
Methylmercury chalcogenolates ligand exchange: insight from DFT into a very fast reaction[1]

Methylmercury (CH3Hg+) binding to thiol- and
selenol- based enzymes is a key-element to
explain its high toxicity. CH3Hg+ is not found in
its free form in biological environment, it is
present as a chalcogenolate complex.[2] Thus,
chalcogen-mercury bond reactivity is
implicated in the distribution of this toxicant in
the human body.[3] (Scheme 1)

Andrea Madabenia, Marco Dalla Tiezzaa, Omage B. Folorunshob, Pablo A. Nogaraa,b, Marco Bortolia, Joao B.T. Rochab, Laura Oriana

Introduction

Scheme 1. Schematic representation of chalcogen-
mercury bonds formation and disruption involved in
methylmercury delivery to GPx. X can be a thiolate
or Cl-. GSH stands for glutathione.

Methodology and scope
State-of-the-art DFT calculations have been
employed to investigate trends and mechanism of
nine model ligand exchange reactions involving
methylmercury chalcogenolates (X, X=S, Se, Te)
i.e. CH3Hg-XCH3 + CH3X

-⇄ CH3Hg-XCH3 + CH3X
-

Level of theory (COSMO)-ZORA-BLYP-D3(BJ)/TZ2P.

Results and discussion
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While in gas phase all reactions proceed through a stable intermediate,
in water (COSMO) all reactions display a concerted mechanism (Fig. 1),
with a transition state (TS) connecting a pre-coordinated reactant
complex (RC) to a product complex (PC). (Fig. 2)

Fig. 1. IRC reaction profiles computed for the
exchange of CH3S

- with CH3Hg-XCH3 (X=S, Se, Te).
Dots represent the position of transition states and free
products for each reaction.

Fig. 2. Stationary points along the r.c. for CH3S
- with CH3Hg-TeCH3
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• Trends in agreement with nucleophilicity and leaving group

capabilities of chalcogenolates, both in gas phase and in water.

• Switch to a concerted mechanism when going from gas phase to

water in line with previous studies on SN2 reactions at heavy center

atoms.[4]

Conclusions

SN2 @ Hg
All activation energies

in solution are lower

than 2 kcal mol-1 (Fig. 1)

Almost-diffusive reactions

Stable gas phase
intermediates

converged as TSs when
including solvation
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