
 

 

 

 

 

 

Appendix 1 

Crystal Structure Data for Compound 147 

 

 

 

 

 

 



 

      Table 1  Crystal data and structure refinement for CRYSON at 150(2)K.  

   

      Empirical formula                   C25 H26 O2  

   

      Formula weight                      358.46  

   

      Crystal description                 colourless sphenoid  

   

      Crystal size                        0.35 x 0.16 x 0.13 mm  

   

      Crystal system                      Monoclinic  

   

      Space group                         I a  

   

      Unit cell dimensions                a = 8.7699(9) A   alpha = 90 deg.  

                                                     b = 22.255(2) A   beta = 95.633(2) deg.  

                                                  c = 9.7402(10) A  gamma = 90 deg.  

   

      Volume                              1891.9(3) A
3
  

   

      Reflections for cell refinement    3059  

   

      Range in theta                      2.3 to 27.5 deg.  

   

      Z                                    4  

   

      Density (calculated)                1.259 Mg/m
3
  

   

      Absorption coefficient              0.078 mm
-1

  

   

      F(000)                              768  

   



      Diffractometer type                 Bruker SMART APEX CCD area detector  

   

      Wavelength                          0.71073 A  

   

      Scan type                           omega  

   

      Reflections collected               7371  

   

      Theta range for data collection      2.29 to 27.52 deg.  

   

      Index ranges                      -11<=h<=11, -28<=k<=28, -12<=l<=12  

   

      Independent reflections             2181 [R(int) = 0.038]  

   

      Observed reflections                2066 [I>2sigma(I)]  

   

      Decay correction                 none 

   

      Structure solution by               direct methods  

   

      Hydrogen atom location             OH from delta-F; others placed geometrically  

   

      Hydrogen atom treatment           rigid rotor; riding model  

   

      Data / restraints / parameters     2181/2/245 (least-squares on F
2
)  

   

      Final R indices [I>2sigma(I)]      R1 = 0.0401, wR2 = 0.0977  

   

      Final R indices (all data)      R1 = 0.0425, wR2 = 0.0994  

   

      Goodness-of-fit on F
2
             1.04  

   

      Final maximum delta/sigma        0.001  

   

      Weighting scheme  calc w=1/[\s
2
^(Fo

2
^)+(0.065P)

2
^] where 

P=(Fo
2
^+2Fc

2
^)/3  

   

      Largest diff. peak and hole         0.28 and -0.15 e.A
-3

  

  

          

 

         Table 2  Atomic coordinates ( x 10
4
) and equivalent isotropic  

         displacement parameters (A
2
 x 10

3
) for CRYSON.  U(eq) is defined  

         as one third of the trace of the orthogonalized Uij tensor.  

   

         ________________________________________________________________  

   

                         x             y             z           U(eq)  

         ________________________________________________________________  

   

          C1           3165(2)       1321(1)        521(2)       26(1)  

          C2           1980(3)       1301(1)       -733(3)       33(1)  

          C3            782(3)       1790(1)       -600(3)       34(1)  

          C4           1540(2)       2398(1)       -586(2)       25(1)  

          C5            763(3)       2882(1)      -1230(2)       28(1)  

          C6           1405(2)       3446(1)      -1219(2)       28(1)  

          O6            671(2)       3932(1)      -1851(2)       34(1)  

          C7           2861(3)       3533(1)       -542(3)       30(1)  

          C8           3644(3)       3050(1)         86(2)       28(1)  

          C9           3029(2)       2472(1)         59(2)       23(1)  



          C10          3931(2)       1949(1)        760(2)       22(1)  

          C11          5623(2)       1944(1)        431(2)       26(1)  

          C12          5824(3)       1791(1)      -1100(2)       37(1)  

          C13          6154(3)       1124(1)      -1332(3)       42(1)  

          C14          4991(3)        684(1)       -853(3)       39(1)  

          C15          4350(3)        795(1)        551(2)       29(1)  

          C16          5637(2)        948(1)       1680(2)       23(1)  

          C17          6517(2)       1493(1)       1348(2)       23(1)  

          O17          7870(2)       1569(1)       1727(2)       30(1)  

          C18          3518(3)        211(1)        890(3)       42(1)  

          C19          5884(2)        637(1)       2861(2)       26(1)  

          C20          6972(2)        744(1)       4086(2)       28(1)  

          C21          7588(3)        234(1)       4773(3)       40(1)  

          C22          8688(4)        291(2)       5880(3)       53(1)  

          C23          9142(3)        845(1)       6371(3)       49(1)  

          C24          8474(3)       1356(1)       5760(3)       42(1)  

          C25          7397(3)       1305(1)       4618(2)       32(1)  

         ________________________________________________________________  

 

 

           Table 3   Bond lengths [A], angles and torsions [deg]  

                           for CRYSON.  

           _____________________________________________________________  

   

            C1-C2                         1.525(3)  

            C1-C10                        1.559(3)  

            C1-C15                        1.564(3)  

            C1-H1                         1.0000  

            C2-C3                         1.525(3)  

            C2-H2A                        0.9900  

            C2-H2B                        0.9900  

            C3-C4                         1.507(3)  

            C3-H3A                        0.9900  

            C3-H3B                        0.9900  

            C4-C5                         1.392(3)  

            C4-C9                         1.402(3)  

            C5-C6                         1.375(3)  

            C5-H5                         0.9500  

            C6-O6                         1.372(3)  

            C6-C7                         1.392(3)  

            O6-H6O                        0.8400  

            C7-C8                         1.385(3)  

            C7-H7                         0.9500  

            C8-C9                         1.395(3)  

            C8-H8                         0.9500  

            C9-C10                        1.529(3)  

            C10-C11                       1.548(3)  

            C10-H10                       1.0000  

            C11-C17                       1.511(3)  

            C11-C12                       1.556(3)  

            C11-H11                       1.0000  

            C12-C13                       1.534(4)  

            C12-H12A                      0.9900  

            C12-H12B                      0.9900  

            C13-C14                       1.520(4)  

            C13-H13A                      0.9900  

            C13-H13B                      0.9900  

            C14-C15                       1.548(4)  

            C14-H14A                      0.9900  

            C14-H14B                      0.9900  



            C15-C16                       1.535(3)  

            C15-C18                       1.543(3)  

            C16-C19                       1.343(3)  

            C16-C17                       1.489(3)  

            C17-O17                       1.219(2)  

            C18-H18A                      0.9800  

            C18-H18B                      0.9800  

            C18-H18C                      0.9800  

            C19-C20                       1.472(3)  

            C19-H19                       0.9500  

            C20-C25                       1.387(3)  

            C20-C21                       1.400(3)  

            C21-C22                       1.380(4)  

            C21-H21                       0.9500  

            C22-C23                       1.368(4)  

            C22-H22                       0.9500  

            C23-C24                       1.387(4)  

            C23-H23                       0.9500  

            C24-C25                       1.391(4)  

            C24-H24                       0.9500  

            C25-H25                       0.9500  

   

            C2-C1-C10                   113.31(18)  

            C2-C1-C15                   113.15(18)  

            C10-C1-C15                  113.13(17)  

            C2-C1-H1                    105.4  

            C10-C1-H1                   105.4  

            C15-C1-H1                   105.4  

            C1-C2-C3                    109.41(19)  

            C1-C2-H2A                   109.8  

            C3-C2-H2A                   109.8  

            C1-C2-H2B                   109.8  

            C3-C2-H2B                   109.8  

            H2A-C2-H2B                  108.2  

            C4-C3-C2                    109.47(18)  

            C4-C3-H3A                   109.8  

            C2-C3-H3A                   109.8  

            C4-C3-H3B                   109.8  

            C2-C3-H3B                   109.8  

            H3A-C3-H3B                  108.2  

            C5-C4-C9                    120.3(2)  

            C5-C4-C3                    119.70(18)  

            C9-C4-C3                    120.03(19)  

            C6-C5-C4                    121.5(2)  

            C6-C5-H5                    119.3  

            C4-C5-H5                    119.3  

            O6-C6-C5                    122.76(19)  

            O6-C6-C7                    118.16(19)  

            C5-C6-C7                    119.08(19)  

            C6-O6-H6O                   109.5  

            C8-C7-C6                    119.6(2)  

            C8-C7-H7                    120.2  

            C6-C7-H7                    120.2  

            C7-C8-C9                    122.3(2)  

            C7-C8-H8                    118.9  

            C9-C8-H8                    118.9  

            C8-C9-C4                    117.27(19)  

            C8-C9-C10                   120.74(18)  

            C4-C9-C10                   121.94(19)  

            C9-C10-C11                  112.16(16)  



            C9-C10-C1                   114.74(17)  

            C11-C10-C1                  111.72(17)  

            C9-C10-H10                  105.8  

            C11-C10-H10                 105.8  

            C1-C10-H10                  105.8  

            C17-C11-C10                 109.56(17)  

            C17-C11-C12                 108.65(18)  

            C10-C11-C12                 113.65(18)  

            C17-C11-H11                 108.3  

            C10-C11-H11                 108.3  

            C12-C11-H11                 108.3  

            C13-C12-C11                 113.2(2)  

            C13-C12-H12A                108.9  

            C11-C12-H12A                108.9  

            C13-C12-H12B                108.9  

            C11-C12-H12B                108.9  

            H12A-C12-H12B               107.8  

            C14-C13-C12                 115.8(2)  

            C14-C13-H13A                108.3  

            C12-C13-H13A                108.3  

            C14-C13-H13B                108.3  

            C12-C13-H13B                108.3  

            H13A-C13-H13B               107.4  

            C13-C14-C15                 118.8(2)  

            C13-C14-H14A                107.6  

            C15-C14-H14A                107.6  

            C13-C14-H14B                107.6  

            C15-C14-H14B                107.6  

            H14A-C14-H14B               107.1  

            C16-C15-C18                 111.35(19)  

            C16-C15-C14                 111.29(19)  

            C18-C15-C14                 106.0(2)  

            C16-C15-C1                  106.71(16)  

            C18-C15-C1                  107.91(19)  

            C14-C15-C1                  113.60(19)  

            C19-C16-C17                 124.24(18)  

            C19-C16-C15                 122.99(19)  

            C17-C16-C15                 112.71(17)  

            O17-C17-C16                 123.84(19)  

            O17-C17-C11                 121.32(19)  

            C16-C17-C11                 114.77(17)  

            C15-C18-H18A                109.5  

            C15-C18-H18B                109.5  

            H18A-C18-H18B               109.5  

            C15-C18-H18C                109.5  

            H18A-C18-H18C               109.5  

            H18B-C18-H18C               109.5  

            C16-C19-C20                 130.4(2)  

            C16-C19-H19                 114.8  

            C20-C19-H19                 114.8  

            C25-C20-C21                 118.3(2)  

            C25-C20-C19                 125.3(2)  

            C21-C20-C19                 116.4(2)  

            C22-C21-C20                 120.4(3)  

            C22-C21-H21                 119.8  

            C20-C21-H21                 119.8  

            C23-C22-C21                 120.9(3)  

            C23-C22-H22                 119.6  

            C21-C22-H22                 119.6  

            C22-C23-C24                 119.5(3)  



            C22-C23-H23                 120.2  

            C24-C23-H23                 120.2  

            C23-C24-C25                 120.0(3)  

            C23-C24-H24                 120.0  

            C25-C24-H24                 120.0  

            C20-C25-C24                 120.6(2)  

            C20-C25-H25                 119.7  

            C24-C25-H25                 119.7  

   

            C10-C1-C2-C3                -55.3(2)  

            C15-C1-C2-C3                174.19(19)  

            C1-C2-C3-C4                  62.6(2)  

            C2-C3-C4-C5                 143.6(2)  

            C2-C3-C4-C9                 -35.6(3)  

            C9-C4-C5-C6                  -1.9(3)  

            C3-C4-C5-C6                 178.9(2)  

            C4-C5-C6-O6                 179.6(2)  

            C4-C5-C6-C7                  -0.4(3)  

            O6-C6-C7-C8                -178.9(2)  

            C5-C6-C7-C8                   1.1(3)  

            C6-C7-C8-C9                   0.5(4)  

            C7-C8-C9-C4                  -2.6(3)  

            C7-C8-C9-C10                179.8(2)  

            C5-C4-C9-C8                   3.3(3)  

            C3-C4-C9-C8                -177.5(2)  

            C5-C4-C9-C10               -179.2(2)  

            C3-C4-C9-C10                  0.1(3)  

            C8-C9-C10-C11               -45.4(3)  

            C4-C9-C10-C11               137.1(2)  

            C8-C9-C10-C1               -174.3(2)  

            C4-C9-C10-C1                  8.3(3)  

            C2-C1-C10-C9                 20.0(3)  

            C15-C1-C10-C9               150.49(18)  

            C2-C1-C10-C11              -109.1(2)  

            C15-C1-C10-C11               21.4(2)  

            C9-C10-C11-C17              169.76(17)  

            C1-C10-C11-C17              -59.8(2)  

            C9-C10-C11-C12              -68.5(2)  

            C1-C10-C11-C12               61.9(2)  

            C17-C11-C12-C13              26.9(3)  

            C10-C11-C12-C13             -95.3(2)  

            C11-C12-C13-C14              55.6(3)  

            C12-C13-C14-C15             -42.2(3)  

            C13-C14-C15-C16             -46.0(3)  

            C13-C14-C15-C18            -167.2(2)  

            C13-C14-C15-C1               74.4(3)  

            C2-C1-C15-C16               168.43(19)  

            C10-C1-C15-C16               37.8(2)  

            C2-C1-C15-C18               -71.8(2)  

            C10-C1-C15-C18              157.6(2)  

            C2-C1-C15-C14                45.4(3)  

            C10-C1-C15-C14              -85.2(2)  

            C18-C15-C16-C19              -5.8(3)  

            C14-C15-C16-C19            -123.9(2)  

            C1-C15-C16-C19              111.7(2)  

            C18-C15-C16-C17             177.01(19)  

            C14-C15-C16-C17              59.0(2)  

            C1-C15-C16-C17              -65.5(2)  

            C19-C16-C17-O17              33.7(3)  

            C15-C16-C17-O17            -149.2(2)  



            C19-C16-C17-C11            -149.1(2)  

            C15-C16-C17-C11              28.0(3)  

            C10-C11-C17-O17            -148.4(2)  

            C12-C11-C17-O17              86.9(2)  

            C10-C11-C17-C16              34.3(2)  

            C12-C11-C17-C16             -90.4(2)  

            C17-C16-C19-C20               1.9(4)  

            C15-C16-C19-C20            -174.9(2)  

            C16-C19-C20-C25              36.0(4)  

            C16-C19-C20-C21            -145.6(3)  

            C25-C20-C21-C22              -5.4(4)  

            C19-C20-C21-C22             176.0(3)  

            C20-C21-C22-C23               3.3(5)  

            C21-C22-C23-C24               0.8(5)  

            C22-C23-C24-C25              -2.7(4)  

            C21-C20-C25-C24               3.5(3)  

            C19-C20-C25-C24            -178.0(2)  

            C23-C24-C25-C20               0.5(4)  

           _____________________________________________________________  

  

 

 Table 4   Anisotropic displacement parameters (A
2
 x 10

3
) for CRYSON.  

                  The anisotropic displacement factor exponent takes the form:  

                  -2 pi
2
 [ h

2
 a*

2
 U11 + ... + 2 h k a* b* U12 ]  

   

    _______________________________________________________________________  

   

              U11        U22        U33        U23        U13        U12  

    _______________________________________________________________________  

   

    C1       21(1)      28(1)      29(1)      -1(1)      -3(1)      -1(1)  

    C2       26(1)      26(1)      43(1)      -6(1)     -14(1)      -2(1)  

    C3       22(1)      30(1)      47(2)       4(1)     -10(1)      -1(1)  

    C4       21(1)      26(1)      28(1)      -1(1)       0(1)       0(1)  

    C5       20(1)      32(1)      31(1)      -2(1)      -2(1)       1(1)  

    C6       26(1)      30(1)      28(1)       3(1)       1(1)       5(1)  

    O6       27(1)      31(1)      43(1)       9(1)      -3(1)       4(1)  

    C7       27(1)      23(1)      40(1)       2(1)       1(1)      -4(1)  

    C8       22(1)      29(1)      32(1)      -1(1)      -3(1)      -2(1)  

    C9       20(1)      25(1)      23(1)       0(1)       0(1)       2(1)  

    C10      21(1)      22(1)      22(1)      -2(1)      -3(1)      -2(1)  

    C11      21(1)      25(1)      30(1)       5(1)      -1(1)      -2(1)  

    C12      31(1)      54(2)      27(1)      13(1)       4(1)      12(1)  

    C13      41(1)      59(2)      26(1)      -4(1)       3(1)      17(1)  

    C14      38(1)      43(1)      34(1)     -12(1)     -12(1)      15(1)  

    C15      25(1)      23(1)      34(1)      -2(1)     -12(1)       1(1)  

    C16      20(1)      21(1)      28(1)      -1(1)      -5(1)       3(1)  

    C17      23(1)      26(1)      20(1)       0(1)       0(1)       0(1)  

    O17      20(1)      37(1)      31(1)       6(1)      -4(1)      -3(1)  

    C18      34(1)      26(1)      61(2)       1(1)     -18(1)      -4(1)  

    C19      23(1)      22(1)      34(1)       1(1)       0(1)       0(1)  

    C20      25(1)      33(1)      25(1)       3(1)       3(1)       2(1)  

    C21      52(2)      36(1)      31(1)       6(1)      -1(1)      10(1)  

    C22      61(2)      65(2)      33(1)      10(1)      -6(1)      23(2)  

    C23      45(2)      74(2)      25(1)      -5(1)      -9(1)       8(2)  

    C24      41(1)      58(2)      28(1)      -9(1)       3(1)      -6(1)  

    C25      33(1)      36(1)      27(1)       1(1)       4(1)       2(1)  

    _______________________________________________________________________  

 

 



 

         Table 5  Hydrogen coordinates ( x 10
4
) and isotropic  

                    displacement parameters (A
2
 x 10

3
) for CRYSON.  

   

         ________________________________________________________________  

   

                         x             y             z           U(eq)  

         ________________________________________________________________  

   

          H1           2575          1253          1335          32  

          H2A          1478           902          -796          39  

          H2B          2489          1366         -1585          39  

          H3A           -22          1764         -1386          41  

          H3B           292          1731           263          41  

          H5           -233          2822         -1686          34  

          H6O          -212          3829         -2182          51  

          H7           3315          3921          -511          37  

          H8           4634          3115           551          33  

          H10          3962          2027          1774          26  

          H11          6067          2352           639          31  

          H12A         4879          1906         -1681          45  

          H12B         6677          2034         -1400          45  

          H13A         6220          1060         -2330          51  

          H13B         7171          1027          -848          51  

          H14A         5464           280          -820          47  

          H14B         4110           672         -1571          47  

          H18A         4238          -127           916          63  

          H18B         2667           137           180          63  

          H18C         3119           250          1791          63  

          H19          5255           292          2916          32  

          H21          7247          -154          4475          48  

          H22          9136           -60          6306          64  

 

          H23          9909           879          7126          59  

          H24          8751          1742          6121          51  

          H25          6949          1656          4199          38  

         ________________________________________________________________  

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 2 

 
Cascade radical-mediated cyclisations with conjugated ynone 

electrophores. An approach to the synthesis of steroids and 

other novel ring-fused polycyclic carbocycles, G. Pattenden, 

D. A. Stoker, N. M. Thomson, Org. Biomol. Chem., 2007, 5, 

1776-1788. 

 

 

 

 

 

 

 

 

 

 



 
   

   

   

   

   

 

 

 

 

 

 

 



 
   

   

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 3 

 
1
H and 

13
C NMR Spectra for Compound 194b 

 

 

 

 

 

 

 

 

 

 

 

 
 





 


