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ABSTRACT: The organotin compounds RnSnX4−n

are promoters of lipids peroxidation. The influence of
(CH3)2SnCl2, (C2H5)2SnCl2, and SnCl2 upon the rad-
ical chain oxidation of oleic acid as model substrate
R′H for lipid peroxidation in the simultaneous pres-
ence of porphyrins (free bases of meso-tetrakis(3,5-di-
tert-butyl-4-hydroxyphenyl)porphyrin (R′′

4PH2) and of
meso-tetraphenylporphyrin (TPPH2)) has been stud-
ied. The monitoring of the unsaturated acid peroxida-
tion level has been performed by the determination of
the total concentration of isomeric hydroperoxides as
well as of the thiobarbituric acid reactive substances,
as markers of carbonyl compounds formation follow-
ing the hydroperoxides decomposition. The organotin
compounds demonstrate prooxidative activity. The
promoting effect of these compounds decreases in the
presence of TPPH2. The free-base porphyrin R′′

4PH2,
containing the antioxidative phenolic moieties (2,6-
di-tert-butylphenol), demonstrates the acute inhibitory
effect upon the acid’s peroxidation. The analogous re-
sults have been achieved when compared with the in-
fluence of CH3HgI and HgCl2 upon the acids peroxi-
dation of oleic acid in the presence of porphyrins. This
fact points out that meso-tetrakis(3,5-di-tert-butyl-4-
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hydroxyphenyl)porphyrin shows the activities of both
the antioxidant and of the scavenger for metals and
might be used as a new antioxidative scavenger pre-
venting lipids peroxidation. C© 2006 Wiley Periodicals,
Inc. Heteroatom Chem 17:475–480, 2006; Published on-
line in Wiley InterScience (www.interscience.wiley.com).
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INTRODUCTION

The organometallic compounds of main group ele-
ments (RnMXm) are broad-spectrum biocidal agents
whose toxic effect is manifested at the mem-
brane level due to the lipophilic properties of their
molecules [1]. Among them, organotins (RnSnXm)
are supposed to induce membrane associated ox-
idative stress in living organism through differ-
ent mechanisms including the enhancement of the
lipid peroxidation and intracellular generation of
reactive oxygen species (ROS), H2O2, O−•

2 , HO•

[2–5]. The perturbation of antioxidative defense
system and the peroxidation of unsaturated fatty
(oleic, linoleic, linolenic, and arachidonic) acids in
a membrane lipid bilayer are consequences of this
impact [6,7].

It has been observed that [(n-C4H9)3Sn]2O
caused a significant decrease in the total lipids con-
tent in body tissues of the estuarine edible clam
[8] that might be explained as a consequence of
the degradation of the unsaturated fatty acids pro-
moted by organotins. The influence of (C6H5)3SnCl
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and (C6H5)2SnCl2 on fatty acids composition in a
marine chlorophyte and a marine diatom was stud-
ied [9]. The results show a decrease in total polyun-
saturated fatty acids that are more easily oxidized
substrates. Enhanced lipid peroxidation in liver, kid-
ney, and brain of mice was observed after exposure
to CH3HgCl as well [10].

The influence of organometallic compounds
RnSnX4−n bearing various organic groups R as
well as RHgX and R2Hg upon the lipid peroxida-
tion level was studied using model compounds—
oleic acid and methyl oleate as substrates R′H
[11–14].

It has been proposed that the formation of ac-
tive free radicals R• as a result of carbon to metal
bond’s homolytic cleavage in the oxidative/free rad-
ical medium is responsible for the promotion of
the unsaturated fatty acids peroxidation. Therefore,
the involvement of lipophilic organometallic com-
pounds in cellular radical and redox processes
means the promotion of membrane lipid bilayer ox-
idative destruction due to the generation of ROS and
other active radical species. These events might be
prevented or inhibited by the antioxidants. On the
other hand, the metals themselves are also capable
of participating in oxidative/free radical processes
and promoting them and the addition of chelating
agents as metals scavengers seems to be of
importance.

This study is oriented toward a new route
for the prevention of the prooxidative activity of
organometallics.

RESULTS

The oxidation of unsaturated fatty acids serves as
a model reaction for the lipid peroxidation in cel-
lular membranes bilayer. The oxidation of oleic
and linolenic acids as substrates R′H by molecu-
lar oxygen involves the generation of substituted
allyl radicals that interact with O2 to produce
peroxyl radicals R′OO•. The corresponding cis- and
trans-isomeric hydroperoxides (R′OOH) are the
main products of the initial reaction period [15,16],
and the rate of R′OO• transformation to hy-
droperoxides R′OOH might be used as a cri-
terion of the initial rate of the peroxidation
[17].

Figure 1 presents the effect of organotin com-
pounds (CH3)2SnCl2 and (C2H5)2SnCl2 that increase
the amount of oleic acid hydroperoxides formed
at 65◦C in the initial period (Fig. 1, curves 2 and
3). The data presented do not show the signifi-
cant influence of the organic group nature upon

FIGURE 1 Kinetic curves of R′OOH formation in the pres-
ence of 1 mmol/L additives at 65◦C: (1) oleic acid without
additives; (2) (CH3)2SnCl2; (3) (C2H5)2SnCl2; (4) SnCl2.

the effectiveness of R2SnCl2. The total content of
R′OOH after 2 h when compared with oleic acid
without additives is 149.8 and 102.1% higher in
the presence of (CH3)2SnCl2 and (C2H5)2SnCl2, re-
spectively. However, the influence of SnCl2 is more
significant (Fig. 1, curve 4), and the total concen-
tration of R′OOH is 240.5% higher than in the
oleic acid autooxidation. The relative rate con-
stants of the hydroperoxides formation are given in
Table 1.

The role of free base porphyrins as additives in
the peroxidation of oleic acid is presented in Fig. 2.

meso-Tetraphenylporphyrin (TPPH2) does not
influence the level of oleic acid hydroperoxides, and
the kinetic curves of R′OOH formation are almost
identical in the case of acid’s autooxidation and in

TABLE 1 The Kinetic Parameters of Oleic Acid Peroxidation
in the Presence of 1 mmol/L Additives at 65◦C

Additives ki /ko

Without additives 1.00
SnCl2 1.58
(CH3)2SnCl2 1.4
(C2H5)2SnCl2 1.27
TPPH2 1.05
R′′

4PH2 0.69
(CH3)2SnCl2 and TPPH2 1.05
(CH3)2SnCl2 and R′′

4PH2 0.3
(C2H5)2SnCl2 and TPPH2 1.17
(C2H5)2SnCl2 and R′′

4PH2 0.15
HgCl2 1.37
CH3HgI 1.29
CH3HgI and TPPH2 1.19
CH3HgI and R′′

4PH2 0.24

k i and k 0 are initial rate constants of R′OOH accumulation in the
presence of additives and without additives, respectively.
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FIGURE 2 Kinetic curves of R′OOH formation in the pres-
ence of 1 mmol/L additives at 65◦C: (1) oleic acid without
additives; (2) meso-tetraphenylporphyrin; (3) meso-tetrakis-
(3,5-di-tert-butyl-4-hydroxyphenyl)porphyrin (R′′

4PH2).

the presence of TPPH2 (Fig. 1, curves 1 and 2). How-
ever, the addition of meso-tetrakis(3,5-di-tert-butyl-
4-hydroxyphenyl)porphyrin (R′′

4PH2) decreases the
hydroperoxides level (Fig. 1, curve 3): the content
of R′OOH is eight times lower than that in oleic acid
without additives. Therefore the data show an activ-
ity of R′′

4PH2 as an effective inhibitor.
The simultaneous presence of equimolar mix-

ture of tin compound (SnCl2 or (CH3)2SnCl2 or
(C2H5)2SnCl2) and meso-tetrakis(3,5-di-tert-butyl-4-
hydroxyphenyl)porphyrin (R′′

4PH2) in oleic acid re-
sults in the significant decrease of hydroperoxides
formation (Fig. 3a, curves 2 and 3). The total con-
tent of R′OOH after 4 h is more than 10 times lower
than the experiment without any additives. How-
ever, the mixture of (CH3)2SnCl2 or (C2H5)2SnCl2

with meso-tetraphenylporphyrin does not produce
the inhibitory effect (Fig. 3b, curves 2 and 3), but the

level of hydroperoxides is slightly lower than in the
presence of organotins.

The comparison of tin and mercury compounds
effects shows that HgCl2 and CH3Hgl are promoters
of hydroperoxides accumulation. The relative values
ki /k0 for the mixtures of mercury and tin compounds
with porphyrins are close (Table 1).

The thiobarbituric acid reactive sub-
stances (TBARS) are markers of carbonyl com-
pounds formation following the hydroperoxides
decomposition. The accumulation of TBRAS in
the presence of diorganotin compounds and their
mixtures with porphyrins have been studied by
UV–Vis spectrophotometry at λmax 532 nm [17].
The data presented in Fig. 4 confirm the assump-
tion that the influence of tin compounds and
their mixtures with porphyrins are similar to that
shown in Figs. 1–3. meso-Tetrakis(3,5-di-tert-butyl-
4-hydroxyphenyl)porphyrin (R′′

4PH2) produces an
inhibitory effect and prevents the promoting ac-
tivity of tin additives, whereas in the presence of
meso-tetraphenylporphyrin the content of TBRAS
slightly increases.

Following the results achieved for organotin
compounds as promoters of peroxidation, a special
experiment for SnCl2 was carried out to compare
the activity of R′′

4PH2 in the prevention of the proox-
idative effect of inorganic tin compound. Figure 5
illustrates the activity of R′′

4PH2 as a scavenger for
metal and as an inhibitor of oxidation.

DISCUSSION

The metal compounds might act as prooxidants
when involved in the oxidation. Moreover, the
donors of active free radicals are the promoters

(a) (b)

FIGURE 3 Kinetic curves of R′OOH formation in the presence of equimolar mixture of 1 mmol/L additives at 65◦C: (1) oleic
acid without additives (a) and (b); (2) (CH3)2SnCl2 and R′′

4PH2 (a); (2) (CH3)2SnCl2 and TPPH2 (b); (3) (C2H5)2SnCl2 and
R′′

4PH2 (a); (C2H5)2SnCl2 and TPPH2 (b).
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FIGURE 4 The diagram showing TBRAS content in the pres-
ence of equimolar mixture of 1 mmol/L additives after 3 h of
heating of the oleic acid at 65◦C: (1) oleic acid without ad-
ditives; (2) (CH3)2SnCl2; (3) (C2H5)2SnCl2; (4) (CH3)2SnCl2
and TPPH2; (5) (C2H5)2SnCl2 and TPPH2; (6) (CH3)2SnCl2
and R′′

4PH2; (7) (C2H5)2SnCl2 and R′′
4PH2.

of radical chain oxidation as well [17]. An intrigu-
ing aspect of the organotin compounds RnSnX4−n

behavior is their capability to perform both the
activity of metal-containing prooxidants and rad-
ical promoters due to the homolytic cleavage of
the carbon metal bond that leads to the forma-
tion of active organic radicals R• [2]. On the
other hand, the exogenous compounds might play
the role of inhibitors if their molecules pos-
sess the antioxidative moieties. Among the classes
of well-known antioxidants, the substituted 2,6-
dialkylphenols, analogues of vitamins E group, are
widely used as inhibitors of free radicals formation
in the oxidative destruction of natural and synthetic
substrates [18].

Recently, we have reported the results of the
kinetic study of free base porphyrins R′′PH2 and

FIGURE 5 The diagram showing R′OOH content in the pres-
ence of equimolar mixture of 1 mmol/L additives after 3 h of
heating of the oleic acid at 65′C: (1) oleic acid without addi-
tives; (2) SnCl2; (3) R′′

4PH2; (4) SnCl2 and R′′
4PH2.

their metal complexes behavior in oleic acid per-
oxidation and described the acute inhibitory effect
that is associated with the key role of 2,6-di-tert-
butylphenol moieties in their molecules [19]. In this
paper, we consider another possibility, which is con-
nected with the capability of free base porphyrins
to incorporate metal ions in their core [20] when
these macrocyclic compounds are involved in oxida-
tive/radical processes.

The experimental results of oleic acid peroxida-
tion prove that whereas meso-tetraphenylporphyrin
does not influence the hydroperoxides accu-
mulation, meso-terakis(3,5-di-tert-butyl-4-hydroxy-
phenyl)porphyrin acts as an effective inhibitor both
in pure oleic acid in the presence of R2SnCl2

(Figs. 2 and 3a).
The hydrogen atom abstraction from the phenol

fragments in R′′
4PH2 gives relatively stable biradicals

SCHEME 1
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that produce porphodimethene diquinomethide
derivative (Scheme 1) [21]. The further oxidation
leads to the formation of end product—meso-
tetrakis(3,5-di-tert-butyl-4-quinomethide)porphyri-
nogen [22]. The oxidation steps are reversible,
and the quinomethide porphodimethene and
porphyrinogen derivatives might be con-
verted easily back to the starting phenolic
compound.

The action of R′′
4PH2 might be independent of the

presence of R2SnX2 in the reaction mixture. How-
ever, the relative values of ki /k0 for the mixtures
of R′′

4PH2 and R2SnX2 are 0.3 (R = CH3) and 0.15
(R = C2H5), which are in each case lower than for
pure oleic acid with R′′

4PH2 (0.69) (Table 1). Since
there is no direct evidence of the formation of sta-
ble porphyrin R4PSnR2 at least when R2SnX2 reacts
with tetra-arylporphyrins free bases [23], this effect
might correspond to the incorporation of tin into the
porphyrin core and to the formation of R4PSn [21]
as a result of the oxidative dealkylation of R2SnX2.
Moreover, this fact is in agreement with the increase
in the free radical stability of phenoxyl porphyrin,
which is responsible for the inhibitory effect of the
substituted phenol (Scheme 1) when the metal com-
plex is formed [24].

The comparison of the ki /k0 values for the hy-
droperoxides accumulation in the presence of the
mixture of R2SnX2 and TPPH2 with that of R2SnX2

only shows no inhibitory effect (Table 1, Fig. 3b).
However, the ki /k0 values are lower than in the case of
pure R2SnX2 as additives. This might be explained by
the generation of tin tetraphenylporphyrin as well.
It is clear from these values that the efficiency of
TPPH2 is linked to its action as scavenger for tin. The
same effect is observed for the prevention of
the mercury compounds activity as promoters of
the peroxidation.

The identical activity of free base porphyrins
TPPH2 and R′′

4PH2 as scavengers for tin was dis-
played when the monitoring of the TBRAS was
performed during 3 h of the oleic acid oxidation
(Fig. 4).

The inorganic tin compound SnCl2 is the most
effective promoter of the R′OOH accumulation as
it can be seen in Fig. 1 and the data of ki /k0 values
in Table 1. This fact might be associated with the
ability of inorganic tin to participate in both radi-
cal and electron transfer processes. Moreover, the
involvement of tin ions in various oxidation states in
redox reactions might influence the increase of ROS
content in the reaction mixture.

Addition of the equimolar amount of R′′
4PH2 to

the reaction mixture containing SnCl2 leads to the
significant decrease of R′OOH content (Fig. 5). Note

that in this case R′′
4PH2 serves as a chelating agent

(scavenger) for the metal itself.
The data obtained in this study showed that

meso-tetrakis(3,5-di-tert-butyl-4-hydroxyphenyl)-
porphyrin exhibits the inhibitory activity and serves
as an effective scavenger for metal. The most
important fact is that the incorporation of metal
into the porphyrin core might lead to the increase
of the antioxidative activity.

EXPERIMENTAL

The free base porphyrins meso-tetraphenylporp-
hyrin and meso-tetrakis(3,5-di-tert-butyl-4-hydroxy-
phenyl)porphyrin were synthesized as described pre-
viously by the known procedures [25–28], purified
by silica gel column chromatography using CHCl3,
80% CHCl3, and 20% hexane as the eluting solvents
and identified by UV–Vis and IR spectroscopy. UV–
Vis spectra were recorded on a Varian 100S spec-
trophotometer in CH2Cl2, benzene, CHCl3, and oleic
acid. Infrared (IR) spectra were recorded on a Perkin
Elmer “Spectrum One” spectrophotometer in KBr,
Nujol, and oleic acid.

Oleic acid, 18:1(�9), (Sigma, 99%), α-linolenic
acid, 18:3(�9,12,15), (Sigma, 99%), (CH3)2SnCl2,
(C2H5)2SnCl2, SnCl2, CH3HgI, HgCl2(Strem) were
used as supplied.

The monitoring of oleic and linolenic acids per-
oxidation level was performed by the determina-
tion of the total concentration of the correspond-
ing isomeric hydroperoxides using iodometric titra-
tion. The oxidation of constant volume of the acid
(5 mL) was carried out in a thermostatic cell using
an air flow with the constant rate 2–4 mL/min at
65◦C. The oxidation proceeds in the “kinetic range”
under these conditions; the oxidation rate is in-
dependent of air volume passing through the cell
[29].

Since the oxidation proceeds as an autooxida-
tion, the airflow has been passed through oleic acid
during 2 h before addition of the compounds under
investigation. The concentrations of the additives
were 1 mmol/L compared with the initial concen-
tration of hydroperoxides in the reaction mixture.
The rate of hydroperoxides accumulation was de-
termined by kinetic measurements. The approxima-
tion coefficients of kinetic curves were in a range of
0.9650–0.984. The kinetic curves of the acids oxida-
tion in the presence of free base porphyrins and in
the presence of both porphyrin and metal compound
follow the exponential law. Kinetic investigation has
shown the initial rate of the hydroperoxides accu-
mulation to be pseudo-first-order in the air.

Heteroatom Chemistry DOI 10.1002/hc
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The monitoring of the total concentration of the
thiobarbituric acid reactive substances, as markers
of carbonyl compounds, has been performed by the
known procedure in tris-buffer using UV–Vis spec-
trophotometry in the region of λ = 532 nm [15].

CONCLUSION

In conclusion, we have developed a new efficient
route to prevent the prooxidative activity of organ-
otin compounds and demonstrated the effectiveness
of free base porphyrin containing the antioxida-
tive phenolic groups as antioxidative scavenger for
organometallics.
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