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The Crystal Structure of Tetra(pyridine oxide)eopper(II) Fluoroborate 

By J. D. LEF. D. S. BROWN, AND B.G.A.  MELSOM* 

Department of Chemistry, Loughborough University of Technology, Loughborough, Leicestershire, England 

(Received 18 July 1968 and in revised form 20 September 1968) 

The crystal and molecular structure of tetra(pyridine oxide)copper(II) fluoroborate Cu(PyO)4(BF4)2 
have been determined from three-dimensional X-ray diffraction data. The crystals are dark green in 
colour, monoclinic, space group P21/e, and the unit-cell dimensions are a=9"59/~, b=  14"30/~, c= 
10.69 A,, ,6= 122o0 '. The structure was refined by Fourier and full-matrix least-squares methods on 
1019 independent observed reflexions to R =  9-1%. The structure is centrosymmetrical about the copper. 
The four pyridine oxide molecules are bonded to the copper and form a 'swastika' arrangement. The 
oxygen atoms from the four pyridine oxide molecules form a square planar arrangement around the 
copper, with Cu-O bond lengths of 1.91 and 1"93 A,. The planes through the heterocyclic rings make 
an angle of 82"8 ° with each other, and the rings are inclined at 89"9 ° and 78.9 ° respectively to the 
square plane of copper and oxygen atoms. The fluoroborate ions are almost tetrahedral, and occupy 
approximately octahedral positions round the copper. There is no coordination between fluoroborate 
and copper since no fluorine atoms are in favourable geometric positions and the closest fluorine to 
copper approach is 3.34 A.. 

Experimental 

A sample was kindly provided by Dr B . J .Ha thaway  
(University of Essex). The crystals were dark green in 
colour, and were in the form of hexagonal  plates. 
Three-dimensional  Weissenberg data were collected for 
a crystal of m a x i m u m  dimension 0 . 4 m m ,  rotating 
about  its b and c axes. 1019 independent  reflexions 
were observed photographically.  Intensities were meas- 
ured visually and were converted to [F2I and [FI by 
applying Lorentz and polarization corrections. No cor- 
rections were made for absorpt ion or extinction. 

* Present address: British Petroleum Research Centre, 
Sunbury on Thames, Middlesex, England. 
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Fig. 1. The environment of the copper atom. 

Crystal data 
Cu(CsHsNO)4(BF4)2, M =  617.6. 
Monoclinic,  a=9 .59 ,  b=14.30 ,  c =  10.69 all +0.02 A, 
f l =  12200 ' + 30'. 
U =  1243.3 A 3, Z = 2 ,  Dra= 1"71 g.cm -3, De= 1.649 
g.cm -3, F(000) = 622, Cu K~., 2 =  1.542 A, /z=22.1  cm -1 
Absent  reflexions hOl when l is odd, 0k0 when k is odd;  
Space group P21/c 

Structure analysis 

In view of the similarity in cell dimensions,  space group 
and X-ray intensities between Cu(PyO)4(BF4)2 and 
Cu(PyO)4(CIO4)2 (Lee, Brown & Melsom, 1969), it was 
assumed that  the two had  basically the same structure 
Accordingly, structure factors were calculated for the 
fluoroborate structure with the use of atomic coordi- 
nates obtained from the perchlorate refinement. The 
copper a tom was included as Cu + and its scattering 
factors were obtained from International Tables for 
X-ray Crystallography (1962). The scattering factors 
for the remaining atoms were those of Hanson,  Her- 
man,  Lea & Skil lman (1964). The first value of the 
reliability index R was 24"0% based on the 1019 ob- 
served reflexions. Positional parameters  and isotropic 
temperature factors were refined initially on an IBM 
1620 computer  by use of a block diagonal  least-squares 
program written by G. S. D. King (Union Carbide Ltd.). 
All reflexions were given unit weights. 

The final part  of  the refinement was carried out on 
the SRC Atlas computer  at Chilton, with the use of 
full-matrix least-squares program in the X-ray 63 sys- 
tem. The same scattering factors were used as previous- 
ly, but  those for Cu + were modified by applying both  
real and imaginary parts of  dispersion corrections. 
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The final weighting scheme used was 

1 

2 
2A + I f  ol + --ff Ifol 2 

with chosen values of A = 7.0 and B = 100. Anisotropic 
thermal  mot ion  was allowed initially for copper atoms 
and later for the fluorine atoms as well. I t  was noted 
f rom the correlation matr ix  when R = 10.1%, that  there 
was some dependence between the x and z coordinates 
of  each atom, so in the final stages alternate cycles of 
least-squares refinement were carried out in which the x 
or z coordinates were not allowed to refine. Conver- 
gence occurred giving a final agreement  factor  of  
R = 9 . 1 % .  The final atomic parameters  are given in 

Tables 1 and 2 '  the observed and calculated structure ' j  
factors are given in Table 3, and agreement  analysis is 
shown in Table 4. 

Discussion 

A view of the structure is shown in Fig. 1, and the 
principal bond lengths and angles together with their 
s tandard  deviations are given in Tables 5 and 6. The 
structure is basically the same as the crystal structure of  
Cu(PyO)4(C104)2 (Lee, Brown & Melsom, 1969) with 
BF i- replacing C10 i- in the lattice. Oxygen atoms f rom 
four pyridine oxide molecules are involved in square 
p lanar  coordinat ion with the copper. The four  pyridine 
oxide molecules are in the same 'swast ika '  a r rangement  
as in the perchlorate structure,  and bond lengths and 
angles in them do not  differ significantly. The planes 

Table 1. Final coordinates and standard deviations 

x/a y/b z/c G(x/a) a(y/b) a(z[# 
Cu 0"0000 0"0000 0"0000 - -  - -  
F(1) -0"2420 0"0207 -0"3874 0"0015 0"0008 0"0014 
F(2) -0"1563 0"1644 -0"3689 0"0011 0"0009 0"0010 
F(3) -0"3006 0"1291 -0"2667 0"0011 0"0009 0"0009 
F(4) --0"4204 0"1374 -0"5045 0.0010 0"0009 0"0009 
B -0"2841 0"1139 -0'3828 0"0021 0"0015 0"0019 
N(1) 0"0985 0"1825 0"0914 0"0010 0"0007 0"0009 
N(2) 0"2271 -0"0082 - 0"0918 0"0010 0"0007 0-0010 
O(1) 0"0090 0"1156 0"0966 0"0010 0"0006 0"0008 
0(2) 0"1763 0"0449 -0"0173 0'0010 0"0007 0"0009 
C(1) 0"0336 0"2420 -0"0287 0"0014 0"0010 0"0014 
C(2) 0"1275 0"3077 -0"0371 0-0016 0"0011 0"0014 
C(3) 0"2903 0"3208 0'0767 0"0015 0"0010 0'0015 
C(4) 0-3531 0"2620 0"1966 0"0016 0"0011 0"0015 
C(5) 0"2568 0"1918 0"2027 0"0015 0"0010 0"0014 
C(6) 0"1745 0"0166 -0"2281 0"0015 0"0010 0-0014 
C(7) 0'2301 -0"0313 -0"3067 0"0016 0"0011 0"0015 
C(8) 0"3375 -0"1026 -0"2404 0"0017 0"0012 0"0015 
C(9) 0"3890 -0"0757 -0"0954 0"0018 0"0012 0"0016 
C(10) 0.3311 -0"0757 -0"0189 0"0015 0"0010 0"0014 

B 
(A 2) 

C u  
F(1) 
F(2) 
F(3) 
F(4) 
B 5"20 
N(1) 3"45 
N(2) 3"66 
O(1) 4"19 
0(2) 4-70 
C(1) 3.97 
C(2) 5-00 
C(3) 4"86 
C(4) 4"97 
C(5) 4"31 
C(6) 4"46 
C(7) 5"03 
C(8) 5.73 
C(9) 5.96 
C(10) 4.56 

Table 2. Final temperature factor parameters 

BI1 B22 B33 B12 B13 B23 
4"22 2"83 4"77 --0"44 3"27 --0"78 

12"61 6"78 15"60 2"18 9"09 1"79 
7"52 10"46 8"59 -- 1"54 5"04 --0"31 
8"43 13"57 5"73 --2"33 4"56 --2"74 
5"41 11"38 5"90 2" 14 2"27 2"04 
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Table 3. Observed and calculated structure factors 

h k 1 FO Fc h k 1 Fo Fc h k 1 Fo Fc h k 1 Fo FC h k 1 Fo FC h k 1 Fo FC 

0 4 0 24 .8  2 7 . 0  0 13 1 16.2 16.5 -2  11 1 23 .6  24 .4  1 15 2 9 .9  9 . 6  2 13 3 19,7 17.5 -8  7 3 18 ,2  23 .8  
0 6 0 9 4 . 1  9 4 . 2  0 14 1 11 .3  8 . 5  -2  I7 1 13 .3  12 .8  1 16 2 1 3 . 4  10 .9  2 14 3 9 . 9  8 . 3  -9  1 3 1 2 . 1  1 3 . 3  
0 8 0 5 2 . 0  5 9 . 2  0 15 1 15 .7  13 .8  -3  1 1 4 4 . 5  4 9 . 7  1 2 2 5 8 . 9  6 6 . 0  2 15 3 7 . 3  7 . 1  - 9  2 3 1 2 . 9  - 1 2 . 1  
0 10 0 36 .2  36 .4  0 17 1 12.5 12.3 -3 2 1 2 .4  1.8 0 7 2 5 .9  - 6 . 3  3 1 3 12.1 10 .6  -9  3 3 10 .6  12 .6  
0 12 0 19.5 18.2 1 1 1 8 5 . 5  90 .8  -3  3 1 22 .3  22 .4  0 8 2 18.9 16.9 3 2 3 26 .7  - 2 9 . 6  -9  4 3 6 . 1  6 .7  
0 16 0 22 .6  19.3 1 2 1 31 .1  - 3 4 . 2  -3 4 1 37 .6  - 3 9 . 6  0 10 2 11 .6  15 .2  3 3 3 34 .9  36 .1  -1  0 4 4 1 , 4  - 3 6 ° 7  
1 2 0 40 .7  43 .4  1 3 1 8 9 . 0  94 .2  -3  5 1 29 .7  30 .9  0 11 2 24 .4  - 9 . 4  3 4 3 5 . 0  - 2 . 9  0 0 4 60 .1  60 .4  
1 3 0 103.3 112.9 1 5 1 40 .3  38 .0  -3  7 1 32 .2  30 .4  0 12 2 18.3 18 .9  3 6 3 15 .6  16.1 1 0 4 3 2 . 0  29 .2  
1 4 0 87 .7  88 .3  1 6 1 4 .3  - 6 . 5  -3 9 1 23 .2  24 .5  0 13 2 8 . 0  - 6 . 6  3 7 3 13 .9  15.1 2 0 4 17 .0  15 .6  
1 5 0 27 .1  - 2 8 . 7  1 7 1 39 .8  4 1 . 0  -3  10 1 9 .2  - 1 0 . 2  0 14 2 13 ,9  13 .2  3 9 3 28 .5  2 6 . 0  3 0 4 11 .7  11 .9  
1 6 0 59 .5  56 .7  1 8 I 19 .2  - 1 6 . 4  -3  11 1 22 .6  24 .6  0 15 2 5 .7  6 . 0  3 10 3 10 .2  - 8 . 3  0 1 4 10 .6  10 .3  
1 7 0 3 2 . 4  - 2 7 . 9  i 9 i 4 5 . 0  4 4 . 7  -3  12 i 8 . 7  - 7 . 7  0 16 2 1 5 . 6  1 4 . 5  3 12 3 7 . 6  7 . 4  0 2 4 4 2 , 8  3 8 . 6  
I 8 0 21.2 20.5 1 i0 I 11.0 -10.2 -3 13 i 20.1 17.0 0 18 2 6.3 7.1 3 13 3 15.3 15,1 0 3 4 33.9 -30.9 
1 9 0 2 4 . 4  2 6 . 5  1 11 1 1 2 . 1  1 3 . 9  -3  15 1 1 1 . 0  1 0 . 7  0 2 2 3 5 . 2  4 1 . 3  4 1 3 1 9 . 9  1 9 . 5  0 4 4 3.5.4 3 4 . 7  
1 I0 0 29.1 29.2 I 13 1 20.2 17.4 -3 17 1 7.8 7.4 0 3 2 25.9 -31.4 4 2 3 15.6 18.5 0 5 4 15.6 11.7 
1 I I  0 6 . 9  8 . 5  1 16 I 6 . 1  7 . 0  -4  1 1 5 7 . 8  5 9 . 0  3 0 2 1 1 . 9  4 . 8  4 3 3 1 6 . 5  1 6 . 7  0 7 4 8 . 7  - 9 . 3  
1 12 0 1 8 . 6  1 8 . 4  l 17 1 1 3 . 4  1 2 . 4  - 4  2 1 2 8 . 4  - 2 9 . 0  - I  3 2 1 0 . 2  1 0 . 6  4 5 3 1 9 . 3  2 2 . 1  0 8 4 1 8 , 9  1 8 . 5  
1 15 0 13.2 10.1 2 1 1 51 .8  46 .2  -4  3 1 23 .9  26 .5  -1 4 2 58 .5  7 0 . 0  4 6 3 9 . 4  10 .0  0 11 4 8 . 6  - 6 . 8  
I 16 0 14.8 13.1 2 2 1 61.5 -63.3 -4 4 1 8.8 -8.7 -I 5 2 19.1 20.8 4 7 3 20.4 18.1 0 12 4 13.5 13.2 
1 18 0 5.4 7.0 2 3 1 53.8 52.6 -4 5 1 37.1 37.5 -I 7 2 4.5 5.2 4 9 3 8.9 7.8 i 2 4 45,8 46.0 
2 I 0 64.8 -64.1 2 4 i 8.8 -10.8 -4 6 i 18.7 -21.2 -I 9 2 8.9 7.6 5 I 3 14.5 15.7 I 4 4 80.9 84.7 
2 2 0 33.4 -27.7 2 5 i 39.2 38.4 -4 7 1 39.9 45.1 -I i0 2 19.0 20.3 5 2 3 6.1 -6.5 1 5 4 7.7 -9.2 
2 3 0 65.8 -66.3 2 7 1 40.0 44.2 -4 8 1 14.9 -16.8 -1 12 2 17.1 17.5 5 3 3 16.2 15.5 1 6 4 13.2 14.1 
2 4 0 2.1 -2.1 2 8 1 6.9 -8.3 -4 9 1 37.7 36.8 -I 16 2 14,1 12.3 5 5 3 25.9 27.5 1 7 4 12.0 -12.0 
2 5 0 10.5 11.7 2 9 i 33.4 35.1 -4 11 1 20.5 16.5 -2 2 2 27.6 27.5 5 6 3 13.8 14.2 1 8 4 19.9 21,0 
2 6 0 5.1 -7.6 2 II 1 19.3 16.9 -4 13 1 16.4 12.6 -2 3 2 24.1 -21.7 5 Ii 3 9.7 10.3 1 9 4 10.8 -9.6 
2 8 0 38.6 40.8 2 13 1 9.5 9.2 -4 15 1 11.9 12.7 -2 4 2 4.1 -7.3 6 5 3 11.9 11.6 1 10 4 15.4 12,4 
2 9 0 3.0 3.0 2 15 1 8.4 7.3 -4 17 1 5.9 7.9 -2 7 2 26.4 30.0 -i 2 3 58.4 -53.2 1 11 4 8.1 -9.3 
2 I0 0 12.0 12.9 2 16 1 8.2 6.2 -5 1 I 50.0 55.2 -2 8 2 48,4 54.2 -I 3 3 57.2 48.2 i 12 4 10.1 i0.0 
2 11 0 9.8 -8.7 2 17 1 8.8 8.1 -5 3 1 31.7 34.4 -2 i0 2 31.5 30.9 -1 4 3 26.2 25.2 1 14 4 11.0 10.3 
2 12 0 13.6 15.2 3 1 1 44.1 43.6 -5 5 1 17.9 18.2 -2 II 2 i0.0 -7.7 -i 5 3 52.9 46.9 2 I 4 26.5 -28.6 
2 14 0 13.2 12.9 3 2 1 27.2 -26.8 -5 6 1 10.7 12.2 -2 12 2 14.1 10.8 -I 6 3 9.4 -10.5 2 2 4 24.9 23.5 
2 16 0 11.9 10.4 3 3 I 6.7 -8.2 -5 7 1 18.7 20.0 -2 14 2 10.3 7.4 -1 7 3 37.0 41.0 2 3 4 15.4 -19.1 
2 18 0 6.0 7.5 3 4 1 8.8 9.3 -5 8 I 10.2 -10.5 -2 16 2 12.7 12.0 -1 9 3 21.9 23.3 2 4 4 36.8 35.6 
3 1 0 5.1 -5.7 3 5 1 3.2 -2.2 -5 9 1 38.5 37.0 -3 7 2 27,1 29.8 -I 10 3 I0.0 10.6 2 5 4 10.0 11.7 
3 2 0 2.2 1.6 3 6 1 15.8 13.9 -5 II 1 13.5 12.7 -3 8 2 40.9 46.2 -i 11 3 10.4 13.4 2 6 4 24,2 29.5 
3 3 0 5.6 3.5 3 7 1 19.1 20.9 -5 15 1 9.0 7.7 -3 9 2 15,5 -17.5 -I 12 3 24.2 -23.2 2 8 4 18.0 19.8 
3 4 0 14.3 -11.2 3 9 1 36.0 35.2 -6 1 1 22.5 24.9 -3 I0 2 27.6 33.4 -I 13 3 10.2 11.8 2 I0 4 9.9 12.0 
3 5 0 34.4 -33.3 3 i0 1 8.6 6.7 -6 3 1 29.1 33.4 -3 II 2 10,2 -7.5 -2 2 3 80.2 -76.4 2 12 4 14.0 12.8 
3 6 0 18.7 -16.8 3 ii 1 12.6 13.2 -6 4 1 13.4 -15.1 -3 12 2 27.9 29.3 -2 3 3 13.7 -14.2 2 14 4 10.9 8.8 
3 8 0 51.5 52.0 3 13 1 12.1 I1.9 -6 6 1 27.4 23.9 -3 14 2 18.8 15.5 -2 4 3 57.5 54.1 3 1 4 6.6 5.1 
3 9 0 6 . 4  - 5 . 9  3 15 1 11.4 1 1 . 3  -6  7 1 1 3 . 9  i i . I  -3  16 2 1 3 . 3  1 1 . 3  - 2  5 3 7 7 . 9  7 5 . 7  3 4 4 8 . 8  9 . 9  
3 I0 0 22.2 24.5 3 17 1 6.4 5.9 -6 8 1 9.4 8.3 -3 4 2 68.9 75.2 -2 6 3 11.2 9.0 3 8 4 16.8 13,7 
3 11 0 8,6 -6.9 4 I 1 11.6 11.0 -6 9 1 9.1 10.7 -3 2 2 83.6 87.5 -2 7 3 37.8 35.1 3 12 4 15.1 16.0 
3 12 0 19.0 18.9 4 2 I 18.9 20,3 -7 2 i 8.3 8.4 -4 7 2 11.2 -12.8 -2 8 3 4.9 -5.9 3 13 4 6,9 6.i 
3 13 0 8.7 -8.7 4 3 1 10.6 7.4 -7 3 1 26.5 25.6 -4 8 2 39.2 40.0 -2 9 3 18.0 19.5 3 14 4 7.0 8.8 
3 14 0 10.4 9.4 4 4 i 13.4 14.2 -7 7 I 13.2 13.2 -4 9 2 9.7 7.9 -2 ii 3 33.0 35.0 4 4 4 17.3 17.1 
3 16 0 11.5 11.4 4 5 1 20.4 23.7 -7 9 1 14.3 12.2 -4 I0 2 23,0 20.9 -2 12 3 12,6 -14.1 4 7 4 12,4 10.9 
4 I 0 3 0 . 7  - 2 7 . 9  4 7 I 1 8 . 2  1 4 . 1  -8  1 1 1 9 . 5  1 8 . 9  - 4  I I  2 1 0 . 5  - 9 . 3  - 2  13 3 9 , 9  1 3 . 7  4 8 4 8 . 8  9 . 1  
4 2 0 64.9 64.8 4 8 1 10.3 6.9 -8 4 1 8.4 7.3 -4 12 2 24.9 24.9 -2 15 3 14.9 16.0 4 12 4 7,3 8.3 
4 3 0 29.8 35.2 4 9 1 22.1 20.0 -8 7 1 16.4 15.3 -4 16 2 10.0 9.9 -3 1 3 45,i 42.6 5 2 4 10.3 II.4 
4 4 0 46.3 48.7 4 Ii 1 12.3 13.0 -8 9 I 16.2 15.7 -5 8 2 20.9 21.9 -3 2 3 10.1 7.8 5 4 4 16.3 17.4 
4 5 0 16.5 19.8 4 13 1 16.0 14.2 -8 12 i 5.8 -6.5 -5 ii 2 12.2 -11.8 -3 3 3 4.0 -2.2 5 6 4 17,8 15.7 
4 6 0 26.8 26.2 5 I 1 26.6 27.8 -9 1 1 14.9 12.2 -5 13 2 6.7 6.3 -3 4 3 6.9 -7.6 -I 2 4 29.8 25.1 
4 8 0 40.1 38.8 5 2 1 19.9 -21.0 -9 2 1 6,8 -8.5 -7 10 2 13.6 11.4 -3 5 3 62.3 59.8 -I 3 4 15.9-15.6 
4 10 0 27.6 26.5 5 3 1 22.9 27.3 -9 5 1 9.6 8.9 -7 8 2 22,8 25.2 -3 6 3 20.9 20.2 -i 4 4 49.4 45,4 
4 12 0 10.8 10.7 5 5 1 21.8 20.4 -9 7 1 9.4 8.1 -7 6 2 12.6 12.6 -3 7 3 16.1 17.0 -1 5 4 33.4 31.4 
5 1 0 12 .8  - 9 . 9  5 6 1 17.1 18.1 -9  9 1 6 . 4  5 . 9  -7  3 2 10 .1  - 8 . 3  -3  9 3 30 .4  30 .9  -1  6 4 3 2 . 3  28 .2  
5 2 0 53.9 51.2 5 7 1 25.7 23.5 -I0 1 I 6,6 5.8 -8 8 2 15.6 15.1 -3 II 3 37.5 38.7 -i 7 4 29,6 31.4 
5 3 0 7.5 6.7 5 8 i 11.5 10.2 -i0 7 I 5.6 5.5 -8 I0 2 13.6 14.9 -3 12 3 8.4 ii.0 -I 8 4 18.6 17.I 
5 4 0 3 7 . 5  3 5 . 5  5 9 I 1 6 . 8  1 4 . 7  6 4 2 1 7 . 6  1 9 . 2  - 9  8 2 I I . I  9 . 1  - 3  13 3 1 7 . 7  2 0 . 6  - i  9 4 1 7 . 3  1 6 . 1  
5 5 0 18.6 18.5 5 I0 I 7.1 -6.5 6 6 2 12.3 9.6 -9 I0 2 10.4 9.8 -3 14 3 7.5 5.6 -i i0 4 13.0 13.2 
5 6 0 19.8 19.8 5 Ii i 9.1 7.3 6 7 2 14.7 11.4 0 i 3 78.0 74.6 -4 1 3 50.2 45.5 -I 12 4 14.2 16.9 
5 8 0 34.8 37.2 5 15 1 4.9 6.3 5 6 2 7.2 6.1 0 2 3 29.2 -25.8 -4 2 3 21.7 -22.4 -i 14 4 7,7 10.4 
5 9 0 14.8 15.2 6 1 1 37.9 39.9 5 7 2 16.3 15.0 0 3 3 79,4 79,5 -4 3 3 58,5 55.8 -2 2 4 28,8 25.2 
5 I I  0 9 . 0  9 . 5  6 2 1 7 . 3  4 . 9  5 8 2 2 6 . 8  2 9 . 0  0 4 3 3 . 6  4 . 7  - 4  4 3 4 0 . 3  - 3 7 . 7  - 2  3 4 3 4 , 8  3 2 . 1  
6 2 0 19.9 23.9 6 3 1 16.2 16.5 4 7 2 11.8 11.9 0 5 3 38.6 35.1 -4 5 3 26.4 26.8 -2 4 4 72,7 65.4 
6 4 0 16.5 14.9 6 4 1 8.3 -5.7 4 8 2 28,4 35.2 0 6 3 26.9 25.7 -4 6 3 36,8 37.5 -2 5 4 25.2 24.5 
6 7 0 20.9 20.4 6 7 1 17.7 14.1 4 I0 2 10.5 9.8 0 7 3 19.3 17.1 -4 7 3 31,5 33.1 -2 6 4 44,3 44,3 
6 8 0 1 7 . 7  1 6 . 8  6 9 1 1 3 . 9  1 4 . 2  4 I I  2 1 1 . 6  - 1 0 . 6  0 8 3 9 . 0  7 . 7  - 4  8 3 7 . 3  5 . 4  - 2  7 4 2 6 , 5  2 2 . 0  
6 9 0 7.0 -7.I 7 3 1 16.2 15.6 4 12 2 13.9 12.2 0 9 3 13.3 14.2 -4 9 3 32.8 35.0 -2 8 4 38.2 40.4 
6 12 0 9 . 0  8 . 7  7 5 1 1 3 . 1  9 . 9  4 14 2 1 0 . 8  8 . 5  0 I 0  3 7 . 0  - 7 . 2  - 4  I I  3 1 6 . 9  1 7 . 4  - 2  9 4 1 4 . 9  1 7 . 5  
7 4 0 6.6 -5.1 7 9 I 10.4 8.2 3 7 2 9.6 8.7 0 13 3 16.4 18.3 -5 I 3 24.6 24.2 -2 i0 4 18.1 18.5 
7 5 0 10.2 -9.5 -I 3 1 39.4 -39.3 3 8 2 16.5 15.1 1 1 3 49.3 47.9 -5 3 3 58.1 60.8 -2 12 4 25.2 26.5 
7 6 0 13.0 14.6 -I 4 1 24.9 25.4 3 9 2 13.4 11.6 i 2 3 10.5 i0. I -5 4 3 22.1 -22.0 -2 13 4 9.1 9.5 
7 8 0 II.6 i0. i -i 5 1 39.2 38.1 3 I0 2 13.2 i0.0 1 3 3 17.2 18.2 -5 5 3 28.4 33.5 -2 14 4 15.0 13.8 
7 9 0 13.7 -14.3 -I 6 1 12.9 11.3 3 ii 2 6.1 -6.4 1 4 3 5.8 -4.2 -5 6 3 5.2 3.9 -3 1 4 12.0 -8.7 
7 10 0 10.3 9.3 -I 7 1 52.9 49.2 3 12 2 16,8 14.5 1 5 3 21.4 22.3 -5 7 3 12.1 12.9 -3 2 4 47,0 43.3 
8 4 0 10 .0  9 , 6  -1  8 1 31 .5  31 .9  3 14 2 12 .1  11.2 1 6 3 11 .4  9 .8  -5  10 3 16 ,8  - 1 7 . 1  -3  3 4 4 5 . 4  - 3 9 . 7  
8 5 0 8 . 3  - 9 . 4  -1  9 1 22 .5  26 ,7  2 8 2 3 4 . 6  39 .5  1 7 3 35 .8  3 8 . 5  -6  1 3 4 0 . 4  43 .3  -3  4 4 46°7 4-1.8 
8 6 0 9.3 10.6 -I I0 i I0.i 11.5 2 I0 2 13.8 15.6 I 8 3 9.0 9.3 -6 2 3 12.7 12.5 -3 5 4 22.9 17.I 
9 1 0 6 .2  - 5 . 1  -1  11 1 19 .3  2 0 . 0  2 11 2 6°9 7 . 2  1 9 3 13 .5  14 .9  -6  4 3 15 .9  - 1 9 . 2  -3  6 4 4 2 . 9  4 6 . 4  
9 2 0 7 . 1  8 . 4  -1  15 1 11 .7  11.1 2 12 2 15 .8  15 .4  1 13 3 19 .3  15.8 -6  5 3 17 .4  19 .2  -3  7 4 1 9 . 0  - 1 7 . 6  
9 3 0 3 . 3  2 . 8  - I  17 I 1 1 . 6  1 2 . 7  2 13 2 1 2 . 2  9 . 6  2 I 3 2 2 . 8  - 2 2 . 7  - 7  I 3 1 8 . 2  1 9 . 2  - 3  8 4 2 0 , 9  2 1 . 1  
9 4 0 8.7 6.0 -I 18 1 4.2 -3.5 2 14 2 10.4 7.0 2 2 3 11.9 -11.4 -7 3 3 20.6 25.2 -3 9 4 6.9 9.8 
0 3 1 99 .0  100.1  -2  1 1 66 .8  67 .9  2 15 2 10 .4  7 . 3  2 3 3 58 .3  58 .0  -7  4 3 10 .9  - 8 . 9  -3  10 4 2 2 . 6  27 .3  
0 5 1 21.I 19.3 -2 2 1 3.7 -5.8 2 16 2 9.6 7.3 2 4 3 16.8 -18.3 -7 5 3 11.2 12.2 -3 ii 4 6.6 -9.8 
0 6 I 1.2 0.8 -2 3 1 46.3 -41.8 1 7 2 12.1 -11.8 2 5 3 24.5 24.0 -7 6 3 16.3 18.5 -3 12 4 24.0 27.8 
0 7 1 13.1 15.0 -2 4 1 14.5 14,8 1 8 2 47,7 50.3 2 6 3 4.9 -4.3 -7 7 3 20.6 25.1 -3 14 4 13,7 13.8 
0 8 1 16.2 18.3 -2 5 1 42.9 41.8 1 9 2 7.7 6.0 2 7 3 8.7 8.4 -7 9 3 18.0 20.8 -4 1 4 30.5 -31.2 
0 9 i 38.1 35.4 -2 6 1 47.3 46.0 1 I0 2 21.7 25.0 2 8 3 6.0 6.4 -8 1 3 14.6 14.0 -4 3 4 45.3 -41.7 
0 10 1 7 . 7  7 . 6  -2  7 1 2 4 . 0  2 9 . 0  1 11 2 8 . 0  - 5 . 6  2 9 3 26 ,7  28 .2  -8  3 3 28 .2  29 .5  -4  4 4 15 .5  17 .1  
0 II I 17.5 19.8 -2 9 I 29.3 31.5 I 12 2 17.4 17.0 2 Ii 3 14.6 15.2 -8 4 3 8.3 7.6 -4 5 4 16.7 -14.4 
0 12 I 10.8 -8.7 -2 I0 1 i i . I  -14.2 1 14 2 13.3 10.4 2 12 3 5.8 -3.7 -8 5 3 13.1 11.2 -4 6 4 43.5 49.5 
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Table 3 (cont.) 

h k 1 Fo Fc h k 1 FO FC h k 1 FO Fc h k 1 Fo FC 

-4 7 4 22.1 -19.4 4 ii 5 7.4 7.3 4 0 -2 67.0 64.5 i0 1 -7 15.9 12.9 
-4 9 4 5.3 -5.8 5 5 5 13.7 13.4 5 0 -2 72.6 70.2 Ii 1 -7 8.7 8.3 
-4 I0 4 15.1 12.8 -i 1 5 12.1 9.0 6 0 -2 15.1 14.6 3 i -8 11.2 -13.8 
-4 11 4 6.7 -8.4 -i 2 5 6.7 8.6 7 0 -2 26.4 27.0 6 1 -8 8.6 -8.4 
-5 1 4 11.4 -10.2 -1 3 5 26.6 22.0 9 0 -2 13.4 11.0 7 1 -8 7.9 -7.5 
-5 2 4 16.7 15.1 -1 4 5 26.6 22.9 10 0 -2 9.9 11.1 1 1 -9 16.6 19.2 
-5 3 4 19.4 -16.8 -1 5 5 27.9 26.8 1 0 -4 37.8 -36.7 2 1 -9 16.5 10.8 
-5 4 4 36.3 33.5 -1  6 5 12.9 10.3 2 0 -4 41.2 42.2 4 1 -9 10.6 13.5 
-5 5 4 18.5 19.7 -I 7 5 27.9 28.8 3 0 -4 75.8 82.5 5 1 -9 39.~ 34.6 
-5 6 4 17.5 19.6 -I 8 5 13.9 15.3 4 0 -4 30.1 29.6 6 1 -9 32.6 26.0 
-5 9 4 10.3 -12.1 -i 9 5 18.9 18.1 5 0 -4 19.5 21.1 8 1 -9 17.6 16.7 
-6 1 4 16.6 15.9 -1 10 5 12.9 15.3 6 0 -4 26.0 22.9 9 1 -9 19.8 17.7 
-6 2 4 53.5 56.0 -2 2 5 37.2 -37.8 7 0 -4 35.8 34.7 10 1 -9 15.9 14.2 
-6 3 4 5.4 -3 .3  -2 3 5 59.3 56.3 11 0 -4  9.8 7.8 11 1 -9  15.9 13.5 
-6 4 4 36.7 41.2 -2 4 5 44.5 44.6 1 0 -6 21.2 22.7 7 i -11 12.1 9.5 
-6 5 4 13.2 14,7 -2  5 5 32.7 32,6 2 0 -6 32.5 30,2 8 1 -11 17.0 16.2 
-6 6 4 18.5 16.0 -2 6 5 20.7 23.7 3 0 -6 20.3 -21.5 9 1 -11 15.8 15.3 
-6 7 4 6.4 8.6 -2 7 5 16.5 16.5 4 0 -6 4.8 -5.7 10 1 -11 12.8 11.3 
-6 8 4 9.2 12.9 -2 8 5 8.8 -11.3 5 0 -6 67.6 66.1 11 1 -11 7.4 8.4 
-6 9 4 11.4 13.6 -2 9 5 22.1 24.4 6 0 -6 35.4 32.8 5 2 -12 11.4 12.1 
-6 i0 4 23.0 22.3 -3 2 5 5.3 4.5 7 0 -6 1.2 -0.6 6 2 -12 11.4 10.8 
-7 2 4 28.4 32.9 -3 3 5 48.8 45.1 8 0 -6 9.7 9.1 7 2 -12 9.4 9.5 
-7 3 4 6.2 -7.3 -3 4 5 18.3 -16.4 9 0 -6 20.0 16.8 8 2 -12 14.0 14.5 
-7 4 4 24.5 28.1 -3 5 5 50.8 65.0 1 0 -8 11.5 9.4 9 2 -12 9.5 i0.0 
-7 5 4 7.2 7.0 -3 6 5 26.9 -29.0 5 0 -8 26.5 29.3 8 2 -11 8.0 5.8 
-7 6 4 33.2 36.2 -3 7 5 15.9 13.0 6 0 -8 40.8 38.9 5 2 -I0 27.6 25.2 
-7 7 4 14.3 18.8 -4 I 5 49.2 45.0 7 0 -8 28.5 28.4 6 2 -i0 10.9 12.7 
-7 8 4 13.4 19.5 -4 2 5 3.1 -2.1 I0 0 -8 13.6 11.2 8 2 -I0 14.6 14.1 
-8 1 4 11.3 11.1 -4 3 5 15.9 4.2 11 0 -8 8.4 8.2 9 2 -10 20.0 17.0 
-8 2 4 11.4 13.7 -4 4 5 41.1 -38.6 3 0 -10 13.7 14.7 10 2 -10 15.3 13.9 
-8 4 4 23.7 26.6 -4 5 5 47.9 57.4 4 0 -10 10.5 10.7 1 2 -9 16.6 -16.5 
-9 1 4 9.0 7 .5  -4  7 5 28.3 29.8 5 0 -10 36.2 32.3 4 2 -9 6.9 - 7 . 4  
-9 2 4 12.3 15.4 -5 I 5 29.0 29.6 6 0 -i0 10.5 12.0 5 2 -9 12.2 -11.2 
-9 3 4 8.5 -7.9 -5 2 5 12.0 11.4 7 0 -i0 3.5 2.1 6 2 -9 10.9 10.4 
-i0 I 4 8.3 -11.8 -5 3 5 37.4 38.8 8 0 -10 18.1 13.6 7 2 -9 9.3 -6.9 
0 1 5 18.1 18.5 -5 4 5 9.0 -9.7 9 0 -10 20.4 19.3 8 2 -9 16.5 -13.2 
0 2 5 13.3 -11.2 -6 5 5 37.6 39.0 10 0 -10 16.6 14.1 1 2 -8 21.9 25.2 
0 3 5 50.9 48.7 -5 6 5 14.4 18.0 11 0 -10 11.5 10.3 2 2 -8 20.6 19.0 
0 4 5 12.7 8.7 -6 1 5 38.5 42.4 9 0 -12 11.6 11.4 3 2 -8 21.3 25.2 
0 5 5 33.4 30.4 -6 3 5 27.3 32.3 i0 0 -12 13.7 12.8 4 2 -8 19.5 20.9 
0 6 5 6.1 6.3 -6 5 5 26.9 27.6 5 0 -12 12.8 7.7 5 2 -8 25.9 25.8 
0 8 5 9.6 9.5 -7 1 5 12.6 16.3 11 1 -5 14.7 14.6 6 2 -8 24.2 28.3 
0 Ii 5 13.8 16.1 -7 3 5 25.2 30.7 3 1 -5 20,2 23.4 7 2 -8 12.3 12.4 
1 I 5 42.9 40.9 -7 5 5 30.5 33.0 2 i -5 2.8 -3.3 8 2 -8 12.8 15.2 
i 2 5 12.1 -11.8 0 0 2 96.1 97.7 2 i -4 33.6 -33.1 9 2 -8 19.5 17.9 
i 3 5 32.8 32.1 0 0 4 63.4 60.4 i i -3 76.2 69.0 I0 2 -8 15.9 13.7 
1 4 5 15.8 12.5 0 0 8 23.0 22.8 2 1 -3 26.4 28.6 11 2 -8 18.2 14.8 
1 5 5 19.9 22.9 0 0 10 15.3 18.1 3 1 -2 33.8 28.1 12 2 -8  7.8 9.2 
i 6 5 6.2 -5.3 2 0 0 82.0 -75.7 4 i -2 41.9 -38.8 i 2 -7 11.8 -14.0 
1 7 5 23.6 23.9 3 0 0 69.4 65.8 6 1 -2 12,8 12.8 2 2 -7 14.3 -19 .5  
I 8 5 14.9 -15.3 4 0 0 33.9 38.5 0 I 8 19.0 23.7 3 2 -7 16.3 -16.7 
1 9 5 12.3 12.8 5 0 0 36.6 41.6 0 1 6 10.2 12.0 4 2 -7 23.1 24.0 
2 1 5 9.2 6.3 6 0 0 24,4 27.4 1 1 2 20.9 -24 .1  5 2 -7 15.9 -14 .3  
2 2 5 12.1 11.0 7 0 0 23.0 24.8 1 1 8 14.5 17.7 6 2 -7 9.6 -6.5 
2 3 5 40.8 44.7 8 0 0 13.1 12.1 1 1 7 16.8 16.6 8 2 -7 15.9 -15.1 
2 4 5 18.4 -21.3 9 0 0 9.4 I0.i I 1 6 12.7 17.8 i 2 -6 18.6 21.1 
2 5 5 26,3 2 7 . 3  1 0 2 1 1 3 , 8 1 2 4 . 9  2 1 2 19.8 -20 .3  2 2 -6  38,7 37.8 
2 6 5 8.3 -8.2 2 0 2 91.1 97.6 2 1 6 11.7 13.3 3 2 -6 27.5 27.4 
2 7 5 25.4 22.3 5 0 2 23.2 21.5 3 1 2 8.8 -9.5 4 2 -6 26.9 27.1 
2 8 5 2.6 2.1 6 0 2 13.7 12.9 4 1 2 13.4 -15.2 5 2 -6 45.9 40.7 
2 9 5 9 . 5  11 .7  7 0 2 15.8 18.1 5 1 2 5 .2  7 . 0  7 2 -6  13.5 13.9 
2 13 5 13 ,4  16;1 8 0 2 4.9 6,9 6 1 3 16.6 17.0 9 2 -6  13.8 16.6 
3 1 5 8 .9  7.7 1 0 4 23.7 29.2 1 1 -6  24,9 -27 .6  10 2 -6  24,2 24.7 
3 3 5 15.0 14.7 2 0 4 17.6 15.6 2 I -6 6.1 -9.1 II 2 -6 18.5 16.5 
3 4 5 14.8 -18.1 3 0 4 13.3 11.9 3 1 -6 37.5 38.1 9 2 -5 11.5 9.6 
3 5 5 9.9 9.1 5 0 4 15.7 14.4 5 i -6 6.5 -5.1 4 2 -2 32.3 33.8 
3 6 5 16.5 15.0 6 0 4 19.8 19.1 6 1 -6 14.8 -14.2 5 2 -2 22.8 21.1 
3 7 5 9.3 7.1 2 0 6 26.8 28.3 7 1 -6 20.0 -18.0 6 2 -2 30.6 29.9 
3 8 5 7.6 5.2 3 0 6 15.0 12.4 i I -7 7.0 8.3 7 2 -2 21.5 21.7 
3 9 5 8 .4  9.0 1 0 8 11.0 10.4 2 1 -7 14.0 13.2 8 2 -2  2 4 , 1  21,3 
3 I0 5 6.4 -4.3 2 0 8 13.8 14.6 3 1 -7 35.2 38.4 9 2 -2 13.5 12.9 
3 11 5 9.5 9.9 3 0 8 10.0 9.1 4 1 -7 21.4 20.6 11 2 -4  11.8 10.5 
3 12 5 6.6 6.8 i 0 i0 9.3 13.0 5 i -7 7.6 8.1 i0 2 -4 7.5 10.2 
3 13 5 6.7 8.5 i 0 -2 23.2 16.8 6 i -7 37.5 39.2 0 2 6 17.3 17.0 
4 2 5 16.4 15.8 2 0 -2 91.9 104.4 7 1 -7 9.7 13.1 0 2 8 15,9 19.6 
4 5 5 13.6 11.6 3 0 -2  51.8 50.9 9 1 -7 16.1 16.0 1 2 6 19.3 23.0 

h k 1 Fo Fc h k 1 Fo  F¢ 

2 2 7 12.6 13.5 0 4 6 28.7 32.0 
2 2 6 10.2 9.7 1 4 6 17.1 20.7 
3 2 ~ 16.5 15.3 1 4 2 67.5 58.5 
4 2 2 28.0 27.7 0 4 2 43.8 38.3 
5 2 2 19.7 22.4 1 5 -6 12.8 -13.8 
6 2 2 15.3 15.3 4 5 -6 12.4 -13.3 
2 3 -6 10.7 9.3 5 5 -6 12.0 -11.3 
3 3 -6 1 9 . 7  16.8 1 5 - 7  19.8 20.8 
4 3 -6 11.8 -11.0 2 5 -7 27.9 29.0 
5 3 -6 8.8 -7.1 3 5 -7 16.4 23.0 
6 3 -6 10.4 10.0 4 5 -7 23.4 24.4 
9 3 -6 10.5 7.4 5 5 -7 28.7 29.7 
1 3 -7 21.2 23.8 6 5 -7 16.8 16.9 
2 3 -7 34.2 37.4 7 5 -7 30.7 27.2 
3 3 -7 17.2 17.6 8 5 -7 26.3 22.3 
4 3 -7 21.4 19.8 9 5 -7 14.8 14.2 
5 3 -7 32.3 35.6 10 5 -7 16.1 14.6 
6 3 -7 17.4 15.3 11 5 -7 9.5 9.3 
7 3 -7 26.5 31.4 3 5 -8 8.2 8.4 
8 3 -7 21.0 22.5 5 5 -8 12.1 -12.5 
9 3 -7 11.3 10.8 6 5 -9 12.7 13.3 

10 3 -7 10.1 10.7 7 5 -9 23.0 21.4 
11 3 -7 10.3 12.0 10 5 -9 18.4 17.2 
4 3 -9 13.4 16.7 9 5 -ii 13.7 12.8 
5 3 -9  36.0 36.6 10 5 -5  15.6 13.2 
8 3 -9 27.9 29.9 ii 5 -5 8.8 i0.0 
8 3 -9 6.2 -6.9 2 5 -2 25.2 -22.0 
9 3 -9 10.4 11.6 4 5 -2 40.1 39.6 

10 3 -9 18.6 16.1 5 5 -2 18.5 -17.7 
5 3 -8 8.8 -8.0 6 5 -2 17.3 -16.5 
6 3 -8 11.6 -11.9 7 5 -2 7.2 -8.0 
8 3 - 5  1 7 . 9  1 9 . 1  8 5 - 2  9 . 6  - -8 .2  
9 3 -5  15.9 16.5 5 5 2 8 .2  - 8 . 7  
i0 3 -5 14.2 16.7 4 5 2 16.7 20.9 
11 3 -5 11.6 12.0 3 5 2 9.8 -8.3 
3 3 -2 72.9 62.7 3 5 7 14.1 14.8 
4 3 -2 1 9 . 0  15.1 2 5 7 11.6 13.0 
5 3 -2  23.4 21.9 2 5 2 8 .9  - 6 . 8  
1 3 2 37.7 -35 .4  1 5 2 28,8 25.3 
0 3 7 23.$ 24.8 0 5 7 10.1 11.5 
0 3 6 9.2 12.0 0 5 2 40.3 46.8 
2 3 2 7.2 -7.4 1 6 -6 20.2 21.0 
3 3 2 7 . 8  7 . 5  2 6 - 6  3 2 . 7  3 8 . 7  
4 3 2 8.8 - 9 . 6  3 6 -6  19.2 17.4 
1 4 -6  33.9 36.1 4 6 -8  18.5 21.6 
2 4 -6  14.3 16,8 5 6 -6  34.1 39.4 
3 4 -6  40.8 45.1 6 6 -6  32.2 30.2 
4 4 -6  39.7 43.0 7 6 -6  30.7 28.0 
5 4 -6  26,1 25.6 8 6 -6  20.9 2 1 . 4  
6 4 -6  46.1 45.6 9 6 -6  16,4 14.7 
7 4 -6  22.9 19.5 10 6 -6  8 .6  11,8 
5 4 -7 11.7 -13. 0 5 6 -7 II.I 13.4 
6 4 -7 12.2 -11 .0  7 6 -7  10.7 - 9 . 9  
1 4 -8 17.0 19.3 5 6 -8  26.7 27,4 
2 4 -8 31.8 31.5 6 6 -8  36.6 32.7 
5 4 -8 29.2 26.4 7 6 -8  2 6 , 7  2 5 . 2  
6 4 -8  20.3 21.0 8 8 -8 15.6 14 .7  
7 4 --8 10.8 11.8 9 6 -8  11.3 12.8 

10 4 -8  15.6 13.8 10 6 -8  1 1 . 0  1 2 . 2  
9 4 -10 14,7 11.6 9 6 -10  14.6 1 5 . 0  
9 4 -6  17.6 14.6 10 6 -10  11.1 1 3 . 6  

10 4 -6  20,5 18.1 7 6 -5  14.9 - 9 , 5  
11 4 -6  9 .0  9.9 6 6 -5  13.5 -11 .8  
6 4 -5 7.5 -7.5 8 6 -4 16.7 17.1 
4 4 - 2  6 6 . 5  5 7 . 7  8 6 - 3  7 . 7  - 6 . 0  
5 4 -2  14.4 - 1 4 . 9  2 6 -2  28.6 24.8 
6 4 -2  18,9 21.7 3 6 -2  49.0 4 6 . 9  
7 4 -2  14.1 13,5 4 6 -2  37.8 40 .4  
8 4 -2 17;2 14.2 5 6 -2  27,1 28.5 
5 4 2 14.7 16.7 8 6 -2 17.3 16.1 
4 4 2 21.9 25.8 0 6 2 39.4 39.1 
3 4 6 22.7 24.4 1 6 2 36.5 35.1 
3 4 2 26.6 24.8 2 6 2 30,1 31 .4  
2 4 6 18.1 22.4 2 6 6 14,8 18.8 
2 4 2 32.7 38.4 3 6 2 17.1 18.1 
1 4 8 13.1 14,2 

through the heterocyclic rings make an angle of 82.8 ° (Barclay & Cooper, 1965); and agrees with the nor- 
to each other, and are inclined at 89.9 o and 78.9 o to the mal single bond value of 1.94 A (Pauling, 1960). 
square plane of copper and oxygen atoms. The Cu-O The angles Cu-O(1)-N(1) and Cu-O(2)-N(2) are 
distances of 1-91/k and 1.93 A compare with the Cu-O greater than tetrahedral (116.7 o and 118-6 o respec- 
distances of 1.92 A and 1.93/~ in Cu(PyO)4(C104)2 tively). This may be explained by the repulsive force be- 
(Lee, Brown & Melsom, 1969) 1.89/k and 1.90 A in tween O(1)-N(2), and the similar one between 0(2)-  
bis-(N-t-butylsalicylaldiminato) co pper(II)] (Cheese- N(1) exceeding the repulsions between lone pairs of 
man, Hall & Waters, 1966); 1.90 A in bis(salicylaldi- electrons on the oxygen atoms. On the other hand, 
minato)copper(II) (Baker, Hall & Waters, 1966); Abrahams (1956) has noted that two-bonded oxygen 
1-91 A and 1.94 /k in copper ethyl acetoacetate usually has a bond angle which is tetrahedral or less, 
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Table 4. Agreement analysis 

Fobs R sin 0 R Layer 
0-5 39.5 % 0.00-0.10 - hkO 
5-10 20.9 0.10-0-20 9-7% hkl 

10-15 15.0 0.20-0.30 10.3 hk2 
15-20 14.8 0.30-0.40 8.0 hk3 
20-25 14.4 0.40-0.50 11.7 hk4 
25-30 11.9 0.50-0.60 16-7 hk5 
30-35 11.0 0.60-0.70 14.9 hOl 
35-40 10"4 0.70-0.80 14.7 hll 
40-45 7"9 0"80-0"90 11.9 h2l 
45-50 8-3 0.90-1.00 18.3 h3l 
50-55 7"9 h41 
55-60 7.6 h5l 
60-65 4.6 h61 
65-70 4.4 
70-75 6.9 
75-80 6"6 
80-85 7"7 
85-90 12.9 
90-95 5.1 
95-100 9"5 

R 
7"1% 
7.8 

11"7 
7-8 

10.2 
9"9 
8-2 

11"3 
9"3 

10"0 
10.8 
9-4 
8"8 

Table 5. Bond lengths and their standard deviations 

Distance a 
Cu--O(1) 1.93 A 0-008 
Cu --0(2) 1.91 0.010 
O(I)-N(1) 1"31 0-013 
O(2)-N(2) 1-36 0"012 
N(I)-C(I) 1"38 0"010 
N(I)-C(5) 1"35 0"011 
N(2)-C(6) 1"31 0"006 
N(2)-C(10) 1"31 0"015 
C(1)-C(2) 1-34 0.021 
C(2)-C(3) 1.39 0-014 
C(3)-C(4) 1.38 0.013 
C(4)-C(5) 1.39 0.021 
C(6)-C(7) 1"39 0-018 
C(7)-C(8) 1.35 0.021 
C(8)-C(9) 1"40 0"008 
C(9)-C(10) 1.42 0.020 
B ---F(1) 1"40 0"024 
B ---F(2) 1"36 0"023 
B - - F ( 3 )  1.35 0.014 
B ---F(4) 1"31 0"012 

Table 6. Bond angles and their standard deviations 

Angle 6 
O(1)-Cu---O(2) 88.4 ° 0.4 ° 
Cu --O(1)--N(1) 116.7 0.6 
Cu --O(2)--N(2) 118.6 0.7 
O(1)-N(1)--C(1) 120.5 0-7 
O(I)-N(I)--C(5) 119.5 0-7 
C(1)-N(1)--C(5) 120.0 1.0 
N(1)-C(1)--C(2) 120.5 0"8 
C(1)-C(2)--C(3) 121"3 0.9 
C(2)-C(3)--C(4) 117.7 1.3 
C(3)-C(4)--C(5) 120.8 0.9 
C(4)-C(5)--N(1) 119.7 0.8 
O(2)-N(2)--C(6) 116.8 1.0 
O(2)-N(2)--C(10) 117.3 0.5 
C(6)-N(2)--C(10) 125.7 1.0 
N(2)-C(6)--C(7) 119.5 1.1 
C(6)-C(7)--C(8) 118.9 0.7 
C(7)-C(8)--C(9) 120.0 1.3 
C(8) -C(9)--C(10) 118.9 1.4 

Table 6 (cont.) 

Angle cr 
C(9)-C(10)-N(2) 117-0 0-6 
F(1)-B ----F(2) 104"4 1"5 
F(1)-B ----F(3) 111"3 1"3 
F(1)-B ----F(4) 111"3 1"1 
F(2)-B ----F(3) 110-6 1"1 
F(2)-B ----F(4) 109"8 1 "3 
F(3)-B ----F(4) 109-3 1"5 

but  an exception occurs if the at tached groups are 
aromatic ,  when the bond angles are nearer  to 120 ° , 
implying an approach  to sp 2 hybridization. 

The f luoroborate  ions occupy approximately  octa- 
hedral  positions relative to the square plane around the 
copper, with closest approaches  to the copper of  
3.34 A and 3.53 A f rom F(3) and F(1) respectively. 
This compares  with a C u - F  distance of  2.56 A in 
Cu(en)i(BF4)2 (Brown, Lee & Melsom 1968) where a 
weak form of bonding termed 'semi-coordinat ion '  has 
been proposed (Brown, Lee, Melsom, Ha thaway ,  
Procter  & Tomlinson,  1967). The C u - F  approaches  in 
the present complex are too large for there to be any 
bonding of  this type, and this is confirmed by the 
fact that  no fluorine a tom is favourably positioned to 
form an octahedral  complex. Semi-coordination has 
been to result in considerable distortion of  the poly- 
anion te t rahedron in both Cu(en)2(BF4)2 (Brown, Lee 
& Melsom, 1968), and Cu(en)2(CIO4)2 (Pajunen, 1967). 
Where there is no semi-coordinated bond as in 
Cu(PyO)4(C104)2 and Cu(PyO)4(BF4)z much less dis- 
tort ion is to be expected, and this has been observed 
to be the case in Cu(PyO)4(CIO4)2 (Lee, Brown & Mel- 
som, 1969). 

In Cu(PyO)4(BF4)2 the B - F  bond lengths vary f rom 
1.38 A to 1.40 A with an average value of  1.35 A. This 
average value is appreciably shorter than  the value of  
1.40 A reported for KBF4 (Bellanca & Sgarlata,  1951) 

A C 2 5 B  - 1 2  
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and 1.43 A in RhBF4 and NH4BF4 (Pendred & Rich- 
ards, 1955). The sum of the single bond covalent radii 
of boron and fluorine (Pauling, 1960) is 1.53 A, and if 
this is corrected for partial ionic character arising from 
differences in electronegativity (Schomaker & Steven- 
son, 1941) the predicted value becomes 1.37 A in good 
agreement with our observed value. Although the 
bond B-F (4) appears to be significantly shortened, the 
reason for this is not apparent and it is unlikely that 
the spread of values is meaningful. The mean F - B - F  
bond angle is 109.5 °, with a range of values from 
104 ° to 111 °. 

Despite the fluorine atoms having high temperature 
factors, three-dimensional difference syntheses have 
provided no evidence of disorder of the BFi- ion. 
Examination of the anisotropic temperature factors of 
the fluorine atoms reveal that the atoms F(2), F(3) and 
F(4) are vibrating most along the b* direction whilst 
F(1) is vibrating most in the a 'c*  plane. This is consis- 
tent with distorting modes of vibration rather than 
libration of the whole ion, although small angular 
oscillations of the ion are not precluded. 

The BFi- ion is involved in a large number of inter- 
atomic contacts between 3.1 A and 3.5 A. Those con- 
tacts with different 'molecules' are given in Table 7, 
whilst those within the same 'molecule' are given in 

Table 7. lntermolecular distances less than 3-5 A 

Symmetry opera- 
tion applied to 

Distance second atom 
C(4)-F(4) 3.28 A 1 
C(5)-F(4) 3.12 1 
C(3)-F(3) 3"43 2 
C(3)-F(4) 3.37 2 
C(3)-C(7) 3.42 3 
C(1)-F(2) 3.37 3 
N(1)-F(2) 3.47 3 
F(2)-C(1) 3.37 4 
C(7)-C(3) 3.42 4 
F(2)-N(1) 3.47 4 
F(3)-C(3) 3"43 5 
F(4)-C(3) 3.37 5 
F(4)-C(9) 3.48 6 
C(2)-F(1) 3.48 6 
C(3)-F(1) 3.39 6 
F(4)-C(4) 3.29 7 
F(4)-C(5) 3.12 7 
F(1)-C(7) 3.34 8 
F(4)-C(8) 3-26 8 
C(7) -F(1) 3.34 8 
C(8)-F(4) 3.26 8 
F(1)-C(2) 3.48 9 
F(1)-C(3) 3.39 9 
C(9)-F(4) 3.48 9 

Key to symmetry operations 

1. x+ l ,  y , z + l  
2. x+ 1, ½--y, ½--z 
3. x, ½--y, ½+z 
4. x, ½--y, z+½ 
5. x--l ,  ½--y, z--½ 

6. --x,Y+½, --z--½ 
7. x - - l ,  y, z - 1  
8. --x, - y ,  - - z - 1  
9. --x,Y--½, --z--½ 

Table 8. Non-bonded contacts less than 3.5 A 
within the asymmetric unit 

Distance 
F(1)-F(2) 2.18/~ 
F(1)-F(3) 2.27 
F(1) -F(4) 2.24 
F(2) -F(3) 2-23 
F(2)-F(4) 2.19 
F(3)-F(4) 2.17 
F(1)-C(6) 3.41 
F(2)-C(1) 3.28 
F(2)-C(6) 3.43 
F(3)-Cu 3.34 
F(3)-C(1) 3.27 
F(3)-O(1) 3.42 
N(1)-Cu 2.77 
N(1)-C(2) 2.36 
N(1)-C(3) 2.76 
N(1)-C(4) 2.37 
N(1)-O(2) 2-59 
N(2)-Cu 2.83 
N(2)-C(7) 2.34 
N(2)-C(8) 2-69 
N(2)-C(9) 2.33 
O(1)-C(1) 2-34 
O(1)-C(5) 2.29 
O(1)-O(2) 2.67 
O(2)-C(1) 3.11 
O(2)-C(5) 2.94 
O(2)-C(6) 2-28 
O(2)-C(10) 2-28 
C(I)-C(4) 2.73 
C(1)-C(5) 2.37 
C(2)-C(3) 2.38 
C(2)-C(4) 2-37 
C(2)-C(5) 2.74 
C(3)-C(5) 2.40 
C(6)-C(8) 2.37 
C(6)-C(9) 2.73 
C(6)-C(10) 2.33 
C(7)-Cu 3-46 
C(7)-C(9) 2.39 
C(7)-C(10) 2-77 
C(8)-C(10) 2.43 

Table 8. Equations for the molecular planes and 
the distances of the atoms from them are given in 
Table 9. 
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Oxido Steroids. II. The Crystal and Molecular Structure of l lp,12p-Dihromo-3tt,9-oxido- 
cholanic Acid Methyl Ester 

BY E. M. GOPALAKRISHNA,* A. COOPERJ" AND D. A. NORTON~ 

Center for Crystallographic Research Roswell Park Memorial Institute Buffalo, New York 14203, U.S.A. 

(Received 13 November 1967 and in revised form 8 October 1968) 

The crystal structure of l lfl,12fl-dibromo-3e,9-oxidocholanic acid methyl ester has been analyzed and 
refined from three-dimensional intensity data to an R index of 0.14 for 2884 reflections. This steroid 
crystallizes from acetone in the orthorhombic space group P2~212x with unit-cell dimensions a =  
11.005, b=  31.383, and c=7.133/~. The A ring is boat-shaped and the rings B and C are chair-shaped. 
The D ring is a distorted half-chair. The structural features of this molecule are discussed in comparison 
with those of its epimer 11//, 12e-dibromo-3e,9-oxidocholanic acid methyl ester. 

Introduction 

1 lfl, 12fl-Dibromo-3e,9-oxidocholanic acid methyl 
ester, C25H38OaBr2 (Fig. 1), is the second oxido steroid 
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1" Present address: Computer Task Group Inc., 5586 Main 
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:l: Present address: The Medical Foundation of Buffalo, 73 
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whose structure has been investigated in this labo- 
ratory. The other compound which was reported ear- 
lier is the l lfl,12e-dibromo epimer of the above deriv- 
ative (Gopalakrishna, Cooper & Norton, 1969). This 
derivative is a co-product of the 1 lfl,12e-dibromo epi- 
mer formed in the process of bromination of 3e, 9-ox- 
ido-All-cholanic acid methyl ester (Mattox, Turner, 
Engel, McKenzie, McGuckin & Kendall, 1946). Both 
these epimers have the same stereochemical features, 
except that in one of them the bromine atom attached 
to C(12) is in the e-configuration and in the other it is 

A C 25B - 12" 


