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Oxidation of Distyryl ketone by Quinaldinium fluoro chromate:
A Kinetic and mechanistic study

K. G. Sekar* and S. K. Periyasamy

Department of Chemistry, National College (Autonag)p Tiruchirappalli, Tamilnadu, India

ABSTRACT

The kinetics of oxidation of distyryl ketone byngidinium fluorochromate has been studied in agseacetic acid
medium. The order of the reaction is found t® obe with respect to oxidant and hydrogem. ithe order
with respect to substrate is found to be fraadlonThe rate increases with increase in the petage of acetic
acid. Variation of ionic strength has no effecttbe reaction rate. The reaction does not inducepblgmerization
of acrylonitrile. The products of oxidation haveehgound to cinnamic acid and phenyl acetaldehytie. reaction
rate has been determined at different temperataned the activation parameters also calculated. Atasle

mechanism consistent with the observed kineticbbas proposed.
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INTRODUCTION

Quinaldinium fluorochromate (QnFC) has been usedxidation of many organic substrates. QnFC [14 isild,
efficient and stable oxidizing agent. It is a btigfellow crystalline solid. The structure of Qnigdyiven below
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Quinaldinium Fluorochromate

Quinaldinium fluorochromate oxidises anthraceneo inthraquinone in the presence of dichloromethane.
Chalcones are of interest because they have a eursifjuctural feature having a > C = O functionadugr in
conjugation with > C = C < and the whole molecusléni conjugation. Chalcones are oxidized by diffiéiexidizing
agents and in all these reactions either the >@X=or > C = O group of the chalcone is attackedheyoxidant [2-
11]. Chalcones are natural substance found in eeuwf plants. They display many biological actest[12] viz.,
antiviral, anti inflammatory, antimicrobial [13],nimitotic, antitumor, cytotoxicity, analgesic, am@ncer [14]
antipyretic properties. Literature survey revedlattthere are no kinetic and mechanistic studigsiving this
useful compound with chalcones. Recently [15] theetics of of mechanism of oxidation of substult
dibenzalacetones by Cr(VI) has been reported. iflmsstigation was undertaken to gain a clear utdeding of

the mechanism of the quinaldinium fluorochromatelation of distyryl ketone.
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EXPERIMENTAL SECTION

Preparation of quinaldinium fluorochromate [1]

Chromium trioxide (7 g) was dissolved in 8 ml ofterain a polythene beaker and 11 ml of 40% hydwmftuacid
were added with stirring at room temperature. Aaclerange red solution was formed, 9 ml of quinadwere
added drop-wise with stirring. The mixture was bdabn a water bath for about 15 min, then cooledotom
temperature, and allowed to stand for 1 h. Thehbrygllow crystalline quinaldinium fluorochromateasvisolated
by filtration. It was recrystallized from water added in vacuo for about 2 h. The compound medtied47° C) [lit
m.p 146-148° C ] and further analysed through tspledata.

Preparation of Distyryl ketone or Dibenzalacetone pDibenzylideneacetone

A cold solution of 8 g of sodium hydroxide in 250 ofl water and 70 ml of ethanol were placed in 8 5@ round
bottom flask equipped with mechanical stirrer anavas surrounded by ice water bath .The temperaifithe
solution was maintained at 20<25 and stirred vigorously. To the above solutione balf of previously prepared
mixture (8.8 g of pure benzaldehyde and 2.4 g etaw) was added. A flocculant precipitate was &xfrin 2-3
minutes. The remaining portion of benzaldehyde aeetmixture was added after 15 min. The precipitess
filtered and washed well with cold water to elintmdhe alkali as completely as possible. The setd dried at
room temperature to constant weight and 9 g ofediienzalacetone (93%) with m.pt 105-108%as obtained
[16]. It was recrystallised from ethyl acetate. Toepound melted at 107° C [lit m.p 105-108° C].

(0]
CHO o , |
I ., _EoH O O
—_— —_— —_—
2 + CH— C ®  NaOH
Acetone Distyrylketone
Benzaldehyde or
Dibenzalacetone
or

Dibenzylidene acetone
Acetic acid
Glacial acetic acid (AR) (2 litre) was partiallyofren and about 1 litre of the liquid was removEte residue was
melted and refluxed with chromium trioxide (30g) f#th and fractionally distilled [17]. The distillgabrtion was
collected between 116-118 partially frozen and about half of the acid vdiscarded as liquid. The remaining
residue was melted and fractioned again afteritrgawith chromium trioxide (30g). The boiled framti was
collected 116-11& and kept in brown bottles.

All other chemicals were used as AR grade. Triifilled water was used for the preparation ofisohs.

Kinetic measurements

The kinetic experiments were conducted in aquecesicaacid (80% v/v) at 313 K. The reaction mn&t was
consisted of Chalcone (Dibenzalacetone) = 1.00 %6l dm*® QnFC=1.00 x 18 mol dni® and HCIQ = 4.20 x
10" mol dm®. The temperature was maintained constant wittor22.

The reaction was carried out under pseudo- firdeoconditions by maintaining the substrate cotragion in
excess of quinaldinium fluorochromate. Known voaswf substrate, water and acetic acid were mixdxalihg the
percentage of acetic acid to the desired value tretmostated. The reaction was started by addiegxidant to
the mixture and aliquots were removed at definitetintervals and the decrease in [QnFC] by digiketoelectric
colorimeter at 470 nm. The reactions were followedio 70% completion. The rate constants were obthfrom
the slope of the plot of log absorbanesustime by the least square method. The results vegnoducible within
+1.

Product analysis

The reaction mixture containing DBA(Chalcon@)1(M) in acetic acid and QnFC (0.1M) in acettd was
added and the medium was maintained using peictadoid, Then the reaction mixture was slightlgrming and
it was kept aside for about 48 hr for the comptebdf reaction. After 48 h, the reaction mixturasiextracted with
ether and dried over anhydrous sodium sulphates €fhereal layer was washed with water for sewveras and
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kept on a water bath for ether evaporation andetbtd get the product. Cinnamic acid and phenyladdehyde
were identified as products.

Cinnamic acid and phenylacetaldehyde were idedtifie products and were detected by TLC and compaitad
those of the authentic samples. The presence aiypheetaldehyde among the reaction product was ddsected
by preparing their 2,4 - dinitrophenyl hydrazineridatives. cinnamic acid [18] and phenyl acetyadihywas
further identified and confirmed by using IR , GCSMnd H NMR spectrum.

RESULTS AND DISCUSSION

Effect of quinaldinium fluorochromate

The kinetic data reveals that the oxidation ofyaidtketone by quinaldinium fluorochromate is firgirder with
respect to the oxidant. The plot of log absorbaremsustime is linear indicating that the order with respto
quinaldinium fluorochromate is unity. The pseudstforder rate constants were found to be independf initial
concentration of quinaldinium fluorochromate (Figut).

Table -1 Effect of [DBA] and [QnFC] in the Oxidation of Chalcone by Quinaldinium Fluorochromate

[HCIO,] = 4.20 x 10" mol dn? Temperature = 313 K
ACOH-HO = 80 -20 (% Viv)

[QnFC] 1G mol dm® | [DBA] 10° mol dm® | kg 10° s
0.60 1.00 4.74
1.19 1.00 4.87
1.79 1.00 4.76
2.38 1.00 4.86
2.98 1.00 4.81
1.19 0.50 4.02
1.19 1.00 4.87
1.19 1.50 5.45
1.19 2.00 5.88
1.19 2.50 6.42

v

T
0.00006 M QuFC
0. 119MQuFC=

2+ log absorbance

,_‘

0.6 T T T T T T T
a 500 1000 1500 2000 2500 3000 3500 4000

Time (seconds)

Figure .1 Plot of log absorbanceersustime
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Effect of distyryl ketone

At constant [QnFC], the rate constants are incibasth increase in the concentration of the subst(arable - 1)

A plot of log k versuslog [substrate] with a slope was 0.30. It wasHertsupported by the fact that the double
reciprocal plot of s versus[substrate] gave a straight line with a definitéeicept indicating the Michaeli's-
Menten type of kinetics in this reaction (Figu2g.

3000
r=0 984

2500 - /‘b
. o
7 2000 +

o)
0
1500 A
1000 T T T T
a 500 1004 15040 20040 2500
[substrate]!

Figure .2 Plot of 1/kversus 1/substrate

Effect of Hydrogen ion concentration

The effect of acidity was studied by varying theoentrations of perchloric acid and rate constarte found to
increased with increase in the concentration oflgeric acid (Table - 2) The reaction was found to be first order
in [H'] as evidenced by the slope (1.07) of the pldogfk; versuslog [H'] in (Figure. 3)

Table -2 Effect of hydrogen ion concentration

[QnFC] = 1.00x1fmol dn? Temperature = 313 K
[DBA] = 1.00x16mol dnf ACOH-HO = 80 :20 (% V/V)
[H'] x10 mol dn?® | k;x10* st
2.53 3.23
4.20 4.87
5.07 6.02
6.30 8.31
7.60 10.71
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Figure .2 Plot of log k versus log [H']

Effect of solvent composition

Increase in the percentage of acetic acid of theéiumeincreases the rate of the oxidation pro¢€able - 3). This
is normally observed in the oxidation reaction€ofVI). Further correlation of log ks with the reciprocal of the
dielectric constant of the medium gives linear gkigure. 4) suggesting an ion- dipole interac{ib®-21] between
distyrylketone and the oxidant.

Table — 3 Effect of solvent composition

[QnFC] = 1.00x%00l dn?® [H] = 4.20x10'mol dn?’
[DBA] = 1.00x18mol dn?® Temperature = 313 K
ACOH-H,0 (bwy] £ |kl st
70-30 28.31 3.74
75-25 24.61 4.16
80-20 20.92 4.87
85-15 17.22 6.45
90-10 13.54 9.64
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Figure. 4 Plot of log k versus D™

Effect of NaClO, and acrylonitrile
There was no appreciable change in the rate wéltchtange of ionic strength indicating the involveinaf neutral
molecules in the rate determining step [22].

The reaction does not induce polymerization of lacijrile indicating the absence of free radicaihpeay [23].

Effect of MnSO,

The reaction was followed with varying concentratioof Mrf* ions keeping all the other factors constant. There
was an appreciable decrease [24, 25] in the ritteincreasing the concentrations of fions confirming the
involvement of two electron transfer process inrgection(Table - 4)

Table — 4 Effect of varying manganous sulphate

[QnFC] = 1.00x10°mol dn? [H*] = 4.20x10"mol dn?
[DBA] =1.00x10%mol dn? Temperature = 313 K
AcOH-HO =80:20 (% v/ V)
[MnSOy] x10° mol dn? | k;x10* st
0.00 4.87
0.50 4.80
1.00 3.92
1.50 2.50
2.00 1.72
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Effect of temperature
The reaction has been carried out at four diffetentperatures 303 K, 313 K, 323 K and 333 K retyaly,
keeping all other factors constérable - 5).The thermodynamic parameters have been comgted the linear
plot of In(k/T) versusl/T of Eyring’s equation [26] (Figure. 5)

AH* =39.30k J mot*

AS'=-125.06J K 'mol*

AG*=78.44k J mol* at 313 K.

Ea=41.9k Jmol" at313K.

Table — 5 Effect of varying temperature

[QnFC] = 1.00x10°mol dn? [H*]=4.20x10"mol dn?
[DBA] = 1.00x10°mol dn? AcOH-HO =80:20 (% Vv /V)
Temperature K| ki 10* st

303 3.37
313 4.87
323 8.85
333 14.74
-4
r=0.991
-5
T 6
ot
- (]
-7
-8

0.00295 0,003 0.00305 0.0031 0.00315 0.003Z 0.00325 0.0033 0.00335
1T

Figure. 5 Plot of In k/ T versus 1/T
Mechanism and rate law
From the above observations, it is clear that #a&tion is showing unit order with respect to oridand [H] ion
and fractional order with respect to substrate. iFbermediatary of Cr(IV) during Cr(VI). Oxidatiois normally
demonstrated by the effect of added Mn(ll). Theitaoid of Mn(ll) leads to decreased in the rateogfdation of
distyryl ketone because Mn(ll) removes Cr(IV) fodr{@7]. In the present study in consideration & #bove datas,
the following mechanism is proposed for the oxiolatbf distyryl ketone by quinaldinium fluorochroraat
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Scheme - 1

Rate law

These above observations suggest that the ratedawe shown as
k3Ko[OXH™][S] kKK [OX]H][S]
Rate = kC; = =
1+K,[S] 1+K,[S]
CONCLUSION

+ Cr(v)

+ H*

The oxidation of Chalcones by quinaldinidoofochromatein aqueous a medium leads to the formation of
complex and finally gives the products. The reacfimlows simple order kinetics. The mechanismpmsed for

this oxidation reaction is in accordance with theerved kinetic facts.
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