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Optimization of catalyst and reaction conditions: 

 

 

Figure S1. Bifunctional catalyst screening 
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Catalyst Screening:

Solvent Screening:
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96 h, yield n.d.
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CHCl3 (0.1 M)
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96 h, yield n.d.
70:30 er
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Stoichiometry and additive screening:

I

 

Figure S2. Optimization of reaction conditions with amine catalyst 
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Daicel Chiralpak IF column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IF column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Phenomenex Cellulose-3 column (97:3 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (95:5 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 

 



Enantioselective Synthesis of Thiochromenes, Simlandy & Mukherjee, Page S-14 

 

11 10 9 8 7 6 5 4 3 2 1 0 ppm

5.
18

5.
19

5.
97

5.
98

6.
00

6.
01

6.
72

6.
75

7.
01

7.
03

7.
05

7.
08

7.
10

7.
10

7.
10

7.
11

7.
12

7.
13

7.
14

7.
14

7.
15

7.
16

7.
17

7.
19

7.
19

7.
21

7.
21

7.
23

7.
23

7.
23

7.
24

7.
25

7.
26

7.
32

7.
32

7.
33

7.
34

7.
34

7.
36

7.
36

1.
0

1.
1

1.
1

2.
2

4.
1

1.
1

1.
1

 

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

34
.6

34
.6

76
.7

77
.0

77
.3

11
5.

3
11

5.
6

12
3.

8
12

4.
3

12
4.

3
12

5.
6

12
7.

1
12

8.
2

12
8.

5
12

8.
6

12
8.

8
12

9.
1

12
9.

2
12

9.
3

12
9.

4
12

9.
4

13
0.

1
13

0.
8

15
7.

8
16

0.
3

 



Enantioselective Synthesis of Thiochromenes, Simlandy & Mukherjee, Page S-15 

 

 

Daicel Chiralpak IB column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IF column (97:3 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (99:1 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (97:3 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (99:1 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (99:1 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (97:3 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak AS-H column (97:03 n-Hexane/EtOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (99:1 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IF column (97:3 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IF column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak ID column (95:5 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IF column (95:5 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IE column (99:01 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IF column (80:20 n-Hexane/MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (97:03 n-Hexane/ i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (97:03 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (97:03 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Phenomenex Cellulose-1 column (97:03 n-Hexane/ i-PrOH, 1.0 mL/min, 20 °C, 254 nm 
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Daicel Chiralpak IC column (80:20 n-Hexane/ MTBE, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (99:01 n-Hexane/ i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Daicel Chiralpak IB column (97:3 n-Hexane/i-PrOH, 1.0 mL/min, 20 °C, 254 nm) 
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Detection of reactive intermediates: 
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Single crystal X-ray diffraction analysis of 3ai and 3ak: 

Single crystal X-ray diffraction analysis of 3ai: 

Single crystal of 3ai (recrystallized from CHCl3/n-Hexane = 1:10 at 25 °C) was mounted and the 
diffraction data were collected at 273 K on a Bruker SMART APEX CCD diffractometer using 
SMART/SAINT software. Intensity data were collected using graphite-monochromatized Mo-Ka 
radiation (71.073 pm). The structure was solved by direct method using the SHELX-97 and 
refined by full-matrix least-squares on F2. Empirical absorption corrections were applied with 
SADABS. All Non-hydrogen atoms were refined anisotropically and hydrogen atoms were 
included in geometric positions. Structure was drawn using Olex-2 and ORTEP-3. The 
crystallographic refinement parameters are given below: 

Table S1. Crystal data and structure refinement for 3ai 
 
Identification code 3ai 
CCDC 1506906 
Empirical formula C15H11BrS 
Formula weight 303.22 
Temperature 102(3) K 
Wavelength 0.71073 Å 
Crystal system orthorhombic 
Space group P212121 

a = 10.9526(7)              α = 90° 
b = 11.6626(10) Å        β = 90° 
c = 29.560(2) Å            γ = 90° 

Volume 3775.9(5) Å3 
Z 12 
Density (calculated) 1.600 g/cm3 
Absorption coefficient 3.404 mm-1 
F(000) 1824.0 
Crystal size 0.171 × 0.124 × 0.047 mm3 
Theta range for data collection 5.102 to 50° 
Index ranges −12 ≤ h ≤ 13, −9 ≤ k ≤ 13, −24 ≤ l ≤ 35 
Reflections collected 11268 
Independent reflections 6221 [Rint = 0.0506, Rσ = 0.1039] 
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Data/ restraints/ parameters 6221/ 0/ 460 
Goodness-of-fit on F2 0.998 
Final R indexes [I> 2σ (I)] R1 = 0.0557, ωR2 = 0.0797 
Final R indexes (all data) R1 = 0.0842, ωR2 = 0.0892 
Largest diff. peak/hole  0.49/−0.46 e.Å-3 
Flack parameter 0.002(11) 

 

 

ORTEP representation of the X-ray structure of 3ai (thermal ellipsoids at 30% 
probability) 

 

Single crystal X-ray diffraction analysis of 3ak: 

Single crystal of 3ak (recrystallized from 1:4 CHCl3/n-Hexane at 25 °C) was mounted and the 
diffraction data was collected at 273 K on a Bruker SMART APEX CCD diffractometer using 
SMART/SAINT software. Intensity data were collected using graphite-monochromatized Mo-Ka 
radiation (71.073 pm). The structure was solved by direct methods using the SHELX-97 and 
refined by full-matrix least-squares on F2. Empirical absorption corrections were applied with 
SADABS. All Non-hydrogen atoms were refined anisotropically and hydrogen atoms were 
included in geometric positions. Structure was drawn using Olex-2 and ORTEP-3. The 
crystallographic refinement parameters are given below: 
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Table S2. Crystal data and structure refinement for 3ak 
 
Identification code 3ak 
CCDC 1506907 
Empirical formula C15H11NO2S 
Formula weight 269.32 
Temperature 150(2) K 
Wavelength 0.71073 Å   
Crystal system orthorhombic 
Space group P212121 

a = 6.9573(7) Å                   α = 90° 
b = 13.1585(13) Å               β = 90° 
c = 13.8579(14) Å               γ = 90° 

Volume 1268.7(2) Å3 
Z 4 
Density (calculated) 1.410 g/cm3 
Absorption coefficient 0.251 mm-1 
F(000) 560.0 
Crystal size 0.26 × 0.25 × 0.24 mm3 
Theta range for data collection 4.268 to 49.954 ° 
Index ranges −8 ≤ h ≤ 8,−15 ≤ k ≤ 15, −16 ≤ l ≤ 16 
Reflections collected 21761 
Independent reflections 21761 [Rint = 0.0649, Rσ = 0.0757] 
Data/ restraints/ parameters 21761/ 0/ 173 
Goodness-of-fit on F2 1.036 
Final R indexes [I>2σ (I)] R1 = 0.0488, ωR2 = 0.1274 
Final R indexes (all data) R1 = 0.0554, ωR2 = 0.1326 
Largest diff. peak/hole  0.67/−0.35 e.Å-3 
Flack parameter 0.09(3) 
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ORTEP representation of the X-ray structure of 3ak (thermal ellipsoids at 30% 
probability) 

 

 


