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POTENTIOMETRIC STUDY OF COMPLEX 
FORMATION OF SOME DIVALENT METAL IONS 

WITH 2-AMINOOXYACIDS’ 

ZYGMUNT WARN=: CZESLAWA TROJANOWSKA AND ADAM LIWO 
Institute of Chemistw, Universily of Gdansk, 80-952 Gdansk, Poland 

(Received July 18, 1984) 

By using the potentiometric method complexation equilibria have been studied in aqueous solution 
containing metal ions and selected 2-aminooxyacids. The measurements were carried out at 25” and at a 
constant ionic strength of 0.5 M. The systems studied included Cu(11). Ni(II), Co(II), Mn(lI), Zn(II), Cd(II), 
Pb(I1) and 2-aminooxyacids of the general formula 

RCHCOOH 

ONH, 
\ 

where R = H, CH,, C,H,. C,H,. CH,CH(CH,)CH, and C,H,CH, The 2-aminooxyacids have been found to 
form 1:l complexes with each of the metal ions. Stability constants for the complexes were determined and the 
nature of bonding in the complexes is discussed. The pKa, and pKa, values of the ligands were also 
determined. 

INTRODUCTION 

It has long been known that aminooxyacids are substances of biological imp~r tance .~  
They have found use as antibiotics, anticancer agents and fungicides. Thus, the 
antibiotic cycloserine, a cyclised derivative of 2-amino-3-aminooxypropanoic acid, 
displays a broad spectrum of antibacterial activity! Less complex structurally, 
aminooxyethanoic acid inhibits distinct bacteriostatic activity against several 
 organism^.^ It also inhibits transamination of p-alanine and ornithine in the liver and 
is likely to inhibit transamination of y-aminobutyric acid in the brain! 

It may thus be useful in treatment of neurological diseases6 and many papers have 
been confined to the study of its bioactivity.7,8 Physical and chemical properties of 
2-aminooxyacids and their derivatives have also been extremely investigated?-” 
According to an early ~uggestion’~ 2-aminooxyacids do not form complexes with metal 
ions. Contrary to this statement a deep blue copper(J1) complex of aminooxyethanoic 
acid has been is01ated.l~ To our knowledge this is the only report on complexes formed 
by this type of acid. This finding, together with the known pharmacological behaviour 
of these types of compounds, prompted us to study the complexation of metal ions with 
2-aminooxyacids. In this paper the results of potentiometric investigations of the 
complexes in aqueous solution are reported. The results of investigations of the 
complexes in the solid state are being prepared for publication. 

EXPERIMENTAL 

Reugents 
The 2-aminooxyacids were synthesized by using the scheme reported by Testa and 
et all4 The starting reagents were commercially available amino acids. Freshly 
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TABLE I 
Chemical analyses of the 2-aminooxyacid hydrochlorides. 

Acid hydrochloride 

aminooxyethanoic 
2-aminooxypropanoic 
2-aminooxybutanoic 
2-aminooxypentanoic 
2-aminooxy-3-methylbutanoic 
2-aminooxyhexanoic 
2-aminooxy-4-methylpentanoic 
2-aminooxy-3-phenylpropanoic 

Calculated (%) Found YO) 

c H N C H N 

18.83 4.74 10.98 18.80 4.71 10.79 
25.45 5.69 9.89 25.62 5.15 10.03 
30.87 6.48 9.00 30.49 6.39 9.03 
35.40 7.13 8.26 35.92 1.21 8.30 
35.40 7.13 8.26 35.24 7.18 8.32 
39.24 7.68 7.63 39.41 7.81 7.84 
39.24 1.68 7.63 39.39 7.85 1.12 
49.66 5.56 6.43 49.36 5.48 6.58 

prepared monohydrochlorides of 2-aminooxyacids were used for measurements. 
Elemental analyses are collected in Table I. 

All the remaining reagents used to synthesize the ligands were either the best 
commercially available grade or were purified by common procedures. 

Solutions of potassium hydroxide were prepared and standardized using the usual 
method.16 The metal ion content in nitrate salt stock solution was determined by direct 
titration with EDTA and gravimetrically.” 

Genrru 1 procedure 
The pH-metric measurements were carried out by using a Radiometer PHM-52 pH 
Meter which had been previously calibrated against three standard buffer solutions 
covering the pH range 2-7. The electrode system consisted of a G 202C glass electrode 
and a K 401 calomel electrode. 

A common technique of titration was employed for the determination of the ligand 
dissociation constants pKa, and pKa,.l* Starting aqueous solutions (50 cm’) containing 
the monohydrochloride of the 2-aminooxyacids (0.03 M), were titrated with potassium 
hydroxide solution (0.1 M). The mean ligand number, ii. and the equilibrium ligand 
concentration [L]. were determined by a similar titration in the presence of copper(I1) 
ions. 

To establish the stability constants of the complexes a series of solutions containing 
known concentrations of 2-aminooxyacid hydrochloride. potassium hydroxide, metal 
nitrate and potassium nitrate were prepared and their pH m e a ~ u r e d . ’ ~ , ’ ~  

The ratios of the three first components were close to 1:l : l  and fall within the 
10-3-10-34 M range. A constant ionic strength was maintained with a potassium nitrate. 
All measurements were carried out in a water-jacketted reaction vessel, thermostated at 
25 k 0.2”. Nitrogen was continually passed over the solutions. 

Culculutions 
The values of the acid dissociation constants. Ka, and Ka,, were determined by 
employing a published method.*O The mean ligand number and equilibrium ligand 
concentration were established using known methods.** 

The stability constants for the complexes were calculated on a ODRA 1204 
computer, using the DECFAM program. This program minimizes the sum of the 
squares of the differences between theoretical (resulting from parameters such as 
equilibrium constants) and measured electromotive forces. The calculations were 
performed iteratively; initially guessed equilibrium constants were improved in several 
cycles until the differences between the constant in successive cycles were less than 
required tolerance. The algorithm is described in detail elsewhere.22 
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Z-AMINOOXYACID COMPLEXES 33 

FIGURE 1 
(curve 11). 

Titration curves for2-aminooxyethanoic acid hydrochloride (curve I) and its copper(I1) complex 

RESULTS AND DISCUSSION 

The investigations were started with measurements which allowed us to establish 
values for the dissociation constants of the ligands. 

The available literature data are very incomplete and concern the basicity of the 
aminooxy group.",'4 The only exception is for aminooxyethanoic acid, for which Ka, 
and Ka, have been e~aluated.2~ Results reported here cover eight 2-aminooxyacids. 
Both the first and second dissociation constants of these ligands have been 
determined. An illustrative example of a typical titration curve is shown in Figure 1 
(curve I). Its shape shows a very weak inflection after the addition of one equivalent of 
base and a sharp rise in pH when the degree of neutralization, a, approaches 2, 
corresponding to the behaviour of a dibasic ligand with close pKa, and pKa, values. 
The separation of the constants may be less than 2.7 log units. To obtain their accurate 
numerical values a previously described method was utilized.*O The experimental 
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TABLE 11 
Dissociation constants of the 2-aminooxyacids 

Compound PKa, PKaz PKaz Ref 
-COOH R = -ONH, R = -NH, 

CH,COOH 

R 

CH,CHCOOH 

R 

CH,CH,CHCOOH 

R 

CHI( CH,),CHCOOH 

R 

CH,( CH,),CHCOOH 

R 

CH,CH(CH,)CHCOOH 

R 

CH,CHCH,CHCOOH 

CH, R 

C,H,CH,CHCOOH 

R 

2.80 
2.87 
2.33 

2.75 
2.33 

4.58 
4.61 

4.62 

9.61 

9.73 

this work 
23 
24 

this work 
24 

2.73 
2.30 

2.70 
2.31 

2.70 
2.30 

2.68 
2.28 

2.66 
2.39 

2.49 
2.20 

4.54 

4.50 

9.66 

9.68 

4.48 
9.70 

4.47 
9.50 

4.45 

4.25 

9.7 1 

9.1 I 

this work 
24 

this work 
24 

this work 
24 

this work 
25 

this work 
26 

this work 
24 

results averaged from three or more determinations are listed in Table 11. For 
comparison. some related data concerning 2-aminoacids are also included. From these 
data it results that the acidity constants of the carboxyl group of 2-aminooxyacids are 
slightly higher. as compared with those of analogous 2-aminoacids. On the other hand, 
the basicity of the aminooxy groups is markedly lower than the basicity of the amino 
group of the related aminoacids. This can be rationalized in terms of the presence of a 
strongly electronegative oxygen atom linked with the nitrogen atom in 2-amino- 
oxyaci ds. 

An examination of the pKa, values for various 2-aminooxyacids shows that they are 
comparable and fall within the range 4.62-4.45. with the exception of the pKa, value for 
2-aminooxy-3-phenylpropanoic acid, which is appreciably lower (4.25). It might be 
noted that the alkyl groups and phenyl group effect the dissociation constants of the 
ligands to the extent observed in 2-aminoa~ids.~' 

Potentiometric investigations of the complexation equilibria were started with 
solutions containing copper(I1) ions. An example of the titration curve is shown in 
Figure 1 (curve 11). In the course of the measurements it was found that precipitates 
appeared at markedly higher hydrogen ion concentrations than in systems containing 
aminoacids. For this reason the measurements were confined to a narrow pH range, not 
exceeding pH 4. To make sure that only mononuclear complexes were present a series 
of solutions containing three different concentrations of metal ion (10,20 and 30 mM) 
were investigated. Under these conditions ii approach unity (Figure 2). The shape of the 
formation curves is independent ofthe metal ion concentration and thus confirms that 
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- 
n 

1.1 

0.5 

I 

l 5  5 5  PL 3.5 

FIGURE 2 Formation curves for copper(I1) and the 2-aminooxyacids: 2-aminooxy-ethanoic (0 0 0), 
2-aminooxypropanoic (x x x), 2-aminooxybutanoic (0 0 0 )  and 2-aminooxy-3-phenyl propanoic 
(A A A). 

only mononuclear, 1:1, complexes exist in the solutions (for clarity fi for systems 
containing only 0.02 M copper(I1) is depicted in Figure 2). 

From the Irving-Williams stability order it is expected that copper(I1) forms the most 
stable complexes of all the metals s t~died .~ '  Accordingly, it was expected that the 
remaining ions would not form more than one complex. Consequently, during further 
measurements the above noted procedure of investigation was e m p l ~ y e d . ' ~ + ' ~  This 
technique has an advantage over the former because it prevents the formation of 
hydroxcomplexes. The possibility of formation of protonated complexes or species 
with a greater number of ligands was also taken into account. However, small values for 
the equilibrium concentrations of complexes other than ML were obtained and the 
minimized sum of squares did not reduce to any extent upon their inclusion. One can 
therefore consider that assumption of the presence of 1:1 complexes alone is a good 
approximation for these systems. The calculated stability constants are summarized in 
Table 111. The data indicate that the relative stabilities of the complexes are Cu > Ni > 
Pb > Co > Cd > Zn > Mn in agreement with the usual Irving-Williams order?' A 
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FIGURE 3 Correlation between the stabilities of the complexes of malonic acid (MAL) and 
2-aminooxyethanoic acid (2-AOXE). 

acts as monodentate ligand too, and is bonded to the central atom through the nitrogen 
atom of the -ONH, group. 

The above findings suggest that the 2-aminooxyacids form chelates with divalent 
metal ions. This conclusion receives further support from the stability constants for 
complexes of malonic and methylmalonic acids. The pKa, and pKa, values of these 
ligands are equal to 2.57,2.78 and 5.1 1, 5.18, re~pectively.~~ The values are comparable 
with the magnitudes of those for 2-aminooxyacids. It is well known that there is often a 
linear relationship between the dissociation constants of ligands and the stability 
constants of their complexes.34 If so, the stability constants ofthe dicarboxylic acids and 
the 2-aminooxyacids should also be comparable. The literature data provide such 
evidence. For instance, the log K values for the copper(I1) complexes with malonic and 
methylmalonic acids are 5.02 and 4.89, r e s p e c t i ~ e l y . ~ ~ ~ ~ ~  

The values are again very close to the corresponding data for the 2-aminooxyacids. 
The dicarboxylic acids have been found to form chelate complexes with metal ions. The 
comparable stabilities of the 2-aminooxyacid complexes to those of malonic and 
methylmalonic acids also implies that the former likewise form chelate 
compounds. 

It has been shown that if two very similar ligands A and B form complexes MA and 
MB with a series of metals such that the size, the number and the geometry of chelated 
rings is essentially the same, a plot of log K M A  against log K M B  should be straight line of 
unit s10pe.~’ For the pair, for example, of malonic acid (MAL) and 2-aminooxyethanoic 
acid (2-AOXE) this seems to hold for some metals (Figure 3). This also seems to confirm 
the validity of the suggesting that the 2-aminooxyacids act as bidentate ligands. 
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