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Abstract 

Crystals of the title compound, [Cu(C6HI5N303)2]CI2.- 
4H20, are isotypic with those of the analogous Cu" 
bromide and the corresponding Ni II and Zn n bromides 
[Hegetschweiler et al. (1992). Inorg. Chem. 31, 2341- 
2346]. The coordination polyhedron of the Cu atom 
shows a strong Jahn-Teller distortion from octahedral 
symmetry. The location of all H-atom positions gives 
a more detailed understanding of the three-dimensional 
hydrogen-bonding framework in (I) and its related 
compounds. 

Comment  
A remarkable property of the ligand 1,3,5-triamino- 
1,3,5-trideoxy-cis-inositol (taci) is its rigidity. Its large 
number of OH and NH2 groups gives rise to a va- 
riety of different coordination modes and to extended 

"1 Dedicated to Professor C. G. Kreiter on the occasion of his 60th 
birthday. 

inter- and intramolecular hydrogen bonding. In particu- 
lar, it has been found for some metal complexes of taci 
that these substituents are arranged so as to form char- 
acteristic cavities that accommodate the counteranions 
(Hegetschweiler et al., 1992). 

Crystals of the title compound, (I), are composed of 
the cationic 2:1 complex of 1,3,5-triamino-l,3,5-tri- 
deoxy-cis-inositol with a copper(II) ion (Fig. 1), two 
chloride anions and four water molecules, all connected 
by hydrogen bonds. The coordination polyhedron of 

m 

H O ~  OH 

H 2 N ~  . ( . / N H 2  
.~..~Lu 

H2N 7 ~ N H 2  

H O ~ / ~ ~ , . ~ O H  

2+ 

.2CI-.4H20 

(I) 

the Cu atom (Cul, site symmetry 2/m) shows a strong 
Jahn-Teller distortion from octahedral symmetry. The 
N atoms of four crystallographically equivalent NH2 
groups (N2) form a square [N---Cu--N 88.91 (5)- 
91.09 (5)°], with short N--Cu distances [2.0712 (9)A]. 
Two more weakly bonded NH2 groups, with their N 
atoms on the mirror plane Oyz [N4 Cul 2.3472 (15) ,~,], 
occupy the axial positions, additionally displaced by 
4.54 (4) ° from the normal of the equatorial square plane, 
reducing the point-group symmetry to C2h(2/m) (Fig. 1). 

O3b O1 

c1 
~3 

O 3 c ~ )  

Fig. 1. Diagram of the bis(l,3,5-triamino-l,3,5-trideoxy-cis-inositol)- 
copper(II) cation. Displacement ellipsoids arc drawn at the 50% 
probability level. The two H atoms at O1 represent the two possible 
positions of this disordered H atom. Symmetry codes: (a) -x,  1 - y, 
-z;  (b) x, 1 - y ,  -z;  (c) -x,  y, z. 
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The OH group, the O atom of  which also lies on the 
mirror plane Oyz, shows a 1:1 disorder of  its H atom 
with crystallographically equivalent hydrogen-bonding 
environments for the two split positions (Fig. 1). Besides 
the O 1 and N4 atoms, C1, C4 and O1 W are situated on 
the mirror plane Oyz, while O2W lies on the mirror plane 
xy¼. 

The packing of  (I) is best described as a sequence 
of  two different types of  regions parallel to the ab 
plane (Fig. 2). The broader region 1, intersecting the 
c axis at 0 and ½, is built up by meta l -organic  
copper complexes connected to one another by N---  
H . - . O  hydrogen bonds, with cavities filled with the 
C12 anions (site symmetry  2/m) (Table 3). The narrower  
region 2, at c - ¼ and 3, consists of  the water  mol- 
ecules and the Cl l  anions (site symmetry  m2m). The 
two crystallographically independent CI anions have 
completely different environments,  also expressed by 
significant differences in their Ueq values [0.0585 (2) ,~2 
for Cl l  and 0.02875 (11) ,~2 for C12]. The Cl l  anion 
is coordinated by four water  molecules,  while C12 is 
located in a cavity formed by six NH2 groups of  two 
neighbouring copper complexes,  and two water  mol- 
ecules. The cationic complex forms strong hydrogen 
bonds via its OH groups; the NH2 groups are only 
weakly connected (Table 3). 

was adjusted to pH 5.3 by adding dilute acetic acid and 
concentrated in vacuo. Single crystals were grown by slow 
diffusion of ethanol into the aqueous solution. 

Crystal data 

[ C u ( C 6 H i 5 N 3 0 3 ) 2 ] C 1 2 . 4 H 2 0  Mo Kc~ radiation 
Mr = 560.92 A = 0.71073 A, 
Orthorhombic Cell parameters from 40 
Cmcm reflections 
a = 9.2753 (6) ,~ 0 = 5.45-12.46 ° 
b = 11.3756 (8) A /.t = 1.246 mm-i  
c = 21.720 (2) ~, T = 293 (2) K 
V = 2291.7 (3) A 3 Plate 
Z = 4 0.65 × 0.33 x 0.07 mm 
D~ = 1.626 Mg m - 3  Clear intense blue 
Dm not measured 

Data collection 
Siemens P4 four-circle 

diffractometer 
o., scans 
Absorption correction: 

numerical 
Tmin = 0.511, Tmax = 0.923 

3405 measured reflections 
2683 independent reflections 
1817 reflections with 

I > 2o-(/) 

Rint = 0.009 
0max = 34.99 ° 
h =  - 1  ---* 14 
k = - 1  ~ 18 
1= - 1  --+35 
3 standard reflections 

every 100 reflections 
intensity decay: none 

• ~ .. .- . " .  ~ 
"°. 

i -  ° ',k 

~1~.. , -O i ®.." : 

2 2 

Fig. 2. Diagram showing the packing of  (I) perpendicular to [001]. 

It could be shown that smaller  counterions do not 
effect significant changes in the crystal structure or the 
coordination of  the Cu atom in this case; compound 
(I) crystallizes isotypically with its bromide analogue 
(Hegetschweiler  et al., 1992). 

E x p e r i m e n t a l  

The title complex was prepared by dissolving 0.5 mmol 
of 1,3,5-triamino- 1,3,5-trideoxy-cis-inositol dihydrate and 
0.5 mmol of CuC12.H20 in 10ml of water. The solution 

Refinement 

Refinement on F 2 
R[F 2 > 2a(F2)] = 0.027 
wR(F 2) = 0.059 
S = 1.045 
2683 reflections 
125 parameters 
H atoms: see below 
w = l/[cr2(Fo 2) + (0.0195P) 2] 

where P = (F 2 + 2F~)/3 
(/X/~)m~ = 0.018 

Apmax = 0.448 e ,&-3 
Apmin -- -0.371 e A - 3  

Extinction correction: 
SHELXL97 (Sheldrick, 
1997) 

Extinction coefficient: 
0.00247 (15) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

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

Ueq = (1/3)Ei~jUiJddai.aj. 
x Y z Ueq 

Cui 0 I/2 0 0.01561 (6) 
CIl 0 0.06448 (9) 1/4 0.0585 (2) 
C12 0 0 0 0.02875 (I I ) 
CI 0 0.49631 (15) 0.15759 (6) 0.0194 (3) 
C2 0.13742 (11) 0.45373 (9) 0.12666 (5) 0.01812 (19) 
C3 0.13392 (13) 0.31926 (9) 0.12045 (5) 0.0211 (2) 
C4 0 0.27107 (13) 0.08876 (7) 0 .0201 (3) 
N2 0.15939 (10) 0.51241 (9) 0.06647 (4) 0.01839 (18) 
N4 0 0.29823 (13) 0.02261 (7) 0.0216 (3) 
Ol 0 0.62151 (!1) 0.16047 (6) 0.0265 (3) 
03 0.25725 (9) 0.27560 (8) 0.08857 (5) 0.0295 (2) 
Ol W 0 0.89454 (13) 0.13354 (7) 0.0400 (3) 
O2W -0.19743 (18) 0.68953 (18) 1/4 0.0516 (4) 

Table 2. Selected geometric parameters (,4, °) 
CuI--N2 2.0712 (9) C2--C3 i.5360 (15) 
CuI--N4 2.3472 (15) C3--O3 1.4264 (14) 
CI---OI 1.426 (2) C3--C4 1.5222 (14) 
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c I---C2 1.5201 (13) C4---N4 
C2--N2 1.4819 (13) 

N2----Cu I--N2 i 91.09 (5) O3--C3--C4 
N2----Cu I--N4 85.46 (4) O3----C3---C2 
OI---C I----C2 109.74 (9) C4-----C3---422 
C2----C 1----C2 i !13.97 (12) N4--C4----C3 
N2--C2-421 111.20 (9) C3---C4----423' 
N2----C2---C3 1 ! 1.96 (9) C2--N2------Cu I 
C 1----C~--C3 109.78 (10) C4----N4--Cu I 

Symmetry code: (i) - x ,  y, z. 

!.470 (2) 

108.03 (9) 
111.87 (9) 
114.56 (10) 
i 11.49 (8) 
109.38 (13) 
119.08 (7) 
114.21 (i0) 

D---H- - -A 
N2--H21N. • -03' 
N2--H22N. • - C l 2  ii  0.864 
N4---H41 N- - -O3 iii 0.796 
OI--HIO- • -O2W' 0.755 
O3----H30- • -O 114 ~v 0.759 
OIW--HI IW- • -Cil v 0.785 
Ol W--HI2W- • -C12 v 0.795 
O2W--H21 W- • -Cll vi 0.791 

Table 3. Hydrogen-bonding geometry (,4, o) 
D---H H. • .A D. • .A 

0.785 (13) 2.347 (14) 3.1292 (13) 
(13) 2.668 (13) 3.4763 (9) 
(15) 2.673 (14) 3.4068 (15) 
(9) 2.029 (10) 2.7808 (15) 
(8) 2.057 (9) 2.8026 (12) 
(12) 2.409 (12) 3.1836 (16) 
(12) 2.403 (15) 3.1389 (16) 
(12) 2.360 (12) 3.146 (2) 

D--H- • -A 
173.7 (14). 
156.3 (12) 
154.1 (13) 
174 (3) 
167.2 (16) 
169 (2) 
154 (2) 
173 (3) 
169 (3) O2W--H22W---O1 0.782 (12) 2.010 (14) 2.7808 (15) 

Symmetry codes: (i) ½ --x, ½+y, z; (ii) ½+x, ½+y, z; (iii) ½ - x ,  ½ - y ,  - z ;  
(iv) ½ + x , y - -  ½,z; (v)  x , l + y , z ; ( v i ) x - -  3,½ +y ,z -  

The assignment of the centrosymmetric space group Cmcm 
instead of the non-centrosymmetfic subgroup Cmc2~ was 
based on arguments summarized by Marsh (1995). The atomic 
coordinates of all H atoms were taken from difference Fourier 
syntheses. Atomic coordinates and individual Ui~o values for 
all H atoms belonging to the NH2 groups were refined. The 
atomic coordinates for H atoms of OH groups were refined 
with the O---H distance restrained to a plausible value and 
the /./is,, values set to 1.3U~q(O). H atoms belonging to water 
molecules and the H atoms bonded to C atoms were refined 
with the O---H and C--H distances restrained to one common 
value for each type. The Ui~o values were set to 1.5U~q(O) or 
1.2U~q(C). 

Data collection: XSCANS (Siemens, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS for reducing diffractometer 
data and X-RED (Stoe & Cie, 1996) for absorption correction 
by indexed crystal faces. Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular graphics: 
SHELXTL-PIus (Sheldrick, 1992). Software used to prepare 
material for publication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: JZI250). Services for accessing these 
data are described at the back of  the journal. 
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Abstract 

The crystal structure of the title compound, bis[tris(2,2'- 
bipyridyl-N,N')nickel(II)] cyclo-tetravanadate undeca- 
hydrate, contains a centrosymmeuic [V4OI2] 4- anion, 
which has an eight-membered ring structure formed by 
four VO4 tetrahedra sharing vertices, and two complex 
cations containing octahedrally-coordinated Ni 11 ions. 
The anion and coordinated Ni !1 ions are isolated and 
make up anion and cation layers, respectively. The N i - -  
N distances range from 2.077 (3) to 2. l l2 (2),~ and the 
V--4) distances range from 1.621 (2) to 1.803 (2),~. 

Comment  

The isopolyanions [ ( T I - C 8 H I 2 ) I r ( V 4 O I 2 ) ]  3 -  and {[(r/- 
C8HI2)Ir]2(V4012)} 2- ,  which contain the ring anion 
[V40!2] 4- ,  were first synthesized by Day et  al. 
(1990). Recently, some vanadium oxides consisting of  
[V4OI2] 4- clusters containing complex cations [transi- 
tion metal cations coordinated by 2,2'-bipyridyl (bipy)], 
such as[Cu(bipy)][V206] and [Cu(bipy)2][V206] (De- 
Bord et  al.,  1996), [VO(VO3)6{VO(bipy)2}2] (Huan et 
al., 1991), [Zn(bipy)2]2[V4Ol2], [Zn(phen)2]2[V4Ol2].- 
H20 and [Zn(bipy)312[V4OI2].llH20 (Zhang et  al., 
1997), have been reported. We report here the structure 
of  a new compound, (I), built from complexed nickel 
cations, [Ni(CIoH8N2)3] 2÷, water molecules of  crystal- 
lization and cyc lo- te t ravanadate  anions, [V40~2] 4- .  

2+ 

(I) 

O 
i o 

o/V~o"-O---V-.,,.~ \ u  
X o c 

o . ~ . ? - - - o - ~ v /  

o o I 

.I1H20 
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