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A new Schiff-base ligand LH2, has been prepared by reaction of 2,9-diformyl-l ,lo-phenan- 
throline with 2,3-diamino-l,Cnaphthoquinone. The formation and characterization of com- 
plexes of Zn(II), Cd(II), Hg(I1) and Pb(I1) with the semi-oxidized ligand LH is described. The 
M(LH)X2 (X = CI, Br and AcO) radical species are paramagnetic and the observed EPR signals 
in the solid state at room temperature, with g values close to the electron free g value are proof 
of the semiquinonic character of the ligand. The antibacterial activity of the ligand and the 
metal complexes prepared were tested against four bacteria strains and compared with the 
activity of penicillin. 

Keywords: Antibacterial; Schiff-base; semiquinone; group 12 complexes 

INTRODUCTION 

Naphthoquinone derivatives are widely distributed in nature' and a number 
of compounds of this type have therapeutic The in vitro cyto- 
toxicity of naphthoquinones has been extensively studied and toxic effects 
have been demonstrated in a variety of cell types. Interest in the chemistry 
of semiquinone-type complexes is greatly increased in recent years mainly 
because of the important role of quinone- and catechol-containing groups in 
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514 J.R. ANACONA et al. 

biology.536 2,3-Diamino-1 ,Cnaphthoquinone belongs to a special class of 
bidentate N,N-coordinators capable of undergoing both one- or two-elec- 
tron oxidation, forming semiquinones and quinone-type compounds, respec- 
tively, as shown below, 

where the semi-oxidized form is called the semiquinone radical. All three 
forms are known to bind metal ions forming five-membered chelate rings. 
Recently738 we reported the preparation and properties of several transition 
metal charge transfer complexes based on 2,3-diamino- 1,4-naphthoquinone 
and following these studies, we prepared a new diamagnetic Schiff-base 
ligand LH2 formed through reaction between 2,3-diamino- 1 ,Cnaphtho- 
quinone and 2,9-diformyl- 1,lO-phenanthroline in the presence of air. When 
the same reaction is carried out in the presence of the title metals, paramag- 
netic complexes of the semiquinone LH are formed, presumably because air 
oxidation occurs and the metal ion stabilizes the semiquinone form. A better 
understanding of the redox chemistry of these ligands in the presence of 
metal ions that may stabilize their catechol and semiquinone forms, will 
enhance our knowledge of the charge-transfer mechanisms involved in 
biological systems. 

EXPERIMENTAL 

Physical Methods 

Fourier transform infrared (FTIR) spectra of the ligand and its metal com- 
plexes as KBr pellets were recorded in the spectral range 4000-400 cm-' 
with a Perkin Elmer Series 2000 apparatus. FTIR spectra as polyethylene 
pellets were registered between 450- 120 cm-' by using a Brucker IFS 66V 
spectrophotometer. Spectra were scanned with a resolution of 2 cm-'. Two 
hundred scans were accumulated for both the mid and far FTIR measure- 
ments. EPR spectra were recorded on a Brucker ECS 106 spectrometer by 
the X-band method (9.76 GHz). a-a'-Diphenyl-P-picrylhydrazyl free radi- 
cal was used as the g marker. UV-Visible spectra were recorded by using a 
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SEMIQUINONE METAL COMPLEXES 515 

Perkin Elmer recording spectrometer. The metals of the complexes were 
determined by atomic absorption spectroscopy after destruction by hot con- 
centrated HN03 and HC104 1 : 1 mixture. The contents of carbon, nitrogen 
and hydrogen were analyzed by the microlabs in the Venezuelean Institute 
of Scientific Research (IVIC). Magnetic susceptibilities were measured on 
a Johnson Matthey Susceptibility Balance at room temperature using 
HgCo(NCS), as calibrant. 

Antibacterial Activity Test 

In vitro antibacterial activity of the ligand and the complexes were tested 
using the filter paper scrap diffusion method.’ The chosen strains include 
G(+) S.  aureus and B. cereus and G(-)  P .  aeruginosa and E. coli. The liquid 
medium containing the bacterial subcultures was autoclaved for 20 min at 
15 lb pressure before inoculation. The bacteria were cultured for 24 h at 
36°C in an incubator. Mueller Hinton broth was used for preparing basal 
media for the bioassay of the organisms. Nutrient agar was poured in a 
plate and allowed to solidify. The test compounds in DMSO solutions were 
added dropwise on a 10 mm diameter filter paper disk placed in the center of 
the agar plates. The plates were then kept at 5°C for 1 h and transferred to 
an incubator maintained at 36°C. The width of the growth inhibition zone 
around the disk was measured after 24 h of incubation. Four replicates were 
taken for each treatment. 

Materials and Methods 

All reactants and solvents were analytical grade where possible and pur- 
chased from Aldrich. All solvents were distilled by standard techniques 
before use. 

The diamagnetic ligand LH2 was prepared by mixing 2,3-diamino- 1,4- 
naphthoquinone (2 mmol) and 2,9-diformyl-1 , 10-phenanthroline (1 mmol) 
in EtOH (40 mL) and the reaction mixture was heated under reflux for 10 h, 
then left to stand overnight. Solvent was removed by rotary evaporation 
until a precipitate appeared. After cooling, the solid was filtered, washed 
and dried in vacuo at room temperature. When 2,3-diamino-1 ,Cnaphtho- 
quinone (2 mmol) and 2,9-diformyl- 1 , 10-phenanthroline (1 mmol) are re- 
fluxed in hot ethanolic solution while undergoing oxidation by atmospheric 
oxygen during 12 h in the presence of metal(I1) salts (1 mmol), paramagnetic 
complexes of general type M(LH)X* (M = Zn(II), Cd(II), Hg(I1) and Pb(II), 
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516 J.R. ANACONA et al. 

X=Cl, Br, or AcO) were obtained. 2,3-Diamino- 1 ,Cnaphthoquinone and 
2,9-diformyl- 1,lO-phenanthroline were synthesized from 2,3-dichloro- 1,4- 
naphthoquinone and 2,9-dimethyl- 1 , 10-phenanthroline, respectively, from 
published 

LH2 

Results and Discussion 

Elemental analyses, shown in Table I, agree well with the stoichiometry of 
the complexes. The complexes are maroon and appear to be air-stable 
solids, soluble in DMSO, slightly soluble in CH3CN and insoluble in MeOH 
and water. The experimental conductivity values measured on lop3 M 
solutions in DMSO at room temperature, fall in the range 2 : 1 electrolytes 
for the Zn(I1) complex, in the range 1 : 1 electrolytes for the Cd(I1) complex 
and in the range of nonelectrolytes for the Hg(I1) and Pb(I1) complexes 
attending the criteria of Geary.I2 

Infrared spectroscopy provides valuable information as to whether or not 
condensation to form hydrazone bonds has occurred. Disappearance of the 
absorption band from the vibration of the C=O bond of 2,9-diformyl- 1,lO- 
phenanthroline and appearance of the absorption band due to the vibra- 
tion of the C=N bond proves that the Schiff-base LH2 has been formed. 
The carbonyl groups from the 2,3-diamino- 1 ,4-naphthoquinone occur at 
1680cm-' while terminal NH2 groups give N-H vibrations at 3300 and 
3200 cm-' . The carbonyl groups from the 2,9-diformyl- 1,lO-phenanthroline 
occur at 1654cm-' and disappeared completely upon condensation or in the 
prepared complexes. The spectra of the ligand LH2 and the metal(I1) 
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SEMIQUINONE METAL COMPLEXES 517 

complexes show a significant band at 1620cm-' which may be assigned to 
C=N stretching mode the Schiff base. The hydrazone signal does not over- 
lap with the above bands and simple observation of the 1600-1700cm-' 
region indicates the success or failure of a reaction. A broad diffuse band 
of medium intensity in the 3500-3300cm-' region may be assigned to the 
0 - H  stretching vibration for lattice water. A strong band from C-H defor- 
mation is always seen from 820 to 850cm-'. For most of the metal com- 
plexes, the C=O stretching mode belonging to the naphthoquinonic 
derivative remains around 1680cm-' showing that the oxygen atom does 
not participate in coordination to the metal ions. The only exception was 
the lead(I1) complex where this signal was observed at 1648 cm-'. The pres- 
ence of a M-N stretching vibration from 445 to 460cm-' for the metal 
complexes support coordination by the ligand as quadridentate N4 chelating 
agent. l 3  

The UV-Visible spectra of the free ligand and the metal complexes in 
DMSO solutions present three major absorption maxima in three distinct 
regions: 33350-34400, 26400-27750 and 24200-25400 cm-', presumably 
due to intraligand excitation. Because of the high degree of unsaturation of 
the ligand, the intense ultraviolet absorptions have tails in the visible region 
of the spectra. 

Corrected magnetic moments have been calculated from the molar mag- 
netic susceptibilities using Pascal's  constant^'^ and the values are limited 
within the interval 1.74- 1.82 BM (Table I). These values clearly indicate 
that the complexes have one unpaired electron. The species M(LH)X* are 
paramagnetic and the EPR signals (Figure l), with g-values close to the 
electron free g-values, are proof of the semiquinonic character of the Iigand. 
No hyperfine splitting due to nuclear spin was observed, limiting structural 
analysis. The EPR signals support the interpretation that these complexes 

TABLE I Analyticala and magnetic data of the ligand and its metal complexes 

Compounds C (YO) H (YO) N(%) Metal(%) pc.a(BM) g 

LH2 HCI . H20 64.62 3.42 13.11 0.00 
(64.71) (3.65) (13.32) 

Zn(LH)Brz .2H,O 48.83 2.61 10.04 7.62 1.82 2.0020 . , -  - 
(48.79) (2.75) (10.05) (7.82) 

(53.80) (2.51) (11.08) (14.82) 

(47.69) (2.34) (9.82) 

(49.66) (2.94) (9.15) (22.57) 

Cd(LH)C12 53.75 2.48 11.25 14.52 1.79 2.0042 

Hg(LH)C12.1/2 HzO 47.45 2.31 9.57 1.80 2.0020 

Pb(LH)(CH,CO0)2.H20 49.33 2.98 9.11 22.10 1.74 2.0011 

"Calculated values are given in parenthesis. 
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3440 G 
3540 

FIGURE 1 EPR spectrum (X band) at room temperature of Cd(LH)C12 (A) and 
Pb(LH)(CH$00)2 . HzO (B) powders. 

behave as radicals stabilized through the cation in which the unpaired 
electron is delocalized over the ligand. The oxidation has therefore been 
proposed to be a ligand rather than'a metal-based process. 

Structure of Complexes 

The Schiff-base ligand has several potential donor atoms but, due to steric 
constraints, the ligand can provide a maximum of four donor atoms at 
any one time for coordination to a metal. On the assumption that four 
nitrogen atoms of the ligand are coordinated to the metal, as seems likely 
from inspection of molecular models and as found previously for similar 
complexes containing a N4 donor set analyzed by X-ray diffraction meth- 
o d ~ , ~ ~ - ~ ~  it follows that the complexes contain four coordinate Zn(II), 
Cd(I1) or Hg(I1). 
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SEMIQUINONE METAL COMPLEXES 519 

FIGURE 2 Proposed structure for Pb(LH)(CH3C00)2 . H20 complex. 

In the case of the Pb(I1) complex, the strong IR band at 1680cm-' 
assigned to v (C=O) in the naphthoquinone spectrum shifts to lower fre- 
quencies at about 1648 cm-' upon complexation (32 cm-'), suggesting coor- 
dination by the ligand as a tetradentate N202 chelating agent, as can be seen 
in Figure 2. From models it appears that both a planar and approximately 
planar configuration of the ligand are possible, but without a full structural 
analysis one cannot make a distinction between these possibilities. Despite 
the crystalline nature of the products none proved suitable for X-ray struc- 
ture determination. As the ligand is potentially tetradentate, it is quite 
feasible that the metal(I1) ions are six coordinate with water molecule 
and/or halides at the vertices of a octahedron. 

Biological Activity Test 

The susceptibility of certain strains of bacterium towards the ligand and 
metal complexes can be judged by measuring the size of inhibition diameter. 
In general, when the compounds were tested against the Staphylococcus 
aureus strain they were found to possess lower activity than that of the 
sodium penicillinate itself. All compounds prepared showed inhibition diam- 
eters larger than sodium penicillinate against the Bacillus cereus strain, with 
the ligand more active than the complexes themselves as shown in Table 11. 
Sodium penicillinate shows no activity against Bacillus cereus at concentra- 
tions lower that 20 pg/disk. The Hg(I1) complex was the only one showing 
some activity against G(-) strains. 
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520 J.R. ANACONA e ta / .  

TABLE I1 Antimicrobial activity against Bacillus cereus 

ComDounds Concentration (pg/disk) Zone of inhibition (mm) 

LH2 HC1 . H2O 

Zn(LH)Br2 '2Hz0 

Hg(LH)C12. 1/2 H2O 

Pb(LH)(CH3C00)2, H20 

20 
10 
2 

20 
10 
2 

20 
10 
2 

20 
10 

15.1 
14.5 
14.0 
12.0 
9.6 
7.3 

13.6 
11.0 
7.5 
9.4 
8.0 

2 7.0 
Penicillin 20 11.4 

10 0.0 
2 0.0 
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