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Abstract: The kinetics of oxidation of a number of meta- and para-substituted
N, o-diphenylnitrones (nitrone) by dichloramine-T (DCT) was investigated in
the presence of alkali in agueous acetonitrile medium. The order with respect to
DCT was one and to OH™ an inverse fractional order. The reaction was first
order with respect to nitrone. Both electron releasing and withdrawing substi-
tuents suppress the reaction rate. The observed rate constant for the substituents
were plotted against the Hammett constant, o, and a non-linear concave down-
ward curve was obtained. The electron withdrawing substituents fall on one
side of the curve, having a negative p value and the electron releasing substi-
tuents fall on the other side, with a positive p value. A mechanism is proposed
and the derived rate law is in conformity with the observed results.

Keywords: nitrones; kinetics; dichloramine-T; non-linear concave downward curve.

INTRODUCTION

Many oxidation reactionsl-11 have been performed using dichloramine-T
(DCT). DCT is an effective oxidizing and also chlorinating agent. The kinetics
and oxidation of nitrone and substituted nitrones'2-16 have already been reported.
However, there is no systematic kinetic report on the oxidation of some substi-
tuted N, e~diphenylnitrones by N-halo compounds. In this paper, results on the ki-
netics of oxidation of some meta-and para-substituted N, o-diphenylnitrons with
dichloramine-T (DCT) in aqueous acetonitrile in the presence of sodium hydro-
xide are reported.

* Corresponding author. E-mail: pvtal998@yahoo.co.in
doi: 10.2298/JSC0905493M
493

Available online at www.shd.org.rs/JSCS
2009 Copyright (CC) SCS



494 MANIVARMAN et al.

EXPERIMENTAL

Dichloramine-T was prepared by the chlorination of p-toluenesulphonamide.l” N,o-di-
phenylnitrone and substituted N, c~diphenylnitrones were prepared by literature methods.18
The purity of the nitrones were checked by their melting point, mixed melting point and the
TLC method. AnalaR grade sodium hydroxide and sodium perchlorate, and purified acetonit-
rile were used. Doubly distilled water was employed throughout this study.

Kinetic measurements

For the kinetic runs, a measured amount of DCT pre-equilibrated at 35 °C was rapidly
added to a thermally equilibrated mixture containing the appropriate amounts of the nitrone,
alkali, acetonitrile and water. The progress of the reaction was monitored for two half lives by
the iodometric determination of unreacted DCT in a measured aliquot withdrawn at regular
intervals of time. The first-order rate constants were reproducible within £3 %.

Soichiometry and product analysis

Stoichiometric runs, performed with an excess of DCT in the presence of sodium hy-
droxide, revealed that one mole of the oxidant was consumed by one mole of nitrone:
Cl
PhCH=N—Ph + R_SOQ_N/ + H,0 — PhCHO + PhNO + RSO,NH,+ 2HCI
(lg_ \CI
R = CH3—CgHyg—

For identification of the product, an excess of oxidant was mixed with a substrate under
kinetic conditions. After completion of the reaction, the reaction mixture was extracted with
chloroform. The solvent was removed under reduced pressure. Two spots were obtained; pro-
ducts were identical with benzaldehyde and nitrosobenzene. The crude products were sepa-
rated by column chromatography, benzene—chloroform as the eluent (80 % benzene—chloro-
form, silica gel 60-120 mesh). The melting point of the obtained solid product was found to
be 67 °C which is aimost identical to the melting point of the nitrosobenzene (m.p. 68 °C).
The other liquid product, benzal dehyde, was confirmed by its semicarbazone (m.p. 221 °C; lit.
222 °C) and 2,4-diphenylhydrazone (m.p. 237 °C; lit. 239 °C) and 2,4-diphenylhydrazone
(m.p. 237 °C; lit. 239 °C) derivatives. The recorded IR spectrum of nitrosobenzene, exhibiting
three bands at 1626, 1500 and 1019 cml, attributed to the stretching frequency of C-N, one
sharp band at 1452 cmrl, due to the stretching vibration of N—O, and band at 530 cm'l, due to
ring deformation and the CNO bending vibration, was similar to that of the authentic sample.1®

RESULTS AND DISCUSSION

The reaction was found to be first order with respect to the disappearance of
dichloramine-T (DCT), as evidenced by the good linearity in the plot of log titre
versus time. The pseudo-first order rate constant increased with increasing DCT
concnetration (Tablel).

The rate constant increased with increasing nitrone concentration (Table I).
The plot of log kgps versus log c(nitrone) for all the studied compounds was
found to be linear with a slope of unity, indicating a first order kinetics with
respect to nitrone. The double reciprocal plot of 1/kgps versus 1l/c(nitrone) was
linear with a finite intercept on the rate axis, indicating that the complex was
formed before the rate-determining step in the reaction.
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OXIDATION OF N,o-DIPHENYLNITRONES 495

The effect of alkali has been studied by varying the concentration of OH— at
a given substrate concentration. The plot of log kqps versus log ¢(OH™) showed a
fractional order with respect to OH— (Table Il). The insignificant effects of so-
dium perchlorate on the reaction rate indicates that the reaction may be between
dipoles (Table 1) and neutral molecules.20

TABLE |. Effect of ¢(DCT) and c(nitrone) on the reaction rate at 35 °C. ¢(OH") = 5.0x103
mol dm3; AN-H,0 = 50 % (v/v); c(NaClO,4) = 0.10 mol dm3

¢(DCT) / 103 mol dm3 c(nitrone) / 102 mol dmr3 Kops / 104 51
0.50 1.00 2.4
0.75 1.00 35
1.00 1.00 4.8
1.25 1.00 53
1.50 1.00 6.4
2.00 1.00 7.4
1.00 0.50 2.7
1.00 1.00 4.8
1.00 1.50 6.5
1.00 2.00 7.6
1.00 2.50 9.9
1.00 3.00 11

TABLE Il. Effect of the variation of ¢c(OH") and c(NaClO,4) on the reaction rate at 35 °C.
¢(DCT) = 1.00x10°3 mol dm3; c(nitrone) = 1.00x102 mol dm3; AN—H,0 = 50 % (v/v)

¢(OH") / 103 mol dm™3 c(NaClOy) / 102 mol dm3 Kops / 104 s1
2.50 10 3.6
3.75 10 4.0
5.00 10 4.8
6.25 10 5.8
7.50 10 6.4
5.00 25 4.5
5.00 8.7 4.6
5.00 10 4.8
5.00 12.5 4.9
5.00 15 5.0
5.00 18 54
5.00 20 5.7

The rate increased with increasing concentration of p-toluenesulphonamide
(PTS), indicating a shift of the free hydration equilibrium towards the left during
the production of HOCI (Table I11). The rate increased with increasing [Cl] (Table
I11). The rates of oxidation of nitrones were determined in solvents containing
differrent amounts of acetonitrile. The Kgps value increased with increasing
amount of acetonitrile in the medium (Table V), which shows neutral and dipole
interaction in the activated complex. The oxidation of nitrones by DCT in an at-
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496 MANIVARMAN et al.

mosphere of nitrogen failed to induce polymerization of acrylonitrile. Further-
more, the addition of acrylonitrile did not affect the rate. Thisindicates that a one
electron oxidation giving rise to free radicalsis unlikely in the present reaction.20e

TABLE IlI. Effect of p-toluenesulphonamide (PTS) and Cl- concentration on the reaction rate

at 35 °C. ¢(DCT) = 1.00x103 mol dm3; c(nitrone) = 1.00x102 mol dm3; ¢(OH") = 5.0x10°3
mol dm3; AN-H,0 =50 % (V/v)

c(PTS) / 103 mol dm3 ¢(CI") / 102 mol dmr3 Kops / 104 s1
0.00 - 4.8
25 - 6.0
5.0 - 71
75 - 10
10 - 15
- 25 7.6
- 5.0 7.8
- 75 9.1
- 10 20

TABLE IV. Effect of the dielectric constant on the reaction rate at 35 °C. ¢(DCT) = 1.00x103
mol dm3; ¢(nitrone) = 1.00x102 mol dm3; ¢(OH") = 5.0x10°3 mol dm'3; ¢(NaClO,) = 0.10
mol dm3

AN-H,0, % (v/v) Kops / 104 s1
35 2.8
40 3.6
45 4.2
50 4.8
55 5.8
60 6.7

In order to investigate the effect of temperature on the reaction rate, the
reaction was performed at 25, 30, 35 and 40 °C. The plot of In (ko/T) versus U/T
was found to be linear.21 The rate constant and thermodynamic parameters are
tabulated in Table V.

Mechanism and rate law

The order with respect to both DCT and nitrone was unity and with respect
to OH~ was fractional. The addition of sodium perchlorate or acrylonitrile had an
insignificant effect on the rate of the reaction. The addition of toluene, PTS or
Cl—increased the reaction rate.

The observed stoichiometry for the reaction was 1:1 and the major oxidation
products are found to be benzaldehyde and nitrosobenzene. Based on the above
observations, a probable mechanism and rate law for the oxidation of N,a-diphe-
nylnitrones by dichloramine-T is given below.

The substrate (nitrone), which behaves as an iminimum salt?2, exists in two
resonance forms given in Eq. (1):
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OXIDATION OF N,o-DIPHENYLNITRONES 497

H O H o
LT [ 1
Ph—C=—=N—Ph <—= Ph—C—N—Ph (1)
®

TABLE V. The rate constant and thermodynamic parameters for the oxidation of substituted
nitrones by DCT. ¢(DCT) = 1.00x10-3 mol dm3; c(nitrone) = 1.00x102 mol dm3; ¢(OH") =
5.0x103 mol dm'3; ¢(NaClO,4) = 0.10 mol dm-3

ky/ 102 dm3 mol-1 sl

0 AH? -AS AG* E
eyt T/K kImol JKLmat kImolt kimot R P
303 308 313 318
H 417 475 543 627 1915 2083l 8333 2074 0999 0.007
p-Me 133 160 237 311 4449 13451 8592 47.07 0.990 0.064
p-OMe 118 138 292 291 528 107.73 8600 5546 0.922 0218
= 250 298 407 534 3883 147.88 8437 4141 0992 0.048
p-Cl 222 286 394 508 4233 13711 8456 4592 0.998 0.022
p-Br 202 262 383 486 4570 12678 8450 4911 0995 0.041
p-NO, 076 159 275 312 7438 3907 8641 7696 0961 0.208
m-Me 250 345 436 565 4038 14231 8421 4296 0.998 0.024
mF 203 261 379 466 4355 13447 8496 4593 0.994 0.046
m-Cl 208 250 328 441 3752 15272 8456 4040 0.992 0.046
m-Br 129 246 315 442 6072 8006 8538 6330 0.9780.126
mNO, 100 145 280 322 6227 7115 8418 6685 0.9740.146

The attack of an electrophile occurs at the nitrogen atom rather than the car-
bon atom.
- H O~
e K L]
Ph—C—N—Ph 2

I | =
Ph—C—N—Ph + OH
®
O—H
H o- cl W97
. Ko Ph—C—N=—Ph
Ph—C—N—Ph + R—N\ £ @®
O—n cl O—H CI:I"'
R—N—ClI (©)]
Sy
R = H3CSOZ—
H N H -
| i® slow | (ID Y
ph_C—k.?[}j—Ph ?Ph—ﬁ + N—Ph +R—NCI + HCI
1 +
OS;H,/C[+ ky ) (4)
R—NLCI

€y
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498 MANIVARMAN et al.

R—NCI + H,0 Lot R—NHCI + OH ©)
o- O
Ph—+lll -~ Ph—“ (6)
Rate = kac(Cy) (1)
o(Cy) = Ky K5 ¢(S7) ¢(OH™) ¢(DCT) )
1+ K, ¢(OH™)
—dc(DCT) _ K;Kokse(Sy) ¢(OH™) ¢(DCT) ©
dt 1+ K,c(OH™)
Kope = K;Kok3 c(St) C(E)H ”) (10)
1+ K, c(OH™)
or
1 1 1

Kops  KgKokat(Sp) o(OH)  Kqks C(Sy)

where ¢(St) = c(nitroner)

A double reciprocal plot of kops versus c(OH-) islinear and the values of K1,
Ko and k3 are obtained from the slope and intercept, respectively. The obtained
values of K1 = 235 and Koks = 9.33x10~2 are consistent with the rate law.

Effect of substituents on the reaction rate

As an extension of the present investigation, the kinetics of the oxidation of
some meta- and para-substituted N, o~diphenylnitrones with DCT was followed
at four different temperatures (2540 °C). The second-order rate constant and the
thermodynamic parameters were calculated using the Eyring?l plot of log (ko/T)
against 1/T, which were linear and the obtained dataare givenin Table V.

As can be seen from Table V, the entropy of oxidation was not constant for
all the substituents. One of the conditions necessary for the applicability of the
linear free energy relationship is the constancy of the entropy of activation.23.24
However, in most reaction series, thisis not the case. If the Hammett equation is
valid at one temperature, the condition for its validity at any other temperature is
a linear relationship between the enthalpies and entropies and this is called the
isokinetic rel ationship:23.24

AH# = AHo# + pAS?
A plot of AH# vs. ASY (Fig. 1) gave a straight line and the isokinetic temper-

ature (), obtained from the slope, was 326 K, which is greater than the experi-
mental temperature, indicating that the reaction is enthalpy controlled. The linear
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OXIDATION OF N,o-DIPHENYLNITRONES 499

isokinetic correlation implies that all the nitrones are oxidized by the same me-
chanism and the changes in the reaction rate are governed by changes in both the
enthalpy and entropy of activation. This is further supported by fact that E5 va-
lues are the lowest for the fastest reaction and higher for the slowest reaction.

80 -

1 H

2. p-Me

3 p-OMe
4. pF

5 p-Cl
7

8

o
(=]
1

6 p-Br
p-NO,

: m-Me

9. mF

10, m-Cl

10 4 11. m-Br

12, m-NO;

AH* | kJ mol-1
3

30 4

20 A

0 : . . . |
-250 -200 -150 -100 -50 a
~AS* [ J mol-1K-1

Fig. 1. The relationship between AH# and A for oxidation of nitrones by dichloramine-T.

Exner2> criticized the validity of such alinear correlation between AH# and
AS as these quantities depend on each other. When measurements at two tempe-

ratures are made, the experimental data can be treated by the following equa-
tion:26.27

log ko(T2) = a+ blog ko(T1)

where Ty > Ty.

The good correlation obtained when log k(318 K) was plotted against log
ko(308 K) (Fig. 2) (R = 0.982; slope = 0.680) shows that the reactions under in-
vestigation followed the same mechanism. The constancy of the AG* values also
confirms that the reactions of all the substituted compounds followed a common
mechanism. The negative AS* values implies the formation of an ionic transition
state with an extensive charge separation, which may have a high degree of sol-
vation and hence loss of entropy.

Deviation from the Hammett relationship

Application of the Hammett equation with the usual substituent constant oto
the log kqps data of the meta- and para-substituted N, o~diphenylnitrones resulted
in a concave downward curve (Fig. 3). Similar types of non-linear Hammett plots
were observed previously in some reaction kinetics.28-30

The obtained non-linear concave downwards type of Hammett plot (Fig. 3)
is acomposite of two straight lines, one with a positive p value and the other with
anegative p value. A negative p value indicates the nucleophilic carbon is more
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500 MANIVARMAN et al.

positively charged in the transition state than in the reactant, while a positive p
value indicates dispersal of the positive charge.3 The values of the negative and
positive p values, p* and p-, respectively, at different temperature are given in
Table VI.

0.8 5
i
07 .
< 1. H
® 064 2 pMe
g 3. p-OMe
-~ 4 -F
~ 0.5 A 7 5. ;:»Cl
6. -B
8 0.4 - ¢ 7. ;;-N;)z
+ . 28 8. m-Me
~ 9. ml
0.3 4 10, mCl
’ t!. - Br
12, m-NO,
02 T T T T T — — — !
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 086 07
2 + log ky (303 K)
Fig. 2. Exner's plot.
0.8
l.- H
2. n-Me
e o 3, :;-(')Mu
4. pF
& 06 A 5. pCl
ux:) 6. L-Bl
7. -NO,y
% & 8. ':::-Mc
= 9. mF
.:2' 0.4 10. m-Cl
11. - B
S 0.3 4 12, :: b;t'};
+
™ 024 4
0.1 4
0 Ll T L] T T T T 1
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
(9]
Fig. 3. Hammett plot.
TABLE VI. Vauesof p at different temperatures
t/°C Fou o
25 1.076 0.747
30 0.456 0.428
35 0.613 0.777
40 0.460 0.495
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OXIDATION OF N,o-DIPHENYLNITRONES 501

The reason for a break in the Hammett plot is either a change in the reaction
mechanism or a change in the rate-determining step with change in the nature of
the substituents.

In this reaction, a non-linear Hammett plot was obtained due to a change in
the transition state in the reaction mechanism with respect to substituents because
the isokinetic plot and the Exner plot gave a good correlation.

CONCLUSIONS

The oxidation of nitrones by DTC is of fractional order with respect to OH-
and first order with respect to DTC and nitrone. Under the employed experimen-
tal conditions, nitrones are oxidized to benzaldehyde and nitrosobenzene. The
high negative entropy of activation suggests the formation of a complex in the
slow step. The isokinetic and Exner plots show that the oxidations of all the stu-
died nitrones follow a common mechanism. The obtained concave Hammett plot
indicates a change of the transition state with respect to the substituent on the
benzene nucleus under the employed experimental conditions.

U3BOJI

MEXAHUCTHUYKO ITPOYYABAKE OKCUJALIMIE N,o- IANGEHUJIHUTPOHA IIOMO®Y
JUXJTIOPAMHUHA-T ¥ BOJEHOM PACTBOPY ALIETOHUTPUJIA:
HEJIMHEAPHU HAMMETT-OB I'PA®UK

S. MANIVARMANY, G. RAJARAJANY, G. MANIKANDAN?, M. SEKAR?,
J. JAYABHARATHI 1 V. THANIKACHALAM?

1Department of Chemistry, Annamalai University, Annamalainagar-608 002, Tamil Nadu « 2Department of
Chemistry, Post Graduate Centre, Government Arts and Science College, Chidambaram-608 001, India

Kunernka okcupanuje cepuje mema- u napa-cynruryucanux N,o-audenuwnnutpona (HUT-
pon) momohy muxiopamua-T (DCT) npoyuaBaHa je BOACHOM pacTOpy alleTOHHTPHIIA y MPHCYC-
1By 0a3e. Peaknuja je npBor pena y onHocy Ha DCT, u uHBep3HOT (paKIMOHOT pefia y OJHOCY Ha
OH". Peakiyja je mpBor peaa y 0gHOCY Ha HUTPOH. Kako eNeKTPOH-TOHOPCKH, TAKO M CICKTPOH-
-[IPUBJIa4YHK CYIICTHTYCHTH, CMamyjy Op3uHy peakuuje. Kaga cy koHcTaHTe Op3uHE 3a CYNCTHTY-
eHTe JaTe y omHOCy Ha Hammett-oBy koHCTaHTy O, moOHjeHa je HEIMHEapHa CHIa3Ha KOHKaBHA
KpuBa. EJNEKTPOH-TIPHBIAYHU CYIICTHTYCHTH Halla3e Ce ca jeIHe CTpaHe KPUBE Ca HEraTHBHOM O
BpeaHouthy, 0K Cy elIeKTPOH-IOHOPCKU CYIICTUTYEHTHU ca APyre CTpaHe KPUBE ca MO3UTHBHOM O
penHorhy. [IpeaioxkeHn MexaHu3aM M U3BeIeHa Op3uHA peakilje Cy y CarjacHOCTH ca Jo0uje-
HHM pe3yJITaTumMa.

(Mpumsbero 24. maja 2007, pesunupano 9. pedpyapa 2009)
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