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Abstract 

The title compound, [Cu(C6HsO4)(CTH6N2)2(H20)], 
has been synthesized and its crystal structure determined 
by single-crystal X-ray diffraction at room tempera- 
ture. The seven-coordinate Cu II complexes adopt a C2 
elongated tetragonal pyramidal geometry with double- 
capped base. The Cu atoms are located on the twofold 
axes and are connected by bridging tetradentate adipate 
ions to form polymeric chains. In the base of the co- 
ordination polyhedron, the two short C u g N  bonds are 
2.007 (2) A in length and the two short Cu---O bonds are 
2.010 (2)/~. The length of the apical Cu- -H20  bond is 
2.245 (4)/~; the lengths of the two long semicoordinate 
Cu---O bonds, which complete the seven coordination, 
are 2.930 (2) A,. The intermolecular hydrogen bonds and 
geometry of the carboxylate group are discussed. 

Comment  
This work forms part of a continuing study of CU Ix 

complexes with benzimidazole and dicarboxylic acids 
(Tosik & Bukowska-Strzy±ewska, 1992). A fragment 
of the polymeric structure of the title compound, (I), 
is shown in Fig. 1. The structure represents the first 
example of a seven-coordinate alkylcarboxylate Cu n 
complex (Orpen et al., 1989). 

Each Cu atom and H20 molecule are located on the 
twofold axis. The Cu atoms are connected by bridging 
of tetradentate adipate ions to form polymeric chains. 
Two N atoms, one from each benzimidazole molecule, 
and two O atoms, one from each adipate ion, form 
short Cu- -N and Cu---O bonds of lengths 2.007 (2) 
and 2.010 (2)/~,, respectively. Along with this deformed 
square coordination, the Cu- -H20  bond of 2.245 (4) A, 
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forms an elongated pyramid. The observed short C u g N  
and Cu---O bonds are distinctly longer than the average 
literature data for Cu u of coordination number 5, and 
the long Cu- -H20  bond is somewhat shorter [accord- 
ing to Orpen et al. (1989), average short Cu- -N = 
1.966, average short Cu---O = 1.962, and average long 
Cu- -H20  = 2.331 ,~]. Two long semicoordinate Cu---O 
bonds of 2.930 (2) A, complete the Cu coordination envi- 
ronment, forming an elongated tetragonal pyramid with 
a double-capped base. Thus, Cu n heptacoordination is 
formed by the mutually perpendicular square coordina- 
tion (four short bonds) and the triangular coordination 
(three long bonds). The carboxylate groups, in a similar 
manner to carboxylate groups in the only other known 
Cu n adipate complex (Pajunen & Nasakkala, 1977), 
form four-membered almost planar chelate rings with 
two distinctly different C----g) bonds and two distinctly 
different Cu---4) bonds. 

An interesting feature of this structure is the three- 
dimensional hydrogen-bond system formed by O . . .O  
and O. . .N  contacts (Table 3, Fig. 2). The neighbouring 

Fig. 1. A fragment of the polymeric structure of (I). For clarity, atom 
C12b (with an occupancy factor of 0.19) is omitted. Displacement 
ellipsoids are at the 30% probability level. 

Fig. 2. Stereoview of the crystal packing of (I) viewed along [001]. H 
atoms have been omitted and hydrogen bonds are shown as dotted 
lines. 
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1986 [Cu(C6H804)(C7H6N2)2 (H20) ]  

[Cu(C6HsO4)(C7H6N2)2(H20) ]~  chains  are connec t ed  
by O l m H 1  .. . 0 2  and N 3 m H 3 . . . 0 3  h y d r o g e n  bonds  
wi th  O . . . O  and N . - . O  dis tances  o f  2 .917(3 )  and 
2.754 (3) /~, respect ively.  The  H 1 . . . O 2  and H 3 . . . O 3  
bonds  o f  the same ,ca rboxyla te  group wi th  lengths  
2.10 (5) and 2.03 (4) A, respect ively,  and O l m H 1 .  • . 0 2  
and N 3 m H 3 . . . O 3  angles  o f  170(5)  and 164(4)  °, 
respect ively,  are very  similar. 

Experimental 

CuC120 (1 mmol, 0.17g) dissolved in water (50m l) was 
mixed with benzimidazole (5 mmol, 0.59 g) dissolved in water 
(50 ml), and adipic acid (5 mmol, 0.73 g) dissolved in water 
(50ml) was added. The blue solution was heated to boiling, 
filtered and allowed to evaporate slowly. After several days 
dark blue crystals were obtained. Elemental analysis for 
C20H22NaOsCu: calculated C 51.94, N 12.10, H 4.76%; found 
C 51.95, N 11.99, H 4.75%. The density D,, was measured by 
flotation in a mixture of iodomethane and benzene. 

Crystal data 

[Cu(C6HaOa)(C7H6N2)2- 
( H 2 0 ) ]  

Mr = 461.96 
Monoclinic 
C2/c 
a = 14.397 (1) J, 
b = 17.432 (1) J, 
c = 8.535 (1)/~ 
/3 = 112.60 (1) ° 
V = 1977.5 (3) A3 
Z = 4  
Dx = 1.552 Mg m -3 
Dm= 1.571 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
co/20 scans 
Absorption correction: 

~b scans (North, Phillips 
& Mathews, 1968) 
Tmt, = 0.93, Tmax = 0.99 

4495 measured reflections 
2041 independent reflections 
1916 observed reflections 

[F > 4or(F)] 

Refinement 
Refinement on F 2 
R = 0.044 
wR =0.118 
S = 1.037 
1916 reflections 
169 parameters 
w = 1/[tr2(Fo z) + (0.0617P) 2 

+ 4.43P] 
where e = [max(F2,0) 

+ 2F2l/3 
(A/or)max = 0.0001 

Cu Ka radiation 
A = 1.54184 J, 
Cell parameters from 25 

reflections 
0 = 15.0-26.0 ° 
/z = 1.920 mm -1 
T = 293 K 
Irregular 
0.30 x 0.22 x 0.15 mm 
Dark blue 

Rim = 0.013 
0max = 74.89 ° 
h = - 1 6  ---+ 18 
k = 0 - + 2 1  
1 = - 1 0  ---+ 0 
3 standard reflections 

frequency: 60 min 
intensity decay: 1.8% 

Apmax = 0.91 e ,~-3 
Apmin = -0 .70  e j - 3  
Extinction correction: 

F* = Fc/[1.0 + (0.001X 
× F2A3/sin20)] 1/4 

Extinction coefficient: 
X = 0.0077 (4) 

Atomic scattering factors 
from SHELXL93 
(Sheldrick, 1993) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( j  2) 

Uiso for Cl2b; Ueq = (I/3)Ei~jUija~a;ai.aj for all others. 

x y z Ueq 
Cu 0 0.39551 (3) 1/4 0.0356 (3) 
O1 0 0.5243 (2) 1/4 0.0615 (10) 
02 0.0404 (2) 0.38119 (13) 0.0511 (2) 0.0466 (5) 
03 0.0950 (2) 0.26533 (13) 0.1527 (3) 0.0492 (5) 
NI -0.1444 (2) 0.38959 (13) 0.0889 (3) 0.0387 (5) 
N3 -0.2732 (2) 0.3286 (2) -0.1033 (3) 0.0426 (6) 
C2 -0.1741 (2) 0.3415 (2) -0 .0404 (3) 0.0414 (6) 
C4 -0.3127 (2) 0.3695 (2) -0.0061 (3) 0.0380 (6) 
C5 -0.2322 (2) 0.4088 (2) 0.1128 (3) 0.0375 (6) 
C6 -0.2485 (3) 0.4576 (2) 0.2289 (5) 0.0530 (8) 
C7 -0.3454 (3) 0.4631 (2) 0.2226 (5) 0.0626 (10) 
C8 -0.4248 (3) 0.4218 (2) 0.1049 (5) 0.0573 (8) 
C9 -0.4108 (2) 0.3745 (2) -0 .0120 (4) 0.0462 (7) 
C10 0.0869 (2) 0.3185 (2) 0.0537 (3) 0.0531 (8) 
C l l  0.1303 (3) 0.3118 (3) -0.0822 (5) 0.0886 (6) 
Cl2at  0.1981 (2) 0.2406 (2) -0.0646 (4) 0.0566 (15) 
C12b:~ 0.2450 (5) 0.2938 (3) 0.0041 (16) 0.043 (5) 

t Occupancy = 0.81. 
Occupancy = 0.19. 

Table 2. Selected geometric parameters (J,, o) 

Cu--N1 2.007 (2) C4----C9 1.397 (4) 
Cu- iOl  2.245 (4) C5----C6 1.392 (4) 
Cu---O2 2.010 (2) C6--C7 1.378 (5) 
Cu---O3 2.930 (2) C7----C8 1.398 (5) 
O2---C10 1.277 (4) C8----C9 1.367 (5) 
O3----C10 1.230 (4) CI0--C11 1.518 (4) 
N1----C2 1.319 (4) CI1---C12a 1.551 (4) 
N 1----C5 1.397 (3) C11---C12b 1.559 (7) 
N3----C2 1.336 (4) C12a-----C12a j 1.512 (6) 
N3----C4 1.372 (4) C12b----C12b i 1.537 (8) 
C4---C5 1.393 (4) 

N1----Cu--NI ~ 174.10 (14) O2---C 10--493 124.5 (2) 
N l---Cu---O 1 92.95 (7) O2----C10----C 11 114.8 (3) 
N 1------C51----4)2 88.54 (9) O3----C10--C11 120.6 (3) 
N I-----Cu----O2 ii 90.73 (9) C10---C11----C12a 114.6 (3) 
N I----Cu--O3 103.9 (I) C10--C11----C 12b 109.1 (5) 
O1---Cu--O2 97.13 (7) C11---~12a----C12a ~ 107.8 (4) 
OI---Cu----O3 140.8 (1) C11---Cl2b----C12b i 106.3 (7) 
O2--Cu---O2 ii 165.73 (14) 

Symmetry codes: (i) ½ - x, ½ - y, -z;  (ii) -x,  y, ½ --,7. 

Table 3. Hydrogen-bonding geometry (J,, o) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
N3--H3.  • .03 i 0.75 (4) 2.03 (4) 2.754 (3) 164 (4) 
O1- -HI .  • .02 ii 0.82 (5) 2.10 (5) 2.917 (3) 170 (5) 

Symmetry codes: (i) x - ½, ½ - y, z - ½, (ii) -x,  1 - y, -z.  

The structure was solved by conventional Patterson and 
Fourier methods and was refined by full-matrix least-squares 
calculations. The large displacement factors of two central C 
atoms of the adipate ion indicated disordered localization of 
the aliphatic chain. Two different positions (a and b) of C12 
were established with occupancy factors of 0.81 and 0.19, 
respectively. C12b was refined isotropically. All other non-H 
atoms were refined anisotropically. The H atoms of the H20 
group and of the benzimidazole ligand were located from a 
difference synthesis and refined isotropically. Only H atoms of 
the aliphatic chain were included in calculated positions with 
C - - H  = 0.97 J, and refined isotropically using a riding model, 
with the fixed isotropic displacement factors taken as 1.2U~ of 
the bonded C atoms. 



TOSIK, SIEROlq AND BUKOWSKA-STRZYZEWSKA 1987 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: CAD-4 
Software. Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1985). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: XP in 
SHELXTL/PC (Sheldrick, 1990). Software used to prepare ma- 
terial for publication: XPUBL in SHELXTL/PC. 

This work was supported by the Polish Committee of 
Scientific Research (project 2-0575-91-01). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: JZ1045). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

The square-pyramidal Cu u coordination comprises one 
N and three O atoms as the base, and an H20 mol- 
ecule in the apical position. The equalization of C---O 
bonds of both carboxylate groups and a differentiation 
of Cu---O bond lengths is observed. 

Comment 
This work forms part of a wider study of the prep- 
aration, properties and structure of Cu H complexes 
with dicarboxylic acids and benzimidazole (Tosik 
& Bukowska-Strzy£ewska, 1992; Tosik, Sierofi & 
Bukowska-Strzy£ewska, 1995). The structure of the title 
complex, (I), is polymeric with [Cu(C3H2On)(C7H6N2)-  
H20]~ chains along the x axis. Fig. 1 shows the inde- 
pendent fragment of the chain. 
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(I) 

The malonate ion adopts a bridging position between 
two Cu atoms, forming with one, a six-membered 
chelate ring through two short Cu--O bonds [Cu--O2 = 
1.954 (3) and Cu---O3 = 1.970 (3) A], and with a second 
Cu atom, a short Cu--O1 bond of 1.990 (3)A. 
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Abstract 
The title compound forms a polymeric chain, [Cu(CaHE- 
O4)(C7H6N2)(H20)]~. A malonate ion adopts a bridg- 
ing position between two Cu atoms, coordinating via 
three of its O atoms. Two form a six-membered chelate 
ring, the third coordinates to the neighbouring Cu atom. 
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Fig. 1. An independent fragment of the [Cu(C3H204)(C7I-~N2).- 
(H20)]~ chain. Displacement ellipsoids are plotted at the 30% 
probability level. 
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