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Abstract

The preparation and characterization of the half-sandwich zinc complex@dZn ([TpP" = hydrotris(3-phenylpyra-
zolyl)borate; X = OH™ (1), N3~ (2), NCS™ (3)) have been described. The bicarbonate dehydration kinetic measurements
are performed by the stopped-flow techniques akpH9. The apparent dehydration rate consk@ggvaries linearly with the
total Zn(Il) concentration, and the catalytic activity of the model complexes decreases in th& erdet 3. The catalytic
activity decreases with increasing pH, which indicates that the aqua model complex must be the reactive catalytic species in
the catalyzed dehydration reaction and the rate-determining step is the substitution of the labile water moleculghy HCO
Thekgbsvalues increase with increasing reaction temperature, and the apparent activation energies of the model complexes
with small inorganic ions are remarkably higher, this being the origin of inhibition. The large negative entropy of activation
also indicates an associative mode of activation in the rate-determining step. The inhibition ability of$\&@®ng than that
of N3~, which can be rationalized by the decrease in effective atomic charges of the Zn(ll) ions as revealed by the theoretical
calculations.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction Carbonic anhydrases (CAs) are zinc-containing pro-
teins that effectively catalyze the reversible hydration
The reversible hydration of GQcatalyzed by tran- of CO,. The most widely accepted catalytic cycle for
sition metal complexes plays an important role in CAs is the so-called zinc-hydroxide mechanism (see
biological systems as well as in the indusfiy-4]. Scheme lin which E stands for enzymg¢},6]. The
catalytic activity is characterized byKp value of ca.
- 7.0, such that hydration of GQs dominant above pH
* Corresponding author. Tek-86-22-2350-9957; 7, while dehydration of HC@" is observed below pH
fax: 86-22-2350-2458. . 7. It has been postulated that thi§gvalue represents
E-mail address: pcheng@nankai.edu.cn (P. Cheng). -
1 present address: School of Life Sciences, Nankai University, that of the coordinated water molecule on the Zn(ll)
Tianjin 300071, PR China. ion center. The catalytic activities of bicarbonate
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+HCO5 / -H,0 2. EXperlmenta]
EZn-OH, ——— - EZn-OCO,H
+H,0/-HCO5 .
g 2.1. Instrumentation
+H || -H
EZn-OH —— 2+ EZn-O(H)CO, Elemental analyses for C, H, and N were carried
-CO, out on a Perkin-Elmer analyzer at the Institute of
Scheme 1 Elemento-Organic Chemistry, Nankai University. In-

frared spectra on KBr pellets were recorded on a
Shimadzu IR-408 spectrophotometer in the range of
4000-600cm!. UV-Vis spectra in methanol were
dehydration are greatly held back in the presence of yecorded on a Shimadzu UV-2101 spectrophotome-
inhibitors, most of which are small inorganic anions ter in the range of 1000-200nm. Mass spectrum
(e.9.NCS, N3™, 17, NO27) [7,8]. Despite of the nu-  \yas performed at the Central Laboratory of Nankai
merous papers in recent years focusing on the kinetic University on VG ZAB-HS spectrometer.
study of bicarbonate dehydration catalyzed by transi-
tion metal complexe$§9—-12], studies concerning the 52 Materials and methods
role of inhibitors during the dehydration of HGO

are relatively few[13-15] All the starting chemicals used in this work were
We have performed kinetic measurement and of gnalytical reagent and used without further purifi-
mechanistic study of a series of half-sandwich zinc(ll) cation, unless otherwise stated. Potassium hydrotris
complexes [TB"ZnX ([TpP" = hydrotris(3-phenyl-  (3-phenylpyrazolyl)borate was synthesized according
pyrazolyl)borate; X =OH™ (1), N3~ (2), NCS™ to the literature methofiL8], and the purity was con-
(3)). Our intention in this present contribution is fjrmed by IR, MS-FAB, and elemental analysis. The
two-fold: (1) the elucidation of the origin of inhibi-  jndicator bromocresol purple (Sigma) and the biolog-
tion by the detailed study on the effects of inhibitors jca| puffer Tris (tris(hydroxymethyl)aminomethane,
on the dehydration of HC&'; (2) the rationaliza-  sjgma) were purchased and used as received. All
tion of the variations in inhibition ability between gqgjutions were prepared using double distilled wa-
two different small inorganic ions. Trofimenko’s hy- ter that was boiled for more than 2h prior to
drotris(pyrazolyl)borate ligand system [Tphas been  se to remove the dissolved GOThe concentra-

applied to synthesize these comple®8,17}, since  tjons of the indicator, Tris, and NaClOwere kept
it is advantageous to mimic the coordination envi- gt 25 x 1074, 7.0 x 1072, and 75 x 10°2M,

ronment of CAs by using the trigonally capping™p respectively.
ligand system&cheme 2

2.3. Yynthetic procedures

Metalloprotein TpR Caution! The perchlorate salts in this study are
R? all potentially explosive and should be handled with
/—“ 5 care. The complex [TBMZnOH (1) was synthesized
g HNT X HSWH as follows: Zn(ClQ)2-6H,0O (0.745g, 0.2mmol) in
% \:N N—r<| 5ml of methanol was added dropwise to 10 ml of
3 \ / \ methanol containing K[TP7] (0.959g, 0.2 mmol).
g /—N/’M = H-Buny_n—=M The mixture was stirred at room temperature for 2 h.
& HN = RS,\W:; Then, the pH value of the above mixture was adjusted
Z=N NEN to ca. 8 by adding KOH (1 M), and stirred for another
HN.__—= RS AD—R3 10h. White microcrystals fod were obtained and
R recrystallized from methanol (0.869g, yield 83%).

The complex [TP"ZnN3 (2) was synthesized by
Scheme 2. adding Zn(ClQ)2-6H,0 (0.7459g, 0.2mmol) in 5ml
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of methanol dropwise to 10 ml of methanol containing
K[TpPM (0.959 g, 0.2 mmol). The mixture was stirred
at room temperature for 10h. Then, Nak0.039g,
0.6 mmol) dissolved in the minimum water was added
to the above mixture, and stirred for another 10h

101
2.5. Theoretical calculations
During the dehydration process of HgQ the nu-

cleophilic attack of the free HC§ on the Zn(ll)
ion of the model complex is affected by the effective

(0.878 ¢, yield 80%). The same procedure used for atomic charge of the Zn(ll) ion. To obtain informa-

2 was employed to synthesize [THZnNCS Q).
From Zn(CIQ;)2-6H20 (0.745g, 0.2 mmol), K[TH
(0.959¢g, 0.2mmol) and KSCN (0.058g, 0.6 mmol)
was obtained3 (1.016 g, yield 90%). Anal. forl,
calcd. for G7H23BNgOZn: C, 61.95; H, 4.39; N,
16.05. Found C, 61.82; H, 4.53; N, 15.93. IR (KBr)
2500 (B—H), 3620 (O-H)cm'. Anal. for 2, calcd.
for Co7H22BNgZn: C, 59.12; H, 4.01; N, 22.97.
Found C, 58.95; H, 4.10; N, 22.82. IR (KBr) 2505
(B-H), 2090 (NeN)cm~L. Anal. for 3, calcd. for
CasH22BN7SZn: C, 59.58; H, 3.90; N, 17.36. Found C,
59.40; H, 4.02; N, 17.24. IR (KBr) 2495 (B-H), 2085
(C=N) cm™L.

2.4. Kinetic measurements

All kinetic measurements in 70% ethanoj®
(v/v) mixed solution were made with a Union Giken
RA-401 stopped-flow spectrophotometer equipped
with a Union Giken RA-451 rapid-scan attachment
in order to determine the change in absorption of the
reaction mixture directly after mixing under a cer-
tain light wavelength. Temperature was maintained
by using a Union Giken RA-454 superthermostat,
and temperature accuracy is within 0.1 K. The pH
values in this work were all directly measured by
means of a Beckmam® 71 pH meter. The ionic
strength of all test solutions was adjusted to 0.11 M
with the aid of NaClQ for the dehydration reac-
tion. HCOs~ solutions (75 x 10~3M) were freshly
prepared from NaHC@®and used within 10h. The
most appropriate pH value and light wavelength to
study the reaction for this buffer—indicator pair (Tris
with bromocresol purple) are ca. 7.0 and 595 nm,
respectively, which are revealed by UV-Vis absorp-
tion spectra. Therefore, the reaction is monitored
at 595nm wavelength with a tungsten lamp as the
light source. The apparent first-order dehydration
rate constantskgbs) were obtained with at least three

tion on the variations in the effective atomic charge
of the Zn(ll) ion by coordinating different inhibitors
(N37/NCS™), we have carried out theoretical calcu-
lations of 2 and 3 at the HF/lanl2dz level. This ba-
sis set consisted of the 6-3tGbasis functions for
H, B, C, N, O, and §19] and the Los Alamos ef-
fective core potential (ECP) for Zn with the outer-
most core orbitals included in the valence description
[20-22] Since zinc(ll) ion has a'd electronic config-
uration, the type of closed shell calculation has been
used here. All calculations were carried out using the
Gaussian-98 packag@3].

3. Results and discussion

The kinetics of the dehydration reaction in
ethanol/HO mixed solution was followed by the de-
termination of the changes in absorption spectra as
a function of time when HC® was added to the
reaction mixture, whereas the hydrogen ion concen-
tration was maintained constant by means of buffer
solutions. A first-order reaction with respect to the
concentration of Zn(ll) complex was observed in all
the cases. That is, the dehydration kinetics of HCO
follow the rate lawv? = k9 Ccom, Wherekd, . is
the apparent first-order dehydration rate constant, and
Ccom is the total concentration of the complex. The
catalytic activity of model complexes is characterized
by pKa value. The dehydration kinetic measurements
of HCO3™ should be carried out in the case of pH
< pKa to avoid the interference of the reverse hy-
dration reaction especially at higher pH. pH titra-
tion of the model complexes were performed in the
pH range 6-8, which established that two species
LZnOH,* and LZnOH are formed as given in (1)
(L: ligand).

LZnOHy™ = LZNOH + HT (1)

half-lives and represent the average of the best three The K3 values are found to be around 7.9 for the

runs. Reproducibility of the values @ﬂbs was better
than+5%.

above compounds, but not the same as each other.
In order to understand the effects of small inorganic
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Fig. 1. Plot ofkObs vs. [Zrét] for the dehydration of HC@ .
Experimental conditions: pH 7.014; [NaHGP= 7.5 x 103 M;
ionic  strength 0.11M; [buffer] 7.0 x 1072M;
[indicator] = 2.5 x 10~* M; temperature= 25.0°C. Key: @) 1;
(@) 2; (®) 3.

ions on the dehydration of HGO, the apparent de-
hydration rate constarlegbs of the model complexes
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d
TpPZn-OH," + HCO;” — % » TpPZn-0COH

-H0
+HY| -H'K, fast
Tp Zn-OH Tp "Zn-OH + CO,
Scheme 3.
3.2. pH value

To examine the effects of pH value on the cat-
alytic reactions, the dehydration kinetics of HEO
catalyzed by the model complexes were then studied
in the pH range 7.0-7.9 under the same experimental
conditions. The pH range was once again restricted by
the interference of the hydration reaction of £éx
higher pH. The pH dependencel(gf[JS can be account
for in terms of the mechanisms | and Il outlined in
Schemes 3 and, 4espectively, which are based on the
principle that only the aqua complex can react with
HCOs™ in order to catalyze the dehydration reaction
(X~ = N5/NCS") [33]. In these two mechanisms it

in the absence/presence of inhibitors are measuredis assumed that the produced bicarbonate complex is

at the following four aspects: concentration of the
model complexes, pH value, free inhibitors, and
temperature.

3.1. Concentration of the model complexes

Typical kinetic traces observed for different con-
centrations of the Zn(ll) complexes catalyzed de-
hydration of HCQ~ at pH 7.014 £7.0, the most
appropriate pH value to study the reaction as denoted
in the Section 2 are shown by the plot of bsversus
[Zn?t] in Fig. 1 (Zn*t = zinc(Il) complex). It is
evident that the apparent dehydration rate constant
kgbs varies linearly with total Zn(ll) concentration.
However, the dehydration reaction is only slightly
catalyzed by the Zn(ll) complexes. Hence, a typical
catalyst concentration of3x 10~ M is selected and
used in the following measurements. The catalytic ac-
tivity of the model complexes decreases in the order
1> 2 > 3, which shows that the dehydration process
is affected by the zZn(ll) complexes in the presence
of inhibitors. The effect of free Zn(ll) ions on the
reaction was also checked at the same pH value, but
no catalysis was observed.

unstable and rapidly releases £ is reasonable to
assume that no stable bicarbonate complex is formed
since the release of GQwas observed during the re-
action. In addition, no evidence whatsoever could be
found for the presence of such a complex. Therefore,
the rate-determining step of the dehydration reaction
must be the substitution of the labile water molecule
by HCOs;~, which nucleophilic attacks on the zn(ll)
ion of the model complex.

As have been pointed out, the observed reaction
rate is of first-order with respect to the total complex
concentratiorCeom

)

V —kob com

Tp*Zn-X

+H0

\ y

Tp Zn(X)-OH, + HCO; — % » Tp™Zn(X)-OCO,H"
-H,0

fast

+H"|-H" K,

Tp PZn(X)-OH Tp™Zn(X)-OH + CO,

Scheme 4.
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From the following stoichiometric equation (& Table 1
ligand) The calculatedd, Ka, and (K, values of the model complexés
— 8
Coom = [LZNOH2*] 4 [LZNOH] 3) Model Complex K (s Ka (M) (x1078) pKa
1 0.335 1.23 7.91
we have 2 0.303 1.55 7.81
1+ K 3 0.287 1.55 7.81
Ccom = [LZNOH,™] [ a} (4
[H Jr] agxperimental conditions: [NaHCGf)) = 7.5 x 103 M;
. . [Zn?] = 1.5 x 107*M; ionic strength= 0.11M; [buffer] =
According to the above proposed mechanisms, 7.0 x 1072 M; [indicator] = 2.5 x 10~* M; temperature= 25.0°C.
H]
V9 = k9LZNOH,*] = k9Ceome D 3 5
[ 2] Com([H+]+Ka) ()

reported in the literaturf®,24]. From fitting of the ex-
4 perimental points using theq. (6) we can obtain the
a _ _k H'] (6) dehydration rate constant of the rate-determining step
obs ™ ([H*] + Ka) kd, acid dissociation constalt,, and corresponding

The kinetic data were thus fitted to the suggested PKa values of the model complexes, which are listed

mechanisms I and 11, for which the corresponding rate " Table 1 The latter values are rather close to that

law is given in (6). Accordingly, a plot Otkdbg—l found from the pH titrations of the catalyzed dehydra-
. ) 0 . . _ . .

versus [H]~1 should be linear, which is the case for tion reaction of HC@™ when the limited pH range

. . . . is taken into account, and underlines the validity of
the experimental data (s€gg. 2). It is evident from suggested mechanisms. Again, it was checked that the
the figure that the catalytic activity decreases with in- 99 -~gan,

: ; o free Zn(ll) ions had no effect on the reaction, so that
creasing pH and the catalytic activity of the model the observed catalytic effect must be due to the model
complexes decreases in the same order, which is con- y

sistent with the above measurements. This trend sug_complexes.
gests that the aqua complex must play a crucial role in S
the catalyzed dehydration of HGO, similar to that ~ 3.3. Freeinhibitors

therefore

To further confirm the mechanism Il and have a

70 ] better understanding of the effects of small inorganic
6.5 1 ions on the dehydration reaction, we also measured
60, ] the dehydration kinetics of HC£ catalyzed by the
' model complex1 in different [X~}/[Zn%t] molar
& 557 1 ratios (X~ = free inhibitor Nv~/NCS™; Zn*t =
—,"g 504 ] zinc(ll) complex).Fig. 3shows the plot otcgbsversus
K 2] 1 [X~])/[Zn?*] for the dehydration of HC@™ catalyzed
' by 1. Seen from the figure, the catalytic activity de-
4.0+ 1 creases with increasing molar ratios of IzZn?*]
35 ) from O to 10, and the inhibition ability decreases in the
50 1 order: NCS > Nj. What should be mentioned is that
"o 1 2 3 a2 5 & 7 in the case of [X]/[Zn?*] = 1, k9, values observed
HT'+107 (M) here are almost the same as thos@ ahd 3, respec-

tively, at the same pH as shown kfig. 2 When the
Fig. 2. Plot of (k§,9~* vs. [H']™" for the dehydration of  molar ratios of [X']/[Zn%] > 1, no marked change

- 0 it . — 3 M- . . . .
in?j] : Ei%e”mlzﬂtf:wcoigﬁ'itc'ozzé r[]l;;HCﬂé 1—1:/}5 [Xbulf?;]'\"' in kY. is observed. The results here indicate that
= 15 x : = 0. : = .
7.0x 10-2 M [indicator] = 2.5 x 10-% M temperature= 25.0°C. before the dehydration of HGO catalyzed by the

Key: (M) 1: (@) 2; (#) 3. The solid line was calculated on the ~Model complext the free inhibitor coordinates to the
basis of the mechanisms outlined Bu. (6) (seeSection 3. Zn(Il) ion forming a five-coordinated adduct, and the
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Fig. 3. Plot of kgbs vs. [X~)/[Zn?t] for the dehydration
of HCO3~ catalyzed by 1. Experimental conditions: pH
7.014; [NaHCQ] = 7.5 x 10°3M; [Zn?] = 1.5 x 107 M;
ionic  strength 0.11M; [buffer] 7.0 x 1072M;
[indicator] = 2.5 x 10~* M; temperature= 25.0°C. Key: (@)
X~ =Ng3; (#) X~ =NCS".

remaining uncoordinated inhibitors have little effect

on the dehydration reaction. Based on these analyses

we present the mechanism Il interpreting the effects
of free inorganic ions on the dehydration of HEO
catalyzed by the model complek (Scheme § It

is easy to note that the catalytic process outlined in
mechanism Il is in connection with mechanism I,
the five-coordinated aqua model complex being the
reactive catalytic species in both mechanisms.

3.4. Temperature

The activation parameters for the dehydration re-
action were determined from the temperature depen-

dence of thdcgbs values. The temperature dependent

d
Tp™Zn(X)-OH, + HCOy —* » TpPZn(X)-0CO,H
| -H,0

fast

+H'|-H', K,

Tp "Zn(X)-OH Tp Zn(X)-OH + CO,
J

+X

Tp "Zn-OH

Scheme 5.
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0.33 T
0.32
0.31 1
0.30

0.29 +

kdobs (3'1)

v\
\A

0.25 .
Complex 1 Complex 2

0.28

0.27 1

0.26

Complex 3
Fig. 4. Plot ofkgbsvs. the model complexes for the dehydration of
HCO;~ at 298 and 310K, respectively. Experimental conditions:
pH 7.014; [NaHCQ] = 7.5 x 10 3M; [Zn?t] = 1.5 x 107*M;
ionic  strength 0.11M; [buffer] 7.0 x 1072M;
[indicator] = 2.5 x 1074 M. Key: (V) 310K; (A) 298K.

dehydration reaction rate constants are measured at
298 and 310K, respectively. Plot @ﬂbs versus dif-
ferent model complexes for the catalyzed dehydration
of HCO3~ at 298 and 310K, respectively, is shown
in Fig. 4. The measurement results show thatltg.;s
values increase with increasing reaction temperature,
which is consistent with the enzyme catalytic behav-
ior. From the Eyringeq. (7)and ArrheniusEqg. (8)

# #
n( )= _2Hn  ASm +1n R (7)
T RT R Nah
k2 Ea(Ty — T1)
In( =)= —"~—— 8
n (kl) RT1T> ®

where the symbols have their usual meanings, the ac-
tivation parameters of the rate-determining step can
be obtained from the correspondikfjvalues. The ac-
tivation enthalpyAan , activation entrop;ASﬁ , and
apparent activation enerds, are given inTable 2 Al-
though the activation parameters are often not discrim-
inating factors in recognizing the reaction pathway, the
large negative entropy of activatiom(sﬁ), however,
clearly indicates an associative mode of activation in
the rate-determining step. This step can be assigned
to the reaction between the aqua model complex and
HCOs~, which is consistent with our proposed de-
hydration mechanisms. The apparent activation ener-
gies of the model complexe® (4.506 kJ mot?) and
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Table 2
The activation parameters&an , Asﬁ, and E; of the rate-
determining step

Model AH7 ASH K Imol Yy  E,
complex (kJ morl)  (x107) (kd mol1)
1 0.459 —-3.257 2.986

2 1.979 -3.214 4.506

3 2.921 —3.187 5.448

aExperimental conditions: pH 7.014; [NaH@D= 7.5 x
103M; [zZn?'] = 1.5 x 107*M; ionic strength = 0.11M;
[buffer] = 7.0 x 10~2 M; [indicator] = 2.5 x 10~4 M.

3 (5.448 kI mot?) are remarkably higher than that of
1 (2.986 kI motY), this being the origin of inhibition
that the dehydration reaction of HGO catalyzed by
the model complex is held back by inhibitors.

In general, the catalytic activity of the model com-

105

the catalytic process. However, remarkable inhibition
was observed thddgbs of the model complexe® and
3 are significantly smaller than that df That is, dehy-
dration of HCQ~ catalyzed by the model complexes
with coordinated inorganic ions leads to higher activa-
tion energy barriers, as verified by the kinetic measure-
ments. The higher activation energy must be the origin
of inhibition that the dehydration reaction catalyzed by
the model complexes is held back bgNand NCS'.

It is evident from the experimental measurements
that the inhibition ability of NCS is stronger than that
of N3~. During the dehydration process of HEQ
the nucleophilic attack of the free HGO on the
Zn(ll) ion of the model complex is affected by the ef-
fective atomic charge of the Zn(ll) ion. In this case,
the nitrogen atom of the inorganic ion {N/NCS™)
that coordinates to the Zn(ll) ion serves as the elec-

plexes in our kinetic measurements is characterized tron donor. Low effective atomic charges caused by

by pKa value of 7.9 and therefore the model com-

plexes exhibit a catalytic activity for the dehydration
of HCO3™ at pH < 7.9. It is easy to note that our

stronger donor inhibitors is disadvantageous to the nu-
cleophilic attack of the free HC§> ion on the Zn(ll)
ion. To obtain information on the variations in the

proposed mechanism | is well in agreement with the effective atomic charge of the Zn(ll) ion by coordi-

so-called zinc-hydroxide mechanism for CAs. The re-

nating different inorganic ions @N'/NCS™), we have

active catalytic species in both of these mechanisms carried out theoretical calculations &fand 3 at the

show a tetrahedral geometry of the Zn(ll) ion with a HF/lanl2dz level, in which the type of close shell cal-
N3O donor set. culation has been used. From the Gaussian output files,
Moreover, the mechanisms | and Il are quite similar, the values have been found to be 1.367 and 1.354 for
i.e. the dehydration processes of HCCeatalyzed by the Zn(ll) ions of2 and3, respectively. Therefore, we
the model complexes in the absence and presence ofcan conclude that the electrons from the N donor atom
inhibitors are comparable with each other. Therefore, of NCS™ are more delocalized on the Zn(ll) ion lead-
the overall mechanism of dehydration of HgOcat- ing to the decrease of the effective atomic charge of
alyzed by the model complexes can be stated as fol- the Zn(ll) ion, which can rationalize the variations in
lows: in the case of pH: pK,, the agua model complex  inhibition ability between N~ and NCS'.
exhibits the catalytic activity on the dehydration of
HCOs3™ in which the rate-determining step is the sub-
stitution of the labile water molecule by HGO, fol-
lowed by the rapid decarboxylation of the coordinated
bicarbonate molecule as found for many model bicar-
bonate complexes. Despite of the similar catalytic pro-
cess outlined in these two mechanisms, a solvent water
molecule coordinates to the Zn(ll) ions ®&nd3, re-
spectively, to complete a five-coordinated aqua model
complex showing a trigonal bipyramidal coordination
geometry. This five-coordinated inhibitor adduct is (1) Concentration of the model complexes: the appar-
considered as the reactive catalytic species in the de-  ent dehydration rate consta/l’ﬁbs varies linearly
hydration of HCQ™, which is also confirmed by the with total Zn(ll) concentration, and the catalytic
mechanism lll. It is evident from the latter two mech- activity of the model complexes decreases in the
anisms that the inhibitor does not indeed involve in orderl > 2 > 3.

4. Conclusions

In summary, we have performed here the detailed
kinetic study on the dehydration of HGO catalyzed
by a series of half-sandwich zinc(ll) complexes
[TpPMznX. The apparent dehydration rate constant
kgbs of 2 and 3 is markedly lower than that df, as
shown at four aspects:
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(2) pH value: the catalytic activity decreases with
increasing pH indicating that the aqua model
complex must be the reactive catalytic species
in the catalyzed dehydration reaction and the
rate-determining step is the substitution of the
labile water molecule by HC& . The coor-
dination spheres of the aqua model complexes
in the absence and presence of inhibitors are
four-coordinated tetrahedron and five-coordinated
trigonal bipyramid, respectively.

(3) Free inhibitors: the free inhibitor coordinates to
the Zn(ll) ion of 1 forming a five-coordinated
adduct before the dehydration of HgOis cat-
alyzed by the model complek and the remain-
ing uncoordinated inhibitors have little effect on
the dehydration reaction.

(4) Temperature: theg, . values increase with in-
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