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Abstract 

The chemistry of the hexadentate, potentially 
binucleating Nz04 ligand 1,4_dihydrazinophthalazine- 
bis(salicylideneimine), LH2, with molybdenum in the 
VI, V, and IV oxidation states is reported. 

In the case of Mo(VI) only mononuclear species 
of the type MoO*L, or Mo02L*D, where D is a donor 
molecule, were obtained. However, depending on the 
experimental conditions, MO(V) gives either a mono- 
nuclear complex, or the trinuclear mixed oxidation 
state compound [Mo(V)OC~(MO(IV)OLC~)~] . 
Further reduction of this compound in the presence 
of PhSH gives the binuclear Mo(IV) complex 
[(MoO)&(OEt)Cl] . Spectroscopic evidence shows 
that the metal sites in the mixed valence trimer are 
quite different, so that it is a class I compound in the 
Robin-Day classification. 

The X-ray structure of the Mo(V1) compound 
[Mo02L(Hz0)]~CH&OCHa is reported. The com- 
plex forms dark red monoclinic crystals with a = 
11.676(3), b = 10.725(4), c = 21.255(5) W, and 0 = 
105.66(2)‘. The space group is F2i/n with Z = 4. 
The structure, refined to an R value of 0.053, shows 
a planar ligand molecule with two tridentate coordi- 
nation sites, one of which is occupied by the metal 
ion. 

The distorted octahedral coordination is com- 
pleted by the two oxygens of the cis-dioxo grouping 
and by an apical water molecule. 

Introduction 

Homo- and heterobinuclear transition metal com- 
plexes are currently an active area of research in the 
field of coordination chemistry. The investigation of 
magnetic exchange interactions [I], as well the 
synthesis of simple models for metallo bio-mole- 
cules [2] or multi-metal centered catalysts [3], are 
the main objectives for this kind of work. 

One general approach has been the use of suitable 
multidentate ligands which hold the metals in a rigid 
arrangement, leaving vacant or labile bridging sites 
so as to allow the binding and possibly the activation 
of different molecular species [4-61. 

Similar studies have involved a number of different 
metals, but we are not aware of any example concern- 
ing molybdenum ions. A reason for this may be the 
fact that the chemistry of MO, especially in its 
high oxidation states, is already dominated by the 
presence of bi- or polynuclear species [7]. These 
systems usually contain strongly coupled, fairly 
unreactive metal core structures with one to three 
single-atom bridges generally formed by 0x0, sulfido, 
or chloro ligands. The synthesis of binuclear MO 
complexes incorporating more labile bridging ligands 
could enhance the reactivity of these systems, allow- 
ing displacement and binding of different substrate 
molecules. 

With this aim we investigated the MO coordina- 
tion chemistry with the Schiff s base ligand 1,4- 
dihydrazinophthalazine-bis(salicylideneimine), LH2 
(Scheme 1). LH2, as well as the parent base 1,4- 

/ 
HC=N 

OH 

dihydrazinophthalazine, dhph, and other 
ligands, have already been used to obtain 
binuclear metal complexes, mainly with 

related 
several 
Cu(II) 

and Ni(II) [8-l 11. In our case the title ligand was 
chosen primarily to achieve a metal-metal distance 
larger than that imposed by single atom bridging. 
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Besides, LH2 has an extensive, conjugated n-system 
which might contribute to the stabilization of the MO 
ion in a range of different oxidation states. 

This report deals with the synthesis and character- 
ization of the Mo(VI), MO(V) and MO(W) com- 
plexes of the above ligand. The crystal and molec- 
ular structure of the mononuclear complex [MOO*- 
L.H20]CH3COCHa has been solved and is present- 
ed here. 

Experimental 

All syntheses and manipulations involving MO(V) 
and MO(W) species were carried out under dry, 
oxygen-free nitrogen, using Schlenk-tube techniques. 
Solvents were distilled under Nz from CaHz and were 
degassed immediately before use. (NH&MoOCls 
[12] and MoOzClz(dmf)2 [13] were prepared 
according to the literature. All other materials were 
obtained commercially and used as supplied. 

Synthesis of Ligands 
The synthesis of dhph, briefly reported some time 

ago [ 141, was modified as follows. 

1,4-Dihydrazinoph thalazine 
NzH4.Hz0 (62 g, 1.24 mol) was dissolved in 32 

ml of AcOH:H*O 1 :I and added to a suspension of 
phthalodinitrile (51.2 g, 0.40 mol) in 100 ml of 1,4- 
dioxane. The mixture was mechanically stirred and 
refluxed for 3 h. After cooling the mother liquors 
were decanted and the dark orange precipitate, still 
wet, was crystallized from boiling HCI (250 ml, 
3 N) to give 45% of dhphs2HCl in the form of yellow 
crystals. Anal. Calcd. for CeHr2N6C12: C, 36.51; 
H, 4.60; N, 31.94. Found: C, 36.97; H, 4.65; N, 
30.71. Recrystallization from water yields the 
monohydrate derivative. Anal. Calcd. for CsHr4- 
N60C12: C, 34.17; H, 5.02; N, 29.89; Cl, 12.61. 
Found: C, 34.20; H, 4.81; N, 30.14; Cl, 12.25%. 

The free base was obtained by dissolving 15 g 
of dhphs2HCl in 110 ml of water. The solution was 
filtered and the stoichiometric amount of KOH in 
water was added (6 g, 20 ml). The yellow-pink preci- 
pitate was filtered and crystallized from water (220 
ml) to give 7% of crystalline dhph(H,O),,. Anal. 
Calcd. for CBH13N601.5 : C, 44.23; H, 6.03; N, 38.69; 
H20, 12.44. Found: C, 44.20; H, 6.11; N, 38.51; 
HzO, 13.0%. 

I,4-Dihydrazino-bis(salicylideneimine) 
An excess of salicylaldehyde (3.5 g, 28.7 mmol) 

was dissolved in EtOH (120 ml) and added to a 
suspension of dhph(HzO),, (2 g, 9.2 mmol) in water 
(120 ml). After reflux (1 h) and cooling the yellow 
Schiff-base was filtered in almost quantitative yield. 
1 g of the crude compound was dissolved in 200 ml 

of boiling EtOH. Addition of water (160 ml) and 
overnight refrigeration yielded 90% of crystalline 

LH~(H20)r.s. Anal. Calcd. for C22HZ1N603.5: C, 
62.10; H, 4.98; N, 19.75; HzO, 6.3. Found: C, 61.84; 
H, 4.70;N, 19.76;H,O, 6.0%. 

If the synthesis is carried out in the presence of 
a stoichiometric amount of aldehyde, a mixture of 
the di- and monosubstituted Schiff-base is obtained. 
This latter can be easily prepared in pure form using 
a 1: 1 ratio of dhph(HzO)r.s and salicylaldehyde. 

Synthesis of Complexes 

Solid MoOz(acac), (615 mg, 1.89 mmol) was 
added to a clear hot solution of LH2(H20)rJ (400 
mg, 0.94 mmol) in EtOH (80 ml). The mixture was 
refluxed for 0.5 h and then cooled to give around 
550 mg of dark green needle crystals. Anal. Calcd. 
for C22H22N,0JvI~: C, 45.68; H, 3.83; N, 14.53; MO, 
16.59; HzO, 9.3. Found: C, 45.88; H, 3.17; N, 14.47; 
MO, 16.95; HzO, 8.5%. The compound is easily 
soluble in many common solvents, apart from lower 
alcohols. Crystallization usually affords solvate spe- 
cies, sometimes together with variable amounts of 
the original hydrate. The preparation of three of 
these solvates is reported below. 

Heating in vacua of the trihydrate (85 “C, 3 h) 
yields the anydrous air-stable Mo02L. 

[Moo2 L(H2 O)] CH, COCH3, 2 
Slow evaporation (ca. 10 days) of a solution of the 

hydrate in hot acetone (100 mg, 80 ml) yielded large 
prismatic, dark-red crystals of the acetone solvate. 
Anal. Calcd. for C2sHZ4N606Mo: C, 50.01; H, 4.03; 
N, 14.00. Found: C, 49.50, H, 3.99;N, 13.84%. 

/MoOZ L(dmfll HZ 0, 3 
200 mg of 1 were dissolved in dmf (3 ml). After 

addition of EtOH (10 ml) the solution was stoppered 
and set aside to give, after 24 h, 80 mg of the product 
in dark red microcrystalline form. Evaporation of the 
solution yielded, in a few days, a further crop of large 
prismatic crystals. Anal. Calcd. for CZSHZ5N706Mo: 
C, 48.79; H, 4.09; N, 15.93. Found: C, 48.72; H, 
4.04; N, 15.72%. 

MoOz UPY ), 4 
200 mg of 1 were dissolved in 4 ml of pyridine. 

Addition of EtOH (12 ml) and overnight refrigeration 
yielded small crystals of the monopyridine derivative. 
Anal. Calcd. for C2,HZ,N704Mo: C, 53.74; H, 3.51; 
N, 16.25. Found: C, 53.66: H, 3.74; N, 16.12%. 

IMoO(LHKW, 5 
Solid (NH4)2MoOCls (825 mg, 2.54 mmol) was 

added, under nitrogen, to a hot solution of LH2- 
(H,0),.5 (540 mg, 1.27 mmol) in 100 ml of 
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for each MO(V) ion. Using the XM values measured 
for compounds 5 and 7 the calculated X~ for 6 is 
13.07 X 10e4 cgs units. The EPR spectrum of com- 
pound 6, both pure or in solution, see Fig. 2, is 
almost identical to that of the mononuclear com- 
plex 5, suggesting that the two MO(V) ions are 
present in similar environments and that no 
detectable magnetic interactions are present. 

The low solution stability of 6 hampered molec- 
ular weight measurements, but definitive evidence 
concerning the molybdenum oxidation states was 
obtained through XPS spectroscopy. Figure 4 shows 

230 235 240 

Be. (eV) 

Fig. 4. X-ray photoelectron spectrum and deconvolution of 

the MO 3dsp,sp doublet in [ Mo(V)OCJ(Mo(IV)OLCl)~ ],6. 

the MO 3&/2,3p region of the X-ray photoelectron 
spectrum of compound 6. Also shown are the results 
of a peak fitting procedure carried out assuming the 
contribution of two gaussian peaks with a full width 
at half maximum of 1.8-2.0 eV. The intensity ratio 
of the two components is close to 2 and the MO 
3d,,, orbital exhibits binding energies of respec- 
tively 231.3 and 232.7 eV (internally referenced 
to a C 1s energy of 285.0 eV). The 3d,,, orbital is 
about 3.0 eV higher in energy. 

As a check we measured the MO 3d region of the 
related MO(N) and MO(V) complexes 7 and 5. In 
spite of partial decomposition, which occurred 
mainly with compound 5, we measured b.e. of 
23 1.85 and 233.25 eV, which confirm the presence 
of localized oxidation states IV and V in complex 6. 

On the basis of the above information this com- 
pound is formulated as a trimer in which two mono- 
nuclear MO(N) units coordinate a MO(V) ion, i.e. 
[Mo(V)OCI(MO(IV)OLC~),] . Higher molecular weight 
formulations, although possible, are unlikely on the 
basis of the magnetic and EPR properties. Of course 
different structures can be envisaged for such a 
trimer. A possible formulation, in agreement with 
the experimental data, is proposed in Fig. 3. It 
accounts for the close similarity of the EPR spectra 
of compounds 5 and 6. 

In addition the gross chemical inequivalence and 
the large distance between the metal sites suggest 
complete localization of the oxidation states. This 
is in agreement with the optical spectrum, which 
results from the pure superposition of the absorp- 
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Fig. 5. Optical reflectance spectra of complexes [MOO*- 

L(HzO)](Hz0)2, 1; [MoO(LH)C&], 5; [Mo(V)OCl(!40- 
(IV)OLCl)2], 6; and [ (MoO)aL(OEt)CI] , 7. 

tions shown by the MO(N) and MO(V) complexes 
7 and 5 (see Fig. 5). Therefore the properties of 6 
support its classification as a class I compound in 
the Robin-Day scheme [27,28]. 
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