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Studies on the Kinetics and Mechanism of
Oxidation of Nitrones by Pyrazolinium Dichromate
in Aqueous DMSO Medium

M. Sekar %, A. Santhi °, J. Venkatesan ® & V. Thanikachalam

Abstract- The kinetics and mechanism of oxidation of N,
a- diphenylnitrones by some substituted nitrones by
Pyrazolinium dichromateyielding benzaldehyde and
nitrosobenzene in aqueous dimethyl sulphoxidemedium have
been investigated. First order dependence with respect to
both [PyDC] and [NO]. The compound was prepared and
purity of the oxidant was estimated by iodometric method. The
reaction is fractional order with respect to [H*]. Electron-
releasing substituents increase the rate of the reaction and
electron withdrawing substituents decrease the rate of the
reaction. No polymerisation observed with acrylamide ruling
out a free radical mechanism. There was no discernible effect
with increasing in ionic strength but the rate of oxidation
decreased with decreasing dielectric constant of the medium.
Addition of MnSQO, had a significant and acrylonitrile no effect
on the reaction rate. A mechanism involving protonated nitrone
and PyDC as the reactive oxidant is proposed. The
mechanism proposed and the derived rate laws are conformity
with the observed results. The activation parameters were
calculated and are presented.

Keywords: N, a- diphenylnitrones, pyrazolinium dichromate,
kinetics, isokinetic plot, entropy, enthalpy and rate
constants.

. INTRODUCTION

he kinetics and oxidation of mono substituted N,a-
Tdiphenylnitronesby Pyrazolinium dichromateto yield

the corresponding aldehyde and nitrosobenzene
have been studied. The reaction is first order with
respect to the nitrone and PyDC. The reaction is
negative reaction constants. The reaction is catalysed
by the acid and the order with respect to acid is
fractional. The effect of temperature, solvent
composition and oxalic acid were studied and activation
parameters are evaluated. Probable mechanism was
discussed.

The kinetics and mechanistic studies of
oxidation of great variety of organic compounds by
PyDC [1-2]. There is no indication of any unusual
effectiveness, utility, or advantage to be gained by the
use of pyridinium dichromate as a discrete oxidizing
species [3]. The kinetics of oxidation of nitrones as a
Substrate is reported earlier [4-8]. The present

Author a p: PG & Research Department of Chemistry, Government Arts
College, C-Mutlur, Chidambaram-608 102, Tamilnadu, India.

e-mail: drmsgaccdm@gmail.com

Author o @3: Department of Chemistry, Annamalai University, Annamalai
Nagar-608 002, Tamilnadu, India.

paper describes the kinetics of oxidation of nitrones by
Pyrazolinium dichromatein agueous dimethyl
sulphoxidemedium evaluate the reaction constants and
the mechanistic aspects are discussed.

The structural formula of PyDC is shown in the
following figure.
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PYRAZOLINIUM DICHROMATE
[CeH14N,]Cr,0;

II. MATERIALS AND METHODS

Pyrazolinium dichromate(PyDC) was prepared by
reported method [1], nitrones and substituted nitrones
were prepared by the literature method[9], purified
acrylamide[10] analar sample of sodium perchlorate,
perchloric acid, oxalic acid, manganoussulphate and
ethylene diamine tetra aceticacid were used. Triply
distilled water was used throughout the course of the
investigation. Correlation analysis werecarried out using
Microcal Origin (Version 6.1) computer software.

a) Preparation of Pyrazolinium dichromate

Chromium trioxide (5g) was dissolved in water
(50 ml) and cooled in ice. Then pyrazole (4g) was
added, slowly. The solution was diluted with acetone
(200 ml) and cooled to 0°C. The orange solid obtained
was separated, filtered, washed with acetone, dried and
recrystallized from water (dec.160°-161°C).

b) Kinetic measurements

For kinetic runs, a measured amount of PyDC
pre-equilibrated at 30°C was rapidly added to the
thermally equilibrated mixture containing appropriate
amounts of nitrones, acrylamide, perchloric acid,
sodium perchlorate and water. The progress of the
reaction was followed by iodometric determination of the
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unreacted oxidant[11]. The rate constants were
determined by the least squares method. Aliquots (2 ml)
of reaction mixture were withdrawn at an appropriate
time interval and quenched into ice-cold water
containing 10 ml of 4N sulphuric acid. The liberated
iodine was titrated against standard sodium
thiosulphate to a starch end point. The reaction was
carried out at three different temperatures viz., 35°, 40°
and 45°C.
©

©)

H

Q 0
Ph T >r/
O/ \OePyH

For identifying the product an excess of oxidant
was mixed with substrate under kinetic conditions. After
the reaction was completed, the reaction mixture was
extracted with chloroform. The solvent was removed and
obtained solid was analysed by Co-TLC method. The
spots of the products were developed in benzene along
with the spots of authentic samples of benzaldehyde
and nitrosobenzene. After developing the location of the
spots was identified using iodine vapour and their
positions were compared. Two spots obtained for
products were identical with benzaldehyde and
nitrosobenzene. IR spectrum  was  recorded,
nitrosobenzene [12] exhibits three bands at 1626, 1500
and 1019cm™ attributed to stretching frequency of C-N,
one sharp band at 1452cm™ due to stretching vibration
of N-O and band 530cm™ due to ring deformation and
CNO bending vibration are similar to that of one of
product obtained from the substrate.

Ph

CH

®=z

c) Stoichiometry and Product analysis

The reaction mixture containing excess of PyDC
in the presence of perchloric acid was kept for 24hr
under kinetic conditions. The estimation of unreacted
PyDC indicates that 1mol of PyDC was used by 1mol of
nitrone.

© @
PhCHO -+ PhNO -+ CrO(OH)OPyH

@

[11. RESULTS AND DISCUSSION

An inspection of the observed Pseudo-first-
order rate constants (k,.,) shows that the k,values
constant over a wide range in PyDC(Table-1). The
reaction is first order with respect to PyDC as evidenced
by a good linearity in the plot of log[PyDC] versus time.
The plot of logk,.s versus log[NO] was found to be
linear(Table-1) with slope unity, indicating a first order
dependence on [NO]. The plot of k" versus [NO]"
was linear and passing through the origin, showing that
the nitrone-PyDC complex has only transient existence.
The effect of acid[HCIO,] has been studied by varying
the concentration of H™ at a given concentration(Table-
1). The plot of k.. versus log[H*] was linear with a slope
less than unity, indicating fractional order dependence
on [H*]. The rate decreased with increase in ionic
strength of the medium by the addition of NaClO,
(Table-1).

Table 1 : Effect of varying [PyDC], [Nitrone], [H"] and [NaCIlO,] on oxidation of nitrone in 50 % (v/v) DMSO - H,O
medium at 308 K

[PyDC] [Nitrone] [HCIO,] [NaCIO,] Kope
x 10®mol dm?® x 10°’mol dm?® x 10®mol dm?® x 10'mol dm’® x 10* 8™
0.50 1.00 1.53 1.00 8.44
0.75 1.00 1.53 1.00 8.28
1.00 1.00 1.53 1.00 8.01
1.25 1.00 1.53 1.00 8.17
1.50 1.00 1.53 1.00 8.71
1.75 1.00 1.53 1.00 8.61
1.00 0.50 1.53 1.00 4.01
1.00 0.75 1.53 1.00 6.05
1.00 1.00 1.53 1.00 8.01
1.00 1.25 1.53 1.00 10.19
1.00 1.50 1.53 1.00 11.6
1.00 1.75 1.53 1.00 13.1
1.00 1.00 0.76 1.00 5.77
1.00 1.00 1.53 1.00 8.012
1.00 1.00 2.29 1.00 8.91
1.00 1.00 3.06 1.00 11.4
1.00 1.00 3.82 1.00 12.9
1.00 1.00 459 1.00 15.2
1.00 1.00 1.53 0.50 9.08
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1.00 1.00 1.53 1.00 8.00
1.00 1.00 1.53 1.50 6.23
1.00 1.00 1.53 2.00 3.67
1.00 1.00 1.53 2.50 2.47
1.00 1.00 1.53 3.00 1.41

[Acrylamide] = 1.00 x 10°mol dm’®

The reaction is studied on addition of
manganous ions reduces [13-15] the rate of oxidation of
nitrones. This indicates that Mn(ll) has a catalytic effect
on the disproportionation of the intermediate valence
state of chromium [16] and suggest that Cr(lV) is

The rate increase with increase in oxalic acid, indicating
that oxalic acid enhances the rate of oxidation of
aldonitrones by PyDC(Table-2). The increase in [EDTA]
[17] inhibits the rate of oxidation of nitrones(Table-2),
indicate that complex formation between chromate and

probably involved in the rate determining step(Table-2).

PyDC.

Table 2 : Effect of varying [ Mn?*], [EDTA], [(COOH),] on oxidation of nitrone by PyDC in 50 % (v/v) DMSO - H,O
medium at 308 K

[MnSO,] Koge X 10° &1 [EDTA] Koge X 10° &1 [(COOH),] koge X 10° &7
x 10°mol dm? x 10°mol dm?? x 10°mol dm?
0.00 8.01 0.00 8.01 0.00 8.01
2.50 4.82 2.00 6.18 0.75 8.10
5.00 4.58 4.50 6.12 2.00 8.25
7.50 424 7.00 5.90 3.25 10.24
10.00 3.65 9.50 5.74 450 10.80
12.50 3.51 12.00 5.60 5.75 11.60
15.00 3.24 14.50 5.52 7.00 15.20

[Nitrone] = 1.00x 102 mol dm™ ; [HCIO,] = 15.30 x 10 mol dm"®

[PyDC] = 1.00x 10° mol dm™ ;

[NaClO,] = 1.00 x 10" mol dm’®

An increase in dimethyl sulphoxide content
retarded the reaction rate (Table-3). A plot of logKgps
versus D7 (where D is the dielectric constant of the

and neutral molecules interact in the rate determining
step [18]. No turbidity has been noticed when a clear
reaction mixture was allowed to stand with a drop of

medium) was linear with a negative slope indicative of a

dipole interaction in the transition. It shows that positive

acrylonitrile ruling out a free radical mechanism.

Table 3 : Effect of varying composition of DMSO on oxidation of nitrone by PyDC at 308 K

D Kops X 10%s™ log Kyps D’
65.98 6.42 -3.193 0.0151
64.44 6.78 -3.169 0.0155
62.90 8.01 -3.096 0.0158
61.36 8.68 -3.062 0.0162
59.82 10.44 -2.981 0.0167
58.28 11.55 -2.937 0.0171

[Nitrone] =1.00 x 102 mol dm?; [HCIO,J= 15.30 x 10 mol dm’®
[PyDC]=1.00 x 10°mol dm?; [NaCIO,] =1.00x 10" mol dm’®

The rate of oxidation of some para and meta-
substituted nitrones was studied at three different

temperatures, Viz, 35, 40 and 45°C. The activation

parameters are calculated using the Eyring’s plot and
the values are given in (Table-4).

Table 4 . Second order rate constants and the activation parameters for the oxidation of substituted nitrones by

PyDC
H /©
®
sno | | N \T k, x 102 dm®mol” s AH* -AS* aNG* r o
' . > 9 kd mol' | JK'mol' | kJ mol”
X

X 308 K 313 K 318K

1 p-OMe 10.71 15.77 22.96 62.126 62.192 81592 | 1.000 | 0.003
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2 p-Me 9.67 14.38 20.69 61.976 63.522 81.859 0.999 | 0.008
3 H 8.01 12.11 18.16 64.080 58.226 82.305 0.999 | 0.001
4 p-F 7.64 10.94 15.77 59.033 75.078 82.533 0.999 | 0.007
5 p-Cl 7.21 10.62 15.02 59.803 73.000 82.653 0.999 | 0.011
6 p-Br 6.70 10.58 13.64 57.999 79.235 82.800 0.988 | 0.078
7 p-NO, 4.92 06.82 10.62 62.629 67.180 83.657 0.995 | 0.052

[Nitrone] =1.00 x 10 mol dm™;[NaCIO,] =1.00 x 107" mol dm*;[HCIO,] = 15.30 x 10“moldm’;

[PyDC]= 1.00x 10° mol dm?®; DMSO -H,O = 50 % (v/v) ; ANG* at 313K

a) Mechanism and rate law are involved in the slow step. Owing to the above

In agueous solution PyDC undergo protonation  reasons, the nitrone gets protonated before the rate
in acidic conditions. This protonated species is more  determining step, and it can react with PyDC in the slow
powerful than unprotonated species. The order with  step.
respect to PyDC, [NQ] is unity and fractional order with Based on the above observation, a probable
respect to [H']. The PyDC does not undergo mechanism and rate law for the oxidation of nitrones by
protonation at very low [H*].The observed salt and PyDC given in the following Scheme.
solvent effects show that the ionic and neutral species

S
o° H o
Ph——CH=—=N—Ph —<-—» Ph—( N—~pPh T > (D
E)
le) H OH H TH
| @ K | | _____ -
Ph—CH=R}—Ph + H == Ph——C-==N——Ph — Ph c——N—FPh 2
Q H OH
H OH \\ 2 < | |
| | CI'/ 2 Ph L & on _ (3)
+ s ra—bY/ N Fnh ===
Ph % N Ph o/ \ | ®|
OH o\ !
C./
/N
o OH
S
(&)
H oH OH
Ph C|: ’L Ph K3 PhCHO —+ N Ph e _________ > (4)
|\4(-B| slow ® + HCrOj;
D 1.
X
O) OH
(S)
(&)
OH
fast
l|\l—Ph + HCrOé9 L» Ccro, + H,O + PhNO ... - (5)
®
Cr(V) + Mn(II) —— Cr () + Mn(Il)  --------- > (6)
Rate = K;[C] e = (7)
Scheme
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-d[PyDC] _ KK, Kj [nitrone] [PyDC] [HT - ®

dt 1+K, [H]

K; K, K; [nitrone] [H']
- > 9)

Kobs -
1+K, [H]
(or)
I 1 1
Kobs K,; K5 k5 [nitrone] [H" ] K, k3 [nitrone]

The plot of 1/k versus 1/ [H*] is linear (r =
0.970; sd = 105.5) and from the plot K, and K, K; are
calculated (K, = 624.54 and K, K; = 0.174). The
observed rate constant is consistent with rate law.

b) Effect of substituents

The reaction rate an extension of the present
investigation, the kinetics of oxidation of some para-
substituted nitrones with PyDC is followed at three
different temperatures. The rate data are analysed from
the linear free energy relationships [19]. The respective
rate constants and the thermodynamic parameters are
listed in (Table-4). Isokinetic relationship, the variation in
AS* should be linearly related [20-21] to changes in AH*
by equation (10)

AH* = AHO+ BAS?

A plot of AH* versus AS* (Fig-1) gives a straight
line with a correlation coefficient r = 0.998. The
isokinetic temperature (B)is obtained from the slope is
274K. This temperature is higher than that of
experimental temperature, indicating that the reaction is
enthalpy controlled. This is further supported by the fact
that Ea values are the least for the fast reaction and
higher for the slowest reaction. The good correlation
implies that the reaction with all the substituted nitrones
follow a common mechanism.

65
64 — r=0.961
4 sd = 0.660

63 slope = 0.274
_ 62 —
_g_, 61 -
> i
k= =R

59

58 P-Br

-75

T
-70

T
-65

by PyDc in aqueous dimethyl sulphoxide medium

c) The Exner’s Plot

-60 -55
S* UK mol™
Fig.1. Plot of H? versus S” for oxidation of nitrones
reaction under investigation follows common
mechanism.

However, Exner [22-23] criticised the validity of
such a linear correlation between AH* and AS” as these
quantities depend on each other when measurements at
two temperatures are made, the experiment data can be
treated by the following equation [24-25].

logkamy a + blogkyry an

where T,>T,

A good correlation (r=0.990) is obtained when
logk, (25) is plotted against logk (35) shows that the

d) Hammett Plot

The hammet equation applied with the usual
substituent constant ¢ and k,,,data of Para substituted
nitrones exhibits an straight line (Fig-2).The Hammett
plot is also linear (r = 0.981, sd =0.023) with p = -0.315
at 318K.
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According to Hammett reaction with positive p
values are accelerated by electron releasing from phenyl
ring, whereas those with negative p values are retarded
by electron withdrawal from phenyl ring[26]. In this
oxidation reactions, the electron withdrawing group

increases the rate and the electron donating group
decreases the rate. These observations supporting the
negative p value obtained from the Hammett plot. The
order of reactivity of different substituents is as follows.

p-OMe>p—-Me > H>p-F >p-Cl>p-Br>p-NO,

The values of reaction constants (p) are
calculated at different temperatures and summarised in
(Table-5). The reaction constant (p) has a small negative

value as the oxidation involves loss of electrons. The
negative value of the reaction constant is acceptable as
transition state is involved in positive-charged species.

Table 5 : Reaction constants for the oxidation of nitrones by PyDC

Temp K p r sd
308 -0.315 0.981 0.023
313 - 0.331 0.995 0.011
318 - 0.308 0.988 0.018

V. CONCLUSION

1. Seven N, o- diphenylnitrones were prepared
according to the literature methods. The purity of the
nitrones were checked by the TLC method and their
physical constants.

2. Pyrazolinium dichromate (PyDC) was prepared and
purity of the oxidant was estimated by iodometric
method.

3. All the kinetic studies were found by iodometric
procedure to starch end point.

4. Kinetics and mechanism of oxidation of N,o-
diphenylnitrones by  Pyrazolinium  dichromate
(PyDC) in aqueous DMSO medium was followed
under different experimental conditions and

© 2015 Global Journals Inc. (US)

temperatures. The reaction followed first order
dependence with respect to [PyDC], [Nitrones] and
fractional order with respect to [H™].The effect of
change in ionic strength and dielectric constant
were also studied. The rate of oxidation decreased
with increasing [Mn*2], which implies the
disproportionate of the Cr(IV) by Mn(ll). All the
above results indicate that a protonated nitrone
reacted with chromate ion to form intermediate
complex in the slow step. Linear Hammett plot
obtained clearly showed that the common
mechanism operated under the experimental
condition.

Isokinetic plots (Exner's andAH *versus AS *) gave
satisfactory straight lines with good correlation



10.

11.

12.

13.

14.

15.

16.
17.

18.

coefficient. This proves that all these substituents
follow a common mechanism.
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