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ABSTRACT

The present investigation deals with the study of kinetics of enolisation of acetophenone in water-Ac-OH binary
mixture catalyzed by amino acid. Rate of enolisation of the ketone has been studied in water-Ac-OH binary mixture
and it has been briefly compared with the rate using DMF (Dimethyl Formamide), as another solvent, using amino
acid as catalysts. Zwitter ion of the amino acid has been found to catalyze the reaction. The reaction followed first
order kinetics. The values of Arrhenius parameters for the reaction have been calculated and data obtained
confirmed the reaction to be of bimolecular nature. Amino acid has been found to be very effective in the enolisation
of ketones. The rate controlling step is the reaction between keto form of ketone and Zwitter ion of amino acid to
form a transition state, which decomposes to give enol form of the ketone. Rate of enolisation under present
investigation is measured by halogenation. Rate of acetophenone enolisation is enhanced when the medium is
changed from protoic to dipolar aprotic solvent.
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INTRODUCTION

Kinetics of enolisation of ketones has been of gieportance in the history of chemistry sincesitélated with a
well known phenomenon of tautomerism [1]. The ratiesnolisation of ketones are usually measurethbyates of
their halogenations [2], recemization [3] and deatien [4]. A detailed survey of literature revedtat enolisation
kinetics is mainly concentrated to the study oftagkenone and substituted acetophenones [5-13}idticaand
alkaline media.

Since amino acids play an important part of utnimgtortance in vital processes [14, 15] [14-17] sthady of their
application in various fields of chemistry is ofysificance. A large number of workers have repoitesl acid
catalyzed enolisation of aliphatic, aromatic andlicyketones [18, 19]. Shilov and Yasnikow have smueead for the
first time enolisation rate of acetone catalysecabyno acid, glycine [20]. The rate was found toobdirst order
with respect to acetone and zero order with resgeridine. The amino acid glycine was found toedexate the
rate of iodination, that is the enolisation oftace.

The enolisation of acetophenone [21] occurs vitotaerism which is a reversible formation of enaoinfr enolisable

ketones. The two structural isomers differ in thkative positions of their atoms and are in rapjdiébrium with
each other.
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The enolisation could be acid catalysed or basalys#d [22-24] .The amino acids contain two re&ctijvoups,
amino and carboxyl group [25] each of which modiftae character of the other that these substa@esot be
considered merely as amines and acids. The amidaradecules exist very largely as an internal g28{ , which
is formed by a shift of the proton from the carbaxythe amino group. The salt has ionic valancycttre, but the
positive and the negative ions are not free to ateggbecause of their firm union through the carbtmm. Such an
internal salt is known as Zwitter ion [27], hybiimh or dipolar ion which is responsible for theatgtic reaction.
Every amino acid has an isoelectric point [28] @irdte pH) at which it fails to migrate under thrdluence of
electric current. For monoamino mono carboxylicdattis value has been found to be six [29]. At th@nt
concentration of the Zwitter ion is the maximumgao the catalysis will be maximum at this rangectScatalytic
activity of the Zwitter ion has also been shownsbyne other workers [30]. All the four amino acided under the
present investigation, are monoamino monocarboxadids viz. Glycinep alanin, DL alanin and L alanin which
are amongst twenty standard amino acids [31] , thedcatalytic effect of these on the enolisationekics of
acetophenone have been studied.

EXPERIMENTAL SECTION

Stock solution of acetophenone was prepared byldigg it in 100% acetic acid. Aqueous stock santdf amino
acids, iodine and hypo were prepared in doublyillgidtwater. Four Amino acids namely glycingalinine, DL
alinine and L alinine were used as catalysts. #dl themicals used in the present research wererofghade.

The solutions of iodine (0.006 M) and hy(1M) were standardized before use. Reaction mestwere prepared
by mixing all the reagents except ketone in retgisjuantities in standard flasks which were thept ke a
thermostat (x 0.03°C) for about half an hour. Teaction was initiated by the addition of 5ml of M.ketone
solution to the flask containing reactants, followey thorough shaking. Studies were carried ougjygnching
aliquots (5ml) withdrawn at fixed intervals of tineed estimating the residual iodine by titratinggainst hypo,
using starch as an indicator. This indicated io@diheero time .Rate of enolisation was studieddolniation and the
progress of the reaction was followed by withdrayihese aliquots after different intervals anchtitrg iodine as
before.

The data obtained was applied to first order rgteaton (Eqn. 1):

2303, a
k==log—— ... s (1)

a—Xx

Where k is the specific reaction rate, a, is the initiahcentration of iodine at zero time and x is theoamt of
iodine consumed in time t.

Kinetic measurements were made by varying vari@urarpeters such as concentration of acetophenotieg acid,
acetic acid, dimethyl formamide and temperature.

RESULTS AND DISCUSSION

1.Variation of Acetophenone concentration (substrate)Kinetics of enolisation of was investigated at eliént
time intervals (Table 1) ranging from 0-115 min aradying concentration doses of acetophenone (T2bfeom
10.0(Mx10G) — 20.0(Mx16).

The observations clearly indicated that with thesa@e of increasing reaction time and increasimgemdration of
the substrate, the rate was found to increase yndird to the presence of more active sites. Tleea@tstant values
obtained in absence of the amino acids were aboeg times less than in their presence.

The order was found to be unity, since the pseudd drder rate constant when divided by the mblaof the
substrate resulted in constant units (L. talin®). The plot of log a/a-x vs. time (Figure 1) giveasght line
passing through the origin and also the slopebe@ptots of log kvs. log (ketone) (Figure 2) molarity was found to
be approximately unity, which establishes the ddpane of rate on concentration of acetophenone.
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Table 1 Studies at Different Time Intervals (Temp:50 C)
[B alanine]= 0.1M, [lodine]=0.006M, [AcOH]=20% (v/v),[Acetophenone]=0.01M

S. No (m-li—rllrStee s) Volume of hypo (ml) | log a/(a-x) k(?nTnlg

1 0 8.6 - -

2 19 6.9 0.0957 11.59
3 37 5.5 0.1941 12.08
4 49 4.7 0.2624 12.33
5 62 4.05 0.327 12.14
6 76 3.5 0.3904 11.83
7 87 3.0 0.4574 12.10
8 96 2.6 0.5195 12.46
9 115 1.9 0.6557 13.13

Table 2 Enolisation of Acetophenone
[B alanine]= 0.1M, [lodine]=0.006M, [AcOH]=20% (v/Vv)

Acetophenone| k; x 1C°

S. No. (M>F<)103) (min)
1 10.0 3.381
2 12.0 3.920
3 14.0 4.388
4 16.0 5.049
5 20.0 5.967

Figure 1:Enolisation of Acetophenone at 61T
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Figure 2: Effect of variation of Acetophenone
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2.Effect of variation of Amino Acids (catalyst): Catalyst concentration was varied from 0.1 to 0.2With the

increase in the concentration of the catalystsathization energies significantly decreased theedzelerating the
reaction.

Table 3 Comparison of the rates of enolisation inour Amino Acids (Temp: 50 °C)
[Ketone]=0.01M, [lodine]=0.006M, [AcOH]=20% (v/v)

Amino Acid . 4 +log kq
S-No (Mx10?) 2+ log[Acid] M B alanin DL alanin ’ L alanin glyme
1 10.0 1.000 3.5211 3.3286 3.2931 3.3978
2 14.0 1.1461 3.6504 3.3726 3.3634 3.5146
3 18.0 1.2553 3.7702 3.4620 3.42138 3.5914
4 20.0 1.3010 3.8414 3.5246 3.4600 3.6162
5 22.0 1.3424 3.8652 3.4961 3.6468

Zwitter ion species of the amino acid was foundc&balyse the reaction [32]. A comparative accounfoar
different amino acids namely, glycing,alanine, DL alanine and L alanine was also takeo consideration for
through understanding of the catalytic effects. Tdwe amino acids were expected to have differatalgtic effect

by virtue of the difference in the dipole momeniues (glycine13.3p alanine-17.4, DL alanine-14.2 and L alanine-
6.4). The increase or decrease in the catalytiwigctvas directly related to the dipole moment [38he data
(Table 3) obtained showed the maximum catalyticviigtfor p alanine because of its maximum dipole moment.
These values further decreased for DL alanin< Inialén consonance with their dipole moment valugkicine
however shows a comparable dipole moment and hateeonstant values L alanin.

3.Effect of variation of Acetic Acid (Solvent 1):Kinetic runs were performed by varying the percgataf acetic
acid (v/v) and keeping the concentration of theeptfeagents constant. Table 4 summarizes the sestisuch

findings which indicate that pseudofirst order ratmstant decreases with the increase in the pagerf acetic
acid.
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Table 4 Effect of variation of Acetic Acid (Temp: % °C)
[B alanine]= 0.1M,[lodine]=0.006M, [Acetophenone]=0.0M

Acetic Acid | k x 10°

SNo.| "y | (mind
1 20 6.898
2 30 6.618
3 35 6.504
4 40 6.484
5 50 5.393
6 60 2.033
7 70 1.500

The increase in value of rate constant of the satitin with the increase in dielectric constantloarascribed to the
formation of activated complex more polar thantdgctants. The plots of log ks. 1/D (Figure 3) were non linear
as expected. The deviation in linearity is beliet@the due to selective salvation by higher D congmb (water) of
mixed solvent.

Figure 3:Effect of variation of Acetic Acid
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Enolization of ketones proceeded faster in aquecesic acid than in pure acetic acid. This is insmmance with
the theory that reactions involving developmentcbérge in the transition state are facilitated hgréasing the
ionizing power of the solvent, and the reactionemdvestigation involved initially neutral moleesl and polarized
species.

4. Effect of variation of Dimethyl Formamide( Solvent2 ): The rate of enolisation DMF/water binary mixtureswa
found to increase by increasing the percentage ositign of the solvent(Table 5). DMF being a dipaoégorotic
solvent [34] and the transition state being lamggion was likely to be solvated more than theahitate. This
change in solvation decreased the activation enérgyeby increasing the rate. As depicted in thHsetdhe
percentage composition of dimethyle formamide 50v) in solution showed the maximum value of red&stant
(0.86) than the solutions containing 10-40 %( W¥PMF. A regular gradation in the rate constariuea with the
increasing percentage composition of the solvenbteworthy.

243



Dipika Jaspal et al J. Chem. Pharm. Res., 2012, 4(1):239-245

Table 5 Effect of variation of Dimethyle Formamide{Temp: 50 °C)
[Ketone]= 0.01M, [lodine] =0.006M, B alanine]= 0.1M

Dimethyl Formamide | k; x 10°

S.No. )
(VIv) (min™)

1 10 2.993
2 20 3.336
3 30 3.735
4 40 6.186
5 50 7.266

A clear comparison between rate constants of tleesbivents can be drawn in the range of 20-50 ¥(where the
values decrease from 6.8-1.5 for acetic acid antease from 2.9-7.2 for DMF due to the change fpotic to
dipolar aprotic trait.

5.Effect of Temperature: Kinetic runs were performed in the range of 45°G@5C, keeping concentration of
other reagents constant. The specific rate conkjastdefined as in eqn.(2).

k=
2 [ketone] x 60
The values of the rate constant obtained have tegicted in Table 6A.

Table 6(A) Effect of Temperature (K)
[Ketone]= 0.014M, [lodine] =0.006M, B alanine]= 0.1M, [AcOH]=20% (v/v)

S.No.| Temperature(K)| 1/T x @ kzl_(_k;illj.?;(izg.qc') 2+loglk | 5+log k/T
1 318 314.4 0.2014 1.3038 1.7986
2 323 309.5 0.3134 1.4961 1.9821
3 328 304.8 0.4707 1.6727 2.1229
4 333 300.3 0.8164 1.9119 2.3860

The inverse of temperature and logot (not shown) resulted in straight line provitige validity of Arrhenius
equation (Eqn. 3) for this reaction.

In the above equation ks the rate constant, A is the frequency factgisEhe activation energy, R is the universal
gas constant and T is the temperature in Kelvire Values obtained for the various thermodynamiapaters
calculated from Arrhenius equation , like activatienergy (Ea), frequency factor (A) or (Pz), Enyé¢$), enthalpy
(H) and free energy (F) have been shown in TaBleThe magnitude of these parameters confirmed leicnéar
nature, of the rate determining.

Table 6(B) Various Thermodynamic Parameters (Temp50 °C)

AE Pz AS AH? AF*
(k cal mol) | (I.mol* min®) | (e.u.) | (K. cal mol™) | (K. cal mol™)
19.05 242 x18 | -12.126 19.06 22.98

Specific acid catalysed enolisation of acetopherstimvs a prior equilibrium between acetophenoneaaprbton,
to form a conjugate species of acetophenone. Thislilerium is fast and followed by rate determinisigp, that is
the action of water on the conjugate species. iBtisen followed by the addition of iodine acradse belifinic bond
and finally the elimination of hydriodic acid théseresulting in the occurrence of the enol.
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CONCLUSION

The order was found to be pseudo first order. Baetion being first order in ketone, Zwitter iontbé amino acid
was found to catalyze the reaction. It was als@okei that the greater the dipole moment the grétaterate.

The rate of the reaction was found to decreasenbgeasing the percentage of AcOH, while it was thum
accelerate by increasing the Dimethyle Formamidequetage.
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