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ABSTRACT

In the presence of perchloric acid, the oxidation kinetics of some para-substituted dibenzalacetones (DBA) by
cetyltrimethylammonium bromochromate (CTMABC) have been investigated in aqueous acetic acid media. A
hydrogen ion catalyzes the reaction, which is first order for both DBA and CTMABC. The Hammett
relationship is followed by the rate data. The equivalent chalcone epoxide is the result of oxidation. A plausible
mechanism for the reaction of CTMABC with DBA has been postulated based on the kinetic data and product
analysis.
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1.Introduction

A wide range of organic molecules have been
oxidized using chromium compounds in both
aqueous and non-aqueous media.
Chromium compounds, particularly Chromium
(VI) reagents may be oxidized in most of the
organic functional groups. There is still interest
in the creation of more advanced chromium (VI)
reagents for the oxidation of organic substrates.!

The oxidation of dibenzacetone by
different oxidants have been the subject of
study by various workers due to the complex
behavior of their mode of oxidation due to the
formation of chalcone epoxide Product many
of which find application in pharmaceutical,
agrochemical, and materials science fields.
Chalcone epoxides exhibit cytotoxic effects
against various cancer cell lines by interfering
with  microtubule function or inducing
apoptosis. They have demonstrated antibacterial
and antifungal properties.These derivatives
reduce inflammation by inhibiting enzymes like
COX and lipoxygenase.

The present study focuses on the study of
kinetics and mechanism of oxidation of para
substituted dibenzalacetone by CTMABC in
aqueous acetic acid media.

Dibenzalacetone serves as an intermediate in
organic synthesis. It can be used to prepare various
compounds, including other conjugated ketones or
enones, which are important in the synthesis of
pharmaceuticals, fine chemicals, and
agrochemicals. Dibenzalacetone can act as a ligand
in coordination complexes with metal ions. Due to
its ability to donate electrons from the carbonyl
oxygen or conjugated double bonds, it forms
complexes with various transition metals. Due to
its absorption in the UV-visible region,
dibenzalacetone is studied for its photochemical
properties. It can be used as a photoinitiator or in
studies of conjugated systems’ behaviour under
light exposure. Dibenzalacetone is commonly used
in spectroscopic studies, particularly in UV-visible
spectroscopy, to demonstrate the properties of
conjugated carbonyl systems.Dibenzalacetone
derivatives were organic compounds formed by
two active sites that provide a large relocation of n-
electrons. They have great polarizability that make
them excellent chromophore and draw attention for
their biological properties, mainly for their activity
against nasopharyngeal, oral, colon, prostate and
cervical cancer’. Dibenzalacetone, was a ketone

compound with potential antibacterial properties,
especially against Escherichia coli’
Dibenzalacetone was commonly used in sunscreens
to block harmful UV light from harming the skin®.

The reaction pathways of dibenzalacetone
in natural systems are dominated by redox
reactions with soil and sediment constituents.
Better understanding of the mechanism of
oxidation of such compounds/contaminants to
harmless products is the important goal for
basic research and industrial applications,
hence, the present study.

One of the important tools in deciding the
mechanism of reaction is the study of
substituent effects and thermodynamic
parameters. The isokinetic relationship is also
an important tool for deciding the nature of a
mechanism. Keeping this in view, a
systematic study has been made to establish
the reactiv-ity and to decide the nature of the
mechanism followed in the oxidation of
several para-substituted dibenzalacetone by
CTMABC.

Kinetics of oxidation of dibenzalacetone
by various oxidizing reagents have been well
studied.>-!* However the kinetics of oxidation
of substituted dibenzalcetone by CTMABC, a
Cr(VI) reagent has not yet been studied.
Hence, we have considered it worthwhile to
study the kinetics and mechanism of
oxidation of dibenzalacetone by CTMABC.
2.Experimental
2.1.Materials and reagents
All the chemicals and solvents used were of
analytical grade. The dibenzacetone used
were with substituents H, p-OCH3, p-CH3s, p-
Cl and p-NO,. Acetic acid was purified by
the standard method and the fraction distilling
at 118 °C was collected. Double distilled
water was used for all purposes.

2.2  Preparation Of Cetyl Tri Methyl

Ammonium Bromo Chromate,
C1vH2NCRO3Br, CTMABC!#

A stoichiometric amount of
cetyltrimethylammonium bromide,

CH3(CHz)15(CHs)3 N* Br (3.89 g, 10.7 mmol), is
added to a polyethylene beaker containing a
measured amount of chromium(VI) oxide (CrOs:
1.07 g, 10.7 mmol) that has been dissolved in dry
acetonitrile (25 ml) inside an argon-purged glove
box. The mixture is stirred at room temperature. A
clear orange solution is produced in five minutes.
Solid CTMABC develops in the refrigerator and is
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separated by filtering, washing with dry
isopropanol and diethyl ether, pressing between
filter paper folds, and vacuum-drying for one hour.
After a week, the concentrated solution of
CH3(CHz)1s N(CHs); [CrOs;Br]” in acetonitrile
slowly evaporates to produce the right crystals.
Production Yield:4.71 g (95%);
Melting point 104°C.
2.3 Elemental analysis of CTMABC:
Elemental analysis of CTMABC carried out by a
CHN analyser. It gives C, H, and N values. O is
typically calculated by difference. Bromine and
chromium content is typically determined by
titrimetric methods. Elemental analysis confirms
the presence of elements like C, H, N, Br, Cr and
O, and matches the empirical formula of the
compound. For  the base compound,
Ci9H42BrCrNOs  (Molecular Weight = 478.46
g/mol):

Carbon (C) ~47.7%

Hydrogen (H) ~8.9%

Nitrogen (N)  ~2.9%

Bromine (Br) ~16.7%

Chromium (Cr) ~10.8%

Oxygen (O) ~10.1%

Further analayse, the synthesized
Cetyltrimethylammonium Bromochromate  has
studied in spectral characterization like

1. FT-IR spectroscopy

2. UV-visible spectroscopy

3. H! NMR spectroscopy and

4, CB NMR spectroscopy

23 Spectral Characterization of

Cetyltrimethylammonium Bromochromate :

The FT-IR spectrum of
Cetyltrimethylammonium Bromochromate was
obtained using the BRUKER ALPHAFT-IR MB
102 spectrophotometer, in the 4000-400
cm 'region on KBr pellets. The electronic
spectra (UV-Vis spectra) of
Cetyltrimethylammonium Bromochromate was
put on record in ethanol solvent using UV-Vis
Double Beam Lamda 25 Perkin Elmer
spectrophotometer. The 'H (500 MHz) and '3C
(125 MHz) NMR spectra were performed on the
BRUKER ADVANCE spectrometer, using
CDClIs

24 FT-IR Spectrum of
Cetyltrimethylammonium Bromochromate

The Infrared (IR) spectrum of
Cetyltrimethylammonium Bromochromate ( Figure
-1) exhibits characteristic absorption bands
corresponding to its functional groups'®. In figure 1
the peak 2850-2950 cm™: explained the C-H
stretching vibrations from the alkyl chains. In peak
1445 cm™ and 1385 cm™ shows the C—H bending
vibrations. The peak 922—1255 cm™ indicates C-N
stretching vibration of the quaternary ammonium
group. The peak 922 cm™ appears Cr=0
stretching vibration and a peak 595-751 cm™:
indicates Cr—O—Br and Cr—O stretching vibrations.
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Figure 1: Infra Red Spectrum of
Cetyltrimethylammonium
Bromochromate

2.5 UV-Visible Spectrum of compound
Cetyltrimethylammonium Bromochromate:!®
With the help of oxygen and bromide ligands,
chromium in the +6 oxidation state is present in the
bromochromate anion. According to figure 2,
ligand-to-metal charge transfer (LMCT) transitions,
in which electrons are moved from oxygen ligands
to the chromium core, are the cause of the
absorption peak at 350 nm. The yellow-orange hue
of the molecule is caused by these transitions,
which are typical of Cr(VI) compounds. The
bromochromate anion is mostly responsible for the
observed spectrum because the
cetyltrimethylammonium cation does not absorb in
the UV—Vis range.
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Figure 2: UV Spectrum of
Cetyltrimethylammonium
Bromochromate

2.6 H'NMR Spectrum of

Cetyltrimethylammonium Bromochromate

In Figure 3 have been explained the H' NMR
spectrum of synthesized Cetyltrimethylammonium
Bromochromate !” The singlet peak at 3.31 ppm
appears the nine protons from the N*(CHs)s. _A
triplet peak at 3.35 ppm explained the two
protons from CH>-N*. A singlet peak at 1.30 ppm
investigated the methylene protons in the long
alkyl chain. A triplet peak shows that at 0.95 ppm
for the terminal methyl group.

ppm

Figure -3 H'NMR Spectrum of
Cetyltrimethylammonium Bromochromate
2.7 (o NMR Spectrum of
Cetyltrimethylammonium Bromochromate
In Figure 4 have been explained the C13 NMR
spectrum of synthesized Cetyltrimethylammonium
Bromochromate '3
The CTA" cation consists of a long alkyl chain (16
carbons) attached to a quaternary ammonium
group. The expected chemical shifts in the C
NMR spectrum  are:
The peak 14 ppm shows that the methyl carbon at
the end of the alkyl chain) group(terminal CHs).
The peak 30 ppm indicates that the methylene
chain carbons((CHz2)n). The peak 54 ppm

explained the Trimethylammonium  methyl
carbons(N*(CHs);) and the peak 60 ppm
investigated the o-methylene carbon (N*—~CH2-).

T T T T T T T T T T T T T T T T T T T T
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Figure -4 C® NMR Spectrum of
Cetyltrimethylammonium Bromochromate

2.8 Preparation of Dibenzalacetone:*

A cold solution of 8 g of sodium hydroxide in 250
ml of water and 70 ml of ethanol was placed in a
500 ml round bottom flask equipped with
mechanical stirrer and it was surrounded by ice
water bath. The temperature of the solution was
maintained at 20-25 °C and stirred vigorously. To
the above solution one half of previously prepared
mixture (8.8 g of pure benzaldehyde and 2.4 g of
acetone) was added. A flocculant precipitate was
formed in 2-3 minutes. The remaining portion of
benzaldehyde - acetone mixture was added after 15
min. The precipitate was filtered off and washed
well with cold water to eliminate the alkali as
completely as possible. The solid was dried at room
temperature to constant weight and 9 g of crude
dibenzalacetone (93%) with m.p. 105-108 °C were
obtained. It was recrystallised from ethyl acetate.
The compound melted at 107 °C [ m.p. 105-108
°C].

Preparation of some para substituted
Dibenzalacetone:

p-OCHs, p-CH3, p-Cl and p-NO; substituted
Dibenzalacetones were prepared same method.
These compounds were characterized by elemental
analysis, IR , UV and NMR spectral Studies

2.9 Elemental analysis of Dibenzalacetone:
Elemental analysis of dibenzalacetone carried out
by a CHN analyzer, the DBA sample is
combusted, and the percentages of C, H, and O are
determined. For dibenzalacetone:Only C and H are
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directly measured. O is typically calculated by
difference. Elemental analysis confirms the
presence of elements like C, H, and O, and
matches the empirical formula of the compound.
For the base compound, Ci7Hi«O (Molecular
Weight =234.29 g/mol):

Carbon (C) ): ~87.15%

Hydrogen (H) ): ~ 6.02%

Oxygen (O) ): ~ 6.83%

Beyond the synthesized Dibenzalacetone was
characterized by the following analytical assays,
FT-IR Spectroscopy, UV-Visible Spectroscopy, H!
NMR Spectroscopy and C!* NMR Spectroscopy
2.10. Spectral Characterization of
Dibenzalacetone :

The FT-IR spectrum of dibenzalacetone was
obtained using the BRUKER ALPHAFT-IR MB
102 spectrophotometer, in the 4000-400
cm 'region on KBr pellets. The electronic
spectra (UV-Vis spectra) of Dibenzalacetone
was put on record in ethanol solvent using UV-
Vis Double Beam Lamda 25 Perkin Elmer
spectrophotometer. The 'H (500 MHz) and '3C
(125 MHz) NMR spectra were performed on the
BRUKER ADVANCE spectrometer, using
CDClIs
2.11. FT-IR Spectrum of Dibenzalacetone

The Infrared (IR) spectrum of dibenzalacetone(
Figure -1) exhibits characteristic absorption bands
corresponding to its functional groups'’.Aromatic
C-H stretching vibrations are observed at
approximately 3023 c¢m'.The stretching vibration
of the carbonyl group (C=O) appears as a peak
around 1681 cm™“The absorption band at 1493 ¢cm’!
corresponds to the stretching vibration of -CHa-
groups.(Table -1)

Table 1 : IR spectral data of DBA

Functional groups IR Frequency Cm’!
Aromatic C-H 3023
C=0 1681
-CHz- 1493

g,
g
B
8

Wi abeg

Figure 5: FT-IR Spectrum of Dibenzalacetone

2.12. UV-Visible Spectrum of compound DBA:

In UV-Visible spectroscopy spectrum
shows(Figure-2) absorption peaks at 335 nm and
206 nm, this suggests the presence of specific
electronic transitions'®, likely due to conjugated
systems or functional groups in  the

dibenzalacetone.
Peak in 335 nm:
e Region: Falls in the near-UV to visible
range.
e Possible Transitions: Typically

corresponds to T — 7* transitions.
e Possible Compounds:

o Conjugated systems: Molecules
with extended conjugation (e.g.,
polyenes, aromatic rings with
electron-donating groups).

o Aromatic compounds: Some
substituted benzene derivatives,
polycyclic aromatic
hydrocarbons (PAHs).

o Chromophores like flavonoids
or some organic dyes.

o Transition metal complexes
(ligand-to-metal charge transfer).

Peak in 206 nm:
e Region: Falls in the deep-UV region.

e Possible Transitions: Usually
corresponds to n — @* or 1 — w*
transitions.

e Possible Compounds:

o Benzene and substituted
aromatics: Aromatic
hydrocarbons typically absorb
around 200-210 nm.

o Alkenes and conjugated dienes:
Simple alkenes absorb in this
range.
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o Proteins and peptides: Due to
peptide bond absorption.

o Nucleic acids (DNA/RNA):
Strong absorption due to the
purine and pyrimidine bases.

Scan Spectrum Cunve

’zssTm
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o750} |
|
| ®No. PNV Wavelength(nm) Abs  Comment
| Do
0375p%)]
[ N yanpe———
ool | L |
Figure 6: UV-Visible Spectrum of
Dibenzalacetone

2.13. H'NMR Spectrum of DBA

The synthesized dibenzalacetone are characterized
by H! NMR Spectrum!’(Figure-3) . The
Interpretation of this compound is given
below(Table -2)

Table 2: H! NMR Data of DBA

Proton Type Chemical  Shift

(ppm) Range
Aromatic Protons 7.09-7.79
Alpha-Carbon Proton = 2.40
(adjacent to carbonyl group)
Methylene Protons TBD
Aliphatic Protons TBD

Aromatic Protons : A prominent multiplet in this
range was observed, attributed to the aromatic
protons on the benzene rings. The signals appeared
broadened due to coupling with neighbouring
protons. The exact chemical shifts within this range
may vary depending on factors such as solvent
polarity and ring substitution patterns.

Alpha-Carbon Proton Adjacent to Carbonyl
Group : A multiplet centered around & 2.40 ppm
was observed, corresponding to the proton on the
alpha-carbon adjacent to the carbonyl group. This
multiplet arises due to coupling with neighbouring

protons, including those on the benzene rings and
neighbouring methylene groups. The chemical shift
and splitting pattern provide insights into the
chemical environment and connectivity of this
proton.

Figure 7: H' NMR  Spectrum of
Dibenzalacetone
2.14. C'3 NMR Spectrum of DBA

The Synthesized Dibenzalacetone are characterized
by C! NMR Spectrum!®(Figure -4) The
Interpretation of this compound is given
below.(Table-3)

Table 3: C'* NMR Data of DBA

Carbon Type Range

Carbonyl Carbon
(C=0) 189

Aromatic Carbons

Aliphatic Carbons 76 =17

Chemical Shift (ppm)

125143

Carbonyl Carbon (C=0) : A sharp peak was
observed in the spectrum around & 189 ppm,
corresponding to the carbonyl carbon (C=0) of the
molecule. The precise chemical shift of this peak
depends on factors such as molecular environment
and any conjugation effects with adjacent
functional groups.

Aromatic Carbons : Several peaks were observed
in the range of & 125 — 143 ppm, indicative of the
carbon atoms within the benzene rings of
dibenzalacetone. The chemical shifts of these peaks
vary depending on the degree of substitution and
the presence of electron-withdrawing or electron-
donating groups.
Aliphatic Carbons :
aliphatic carbons, including those in the alkene and
alkyl chains, were observed in the spectrum within
the range of 8 0 - 80 ppm. The alpha-carbon
adjacent to the carbonyl group may appear around

Signals corresponding to
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6 76 - 77 ppm due to the electron-withdrawing
effect of the carbonyl group.

|

Figure: 8 C*NMR Spectrum of DBA

2.15. Kinetic measurements
By maintaining an excess of substrate
over CTMABC, the reactions were
conducted under  pseudo-first-order
conditions.A steady temperature of 0.1 K
was maintained.
Iodometric estimation of the unreacted
oxidant at 298, 303, 308, and 313 K for up
to 80% of the reaction was used to track
the reaction's progress. The linear plots of
log [CTMABC] vs time were used to
calculate the pseudo-first-order rate
constants, or kobs. The rate constants
were repeatable to within + 4%, according
to duplicate kinetic runs.

2.16.Data analysis
The computer software Microcal Origin
(Version 6.1) was used to do correlation
analysis.

The correlation coefficients and standard

deviations are used to discuss the fit's

quality.

2.17.Stoichiometry and product analysis
Several sets of tests were conducted with

different concentrations of CTMABC that were
significantly more than DBA in order to
ascertain the reaction's stoichiometry. One mol
of CTMABC interacts with one mol of DBA,
according to the estimation of wunreacted
CTMABC. Preparative TLC on silica gel, which
produces chalcone epoxide.
Melting point of chalcone epoxide: 101 °C
2.18.Elemental analysis of Chalcone epoxide:
Elemental analysis confirms the presence of
elements like C, H, and O, and matches the
empirical formula of the compound.
Elemental analysis of chalcone epoxide carried
out by a CHN analyzer, the chalcone epoxide
sample is combusted, and the percentages of C, H,
and O are determined. For dibenzalacetone:Only C

and H are directly measured. O is typically
calculated by difference. Elemental analysis
confirms the presence of elements like C, H, and O,
and matches the empirical formula of the
compound.
For the base compound, CisHi20: (Molecular
Weight = 224.25 g/mol):

e Carbon (C): ~80.34%

e Hydrogen (H): ~5.39%

e  Oxygen (0): ~14.29%
Further analyze the chalcone epoxide product
was used to characterized by IR
spectroscopy,UV  spectroscopy, H! NMR
Spectroscopy and C'3 NMR spectroscopy.

2.19. Spectral Characterization of Chalcone
epoxide :

The FT-IR spectrum of chalcone epoxide was
obtained using the BRUKER ALPHAFT-IR MB
102 spectrophotometer, in the 4000-400
cm 'region on KBr pellets. The electronic
spectra (UV-Vis spectra) of chalcone epoxide
was put on record in ethanol solvent using UV-
Vis Double Beam Lamda 25 Perkin Elmer
spectrophotometer. The 'H (500 MHz) and '3C
(125 MHz) NMR spectra were performed on the
BRUKER ADVANCE spectrometer, using
CDCls
2.20. IR Spectrum of Chalcone Epoxide:
The infrared spectrum of chalcone epoxide (Figure
9) shows the peak 1700 cm™ explained the C=0
stretching of a significant absorption that is
characteristic of ketone functional group."*The
peaks 1250-1270 cm™ and 850-950 cm'shows
epoxide ring vibrations of C—O-C stretches and
ring deformations.

100 -
80 W

60 -

%T

40 -

20 -

ol L L . - L -
4000 3000 2000 1500 1000 400
Wavenumber [cm™]

Figure: 9 IR Spectrum of Chalcone epoxide
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2.21. UV Spectrum of Chalcone epoxide:

In Figure 10 explained the UV spectrum of
Chalcone epoxide. Its  exhibit absorption
bands in the UV region, primarily due to
n—n* electronic transitions associated with
aromatic systems.'®

The absorption band 220-270 nm, attributed to
n—m* transitions of the aromatic rings. The
absorption band appears around 340-390 nm,
also due to m—7* transitions, influenced by the
conjugation between the aromatic rings and the
carbonyl group.

° e -
20 20 200 310 3N W W W 410 4R
Wavelength (nem)

Figure: 10 UV Spectrum of Chalcone epoxide
2.22. H' NMR Spectrum of Chalcone epoxide:
The H' NMR spectrum of chalcone epoxide
(Figure 11) shows the peak multiplets between
7.2-8.0 ppm, corresponding to the ten protons of
the two phenyl rings due to aromatic protons.
17Signals around 4.13 and 4.34 ppm, indicative of
the diastereotopic methine protons on the three-
membered epoxide ring due to epoxide ring
protons.

mmmmmmmmmm
oooooooooo
mmmmmmmmmm

13.11
477

35 125 15 105 95 90 85 80 75 70 65 60 55 50 45
(ppm)

Figure -11 H! NMR Spectrum of chalcone
epoxide:
2.23. C3 NMR Spectrum of Chalcone Epoxide:
In Figure 12 explained the '3C NMR spectrum of
chalcone epoxide.
The signal 190-200 ppm explains the carbonyl
carbon (C=0). The signal 125-140 ppm shows to
the  corresponding  aromatic carbons and the
signals 45-60 ppm range, corresponds to the

characteristic of the strained three-membered
epoxide ring carbons.!®

LI RN R TR L IR PR )

LN L B |
200 180 160 140 120 100 80 60 40 20 0
M

Figure -12 C® NMR Spectrum of Chalcone
Epoxide:
3.Results and Discussion

Under pseudo-first-order circumstances, the
kinetics of DBA oxidation by CTMABC was
investigated at 303 K in a 50% acetic acid—
50% water medium. Table 4 lists the observed
pseudo-first-order rate constants (Kobs).
3.1 Order of the reaction

It was discovered that the oxidation rates in
[CTMABC] and [Substrate] were both first
order. The first-order dependence of the rate on
[Substrate] is shown by linear plots of log ki
versus log [Substrate] (Figure. 13) with unit
slope (H: slope = 1.03 + 0.04, r = 0.997; p-
OCH3: slope = 1.02 + 0.03, r = 0.998; p-CH3:
slope = 1.01 £ 0.03, r = 0.999; p-Cl: slope = 1.04
+ 0.04, r = 0.997; and p-NO2: slope = 1.01 £
0.03, r=0.998).
Table 4 lists the k1 values at various [Substrate].
The ki values acquired at various CTMABC
concentrations show that the rates are mostly
unaffected by the starting CTMABC
concentration. This ensures that the reaction's
order with respect to CTMABC is one.

At various starting concentrations and while
maintaining the concentrations of the other
reactants constant, the relationship between the
reaction rate and the hydrogen ion concentration
has been examined (Table 4). It is evident that
when the concentration of hydrogen ions rises,
the rate of reaction increases linearly. This
proves that, in relation to the concentration of
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hydrogen ions, the reaction rate is first order.
The linear plot of log ki against log [H] in
Figure 14 indicates that the reaction proceeds
entirely via an acid-catalyzed route.!°-20

Slope = 1.03
1 r 0998

3+log[DBA]

Plot of log k1 versus log [DBA]

for the oxidation of DBA by CTMABC

145+

Slope = 0.994
r 0.998

§> 125
$
1104
1.00 T T T T T T T - T
115 120 125 130 135 140 145 150 1585 1«
2+10g (W]
Figure 14 Plot of log k1 versus log
[H*] for the oxidation of DBA by
CTMABC
Table 4 Effect of variation of [DBA],
[CTMABC] and [H*] on the rate of reaction
at 303 K.
Solvent composition= 50% AcOH - 50% HO
(V/v).

a Contained 0.001 mol dm™ acrylonitrile.
b In the presence of 0.003 mol dm™ Mn(II).

103
[CTM
ABC]

(mol
dm—)

102
[D
BA
]
(m
ol
dm

-

[ 107 ki (s7)
H

]

/\
(S

= HoNe
Ta s
N7 LS

8

18
0. 22. | 10.
05 20| | 426200 | 362
6
18
0. 22. | 10.
1O |20 | | 5 [2640 || o | 360
6
18
0. 22. | 10.
L5 |20 | .j 2634 | 0| 5o | 348
0. | 8. 22. | 10.
20 120 | 0| 52656 |15 | 356
18
0. 22. | 10.
25 120 | 23 26.12 | ' | oy | 370
0. ] 8. 10. | 5.1
LO | 1O | ol g | 1280 | o0 | | 176
13
0. 16. | 7.6
LO | 15| o 31920 | o) | 272
6
23
0. 27. | 12.
LO |25 | L] 53296 | | O | 448
2
27
0. 33. | 15.
Lo 130, 82 3984 | 0| 5o | 528
11
0. 13. | 6.2
Lo |20 | S| 11544 | 1S 208
2
14
0. 17. | 84
Lo |20 | o0 6| 2002 | S| | 278
4
22
0. 26. | 12.
LO | 20| o 13128 || o] 428
6
25
0. 30. | 14.
L0 | 20 | .86 3670 | oo | 5 | 492
18
0. 22. | 10. | 3.65
Lo |20 | o 42632 0] 0|
8
15
0. 18. | 8.7 | 2.94
1. 2. 2 | 2112
0 0155 5 36 | 6 b

3.2 Effect of varying solvent composition:

By changing the acetic acid content from 30%
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to 70%, the impact of solvent composition on
the reaction rate was investigated. All of the
substituted dibenzalacetone's oxidation
processes were estimated to have pseudo-first-
order rate constants using CTMABC at constant
ionic strength in the presence of perchloric acid.
As the amount of acetic acid in the medium
increases, the reaction rate rises noticeably
(Table 5).

While the dielectric constant of the medium
decreases, the acidity of the medium increases
as the acid concentration of the media increases.
The rate of oxidation increases significantly as a
result of these two processes. Two causes may
often be ascribed to the augmentation of the
reaction rate with an increase in the quantity of
acetic acid: (i) the rise in acidity at constant
[H+] and (ii) the decrease in the dielectric
constant with an increase in the acetic acid
content. An interaction between a positive ion
and a dipolar molecule is shown by the linear,
positive-sloped plots of log kl wversus the
inverse of the dielectric constant. '°-20

on the rate of reaction at 303 K.

[DBA] = 2.0 X 10> mol dm 3 [CTMABC] =
1.0 X 103 mol dm—3
[H]=2.5X 10— mol dm—3

%Ace | Dielect | 104k (s—)

tic ric H p- p- p- p-

acid— | constan OC |CH | N

water |t H; 3 0O,

(v/v)

30-70 | 72.0 13. 1209 |18. | 6.6 |23
46 0 02 6 4

40-60 | 63.3 15. 1237 |21. |85 |3.0
30 |6 16 |6 2

50-50 | 56.0 18. | 264 |22. | 10. |3.6
56 |0 40 (56 |0

6040 | 455 20. [ 295 |25 | 12. |43
9% |8 26 |96 |2

70-30 | 385 23. | 331 | 28. | 14. | 48
47 |2 41 51 5

Table 5 Effect of varying solvent polarity

Despite being surprisingly sluggish, the

oxidation of DBA by CTMABC in an acetic

acid water medium is catalyzed by perchloric
acid and occurs at a comfortable pace.

Perchloric acid catalysis implies that

CTMABC species, not the DBA molecule,

are protonated, which would have caused

retardation. Although protonated CTMABC is

hard to see, protonated chromium (VI)

oxidation is recognized to have a role?'. There

were no free radicals present because the
reaction did not encourage the polymerization
of acrylonitrile.

The loss of the hydride ion is followed by the
development of a complex as the reaction
continues. The complex is most likely created
by the coordinated transfer of an electron pair
from the N-atom to Cr(VI) and oxygen from the
oxidant to the N-atom. The oxidant must form a
complex with the substrate in order for the
nitrogen lone-pair to be used up in coordinating
with an electron-deficient center, preferably a
metal ion, in order to facilitate the depletion of
lone-pair electron density, which is indicated by
a negative q value.

3.3 Mechanism of oxidation

The oxidation of DBA by CTMABC in
perchloric acid is shown in Scheme 1.

Nevertheless, the rate of oxidation is slowed
down by the addition of Mn(II) (0.003 mol
dm—3) in the form of MnSO4. This suggests
that the Cr(IV) intermediate is involved in the
Cr(VI) reagent's oxidation of DBA. Cr(IV) is
reduced to Cr(III) by the Mn(II) ion. When the
Mn(Il) ion is absent, the generated Cr(IV)
converts Cr(VI) to Cr(V), and Cr(V) quickly
oxidizes DBA?? The elimination of Cr(IV) by
reaction with Mn(II) has been attributed to the
decrease in the rate of Cr(VI) reduction with
the addition of Mn(II)*
Cr(IV)+ Mn(II)— Cr(III)+ Mn(II)
A similar mechanism has been postulated for the
oxidation of chalcones by Morpholinium
Chlorochromate.Further, such a  complex
formation is supported by the negative entropy
of activation observed. The above mechanism
leads to the following rate law
—d[CTMABCY)/dt = kik2ks] DBA][CTMABC][H']

3.4 Structure reactivity correlation

Some para-substituted dibenzalacetone were
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subjected to oxidation kinetics by
CTMABC at four different temperatures
(298, 303, 308, and 313 K) in a 50-50%
(v/v) acetic acid—water medium in the
presence of perchloric acid. The
substrate effect shows that para-
substituted dibenzalacetone are also first
order dependent; Table 6 provides the
second order rate constants at four
different temperatures as well as the
activation parameters. It's interesting to
note that the reactivity decreases in the
order p- OCH3s > p-CH3 > p-H > p-Cl >
p-NO; for the substituents.

3.5 Activation parameters

Table 3 displays the activation parameters,
which were determined from k, at 298, 303,
308, and 313 K using the Eyring relationship
and the least squares approach. The response
conforms to the coOmpensation law, sometimes
referred to as the isokinetic connection, while
not being isoenthalpic or isoentropic.

AH*= AH® +bAS*

The temperature at which every chemical in
the series reacts at the same rate is known as the
isokinetic temperature, or b. Furthermore, the
free energy of activation is unaffected by the
substituent's fluctuation at the isokinetic
temperature.

3.6 Hammett plot

A linear free energy relationship is
attempted by casting the data in Hammett
equation. The value of the slope of Hammett
plot is known as reaction constant (q).
Reaction constant values at different
temperatures are given in Table 7.

)

The sole factor influencing reactivity in an
isoentropic reaction is the enthalpy of
activation; the isokinetic temperature is at
infinity. For an isoenthalpic series, the
entropy of activation determines the
reactivity, and the isokinetic temperature is
zero?*?  Using Eq. (10), the logarithms of
rate constants at two distinct temperatures
(T2 > T1) are plotted against one another to
evaluate the isokinetic connection.

log k(at T2)=a +blogk(at T)

The isokinetic connection (Figure. 15) is
supported by the linear relationship in Exner
plots?627 at 4 +log k2 (303 K) and 4 + log k2
(308 K) found in this investigation. 456 K is
the predicted isokinetic temperature. All of
the substituted anilines under investigation
undergo oxidation via a same mechanism,
according to the isokinetic relationship's

operation?®.

34

p-OCH,
321 [Siope=- 0950 p-CH
] [r =0 -

2
1
e
o
g
+
-

22 T T L 4 T T T T

20 22 24 26 28 3.0 32
4+1log k, (303 K)

Figure 15 Exner’s plot of 4 + log k2 (308

K) versus 4 + log k2 (303 K) for the
oxidation of DBA by CTMABC.

1JDDT, Volume 16 Issue 5, 2026

Page 1001

(10)



Oxidation Of Dibenzalacetone By Cetyltrimethylammonium Bromochromate

Table 6 Activation parameters and second
order rate constants for the oxidation of
para-substituted dibenzalacetone by
CTMABC in aqueous acetic acid medium.

[DBA] = 2.0 X 102 mol dm 3; [CTMABC] =
1.0 X 103 mol dm—3;
[H] = 2.5 X 10'mol dm—3. Solvent
composition = 50% AcOH — 50% H>O (v/v)

K)

H |71]92]11.|14. | 34. | 32. | 158 | 80.

p- 10. | 13. | 17. | 21. | 38. | 36. | 143 | 79.

OC |16 |20 |16 |45 |85 |31 [.95 |92
H;

DB | 10?2 k» (dm3> mol~!' | Ea | A | AS* | AG
A s i #

p- 86 | 11. | 13. | 19. | 48. | 39. | 132 | 79.
CH |5 20 |90 |96 |48 |63 | 47 |76

29 130 |30 |31 | (K| (kKJ|@ (kJ
8 3 8 3 m |m |[K~ |m

K |[K |K |K |ol ol | ol

71) 71) mo _
D hH

(at

30

p- |46|52]66 |83 |31 |28 | 175 | 8l.
cl |0 8 5 2 09 |54 | .02 |57

p- 1.3 1.8 21 )28 |26. |33 | 166 | 84.

0]}

Table 7 Reaction constant values at different
temperatures.

[DBA]=2.0 X 102mol dm—3; [CTMABC]
=1.0X 10* mol dm—3;
[H] = 2.5X 10 mol dm— Solvent
composition = 50% AcOH - 50% H-»O
v/v).
Temperatur | Reactio | Correlatio | Standar
e (K) n n d
constant | coefficient | deviatio
-q n
298 —0.8979 | 0.994 0.05
303 —0.8633 | 0.995 0.03
308 —0.8466 | 0.997 0.02
313 —0.8043 | 0.996 0.06
K
H +  HCr04- T—/]
H2CrO4
H2CrO4 K>
—

Complex (C) + Dibenzalacetone

—
T —

Scheme 1: Oxidation of Dibenzalacetone by
CTMABC

Additionally, the Hammett plot is linear (Figure
16). Hammett asserts that electron removal from
the benzene ring accelerates reactions with positive
q values while it retards those with negative q
values ¥. The electron-donating groups raise the
rate in these oxidation processes whereas the
electron-withdrawing ones lower it. The Hammett
Plot provides these observations, which corroborate
the negative q values.

Complex (C)

Chalcone epoxide+ Cr(III)
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1.2 P-OCH,
1.0
0.8
<o
8 06
+
0.4
02
0.0
X T x T . T 4 T X T ! T
04 -0.2 0.0 0.2 0.4 06 0.8
Substituent constant
Figure 16 Hammett plot of 2 + log k2
versus substituent constant, r at 303 K
for the oxidation of DBA by CTMABC.
Graphical Abstract:
f f f
4  Conclusions

The mechanism of CTMABC's oxidation of
dibenzalacetone and some para-substituted
dibenzalacetone is described in depth in this
work. This research work explains on the
synthesis and characterizarion of oxidant like
CTMABC and reactant like DBA.  First
order reactions occur in [DBA], [CTMABC],
and [H']. The corresponding chalcone
epoxides are produced by oxidizing para-
substituted dibenzalacetones. The oxidation
product chalcone epoxide was confirmed by
the spectral characterization techniques.

A positively charged reactive intermediate is
created during the oxidation process, as
indicated by the negative q values derived
from the Hammett plot. Likewise, the slow
step's activation complex creation was
supported by the negative value of AS#.
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