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The demetalation reaction of (5,10,15,20 tetra- 
phenylporphinato)mercury(II) in CHi& containing 
imidazole, 0.1 M TBAP was studied by means of 
stopped-flow rapid-scanning spectroscopy. Addition 
of imidazole to TPPHg yielded first the formation of 
a mono ligand adduct, TPPHg(Im). This rapid step 
was followed by a slower demetalation reaction to 
produce TPPH,. The demetalation reaction was first- 
order in both imidazole and metalloporphyrin and 
gave a rate constant of 0.63 M-’ s-l at 25 “C. A 
mechanism for the overall reaction is discussed which 
involves a proposed transient six coordinate 
TPPHg(Im), species. 

Introduction 

In a recent paper [l] , the axial ligation of (5,10,- 
15,20-tetraphenylporphinato)mercury(II), TPPHg, 
was investigated in CHCla containing twenty different 
substituted pyridines and imidazoles. For nineteen 
ligands, the reaction could be represented as shown in 
eqn. 1: 

TPPHg + L “c TPPHg(L) (1) 

where TPPHg(L) was a relatively stable species. How- 
ever, for the case of L = imidazole a rapid demetala- 
tion following reaction 1 was observed. In this present 
paper we present a kinetic study of this demetalation 
reaction. This study was performed using a stopped 
flow apparatus/rapid scanning spectrometer combina- 
tion in order to obtain both kinetic and mechanistic 
information on the overall reactions associated with 
conversion of TPPHg to TPPHl. 

Experimental 

5,10,15,20-tetraphenylporphyrin, TPPH*, and its 
mercury complex, TPPHg, were prepared and purified 
by literature methods [2, 31. Imidazole (Im) and 2- 
methylimidazole (2-MeIm) (Aldrich) were recrystal- 
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lized three times from benzene. N-methylimidazole 
(N-MeIm) was purified by distillation over KOH and 
molecular sieves at 195--l 96 “C. Chloroform (Aldrich 
Gold Label) was used as solvent either as obtained for 
after purification to remove ethanol stabilizer and any 
traces of water. Similar kinetic results were obtained 
in both cases. In addition, all acidic impurities were 
removed from the chloroform, since TPPHg is known 
to undergo a slow demetalation reaction in CHCla 
containing traces of dry hydrogen chloride [3, 41. 
Each solution was prepared freshly before use, and 
was brought to an ionic strength of 0.1 with added 
0.1 M TRAP. 

The reactions were monitored by simultaneous 
kinetic and spectral analysis using a rapid scanning 
spectrometer (Tracer Northern TN 17 10 multichan- 
nel analyzer). A stopped-flow drive system (Durrum 
D103) was combined with this instrument to provide 
a stopped-flow kinetic spectrometer capable of ac- 
quiring a 512 point electronic spectrum over a range 
of 620 nm in a time as fast as 5 ms and to store at 
least 16 complete spectra acquired as a function of 
time. The system was equipped with a thermostated 
bath to control the temperature to 25 “C and with a 
function generator to automatically acquire the spec- 
tra with accurate and constant time delays. 

Reactions were run under pseudo-first-order con- 
ditions with imidazole in at least a 100 fold excess 
over TPPHg and the observed rate constants, kobsd, 
calculated from plots of In IA - A,1 as a function of 
time. In general, the above plots were linear over 
three half-lives indicating well behaved kinetics. How- 
ever, because the data were acquired in a discrete 
mode, the final spectrum might not be as accurate as 
we would wish and therefore, additional data analysis 
was performed to confirm the values of koW. 
Guggenheim [5] and Swinbourne [6] methods were 
used and the fit of the pseudo-first-order plot to the 
experimental data was optimized by varying A, 
values within a 5% range around the observed value. 

Results 

The spectrum of TPPHg in CHCla (shown as a 
dashed line in Fig. l), agrees with spectra presented 
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Fig. 1. Optical absorption spectra obtained between 450 and 
710 nm during the reaction of 2.2 X lop4 M TPPHg with 

0.15 M Im (0.1 M TBAP in CHCI3, 25 “C, 2 mm optical path) 
(-_). The arrows show the optical changes during the deme- 
talation process. The first spectrum is acquired after about 
20 ms. Repetitive scans are then recorded at 2.0 s intervals 
and the two last spectra are acquired at 40 and 200 s. Super- 
imposed on this plot is the spectrum of the initial reactant. 
TPPHg (---). 
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Fig. 2. Optical absorption spectra obtained in the Soret 
region during the reaction of 1.8 x lo-” M TPPHg with 0.25 
M Im. Repetitive scans were taken each 0.50 s with the first 
one after about 20 ms. The last spectrum is acquired at an 
infinite time = 60 s. 

in the literature [ 1, 3, 71. Upon mixing with imida- 
zole this spectrum instantaneously changes indicating 
that a new species is formed during the first 5 ms of 
the experiment. This is also shown in Fig. 1 (solid 
lines) and in Fig. 2. This new species is a short-lived 
intermediate, but thanks to the use of rapid-scanning 
stopped-flow techniques, its electronic absorption 
spectrum is easily characterized (X = 444 nm, (E = 
240,000), 632 nm (E = 13,000) and 588 nm (E = 
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11,200)). This spectrum may be identified as belong- 
ing to the five coordinate TPPHg(lm) complex on the 
basis of comparisons with other TPPHg(L) species in 
CHC13 and also on the basis of a spectrophotometric 
titration which confirms eqn. 1 as the initial reaction 
after mixing TPPHg and Im [8] . 

Attempts were made to determine the kinetics for 
imidazole addition to TPPHg according to reaction 1. 
Under all experimenta: conditions in which there was 
an excess of imidazole the equilibration reaction be- 
tween TPPHg and its mono imidazole complex was 
too fast to be monitored. Even at low imidazole con- 
centrations ([Im] = 10e3 M), the first spectrum of 
the reaction mixture (after S-10 ms) always showed 
TPPHg(Im) in solution. Thus no kinetic information 
about this reaction could be obtained by our tech- 
nique. 

The first reaction observed upon mixing TPPHg 
and Im is the formation of TPPHg(Im). A subsequent 
reaction. which is the one actually monitored in Figs. 
1 and 2, is characterized by the disappearance of 
TPPHg(Im) and the appearance of TPPH* (X = 418, 
515, 550, 589, 645 nm). A set of isosbestic points is 
maintained in both figures (h = 427, 482, 563 nm), 
substantiating that only these two porphyrin species 
are present in notable quantities during the course of 
the reaction. In addition to the presence of these well 
defined isosbestic poir!ts, it should be noted th;t the 
absorption values for the final spectrum of TPPH, 
correspond to a concentration equal to that of the 
initial TPPHg which proves that total demetalation 
has occurred. 

Kinetic treatment of the data was carried out at 

different wavelengths and similar results obtained in 
each case (Table I). The good fit of the data to first 
order plots as well as the invariance of kobsd over a 10 
fold range of initial TPPHg concentration lead to the 
conclusion that the reaction follows pseudo-first- 
order kinetics in metalloporphyrin. The dependence 

of kobsd on the imidazole concentration was studied 
over the range 0.01 M< [lm] < 0.3 M. It was ob- 
served that kobsd varied linearly with [Im] at high 
imidazole concentrations but that this dependence 
was no longer obeyed at [lm] = 0.01 M or lower. 
These kinetic observations, along with the spectral 
evidence, are consistent with a simple mechanism 
where the demetalation reaction is first order in imi- 
dazole (eqn. 3) and occurs through a specie which 
is generated by a rapid pre-equilibrium (eqn. 2). 

'h-n 
TPPHg + Im <f TPPHg( Im) 

fagt 
(2) 

k 

TPPHg(Im) + lm - TPPH2 + products (3) 
SlOW 

The rate law consistent with this mechanism gives the 
following formulation for the observed rate constant: 
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TABLE I. Observed Rate Constants (kobsd) and Correlation 
Coefficients Obtained at Different Wavelengths and With 

Different Methods. The Data are Extracted from the Spectra 
Displayed in Fig. 1. 

Wave- Observed Rate Constant, kobsd (sec-l)a 

length 

(nm) 
Infinite time Swinbourne 
methodb 

Guggenheim 

method method 

460 0.099 (0.9998) 0.098 (0.9996) 0.098 (0.9999) 

465 0.100 (0.9999) 0.098 (0.9996) 0.099 (0.9999) 

515 0.098 (0.9999) 0.101 (0.9994) 0.097 (0.9998) 

589 0.104 (0.9995) 0.109 (0.996) 0.098 (0.9996) 

632 0.100 (0.9999) 0.100 (0.9998) 0.099 (0.9999) 

?orrelation coefficients given in parentheses. bCalculated 
from plots of In lAt - A,1 VS. t. 

0.0 0.1 0.2 0.3 

[IM] 

I’ig. 3. The first order dependence of k,bsd on [lm] for the 
demetalation of TPPHg with imidazole in CHCI,, 0.1 M 

TBAP at 25 “C. The initial TPPHg concentration is either 2 X 

10e5 M (0) or 2.5 X 10e4 M (0). 

k obsd = k[Iml 
kmbl 

1+ KI,[Iml 
(4) 

As seen in this equation, the dependence of kobd on 
[Im] is first order for the highest values of [Im] and 
second order for the lowest ones. In the concentra- 

tion range of our study, the term K,[Im] /(l t K,, 
[Im]) is approximately equal to unity (0.964 for 
0.05 M, 0.994 for 0.3 M) which explains that kobsd 
is found to be approximately proportional to [Im] . 
The plot of kobsd(l + Kr,[Im])/Kr,[Im] VS. [Im] 
(from which the value of the rate constant k can be 
extracted) is shown in Fig. 3. 

As seen in this figure, there was poor repro- 
ducibility of the data and large random variations 
were observed for k,,. In order to determine the 
source of these variations, certain variables were 
tested which included the purity of the reagents, the 
ethanol content of the chloroform and the trace 

oxygen content of the solutions, but none of these 
variables were found to cause significant rate varia- 
tions. However, in spite of the scattering in the data, 
one can conclude that the plot in Fig. 3 yields a 
straight line with a zero intercept from which a 
demetalation rate constant, k = 0.63 Me1 se1 is cal- 

culated. Additional proof for our postulated mecha- 
nism was obtained from spectral observations of the 
overall reaction at low imidazole concentrations 
(10-4-10-3 M). Indeed, under these conditions, the 
sets of spectra obtained do not have the same charac- 
teristics as the one reported in Figs. 1 and 2. The first 
spectrum shows a mixture of TPPHg and TPPHg(Im) 
whose concentrations are correlated by the corre- 
sponding equilibration constant (log K = 2.73) [l] 
and a set of isosbestic points is obtained at different 
wavelengths from that reported at high iridazole 
concentrations, The presence of these new isosbestic 
points substantiates that the ratio between [TPPHg] 
and [TPPHg(Im)] remains constant throughout the 
reaction which definitely confirms a mechanism 
where a rapid pre-equilibrium is involved. 

Qualitative studies were also carried out for the 
reaction of TPPHg with N-MeIm and with 2-MeIm. 
It was found that TPPHg(10m4 M) in neat N-MeIm 
(12.5 M) undergoes a very slow decomposition with 
about 10% demetalation after 24 hours, and that 
TPPHg (5 X lo-’ M) with 2-MeIm (0.8 M) in CHC13, 
0.1 M TBAP demetalates more rapidly, with a half- 
life of about 3 hours. However, since TPPHg is quite 
unstable in solution [3, 41, any demetalation reac- 
tions which occur over a long period of time may be 
partly (or wholely) due to minute amounts of acidic 
impurities present in the solvent or traces of imida- 
zole in the added nitrogenous base. Accordingly, care 
must be taken when interpreting these data. We can 
say, however, that any demetalation which might 
occur as a result of 2-MeIm or N-MeIm addition is at 
least lo4 to lo6 times slower than for the reaction 
with Im. 

A competitive kinetic study was carried out to 
examine the behavior of TPPHg in the presence of a 
mixture of Im and N-MeIm. It was observed that the 
presence of N-MeIm in the medium definitely slows 
down the demetalation reaction. This point substan- 
tiates that the demetalation process cannot occur 
through the TPPHg(N-MeIm) species as represented 
in the scheme below: 

[N-Melm] 

TPPHg I TPPHg(N-MeIm) 
fast. Kim l 

: 
; no reaction 

JI KIIII 
i 
I 

-4 
TPPHg(Im) s TPPHz 
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pyrrole nitrogen exhibits an acidic character and that 
its pK, in water is 14.2-14.6 [lo]. This acidity is 
further enhanced by about 4 log units upon com- 
plexation with a metalloporphyrin at the pyridinium 
nitrogen [lo]. Thus, since there is no other acidic 
species in the medium it is likely that imidazole 
molecules (free or coordinated) act as the proton 
source during the course of the demetalation reac- 
tion. However, the possibility that proton transfer is 
the rate determining step in the demetalation process 
cannot be accepted in light of our results with 2- 
MeIm. Indeed, 2-MeIm has about the same pK, as Im 
[ 1 l] so that if protonation were the rate determining 
step, the demetalation rate should be similar with 
these two ligands, which was not observed. The 
results of the competitive kinetic study can also rule 
out the possibility of a demetalation catalyzed by 
acidic impurities present in imidazole (imidazolium, 
for example). 

J 
0.0 5 0.10 0.15 

[I\;- MeIm] 

Fig. 4. Plot showing the linear dependerce of l/kobsd on N- 

MeIm with [Im] = 0.05 M; 0.1 M TBAP in CHC13. The solid 
line is the theoretical line derived from eqn. 5 using the re- 
ported values [l] of Kr,, Kmm and k = 0.63 set -1 M-1 

and with [ Im] = 0.05 M. 

Under the assumptions that Im and N-Melm are in 
large excess relative to TPPHg and that the slow reac- 
tion is first-order both in imidazole and in metallo- 
porphyrin, the observed rate constant can be ex- 
pressed as 

k 
KImtIm 

obsd = k [Im] - --- 
1 t Kr,[Im] t K,r,[N-MeIm] 

(5) 

The results of the competitive study, shown in Fig. 
4, are in accordance with this law and with the re- 
ported values of Kr, and KNIm (log Kr, = 2.73, 

log KNIN = 2.82) [I]. 

Discussion 

Suggestions for the mechanism occurring in reac- 
tion 3 can be made on the basis of both spectral and 
kinetic observations. The spectral change in the Soret 
region (Fig. 2) is surprisingly similar to that obtained 
during the decomposition of bis-mercury(I1) porphy- 
rins [3, 4,9]. However, the possibility of having such 
an adduct as an intermediate under our experimental 
conditions may be ruled out by the fact that the ob- 
served reaction is first order in both imidazole and 
metalloporphyrin as well as the fact that the starting 
species can be unequivocally identified as TPPHg(Im) 
with no trace of TPPH*. For the same reasons, more 
sophisticated mechanisms can be rejected in favor of 
a simpler mechanism involving a bimolecular reaction 
between TPPHg(Im) and imidazole. 

In order to assign a self-consistent mechanism to 
the demetalation, it is necessary to determine the 
actual role played by the imidazole molecule which is 
both a potential binding ligand and a prospective pro- 
ton source. In terms of imidazole as a proton source, 
it is known that the hydrogen atom linked to the 

Another possibility to consider for an imidazole 
rate-controlling demeralation is the ligation of a 
second imidazole as the slow step of the reaction. In 
this case, reaction 3 can be broken down as follows: 

TPPHg(Im) + Im W TPPHg(lm), (6) 

TPPHg(Im)2 + TPPHl t products (7) 

In this proposed series of reactions the interesting 
feature which merits discussion is the formation of a 
six coordinate TPPHg(Im), complex in the course of 
the reaction. Such a species has never been reported 
in the literature and its occurrence may be thought 
to be quite unlikely. Nevertheless, under our experi- 
mental conditions, its formation can be envisioned 
with some credibility as long as it is considered only 
as a transient species. 

Although mercury(I1) shows a greater tendency to 
coordinate two or four N donor ligands [ 121, some 
examples have been reported which demonstrate that 
Hg(I1) can also form five or six coordinate complexes 
[ i3 ] In the case of porphyrin complexation, elec- 
tronic and stereochemical considerations lead to the 
conclusion that two forms of TPPHg(lm)* are struc- 
turally possible. These are structures where the two 
axial ligands are found on opposite sides of the por- 
phinato plane yielding complexes with tetragonal 
geometries or where the two axial donor atoms are 
placed on the same side of the plane. These are label- 
led structure A and structure B respectively in Fig. 5. 

In most cases where the six coordinate species can 
be isolated, the determined geometry corresponds to 
structure A. However, thus structure in which the 
metal has to be squeezed into the porphinato plane 
cannot be confidently envisioned for the case of 
TPPHg(Im)*. Indeed, because of the large size of the 
metal, ‘its location in the porphinato core would 
result in large steric constraints. In addition, the 
filled dX2_,,2 orbital of the metal would no longer 
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Fig. 5. Possible structures for TPPHg(Im),. 

overlap with the porphyrin n* system yielding zero 
bond order between Hg(II) and the porphinato 
ligand. 

Structure B represents a rather unusual configura- 
tion for stable six-coordinate metalloporphyrins and 
is found only for some stable complexes such as 
(TPP)Ti(02) [ 141 or (TPP)Mo(02) [15]. In the mer- 
cury porphyrin case, because of the large displace- 
ment of the metal ion out of the porphinato plane in 
the TPPHg(Im) complex [16], the attack from a 
second imidazole is much more likely to occur from 
the top side of the molecule and accordingly struc- 
ture B may be envisioned as the actual intermediate 
postulated in our mechanism. This intermediate turns 
out to be only a transient species in the overall reac- 
tion because its formation is rapidly followed by a 
proton transfer reaction (eqn. 7) to give the final 
products. The driving force for this reaction would be 
the elimination of huge ring deformations, the prefer- 
ence of Hg(II) for linear configurations (in this case 

Hg(Im)*‘+ or Hg(imidazolate)zo) and the high stabili- 
ty of the bis imidazole (or imidazolate) Hg(II) species 

1181. 
Intermolecular hydrogen bonding to coordinated 

imidazole and its effects on metalloporphyrin reac- 
tivity have been observed for other systems [ 19, 201. 
The large metal displacement in TPPHg(Im), and the 
bending of the axial ligands in structure B may allow 
the possibility of intramolecular hydrogen bonding 
between the nitrogen protons of the bound imida- 
zoles and the phenyl groups or the pyrrole nitrogens 
of the porphyrin. We cannot be more specific about 
the exact mechanism of the proton transfer reaction 
which may occur either in several steps with forma- 
tion of a ‘sitting atop’ complex, or by a concerted 
rearrangement with simultaneous transfer of two 
protons. 

The last point which remains to be clarified is why 
the demetalation process is observed only with imi- 
dazole and not with other ligands, especially with 
imidazole derivatives. This most likely is related to 
the ease of formation of the bis-ligated intermediate. 
With imidazole as a ligand, this bis-ligation is already 
quite unfavorable as indicated by the slowness of the 
second step relative to the first one. For ligands less 
basic than imidazole, it would be expected that six 
coordination would be even less favored. For exam- 
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ple, it was observed that pyridine which is a weaker 
base and a bulkier ligand than imidazole, does not 
form TPPHg(Py), while, on the other hand, the 
smaller and stronger base NH3 does induce TPPHg 
demetalation probably through a TPPHg(NHa)2 inter- 
mediate. The nitrogenous base 2-MeIm does not very 
easily give the bis-ligand adduct with TPPHg most 
likely for steric reasons. Such a dramatic effect of the 
2-methyl group has already been observed with tetra- 
phenylporphinatoiron(I1) [21]. This species yields 
the bis-ligated complex with Im and only the mono- 
adduct with 2-Melm. 

The absence of TPPHg demetalation upon com- 
plexation with N-MeIm suggests that the imidazole 
proton plays an important part in the overall reaction. 
We postulate that this proton intervenes in the reac- 
tion through intramolecular hydrogen bonding inter- 
actions. These interactions can favor the formation of 
TPPHg(L), by thermodynamically stabilizing this 
species as well as facilitate the proton transfer reac- 
tion by increasing the electronegativity of the TPP 
pyrrole nitrogens. This stabilizing effect can be quite 
important and would explain why no demetalation is 
possible with N-substituted imidazoles. 

In conclusion, we have investigated, for the first 
time, the demetalation reaction of TPPHg in the 
presence of imidazole. This study also presents the 
first use of rapid-scanning stopped-flow techniques 
for investigating the axial ligand interactions of imi- 
dazole with a metalloporphyrin. Future studies with 
other synthetic metalloporphyrins of more biological 
interest are now in progress. 
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