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Table S1. Enantioselective oxidation of benzimidazolyl benzyl sulfide 5a to obtain benzimidazolyl 
benzyl sulfoxide 5b with hydroperoxides in the presence of a complex between titanium and (S,S)-
hydrobenzoin. Other solvents.
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cat *= 5% 1:2 complex Ti(O-i-Pr )4/(S, S)-hydrobenzoin

Entry Oxidant Solvent Yield ee
1 TBHP Propylene carbonate 21 12
2 TBHP Methylene chloride 90 21
3 TBHP Dimethyl carbonate 70 20
4 CHP Dimethyl carbonate 58 7
5 TBHP Cyclopentyl methyl ether 62 7
6 CHP Cyclopentyl methyl ether 55 22
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Table S2. Crystal data and structure refinement for (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-
thiophene 2b.

Empirical formula C11H5F5OS2

Formula weight 312.27
Temperature 296(2) K
Wavelength 0.71073 Å
Crystal system Orthorhombic
Space group P 21 21 21

Unit cell dimensions a = 5.4947(11) Å = 90°.
b = 9.2154(18) Å = 90°.
c = 23.473(5) Å  = 90°.

Volume 1188.6(4) Å3

Z 4
Density (calculated) 1.745 Mg/m3

Absorption coefficient 0.499 mm-1

F(000) 624
Crystal size 0.800 x 0.520 x 0.270 mm3

Theta range for data collection 1.735 to 28.709°.
Index ranges -7<=h<=7, -12<=k<=11, -31<=l<=31
Reflections collected 9421
Independent reflections 2891 [R(int) = 0.0126]
Completeness to theta = 25.000° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1 and 0.84
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2891 / 0 / 172
Goodness-of-fit on F2 1.078
Final R indices [I>2sigma(I)] R1 = 0.0407, wR2 = 0.1218
R indices (all data) R1 = 0.0420, wR2 = 0.1236
Absolute structure parameter 0.023(16)
Extinction coefficient n/a
Largest diff. peak and hole 0.534 and -0.308 e.Å-3
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Table S3. Crystal data and structure refinement for (R)-2-(benzylsulfinyl)-1H-

benzo[d]imidazole  5b.

Empirical formula C14H12N2OS
Formula weight 256.32
Temperature 296(2) K
Wavelength 0.71073 Å
Crystal system Hexagonal
Space group P 64

Unit cell dimensions a = 13.2625(10) Å = 90°.
b = 13.2625(10) Å = 90°.
c = 12.4674(10) Å  = 120°.

Volume 1899.1(3) Å3

Z 6
Density (calculated) 1.345 Mg/m3

Absorption coefficient 0.244 mm-1

F(000) 804
Crystal size 0.240 x 0.080 x 0.070 mm3

Theta range for data collection 1.773 to 28.744°.
Index ranges -17<=h<=17, -17<=k<=17, -16<=l<=16
Reflections collected 17934
Independent reflections 3030 [R(int) = 0.0778]
Completeness to theta = 25.000° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1 and 0.8538
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3030 / 1 / 166
Goodness-of-fit on F2 1.096
Final R indices [I>2sigma(I)] R1 = 0.0659, wR2 = 0.0907
R indices (all data) R1 = 0.1141, wR2 = 0.1026
Absolute structure parameter 0.10(5)
Extinction coefficient n/a
Largest diff. peak and hole 0.243 and -0.199 e.Å-3
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Table S4. Crystal data and structure refinement for (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-
1H-benzo[d]imidazole 9b.

Empirical formula C14H7F5N2OS
Formula weight 346.28
Temperature 296(2) K
Wavelength 0.71073 Å
Crystal system Monoclinic
Space group P 21

Unit cell dimensions a = 8.1880(4) Å = 90°.
b = 7.0323(4) Å = 102.82(3)°.
c = 12.3527(7) Å = 90°.

Volume 693.55(10) Å3

Z 2
Density (calculated) 1.658 Mg/m3

Absorption coefficient 0.296 mm-1

F(000) 348
Crystal size 0.580 x 0.280 x 0.210 mm3

Theta range for data collection 1.691 to 28.509°.
Index ranges -10<=h<=10, -9<=k<=9, -16<=l<=16
Reflections collected 5473
Independent reflections 3134 [R(int) = 0.0107]
Completeness to theta = 25.000° 99.8 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1 and 0.89
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3134 / 1 / 212
Goodness-of-fit on F2 1.056
Final R indices [I>2sigma(I)] R1 = 0.0351, wR2 = 0.0965
R indices (all data) R1 = 0.0361, wR2 = 0.0976
Absolute structure parameter 0.065(19)
Extinction coefficient n/a
Largest diff. peak and hole 0.230 and -0.181 e.Å-3
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Table S5. Crystal data and structure refinement for benzylsulfinyl-1H-methyl-benzo[d]imidazole 
(R)-10b.

Empirical formula C15H14N2OS
Formula weight 270.34
Temperature 296(2) K
Wavelength 0.71073 Å
Crystal system Monoclinic
Space group P 21

Unit cell dimensions a = 4.7062(4) Å = 90°.
b = 23.5001(18) Å = 107.6410(10)°.
c = 6.3164(5) Å  = 90°.

Volume 665.72(9) Å3

Z 2
Density (calculated) 1.349 Mg/m3

Absorption coefficient 0.236 mm-1

F(000) 284
Crystal size 0.600 x 0.400 x 0.300 mm3

Theta range for data collection 1.733 to 28.697°.
Index ranges -6<=h<=6, -31<=k<=31, -8<=l<=8
Reflections collected 5272
Independent reflections 3065 [R(int) = 0.0195]
Completeness to theta = 25.000° 99.8 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1 and 0.799
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3065 / 1 / 173
Goodness-of-fit on F2 1.094
Final R indices [I>2sigma(I)] R1 = 0.0446, wR2 = 0.1116
R indices (all data) R1 = 0.0481, wR2 = 0.1142
Absolute structure parameter 0.10(4)
Extinction coefficient n/a
Largest diff. peak and hole 0.453 and -0.203 e.Å-3
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ORTEP plot and packing plot of sulfoxides (2b), (5b), (9b) and (10b)

Figure S1. ORTEP plot (50% probability level) of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-

thiophene 2b.

Figure S2. Packing plot of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-thiophene 2b.
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Figure S3. ORTEP plot (50% probability level) of (R)-2-(benzylsulfinyl)-1H-benzo[d]imidazole  

5b.

Figure S4. Packing plot of (R)-2-(benzylsulfinyl)-1H-benzo[d]imidazole 5b.
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Figure S5. ORTEP plot (50% probability level) of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-

1H-benzo[d]imidazole 9b.

Figure S6. Packing plot of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 

9b.
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Figure S7. ORTEP plot (50% probability level) of 2-benzylsulfinyl-1-methyl-1-H-

benzo[d]imidazole 10b.

Figure S8. Packing plot of 2-benzylsulfinyl-1-methyl-1-H-benzo[d]imidazole 10b.
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Outputs of pairwise lattice energy calculations.
B3LYP/6-31G(d,p) calculated electronic, polarisation, dispersion and repulsion energies are 
reported. The molecule interacting with the central molecule is identified by the distance R and 
the Symop. Further information on these output Tables can be obtained in the cited paper42 and 
references therein.

Table S6. Crystal Explorer 21 estimate of lattice energies (kJ/mol) for (R)-2-(2,3,4,5,6-
pentafluorobenzylsulfinyl)-thiophene 2b.
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Table S7. Crystal Explorer 21 estimate of lattice energies (kJ/mol) for (R)-2-(benzylsulfinyl)-
1H-benzo[d]imidazole 5b.
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Table S8. Crystal Explorer 21 estimate of lattice energies (kJ/mol) for(R)-2-(2,3,4,5,6-
pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 9b.
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Table S9. Crystal Explorer 21 estimate of lattice energies (kJ/mol) for (R)-2-benzylsulfinyl-1-
methyl-1-H-benzo[d]imidazole 10b.



15

Table S10. Geometric characteristics of stronger hydrogen bondings

Crystal Structure Angle (°) H···N (Å) N···N (Å) H-N (Å)
5b N122-H122-N129 162(5) 2.07 2.885 0.84

Angle (°) H···O (Å) N···O (Å) H-N (Å)
9b N29-H29-O2 173(4) 2.05 2.820 0.77

Figure S9. Overlap between the inverted reported crystal structure of “racemic” 5b with (R)-5b  
synthesised in the present work.

Figure S10. Overlap between the inverted reported crystal structure of (R)-10b with the 
“racemic” sample synthesised in the present work.
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Graphical Reports of spectral data

Figure S11. 400 MHz 1H-NMR spectrum of (R)-2-(2,3,4,5,6-pentafluorobenzylthio)thiophene 2a.
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Figure S12. 100 MHz 13C-NMR spectrum of (R)-2-(2,3,4,5,6-pentafluorobenzylthio)thiophene 2a.



18

Figure S13. QTOF MS spectrum  of (R)-2-(2,3,4,5,6-pentafluorobenzylthio)thiophene 2a.
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Figure S14. 400 MHz 1H-NMR spectrum of 2-(2,3,4,5,6-pentafluorobenzylthio)-1H-benzo[d]imidazole 9a.
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Figure S15. 100 MHz 13C-NMR spectrum of 2-(2,3,4,5,6-pentafluorobenzylthio)-1H-benzo[d]imidazole 9a.
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Figure S16. QTOF MS spectrum of 2-(2,3,4,5,6-pentafluorobenzylthio)-1H-benzo[d]imidazole 9a.
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Figure S17. 400 MHz 1H-NMR spectrum of  of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)thiophene 2b
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Figure S18. 100 MHz 13C-NMR spectrum of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)thiophene 2b



24

Figure S19 QTOF MS spectrum of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)thiophene 2b



25

Figure S20. 400 MHz 1H-NMR spectrum of 2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 9b.
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Figure S21. 100 MHz 13C-NMR spectrum of 2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 9b.
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Figure S22. QTOF MS spectrum of 2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 9b.
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Figure S23. HPLC of racemic 2-(Benzylsulfinyl)thiophene 1b.
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Figure S24. HPLC of (R)-2-(Benzylsulfinyl)thiophene 1b.
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Figure S25. HPLC of racemic 2-(2,3,4,5,6-pentafluorobenzylsulfinyl)thiophene 2b.
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Figure S26. HPLC of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)thiophene 2b



32

Figure S27.HPLC of racemic 2-(4-bromophenylmethylsulfinyl)pyridine 4b.
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Figure S28. HPLC of (R)- 2-(4-bromophenylmethylsulfinyl)pyridine 4b.
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Figure S29.HPLC of racemic 2-Benzylsulfinyl-1H-benzo[d]imidazole 5b.
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Figure S30. HPLC of (R)-2-Benzylsulfinyl-1H-benzo[d]imidazole 5b
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Figure S31. HPLC of racemic 2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 9b
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Figure S32. HPLC of (R)-2-(2,3,4,5,6-pentafluorobenzylsulfinyl)-1H-benzo[d]imidazole 9b
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Figure S33. HPLC of racemic 2-Benzylsulfinyl-1-methyl-1H-benzo[d]imidazole 10b


