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General Experimental

1H NMR spectra were recorded on JEOL 400 EX or Bruker AM-300 spectrometers at 400 MHz and 300 MHz respectively.  Residual protic solvent CHCl3 (H = 7.26 ppm) or TMS (H = 0 ppm) were used as internal references.  Coupling constants were measured in Hz.  13C spectra were recorded in CDCl3, unless otherwise stated, at 100 MHz or 75 MHz on JEOL 400 EX and Bruker AM-300 spectrometers respectively, using the resonance of CDCl3 (C = t, 77 ppm) as the internal reference.  Infra red spectra were recorded in the range of 4000-600 cm-1 on a Perkin Elmer FT 1000 spectrometer with internal calibration.  Mass spectra were carried out either at Bath University (Finnigan MAT 8340 instrument) or at the University of Wales Swansea (Finnigan MAT 900 XLT instrument).

Analytical thin layer chromatography was carried out using glass backed plates coated with Merck Kieselgel 60 GF254 or aluminium backed plates coated with Merck G/UV254.  Plates were visualised under UV light (at 254 nm) or by staining with potassium permanganate, vanillin or cerium ammonium molybdate followed by heating.  Flash chromatography was carried out using either Merck 60 H silica or Merck Florisil®.  Samples were pre-absorbed on silica or used as saturated solutions in an appropriate solvent.

All the reactions were performed under a positive pressure of nitrogen in oven or flame dried apparatus.  Dry cesium fluoride 99.9% was purchased from the Aldrich chemical company and dried overnight under vacuum at 50°C.  Dry DME 99.9% was purchased from Aldrich in a Sure-Seal bottle, was stored over 3Å molecular sieves overnight and degassed by bubbling argon through the solvent for one hour before use.  Ditriflate 1 was prepared from 2-benzyl-2,5,5-trimethylcyclohexa-1,3-dione according to literature procedure.1  

The optimised preparation of compound 4  serves as a general procedure for the tandem Suzuki couplings/arene-vinyl triflate cyclisations.

Preparation of 1-(4-(3,3,9a-trimethyl-9,9a-dihydro-3H-fluoren-1-yl)phenyl-1-ethanone (Table 1, entry 1)
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A dry 25 mL flask equipped with a condenser was charged with ditriflate 1 (102 mg, 0.2 mmol), 4-acetylphenylboronic acid (59 mg, 0.36 mmol), Pd(OAc)2 (6.7 mg, 0.03 mmol), PPh3 (17 mg, 0.07 mmol) and cesium fluoride (91 mg, 0.6 mmol).  The solid mixture was dried under vacuum for one hour before DME (8 mL) was added.  The solution was stirred at room temperature for 10 min and then heated at 50 °C for 20 hours.  The solution was cooled to room temperature and partitioned between water (5 mL) and EtOAc (5 mL).  The aqueous phase was extracted with EtOAc (2 x 10 mL) and the combined organic portions were then dried (Na2SO4) and concentrated under reduced pressure.  The residue was purified by flash chromatography (SiO2, 2% EtOAc/petrol) to give tricyclic diene 4 (57.2 mg, 88%) as a colourless oil; max (neat)/cm-1 3030, 2959, 2925, 2857, 1682, 1603; H (400 MHz, CDCl3) 7.95-7.93 (2H, m), 7.53-7.47 (3H, m), 7.24-7.17 (3H, m), 5.98 (1H, d, J 1.6), 5.76 (1H, d, J 1.6), 2.94 (1H, d, J 14.8), 2.71 (1H, d, J 14.8), 2.64 (3H, s), 1.43 (3H, s), 1.31 (3H, s), 1.26 (3H, s); C (100 MHz, CDCl3) 197.5 (C=O), 146.7 (C), 146.0 (C), 142.0 (C), 141.7 (C), 138.9 (C), 137.3 (CH), 135.4 (C), 128.1, 128.0, 127.7, 126.7, 125.5, 125.3 and 120.7 (CH), 46.9 (C), 43.9 (CH2), 36.6 (C), 30.9 (CH3), 30.7 (CH3), 29.4 (CH3), 26.7 (CH3C=O), m/z (CI+) 329.3 (100%, M+H+); Found M+, 328.1825, C24H24O requires 328.1827. 

Preparation of 4-(3,3,9a-trimethyl-1-phenyl-9,9a-dihydro-3H-fluoren-1-yl)benzonitrile (Table 1, entry 2)
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The general procedure was followed employing 4-cyanophenylboronic acid (58.7 mg, 0.36 mmol).  The residue was purified by flash chromatography (SiO2, 1% DCM/petrol) to give the title compound (51.1 mg, 82%) as a colourless oil; max (neat)/cm-1 2997, 2961, 2226, 1604, 1506; H (300 MHz, CDCl3) 7.57-7.54 (2H, m), 7.46-7.39 (3H, m), 7.17-7.10 (3H, m), 5.89 (1H, d, J 1.6), 5.67 (1H, d, J 1.6), 2.84 (1H, d, J 15.1), 2.65 (1H, d, J 15.1), 1.33 (3H, s), 1.23 (3H, s), 1.17 (3H, s); C (100 MHz, CDCl3) 147.3, 146.7, 142.6, 142.1 and 139.6 (C), 138.9, 132.5, 129.4, 128.5, 127.5, 126.3, 126.0 and 121.6 (CH), 119.7 (C), 47.4 (C), 44.4 (CH2), 42.1 (C), 37.3 (C), 31.4, 31.2 and 29.8 (CH3); m/z (EI+) 311 (100%, M+); Found: (M)+, 311.1675, C23H21N requires 311.1674. 

Preparation of 1-(4-methoxyphenyl)-3,3,9a-trimethyl-9,9a-dihydro-3H-fluorene (Table 1, entry 3)

[image: image3.wmf]
The general procedure was followed employing 4-methoxyphenylboronic acid (55 mg, 0.36 mmol).  The residue was purified by flash chromatography (florisil, 1% ether/petrol) to give the title compound (50.6 mg, 80%) as a colourless oil; max (neat)/cm-1 3001, 2959, 2860, 1607, 1510; H (400 MHz, CDCl3) 7.47-7.45 (1H, m), 7.35-7.33 (2H, m), 7.28-7.14 (3H, m), 6.89-6.87 (2H, m), 5.97 (1H, d, J 1.6), 5.61 (1H, d, J 1.6), 3.83 (3H, s), 2.97 (1H, d, J 15.2), 2.72 (1H, d, J 15.2), 1.39 (3H, s), 1.28 (3H, s), 1.22 (3H, s); C (100 MHz, CDCl3) 158.9, 146.8 (C), 142.9 (C), 142.3 (C), 139.8 (C), 135.6 (CH), 134.9 (C), 129.6 (CH), 128.2 (CH), 128.0 (CH), 127.1 (CH), 127.0 (CH), 126.0 (CH), 121.2 (CH), 113.7 (CH), 55.7 (CH3O), 47.6 (C), 44.4 (CH2), 36.8 (C), 31.3 (CH3), 30.8 (CH3), 29.9 (CH3); m/z (EI+) 316.2 (25%, M+); Found: (M+H)+, 317.1900, C23H25O requires 317.1905.

Preparation of 1-(1,1'-biphenyl)-4-yl-3,3,9a-trimethyl-1-phenyl-9,9a-dihydro-3H-fluorene (Table 1, entry 4)
[image: image4.wmf]
The general procedure was followed employing 4-biphenylboronic acid (77 mg, 0.36 mmol).  The residue was purified by flash chromatography (SiO2, 5% DCM/petrol) to give the title compound (52 mg, 72%) as a colourless oil; max (neat)/cm-1 3020, 2959, 1599, 1492; H (400 MHz, CDCl3) 7.63-7.61 (2H, m), 7.59-7.56 (2H, m), 7.51-7.43 (5H, m), 7.26-7.15 (4H, m), 5.98 (1H, d, J 1.6), 5.74 (1H, d, J 1.6), 3.02 (1H, d, J 15.2), 2.80 (1H, d, J 15.2), 1.45 (3H, s), 1.31 (3H, s), 1.25 (3H, s); C (100 MHz, CDCl3) 146.6, 142.7, 142.3, 141.1, 139.7 and 139.5 (C), 136.3, 129.0, 128.7, 127.9, 127.4, 127.2, 126.9, 125.9, 125.8 and 121.1 (CH), 47.5 (C), 44.4 (CH2), 36.9 (C), 31.4, 31.0 and 29.9 (CH3); m/z (EI+) 362 (30%, M+); Found: (M+H)+, 363.2112, C28H27 requires 363.2113. 

Preparation of 3,3,9a-trimethyl-1-phenyl-9,9a-dihydro-3H-fluorene (Table 1, entry 5)
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The general procedure was followed employing phenylboronic acid (49.6 mg, 0.36 mmol).  The residue was purified by flash chromatography (SiO2, 1% DCM/petrol) to give the title compound (37.2 mg, 65%) as a colourless oil; max (neat)/cm-1 3018, 2958, 1600, 1491; H (300 MHz, CDCl3) 7.48-7.16 (9H, m), 5.97 (1H, d, J 1.6), 5.65 (1H, d, J 1.6), 2.98 (1H, d, J 15.2), 2.71 (1H, d, J 15.2), 1.40 (3H, s), 1.30 (3H, s), 1.23 (3H, s); C (100 MHz, CDCl3) 146.7 (C), 142.9 (2 x C), 142.3, 139.7 and 136.3 (C), 128.6, 128.4, 128.0, 127.1 and 127.0 (CH), 126.0 (2 x CH), 121.2 (CH), 47.5 (C), 44.3 (CH2), 36.8 (C), 31.3, 30.8 and 29.8 (CH3); m/z (EI+) 286 (25%, M+); Found: (M+H)+, 287.1799, C22H23 requires 287.1800.

Preparation of 1-(4-(3,3,9a-trimethyl-9,9a-dihydro-3H-fluoren-1-yl)phenyl-1-ethanone N-(2,4-dinitrophenyl)hydrazone (5)
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Concentrated sulphuric acid (0.14 mL) was added to a stirred solution of ketone 4 (60 mg, 0.18 mmol) in methanol (0.5 mL), then a solution of DNPH (53 mg, 0.27 mmol) in methanol (3mL) was added.  An orange precipitate was formed immediately which was filtered, washed with 5% aqueous sodium bicarbonate (1 mL) and water (1 mL) to give the crude hydrazone which was recrystallised from methylene chloride/hexane to give the pure hydrazone 5 (88 mg, 95%) as orange crystals, mp 201-203 °C; max (film)/cm-1 3315, 3020, 2960, 2916, 2850, 1616, 1595, 1518, 1334; H (400 MHz, CDCl3) 11.58 (1H, s), 9.17 (1H, d, J 2.5), 8.37 (1H, dd, J 9.6, 2.5), 8.15 (1H, d, J 9.6), 7.85 (2H, d, J 8.4), 7.53-7.58 (3H, m), 7.24-7.20 (3H, m), 6.00 (1H, d, J 1.4), 5.77 (1H, d, J 1.4), 2.98 (1H, d, J 15.2), 2.88 (1H, d, J 15.2), 2.49 (3H, s), 1.45 (3H, s), 1.32 (3H, s), 1.27 (3H, s); C (75 MHz, CDCl3) 152.5, 146.7, 145.4, 144.3, 142.6, 142.3, 139.5 and 138.6 (C), 137.2 (CH), 136.0 (C), 130.5, 128.8, 128.2, 127.2, 126.6, 126.0, 125.9, 124.0, 121.3 and 117.2 (CH), 47.2 (CH2), 44.3 (C), 37.0 (C), 31.3 (CH3), 31.0 (CH3), 30.1 (C), 29.7 (CH3), 14.0 (CH3); Found C, 70.6; H, 5.59; N, 11.02%. C30H28O4N4 requires C, 70.9; H, 5.51; N, 11.0%; m/z (FAB+) 509.3 (100%, M+).

Supplementary crystallographic data for compound (5)

Table 1.  Crystal data and structure refinement for 5.

 Identification code
k01mcw1a

 Empirical formula
C30 H28 N4 O4

 Formula weight
508.5

 Temperature
150(2) K

 Wavelength
0.71073 Å

 Crystal system
Orthorhombic

 Space group
Pbca

 Unit cell dimensions
a = 9.20400(10)Å  = 90o

      
b = 16.1930(2)Å  = 90o

      
c = 34.3440(5)Å  = 90o

 Volume
5118.64(11) Å3

 Z
8

 Density (calculated)
1.320 Mg/m3

 Absorption coefficient
0.089 mm-1

 F(000)
2144

 Crystal size
0.30 x 0.30 x 0.13 mm

 Theta range for data collection
3.56 to 28.26o

 Index ranges
-12<=h<=12; -21<=k<=21; -45<=l<=45

 Reflections collected
40645

 Independent reflections
6112 [R(int) = 0.0911]

 Reflections observed (>2)
3998

 Data Completeness
0.963

 Max. and min. transmission
0.9889 and 0.9737

 Refinement method
Full-matrix least-squares on F2

 Data / restraints / parameters
6112 / 0 / 351

 Goodness-of-fit on F2
0.957

 Final R indices [I>2(I)]
R1 = 0.0594   wR2 = 0.1352

 R indices (all data)
R1 = 0.1016  wR2 = 0.1606

 Largest diff. peak and hole
0.343 and -0.323 eÅ-3

Notes: H1 located and freely refined. 

Hydrogen bonds with  H..A < r(A) + 2.000 Angstroms  and  <DHA > 110 deg.

 D-H           
d(D-H)   d(H..A)   <DHA    d(D..A)   A

 N3-H1          
   0.903    1.916   132.98    2.617    O4 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2 x 103) for 5.U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

  Atom
  x
  y
  z
 U(eq)

                             





O(1)
2777(2)
-558(2)
-681(1)
71(1)

O(2)
3606(2)
-1306(1)
-1159(1)
49(1)

O(3)
8108(2)
-421(1)
-1726(1)
39(1)

O(4)
9864(2)
-47(1)
-1348(1)
44(1)

N(1)
3763(2)
-780(1)
-902(1)
44(1)

N(2)
8558(2)
-200(1)
-1409(1)
31(1)

N(3)
9274(2)
602(1)
-669(1)
33(1)

N(4)
9573(2)
935(1)
-308(1)
32(1)

C(1)
5173(2)
-396(1)
-855(1)
34(1)

C(2)
5475(2)
37(2)
-511(1)
40(1)

C(3)
6822(2)
360(2)
-451(1)
38(1)

C(4)
7932(2)
285(1)
-735(1)
31(1)

C(5)
7547(2)
-115(1)
-1089(1)
28(1)

C(6)
6180(2)
-455(1)
-1146(1)
30(1)

C(7)
10781(2)
1327(1)
-270(1)
29(1)

C(8)
11817(3)
1482(2)
-602(1)
50(1)

C(9)
11088(2)
1656(1)
124(1)
27(1)

C(10)
12398(2)
2035(1)
224(1)
34(1)

C(11)
12649(2)
2317(1)
597(1)
33(1)

C(12)
11614(2)
2240(1)
893(1)
28(1)

C(13)
10290(2)
1875(1)
789(1)
31(1)

C(14)
10041(2)
1589(1)
417(1)
31(1)

C(15)
11940(2)
2522(1)
1298(1)
28(1)

C(16)
13291(2)
2465(1)
1439(1)
30(1)

C(17)
13790(2)
2739(1)
1837(1)
32(1)

C(18)
12737(2)
3364(1)
1998(1)
32(1)

C(19)
11383(2)
3428(1)
1867(1)
29(1)

C(20)
10737(2)
2858(1)
1556(1)
28(1)

C(21)
9594(2)
3424(1)
1352(1)
31(1)

C(22)
9234(2)
4062(1)
1658(1)
31(1)

C(23)
10279(2)
4059(1)
1955(1)
30(1)

C(24)
10172(2)
4607(1)
2266(1)
33(1)

C(25)
9013(2)
5156(1)
2276(1)
37(1)

C(26)
7990(2)
5166(2)
1982(1)
38(1)

C(27)
8095(2)
4617(1)
1671(1)
35(1)

C(28)
13927(3)
1986(2)
2111(1)
46(1)

C(29)
15311(2)
3131(2)
1799(1)
45(1)

C(30)
9913(2)
2163(1)
1774(1)
34(1)

 Table 3.   Bond lengths [Å] and angles [o] for 5.

O(1)-N(1)
1.237(3)
O(2)-N(1)
1.234(3)

O(3)-N(2)
1.221(2)
O(4)-N(2)
1.245(2)

N(1)-C(1)
1.448(3)
N(2)-C(5)
1.446(3)

N(3)-C(4)
1.356(3)
N(3)-N(4)
1.380(2)

N(3)-H(1)
0.90(3)
N(4)-C(7)
1.287(3)

C(1)-C(6)
1.367(3)
C(1)-C(2)
1.401(3)

C(2)-C(3)
1.362(3)
C(2)-H(2)
0.9500

C(3)-C(4)
1.416(3)
C(3)-H(3)
0.9500

C(4)-C(5)
1.423(3)
C(5)-C(6)
1.387(3)

C(6)-H(6)
0.9500
C(7)-C(9)
1.482(3)

C(7)-C(8)
1.506(3)
C(8)-H(8A)
0.9800

C(8)-H(8B)
0.9800
C(8)-H(8C)
0.9800

C(9)-C(14)
1.399(3)
C(9)-C(10)
1.396(3)

C(10)-C(11)
1.381(3)
C(10)-H(10)
0.9500

C(11)-C(12)
1.398(3)
C(11)-H(11)
0.9500

C(12)-C(13)
1.401(3)
C(12)-C(15)
1.494(3)

C(13)-C(14)
1.376(3)
C(13)-H(13)
0.9500

C(14)-H(14)
0.9500
C(15)-C(16)
1.338(3)

C(15)-C(20)
1.518(3)
C(16)-C(17)
1.507(3)

C(16)-H(16)
0.9500
C(17)-C(18)
1.506(3)

C(17)-C(29)
1.542(3)
C(17)-C(28)
1.545(3)

C(18)-C(19)
1.330(3)
C(18)-H(18)
0.9500

C(19)-C(23)
1.473(3)
C(19)-C(20)
1.532(3)

C(20)-C(30)
1.551(3)
C(20)-C(21)
1.560(3)

C(21)-C(22)
1.510(3)
C(21)-H(21A)
0.9900

C(21)-H(21B)
0.9900
C(22)-C(27)
1.382(3)

C(22)-C(23)
1.401(3)
C(23)-C(24)
1.391(3)

C(24)-C(25)
1.389(3)
C(24)-H(24)
0.9500

C(25)-C(26)
1.382(3)
C(25)-H(25)
0.9500

C(26)-C(27)
1.393(3)
C(26)-H(26)
0.9500

C(27)-H(27)
0.9500
C(28)-H(28A)
0.9800

C(28)-H(28B)
0.9800
C(28)-H(28C)
0.9800

C(29)-H(29A)
0.9800
C(29)-H(29B)
0.9800

C(29)-H(29C)
0.9800
C(30)-H(30A)
0.9800

C(30)-H(30B)
0.9800
C(30)-H(30C)
0.9800

                                       




O(2)-N(1)-O(1)
123.7(2)
O(2)-N(1)-C(1)
118.7(2)

O(1)-N(1)-C(1)
117.6(2)
O(3)-N(2)-O(4)
122.35(18)

O(3)-N(2)-C(5)
119.21(17)
O(4)-N(2)-C(5)
118.44(17)

C(4)-N(3)-N(4)
118.71(18)
C(4)-N(3)-H(1)
115.9(18)

N(4)-N(3)-H(1)
124.7(18)
C(7)-N(4)-N(3)
117.04(17)

C(6)-C(1)-C(2)
121.13(19)
C(6)-C(1)-N(1)
119.7(2)

C(2)-C(1)-N(1)
119.1(2)
C(3)-C(2)-C(1)
120.1(2)

C(3)-C(2)-H(2)
120.0
C(1)-C(2)-H(2)
120.0

C(2)-C(3)-C(4)
121.3(2)
C(2)-C(3)-H(3)
119.3

C(4)-C(3)-H(3)
119.3
N(3)-C(4)-C(3)
120.61(19)

N(3)-C(4)-C(5)
122.87(19)
C(3)-C(4)-C(5)
116.50(18)

C(6)-C(5)-C(4)
121.92(19)
C(6)-C(5)-N(2)
115.96(18)

C(4)-C(5)-N(2)
122.11(18)
C(1)-C(6)-C(5)
118.87(19)

C(1)-C(6)-H(6)
120.6
C(5)-C(6)-H(6)
120.6

N(4)-C(7)-C(9)
115.64(18)
N(4)-C(7)-C(8)
123.65(19)

C(9)-C(7)-C(8)
120.67(18)
C(7)-C(8)-H(8A)
109.5

C(7)-C(8)-H(8B)
109.5
H(8A)-C(8)-H(8B)
109.5

C(7)-C(8)-H(8C)
109.5
H(8A)-C(8)-H(8C)
109.5

H(8B)-C(8)-H(8C)
109.5
C(14)-C(9)-C(10)
116.90(19)

C(14)-C(9)-C(7)
119.95(18)
C(10)-C(9)-C(7)
123.14(18)

C(11)-C(10)-C(9)
121.17(19)
C(11)-C(10)-H(10)
119.4

C(9)-C(10)-H(10)
119.4
C(10)-C(11)-C(12)
122.13(19)

C(10)-C(11)-H(11)
118.9
C(12)-C(11)-H(11)
118.9

C(11)-C(12)-C(13)
116.37(18)
C(11)-C(12)-C(15)
120.84(18)

C(13)-C(12)-C(15)
122.78(18)
C(14)-C(13)-C(12)
121.62(19)

C(14)-C(13)-H(13)
119.2
C(12)-C(13)-H(13)
119.2

C(13)-C(14)-C(9)
121.80(19)
C(13)-C(14)-H(14)
119.1

C(9)-C(14)-H(14)
119.1
C(16)-C(15)-C(12)
120.17(19)

C(16)-C(15)-C(20)
119.44(18)
C(12)-C(15)-C(20)
120.38(17)

C(15)-C(16)-C(17)
126.2(2)
C(15)-C(16)-H(16)
116.9

C(17)-C(16)-H(16)
116.9
C(16)-C(17)-C(18)
109.57(16)

C(16)-C(17)-C(29)
108.79(19)
C(18)-C(17)-C(29)
109.74(17)

C(16)-C(17)-C(28)
110.14(17)
C(18)-C(17)-C(28)
110.99(19)

C(29)-C(17)-C(28)
107.57(19)
C(19)-C(18)-C(17)
122.07(19)

C(19)-C(18)-H(18)
119.0
C(17)-C(18)-H(18)
119.0

C(18)-C(19)-C(23)
129.19(19)
C(18)-C(19)-C(20)
123.6(2)

C(23)-C(19)-C(20)
107.07(17)
C(15)-C(20)-C(19)
109.84(16)

C(15)-C(20)-C(30)
112.21(17)
C(19)-C(20)-C(30)
106.87(16)

C(15)-C(20)-C(21)
116.18(16)
C(19)-C(20)-C(21)
102.68(16)

C(30)-C(20)-C(21)
108.27(17)
C(22)-C(21)-C(20)
103.82(16)

C(22)-C(21)-H(21A)
111.0
C(20)-C(21)-H(21A)
111.0

C(22)-C(21)-H(21B)
111.0
C(20)-C(21)-H(21B)
111.0

H(21A)-C(21)-H(21B)
109.0
C(27)-C(22)-C(23)
120.0(2)

C(27)-C(22)-C(21)
129.32(19)
C(23)-C(22)-C(21)
110.65(18)

C(24)-C(23)-C(22)
120.5(2)
C(24)-C(23)-C(19)
130.45(19)

C(22)-C(23)-C(19)
109.05(18)
C(25)-C(24)-C(23)
118.8(2)

C(25)-C(24)-H(24)
120.6
C(23)-C(24)-H(24)
120.6

C(26)-C(25)-C(24)
120.8(2)
C(26)-C(25)-H(25)
119.6

C(24)-C(25)-H(25)
119.6
C(25)-C(26)-C(27)
120.4(2)

C(25)-C(26)-H(26)
119.8
C(27)-C(26)-H(26)
119.8

C(22)-C(27)-C(26)
119.4(2)
C(22)-C(27)-H(27)
120.3

C(26)-C(27)-H(27)
120.3
C(17)-C(28)-H(28A)
109.5

C(17)-C(28)-H(28B)
109.5
H(28A)-C(28)-H(28B)
109.5

C(17)-C(28)-H(28C)
109.5
H(28A)-C(28)-H(28C)
109.5

H(28B)-C(28)-H(28C)
109.5
C(17)-C(29)-H(29A)
109.5

C(17)-C(29)-H(29B)
109.5
H(29A)-C(29)-H(29B)
109.5

C(17)-C(29)-H(29C)
109.5
H(29A)-C(29)-H(29C)
109.5

H(29B)-C(29)-H(29C)
109.5
C(20)-C(30)-H(30A)
109.5

C(20)-C(30)-H(30B)
109.5
H(30A)-C(30)-H(30B)
109.5

C(20)-C(30)-H(30C)
109.5
H(30A)-C(30)-H(30C)
109.5

H(30B)-C(30)-H(30C)
109.5



Symmetry transformations used to generate equivalent atoms:

Table 4.   Anisotropic displacement parameters (Å2 x 103) for 5. The anisotropic displacement factor exponent takes the form: -2 gpi2 [ h2 a*2 U11 + ... + 2 h k a* b* U

  Atom
 U11
 U22
 U33
 U23
 U13
 U12

                                          







O(1)
44(1)
112(2)
58(1)
-15(1)
17(1)
-34(1)

O(2)
42(1)
48(1)
57(1)
-2(1)
-8(1)
-17(1)

O(3)
45(1)
42(1)
31(1)
-7(1)
1(1)
-6(1)

O(4)
31(1)
58(1)
44(1)
-12(1)
5(1)
-15(1)

N(1)
38(1)
57(1)
38(1)
6(1)
0(1)
-18(1)

N(2)
34(1)
28(1)
32(1)
-2(1)
2(1)
-6(1)

N(3)
30(1)
39(1)
29(1)
-4(1)
-1(1)
-7(1)

N(4)
32(1)
40(1)
24(1)
-1(1)
-4(1)
-6(1)

C(1)
30(1)
42(1)
31(1)
7(1)
-3(1)
-10(1)

C(2)
34(1)
61(2)
25(1)
4(1)
3(1)
-9(1)

C(3)
36(1)
55(1)
23(1)
-2(1)
-2(1)
-8(1)

C(4)
31(1)
35(1)
26(1)
3(1)
-4(1)
-6(1)

C(5)
30(1)
28(1)
26(1)
2(1)
0(1)
-4(1)

C(6)
32(1)
28(1)
29(1)
1(1)
-5(1)
-5(1)

C(7)
25(1)
33(1)
29(1)
-2(1)
0(1)
-2(1)

C(8)
37(1)
74(2)
38(2)
-17(1)
8(1)
-18(1)

C(9)
27(1)
30(1)
25(1)
2(1)
0(1)
-3(1)

C(10)
28(1)
43(1)
31(1)
0(1)
3(1)
-9(1)

C(11)
27(1)
39(1)
33(1)
1(1)
-2(1)
-9(1)

C(12)
29(1)
27(1)
28(1)
3(1)
-6(1)
-4(1)

C(13)
26(1)
42(1)
26(1)
1(1)
0(1)
-8(1)

C(14)
23(1)
40(1)
30(1)
1(1)
-2(1)
-8(1)

C(15)
30(1)
26(1)
27(1)
4(1)
-4(1)
-7(1)

C(16)
31(1)
27(1)
31(1)
2(1)
-4(1)
-3(1)

C(17)
32(1)
29(1)
35(1)
-1(1)
-13(1)
-1(1)

C(18)
34(1)
28(1)
34(1)
-2(1)
-10(1)
-4(1)

C(19)
33(1)
29(1)
26(1)
2(1)
-5(1)
-7(1)

C(20)
27(1)
30(1)
26(1)
2(1)
-4(1)
-6(1)

C(21)
27(1)
36(1)
29(1)
2(1)
-5(1)
-3(1)

C(22)
25(1)
37(1)
32(1)
4(1)
1(1)
-6(1)

C(23)
27(1)
29(1)
33(1)
4(1)
-1(1)
-7(1)

C(24)
35(1)
33(1)
32(1)
1(1)
0(1)
-8(1)

C(25)
39(1)
35(1)
38(1)
0(1)
10(1)
-6(1)

C(26)
31(1)
41(1)
43(1)
6(1)
10(1)
2(1)

C(27)
24(1)
44(1)
37(1)
8(1)
3(1)
-2(1)

C(28)
64(2)
36(1)
40(1)
-1(1)
-21(1)
7(1)

C(29)
32(1)
42(1)
61(2)
-11(1)
-14(1)
-1(1)

C(30)
39(1)
35(1)
27(1)
1(1)
1(1)
-13(1)

Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2 x 103) for 5.

  Atom
  x
  y
  z
 U(eq)

                             





H(2)
4739
104
-320
48

H(3)
7021
642
-215
45

H(6)
5948
-725
-1384
36

H(8A)
12409
987
-646
74

H(8B)
12452
1948
-537
74

H(8C)
11265
1610
-838
74

H(10)
13131
2100
31
41

H(11)
13554
2571
655
40

H(13)
9547
1822
979
37

H(14)
9132
1340
359
37

H(16)
14004
2229
1273
35

H(18)
13051
3723
2200
38

H(21A)
10009
3687
1117
37

H(21B)
8720
3105
1278
37

H(24)
10880
4606
2467
40

H(25)
8922
5528
2488
44

H(26)
7209
5549
1992
46

H(27)
7390
4625
1469
42

H(28A)
14281
2169
2366
70

H(28B)
14612
1588
1999
70

H(28C)
12974
1724
2141
70

H(29A)
15253
3621
1632
67

H(29B)
15982
2730
1684
67

H(29C)
15663
3291
2058
67

H(30A)
9473
1786
1585
51

H(30B)
9151
2406
1937
51

H(30C)
10596
1856
1939
51

H(1)
9940(30)
504(17)
-855(8)
54(8)
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