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bonds which links shikimate ions and water molecules.
All O—H act as H-bond donors except for H(30) and
H(904) to yield 12 interactions with O---O in the range
2-674 (6)-2-928 (6) A (Table 2). The O—H---O angles
range from 146 (3) to 174 (3)° with the exception of
two angles of 133 (5) and 139 (5)° involving water
0(93)—H donors. The water molecules play a key role
in the network, being involved in nine of the inter-
actions.

The Nat ions have different oxygen environments.
Na(l) has seven Na-..O contacts (two from each
shikimate, three from waters) in the range 2-402 (4}
2.687 (4) A, forming a distorted pentagonal bipyramid.
Na(2) has six Na-.-O (three from shikimates, three
from waters) in the range 2:332 (3)-2-669 (4)A
forming an approximate octahedron.
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Abstract. [Cd(CH (N,)(NCS),], M, = 344-68, mono-
clinic,c, C2/e, a=14-672(3), b=28-520(2), c=
11-164 3) A, f=100-69 (2)°, V=1371.3(6) A%, Z
=4, D_=1.67Mgm~?, A(MoKa)=0-71073 A, u=
1-72 mm~!, F(000) =688, T =296 K, R =0-043 for
722 observed reflections. The Cd'' ion, mounted on a
twofold axis, is octahedrally coordinated by two S and
two N atoms of four symmetry-related thiocyanate
groups [Cd—N = 2-340 (8), Cd—S = 2-704 (3) A] and
two N atoms of the tetramethylethylenediamine ligand,
which is also sited on the twofold axis [Cd—N
= 2-415 (8) Al. The thiocyanate ions constitute double

0108-2701/88/071207-03%$03.00

bridges, thereby building infinite chains of thiocyanate-
linked Cd!" ions along the c axis.

Introduction. The complexes formed by the 116 metal
salts and nitrogen-containing ligands are found in a
variety of coordination numbers and geometries (Dean,
1978). In particular, the thiocyanate ion is known to
form metal-nitrogen and metal-sulfur bonds and also
bridges through atoms —N—, —S— or through —N,S
(e.g. Cingi, Lanfredi, Tiripicchio, Haasnoot & Reedijk,
1985). As part of a systematic investigation of a series
of MX,(tmen) complexes, M =Zn", Cd", Hg"; X
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=CN, SCN, NO,; tmen= N,N.N',N'-tetramethyl-
ethylenediamine, we report here the X-ray crystal
structure determination of the title complex. This
investigation was undertaken to study the effect of the
methyl groups linked to the N atoms on the structure of
the complex, because infrared and Raman spectra
(Iwamoto & Schriver, 1971) showed that the cor-
responding complex with ethylenediamine has a poly-
meric chain structure with the amine N bridging the Cd
atoms, and in bis(ethylenethiourea)cadmium thio-
cyanate the Cd atoms are linked by NCS groups
(Cavalca, Nardelli & Fava, 1960).

Experimental. Crystals of the title compound were
grown from a solution of stoichiometric amounts of
cadmium thiocyanate and tmen in methanol by slow
evaporation at room temperature. Prismatic colourless
crystals 0-10 x 0-10 x 0-03 mm, Enraf-Nonius CAD-4
diffractometer, graphite-monochromated Mo Ka; cell
parameters by least squares on setting angles for 24
reflections, 8 < < 17°; w-260 scans, scan width
(0-60 + 0-35tané)°, max. scan speed 6-7° min~!; max
range of hkl: —17<h<17, k<10, 1<13; Oy
= 25°; standard 621 varied +3-1% of mean intensities
over data collection; 1267 reflections measured, 1198
unique, R;,; = 0-02, 722 observed above 34(I); Lp and
absorption corrections (transmission factors 0-88-
0-95); structure solved by Patterson and difference
Fourier techniques. In final cycles of full-matrix
least-squares refinement all non-H atoms anisotropic. H
atoms included at positions found in difference syn-
thesis, all with common isotropic temperature factor
that refined to U=0-11 A% Inspection of F, and F,
values indicated a correction for secondary extinction
required (F o = F, | 1.0 — xF.*/sinf| where y refined to
6 x 10~® in the final run). Function minimized
2w(|F,| — | F,1)* with w = 1/1 6*(F) + 0-0007F21, 71
parameters refined, excluding unobserved reflections;
R =0-043, wR = 0-045. Max. (4/0) = 0-002, S = 1.06;
Ap excursions within 0-53 and —0-52 e A~3; scattering
factors for non-H atoms from Cromer & Mann (1968)
with corrections for anomalous dispersion from Cromer
& Liberman (1970), for H from Stewart, Davidson &
Simpson (1965); programs used SHELX76 (Sheldrick,
1976), ORTEP (Johnson, 1965). Most of the calcula-
tions were performed on a VAX 11/780 computer of
the Instituto de Fisica e Quimica de Sdo Carlos.

Discussion. Final atomic positions and equivalent
isotropic temperature factors are given in Table 1.*
Interatomic distances and angles are given in Table 2.

* Lists of H-atom positions, anisotropic thermal parameters and
structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
44865 (10 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

[Cd(C¢H,NJ(NCS),]

Table 1. Fractional atomic coordinates and isotropic
temperature factors (A?) with e.s.d.’s in parentheses

B, = ‘}Zi ZiBljai'aj'

x y z B,
Cd 05 0-6196 (1) 0-25 3. 20 3)
S 0-3703 (2) 0-4139 (3) 0-1411 (2) 4.7(1)
N(1) 0-5903 (6) 0-842 (1) 0-3383 (8) 4.6 (3)
N(2) 0:4203 (6) 0-384 (1) —0-0869 (7) 4.7(3)
C(l) 0-6752 (8) 0-860 (2) 0-287 (1) 6-4 (5)
C(2) 0-6176 (9) 0-826 (2) 0-472 (1) 7-0 (5)
C@3) 0-4006 (6) 0:397 (1) 0-0071 (9) 3903
c@) 0.528 (1) 0-973 (1) 0-319 (1) 8-0 (6)

Table 2. Bond distances (A) and angles (°) with e.s.d.’s

in parentheses

Cd-$ 2-704 (3) N(1)-C(2) 1-48 (1)
Cd—N(1) 2.415 (8) N(1)-C(4) 143 (2)
Cd—N(2) 2-340 (8) N(2)-C(3) 1-14 (1)
S—C(@3) 1.64 (1) C(4)—C(4" 1-61 (2)
N(1)—C(1) 1.47 (1)

S—Cd—N(1) 168-2 (2) N(1)—Cd—N(2) 90-7 (3)
S—Cd—N(2)) 93-1(2) N(1)~Cd—N(1¥) 76-6 (3)
S—Cd—S§t 99-20(8)  N(1i)—Cd—N(2)) 90-5 (3)
S—Cd—N(17) 92:2(2) N@)-Cd—N(Q2")  178:5(3)
Si-Cd-N(2) 86-0 (2) S—C(3)-N(2) 178-8 (9)

Symmetry codes: (i) 1—x, 1—p, —z; (i) 1—x, y, 1—z; (iii) x, 1—y,
1
3+2.

Fig. 1. Stereoscopic projection of the structure down the b axis.

The structure consists of a network of Cd! chains
bridged together by pairs of thiocyanate groups along
the ¢ axis. The Cd atom, placed on a twofold axis, is
coordinated to two amine nitrogens of the tmen ligand
(which is also sited on the twofold axis) and to two S
and two N atoms of four NCS— groups (symmetry
related by pairs), as shown in Fig. 1, which is a
stereoscopic projection of the structure down the b axis.
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The bonds between Cd and bridging thiocyanato are
essentially identical, to within experimental accuracy, to
those found in the literature (Cavalca, Nardelli & Fava,
1960; Bigoli, Braibanti, Pellinghelli & Tiripicchio, 1972;
Haasnoot, de Keyzer & Verschoor, 1983). A significant
difference is found in the Cd—N(2) bond which is much
longer (2:53A) in the ethylenethiourea complex
(Cavalca, Nardelli & Fava, 1960). The Cd—N(2)
distance is shorter than the Cd—N(1) distance
[2.340 (8) vs 2-415 (8) A}, as found in other polymeric
Cd compounds (Haasnoot, de Keyzer & Verschoor,
1983). The Cd—N(2)—C(3) angle is 164-3 (8)°.
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Abstract. (I) [CuCL(C,,HgN))l,,, M,=290-63, tri-
Pl,

clinic, a=7-288Q2), b=9-640(2), c=
9771 (DA, a=5536(3), B=6929(2), y=
70-48 (3)°, vV =1520 (1) A3, Z=2, D, =
1-855 Mg m—3, A(Mo Ka) =0-71073 A, U=

2.585 mm~!, F(000)=290, T=291K, R=0-0425
for 1450 unique observed reflections. The crystal
consists of alternating spaced chains, oriented along the
x axis. The coordination polyhedron around the Cu
atom can be described as a distorted octahedron. The
basal plane is formed by the two N atoms of the
2,2'-bipyridine ligand and two Cl atoms. The axial sites
are occupied by Cl atoms from the other monomeric
units. Cu—N(1) =2-029 (3), Cu—N(2)=2-027 (3),
Cu—CI(1)=2-267 (1), Cu—Cl(2)=2-267(1), Cu—
CI(1%) = 3.035 (1), Cu—CI1(2") = 3-106 (1), Cu—Cui=
3.876 (1) and Cu—Cu' =3.802 (1)A. (II) [CuBr,

0108-2701/88/071209-04503.00

(C,oHgN)l,, M, =379-55, monoclinic, C2/c, a=

16-966 (4), b=9-287(2), c=7490Q)A, f=
111.60 (2)°, V=1097()A%, Z=4, D, =
2.297 Mg m™3, A(Mo Ka) = 0-71073 A, U=

9.117 mm~!, F(000)= 724, T=291K, R=0-0716
for 708 unique observed reflections. The crystal
consists of alternating spaced chains along the z axis.
The coordination polyhedron around the Cu atom can
be described as a distorted octahedron. The basal plane
is formed by the two N atoms of the 2,2'-bipyridine
ligand and two Br atoms. The axial sites are occupied
by Br atoms from the other monomeric units. Cu—
N(1)=2-030 (6), Cu—Br(1)=2-410(1), Cu—Br(1’’)
=3-175 (1), Cu—Cu’ =3.974 (1) A.

Introduction. As far as their structure is concerned,
copper(Il) compounds display a rich variety of
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