
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-
BASED LIGANDS. PART 25. SYNTHESIS AND X-RAY CRYSTAL
STRUCTURE OF CIS-DIOXO [(SALICYLALDEHYDE
THIOSEMICARBAZONATO(1-))] AQUOMOLYBDENUM (VI)CHLORIDE
MONOHYDRATE, [MoO2(HL)H2O]Cl·H2O
Gyula Argaya; Alajos Kálmána; Vukadin M. Leovacb; Valeria I. Češljevićb; Béla Ribárc

a Central Research Institute of Chemistry, Hungarian Academy of Sciences, Hungary b Faculty of
Sciences, Institute of Chemistry, Novi Sad, Yugoslavia c Faculty of Sciences, Institute of Physics, Novi
Sad, Yugoslavia

To cite this Article Argay, Gyula , Kálmán, Alajos , Leovac, Vukadin M. , Češljević, Valeria I. and Ribár, Béla(1996)
'TRANSITION METAL COMPLEXES WITH THIOSEMICARBAZIDE-BASED LIGANDS. PART 25. SYNTHESIS AND
X-RAY CRYSTAL STRUCTURE OF CIS-DIOXO [(SALICYLALDEHYDE THIOSEMICARBAZONATO(1-))]
AQUOMOLYBDENUM (VI)CHLORIDE MONOHYDRATE, [MoO2(HL)H2O]Cl·H2O', Journal of Coordination Chemistry,
37: 1, 165 — 171
To link to this Article: DOI: 10.1080/00958979608023549
URL: http://dx.doi.org/10.1080/00958979608023549

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979608023549
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J.  Coord. Chem., 1996, Vol 31, pp. 165-171 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands under 
license by Gordon and Breach Science Publishers SA 

Printed in Malaysia 

TRANSITION METAL COMPLEXES WITH 
THIOSEMICARBAZIDE-BASED LIGANDS. 

PART 25. SYNTHESIS AND X-RAY CRYSTAL 
STRUCTURE OF c~s-DIOXO [(SALICYLALDEHYDE 

THIOSEMICARBAZONATO( 1 -))I 
AQUOMOLYBDENUM (V1)CHLORIDE 

MONOHYDRATE, [MoO~(HL)H~O]C~* H2O 

GYULA ARGAY, ALAJOS u L M A N *  
Central Research Institute of Chemistry, Hungarian Academy of Sciences, Budapest 114, 

P.O. Box 17, H-1525 Hungary 

VUKADIN M. LEOVAC, VALERIA I. CESLJEVIC 
Institute of Chemistry, Faculty of Sciences, Trg. D. Obradovic'a 3, 21000, Novi Sad, Yugoslavia 

and BELA RIBAR 
Institute of Physics, Faculty of Sciences, Trg. D. Obradovich 4, 21000, Novi Sad Yugoslavia 

(Received February 20, 1995; in final form June 14, 1995) 

The synthesis and crystal structure analysis of the diamagnetic complex [MoO2(HL)H2O]Cl~H,O (HL 
= monoanion of salicylaldehyde thiosemicarbazone) are reported. The complex crystallizes in the space 
group P2,h (No. 14) with a = 11.003(1), b = 8.444(1), c = 15.364(1) A, p = 104.96(1)", I/ = 

1379.1(2) A3. X-ray structure determination revealed that the complex possesses the usual cis-MoO,*+ 
core and that the thiosemicarbazide Iigand is present as a monoanionic tridentate donor coordinating 
through ONS. According to a search in the Cambridge Structural Database (state April 1994) this 
complex is the first in which the sixth coordination site at Mo(V1) is occupied by a water molecule 
forming a distorted octahedral coordination geometry together with the tridentate ligand. 

KEYWORDS: dioxomolybdenum(V1) complex, salicylaldehyde thiosemicarbazone, Schiff base, 
X-ray structure 

INTRODUCTION 

Considerable current interest has been devoted to the chemistry and structures of 
thiosemicarbazones and their metal complexes'-4 in view of their importance in 
bioorganic and analytical chemistry, etc. In particular, 3d metal complexes with the 

* Author for correspondence. 
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166 G. ARGAY et al. 

tridentate ONS salicylaldehyde thiosemicarbazone ligand (H,L) have been studied 
in detail. As far as the 4d element Mo(V1) is concerned, to our knowledge, only one 
complex with the dianion ligand L has been prepared so far; its formula is 
[MoO,(L)MeOH].' In addition, recently the synthesis and X-ray crystal structures 
of [MoO,(HL')X,] complexes (H2L' = tridentate ONN salicyladehyde S- 
methylisothiosemicarbazone) with three different solvent ligands X, = MeOH, 
EtOH and Py were reported.6 The present paper describes the X-ray crystal 
structure of a newly synthesized Mo(V1) complex with the monoanion of salicyla- 
ldehyde thiosemicarbazone (HL) possessing the formula [MoO,(HL)H,O]Cl . H20.  

EXPERIMENTAL 

Preparation 
A mixture of (NH,),MoO,O,,~ 4H20 (0.60 g) and salicylaldehyde thiosemicarba- 
zone (H2L) (0.20 g), obtained in a reaction of warm aqueous solution of 
thiosemicarbazide with an ethanolic solution of salicylaldehyde, was treated with 
water (20 cm3). To the stirred suspension 10 cm3 of conc. HC1 was added slowly, 
stepwise at room temperature, After 24 h, the obtained yellow crystals were 
separated by filtration and washed 2-3 times with dilute HCl (1:5, v/v). Yield: 
0.30g. The substance (0.30 g) was recrystallized from acetone (25 cm3) at room 
temperature: slow evaporation of the solvent yielded single crystals (0.15 g) suitable 
for X-ray analysis. Anal. Calcd. for MoC,H12N,0,SC1 (Mw = 393.64) (%): Mo, 
24.37; C, 24.41; H, 3.07; N, 10.67; Found: Mo, 24.45; C, 25.02; H, 3.30; N;l0.36. 

Physical Measurements 
All measurements (diamagnetism, molar conductivity, IR and electronic UV-vis, 
spectra) were carried out as described in our previous work.' 

X-ray Crystallography 
A single crystal of dimensions 0 . 3 5 ~ 0 . 2 5 ~ 0 . 0 8  mm was mounted on an Enraf- 
Nonius turbo-CAD-4 diffractometer equipped with a graphite monochromator. 
Intensities were recorded with MoKa radiation (h  = 0.71070 A) using 0-28 scan 
technique in the range 2.4 < 9 < 40.0'. Three standard reflections were monitored 
every hour; no decay correction was applied. Cell constants were determined by 
least squares refinement of diffractometer angles for 25 automatically centered 
reflections collected in the range 19 < 8 ~ 2 0 " .  

The title compound (F.W. 393.66) is monoclinic, space group P2,/a (No. 14) with 
a = 11.003(1), b = 8.444(1), c = 15.364(1) A, p = 104.96(1)", V = 1379.1(2) A', 
Z = 4, Dcalc = 1.896 g . ~ m - ~ ,  F(000) = 784, p = 1.314 mm-' .  

A total of 9050 reflections were collected of which, after conventional data 
reduction, 85 12[R(int) = 0.0 1341 were unique, non-zero and not systematically 
absent. The crystallographic phase problems were solved by direct methods using 
the program SHELXS( 86).8 Full matrix least squares refinement minimized 
XW(AF~)~  with w = l/[oZ(Fo2) + (0.0471P) + 0.18PI where P = [Max(FO2,O) + 2FC2]/ 
3 and resulted in the final R values: R,[I > 2o(I)] = 0.0325, wR, = 0.0825, R,(total) 
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= 0.0667, wR, = 0.0959, S = 1.023. The lowest and highest peaks in the final Ap 
map were -0.96 and 1.00 e.A.-3 For the H atom coordinates a riding model 
refinement was applied. Those which are bound to the ligand HL were generated 
from assumed geometries and checked in difference Fourier syntheses, while the 
coordinates of the water hydrogens were obtained directly from difference maps. 
These hydrogen positions were refined with constrained geometry. Scattering factors 
were taken from standard tables incorporated in the program SHELXL(93).9 
Fractional atomic coordinates of non-hydrogen atoms and equivalent atomic 
displacement parameters are given in Table I .  Relevant bond distances and angles 
are listed in Table 2 and the atomic numbering scheme employed is shown in 
Figure 1. Listing of anisotropic displacement parameters, H atom parameters and 
all bond distances and angles together with structure factor tables are available from 
AK on request. 

RESULTS AND DISCUSSION 

Physico-Chemical Properties and Spectroscopy 
The title compound [MoO,(HL)H,O]Cl .H,O, is a diamagnetic complex in which 
the monoanionic Schiff base (HL) is formed by deprotonation of the phenolic 
hydroxyl group. It is worth noting that, in the presence of a proton acceptor, this 
ligand is usually coordinated as a dianion (L), generated by an additional 
deprotonation of the N = C(NH,)-SH fragment. i , 2 , 5 3 i 0  

The yellow crystals are stable in open air. They dissolve well in DMF and MeOH, 
and less in EtOH, Me,CO and Et,O. The molar conductivity of the MeOH solution 
of 105 S cm2 mol-', measured at room temperature, corresponds to a 1:1 
electrolyte. ' 

Table 1 Atomic coordinatcs ( x lo4) and eqivalent isotropic displacement parameters (A2x103). 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

X Y Z U ( e d  

O(2) 1404( 1 )  1572(1) 2406( 1) 431) 
o(3) 187(2) 3713(2) 1199(1) 56(1) 
S(1) -371(1) 3664( 1) 31 15(1) 45(1) 

N(1) - 105 l(2) 6 132(2) 3921(1) 46(1) 

N 3 )  1040(1) 6217(1) 2520( 1 ) 28(1) 
C(1) - 366( 1 ) 5630(2) 3385(1) 3731) 
C(2) 1568( 1) 7341(2) 2 176( 1) 31(1) 

C(5)  3518(2) 8230(3) 587(1) 46( 1) 
C(6) 4037(2) 6778(3) 498(1) 48(1) 

C(8) 2937(1) 5605(2) 1500( 1)  33(1) 
CU 1 ) -2536( 1) 3714(1) 4962(1) 431) 
a 4 1  2569( 1) 385411) 3622( 1) 35(1) 
o(5) 16(2) 9560(2) 3752(1) 55(1) 

Mo( 1 ) 1205(1) 3551(1) 2226(1) 3 ~ )  

O(1) 2712(1) 431 l(2) 1938(1) 42( 1 

N(2) 293(1) 6695(1) 3062( 1) 3 ~ 1 )  

C(3) 2402(1) 7083(2) 1605(1) 32(1) 
C(4) 2722(2) 8398(2) 1 l47(1) 4 ~ 1 )  

C(7) 3 770(2) 5463(2) 957(1) 4 1 ~ )  
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Table 2. Relevant bond lengths (A) and angles (deg). 

Mo(l)-S( 1) 2.4697(5) 
1.93 36( 12) 

Mo( 1)-0(2) 1.6988( 12) 
Mo( 1)-O(3) 1.689(2) 
Mo( 1)-0(4) 2.2925( 13) 
MO( 1)-N(3) 2.31 19(12) 

Mo( 1)-O(1) 

1.71 l(2) 
1.339(2) 
1.373(2) 
1.320(2) 
1.329(2) 
1.294(2) 
1.441(2) 

S( 1 )-C( 1 ) 
O(l)-C(8) 

N( 1 )-C( 1) 
N(2)-C(1) 
N(31-W) 
W)-C(3)  

~ ( 2 ) - ~ ( 3 )  

0(3)-MO( 1)-S( 1.) 97.07(7) 
0(2)-M0( 1)-S( 1) 9 1.62(5) 
O( l)-Mo( 1)-S( 1)  151.65(4) 
0(4)-M0( 1)-S( 1 ) 82.08(3) 

0(3)-M0( 1)-0(2) 104.95(7) 
0(3)-M0( 1)-0(1) 99.18(8) 
0(2)-M0( 1)-O( 1) 106.3 l(6) 
0(3)-M0( 1)-0(4) 168.95(6) 
0(2)-M0( 1)-0(4) 86.10(6) 
O( 1 )-Mo( 1)-0(4) 77.54( 5 )  
0(3)-M0( 1)-N(3) 92.13(6) 
0(2)-M0( 1)-N(3) 159.99(6) 
O( l)-Mo( 1)-N(3) 80.59(5) 
0(4)-MO( 1)-N(3) 76.96(4) 

N(3)-MO( I)-S( 1) 75.73(3) 

N( 1)-C( 1)-S( 1) 119.76(12) 
N(2)-C( 1)-S( 1) 122.24(11) 

N( 1)-C( 1)-N(2) 11 7.99(14) 
C( 1 )-N(2)-N(3) 119.86(12) 
C(2)-N(3)-N(2) 115.72(12) 
N(3)-C(2)-C( 3) 124.1 I( 13) 

In the range of the valence vibrations, there are two characteristic IR bands of the 
cis-MOO, group of which the one at higher energy (932 cm-') can undoubtedly be 
ascribed to vs, and the one observed at lower energy (900 cm-') to the v,, of this 
group. l 2  The v(C-0) band of the deprotonated phenolic hydroxyl moiety located at 
1542 cm-', is shifted by ca 15 cm-' to higher energies compared to that of the 
uncoordinated ligand. The electronic spectrum of the complex displays a broad 
low-energy absorption band at vmaX = 390 nm (E = 20.000 dm3 mol-' cm-I), 
assignable to a S(px) - Mo(dx) transition.13 The other bands in the UV region, at 
330, 303 and 292 nm, respectively, indicate that they belong to intraligand 
transitions. 

Crystal Structure 
The complex consists of an [Mo02(O-C6H4CH = N-NH-CS-NH,).H,O] + cation 
and chloride anion accompanied by a second water molecule bound to the nitrogen 
atoms of the thiosemicarbazide moiety via hydrogen bonds. The geometry of the 
Schiff base is similar to those of the free ligand (H,L)14 and the closely related 
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THIOSEMICARBAZIDE-BASED LIGANDS 169 

Figure 1 A view of the complex with atomic numbering. The principal hydrogen bonds within one 
unit of the complex are also shown 

1-phenylthiosemicarbazide. The deprotonated phenolic hydroxyl group exhibits 
only a slightly shorter C-0  distance than that of H2L (1.356(3) A). 

Mo(V1) with one of its covalently bonded oxygen O(2) and the half-moon like 
uninegative tridentate (ONS) Schiff base defines a grand mean plane of the complex. 
These sheets are stacked approximately parallel with the b axis and perpendicular 
to the short diagonal of the ac plane (Figure 2). The second terminal O(3) atoms and 
the coordinated water molecules protruding from these planes form the vertices of 
a distorted [MoX,] octahedron with the largest diagonal angle of 169.95(6)". This 
water ligand (X,) occupies the sixth coordination site around molybdenum(V1) and 
together with the terminal oxygens of the cis-M00,~ + cation and the nitrogen atom 
of the Schiff base form the best equatorial plane of the octahedron. Within this 
quadrilateral plane Mo(V1) with two almost equal Mo-0 bond lengths, assumes 
similar distances from the water oxygen and the nitrogen atom giving thus a 
trapezoid shape of the fourfold coordination. The sum of the four angles around 
Mo(V1) amounts to 360.14". 

According to a search in the Cambridge Structural Database (CSD)', (issue of 
April, 1994) this is the first case when the sixth site of the octahedral Mo(V1) 
coordination dominated by a tridentate (ONO, ONS) Schiff base is occupied by 
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0 

OCL 1 

Figure 2 The unit cell of the complex. 

water molecule. In 59 hits (published with atomic coordinates) there are water mole- 
cules but none of them is coordinated directly to a MOO,’ + core. There is only one 
structure (its CSD refcode’? LAPPOH) in which a Mo02C1, molecule is supple- 
mented by two water ligands to form the usual octahedral coordination. A review of 
these (59) complexes has shown that the coordination polyhedra generated by triden- 
tate donors around prefer larger ligands like e.g., MeOH (SAVMZL, KU- 
JCEHand a novel complex of [MoO,(SALT)MeOH]I”), EtOH,6 DMSO (JEWMIH) 
Py (KUJZGlT), etc. at the exchangeable sixth site. In the title complex the Mo- - .O(W) 
distance (2.293(1)i) is considerably shorter than the Mo. . .O(H)Me values in the 
above mentioned structures (av. 2.373+0.018A) but quite close to the 
Mo. . S O  = S(Me), distance (2.305(5)& in JEWMIH. Furthermore, a search on tri- 
dentate ligands of ONS type gave only two hits (JEWMZH and SAVMOR). Three 
structures have tridentate ligands of the NNS type coordinated to binuclear Mo,O, 
moieties (CEDTUA DARBAL and GADTUA) and there is one structure with a triden- 
tate ligand of the SNS type (CAHHEY). Their Mo. . - S  distances vary in the range 
2.40-2.47 

The second water molecule acts as an acceptor in one strong and one weak NH . . .O 
interaction of which only the stronger can be regarded as a hydrogen bond (Table 3). 
One of the hydrogen atoms of this water molecule is donated to a CI- anion sitting in 
the adjacent layer of the complex. The second water proton forms a weak OH. . -0 
contact with the coordinated (X,) water molecule. The chloride anion is 

and are comparable to that of the title compound (1.4697(5)&. 
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Table 3 Hydrogen bonds 

D...A(A) H...A(A) DH..A( ”) 

17 1.9( 1) N( 1 )-H( 1A). ..Cl(xyz) 3.278( 2) 2.42( 1) 

0(4)-H(4A) ... C l (  -x, 1 - y, 1 - Z) 2.999( 1) 2.2 l(3) 170(3) 

0(4)-H(4B) ... C1(; + x, i- y, z) 3.013(1) 2.2 l(3) 168(3) 

0(5)-H(5A) ... C1(; + x, + + 1-y, z) 3.202(2) 2.44(2) 170(3) 

N(Z)-H(2) ..... O(~)(XYZ) 2.690(2) 1.86(2) 163.2(1) 

N( 1)-H( 1A) ... O ( ~ ) ( X ~ Z )  3.159(3) 2.48(2) 137.0(1) 

0(5)-H(5A) ... 0(4)(- + x, + 1- y, z) 2.967(2) 2.24(2) 149(3) 

connected to the cation by a strong hydrogen bond of the NH. . .C1 type (Figure 1). 
In addition, the C1- anion takes part in three other hydrogen bonds maintained 
with hydrogen atoms of the coordinated water ligands donated by the neighbouring 
layers of the stacked complex molecules. 

Acknowledgements 
This work was supported in part by the SR Yugoslavia Research Fund. The X-ray 
diffraction measurements and calculation, made in Budapest, were sponsored by the 
Hungarian Research Fund, Grant No. OTKA 1805. 

Supplementary information of anisotropic displacement parameters and hydro- 
gen coordinates are available from A.K. 

References 

1. M.J.M. Campbell, Coord. Chem. Rev., 15, 279 (1975). 
2. S. Padhye and G.B. Kauffman, Coord. Chem. Rev., 63, 127 (1985). 
3. D.X. West, S.B. Padhye and P.B. Sonawane, Structural and Physical Correlations in the Biological 

Properties of Transition Metal Heterocyclic Thiosemicarbazone and S-alkyldilhiocarbazate 
Complexes in Structure and Bonding, Springer-Verlag, Berlin-Heidelberg, 76, 1 (1 99 1). 

4. R.B. Singh, B.S. Garg and R.P. Singh, Talunta, 25, 619 (1978). 
5. A. Syamal and M.R. Maurya, Transition Met. Chem., 11, 255 (1986). 
6. E.Z. IvegeS V.M. Leovac, G. Pavlovic’, and M. Penavic’, Polyhedron, 11, 1659 (1992). 
7. V.M. Leovac, V.I. CeSljevic’, Gy. Argay, A. Kalman and B. Ribar, J. Coord. Chem., 34, 357 

8. G.M. Sheldrick, SHELXS(86). Acta Crystallogr., Sect A., 46, 467 (1990). 
9. G.M. Sheldrick, SHELXL(93). Program for crystal structure rejnement. Univ. of Gottingen 

(1 995). 

(1 994). 
10. V.M. Leovac, L. Bjelica and Lj. Jovanovic’, Polyhedron, 4, 233 (1985). 
1 I .  W.J. Geary, Coord. Chem. Rev., 7, 81 (1971). 
12. E.I. Stiefel, Prog. Inorg. Chem., 22, 1 (1977). 
13. S. Bhattacharjee and R. Bhattacharyya, J. Chem. SOC. Dalton Trans., 1357 (1992). 
14. D. Chattopadhyay, K.S. Mazumdar, T. Banerjee, S. Gosh and T.C.W. Mak, Acta Crystallugr., 

15. M. Czugler, A. Kalman and Gy. Argay, Cryst. Struct. Commun., 2, 655 (1973). 
16. F.H. Allen, J.E. Davies, J.J. Galloy, 0. Johnson, 0. Kennard, C.F. Macrae, E.M. Mitchell, 

17. X. Wang, X.M. Zhang and H.X. Liu, J. Coord. Chem., 33, 223 (1994). 

Sect. C., 44, 1025 (1988). 

G.F. Mitchell, J.M. Smith, D.G. Watson, J. Chem. Inf: Comput. Sci., 31 187 (1991). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


