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Reaction of the new asymmetric ligand 2-(N-isopropyl-N-((1-
methylimidazolyl)methyl)aminomethyl)-6-(N-carboxylmethyl-N-((1-
methylimidazolyl)methyl) aminomethyl)-4-methylphenol (ICIMP) with
nickel perchlorate and diphenylacetic acid leads to the formation
of tetranuclear nickel complexes, whose crystal structures reveal
that they consist of dimers of dimers in which each Ni, unit has a
coordination environment that is similar to the active site of urease.
One complex has been shown to coordinate urea and catalyze
the hydrolysis of an organophosphate monoester.
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Figure 1. Schematic depiction of the structure of the active sitBatillus
pasteuriiureasé.

the active site of the enzyme have received new impetus by
the structural determination of ured8e?! In order to prepare

Urease, which hydrolyzes urea to ammonia and carbamicstructural and functional mimics of urease and use these to

acid,
medicine!? It was the first enzyme to be crystalliZzednd
also the first enzyme that was shown to contain ni¢kel.

is an important enzyme in both agriculture and investigate its mechanism, we have synthesized a new

phenolate-based polydentate ligand with imidazole and
carboxylate donor moieties, viz., BHisopropylN-((1-

Several crystal structures of urease from two different methylimidazolyl)methyl)aminomethyl)-@N¢carboxylmethyl-

organisms have recently been publistied. These reveal

N-((1-methylimidazolyl)methyl)aminomethyl)-4-methylphe-

that the active site of the enzyme contains two nickel atoms nol (ICIMP).22 The synthesis of the ligand is outlined in

which are bridged by a carbamylated lysine (Figure 1).

A number of proposals for the mechanism of urease have

been put forth;>1%12 and studies of model complexes for
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Scheme 1. Synthesis of ICIMP
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dazole-2-carbaldehyde, was obtained. ICIMP is a membercoordination sites of each Ninit are filled by the carboxy-
of a rapidly growing group of asymmetric ligands that has late group of the ICIMP ligand of the opposite;Nnhoiety
been developed in recent yed?s?123-25 To our knowledge,  and one molecule of solvent or substrate (i.e., urea, cf. Figure
it is the first ligand of this kind to contain carboxylate donors. 2). In complex 2, the additional ligands are two DMF
Addition of an ethanolic solution of nickel perchlorate to molecules, while one urea molecule and one water molecule
a mixture of ICIMP, diphenylacetic acid, and sodium are coordinated in comple8. Coordination of urea has
methoxide dissolved in hot absolute ethanol (2Ni(ll):1ICIMP:  previously been established for several model complexes for
2PhAc:4NaOMe) leads to the formation of a green solution. ureasé? *° An interesting feature of the general structure
After 1 h of stirring, a blue-green precipitate is slowly of the compounds is the asymmetric arrangement of the
formed. Mass spectrometry indicates that the precipitate interaction between the two Nunits. In one Ni unit, the
contains a tetranuclear complex, JNCIMP),(PhAc),] ™, ligand carboxylate group from the neighboring dimer bridges
and microanalysis is consistent with the formulation the two nickel atoms, while in the second dimer, the
[Ni4(ICIMP),(PhAC)2][CIO4]2 (1).26 The complex could be  corresponding carboxylate moiety chelates one nickel (Figure
recrystallized by dissolving it in DMF and allowinggrt- 2c). Thus, the two Ni units that are found in each
butyl methyl ether to diffuse into the solution. The resulting tetranuclear complex represent two structural isomers that
blue crystals of [Ni(ICIMP)y(PhAC)2(DMF),][CIO4]2 are related via a “carboxylate shift*.
2.5DMF (2)27 exhibited a mass spectrum similar to that of ~ The coordination environments of each, Nhit in 2 and
1. Compound was also characterized by microanalysis and 3 are closely related to that of the active site of urease. The
single-crystal X-ray diffractio® polydentate ligand provides coordinating moieties to mimic
If the supernatant from the above-mentioned reaction in all the coordinating amino acid residues in the active site of
ethanol is incubated with urea (2Ni(ll):1.2urea), a second urease except for the carbamylated lysine, which in eagh Ni
tetranuclear complex which contains coordinated urea, Unitis modeled by diphenylacetic acid. The carboxylate from
[Ni4(ICIMP)5(PhAC)-(urea)(HO)][ClO4],, is formed. Single  the neighboring Nimoiety coordinates at the sites occupied
blue crystals of [Ni(ICIMP)x(PhAc),(urea)(HO)][CIO4]2* by water molecules in the crystal structures of the enzyme
0.5EtOHH,0 (3)% could be grown, and its crystal structure  (cf. Figure 1). All nickel atoms have 49, coordination, and
has been determined. one nickel atom in each dimer has a loosely bound solvent
The molecular structures & and 3 (Figure 2) are very ~ Molecule, which indicates a possible site for urea coordina-
similar and may be described as dimers of dinié?8Each tion. As in the crystal structure dfacillus pasteuriureasé,
dimer consists of two nickel atoms which are bridged by the bridging groups are one carboxylate and one OH/OR

one ICIMP ligand and one diphenylacetate. The vacant MOI€ty.

In 2 and 3, the “bridging” dimer [Ni(1), Ni(2)] is
resemblant of the active site of urease with respect to the
nature of the ligand coordination. Here, the open coordination
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Figure 2. (a) ORTEP representation of compoudSelected interatomic distances and angles: NiQphenolate2.012(3), Ni(1)-Oph2ac 2.044(3), Ni-
(1)~ Opwr 2.092(3), Ni(2)-Ophenoate2-013(3), Ni(2)-Opnzac 2.069(3), Ni(3)-Ophenoate2.012(3), Ni(3)-Opnzac 2.004(3), Ni(3)-Opwmr 2.144(3), Ni(4)

Ophenolate2.008(3), Ni(4}-Ophaac 2.024(3), Ni(1)}-Ni(2) 3.471, Ni(3)-Ni(4) 3.513, Ni(1)-Ni(3) 5.842, Ni(2)-Ni(3) 3.811, Ni(2)-Ni(4) 4.039, Ni(1)-

Ophenolats=Ni(2) 119.12(14), Ni(3)}Ophenolatz-Ni(4) 121.81(15), Ni(1)}-Ni(2)—Ni(3)—Ni(4) 145.6. (b) ORTEP representation of compouhdSelected
interatomic distances and angles: Ni{Dphenolatel.992(3), Ni(1}Oph2ac2.055(3), Ni(1)-Ourea2.102(3), Ni(2)-Ophenolate2.010(3), Ni(2}-Opn2ac2.074(3),
Ni(3) —Ophenolate2.006(3), Ni(3)-Oph2ac2.004(3), Ni(3)-Or20 2.184(3), Ni(4)-Ophenolate2.002(3), Ni(4)}-Oph2ac2.011(3), Ni(1)-Ni(2) 3.468, Ni(3)-Ni(4)

3.492, Ni(1)-Ni(3) 5.757, Ni(2)-Ni(3) 3.794, Ni(2)-Ni(4) 4.004, Ni(1)-OpnenotaieNi(2) 120.13(13), Ni(3)-Ophenolate-Ni(4) 121.19(13), Ni(1)-Ni(2)—

Ni(3)—Ni(4) 150.9. (c) Schematic representation of the connectivity in compoRrashsl 3.

its carbonyl oxygen to the open coordination site in the of 1, compared to the uncatalyzed reaction (5.10°¢ M/h
bridging dimer. This suggests that the initial step in the vs 2.4x 10~7 M/h). Relatively moderate turnover numbers
catalytic cycle of urease is the coordination of the urea (10—15) were recorded for the reaction, possibly due to
carbonyl to Nil in the enzyme. The “chelated” dimer [Ni- inhibition by the phosphate product. The fact thaatalyzes
(3), Ni(4)] shows similarities to th®. pasteuriiurease in hydrolysis despite the lack of a bridging hydroxide might
that it has the same number of bridges between the nickelindicate that such a moiety is not crucial to urease catalysis.
centers, which makes the NNi distances comparable to A dinuclear compound that is tentatively assigned the
those found in ureasé. The Ni—Ni distance is 3.512), formula [Nix(ICIMP)(PhAC),]3* may be synthesized by

3.49 @) A in the chelated Niunit vs 3.47 A 2 and3) in repeating the above-mentioned reaction using an excess of
the bridged unit. diphenylacetic acid; however, attempts to cleave the tetra-

In order to assess the capacity of these compounds to achuclear compounds into dinuclear complexes by reaction with
as functional models for hydrolytic metalloenzyniéheir diphenylacetic acid have thus far proven unsuccessful.
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