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General Information: Commercial reagents were used as received, unless otherwise stated. Merck 60
silica gel was used for chromatography, and Whatman silica gel plates with fluorescence Fis4 were
used for thin-layer chromatography (TLC) analysis. 'H and >C NMR spectra were recorded on Broker
Avance 500, and tetramethylsilane (TMS) was used as a reference. Data for 'H are reported as follows:
chemical shift (ppm), and multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet).
Data for *C NMR are reported as ppm.

General Procedure for addition of 2-Hydroxy-benzaldehydes to unsaturated aldehydes (Table 2):
To a solution of a trans-cinnamaldehyde (1a) (0.1 mmol) in the presence of catalyst 111 (30 mol %),
benzoic acid (0.03 mmol) and 4A MS (50 mg) in 1, 2-dichloroethane (0.5 mL) was added a 2-
salicylaldehyde (2a) (1.0 mmol) and the resulting solution was stirred at specified temperature for a
specified time. The reaction mixture was directly purified by silica gel chromatography and fractions
were collected and concentrated in vacuo to give a pure product.

O .~ CHO
T

2-Phenyl-2H-chromene-3-carbaldehyde (Table 2, entry 1): The title compound was prepared
according the typical procedure, as described above in 87% yield. '"H NMR (500 MHz, CDCl;, TMS):
0 9.64 (s, 1H; CHO), 7.40 (s, 1H; CH), 7.34-7.36 (m, 2H; Ar), 7.24-7.30 (m, 5H; Ar), 6.94 (t, 2J (H,H)
= 7.5 Hz, 1H; Ar), 6.87 (d, J (H,H) = 8.0 Hz, 1H; Ar), 6.34 (s, 1H; OCH); >C NMR (125 MHz,
CDCls, TMS): 6 190.0, 154.8, 140.8, 139.0, 133.7, 129.3, 128.6, 128.5, 126.7, 121.7, 119.9, 117.1,
74.2; [a]p™ = -39.2 (c = 1.0, MeOH); HPLC (Daicel CHIRALPAK AS-H, Hexane/i-PrOH = 90:10,
flow rate 0.5 mL/min, A = 254 nm): tmajor = 25.54 min, tminer =35.53 min, ee = 88%.

N CHO

"
NO,

2-(4-Nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 2): The title compound was
prepared according the typical procedure, as described above in 96% yield. "H NMR (500 MHz,
CDCls, TMS): 6 9.68 (s, 1H; CHO), 8.11 (d, %J (H,H) = 8.5 Hz, 2H; Ar), 7.52 (d, *J (H,H) = 8.5 Hz,
2H; Ar), 7.47 (s, 1H; CH), 7.35 (t, 2J (H,H) = 8.5 Hz, 1H; Ar), 7.27 (d, 2J (H,H) = 6.5 Hz, 1H; Ar), 7.00
(t, 2J (H,H) = 7.5 Hz, 1H; Ar), 6.93 (d, 2J (H,H) = 8.0 Hz, 1H; Ar), 6.41 (s, 1H; OCH); °C NMR (125
MHz, CDCls;, TMS): 6 189.8, 154.3, 147.8, 146.1, 141.4, 134.2, 132.6, 129.7, 127.5, 123.7, 122.4,
119.5, 117.0, 72.9; [a]p> = -61.0 (¢ = 1.0, MeOH); HPLC (Daicel CHIRALPAK AS-H, Hexane/i-
PrOH = 60:40, flow rate 0.6 mL/min, A = 254 nm): tyajor = 37.40 min, tminer= 53.40 min, ee = 95%.

O o CHO
T
NO,

6-Methyl-2-(4-nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 3): The title compound
was prepared according the typical procedure, as described above in 98% yield. '"H NMR (500 MHz,
CDCls, TMS): 6 9.67 (s, 1H), 8.10 (d, 2J (H,H) = 9.0 Hz, 2H; Ar), 7.51 (d, *J (H,H) = 8.5 Hz, 2H; Ar),
7.42 (s, 1H; CH), 7.15 (dd, 2J (H,H) = 8.5 Hz, *J (H,H) = 1.5 Hz, 1H; Ar), 7.07, (s, 1H; Ar), 6.83 (d, *J
(H,H) = 8.5 Hz, 1H; Ar), 6.38 (s, 1H; OCH), 2.28 (s, 3H; CH;); *C NMR (125 MHz, CDCls;, TMS): &
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189.9, 152.2, 147.7, 146.3, 141.7, 134.9, 132.7, 131.8, 129.8, 127.4, 123.6, 119.4, 116.8, 72.7, 20.3;
[oc]D23 =-63.7 (¢ = 1.0, EtOAc); HPLC (Daicel CHIRALPAK AS-H, Hexane/i-PrOH = 60:40, flow rate
0.6 mL/min, A = 254 nm): tmajor = 25.39 min, tminer = 37.72 min, ee = 96%.

Cl O o CHO
T
NO,

6-Chloro-2-(4-nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 4): The title compound
was prepared according the typical procedure, as described above in 96% yield. '"H NMR (500 MHz,
CDCls, TMS): 6 9.69 (s, 1H; CHO), 8.12 (d, %J (H,H) = 9.0 Hz, 2H; Ar), 7.49 (d, *J (H,H) = 8.5 Hz,
2H; Ar), 7.42 (s, 1H; CH), 7.26-7.29 (m, 2H; Ar), 6.87 (d, 2J (H,H) = 8.5 Hz, 1H; Ar), 6.40 (s, 1H;
OCH); °C NMR (125 MHz, CDCls, TMS): & 189.6, 152.7, 147.9, 145.4, 139.8, 133.6, 133.5, 128.7,
127.5, 127.2, 123.8, 120.7, 118.4, 73.1; [a.]p> = -23.8 (¢ = 1.0, MeOH); HPLC (Daicel CHIRALPAK
AS-H, Hexane/EtOH = 60:40, flow rate 0.5 mL/min, A = 254 nm): tmajor = 23.38 min, tminor = 42.53
min. ee = 91%.

O ~-CHO
MeO o) O
NO,

7-Methoxy-2-(4-nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 5): The title
compound was prepared according the typical procedure, as described above in 64% yield. '"H NMR
(500 MHz, CDCls, TMS): & 9.61 (s, 1H; CHO), 8.13 (d, J (H,H) = 9.0 Hz, 2H; Ar), 7.53 (d, *J (H,H)
= 9.0 Hz, 2H; Ar), 7.42 (s, 1H; CH), 7.19 (d, 2J (H,H) = 8.5 Hz, 1H; Ar), 6.55 (dd, *J (H,H) = 8.5 Hz,
3J (HH) = 2.0 Hz, 1H; Ar), 6.47 (d, *J (H,H) = 2.0 Hz, 1H; Ar), 6.41 (s, 1H; OCH), 3.82 (s, 3H;
OCHs); °C NMR (125 MHz, CDCls, TMS): & 189.5, 164.9, 156.3, 147.8, 146.4, 141.6, 131.0, 130.0,
127.5, 123.8, 112.9, 109.4, 102.0, 73.2, 55.6; [a]p> = - 194.6 (¢ = 1.0, MeOH); HPLC (Daicel
CHIRALPAK AS-H, Hexane/EtOH = 60:40, flow rate 0.6 mL/min, A = 254 nm): tmajor = 21.75 min,
tminor = 25.74 min. ee = 86%.

! N CHO
U
OMe
NO,

8-Methoxy-2-(4-nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 6): The title
compound was prepared according the typical procedure, as described above in 98% yield. '"H NMR
(500 MHz, CDCls, TMS): 8 9.69 (s, 1H; CHO), 8.08 (d, 2J (H,H) = 9.0 Hz, 2H; Ar), 7.51 (d, J (H,H) =
8.5 Hz, 2H; Ar), 7.45 (s, 1H; CH), 6.93-6.99 (m, 2H; Ar), 6.87 (dd, 2J (H,H) = 7.5 Hz, *J (H,H) = 1.5
Hz, 1H; Ar), 6.48 (s, 1H; OCH), 3.88 (s, 3H; OCH3); °C NMR (125 MHz, CDCls;, TMS): & 190.0,
148.3, 147.7, 146.1, 143.3, 141.5, 133.0, 127.1, 123.6, 122.2, 121.3, 120.3, 116.2, 72.8, 56.2; [a.]p> = -
105.9 (¢ = 2.0, MeOH); HPLC (Daicel CHIRALPAK AS-H, Hexane/EtOH = 60:40, flow rate 0.6
mL/min, A = 254 nm): tmajor = 16.84 min, tminer = 25.07 min. ee = 90%.
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MeO O ~-CHO
"
NO,

6-Methoxy-2-(4-nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 7). The title
compound was prepared according the typical procedure, as described above in 95% yield. 'H NMR
(500 MHz, CDCls, TMS): 8 9.69 (s, 1H, CHO), 8.10 (d, 2J (H,H) = 8.5 Hz, 2H; Ar), 7.50 (d, J (H,H) =
8.5 Hz, 2H; Ar), 7.44 (s, 1H; CH), 6.91 (dd, *J (H,H) = 9.0 Hz, *J (H,H) = 3.0 Hz, 1H; Ar), 6.87 (d, *J
(H,H) = 9.0 Hz, 1H; Ar), 6.78 (d, 3J (H,H) = 3.0 Hz, 1H; Ar), 6.36 (s, 1H; OCH), 3.78 (s, 3H; OCH3);
C NMR (125 MHz, CDCl;, TMS): & 189.9, 154.6, 148.2, 147.7, 146.1, 141.6, 133.3, 127.5, 123.6,
120.3, 120.0, 117.9, 113.1, 72.5, 55.7; [a]p> = -11.0 (¢ = 1.0, EtOAc); HPLC (Daicel CHIRALCEL
OD-H, Hexane/EtOH = 60:40, flow rate 0.6 mL/min, A = 254 nm): tmajor = 12.88 min, tyiner = 14.31
min. ee = 94%.

Cl O N CHO

"1

O,N
6-Chloro-2-(2-nitro-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 8): The title compound
was prepared according the typical procedure, as described above in 82% yield. '"H NMR (500 MHz,
DMSO—d6): 0 9.71 (s, 1H; CHO), 7.98 (s, 1H; CH), 7.94-7.96 (m, 1H; Ar), 7.58-7.61 (m, 3H; Ar), 7.32-
7.35 (m, 2H; Ar), 6.80 (s, 1H; OCH), 6.74 (d, ) (H,H) = 8.5 Hz, 1H; Ar); °C NMR (125 MHz,
DMSO-d®): § 200.9, 161.7, 158.7, 150.8, 143.1, 143.1, 142.1, 140.7, 140.3, 138.9, 138.7, 136.1, 134.8,
131.5, 128.4, 78.6; [a]p™ = +176.7 (¢ = 1.0, EtOAc); HPLC (Daicel CHIRALCEL OD-H,

Hexane/EtOH = 60:40, flow rate 0.6 mL/min, A = 254 nm): tmajor = 13.88 min, tyajor = 24.77 min, ee =
>99%.

MeO N CHO
e

6-Methoxy-2-phenyl-2H-chromene-3-carbaldehyde (Table 2, entry 9): The title compound was
prepared according the typical procedure, as described above in 97% yield. 'H NMR (500 MHz,
CDCls, TMS): 6 9.65 (s, 1H; CHO), 7.36 (s, 1H; CH), 7.33 (m, 2H; Ar), 7.25 (m, 3H; Ar), 6.86 (d, 2]
(H,H) = 8.5 Hz, 1H; Ar), 6.80 (d, 2J (H,H) = 8.5 Hz, 1H; Ar), 6.76 (s, 1H; Ar), 6.29 (s, 1H; OCH), 3.76
(s, 3H; OCH3); >C NMR (125 MHz, CDCls, TMS): & 190.0, 154.2, 148.7, 140.9, 138.8, 134.3, 128.5,
128.4, 126.7, 120.3, 119.8, 117.9, 112.9, 73.8, 55.7; [a]o> = + 17.0 (¢ = 1.0, CHCl3); HPLC (Daicel
CHIRALCEL OD-H, Hexane/i-PrOH = 60:40, flow rate 0.5 mL/min, A = 254 nm): tmajor = 13.32 min,
tminor = 17.34 min, ee = 87%.

Cl O N CHO
"
OMe

6-Chloro-2-(4-methoxy-phenyl)-2H-chromene-3-carbaldehyde (Table 2, entry 10): The title
compound was prepared according the typical procedure, as described above in 53% yield. 'H NMR
(500 MHz, CDCls, TMS): 6 9.63 (s, 1H; CHO), 7.33 (s, 1H; CH), 7.19-7.25 (m, 3H; Ar), 6.76-6.81 (m,
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3H; Ar), 6.26 (s, 1H; OCH), 3.74 (s, 3H; OCH,); 13C NMR (125 MHz, CDCl;): 8 189.7, 160.0, 153.1,
139.0, 134.6, 133.0, 130.5, 128.3, 126.4, 121.2, 118.6, 114.0, 74.2, 55.2; [a]p> = + 27.7 (c = 1.0,
MeOH); HPLC (Daicel CHIRALPAK AS-H, Hexane/EtOH = 60:40, flow rate 0.5 mL/min, A = 254
nMm): tmajor = 18.58 min, tminer = 24.78 min, ee = 75%.

O

6-Chloro-2-methyl-2H-chromene-3-carbaldehyde (Table 2, entry 11): The title compound was
prepared according the typical procedure, as described above in 67% yield. 'H NMR (500 MHz,
CDCls, TMS): 8 9.56 (s, 1H; CHO), 7.25 (dd, %J (H,H) = 8.5 Hz, *J (H,H) = 2.5 Hz, 1H; Ar), 7.20 (d, *J
(H,H) = 2.5 Hz, 1H; Ar), 7.12 (s, 1H; CH), 6.82 (d, 2J (H,H) = 8.5 Hz, 1H; Ar), 5.41 (g, 2J (H,H) = 6.5
Hz, 1H; OCH), 1.35 (d, J (H,H) = 6.5 Hz, 3H; CHs); °C NMR (125 MHz, CDCls, TMS): & 189.8,
152.8, 138.6, 137.0, 132.8, 128.3, 126.4, 121.0, 118.7, 70.0, 19.8; [a]p> = - 27.4 (c = 1.0, MeOH);
HPLC (Daicel CHIRALPAK AS-H, Hexane/i-PrOH = 90:10, flow rate 0.5 mL/min, A = 254 nm): tmajor
= 12.31 min, tminor = 16.47 min, ee = 82%.

MeO\@\ICHO
(@]

6-Methoxy-2-methyl-2H-chromene-3-carbaldehyde (Table 2, entry 12): The title compound was
prepared according the typical procedure, as described above in 84% yield. "H NMR (500 MHz,
CDCls, TMS): & 9.54 (s, 1H; CHO), 7.26 (s, 1H; CH), 6.88 (dd, 2J (H,H) = 9.0 Hz, J (H,H) = 3.0 Hz,
1H; Ar), 6.81 (d, 2J (H,H) = 8.5 Hz, 1H; Ar), 6.73 (d, *J (H,H) = 3.0 Hz, 1H; Ar), 5.36 (q, 2J (H,H) =
6.5 Hz, 1H; OCH), 3.78 (s, 3H; OCHs), 1.32 (d, *J (H,H) = 6.5 Hz, 3H; CH3); °C NMR (125 MHz,
CDCls, TMS): 6 189.9, 154.1, 148.2, 140.1, 136.8, 120.2, 119.5, 118.0, 112.8, 69.5, 55.8, 19.4; [oc]D23=
+ 10.7 (¢ = 1.0, CHCIs); HPLC (Daicel CHIRALPAK AS-H, Hexane/i-PrOH = 70:30, flow rate 0.5
mL/min, A = 254 nm): tmajor = 16.26 min, tyminor = 17.61 min, ee = 85%.
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