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ABSTRACT

The kinetics of iodination of the aniline and substituted anilines using
pyridiniumiodochloride in methanol has been studied under varying con-
ditions. Theratesshowsfirst order kineticseachin pyridiniumiodochloride
and anilines. The rates of reactions are measured at different temperature
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and activation parametersfor all amines computed. Hammett plot isfound
to be valid and the corrletion between the enthalpies and free energies of
activationsisreasonably linear with an i sokinetic temperature 347K. Simi-
larly log A values of all the amines are optimized corresponding to Ea of

aminesthrough the equation, logA=logk , +Ea/2.303RT.
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INTRODUCTION

lodination of aromatic ringsisan e ectrophilic sub-
stitution reaction with wideapplicationsin organic syn-
thesisparticularly inthe synthesis of pharmaceuticalg*
8. Aromatic iodides have been used in the synthesis of
many interesting natura products” and dso ashioactive
materiads8. They dso haveimportanceinmedicina and
pharmaceutical research®.

To study thekinetics of organic compounds num-
ber of reagents such asmolecular iodineg®Y, iodine
monochloride'3, N-iodosucci nimide™® havebeen used.
But most of reagentsused aretoxic, expensive and gen-
erateshazardouswaste¥, Thepyridiniumiodochloride
isan efficent solidiodinating agent which hasno hazard-
ouseffect and ecofriendly.

Further oneof the important tool in deciding the
mechanism of reactionisthestudy of substituent effect
and thermodynamic parameters. The Hammett equa
tioni*® and itsmodified form, all known aslinear free
energy relaionship (LFER), have beenfound useful for
correlating reaction and equilibrium constants. The
isokinetic relationship isaso animportant tool for de-
ciding the nature of amechanism.

Thisartidefocusonthestudy of kineticsand mecha
nism of iodination of aromatic aminesby pyridinium
iodochloridein methanal.

EXPERIMENTAL

All thechemicalsand solvent used were of anal yti-
cal grade. Theanilines used were substituentsH, m-
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CH,, m-NO,, p-NO,, p-ClI, p-Br. The solid anilines
were used assuch, and theliquid anilineswere used
after vacuum digtillation. Pyridiniumiodochloridewas
prepared by reported method™® and its purity was
checked by theiodometric method.

Kinetic measur ements

Thereactionswere carried out under pseudo first
order conditionsby keeping an excessof substrate over
pyridiniumiodochloride. Theprogressof reactionwas
followed by estimating the unreacted pyridinium
iodochlorideiodometrically. Therate constantswere
determined by least square method, fromthelinear plots
of log [PyICl] versustime. Replicateruns showed that
therate constants were reproduci bl e to within +3%.

Soichiometry and product analysis

Soichiometry of pyridiniumiodochliroideand aniline
reaction was determined by alowing thereaction mix-
turecontaininganilineand pyridiniumiodochloridein 1:1
molar ratioin methanol to goto completionat roomtem-
perature. Thenthereaction mixturewaspoured inwater
to get solid product. Theiodinated product was ana-
lyzed using preparative TLConslicagd, and comparing
themelting point of product withtheknown sample.

RESULTSAND DISCUSSION

Theresultsof iodination of substituted anilinesby
PylCl arepresented in TABLES 1-4.

Effect of variation of [substrate]

At constant [Pyl Cl], theincreasein[substrate] en-
hancesthereaction rate. Theplot of log k. versuslog
[subgtrate] for different initid concentration of substrate
islinear with unit dopeindicating thefirst order depen-
denceonsubstrate TABLE 1.

TABLE 1: Dependenceof rateconstant on [substrate]
kyx10° sec?

[Substarate] =By mNO, pNO, pCl
02M 3091 3534 3070 2743 2302 1535
0.1M 1919 1842 1535 1343 1228 997
0.05M 1151 844 729 614 575 403
0.025 M 639 426 383 307 287 201
0.0125 M 327 236 191 161 151 106

[PylCl]= 0.01M, Temp=301K, Solvent=methanol
TABLE 2: Dependenceof rateconstant on [Pyl Cl]

-3 -1
m-CH: -H pBr mNO, pNO, pCl
0.02M 19.03 1880 1573 1358 12.66 10.36
0.01M 19.19 1842 1535 1343 12.28 9.97
0.005 M 1995 1865 159 1354 1243 10.20
0.0025M 19.04 1812 1590 1332 1241 10.03
0.00125M 20.02 1877 16.01 13.17 1229 10.11

[substrate]= 0.01M, Temp=301K, Solvent=methanol
TABLE 3: Effect of temperaturevariation on reaction rate
constant

Temperature(K)=> 288 203 301 308 313

Name of substrate kx1073 st
m-Toludine 14.31 16.68 19.19 39.72 45.68
Aniline 12.74 15.29 18.42 38.68 46.41

p-Bromoaniline 9.36 11.99 15.35 35.30 45.19
m-Nitroaniline 7.98 10.38 13.43 31.59 41.06
p-nitroaniline 6.26 877 12.28 2210 30.94
p-chloroaniline 443 6.64 9.97 19.87 29.76

[substrate]= 0.1M, [Pyl CIl]=0.01M
Effect of variation of [Pyl Cl] :

At constant [substrate], theincreasein [Pyl Cl] did
not affect therate of reaction. Thefirst order plotsof
log [PyICl] versustimewerelinear. The pseudo first
order rate constants computed from the plotsremained
unaffected by the changein [Pyl Cl], establishing the
first order dependence of the rate on pyridinium
iodochlorideinal cases(TABLE 2).

Effect of temperature

Thegtudy of iodination of different anilineshasbeen
subjected to different temperaturerange 288K to 313K
by keeping the concentration of substrateand reagent

TABLE 4: Thermodynamic parameters

Freq. factor log A

Name of Substrate kx10°s' EkJmole® AH*kJmole® -AS'Imole'k™* AG*kJImole® L /mole/Sec
m-Toludine 19.19 19.14 16.64 218.96 85.04 1.60
Aniline 18.42 25.52 23.02 198.29 85.20 2.69
p-Bromoaniline 15.35 31.91 29.41 178.65 85.48 4.75
m-Nitroaniline 13.43 35.10 32.60 168.10 85.89 5.27
p-nitroaniline 12.28 47.86 45.36 127.33 86.18 7.47
p-chloroaniline 9.97 57.44 54.94 97.23 86.70 9.09

[Amine]=0.1M, [PylICI]=0.01M, Temperature=301K, Solvent=methanol
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Figure2: I sokinetic plot

constant. The rate constants are given in TABLE 3.
Theplotsof logk versus /T arelinear. Activation pa-
rametersare presentedin TABLE 4.

Energy-entropy relationship

Theentropy of activation and heat of reaction are
correlated by theequation 1.

AH*=AHC+BAS’

Where § istheiokinetic temperaturefigure 2 give theisokinetic
plot for the reaction between anilines and pyridinium
iodochloridein methanol. Theisokinetic tempeature(347K) is
greater than experimental temperature.

Thevaduesof entropy of activationaso suggest that
thereactionisentropy aswell asentha py controlled.
Thevauesof freeenergiesof activation of reactionwere
found to bemoveor lesssimilar. Thistrendsa so sup-
port theidentical reaction mechanism being followed
inthesereactiond®”). Thelinear relationship in Exner
plot*®9 at 3+log K., and 3+log k., observed in
present study a so supportsthe conclusondrawvnfrom
isokinetictemperature.

A linear free energy relationship isattempted by
cadtingthedatain Hammett equation. Thevaueof dope
of Hammett plot isknown asthe reaction constant(p)
and whichisfoundto be-0.35. The negative vaue of
rate constant suggest than thereaction areeectrophilic
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Probable mechanism of iodination amines and rate law

[Complex]

Ky
Ar-NH, + PyICl ”
[Complex]—»2 Products

Rate law

% a[Ar-NH,][PyCI]

CHEME1

substitution reaction. The magnitude of reaction
constant(p) and itsnegative sign suggest theiodination
reactionisaccelerated by e ectron donating groupsand
rateisretarded by el ectron withdrawing groups 1,
Theorder of reactivitieswith substituentsism-CH _>-
H>m-NO,>p-NO_>p-Cl>p-Br>, based on above
experimental observationsand aprobable mechanism
(SCHEME 1) issuggested and ratelaw isderived.
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