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ABSTRACT

Imidazolium dichromate (IDC) oxidizes benzyl aldadnad substituted benzyl alcohols have been
studied in aqueous acetic acid and in the presaiaid to the corresponding aldehydes. The
reaction was carried out under pseudo-first ordenditions. The reaction has unit dependence
on each of the benzyl alcohol and IDC. The reacdsocatalyzed by hydrogen ions. The decrease
in dielectric constant of the medium increases rédte of the reaction. Electron-withdrawing
substituent on benzyl alcohol reduces the rate flation, while electron-donating group
enhances the rate compared to the unsubstitutedybetcohol. However, correlation of the
logarithm of the rate constant with the Hammettibgtituent constano gives a smooth curve.
This is explained due to the operation of substitueffect on two steps of the mechanism
proposed.
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INTRODUCTION

Benzyl alcohols are used emulsions and ointmerdsirahotions for the relief of insect bites .
Other applications for benzyl alcohol include cosaseand personal care formulations as well
as coatings and lacquers. Chromium compounds heee bsed in aqueous and non-aqueous
medium for the oxidation of a variety of organiengpound [1]. Numerous reagents and
experimental procedures have been developed ty gat this transformation [2], in particular
reagents containing chromium(VI) reactive specresvadely used for the oxidation of alcohols
to carbonyl compounds [3-4]. Imidazolium dichrombgs been used as a mild selective oxidant
in synthetic organic chemistry [5]. The kineticslamechanism of oxidation of benzyl alcohols
have been studied for number of oxidizing agentshsas quinolinium chlorochromate [6],
qguinolinium flurochromate [7], benzimidazolium fachromate [8], pyridinium fluorochromate
[9-10], isoquinolinium bromochromate [11], morpdlim chlorochromate [12] and
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tripropylammonium fluorochromate [13] under diffateexperimental conditions. It appears that
no work has yet been done on their oxidation ofzgkealcohols by imidazolium dichromate
(IDC) from a kinetic view point. Attempts have bemade to correlate rate and structure in such
a reaction.

EXPERIMENTAL SECTION

Imidazolium dichromate (IDC) was prepared by theoreed method [5] and its purity checked
by an iodometric method. Benzyl alcohol (Aldricimdasubstituted benzyl alcohols were used as
such after a check of its physical constants. Acatid was refluxed over chromium trioxide for
6hr and then fractionated [14]. Triply distilled teawas used throughout the kinetic runs.

Kinetic Measurements :

All the kinetic experiments were conducted undesug®-first order conditions ([BzOH] >>
[IDC]) in 50% (v/v) aqueous acetic acid at 0188l dm® in H,SO,. The progress of the reaction
was followed by estimating the unreacted imidazuligdichromate (IDC) at regular time
intervals. The reactions were carried out at caristamperature #0.1K) and followed by
spectrocolorimetrically. The rate constants weralated from the linear plot log absorbance
against time by least square method, were reprbiutn within£3%. The activation parameters
were calculated from the slope and intercept admplot of In (k/T) against 1/T employing the
Eyring’s equation.

Product analysis:

The reaction mixture with excess of oxidant afteghs warming was kept for 24hr, extracted
with chloroform and the organic layer was washethwvater, dried over anhydrous sodium
sulphate. The product benzaldehyde were identibgdthe formation of 2,4-dinitro phenyl
hydrazone (m.p. 23€, 1it.237°C) and spectral studies.

RESULTS AND DISCUSSION

The first order dependence of the reaction of bemaiyohol on imidazolium dichromate is
obvious from the linearity of the plot of log [IDGlersustime over 70% of the reaction. At
higher concentrations of the oxidant, the rate tanis are decreased with increasing oxidant
concentration. This observation is well explaingd Wiberg [15]. With the increase of the
concentration of Cr(VI) a progressively smaller tpor of the total amount is in the form of
monomeric Cr(VI) ion and hence the rate constarsse decreased with increasing Cr(VI)
concentration.

The reaction was found to be first-order in sultstes evident by the unit slope (r=0.998) of the
plot of log k versuslog [BzOH]. The effect of acidity was studied bgrying the concentration
of sulphuric acid and the rate constants were faiontle increasing with the increase in the
concentration of sulphuric acid. But the plot of la versuslog [H'] do not give an ideal slope
of unity which indicate simply that the reactioraisd acid catalyzed one (Table 1).

The effect of solvent composition on the rate atlakon has been studied by determining the k
values in aqueous acetic acid of different compmsst in the range 40% - 70% (v/v). These
values increases with increase in the proportioacetic acid in the medium, indicating that, a
medium of low dielectric constant (D) is more faxale for the oxidation process. Further, the
plot of log k versusl/D is linear with a slope of +45.0. Change ini¢ostrength of the medium
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using added sodium sulphate has negligible effectate (Table 2). These two observations
pointed out to an ion-dipole type of interactionviceen the oxidant and substrate [16-17].

Table 1. Effect of variation of [IDC], [BzOH] and [H,SO,] on the rate of oxidation of Benzyl alcohol with
imidazolium dichromate(IDC)
Solvent = 50% AcOH — pD; Temperature = 313K

[IDC] 10° | [BzOH] 10% | [H,SO4] 107 | ky x 10
mol dni® mol dni® mol dni® st
3.24 5.00 2.48 2.26
4.32 5.00 2.48 1.80
5.40 5.00 2.48 1.48
6.48 5.00 2.48 1.29
7.56 5.00 2.48 1.82
4,92 2.50 2.48 0.80
4,92 7.50 2.48 3.04
4,92 10.00 2.48 3.82
4,92 12.50 2.48 5.06
4,92 5.00 4.95 2.75
4,92 5.00 7.43 4.17
4,92 5.00 9.91 5.75
4,92 5.00 12.38 7.58
4,92 5.00 14.86 8.71
Mechanism:
H H H H
| | K.~ | |
CeH:—C— 0O +H~ CceH:—C—0—H
| N | +
H H
H H O
| | [ ks
CsH:—C—0—H + O—Cr—O(ImH—»
+ [ Slow
H O
[II Cil(Im}H‘
Cst—(%—D—fﬁr +H:O0 —» Cst—fl:=D + Cr(IV) +H™
H O H
Scheme — |

The reaction mixture, when allowed to stand withylmitrile does not induce polymerisation,
suggesting the absence of free radical mechanismth®other hand, the addition of frions
retarded the reaction rate showing the two electransfer process in the reaction (Table 2).
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Taking all these observations into consideratiom plossible mechanism of oxidation can be
written as shown in Scheme - I.
The rate law derived from the above mechanism (8ehg is

d[IDC]

dt
The proposed mechanism and the derived rate lamefitto the experimental observations.

= K k [BzOH] [IDC] [H*]

Table 2. Effect of dielectric constant, ionic stregth and MnSQO, on the reaction rate
[IDC] = 4.92 x 10° moldn? ; [BzOH] = 5.00 x 1 moldn? ; Temperature = 3K3

Percentage of acetic acid | k; x 10* | [Na,SO,] 10* | k, x 10* | [MnSO,] 10* | k.x 10
(VIv) st moldn? st mol dm® st
40 1.10 0.00 1.80 0.00 1.80
50 1.80 5.00 1.84 5.00 1.68
60 2.72 10.00 1.78 10.00 1.57
70 5.75 15.00 1.82 15.00 1.42
- - 20.00 1.76 20.00 1.30

Effect of substituents on the reaction rate.

The rate of oxidation of some substituted benzgblabls has been studied at four different
temperatures, viz., 303K, 313K, 323K and 333K. Themodynamic parameters are calculated
using the Eyring’s plot [18] and the values areegiin Table 3. The negative values of the
entropy of activationAS") suggest extensive salvation of the transitiotestaer the reactants.
The enthalpy of activationAH”), values are very low suggesting a concerted nmesimas
proposed. AsAH” andAS® do not vary linearly, no isokinetic relationshi# observed. This
indicates the absence of enthalpy - entropy congtemseffect [19]. Exner [20] criticized the
validity of such linear correlation betweail” andAS" as these quantities are dependent on each
other. When the measurements at two different teatpes (303K and 323K) have been made.
The data can be analyzed with the following equajtiti].

log ki (T2) = a+ blog k(T1) where 7> T;

The plot of logksas versus logksesx gives a straight line with r=0.996,such a goodaation
indicates a unified mechanism with all the benzgbhols studied.

Table 3. Thermodynamic parameters for the oxidatiorof para- and meta-benzyl alcohols by imidazolium
dichromate(IDC)

[BzOH] = 5.00 x 1¢ moldrt [IDC] = 4.92 x 16 mo1dn?
[H,SO)] = 2.48 x 10° moldn® AcOH-HO =50% (v/v)
kyx10's? AH? -AS’

Sl No. | Substituent 25237 3¢ T 32 | 33K | kdmo1* | JK mor*
BzOH | 1.38| 180 214 286 1726 2373
0-CH, | 2.96 | 3.98] 6.05 9.31 2953 2045
mCH, | 1.84 | 2.82| 481 678 3436 1784
0-OCH, | 5.76 | 7.08] 9.76] 13.08 2099  213.3
0-Cl | 0.92] 1.20] 1.90 2.88 2983  199.5
mCl | 068| 1.12| 182 262 3552  182.7
0Br | 0.76| 1.08] 1.74 244 30.89  197.3
mBr | 0.63| 0.04] 1.38 220 3213  194.8
NO, | 050 | 0.74] 1.78] 254 3070 201.4
mNO, | 0.48| 0.68| 1.62 244 2320 2263
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The plot of log kversusHammett’'s substituent constant [28) Qives a smooth curve as shown
in Fig.1. This is explained as follows: In the metssystem, the substituent influences two steps
of the mechanism, (i) the equilibrium protonationbenzyl alcohol and (ii) the attack of the
oxidant on the carbonium ion. Electron - releagyngups on the benzyl alcohol enhances the
case of protonation, compared to the unsubstitotesl while electron - withdrawing groups
facilitate the attack of the oxidant and the fonratof the ester, compared to the unsubstituted
one.
In this case, the shape of the smooth curve, thextedf substituent onk the protonation
constant, is more than that of khe rate constant of the slow step.
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Fig.1 — Hammett's Plot
REFERENCES

[1] MuzartJ, Chem Rey1992 113.

[2] Hudlicky M, Oxidation inorganic chemistryreductions in organic chemistry, Vol 14Zd.,
Washington: ACS Monograph$99Q 186.

[3] Fieser L, Fieser MReagents for organic Synthediew York : John Wiley and Son$967,
144.

[4] Cainelli G, Cardillo GChromium oxidation in organic chemistr@pringer — Verlag, New
York, 1984

[5] Kim.S, Lhim.D.C,Bull Chem.SacJPn.,1986 59,3297.

[6] Beytiye Ozgun.H, Degirmenbasi . N.Chem. Research (2097, 32.

[7] ltishri Dave, Vinita Sharma, Banerji .K.Kndian. J. Chem 2002 41A, 493.

[8] Dharmaraja .J, Krishnasamy. K, ShanmugamEMpurnal of Chemistr2008 5,754.

[9] Bhattacharjee,M.N.,Chaudhuri,M.K.,Dasgupta,B8ll.Chem.Soc.,Jp/198457,258.

[10] Banerji,K.K.,J Org. Chem 1988, 53 ,10.

[11] Patwari,S.B., Khansole,S.V.,Vibhute,Y.BBulletin Of the Catalysis Soceity Of India
20098,114.

[12] Neelam Soni, Vandana Tiwari, Vinita Sharmadian J Chem 200847A,669.

[13] Sheik Mansoor.S ., Syed Shafl&@urnal of Molecular Liquids2010155,85.

[14] Weissberger.A.,Prabhakar.E.SQrganic Solvents Physical Properties and Methods of
Purifications' 2" ed., Inter Science Publishers Ltd.,Londd863pp.170

[15] Wiberg. K.B.,Oxidations in organic ChemistryA\cademic Press, New York965 78.

600



C. L. Edisonrajetal J. Chem. Pharm. Res,, 2011, 3(4):596-601

[16] Amis. E.S.Solvent effects on reaction rates and mechanisrademic press, New York,
1966 42.

[17] Weast.R.GHdand book of Chemistry and Physj&RC Press, Ohib978.

[18] Eyring .H.,J. Chem. Phys1935 33, 107.

[19] Alder M.G., Leffler . J.E.J.Am. Chem. Sqcl 954 76, 1425.

[20] Exner. O.Nature 1964 201, 488.

[21] M.J., RocznikiChem, 1964 38, 1129.

[22] Taft. R.W., J.PhyLChem, 196Q 64, 1805.

601



