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ABSTRACT KEYWORDS
Oxidation of a,B- unsaturated alcohols (allyl, crotyl and cinnamyl alco- Allyl;
hol) by imidazolium dichromate has been studied in 40% acetic acid- Crotyl and Cinnamyl alcohol;
water (v/v) mediumin the presence of perchloric acid at 313 K. Thereac- Oxidation;
tion isfirst order each in [oxidant] and [substrate]. The reaction is acid Kinetics;

catalysed one. Decrease in dielectric constant of the medium increases Imidazolium dichromate.
the rate of the reaction. Increase in ionic strength by the addition of
sodium perchlorate has no effect on the rate constant. There is no poly-
merization with acrylonitrile. Therate of the reaction has been conducted
at four different temperatures and activation parameters were cal culated.
From the observed kinetic results a suitable mechanism consistent with
rate data has been proposed. The order of reactivity is Cinnamyl alcohol

> Crotyl alcohol >Allyl alcohol.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION imidazolium dichromate has not been reported. More-

over, imidazolium dichromateisnot ishygroscopicity

Chromium compounds have been used in agueous
and non aqueous medium for the oxidation of avariety
of organic compounds® Chromium especidly Cr(V1)
reagents have been proved to beversatilereagentsand
capableof oxidizing almost al the oxidisible organic
functional groups?4. Numerousreagentsand experi-
mental procedures have been devel oped to carry out
thistransformation®, in particular reagents containing
chromium(V1) reactive speciesarewiddy used for the
oxidation of acoholsto carbonyl compoundd®?. Itisa
new mild, efficient and stablereagent whichisableto
work as oxidizing reagent®. Thekineticsand mecha-
nism of oxidation of a,B-unsaturated alcohols by vari-
ous oxi dants have been reported®. However, theki-
netics of oxidation of a,B- unsaturated alcohols by

and also not suffered from photosengitivity. Hence, in
the present investigation, we have carried out the oxi-
dation of a,3- unsaturated alcohols by imidazolium
dichromatein agueousacetic acid medium and the cor-
responding mechani stic aspects are discussed.

EXPERIMENTAL SECTION

Materials

E. Merck dlyl alcohol wasdidtilled™ Thefraction
at 97-98°C was collected refluxed with anhydrous po-
tassium carbonatefor 30 minutesand distilled twice.
Thefraction collected at 97 was stored over phospho-
rous pentoxidein adesiccator. E. Merck Crotyl aco-
hol wasditilled. Thefraction at 119 - 120°C was col-
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lected dried over anhydrous potassium carbonate and
digtilled twice. Cinnamyl a cohol was purified by distil-
lation under reduced pressure (b.p 110°C/ Smm).
Imidazolium dichromate were prepared™ by literature
method. Acetic acid was purified™ by standard method
andthefraction distilling at 118°C was collected. All
other chemicasused were of AR grade. The solutions
wereprepared intripledistilled water.

Kinetic measur ements

Thereaction was carried out under pseudo-first
order conditions[Allyl] >>[IDC] in40% (v/v) aque-
ousacetic acid containing perchloric acid. The course
of the reaction wasfollowed spectrophotometrically
(ELICO SL 207 MINI SPEC) a 470 nmfor upto 80%
of thereaction. The pseudo-first order rate constants
k, computed fromthe linear plots of log absorbance
versustimeby theleast squares method, wererepro-
duciblewithin+2%.

Soichiometry and product analysis

Thereaction mixture containing an excess of oxi-
dant over dlyl acohol werekept at room temperature
inthe presenceof perchloric acid for 24 h. Estimation
of the unchanged oxidant showed that onemoleof dlyl
acohol consumed onemole of the oxidant.

The product acrolein wasidentified by spot test!**l
and IR spectral data. Thefollowing stoichiometricre-
actions obtained from experimental resultsaregiven
below.

O O ImH"
CH,= CH- CH,OH + \(16_ —* C(H,= CH- CHO +
o ‘. OH
OH OImH+
A GRL
0 OH

RESULTSAND DISCUSSION

Oxidation of alyl alcohol by imidazolium dichro-
mate has been conducted in 40% acetic acid and 60%
water mediumat 313 K under pseudo-first order con-
ditionsand the observed resultswere discussed.

Theorder of thereactionwithrespect toimidazolium
dichromate wasfound to be unity as shown by thelin-
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earity of |og absorbance against timeplots, above80%
percentage of thereaction. (TABLE 1)

TABLE 1: Rateconstant for theoxidation of Allyl alcohal by
imidazolium dichromateat 313K

[Allyl] [IDC] [HCIO, [NaClO, [ACOH [MnSO,]
x10°  x10*  x10° x10* -H,0] x10*

kObS
x10*

M) M) M) (M) vy (M) s*
25125 9.0 5.0 - 40 - 6.53-17.75
5.0 6-18 5.0 - 40 8.53-8.52
5.0 9.0 25125 - 40 7.24-23.47
5.0 9.0 5.0 0-7.5 40 8.08-8.89
5.0 9.0 5.0 30-50 6.22-14.30
5.0 9.0 5.0 - 40 0-7.5 8.08-5.23

At constant concentrationsof substrateand perchlo-
ric acid, theincrease in concentration of imidazolium
dichromatedid not affect therate of reaction (TABLE 1)
Thelinear constancy inthevaueof k. irrespectiveof the
concentration of theimidazolium dichromateconfirmsthe
first order dependenceonimidazoliumdichromate. The
varying the concentration of alyl acohol at 313K and
keeping dl other reactant concentration asconstant and
theratesweremeasured (TABLE 1). Therateof oxida-
tionincreased progressively onincreasing the concen-
tration of alyl adcohol, indicatingfirst order dependence
with substrate. Theplot of logk , _ versuslog[s] gave
thedopeof 0.945 (r= 0.998), showsthat the oxidation
reaction wasfirst order with respect toalyl acohal.

Thereaction wasfollowed with different concen-
trations of perchloric acid and keeping all the concen-
trations as constant and rate weremeasured (TABLE
1). Thereactionisacid catalysed one. The changein
ionic strength by the addition of sodium perchlorate
has no effect on the rate constant indicating thein-
volvement of aneutral moleculein therate determin-
ing step.

Theeffect of solvent composition onthereaction
rate was studied by varying the concentration of acetic
acid 30%-50%. Thereaction rateincreases with the
increasein theproportion of acetic acidinthe medium
(TABLE 1) when the acetic acid content increasesin
themedium, theacidity of themediumisincreased where
asthedielectric constant of themedium isdecreased
suggestingion-dipoleinteraction*®* Theclear mixture
containing a cohol and imidazolium dichromatewhen
alowed to stand with adrop of acrylonitil€® no tur-
bidity isformed suggesting the noninvolvement of free

Hn Tndéan g%wumé



134

Oxidation of a,p-unsaturated alcohols by imidazolium dichromate

PCAIJ, 8(4) 2013

Full Paper ==

radicasin thisreaction. Ontheother hand, thereaction
rate decreaseswith increasing the concentration of M
ions confirming theinvolvement of two el ectron pro-
cessinthisreaction*¥

The oxidation of the other structurally related
alcohols such as crotyl and cinnamyl alcohol by
imidazolium dichromate has been studied 40% acetic
acid and 60% water medium at 313 K under same

pseudo-first order condition. Inthiscasethereaction
showsfirst order depends each on oxidant and sub-
strates.

Therate constantswere measured at four different
temperature and the activation parameterswere com-
puted fromaplot of Ink/T against /T of the Eyring’s
equation! (TABLE 2). A plot of AH* against AS* (iso-
kinetic plot) givesagtraight linewithagood correation

TABLE 2: Activation parameter sfor the oxidation of ally, crotyl and cinnamyl alcohol by imidazolium dichromate

4 -1 #
Sr. a,p-unsaturated 10" Kabss AH* AS AG 1 Ea |
No alcohols (kJmol ) (IK L molY (kJmal™) (kJmal™)
303K 313K 323K 333K % 313K at 313K
1  Allyl acohol 5.85 8.08 11.58 16.12 25.89 177.71 95.52 28.49
2 Crotyl a cohol 12.50 17.43 24.77 34.59 25.91 171.29 93.32 2851
3 Cinnamyl a cohol 24.19 30.62 41.22 50.67 18.44 190.42 91.85 21.04

[IDC] =9.00x10* mol dm’®; [HCIO,] =5.00x10° mol dm?; [a,p
%(VIV)

co-efficient (r=0.944)?23_ Linear trend between en-
thal pies (AH*) and entropy (AS") of activation shows
that thereactioniscontrolled by both parameters. This
negativevalueof entropy of activation AS*indicatesa
polar transition statewith extensive charge separation
which promote high degree of solvation of thetransi-
tion state compared to the reactants.

TheExner plot dso givesastraight linewith agood
correlation co-efficient of (r=0.999) indicating that all
thethree d coholsare subjected by oxidation and their
mechanism iscommon!?3, Free energy of activation
(AG") values are nearly constant. It is also suggests
that al thea, B —unsaturated alcohols are oxidized by
the samemechanism. Thelow Energy of activation (Ea)
vauesand entha py of activation (AH*) valuessupports
the proposed mechanism.

Sructureand reactivity

Dueto the presence of mesomeric effect and in-
ductive effect, phenyl group of cinnamyl alcohol in-
creasestherate of thereaction among thea cohols.

Dueto the presence of inductive effect in crotyl
acohal, therateof thereaction of crotyl alcohol faster
thandlyl acohal.

Hence, the order of reactivity hasbeenfoundto be
Cinnamyl acohol > Crotyl alcohol >Allyl acohol

Mechanism and ratelaw
Asthereactionisshowingfirst order dependence

- unsatur ated alcohols]= 5.00x10°*mol dm*AcOH -H,0 =40 -60

H o O ImH"~
CH»= CH- C- OH+ i
H o OH
H
a ! N
CH, =CH—C —OH
H
lo} v OImH"
s 6+ /
Cr
N
@) OH
\\‘ slow and rate
k2 determining step
OH OImH~+
+ 4+
CH,=CH-C—-OH -+ >Cl' <
H o OH
CH=CH-C— O-H
H
fast l ks
CH:=CH-C=0+H"
H
Scheme1
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ontheoxidant and substrate. Thesetwo speciesshould
beinvolvedinthedow step: Thelargeincreaseinrate
with acidity suggeststheinvol vement of protonated Cré*
speciesintherate determining step?4,

Thusamechanisminvolving hydrideiontransferin
the rate determining step can be postulated for the
imidazolium dichromate oxidation scheme 1.

Theabovemechanismleadsto thefollowingrate
lav
—dling
% = Kk, [ALLYL] [IDC]
-dliDCY _
—= K, [ALLYL] [IDC]

The proposed mechanism and thederived ratelaw
fitwel totheexperimenta observations.

CONCLUSION

Themain product of thereactionwerefound to be
acrolein. Thereactionisfirst order each in[substrate]
and[oxidant] . Thereactionisacid cataysed one. The
stoichiometry wasfound to beonemoleof dlyl adcohol
consuming onemoleof imidazolium dichromate. The
negativevauesof AS* provided support for theforma:
tion of arigid activated complex. A mechanisminterms
of active species of oxidant and catalyst is proposed
andtheratelaw isderived.
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