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S M H .  REACT. INORC. MET.-ORG. CHEM.. 30(2), 225-238 (2000) 

SEPARATION AND CHARACTERIZATION OF NEW 
TRANSITION METAL COMPLEXES OF SOME CHROMONE 

DERIVATIVES 

Nabil S. Youssef 

Inorganic Chemistry Department, National Research Center, 
Dokki, Giza, Egypt 

ABSTRACT 

Transition metal complexes of two new ligands derived from the condensation 

of 6-formyl-7-hydroxy-5-methoxy-2-methylchromone with barbituric acid (H2L1) and 

6-formyl-5,7-dihydroxy-2-methylchromone with thiobarbituric acid (H3L2) have been 

prepared and characterized by elemental analyses, IR and electronic spectra and 

thermogravimetric analyses. Square-planar structures are suggested for the Cu(I1) and 

Pd(I1) complexes, whereas octahedral structures are proposed for the Cr(III), Ni(II), 

Co(II), Pt(IV) and Rh(II1) complexes. 

INTRODUCTION 

There is some interest in the chemistry of chromone derivatives due to their 

ability to form metal chelatesl”. On the other hand, barbiturates and thiobarbiturates, 

classified as substituted pyrimidines, have been shown to exert pronounced 

physiological effects4.’. Moreover, certain substituted pyrimidines are being studied as 

antitumor agents6. In addition, barbiturates and thiobarbiturates are known to form 

complexes with transition Thus, it was considered to be of interest to study 

the synthesis and characterization of chrornonebarbituric (HzL’) and thiobarbituric 

(Ii3L2) acids (Fig. 1) and their Cu(ll), Pd(II), Co(II), Ni(II), Cr(III), Pt(IV), and Rh(1II) 

complexes for their expected interesting use. 
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226 YOUSSEF 

(1)  X = 0, Y = CH3; (HIL') 

(2) X = S, Y = H; (H3L2) 

Fig. 1. Structure of the Ligands. 

EXPERIMENTAL 

Materials 

All materials used were of the highest purity available. The preparation of 

6-formyl-7-hydroxy-5-methoxy-2-methylchromone (1 ) and 6-fomyl-5,7-dihydroxy-2- 

methylchromone (2) followed the procedure described before". 

Preparation of the Ligands 

The ligand H2L1 was prepared by mixing 9.36 g (40 mmol) of (1) with 5.12 g (40 

mmol) of barbituric acid in 100 rnL of hot absolute ethanol. The second ligand, H3L2, 

was prepared by mixing of 8.8 g (40 rnmol) of (2) in 40 mL of hot toluene, with 6.48 g 

(40 mmol) of thiobarbituric acid in 50 mL of hot absolute ethanol. The mixtures were 

then refluxed with constant stirring for 2 h, when the solid ligands precipitated. The 

solids were filtered off, washed with hot ethanol and purified by crystallization from 

dioxane. The yield was found to be 12.75 g and 12.54 g for the ligands H2L' and I&, 

respectively. 

Preparation of the Metal Complexes 

The metal complexes of these ligands were prepared by mixing a hot aqueous 

solution of the metal chlorides (CuC12.2H20, PdCI2, CoC12.6H20, NiCI2.6H2O, 

CrC1,.6H20, PtCI, and RhCI,) with the required amount of a hot dioxane solution ofthe 

ligands I12L' or H3L2 to form 1 : 1, 1 :2 or 2: 1 M:L complexes, as shown in Table 1. The 

Rhcl, solution was prepared by dissolving Rh203 in the least amount of hot conc. HCI. 

PdCI2 was first dissolved in the least amount of hot conc. HCI. The reaction mixture 
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rRANSITION METAL COMPLEXES OF CHROMONE DERIVATIVES 227 

- , . . ._.. . r.. - . . . -  I .  .. 7. .. r., n . 
I able I .  I he AmOllnt OX tne Keacranrs usea in me roormarion or me Lompiexes. 
. 

Complex 

1:1 M:L 

CU-Il2L' 

Co-H2L' 

Ni-H2L' 

Cr-H2L' 

Pt-Fl*L' 

Kh-H*L' 

Rh-IisL2 

1:2 M:L 

Pd-H2L' 

PCI-H~L~ 

Pt-H,L2 

Ni-I13L2 

2:l M:L 

Cu-H3L2 

Co-H,L2 

Cr-Il,L2 

Metal Chloride 

Mass 

(g) 

0.95 
1.19 
1.19 
I .33 

I .35 
0.84 
0.84 

0.44 

0.44 
0.59 

0.84 

0.85 
1.19 

1.33 

mmol 

5 

5 

5 
5 
4 

4 

4 

2.5 

2.5 
2.5 

2.5 

5 
5 
5 

Water 

(mL) 

20 
20 

20 
20 

20 
20 

20 

10 

10 
10 
10 

20 
20 
20 

Mass 

(6) 
- 

1.72 
1.72 
I .72 
1.72 

I .37 

1.37 
1.38 

1.72 

1.73 
1.73 
1.73 

0.87 
0.87 

0.87 

Ligand 

mmol 

5 

5 
5 
5 

4 
4 
4 

5 
5 

5 

5 

2.5 
2.5 
2.5 

50 
50 

50 
50 
40 

40 
40 

50 
50 

50 

50 

25 

25 
25 
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228 YOUSSEF 

was then refluxed for a time depending on the transition metal salt used. The complexes 

did not separate on standing but when a few drops of aqueous ammonia solution (1 : 10) 

were slowly added with stirring until the pH reached 5.0 - 5.5 ,  the solid metal chelates 

precipitated. These precipitates were filtered, washed with hot dioxane, then with 

diethyl ether and dried over anhydrous CaC12. 

Physical Measurements 

IR spectra of the ligands and their metal complexes were measured using KBr 

discs with a Jasco FTAR 300E Fourier transform infrared spectrophotometer covering 

the range 200-4000 cm-'. The electronic spectra of the ligands and their complexes 

were obtained in Nujol mulls and in saturated DMF solutions using a Shimadzu UV- 

240 UV-Visible recording spectrophotometer. 'H NMR spectra of ( l ) ,  (2), barbituric 

and thiobarbituric acids and the ligands were recorded in DMSO-d,j using a Jeol EX-270 

MHz NMR spectrophotometer from 0-14 ppm with TMS as an internal standard. 

Thermogravimetric analyses of the investigated complexes were carried out using a 

DTA-7 and TGA-7 Perkin Elmer 7 series thermal analysis system. The mass losses 

were measured from ambient temperature up to 6OO0C at a heating rate of 10" C min-'. 

In the case of the Pd and Pt complexes the mass losses were measured up to 1000° C 

and the Pd and Pt contents were then determined. The complexes were analyzed for C, 

11, N, M and CI content at the Microanalytical Laboratory, Faculty of Science, Cairo 

University, Egypt. The metal ion (M) contents of the complexes were also 

de te rmi~~ed '~- '~  by the previously reported methodI5. 

RESULTS AND DISCUSSION 

The elemental and in some cases the thermogravimetric analyses of the ligands 

and the solid complexes, listed in Tables 11, I11 and IV, showed that the stoichiometry of 

the complexes obtained is either 1: 1, 1 :2 or 2:1 (metal : ligand) for the two ligands H2L' 

and H3L2. The formation of the complexes can be represented by the following general 

equations: D
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TRANSITION METAL COMPLEXES OF CHROMONE DERIVATIVES 

Ligands 

W' 
C d 1 2 N 2 0 7  

H , L ~  
CisHioN206S 

229 

F. Wt. Yield M.p. Colour %C %H %N 
In ("C) Found Found Found 
% (Calc.) (Calc.) (Calc.) 

(dec.) (55.81) (3.49) (8.14) 
344 88 2300 Yellow 55.69 3.42 8.20 

346 82 310-312 Orange 52.15 2.82 8.00 
(52.02) (2.89) (8.09) 

Table 11. Elemental Analyses, Colour and Melting Points ofthe Ligands. 

Yo S 
Found 
(Calc.) 
--_-_ 

- 
9.18 

(9.24) 
- 

Table 111. Elemental Analyses, Colour and Melting Points of Metal Complexes of the Ligands 
H2L' and H3L2. 
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230 YOUSSEF 

Table 1V.Thermogravimetric Analysis Results of the Investigated Metal Complexes of the two 
Ligands. 

H,L + 2MC120,3 + zHzO + [M2(L)(H20)dor &llo,~.cH20 + 3HC1 

H,L = H2L'(x = 2); H3L2(x = 3) 

'H NMR Spectra 

The 'H NMR spectra of the ligands H2L' and H3L2 showed the aromatic proton 

signal at 6.7-8.0 ppm. The spectra also showed a signal due to the pyrone ring proton at 

5.1-6.65 pprn, whereas the sharp signal observed at 1 1.4-12.4 ppm may be assigned to 

the phenolic proton. Moreover, the spectra of the two ligands indicated the 
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TRANSITION MEl'AI. COMPLEXES OF CHROMONE DERIVATIVES 23 I 

disappearance of the singlet due to the aldehydic proton, which was observed at 

10.2-1 0.3 ppm in the chromon. 1 and chromon.2 spectra. A new signal appeared in the 

spectra of the two ligands in the 6.30-6.65 ppm region which may be due to the proton 

of the =CI1- group joining the chromone and the barbituric or thiobarbituric acid 

moieties. 

Infrared Spectra 

The most important IR bands of the ligands and their metal complexes and their 

assignments are given in Table V. 

The spectra of all of the H2L' and H3L2 complexes exhibit a broad band in the 

range 3300-3520 crn-I, assigned to v(OH), suggesting the presence of water 

The v(C=O) bands of the pure ligand H2L' at 1750, 1710 and 1690 cm-' either 

have disappeared, weakened andor  shifted to lower frequencies in its  complexes, 

indicating that at least one of the carbonyl groups of the barbituric acid moiety is 

strongly bonded to the metal ion or tautomerized with its adjacent NH group to give the 

enol form. This may be accompanied by bonding of the ligand to the metal ion via the 

hydroxyl group with the elimination of the corresponding proton in the case of the 

Rh(llI)-I-12L' complex. Moreover, the v(C=N) band at 1600 cm-' in the spectra of the 

free ligand H2L' remains nearly unchanged. Such finding generally may give additional 

support LO the tautomerism phenomena in this ligand and its complexes. The red- 

shifting of the amide I and 11 bands i n  all H2L1 complexes shows also that one of the 

carbonyl groups of the barbituric acid moiety acts as a center for complexation. 

In Table V, the band at 1360 cm-', ascribed to the phenolic C-0  stretching 

vibration" in the spectrum of fIzL', in the spectra of its metal complexes is either 

shifted to lower frequencies or split into weaker bands. This implies that the hydroxylic 

oxygen anion in position seven in the chromone moiety takes part in formation of these 

complexes. 

A remarkable feature for one of the thiobarbituric acid carbonyl stretching 

vibrations of the free H3L2 ligand at 1620 cm-' is that it is slightly affected on 

complexation in all the H3L2 complexes. However, the second v(C=O) band of the free 

ligand at 1670 cm-' is either still existing in the same position in the Pd, Ni, Pt and Rh 
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232 YOUSSEF 

Table V. IR Frequencies of the Bands (cm-I) of H2L' and HjL2 Ligands and their 
Complexes and their Assignments. 

- 

Free 
Ligand 

H~L '  

~ 

3380 

3200 m 
1750 s 
I710 s 
1690 m 
1660 s 
1600 s 
1560 m 
1360 s 
- 
H,L* 

- 
3410 b 

3180 m 

1670 s 
I620 m 
IS90 s 
I460 s 
1390 s 
1360 s 
1280 s 
I100 s 
800 s 

I I I I 
Cu(l1) 1 Pd(I1) I Co(1I) I Ni(I1) 4 Cr(II1)I Pt(IV) 

Complex Complex Complex Comple Comple Comple 

3400 b 

3220 m 
1720 w 
1700 w 
1670 m 
1640 w 
1590 s 
1530s 

1370 w 
1340 w 

3380- 
3480 b 
3180 s 

1620 s 
1610 m 
IS70 w 
1460 w 
1390 s 
1330 w 
1270 m 
1070 w 
800 m 

3380- 
3480 b 
3160 b 

1670 m 
1640 m 
1550 w 
1460 m 
1390 s 

1330 v w 
1280 m 
I100 s 
800 m 

3320- 
3460 b 

3280 b 
1650 m 
1610 b 
1520 b 
1460 w 
1390 m 
1330 w 
1240 b 
1100s 
800 s 

3100- 

H2L' Complexes 

3320- 
3480 b 
3240 m 
1720 w 
1700 m 
1680 s 
1640 w 
1590111 
1530 w 
1340 w 

3320- 
3440 b 
3200 b 
1730 w 
1690 m 
1660 s 
1590 s 
1590 s 
1510 w 
1270 s 

H ~ L ~  Complexes 

3320- 
3460 b 

3240 b 
I670 s 
1610 s 
1520 b 
I460 m 
1390 m 
1330 m 
1290 b 
1100 s 
800 m 

3 140- 

3320- 
3440 b 

3280 b 
1650 s 
1610 m 
1510 w 
1460 w 
1400 s 

1330 w 
1250 s 
1100 s 
800 m 

3080- 

3340 b 

3240 b 
1720 w 
1700 m 
I670 s 
1610 m 
1590 s 
1520 m 
1270 s 

3320- 
3520 b 

3120 b 
1670 m 
1610 b 
1550 w 
1460 w 
1390 s 

1330 w 
1280 s 
1100 s 
800 s 

3080- 

Complex 

3420 b 

3180 b 

1690 m 
1670 m 
1620 s 
1580 s 
1400 s 

1290 s 

3360- 
3520 b 

3260 b 
1670 m 
1620 m 
1520 s 
1460 w 
1400 s 
1330 w 
1280 m 
1100 s 
800 rn 

3040- 

W H )  

V W )  
v(C=O) 

h i d e  I 
v(C=N) 
h i d e  I1 
v(C-O)a 

v(OH) 

V(NW 

v(C=O) 

v(C=o)b 

"(C-O)a 

Thioamide I 
Thioamide I1 

Thioamide 11 
rhioamide I\ 

a 

b 
Phenolic C - 0  

Chromone carbonyl 
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TRANSITION MErAL COMPLEXES Of' CHROMONE DERIVATIVES 233 

complexes, or red-shifted in the case of the Cu, Co and Cr complexes. This shows that 

one of the carbonyl groups may be still tautomerized with the adjacent NH groups in all 

the H3L2 complexes, whereas the other carbonyl group may be involved in 

complexation with the Cu(II), Co(I1) and Cr(lI1) metal ions. 
The IR spectra of the free ligand H3L2 showed the four bands, assigned as 

thioamide bands, at 1460, 1390, 1100 and 800 cm-'. The weak intensity of the first 

band, assigned mainly as 6(NH), together with the presence of the second thioamide 

band in nearly the same position as that in the ligand spectra in all the H3L2 complexes, 

may be taken as another evidence for the keto-enol tautomerism. On the other hand, the 

bands due to the chromone-carbonyl and one or two of the phenolic C - 0  stretching 

vibrations of the ligand H3L2 are shifted to lower frequencies in its complexes. Such 

data suggest the view that the complexation takes place via the chromone carbonyl 

group and oxygen anions of the OH groups in positions 5 or 5 and 7 in the chromone 

moiety in the H3L2 complexes. However, the thioamide 111 and IV bands at 1100 and 

800 cm-', having main contributions from v(C=S) in the spectra of the pure ligand H3L2, 

are in the same position in all chelates of this ligand, excluding metal-sulphur 

bonding". 

lilectronic Soectra 

The electronic absorption bands of the ligands and their metal complexes are 

listed in Table V1. The spectra of the ligands H2L' and H3L2 are characterized by 

three absorption bands in the 330-390 nm region. Generally, the longer wave length 

bands in the spectra of their metal complexes niay be considered as evidence for 

complex formation. 

The broad band located at 470-520 nm in the electronic spectra of the Cu(I1) - 

H2L' and H,L2 complexes may be due to the 2BI,+ 'E, transition2 or a combination of 

the 2B1,+2AI, and 2Bl,+ 2E, transitions', expected for a square-planar configuration. 

The Pd(l1) complexes show two absorption bands, one at 490-500 nm and the 

other band at 420-430 nm which may be assigned to the 'Alg-+'Blg and 'Alg+'Elg 

 transition^'"^, respectively, consistent with square-planar Pd(1l) complexes. 

The electronic spectra of the Co(IIFH21,' and H3L2 complexes show an 

absorption band at 530-540 nm due to the 4Tlg(F) +4T~,(P) transition, suggesting a 
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234 YOUSSEF 

Table VI. Electronic Absorption Spectral Bands of the Ligands H2L' and HILZ and 
their Complexes. 

Ligands 

And 

their Complexes 

H2L' 

[Cu(HL1)(H20)2]CI.H20 

[Pd(HL.')2].4H20 

[CO(HL'XH~O)~]CI.HZO 

Wi(HL')(H*O) 41C1.3H20 

[Cr(HL')(H20) 41C12.3H20 

[Pt(lIL')(H20) rlCI3. H20 

[Rh(L1)(H20)4]CI .2H20 

Nujol 

390,500 

320,380,430,490 

330,360,380 

350,440,510 

380,500,590 

350,500,640 

350,400,660 

350,500 

390,430,500 

360,530,760 

330,490,560 

380, 500,590 

390,440,520,590 

350,5 10 

DMF 
~~ 

330(34500), 350(3 lOOO), 390(28500) 

380(25000), 470(123) 

400(18500), 420(sh) 

490(sh), 540(15.5) 

480( 18), 540( 10) 

550(128), 630(100) 

390(18200), 490(50), 545(41) 

400( 17000), 460(340) 

330(36500), 350(32500), 370(26000) 

370(15500), 520(332) 

430(240) 

370(12500), 530(17), 665(12.5) 

380(16500), 490( 19), 525(9) 

380(14500), 530(95), 590(65) 

430(sh), 480(38) 

370( 12500) 

high-spin octahedral structure2'. However, the spectra of the C o ( l I ~ H ~ L 2  complex has 

an additional absorption band, assigned to the 4T1,+4A2, transition, in the 665-760 nm 

region, suggesting a distorted-octahedral configuration due to the Jahn-Teller effect2' in 

this complex. 

The electronic spectra of the Ni(1l) complexes of the two ligands show two 

absorption bands, one at 510-560 and the other at 440-490 nm, due to the 3A2s+3TI,(F) 
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TRANSITION METAL. COMPLEXES OF CIIROMONE DERIVATIVES 235 

M = Cu,X (Absent), Y = H20, m = 1, n = 1 
M = Pd, X (Absent), 2Y = HL', m = 0, n = 4 
M = CO, X =  Y = 1 1 2 0 ,  rn= I , n =  I 
M = N i  X - Y = H  2 0 ,  m = l , n = 3  
M = Cr, X = Y = H20, m = 2, n = 3 
M = P t ,  X = Y = H 2 0 ,  m = 3 , n =  I 

Fig. 2. Suggested Structures of the H2L'Complexes (M:L = 1: I and 1:2). 

and 'A2p3T~, (P)  transitions, respectively, observed for octahedral Ni(l1)- 

comp~exes~ ' .~~.  

The spectra of the two Cr(1II) complexes exhibit two absorption bands at 590-630 

and 500-550 nm, assigned to the 4A2,(F) +4T2e(F) and 4A2g(F) +4T~g(F) transitions, 

respectively, suggesting an octahedral ~tereochemistryl~. 

The spectra of the two Pt(1V) complexes show two bands at 590-640 and 480- 

545 nm. The first band may be due to the spin-allowed ' A I , + ' T ~ ~  transition, whereas 

the second may be a charge-transfer band, which favours a low-spin octahedral 

structurez4. 
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236 YOUSSEF 

X 

x 

M = Cu, X (Absent), Y = H20, 
M = Co, X = Y = H20, 
M = Cr, X = Y = H20, 

m = I ,  n = 2 
m = l , n = 2  
m = 3 , n = l  

Fig. 3.  Suggested Structures of the H3L2 Complexes (M:L = 2:1 and 1:l). 

The broad band observed in the 460-660 nm region in the spectra of the Rh(II1) 

complexes may be attributable to the 'Alg+'Tlg or ' A I ~ + ' T ~ ~  transition, suggesting a 

low-spin octahedral structure for these complexes2s. 

Thermogravimetric Analyses 

'l'he thermogravirnetric data for the H2L' and H3L2 complexes are listed in 

lable  IV. l h e  results obtained are in fair agreement with the theoretical tentative 

formulae suggested from the elemental analysis. 
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M = I'd, X (Absent), m = 0, n = 5 
M = N i ,  X = H1O, m = 0, n = 5 
M = Pt, X =&O, m = 2 ,  n = 3  

Fig. 4. Suggested Structures of the I13L2 Complexes (MI,  = 1 :2). 

Suggested Structural Formulae of the Comulexes 

From the spectral data and the elemental and thermal analyses, the structure of 

the prepared complexes may be formulated in Figs. 2 , 3  and 4.  
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