
1982 485 

Formation Constants of Complexes of Tyrosine 

By Leslie D. Pettit and John L. M. Swash, Department of Inorganic and Structural Chemistry, The University, 
Leeds LS2 9JT 

The formation constants of the complexes of L-tyrosine (H2L) with H+, Co2+, Ni2+, Cu2+, and Zn2+ are reported at 
25 'C and I = 0.10 rnol dm-3 (K[N03]). The tyrosine bonds glycine-like, forming complexes of general formula 
[M(HL),I and [ML,I. 

TY ROSI NE (Tyr) , 2-amino-3- (4-hydroxyphen yl) propanoic 
acid, H,L, is an essential amino-acid similar to phenyl- 
alanine but with, in addition, a $-phenolic group on the 
benzene ring. Since the proton of this group ionizes at 
about pH 10, the neutral ligand must be regarded as a 
dibasic acid (H,L) with three potential co-ordination 
centres. 

A review of the literature on tyrosine suggests that the 
phenolic oxygen does not participate in co-ordination 
reactions to metal ions with the result that formation 
constants are close to those of phenylalanine itself. 
However, this oxygen does appear to co-ordinate to 
CuII in some dipeptide complexes and an X-ray analysis 
of [Cu(~-TyrO),l [L-Tyro = L-tyrosinate(1-)] shows an 
abnormally short Cu-phenyl ring distancee2 Although 
tyrosine is an important amino-acid, reliable values for 
the formation constants of proton and metal complexes 
under closely controlled conditions are few. In fact, 
there are no results available at 25 "C with an ionic 
background of 0.1-0.2 mol dm-3, determined with 
electrodes calibrated in terms of concentrations. We 
have therefore measured the more important formation 
constants in 0.1 mol dm" K[N03] so that they can be 
used for direct comparison with formation constants of 
complexes of other amino-acids, determined under the 
same conditions. Since complexes of tyrosine do not 
appear to form stereoselectively,g L-tyrosine was used 
throughout. 

EXPERIMENTAL 

L-Tyrosine was obtained from Sigma Chemical Co. 
(SIGMA grade). Complex formation constants were 
calculated from potentiometric titration curves obtained as 
described previously.4 The glass electrode was calibrated 
in terms of hydrogen ion concentrations and titrations were 
carried out a t  25 "C with an ionic background of 0.10 mol 
dm-3 (K"0.J). Calculations were made with the aid of the 
MINIQUAD computer program.h Concentration ratios 
covered the range of ligand : metal ratios 1 : 1 to 8 : 1. 

RESULTS A N D  DISCUSSION 

Calculated formation constants for proton and metal 
ion (CoII, Cur', NiII, and ZnII) complexes are given in the 
Table. The only comparable results were measured 

with an ionic background of 0.05 mol dm-3 (KC1) or 
0.2 mol dm-3 (KCl).' The proton complex formation 
constants are close to these values and demonstrate 
clearly that protonation of the phenolic oxygen overlaps 
markedly with protonation of the amine nitrogen. In 
fact, spectroscopic studies have shown that the micro- 
constant for protonation of the phenolic oxygen (log 
K = 9.63) is a little larger than that of the amine nitrogen 
(log K = 9.28).8 Hence the major contribution to the 
highest constant (log KEL = 10.14) will be protonation of 
the phenolic oxygen and the second constant (log K=,= = 
9.03) will be mainly protonation of the amine nitrogen. 
I t  is interesting to note that this order is reversed in 
~-3,4-dihydroxyphenylalanine.~ I t  is clear that large 
errors will be introduced if ionization of the phenolic 
proton is ignored.1° 

The metal complex formation constants given in the 
Table show that tyrosine can co-ordinate to the transi- 
tion-metal ions studied as either the monoprotonated 
form of the ligand (HL-) with the phenolic oxygen 
protonated, or as the fully ionized ligand (L2-), depending 
on the pH. With Co1I and NiII, tris complexes are 
formed. Both of these observations are typical of 
bidentate ligands. With CuII, the [M(HL),J species 
begin to form around pH 3. In general, the formation 
constants of these complexes are very close to the 
analogous complexes of phenylalanine, e .g .  for [Cu- 
(HTyrO)]+, log K = 7.85 while for [Cu(PhAlaO)]+ 
[PhAlaO = phenylalaninate(1-)] log K = 7.93," and it 
is reasonable to assume that the bonding is similar, i.e. 
glycine-like. 

As the pH is raised further, the stepwise formation of 
the [M(HL),] complexes is followed by stepwise deproton- 
ation of the co-ordinated ligands. The protonation 
constants for these reactions are given in the Table. 
With Co" and N P ,  the protonation constants for the 
reaction ML + H+ -+ [MHL]+ are close to the micro- 
constant for the protonation of the amine nitrogen (log 
K = 9.28) suggesting strongly that this is the protonation 
centre in the metal complexes also. Similarly, the other 
protonation constants for CoI' and Nil1 complexes can 
be assumed to represent protonation of amine nitrogens, 
although they are generally slightly larger in magnitude 
as a result of the increasing negative charge of the 
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and I = 0.10 mol dm-3 (K[NO,]) 
[ZnL(HL)]- are significantly more acidic than the other 
protonated complex ions, with pK values of 7.35. 8.2. 

CU" 

NiI1 

Proton complexes 

Metal complexes [M,L,H,] 
Metal XYZ 
Co'T 110 

111 
120 
121 
122 
130 
131 
132 
133 

110 
111 
1.20 
121 
122 

110 
111 
120 
121 
122 
130 
131 
132 
133 

110 
111 
120 
121 
122 

I .  

and 8.9 respectively. 
protons do not ionize first in these species. 

This suggests that the phenolic 
The ioniz- 

log P 
4.88(2) 

14.17(1) 
8.31(3) 

18.10(4) 
27.52(3) 
11.0(5) 
21.3(3) 
31.2(1) 
40.8(1) 

10.64( 2) 
17.99( 1) 
15.36 (3) 
25.47 (3) 
34.90 (3) 

5.79(1) 
15.14( 1) 
10.23( 1) 

2 9.55 (1) 
1 3.09 (3) 
23.5 1 (3) 
33.57 (2) 
42.84(3) 

6.2(1) 
14.3 7 (5) 
10.1 l(8) 
19.65( 9) 
28.59 (3) 

20.01(2) 

ation of a co-ordinated water molecule is an alternative 
source of labile hydrogen ions. With CuII, co-ordinated 

log K' _ _  . 

4.03 

7.24 

10.4 

7.85 

14.62 

5.00 

9.27 

12.41 

4.23 

8.31 

Metal complex protonation reactions 
log K 

Reaction co cu  Ni 
H + [ML] - [MHL] 9.29 7.35 9.35 

H + [MHLJ - [MH,LJ 9.42 9.43 9.54 
H + [MLJ --j [MHLJ 9.79 10.11 9.78 

H + [MH&3J + [MH&] 9.6 9.27 
H + [MHLJ + [MH&,] 9.9 10.06 

H + [ML,] [MHL,] 10.3 10.42 

water has a pK value of 6.8 while with ZnI1 the value is 
8.7; l2 these are values comparable to the proton ioniz- 
ation constants of [Cu(HL)]+, [Zn(HL)]+, and [ZnL- 
(HL)]-. I t  is probable, therefore, that the constants 
refer to hydrolysis reactions of co-ordinated water. 

The metal ions studied all form fully deprotonated 
mono and bis complexes, [ML] and [MLJ2-, which are 
more stable than the analogous protonated species, 
[MHL]+ and [M(HL),]. Cobalt(11) and NiII both form 
deprotonated tris complexes, [ML3I4-. These complexes 
are less stable than the [M(HL),]- species. This is not 
unexpected considering the high negative charge of the 
fully ionized species. 

Careful analysis of the experimental data failed to 
provide evidence of polynuclear complex formation 
which would indicate the existence of phenol-metal 
interactions. Examination of the formation constants 
in the Table similarly failed to provide evidence of any 
enhanced stability compared to comparable amino- 
acid complexes. 
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complex anion. The protonated metal complexes lose a 
proton more readily than does the protonated amine 
group of tyrosine itself. Hence, neglecting the form- 
ation of complexes with ionized phenolic protons may 
contribute to the large errors quoted in some deter- 
minations of the formation constants of tyrosine com- 
plexes.3 

The complex species [Cu(HL)]+, [Zn(HL)]+, and 

REFERENCES 

R. J. W. Hefford and L. D. Pettit, J .  Chem. Soc., Dalton 

D .  Van der Helm and C. E. Tatsch, Acta Crystallogr., Sect. 

0. A .  Weber and V. L. Simeon, Biochim. Biophys. Acta, 

G. Brookes and L. D. Pettit, J .  Chem. Soc., Dalton Trans., 

Zn Trans., 1981, 1331. 
8:2 
9.54 B,  1972, 28, 2307. 
8.94 

1971, 244, 94. 

1975, 2106. 
A. Sabatini, A. Vacca, and P. Gans, Tatanta, 1974, 21, 53. 
A. Gergely, I. Nagypal, and R. Kiraly, Acta Chim. Acad. 

A.  Gergely, I. Nagypal, T. Kiss, and R. Kiraly, Acta Chim. 

R. B .  Martin, J. T. Edsall, D. B. Wellanger, and B. R. 

R. F. Jameson, G. Hunter, and T. Kiss, J .  Chem. Soc., 

lo R. S. Sandhu, Thermochim. Acta, 1976, 16, 398; 1976, 17, 

11 G. B. Brookes and L. D. Pettit, J .  Chem. Soc., Dalton Trans., 

12 S .  Chaberek, R. C. Courtney, and A. E. Martell, J .  Am. 

Sci. Hung., 1971, 68, 285; Inorg. Cham. Acta, 1972, 6 ,  435. 

Acad. Sci. Hung., 1974, 82, 257. 

Hollingsworth, J. Biol. Chem., 1958, 233, 1429. 

Perkin Trans. 2, 1980, 1105. 

270. 

1977, 1918. 

Chem. Soc., 1952, 74, 5057. 

0 Copyright 1982 by The Royal Society of Chemistry 

http://dx.doi.org/10.1039/DT9820000485

