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The Mechanism of GD Hydrolysis Catalyzed by
Macrocyclic Ployamino Metal Artificial Enzyme

GUO Nan', CHEN Shi-lu*, LIU Jing-quan', SHI Rui-xue' , ZHONG Jin-yi'*
(1. Research Institute of Chemical Defence, Beijing 102205, China;
2. Beijing Institute of Technology, Beijing 100081, China)

Abstract; For solving the problems of inactivation and weak endurance of natural enzymes in battlefield environ-
ment, this paper reported that a binuclear zinc artificial enzyme (Znl2), i.e. a complex of two Zn(II) ions with
a macrocyclic ployamino ligand (2, 6-bis { [ bis (2-hydroxyethyl ) amino | methyl | -4-methylphenol, Znl2), has a
high catalytic activity for cyclic catalyzing of GD (Soman) , with a 100% conversion obtained at a stoichiometry ra-
tio of 0.56 : 1 (Znl2 : GD). Using in-situ NMR and HPLC-MS, the products from the Znl.2-catalyzed hydrolysis
of GD have been verified to include methyl phosphonic acid, pinayl methylphosphate, fluorophosphonic acid and
fluorophosphate. This indicates that there are two parallel reactions in the hydrolysis of GD, respectively involving
the cleavages of the P—F and P—O bonds in the GD substrate. The experimental results were validated by the
subsequent B3LYP method of DFT, which proposed a similar step-wise mechanism for the parallel reactions, i. e.
a nucleophilic attack on the substrate phosphor by a water activated by a ligand alkoxide leading to a penta-coordi-
nated phosphoryl intermediate, followed by the hydrolysis of phosphoryl intermediate (the dissociation of the P—F
or P—O bond). The activation energy of the hydrolysis of GD by Znl2 catalysis were 5.6 kcal/mol (P—F break-
down)and 11.5 kcal/mol (P—O breakdown) , respectively. Thus the P—O breakdown is the rate-determining
step of GD enzymatic hydrolization.

Key words: macrocyclic ployamino metal artificial enzyme; catalytic hydrolysis; GD; density functional theory

(DFT) calculation; nucleophilic attack



