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Abstract:

Gold(IIT) complexes have found application in catalysis, materials science and medical
inorganic chemistry. Considering that the right choice of inert ligands in the structure of Au(III)
complexes is crucial for their properties and reactivity toward biomolecules, we have studied
the substitution reactions between monofunctional Au(Ill) complex, [ Au(Cl-Ph-tpy)CI1]Cl (Cl-
Ph-tpy = 4'-(4-chlorophenyl)-2,2":6', 2"-terpyridine) and sulfur-donor biomolecules,
glutathione (GSH) and L-methionine (L-Met), in 25 mM Hepes buffer (pH = 7.2) and 40 mM
NaCl. The reactions were followed under the pseudo-first-order conditions as a function of
ligand concentration and temperature, using the stopped-flow technique. Calculations were
made by Microsoft Excel 2019 and Origin2019b 64Bit. Observed kinetics traces follow a single
exponential function, suggesting that the process of the substitution undergoes as one reversible
step. Also, L-Met was more reactive than GSH. This order is related to the positive inductive
effect of the methyl group, which increases the nucleophilicity of the thioether. According to
the values of the activation parameters, the reactions follow an associative model. These results
demonstrate the strong connection between the reactivity of Au(Ill) complexes and the
structural and electronic characteristics of the biologically important ligands.
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1. Introduction

The introduction of metal ions or metal ion binding components into a biological system
for the treatment of diseases is one of the main subdivisions in the field of bioinorganic
chemistry. Metal-based drugs have been broadly applied in the treatment of diseases, such as
rheumatoid arthritis, diabetes, cancer, and antimicrobial agents [1,2,3]. In addition,
organometallic Au(IIl) complexes have found wide application in catalysis, materials science,
and medical inorganic chemistry [4,5,6]. Some non-platinum compounds, including gold
complexes, have shown encouraging results in cancer treatment, and some of them are in
various stages of clinical trials. Gold is another metal among platinum group metals that is
being explored in the research of better metal-based cancer drugs. Published results also
confirmed that the right choice of ligands in the structure of Au(Ill) complexes is crucial for
adjusting their properties and reactivity. Numerous mechanistic studies strongly suggest that
the interactions of Au(I)/(11)/(II) compounds with DNA molecules are not as strong as those
reported for the Pt(II) and Pd(Il) complexes, suggesting possible different biological pathways
for cytotoxicity of gold complexes [7 - 11].
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2. Material and Methods
2.1 Chemicals

Nucleophiles, glutathione (GSH) and methionine (Met) were obtained from Acros
Organics. Ligand 4'-(4-chlorophenyl)-2,2":6',2"-terpyridine and Hepes buffer (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid) were obtained from Acros Organics. The
initial potassium-tetrachloridoaurate(Ill) complex, K[AuCls], was purchased from ABCR
GmbH & Co. KG, 98%. All chemicals were commercially available and were used without
further purification. Ultrapure water was used in all experiments. The solutions of complexes
and ligands for kinetic measurements were prepared in 25 mM Hepes buffer and 40mM NaCl
(pH=17.2).

2.2. Kinetic measurements

Spectral changes caused after mixing complex and ligand solutions were recorded
in the range between 220-300 nm to determine the suitable wavelength at which kinetic
measurements can be performed. The kinetics were monitored by the stopped-flow
technique, as a change in the absorbance with time at the working wavelength under
the pseudo-tirst-order conditions. The concentration of nucleophiles was always at least
10 times higher than the concentration of complex. All kinetic sequences are equipped
with individual exponents for substitution reactions of the monofunctional complex
[Au(Cl-Ph-tpi)CI]CI2. The observed pseudo-first-order rate constants, kops, were
calculated as average from five to eight independent kinetic cycles. The temperature
dependence of kobs was studied at three different temperatures (288, 298, and 310K).
All calculations were performed using Microsoft Excel 2019 and Origin2019b 64Bit.
The data are summarized in Figure 2 and Table 1.
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Fig. 1. Structures of the investigated Au(III) complex and studied sulfur-donor nucleophiles

3. Results and discussion

Observed kinetics traces follow a single exponential function, suggesting that the process
of the substitution undergoes as one reversible step (Scheme 1). In all tested concentration ratios
and at all tested temperatures, the Au(I1l) complex and sulfur-donor ligands react in a 1:1 ratio.

[Au(Cl-Ph-tpy)C1]** + Nu ‘L'_~ [Au(Cl-Ph-tpy)NuP* 4 CI

k.
Nu = GSH, L-Met

Scheme 1. Schematic representation of the substitution mechanism of the investigated complex
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The observed rate constant, kos, as a function of the total concentration of the nucleophile
is described by Eqn. 1[12].

Kobs = k-1 + ki[Nu] (1)

Using Eqn. 1, the rate constant for the direct substitution reaction, ki, and the rate constant
of the reverse reaction, k.;, are calculated. In most cases, the values for k.; was almost zero
(Figure 2), which illustrates that the solvent cannot effectively replace coordinated
nucleophiles. The temperature dependences of these velocity constants enabled the calculation
of the enthalpy and entropy of activation using the Eyring equation. Rate constants and
activation parameters derived from these experiments are shown in Table 1.

AMnm)  T(K) ky/M s AH*/kJmol!  AS#/JK-'mol”! ky/s!

[Au(CI-Ph-tpy)CIJ?

288 (1.06 +0.03) 10 (2.2 £0.5)'10"
L-Met 280 298  (1.19 £0.04)-10* 78408 157+ 3 (5.3 +£0.6)-10"!

310 (1,43 +0,04)-10* (8,4 +0.7)-10"

288 (9,30 +0.07) 10 (5,3 £0.2):107
GSH 240 298 (1,12 +0.04)-10* 9.8+0.8 150+ 3 (3,1 +0.6)'10"!

310 (1,34 £0,03) 104 (6,7 +0.4)-10"

Table 1. Rate constants and activation parameters for the substitution reactions of [ Au(Cl-Ph-
tpy)ClI]Cl, complex in 25 mM Hepes buffer and 40mM NaCl (pH = 7.2).
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Fig. 2. Pseudo-first order rate constants, Kops, as a function of ligand concentration and temperature for
the substitution reactions between complex [Au(Cl-Ph-tpy)Cl1]Cl; and nucleophiles in 25 mM Hepes
buffer, 40mM NaCl (pH = 7.2)
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4. Conclusions

Kinetic traces analyzed for individual exponentials shows that only a 1:1 complex is
formed in both reaction systems. Regarding the reactivity of the examined nucleophiles, the
results have shown that L-Met was more reactive than GSH. This order refers to the positive
inductive effect of the methyl group, which increases the nucleophilicity of the thioether [13].
This order of reactivity is in the case of similar gold(IIl) complexes under physiological
conditions was already published. Another main reason for this order of reactivity is the greater
voluminosity of GSH compared to the L-Met ligand. According to the values of the activation
parameters, all studied reactions follow the mechanism of associative substitution. The
substitution rate constants for the feedback reaction, k.i, are about 10> times slower than the
constant for the direct substitution reaction, k. These results demonstrate the strong connection
between the reactivity of Au(Ill) complexes and the structural and electronic characteristics of
the biologically important ligands.

Acknowledgment: The authors are grateful to the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Agreement No. 451-03-9/2021-
14/200378 and Agreement No. 451-03-68/2021-14/200122) for financial support.
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Gold(l1l) complexes have found application in catalysis, materials science and medical inorganic chemistry. Considering that the right choice of inert
ligands in the structure of Au(lll) complexes is crucial for their properties and reactivity toward biomolecules, we have studied the substitution reactions
between monofunctional Au(lll) complex, [Au(CI-Ph-tpy)CI]CIl, (CI-Ph-tpy = 4'-(4-chlorophenyl)-2,2":6’, 2"-terpyridine) and sulfur-donor
biomolecules, glutathione (GSH) and L-methionine (L-Met), in 25 mM Hepes buffer (pH = 7.2) and 40 mM NaCl. The reactions were followed under
the pseudo-first-order conditions as a function of ligand concentration and temperature, using the stopped-flow technique. Calculations were made by
Microsoft Excel 2019 and Origin2019b 64Bit.
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Fig. 3. Pseudo-first order rate constants, k., as a function of ligand concentration and
temperature for the substitution reactions between complex [Au(CI-Ph-tpy)CI]Cl, and
complex nucleophiles in 25 mM Hepes buffer, 40mM NaCl (pH = 7.2)

Fig. 1. Structures of the investigated Au(lll)

OH cu, Using Eqn, Kk, = K-; + K;[Nu] the rate constant for the direct substitution reaction, k;, and

the rate constant of the reverse reaction, k_,, are calculated. The temperature dependences of

0 OH these constants enabled the calculation of the enthalpy and entropy of activation using the
" Eyring equation

N HN
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0 [Au(Cl-Ph-tpy)C1]** + Nu =—== [Au(Cl-Ph-tpy)NuP* , CI
" ° | &
. . Nu = GSH, L-Met
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Fig. 2. Structures of the studied sulfur-donor nucleophiles Scheme. Schematic representation of the substitution mechanism of the investigated complex

Table . Rate constants and activation parameters for the substitution reactions of [Au(CI-Ph-tpy)CI] Cl, complex in 25
mM Hepes buffer and 40mM NaCl (pH = 7.2).

AMnm) T(K) k,/M-1st AH#/kJmolt | AS*/JIK-1mol! k. /st

[Au(CI-Ph-tpy)CI]?*

288 (1.06 +0.03)-10* (2.2 £0.5)-101
L-Met 280 298 (1.19 +0.04)-10* 7.8+0.8 -157+ 3 (5.3 £0.6)-101

310 (1.43 +0.04)-10* (8.4 +0.7)-101

288 (9.30 +0.07)-103 (5.3 +0.2)-107
GSH 240 298 (1.12 +0.04)-10* 9.8+0.8 -150+ 3 (3.1 £0.6)-101

310 (1.34 +£0.03)-10* (6.7 £0.4)-101

Conclusions:

» Observed Kinetics traces follow a single exponential function, suggesting that the process
of the substitution undergoes as one reversible step.

» L-Met was more reactive than GSH. This order is related to the positive inductive effect
of the methyl group, which increases the nucleophilicity of the thioether.

 According to the values of the activation parameters, the reactions follow an associative  Acknowledgment: The authors are grateful to the
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