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Abstract-Ionization constants and complex formation constants of salicylglycine (1) in 
aqueous solution at 25°C and ionic strength 0.2 mol dmp3 KC1 have been determined. The 
pK, values for the ligand are 3.44(l) and 8.24(4) and ‘H NMR studies show that there is 
no further ionization at higher pH as was previously suggested. In the case of copper(I1) 
there is no evidence for complex formation below pH 4 and the main species in solution at 
pH > 5 according to pH-metric and UV-vis spectrophotometric evidence in MLH_, in 
which the ligand is bonded to the metal through the phenolate and carboxylate oxygen 
atoms and the deprotonated peptide nitrogen. The species ML also exists albeit in low 
concentrations. At pH> 10 the formation of MLH-, resulting from ionization of an 
equatorial aquo ligand is observed. In the case of nickel(I1) and zinc(I1) no complex 
formation occurs below pH 6 but above this pH the species ML and MLH_,, the latter 
involving deprotonation of an aquo ligand, are observed although at pH > ca 8 in the case 
of nickel(I1) and pH > - 7.5 in the case of zinc(I1) precipitation occurs. 

Salicylglycine (1) is a phase II metabolite of the 
widely used analgesic aspirin and is the product of 
glycine conjugation with salicylic acid, the phase I 
metabolite resulting from hydrolysis.’ This con- 
jugation pathway is prominent at low drug dosages 
but becomes saturated on increasing the drug levels 
whereupon glucuronide formation becomes impor- 
tant. At higher drug levels salicylic acid is directly 
excreted. 

Salicylglycine has three possible metal coor- 
dination sites-the carboxylate, amide and phe- 

Q 0 OH 

(1) 

nolate oxygen atoms or if the amide group is depro- 
tonated, the deprotonated nitrogen. Several 

complexes of this and related ligands have pre- 
viously been investigated by potentiometric 
methods in aqueous-ethanol solution.2d In this 
paper we report results of potentiometric and spec- 

*Authors to whom correspondence should be addressed. trophotometric studies on the ligand and its cop- 
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per(H), nickel(I1) and zinc(I1) complexes in aqueous 
solution. 

EXPERIMENTAL 

Salicylglycine was purchased from Aldrich and 
was recrystallized from water before use. Stock cop- 
per(I1) and nickel(I1) solutions were prepared from 
CuCl, - 2H20 and NiCl* * 2H,O and were stan- 
dardized with EDTA.’ The stock zinc(I1) solution 
was prepared by dissolving ZnO in excess 0.1 mol 
dmp3 HCl and was also standardized with EDTA.’ 
In order to obtain pK, values a 5.0 x 1O-3 mol dmp3 
solution (25.0 cm’) of salicylglycine in 0.015 mol 
dmm3 HCl and 0.2 mol dmp3 KC1 was prepared and 
titrated with 0.20 mol dmm3 NaOH solution. To 
obtain formation constants of the metal complexes, 
solutions (25.0 cm’) containing 2.0 x lop3 mol dmm3 
ligand and metal ion (2.00 x 10e3 mol dmd3, 
1.00 x 10e3 mol dmp3 and 5.00 x lop4 mol dm-3) 
in 0.20 mol dm--’ KC1 and 0.006 mol dmp3 HCl 
were titrated with 0.20 mol dme3 NaOH. The 
potentiometric data were analysed using the PSE- 
QUAD computer programme. 

Potentiometric titrations were carried out on a 
Mettler DL 25 Automatic Titrator fitted with a 
Mettler DG III combined electrode. The double 
jacketted reaction vessel was thermostatted at 25°C 
by water circulating from a constant temperature 
water bath. The pH meter was buffered with pH 4 

and pH 7 buffers and a standard acid (20.0 cm3 of 
0.01 mol dme3 HCl in 0.2 mol dmp3 KCl) vs base 
(0.20 mol dmd3 NaOH) titration showed the 
relationship between p[H] and p(H) to be 
pH = p(H)-0.021 andpK, = 13.831. UV-visspec- 
tra were recorded on a Philips 8730 UV-vis scanning 
spectrophotometer and NMR spectra were rec- 
orded on a JEOL PMX60SI spectrometer. 

RESULTS AND DISCUSSION 

In a potentiometric titration with standard base 
two moles of base are consumed per mole of sal- 
icylglycine consistent with the presence in the mol- 
ecule of two acidic groups. The pK, values 
calculated from the pH metric data are 3.44(l) for 
the carboxylic acid group and 8.24(4) for the phe- 
nolic group both at 25°C and ionic strength 0.2 mol 
dme3 KCl. Consistent with these assignments the 
UV spectrum of a solution of salicylglycine under- 
goes little change with pH in the range 2-6 

@Ill,, -295, 235 nm) but alters significantly in the 
range 610 (at pH 10.77, A,,,,, - 335 and 240 nm) 
due to ionization of the phenolic group. The lower 
pK, of the phenolic group relative to phenol may 
be accounted for by the presence of the electron 
withdrawing amide carbonyl group in the ortho 
position and also by stabilization of the conjugate 
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Fig. 1. pH- metric titration curves for aqueous solutions (25.0 cm”) of salicylglycine, 2.0 x 10m3 mol 
dm-3 in 6.0 x 10e3 mol dm-’ HC1/0.2 mol drne3 KC1 vs 0.20 mol dme3 NaOH ; (a) alone, and in the 
presence of(b) 5.0 x 10e4 mol dmw3 copper( (c) 1.0 x 10e3 mol dme3 copper(I1) and (d) 2.0 x lo-’ 

mol dmd3 copper(I1). 
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Fig. 2. UV-vis spectra of aqueous solutions of copper@) and salicylglycine both 5.0 x 10e3 mol dmv3 
in 0.2 mol dm-’ KC1 at pH (1) 2.998, (2) 3.503, (3) 4.158, (4) 4.553, (5) 4.820, (6) 5.045, (7) 5.485, (8) 

5.745, (9) 5.963 and (10) 8.343. 

base by intramolecular hydrogen bonding between 
the O- and amide NH groups. 

It had previously been reported that ionization 
of the amide group occurs at pH > I 2.4 In order to 
eliminate this ~ssibility the ‘H NMR spectrum of 
saIicylglycine in I&O was investigated as a function 
of pD. At pD 6 (after the addition of 1 equivalent 
of NaOD to salicylgfycine in D@) the spectrum 
consists of a singlet at 4.1 ppm {ZH) due to the 
glycinate CH, group and aromatic signals in the 
range 7-8 ppm downfield from DSS. Increasing the 
pD to 10 by the addition of a second equivalent of 
base caused only a minor upfield shift to 4.0 ppm 
in the position of the CH2 signal but caused appreci- 
able changes as expected in the aromatic region. 
Further addition of base in excess of three equi- 
valents caused no further change in the spectrum. 
Deprotonation of the amide group would have 
caused a s&r&cant shift in the CH, signal and 
since this was not observed it is concluded that this 
deprotonation does not occur as stated. _ 

Potentiometric titration curves for salicylglycine 
(2.0 x 10e3 mol dme3) in WC1 solution (6.0 x 10e3 
mol dmh3) in the absence of and in the presence 
of copper(I1) (2.0 x 10W3 mol dm13, 1.0 x 10m3 mol 
drn-j and 5.0 x IOv4 mol dme3) are shown in Fig. 
1. Below pH 4 the curves are superimposable indi- 
cating the absence of complex formation in this 
region. This observation is consistent with the fact 
that monodentate earboxylate binding by peptides 

is generally regarded to be weak or non-existent.7 
Above pH 4 however complex formation is clearly 
evident and in the 1: 1 copper~II~sa~i~ylglycine sys- 
tem a further two equivalents of base are consumed 
below pH 7 due to deprotonation of the peptide 
NH and phenolic OH groups. This was confirmed 
by UV-vis spectroscopy (Fig. 2). At pH s: 4 the spec- 
tra of solutions, 5.0 x 10M3 mol dmv3 in both sal- 
icylglycine and copper( consist of a broad d-d 
band with amax - 820 mn. As the pH is gradually 
increased this band shifts to 637 nm and a new band 
at 377 nm developes simultaneously, the latter due 
to a charge transfer transition characteristic of cop- 
per(II jphenolate bonding.8 The position of the d- 
d band at 637 nm is similar to that for the complex 
Cu~II~H_,~ly-~iy and is consistent with the 
invoivement of one deprotonated peptide nitrogen 
in coordination since this is known to be a strong 
D donor occupying a high position in the spec- 
trochemical series.‘-’ I 

Analysis of the potentiometri~ date by the PSE- 
QUAD program showed the presence of three 
species in solution at pH < 7 (Fig. 3). These are 
[Cu(H,O),]*+, CuLH_, which is the major species 
above pH 5.1 and CuL which is present at pH 5 but 
only in amounts of less than 10% of the total spec- 
ies. Since CuL is present in such small amounts its 
UV-vis spectrum could not be observed and the 
spectra in Fig. 2 show mainly the changes on going 
from Cu{H20j~” to CuLH- i. At pH > 9 the species 
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Fig. 3. Concentration distribution of the complexes present in the copper(H)-salicylglycine system as 
a function of pH at 25°C I = 0.2 mol drnm3 KCl. 

Table 1. Stability constants of complexes of salicylglycine at 25.O”C, I = 0.2M KC1 

Complex log P Complex log B Complex log B 

CUL 5.33(4) NiL 2.84(4) ZnL 3.1(l) 
“CuLH_ , 0.93(4) ‘NiLH _ , - 5.89(6) ‘ZnLH _ , - 5.2(2) 
*CuLHp2 -9.61(l) 

a Resulting from ionization of the peptide group. 
‘Resulting from ionization of an aquo ligand. 

CuLH_, is observed and is due to the depro- 
tonation of an aquo ligand in CuLH_,. The stab- 
ility constants of these species are listed in Table 1. 
The UV-vis spectral changes shown in Fig. 2 and 
described above provide convincing evidence that 
the species CuLH_, contains coordinated phe- 
nolate and carboxylate oxygen atoms as well as the 
deprotonated amide nitrogen (2). 

(2) (3) 

The most likely structure for the species CuL is 
shown in 3 and contains 6- and 7-membered rings. 
The stability constant of this species is lower than 
that of the analogous copper(I1) complex of the 
peptide Gly-Gly (4) for which log K is 5.55 under 
the same conditions (T = 298 K, I = 0.2 mol dmW3 

KCl). This is despite the fact that the basicities of 
the carboxylate and phenolate donors in salicyl- 

Hzf’m<i / + 
c=o /=” 

/ I\ 
T /O 

'CH2-C- 

\b 

(4) 

glycine are slightly greater than the carboxylate 
and amino groups respectively in GlyyGl~,~ and the 
ligand in 4 is uninegatively charged while in 3 it is 
dinegatively charged. A possible explanation for 
the greater stability of the Gly-Gly complex is that 
it contains 5- and 7-membered rings in contrast to 
the 6 and 7 membered rings in 3. Stability constants 
for several copper(I1) complexes of 2,3- and 3,4- 
dihydroxybenzoyldipeptides have recently been 
reported and these lie in the range 4.80-5.53 for 
CuL and 0.64-0.92 for CuLH_ L.‘2 However in these 
cases it is the phenolate oxygens that are coor- 
dinated to the metal ion. 
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The pK, for the deprotonation of the CONH 
group is 3 calculated from the data in Table 1 is 4.40 
similar to the values found in several copper(IIF 
dipeptide complexes.’ The pKa value for depro- 
tonation of the aqua ligand in CuLH_, is 10.544 
which is higher than that observed in the cop- 
per(II)-glycylglycinate complex for which a pKO 
value of 9.37 has been reported.’ However the 
higher value in the present case may be due to 
electrostatic considerations since the conjugate acid 
in this case is an anion and in the case of simple 
dipeptide complexes is neutral. 

The potentiometric titration curves for sal- 
icylglycine in the presence of nickel(I1) and zinc(I1) 
show that there is no complex formation at pH < 6. 
Above this pH the species ML and MLH_, for 
which stability constants reported in Table 1 are 
formed. In both cases precipitation occurred-at 
pH - 8 in the case of nickel(I1) and at pH - 7.5 in 
the case of zinc(I1). While the stability constant of 
the nickel(I1) complex is much lower than that of 
[WGWWI , + l3 the stability constant of ZnL is 
very similar to that of [Zn(Gly-Gly)]+ for which 
log B is 3.13.‘The MLH_l species are probably the 
result of ionization of aquo ligands in ML the pK, 
values being 8.73 for NiL and 8.3 for ZnL. 
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