
766 (C3H10N)[NiCl~_(H20)2]C1 

N 0.1825(3) -1/4  -0.3051 (5) 0.0273(10) 
CI 0.2255 (3) -0.0790 (6) -0.2521 (6) 0.0397 (10) 
C2 0.1671 (4) - 1/4 -0.4853 (7) 0.0378 (14) 

Table 2. Selected geometric parameters (A, °) 
Ni--O 2.055 (3) N--C2 1.482 (81 
Ni--CI2 2.4123 (8) N ~ I  1.483 (51 
Ni---CI 1 2.4637 (8) 

O---Ni--C12' 90.72 (9) CI 1--Ni----CI I' 180.0 
O ' - - N i ~ 1 2 '  89.28 (9) Ni"--CI I--Ni 93.25 14) 
O--Ni--CI1 89.53 18) Ni--C12--Ni"' 95.86 (41 
O ' - - N i ~ l l  90.47 (8) C 2 - - N ~ I  111.7 (3) 
CI2'--Ni----CI 1 84.32(3) C I - - N - - C I "  111.4(5) 
CI2--Ni---CI1 95.68 (3) 

Symmetry codes: (i) - x ,  - y ,  - z ;  (ii) - x , y  - ~, - z :  (iii) - x ,  ~ +3', - z :  
(iv) x, - ~ - y, z. 

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

O~H3A- - -C13 0.87 (5) 2.32 (5) 3.111 (31 1511 (4) 
O--H3B. • .C13 0.77 (4) 2.41 (4) 3.153 (3) 163 (4) 
N--H1. • .O 0.75 (5) 2.49 (4) 3.(182 (5) 138 (4) 
N--H1. • .CII 0.75 (5) 2.80 (51 3.344 ~4) 132 (5) 

The quality of the single crystals, initial cell parameters and 
symmetry information were determined from DeJong and 
Buerger photographs taken at 293 K. The largest feature in 
the final difference oelectron-density map was 0.58 e,~, -~ at 
a distance of 0.99 A from C13. Every H atom was clearly 
resolved in the Ap maps. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: CAD- 
FOR/CADSEX (Keller, 1981). Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1985). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular graphics: 
ORTEPIII (Johnson & Burnett, 1997). 

We thank the Deutsche Forschungsgemeinschafl for 
financial support. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: AB 1508). Services for accessing these 
data are described at the back of the journal. A projection of the 
structure onto the ac plane has also been deposited. 

References 
Caputo, R. E., Willett, R. D. & Muir, J. A. (1976). Acta Crvst. B32, 

2639-2642. 
De Jongh, L. J. & Miedema, A. R. (1974). Adv. Phys. 23, 1-27. 
Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,  

Delft, The Netherlands. 
Johnson, C. K. & Burnett, M. N. (1997). ORTEPIII. Version 1.0.2. 

University of Glasgow, Scotland. 
Keller, E. (1981). CADFOR/CADSEX. Program for Data Reduction. 

University of Freiburg, Germany. 
Losee, D. B., McElearney, J. N., Shankle, G. E. & Carlin, R. L. 

(1973). Phys. Rev. B, 8, 2185-2t99.  
Morosin, B. (1967). Acta Crvst. 23, 630-634. 
O'Brien,  S., Gaura, R. M., Landee, C. P. & Willett, R, D. (1981). 

Solid State Commun. 39, 1333-1335. 
Sheldrick, G. M. (1985). SHELXS86. Co'stallographic Computing 3, 

edited by G. M. Sheldrick, C. Krtiger & R. Goddard, pp. 175-189. 
Oxford University Press. 

Sheldrick, G. M. (1997). SHELXL97. Program for the Refinement of 
Crystal Structures. University of G6ttingen, Germany. 

Siemens (1989). XEMP in SHELXTL/PC. Release 4.1. Siemens 
Analytical X-ray Instruments Inc., Madison, Wisconsin. USA. 

Acta Cryst. (1998). C54, 766-768 

Transition Metal Complexes with 
Thiosemicarbazide-Based Ligands. 
33. [4-(2-Diphenylphosphino-e~-ethoxy- 
benzyl-P)-3-methyl- 1-salicylidene- 
isothiosemicarbazido-N 1 ,N 4, O ]nickel(II) 

GORAN A .  BOGDANOVIC,at ANNE SPASOJEVIC'-DE BIRd, " 
BOGDAN V .  PRELESNIKb~ AND VUKADIN M .  LEOVAC c 

"Ecole Centrale Paris, Laboratoire de Phvsico-Chimie 
Molgculaire et Mingrale, URA 1907 du CNRS, Grande 
Voie des Vignes, 92295 Ch6tenav-Malabrx CEDEX, 
France, t, Vinga Institute o f  Nuclear Sciences, Laboratorx 
o f  Theoretical Physics and  Condensed Matter Physics, 
11001 Belgrade, PO Box 522, Yugoslavia, and "Institute 
o f  Chemistr3; Faculty o f  Sciences, University o f  Novi Sad, 
Trg Dositeja Obradovida 3, 21000 Novi Sad, Yugoslavia. 
E-mail: goran @pcm. ecp.fr or goranb @ rt2 70. vin. bg.ac, yu 

(Received 31 October 1996: accepted 17 December 1997) 

Abstract 
The title compound, [Ni(C3oH28N302PS)], is the first 
example of a transition metal complex involving a thio- 
semicarbazide-based tetradentate ligand with a P atom in 
its coordination sphere. The Ni atom in the complex has 
a distorted square-planar configuration formed by N2OP 
donor atoms. It can be concluded from the structure that 
the formation of the complex involved addition across 
the azomethine group, which is the first time this has 
been observed for this class of ligands. 

Comment  
A large number of complexes involving thiosemicarb- 
azide-based ligands of different denticity with O, S 
and N as donor atoms have been described (Jensen 
& Rancke-Madsen, 1934; Campbell, 1975; Padhye 
& Kauffman, 1985; West et al., 1991). In a recent 
paper (Leovac et al., 1996), we described a nickel(II) 
complex of an O,N,P-tridentate 2-(diphenylphosphino)- 
thiosemicarbazone, the first thiosemicarbazide-derived 
ligand to contain a P atom. It is well known that the NH2 
group of the thiosemicarbazide and the S-alkylisothio- 
semicarbazide fragment of tridentate semicarbazones 
takes part in the common condensation reaction with 
carbonyl compounds only in the presence of a metal 
ion acting as template, the products being complexes 
with corresponding tetradentate ligands. 

t Permanent address: Vin(za Institute of Nuclear Sciences, Laboratory 
of Theoretical Physics and Condensed Matter Physics, 11001 Bel- 
grade, PO Box 522, Yugoslavia. 
1: Deceased. 
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This paper describes the structure of  the title complex, 
(I), in which the ligand is a condensation product of  co- 
ordinated salicylaldehyde S-methylisothiosemicarbazone 
and 2-(diphenylphosphino)benzaldehyde.  The determi- 
nation of  the structure of  the complex has shown that 
the condensation reaction takes place with the addition 
of  EtOH across the azomethine C4 N3 bond. This ad- 
dition has been detected for only one thiosemicarbazide- 
based complex so far (Leovac et al., 1988), in which 
the azomethine group participates in the structure of the 
five-membered chelate ring. No example of  this addition 
in which an azomethine group participates in the struc- 
ture of a six-membered chelate ring has been found until 
now. 

N//Ni ~N__ ~ " 

N---~ O~C2H 5 
S ~CH 3 

(I) 

The Ni atom has distorted square-planar coordination 
geometry. The greatest deviation is shown by the 
P atom, which deviates from the least-squares plane 
through Ni, O1, N I and N3 by 0.280 (3) A. The structure 
contains three condensed chelate rings in the form of a 
six-membered ring fused to a five-membered ring, which 
is in turn fused to a puckered six-membered ring. The 
six-membered chelate ring containing the O1 atom and 
the five-membered chelate ring are planar. However, 
the six-membered chelate ring containing the P atom 
assumes an unusual boat conformation.  According to 
a Boeyens diagram, the endocyclic torsion angles are 
equivalent to a B4,1 form (Boeyens, 1978). (The P atom 
was taken as the first atom in the ring.) 

C28 ~ C 2 6 ~ C ;  ~ ~ ' 2 4  

N ~  C17 ('16 

N2 ('2 

Fig. 1. A perspective view of the title complex with 40c~ probability 
ellipsoids. H atoms have been omined lbr clarity. 

The bond lengths and angles in the ligand are in ac- 
cordance with those in other metal complexes containing 
thiosemicarbazide-based tetradentate ligands for which 
the structures have been determined. However, the N 2 - -  
C1 [1.316 (3) ~,] and C 1 - - N 3  [1.345 (3) A] bond lengths 
are not typical compared with other thiosemicarbazide- 
based complexes, suggesting that electron delocalization 
occurs in the N 2 - - C 1 - - N 3  fragment. There are no in- 
termolecular hydrogen bonds in the structure. 

Experimental 
The starting complex [Ni(HL)py]CI.0.5py (where HL is the 
monoanion of salicylaldehyde S-methylisothiosemicarbazone 
and py is pyridine) was prepared according to the procedure 
described by Leovac et al. (1984). The title complex results 
from a template synthesis, i.e. the reaction between a warm 
ethanolic solution of [Ni(HL)py]C1.0.5py and 2-(diphenyl- 
phosphino)benzaldehyde. Single crystals suitable for X-ray 
data collection were obtained by recrystallization from warm 
ethanol. 

Crystal data 

[Ni(C30H28N302PS)] 
Mr = 584.29 
Triclinic 
PT 
a = 9.1720 (2) .& 
b = 12.2492 (3) A, 
c = 12.9400 (3) ~, 
o~ = 90.7376 (5) ° 
h3 = 104.7757 (4) ° 
3' = 101.3404 (6) ° 
V 1375.24(6) .~3 
Z = 2  
D~ = 1.411 Mg m -3 
Dm = 1.40 Mg m -3 
Dm measured by flotation in 

n-hexane/CCl4 

Mo Ko~ radiation 
A = 0.71073 A 
Cell parameters from 5224 

reflections 
0 = 10.00-33.15 ° 

-- 0.872 mm- 
T = 293 (2) K 
Prismatic 
0.20 x 0.18 x 0.13 mm 
Dark red 

Data collection 

Siemens SMART CCD 
diffractometer 

,~ scans 
Absorption correction: 

SADABS (Sheldrick, 1996) 
Tmi, = 0.839, Tm~, = 0.893 

13 857 measured reflections 
8390 independent reflections 

7583 reflections with 
I > 2or(/) 

R,ot = 0.014 
0~x = 33.15 ° 
h = - 1 4  ---, 13 
k = -18  ---, 18 
1 = 0 ---, 19 
Intensity decay: none 

Refinement 

Refinement on F 2 
R(F) = 0.049 
wR(F 2) = 0.099 
S=  1.244 
7556 reflections 
343 parameters 
H-atom parameters 

constrained 

w = l/[o'2(F, 2) + (0.0419P) 2 
+ 1.1845P] 

where P = (F9 + 2F,2)/3 
(A/~r)m,x = 0.001 
/~Pmax = 0.334 e ~-3  
Z~pmin = -0.294 e ~-3  
Extinction correction: none 
Scattering factors from 
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Table 1. Selected geometric parameters (A, °) 
Ni--Ol 
Ni--N I 
Ni--N3 
Ni--P 
S ~ I  
S---C2 
P--C25 
P ~ 1 9  
P--C13 
O1--C7 
O2--C4 

O I - - N i - - N I  
O I - -Ni - -N3 
N I - -Ni - -N3 
O I - - N i - - P  
N I - - N i - - P  
N3--Ni- -P  
C 1 - -S - -C2  
C25--P- -C 19 
C25--P---C 13 
C19- -P~C13  
C25--P--Ni  
CI9 - -P - -Ni  
C13--P--Ni  
C7--O I--Ni 
C4--O2--C5 
C3--N I - -N2 
C3--N 1 --Ni 

N3- -Ni - -P - -C  13 
P- -Ni - -N3- -C4  
Ni--N 3- -C4- -C  18 

1.8369 (15) 
1.853 (2) 
1.864 (2) 
2.1829 (6) 

.767 (2) 

.783 (3) 

.815 (2) 

.816 (2) 

.821 (2) 

.320 (3) 

.417 (3) 

95.52 (7) 
176.60 (8) 
82.55 (8) 
88.68 (6) 

173.05 (5) 
93.52 (6) 

101.69 (12) 
105.07 (10) 
106.81 (10) 
104.18 (9) 
117.57 (8) 
113.07 (7) 
109.15 (7) 
126.49 (15) 
114.2 (.2) 
115.9 (2) 
127.1 (2) 

-31.11 (8) 
- 12.7 (2) 

59.0 (2) 

O2--C5 1.426 (3) 
N 1 --C3 1.300 (3) 
NI- -N2 1.398 (2) 
N2--C 1 1.316 (3) 
N 3 ~ l  1.345 (3) 
N 3 ~ 4  1.451 (3) 
C3--C12 1.430 (3) 
C4---C 18 1.510 (3) 
C5--C6 1.493 (4) 
C7--C 12 1.4(M (3) 

N 2--N 1 - -N  i I 17.(13 (13) 
C1- -N2--N 1 107.3 (2) 
C1--N3--C4 120.6 (2) 
CI - -N3- -Ni  111.08 (13) 
C4---N3--Ni 127.87 (14) 
N2- -CI - -N3  122.0 (2) 
N 2 - - C I - - S  117.0 (2) 
N 3 - - C I - - S  121.0 (2) 
N 1- -C3--CI2  123.8 (2) 
O2--C4---N3 113.2 (2~ 
O 2 - - C 4 ~ C  18 104.9 ( 2 ) 
N3---C4~C18 113.1 (2) 
O2--C5--C6 108.4 (2) 
O I---C7----C 12 124.6 (2) 
O 1--C7--C8 117.6 (2) 
C 7 ~ 1 2 - - C 3  122.4 (2) 
C18--C13--P 118.7 (2) 

Ni - -P- -CI  3--C 18 39.4 (2) 
P--C 13--C18--C4 3.3 (3) 
N3--C4--C 18---C 13 -55.1 (3) 

The data collection nominally covered over a full hemisphere 
of reciprocal space by a combination of six sets of exposures 
with the area detector held at two 20 swing angles (25 and 
53°). The reciprocal space was scanned by 0.1 ° ~ steps at 
a different ~o for each set of exposures. The detector was 
placed at a distance of 5.02 cm from the crystal. Crystal 
decay was monitored by repeating the initial 70 frames at the 
end of data collection and analysing the duplicate reflections 
(SADABS; Sheldrick, 1996). No decay was observed. The 
structure was solved by Patterson and difference Fourier 
methods and refined by full-matrix least-squares methods. All 
H atoms were found in the difference Fourier map, but they 
were placed at calculated positions and refined using a riding 
model. Anisotropic displacement parameters were used for 
all non-H atoms; H atoms were given isotropic displacement 
parameters equal to 1.2 (or 1.5 for methyl H atoms) times 
the equivalent isotropic displacement parameter of the parent 
atom. 

Data collection: SMART (Siemens, 1995). Cell refinement: 
SAINT (Siemens, 1995). Data reduction: SAINT. Program(s) 
used to solve structure: SDP (Frenz, 1982). Program(s) used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: ORTEX3 (McArdle, 1994). Software used to prepare 
material for publication: SHELXL93. 

We would like to thank Christophe Fluteaux (Labora- 
toire de Structures Electroniques et Modelisation, SEM, 
ECP) for constructive discussions. We also would like 
to thank Ecole Centrale Paris for the use of  the Siemens 
SMART CCD diffractometer at the SEM laboratory. 
This work was financially supported by the Ministry 
for Science and Technology of  the Republic of Serbia. 

Supplementary data for this paper are available from the IUCr  
electronic archives (Reference: KA1226). Services for accessing these 
data are described at the back of the journal. 
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Abstract  

The Cu u atom of the title complex, [Cu(C9H7NO3)- 
(CvHgN)(H20)], has a square-pyramidal coordination 
sphere with a tridentate N-salicylideneglycinato Schiff 
base dianion and a 2,4-dimethylpyridine ligand bound 
in the basal plane. The apex of the pyramid is occupied 
by an O atom from the coordinated water molecule 
at an apical distance of 2 .416(2)  A,. The monomeric 
moieties in the crystal are stabilized through hydro- 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Ct3'stallographica Section C 
ISSN 0108-2701 © 1998 


