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 Scheme 1. Synthesis of ((S)-(−)-thiolan-2-yl)diphenylmethanol (2) 

 

Reagents and conditions: a) (i) SOCl2, DMF(cat.), CH2Cl2, reflux; (ii) PhMgBr, THF, 68% in two steps. b) 

PTSA(cat.) toluene, 70
o
C, 82%. c) Shi epoxidation, 96%, 96% ee. d) Na2S·9H2O, EtOH, sonication, 86%, > 

99% ee after one recrystallization. 

 

X-ray crystallographic data of (S)-2 
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Table 1.  Crystal data and structure refinement for (S)-2 

Identification code  shelxl 

Empirical formula  C17 H18 O S 

Formula weight  270.37 

Temperature  100.0(1) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  C2 

Unit cell dimensions a = 21.2731(16) Å  = 90°. 

 b = 5.6491(5) Å  = 98.130(2)°. 

 c = 12.1122(8) Å   = 90°. 

Volume 1440.94(19) Å 3 

Z 4 

Density (calculated) 1.246 Mg/m3 

Absorption coefficient 0.214 mm-1 

F(000) 576 

Crystal size 0.14 x 0.14 x 0.12 mm3 

Theta range for data collection 1.93 to 26.36°. 

Index ranges -26<=h<=26, -6<=k<=7, -15<=l<=10 

Reflections collected 5749 

Independent reflections 2713 [R(int) = 0.0456] 

Completeness to theta = 25.00° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7454 and 0.6515 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2713 / 1 / 177 

Goodness-of-fit on F2 1.019 

Final R indices [I>2sigma(I)] R1 = 0.0461, wR2 = 0.0851 

R indices (all data) R1 = 0.0684, wR2 = 0.0942 

Absolute structure parameter -0.06(10) 

Extinction coefficient 0.0089(10) 

Largest diff. peak and hole 0.264 and -0.250 e.Å -3 
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Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å 2x 103) 

for (S)-2. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

S 707(1) 3053(2) 8843(1) 27(1) 

O 1188(1) 7239(4) 7596(2) 23(1) 

C(1) 1416(1) 4974(6) 7287(2) 18(1) 

C(2) 919(1) 3058(7) 7413(2) 20(1) 

C(3) 292(1) 3346(7) 6646(2) 26(1) 

C(4) -212(1) 2045(6) 7177(2) 31(1) 

C(5) -146(1) 2919(9) 8377(2) 38(1) 

C(6) 1504(1) 5150(6) 6060(2) 18(1) 

C(7) 1821(1) 3323(6) 5587(2) 20(1) 

C(8) 1914(1) 3404(6) 4476(2) 24(1) 

C(9) 1689(1) 5343(6) 3820(2) 23(1) 

C(10) 1374(1) 7126(6) 4277(2) 27(1) 

C(11) 1277(1) 7050(6) 5396(2) 23(1) 

C(12) 2063(1) 4462(6) 7984(2) 18(1) 

C(13) 2214(1) 2377(6) 8564(2) 19(1) 

C(14) 2819(1) 2012(6) 9154(2) 22(1) 

C(15) 3280(1) 3750(6) 9158(2) 23(1) 

C(16) 3136(1) 5842(6) 8586(2) 24(1) 

C(17) 2534(1) 6212(6) 8009(2) 21(1) 

________________________________________________________________________________
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Table 3.   Bond lengths [Å ] and angles [°] for (S)-2. 

_____________________________________________________ 

S-C(5)  1.824(3) 

S-C(2)  1.851(2) 

O-C(1)  1.436(3) 

O-H(1)  0.85(3) 

C(1)-C(6)  1.527(4) 

C(1)-C(2)  1.534(4) 

C(1)-C(12)  1.537(4) 

C(2)-C(3)  1.524(3) 

C(2)-H(2)  0.9800 

C(3)-C(4)  1.516(4) 

C(3)-H(3A)  0.9700 

C(3)-H(3B)  0.9700 

C(4)-C(5)  1.523(4) 

C(4)-H(4A)  0.9700 

C(4)-H(4B)  0.9700 

C(5)-H(5A)  0.9700 

C(5)-H(5B)  0.9700 

C(6)-C(11)  1.386(4) 

C(6)-C(7)  1.399(4) 

C(7)-C(8)  1.389(3) 

C(7)-H(7)  0.9300 

C(8)-C(9)  1.398(4) 

C(8)-H(8)  0.9300 

C(9)-C(10)  1.369(4) 

C(9)-H(9)  0.9300 

C(10)-C(11)  1.401(4) 

C(10)-H(10)  0.9300 

C(11)-H(11)  0.9300 

C(12)-C(13)  1.386(4) 

C(12)-C(17)  1.406(4) 

C(13)-C(14)  1.397(3) 

C(13)-H(13)  0.9300 

C(14)-C(15)  1.387(4) 

C(14)-H(14)  0.9300 

C(15)-C(16)  1.382(4) 

C(15)-H(15)  0.9300 
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C(16)-C(17)  1.385(4) 

C(16)-H(16)  0.9300 

C(17)-H(17)  0.9300 

 

C(5)-S-C(2) 94.29(12) 

C(1)-O-H(1) 103(2) 

O-C(1)-C(6) 106.7(2) 

O-C(1)-C(2) 109.9(2) 

C(6)-C(1)-C(2) 108.9(2) 

O-C(1)-C(12) 109.4(2) 

C(6)-C(1)-C(12) 108.8(2) 

C(2)-C(1)-C(12) 112.8(2) 

C(3)-C(2)-C(1) 114.8(3) 

C(3)-C(2)-S 105.16(17) 

C(1)-C(2)-S 110.89(19) 

C(3)-C(2)-H(2) 108.6 

C(1)-C(2)-H(2) 108.6 

S-C(2)-H(2) 108.6 

C(4)-C(3)-C(2) 107.5(2) 

C(4)-C(3)-H(3A) 110.2 

C(2)-C(3)-H(3A) 110.2 

C(4)-C(3)-H(3B) 110.2 

C(2)-C(3)-H(3B) 110.2 

H(3A)-C(3)-H(3B) 108.5 

C(3)-C(4)-C(5) 105.8(3) 

C(3)-C(4)-H(4A) 110.6 

C(5)-C(4)-H(4A) 110.6 

C(3)-C(4)-H(4B) 110.6 

C(5)-C(4)-H(4B) 110.6 

H(4A)-C(4)-H(4B) 108.7 

C(4)-C(5)-S 105.2(2) 

C(4)-C(5)-H(5A) 110.7 

S-C(5)-H(5A) 110.7 

C(4)-C(5)-H(5B) 110.7 

S-C(5)-H(5B) 110.7 

H(5A)-C(5)-H(5B) 108.8 

C(11)-C(6)-C(7) 118.9(3) 

C(11)-C(6)-C(1) 122.3(3) 
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C(7)-C(6)-C(1) 118.9(3) 

C(8)-C(7)-C(6) 121.1(3) 

C(8)-C(7)-H(7) 119.5 

C(6)-C(7)-H(7) 119.5 

C(7)-C(8)-C(9) 119.4(3) 

C(7)-C(8)-H(8) 120.3 

C(9)-C(8)-H(8) 120.3 

C(10)-C(9)-C(8) 119.7(3) 

C(10)-C(9)-H(9) 120.1 

C(8)-C(9)-H(9) 120.1 

C(9)-C(10)-C(11) 121.1(3) 

C(9)-C(10)-H(10) 119.5 

C(11)-C(10)-H(10) 119.5 

C(6)-C(11)-C(10) 119.8(3) 

C(6)-C(11)-H(11) 120.1 

C(10)-C(11)-H(11) 120.1 

C(13)-C(12)-C(17) 118.2(3) 

C(13)-C(12)-C(1) 124.3(3) 

C(17)-C(12)-C(1) 117.4(3) 

C(12)-C(13)-C(14) 121.0(3) 

C(12)-C(13)-H(13) 119.5 

C(14)-C(13)-H(13) 119.5 

C(15)-C(14)-C(13) 119.8(3) 

C(15)-C(14)-H(14) 120.1 

C(13)-C(14)-H(14) 120.1 

C(16)-C(15)-C(14) 119.8(3) 

C(16)-C(15)-H(15) 120.1 

C(14)-C(15)-H(15) 120.1 

C(15)-C(16)-C(17) 120.3(3) 

C(15)-C(16)-H(16) 119.8 

C(17)-C(16)-H(16) 119.8 

C(16)-C(17)-C(12) 120.7(3) 

C(16)-C(17)-H(17) 119.6 

C(12)-C(17)-H(17) 119.6 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  
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Table 4.   Anisotropic displacement parameters (Å 2x 103)for (S)-2.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

S 24(1)  40(1) 19(1)  2(1) 5(1)  -2(1) 

O 27(1)  21(1) 20(1)  -1(1) 5(1)  3(1) 

C(1) 22(2)  16(2) 14(1)  -3(1) 1(1)  3(2) 

C(2) 19(1)  24(2) 16(1)  -1(2) 1(1)  -1(2) 

C(3) 22(2)  30(2) 23(2)  -2(2) -6(1)  1(2) 

C(4) 20(2)  35(2) 35(2)  5(2) -3(1)  -2(2) 

C(5) 26(2)  55(3) 33(2)  0(2) 7(1)  -1(2) 

C(6) 18(2)  19(2) 14(1)  -2(1) -1(1)  -1(1) 

C(7) 22(1)  20(2) 16(1)  1(2) -2(1)  0(2) 

C(8) 27(2)  26(2) 18(1)  -4(2) 3(1)  1(2) 

C(9) 24(2)  30(2) 13(2)  2(2) 1(1)  -4(2) 

C(10) 28(2)  32(2) 20(2)  6(2) -1(1)  2(2) 

C(11) 22(2)  24(2) 23(2)  2(2) 2(1)  3(2) 

C(12) 19(2)  24(2) 13(1)  -2(1) 5(1)  -2(2) 

C(13) 18(2)  23(2) 17(1)  -2(1) 3(1)  -3(1) 

C(14) 27(2)  24(2) 14(1)  0(1) 1(1)  1(2) 

C(15) 21(2)  33(2) 14(1)  0(1) -1(1)  3(2) 

C(16) 20(2)  29(2) 22(2)  -2(2) 4(1)  -5(2) 

C(17) 24(2)  25(2) 14(1)  -3(1) 5(1)  1(2) 

______________________________________________________________________________ 
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HPLC analysis 

 

 

 

HPLC condition: Chiralcel-OJ column, 20% i-PrOH/hexanes, 220 nm, 18.9 min 

(enantiomer), 35.6 min (major)  

 

 

 racemic 7                                    (R)-7 with 96% ee  

 

  
 

 
 

 

 

 

HPLC condition: Chiralpak-AD column, 5% i-PrOH/hexanes, 220 nm, 6.0 

min (enantiomer), 8.5 min (major)  

 

 

racemic 2                                     (S)-2 with >99% ee  
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HPLC condition: Chiralcel-OD column, 5% i-PrOH/hexanes, 228 nm, 5.8 

min (enantiomer), 8.0 min (major)  

 

 

 racemic 8                            .  (R, R)-8 with 86% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralpak-AD column, 5% i-PrOH/hexanes, 231 nm, 5.6 

min (major), 10.3 min (enantiomer)  

 

 

racemic 9                                     (R, R)-9 with 78% ee  
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HPLC condition: Chiralcel-OD column, 1% i-PrOH/hexanes, 234 nm, 9.0 

min (enantiomer), 10.4 min (major)  

 

 

 racemic 10                            .  (R, R)-10 with 92% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralcel-OD column, 5% i-PrOH/hexanes, 220 nm, 6.4 

min (enantiomer), 7.8 min (major)  

 

 

racemic 11                                     (R, R)-11 with 84% ee  
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HPLC condition: Chiralpak-AD column, 15% i-PrOH/hexanes, 234 nm, 6.8 

min (major), 13.8 min (enantiomer)  

 

 

 racemic 12                            .  (R, R)-12 with 87% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralpak-AD column, 10% i-PrOH/hexanes, 220 nm, 6.9 

min (major), 14.4 min (enantiomer)  

 

 

racemic 13                                     (R, R)-13 with 85% ee  
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HPLC condition: Chiralpak-AD column, 5% i-PrOH/hexanes, 234 nm, 6.8 

min (major), 11.0 min (enantiomer)  

 

 

 racemic 14                            .  (R, R)-14 with 62% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralpak-AD column, 10% i-PrOH/hexanes, 231 nm, 9.9 

min (major), 20.0 min (enantiomer)  

 

 

racemic 15                                     (R, R)-15 with 82% ee  
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- 

 

 

 

 

HPLC condition: Chiralcel-OD column, 5% i-PrOH/hexanes, 231 nm, 5.4 

min (enantiomer), 6.4 min (major)  

 

 

 racemic 16                            .  (R, R)-16 with 87% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralpak-AD column, 5% i-PrOH/hexanes, 231 nm, 5.4 

min (major), 12.3 min (enantiomer)  

 

 

racemic 17                                     (R, R)-17 with 87% ee  
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- 

 

 
 

 

HPLC condition: Chiralpak-AD column, 1% i-PrOH/hexanes, 228 nm, 6.9 

min (major), 8.9 min (enantiomer)  

 

 

 racemic 18                            .  (R, R)-18 with 66% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralpak-AD column, 2% i-PrOH/hexanes, 228 nm, 5.2 

min (major), 5.9 min (enantiomer)  

 

 

racemic 19                                     (R, R)-19 with 20% ee  
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- 

 

 

 

 

HPLC condition: Chiralpak-AD column, 10% i-PrOH/hexanes, 231 nm, 7.2 

min (major), 12.9 min (enantiomer)  

 

 

 racemic 20                            .  (R, R)-20 with 87% ee  

 

   
 

 
 
 

 

 

HPLC condition: Chiralcel-OD column, 1% i-PrOH/hexanes, 220 nm, 12.5 

min (enantiomer), 13.7 min (major)  

 

 

racemic 21                                     (R, R)-21 with 79% ee  
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