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Crystallographic data of 7d trans 

 

 

Fig 1: ORTEP diagram for 7d trans (with ellipsoid contour 50%) 

 

      Empirical formula                  C17 H25 N3 O6 S 

      Formula weight                      399.46  

      Temperature                         123(2) K  

      Wavelength, λ(Å)                         1.54178 A  

      Crystal system, space group         Orthorhombic,  P2(1)2(1)2(1)  

      Unit cell dimensions                a =  7.4329(2) A   alpha = 90 deg.  

                                                       b = 14.0813(4) A    beta = 90 deg.  
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                                           c = 18.3821(5) A   gamma = 90 deg.  

      Volume                               1923.96(9) A^3  

      Z, Calculated density              4,  1.379 Mg/m^3  

      Absorption coefficient              1.842 mm^-1  

      F(000)                               848 

      Crystal color and shape             Colorless column  

      Crystal size                         0.40 x 0.15 x 0.15 mm  

      Theta range for data collection     3.95 to 66.65 deg.  

      Limiting indices                    -8<=h<=8, 0<=k<=16, 0<=l<=21  

      Reflections collected / unique      12918 / 3250 [R(int) = 0.0264]  

      Completeness to theta = 66.62      98.4 % 

      Absorption correction               Empirical  

      Max. and min. transmission          0.7528 and 0.5298  

      Refinement method                   Full-matrix least-squares on F^2  

      Data / restraints / parameters      3167 / 0 / 251  

      Goodness-of-fit on F^2              1.051  

      Final R indices [I>4sigma(I)]       R1 = 0.0207, wR2 = 0.0545  

      R indices (all data)               R1 = 0.0211, wR2 = 0.0552  

      Absolute structure parameter        0.053(11)  

      Extinction coefficient              0.0035(2)  

      Largest diff. peak and hole        0.194 and -0.202 e.A^-3 
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Crystallographic data of 9g trans  

 

 

Fig 2: ORTEP diagram for 9g trans (with ellipsoid contour 60%) 

 

      Empirical formula                  C26 H33 N3 O8 S 

      Formula weight                      547.61  

      Temperature                         123(2) K  

      Wavelength, λ(Å)                         1.54178 A  

      Crystal system, space group         Orthorhombic,  P2(1)2(1)2(1)  

      Unit cell dimensions                a =  8.6172(2) A   alpha = 90 deg.  
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                                                       b = 11.8985(4) A    beta = 90 deg.  

                                           c = 27.2367(8) A   gamma = 90 deg.  

      Volume                               2792.63(14) A^3  

      Z, Calculated density              4,  1.302 Mg/m^3  

      Absorption coefficient              1.472 mm^-1  

      F(000)                               1160  

      Crystal color and shape             Colorless thin plate  

      Crystal size                         0.30 x 0.25 x 0.10 mm  

      Theta range for data collection     3.25 to 66.70 deg.  

      Limiting indices                    -10<=h<=10, 0<=k<=13, 0<=l<=32  

      Reflections collected / unique      19320 / 4784 [R(int) = 0.0217] 

      Completeness to theta = 66.62      97%  

      Absorption correction               Empirical  

      Max. and min. transmission          0.7528 and 0.5816  

      Refinement method                   Full-matrix least-squares on F^2  

      Data / restraints / parameters      4729 / 0 / 348  

      Goodness-of-fit on F^2              1.055  

      Final R indices [I>4sigma(I)]       R1 = 0.0208, wR2 = 0.0561  

      R indices (all data)               R1 = 0.0210, wR2 = 0.0562  

      Absolute structure parameter        0.001(9)  

      Extinction coefficient              0.00128(9)  

      Largest diff. peak and hole        0.206 and -0.219 e.A^-3 
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Crystallographic data of 10 

       

 
 

Fig 3: ORTEP diagram for 10 (with ellipsoid contour 50%) 
 

 

      Empirical formula                  C21 H26 N3 O6 S +, Cl - 

      Formula weight                      483.96  

      Temperature                         123(2) K  

      Wavelength, λ(Å)                         1.54178 A  

      Crystal system, space group         Orthorhombic,  P2(1)2(1)2(1)  

      Unit cell dimensions                a =  5.9955(1) A     alpha = 90 deg.  

                                                       b = 13.9616(2) A    beta = 90 deg.  

                                           c = 27.0117(5) A    gamma = 90 deg.  
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      Volume                               2261.06(6) A^3  

      Z, Calculated density              4,  1.422 Mg/m^3  

      Absorption coefficient              2.735 mm^-1  

      F(000)                               1016  

      Crystal color and shape             Colorless flat column  

      Crystal size                         0.35 x 0.10 x 0.06 mm  

      Theta range for data collection     3.27 to 66.62 deg.  

      Limiting indices                    -6<=h<=6, 0<=k<=16, 0<=l<=32  

      Reflections collected / unique      15640 / 3832 [R(int) = 0.0223]  

      Completeness to theta = 66.62      96.7 %  

      Absorption correction               Empirical  

      Max. and min. transmission          0.7528 and 0.4961  

      Refinement method                   Full-matrix least-squares on F^2  

      Data / restraints / parameters      3786 / 1 / 297  

      Goodness-of-fit on F^2              1.054  

      Final R indices [I>4sigma(I)]       R1 = 0.0188, wR2 = 0.0509  

      R indices (all data)               R1 = 0.0189, wR2 = 0.0512  

      Absolute structure parameter        -0.003(8)  

      Extinction coefficient              0.00178(12)  

      Largest diff. peak and hole        0.199 and -0.182 e.A^-3 
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13C chemical shifts identify the cis and trans diastereomers in each 
set of products 

To determine which of the products corresponds to the cis or trans diastereomer, complete 1H 
and 13C chemical shift assignments were made using 1D 1H, 1D 13C spectra and 2D 1H, 13C HSQC 
and HMBC spectra. Chemical shifts were referenced to TMS, and select 13C shifts are reported 
in Table S1; note that the shifts for the ethyl group carbons (E1 = -OCH2-, E2 = -CH3) show little 
difference between diastereomers or across the family of compounds.  

Summing the C5 and C6 shifts for the two Ser-derived mono-protected products reveals a (C5 + 
C6) chemical shift difference of about 7.35 ppm between the two diastereomers. Because this 
difference roughly matches the 6.3 ppm difference by which the trans compound shifts would be 
expected to be upfield of the cis compound shifts due to the gamma-gauche interaction, the 
species with the more upfield shift total is assigned as the trans diastereomer.  A similar analysis 
is given for the Val-derived compound.  

For each of the three sets of compounds analyzed as di-protected products, one diastereomer 
gives two sets of NMR resonances; chemical shift analysis and 2D NOESY data indicate that 
these correspond to rotamers of the Boc protecting group. Using the chemical shifts of the more 
populated rotamer, analysis as above in each case identifies the samples that show evidence of 
rotamers as the trans species (Table S1). The average (C5 + C6) chemical shift difference for 
these species, 9.36 ppm, is ~2 ppm greater than for the mono-substituted piperazines (average: 
7.36). The direction of the difference leaves the analysis unaffected (note also that none of the 
minor rotamers show chemical shift differences with respect to the cis species of less than 7.37 
ppm). This difference arises primarily from the trans states shifts: the (C5 + C6) totals for the cis 
species are all within 1.6 ppm of one another, whereas the (C5 + C6) totals for the di-protected 
trans species are each about 3 ppm less than the (C5 + C6) totals for the mono-protected trans 
species.  We infer that the Boc protecting group rotamers can modestly perturb the piperazine 
ring shifts at C5/C6 upfield for the cis species, but more significantly perturb them for the trans 
species. The additional upfield shifts reflect additional gauche interactions, suggesting that steric 
crowding of substituents is perturbing conformation and hence chemical shift. 
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Table S1. 13C chemical shifts for diastereomer products 

  Ser  Val  Ala  Leu  Phe 

  cis trans  cis trans  cis trans1  cis trans1  cis trans1 

E1  60.71 60.74  60.95 60.75  61.03 60.92  61.08 60.84  61.12 60.88 

E2  14.16 14.31  14.03 14.21  14.24 14.18  14.26 14.16  14.09 14.12 

C5  46.03 39.02  46.99 39.33  41.75 36.85  42.51 40.92  41.56 37.11 

C6  42.21 41.87  41.56 41.84  45.21 40.90  44.96 37.10  45.80 40.84 

C5 + C6  88.24 80.91  88.55 81.17  86.96 77.75  87.47 78.02  87.36 77.95 

  Δ = 7.35  Δ = 7.38  Δ = 9.21  Δ = 9.45  Δ = 9.41 

1these compounds exhibit two conformers in slow exchange due to slow rotation about the Boc-N4 bond; the 13C shifts for the more 
populated rotamer are reported here. 

All species identified as trans show canonical NOE peaks and 3JHH and 3JHC couplings consistent 
with diaxial substituents at positions 2 and 3. 
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