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ABSTRACT

The kinetics of oxidation of Schiff's bases bydA&In 100./. methanol has been investigated. Thetifnaal order
dependence of rate on [substrate] was confirmed/ighaelis-Menton plot.The order with respect tadais also
found to be fractional. The activation parameteys fariously substituted Schiff's bases have besdaoulated by
carrying out the reaction at various temperatur@ssuitable mechanism has been proposed.

INTRODUCTION

The N-halo compounds have proved to be an effectidizing agent in polar solvents for the oxidatiaf a variety
of organic compounds. Recently, they have been Iyidsed in the kinetics of oxidation of various anic
substrates[1]JAmongst the  N-chloro compoundklboioisocyanuric acid has wide synthetic utilityiahas the most
polar N-X bond among the series[2] TCICA, N,N-dicbbarbital, N-chlorophthalimide, N-chlorosuccingai(NCS) and N-
bromosuccinimide (NBS).Kinetics and mechanistia&s involving TCICA with substituted phenol, aresoand
aniline derivatives[6] have been studied. The kosetf acid catalysed chlorination of a number obsituted
benzaldehyde[3], toluene[5], hydroxy acids[7,8]a#ific, aryl and cyclic ketones[4g;, m- andp-xylene have also
been reported. Kinetic study on decarboxylatiomahdelic acid[9] by TCICA is also reported, butrthés no systematic
kinetic reports on the oxidation of Schiff's basmsd its substituted analogues by TCICA. So we pdnto
investigate extensively the reactionpathway fodation of Schiff's bases by TCICA through kinetfodies.

EXPEREMENTAL SECTION

General method for the preparation of Schiff's basg (anils)
Ph
H
where X = Hp-OCHs, mOCH,, p-NO,, m-NO,, p-CHs, mCHjz, p-Cl, m-Cl, m-Br, p-Br, p-COOH andp-F

The Schiff's bases (anil) were prepared [10] biurérig equimolar quantities of benzaldehyde antiren{or) substituted
anilines in alcohol for about 2 to 3 hrs. The résgl solution was cooled and poured into the colitew The
precipitated anil was filtered, washed dried archysgallized from alcohol. The purity of the aniles checked by
determining their melting points (Table 1).
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Table 1
Ph\ Melting point (°C)
s- No. /C N—CeHuX Observed | Literature
H X
1. H 54.3 54.0
2. p-CHs 34.2 35.0
3. p-OCHs 59.5 60.0
4, p-Cl 60.8 62.0
5. p-Br 56.0 57.0
6. p-COOH 136.4 135.0
7. p-NO, 119.5 120.0
8. m-Cl 58.0 58.0
9. m-CHs 114.6 115.0
10. mNO, 65.2 66.0
11. mOCH, 44.0 -
12. m-Br 48.0
13, pF 53.0

Acetic acid

The procedure followed for the purification of aceicid was essentially similar to that WeissbgtdérGlacial acetic

acid (AR) (2 I) was partially frozen and about ditee of the liquid was removed. The residue waslted and

refluxed with chromium trioxide (30g) and fractidiyadistilled. The portion distilling between 11&8°C was

collected, partially frozen and about half of tleédawas discarded as liquid. The remaining residae melted and
fractionated again after treating with chromiunexide (30 g). The fraction boiling at 117-T8was collected and
kept in brown bottles.

Kinetic measurements

The reactions were carried out in 100% methanolinmed The reactions were carried out under pseudbdrder
condition at 308 K .The mixture was homogeneousuthout the course of the reaction. The reactios fatlowed
titrimetrically. The rate constants were evaludted log titre versus time plots.

Trichloroisocyanuric acid
The oxidant trichloroisocyanuric acid (TCICA) wakFuka grade. Standard iodometric procedure wapiad in

estimating TCICA.

Stoichiometry

A number of reaction mixtures containing exces3GfCA, at least twice the concentration of anillhe presence
of p-toluene sulphonic acid were kept at room tempeedior sufficient length of time. The estimationwfreacted
TCICA showed that one mole of substrate consumedhtwale of oxidant.

Product analysis

For identifying the product excess of oxidant waseud with substrate under kinetic conditions. Aftee reaction
was completed, the reaction mixture was washed witer and evaporated at reduced pressure to resubvent
after drying over anhydrous sodium sulfate. Thaidigoroduct benzaldehyde was confirmed by its seanibazone
(m.p. 222C, lit. 222C) and 2,4-dinitrophenylhydrazone (m.p. 237lit. 239C) derivatives and the solid product
nitrosobenzene was confirmed from it's IR spectrum.

RESULTS AND DISCUSSION

The kinetics of oxidation of anils by TCICA in timeesence op-toluenesulphonic acid was studied at 308 K. The
results are summarized as follows.

Effect of varying the oxidant [TCICA] and anil

The kinetic study on the oxidation of anils by T@®vas made in methanol medium under pseudo-firdeor
conditions. The reaction was found to be first ondéh respect to the oxidant [TCICA] as evidendsdthe linear
plot of log titreversustime (Fig. 1). The rate constants increased witltéase in the concentration of anil and the
plot of logk versuslog [S] with slope 0.70 showing (Fig. 2) fractidrmader dependence on the [substrate] (Table
2). This is also verified by Michaelis-Menton p(&ig. 3).
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Table 2
[H"]=5.0 x10° mol dn?®
Solvent = 85% MeOH-$D

Temperature = 308 K

[Ox] 10° [S] 10° k, x 10'
mol dm® mol dm® st
0.50 1.50 7.35
1.00 1.50 6.62
1.50 1.50 5.47
2.00 1.50 3.82
2.50 1.50 3.19
1.00 0.50 1.15
1.00 1.00 4.24
1.00 1.50 6.62
1.00 2.00 8.21
1.00 2.50 11.71
1.5
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Fig. 1. The plot of log titreversus time (sec)
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Fig. 2. Plot of logk versuslog [S]
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Fig. 3. Plot of 1/k versus 1/[S] (Michaelis-MentorPlot

Effect of varying [H*] and the [ionic strength]

The rate constant increased with increase in theerdration op-toluenesulphonic acid (Table 3). The plot of log
k; versuslog [H ] gave a straight line with slope 0.40 indicatimgctional order dependence on the [KFig. 4).
The rate of reaction is almost unaffected by changhe ionic strength of medium and the pseudo-brder rate
constants were found to decrease with increadeeimlielectric constant of the medium. This showsitkiolvement
of ion-neutral molecules or molecular species artite-determining step of the reaction.

Table-3
[Ox] = 1.00 x10° mol dn?
Temperature = 308 K
[S] = 1.5 x10% mol dn?

H* 10° NaClo,] 10° Dielectric k x10'

rEwol]dm'3 : mol drlf3 % MeOH-H :0 constant ' st
2.50 - 85-15 39.83 5.18
5.00 - 85-15 39.83 6.62
7.50 - 85-15 39.83 7.58
10.00 - 85-15 39.83 8.54
12.50 - 85-15 39.83 9.62
5.00 5.00 85-15 39.83 7.12
5.00 10.00 85-15 39.83 7.82
5.00 15.00 85-15 39.83 6.89
5.00 25.00 85-15 39.83 7.52
5.00 - 70-30 46.95 11.64
5.00 - 75-25 4457 10.04
5.00 - 80-20 42.20 8.92
5.00 - 85-15 39.83 6.62
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Fig. 4. Plot of logk versuslog [H]

Effect of temperature
The reaction has been studied at four differenpéatures keeping other factors constant (TabléhB.thermodynamic

parameters have been computed from the lineaioplat(k,/T) versus(1/T) of Eyring’s equation (Fig. 5)

Table 4
[Ox] = 1.00 x 10° mol dn?
[H']=5 x10° mol dn?
[S] = 1.5 x10% mol dn?
Solvent = 85% MeOH-}D (v/v)

Temperature | k % 10°
(K) st
298 2.28
303 3.93
308 6.62
313 8.75
318 11.12
9.2
9.6 4 °
®
i~ 10 -
X
~ °
o
o
-10.4 4
-10.8 °
-11.2 . ' . .
3.1 3.15 3.2 3.25 3.3 3.35

Fig. 5. Plot of log ko/T) versus 1/T x 10°
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Rate constants and activation parameters for sitbdbchiff’'s bases

The kinetics of oxidation of substituted anils Iik€H3, —OCI—L, -Cl, Br, -F, NC% and COOH were carried out

employing the different initial concentrations hbse Schiff's bases (Table 5). The pseudo-firstordte constants
obtained for those substrates showed different mddependence with respect to different substit@chiff's bases.
The variation in order of dependence with respedifferent substituted Schiff’'s bases is explaitgdinvoking
different rate controlling steps in the proposedhagism.

From a series of kinetic runs the rate constskptwere estimated for the above substituted Schiféses at four

different temperaturesiz., 303, 308, 313 and 318 K in order to calculate tthermodynamic parameters. The
thermodynamic parameters were calculated usingyhieg’s plot and the values are given in (Table 5)

A plot of AH# againstAS# gave a straight line with a correlation coeffidcien= 0.980 (Fig. 15). The isokinetic

temperatures obtained from the slope is 490 K. Iiear correlation betweeAH# and AS# indicates that all the
substituted Schiff's bases are following a commathanism here.

The Exner [12,13]plot of log, (a18 K)versuslog K, (308 K) (Fig. 6) gave straight line with r = 0.99. Suclyaod
correlation indicates that all the substituent$ofwla common mechanism.

Table 5: Thermodynamic parameters for the oxidationof m- and p-substituted Schiff's bases by TCICA calculated fron Eyring’s

plot
k x10's* AH* AS* AGH E
. 1 a
Substituent 303K ] 308K ] 313K] 318K| kI mol* | JK mol* | kimol* | kimol® | '
H 198 | 394| 546| 7.04  66.40 ~71.31] 88.70 68.88 8M9
mBr 145 | 1.60| 2.09| 250 28.71 -183.6( 86.18 31.]9 .98D
m-Cl 039 | 1.87 | 217| 305  39.10 -167.94 o164 41.58 99D
p-Br 167 | 2.89| 406| 562 63.48 90.71 91.87 65.96 999
p-F 216 | 3.71| 548 693  66.28 -60.48 85.21 68.16 .08
p-OCH 017 | 040 | 046| 069 7011 78.84 45.48 7289  0.970
m-OCH, 179 | 254 | 3.95| 534 6105 -97.09 91.44 63.13  0.096
p-CHa 032 | 052| 067| 096 5751 -118.84 94.70 50.99 01996
m-CH, 030 | 255| 436| 6.12] 8352 2163 90.2p 86.00  0.092
p-Cl 193 | 3.79| 479 6.02] 5858 -91.93 87.35 61.06 970,
P-COOH 103 | 162 | 242| 270 5573 -111.08 90.40 58.21  0/982
mNO; 068 | 082 | 1.18| 141 4006 17414 94.5p 4214 00984
p-NO, 031 | 038| 056| 081 5055 -138.24 93.83 53.03 01980
AG" and E are calculated at 313 K
4.4
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Fig. 6. Plot of logk (a1s k) Versus log K (s ky (Exner plot)
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Fig. 7. Plot of AH" versus AS' (isokinetic plot)

Hammett equation

When the Hammett equation was applied to this feactystem with the usual substituent constamtso
linear correlation was obtained instead the cuvmecave downward was obtained (Fig. 8). An attenas made
to correlate the Iogl values with substituent constasiandc®[14,15]. In both cases large deviations were ndted

the Hammett plot. Hence the deviation from lineaiit Hammett's plot is not due to changedn

15

1.2 -

0.9 4

log k

0.6 4

0.3 4

O L] L] L] L] L] L]

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Fig. 8. Plot of logk versus o Hammett plot]
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The curvature may be due to either a gradual changie reaction mechanism when one passes from
electron-donating to electron-withdrawing substitiseor change in the rate-determining step withngleain

the nature of substituents. The observed curvatutbe Hammett's plot may be attributed to therdm in
rate determining step. Since Michaelis-Menton pleitth some of the substrate yield some definiteriogpt
confirming the complex formed which subsequentlgalaposes in a slow rate determining step to giee th
product. This is further confirmed by the shapen@ave downward) of the Hammett curve, which indisat
that the reaction series is following a common naaitm with the different rate-determining steps.

Mechanism
From the above observations it is clear that theti@n is showing first order dependence with ressfmeoxidant. In acid

H

Cl

medium molecular TCICA, protonated TCIC<A>N< ) HOCI andCH3_(|)_C| cation are the possible reactive
H +

species. As the reaction is fractional order depaod on substrate, the molecular TCICA is not dmisd as the

reactive species. The increase in rate with theease in substrate concentration and Michaelis-Metype of

behaviour suggest the formation of a complex betibe reactive species and the substrate. As #dioa is

Cl
fractional order dependence on acid concentratten protonated TCIC)§>N< ) is not considered as the reactive

H

H
species. Moreover the protonation is said to bg 6&3‘3( ) is less likely to be the reactive species. Methas
Cl

\+/H

found to be better nucleophile than water and habstraction of Cl from </N\ ) by methanol is considered.
Cl

+

HenceCHs_(l)_CI cation is proposed to be the reactive specie® r&sults are further confirmed by the fact that a
H

plot of 1,k1 versus 1/[S] gave a straight line with an intercept camnfng the complex (¢ formed, which

subsequently decomposes in a slow rate determgtéggto give the products.

O]
CI\ )J\ /CI

N N — N—CI
/J\ /g
o} N O
|
Cl
TCICA
K N
N N TR
N—Cl +Hf =—=
/ / \CI
K
\,’(,/H —2 On—H +cit
/N 4
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K

3 +
cit + CH;0H —= CHg—(I)—Cl
H
+ k
CgHs—CH=N—CgHg + CH;—O—Cl ——> C,
| slow
H
+ k4
C;+ CH;—0O0—C| ——= C
1 3 | 2
H
Ks
C, ——s Products
fast
Rate law
Rate _ K K,K;k, [S][H"][Ox]

{1+k, [S}} {1+ K, [H]}
K,\K,K;k, [S][H]
{1+ky [S}{1+K, [H']}

Kobs =

CONCLUSION

The kinetics of oxidation of severaletaandpara-substituted Schiff’ bases by trichloroisocyanwa@d have been
studied in methanol medium, with a view to underdt¢the substituent effects on the reaction rate &tfect of
[substituent],[oxidant],[TsOH], ionic strength ,tetric constant and temperature on the reactida i® also
studied. Based on these observations a suitableaneaen has been proposed and a suitable rate ldeviised. The
oxidation products are found to be nitrosobenzenktenzaldehyde.
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