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SYNTH.  REACT. INORG. MET.-ORG. CIIEM., 29(5). 897-918 (1999) 

PREPARATION AND INVI~SI'IGAI'ION OF Ce(lll), Th(lV) AND IJ(V1) CHELATES 

WITH SOME SCHIFF BASES DERIVED FROM 5,7-I)111YI)KOXY-6-1ORMY L-2- 

M1;I'H Y lABENZ0PYRAN-4-ONE 

Y. M.  Issa"*, 0. E. Sherip, and S. M. Abbasb 

"Chemistry Department, Faculty of Science, Cairo University, Giza, Egypt 

bCheniishy Department, Faculty of Science, Cairo University, Beni Suef, Egypt 

ABSTRACT 

Schiff bases were prepared by condensation of equimolar amounts of 5,7-dihy- 

droxy-6-fomyl-2-methylbenmpyran-4-one and aniline, anthranilic acid, 2-aminophenol. 

5-chloro-2-aminophenol OJ 4-amino-3-hydroxybenzenesulphonic acid. The molecular 

structure of the prepared Schiff bases was confirmed by mass and UV spectra. The 

chelates of Ce(llI), lh(lV), and IJ(V1) with the above Schiff bases were prepared. All 

the prepared compounds were subjected to elemental analyses for C, t 1, N, C1, S and 

metal (for the chelates), IR and ' 11 NMK spectroscopy. The studies show that Ce(lll) 

and Th(1V) give 1: 1, 1:2 and 2: 1 (M:L) metal chelates, while U(V1) gives only 1 :  1 and 

1:2 (M:L) chelates. This may be attributed to the difficulty of coordinating two bulky 

uranyl ions to the same molecule because of their stenc effect. The studies revealed 

that the Ce(lI1) and 'Th(IV) chelates exhibit octahedral structure with the coordination 

number 6 while U(V1) chelates exhibit dodecahedral structure with the coordination 

number 8 .  Thermogravimetric analysis data were obtained for some of the prepared 

chelates. 

891 
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898 ISSA, SHERIF, AND ABBAS 

INTRODUCTION 

The condensation of primary amines with carbonyl compounds was first 

reported by Schiffl and the condensation products are often referred as Schiff bases. 

They are also known as anils, imines or azornethines2. These bases have the general 

structure R-CH=N-R' where R and R '  are alkyl, cyclohexyl, aryl or heterocyclic 

groups which may be variously substituted. 

Chromones are compounds that contain a pyrone nucleus fused to a benzene 

ring at the 5 and 6 positions. They are known as benzopyrone', pheno-y-pyrone" or 4- 

~i-benzopyran-4-one~. 

Little work has been done on Schiff bases derived from chromones. The chelates 

of some Schiff bases derived from chromone and some substituted amines with Cu(ll) 

and U(V1)6, Co(ll), Ni(ll), and CU(II)'.~ and with Cu(ll), Co(Il), Ni(II), Mn(ll), and 

Zn(11)9.'0 were investigated and characterized earlier by several techniques. The studies 

proposed a possible structure for each of the metal chelates. 

The suggested structure of the Schiff bases of this study is shown in Fig. 1. 

The present investigation deals with the preparation and structure elucidation of 

the metal chelates formed between Ce(III), Th(lV) and U(VI) with some Schiffbases 

prepared by condensation of equiniolar amounts of 5.7-dihydroxy-6-formyI-2-niethyl- 

benzopyran-4-one with aniline, anthranilic acid, 2-aminophenol, 5-chloro-2-aminoph- 

enol or 4-amino-3-hydroxybenzenesulphonic acid*. The molecular structures of the 

prepared Schiff bases were confirmed by mass and UV spectra. All of the prepared 

compounds (chromones, Schiff bases. and chelates) were subjected to elemental 

analyses for C, H, N, CI, S, and metal content (for the chelates), UV, IR, and ' H  NMR 

spectroscopy. Thermogravimetric analyses of some of the prepared chelates were 

studied and discussed. 

EXPERIMENTAL 

Materials and 

All chemicals used in this investigation were chemically pure grade. All organic 

solvents used in this work were either purified by the recommended methods or 

obtained as spectroscopic grade solvents from BDH. Double-distilled water from glass 

equipment was used. The elemental analyses for C, H, N, C1, S, and metal content 
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CHELATES WIT11 SOME SCHIFF BASES 899 

x Y 

H Ii H ~ L '  

COOH 11 HJ-* 

01 I I 1  H,L' 

O1i 5'-CI H ~ L "  

OH 4'-S03H H4L5 

Fig. 1. Suggested Structure of the Investigated Schiff Rases 

were performed at the microanalytical center, Cairo University, Cairo, Egypt. The 

mass spectra of the prepared Schiff bases were recorded with a Q I000 EXGC-MS 

Shimadzu spectrometer at 70 eV and 100 pA energy using a direct insertion probe at 

90-1 10" C. The IR spectra were recorded in KBr discs using a Testscan Shimadzu 

FTIK spectrometer. The UV and visible absorption spectra were recorded using a 

Perkin Elmer Lambda 4B spectrophotometer. Electronic absorption measurements of 

the Schiff bases were canied out in ethanol. l h e  'H N M R  spectra of the Schiff bases 

and some of their chelates were recorded using a Varian-Gemini 200-200 MHz 

spectrometer. The solvent used was deuterated dirnethyl sulphoxide (DMSO-&), and 

tetramethylsilane as an internal standard. The spectra extended from 0-17 ppm. 

Thermogravirnetric analyses of some of the prepared chelates were performed using a 

Shimadzu 50 thermal analyzer (Japan). The weight loss was measured from ambient 

temperature up to 800" C in a heating rate of 10" C per minute under nitrogen 

atmosphere. 

Preuaration of Schiff Bases 

6-Formyl-7-hydroxy-5-methoxy-2-methylchromone was synthesized by oxid- 

ation of visnagn (4-methoxy-SH-fur0(3,2-g][ l]-benzopyran-5-one) with chromic acid 
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900 ISSA, SHERIF. AND ABBAS 

while 5,7-dihydroxy- 6-formyl-2-methylchromone was prepared by hydrolysis of the 

former with HCI”. The Schiff bases were prepared by condensation of 0.01 mole of 6- 

formyl-5,7-dihydroxy-2-methylchromone (2.2 g dissolved in 30 mL ethanol) with 0.0 1 

mole of aniline ( I  mL), 0.01 mole of anthranilic acid (1.37 g), 0.01 mole of ?-amino- 

phenol ( I .  1 mL), 0.01 mole of 5-chloro-2-aminophenol(O. 1435 g) and 0.01 mole of 4- 

amino-3-hydroxy-benzenesulphonic acid (0.189 g). The mines  were dissolved in 20 

mL ethanol except for the last one, which was dissolved in 20 mL 4% ( W N )  NaOtl- 

water solution because of its insolubility in ethanol. The molar ratio was I : I and the 

reaction mixture was refluxed for at least two hours. The obtained yellow-orange 

precipitates were filtered. washed with ethanol and recrystallized from ethanol ( H  3L3 

and H.lL‘), toluene (H2L’) and DMF (f-131? and fI4L5). 

Preuaration of the Chelates 

The chelates were prepared by mixing 20 niL hot ethanolic solutions containing 

0.001 mole of the metal ions [CeCI3.6H20 (0.354 g), ‘I‘h(N03)4.6H20 (0.548 g) or 

UO2(CII~C00)~ .2f~20 (0.424 g)] with the requisite amount of Schiff base under 

investigation (dissolved in 30 mL ethanol) sufficient to form 1 : I ,  1 :? and 2 1 (M:L) 

chelates. The reaction mixture was stirred on a water bath at looo C for at least 1 h . .  If 

the solid chelates did not separate on standing at room temperature, ammonia solution 

was added until the ptl 7-8 is reached. The solid chelates were filtered, washed several 

times with ethanol until the filtrate became colorless and kept in a vacuum desiccator. 

All the prepared compounds (chromones, Schiff bases, and chelates) were subjected to 

elemental analyses for C, H, N, CI, and S. The metal contents of the chelates were 

determined after decomposition of the chelates using the method described by 

Macdonald” 

RESULTS AND DISCUSSION 

The calculated and found values of the microelemental analysis data of the 

investigated Schiff bases are listed in Table f .  The results show good agreement with 

the suggested formula of such compounds. 
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CHELATE3 WITH SOME SCHIFF BASES 90 I 

Table 1 .  Physical Properties of the Prepared Schiff Bases and their Elemental Analyses 

. - ._ __ - 
95 285 59.3 

Elemental Analysis of the Chelates. 

The results of the elemental analyses for the chelates [Table 111 indicate that 

Ce(lI1) and Th(1V) form I : l ,  1.2 and 2.1 (M:L) metal chelates while U(VI) forms only 

1 : 1 and 1.2 (M:L) chelates. This can be attributed to the difficulty of coordinating two 

bulky uranyl ions to the same molecule because of their steric effect. The results are in 

good agreement with those calculated for the suggested formula. The chelation 

reactions may be summarized by the following equations. 

For the 1 : 1 chelates: 
n-(a-b) HaL + Mnt ---+ [MHbL] +(a-b)Hf 

For the 1.2 chelates: 
n-(a-b) 2HaL + Mn+ - + [M(HbL)2] + (a-b)H+ 

For the 2: 1 chelates: 

HaL + 2Mn+ _j [M2L]2n-a + aH+ 
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904 ISSA, SHERIF. AND ABBAS 
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CHELATES WITH SOME SCHIFF BASES 907 

where M = Ce(lll), Th(1V) and U02(VI); a = 2-5; n - 2-4; b = 0, 1 (for 1: 1 chelates) 

and 1, 2 (for 1.2 chelates), and I. = as described in Fig. 1.  

Massaectra  of the Schiff Bases 

The mass spectra of the prepared Schiff bases show molecular ion peaks at M for 

the Schiff base HZL' and ( M t l )  for Schiff bases I131? and H3L3. Because the 

molecularion peaks for the Schiff bases H3LJ and tl41,' are unstable, they could not 

bedetected. The peaks seen represent the most stable fragments; the Schiff base H:LJ 

loses a CI atom giving an ionic fragment at m/z 3 I I and the Schiff base HjL5 loses the 

phenyl ring with its substituents to g v e  an ionic fragnient with m/z 218. 

It is observed that the band appearing at i d z  218, which represents the 

chromone ring bonded to the C=N-ph group, is the most abundant fragment of all 

Schiff bases. This means that the fragmentation process starts by the loss of 

substituents X and Y on the phenyl ring followed by fragmentation of the ring itself. 

The fragmentation of the phenyl ring is followed by the loss of CN resulting in the 

parent chromone ring, d z  192, which decomposes either by the loss of carbon 

monoxide giving the benmfuran ion, m/z 1 6413, or undergoes retro-Diels-Alder 

fragmentation to give a quinoid ion fragment, d z  1 203.'" [both pathways are observed 

in the spectrum of the Schiff base H3LJ]. The quinoid ion undergoes further loss of 

carbon monoxide to give a cyclopentanone ionic fragment, m/z 6515, that decomposes 

into smaller fragments with smaller molecular weights. The suggested fragmentation 

patterns are shown in Fig. 2. 

The Infrared SDectra of the Schiff Bases and Chelates 

The free Schiff bases show a broad band within therange3700-3500cm-l 

which is assigned to the stretching vibration of the OH groups. This band in the 

chelates is replaced by the broad OH band extending from 3700-2500 cm'l [Table I I I ] .  

Such a broad band can be attributed to the stretching vibration of coordmated water, 

ethanol molecules16 or OH ions attached to metal ions of the chelates to satisfy its 

coordination numbers or to neutralize their charges. 

The band observed within the range 1666-165 1 cm-' in the spectra of the free 

Schiff bases is assigned to the stretching vibration for the C - ~ 0  group in position 4 of 

D
ow

nl
oa

de
d 

by
 [

G
eo

rg
e 

M
as

on
 U

ni
ve

rs
ity

] 
at

 0
9:

44
 2

3 
D

ec
em

be
r 

20
14

 



908 ISSA, SHERIF, AND ABBAS 

ndz 294 

Fig. 2. General Route of Fragmentation of the Investigated Schiff Bases 

the chromone moiety. This band disappeared in the spectra of the chelates indicating 

that the C=O group participated in chelation. The stretching vibration for C-0 of the 

COOH group of the free Schiff base H3L2 observed at I775 cm", was not affected in 

the spectra of the 1: 1 and 1 :2 chelates. In the spectra of the 2: 1 chelates of the Schiff 

base H3L2, two new bands within the ranges 1552-1522 and 1440-1420 cm.' were 

observed which may be assigned to asymmetrical and symmetrical COO- vibrations 

indicating its participation in chelation. The stretching vibration for the C=N group in 

the free Schiff bases was observed within the range 1625-1639 cm-'. No significant 

change was observed in the position of the C=N band in the spectra of the 1: 1 and 1.2 

(M:L) metal chelates. On the other hand, this band disappeared in the case of 2: 1 

(M:L) chelates suggesting that both the azomethine and carbonyl groups are involved 

in chelation to give binuclear metal chelates. 
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CHELATES WITH SOME SCHIFF RASES 909 

In the spectra of the chelates, the 0-H bending of coordinated water molecules" 

is found within the range 850-800 cm-'. In addition, the 0 - H  bending vibration is 

observed at 1600 cm-'. In some Th(1V) chelates, the NO3- band appears within the 

range 1558-1520 cni-'. Bands around 700 and 450 cm'l may be assigned to the (M-0) 

stretching frequency and ( M t O ) ,  respectively'*. These bands are possibly due to the 

formation of covalent and coordinate bonds between the donor atom and central metal 

ion. The 1R band assignments are listed in Table 111. 

Electronic AbsorDtioii Spectra of the Schiff Bases 

The electronic absorption spectra of the Schiff bases under investigation show 

three absorption bands in the 207-370 nm region. The long wave length band (370 mi)  

is assigned to the intramolecular hydrogen bond between C=O in position 4 and OH in 

position 5 of the chromone ring. The medium wave length band (280-290 nm) can be 

attributed to the n-n* transition for C=O and C=N groups overlapped with each others. 

The short wave length band (207-220 nm) is assigned to x-x* transition in the phenyl 

ring of the aniline moiety". The Schiff base H2LS shows an additional absorption band 

at 241 MI corresponding to the n-cr* transition in which an electron in the p-orbital of 

the sulfur atom is excited to the o* orbital of the inoleculei9 

Proton ' H  NMK Spectra of the Schiff Bases and Their Chelates 

The ' H  NMR spectra ofall Schiff bases e h b i t  a resonance at 2.3 ppm assigned 

to the CH3 protons of the solvent (DMSO) and a resonance in the 3-3.6 ppm region 

which is assigned to the aliphatic CH3 group in position 2 of the chromone moiety2'. 

The signal observed at 6.2-6.4 ppm may be assigned to the proton in position 3 of the 

chromone moiety while the multiplet observed at 7.2-7.5 ppm is assigned to the 

aromatic protons and the C-8 proton of the chromone moiety2'. The azomethine CH=N 

proton is observed in the range 9.2-10.2 ppm. 

Both OH groups in positions 5 and 7 of the chromone moiety are hydrogen- 

bonded to the C=O group in position 422 of the chromone ring and the CH=N 

respectively. Since the electronegativity of oxygen (3.5) is higher than that of nitrogen 

(3.1) and since the electronegativity of nitrogen is reduced by the positive mesomeric 

effect of the anilino ring, the strength and, hence, the deshielding effect of hydrogen 
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910 ISSA, SHERIF, AND ABBAS 

Table Ill. Assignment of IR Bands (cm-') of the Investigated Schiff Bases and the 

Ce(lll), Th(1V) and U(VI) Chelates. 

..... ~- 
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CHELATES WITH SOME SCHIFF BASES 91 1 

Table I11 wtinued 

M = Ce(HI), Th(lV) or U(VI); X = Cl [for Ce(1ll) chelates] and N (forTh(1V) 

chelates]; b: broad, s: strong, m: medium, and w: weak. 

bonding on the OH proton in position 7 is lower than that for the OH proton in 

position 5 ,  thus the C-5 OH proton appears at the higher ppm value (14.5-16.3 ppm) 

and the C-7 OH proton appears at 12.1-14.8 ppm. 

The evidence for the effect of the phenyl ring on the hydrogen bonding between 

CH=N and the OH group in position 7 is the variation ofthepositionoftheOH 

resonance with the variation of substituents on the phenyl ring as follows: 

(1) Introducing COOH or OH groups in the ortho position to the azomethine group 

(Schiff bases H3L2 and H3L3) decreases the hydrogen bonding between CH=N 
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912 ISSA, SIIERIF. AND ABBAS 

and the OH group in position 7, either by a steric effect (if the groups are on the 

same side) or by the formation of another hydrogen bond between the CH=N 

and the introduced COOH and OH groups (i.e. competition between the COOH 

and 011 groups and the C-7 OH group for H-bond formation with CH=N). The 

OH proton in position 7 becomes more shielded and appears at 12.1 ppm, while 

the COOH proton is observed at 9 ppm and the phenolic proton is observed at 

12.2 ppm and is superimposed with the OH proton in  position 7. indicating that 

both protons have the same probability for hydrogen bonding with the 

azomethine group. 

(2) Introducing a CI group in the position relative to thc ( 3 - N  group, in 

addition to the OH group in its @o position (Schiff base HJ.'). increases the 

electron density of the aromatic ring due to the +M effect of the CI atom. This 

increase in the electron density is extended to the nitrogen atom of the 

azomethine group, thus increasing the extent of its hydrogen bonding with both 

the OH group in its &position and OH group in position 7. Such increase in 

hydrogen bonding gives rise to more shielded protons shifting their OH bands 

into the higher ppm region so that the OH proton in position 7 is observed at 

14 8 pprn and the phenolic OH band signal is observed at 10.4 ppm. 

(3) Introducing OH and S0311 groups in t h e m  andpara positions to the CHz-N 

group (Schiff base HJ,') results in a shielding effect on the OH proton in 

position 7. This can also be attributed to the -I effect of the SO,H group which 

decreases the electron density in the anilino ring and, hence. around the 

azomethine group. The hydrogen bonding between CH-N and 011 proton in 

position 7 decreases and the 011 proton in position 7 band is observed at 14.6 

ppm. The signals observed at 14.3 and 12.0 ppm can be attributed to phenolic 

OH and S03H protons, respectively. The disappearance of the signals of OH, 

COOH and S03H protons on deuteration confirms that they are ionizable 

protons. 

The 'H NMR spectra of  some of the prepared chelates show the disappearance 

of the signal produced by the Of1 proton in position 5 which is observed in the free 

Schiff base. This means that chelation occurs through bonding to the metal ion with 

the C=O group in position 4 and the hydroxyl anion in position 5 of the chromone 
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CHELATES WITH SOME SCHIFF BASES 913 

moiety (after ionization of the 011 group) to give a stable six-membered chelate ring. 

The shift of the position of the CH=N and OH in position 5 may be attributed to the 

redistribution of electron density though the whole molecule as a result of chelation. 

The spectra of all chelates show the appearance of a new singlet at 3.5 ppni that 

represents coordinated and hydrated water molecules. alcoholic OH, and/or O H  ions 

involved in chelation to satisfy the oxidation number of the metal ions. The signals 

observed at 2.0-2.5 ppm can be attributed to the aliphatic Cl& proton in position 2 of 

the chromone moiety and/or alcoholic Cllz and CII, of ethanol involved i n  chelation 

and CI13 of the solvent (DMSO). 

TG and D'IA of Some Solid Chelates 

The initial weight loss occurring in the 50-130" C temperature range is 

interpreted as a loss of moisture and hygroscopic water during the drying ofthe 

chelates, whereas that at 130-250" C is due to the loss of coordinated water in the 

chelate. After. the loss of water of crystallization, the solid chelates show thermal 

stability within the temperature range 250-500" C. On further heating, the TG curves 

show deconiposition of the organic part of the chelates till a constant weight and the 

metal oxide is formed as the final product. During the decomposition of the organic 

part of the chelate, additional inflections in the TG curves are observed which 

may be attributed to the formation of unstable intermediate products [e.g. I : 1 chelates, 

arylcarboxylates, carbonates, etc.]". The dehydration and water decoordination 

processes are represented by endothermic peaks in  the Dl curves while the decom- 

position of the organic part of the chelate is represented by a strong exothermic one. 

The residue of all samples is found to be the metal dioxide where Ce(II1) is oxidized to 

Ce(IV) giving Ce02, Th(1V) gves  Tho2 and U(V1) is reduced to U(IV) giving U02 as 

end productszs. 'IG and D T  analyses for some of Ce(ll1) chelates are represented in 

Fig. 3. 

From the thermal analyses of the chelates, the following scheme of 

decomposition may be suggested: 

[ M,( ligand).( water)&( ~thanol)~]. nH20 - w,( l igand) . (water~(eth~ol)~]  
50- 130' C 

130-250O C [M,(ligand),(water)&(ethanol)d] ---- [M,(ligand),~(ethanol)dl 
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ISSA, SHERIF, AND ABBAS 914 

1 G A  T G 1  

Tenp. "C Temp 'C 

f Eno 
Endo 

T e q .  "C 

Fig. 3. Thermogravimetric and Differential 73errnal Analyses Curves of Some Ce(II1) 

(1 he1 a tes. 

250-500" C [M,,(ligand),X,(ethan~I)~] ---- thermal stability 

[ M,(ligand).?(,(ethanol)d] 

where M in the complexes is Ce(lll), Th(IV) and U02(VI) [for MOz, M = Ce(1V). 

Th(lV) and U(lV)]; rn = 1, 2: a = 1, 2; b - 1-5; X = OH', CI- or NO3.; c - 0-5; d = 0-2 

and n = 0-5. 

M02 500-750' C 
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CHEI.ATES WITH SOME SCHIFF RASES 915 

P 

1 - _ -  

I -  T a - T - b - - 1  c ’ d I ” I 

Fig. 4. Suggested Structure of the 1: I chelates 

Fig. 5 .  Suggested Structure of the 1 :2 Chelates 
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916 ISSA, SHERIF. AND ARBAS 

Fig. 6 .  Suggested Structure of the H2L' 2: 1 Chelates 

a 

Fig. 7. Suggested Structure of the H2L2 2: 1 Chelates 

Conclusion 

Based on the results of the elemental analyses. IR ' H  NMR, and thermal 

analyses, it may be concluded that the Schiff base H2L' acts as a dibasic bidentate 

ligand in all of i ts  chelates except for the U(V1) 1 : l  chelate where it acts as a 

monobasic bidentate ligand. The Schiff bases tt3L2, l13L' and l13L4 act as tnbasic 

bidentate ligands on chelation with Ce(1lI) and Th(1V) to g v e  1: l  chelates and as 
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CHELATES WITH SOME SCHIFF BASES 917 

C 

Fig. 8. Suggested Structure of the HJ:, H.31;' and 1l4L5 2:1 Chelates 

tribasic pentadentate ligands in case of 2:1 chelates. On coniplexation with the U(V1) 

ion, they act as dibasic bidcntate ligands to give I :  I chelates, and as monobasic 

bidentate ligands in case of 1.2 chelates. In all of its 2: I chelates, the Schiff base H4L5 

acts as a tetrabasic pentadentate ligand. However, in the 1 : 1  chelates, i t  acts as tribasic 

bidentate ligand with Ce(lll), as tetrabasic bidentatc ligand with Th(1V) and as a 

dibasic bidentate ligand with U(V1). In case of the 1.2 (V:L) chelates, the Schiff base 

HJ,' acts as monobasic bidentate ligand with Ce(lll) and U(V1) and as dibasic 

bidentate ligand with Th(lV). 

Structure of the Chelates. 

The Ce(III), Th(lV) and IJ(VI) chelates with the Schiff bases under investig- 

ation may be formulated as shown below. The coordination numbers of the Ce(ll1) and 

Th(lV) ions in their metal chelates is six with ocahedral structures while that for U(V1) 

is 8 with a dodecahedra126 stncture. 
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