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Kinetic study for formation of thiazole by cyclisation
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The kinetic study of 3-chloroacetyl acetone with various thioureas has been carried out in
ethanol. In this study thioureas used are m-methyl phenylthiourea, m-methoxy phenylthiourea, m-
ethoxy phenylthiourea and m-chlorophenyl thiourea. The kinetic study reports second order rate
constants for these reactions. The rate of reaction is first order with respect to thioureas and first
order with respect to 3-chloroacetyl acetone. The effect of substituents on the rate of reaction is also
studied. Thermodynamic parameters are used to explain the nature of reactions. The proposed
reaction mechanism and details of Kinetics for various reactions were studied.
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INTRODUCTION

Sulphur and nitrogen containing organic
compounds are gaining importance in synthetic
and pharmaceutical fields. Thiourea and their
derivatives are well known intermediates in the
synthesis of clinically important heterocycles
like thiazoles, 4-thiozolidinones and
benzothiozoles. Thioureas are commercially
used in photographic films, plastics and
textiles. Certain thiourea derivatives are
insectides, rhodenticides and pharmaceuticals.
Some of the thioureas are screened for
anticancer activity. Thioureas have shown
antibacterial [1], antipyretic [2], hypnotic [3]
and fungicidal [4] activity. Thiazoles are found
in  medicaments [5] like  vitamin-B,
sulphathiozoles, promizole, niridazole,
aminotrizole and tetramisole. Kinetics and
mechanism of reaction between thiourea and
iodate in buffer medium has been studied [6].
The kinetic study of reaction of thiourea with
formaldehyde is also reported [7]. Reaction
kinetics of gold dissolution in acid thiourea
solution using ferric sulphate as oxidant was
investigated with rotating disk technique [8].
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The kinetics of formation of chromium(IIl) —
iminodiacetic acid complex has been studied in
temperature ~ range 35 - 55 °C
spectrophotometrically. The study shows rate
of reaction is first order with respect to
chromium(Ill) and rate of increases with
increase in temperature [9]. The kinetics of
oxidation of thiourea and N-substituted
thioureas and the corresponding formamidine
disulfides by sodium N-chloro-p-
toluenesulfonamide or chloramine-T (CAT) in
the presence of HCIO4 has been studied at 278
K [10]. The kinetics of the reaction between
vitamin C (L-ascorbic acid) and ferric chloride
hexahydrate was investigated in acidic medium
at pH 3 spectrophotometrically. The order of
the reaction was established by applying
different methods. The order of the reaction
with respect to each reactant was found was
first and the overall second order was
recommended for the reaction [11]. Kinetic
investigation in  rhodium(Ill) catalyzed
oxidation of D-Mannitol in an acidified
solution of potassium bromate in the presence
of Hg(OAc): as a scavenger, have been studied
in the temperature range of 300 - 450 °C [12].
Kinetic and thermodynamic study on the
adsorption behavior of Rhodamine B dye on
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Duolite C-20 resin has been reported. The
effects of various experimental factors; sorbent
amount, contact time, dye concentration and
temperature, were studied by using the batch
technique [13].

We have reported kinetic study of reaction
of chloroacetone with p-substituted phenyl
thioureas [14]. We have also reported kinetics
of reaction of 3-chloroacetyl acetone with p-
substituted phenyl thioureas [15]. Literature
survey reveals that there is no work on kinetic
study of reaction of 3-chloroacetyl acetone
with m-substituted phenyl thioureas.

EXPERIMENTAL
Apparatus

The pH of thiazole hydrochloride
solution was measured by digital pH meter.
(EQUIPTRONICS, EQ-614A)

Reagents

All the reagents used were of analytical
reagent grade unless otherwise stated; double
distilled water was wused throughout the
experimental work.

Aryl thioureas were prepared by Frank and
Smith method [16]. The 3-chloroacetyl acetone
(Merck India), diethyl ether (Qualigens) were
used for this work. The standard solutions of 3-
chloroacetyl acetone and thioureas were
prepared in double distilled absolute alcohol.

General procedure

Kinetic measurements were carried out
at different concentrations of reactants and
temperatures. A solution containing appropriate
amount of thiourea which is thermostated at
particular temperature was added in the
solution containing appropriate amount of 3-
chloroacetyl acetone at same temperature. At
different time intervals definite volume of
aliquot was added to a mixture of diethyl ether
and water. It was shaken immediately and
aqueous layer containing thiozole
hydrochloride was separated, diluted to definite
volume with distilled water. The pH of thiazole
hydrochloride solution formed was measured
by digital pH meter. Equal amounts of thiourea
and 3-chloroacetyl acetone were mixed under
the similar experimental conditions and kept

overnight. The reaction mixture was then
cooled and poured on crushed ice. It was
extracted with ether to remove the unreacted
reactants. The aqueous layer was neutralized by
sodium hydroxide. The white solid obtained
was crystallized from ethanol.

RESULTS AND DISCUSSION

The stoichiometric study indicates that one
mole of thiourea reacts with one mole of 3-
chloroacetylacetone. The rates of reaction were
measured at different concentration of
thioureas at constant concentration of 3-
chloroacetylacetone. The plot of log (dc/dt)
against log [3-chloroacetylacetone] is also
straight line by keeping concentration of
thioureas constant.The slope of the graph is 1.0
(Fig. 1). The plot of log (dc / dt) against log
[thioureas by keeping concentration of 3-
chloroacetylacetone constant it is also strate
line and slop of the plot is one. The overall
order of reaction is 2. By using Van’t Hoffs
differential method [17] the order of reaction
with respect to 3-chloroacetylacetone and
thioureas was also determined. Second order
rate constants were determined at five different
temperatures. The energy of activation (Ea*)
was determined by plotting graph of log k
verses 1/T (Fig. 2) and other thermodynamic
parameter were calculated, [Table.1]. The
entropies of activation (AS*) of these reaction
are negative indicates rigid nature of the
transition state. The negative value of entropies
of activation (AS*) also indicates that less
stable noncyclic reactant convert into stable
cyclic products [18]. Almost equal values of
free energy of activation (AF*) for all thioureas
indicates that probably a similar type of
mechanism prevails in all cases [18]. When
rate constant for the reaction are compared, the
thiourea is found to be more reactive than the
substituted phenyl thiouras. This may be due to
the presence of II-electron in benzene ring. The
phenyl thiourea and m-methyl phenyl thiourea
show nearly same rate constants. This may be
due to small effect of methyl group due to
hyper conjugation and inductive effect. The m-
ethoxy phenyl thiourea shows higher rate of
reaction due to mesomeric effect. The m-
chlorophenyl thiourea shows lower rate of
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reaction due to negative inductive effect of
chloro group [19-20]. It is found that, the
reaction is second order, first order with respect
to thioureas and first order with respect to 3-
chloroacetylacetone. ~The rate constants
calculated from second order rate law are fairly
constant [Table. 2].

Based on these facts, the following general

mechanism and rate expression is proposed.
ki Slow Fast

Si+S2 «—— [Intermediate] > products )
ki ka

Si1 stands for 3-chloroacetylacetone and S»
stands for thioureas.
Rate of reaction = ki [S1] [S2] — k-1 [Intermediate] ?2)
On applying steady state approximation.
d/ dt [Intermediate] = o = ki [S1] [S2] — k-1 [Intermediate] — ka [Intermediate] 3)
ki [S1] [S2]
[Intermediate] = _— “4)
ki+ke
Substituting the value of [Intermediate] in
equation (2)
ki ki [Si][S2]

Rate of reaction = ki [S1] [S2] — L (5)
ki+ke

k-l kl
Rate of reaction = {h - } [S1] [S2] (6)

The order of reaction is two (Reaction
mechanism). The derived rate law explains all
the observed experimental facts.

CONCLUSION

The order of reaction between 3-
chloroacetylacetone and thiourea is found to be
two.

The proposed rate law also shows that the
rate of reaction is two.

Nearly equal values of free energy (AF*)
indicates that same type of reaction mechanism
prevails.

Decrease in entropy (AS*) indicates that,
from open chain reactants the cyclic product is
formed.
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KUHETWYHO N3CJIEJIBAHE HA OBPA3YBAHETO HA THA30JI UPE3
LIUKJIN3ALINS
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W3BBpIIeHO € KHHETHYHO M3CIIeIBaHe Ha B3aMMOACHCTBHETO HA 3-XJIOPOALETHIIANETOH C Pa3IUYHN IPOM3BOIHH Ha
THokapbaMuaa B eraHoi. [Ipon3BonHuTe Ha Kapbamuaa ca m-MeTHiI-peHnnKapoaMua, m-MeTokcuheHmIkapoamuI, m-
eTokcu(peHmIKapoamMua u m-xiaopodpeHmikapoamun. [lopsapkbT Ha peakUuUTe € IHPBU IO OTHOIIEHWE Ha
THOKapOaMUIHNUTE IPOU3BOIHM, KAKTO U 3a 3- XJIopoareTnianeToH. M3cnensan e 1 epeKThT Ha 3aMECTUTEIIUTE BBPXY
CKOpOCTTa Ha peaknuuTe. 3mona3Banu ca TepMOAMHAMUYHY IapaMeTpH 3a OOSICHEHHETO Ha MPHUPOATa Ha PeaKIUUTe.
W3cnenBaH € npeuIoKeHNSIT MEXaHU3bM Ha PEAKIMUTE U MOJIPOOHOCTH 32 KHHETHKATA HM.

183



