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Abstract Micelles made up of lipophilic ligand 2a and CuZ* or Zn2* ions show catalytic propertics in the cleavage of the p-
ninophenyhmofpicdinicacid(PNPP).mmecaseoflheCu“mphxmpuisonwiﬂnmenm-micdlarmodelhmdﬂwO-
methylated siblings clearly shows how only the supramolecular assembly leads to catalysis with involvement of the hydroxyl as the
nucleophile. A stereochemical modification of the complex in the aggregate is suggested as a likely explanation of the observed
phenomena

Recent work from our! and other? laboratorics demonstrated that the hydroxyls properly bound to a ligand
structure may be activated by transition metal ions and act as effective nucleophiles in neutral aqueous media.
Attention was focused, in particular, on ligands of Cu(II) or Za(II), some of them hydrophobic in character and
capable of forming micellar aggregates, as effective catalysts of the hydrolysis of activated ésters of picoliniclb
or other a-amino acids>. From the study of ligands 1 the following relevant features of the catalytic process
were apparent: i) Formation of a ternary complex4 involving ligand/metal ion/substrate 102 (see Figure 1A); ii)
Pscudo-intramolecular attack of the metal ion-coordinated hydroxyl5 to the bound ester; iii) Tum-over of the
ca,talyst“"‘:'2a ensuring a really catalytic process. Enhanced catalytic effects in micelles was attributed to
concentration and local pH effects1b,

Here we add another feature to the already interesting picture of hydrolytic metallomicelles: kinetic
evidence that the micellar aggregation may trigger catalytic effects as a likely consequence of changes in the
coordination geometry of the complex. The ligands investigated were the lipophilic molecules 2, which, though
insoluble in neutral water solution, in the presence of Cu2* (pH=6.3) form micellar aggregatesS.They may also
be solubilized in an inert micellar matrix made of cetyltrimethylammonium bromide (CTABr) in the presence of
Zn2* or even without any added transition metal cation. Water soluble ligands 3, unable to form aggregates,
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were also investigated.The cleavage of ester PNPP was the process studied as the rate of hydrolysis of this
substrate is very sensitive to the nature and concentration of the added transition metal jons?.

Figures 2 and 3 show the results of a detailed kinetic inw.-.stigmion8 carried out with micellar ligand 2a and its

non micellar sibling 3a in the presence of a fixed amount of transition metal cation (Cu2* or Zn2*). The effects
of ligands 2b and 3b with the methylated hydroxyls are also reported: they are expected to give information on
the involvement of the hydroxy] as the nucleophilega. The following comments can be made on analyzing Fi-
gures 2 and 3.
Zn(ID), (Figure 2). Either the micellar9® system 2a and the non micellar 3a do accelerate the cleavage of PNPP.
The far better efficiency of the aggregate may be ascribed (in line with previous findings 1) to higher pH an
PNPP concentration at the cationic micellar surface. In both systems the hydroxyls are involved in the nucleo-
philic process since, following their methylation, a remarkable decrease of the rate of release of p-nitrophenol is
observed (factors of 100 and 6 in the micellar and non micellar systems respectively). With non micellar 3b
- inhibition occurs, likely due to a ternary complex less efficient than the PNPP-Zn2+ complex.
Cu(ID), (Figure 3). Contrary to what is observed with Zn(II) only micellar®® 2a is catalytically active with in-
volvement of the hydroxyl: in fact, its methylation (2b) causes a 21 fold decrease of the rate constant. Non
micellar 3a is an inhibitor of the cleavage of PNPP showing no evidence of the involvement of the hydroxyl in
the process (kinetic effects of 3a and 3b are identical within the limit of the experimental error). Moreover, in
1:1 DMSOfwater, where aggreagtes are not formed, ligands 2a,b behave exactly as non micellar 3a,b in water
(see Figure 3, inset).

The conclusion suggested by these data is that the supramolecular assembly, in the case of Cu(Il), imposes a
change of the stereochemistry of the complex (with respect to the system unable to form micelles) such as to
force the hydroxyl to play an active role in the cleavage process. Such a peculiar behavior was not present with
ligands 1. In that case we demonstrated the existence of the nucleophilic attack by the hydroxyl with both metals
either in micellar aggregates or not!D€. Why such a striking difference?
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Figure 2. Rate vs. concentration profile for the cleavage of ~ Figure 3. Rate vs. concentration profile for the cleavage of

PNZP;P in the presence of ligands 2 and 3 and  PNPP in the presence of ligands 2 and 3 and . M 2a;

Zo“", W 2a; O 2b; @ 3a; O 3b. Conditiops: 2,6-lutidine 02b; @3a; O3b. itions: MES buffer pH=6.3; 25°C;

buffer pH=7.3; 25°C; [Zn(NO4)»]=1.3x10" M; ligands 2 [Cu(NO3),]=1.3x10™" M; ligands 2 were comicellized with

were comicellized with CTABr (ICTABr]=10[ligand]). CTABr ([CTABr)=10[ligand]). Inset: Same profile for

Note the log scale in both Figures. ligands 2 in a 1:1 DMSO/buffer mixture. Conditions as
above but CTABr was missing.

Inspection of molecular models suggests that in 2a, at variance with ligands 1, the pivotal position of the sp3
nitrogen leads to a mfercntialm tetrahedral geometry of the ternary complex. This is the preferred one by
Zn(II)ll and likely leads to a complex as the one depicted in Figure 1B. In the case of Cu(Tl), since a planar
coordination mode is preferred!2, this may be reached by repleacing the weakest donor of the ligand, the hy-
droxy group, with a competing ligand (HyO, for instance). The formation of such a complex (Figure 1C) ex-
plains the non involvement of the hydroxyl in the process with non-micellar 3a in water and 2a in DMSO/water.
The -OH would regain its role as the nucleophilic species in micellar aggregates of 2a likely through a stereo-
chemical modification of the ligand subunit forced to assume a more planar and strained geometry. This is
supported by preliminary e.s.r. datal3, The origin of the phenomenon may be related to the packing of the
complex in the aggregates and/or to lesser availabilty of competing ligands (H,O or other anionic species) in the
hydrophobic micellar surface. This latter point scems less probable as recent results 14 suggest that micelles are
fully exposed to water molecules. Strained stercochemistry, the so-called entatic state !, has been claimed in
the case of some metalloenzymes to explain their enhanced catalytic function.

While Tagaki and his coworkers 16 have recently demonstrated that the nature of the metal ion, Cu(II)
or Zn(I), may lead to the activation of differently located hydroxyls according to the geometrical require-
ments of the complexes, the modification of reactivity due to stereochemical changes imposed to the system by
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the supramolecular assembly, as suggested by the present data, appears as a novel and attracting feature of these
functionalized aggregates.
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