CHAPTER V

Kinetics of Oxidation of Indole
by Chloramine-T



SECTION - 5.1
CGENERAL | NTRODUCTI ON

Indole was first prepared by heating oxindole with Zn
dust. Indole is a non-basic nitrogenous conpound in which a
benzene ring and a pyrrole nucleus are fused together in
2,3-positions of the pyrrole ring. Indole possesses an
unpl easant odour when inpure; the pure material has pleasant
fragrance and is found in both natural and synthetic
perfunmes. Indole is a colorless, crystalline solid, nelting
at 52°C and boiling at 254°c. It is volatile with steam
soluble in Dbenzene, et her and ligroin and may be

recrystallized from water.

Indole is wused in conpounding perfumes and in the
manuf acture of tryptophan and indole acetic acid. The
nunber of indole derivatives occurring in nature is |egion,
and many of them have high physiological potency. The
i nportance of indoles in industry centres around the
synthetic halogenated indigos (durable dyes, used principally
for cellulose fabrics), and a valuable internedi ate
especially for synthesis of the derivatives of benzene and

qui nol i ne.
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SECTI ON- S. 2
OXI DATI ON OF | NDCLE- A REVI EW

Indole is readily oxidised by a variety of reagents. The
extent of oxidation depends upon the particular reagent and

experimental condition, but indoxyl is frequently observed as

an internediate in the processes. Thus H,0, or per benzoi c
acid converts indole to indoxyl (A) and thence to indigo (O
plus a small anmount of indirubin (D). The last conpound is
presumably  formed by condensation of indoxyl with the

byproduct isatin (B)

(o)
H2 02 or
CeHsCOOH "
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Sodi um perborate in acetone oxidizes indole to a mxture
of indigo and leucoindigo, Wwhereas alkaline persulphate
affords indoxyl-O sulphate (indican). xidative cleavage of
indole is obtained by MnO, or 05 which furnish 2-formamido

benzoic acid and 2- fornmam dobenzal dehyde respectively.

Enzymatic oxi dation of indole has attracted the
attention of chemsts for the past several decades. The
nmet abol i ¢ oxidation of indole to indoxyl was attenpted by

o)

Laroche and Desborde Indole has been oxidized by sodium

156 presence of acetone and nmethyl paraoxone as

per borat e
pronot er. The reaction rate was determned by neasuring the
intensity of fluorescence of the internediate oxidation
products of indole (indoxyl and indigo white). The reaction
was found to obey Michaelis-Menten kinetics with respect to
the substrate. The degree of oxidisability and their first
order kinetics of a number of organic nitrogen conpounds has
been studied by Chudoba 157 He found that aminic, quinolinic,
pyrrolic, pyrrolidinic and indolic nitrogen split off as NH,.

Nitrogen from imdazole and pyrimidine rings splits off as

ammoni a and ni trogen.

Enzymati c oxi dation of indole to oxindole by peroxide
catal yzed by chloroperoxidase has been investigated by
Corbett et ail?®. Oxidation kinetics wexh first order with
respect to indole upto 8mM, Wwhich was the highest

concentration of indole that could be investigated. On the
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other hand, Z-methyl indole was not affected by H,0, and
chloroperoxidase, but its presence inhibited the indole
oxidation to a great extent. The isomer I-methyl indole was a
poor substrate for chloroperoxidase oxidation, and a weak
inhibitor of indole oxidation. These results suggest the
possibility that chloroperoxidase oxidation of the carbon
atom adjacent to the nitrogen atom in part results from

hydrogen bonding of the substrate N-H to the enzyme active

site.
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SECTI ON-5. 3

KINETICS OF OXIDATION OF INDOLE BY CHLORAM NE-T IN NaOH
MEDI UM CATALYSED BY 0s0,,.

This section deals with the results of oxidation of
indole (In) and its derivatives 5-chloro, 5-bromo  and
5-methoxy indoles. As indole iS less soluble in water, a 10%
methanolic content (v/v) was naintained in the reaction
m xt ure. For substituted indoles nethanolic content of
30%(v/v) was maintained in the reaction mxture, as it'was
not honobgeneous in 10% net hanolic sol ution. Oxidation of
nmet hanol during the experinental period was taken into
account while calculating the pseudo first order rate

const ant s.

St oi chi onetry

Reaction m xtures wth varying anounts of known excess
of CAT over indole in presence of NaOH and 0s0, were
equilibrated at 30 C for 24 hours. Determnation of unreacted
CAT in the reaction mxtures showed that every nole of indole
consuned one nole of CAT, conforming to the follow ng

stoi chionetry:

-« + : -
TsSOzNCl .Na + C8H7N —_————> TsSOzNH2 + C8H6NO + Na + &R

e 9 (5.1)

The reaction was made slightly acidic by adding dilute

HC1 and was di |l uted with wat er, when TsSOzNH2 was
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precipitated in bulk. The remining TsSO NH, in the reaction

2
mxture was salted out. Then the reaction mxture was
extracted with chloroform and the extract was evaporated to
give a brown solid residue. The residue (four products, TLC
was subjected to colum chromatography on silica gel (60-200
mesh) wusing gradient elution (dichloronethane to acetone).

O the four products, only two were in significant amount:

1) p-tol uenesul phonam de, recrystalised from
di chl or omet hane/ petrol eum ether (m.p.134-135.5°C) known

m.p.137-140°C. R value (0.84) determined from TLC (CH,CL,).

2) xindole =« recrystalised from dichloronethane/ petrol eum
ether (mp.118 = 120°C), known m p. 125 -127°C. Rf val ue
(0.13) determined from TLC (CH2C12). The I R (KBr) spectrum
shows characteristic bands (cm'l) at 3217 (N-H stretch), 3070
and 3032 (aromatic G H stretch), 2925 (aliphatic GH
stretch), 1701 (C=O stretch), 1619 (C=C stretch), 1473, 1333,
1234, 749, 674 and 552 cm™1l, 1y spectrum (CDC13);- (relative
to TMB); 7.22 - 6.83 (m,4H, aromatic CGH), 3.54 (s,2H
aliphatic GH and 1.71 (s,1H, N-H).

Mass spectrum :- mie: 133(M"), 104(M*-CHO), 78(M'-C,HNO),
77, 51 and 36.

Resul ts

The Kkinetics of oxidation of indole by CAT was

i nvestigated at several initial concentrations of the
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reactants at constant tenperature and ionic strength. The

reaction was studied in two ranges.

(1) Low concentration of alkali and indole.
[In]o = 8 x 10-4 to 80 x 10-4 nol dm"3;[NaOH] = § x 10"4
to 40 x 107* mol dm3.

(ii) Hgh concentration of alkali and indole.

4 L’rml dm'3,

nol am~3.

[In]o =30 x 1077 to 150 x 10~

[NaOH] = 25 x 10™% to 100 x 107%
This section deals with the results of oxidation of

indole in range (i).

Effect of reactants

At constant [OH] with substrate in excess, plots of
log[CAT] Vs tine were linear (Table -5.,1,Fig -5.1) indicating
a first order dependence of rate on [oxidant]o. Values of
pseudo-first or der rate constants (k') are given in
Table -5.2. The rate increases initially with increase in
[In], which levels off at higher [In], [Table -5.3, Fig 5.2].
Plot of log k' Vs log[In]  was linear (r=0.9919, s=0.05) with

unit sl ope.

Effect of [OH]

At constant concentrations of CAT and In, the rate was

found to be independent of [OH] (Table =~ 5.4).

Ef f ect of [0504]

The rate increased with increase in concentration of
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0s0,, (Table -5.5). Plot of log k' Vs 1og[0304] was |inear
(r=0,9955, s=0.04, Fig - 5.3) with unit sl ope.

Effect of [C1 ]

Addi tion of chloride ions in the form of NaCl, had no

effecton the rate (Table - 5.6).

Effect of [p = toluenesulphonamide]

Addition of the reduced product, p-toluenesul phonam de

had no effect on the rate (Table - 5.7).

Effect of i onic strength
The effect of wvarying the ionic strength of the medium
by adding a concentrated solution of NaClo0, did not alter the

rate of the reaction (Table =~ 5.8).

Effect of dielectric constant of the medium on the rate.

Rate studies were made in water-nmethanol m xtures of
varying conposi tions. The rate decreased with increase in
met hanol content of the reaction mxture (Table - 5.9). Pl ot
of log k' Vs | /D gave a straight line (r=0.9923, Fig - 5.4)
with negati ve slope. Bl ank experinments with nmethanol,
however showed t hat there is slight deconposition of solvent
(~2%) under  experimental conditions. This was allowed for in
the cal cul ation of the net reaction rate constant for the

oxi dation of indole.
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Effect of temperature

The reaction was studied at different t enper at ures
(298.7 to 310.6K) (Table ~ 5.10). Fromthe Arrhenius plots
of log k' Vvs |I/T (r=0,9850, Fig-5.5), kinetic and

thernodynamc paraneters were evaluated (Table - 5.11).

Test for free radicals.
Addition of reaction mxture to aqueous acrylamde did
.not initiate polymerization showing the absence of free

radi cal  speci es.
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Di scussi on

Chloramne-T acts as an oxidising agent in both acidic
and al kal i ne medi a. In general CAT undergoes a two electron
change in its reaction, the products being p-toluene-
sul phonam de (PTS) and sodium chl oride. The reduction
potential of CAT/PTS is pH dependent and decreases wth
increase in pH of the nedium having values of 1.14 V at pH
0.65 and 0.5 V at pH 12. Depending on the pH of the nedium
CAT furnishes different types of reactive species in solution
such as TsSO,NHCI, TsS0,NCl,, HOCI and possibly H20C1+ in
acid solutions, as well as TsS0,NHC1 and OCl™ ions in
alkaline solution. It has been suggested that the reactivity
of CAT is weakly alkaline solutions is due to the formation
of conjugate acid TsSO,NHCL from TssO,NC1™ in a base
retarding step. Therefore the possible oxidant species of

CAT in alkaline solutions are TsSOzNHC1 and 0OCl™.

The observed first order dependence of rate on [CAT]Oand
nearly first order in [Indole] which becones zero at higher
[Indole] and the rate independence of [OH] can be explained

by Schene - 5.1

TsSOZNClNa + OS(VIII) e==%2 X', Kl = _1 (i)
k K1
2
X +1In ---=- > X" (ii) rds
k3
X" ----%-- > products . ... . .. (i)
Schene -5.1
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According to Scheme - 5.1, rate =K, [X'][In] ... (5.2

Assum ng steady state for [X ], we get

----- = k; [caT]{os(VIIT)]-k_; [X']-k, [X'][In] = O

or [X] = ~"-mrmmmmmmmnmes N X
k_; + ky [In]

Substituting for [X']in equation (5.2), we get

k., k 0s(VIII)] [I
rate = mg_-l-l.:.(fé-lj--[.-s.( -------- [ —-rl]-- ...-(5.4)

~1
At |ow [Im];k2 [In] << k_; and hence

rate = 1<1k2 [cat] [0s(VIII)] [InN] .. «.(5.5)

Equation (5.5) accounts for the first order each in [caT],
[0s(VIII)] and [In]o. Wien [In], is increased,
k, [In], >> k_; and

rate = k; [caT] [0s(VIII)] .. ee(5.6)

The negative dielectric effect observed, confirms the
dipole-dipole nature of the rate Ilimting step in the
reaction sequence. Further the mechanism is supported by the
| ow enthal py of activation. The value of 4s* shows that

there is the formation of a nore ordered transition state.

The activation enthalpies and entropies of oxidation of
indole and substituted indoles are linearly related by
plotting AHae Vs AS (r=0.9999, Fig-5.6). From the slope, the

conputed value of isokinetic tenperature (g) is 325 K
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Further verification of the isokinetic relation was done by
Exner criterion in which 1log k'248.7 Vs 1°gk'310.6 is
plotted. This results in a straight line (r=0.9964, Fig 5.6)
from which ;t is 325 K The values of & from both the plots
are  higher than the experinental tenperature (303 K)
indicating enthalpy as a controlling factor. The [inear
correlation and the consistency of ac*val ues ( Tabl e- 5. 11)
indicate that indoles (substituted) undergo oxidation via the

same nechani sm

The detailed nechanism of oxidation of indole and
substituted indoles by CAT catalyzed by 0s0, in alkaline
medium is shown in Schene 5. 2. 0s(VIII) exists??? in
al kal i ne nedi um as [OsOA(OH)]' which on further coordination
with OHgives [0304(0H)2]2'. Since the reactions were
carried out under conparable conditions of alkalinity and
there is independence of [OH] in the oxidation of indole and
substituted indoles, it is unlikely that [OSOA(OH)Z]Z-reacts
with the substrate. CAT first coordinates wth 0s0,,
activating chloramne-T via stabilization of the nitrogen's
anionic charge and polarizing the nitrogen-chlorine band. In
basc sol uti on, 0s0, is knowmn to bind with one or even two
hydroxide  anion(s). Hence in this case the hydroxide
anion(s) can be replaced by CAT. Then, the base catalyzed

indole chlorination via activated chloramne-T (X ) affords

3-chloroindolenine and a nitrogen-protonated
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chl oram ne-T/ osm um t et roxi de conpl ex (both of which
constitute the conplex X" in Scheme - 5.1). Hydration of
ni trogen- protonated chl oram ne- T/ osm um t et roxi de conpl ex
results in p-toluenesul phonamde and a hydroxide anion/osmum
tetroxide  conplex. Hydration  of 3-chloroi ndolenine to
3-chloro 2-hydroxy indolenine followed by base catalyzed
removal of hydrogen chloride affords 2-hydroxy indole, which
is in equilibrium wth its nore stable keto form oxindole.
The low sensitivity of k2' (second order rate constant Table
5.11) to ring substituents indicates  significant bond
formation between the substrate and the oxidant in the rate
limting step. A plot of log k' Vs of, the Hamett parameter

for the ring substituents of substituted indoles is shown in

Fig-5.7. The Hammett correlations 160, 161 were fitted with
the ¢ = op * cR_scale. The observed sensitivity to ring
substitutents for this reaction is + = -1.0 . It can also

P
be seen in Table = 5.11, that the rate decreases as the ring

substituent  becones nore electron wthdraw ng.
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Table - 5.1, Fig - 5.1

Effect of oxidant concentration on the rate
(representative run).

[In], 2.5x107> mol dm™ >, [OH] = 2.00x107° mol dm™3,
[050,] = 15.7x107% mol dm™2, MeoH = 10% (v/v),
U = 05 nol dm_3, temp : 29.4°%.
Time in Titre value log (a-x)
mi n m
0 12.0 1.08
31 9.9 1. 00
60 8.4 0.92
100 6.2 0.79
140 4.7 0.67
180 3.4 0.53
Table -~ 5.2
Effect of oxidant concentration on the rate
(consolidated table).
[In]_ =2.5x107° ml dn"3, [O4] = 2.00x107° mol dm >,
[0s0,] = 15.7x107% mol dm >, MeOH = 10% (v/v>,

u= 05 mol dm ° temp: 29.4°C.

i Wy S T e i A R e et AL G e e N e e vl BV Wy e S W v
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Table = 5.3, Fig 5.2

Effect of concentration of indole on the rate of reaction

8.00x10~% mol dm™3, [NaoH] = 2.00x1073 ol dm~3,

15.7x107°% nol dn™>, MeOH = 10% (V/V), u=0.5 dm™3,

[CAT]o
[OSOA]

tenp: 29.4°.

[In], x 10% k'x10° s~1
ol dm'3

8.0 2.98
10.0 4.00
20.0 7.39
25.0 9.37
30.0 10. 68
40.0 12.76
50.0 15. 98
60. 0 15.76

______ 0.0 .18

Table = 5.4

Effect of sodium hydroxide concentration on the rate of
reaction

(caT], = 8.00x10™% ol dm'3,[1n]o = 2.5x107 ol dm‘3,

[0s0,] = 15.7x107° ol dm™>, MeOH = 10% (V/V),
u=0.5 mol dm 3, temp: 29.4°C.

[O+] x 10* k'x10” 71
mol dnri 3
8.0 9. 98
10. 0 10. 10
20. 0 9. 37
/ 25.0 10. 06
30. 0 10. 07
40. 0 10. 07
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Table « 5.5, Fig ~ 5.3

Effect of osmum tetroxide concentration on the rate

[caT]  =8.00x10™* mol dni™3, [1n] = 2.5 x 1072 nol dn~3,
[NaOH] = 2.00 X 1073 nol dm™3, MeOH = 10% (v/ V),
u=0.5 mol dm™3, tenp: 29.4°.

[0804]X lO6 k'x10° s~ 1

nol dm'3 _________________

3.93 1.74

7.86 4.07

11.78 6. 46

15. 70 9. 37

19. 62 12.56

23.60 13.75

31. 40 16. 95

Table = 5.6
Ef fect of chloride ion concentration on the rate

[cAT], = 8.00x107% nol dn™3, [In] = 2.5x1073 mol dn”3,
[NaOH) = 2.00x10™3 nol dm'3, [0s0,] = 15.7x107% ol dmi3.

MeOH = 10% (Vv/Vv), u=0.,5 nol dm'3, tenp: 29.4°C.

[Nac1] x 107 K'x10° s 1
nol dm'3
1.0 11.10
5.0 10. 99
8.0 10. 85
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Table = 5.7

Effect of p-toluenesul phonom de (PTS) concentration
on the rate

4 3

[cAT] = 8.00x10™% nol dm‘3, [In], = 2.5x1077 nol dm™ 7,
(0]

[NaOH) = 2.00x107° mol dm™3, [0s0,] = 15.7x107% nol dm™3.
MeOH = 10% (v/v), n=0.5 mol dm™3, temp: 29.4°C.
[PTS] x 10° k'xlO5 s 1

ml  dm 3

0.0 9.37

1.0 9.17

3.0 9.45

5.0 9.17

Table = 5.8
Effect of ionic strength on the reaction

[cAT], = 8.00x10™% nol dm3, [In], = 2.5x107° mol dm~3,
[NaOH) = 2.00x10™3 mol dm™3, [0s0,] = 15.7x107° mol dnm™3.

3

MeOH = 10% (v/v), p=0.5 mol dm >, temp: 29.4°C.

lonic strength K'x10° st
ml  dm 3
0.5 9. 37
0.75 9.45
1.0 9.52



Table - 5.9,Fig = 5.4

Effect of wvarying dielectric constant on the rate

[caT], = 8.00x10™% mol dn3, [1n]_ = 2.5x107° mol dn~3,
[NaOH) = 2.00x10™3 ol dm™3, [0s0,] = 15.7x107% mol  dam™3,
u =0,5 nol dm'3, tenp: 29.4°C.
Met hanol D 102/D k'x105 s'i
VI
10 72. 37 1.38 9.37
15 69. 93 1.43 8.51
20 67. 48 1.48 6.76
30 62.71 1.60 3.96

----------------------------------------------------------
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AG
kJ mol 1
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SECTI ON-5. 4

"KINETICS OF OXI DATION CF INDOLE BY CHLORAM NE-T IN NaO#
VEDI UM CATALYSED BY 0s0, .
This section deals with the oxidation of indole by CAT
at high concentrations of al kal i and indole. The
stoichiometry and the products of oxidation were the sane in

both the ranges, which has been described in Section 5.3.
Resul ts

Effect of reactants

At constant [OH] wth substrate in excess, plots of
log [CAT] Vs tinme were linear (Table-5.12, Fig-5.8)
indicating a first order dependence of rate on [oxidant]o.
Values of pseudo-first order rate constants (k') are given
in Table - 5.183. The rate was found to be independent of

[In]o (Tabl e-5. 14) .

Effect of [OH]

At constant concentrations of CAT and indole, the
reaction rate decreases with increase in [OH] (Table-5.15)
Plot of log k' Vs log [OH] was linear (r=0.9958, s=0.05,

Fig-5.9) with unit negative slope.

Ef fect of [0304]
The rate increased with increase in concentration of
6s0, (Table-5.16). Plot of log k' Vs log [0304] was | i near

(r=0.9995, s=0.01, Fig-5.10) with unit slope.
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Effect of [O"]
Addition of chloride ions in the formof NaCl did not

affect the rate (Table-5.17).

Effect of [p-toluenesul phonam de].

4

Addi tion of p- t ol uenesul phonani de ( 1x107" to

4 -3)

5.0x10"" nol dm to the reaction mxture had no effect on

the rate (Table-5.18).

Effect of ionic strength

The effect of varying the ionic strength of the nedi um
by adding a concentrated sol ution of NaClo, had negligible
effect on the rate (Table-5.19).

Effect of dielectric constant of the medium on the rate.

Rate studies were nmade in water-ethanol mxtures of
varying conpositions. The rate decreased with increase in
met hanol content of the reaction mxture (Table-5.20). Plot
of log k' Vs |I/D gave straight Ilines (r=0.9995, Fig-5.11)
with negative slopes. Bl ank experinments w th nethanol,
however showed that there is a slight deconposition of
sol vent ( -2% under experinental conditions. Thi s was
allowed for in the calculation of the net reaction rate

constant for the oxidation of indole.

Effect of tenperature
The reaction was studied at different t enper at ur es

(298.3 to 313 K) (Table-5.21). From the Arrhenius plots of
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log k' Vs I/T (r=0.9970, Fig-5.12), kinetic and thernodynam c

paraneters were evaluated (Table-5.22).

Sol vent isotope studies

Solvent isotope studies in D,0 nedium were nmade and the

val ues of k'D20 and k'HZO were 6.82x107°s™L and 14.59x107 75!
at experinental conditions, [CAT]O = 8.00 x 107% nol dm'3;
[In], = 7.00 x 1073 nol dm™3, [NaoH] = 5.00 x 1073 mol dm'3,
[0s0,] = 15.6 x 107 mol an™3,  MeOH = 10% (v/v),

pw = 0.5 nol dm-3, t=29.4°C, giving a sol vent isotope effect

t 1 —_

Test for free radicals
Addition of reaction mxture to aqueous acrylanide

did not initiate polynerization showing the absence of free

radi cal species.
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Di scussi on

The rate law for the oxidation of indole by CAT at high

concentration of NaOH catalyzed by 0sO, is of the form

“dfgal _ Kk [oarl [0s0,] 5D
dt [OH ]

Since the rate law is independent of [In]o, conpl ex
formati on between the oxidant and 0s0, in the rate -
determ ning step is envisaged. Such a behavior has been
reported by Mushran and co-workers121 during the oxidation of
“-hydroxy acids by CAT in al kaline medium Retardation of
the rate of chloramnonetric reactions in alkaline medium has

118,119,120 It can be

been observed by several workers
proposed t hat TsS0,NHC1 formed by the hydrolysis of CAT, is
the oxidizing species under these conditions, as shown in

Scheme-5. 2:

K1
TsNCINa + H,0 s====2 TsNHO + OH ; K; = k;/k_4 .. (i)
k, N
TsNHC1 + Os(VIII) --=-> X .o (ii)rds
X+In ---2-- > products .. ..(ii1) fast
Scheme = 5.3

From the above Schenme we get
rate = k, [TsNHC1] [e (wiri)] ..., «.(5.8)
Applying steady state conditions to [TsNHCL] we get,
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d[TsNHC1] -
........ = ky [catl [H,0] = k_; [TsNHCL] [OHT) -

k, [TsNHCL][0Os(VIII)]=0. . . . . (5.9)
Assuming that k_; [OH >> k, [0s(VIII)] we get
k, [cAT] [H,0 K, [CAT] [H,0
[TsNHC1] = -1—-[—---]—-[—-2--]-- S Mol :“_2__] . ..(5.10)

Substituting for [TsNHC1] in equation (5.8)

rate = SR e (5.11)
[OH" ]
Equation (5.11) accounts for the observed first order each

in [oxidant],[catalyst] and [oH™].

At high [In]o the reaction rate decreases wth increase
in [OH]. The variation of [In] was studied by keeping [OH]
constant [0.005mM]. The reaction rate becones independent of
[In] from3 x 107> nole to 15 x 10°° mole. Hence it is
probable that the change in mechanism may be attributed (from
that of Schenme = 5.1) to the fact that the oxidation of
indole does not occur with either 0sO, or CAT alone. It can
be assuned that a conplex of these two serve as an oxidant 31.
Based on the oxidizing capacity observed, a cyclic structure

X involving the oxygen and chlorine atom of the oxidant and

the nmetal atom of the catalyst is proposed.




The structure X shows that the electron density around the
nitrogen is lowered, resulting in a weakening of the N-Cl
bond. Subsequent  oxidizing capacity of N-chlorotoluene p-
sul phonam de is increased after conplexation, which results
in a fast interaction of conplex X wth the appropriate form

of the substrate.

The negligible salt and ionic strength effect on the

rate is in agreenent wth the slow step (ii) of Scheme -5.2.

The solvent isotope effect, Kk HZO/kDZO = 2.14 is noted
under these experinental condi tions. This is generally
correlated with the greater basicity115 of OD™ conpared to
H ions which supports the initial equilibrium and the rate
deternmining step in Scheme - 5.2 It is also seen that the
rate decreases with increase in dielectric constant of the
nedium confirmng the dipole-dipole nature of the rate

limting step in the reaction sequence.

Further, the nmechanism is supported by the Ilow enthalpy
of activation. The value of A S*, though negative is small
and indicates very little rearrangement in the transistion
state pointing towards the |oose nature of the activated

conpl ex.
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Table = 5.12, Fig = 5.8

Effect of chloramne-T concentration on the rate of reaction
(representative run).

3 3

3

’

mol dm™3, [NaOH] = 5.00x10"
6

[In]o = 7.00x10" mol  dm~

ml dm™3, MeOH = 10% (v/ V),

n=0.5 mol dm™3, temp : 29.4°C.

[0s04] = 15.7x10"

P T e L L L L L R R R R R N R ]

Ti e Titre log (a-x)
mn val ue
m
0 14.7 1.17
10 12.8 1.11
32 10. 6 1.03
45 9.2 0.96
67 6.8 0.83
89 5.3 0.72
135 3.3 0.52

Table = 5.13

Effect of chloramne-T concentration on the rate of reaction
(consolidated table).

[In]_ = 7.00x10~> mol dm™3, [NaOH] = 5.00x10™3 mol dm™3,
o H

ol dam™3, MeOH = 10% (v/ V),

b =0.5 mol dm™3, tenp: 29.4°C.

[0s0,] = 15.7x10"

4]



Table - 5.14

Effect of indole concentration on the rate of reaction

4 mol dn3, [NaoH] = 5.00x1073 mol dm™3

® mol dm' 3, MeOH = 10% (V/v),

[CAT]o = 8.00x10"

H

[0s04] = 15.7x10"

u=0.5 mol dm™3, tenp: 29.4°C.

[In]  x 10% K'x10°
nol dm'3 s 1
30.0 8.98
50. 0 8.70
70.0 8. 69
:
90. 0 :

100.0 6.86
150.0 6.27

Table =« 5.15, Fig « 5.9

Effect of hydroxide concentration on the rate

[caT], = 8.00x10™% mol dm™3, [In], = 7.00x1073 nol dn™3

’

[0s0,] = 15.6x10"° nol dm™3, MeOH = 10% (v/v),
4 ’
- (o]
w=0.5 nol dm 3, tenp: 29.4°C.

[O+] x 107 k'x10° g1

nol dm'3

25.0 13. 47

40.0 12. 25

50.0 8.69

60.0 7. 23

75.0 5.5
100. 0 4.24

220



Table =~ 5.16, Fg =~ 5.10

Effect of osmum tetroxide concentration on the rate

3 3

[CAT]_ = 8.00x107% mol dm™3, [In], = 7.00x107 mol dm~3,
[NaOH) = 5.00x10”> mol dm™>, MeOH = 10% (v/ V),
4 =0.5 mol dm' 3, tenp: 29.4°c.
[0s0,] x 10° K'x10° s”1
nol dm'3
3.93 2.55
7.86 471
15. 70 8. 69
23. 60 11. 89
27. 50 14. 49
31. 40 16. 20
Table = 5.17
Effect of added salt (sodium chloride) on the rate
[cAT], = 8.00x10™* mol dn™>, [In]_ = 7.00x107> nol dmi®
[NaOH) = 5.00x1077 mol dm™>, [0s0,] = 15.6x10°% ol dm™3.

MeOH = 10% (v/v), p=0.5 nol dm-3, tenp: 29.4°C.

o A R A D M N T W AR NS MmN R R WD W ey W e S

[Nacl] x 107 k'x10° g1
ol dm'3
1.0 8. 70
5.0 8. 88
8.0 8. 75

P L L e e e o R R R R R R el il g



Table -~ b5.18

Effect of p-tolluenesul phonomde concentration on the rate

[CAT], =8.00x10™% mol dn™>, [In], = 7.00x107% mol dm'3,
[NaOH) = 5.00x1073 ol dn™3, [0s0,] = 15.6x107° mol am™3.
MeOH = 10% (v/v), u =0.5 nol dm'3, tenp: 29.4°C.
[PTS] x 107 K'x10° s 1

mol  dni3
0.0 8.69
1.0 8.69
3.0 8. 89
5.0 8.68
Table - 5.19
Effect of ionic strength on the rate
[cAT], = 8.00x10™* mol dn3, [In], = 7.00x1073 nol dm”3,
[NaOH) = 5.00x10"3 mol_dm'3, [0304] = 15.6x10"° nol dm™3,
MeOH = 10% (v/ V), , tenp: 29.4°cC.
lonic strength k'x10° s~1
mol  dni 3
0.25 8.59
0.5 8.69
0.75 7.59
1.00 6. 39
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Table = 5.20, Fig - 511

Effect of wvarying dielectric constant on the rate

[caT], = 8.00x10™ mol dni"3, [In], = 7.00x107% ml dn~3,
[NaOH) = 5.00x10™> ol dm'3, [0s0,] = 15.6x107% mol dm ™3,
u=0.5 ml dm~3, temp: 29.4°C.
MeOH D 102 /D k'x10° s 1
% vlv
10 72.37 1.38 8. 69
15 69. 93 1.43 6. 82
20 67. 48 1.48 5. 34
30 62. 71 1. 60 3.17
Table = 5.21, Fig = 5.12
‘Effect of tenperature on the rate
[cAT], = 8.00x10™* mol dn™3, [In]_ = 7.00x107> mol dm™>,
[NaOH) = 5.00x107> mol dn™>, [0s0,] = 15.6x107% nol dm™3.
MeoH = 10% (v/v), H=0.5 mol dmi 3.
Tenp k'x10° sl
K
298. 3 5. 69
302. 4 8. 69
305. 9 11. 23
309. 0 13. 98
313. 0 19. 28



Table - 5.22

Kinetic and thernodynamc paraneters for the oxidation
indole by CAT in NaQH nedium catalysed by 0s0,

Par anet ers Val ue
Ea kJ mol -1 63. 10
AT kJ ml -1 60.60 + 0.01
26* k3 ml -1 98.20 * 0.20
ast gk~1l ol -1 -123.00 * 0.10
log A 9.30 * 0.01
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SUMVARY

Mechani stic and kinetic aspects of oxidation of sone
organic conpounds such as aromatic al dehyde, secondary
al cohols, aliphatic esters and a heterocyclic system indole
by the aromatic sul phonyl hal oamnes are reported in this

t hesis.

The a , p-unsaturated aromati c al dehyde ci nnam c al dehyde
(CA) was oxidised by CAT in presence of different acids |ike
HC10,, HCl, H,S0, and in NaOH nedium at 40°C.  In HCl0,
medi um a Michaelis-Menten kinetics is obeyed with a first
order dependence of rate on [cAaT] and a fractional order in
[CA] which becones zero at higher [CA],. Rate dependence on
[H+] varies frominverse fractional to fractional order and
the rate-Ht+ profile is of the inverted bell type. In HC1
medium the rate shows a first order dependence each in

[ caT], [H*] and [C1”]. Michaelis-Menten kinetics is obeyed

with respect to [CA],. The observed rate law is of the form
-\c/iv[CAT] N _
- - dV---- = k[CAT][cA]*[H ][c1l ],
t
where x is fractional. I n HZSOA medium the rate is

found to be first order dependent on [caT] and fractional
orders are observed with respect‘to [CA], and [H+}. The rate

law is of the form

LR = k[caT][cA}Y[u"]?
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where the values of y and =z are 0.83 and 0.72
respectively. In all the three acid nedia TsNHCL is
considered to be the possible oxidising species. In NaOH

medium the rate |aw observed is,

Formati on of a conplex between TsNHC1 (formed in an
alkali retarded step) and 0s0, is envisaged as the rate

limting step to form the products.

Five secondary al cohol s propan-2~ol, butan-2-o0l,
pentan-2-01, hexan-2-ol and heptan-2-o0l were oxi di sed by CAB
in presence of HCl at 40°C. The rate shows a first order
dependence each on [CAB]O and [alcohol]o and is fractional in
[HC1]. Schenes were proposed to account for oxidation of
al cohol s through acid dependent, acid independent and
chloride catalysed paths. Attenpts nade to correlate rates
wth the Taft substituent constants gave a negative value of
o* showing that electron releasing groups increase the rate.

The rates of oxidation are found to be governed by both polar

and steric effects.

Aliphatic esters like nethyl, ethyl, propyl, isopropyl
and butyl acetates were oxidised by BAT in hydrochloric acid
medi um at  40°cC. The reaction shows a first order wth
recpect tO [BAT]0 and fractional orders in [ester], and [HY].
The rate levels off at high [H+] and Michaelis-Menten
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kinetics is obeyed for the [ester]o. The observed kinetic
behavi our can be explained by the reaction of BAT wth acid
(and possibly water) in a reversible step to form the active
oxi dant which then reacts with the ester to form the products
An | sokinetic rel ationship was  observed wth B8 =374K
indicating enthalpy as a rate controlling factor. Attenpts
were nmade to arrive at a linear free energy relationship
through Taft treatnent. El ectron releasing groups in the
ester noiety increase the rate with ,*=-3.85. D rect

oxi dation of ester before hydrolysis has been proposed.

The fused heterocyclic systens, indole and 5-substituted
indoles were oxidised by CAT in NaOH medium catalysed by 0s0,
at 302.413 in two-'different ranges - at high [In]0 and [NaOH]
where rate law (i) holds, while at |ow [In]o and [NaOH]

experinmental rate law (ii) is obeyed.

- d[ CAT] k[CAT][0s(VIII)][In]® |

......... B L EE R TR L
dt [oH™] Y
~d[CAT]

-_-Hg---- = k[cat]{os(vIiID)][In]* ... .. (i)

where 0<x<1. Ef fects of substituents like -d, -Br,
-0CH; at the 5-position in indole, on the rate has been
st udi ed. An isokinetic relation was observed wi th $=325K,
indicating enthalpy as the rate controlling factor. The
initial formation of a conplex between CAT and 0s0, is
envi saged, which reacts wth the substrate to formthe

product s.
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‘ APPEND! X

Regression analysis of the experinental data

Regression coefficient 'r' s given by the formilal,
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Usi ng the above equations for a given set of X and Y
val ues, S¢ and Sy can be cal cul ated and 'r' the regression

coefficient can be obtained.

Standard deviation 's' of the points from the regression

line can be calculated by the formula,

4 7 X

Al'so 'r' can be calculated by the formular = m---

zXz E 9
where the standard deviation in X nanely °X = --- = (X) 4
n
2Y2 -
the standard deviation in Y, namely %Y = “nT (Y)2 and m

is the slope for a given straight line for a set of X and Y

val ues.
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