
1280 [Cd(SO3)(CIoHsN2)(H20)]-H20 

Table 1. Selected geometric parameters (A, °) 
Cdl---Ol i 2.272 (2) Cdl--NI 
Cd 1---O3 ~i 2.307 (2) S 1---O1 
Cdl--Ol W 2.335 (2) S 1--O2 
CdI--N2 2.338 (2) S 1---O3 
Cd 1--O3 2.413 (2) 

O 1 i------Cd 1----O3 ii 110.50 (8) N2--Cdl---O3 
Oli--Cd 1----O1W 82.18 (9) O1 ~---Cd I--N 1 
o3ii------Cd 1--O I W 90.70(8) O3ii--Cd I--N 1 
Oli---Cdl--N2 104.24 (9) O1W---Cd I--N 1 
o3ii-----Cd l--N2 107.52 (8) N2------Cd 1 --N 1 
O1W--Cd I--N2 156.50 (8) O3--CdI--N 1 
OI~---CdI--O3 160.14 (8) O I--S 1---O2 
o3ii--Cd 1---O3 73.54 (8) O 1--S 1---O3 
Ol W--Cd 1---O3 78.29 (8) O2--S 1--O3 

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

2.442 (2) 
1.521 (2) 
1.525 (2) 
1.543 (2) 

92.47 (8) 
88.73 (9) 

160.52 (8) 
88.85 (8) 
68.99 (8) 
87.32 (8) 

105.08 (14) 
101.13(13) 
105.87 (12) 

o 

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

Ol W---HI WB. • -02 0.83 (3) 1.93 (3) 2.729 (3) 162 (3) 
OIW--HIWA. • -O2W 0.85 (4) 1.93 (4) 2.761 (4) 166 (3) 
02W--H2WB. • -02 i 0.87 (4) 1.94 (4) 2.811 (3) 172 (4) 
02W--H2WA. • .02 i~ 0.88 (4) 2.12 (4) 2.995 (4) 177 (3) 

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

Non-H atoms were refined anisotropically on F 2. Those H 
atoms which were unequivocally defined by the stereochemistry 
were placed at their calculated positions, riding on their host 
atoms (C--H 0.96 A.). Those corresponding to water mol- 
ecules were found in successive AF syntheses and refined 
with res t ra ined  O- - -H and  H - - H  values.  

Data  col lec t ion:  MSCIAFC Diffractometer Control Software 
(Molecu la r  St ructure  Corpora t ion ,  1988). Cel l  re f inement :  

MSC/AFC Diffractometer Control Software. Data  reduct ion:  
MSC/AFC Diffractometer Control Software. Program(s)  used  
to solve structure:  SHELXS97 (Sheldr ick ,  1997a). P rogram(s )  
used  to ref ine structure:  SHELXL97 (Sheldr ick,  1997b). Molec-  
ular  graphics:  XP in SHELXTL/PC (Sheldr ick,  1994). Sof tware  
used  to prepare  mater ia l  for  publ icat ion:  PARST (Nardel l i ,  
1983) and  C S D  (Al len & Kennard ,  1993). 

We thank the Spanish Research Council (CSIC) for 
providing us with a free-of-charge license to the CSD 
system. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BK1460). Services for accessing these 
data are described at the back of the joumal. 

References 
Allen, F. H. & Kennard, O. (1993). Chem. Des. Autom. News, 8, 

31-37. 
Engelen, B., Buchmeier, W. & Lutz, H. D. (1987). Z. Naturforsch. 

Teil B, 42, 37-41. 
Kierkegaard, P., Larsson, L. O. & Nyberg, B. (1972). Acta Chem. 

Scand. 26, 218-224. 
Kiers, C. Th. & Vos, A. (1978). Cryst. Struct. Commun. 7, 399-403. 
Larsson, L. O. & Kierkegaard, P. (1969). Acta Chem. Scand. 23, 

2253-2260. 
Molecular Structure Corporation (1988). MSC/AFC Diffractometer 

Control Software. MSC, 3200 Research Forest Drive, The Wood- 
lands, TX 77381, USA. 

Nardelli, M. (1983). Comput. Chem. 7, 95-98. 

Pearson, G. R. (1973). In Hard and Soft Acids and Bases. Stroudsburg, 
Pennsylvania: Dowden, Hutchinson & Ross. 

Sheldrick, G. M. (1994). SHELXTL/PC. Version 5.0. Siemens Ana- 
lytical X-ray Instruments Inc., Madison, Wisconsin, USA. 

Sheldrick, G. M. (1997a). SHELXS97. Program for the Solution of 
Crystal Structures. University of G6ttingen, Germany. 

Sheldrick, G. M. (1997b). SHELXL97. Program for the Refinement of 
Cr)'stal Structures. University of G6ttingen, Germany. 

Acta Cryst.  (1999). C55, 1280-1282 

A qua[ 4-( 4-chlorophenyl)-2-phenylthiazole- 
5-acetato-O]trimethyltin(IV) 

MASOOD PARVEZ, a SAQIB ALl ,  b MUHAMMAD MAZHAR, b 

M .  HUSSArN BHATrl b AND M .  NAWAZ KHOKHAR b 

~Department o f  Chemistry, The University of  Calgary, 2500 
University Drive N~, Calgary, Alberta, Canada T2N 1N4, 
and bDepartment o f  Chemistry, Quaid-i-Azam University, 
Islamabad 45320, Pakistan. E-mail: parvez@ucalgary.ca 

(Received 22 March 1999: accepted 9 April 1999) 

Abstract 
The crystal structure of the title compound, [Sn(CH3)3- 
(C]TH1IC1NO2S)(H20)], contains hydrogen-bonded in- 
finite planes, wherein each trimethyltin moiety is 
coordinated to a water molecule and an O atom of 
the carboxylate ligand. The Sn atom has a distorted 
trigonal-bipyramidal geometry with three meth~¢l groups 
in the equatorial plane [mean Sn---C 2.114 (7) A]. The O 
atoms bonded to the Sn atom in the axial positions have 
significantly different Sn--O bond lengths [2.167 (4) 
and 2.490 (4) A]. 

Comment 
The structural chemistry of organotin carboxylic acid 
esters has been extensively explored in recent years be- 
cause of the rich diversity of structural motifs in the 
series (Tiekink, 1994). Only a handful of structures 
have been cited in the literature (Cambridge Structural 
Database; Allen et al., 1983) in which Sn atoms are 
bonded to three organic groups defining the trigonal 
plane and the axial positions are occupied by O atoms of 
a carboxylate ligand and a coordinated water molecule. 
In a continuation of our work on the structural chemistry 
of organotin carboxylates (Danish, Ali, Mazhar, Bad- 
shah, Masood & Tiekink, 1995; Danish, Ali, Mazhar, 
Badshah & Tiekink, 1995; Danish et al., 1996; Parvez 

. .  

et al., 1997; Tahir, Ulkti, Danish et al., 1997; Tahir, 
Ulkti, Ali et al., 1997; Bhatti et al., 1999), we now 
report the crystal structure of aqua[4-(4-chlorophenyl)- 
2-phenylthiazole-5-acetato-O]trimethyltin(IV), (I). 
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Me O 

=" S°7  CI" v 
(I) 

The structure of  (I) is presented in Fig. 1. The Sn 
atom has three methyl  groups bonded in the equatorial 
plane. The Sn---C distances, which are almost identi- 
cal, lie in the range 2.110 (6)-2.120 (8) A and are in 
agreement with the corresponding values reported for 
related structures (Cambridge Structural Database; Allen 
et al., 1983). The Sn---O bonds in the axial positions, 
involving one carboxyl O atom [Snl---O1 2.167 (4) A] 
and a water O atom in the trans position [ S n l - - O 3  
2.490 (4),~], are significantly different from each other. 
The O - - S n - - - O  angle is 178.30(14) °. The Sn atom has 
a distorted tr igonal-bipyramidal  geometry, with the Sn 
atom 0.167 (4) A out of  the equatorial plane formed by 
the three methyl  C atoms towards the more strongly 
bound O1 atom. The structure is stabilized by hydrogen 
bonds between water H atoms, the N atom of  the thia- 
zole ring and the O atom of  the CO group not coordi- 
nated to Sn, thus forming infinite planes. The molecular  
dimensions in the 4-(4-chlorophenyl)-2-phenyl-5-thia-  
zoleacetate ligand are normal. 

O c2o C6 

~O3 ~ A  C4 ~ ~C7 'D 

CII 
Fig. 1. ORTEPII (Johnson, 1976) drawing of (I) with the atomic 

numbering scheme. Displacement ellipsoids have been plotted at 
the 30% probability level and H atoms are shown as spheres of 
arbitrary radii. 

Some of  the crystal structures of  Sn complexes sim- 
ilar to (I) which have been reported include aqua- 
t r iphenyl(8-quinolyloxyacetato-O)t in(IV) (Kumar Das 
et al., 1987), aquatris(n-butyl)(N-phthaloylglycinato)-  
tin (Ng et al., 1994), aqua{2-[N'-(3-formyl-4-hydroxy- 
phenyl)diazo]benzoato}tr iphenyl t in  (Basu Baul et al., 
1996), aqua (p-  chlorophenyl)  diphenyl  (N- phthaloylgly-  
c ina to ) t in ( IV)  (Lo et al., 1997), b is [aqua(chlorodi -  

f luoroaceta to-O)t r iphenyl t in-  1,10-phenanthroline]  (Ng, 
1997), aqua(3-  methy l -4 -benzoylpyrazo l -5 -ona to) t r i -n -  
butylt in(IV) (Mahon et al., 1996), aquatr imethyl[4-(p-  
methoxybenzoyl  ) - 1 - phenyl  - 3 - methylpyrazolon-  5 - ato ] - 
tin(IV) (Marchetti  et al., 1996), aqua[b is (N,~-d imethyl -  
di thiocarbamyl)acetato]tr iphenylt in monohydra te  (Ng & 
Kumar Das, 1995) and N-phthaloylglycinatotr imethyl-  
aquatin (Ovsetsina et al., 1993). 

Experimental 

The title compound was prepared by treating equimolar 
amounts of the sodium salt of 4-(4-chlorophenyl)-2-phenyl- 
5-thiazoleacetate with trimethyltin chloride in ethanol under 
reflux conditions for 5-6 h. The sodium chloride formed was 
removed by filtration and the solid obtained after removal of 
the solvent was crystallized from dichloromethane solution to 
provide crystals of (I). 

Crystal data 

[Sn(CH3)3(CITHilC1NO2S)- Cu Ka radiation 
(H20)] A = 1.54178 

Mr = 510.59 Cell parameters from 25 
Monoclinic reflections 
P21/c 0 = 10-15 ° 
a = 12.6008 (11) .~, # = 11.26 mm -I 
b = 11.349(3) A T= 293(1) K 
c = 15.634 (2) ~, Prismatic 
[7 = 94.888 (9) ° 0.30 × 0.22 x 0.18 mm 
V = 2227.6 (7) ~3 Colorless 
Z = 4  
Dx = 1.522 Mg m -3 
Dm not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

empirical via ~b scan (3 
reflections) (North et al., 
1968) 
Train = 0.074, Tmax = 0.132 

3899 measured reflections 
3811 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 20.(F2)] = 0.043 
wR(F 2) = 0.114 
S = 1.025 
3811 reflections 
247 parameters 
H-atom parameters 

constrained 
w = 1/[0.Z(Fo 2) + (0.056P) 2 

+ 5.85P] 
where P = (Fo 2 + 2F~)/3 

3160 reflections with 
I > 20-(/) 

Rint = 0.055 
0max = 68 ° 
h = 0 ---+ 15 
k = 0 ---> 12 
1 = - 1 8  ~ 18 
3 standard reflections 

every 200 reflections 
intensity decay: 5.03% 

(A/0-)max = 0.001 
A/gmax = 1.107 e ~-3  
Apmin = --1.306 e .~-3 
Extinction correction: none 
Scattering factors from 
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o 

Table 1. Selected geometric parameters (A, o) 
Snl---CI8 2.110(6) S 1---C3 
Snl---CI9 2.113 (7) S I--CI 
Sn 1-----C20 2.120 (8) O1--CI7 
Sn 1---O1 2.167 (4) O2---C 17 
Snl--O3 2.490 (4) NI---CI 
C11---Ci3 1.730 (6) N 1---C2 

C! 8---Snl--C19 123.2 (4) C19--Snl---O3 
CI 8--Sn 1---C20 117.3 (4) C20--Sn 1---O3 
CI9--Snl--C20 117.6 (4) Ol--Sn 1--O3 
C18---Snl--O1 96.0 (2) C3--S I--C 1 
CI9--Snl--O1 96.6 (2) C17---O1--Sn 1 
C20---Sn 1--O1 90.8 (2) CI--N 1---C2 
CI 8---Sn 1---O3 83.7 (2) 

1.713 (6) 
1.730 (5) 
1.272 (6) 
1.220 (6) 
1.290 (7) 
1.383 (6) 

84.9 (2) 
87.9 (2) 

178.30 (14) 
90.3 (3) 

119.4 (3) 
111.4 (4) 

Table 2. Hydrogen-bonding geometry (,4, o) 
D---H- • .A D - - H  H. • .A D- • .A D--H- • .A 

O3--H31- • -O2 i 0.82 1.91 2.713 (6) 168 
O3---H32. • .N I ii 0.82 2.13 2.928 (6) 163 

Symmetry codes: (i) 2 - x, ½ + y, ~ - z; (ii) 2 - x, - y ,  2 - z. 

Data  collection: CAD-4 Software (Enraf -Nonius ,  1989). 
Cell refinement: CAD-4 Software. Data reduction: TEXSAN 
(Molecular  Structure Corporat ion,  1994). Program(s)  used to 
solve structure: SAPI91 (Fan, 1991). Program(s)  used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecu la r  graphics: 
TEXSAN. Software  used to prepare material for publication: 
SHELXL97. 

The authors thank the Natural Sciences and Engineer- 
ing Research Council, Canada, for providing the diffrac- 
tometer through an equipment grant to the University of 
Calgary. MHB and SA are grateful to the Pakistan Sci- 
ence Foundation (PSF) for financial support. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG 1550). Services for accessing these 
data are described at the back of the joumal. 
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Abstract 
In the title complex, bis(tetraphenylphosphonium) di- 
~-chloro- 1:3t~ 2 CI, 2:3~ 2 Cl-tetrachloro- 1 e;2Cl, 2~ 2 Cl-lz 3- 
[4,4'-(1,2-ethanediyl,dinitrilo)bis(pentan-2-onato)]- 1 t~C3: - 
2m4 0,N,N',O' :3t~C 3 -dipalladium(II)nickel(II), (C24H20- 

P)2[Pd2NiC16(CI2HI8N202)], the trinuclear complex 
anion, [(PdC13)2{Ni(acen)}] 2-, has twofold crystallo- 
graphic symmetry and consists of a central {Ni(acen)} 
unit and two terminal {PdC13} moieties. These are con- 
nected throu.gh Pd---C [2.120 (2)A] and ClmNi bonds 
[2.4919 (5)A], giving an elongated octahedral coordina- 
tion geometry around the central Ni I! ion. The {PdC13} 
moiety acts as a pendant arm attached to the {Ni(acen)} 
unit, and the geometry around the Pd atom is of the 
square-planar type. 

Comment 
Schiff base complexes derived from the metal-template 
reaction of acetylacetone and polyamines have a charge- 
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