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Table 4. Comparison of  M o - C  distances (,~,) with 
values calculated from the equation 

l 2 =p2 + r 2 _ 2pr cos 87 ° cos (20 + 72j) ° 

7 lobs Icalc 
0 2.31 I, 2.300 2.317 
I 2-386, 2.371 2.370 
2 2.407, 2.415 2.419 
3 2.395, 2.393 2.398 
4 2.366, 2-337 2.335 

2.053 and r is 1.191 A, while for ring C(6. . .10)  p is 
2.051 and r is 1.174/~; the mean values are p = 2.052 
and r = 1.183/~, and with these values (1) reproduces 
the experimental M o - C  distances with a r.m.s. 
deviation of 0 .013 /k  (Table 4). The parameters p, r, 0 
and A may be of utility for the comparison of metal-  
cyclopentadienyl systems. Finally, we observe that a 
notable spread of M o - C  distances in a (r/-CsHs)Mo 
system is associated with even a small tilt of the ring, 
values of lma x - lmi n for various values of 0 being 

The different M o - C  distances for each CsH 5 ring 
can be treated as a tilt of the ring plane so that the line 
joining the Mo atom to the C5H5 centroid is not perpen- 
dicular to the ring. If a metal atom is situated above a 
planar polygon circumscribed by a circle, the distance l 
from the metal M to any point S on the circle is given 
by: 

12= p2 + r 2 -- 2pr cos 0cos co. (1) 

Here, p is the distance from M to the ring centre O, r is 
the radius of the circle, 0 is the angle between OM and 
the plane of the circle, and o9 is the angle SOR, R being 
the point on the circumference closest to the metal. If 
the polygon is regular r is simply related to the length of 
the polygon side and the angles co appropriate to the n 
vertices will be given by co = A + j2zc/n, j = 
0 . . . ( n -  1), where A will be 0 ° if the vertex j =  0 
coincides with R. For an isolated (r/-CsHs)Mo(NO) 
unit with mirror symmetry and longest M o - C  distance 
trans to NO A is 36 ° but when the metal atom is 
attached to other atoms in an unsymmetrical pattern A 
is expected to depart from this value. In the present 
case, A is ca 20 ° and Oca 87 °. For ring C(1 . . .5 )  p is 

0 90 89 88 87 86 85 o 

lmax - lmLn 0"00 0"03 0"07 0" 10 0-13 0" 16 /k. 

We thank the Science Research Council for financial 
support. 
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Abstract. C6H14CuN40 6, [Cu(C6HI4N2)(NO3)2], M, = 
301.75, monoclinic, P21/c, a = 8.56(2),  b = 
10.39(5), c = 13.38(5) /k, fl = 78.52 (3) ° , from 
diffractometer measurements (Mo K~ radiation). V = 
1167.8 A 3 , Z = 4 , D  m =  1.73, D c =  1 . 7 2 M g m  -3, 
F(000) = 592, g = 1.752 mm -~. The ligand adopts a 
boat-chair conformation. 

Introduction. Systematic absences (from precession 
photographs) hOl, l odd and 0k0, k odd indicated space 

0567- 7408/80/020452-03501.00 

group P21/c. Data were collected for hO-lOl with 0ma x 
= 27.5 ° on a Stoe STADI-2 two-circle diffractometer 
(graphite-monochromated Mo Ka radiation). This gave 
2136 data of which 1711 unique reflexions with I > 
3tr(I) were used in subsequent calculations. Lorentz 
and polarization corrections (but none for extinction or 
absorption) were applied, and the data scaled by a 
Wilson plot. The structure was solved by direct 
methods with S H E L X  76 (Sheldrick, 1976), which was 
used for all calculations. Complex neutral scattering 
© 1980 International Union of Crystallography 
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Tab le  1. Fractional  atomic coordinates (× 104) with Table  3. B o n d  distances (,A) and  angles (o)  with e.s.d.'s 
e.s.d.'s in parentheses  in parentheses  

x y z 

Cu(1) -534 (1) 8662 (1) 2506 (0) 
c(2) -3373 (10) 7103 (9) 2844 (10) 
c(3) -3885 (16) 7971 (13) 3587 (8) 
c(4) -3679 (7) 9378 (10) 3603 (5) 
c(6) -2757 (10) 10330 (10) 1856 (8) 
c(8) -2520 (9) ,8150 (14) 1077 (6) 
c(7) 6612 (12) 9406 (12) 1309 (8) 
N(1) -2023 (6) 7483 (5) 2014 (5) 
N(3) 2177 (6) 8285 (7) 1183 (4) 
N(4) 1046 (6) 9096 (6) 4017 (4) 
N(5) -2327 (5) 9893 (5) 2819 (4) 
O(1) 1342 (4) 7602 (4) 1891 (3) 
0(2) 1577 (7) 9316 (6) 985 (4) 
0(3) 3499 (5) 7884 (8) 770 (4) 
0(4) 841 (5) 9723 (4) 3234 (3) 
0(5) 299 (6) 8077 (6) 4199 (4) 
0(6) 1908 (7) 9547 (7) 4554 (4) 

Tab le  2. Anisotropic thermal  parameters  (× 103, f o r  
C u  × 104) with e.s.d.'s in parentheses  

The expression for the temperature factor is 
expl-2~(h 2 a .2 U. + ... + 2klb* c* U23 + .-.)1. 

Ut~ U22 U33 U23 U~ U~2 
Cu(l) 257 (3) 284 (4) 394 (4) 13 (3) -32 (2) -6 (3) 
C(2) 69 (5) 75 (6) 212 (11) 6 (7) 18 (6) -29 (4) 
C(3) 181 (11) 138 (10) 103 (7) 30 (7) 57 (7) -64 (9) 
C(4) 45 (3) 136 (7) 71 (4) -44 (5) 9 (3) -6 (4) 
C(6) 100 (6) 89 (6) 129 (8) 19 (6) -36 (6) 33 (5) 
C(8) 68 (4) 290 (13) 65 (4) -92 (6) -36 (3) 68 (6) 
C(7) 139 (8) 139 (9) 102 (7) 61 (7) -52 (6) -21 (7) 
N(I) 48(3) 68(4) 110(5) -38(3) -12(13) -2(3) 
N(3) 49 (3) 88 (4) 69 (3) -8 (3) 9 (2) -I0 (3) 
N(4) 62 (3) 72 (4) 66 (3) -3 (3) -24 (2) 5 (3) 
N(5) 41 (2) 57 (3) 87 (3) -18 (3) -7 (2) 7 (2) 
O(l) 49 (2) 57 (3) 76 (3) -2 (2) 5 (2) I I (2) 
0(2) 107 (4) 79 (4) 87 (4) 28 (3) 14 (3) -5 (3) 
0(3) 48 (3) 179 (7) 120 (4) -35 (5) 26 (3) -6 (3) 
0(4) 61 (2) 55 (3) 70 (3) 3 (2) -21 (2) -8 (2) 
0(5) 95 (4) 76 (3) 78 (3) 23 (3) -11 (3) -6 (3) 
0(6) 100 (4) 138 (5) l l3 (4) -18 (4) -66 (4) l (4) 

fac tors  were  t aken  f r o m  Internat ional  Tables f o r  X-ray  
Crystal lography (1974) .  W e i g h t e d  ful l -matr ix least- 
squares  r e f inemen t  (exc lud ing  H a toms )  c o n v e r g e d  at R 
= 0 . 0 5 1 7  for 1711 o b s e r v e d  ref lexions (R = ~ ]lFol -- 

IFcll/~ lFol); R w = 0 . 0 5 7 7  {R w = ~ ( l l F o l -  
IFcl [ wVZ)/r, (IFolW'/2), w = 2.689/[o2(Fo) + 
0.000866Fo2]}. In  the  final cycle  all shifts in p a r a m -  
eters  were  less t h a n  their  e.s.d. 's.  Pos i t iona l  p a r a m e t e r s  
are  given in Tab le  1, an i so t rop ic  t h e r m a l  p a r a m e t e r s  in 
Tab le  2, b o n d  d i s tances  and  angles  in Table  3,* and  
se lected to rs ion  angles  in Tab le  4. Fig. 1 shows  a 
genera l  v iew o f  the  molecule .  

* A list of structure factors has been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
34888 (11 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Cu(1)-N(1) 1.975 (5) 
Cu(1)-N(5) 1.979 (4) 
Cu(1)-O(1) 1.987 (4) 
Cu(1)-O(2) 2.532 (4) 
Cu(1)-O(4) 2.003 (4) 
Cu(1)-O(5) 2.579 (4) 
C(2)-C(3) 1.350 (14) 
C(2)-N(1) 1.488 (10) 
C(3)-C(4) 1.473 (15) 
C(4)-N(5) 1.498 (8) 

N(5)-Cu(1)-N(1) 86.9 (2) 
O(l) -Cu(1)-N(1)  92-3 (2) 
O(1)-Cu(1)-N(5) 167.4 (2) 
O(2)-Cu(1)-N(1) 107.7 (2) 
O(2)-Cu(1)--N(5) 113.4 (2) 
O(2)-Cu(1)-O(1) 55.0 (2) 
O(4)-Cu(1)-N(1) 170.4 (2) 
O(4)--Cu(1)--N(5) 92-8 (2) 
O(4)-Cu(1)-O(l)  90.1 (2) 
O(4)-Cu(1)-O(2) 81.3 (2) 
O(4)-Cu(1)-O(5) 53.9 (2) 
O(5)-Cu(1)-O(1) 83.7 (2) 
O(5)-Cu(1)-O(2) 119.4 (2) 
O(5)-Cu(1)-S(1)  117.2 (2) 
O(5)-Cu(1)-N(5) 107.8 (2) 
N(1)-C(2)-C(3) 117.6 (7) 
C(4)-C(3)-C(2) 130.7 (7) 
N(5)-C(4)-C(3) 115.0 (6) 

C(6)-C(7) 1.381 (14) 
C(6)-N(5) 1.480 (9) 
C(7)--C(8) 1.504 (16) 
C(8)-N(1) 1.565 (11) 
N(3)-O(1) 1.282 (6) 
N(3)-O(2) 1.240 (8) 
N(3)--O(3) 1-230 (7) 
N(4)--O(4) 1.276 (6) 
N(4)-O(5) 1-236 (7) 
N(4)--O(6) 1.222 (6) 

N(5)-C(6)-C(7) 116.1 (8) 
N(1)-C(8)-C(7) 114.9 (5) 
C(8)-C(7)-C(6) 118.9 (8) 
C(2)-N(1)-Cu(I)  111.9 (5) 
C(8)-N(1)-Cu(1) 106.8 (6) 
C(8)-N(1)-C(2) 114.9 (6) 
O(2)-N(3)--O(1) 116.3 (5) 
O(3)-N(3)-O(1) 118.2 (7) 
O(3)-N(3)--O(2) 125.5 (6) 
O(5)-N(4)--O(4) 116.7 (5) 
O(6)-N(4)--O(4) 119.0 (6) 
O(6)-N(4)-O(5) 124.3 (6) 
C(4)-N(5)-Cu(1) 112.2 (5) 
C(6)-N(5)-Cu(1) 109.4 (4) 
C(6)-N(5)-C(4) 115.3 (5) 
N(3)-O(1)-Cu(1) 106.6 (4) 
N(3)-O(2)-Cu(1) 81.8 (3) 
N(4)-O(4)-Cu(1) 108.0 (3) 

Tab le  4. Torsion angles (o) in the bicyclic system 
(e.s.d. 's ca O. 7 o) 

N(5)-Cu(1)-N(1)--C(2) --62.9 
N(5)--Cu(1)-N(1)-C(7) 63.6 
N(1)-Cu(1)-N(5)-C(4)  62.3 
N(1)-Cu(1)-N(5)-C(6)  -66.8 
N(1)-C(2)-C(3)-C(4)  20.1 
C(3)-C(2)-N(1)-Cu(1)  32.0 
C(3)-C(2)-N(1)-C(8)  -89.9  
C(2)-C(3)-C(4)-N(5)  -20.3 
C(3)-C(4)-N(5)-Cu(1)  -31.7  
C(3)-C(4)-N(5)-C(6)  94.2 
N(5)-C(6)-C(7)-C(8)  -50.7 
C(7)-C(6)-N(5)-Cu(I)  66.5 
C(7)--C(6)-N(5)-C(4) -60.9 
N ( 1)-C (8)-C (7)-C (6) 49.3 
C(7)-C(8)-N(1)-Cu(1)  -62.3 
C(7)-C(8)-N(1)-C(2)  62.4 

Discuss ion .  T h e  s t ruc ture  d e t e r m i n a t i o n  was  under -  
t aken  as par t  o f  a s tudy  o f  the  s t ruc tures  o f  m a c r o -  
cycl ic  l igands  and  their  c o m p l e x e s  (Clay ,  M u r r a y - R u s t  
& M u r r a y - R u s t ,  1979). The  in ten t ion  was  to  p repa re  a 
Cu  n c o m p l e x  o f  the  s i x t e e n - m e m b e r e d  t e t r aden t a t e  
m a c r o c y c l e  (I) wh ich  had  been  p r e p a r e d  by a var ian t  o f  
a pub l i shed  m e t h o d  ( R i c h m a n  & Atk ins ,  1967). A 
complex  o f  Curt with  w h a t  was  p r e s u m e d  to be (I) was  
m a d e  but  the  p resen t  s t ruc ture  ana lys is  has  s h o w n  this 
to be (II), whe re  the  l igand is on ly  ha l f  the  size. [Sub- 
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Fig. 1. General view of the molecule. 

sequent analysis of the starting material showed it to be 
1,5-diazacyclooctane (III) (daco) and that an 
unexpected ring contraction had taken place in the 
attempted preparation of (I). Full details of this and the 
subsequent preparation of metal complexes of (I) will 
be given elsewhere.] 

5 2 O \  O 

O, 
06 Cu O 3 

N H H N 

L./ 
8 3 (I) 

H 
N 7 (II) 

i 
(II,) ~ . . . ~  N / (i V)'"~ N ~ 

(v) 

The structure shows interesting features of the 
coordination geometry of daco. Formally the 
Cu(daco) fragment is a bicyclo[3.3.1]nonane system 
and, like the parent hydrocarbon (V), might be 
expected to take up a twin-chair conformation (Osing, 
Mastryukov, Vilkov & Belikova, 1976). In (II), how- 
ever, the C(3) ring is a shallow boat (see torsion angles, 
Table 4) whilst the C(7) ring is a somewhat flattened 
chair. A better analogy may thus be bicyclo[3.3.2]- 
decane (VI), where the boat-chair arrangement has 
been found (Murray-Rust & Murray-Rust, 1975) and 
where the distance between the bridgehead atoms is 
closer to that in (II). However, the temperature factors 
of most of the bridge atoms in (II) are markedly aniso- 
tropic, suggesting disorder and probably some flexi- 
bility in the ligand. In a related structure (IV), the 
propylene bridges were apparently planar [i.e. the rings 
had sofa conformations (Royer, Schievelbein, 
Kalyanaraman & Bertrand, 1972)] but the tempera- 
ture factors were high and the atomic positions were of 
low accuracy. [In both (II) and (IV) bond angles of 
over 130 ° at C(3) were found and these are probably 
partly crystallographic artefacts since the degree of 
angle strain suggested would be considerable. It is more 
likely that one or both rings flap considerably or that 
(IV) contains two disordered boat-chairs.] 

The four major ligand atoms around Cu form a 
rough square plane [N(1), N(5), O(1), 0(4)] with slight 
distortion towards a tetrahedral arrangement; weak 
bidentate coordination of the nitrate groups [0(2), 
0(5)] completes a distorted octahedron. 
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