
174 [SbCla(C25H2202P2)] 

O1A---Sbl--CI2A i 80.48 (7) O1B--Sb2--CI2B fi 82,15 (7) 
O2A---Sbl---C12A i 73.30 (8) O2B--Sb2----CI2B ii 91.34 (8) 
C13A--Sbl---C12A i 157.79 (3) CI3B---Sb2--CI2B u 167.73 (3) 
C! IA---Sb I---CI2A i 102.62 (4) CI2B---Sb2--CI2B ii 93.26 (4) 
CI2A---Sbl---CI2A i 108.34 (3) CIIB---Sb2---CI2B ii 101.07 (3) 
PIA---OIA--Sbl 134.07 (16) PIB--4)IB--Sb2 137.54 (16) 
P2A-4)2A---Sbl 133.82 (17) P2B--O2B--Sb2 133.86 (18) 

Symmetry codes: (i) 2 - x, - y ,  2 - z; (ii) 2 - x, 1 - y, 1 - z. 

Table 2. Hydrogen-bonding geometry (A, o) 
D--H. • .A D---H H. • .A D. • .A D--H. • .A 

C25A--H25B.- .CI1B 0.97 2.66 3.608 (3) 163 
C25B--H25D-.-CIlA i 0.97 2.60 3,559 (3) 168 

Symmetry code: (i) x, y, z - 1. 

The data collection covered over  a hemisphere  o f  reciprocal 
space by a combinat ion of  three sets of  exposures;  each set had 
a different qo angle (0, 88 and 180 °) for the crystal and each 
exposure of  30 s covered 0.3 ° in w. The crystal- to-detector 
distance was 4 cm and the detector  swing angle was - 3 5  °. 
Coverage  o f  the unique set is over  99% complete.  Crystal 
decay was moni tored by repeating 30 initial f rames at the end 
of  data collection and analysing the duplicate reflections; it 
was found to be negligible. Al though data were collected to 
a 20max of  66.3 °, only reflections having 20 less than 55 ° 
were used for structure solution and refinement.  The structure 
was solved by direct methods  and refined by full-matrix least 
squares. Al though all H atoms were located f rom a difference 
Fourier  map, they were  geometr ical ly  fixed and al lowed to 
ride on their parent C atoms since free ref inement  led to 
unrealistically short C - - H  distances. 

Data collection: SMART (Siemens,  1996b). Cell refinement: 
SAINT (Siemens,  1996a). Data reduction: SAINT. Program(s)  
used to solve structure: SHELXTL (Sheldrick, 1995). Pro- 
gram(s) used to refine structure: SHELXTL. Molecular  graph- 
ics: SHELXTL. Software used to prepare material for publica- 
tion: SHELXTL and PARST (NardeUi, 1995). 
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Abstract 
The title compound, bis[#-(N,N-diisopropyldithiocarb- 
amato)-S, S':S] [bis(N, N-diisopropyldithiocarbamato-S,S')- 
cadmium(II)], [Cd2(C7HI4NS2)4], a binuclear complex, 
consists of two bis(N,N-diisopropyldithiocarbamato)- 
cadmium complex units bridged by Cd---S bonds. 
Each Cd 11 atom has a distorted tetragonal pyramidal 
environment and the inversion-related complex forms 
an edge-shared tetragonal pyraronio dal  geometry with a 
Cd.- .Cd distance of 3.6049 (6) A. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1263). Services for accessing these 
data are described at the back of the journal. 
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Comment 
The development of effective antidotes for cadmium 
intoxication has proven to be a task of considerable 
difficulty. The reasons for this difficulty are quite nu- 
merous. The normal physiological processes by which 
cadmium is immobilized involve its bonding to an intra- 
cellular protein in the liver and the kidney (Cherian & 
Goyet, 1978). This metal-intracellular protein complex, 
Cd metallothionein, can destroy the kidney. The general 
goal of chelate therapy is usually the development of 
chelating agents which will reduce the body burden of a 
toxic metal by transforming it into a form in which it can 
be excreted in the urine. In recent years, it has become 
apparent that dithiocarbamates can mobilize cadmium 

t On sabbatical leave at the Coordination Chemistry Institute, Nanjing 
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from its intracellular deposits (Gale et al., 1984; Shin- 
obu et al., 1984). The present study was undertaken to 
obtain structure information on the coordinat ion chem- 
istry of  cadmium with some dithiocarbamates and we 
present here the title compound,  (I). 

C14 [1.326 (4)A]  distances are shorter compared with 
other N---C distances indicating considerable double- 
bond character. This situation is similar to that found 
in bis(N,N-diisopropyldi thiocarbamato)copper (Iwasaki 
& Kobayashi,  1980), despite the different metal atom. 

(CH3)2~ ~ S ~ c d / S  ~ ,..,-"(CH3)2 

(CH3)2/N~s / \~S~'----N~(cH3)2 
( C H 3 ) 2 . , ~ ~ S ~ \  / S ~  / ( C H 3 )  2 

(CH3)2 / " - - - - ' ~  s ~ C d ~ s . , ~ - - - - - N ~ ( c H  3 )2 

(I) 

The coordinat ion sphere of  the Cd II ion is best de- 
scribed as having distorted tetragonal pyramidal  geom- 
etry. The Cd atom is coordinated to four S atoms 
at distances ranging from 2.546(1)  to 2 .599(1) ,~  
and to a fifth S atom at a much longer dis- 
tance of  2 . 8 2 0 ( 1 ) A ;  these distances are similar to 
those found in bis(dibutyldi thiocarbamato)cadmium(II)  
[Cd{S2CN(n-CnH9)2}2] (Casas et al., 1989). The fifth 
S atom, $2',  is from a third ligand which is in the co- 
ordination polyhedron of  a centrosymmetr ical ly  related 
Cd II ion [symmetry code: (i) 1 - x ,  1 - y ,  - z ] .  Thus, 

each bridging sulfur s imultaneously occupies an equa- 
torial coordinat ion site on one Cd II ion and an apical 
site on the other Cd II ion to form an edge-shared tetrag- 
onal pyramidal  geometry. The Cd II ion deviates from 
the S1/$2/$3/$4 mean plane by 0.6809 (4),~ towards 
$2 i. Since the bridging network Cdl--S2------Cdli--s2 i 
is around the inversion centre, it is strictly planar, 
with a C d l - . . C d l  i separation of  3.6049 ( 6 ) A  and S 2 - -  
C d l - - S 2  i and C d l - - S 2 - - - C d l  i angles of  96.67 (3) and 
83.33 (3) °, respectively. The C d l - - S 2 - - - C d l i - - s 2  i and 
S1/$2/$3/$4 mean planes form a dihedral angle of  
85.55(2)  ° . 

The $ 2 - - C 7  distance [1.765 (4)2~] is longer than 
the other S---C bond lengths; the N1---C7 and N 2 - -  

c s ~ N  A 10 $3 C4 
Sl C6 C5 

C I ~  N1 

Cl2,~ ~ ' s 2  c3'--.~ c~ ~ 

Fig. 1. The structure of the title compound showing 50% probability 
displacement ellipsoids and the atom-numbering scheme [symmetry 
code: (i) 1 - x, 1 - y, -z]. 

Experimental 

For the preparation of crystals of (I), bis(N,N-diisopropyldi- 
thiocarbamato)cadmium(II) was dissolved in CH3CN. Crystals 
suitable for X-ray analysis were obtained by evaporation at 
room temperature over a period of two months. 

Crystal data 

[Cd2(C7HI4NS2)4] 
Mr = 930.04 
Monoclinic 
P 2 1 / n  

a = 11.6017 (lO) 
b = 11.2268 ( l l )  ,~ 
c = 16.7520 (15) .~, 
/3 = 108.936 (8) ° 
V = 2063.9 (3) 2~ 3 
Z = 2  
Dx = 1.497 Mg m -3 
Dm not measured 

Data collection 
Siemens P4 diffractometer 
0/20 scans 
Absorption correction: 

empirical ~b scan 
(XSCANS; Siemens, 1994) 
Tmin = 0.599, Tm~x = 0.646 

5989 measured reflections 
4742 independent reflections 
3510 reflections with 

I > 2c~(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2(r(F2)l = 0.041 
wR(F 2) = 0.106 
S = 0.950 
4742 reflections 
302 parameters 
All H atoms refined 
w = 1/[cr2(Fo 2) + (0.0546P) 2] 

where P = (Fo 2 + 2F~)/3 

Mo Ko~ radiation 
A = 0.71073 .~, 
Cell parameters from 39 

reflections 
0 = 5.549-12.622 ° 
# = 1.459 mm-  
T = 293 (2) K 
Parallelepiped 
0.40 x 0.30 x 0.30 mm 
Light yellow 

Rim-- 0.036 
0max = 27.5 ° 
h = -1  ---~ 15 
k = - l - - - ~  14 
l = -21  ~ 21 
3 standard reflections 

every 97 reflections 
intensity decay: <3% 

(A/o')max = --0.001 
Apmax = 0.421 e ~-3  
Apmin = -0.467 e ik -3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (A, °) 
CdI--SI 2.5455 (11) $3--C 14 
Cd 1--$4 2.5541 (10) $4----C 14 
Cdl--S2 i 2.5966 (10) N 1----C7 
CdI--S3 2.5994 (11) N 1---C3 
CdI--S2 2.8201 (10) N !---C6 
S 1---C7 1.700 (4) N2--C14 
$2---C7 1.765 (4) N2---C 10 
S2----Cd I j 2.5966 (10) N2--C13 

S l--Cd !--$4 143.46 (4) SI---CdI--S2 
S I---CdI--S2 i 101.58 (4) S4----Cd I--$2 
S4----Cd 1--$2 ~ 113.07 (3) S2'------Cd 1--$2 

1.733 (3) 
1.733 (4) 
1.326 (4) 
i.494 (5) 
1.502 (5) 
1.326 (4) 
1.493 (5) 
i.495 (5) 

66.71 (3) 
97.05 (3) 
96.67 (3) 



176 [Cd2(C7HI4NS2)4]  

S1---Cdl---S3 109.98 (4) S3---Cdl--S2 153.93 (3) 
S4--Cdl---S3 69.97 (3) Cdli--s2----Cdl 83.33 (3) 
s2i---Cd 1---$3 109.16 (4) 

Symmetry code: (i) 1 - x, 1 - y, -z .  

All H atoms were located from a difference Fourier map and 
were refined isotropically. 

Data collection: XSCANS (Siemens, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXTLIPC (Sheldrick, 1990). Program(s) used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: SHELXTLIPC. Software used to prepare material for 
publication: SHELXL93 and PARST (Nardelli, 1983). 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1201). Services for accessing these 
data are described at the back of the journal. 
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atoms of two salicylate ligands [at 1.9656(19) and 
1.9762 (19) ,4,], and by trans water molecules at con- 
siderably different distances [2.373 (3) and 2.894 (4) A]. 
Neutral monomeric units are held together by hydro- 
gen bonds through water molecules and N and O atoms 
of the CONHz group of nicotinamide and carboxylate 
groups. 

Comment 
Crystals of the title compound, [Cu(sal)2(nia):(H20)2], 
(I), where sal is salicylate (2-hydroxybenzoate, C7H5-  

O~) and nia is nicotinamide (C6H6N20), were isolated 
during systematic work on copper salicylates in our lab- 
oratory. The anhydrous form of [Cu(sal)2(nia)2] exists in 
both an orthorhombic (Hoang et al., 1993) and a mono- 
clinic form (Leban et al., 1997). Recently, the crystal 
structure of trans-diaquabis(4-hydroxybenzoato-O)bis- 
(nicotinamide-N)copper(II), with a short account of the 
structural chemistry and biological activity of these 
compounds, was also reported (Hrkelek et al., 1998). 
This compound is a crystallographically centrosymmet- 
ric complex in which two trans water molecules are 
located at 2.575 (2)A from the Cu n atom. 

O~.~NH2 

~ C u  / O o o/ 
(I) 
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Abstract 
The C u  II atom in [ C u ( C 7 H 5 0 3 ) 2 ( C 6 H 6 N 2 0 ) 2 ( H 2 0 ) 2 ]  is 
octahedrally coordinated by N atoms from two nicotin- 
amide ligands [at 2.018(2) and 2.019 (2) A], by O 
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In the majority of monomeric trans-diaquacopper(II) 
complexes, the Cu atom is located either at a centre 
of symmetry or on a twofold axis, so that the Cu- -  
O distances are the same [a survey of the Cambridge 
Structural Database (Allen & Kennard, 1993) gave 
29 hits]. There are only a few examples where the 
copper octahedral complex is not centrosymmetric and 
the water molecules are coordinated either at different 
distances [e.g. IMDZNB (Kozhemyak et al., 1980) and 
VANCAO (Biagini Cingi et al., 1989)] or the Cu- -  
O distances are essentially the same [e.g. HEWVAG 
(Castro et al., 1994) and YUDNAM (Schindler & 
Szalda, 1995)]. 

Whereas the complex trans-diaquabis(4-hydroxy- 
benzoato-O)bis(nicotinamide-N)copper(II) is centrosym- 
metric, the title complex (Fig. 1) crystallizes in the 
non-centrosymmetric space group P21 and the distances 
Cu---OW1 [2.373 (3) A] and Cu--OW2 [2.894 (4) ~,] are 
significantly different. This is in accord with previ- 
ous thermogravimetric data (Kozlevrar et al., 1996), 
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