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Polarographic, potentiometric, and spectrophotometric measurements show that copper(n) and N-
dansylglycine (5-dimethylaminonaphthalene-1-sulphonylglycine) form the same complexes in
aqueous and methanolic solution. Mixed-hydroxy complexes are the prevailing species. In aqueous
(methanolic) solution up to pH 5(5) no formation of complexes is observed; in the pH range 7—
8.5 (8.5—11) a change in the ligand co-ordination from O-co-ordination through the carboxylate
group to N,O-bidentate co-ordination through the carboxylate oxygen and the deprotonated amide
nitrogen is revealed. There is a low tendency for two /V-dansylglycine ligand molecules to co-
ordinate to the Cu" ion, probably due to the steric hindrance of the dansyl group. The equilibria in
which the prevailing complexes are involved and the reduction processes at the electrode are
proposed. The nucleophilic and electrophilic properties of the two solvents are used to explain the
solvent effect on the polarographic parameters and on the stability constants of the complexes.

Some studies on the co-ordinative properties of amino acids N-
protected by an R-SO, (R = aryl) group emphasize that Cu"
and Pd" ions, unlike Zn", Co", or Ni' are effective in
substituting for the nitrogen-bound hydrogen, giving rise to a
strong bond.! The amino acids bearing an R'-CO (R’ = alkyl)
or R—CO protecting group do not exhibit this type of co-
ordination.?~*This particular behaviour of R-SO, aminoacidsis
due to the more acidic character of the amide hydrogen of
sulphonamides as compared to a peptide hydrogen, and to the
presence of the a-carboxylate group which may act as a primary
ligating group toward a metal ion.!*5

Being interested in the co-ordinative properties of this type of
ligand, in this paper we report an investigation of the copper(i)-
N-dansylglycinate system [dnsgly = N-dansylglycine (5-
dimethylaminonaphthalene-1-sulphonylglycine); dnsglyO =
N-dansylglycinate(1 —); dnsglyNO = N-dansylglycinate (2-—)]
in aqueous and methanolic solution.

The aim of this work was to evaluate the effect of the size of
the aromatic group on the type of complexes present in solution
and to define the most favourable conditions from which solid
complexes may be obtained. The results of the present work will
also be compared with those previously found for the copper(i}-
N-tosylglycinate system.®’

The dansyl group, studied here as a N-protecting group for
glycine, is widely used as a fluorescent probe to study protein
conformational changes®° and to identify N-terminal residues
of peptides.'®!!

Experimental

Polarographic analysis in aqueous solution was performed by
adding different amounts of dnsgly dissolved in doubly-distilled
water to aqueous Cu" perchlorate (10~ mol dm~3) to give metal-
to-ligand molar ratios in the range 1:2—1:10. The pH of the
solutions was determined by adding aqueous NaOH (0.1 mol

* Supplementary data available (No. SUP 56310, 5 pp.): Tables of
electrochemical parameters in aqueous and methanolic solution,
electronic spectra of dnsgly in methanol in the pH range 1—7,
neutralization curve of dnsgly in aqueous solution. See Instructions for
Authors, J. Chem. Soc., Dalton Trans., 1985, Issue 1, pp. xvii—Xxix.

dm~3). NaClO, (0.1 mol dm~2) was used as base electrolyte and
kept the ionic strength constant (/ = 0.1 mol dm™3). In order to
characterize the electronic transfer process, concentrations of
copper(li) ion ranging from 10 to 5 x 10* mol dm= and
dropping times of 2, 3, 4, and 6 s were used. The study of the
system in methanolic solution was performed under the same
experimental conditions described above. Anhydrous methanol
(C. Erba) was used as supplied and the salts NaClO, and
Cu(ClO;),*6H,0 were recrystallized from this solvent before
use. Polarographic measurements were carried out using an
AMEL Multipolarograph model 472 instrument at 25 + 0.1 °C.
A saturated calomel electrode (s.c.e.) was used as a reference
for the aqueous solutions and a Ag/AgNO; (0.1 mol dm3)
electrode for the methanolic solutions. However, all E, values
are referred to s.ce.

The pH measurements were performed with a Beckman select
ion 5000 pH-meter using, in aqueous solution, an Ingold HA
405-60-K 1 pH combined electrode and, in methanolic solution,
an Ingold B7213 glass electrode as indicator electrode and
Ag/AgNO; (0.1 mol dm™) as reference electrode. For pH
measurements in methanolic solution two buffers at pH
5.79 + 0.05 and pH 7.53 + 0.05 referred to the pH scale in
methanol were used.'? All pH values in methanolic solution
refer to this pH scale.!?

Electronic spectra were recorded with a Beckman DU-8
spectrophotometer. Solutions for spectrophotometric analysis
were prepared keeping the ionic strength constant (KCl, 7 = 0.1
mol dm™3).

N-Dansylglycine was purchased from the Sigma Chemical
Co. All spectrophotometric measurements were performed at
25 + 0.1 °C.

In aqueous solution, in the pH range 7—10, after nearly 3 h, a
colour change of the system from green-blue to dark red was
observed, probably due to an intramolecular redox process
involving Cu ion reduction and ligand decomposition.

Results and Discussion

Behaviour of N-Dansylglycine in Aqueous and Methanolic
Solution—N-Dansylglycine exhibits physical and chemical
properties [low melting point (157—158 °C), slight solubility
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Figure 1. Neutralization curves of dnsgly in the presence of Cu?* in
methanolic solution (Mypee, = 8 X 107%): me 2+ = (@) 0; (b) 1075 (0
2 x 1073 (d) 4 x 107% and (¢) 8 x 10-%; m = number of moles

in water, great solubility in,organic solvents] peculiar to a
non-zwitterionic character, which is confirmed by spectroscopic
data and preliminary structural results.!* Consequently, its
dissociation equilibria at increasing pH are given by equations
(1>—(3). The pKj,, value, determined spectrophotometrically in
+
(CH,),NHC, oH¢SO,NHCH,COOH =22t~
(CH,),NC,H¢SO,NHCH,COOH (1)
(CH,),NC, ,H,SO,NHCH,COOH —2&»
(CH;),NC,,H¢SO,NHCH,COO~ (2)

(CH,),NC, H,SO,NHCH,COO ~ =2
(CH,),NC,,H¢SO,N"CH,CO0~ (3)

aqueous and methanolic solution, is 11.7 and 13.7 respectively.
Equilibria (1) and (2) are closely dependent on the solvent used.
In methanolic solution, pK,,, determined spectrophoto-
metrically, is 3.4 + 0.2 (the spectra are reported in SUP 56310)
and pK,,, determined potentiometrically, is 8.1 + 0.1 (Figure
1). In aqueous solution, the single step present in the pH-metric
titration curve (Figure 2) with an apparent pK, value of
4.4 + 0.1 has been resolved into two steps each involving one
proton, by titrating a more concentrated dnsgly aqueous
solution (4 x 10~ mol dm™>) with a small amount of HCI
previously added in order to obtain the fully protonated form of
dnsgly. The pK,, and pK,, values obtained are 3.1 + 0.1 and
4.8 + 0.1 respectively (the titration curve is available in SUP
No. 56310), in agreement with the most recently reported
results).!® However, conflicting data concerning these pK,
values are reported in ref. 8.

Potentiometric, Polarographic, and Spectrophotometric
Behaviour of the Cu-N-Dansylglycinate System.—The pH-
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Figure 2. Neutralization curves of dnsgly in the presence of Cu?* in
aqueous solution (Mg, = 3 x 107%): mcy:+ = (a) 0; (b) 0.75 x 1073,
(¢) 1.5 x 107%; and (d) 3 x 10°%; m = number of moles

metric titration curves of the Cu—dnsgly system with different
metal-to-ligand molar ratios show two sharp steps in both
methanolic (Figure 1) and aqueous (Figure 2) solutions. The
amounts of titrating NaOH solution necessary to reach the first
and the second equivalent point depend on the metal-to-ligand
molar ratio according to equations (4) and (5), respectively,

Myaon = mdnsgly + mCu (4)
MNyoH = Mansgly 2mg, (5

where m is the number of moles. The first step probably
corresponds to the formation of a mixed monohydroxy-
copper(it) complex in which dnsgly is co-ordinated through the
carboxylate group.! This step is closely dependent on the
solvent: in methanolic solution, at increasing Cu" ion
concentration, a decrease in the initial pH is observed, probably
due to Cu" substitution for the carboxylic hydrogen atom of the
amino acid.'® The second step, having a pK,, value (8.0 + 0.2in
water and 10.5 + 0.1 in methanol) markedly lower than the
pK,, of dnsgly, may be reasonably attributed to the Cu'-
promoted amide deprotonation of the co-ordinated amino-acid
molecule.!® While from equation (4) no information can be
obtained about the number of dnsglyO ™ ions directly involved
in metal co-ordination, equation (5) suggests the co-ordination
with Cu" of only one dnsglyNO?"~ ion, independent of the
metal-to-ligand molar ratio of the solution.

In order to obtain information about the species present in
solution, polarographic measurements on the Cu'-dnsgly
system were performed at different pH values and ligand
concentrations. It is found that in both solvents the system
behaves in the same way [Figure 3(a) and (b)]. In aqueous
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Figure 3. Plots of AE," vs. pH at increasing dnsgly concentration. (@) Aqueous solution; (b)) methanolic solution. Ccy:+ = 10-* mol dm3,
Coansgty = 2 X 10 (O); 4 x 10*(@); 6 x 10*([J); 8 x 10* (M); and 103 mol dm™ (A) [AE," = (E{")u — (E,")c, where (E,")y is the reversible
half-wave potential of the uncomplexed metal ion and (E,"). that of the complexed metal ion]
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Figure 4. Electronic spectra of the Cu"-dnsgly system in (a) aqueous and (b) methanolic solution at various pH. Ccyzv = 2.5 x 107 mol dm™3;
Cansgty = 5 x 107 mol dm™>. Curves are labelled with the appropriate pH values. Cell length = 10 cm

(methanolic) solution, at a pH lower than 5 (5) only one wave
(wave I) is present, corresponding to the solvated Cu" ion
reduction (reversible, bielectronic, and diffusion controlled). At
a pH greater than 5 (5) the E, value of wave I decreases on
increasing the ligand concentration and the pH of the solution,
while iy (diffusion current) remains constant. At a pH greater
than 6.5 (8.5) a new wave (wave II) appears at more negative E,
values than wave I, showing an increasing i, value with
increasing pH, while wave I decreases until it disappears at a pH
greater than 8.5 (11). The sum of their i; values remains

constant. On increasing the pH and ligand concentration of the
solution, the E, value of wave II decreases. Semi-logarithmic
analysis of waves I and II shows that they both correspond to a
quasi-reversible, bielectronic reduction process. Since each
wave is controlled by the diffusion at the electrode of the
electroactive species, the species reduced in wave I give rise to
those reduced in wave II in the bulk of the solution. The
reversible half-wave potentials (E,") of both waves, used to
characterize the species present in solution and to calculate their
overall stability constants, were determined by the Matsuda—
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Table. Complexes present in aqueous and methanolic solution at different pH and their overall stability constants () *

Solvent Wave [

H,O0 5<pH <85
[Cu(dnsglyO)OH)], 1.0 x 10!
[Cu(dnsglyO),(OH)], 2.5 x 10'*

CH,0H S<pH < 11

[Cu(dnsglyO)(OH)], 3.0 x 10'¢
[Cu(dnsgly),(OH)] ", 1.2 x 10'8

Wave I1
A

-

7<pH <115
[Cu(dnsglyNO)], 4.0 x 108
[Cu(dnsglyNO),]?7, 2.5 x 10"
[Cu(dnsglyNO)(OH)] ", 5.0 x 10'3
[Cu(dnsglyNO),(OH)]3", 1.2 x 107

85 <pH < 12
[Cu(dnsglyNO)], 1.3 x 10'?
[Cu(dnsglyNO),]?~, 20 x 10'3
[Cu(dnsglyNO)(OH)] -, 4.0 x 10'7
[Cu(dnsglyNO),(OH)]* ", 5.0 x 102°

pH > 11.5
[Cu(dnsglyNO)OH),]? ", 1.4 x 10!’
[Cu(dnsglyNO),(OH),]*", 1.0 x 102°

pH > 12
[Cu(dnsglyNO)(OH),]*", 5.5 x 10*!
[Cu(dnsglyNO),(OH),]* ", 1.0 x 10?*

* For concentration ranges where single species predominate see text and Figures 5 and 6.
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Figure 5. Wave [: plots of AE," vs. log Cyyy, at different pH values. In
water: pH = 6.00 (O); 7.00 (@); 8.00 ((J). In methanol: pH = 6.75
(O). .75 (@); 8.75 (O); 9.00 (A)

Ayabe method.!” The polarographic data of the system in both
solvents are reported in SUP No. 56310.

It is noteworthy that in both solvents, only wave I is present
in the pH range in which the first potentiometric step is
observed and only wave II is present at a pH greater than that
corresponding to the second step. Both the polarographic waves
are simultaneously present at intermediate pH values: in this pH
range the electronic spectra of the system [Figure 4(a) and (b)]
show a blue shift of the &—d band maximum which may be
ascribed to the amide nitrogen deprotonation equilibrium (the
calculated pK, values of 7.9 + 0.2 and 10.2 + 0.1 in aqueous
and methanolic solution, respectively, are in good agreement
with those determined potentiometrically). Consequently, the
reduction process of wave I must involve species in which the
ligand is co-ordinated through the carboxylate group and that
of wave II must involve species in which the ligand acts in a
bidentate manner through the carboxylic oxygen and
deprotonated amide nitrogen atoms. Since the plots reported in
Figure 3(a) and (b) are curves in both solvents, the species

CH4OH o
035l 0////{)_/,_&/0"/
A

0-30} A
N
o025} M

020} H,0

o M

-375 -35 -325 -3
Log Cdnsgly
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Figure 6. Wave IL: plots of AE," vs. 10g Cyp.q, at different pH values. In
water: pH = 7.50 (O): 8.50 (A); 9.50 (A); 10.00 (W). In methanol:
pH = 9.75 (O); 10.75 (M); 11.25 (A); 11.75 (A); 12.75 (O)

involved in the reduction processes of waves I and II are mixed-
hydroxy complexes.

Wave 1. Using the Lingane method,'® the number of ligand
molecules co-ordinated to the Cu ion may be evaluated. Plots
of AE," v5.10g Cyueyy at different pH values (Figure 5) gives rise
to straight or broken lines. From their slopes the maximum co-
ordination number of the ligand (n,,, ) could be calculated.
Both in aqueous and methanolic solution n,,, is found to
depend on the pH and ligand concentration: on increasing these
two parameters, the co-ordination of two dnsglyO~ ions is
favoured. The Shaap-McMasters method,'® applied by
assuming the absence of the two species Cu(OH)* and
Cu(OH),,%® reveals the presence, in both solvents, of the
complexes [Cu(dnsglyO)}OH)] and [Cu(dnsglyO),(OH)]";
their stability constants (B) are reported in the Table. The co-
ordination of Cu with only one hydroxide ion closely agrees
with the potentiometric results. The overall reduction process
and the equilibria between the complexes are the same in both
solvents and can be represented by Scheme 1.
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Scheme 2.
[Cu(dnsglyNOYOH),]*"~
N
OH"
OH"~ \
[Cu(dnsglyO)OH)] == [Cu(dnsglyNO}OH)]~
un - - / 6“""\”0 - -
Cu" + n dnsglyO™ + OH o - + dnsglyO™ + OH
\‘ ~ 20H- 3
[Cu(dnsglyO),(OH)] [Cu(dnsglyNO),(OH)]
OH"-
[Cu(dnsglyNO),(OH),1*~
Scheme 3.

Wave 11. As stated above, this wave involves the reduction of
species in which dnsgly acts as a bidentate dianion. In both
solvents, the Shaap-McMasters method shows that, over the
wide range of ligand-to-metal molar ratios investigated, the
following complexes can be present: [Cu(dnsglyNO)], [Cu-
(dnsglyNO),]1%~, [Cu(dnsglyNO)OH)]~. [Cu(dnsglyNO),-
(OH)1*", [Cu(dnsglyNO)OH),]1>", and [Cu(dnsglyNO),-
(OH),]*~; the mixed-hydroxy complexes are the prevailing
species (see Table). More precisely, the Lingane plots (Figure 6)
clearly indicate that up to a ligand-to-metal molar ratio of ca.
8:1, only one dnsglyNO2~ ion is co-ordinated to Cu'; the
binding of two dnsglyNO? ~ ions can only reasonably take place
at greater ratios, in agreement with that reported for Cu'-
amino acidate systems under similar conditions.®*2° The overall
reduction process can be represented by Scheme 2.

The results of this analysis, summarized in the Table, suggest
the amide deprotonation equilibria (6) and (7) of N-
dansylglycine bonded to Cu'".

[Cu(dnsglyO)OH)] + OH™ —
[Cu(dnsglyNO)(OH)]™ + H,O (6)

[Cu(dnsglyO),(OH)]™ + OH™ —
[Cu(dnsglyNO)OH)]~ + dnsglyO™ + H,O (7)

The equilibria involving the species with two dnsglyNO?2~
ions co-ordinated to Cu'l, existing only in a large excess of
ligand, can be described by (8) and (9).

[Cu(dnsglyO),(OH)]” + 20H™ —
[Cu(dnsglyNO),(OH)]*~ + 2H,0 (8)

[Cu(dnsglyNO)YOH)]~ + dnsglyO™ + OH™ —
[Cu(dnsglyNO),(OH)]*~ + H,O0 (9)

Conclusions

Unlike the N-tosylglycinate—copper(ll) system previously
investigated,®” the overall equilibria are the same in both
aqueous and alcoholic media and can be represented by Scheme
3. This comparison also shows that the naphthalene moiety of
the dansyl group does not influence the type of complexes
present in solution, but affects the ligand co-ordination number,
the greater steric hindrance of the dansyl group generally
favouring the binding of only one ligand molecule.

The copper(i) ion is effective in promoting amide
deprotonation in N-dansylglycine, markedly lowering its pKyy
value, as is also found for N-tosyl-x-amino acids. It is note-
worthy that this behaviour is generally observed only for metal
ions such as Cu" and Pd" which may form hydroxy species at
low pH values.?!

While in both solvents the same species are present, their
stability constants are greater in methanol than in water. This
effect may be explained by taking into account the nucleophilic
(donor number = dn) and electrophilic (acceptor number =
an) properties of the solvents (dny o = 33, dngy oy = 19.5;
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any o = 548, ancy oy = 41.3).2%7% The E," values of Cu"
and of the complexes decrease on increasing the dn of the
solvent,?* because a greater nucleophile character of the solvent
strengthens the ‘inner’ solvation sphere of metal ion and, in the
complex, by forming an ‘outer’ solvation sPhere around the
amino acid, strengthens its bond to the Cu" ion.?* Since the
strength of this bond depends on the stability of the solvated
ions, on the co-ordinative properties of the ligand, and on the
electron-pair donor and electron-pair acceptor properties of the
solvent, the greater amphoteric character of water leads to a
decrease in the stability of the complex owing to the
stabilization of both cation and anion.?%
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