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ABSTRACT

Polymer supported oxidizing agents are very useful in organic synthesis, due to easy recovery
and regeneration. The selective formation of 4- fluoro acetophenone from 4-fluorophenyl ethanol by
using chromic acid supported on anion exchange resin Amberlyst A-26 (Cl) with divinylbenzene
containing a quaternary functional group has been investigated in detail. It was found to be through
ester formation. In a slow step the ester decomposes and produces Cr(IV). Then Cr(IV)oxidizes with
another molecule of 4- fluorophenyl ethanol to generate a free radical in a fast step. The free radical
reacts with another polymeric reagent to form Cr (V). Finally Cr (V) reacts with 4- flouorophenyl ethanol
to produce 4-fluoro acetophenone. We have obtained interesting results in the oxidation of alcohol to
carbonyl compound by using a HCrO,~resin. The various activation parameters have been calculated

and suitable mechanism is proposed.
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INTRODUCTION

Chromium (VI) oxides and chromate salts have
been widely used as oxidizing agents for a variety
of substrates’ including alcohols2. Chromic acid and
chromium (V1) oxide reagents are versatile oxidizing
agents and typical reagents based on chromium
(V1) are the Johnes, Sarett, Collins reagent etc.'2.
In recent times, the oxidation of alcohols using
catalytic systems has been carried out®*, while the
utility of chromium oxidants has been reduced due
to there hazardous toxicity. A large number of
supported chromium (VI) oxidants have been
reported>’.The oxidation of secondary alcohol to
ketone in which the polymeric reagent can be
recovered and reused. This process is notworthy
because the polymeric reagent reacts with another
prior to reaction with the substrate. Furthermore it
is environmentally friendly since the polymers can
be recycled. Polymer bound reactants have been
reported for the oxidation of various alcohols®.

In continuation of our work on polymer supported
reactions?®,in the present communication we reports
the kinetics of oxidation of 4-fluoro phenyl ethanol
by using oxidant and evaluate the rate constants
as well as various activation parameters calculated
at 313,318,323,and 328K.Mechanistic aspects are
discussed.

EXPERIMENTAL

Preparation of polymer bound - Cr (VI) oxide
Polymeric reagent (oxidant) was
synthesized according to the reported procedure
10.11.12 starting from the chloride form the Amberlyst
A—26 ( a macroreticular anion exchange resin )
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The capacity of the chromate form of polymeric
reagent was determined iodometrically.
The determined average capacity of the dried resin
was found to be 3.6 mmol/gm. The same of
polymeric reagent was used throughout the kinetic
study, other chemicals like 1;4 dioxane,
cyclohexane, chloroform, carbon tetrachloride
(A.R.) and 4 — fluorophenyl ethanol used were
purified and stored.

Kinetic measurment

The kinetic measurement were initiated by
a mixture of 4 fluorophenyl ethanol, oxidant (known
amount) and solvent (5x 10 dm? of 1:4 dioxane)
was stirred using a magnetic stirrer at constant
temp, 45° + 1. The completion time of reaction was
monitored with the help of TLC. The course of
reaction was monitored by withdrawing a known
amount of aliquot with the help of micropipette. The
aliquot thus withdrawn in a stoppered test tube
containing 5x10% dm 2 of 1:4 dioxane at a definite
interval of time and optical density of all reaction
mixture was measured at different wavelengths,
corresponding to the wavelength of the product
ketone using ELICO - SL 159 UV - VIS
spectrophotometer.

Polymerization study

The reaction mixture to which a known
quantity of acrylonitrile was added. The mixture after
dilution with distilled water formed a copious
precipitate. The Precipitate formed, due to
polymerization of acrylonitrile, indicates formation

of a free radical in the reaction. Also the presence
of a free radical confirmed by ESR spectrum.

Product analysis

The product formed was analyzed by it’s
2,4 DNP derivative and UV spectra. The melting
point of the 2,4 DNP hydrazone derivative of
4- fluoroacetophenone is 234°C and UV spectra
max — 265 nm.

RESULTS AND DISCUSSION

Effect of oxidant

The order in oxidant is zero as the plots of
absorbance against time were linear in all runs and
observed rate constant are fairly constant between
50-80 x 10% Kg. of the oxidant at constant
concentration of solvent (1:4 dioxane, 5X10-% dm?)
and alcohol (8.21x 10® mol /dm?) . The effect of
oxidant on the zero order rate constant as shown
(Table-1)

Effect of alcohol concentration

At a concentration of 4- fluorophenyl
ethanol (5.91 — 12.8X10°mol / dm?), Constant
concentration of oxidant (70 x10 kg) and constant
concentration of solvent (1:4 dioxane, 5X102 dm?),
zero order rate constant (Table -2) was found.

Effect of dielectric constant

It was found that, as the dielectric constant of the
solvent (medium) increased, zero order rate
constant was also increased, at constant alcohol

Table 1: Effect of oxidant on zero rate
constant at 45°c (solvents) 5x10° dm 3

Oxidant x 10 kg 50
k x 10* min™ 2.20

60 70 80
2.21 2.22 2.25

Table 2: Effect of alcohol conc. On zero order rate
constant at 45° (oxidant) 70x10° kg

Alcohol conc. x 10°¢ mol/dm?
k x 10"* min™*

5.91
2.13

8.21
2.22

10.5
2.33

12.8
2.44
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concentration (8.21 x 10° mol / dm ®) and constant
concentration of polymeric reagent (70x10° kg),
solvent (5 x 10 dm?) as shown inTable 3.

Effect of temperature

It was found that, the rate of reaction
increased with an increase in the temperature at
constant alcohol concentration (8.21x10¢ mol /
dm?), constant concentration of solvent (1:4
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dioxone, 5x10° dm®and constant concentration of
oxidant (70x10° kg) at temperatures ranging
between 313-328 K. (Table - 4).

The values of enthalpy of activation(AH*)
entropy of activation ( AS¥), Free energy of
activation (AG*), energy of activation (Ea) and
frequency factor (A) was calculated from log k
versus 1/T plots. The values shown in Table 5.

Table 3: Effect of dielectric constant on zero order rate constant at 45°c

Solvent Cyclohexane ccl, 1:4 dioxone Chloroform
Dielectric constant 2.0 2.2 2.2 4.8
k x 10**min."! 1.25 1.71 2.22 2.62
Table 4: Effect of temprature on zero order rate constant
Temperature K 313 318 323 328
k x 10*min." 2.0 2.22 2.75 3.33
Table 5: Activation parameters
EaKJ.mol! AH*KJ.mol" AS*e.u. AG*KJ.mol"’ A x 10*
47.82 26.80 -54.82 100.70 3.16

We have reported another approach to
determining the relative roles of chromium (VI), (V)
and (IV) in the oxidation of 4-fluorophenyl ethanol.*®
We now wish to present a full account of this
investigation. The basis of the experiment is easily
seen in comparing the possible scheme. The
Watanable and Westheimer,' subsequent step
must involve chromium (1V) as shown below.

™+ "t 207
R,CHOH +Cr"! — R,C-0+cCr"
The other mechanism proposed by

Westheimer'® involves production of free radical in
following steps.

Cr(lV)+RzCHOH — = Crli)+ R CHO +HY
Crpwy + RZEEHD T CHVeR_CO+ Ht

Crwy+ HEEHDH — il + H2EI:I+ 2H*

If the oxidant supported on polymer, which
has certain advantages over homogeneous
reaction, the intermediate chromium (IV) will further
oxidize another molecule of alcohol produce a free
radical. Thus based on the experimental results
obtained for the oxidation of 4-fluorophenyl ethanol
which was found to be zero order. The mechanism
is suggested in Scheme 1 and involves ester
formation.



604 Sonawane & Hilage, Orient. J. Chem., Vol. 24(2), 601-606 (2008)

;

+ -
M(CHLHCMD, + R,CHOHR,

!

]
.
M (CHBII?—CI’—D CH R1R2 + HzD

;

|
o

0
|
I (CH,)O—Cr—OCHR R,

;

|
o

] K, Slch
o

' W | | +

|
NICH; LICT) 4+ R—C—R, +H

;

+ v
M{CHz)3Cr 4 R,CHOHR,

;

fast

-+

Il :
N{CHg)gCr ¢ R C—Ry Ly

;

oH



Sonawane & Hilage, Orient. J. Chem., Vol. 24(2), 601-606 (2008) 605

+ _ .
@4@/\N (CHyLHCMD, + F!1—(|3—R2

Fast CH

+
NiCHsLiCrI'”+ H "+ R,COR,

N (CH, ), (CM"+ R, CHOHR,

+
il
NECsz'ﬁCrI‘ + R—C—R +2H

Fast

i
Il +

R,=-F, R,=-CH,

Scheme 1

CONCLUSION

According to Scheme |, a second order
rate law is expected but since the first step of ester
formation occurs in solid phase and assuming that
this equilibrium does not contribute to the rate of
reaction.We obtained zero order dependence with
rate constant k of the second slow step in which
product ketone is formed.
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