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Abstract

The divalent metal complexes of Mg (II), Co (II), Cu (II) and Zn (II) ions with some 1-phenyl-3-
methyl-4-acyl pyrazolone-5 have been synthesized and characterized by physical methods such as
elemental analysis , U.V, and IR spectral analyses. The corroborative evidences from elemental
analysis and spectral data show that complexes are neutral dihydrated bischelates conforming to the
general formula ML,.2 H,O , where M= Mg®",Co’",Cu’" and Zn’" ions and L= anions of the 4-acyl
pyrazolone ligand. Infrared spectral assignments(4000 - 400cm-1) were made and interpretation of
the spectral data revealed that the stability of C=O bond increased while that of the M=O bond
decreased with increase in the number of carbon atoms of the 4-acyl substituent.

Keywords: Stretching frequencies, 4 — acylpyrazolon-5 ,divalent metal chelates.

1. Introduction

Selective solvent extraction of metal ions from aqueous and acidic solutions(Akama et al., 1985, Akama et al.,
1986, Coronel et al., 1982, Hasany and Qureshi, 1977, Jyothi and Rao, 1990, Kalagbor et al., 2011, Mirza and
NWABUE, 1980, Navratil and Jensen, 1970, Okafor and Uzoukwu, 1990, Ozaki et al., 1989, Uzoukwu et al.,
1998a) is a key step in many hydrometallurgical processes. The acyl pyrazolones, an interesting class of [3-
diketones containing a pyrazole ring fused to a chelate arm, have offered several advantages over other ligands
which have been examined as metal extractant.(Umetani and Freiser, 1987) These 4- acylpyrazolones have been
reported to be more efficient extractants for metals in strong acidic solutions and cheaper than the widely used
4,44 - triflouro 1-(2-thenoyl)-1-3- butadiene, (C4H;,SCOCH,COCF;)(Umetani and Matsui, 1992). Thus the 4-
acyl pyrazolone ligands have been used in the spectrophotomeric determination of metals in trace
amounts.(Ogwuegbu and Oforka, 1994, Santhi et al., 1994, Torkestani et al., 1996) Recently a rash of
publications and communications have appeared in literature showing the ability of these ligands to form stable
and hydrophobic complexes with characteristic brilliant colours.(Casas et al., 2007, Emeleus et al., 2001,
Ivanova et al., 2006, Umetani et al., 2000, Uzoukwu et al., 2000, Uzoukwu and Mbonu, 2005, Uzoukwu and
Gloe, 2003, Uzoukwu et al., 2004) Such complexation reactions are widely used in analytical chemistry for the
determinations and isolations of almost all metal ions. This is due to quite a number of valuable properties of
these ligands such as high extracting ability, intense colour of the complexes formed and low solubility of the
complexes in some solvents.(Ivanova et al., 2006) The selectivity of these ligands for metal ions is dependent on
the properties of the ligand anion which in turn depends on the nature of the substituents in the 4-acyl position of
the pyrazole ring.(Okafor, 1982, Umetani et al., 2000, Uzoukwu, 1992) These substituents may contain donor
atoms which are very versatile, due to the possibility of deeply changing the steric and electronic features of the
compound on substitution at the 4-acyl position.(Uzoukwu, 1992) This present effort is geared towards
investigating the effect of the 4-acyl substituents on the stability of the carbonyl and metal oxygen bonds of
some 1-phenyl-3-methyl-4-acyl pyrazol-5-ones and their divalent metal chelates.

2. Experimental

All reagents used were analytical grade and needed no further purification.
2.1 Synthesis of the Ligands

The ligands were synthesized by methods described elsewhere.(Okafor, 1981)

2.2 Synthesis of the metal complexes.

A 75ml aqueous solution of the metal (IT) acetate (Mg>",Co*", Cu**, Zn*") M(CH;C0OO0,), .4H,0) containing
Smmol was prepared and warmed. This was added with stirring to a hot ethanol solution (75ml) containing
10mmol of the ligand anion. The mole ratio of the metal ligand interaction was 1:2. The complex precipitated
out of solution instantly and was washed with 2:1 water-ethanol solution . The product was dried in air and
stored in a desiccator.
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2.3 Physical Measurements
The melting point and dissociation temperatures were determined in an electrothermal melting point apparatus.
The molar conductance values of the complexes in DMF were obtained at 27°C with the Jenway Digital
Conductivity meter (J4500). The electronic spectra of the compounds was obtained in a Jenway (J6405) UV-
Visible spectrophotometer and the infrared spectral measurements between 4000 - 400cm™ was carried out with
a Perkin-Elmer Fourier Transform Infrared Spectraphotometer. (Model 100)

Reaction Scheme

CH CH W R
X
R-CoCl aMHC | 0
- H —» \N 0
Ca(OH), |
ph ph
Calcium Complex Ligand
? Keto Form
CH C—OH
- M(CH,C00),.2H,0
I
ph M X H,0
Ligand
enol form

Metal -4-Acyl pyrazolone

3. Results and Discussion

The micro - analytical data presented in Table 1 show that in aqueous solution , the mode of interaction of the
metal ions (Mg?", Co®", Cu*, Zn*") and the ligands is in the ratio of 1:2. The complexes are therefore bischelates
associated with two (2) molecules of water of crystallisation from the aqueous media except for the zinc
complexes which do not contain any water of crystallisation . Since the ligands have been known to exist as
keto-enol tautomers(Ivanova et al., 2006). The displacement of the hydrogen atom of the keto-enol tautomer
leads to the formation of the metal complexes.
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Table 1.0: Microanalytical data for the Ligands and Metal Chelates

Compound Molecular colour M .p | Yield Calculated (%) Found (%)

Formular t %
C H N C H N

Hpmap Ci2H120:N, white 57 52 66.65 5.60 12.96 66.58 5.57 12.91

Hpmprp Ci3H140:N, yellow 62 75 67.81 6.13 12.17 67.51 5.80 12.17

Hpmbup Ci4H160:N, brown 77 89 68.83 6.60 11.47 68.68 6.7 11.30

Mg(pmap),. MgCr4Hos06N4 white 202 78 56.91 5.17 11.06 57.31 5.08 11.04
2H,0

Mg(pmprp),. MgCaeH3,06Ny yellow 183 | 55 6152 | 536 | 11.03 61.91 541 | 10.68
2H,0

Mg(pmbup),. MgCrsH3606N4 white 160 60 62.78 5.83 10.46 62.93 6.0 10.32
2H,0

Co(pmap),. CoCy4H1306N4 Pink 166 59 54.88 4.99 10.66 54.69 4.87 10.62
2H,0

Co(pmprp),. CoCaH306N4 Pink 159 |75 57.2 5.7 9.6 57.4 5.7 9.17
2H,0

Co(pmbup),. CoCaH3606N4 Pink 147 58 56.4 5.5 10.2 56.25 5.7 10.3
2H,0

Cu(pmap),. CuCy4H2306N4 Green 257 72 58.11 4.90 11.30 58.21 4.82 11.22
2H,0

Cu(pmprp),. CuCy6H3,06N4 Green 248 67 62.99 5.29 11.30 62.96 5.37 11.28
2H,0

Cu(pmbup),. CuCarsH3606N4 D.Green 246 73 64.21 5.77 10.70 63.80 5.53 10.59
2H,0

Zn(pmap),. ZnCo4H2306N4 White 191 86 54.21 493 10.53 54.30 4.86 10.47
2H,0

Zn(pmprp), ZnCosHps04Ny Yellow 170 58 65.20 5.84 10.14 65.20 6.20 10.06

Zn(pmbup), ZnCosH304Ny B.White 145 62 70.88 9.11 6.34 70.97 8.34 6.26

Legend pmap= 4-acetyl pyrazolone-5, pmprp = 4- propionyl pyrazolone-5, pmbup = 4 —butyryl pyrazolon-5

3.1 Solubility
The solubility data presented in Table 2 show that all the ligands were insoluble in aqueous solution, while all
the metal complexes were hydrophobic, indicating that the distribution of the complexes from the aqueous media
into the organic media such as chloroform (CHCI;) ,diethylether (CH;CH,OCH,CH;) and carbontetrachloride
(CCly) ,in which they are slightly soluble is favourable. All the complexes showed remarkable solubility in
dimethylformamide (DMF) and dimethylsulphoxide (DMSO). These two solvents have lone pairs of electrons
for donation, which probably completed the octahedron geometry in the structure of the complexes and thus
reducing the ionic character of the complexes if any. This observation suggests that these two solvents could be
efficient synergist in the extraction of Mg (II), Co (II) Cu (II) and Zn (II) ions from aqueous media.

3.2 Conductivity
The molar conductance of 0.001M solutions of the metal complexes shown in Table 3 indicate that the ligands

form non-ionic complexes with the metal ions.

Table 2; Solubility Data for the Ligands and Metal Complexes
Solvents Hm |Hm | Hm | Mg | Mg | Mg [Co [Co [Co |Cu |Cu |Cu Zn |Zn |Zn
pap | prp | bup | pap | prp | bup | pap | prp | bup | pap | prp | Bup | pap | prp | bup
Water I 1 1 I I I 1 I 1 I 1 1 1 I I
Methanol | SP |SP | SP | S SP [SP |SP |SP |1 SP | S S 1 I I
Ethanol SP |SP |SP |SP |SP |SP |SP |SP |I SP | S S 1 I I
D.Ether VS | VS | VS | VS |S SP |1 S SP |1 VS | VS |1 I S
Acetone VS | VS | VS | VS |S SP | S SP |[SP |SP |SP [ VS |VS |SP |SP
Dioxane VS | VS | VS |S S S SP [SP |S SP | SP | SP SP | SP |S
THF VS | VS | VS | VS |SP |S VS |SP | VS |S VS | VS |1 VS | S
CCL, VS | VS | VS | VS |S SP |SP |SP |SP |SP |[SP |VS |SP |SP | SP
Hexane VS | VS | VS | VS |1 I 1 SP |SP |SP | VS | SP SP | SP | SP
Pyridine VS | VS | VS |S VS | S VS | VS | VS | VS | VS | VS |SP | VS | VS
Benzene VS | VS | VS |SP |SP |1 1 SP | SP |1 S S SP | SP | SP
DMF VS | VS [ VS | VS | VS | VS | VS | VS |[VS | VS | VS | VS | VS | VS | VS
DMSO VS | VS [ VS | VS | VS | VS | VS | VS |[VS | VS | VS | VS | VS | VS | VS

Legend: VS=Very Soluble,S= Soluble, SP= Sparingly Soluble, I= Insoluble
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Table 3.0: Molar Conductance Values for the Metal Complexes

Compound Conc (mg/l) Molar Con(uohm'm™)
Mg(PMAP), .2H,0 0.012 8.6
Mg(PMPRP), .2H,0 0.015 9.2
Mg(PMBUP), .2H,0 0.013 7.1
Co(PMAP), .2H,0 0.01 438
Co(PMPRP), .2H,0 0.013 6.9
Co(PMBUP), .2H,0 0.012 72
Cu(PMAP), .2H,0 0.01 215
Cu(PMPRP), .2H,0 0.013 18.4
Cu(PMBUP), .2H,0 0.17 92
Zn(PMAP), 0.026 6.7
Zn(PMPRP), 0.012 16
Zn(PMBUP), 0.018 25

3.3 Elecronic Spectra

The U.V-Visible spectra of the ligands and metal complexes are presented in Table 4. The spectra of both the
ligands and complexes showed absorption bands near 250 nm and 296 nm in the ultraviolet region of the
electromagnetic spectra, resulting from intra-ligand Tl II" transitions. It is evident from the data that the
spectra of the metal complexes and that of their corresponding ligands are similar. The A; and A, of the ligands
remain either unchanged in the metal complexes or suffer slight bathochromic shifts resulting from complex
formation. Similar observation has been reported previously.(Okafor, 1980, Okafor and Uzoukwu, 1991,
Uzoukwu et al., 1993, Uzoukwu et al., 1998b) It was suggested in these reports that the I1- bonding system in
the ligand is preserved in the metal complexes. No d-d transitions were observed. This may be due to
constraints imposed by the selection rule which forbids transitions where the azimuthal quantum numbers are the
same or the bands were obscured in the more intense ITII" bands. There was no interaction between the IT —
bonding system of the ligand and the metal ions. The coordination between the metal ions and the ligand anions
was therefore through ¢ — bond formation between the metal ions and the oxygen atoms of the two carbonyl
groups of the ligand.(Uzoukwu, 1990) This was achieved by deprotonation of the enolic hydroxyl group of the
ligand and acceptance of an electron pair from the oxygen atom of the second carbonyl group.

3.4 Infrared Spectra

The Infrared spectroscopic properties of metal (II) chelates of 4 — acyl pyrazolon-5 ligands like the 4-acetyl, 4
— triflouroacetyl, 4 — butyryl, 4 — benzoyl and 4 — trichloroacetyl ,4-sebacoyl and 4-valeroyl derivatives have
been extensively studied.(Okafor, 1980, Uzoukwu et al., 1993, Uzoukwu et al., 1998b, Uzoukwu, 1995,
Uzoukwu et al., 1996) We have extended the investigation to substituted 4-acyl pyrazolon-5 derivatives by
studying the effect on the chelate ring by varying the nature (alkyl, and aryl) and length of the 4-acyl substituent.
The selected observed frequencies presented in Table 5 have been assigned by comparing with those of previous
reports.(Okafor, 1981, Okafor, 1982, Uzoukwu, 1992) The broad absorption bands appearing near 3469cm™ —
3401cm™ have been attributed to the v —OH of coordinated water or lattice water molecules present in all the
complexes except the Zn(I[) complexes. The broad band centered around 3062cm™ and 3065cm™ in the
HPMAP and HPMBUP spectra, which appeared as a weak band around 2953cm™ in the spectrum of HPMPRP
are assigned to vibrational frequency modes of the enolic OH. This is absent in the spectra of the metal
complexes , indicating the deprotonation of the OH group during chelation. This observation further supports the
earlier suggestion that the only interaction between the metal(II) ions and the ligand anions resulted from a c —
bond between the metal ions and the oxygen atoms of the keto-enol tautomer of the ligand. The data in Table 5
also show vibrational frequency bands (v —C=0) of the ligand between 1619cm™ and 1627cm™ appearing near
1639cm-1, 1623cm™, 1607cm™ and 1615¢cm™ in the spectra of the Mg (II), Co (IT), Cu (IT) and Zn (IT) complexes
respectively. These observation further suggest the involvement of the carbonyl groups in bonding. Previous
works reported similar results (Casas et al., 2007, Mirza and Nwabue, 1981, Okafor, 1981). The effects of the 4-
acyl substituent on the carbonyl and metal — oxygen bond have been investigated and the spectral data
presented in Table 6.Th results indicate that increasing the length of the carbon chain of the substituent at the 4-
acyl position showed increased stability of the C=0O bond for the Mg(II), Co(II), and Cu(II) ions and a decrease
in the stability of the C=O bond for the Zn(II) chelates. The reason for this reverse trend in the case of Zn(II)
chelates is not yet clear since increase in the carbon chain length of the substituent at the 4 — acyl position
normally leads to increase in electron density around the C=0O bond and this should transmit to increased
stability of the bond. Electronic and steric hinderances have been suggested as a possible reason for the anomaly.
Similar results was reported for the Ni(II) complexes of some 1 — phenyl -3- methyl — 4-acyl pyrazolon — 5
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ligands.(Uzoukwu, 1990) The carbonyl stretching frequencies for the transition metal complexes followed the
trend Co > Zn > Cu which does not correspond to the irving Williams stability order for transition metal
complexes.(Cu?” > Ni** > Co*" > Mn®" > Zn*"). The data on the effects of the alkyl substituent on the C = C
bond stability presented in Table 6, shows that there were little or no effects by increasing the length of the
carbon chain of the alkyl substituents at the 4-acyl position on the stability of the C = C bonding system. The
infrared vibrational frequency bands resulting from metal — oxygen vibrations of the chelate ring are shown in
Table 5 and comparing with similar studies,(Uzoukwu, 1992) vibrational frequency modes between 445cm’™
and 497cm™ have been assigned to M — O bond. The effect of the length of the alkyl carbon atoms substituted at
4-acyl position on the stability of the M — O bond was investigated and the data also presented in table 6.The
results indicate that the stability of the M —O bond decreased with increase in the lengths of the carbon atom of
the alkyl substituent at the 4 — acyl position for the four metal ions. The reason for this observation has not been
properly understood as the result indicated a decrease in electron density around the M — O bond as the length of
the alkyl carbon atom increased, although previous workers,(Okafor, 1982, Okafor et al., 1990, Umetani et al.,
2000, Uzoukwu, 1992) have always observed a reverse trend in the stability of the C=0 and M=0 bonds on
increasing the length of the alkyl carbon atom substituted at the 4 — acyl position of the pyrazole ring system.

Table 4.0: Electronic Spectral Data of the Ligands and their metal complexes

COMPOUND A max(nm) E,(mol'cm™) A,max(nm) E,(mol'cm™)
HPMAP 250 1.0X 10’ 279 49X10°
HPMBUP 250 74X 10° 280 55X 10°
HPMPRP 252 9.6 X 10° 280 58X 10°
Mg(PMAP),.2H,0 | 250 42X 10° 287 1.0 X 10°
Mg(PMPRP),.2H,0 | 258 3.6 X 10° 285 3.0X 10°
Mg(PMBUP),.2H,0 | 259 6.2X 10° 285 3.8X 10"
Co(PMAP),.2H,0 257 1.4X10° 287 1.0 X 10°
Co(PMPRP),.2H,0 | 254 1.43X 107 294 3.6 X 10°
Co(PMBUP),.2H,0 | 256 5.6 X 10° 293 2.6 X 10°
Cu(PMAP),.2H,0 257 92X 10° 291 26X 10°
Cu(PMPRP),.2H,0 | 258 42X 10° 291 32X 10
Cu(PMBUP),.2H,0 | 258 6.7 X 10° 293 4.6 X 10°
Zn(PMAP),. 262 3.7X10° 292 32X 10
Zn(PMPRP), 251 43X 10° 296 26X 10°
Zn(PMAP),. 252 3.1X10° 292 5.6 X 10
Table 5.0 Infrared Spectral Data for the ligands and Metal Complexes

Coumpound V-O-H V-C=0 Vs C=0 Vi C=0 V-M-O
HPMAP 3468br 1619vs 1500m

HPMPRP 3469br 1626vs 1504s

HPMBUP 3470br 16275 1499s

Mg(PMAP), 2H,0 | 3470br 1634s 1512br 493s
Mg(PMBUP),.2H,0 | 3430br 1643vs 1512s 470vs
Mg(PMPRP),.2H,0 | 3429br 1639vs 1513s 470s
Co(PMAP),2H,0 | 3573br 1623vs 1485vs 448s
Co(PMBUP),.2H,0O | 3401br 1626vs 1509vs 455vs
Co(PMPRP),.2H,0 | 3421br 1624vs 1509vs 448s
Cu(PMAP),2H,0 | 3468br 1606vs 14975 477m
Cu(PMBUP),.2H,0O | 3468br 1609vs 1500vs 489vs
Cu(PMPRP),.2H,0 | 3468br 1607vs 14975 497s
Zn(PMAP),.2H,0 3574sh 1623vs 1488s 447m
Zn(PMBUP), - 1615vs 1508s 467vs
Zn(PMPRP), - 1619vs 1509s 459s

Legend: br = broad; vs = very strong; s = strong; m = medium; sh = sharp
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Table 6.0: Effect of 4-acyl Substituents on the Carbonyl and metal Oxygen Stretching frequencies of the
ligands and their metal complexes.

V,,C=C (cm") V,,C=0 (cm™) V-M-0 (cm-")

HPMAP | HPMPRP | HPMBUP | HPMAP | HPMPRP | HPMBUP | HPMAP | HPMPRP | HPMBUP
Ligand | 1500 1504 1499 1619 1626 1627 - - -
Mg 1512 1513 1512 1634 1639 1643 493 470 470
Co 1485 1509 1509 1623 1624 1626 448 448 455
Cu 1497 1497 1500 1606 1607 1609 497 497 489
Zn 1488 1509 1508 1625 1619 1625 447 459 467

4. Conclusion

The microanalytical data showed that the metal (IT) complxes of the 4-acetyl , 4-butyryl and 4-proponyl ligands
are bischelates with two molecules of water of crystallisation with the exception of the zinc chelates . The U.V
and IR spectral data confirmed that the IT bond interaction is not present in any of the complexes but suggested a
o- bond interaction between the metal ions and the deprotonated hydroxyl group of the enol tautomer of the
ligand. Increase in the length of the substituent at the 4-acyl position led to increased stability of the C=0O bond
but decreased stability of the M-O bond. The C=O Stretching frequency for the transition metal chelates did not
follow the irving Williams stability order for transition metal complexes
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