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Co-micelles of cetyltrimethylammonium bromide and lipophilic
bis-imidazole ligands having primary and secondary hydroxyl groups
in their side chains were investigated for their catalytic activi-

ties in the hydrolysis of p-nitrophenyl picolinate in the presence
of Zn2+ and Cu2+ at 25 °C. The kinetic and product analyses strong-

ly suggested that the site-selective acylation of hydroxyl groups

of ligands occurs via the formation of a tetrahedral for Zn2+ ion

and a square planar complex for Cu2+ ion.

The catalytic activities of metalloenzymes are known to be dependent on metal

ion species. The geometry of metal ion coordination is considered to be one impor-

1)

tant factor for the generation of full catalytic activities. There have been

extensive studies on the divalent metal ion catalyzed ester hydrolysis as the

2-5) 6)

models of hydrolytic metalloenzymes. Functionalyzed imidazoles and pyridines

7,8) comicelled with surfactants have also been studied as the metalloenzyme
models. However, the informations have been very limited as for the active geome-

tries of metal ion coordination in such model studies.

6) we reported that the metal ion complexes of N-dodecyl-2-hydroxy-

methylimidazole-Cu2+ and bis(N—octyl-Z—imidazolyl)carbinol-—Zn2+ are remarkably

Previously,

active catalysts in the hydrolysis of p-nitrophenyl picolinate(PNPP) when used in

the micelles of cetyltrimethylammonium bromide(CTABr). It was also reported that

the activation of the former monoimidazole ligand by Zn2+ ion and of the latter

bis-imidazole ligand by Cu2+ ion is surprisingly small. These observations sug-

gested that Zn2+ and Cu2+ ions activate the ligand hydroxyl groups by different

modes of complexation.

In order to obtain more definite infromations on the difference between Zn2+

and Cu2+ ions in the activation of ligands, we have now prepared new lipophilic
bis-imidazole ligands: (N-dodecyl-4-hydroxymethyl-2-imidazolyl)-(N'-dodecyl-2"'-
imidazolyl)carbinol 1 having both primary and secondary hydroxyl groups, and its

9)

methyl ether and tetrahydropyranyl ether derivatives, 2 and 3. These ligands
are possible to take two different forms: a tetrahedral and a square planar forms

in complexation with a metal ion as suggested by CPK molecular models. Interest-
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ing possibilities are that the former tetrahedral complexation would activate the

secondary hydroxyl group and the latter square planar one would activate the pri-
mary hydroxyl group in acylation.
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In Figs. 1 and 2 are shown the plots of the observed pseudo-first-order rate
constants(kgpgg) for the release of p-nitrophenol from PNPP as the function of Zn2+
or cu“’ ion concentration. These figures indicate that, in the presence of fixed
concentration of ligand, the rates tend to be saturated with increasing concentra-

tion of metal ion. As reported previously for the related systems, each saturation
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Fig. 1. Plots of kobsd(s—1) vVS. zn?* concen- Fig. 2. Plots of kobsd(s_1) vs. cul+ con-
tration for p-nitrophenol release from PNPP centration for p-nitrophenol release from
in CTABr micelle at 25 °C, pH 7.03, [CTABr] PNPP in CTABr micelle at 25 °C, pH 7.03,
=1%10-2 ol am~3, [ligand]=5x10-5 mol dm~3, [CTABr]=1x10"2 mol dm~3, [ligand]=5x10"°
and [PNPP1=1x10"> mol dmn~3. The numbers in mol dm~3 and [PNPP]=1x1O'5 mol dm~3.
the figure are those of ligands. The numbers in the figure are those of
ligands.

curve in Fig. 1 can be accounted for by assuming a reaction scheme: the formation

of 1:1 complex of ligand—Zn2+ ion followed by the reaction between the complex and
the substrate in a second-order manner. In the case of Fig. 2, the two saturation
curves are complicating at first glance, but they can be accounted for by assuming
the formation of an inactive 2:1 complex of ligand—Cu2+ ion at low metal ion con-

centration and its transformation into an active 1:1 complex as the metal ion con-
centration being increased.

It is important to notice that the ligand 1 is activated by both Zn2+ and Cu2+
ions, in sharp contrast to the cases of the ligands 2 and 3. Namely, the ligand 3
is activated by Zn2+ ion, equally well as in the case of 1(Fig. 1), but not by Cu2+
ion(Fig. 2). 1In a reversed manner, the ligand 2 is activated by Cu2+ ion(Fig. 2),

but not by Zn2+ ion(Fig. 1). These results clearly indicate that Zn2+ ion acti-
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vates the secondary hydroxyl groups while Cu2+ ion activates the primary ones. An
almighty activity of 1 is the result of selective activation of primary and second-

ary hydroxyl groups by Cu2+

and Zn2+ ions, respectively. These results also indi-
cate that the free hydroxyl groups are essential for the generation of catalytic
activity.

The above selectivity demonstrated by kinetic means was further confirmed by

product analysis. A typical product analysis by HPLC is shown in Fig. 3 which was
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obtained by analyzing a reaction mixture of PNPP(2x10_4 mol dm_3), 1_(2x10_4 mol

dm_3), zn2* or Cu2+(5x10-

reaction(pH 7, 25 °C).10)

4 2

mol dm—3) and CTABr(1x10 “ mol dm_3), after one minute
The figure indicates two peaks A and B and they were
identified to be the peaks of the acylated intermediates, 4 and 5, respectively.11)
The relative peak area of A and B was observed to depend on the reaction time.12)
However, at the initial stage of reaction, the predominant peak was A in the case
of Zn2+ ion, while that was B in the case of Cu2+ ion. Thus it is quite clear that
the initial acylation takes place selectively on the secondary hydroxyl group of 1
to form 4(peak A) in the presence of Zn2+ ion, while it takes place selectively on
the primary hydroxyl group to form 5(peak B) in the presence of Cu2+ ion.

As illustrated in Fig. 4, the above metal ion dependent site-selective acyla-
tion of hydroxyl groups seems to be nicely explained by assuming a tetrahedral
geometry for the ternary complex
of l-Zn2+—substrate 6 and a square CH,OH  OAr \\yvn§ﬁ’”/\\ OAr
planar one for the complex of 1-
Cu2+—substrate 7 at the transition
states or in the reactive inter-
mediates. In each complex, a

metal ion activates the hydroxyl

group by tight coordination. he t
i . i illustration of the ternar
The tight coordination of ligand Fig. 4. Schematic illus Y

. complexes.
hydroxyl group to metal ion
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would lower the pKa of hydroxyl group. From the pH-rate profiles by using the rate
constants at the saturation levels(Figs. 1 and 2) and pH region 4.5-8.5, the pKa's
of l—Cu2+, g-Cu2+, and 1_—Zn2+ complexes were determined kinetically to be 6.1, 6.3,
and 7.5(25 °C), respectively. Thus the hydroxyl groups of these bis-imidazole
ligands are fully activated for acylation under the neutral conditions, by coordi-
nation to Cu2+ or Zn2+ ion.

Finally, it should be mentioned that the present micellar reactions are cata-
lytic ones. Namely, the hydrolysis of PNPP proceeds to the completion under the

conditions of an excess of substrate over the ligands in both cases of Cu2+ and

Zn2+ ions which means that the deacylation of acylated intermediates is also fast.

Further works are in progress to prepare surfactant bis-imidazole ligands.

This work was partly supported by Grant-in-Aid from the ministry of Education,

Science and Culture in Japan.
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