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Summary 

Acetylacetone bis-benzoylhydrazone (PhCONHN=CMe)2- 
CH2(LH2) and acetylacetone bis-isonicotinoylhydrazone 
(NCsH4CONHN=CMe)2CH2(L'H2) complexes of the 
types [ML] and [ML'] (M = Co II, Ni n, Cu H or Zn n) have 
been prepared and characterized. All the complexes are 
non-electrolytes and the cobalt(II) complexes are low- 
spin, the nickel(II) complexes are diamagnetic and the 
copper(II) complexes are paramagnetic. The ligands che- 
late via two C z N  groups and two deprotonated enolate 
groups. The e.s.r, spectra of the copper(II) complexes 
indicate a tetragonally distorted dimeric structure. The 
X-ray diffraction parameters for [COL] and [NIL'] corre- 
spond to a tetragonal crystal lattice. 

Introduction 

Monoacylhydrazones of salicylaldehyde and many other 
similar ligands have been recognized as potential tri- 
dentate ligands where maintenance of n-conjugation 
markedly favours planarity m. Metal complexes of such 
acylhydrazones, particularly the copper(II) complexes of 
2-pyridine carboxylaldehyde-2'-pyridylhydrazone (2) and 
salicylaldehyde benzoylhydrazone ~3) show antitumour 
activity. Similarly, metal complexes of 3- and 5-sub- 
stituted salicylaldehyde o-hydroxybenzoylhydrazones ~4), 
salicylaldehyde benzenesulphonyl hydrazone ~5), furfuryli- 
dene and 5-nitrofurfurylidene benzoylhydrazones ~5) have 
been found to be bioactive. Besides these, transition metal 
complexes of isonicotinoylhydrazone have been found to 
be useful in polymer coatings, inks and pigments ~6). 

Transition metal complexes of related ligands, viz. 
acetylacetone bis-picolinoyl and bis-isonicotinoylhydra- 
zones ~7), -bis-2-furoylhydrazone ~8), glyoxal bis-benzoylhy- 
drazone and salicoylhydrazones ~9), diacetyl bis-benzoyl- 
hydrazone and benzil bis-benzoylhydrazone ~1~ and di- 
acetylpyridine bis-(4-methoxy benzoylhydrazone) ~11) have 
been reported. In many cases the ligands have not been 
isolated but reactions between metal salts, acetylacetone 
and the acylhydrazines have been carried out in situ. 
Acetylacetone (2,4-pentanedione, (MeCO)2CHz) has two 
active carbonyl groups, which may condense with two 
molecules of a monoacylhydrazine to give potentially 
multidentate ligands. We have prepared some bivalent 
transition metal complexes of the title ligands. The data 
are presented and discussed in this paper. 

Experimental 

Materials 

All the chemicals were of BDH (AnalaR) or equivalent 
grade. Benzoylhydrazine (BH) was prepared by the 
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literature procedure "z), whilst isonicotinoylhydrazine 
(INH) was obtained from CDH chemicals, New Delhi and 
recrystallized from EtOH. 

Preparation of the Schiff bases 

Acetylacetone bis-benzoylhydrazone (LH2) and acetyl- 
acetone bis-isonicotinoylhydrazone (L'Hz) were prepared 
by reacting solid benzoylhydrazine (13.6 g) or isonicoti- 
noylhydrazine (13.7 g) with acetylacetone (5 cm 3) in 2:1 
molar ratio under anhydrous conditions. The well-mixed 
reactants were heated on a water bath for ca. 1 h with 
occasional shaking. After ca. 10 min clear solutions were 
obtained. On cooling the reaction mixture and adding 
Et20 the crude products were obtained, which were 
filtered off, dried in a desiccator over anhydrous CaC12 
and recrystallized from hot EtOH. Acetylacetone bis-ben- 
zoylhydrazone, m.p. 160~ (Found: C, 68.1; H, 6.1; N, 
17.0. CI9HzoOzN4 calcd: C, 67.8; H, 5.9; N, 16.7 ~.) 
Acetylacetone bis-isonicotinoylhydrazone, m.p. 168~ 
(Found: C, 60.2; H, 5.2; N, 24.4. C17H18OzN 6 calcd: C, 
60.3; H, 5.3; N, 24.8~.) 

Preparation of the complexes 

EtOH solutions of the metal(II) acetates (0.01 mol dm-3) 
and Schiffbases (0.01 mol dm- 3) were reacted in a beaker. 
The complexes precipitated immediately. The reaction 
mixture was heated to 60 ~ C for 5-10 min. The precipitates 
were filtered off by suction, washed several times with 
EtOH and dried in a desiccator over anhydrous CaC12. 

Characterization 

Metal contents were determined by a literature proce- 
dure~13), after digestion with aqua regia and evaporation 
of the residue with concentrated H2SO 4. C, H and N 
contents were determined microanalytically on a Perkin- 
Elmer 240 C model. 

Molar conductances of 10-3moldm -3 solutions in 
DMF/DMSO were measured at room temperature on a 
WTW conductivity meter. Room temperature magnetic 
susceptibilities of the complexes were determined with a 
Gouy type balance (Cahn, magnetic susceptibility appar- 
atus) using [CoHg(SCNh] as calibrant and correcting 
the experimental magnetic susceptibilities for diamag- 
netismS14). 

Electronic and i.r. spectra of the Schiff bases and their 
complexes were recorded on Cary-2390 and Perkin- 
Elmer 783 spectrophotometers, respectively, in Nujol. 
X-band e.s.r, spectra were recorded on a Varian X-band 
spectrometer model E-4 at liquid N 2 temperature (LNT) 
in the solid state and DMF solution using tetracya- 
noethylene (TCNE) as g marker (9 = 2.00277). Powder 
X-ray diffraction patterns were recorded on a Philips PW 
1130 apparatus using CuK~ radiation. The physicochemi- 
cal data are given in Tables 1-3. 
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Results and discussion 

Both LH 2 and L 'H  2 may in principle exhibit ke to-enol  
tautomerism involving the two R C O N H  groups, giving 
three possible tautomers. It  appears from the analytical 
data of the complexes (Table 1) that the ligands are doubly 
deprotonated and give 1:1 (M:L) complexes in E t O H  
medium, in contrast to similar monodeprotonated  or 
neutral ligands in aprotic solvents t11) or at low pHtl~ 
The ligands are doubly deprotonated in solvents of high 
dielectric constants on heating tl 1) or at high pH ta~ Since 
liberation of acetic acid in the reaction between the metal 
acetates and the ligands does not significantly affect the 
pH of the medium, the reaction may be written as 

[M(OAc)2 ] + LH 2 ~ [ME]  + 2AcOH 

All the metal complexes are insoluble in common 
organic solvents such as ethanol, methanol, benzene, 
chloroform, acetone and ether, but are soluble in polar 
solvents such as DMF,  D M S O  and pyridine. The low 
molar conductance values of 10- 3 mol dm - 3 solutions of 
the complexes in D M F / D M S O  at room temperature 
show that they are all non-electrolytes r 5). 

Electronic spectra and magnetic moments 

The electronic spectral data and #eff values are given in 
Table 1. [CuL] and [CuL']  show spectra similar to those 

Table 1. Analytical and electronic spectral data. 
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observed in several square planar complexes r In con- 
trast to the normal range of #~fr values (1.8-2.2BM) 
observed for copper(II) complexes, the slightly low values 
for [CuLl  and [CuL']  suggest dimeric or polymeric 
structures. 

The electronic spectra of the nickel(II) complexes 
suggest a square planar environmen(iv),  which is sup- 
ported by their diamagnetism. Similarly, the spectra of the 
cobalt(II) complexes suggest a square planar geometry (~8). 
In contrast, the monodeprotonated and neutral ligands 
form 5- and 6-coordinated complexes, respectively, with 
copper(II) and nickel(II) ~7). 

Infrared spectra 

The i.r. spectra of the free Schiff bases (Table 2) show 
strong v(NH) bands between 3270 and 3200cm-1.  The 
bands at 1660, 1570 and 1300cm -1 for LH2 and at 1665, 
1570 and 1330 c m -  1 for L'H2 may be assigned to amide I, 
amide II  and amide III,  respectively t19), suggesting that 
in the solid state the compounds exist primarily in the 
keto form. A strong band observed between 1630 and 
1600 c m -  1 may be assigned to v ( C = N )  of the azomethine 
group tl~ 

In the metal complexes, the absence of bands between 
3400 and 3200 c m -  a (v(NH)) and at 1660 c m -  1 (v(C=O))  
and the appearance of a more intense band near 1600 cm-  i 

Complex Colour Decomposition Found (Calcd.)(%) 
Temperature M C H 
(of) 

~/eff Am "~max 
N (BM) (f~ - 1 cm 2 tool- 1) (nm) 

[COL] Reddish > 300 15.0 58.2 4.8 14.3 2.1 32.8" 1200, 445, 360 
brown (15.0) (58.0) (4.6) (14.2) 2n2g-'*2Eo; 2Alg; CT 

[NIL] Dark 280 15.2 58.2 4.4 14.0 0.10 26.1" 890, 540, 385 
yellow (15.0) (58.0) (4.6) (14.2) 1Alg~IB1,;1B2g;CT 

[CuL] Green 234 15.6 57.3 4.4 14.3 1.66 10.1 a 595, 400 
(15.9) (57.0) (4.5) (14.1) 2Blg---}2Alg;2Eg 

[ZnL] Light > 300 16.5 57.1 4.9 14.3 Diamagnetic 6.7 a - 
yellow (16.3) (57.1) (4.5)(14.0) 

[-COL'] Dark > 300 14.8 52.1 4.2 21.4 2.2 19.0 b 1210, 460, 277 
brown (14.9) (51.6) (4.0) (21.2) 2B2o"+ZEo; 2Alo; CT 

fNiL'] Red > 300 15.0 52.4 4.3 2 0 . 8  0.15 25.0 b 825, 540, 350 
(14.9) (51.6) (4.0) (21.2) 1Alo~Blo; IBzo; CT 

[CuL'] Yellowish 220 16.1 51.7 4.4 21.3 1.67 12.2 b 660, 400 
green (t5.9) (51.1) (4.0) (21.0) 2Blo--+2Alg;ZE o 

[ZnL'] Bright 270 16.4 51.2 4.1 21.1 Diamagnetic 11.3 b - 
yellow (16.2) (50.9) (4.0)(20.9) 

~DMF; bDMSO. 

Table 2. Important i.r. spectral bands and assignments. 

Compound v(NH) Amide I v(C=N) v ( N = C - - O )  v(C--O) v(N--N) v(M--O) v(M--N) 
v(C=O) 

LH 2 3270s 1660s 1630s - - 990s - - 
L'H2 3200br 1665s 1630s - 990s - - 
[-COL] - - 1595m 1510s 1330w 1020s 440s 350w 
[NIL] - - 1590s 1502s 1330w 1030s 400m 340w 
['CuL] - - 1590s 1500s 1300w 1010w 450m 340w 
[-ZnL] - - 1600s 1510m 1330w 1020s 450w 350w 
[-COL'] - - 1610m 1500w 1340w 1020w 460m 360w 
[-NIL'] - - 1610s 1500s 1350w 1010s 480m 350m 
[-CuL'] - - 1610s 1495s 1340w 1025m 460s 350m 
[-ZnL'] - - 1610s 1510m 1335w 1030s 480w 350w 
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Table 3. E.s.r. and bonding parameters for the complexes in DMF solution at 77 K. 
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Complex A II A • Aav g II g X gay ghalf CX2 fl~ 
(G) (G) (G) 

[CuLl 106.67 63.33 77.77 2.2194 2.0417 2.1009 4.0771 0.55 0.69 
[CuL'] 93.33 83.33 88.66 2.2897 2.0482 2.1287 4.0864 0.58 0.67 

due to v ( C z N )  compared to the free Schiff base indicate 
that both C ONH groups are enolized and deproton- 
ated (1~ Similarly, the amide II and v ( C z N )  bands of 
the ligands appear at a lower frequencies (ca. 20 cm-1) in 
the complexes. The appearance of v ( N z C - - O )  at ca. 
1500cm -1 and v(C O) at ca. 1330cm -1 in the metal 
complexes also suggest bonding to metal through both 
deprotonated C - - O  groups ~2~ v(N--N)  is observed at 
higher frequency (ca. 20 cm-  1) than the free Schiff bases, 
confirming coordination of the azomethine nitrogen to 
the metal (21). 

Unperturbed ring vibrations at 990, 650 and 400 cm-  
in the free Schiff bases and their complexes suggest 
non-involvement of the phenyl or pyridyl ring in bond- 
ing. Weak bands at 480-440 cm - 1 and 360-340 cm-  1 are 
tentatively assigned to v (M--O)  (22) and v (M--N)  (23), 
respectively. 

E.s.r. spectra 

The solid state e.s.r, spectra of the copper(II) complexes 
exhibit an intense, broad signal with no hyperfine struc- 
ture. The isotropic spectra give Also = 26.67 and 60.00 and 

i 1 I 
2600 2800 3000 

I I 
3 2 0 0  3 4 0 0  3600 

Table 4. Observed and calculated Q and hkl values. 

Powder 20 Relative d Qobs Qca} hkl 
pattern intensity 

[COL] 
1 7.120 216 12.4149 0.0065 0.0065 100 
2 13.398 120 6.6085 0.0229 0.0229 001 
3 16.037 128 5.5265 0.0327 0.0325 210 
4 16.807 149 5.2750 0.0359 0.0359 111 
5 21.524 187 4.1284 0.0586 0.0554 211 
6 22.667 110 3.9228 0.0650 0.0650 310 
7 24.380 155 3.6509 0.0750 0.0749 221 
8 25.983 127 3.4291 0.0850 0.0845 320 

[NIL'] 
1 11.491 308 7.7072 0.0168 0.0168 100 
2 12.063 333 7.3368 0.0185 0.0185 001 
3 16.063 184 5.3339 0.0351 0.0353 101 
4 20.195 338 4.3990 0.0517 0.0521 111 
5 23.091 259 3.8517 0.0674 0.0672 200 
6 24.448 154 3.6409 0.0754 0.0740 002 
7 28.728 235 3.1073 0.1035 0.1025 211 
8 32.603 174 2.7464 0.1326 0.1344 220 

giso = 2.0644 and 2.1113 for [CuLl  and [CuL'], respect- 
ively, suggesting the presence of grossly misaligned 'tetra- 
g o n a l '  axes  (24). 

In frozen D M F  solution, [CuL] and [CuL']  give axial 
spectra with two anisotropic pairs of g values (Table 3), 
suggesting a square planar stereochemistry with weak 
axial interaction of solvent molecules. The ordering of the 
g values, i.e. gll > g• > ge, indicates the presence of an 
unpaired electron in the dx2_y2 orbital (25). All the four 
hyperfine lines observed in the g II region are further split 
into doublets, suggesting that the complexes are dimeric. 
This is supported by the presence of half-field signals in 
the spectra. The hyperfine splitting in the gz region is not 
very clear (Figure 1). 

A significant degree of covalent character in the me- 
tal-ligand bonds is indicated by the values of the a- 
bonding parameter (a2= 0.50 and 0.58) and n-bonding 
parameter (f12 = 0.69 and 0.67), respectively (26). 

On the basis of the above discussion, a general structure 
is proposed for the metal complexes (Scheme 1): 

N/N~ /N~ N 

Scheme 1 

Figure 1. E.s.r. spectra of copper(II) complexes at 77 K: (A) In 
solid state; (B) in DMF solution, where M = Co", Ni II, Cu II or Zn"; R = Ph or NCsH4. 
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X-ray diffraction studies 

Since the complexes are very fine microcrystalline pow- 
ders, comparatively few diffraction lines were obtained for 
[COL] and [NIL']  compared to the crystalline benzoyl- 
hydrazine and isonicotinylhydrazine complexes ~27) (Table 4). 
The observed patterns were indexed by Ito's method t28). 
The following lattice constants were obtained: [COL], 
a = b = 12.41, c = 6.60/~; ENiL'-], a = b = 7.70, c = 7.33 ~. 
These values are consistent with a tetragonal crystal 
lattice. 
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