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/ ABSTRACT \

Oxidation of 4-hydroxy acetophenone by tetrabutylammoniumtribromide in 1:1 aqueous acetic acid medium has
been investigated at 27°C spectrophotometrically. Stoichiometric result showed that one mole of
tetrabutylammoniumtribromide was consumed for one mole of 4-hydroxyacetophenone. Kinetic study indicated
that reaction shows first order dependence on concentration of oxidant and first order dependence on
concentration of 4-hydroxyacetophenone. Increase in acid concentration decreases the rate of reaction. The
activation parameters of the oxidation process have been investigated by studying reaction from 283 to 323K.
Mechanism involving formation of complex between oxidant and 4-hydroxyacetophenone has been proposed.
Final product was analyzed and identified from its melting point, chromatography and spectroscopically as 2-
bromo-4’-hydroxy acetophenone. Based on the kinetic data and product analysis probable mechanism was
proposed.
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\ INTRODUCTON

Tetraalkylammonium polyhalides are
comprehensively used as halogenating and
oxidizing reagents in synthetic organic chemistry!-.
Ravindra Shimpi, Cetylpyridinium tribromide an environmentally
benign reagent also used for organic brominations
and acetylations’. An efficient microwave induced
Jalna, Maharashtra, India. solvent free organic bromination using TBATB was
also carried®. These compounds are more suitable
than molecular halogens due to their solid state,

[Author for Correspondence:

Badrinarayan Barwale Mahavidyalaya,

Email: raviindra336(@gmail.com easy handling, stable nature, selectiveness and
\ / higher yield of products. In recent times,
tetrabutylammonium tribromide (TBATB) has been
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used for the bromination of number of organic
compound. Bromination of organic substrates
mainly aromatic substrates has gained a significant
interest in recent years because of marketable
significance of these compounds as an effective
antitumor, antibacterial, antifungal, antineoplastic,
antiviral, antioxidizing agents and also as industrial
intermediate for the manufacture of essential
chemicals, pharmaceuticals and agrochemicals’.
Bromo derivatives of carbonyl compounds, mainly
a-bromo ketones are used in synthesis of various
biologically significant compounds. Important
compounds like pesticides, herbicides and fire
retardants'® used in industries. Less hazardous effect
of organic ammonium bromide and to prepare
environment friendly bromo derivatives make their
use as a selective brominating reagent compared to
molecular bromine. Owing to hazardous nature of
bromine, difficulty in handling has led to develop
new active brominating agent like
tetraalkylammonium tribromide'!, which can be
prepared by oxidizing bromide to tribromide and
then precipitating with quaternary ammonium
cation. Literature reveals bromination of various
organic compounds such as a-amino acid!? using
tetraalkylammonium polyhalides like TBATB, Aryl
thiourea to 2-aminobezothiazole'®,  carbonyl
compounds to 1, 3-oxothiaolanes'®, synthesis of
aurones'®, tetrahydropyranylation or
depyranylation'®, thioacetalisations  and trans-
thioacetalisations'’, cleavage of dithioacetals!8,
preparations of thiosugars'®, transformation of tolyl

sulfones  to  quinodimethanes?®,  germinal
diacylations?!, cleavage of tert-butyl
dimethylsilylethers®>, ~ oxidation of  aliphatic
aldehydes®,  a-hydroxy  acids®*,  oxidative

generation of carbonyl compounds from oximes®,
oxidation of formic and oxalic acid®®, oxidations of
various organic and inorganic substrates’’>! by
TBATB.

The main reactive species is Bry” formed from
dissociation of TBATB further dissociates to
bromide ion and molecular bromine which can be
suppressed by adding excess bromide ion.
Additional bromide ion affects the rate of reaction
in almost all cases except in phosphorous acids®.
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Mechanism involves formation of complex between
the tribromide ion and substrate followed by its
decomposition via direct two electron transfer
between reactants or by hydride ion transfer. The
path involving single electron transfer was
discarded due to negative effect of free radical test.
Various other oxidants also oxidize acetophenones
to oa-bromo acetophenones has already been
accounted in literature'!. Literature shows oxidative
bromination of acetophenones by oxone in presence
of bromide ion was also carried out in 50% aqueous
acetic acid solution®>. In continuation of earlier
work® on this substrate the present study was
undertaken to evaluate the oxidative and
brominating power of the said oxidant on 4-hydroxy
acetophenone.

EXPERIMENTAL

MATERIAL

TBATB was prepared by reported synthesis method
and its purity was checked by both iodometric and
spectrophotometric method. Commercial product 4-
hydroxy acetophenone (sd Fine) of highest purity
was used as supplied. Acetic acid (Merck) was used
for the study. Pure potassium bromide (sd Fine) was
used during entire study.

Kinetic Runs

In all kinetic runs for preventing dissociation of
tribromide ion a fixed amount (0.015 mol dm?) of
KBr is added in reaction mixture. Pseudo first order
conditions maintained by taking large excess of 4-
hydroxy acetophenone over oxidant TBATB. All
the constituents of the reactions were thermally
equilibrated at 27+0.5°C using ‘Toshniwal’ make
thermostat. The reaction mixture was analyzed for
TBATB at 394 nm using Elico BL-198 UV-Visible
double beam Biospectrophotometer. The values of
rate constants are reproducible within + 4% (Table
No.1) and corresponding pseudo first order graphs
are also plotted.

Product analysis and stoichiometry

For product analysis reaction was carried out by
taking 4-hydroxy acetophenone (3 m mole) and
TBATB (1 m mole) in acetic acid-water (1:1 V/V)
and the reaction mixture was allowed to stand for 1
day to completion. Reaction mixture was then
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extracted with ether and excess acetic acid in ether
layer was neutralized by saturated solution of
sodium bicarbonate (NaHCO3) and washed using
distilled water. Then ether layer was then separated
and evaporated to obtain the final product. The final
product was identified as 2-bromo-4’-hydroxy
acetophenone and confirmed by its melting point as
126°C, chromatography and spectroscopically. To
determine stoichiometry TBATB (2 m mole) and 4-
hydroxy acetophenone (1 m mole) were mixed in
1:1 (V/V) acetic acid water, this reaction mixture
was allowed to stand for a day and the unreacted
TBATB was determined spectrophotometrically at
394nm. The reaction stoichiometry was found to be
1:1.

Effect of variation of reactants

The effect of variation of oxidant and substrate were
studied at 27°C maintaining other conditions
constant. The [TBATB] was varied from 1x107 to
10x10° mole/dm® and [4-hydroxyacetophenone]
was varied from 1x107 to 10x10 mole/dm®. The
rate constant remains constant with increase in
[oxidant] indicating first order dependence on
oxidant. The rate constant increases with increase in
[substrate] indicating first order dependence on
substrate (Table No.1), (Figure No.1 and 2).

Effect of variation of [Acetic acid]

The effect of variation in [Acetic acid] was carried
by varying acid content in reaction mixture between
10 to 50 % V/V. The pseudo first order rate
constant decreases with increase in [acid] (Table
No.1), (Figure No.3).

Effect of free radical scavenger

In order to investigate the involvement of free
radicals***> the reaction was studied in presence of
free scavenger acrylonitrile, no polymerization
takes place in reaction mixture suggesting absence
of free radical formation during reaction (Table
No.1) (Figure No.4).

Effect of variation of temperature

Effect of temperature on reaction mixture was
studied by varying temperature between 10, 20, 30,
40 and 50°C respectively. The rate constant was
found out and thermodynamic parameters Ea, AH",
AG" and AS* were determined (Table No.2) (Figure
No.5).
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DISCUSSION

The reaction was carried out under pseudo first
order conditions keeping large excess of substrate
4-hydroxyacetophenone over oxidant TBATB in
1:1 aqueous acetic acid solution and having 0.015
mole/dm® of KBr to prevent dissociation of
tribromide into bromide ion and bromine molecule.
Pseudo first order rate constant kops increased
linearly during variation of [oxidant] from 1x107 to
10x10°? mole/dm? at constant [4-
hydroxyacetophenone] =  3x102  mole/dm?
suggesting first order dependence of reaction on
[oxidant] (Figure No.2). While kobs increased with
increase in [4-hydroxy acetophenone] which is
varied from 1x107 to 10x10 mole/dm? at constant
[TBATB] = 1x10? mole/dm?. Plot of log [4-
hydroxyacetophenone] versus log kobs was obtained
linear with slope 1.02 suggesting first order
dependence of reaction on substrate concentration
(Figure No.1).
4-hydroxyacetophenone
enolisation®®’ as below,
Oxidant TBATB attacks the enol form of the
substrate through electrophilic attack on Brs™ on a-
carbon atom of carbonyl group. The intermediate
complex formed undergoes decomposition to give
the final product as 2-bromo-4’-
hydroxyacetophenone as represented in mechanism.
The presence of hydroxy group at 4’position (para)
acting as e withdrawing increases the rate of
reaction due to development of positive charge on
intermediate complex as in mechanism. The
reasonable value of AG* and the linearity of plot
between —log kobs versus 1/T (Figure No.5)
additionally support the mechanism. A free radical
scavenger-acrylonitrile when added to the reaction
mixture shows absence of precipitation and
polymerization suggesting involvement of two
electron complementary step in mechanism.
Increase in acid concentration decreases reaction
rate indicating absence of protonation of 4-
hydroxyacetophenone which in turn supports the
decreased solvent polarity. With decreased solvent
polarity along with decreased water content further
supports decomposition of intermediate complex in
slow and rate determining step.

October — December 235

undergoes rapid



Ravindra Shimpi. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 6(4), 2018, 233-241.

The rate law for the reaction can be expressed as in
equation (1)

Rate = k [TBATB] [4-hydroxyacetophenone] ....(1)
In terms of pseudo first order rate constant rate law
can be expressed as in equation (2)

Rate/[TBATB]= kobs = k [4-hydroxyacetophenone] .. (2)

Activation parameters like energy of activation Ea,
enthalpy of activation AH*, Gibb’s free energy AG*
and entropy AS* can be calculated from the slopes
of plot —logkons verses 1/T (Arrhenius plots) (Figure
No.5). Considerable value of entropy supports the
formation of ionic intermediate complex between
oxidant and substrate.

High negative value of entropy of activation AS*
further supports more compact and ordered
transition state formation. High positive value of
enthalpy of activation AH* suggests formation of
highly solvated transition state (Table No.5).

Table No.1: Effect of variation of reactants on reaction between 4-HAP and TBATB in 1:1 acetic acid at

27°C

[KBr] = 1.5x10"2 mole/dm?

[4-HAP]1x102 [TBATB]1x103 | [Acetic acid] % [Acrylonitrile] Kobs
mole/dm? mole/dm? (V/IV) % (V/IV) 1x10-3(s)
1 1 25 0 0.45
3 1 25 0 0.51
5 1 25 0 0.57
7 1 25 0 0.60
9 1 25 0 0.66
10 1 25 0 0.72
3 1 25 0 0.70
3 3 25 0 0.69
3 5 25 0 0.71
3 7 25 0 0.70
3 9 25 0 0.69
3 10 25 0 0.70
3 1 10 0 0.68
3 1 20 0 0.60
3 1 30 0 0.51
3 1 40 0 0.42
3 1 50 0 0.38
3 1 25 10 0.68
3 1 25 20 0.66
3 1 25 30 0.67
3 1 25 40 0.65
3 1 25 50 0.67
3 1 25 60 0.65
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Table No.2: Effect of variation of temperature on reaction between 4-HAP and TBATB in 1:1 aqueous
acetic acid at 27°C
[TBATB] = 1x10"3 mole/dm? [4-HAP] = 3x10-2 mole/dm? [KBr] = 1.5x10" mole/dm?
Ea* = -31.937 KJ mole!

. . AH# AS* AG*
S.No | Temp. | TinKelvin | K (KJ mole) | (KJ mole!) | (KJ mole)
1 10°C 283 0.0035 -34.290 -0.1792 16.426
2 20°C 293 0.0047 -34.373 -0.1766 17.370
3 30°C 303 0.0060 -34.456 -0.1742 18.349
4 40°C 313 0.0100 -34.539 -0.1710 19.010
5 50°C 323 0.0200 -34.622 -0.1673 19.423
Average = -34.456 -0.1736 18.115
ﬁ OH
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Figure No.1: Variation of —logkons versus -log[4-HAP]
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Figure No.5: Variation of —logkons versus 1/T
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CONCLUSION

Kinetic study of oxidation of 4-
hydroxyacetophenone with TBATB was carried in
1:1 aqueous acetic acid under pseudo first order
conditions  keeping large excess of 4-
hydroxyacetophenone over oxidant. The rate
determining slow step involves an electrophilic
attack of Br; ion on carbonyl carbon of 4-
hydroxyacetophenone to form the intermediate
complex which rapidly decomposes to give final
product as  2-bromo-4’-hydroxyacetophenone.
Based on kinetic data and rate law suitable
mechanism is proposed which is consistent with the
observed results.
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