
A. DEMARET ET F. ABRAHAM 1521 

\ 

\\x 

016'1 [/ , ' ~~)~~"~~ Y~1/3~ ~v 
Fig. 2. Les liaisons hydrog6ne intercha3nes. 

N(l')...O(5')001 = 2,94 (1) ,/k] [la notation X(n)pq r sig- 
nifie que la translation pa + qb + re est appliqu6e aux 
coordonn6es de l'atome X(n) du Tableau 1]; il en 
r6sulte la formation de couches perpendiculaires ~ l'axe 
b. Les couches AgAla et Ag'Ala'  sont reli+es deux h 
deux par liaison hydrog+ne entre les atomes 0(5)  et 
N(I ') ,  d'une part [O(5)...N(l ')~il = 3,12 (1) AI [(ii): 

l'op+ration de sym+trie - x ,  ½ +y, - z e s t  appliqu6e aux 
coordonn+es du Tableau 1] et entre les atomes N(1)et  
O(6'), d'autre part [N(1)...O(6')]~r~ = 2,94 (1) A] (Fig. 
2). La coh+sion entre les 'bicouches' ainsi obtenues est 
assur+e par des liaisons du type van der Waals; les plus 
importantes ont lieu entre les atomes C(3) et O(5')~0 ~ 
[3,42 (2) /~] et entre les atomes 0(5)  et C(3') 
[3,52 (2) ,/k]. 

Les atomes d'azote 6changent donc deux liaisons 
hydrog~ne, l'une reliant deux molecules AgAla (ou 
Ag'Ala')  et l'autre reliant une mol6cule AgAla et une 
molecule Ag'Ala' ;  les angles entre les liaisons hydro- 
g6ne valent respectivement: 116,7(6) ° pour N(1) 
[O(5)~o0...N(1)...O(6')~i~] et 94,0(5) ° pour N(I ' )  
[O(5')0o~...N(1')...O(5)~0~]. 
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Structure of trans-(Aqua)bis(dimethylglyoximato)pyridineeobalt(III) Nitrate 
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Abstract. [Co(C4H7N202)2(CsHsN)(H20)]+.NO3 .- 
H20, M,= 466.3, monoclinic, P21/n, a = 10.502 (3), 
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b--- 15.118(3), c--  12.587 (3) /~, f l=  102.14(2) ° , V 
= 1953.9 (8),/k 3, Z = 4 ,  Dx= 1.58 M g m  -3, 2(Mo Ka) 
= 0 . 7 1 0 7 A ,  g = 0 . 9 8 m m  -~, F (000)=968 ,  T =  
293K,  R =0 .045  for 2673 unique observed re- 
flections. The [pyCo(DH)2OH 2] + cation (DH = 
dimethylglyoximate monoanion) is characterized by 

© 1987 International Union of Crystallography 
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the shortest Co--OH 2 [1-916 (3)] and Co-py  
[1.926 (3)/~] axial distances so far reported in cobal- 
oximes. The two DH units make a dihedral angle, ct, 
of 8.1 (2) ° and bend towards the H20 axial ligand. 
Comparison with available data suggests that water is 
the weakest a-donor and the least bulky ligand so far 
reported in structurally characterized cobaloximes, 
while py is a very weak a-donor ligand, even weaker 
than N 3, but a relatively bulky ligand. 

Introduction. Cobaloximes [the trivial name of the 
LCo(DH)2X complexes, where DH =the monoanion of 
dimethylglyoxime, and L and X are neutral and 
monoanion ligands respectively] represent one of the 
most extensively studied class of metal compounds. In 
fact, organometallic cobaloximes (X=R) are well 
known vitamin B n models. On the other hand, the 
whole series of compounds forms a very flexible 
system for studying the interrelationship between steric 
and electronic effects which influence the properties of 
these complexes both in solution and in the solid state 
(Bresciani-Pahor, Forcolin, Marzilli, Randaccio, Sum- 
mers & Toscano, 1985). Recent results (Zangrando, 
Bresciani-Pahor, Randaccio, Charland & Marzilli, 
1986) have shown that the a-donor power of the alkyl 
group in the pyCo(DH)rR series clearly influences 
kinetic, spectroscopic and structural features of these 
complexes and a quantitation of their inter- 
relationship has been proposed. As part of a pro- 
gramme aimed a t  obtaining further insight into these 
problems, we report the structure of [pyCo(DH) z- 
OH2]NO3.H20 (I), where the H20 ligand is expected to 
have a very low a-donor ability. Thus the Co-py  bond 
length should represent the minimum distance between 
py and Co. 

Experimental. Crystal 0.2 x 0.2 x 0.35 mm, Enraf- 
Nonius CAD'-4 diffractometer, graphite-monochro- 
matized MoKtt radiation, lattice constants by least- 
squares refinement of 25 setting-angles reflections with 
16 < 0 < 20 °, three standard reflections (1,2,10, 713, 
i , i ,10) measured every 4000s, no significant drift 
noted; 09/20 scan, scan angle (1.2 +0.35tan0)°; 5086 
reflections measured in the range 3 < 0 < 2 8  °, - 1 3  < 
h < 1 3 ,  0 < k < 2 0 ,  0 < l < 1 6 ,  2673 observed re- 
flections [I>3a(/)]  used for structure determination, 
space group from systematic absences, intensities 
corrected for Lorentz-polarization effects but not for 
absorption because of the small crystal size and low # 
value. Structure solved by Patterson method, Fourier 
synthesis and full-matrix least squares on F, 262 
parameters refined, anisotropic temperature factors for 
all non-hydrogen atoms, H atoms fixed at calculated 
geometrical positions except for the water molecules, 
for which the H atoms have been located from a AF 
map, with isotropic B (B = 1.3 x Bin of the atom to 
which they are attached), R=0.045,  wR=0.054, S 

=1.313, w=l/[a(Fo)2+ (0.2Fo)2+ 11; max. A/o=0-04, 
the final difference map had a maximum of 0-39 
and a minimum of 0.35 e A -3, complex neutral-atom 
scattering factors from International Tables for X-ray 
Crystallography (1974), no correction for secondary 
extinction, all computer programs used were those in 
the Enraf-Nonius SDP (Frenz, 1981) on a PDP 11/44 
computer. The atomic positional parameters derived 
from the last cycle of refinement are listed in Table 1. 
Interatomic distances and angles are reported in 
Table 2.* 

Discussion. An ORTEP (Johnson, 1965) drawing of 
the asymmetric part of the unit cell with the atom- 
numbering scheme is shown in Fig. 1. The crystal is 
built up of [pyCo(DH)zOHz] + cations, NO~ anions and 
water molecules of crystallization. In addition to the 
electrostatic interactions, a hydrogen-bond network 
involves all three species. The hydrogen-bond scheme 
(Fig. 2) is characterized by two relatively short contacts 
of 05, coordinated to cobalt, with 09 [2-562 (5)A] 
and with the nitrate 08  atom [2.700(6)A]. The 08--.  
0 5 . . . 0 9  angle is 108.1 (2) ° . Two longer hydrogen 
bonds of 09  with 03 [2.798(5)]k] of the unit at -x ,  
-y ,  1 - z  and with the nitrate 07  atom [2.850 (6) A] of 
the unit at - x - ½ ,  y +½, ½-z complete the scheme. The 
angle 0 3 . . . 0 9 . . . 0 7  is 111.5 (2) ° . This scheme shows 
that the two H atoms attached to 05 are involved in the 
short bonds and those attached to 09  in the long ones, 
as also suggested by the location of hydrogen in the AF 
map. The intramolecular hydrogen bonds of the two 
oxime bridges are significantly different, the O1.. .O4 
and 02-. .  03 distances being 2.481 (4) and 
2.543 (4)/~, respectively. The difference is due to the 
involvement of 03 in the intermolecular hydrogen bond 
with 09. The nitrate ions undergo a relatively high 
thermal motion as shown by their Beq'S and the N 6 - O 8  
distance of 1.243 (5)A is slightly longer than the 
N 6 - O 6  and N6--O7 distances which are both 
1.206 (6)A. The geometry is strictly planar with 
angles at N ranging from 117.5 (5) to 122.6 (5) °. 
The [pyeo(DH)zOH21 + cation is characterized 
by a distorted octahedral geometry of the Co 
atom (Fig. 1). The four equatorial N atoms are 
coplanar within +0.015 (3)A with Co displaced by 
0.041 A out of their mean plane towards py. The two 
DH units, planar within +0.027 (6) A, make a dihedral 
angle, a, of 8.1 (2) °, and bend towards the axial water 
molecule. The dihedral angle between the planes 
passing through the N I - C 2 - C 3 - - N 2  and N 3 - C 6 -  

* Lists of structure factors, anisotropic thermal parameters for 
non-hydrogen atoms and positional parameters for hydrogen atoms 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 43987 (14 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH1 2HU, England. 
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Table 1 .  Fractional positional parameters for non- 
hydrogen atoms with e.s.d.'s in parentheses and 

equivalent isotropic temperature factors 

Be q 4 ~ "%" = ~_,. _fl~ja~.aj. 

x y z Beq(A 2) 
Co 0.11612 (5) 0.16966 (3) 0.30945 (4) 2.342 (8) 
O l 0.0318 (3) 0.2598 (2) 0. I089 (2) 3.98 (7) 
0 2  0.1836 (3) 0.2489 (2) 0.5235 (2) 4.03 (7) 
0 3  0.1943 (3) 0.0813 (2) 0.5101 (2) 4.24 (7) 
0 4  0.0252 (3) 0.0958 (2) 0.0999 (2) 4.14 (7) 
05  - 0 . 0 6 0 9  (3) 0.1649 (2) 0.3260 (3) 4.44 (7) 
0 6  - 0 . 2 2 4 2  (5) 0.3329 (3) 0.2650 (3) 7.6 (1) 
0 7  - 0 - 2 1 1 6  (5) 0.4265 (3) 0.3893 (4) 8.7 (1) 
0 8  --0-1805 (5) 0.2883 (3) 0.4255 (3) 7.7 (I)  
0 9  -0-1991 (4) 0.0238 (2) 0.3061 (3) 5.37 (9) 
NI  0.0735 (3) 0-2690 (2) 0.2152 (3) 2.84 (7) 
N2 0.1474 (3) 0.2620 (2) 0.4146 (3) 2.94 (7) 
N3 0.1540 (3) 0.0712 (2) 0.4043 (3) 2.96 (7) 
N4 0.0744 (3) 0.0791 (2) 0.2051 (3) 2.78 (7) 
N5 0.2934 (3) 0.1725 (2) 0.2905 (2) 2.45 (6) 
N6 - 0 . 2 0 6 6  (4) 0-3507 (3) 0.3603 (4) 4.48 (9) 
C I 0.0447 (5) 0.4296 (3) 0.1992 (4) 4.5 (1) 
C2 0.0830 (4) 0.3468 (3) 0.2602 (4) 3.19 (9) 
C3 0.1266 (4) 0.3417 (3) 0.3787 (3) 3.19 (8) 
C4 0.1433 (5) 0.4210 (3) 0.4510 (4) 4.7 (I)  
C5 0.1490 (6) - 0 . 0 9 0 4  (3) 0.4210 (4) 5.0 (1) 
C6 0.1327 (4) - 0 . 0 0 6 2  (3) 0.3595 (3) 3.26 (9) 
C7 0.0852 (4) - 0 . 0 0 1 3  (3) 0.2417 (3) 2.88 (8) 
C8 0.0483 (5) - 0 . 0 8 0 4  (3) 0.1717 (4) 4.5 (1) 
C9 0 .3210(4)  0-1719(3)  0 .1909(3)  3.11 (8) 
C I 0  0.4471 (4) 0.1746 (3) 0.1749 (3) 3.72 (9) 
C l l  0.5490 (4) 0.1789 (3) 0.2630 (4) 4.0 (1) 
C12 0.5209 (4) 0.1795 (3) 0.3649 (4) 4.0 (1) 
C13 0.3946 (4) 0.1761 (3) 0.3767 (3) 3.02 (8) 

Co-O5 
Co-NI  
Co--N2 
Co--N3 
Co--N4 
Co-N5 
O I - N I  
O2--N2 
O3--N3 
O4--N4 
O6--N6 
O7--N6 
O8--N6 
N I -C2 
N2--C3 

O 5 - C o - N  1 
O5--Co-N2 
O5-Co-N3  
O5-Co-N4  
O5-Co-N5 
N I - C o - N 2  
N I - C o - N 3  
N I - C o - N 4  
N I - C o - N 5  
N2--Co-N3 
N2-Co-N4  
N2-Co-N5 
N3-Co-N4  
N3-Co-N5 
N4-Co-N5 
Co-N 1-O I 
Co-N I -C2 
O I--N I -C2 
Co-N2-O2  
Co=N2-C3 
O2-N2-C3 
Co-N3-O3 
Co--N3-C6 
O3-N3-C6  
Co -N4-O4 

Table 2. Bond distances (.A) and angles (o) 

(3) 
(4) 
(3) 
(4) 
(3) 
(3) 
(4) 

.916 
-907 
.903 
.898 
.884 
.926 
.326 
• 358 (4) 
• 319 (4) 
• 340 (4) 

I. 206 (6) 
1.206 (4) 
1.243 (5) 
1.300(5) 
1.290 (5) 

N3-C6 
N4-C7 
N5-C9 
N5-C 13 
C I - C  2 
C2-C3 
C3-C4 
C5-C6 
C6-C7 
C7-C8 
C9-CI0  
C I 0 - C I  1 
C I I - C 1 2  
C12-CI3 

89.5 (I) 
88.9 (I) 
89.0 (1) 
87.7(1) 

178.8 (1) 
80.7 (1) 

178.4(1) 
98.6 (!) 
90.7 (1) 
98.9 (1) 

176.6 (1) 
92.3 (1) 
81.8 (1) 
90.9 (1) 
91.1 (!) 

122.0 (2) 
I 17. I (3) 
121.0 (3) 
124.5 (2) 
116.7 (3) 
118-8 (3) 
121.6 (2) 
116.1 (3) 
122.2 (3) 
122.4(2) 

Co-N4-C7  
O4-N4-C7 
Co-N5-C9  
Co-N5-C13 
C9-N5-C13 
O6-N6-O7 
O6-N6-O8 
O7-N6-O8 
N I - C 2 - C  I 
N I - C 2 - C 3  
C 1-C2-C3 
N2-C3-C2 
N2-C3-C4 
C2-C3-C4  
N3--C6-C5 
N3-C6-C7  
C5-C6-C7  
N4-C7-C6  
N4-C7-C8 
C6-C7-C8  
N 5 - C 9 - C  10 
C 9 - C I 0 - C  11 
C I 0 - C I  1-C12 
CI 1-C12-C13 
N5-C13-C12 

• 298 (5) 
• 298 (4) 
• 345 (4) 
• 351 (4) 
• 4 8 0  (5) 
• 467 (5) 
• 494 (5) • 481 (6) 
• 463 (5) 
• 486 (6) 

1.381 (5) 
1.371 (6) 
1.375 (7) 
1.367 (5) 

116.3 (2) 
121.1 (4) 
121.3 (2) 
121.2 (2) 
I17.5 (4) 
120.4 (5) 
117.0 (5) 
122.6 (5) 
123.6 (4) 
112.0 (3) 
124.3 (4) 
113.5 (3) 
123.2 (4) 
123.3 (4) 
123.9 (4) 
112.7 (3) 
123.3 (4) 
113.1 (3) 
123.4 (4) 
123.4 (4) 
122.6 (3) 
119.5 (4) 
118.1 (4) 
120.3 (4) 
122.2 (3) 

C 7 - N 4  groupings is 5.7 (2) °. The pyridine molecule 
has the usual orientation found in cobaloximes, its 
mean plane crossing the oxime bridges. The axial 
fragment is characterized by C o - N  and C o - O  
distances of 1.926 (3) and 1.916 (3)A,  respectively. 
These values correspond to the shortest C o - p y  and 
C o - - O H  2 bonds so far reported. The C o - O H  2 distance 
is only slightly longer than those of 1.897 (7) and 
1.909 (3)A reported for some peroxocobaloximes, 
pyCo(DH)202R (Giannotti, Fontaine, Chiaroni & 
Riche, 1976). However, in the latter complexes the 
C o - p y  distances are 2.013 (7) and 1-994 (3)A. The 
C o - - O H  2 and some C o - p y  distances are compared in 
Table 3. Analysis of these data suggests that the water 
ligand is the weakest electron donor as well as the least 
bulky ligand so far reported in structurally charac- 
terized cobaloximes. On the other hand, pyridine is a 
very weak a-donor ligand, even weaker than N3, but a 
relatively bulky ligand. 

1 1 ~ 1 0  

'9 

M5 ,4 

,2  o4. o, 

( ~ 9  08 

Fig. l. OR TEP drawing ( Johnson ,  1965) and labeling scheme for 
non-hydrogen atoms o f  the title complex (thermal ellipsoids at 
5 0 %  probability). The C atoms are labeled by their ordering 
number in the coordinate list. 

0031 ~)(~ 
/,2.798 (5) I /  

OTd~ )°8 2.700 (6) l~J 

9 2.582 
06 06" ~[, \ h 

oa~b 07" 0 

°o3 
Fig. 2. lntermolecular hydrogen-bonding scheme. [Symmetry 

codes: ( i ) - x , - y ,  I - z ;  ( i i ) - ½ - x , y + ½ ,  ½-z.] 
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Table 3. Comparison of Co-O(OH2)  and Co-N(py)  
distances (A) in cobaloximes H2OCo(DH)zX and 
pyCo(DH)zX [~t bendings (o) in pyridine complexes are 

also reported] 

X Co--O X Co--N a* 
py 1.916 (3) H~O 1.926 (3) 8.1 
Br 1.96 (1) py 1.946 
N O  2 1.980 (5) N 3 1.973 (1) 2.9 
CN 1.992 (4) O2CMe2Ph 1.994 (3) 
Me 2.058 (3) Me 2.068 (3) 3.2 

All data are from Bresciani-Pahor, Forcolin, Marzilli, Randaccio, 
Summers & Toseano (1985) except those of the present work. 

* Values of a indicate that the bending of the equatorial ligand is 
towards the group X. 

This work was supported by an MPI grant (to LR); 
MWA has carried out this work with the support of the 

ICTP (Trieste) programme for training and research in 
Italian laboratories. 
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The Aqua and the Perchlorato Copper(II) Complexes of N,N'-Bis(~-carbamoylethyl)- 
N-methylethylenediamine* 
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Department of Physics and Department of  Chemistry, National Tsing Hua University, Hsinchu, Taiwan 30043 
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• Abstract. Aqua(4-methyl-4,7-diazadecanediamide)- 
copper(II) (4-methyl-4,7-diazadecanediamide)perchlo- 
ratocopper(II) triperchlorate monohydrate, [Cu(C 9- 
H20N4OO(H20)][Cu(C9H20N4Oz)(ClO,)](C104)3.H20, 
M r = 9 9 3 . 5 ,  triclinic, P i ,  a =  12.626 (3), b =  
12.891(2), c = 1 3 . 3 8 7 ( 3 ) A ,  a = 1 1 4 . 1 9  (2), # =  
82.79 (2), 7 = 107.07 (3) °, V =  1900 (1) A 3, Z =  2, 
Dm=1"731(7),  D x = l . 7 3 7 M g m  -3, 2 ( M o K a ) =  
0.7093 A, /t = 1.49 mm -1, F(000) = 1022.6, T =  
297 (3)K, R - - 0 . 0 7 6 ,  wR = 0.068 for 4042 observed 
reflections. There are two independent complex cations: 
an aqua and a perchlorato complex. The coordination 
geometry about Cu n for both of these complexes is a 
distorted square pyramid with the diaminodiamide 
(N-Mebcen) equatorial and the O atom of H20 or C10~ 
axial. The two chiral amine N centres have the RR or 
S S  configuration. In [Cu(CIO4)(N-Mebcen)] +, the 
conformation of the quadridentate ligand, N-Mebcen, is 

* 4-Methyl-4,7-diazadecanediamine. 
t Department of Physics. 
~t Department of Chemistry. 

the unstable form, with both terminal six-membered 
chelate rings in a twist form and with the central 
five-membered ring in a gauche form. On the other 
hand, in [Cu(H20)(N-Mebcen)] z+, one of the two 
six-membered rings adopts a twist form, and the other 
six- and five-membered chelate tings are of chair form 
and gauche form, respectively. 

Introduction. Recently, we have initiated systematic 
studies on transition-metal complexes of diaminodi- 
amides. Previously, we have reported the crystal 
structures of the copper(II) complexes of N,N'-bis- 
(fl-carbamoylethyl)ethylenediamine, bcen (Lee, Lu, Liu, 
Chung & Lee, 1984), N,N'-bis(fl-carbamoylethyl)- 
N,N'-dimethylethylenediamine, N-Mezbcen (Lu, Shan, 
Chao & Chung, 1987), N,N'-bis(fl-carbamoylethyl)- 

2-hydroxytrimethylenediamine, bchtn (Lee, Hong, Liu, 
Chung & Lee, 1984), N,N'-bis(fl-carbamoylethyl)tri- 
methylenediamine, bctn (Hong, Lee, Lee, Chao & Chung, 
1987). We now report the crystal structures of the aqua 
and the perchlorato copper(II) complexes of N,N'- 
bis (fl-carbamoylethyl)-N-methylethylenediamine, N- 

0108-2701/87/081524-04501.50 © 1987 International Union of Crystallography 


