25, 129.92, 128.98, 128.37, 127.34,
124.48, 117.83, 114.14, 108.62, 101.99, 98.45, 68.89, 65.86, 55.16, 49.17, 38.15,
21.18. ESI-HRMS calcd for [C33H29NO6+Na+]:558.1893, found 558.1894.
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-
7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-
yl)-3,5-dinitrobenzamide (3n)

Result: 94% Yield, 93% ee; [α]25D = −72.4 (c 1.91,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-
PrOH 90/10, 1.0 mL/min) tR(major) = 31.52 min,
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tR(minor) = 37.99 min; 1H NMR (400 MHz, CDCl3) δ 9.06 (t, J = 2.0 Hz, 1H), 8.41 (d, J
= 2.0 Hz, 2H), 7.22 (dd, J = 6.2, 3.7 Hz, 3H), 7.10 – 6.97 (m, 4H), 6.89 – 6.58 (m,
5H), 6.01 (dd, J=16.5, 1.1 Hz, 2H), 5.19 (s, 1H), 4.02 (d, J = 14.2 Hz, 1H), 3.69 (s,
3H), 3.26 (d, J = 14.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 178.19, 168.09, 163.38,
159.38, 148.56, 148.26, 145.54, 143.96, 138.48, 134.38, 129.84, 129.65, 128.69,
128.64, 127.81, 126.84, 121.09, 116.94, 114.42, 108.53, 102.16, 98.61, 66.16, 55.22,
49.47, 38.63. ESI-HRMS calcd for [C31H23N3O10+Na+]: 620.1281, found 620.1278.
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N-((7R,8R)-7-benzyl-8-(4-methoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)-2-
phenylacetamide (3o)

Result: 63% Yield, 94% ee; [α]20D = −56.1 (c 0.28,
CH2Cl2); HPLC (Daicel chiralcel IC, n-hexane/i-PrOH
80/20, 1.0 mL/min) tR(major) = 9.47 min, tR(minor) = 13.50
min; 1H NMR (400 MHz, CDCl3) δ 7.25 – 7.13 (m, 6H),

7.00 – 6.87 (m, 6H), 6.69 (dd, J = 28.7, 20.0 Hz, 4H), 6.13 (s, 1H), 6.02 – 5.91 (m,
2H), 5.08 (s, 1H), 3.91 (d, J = 14.0 Hz, 1H), 3.75 (s, 3H), 3.32 (s, 2H), 3.04 (d, J =
13.9 Hz, 1H). 13C NMR (100MHz, CDCl3) δ 170.69, 168.08, 158.97, 147.90, 145.19,
144.06, 134.84, 134.04, 130.32, 129.80, 129.26, 128.88, 128.68, 128.31, 127.28,
127.17, 117.67, 114.09, 108.52, 101.94, 98.42, 65.21, 55.21, 49.21, 44.46, 38.21. ESI-
HRMS calcd for [C32H27NO6+Na+]: 544.1736, found 544.1736.
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N-((7R,8R)-7-(4-fluorobenzyl)-8-(4-methoxyphenyl)-
6-oxo-7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-
yl)benzamide (3p)

Result: 42% Yield, 91% ee; [α]22D = −106.6 (c 0.30,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-PrOH
90/10, 1.0 mL/min) tR(major) = 8.48 min, tR(minor) = 9.97
min; 1H NMR (400 MHz, CDCl3) δ 7.40 (dd, J = 34.6,
6.5 Hz, 5H), 7.16 – 6.46 (m, 11H), 5.99 (d, J = 15.1 Hz,
2H), 5.26 (s, 1H), 4.12 (d, J = 14.0 Hz, 1H), 3.67 (s, 3H),

3.14 (d, J = 14.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 168.33, 167.93, 163.38,
160.94, 159.02, 148.06, 145.36, 144.21, 134.95, 131.71, 131.42, 131.34, 130.73,
130.70, 130.04, 128.91, 128.67, 126.68, 117.61, 115.44, 115.23, 114.16, 108.60,
102.04, 98.45, 65.84, 55.16, 49.08, 37.36. ESI-HRMS calcd for [C31H24FO6+Na+]:
548.1485, found 548.1489.
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N-((7R,8R)-7-(4-chlorobenzyl)-8-(4-methoxyphenyl)-6-oxo-
7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)benzamide
(3q)

Result: 70% Yield, 92% ee; [α]21D = −95.4 (c 0.35, CH2Cl2);
HPLC (Daicel chiralcel IE, n-hexane/i-PrOH 90/10, 1.0
mL/min) tR(major) = 8.41 min, tR(minor) = 9.49 min; 1H NMR (400
MHz, CDCl3) δ 7.44 (d, J = 6.7 Hz, 3H), 7.36 (d, J = 6.7 Hz,

2H), 7.17 (d, J = 7.4 Hz, 2H), 7.01 (dd, J = 19.2, 7.7 Hz, 4H), 6.86 – 6.62 (m, 5H),
5.98 (d, J = 14.7 Hz, 2H), 5.25 (s, 1H), 4.13 (d, J = 13.9 Hz, 1H), 3.71 (d, J = 33.2 Hz,
3H), 3.14 (d, J = 13.9 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.23, 167.96, 159.05,
148.08, 145.38, 144.19, 134.89, 133.48, 133.37, 131.75, 131.18, 129.96, 128.91,
128.69, 128.60, 126.68, 117.56, 114.18, 108.59, 102.05, 98.46, 65.74, 55.16, 49.10,
37.51. ESI-HRMS calcd for [C31H2435ClNO6+Na+]: 564.1184, found 564.1187.
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Retention Time % Area
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N-((7R,8R)-7-(4-bromobenzyl)-8-(4-methoxyphenyl)-
6-oxo-7,8-dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-
yl)benzamide (3r)

Result: 91% Yield, 91% ee; [α]22D = −205.9 (c 0.12,
CH2Cl2); HPLC (Daicel chiralcel IB, n-hexane/i-PrOH
90/10, 1.0 mL/min) tR(major) = 9.35 min, tR(minor) = 10.76
min; 1H NMR (400 MHz, CDCl3) δ 7.51 – 7.41 (m, 3H),
7.34 (dd, J = 15.8, 7.8 Hz, 4H), 6.98 (dd, J = 42.5, 8.3
Hz, 4H), 6.85 – 6.58 (m, 5H), 5.99 (d, J = 14.4 Hz, 2H),

5.25 (s, 1H), 4.11 (d, J = 14.0 Hz, 1H), 3.67 (s, 3H), 3.12 (d, J = 14.0 Hz, 1H). 13C
NMR (100 MHz, CDCl3) δ 168.20, 167.96, 159.05, 148.08, 145.39, 144.19, 134.87,
133.98, 131.75, 131.54, 129.94, 128.91, 128.69, 126.68, 121.55, 117.55, 114.18,
108.58, 102.05, 98.46, 65.67, 55.16, 49.10, 37.58. ESI-HRMS calcd for
[C31H2480BrNO6+Na+]: 608.0685, found 608.0687.
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N-((7R,8R)-8-(4-methoxyphenyl)-7-(2-
(methylthio)ethyl)-6-oxo-7,8-dihydro-6H-
[1,3]dioxolo[4,5-g]chromen-7-yl)benzamide (3s)

Result: 75% Yield, 82% ee; [α]22D = −159.1 (c 0.97,
CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH
80/20, 1.0 mL/min) tR(major) = 9.16 min, tR(minor) = 9.99 min;
1H NMR (400 MHz, CDCl3) δ 7.46 (ddd, J = 39.3, 19.2,

7.4 Hz, 5H), 7.05 – 6.88 (m, 3H), 6.77 – 6.48 (m, 4H), 5.97 (d, J = 15.3 Hz, 2H), 5.09
(s, 1H), 3.68 (s, 3H), 3.30 – 3.12 (m, 1H), 2.51 (td, J = 12.7, 5.0 Hz, 1H), 2.35 (td, J =
12.4, 4.9 Hz, 1H), 2.19 – 2.07 (m, 1H), 2.01 (s, 3H). 13C NMR (100MHz, CDCl3) δ
169.12, 167.27, 159.03, 147.93, 145.30, 144.21, 134.55, 131.79, 129.94, 128.86,
128.66, 126.78, 117.29, 114.17, 108.49, 101.99, 98.45, 64.08, 55.17, 49.01, 32.58,
28.92, 15.60. ESI-HRMS calcd for [C27H25NO6S+Na+]: 514.1300, found 514.1299.
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Retention Time % Area

1 9.164 9.03

2 9.992 90.97

N-((7R,8R)-8-(4-methoxyphenyl)-7-methyl-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-
yl)benzamide (3t)

Result: 71% Yield, 77% ee; [α]22D = −190.3 (c 0.25,
CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH
80/20, 1.0 mL/min) tR(major) = 17.82 min, tR(minor) = 26.39
min; 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 7.4 Hz,

2H), 7.42 (dt, J = 37.3, 7.4 Hz, 3H), 7.13 – 6.92 (m, 3H), 6.79 – 6.57 (m, 4H), 5.97 (d,
J = 15.4 Hz, 2H), 5.10 (s, 1H), 3.68 (s, 3H), 1.90 (s, 3H). 13C NMR (100MHz, CDCl3)
δ 170.55, 167.25, 158.95, 147.80, 145.18, 144.31, 134.84, 131.60, 130.39, 128.71,
128.57, 126.79, 117.73, 114.10, 108.50, 101.92, 98.45, 60.50, 55.16, 48.90, 21.91.
ESI-HRMS calcd for [C25H21NO6+Na+]: 454.1267, found 454.1267.
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N-((7R,8R)-7-benzyl-8-(4-ethoxyphenyl)-6-oxo-7,8-
dihydro-6H-[1,3]dioxolo[4,5-g]chromen-7-yl)benzamide
(3u)

Result: 70% Yield, 91% ee; [α]20D = −207.9 (c 0.04,
CH2Cl2); HPLC (Daicel chiralcel IE, n-hexane/i-PrOH
80/20, 1.0 mL/min) tR(major) = 9.17 min, tR(minor) = 10.67 min;
1H NMR (400 MHz, CDCl3) δ 7.48 – 7.39 (m, 3H), 7.37 –

7.29 (m, 2H), 7.23 – 7.13 (m, 3H), 7.10 – 6.98 (m, 4H), 6.81 (s, 1H), 6.69 (t, J = 7.6
Hz, 4H), 5.99 (dd, J = 15.5, 1.2 Hz, 2H), 5.28 (d, J = 5.2 Hz, 1H), 4.21 – 4.03 (m, 1H),
4.02 – 3.76 (m, 2H), 3.11 (t, J = 32.7 Hz, 1H), 1.31 (t, J = 7.0 Hz, 4H), 1.25 (d, J =
8.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.39, 167.98, 158.36, 147.99, 145.29,
144.28, 135.19, 134.99, 131.55, 129.97, 129.88, 128.92, 128.59, 128.38, 127.36,
126.71, 117.77, 114.64, 108.62, 102.00, 98.46, 65.90, 63.31, 49.16, 38.14, 14.74. ESI-
HRMS calcd for [C32H27NO6+Na+]: 544.1736, found 544.1734.
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VII. Crystal data of compound 3d.

Datablock:

Empirical formula C31H24BrNO6

Formula weight 586.41

Temperature 293

Crystal system monoclinic

Unit cell dimensions a= 9.4993 (3) Å

b= 18.9341(3) Å

c= 15.0393(2) Å

α= 90° β= 97.203(6)°γ= 90°

Cell Volume 2683.64(9)

Z 2

F(000) 1200

CCDC deposition number 1039793
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VIII.Copies of CD spectra for dihydrocoumarins.
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IX. Copies of NMR spectra for dihydrocoumarins.
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