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The ZnII phosphate complex, [ZnII(bnp)(tpa)](ClO4) (2) was
structurally characterized. The hydrolysis reaction of phosphate
ester in 2was promoted under acidic aqueousmedia efficiently. The
relevancy of this system to P1 nuclease, which has a low optimal pH
condition, is also discussed.

Hydrolytic enzymes such as phosphatases or nucleases are
known to catalyze the hydrolysis of phosphate ester.1;2 Many of
these enzymes contain metals such as zinc at the active sites. The
catalytic role of zinc is ascribed to the binding and activation of
substrates, while deprotonation of coordinated water to produce a
nucleophilic zinc hydroxide is also proposed as an essential
catalytic hydrolysis function. It is well known that model complex
system can mimic this enzymatic function under basic condition.
However, one of these enzymes, such as P1 nuclease2{7 have
relatively low optimal pH condition (pH 4–6) for their catalytic
reaction.1;8 From inorganic point of view, it seems unlikely that the
zinc(II)-boundwater can deprotonate to form the hydroxomoiety in
such low pH condition. Thus, nucleophilic zinc hydroxide may not
be involved in their catalytic reaction. The possibility of other
reaction mechanism cannot be neglected at the present stage.

In this report, wewill describe hydrolysis reaction of phosphate
diester ligated to ZnII(tpa) (tpa ¼ trisð2-pyridylmethylÞamine)
complex. The pH-hydrolysis rate profile suggested that general
acid-catalyzed hydrolysis reaction for ligated phosphate ester was
efficient in our system.

The treatment of [ZnII(H2O)(tpa)](ClO4)2 (1)9 with bis( p-
nitro-phenyl) phosphate (bnpH) under the presence of 1 equiv. of
triethylamine affords the complex, [ZnII(bnp)(tpa)](ClO4) (2).10

TheX-ray structure of 2 is shown in Figure 1.11 The angle ofO1-Zn-
N4 (175.1 �) suggested that phosphate ester coordinates axially to
the slightly distorted trigonal-bypiramidal complex 2 where amine
ligand in tpa positions at the trans position to the phosphate oxygen
and three pyridine nitrogen atoms form trigonal plane.

The potentiometric titration of 1 under the presence of bnpH in
water gave stability constants for the formation of complex 2 at
30 �C (I ¼ 0:2 with NaClO4).

12;13 Theoretical species distribution
diagram which is based on these measured stability constants
(Figure 2) suggests that ligation of bnp anion to (tpa)ZnII complex is
dominant in the whole range of pH condition in this system. The
existence of free bnp(H) in this solution is negligible in every pH
condition. The electron spray ionization mass (ESI-MS) spectrum
of aqueous solution at pH 5.6 of complex 1 (10.0mM (1mM ¼
1mmol dm�3)) under the presence of bnpH (1.0mM) presented
major peak at m/z 693 corresponding to the [ZnII(bnp)(tpa)]þ in
positive mode.14 This result is consistent with the data provided by
potentiometric titration. On the other hand, the existence of ion peak
corresponding to the ZnII(OH)(bnp)(tpa) which was proposed by

potentiometiric titration was not observed from aqueous solution of
complex 1 (10.0mM) with bnpH (1.0mM) at pH 9.1 by ESI-MS,
possibly due to the difficulty for the detection of neutral complex by
ESI-MS, while the ESI-MS spectrum of this aqueous solution at pH
9.1 showed the peak at m/z 693 which was corresponded to the
[ZnII(bnp)(tpa)]þ in positive mode. These observations suggest the
stable ligation of bnp anion to (tpa)Zn(II) complex in the whole

Figure 1. An ortep drawing (40% probability drawing) of complex 2.
All hydrogen atoms and ClO4 anion is omitted for clarity. Selected bond
legths ( �A) and angles (deg): Zn-O1 1962(3); Zn-N1 2.075(3); Zn-N2
2.066(3); Zn-N3 2.059(3); Zn-N4 2.201(4); O1-P 1.477(3); O2-P
1.454(3); O1-Zn-N4 175.1(1): Zn-O1-P 156.7(2).

Figure 2. Distribution diagram for 1.2mM ZNII, 1.2mM tpa(HClO4)3 and
0.5mM bnp system as a function of pH at 30 �C and I ¼ 0:20 (NaClO4).
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range of pH conditions measured in present study.
The hydrolysis reactions of bnpH (0.5mM) under the presence

of complex 1 (5.0mM) were studied in the pH range of 5.6–10 at
30 �C.15 The reactions were followed by the increase in an
absorption of the released p-nitro-phenolate ion. The pseudo-first
order rate constant kobs(bnp) was obtained by a log plot method at
each pH condition. The pH versus rate constant (kobs(bnp)) profile is
shown in Figure 3. Interestingly the rate of hydrolysis reaction is
dramatically increased in proportion to the decrease of pH in acidic
condition. Indeed, the hydrolysis rate at the lowest pH condition
measured in this system, (pH 5.6) is 10 fold faster than that of free
bnp(H). In this pH condition, the slope of the linear plots of kobs(bnp)
against [complex 1] gave the second order rate constant, k(bnp)
(2:13� 10�3 M�1 s�1) (See eq. (1)).

v ¼ kðbnpÞ½complex1
½bnp
 ð1Þ

ðv is the hydrolysis rate of bnpðHÞÞ
Since the result of potentiometric titration suggested that ligation of
phosphate ester was dominant in this pH condition, monomeric
Zn(II) complex, [ZnII(bnp)(tpa)]þ can be regarded as ‘‘reactive
intermediate’’ for this hydrolysis reaction. Taken together, it is
concluded that Lewis acidity of Zn(II) ion facilitates the general
acid-promoted hydrolysis of ligated phosphate ester under acidic
condition. On the other hand, the pseudo-first order rate constants of
this system are comparable to those of free phosphate ion under
basic conditions respectively. While potentiometric titration
suggests that the ligation of phosphate to metal ion is dominant, it
does not appear that ZnII complex affects the hydrolysis reaction
under basic pH condition in our system.While we don’t have a clear
reason in this point, nucleophilic attack of hydroxide anion may not
be effectual for the hydrolysis of bnp anion in our system, even
though the phosphate diester seems to be ligated to zinc(II)
complex.

Since the present system shows that hydrolysis rate is
accelerated dramatically in acidic pH condition and no acceleration
of hydrolysis rate is observed in basic condition, the reaction
mechanism of present system may have a relevancy to that of
hydrolytic enzyme such as P1 nuclease, which has relatively low
optimal pH condition. To elucidate how the geometry around the

zinc ion in the phosphate ester complex relates to the hydrolysis
reaction in such low pH condition, the effort to prepare other zinc
phosphate complex by using other ligand systems is now in
progress.
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