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Almtraet. A number of complexes of Co01), NiflI), Cu(II), Ru(II), Pd(II) and Pt(II) with 
2-methyl-3-(carboxy methyl) quinazolin (3H)-4-one (MCMQ) and 2-phenyl-3-(carboxy 
methyl) quinazolin (3H)-4-one (PCMQ) have been synthesized and characterized by 
analytical, conductivity, thermal, magnetic, infrared, electronic, proton magnetic resonance 
and electron spin resonance spectral data. Based on analytical data, the stoiehiometry and 
the association with other molecules of the complexes have been determined. Conductivity 
data show that all these complexes are nonelectrolytes. Infrared and PMR spectral data 
indicate that both the iigands are uninegative bidentate with all the metal ions. Based on 
electronic spectral data, the geometries of the complexes have been indicated. Electronic 
spectral parameters for Co(II) and Ni(II) and ESR parameters for Cu(II) complexes have 
been calculated and relevant conclusions have been drawn with respect to the nature of 
bonds present in them. 

Keywords. Quinazolones, uninegative bidentate ligands; octahedral geometry; bivalent 
metal complexes. 

1. Introduction 

Biological ly and  pha rmaco log ica l ly  act ive l igands like 2-methyl -3- (carboxy 
(methyl)quinazoline-(3H)-4-one ( M C M Q )  and 2-phenyl-3-(carboxy methyl)quinazoline- 
(3H)-4-one ( P C M Q )  represented in figure 1 con ta in  bo th  an  oxygen/n i t rogen  on the 
r ing and an  oxygen on  the~substituent a t  the 3-posi t ion  as  d o n o r  centres in the p rope r  

o 

--CH2--C-OH 
R 

R=CH3/Ph 
FJgme 1. Structure of 2-(substituted)-3-carboxy methyl quinazolin-(3H)-4-one. 

* For correspondence 
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orientation to chelate with the metal ions. Upon coordination to a metal ion the 
compounds undergo some changes in their electronic structure, which might in turn 
alter their pharmacological activity. In view of this, it was considered important to 
study the interaction of 2, 3-disubstituted quinazolones with Co(II), Ni(II), Cu(II), 
Ru(II), Pd(II) and Pt(II) ions. We report here the synthesis and characterisation of these 
complexes based on analytical, conductivity, thermal, magnetic, infrared, electronic, 
PMR and ESR data. 

2. Materials and methods 

2.1 Materials 

Anthranilic acid, acetic anhydride, benzoyl chloride, glycine and the organic 
solvents used were of BDH/AR grade. The metal salts used for the preparation of the 
complexes were of AR grade. Ruthenium trichloride, palladium and platinum 
dichlorides were obtained from Johnson Matthey Chemicals, (England). The ligands 
MCMQ and PCMQ were prepared as reported in literature and their purities were 
checked by TLC and melting point determinations (Soliman and Soliman 1973). 
The complex RuC12(DMSO)4 was prepared by the published method (Evans et al 
1973). 

2.2 Preparation of metal complexes 

In the preparation of the Co(II), Ni(II) and Cu(II) complexes the following general 
procedure was adopted. Metal acetate solution (1 m tool) in methanol was added drop- 
wise to a solution of the ligand in acetone (~ 3 m mol) with constant stirring. In all the 
cases, the ligand concentration was taken in slight excess of the i :3 metal-ligand molar 
ratio. The reaction mixture was refluxed on a water bath for 30-60 min. The complexes 
separated out on cooling and were filtered through a sintered glass crucible (G4) and 
were washed with methanol several times and f'mally with acetone. The complexes were 
dried in vacuo over fused calcium chloride. 

Complexes of Pd(II) and Pt(II) were prepared as follows: 1 g ofmetal(II) chloride was 
dissolved in 1 ml concentrated hydrochloric acid and diluted to 100 ml to give a 0" 1 M 
solution. The metal chloride solution (0.1 mol) was treated with an equal volume of 
water. To this solution was added the ligand in acetone (0-3 mol) (30 ml) drop-by-drop 
with constant stirring. The reaction mixture was refluxed on a water bath for about 
30-60 min. The complex separated out in a neutral medium on cooling. It was filtered 
through a sintered glass crucible and washed with hot water and acetone. The 
complexes were dried in vacuo over fused calcium chloride. 

The following procedure was used for the preparation of Ru(II) complexes. The 
complex, RuCI2(DMSO)4 (0.2 g), was suspended in toluene (30 ml) and refluxed for one 
hour with about three moles excess of the ligand in acetone (10 ml). During the period of 
refluxing the whole suspension dissolved resulting in a clear solution, which was then 
evaporated undet~reduced pressure to remove the excess solvent. The residue was 
treated with diethyl ether when the solid complex precipitated. This was filtered off, 
washed several times with diethyl ether, dried and recrystallised from ethanol-ether 
to give a pure complex. 



Bivalent metal complexes of quinazolones 123 

2.3 Physical measurements 

Analytical data (C, H, N) for the ligands and their metal complexes were obtained from 
the Microanalytical Laboratory, Calcutta University, Calcutta. The metal content in 
the complexes after heating to decomposition temperatures were determined by the 
authors using standard procedures (Vogel 1961). The conductance measurements of 
the complexes in dimethyl formamide were made at a concentration of 10- 3 M, using a 
Digisum Digital Conductivity-meter, Model-DI-909 with Philips dip-type conductiv- 
ity cell. The magnetic measurements of the complexes in the solid state were made on a 
Gouy balance at room temperature using Hg[Co(SCN)4] as the calibrant. Diamagne- 
tic corrections were applied using Pascal's constants. TGA and DTA curves of the 
complexes were recorded on a Leeds and Nathrup DTA unit (USA) using calcined 
alumina as the reference material. The experiments were carried out in the presence 
of air using Pt/Rh thermocouples in a Robert-Grimshaw type ceramic sample 
holder. The infrared spectra in the range 4000-200cm-1 of the ligands and their 
metal complexes in nujol and KBr were recorded making use of a Perkin-Elmer 
infrared spectrophotometer, Model-283. The UV and visible spectra in DMF were 
recorded in a Shimadzu Multipurpose Recording spectrophotometer, ModeI-MPS- 
5000. Jeol 100 MHz spectrophotometer was used for recording PMR spectra and a 
Varian E-4 X-band speetrophotometer for recording the ESR spectra of Cu(II) 
complexes. 

3. Results and discussion 

All the complexes are stable at room temperature, nonhygroscopic, insoluble in water 
and many of the common organic solvents, but soluble in DMF and DMSO. The 
analytical and physical data of the complexes are listed in table 1. The analytical data of 
the complexes indicate that the metal to ligand molar ratio is 1:2 and that the 
complexes of Co(II) and Ni(II) are associated with two water molecules each, and 
Ru(II) complexes with two DMSO groups. The molar conductance values of the 
complexes in DMF are in the range 12-22 mhoscm 2 mol-1, indicating their non- 
electrolytic nature (Geary 1971). 

3.1 Thermal study 

It is known from the TGA and DTA curves that all the complexes except those of Co(II) 
and Ni(II) complexes are thermally stable upto 220~ indicating that they are not 
hydrated. The TGA of Co(II) and Ni(II) complexes show weight loss in the temperature 
range 140-180~ corresponding to two water molecules. The expulsion of water from 
the complexes in this temperature range also indicates that they are present inside the 
coordination sphere (Nikoleeve et al 1969). This is also confirmed by the presence of 
endothermic peaks in the DTA curves in the same temperature range. The therm- 
ograms of all the complexes show sharp decomposition associated with the loss of the 
organic part above 230~ It is clear that the final products of decomposition as 
computed from the thermograms correspond, in each case, to metallic oxides. The 
analysis of the thermograms of the complexes by way of identifying their components 
offers further support to the composition of the complexes proposed on the basis of 
analytical data. 
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3.2 Infrared spectra 

Important absorption frequencies of ligands and complexes along with their assign- 
ments are listed in table 2. 

In the IR spectra of the ligands, a strong band corresponding to v(C=O) of the 
quinazolone ring is observed at 1690 cm-  1. This band is shifted to lower wavenumbers 
by 35-50 cm-  1 in the spectra of all the complexes indicating that the carbonyl oxygen is 
invariably involved in coordination with all the metals (Sahai et al 1982). The ligands 
also contain a carboxylic group at the 3-position of the quinazolone ring. The 
characteristic v(OH) is observed as a broad band at 2500 cm-  1 in both the ligands and 
disappears completely in their complexes indicating the participation of the oxygen of 
the carboxyl group in the coordination (Singh et al 1980). Changes observed in 
va,(COO) and vs(COO) bands due to the coordination of the carboxylate group to the 
metal ions in all the complexes are consistent with earlier observations (Laxma Reddy 
et al 1984). Both ligands also contain one (C=N) group of the quinazolone ring. The 
stretching frequency of this group appears at 1640cm -1 in the free ligands and in 
the complexes indicating that the nitrogen is not involved in the coordination 
(Prabhakaran and Patel 1972). 

In addition, Co(II) and Ni(II) complexes show broad, medium intense peaks between 
3500-3300 cm-  1 which may be attributed to the OH-stretching frequency of water in 
the complexes. These complexes also show bands at 1600 and 800 cm-1 due to H O H  
bending and rocking (pH20), respectively, indicating the presence of coordinated 
water (Nakamoto 1978). Presence of DMSO in the Ru(II) complexes was characterised 
by its v(S=O), which decreases when it is coordinated through oxygen and increases 
upon binding to the metal through sulphur (Reynolds 1970). The IR spectra of Ru(II) 
complexes exhibit bands due to v(S=O) in the region 1050-1100 cm-1 corresponding 
to the S-bonded DMSO groups (Evans et al 1973). 

The participation of oxygen in coordination in all the complexes and also of sulphur 

Table 2. Assignment of some important infrared spectral data of the compounds (cm- 1). 

Infrared assignment (cm- 1) 

Compound v(OH) v(C=O) v(C=N) v(M-O) 

MCMQ 2500 1690 1640 --  
[Co(MCMQ)22H20]" 3400- 1650 1635 430, 400 
[Ni(MCMQ)z2H20 ]" 3450" 1640 1640 440, 410 
[Cu(MCMQ)2] --  1650 1640 450, 430 
[Ru(MCMQ)2(DMSO)2] - -  1630 1640 420, 311Y' 
[Pd(MCMQ)2] --  1655 1645 440, 400 
[Pt(MCMQ)z] - -  1650 1635 450, 410 
PCMQ 2500 1690 1640 --  
[Co(PCMQ)22H20 ] 3350" 1650 1635 430, 410 
[Ni(PCMQ)22H20] 3350" 1650 1640 430, 420 
[Cu(PCMQ)2] --  1635 1640 450, 420 
[Ru(PCMQ)2(DMSO)2 ] - -  1635 1640 420, 330 b 
[pd(PCMQ)2] --  1635 1640 460, 420 
[pt(PCMQ)2] --  1640 1640 460, 430 

* The band is due to v(OH) of coordinated water; b The band is due to v(Ru-S). 
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in Ru(II) complexes is further confirmed by the presence of nonligand bands in their far- 
infrared spectra. The bands observed around 400 and 300 cm- 1 in the complexes may 
be due to v(M-O) and v(M-S) respectively (Laxma Reddy et al 1984). 

3.3 PMR spectra 

PMR spectra were recorded for Ru(II), Pd(II) and Pt(II) complexes. The spectra of 
these complexes bear general resemblance to those of the free ligands, nevertheless 
some differences are evident because of coordination. A strong absorption due to the - 
OH group of carboxylic acid appeared at 10.56 in the free ligands and totally 
disappears in the complexes, confirming the coordination of oxygen with deproton- 
ation (Laxma Reddy et al 1986). A single intense signal in the region 3.0-3.56 in Ru(II) 
complexes with a downfield shift of about 0.7-0.9ppm from that of free DMSO, 
indicates the presence of S-bonded DMSO ligands in the complexes (Evans et al 1973). 
Both the ligands and their complexes show signals in the region 7.1-8"9t5 which are due 
to aromatic protons. A signal in the region 2.4-2.86 in MCMQ and its complexes has 
been assigned to methyl protons. 

3.4 Electronic spectra 

Electronic spectral data of the complexes along with their assignments are given in 
table 3. 

The ligands exhibit strong bands around 34,000 cm-1 and 31,000 cm-1 which may 
be assigned to n ~ it* and n ~ n* transitions, respectively. Electronic spectra of Co(II) 
complexes display three bands around 8300, 17,000 and 21,000cm-1 which may be 
assigned to the spin-allowed transitions 4TIg(F)~4T2g(F)(vl), 4Tlg(F)~4A2g(F)(v2) 
and 4TI.(F)~ 4Tlg(P)(v 3) respectively, characteristic of octahedral geometry around 
Co(II) (Matthews and Walton 1971). Nickel(II) complexes also exhibit three bands in 
their electronic spectra around 9000, 15,000 and 24,000cm -~ and these have 
respectively been assigned to the transitions 3A2o(F)~3T2g(F)(vl), 3A2g(F)--* 
3Tlg(F)(v2) and 3A2g(F)~ 3TI,(P)(v 3) characteristic of octahedral geometry (Sacconi 
1968). The octahedral geometry of Co(II) and Ni(II) complexes is further supported by 
the ratio v2/Vx which lies around 2.2 and 1.65, respectively. The ratio v2/v~ obtained for 
the complexes is lower than that of regular octahedral aquo complexes which may be 
due to the asymmetric environment around Co(II) and Ni(II). 

Various ligand field parameters, such as the ligand field splitting energy (10Dq), 
Racah-interelectronic repulsion parameter (B), covalent factor (fl) and ligand field 
stabilization energy (LFSE) have been calculated for all the complexes of Co(II) and 
Ni(II) (Lever 1968). The calculated 10 Dq values of Co(II) and Ni(II) complexes suggest 
for the ligands a place between water and ammonia in the spectrochemical series. The 
B-values for the complexes are lower than the free ion value which is an indication of 
orbital overlap and delocalization of d-orbitais. The fl-values obtained are less than one 
suggesting a considerable amount of covalent character in the metal-ligand bonds. 

Generally, electronic spectra of Cu(II) complexes with square-planar geometry 
display two bands around 15,000 and 20,000 cm-1 which may be due to 2B1, ~ 2B2g 
and 2B~g ~ 2Eg transitions (Werden et a11966). The present Cu(II) complexes exhibit a 
broad band centred at 17,000 cm-~ and thus are assigned square-planar geometry. 

Two bands are observed at 20,000 and 24,000cm-t in Ru(II) complexes which may 
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be due to 1A l g ~ 1 Tlg and 1A ~g ~ 1 T 2  ff transitions, respectively, characteristic of octa- 
hedral geometry (Laxma Reddy et al 1986). Absence of splitting of the lower energy 
band in the electronic spectra of Ru(II) complexes indicates that there is no tetragonal 
distortion (Seetha Rama Rao et al 1988). The Pd(II) complexes show two bands around 
15,000 and 20,000 cm - x which may be due to ~ A lg ~ x B 1 g and x A 1 g ~ ~ Eg transitions 
respectively characteristic of square-planar geometry (Seetha Rama Rao et al 1988). 
Platinum(II) complexes also exhibit two bands at 21,000 and 24,000 cm-~ character- 
istic of square-planar geometry (Prabhakar et al 1988). 

3.5 Magnetic moment 

The experimental and calculated magnetic moments of the complexes are given in 
table 3. 

The magnetic moment values obtained for the complexes of Co(II) indicate that they 
are of the octahedral type. In octahedral geometry the ground term is 4T2g which is 
orbitally degenerate. This makes an orbital angular momentum contribution to the 
magnetic moment. Therefore, the present values are higher than the spin-only values. 
In an attempt to correlate the spectral and magnetic properties,/~cff values have been 
calculated and are in agreement with experimental values suggesting considerable 
orbital contribution (Figgis 1966). All the Ni(II) complexes are found to be paramagne- 
tic and to have a magnetic moment corresponding to octahedral geometry (Khulbe 
et al 1981). #off values have also been calculated using 10D~ (Figgis 1966) and are in 
good agreement with experimental values indicating a small orbital contribution due 
to spin-orbit (SO) mixing of the ground state 3A2o with the first excited state 3T2g. This 

#,ff . All the also indicates the validity of the ligand field parameters 10 D~, B and the ~xpt 
Cu(II) complexes are paramagnetic and possess magnetic moments equivalent to one 
unpaired electron. However, the values are found to be less than 1-90 BM indicating 
that the complexes are of the tetragonal type. The excess over the spin-only value of 
1.73 BM observed in the present complexes might be due to spin-orbit coupling in 
which case the #,ff values have been calculated using the equation (Figgis 1966), 

cal __ #~ff - #s~ - 22/10 Dq) 

where 2 is the spin-orbit coupling constant of the metal ion in the complexes. The 
experimental values are in good agreement with the calculated ones and also further 
support the tetragonal geometry proposed on the basis of electronic spectral data. All 
the Ru(II), Pd(II) and Pt(II) complexes are found to be diamagnetic and this is 
confirmed by the absence of a peak in their ESR spectra. 

3.6 ESR spectra 

ESR studies of the Cu(II) complexes are of much interest because their ground states 
are orbitally degenerate in regular geometries and non-degenerate in distorted 
geometries, since an orbitally degenerate configuration is susceptible to a Jahn-Teller 
distortion (Jahn and Teller 1937). Basically, the interpretation of the ESR spectrum of 
an isolated transition metal ion yields values for two kinds of parameters: (1) the 
spectroscopic splitting constants (g-values) which describe the frequencies between the 
different electron spin states and (2) the hyperfine coupling constants (A) which give a 
measure of electron spin-nuclear spin interactions. These parameters are affected by 
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the presence of ligands around the central metal ion. 
The ESR spectra of the Cu(II) complex of MCMQ at room temperature and at liquid 

nitrogen temperature are given in figures 2 and 3. The ESR parameters are listed in 
table 4. The ESR spectra of Cu(II) complexes in the solid state at liquid nitrogen 
temperature exhibit a set of four well-resolved peaks in the low-field region and intense 
unresolved peaks in the high-field region. From these well-resolved peaks the values of 
gli and All have been calculated (Kneubuhl 1960). The g• and AI values have been 
ca!culated from the unresolved peaks in the high field region. The ESR spectra of 
Cu(II) complexes in the solid state at room temperature show only one peak from 
which the g,v has been calculated (Kneubuhl 1960). 

The g tensor values of Cu(II) complexes can be used to derive the ground state 
(Ballhausen 1962). In elongated octahedral (tetragonal) and square-planar complexes, 
the unpaired electron lies in the dx~-: orbitals giving 2B1~ as the ground state with 
g~l > g-- In a compressed octahedron, on the other hand, the unpaired electron lies 
in a d :  orbital giving 2Alg as the ground state with g• > g,. From the observed values 
it is evident that the unpaired electron lies predominantly in the dx~_y~ orbital. The 
complex also shows anisotropic ESR spectra with gN > g• characteristic of square- 
planar geometry. Recalling the complexes with d~2_ y~ ground states, strong interaction 
along the z axis is to be accompanied by increase in the value of gll. Strong axial 
bonding leads to an increase in the length of the bond in the X -  Y plane which results 
in a decrease of both in-plane covalency and the energy of the d ~ _ :  transition (Smith 
1970). Both these effects tend to increase the value of gll. The grl is the most sensitive 
function for indicating the covalency, being 2.3 or more for ionic compounds and 
less than 2.3 for covalent compounds (Kivelson and Neimann 1961). It is clear from 
table 4 that gll obtained is less than 2.3 indicating the covalent character of the 
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ESR spectrum of Cu(II) complex of MCMQ at room temperature. 
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ESR spectrum of Cu(II) complex of MCMQ at liquid nitrogen temperature. 

Table 4. ESR spectral data of copper (II) complexes. 

ESR parameter [Cu(MCMQ)2] [Cu(PCMQ)2] 

g~ 2.14 2.13 
g• 2.03 2.03 
g,~ 2.06 2.06 
All 0.26 0.27 
A• 0"16 0"16 
~t 2 0'27 0-27 
f12 l'23 1"14 
7 2 0.99 0-99 
r~ 0"33 0'30 
r~ 0-26 0-27 
G 4.97 4"61 
2 280 260 
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metal-ligand bond. The theoretical hyperfine parameters (AEI and A• have been 
calculated using the expressions (Maki and McGarvey 1958), 

All = P - (4~2/7) - K + (Orb - 2.0023) + (3/7)(0• - 2-0023), 

Ax = P + (2ct2/7) - K + (11/14)(O j_ - 2.0023), 

where P = 0.036 and K = 0"30 are the spin-orbit interaction factor and Fermicontact 
term, respectively. 

The metal-ligand tr bonding parameter ~2, has been calculated using the following 
relationship (Narayana et al 1975). 

gay = 2.0023 - 42,t2/AE. 

The value AE is obtained from the electronic spectra and 2 is the spin-orbit coupling 
constant of free metal ion ( -  828 cm- 1). Using the gtt, g• P, K and ~t values the Air and 
A• values have been calculated and are in good agreement with the experimental 
values. 

The axial symmetry parameter G is defined as (gll - 2.0023)/(#• - 2-0023) and shown 
to be a measure of the exchange interaction between copper centres in polycrystalline 
solids (Procter et al 1988). If the value of G is larger than 4, the exchange interaction 
is negligible, while G values of less than 4 indicate considerable interaction in solid 
complexes. The present G values are found to be greater than 4, indicating that there 
is no exchange interaction in the solid state. Further, orbital reduction parameters 

2 ct2, f12, ~2, rll, r 2 and 2 have been calculated. The ~t 2 values for the present complexes 
fall in the range 0"3-0.4 indicating the presence of appreciable in-plane covalency. As 
r~ > r 2 in all the complexes, this indicates that the ligands are of the out-of-plane 
n-bonded type (Hathaway 1973). The spin-orbit coupling constant for the complexes 
is found to be less than that of the free metal ion (2 o = - 8 2 8  cm-1), suggesting 
considerable mixing of ground and excited terms. The Igl values are also useful for 
calculating the magnetic moments of the complexes/~2 = (3/4)1gl2 and the calculated 
values are in good agreement with experimental ones. 

Based on their stoichiometry, conductance, magnetic, infrared, PMR and electronic 
data, all the Co(II), Ni(II), Ru(II) complexes are tentatively assigned octahedral 
geometries while Cu(II), Pd(II) and Pt(II) complexes possess square-planar geometries 
with each bidentate chelate forming a seven-membered ring as shown in figure 4. 

Figure 4. Structure of complexes of Co(II), Ni(II), Cu(II), Ru(II), Pd(II) and Pt(II). When M 
is Co(II) or Ni(II), X = H20; when M = Ru(II), X = DMSO; when M = Cu(II), Pd(II) or Pt(II), 
there is no X. 
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