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Abstract: The kinetics of oxidation of inositol (INOS) by permanganate ion in both perchloric and sulfuric acids solutions
was studied using a spectrophotometric technique at a constant ionic strength of 1.0 mol dm™ and at 25°C. In both acids, the
reactions showed a first order dependence with respect to [permanganate], whereas the orders with respect to [INOS] were
found to be less than unity. The effect of acids concentrations suggests that the reactions were acid-catalyzed with fractional-
second order kinetics in [H']. Variation of either ionic strength or dielectric constant of the medium had no effect significantly
on the oxidation rates. The reactions mechanism adequately describing the kinetic results was proposed. In both acids, the main
oxidation products of inositol were identified by spectral and chemical tools as the corresponding monoketone derivative,
namely inosose. Under comparable experimental conditions, the oxidation rate in sulfuric acid was approximately three times
higher than that in perchloric acid. Regarding to the second order rate constants of these reactions, the activation parameters
have been evaluated and discussed.

Keywords: Inositol, Oxidation, Acid, Permanganate, Kinetics, Mechanism

. Mn""/Mn"" couple is 1.695 V and that of the Mn""/Mn"
1. Introduction couple is 1.51 V [15].

Inositol is a water soluble six membered cyclic polyol,
which is synthesized by both eukaryotes and prokaryote [16].
In humans most inositol is synthesized in the kidneys.
Inositol and some of its mono and polyphosphates function
as the basis for a number of signaling and secondary
messenger molecules [17, 18]. These are involved in insulin
signal transduction, gene expression, breakdown of fats and
reducing blood cholesterol [19]. Oxidation of inositol was
neutral and alkaline media. In acidic media, permanganate ~ Studied by different oxidants like alkaline potassium
jon (MnOy) can exist in several different forms, HMnOs, periodate [20], alkaline diperiodatocuprate(Ill) [21], alkaline

H,MnO,", HMnOs;, and Mn,O,. The oxidant has been permanganate [22], V(V) in acid medium [23] and chromic
acid [24]. A literature survey revealed that there is a lack of

literature on the kinetics of oxidation of inositol by
permanganate ion in acidicmedia. This observation prompted
us to investigate the title reactions. The objectives of the
present study are to check the reactivity of inositoltowards

Oxidation reactions are very important in organic
synthesis. Among the important oxidizing agents,
permanganate ion is widely used in the oxidation of many
organic compounds in acidic, neutral and alkaline media [1-
11]. The mechanism of oxidation reactions by permanganate
ion is governed by pH of the medium [12]. During oxidation
by permanganate, it is evident that the Mn(VII) in
permanganate is reduced to various oxidation states in acidic,

assigned with an inner-sphere and an outer-sphere
mechanism pathways in their redox reactions [13, 14]. In
general, reduction of permanganate ion in acidic media goes
to either Mn'" or Mn", where the reduction potential of the
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permanganate ion in different acidicmedia and to propose the
oxidation reaction mechanism.

2. Experimental
2.1. Materials

The chemicals employed in the present work were of
reagent grade and their solutions were prepared by dissolving
the samples in bidistilled water. The stock solution of inositol
was prepared by dissolving the sample (Merk) in bidistilled
water. A fresh solution of potassium permanganate was
prepared and standardized as reported earlier [25]. Sodium
perchlorate and sodium sulfate were used to attain the
required ionic strength in perchloric and sulfuric acids,
respectively, and acetic acid to attain dielectric constant of
the reactions media.

2.2. Kinetic Measurements

All kinetic measurements have been followed under
pseudo-first order conditions where inositol was existed in a
large excess over that of permanganate. The courses of the
reactions were followed by monitoring the decay in the
absorbance of permanganate as a function of timeat its
absorption maximum (A = 525 nm), whereas the other
constituents of the reaction mixtures did not absorb
considerably at this wavelength. The absorption
measurements were done in a temperature-controlled
Shimadzu UV-VIS-NIR-3600 double-beam spectrophoto-
meter.

First order plots of In(absorbance) versus time were
recorded to be straight lines up to at least 70% of the
reactions completion. The observed first order rate constants
(kops) were calculated as the slopes of In(Abs.) versus time
plots. The rate constants were the mean values of at least two
kinetic measurements. The rate constants were reproducible
to within 4%. The orders of the reactions with respect to the
reactants were determined from the slopes of the log kyps
versus log(Conc.) plots by varying the concentrations of
inositol and acids, in turn, while keeping other conditions
constant.

3. Results
3.1. Stoichiometry and Product Identification

Various sets of reaction mixtures containing various
amounts of permanganate ion and inositol at constant [H'],
ionic strength, and temperature were allowed to react for 24 h
for completion of the oxidation reactions. The unconsumed
[permanganate] was determined spectrophotometrically at
525 nm. The results indicated that two moles of
permanganate are consumed by five mole of inositol to yield
the oxidation products as shown in the following equation,

OH OH
HO. OH HO o
5 +2MnO; +6H* —= 5 +2Mn? +8H,0
HO OH HO OH 1)
OH OH
Inositol Inosose

The above stoichiometric equation is consistent with the
results of products identification which carried out by both
spectral and chemical tools [26-28]. The oxidation product of
inositol was identified as the corresponding monoketone
derivative, namely inosose was also tested by addition of 2,4-
dinitrophenylhydrazine to the reaction mixture [26].

3.2. Spectral Changes

The spectral scans during the oxidation of inositol by
permanganate ion in perchloric and sulfuric acid solutions are
shown in Fig. 1 (a) and (b), respectively. It was shown that
there are gradual disappearance of permanganate band at its
absorption maximum (A = 525 nm) as a result of its reduction
by inositol substrate.
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Figure 1. Spectral changes during the oxidation of inositol by permanganate
ion in: (a) perchloric, and (b) sulfuric acid solutions. [INOS] = 1.0 x 107,

[MnO;] = 4.0 x 10*, [H'] = 0.5 and I = 1.0 mol dm™ at 25°C. Scanning
time intervals = 1.0 min.
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3.3. Dependence of Reaction Rate on [MnO,]

The concentration of permanganate ion was varied in the
range of 1.0 -8.0 x 10™ mol dm” while the rest of the
reactant concentrations were kept constant. It has been found
that, plots of In(Abs.) versus time were linear up to about
70% of the reactions completion. Furthermore, the increase
in the oxidant concentration did not changethe oxidation rates
as listed in Table 1. These results indicate that the order of
the reactions with respect to the oxidant is confirmedto be
one.

3.4. Dependence of Reaction Rate on [INOS]

The observed first order rate constants were measured at
various concentrations of inositol keeping others constant. In
both perchloric and sulfuric acid solutions, plots of kg
versus [INOS] were found to be linear with positive
intercepts on ks axes as shown in Fig. 2 confirming the less
than unit order dependences with respect to inositol
concentration.

3.5. Dependence of Reaction Rate on [H']

The influence of both perchloric and sulfuric acids on the

rates was investigated by varying the hydrogen ion
concentration in the range of 0.1 — 0.9mol dm™, keeping all
other reactants concentrations constant. The rate constants
increased with increasing acid concentration (Table 1). Plots
of log ks versus log [H'] were also linear with slopes of
1.62 and 1.57 in both acids, respectively, Fig, 3, suggesting
that the orders of reactions with respect to [H'] were
fractional-second.

3.6. Effect of lonic Strength and Dielectric Constant

The effect of ionic strength has been investigated by
varying the concentration of NaClO, in case of perchloric
acid and Na,SO, in case of sulfuric acid solutions in the
reactions media at constant concentrations of permanganate,
inositol and acids. It was found that variation in ionic
strength did not affect the rates as observed from the data
listed in Table 1. Furthermore, the effect of dielectric
constant (D) was also studied by varying the acetic acid -
water content in the reaction mixture with all other
conditions being kept constant. The data clearly revealed that
the rate constants did not significantly affected by the
decrease in dielectric constant of the solvent mixture; i.e.
increase in acetic acid content.

Table 1. Effect of variation of [MnOy], [INOS], [H ] and I on the observed first order rate constants (k) in the oxidation of inositol by permanganate ion in

perchloric and sulfuric acids solutions at 25°C.

104 [MnO, 10 [INOS] (1] 1 10%a (57)

(mol dm™) (mol dm™) (mol dm™) (mol dm™) Perchloric Sulfuric
1.0 1.0 0.5 1.0 23.9 73.4
2.0 1.0 0.5 1.0 24.5 74.1
4.0 1.0 0.5 1.0 23.7 72.6
6.0 1.0 0.5 1.0 25.6 69.8
8.0 1.0 0.5 1.0 22.1 71.0
4.0 0.2 0.5 1.0 8.7 21.5
4.0 0.6 0.5 1.0 15.8 485
4.0 1.0 0.5 1.0 23.7 72.6
4.0 1.4 0.5 1.0 28.8 94.0
4.0 1.8 0.5 1.0 35.5 115.1
4.0 1.0 0.1 1.0 3.1 7.6
4.0 1.0 0.3 1.0 12.8 37.2
4.0 1.0 0.5 1.0 23.7 7.7
4.0 1.0 0.7 1.0 39.3 99.8
4.0 1.0 0.9 1.0 532 133.0
4.0 1.0 0.5 1.0 23.7 7.7
4.0 1.0 0.5 1.5 24.1 74.3
4.0 1.0 0.5 2.0 22.0 71.8
4.0 1.0 0.5 2.5 23.7 75.0
4.0 1.0 0.5 3.0 252 73.7

Experimental error + 3%
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Figure 2. Plots of the observed first order rate constants (k) versus
[INOS] in the oxidation of inositol by permanganate ion in perchloric and
sulfuric acids solutions.[MnO;] = 4.0x107, [H'] = 0.5 and I = 1.0 mol dm
at 25°C.
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Figure 3. Plots of log ko versus log [H'] in the oxidation of inositol by
permanganate ion in perchloric and sulfuric acids solutions. [MnO,] = 4.0
x 107, [INOS] = 1.0 x 107 and I = 1.0 mol dm™ at 25°C.

3.7. Effect of Temperature

The rates of the reactions were carried out at five different
temperatures between 283 and 308 K at constant
concentrations of the reactants and other conditions being
constant. The results indicate that the rate constants increased
with rise in temperature. The activation parameters of the
second order rate constant (k) are calculated using Eyring
and Arrhenius plots and are listed in Table 2.

Table 2. Activation parameters of the second order rate constant (k) in the
oxidation of inositol by permanganate ion in perchloric and sulfuric acids
solutions. [MnO;] = 4.0 x 10* [INOS] = 1.0x 107, [H'] = 0.5 and I = 1.0
mol dm’.

Acid AS”J mol'K! AH”kJ mol” AG":05kJ mol” E,?, kJ mol”
Perchloric  -77.87 62.30 85.50 65.07
Sulfuric -81.02 57.81 81.91 59.93

3.8. Polymerization Study

To check the existence of free radicals in the reactions
under investigations, the reactions mixtures were mixed with
identified quantities of acrylonitrile and kept for 8 hours
under nitrogen. On dilution with methanol, white precipitates
were formed, indicating the participation of free radicals in
the oxidation reactions. The blank experiments which were
carried out with either permanganate or inositol with
acrylonitrile did not induce polymerization under the same
experimental conditions.

4. Discussion

It was reported [3-11] that most permanganate oxidation
reactions proceed through intermediate complex formation
between the oxidant and substrate. The investigated reactions
between inositol and permanganate ion in both perchloric and
sulfuric acids solutions have a stoichiometry of 5:2, INOS :
MnO,". The reactions exhibited a first order dependence with
respect to [MnQO,’] and less than unit order dependences with
respect to [INOS]. The reactions exhibited fractional-second
order kinetics in [H'] suggesting protonation of both
permanganate ion [29,30] and inositol in the first steps of the
reactions(illustrated by steps (1) and (2) in Scheme 1) to form
more reactive species of both reactants. On the other hand,
the less than unit order dependences with respect to inositol
concentration in both acids suggest formation of intermediate
complexes (C) between the kinetically active species of
inositol substrate and permanganate oxidant prior to the rate-
determining step. Complexes formation was also proved
kinetically by the non-zero intercept of the plots of 1/kyps
versus 1/[INOS], Fig. 4, in favor of possible formation of a
transient complex flanked by oxidant and substrate
comparable with the well-known Michaelis-Menten
mechanism for enzyme-substrate reactions [31]. The
observed insignificant effect of either ionic strength or
dielectric constant of the reactions media on the oxidation
rates implies association of two neutral molecule or between
a neutral molecule and an ion [32,33], i.e. between acid
permanganate and protonated inositol.

Owing to the experimental results, a plausible reactions
mechanism has been proposed which involves protonation of
both permanganate ion and inositol in the first two steps
followed by complexation of the protonated reactants prior to
the rate-determining step. Such complex decomposes
yielding a free radical intermediate derived from inositol
substrate and manganate(VI) intermediate. The free radical is
attacked by manganate(VI) to give the corresponding mono
ketone (inosose) as the final oxidation product of inositol. In
a further fast step the intermediate Mn(V), being very active
and unstable in acidic medium, reacts with another inositol
substrate to form also inosose product and an intermediate
Mn(IIT) species. This step is followed by other fast steps
including reactions of inositol with acid permanganate
species to form again the final oxidation products and



American Journal of Chemical Engineering 2016; 4(5): 98-104

Mn(III) species. The last step is the attack of Mn(III) species
on another inositol molecule to give the final oxidation

_ K,
MnO; + H* =—=== HMnO,
OH OH
H;\/J;[OH K " OH
+ H*
H OH H OH,
OH OH
OH OH
HO OH k| —~MnO,OH
+ HMnO, —=
Ho™ OH, HO OH,
OH OH
(©)
OH H OH
HO (|3—’MnOJOH , HO o
“dow +HMn"'0, + 2H*
Ho™ OH, Ho™ OH
OH OH
OH OH
HO o HO o]
j#[ +HMn"0, LI © . MnYO,” +H,0
HO OH HO™ OH
OH OH
OH OH
H OH HO o
+Mn¥o, "t , +Mn"0, + H,0 + H'
HO OH, HO OH
OH OH
OH OH
Ho\¢EOH H _0
+ HMnO, — 2 +Mn"0, + 2H,0 + 3H"
Ho OH, H OH
OH OH
OH OH
HO OH HO 0
+2Mn"0, + 5H 1, + 2Mn? + 4H,0
HO OH, HO OH
OH OH

Scheme 1. Mechanism of oxidation of inositol by permanganate ion in acidic media.

Owing to the proposed mechanistic Scheme 1, the
oxidation rate can be expressed by the following rate law:

Rate = ~4IMnO, ] — 4 rc (10)
dt

The relationship between the oxidation rate and the
oxidant, substrate and hydrogen ion concentrations is
deduced (See Appendix A) to give the following equation:

product and Mn(1I) satisfying the obtained stoichiometry.

(€3]

©)

O)

@)

®

®

_ kK,K,K,[MnO, J[INOS][H* ]’

Rate

1+ K [H"]+ K,K,K,[INOS][H" T’

102

(11)

Under pseudo-first order condition, the ratelaw can be

expressed by Eq. (12),

Rate = ~4IMnO, | — . 'MnO,]

dt

(12)
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Comparing Egs. (11) and (12) and rearrangement, the
following equation is obtained:

1+K,[H'] ] I 13)

1 1
= +—
k. [lc1K1K2K3[H+]2 [INOS] £

According to Eq. (13), other conditions being constant,
plots of 1/ky,s versus 1/[INOS] at constant [H+] and 1/kgps
versus 1/[H']* at constant [INOS] should be linear with
positive intercepts on the 1/k,, axes and are indeed found to
be so as shown in Figs. 4 and 5. The slopes and intercepts of
such plots lead to calculate the values of &, K, and K,.

The activation parameters listed in Table 2 may be
interpreted as follows. The obtained large negative values of
AS” suggest compactness of the formed complexes [34].
Also, the obtained values of AS” are within the range of
radical reactions. The positive values of both AH” and AG”
confirm endothermic formation of the intermediate
complexes and their non-spontaneities, respectively.
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Figure 4. Plots of 1/kos versus 1/[INOS] in the oxidation of inositol by
permanganate ion in perchloric and sulfuric acids solutions. [MnO;] = 4.0
x 107, [H'] = 0.5 and I = 1.0 mol dm™ at 25 °C.
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Figure 5. Plots of 1/koy versus 1/[H']’ in the oxidation of inositol by
permanganate ion in perchloric and sulfuric acids solutions. [MnO,] = 4.0
x 107, [INOS] = 1.0 x 107 and I = 1.0 mol dm™ at 25°C.

5. Conclusions

The kinetics of oxidation of inositol by permanganate ion
in both perchloric and sulfuric acids solutions has been
studied. The final oxidation product of inositol was identified
in both cases as the corresponding monoketone, namely
inosose. Under comparable experimental conditions, the
oxidation rate in sulfuric acid was about three times higher
than that in perchloric acid. The activation parameters have
been evaluated and discussed.
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