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ABSTRACT

Kinetic investigation on the oxidation of isatinan acidified solution of peroxomonosulphate hasnbstudied in
the temperature range of 323-333K. Increase indbecentration of H ion showed first order. The influence of
ionic strength and oxidant on the rate was foundbéoinsignificant. The various thermodynamic parterewere
calculated form rate measurements at 323, 328 @8K3espectively. A suitable mechanism in confgrmith the
kinetic observations has been proposed and thelastevas derived on the basis of the observed ddta.product
isatoic anhydride was confirmed from the IR&NMRctp analysis.
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INTRODUCTION

Heterocyclic compounds with ring system are of sdémportance in life processes for example imaazindole,

pyrimidine and purine. Among these imidazole aribla are present in proteins, pyrimidine and pusre found
in genes. Some indole derivatives like indole-3tiacecid and indole-3-propionic acid have greawglopromoting

action on plants and are known as heteroauxinhgioparmones. Isatin was first obtained as a profiom the

oxidation of indigo by nitric and chromic acids [2Methylene oxindoles derived from isatins beariag
benzimidazole ring [3], as well as thioindigoidaholidines[4 ] have also been used for dyeing stittand natural
fibers.

Peroxomonosulphate is a class of chemical compauridh possess a unique property of participatingnamny
chemical reactions with a potential multitude ohdtional activities as exemplified by variety gdpdications as
oxidants in synthesis, initiators in emulsion pofnmation, bleaching agents, metal cleaning rodskat fuel,
oxidative starch modifier in water treatment andsé@veral germicidal and biological reactions. Thghtoxidation
potential (1.82V) suggests the feasibility of maonpm temperature oxidations with peroxomonosulpifiéi&2].

The synthetic utility of peroxomonosulphate witffifelient kinds of organic substrate has been regdft®]. Hence
the study on the oxidation of isatin by peroxomarplsate was chosen which was of much biological @remical
significance.

MATERIALS AND METHODS
All the chemicals required were of AR grade E.Mermamples and used as such. Doubly distilled wates w

employed in the preparation of aqueous solutiomsa typical experiment, appropriate amount of isagulphuric
acid, acrylonitrile, sodium bisulphate and wateraveaken in a reaction vessel and thermostatetieatiésired
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temperature. The temperature range selected wasedet 323-333 K.A measured amounts of oxidant
peroxomonosulphate also thermostated at the sametature. A required amount of oxidant was pijplettet into
the reaction mixture and the liberated iodine \itaatéd against thio sulphate using starch asrttiieator.

The progress of the reaction was monitored by icetdm determination of unreacted oxidant. The cews the
reaction was followed for 75% of completion of tieaction. Plot of log [oxidant] Vs time were madiée values of
pseudo first order rate constants k' obtained wegpeoducible within £5%.

Product analysis

The reaction mixture containing a slight excesspefoxomonosulphate over the substrate with othéelitiaes
maintained as in the regular kinetic runs was kegide at room temperature for about 48 hours fanptetion of
the reaction. Then the remaining reaction mixtuees woured into doubly distilled water. A residualid thus
obtained was filtered washed and dried. The solidsmwas characterised as a product by FT-IR*BnNMR
spectral data.

RESULTS

1. Dependence of reaction on oxidant and substrate

The kinetic run was carried out with stoichiome®ixess of substrate at constant peroxomonosulgPlats of log
[PMS] Vs time were linear with slope equal to unifihe value of pseudo first order rate constaris kjiven in
Table -1. An increase in [isatin] has increased pkeudo first order rate constant, thus indicafingt order
dependence on [isatin]. In order to determine trdeioof reaction with respect to the oxidant thacten was
carried out at different initial concentrationsafidant and at fixed concentration of other reatstafhe k' values
are given in Table-2 and it was seen that the i@aetas independent of PMS concentration. Thisrbleshows
that the reaction is of first order with respcthe change in concentration of oxidant.The ueslof I (mol dm?®
s%) were evaluated from the slope of R\¥s [isatin] plots (Fig.2). The,Kmol dm?® s?) values thus obtained from
such plots (Table-3) were in agreement with theesponding values calculated from the factorj/[satin].

Table: 1 Effect of [substrate]

[Substrate] x102 mol dm® | k'x 1075, s*
2.0 15.51
2.5 19.58
3.0 23.06
3.5 26.79
4.0 30.09

[PMS] = 2 x 10% mol dm®[H*] = 0.02 mol dn?,u = 0.3 mol drif,Solvent=40%aqueous acetonitrile (v/v)
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Fig-1 Effect of isatin
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Table: 2 Effect of change in concentration of oxidat on the reaction rate

3
[Pn'\:'j]/;nlf 10| 15| 20| 25| 30
kx10% s! | - | 23.49| 23.03 2306 23.2p

[substrate] = 3 x 1¢ mol dn,[H*] = 0.02 mol dn,u = 0.3 mol drf,Solvent=40%aqueous acetonitrile(v/v)

Table: 3 Evaluation of k

ko x10((mol dm™®) | k, x10%(mol dm®) } -
Temp(K) Graphical Observed R(correlation coefficient)
323 5.16 5.13 0.9995
328 6.58 6.60 0.9995
333 7.57 7.70 0.9992
35 -
€323K
30 1 m2328K
25 - 333K
. 20 A
i,
o 15 -
i
x
* 10 -
5 -
O 'V T T T T 1
5 J) 1 2 3 4 5
[Isatin]x102 moldm-3

Fig-2 plot of k' Vs [isatin]

2. First order with respect to [H']

Increase of [M] was found to increase the reaction rate margirialthe case of isatin( Table -4). This dependenc
of k (s*) on [H'] observed is due to the presence of polar funatigmoup like >C=0 in isatin. That is these
functional groups exhibit considerable degree darity due to the electronegative oxygen atom. déetthe ability

of these groups to get protonated by][Being made available from the$O, used in the experiments. It may be
noted that the observed THeffect in these substrates is not due to any-bask equilibrium of the oxidant,
peroxomonosulphate, as in the other substratesestuabsolutely no effect of [Hlwas observed. The [Heffect

as noticed in this study has been already repartestudies on the oxidation of organic compoundshsas
aldehydes[14,15] and ketones by peroxomonosulphate.

Table: 4 Effect of hydrogen ion

+ 2
[:O]IXI jg? 05 | 20| 30| 50| 100
k'x 10°% s | 21.69| 23.04 24.39 26.1D

[Substrate] =3 x 18 mol dn¥,[PMS] = 2 x 10° mol dn?,[u] = 0.3 mol dn¥,Solvent= 40% aqueous acetonitrile (viv) , T = 333

3. Effect of ionic strength on the rate of reaction

lonic strength of the medium was varied by addiadism bisulphatémol dm®). It was seen that the variation of
ionic strength has; only a marginal increase of maith increase in p was noticed (Table-5). Thigvehthat the
reaction takes place between a neutral molecul@aamaative species.

Table: 5 Effect of ionic strength

Hx1C- mol/dnf | 1.0] 2.0 | 30 | 40 | 50
k'x 10° st - 22.7| 23.04| 2471 26.79
[Substrate] =3 x 18 mol dn?,[PMS] = 2 x 10°> mol dn¥,[H*] = 0.02 mol dn?Solvent= 40% aqueous acetonitrile (viv) T=333K
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4. Effect of temperature on the rate of the reactio

The reaction was studied at different temperaturthé range 288-303K and the values of k' wererdeted from
the pseudo first order plot Table-6. The energyacfivation E was evaluated (Fig-3). The other activation
parameters were calculated and are presented (Fadpié-7).

Table: 6 Effect of temperature

. 5 S k'x 1071
[isatin] x 10" mol dM" =T 563 K| 208 K| 303K
2.0 2.3413| 3.4928 57114 84827
25 29171| 45369 6.9435  10.7473
3.0 3.5696] 54619 8.2370 12.5513
35 4.2605| 6.32171 9.8760  14.2780
4.0 2.6827| 7.2813 11.0318 17.1967

Table-7: Rate and activation parameters

Energy of activation [Ea] KJ mdl 36.36
Enthalpy of activation4H] KJ mol* 33.59
Entropy of activation4S"] J K'mol™* -185.46
Free energy of activatiol\[5"] KJ moi* | 95.35
log A 6.59

Fig.3 Eyring'’s plot for the oxidation of isatin by peroxomonosulphate

4.9937 -
4.9936 -
4.9935 -
4.9934 -
4.9933 - ¢
4.9932 -
4.9931 -
4,993 -
4.9929 -
4.9928 . T . . T . 1
2.98 3 3.02 3.04 3.06 308 31 312
1/T x103,k?

5+ logk2/T

Fig-4 Evaluation of Ea for the oxidation of isatin by pepxomonosulphate

5.Rate Equation
Based on the foregoing kinetic observations mada ais dependence of rate on concentratiof], jiHand solvent
effect, the following rate equation was suggested:

d[PMS]
Rate = —T =k'= kz[H+] + k

Corresponds to rate equation for isatin which shfisesorder dependence of rate oriJtdnd the plot of k'(8) Vs
[H™] is linear with an intercept on the ordinate. Thterenhancing effect of [Hobserved in these systems points to
(i) the protonated form of isatin being more reaetihan their neutral forms and (ii) increased tetgrhilic activity

of the oxidant species.

6. Test for free radicals on the rate of the reaabin

As the peroxo anion is the oxidant in peroxomonasaie, peroxodisulphate, etc., were able to undizegoradical

reactions involving the production of $Q OH', etc., it was thought to check whether any sueb fiadicals were
formed in the present reactions studied. The cfarciny such free radicals was carried out by ilgkor polymer

formation by using a deaerated reaction mixturetaioing the reactants and a suitable freshly tistilor
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recrystallised monomer like acrylamide and acnthilei There was no induced polymerisation confirtnat the
reaction follows ionic pathway.

7.Effect of dielectric constant

The solvent plays an important role by altering thte. Acetonitrile is both a weaker base and weakél than
water. Therefore in acetonitrile isatin will exiss$ neutral species. . This was further confirmedheyaddition of
allylacetate, an effective radical inhibitor, whidid not alter the reaction rate. The reactionsewsrried out in
agueous acetonitrile medium with a dielectric cans{(37.5) different from that of pure water (8Uhe effect of
dielectric constant on the reaction rate by varyhepercentage of acetonitrile in the reactiontumix (30-55% v/v)
was studied. The rate of the reaction was foundkettrease with increase in the percentage of a¢el@ri.e,) with
decrease in dielectric constant of the reactiontunié This indicates that there is a charge deveéon in the
transition state involving a more polar activateanplex than the reactants [16], a neutral molefigkgin] and a
negative ion (HS©) and absence of ion-ion or dipole-dipole type na@itm, which was also supported by the
highly negativeAS’ values obtained in this work [17]. (Table 8)It malgo be noted that the more negath®
values of this work as reported earlier in manyogemonosulphate-organic systems [18] point to aampol
mechanism.

Table: 8 Effect of dielectric constant

% of acetonitrile 30 40 45 50 55
k'x 10°, st 48.74| 23.04 18.49 12.7D
[Substrate] = 3 x 18 mol dn,[PMS] = 2 x 10°> mol dn¥,[H*] = 0.02 mol dn7 [u] 0.3 mol dm3,T=333K

8.Mechanism

Based on the above results the following ionic raeedm was proposed. The reaction proceeds throngh a
electrophilic attack of the oxidant (peroxomonosalig) at the neucleophilic site C3 of isatin. Frahe
experimental observations it was suggested thetisnsystem the first step is the protonation afirssto carbonium
ion intermediate (2). The nucleophilic attack afrgxo anion takes place at C3 leading to the fdomaof
intermediate (3). The intermediate 3 undergoe®ifdsation to yield the products 4[19, 20]. Formoatiof this
product was already reported [21] for similar tyyeoxidant [20-24].The identify of this product ie& anhydride
(4) was confirmed from ittH NMR and FT-IR spectra. FT-IR (KBr) 3421, 17680 cm®, *H NMR (DMSO) ppm
=6.8-8.1(m, 4-ArH, NH).

H{O-0-s0;
CDO . OH
H R
(X ] ~ .I\]
h 0] N O
Isatin (2)
(1)
Q v oldso,
-HSO, YO\
O <
L.
H
Isatoic anhydride (3)

(4)
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CONCLUSION

The reaction between isatin and peroxomonosulphatevisllionic mechanism in acetonitrile medium. The mai
active species of peroxomonosulphate is considasepleroxoanion. The nucleophilic attack of peronimm takes
place leading to the formation of intermediate wiscbsequently decomposes to the product isatbipdaitle. The
description of the mechanism was consistent wiffegmental evidences.

REFERENCES

[1] J.F.M. Da Silva, S.J. Garden and A.C. Pidt&raz. Chem. So2001, 12, No. 3, 273-324

[2] F.Merlo,G. BornengoEur. Pat. Appl, 19793,565

[3] R.K.Upadhyay, N. Agarwal, G. Mishral. Indian Chem. S3995 72, 849.

[4] K.R.Meenal and T.S Jani baindian chem. Societ§99471,117

[5] S.Meenakshi sundaram and R.Sockalingaegch chem. Commuy2001, 66,897-911

[6] R.Renganathan and P.Maruthamultii).chem.kinet198618,49

[7] T.Janakiram,V.R.Venkataraman and K.A.Basheerahdntidn.J.chem198637A,339-341

[8] R.Renganathan and P.Maruthamuthahem.soc.perkin Tran4986 11,285

[9] G.Manivannan &P.Maruthamuthd.Chem.Soc.Perkin Trans1986 285

[10] T.Pandurangan and P.MaruthamutBull.Chem.soc Jpth98154,3551

[11]T.Janakiram, P.Maruthamuthu and M.Krishnapilesjan journal of chemistry19924,191

[12]R.Panda and Subas.pradhiadian.J.Chem2001 40A, 870-873

[13]M.Usanovich, V.Dulova]).Gen.ChenfUSSR), 16, 1978046:Chem Abs 19476795

[14]R. C. Thompson, P. Wieland and E.H. Appelmanrg.Chem.1974197918

[15]F. C. Chang and K.L. Chenilikrochim. Acta]l ,1979 219

[16] K.J. Laidler, ‘Chemical Kinetics; Ed. Tata-McGraw Hill, New Delti965 p.229

[17]S. Kalyanasundaram, “Kinetic and Mechanistic Inggions on the Oxidation of Certain indoles by
Peroxodisulphate”, Ph.D. Thesis, Bharathidasan &fsity, Trichy - 24 2002.

[18]C.P. Patnaik, S. Mohapatro, A. Krishna Panigrahi Rr5. PandaBull. Chem. Soc. Jpri987,60, 3391 - 3395
[19]1D.G.O’ Sullivan, P.W. Sadled. Chem. Sod.957, 2916

[20]G. Reissenweber and D. Mangold, Ang&hem. Int. Ed. Engl19803, 19

[21]R.M. Acheson, “An Introduction to the Chemistry ldéterocyclic compounds”, John Wiley and Sons, New
York, p. 204.

[22] A.R. Katritzky, J. Boulton (Eds). Adv.Hetrocyclich€ém., T. Kappe W. Stadlbauer (Eds), 28, Academis®r
New York, London, Paris1981,p-127

[23]G.M. CoppolaSynthesis198Q7, 505

[24]H. Kolbe,J.Prakt. Chem.188430, 467

126
Scholars Research Library



