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Table 4. Distances (A) from least-squares planes

A B C A B C
Cu  —0-041  0-000 -0.000 C(4) 0-021 0-025 -0-019
o(l) —-0-015 0.007 0-000 C(5) —0-030 -0-038 —0-101
O(2) 0-006 0-028  0-000 C(6) 0-156 0-126  0.063
C(ly —0-009 —0-017 —0.042 c 1.578  1.541 1.473
C(2) 0.001 0-004 —0-020 C@® 2-113  2.066 1.993
C(3) 0.026 0-019 —0-024

Planes defined by Cu, C(1)---C(5), O(l) and O(2) (4), by the
atoms for plane A plus their centric mates (B), and by Cu, O(1) and
0O(2) (C). Dihedral angles: 0-84 (4 and B), 0-87 (B and C), 1-66 4
and C), 48-3 (4 and ac), 46-7 (B and ac), and 47-5° (C and ac).
Angles from a towards ¢ of the lines of intersection of 4, B, and C
with ac: 34-19, 34.62, and 34-58°. E.s.d.’s of atom positions about
0-005 A; of points on the plane not available, but considerably
different for the different planes and for different points on a given
plane, the greatest possibly being no more than 0-01 A.

The allyl torsion angles are C(8)—C(7)—C(6)—C(3) =
126-7 (8) (vinyl cis to methylene H as expected; see e.g.
Pauling, 1960), C(7)—C(6)—C(5)—C(4)=91-9 (5),
and C(7)—C(6)—C(3)—C(2) = —83-8 (5)°, the C—C
bond of the allyl group twisting down about 90° from
the ligand plane. At 1.241(8) A, C(7)=C(8) is ex-
cessively short, mainly, we feel, by foreshortening,
UIC(8)] being very large, and much larger than
UIC(7)]. There are only two short C(8) contacts with
non-H atoms, at 3-65(1)A with a C(8) and at
3.74 (1) A with a C(5), and none along b, on which
UIC(8)] has its largest component. It is not obvious
whether the C(8) contacts, along with C(7)---C(7) at
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4-13 (1) A, are short enough or so disposed as to
support the original suggestion that a solid-state
polymerization might be possible.
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Structure of catena-u-Aqua-bis(benzimidazole)diformatocopper(Il),
[Cu(C,H,N,),(CHO,),(H,0)]
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Institute of General Chemistry, Technical University, 36 Zwirki, 90-924 LodZ, Poland
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Abstract. M, = 407-9, monoclinic, C2/c, a = 12-94 (4),
b=12.10(4), ¢=10-40(2)A, =96-0(3)°, V=
1699-8 A3, Z=4, D_= 1.590, D, =1622)Mgm3,
AMCuKo)=1.5418 /i The structure determination
was based upon 844 independent reflections. Full-
matrix least-squares refinement yielded a conventional
R factor of 0-065. A specific one-dimensional poly-
meric structure has been established. The formate ions
and benzimidazole molecules are monodentate ligands,
forming two Cu—O bonds of 1.997 (5) A and two
Cu—N bonds of 2-017 (6) A. The square coordination
is expanded to elongated octahedral coordination by the

0108-2701/83/020203-03%01.50

bridging H,0 molecules with Cu—O(H,0) distances of
2:625(2)A and an angle Cu—O(H,0)-Cu of
164-2 (5)°.

Introduction. The interaction of imidazole and benz-
imidazole or their derivatives with transition-metal
ions is believed to be important in determining the
activity of many biologically important molecules
(Sundberg & Martin, 1974). In proteins, the imidazole
groups of histidine residues are known to be metal-
binding sites (Freeman, 1967). The behaviour of
imidazole groups as ligands has hitherto been charac-
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terized less precisely than that of amino, carboxyl and
peptide groups. Also, copper(I) formate complexes
need structural characterization to explain their signifi-
cant structural and magnetic differences as compared
with copper(I) acetates and the higher alkanoates
(Doedens, 1976).

The results of the preparation and structure in-
vestigation of a new aqua(benzimidazole)copper (1)
formate are reported in this paper.

Experimental. Equimolar amounts of cupric formate
and benzimidazole were dissolved in water, the
solutions were mixed and a few drops of 84% formic
acid added; evaporation of the filtered solution pro-
duced blue crystals; composition: calculated for
C,H,,CuN,0,: C47-09, H3-92, N 13.73%; found:
C 47-10, H4.00, N 12-81%. Cell dimensions deter-
mined from 15 high-angle 0k/ and 40! reflexions, Weis-
senberg photographs, Cu radiation, density measured
by flotation in a benzene solution of CH,I; intensity
data of 844 reflections collected (crystal 0-04 x 0.03 x
3.00 mm, mounted along the z axis) by means of a
multiple-film pack on a Weissenberg camera; 26,,,, =
158.6°; range of hkl: 15<h<-15 14<k<0,
8 </<0; 132 unobserved reflections; intensities
estimated visually with a calibrated intensity scale;
Lorentz and polarization corrections applied; structure
solved by means of three-dimensional Patterson and
Fourier syntheses, refined by full-matrix least-squares
calculations with anisotropic temperature factors for
the nonhydrogen atoms, H atoms included in calculated
positions and not refined; final conventional R = 0-065,
goodness-of-fit S =1.73; F(000) = 836; average ratio
of shift to error and maximum least-squares shift to
error in the final refinement cycle were 0-3 and 1-3
respectively;  atomic  scattering  factors  from
International Tables for X-ray Crystallography (1974);
all calculations performed on a Riad-32 computer using
the XRAY system (Stewart, Kundell & Baldwin, 1970).

Discussion. Final atomic coordinates, and bond dis-
tances and angles are given in Tables 1* and 2. Fig. 1
shows the structure projected along x. The Cu
atom at a symmetry centre is surrounded by two N
atoms of two benzimidazole molecules and by two O
atoms of two formate ions in a square plane with
Cu—0(1)=1-997(5) and Cu—N(1)=2-017(6) A.
The equatorial Cu—N(1) distance is similar to cor-
responding lengths in the known structures of
copper(Il-imidazole(im) ~ complexes:  [Cu(im),I,],
1.98—2.04 A (Akhtar, Goodgame, Goodgame,
Ravner-Canham &  Skapski, 1968); [Cu(im),-

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and least-squares-plane data have been
deposited with the British Library Lending Division as Supplemen-
tary Publication No. SUP 38101 (20 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, 5 Abbey Square, Chester CH! 2HU, England.

catena-u-AQUA-BIS(BENZIMIDAZO LE)DIFORMATOCOPPER(II)

1.91-2.05 A (Prout, Allison
& Rossotti, 1971); [Cu(im),SO,], 2-00-2-02 A
(Fransson & Lundberg, 1972); [Cu(im),(ClO,),l,
1.997—2.007 A (Ivarsson, 1973); [Cu(im),I(NO,),,
2.012—2.049 A (McFadden, McPhail, Gros, Garner &
Mabbs, 1975). The H,0 molecule in the special position
Oy} forms a bridge between two square complexes and
completes the coordination around Cu atoms to form
an elongated octahedron with two very long
Cu—O(H,0) bonds of 2:625(2) A. The angle
Cu—O(H,0)—Cu' is 164-2 (5)°. The tetragonality of

(CH,OCH,CO00),],

Table 1. Positional parameters (x 10*) and equivalent
isotropic temperature factors (x10%)
Bea=3B11+ Bart Byy)-

X y z ﬁeq (AZ)
Cu 0 0 0 39 (1)
o(l) =777 (3) 1272 (4) 492 (4) 41 (5)
02 —1455 (4) 1859 (5) —~1477(5) 75 (5)
0o3) 0 —284 (9) 2500 70 (10)
C(1) 1462 (7) 1402 (7) 1542 (7) 63 (7
C(2) 4020 (6) 1571 (7) 505 (7) 64 (8)
C@3) 4319 (6) 1099 (5) —-530 (6) 50 (6)
C4) 3602 (6) 485 (7) —1361(7) 56 (8)
C(5) 2594 (7) 313 (6) —1063 (7) 43 (8)
C(6) 2312 (5) 753 (6) —20 (6) 45 (7)
c() 3003 (6) 1448 (6) 827 (6) 43 (1)
C(8) —1286 (5) 1907 (5) —239 (6) 40 (7)
N(1) 1318 (4) 813 (4) 509 (5) 32 (6)
N(2) 2433 (4) 1788 (5) 1750 (5) 47 (6)

Table 2. Bond distances (A) and angles (°) with their
standard deviations

(a) Coordination polyhedron

Cu—-0(1) 1-997 (5) O(1)-Cu—N(1) 87-3(2)
Cu—0(3) 2-625 (2) N(1)—Cu—-0(3) 84.2(2)
Cu—N(1) 2-017 (6) 0(1)-Cu—-0(3) 78-8 (2)
Cu—-0(3)-Cu! 164.2 (5)
(b) Formate group
C(8)—0(1) 1.248 (8) 0O(1)-C(8)-0(2) 127-1 (7)
C(8)—0(2) 1.285 (8)
(¢) Benzimidazole molecule
N(1)-C(1) 1.306 (10) C(1)-N()-C(6) 106-6 (6)
C(1)-N(2) 1.345 (10) N(1)-C(1)-N(2) 113.1(7)
NQ2)-C(7) 1.342 (10) C(1)-N(2)-C(7) 110-0 (6)
C(7)-C@3) 1.401 (11) C(3)-C()—C(D) 120-3 (7)
C(2)-C(3) 1.325 (11) C(2)-C(3)-C4) 120-8 (7)
C(3)-C@4) 1.430 (10) C(3)-C(4)—-C(5) 121.0(7)
C(4)-C(5) 1-390 (12) C(4)—C(5)-C(6) 117-9 (7)
C(5)—C(6) 1.306 (10) C(5)-C(6)-C(7) 123.1(7)
C(6)—N(1) 1.453 (9) N(1)-C(6)-C(7) 104-3 (9)
C(6)-C(7) 1.479 (10) N(1)—-C(6)—-C(5) 132.2 (7)
N(2)-C(1)—C(6) 106-0 (6)
C(2)-C(—C(6) 116-7 (7)
C(2)-C(D-N@2) 137.4 (7)

(d) Short intermolecular contact
N(2)-0(2%) 2.805 (8)
Symmetry code:

D) —x,y 4z (i) §+x, 5y, 5+2
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Fig. 1. A view of the unit-cell contents along the x axis.

the Cu'! complex [defined by Procter, Hathaway &
Nicholls (1968) as the ratio of the mean equatorial to
axial bond lengths] is 0-76 here. As found by
Hathaway & Hodgson (1973) for many other six-
coordinated Cu!' complexes involving N and O donor
atoms the tetragonality of 0-76 corresponds to axial
Cu—O bond lengths of 2:6—2-7 A, in good agreement
with this structure.

The C—O distances of the formate ion [C(8)
—0O(1)=1-248 (8) and C(8)—0(2) = 1-285(8)
Al indicate some delocalization of the 7 bond
between the two C—O bonds, but the difference is in the
opposite sense to that observed in monodentate bis-
(propionato)(p-toluidine)copper (II) (Yawney, Moreland
& Doedens, 1973).

The benzimidazole molecule is planar within ex-
perimental error, but is not coplanar with the Cu atoms.
The Cu—N(imidazole) bond deviates by about 5° from
the benzimidazole-ring plane. Significant differences
between the dimensions of free (Martinez-Carrera,
1966) and monodentate-coordinated imidazole rings
can be observed. The non-coordinated ring shows two
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almost identical C(1)-N(1) and C(1)-N(2) bond
lengths of 1-326 (5) and 1-349 (5) A, respectively, and
two longer C—N bond lengths of 1.378 (5) and
1.369 (5) A. As can be seen from Table 2, the
coordination of the N(1) atoms results in shortening of
C()-N(1) to 1.306 (10)A and elongation of
N(1)—C(6) to 1.453 (9) A. A similar effect can be
noticed in other monodentate-coordinated ben-
zimidazole molecules (Bukowska-Strzyzewska,
Skoweranda & Tosik, 1982; Hamilton, Ferraro & Sinn,
1979) where shortened C(1)—N(1) bonds are 1-316 (7)
and 1.326 (1) A, respectively.

The  polymeric chains of [Cu(HCOO),
(benzimidazole),(H,0)], are extended along the x axis
and, as can be seen from Fig. 1, are joined by
0O(2)---H—N(2") with hydrogen bonds O(2)---N(2¥)
2-805 (8) A.
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