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The oxidation of different alcohols by tetramethyl ammonium fluorochromate in acidic medium is
studied kinetically. The reaction was arranged to be pseudo-first order with respect to oxidant for all
acohols. The reaction is found to be catalyzed by the hydrogen ions. The effect of change in
temperature, concentration of substrate, oxidant and acid medium is studied kinetically. On the basis
of results obtained the mechanism of the reaction is proposed and discussed.
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INTRODUCTION

In organic synthesis conversion of alcohols to adehydes,
ketones and carboxylic acids is widely used reaction. This
oxidation is done using different oxidizing agents. Among
these chromium based oxidizing agents are extensively used
(Gaur et al., 2011). There are large number of such reagents
available but many of these are not practically useful while
doing the reactions on large scale (O’Brien, 1980). The
tetramethyl ammonium fluorochromate is one of the chromium
based mild oxidizing agent (Shahriar Ghammamy and Sajjad
Sedaghat, 2012). This compound has additional advantages
over pyridine fluorochromate and pyridine chlorochromate
with reference to lower acidity, ability to more selective
oxidation under mild condition, higher solubility in non
aqueous solvents, etc (Coreyand Suggs, 1975). Tetramethyl
ammounium fluorochromate (TMAFC) is a complex of
chromium trioxide and tetramethyl ammonium fluoride
(Mahjoub et al., 2000). In this work we report the kinetics of
oxidation of 1-propanol, 2-propanol, n-pentanol, n-hexanol and
n-octanol by tetramethyl ammonium fluorochromate, evaluate
the reaction rate constant at different temperature and various
solvents and finally the mechanistic aspects are discussed and a
probable mechanism has been proposed.

*Corresponding author: Syed Yousuf Hussain B.
Department of Chemistry, Kohinoor College Khuldabad, Maharashtra, India
431101.

MATERIALS AND METHODS

All chemicals were of reagent grade materials from Merck.
The solvents were purified by standard methods. The
tetramethyl ammonium fluorochromate was prepared by the
procedure reported by Mahjoub et al. (2000). The stock
solution of the oxidant was prepared by dissolving the required
amount of tetramethyl ammonium fluorochromate in each
solvent. The reaction was arranged to be under pseudo-first
order conditions by keeping a large excess of alcohols. The
reaction vessel was thermostated in a water bath maintained at
20-40°C. The reaction was followed spectrophotometrically at
350nm. This is the A oOf tetramethyl ammonium
fluorochromate. In controlling the experiments, in the absence
of acohols the concentration of tetramethyl ammonium
fluorochromate showed no appreciable changes. The observed
first order rate constants, kq,s, With respect to (TMAFC) were
calculated from the dopes of the linear plots of log of
absorbance verses time using the least squared method with a
correlation coefficient greater than 0.99. The procedure was
repeated at least three times and the resulting average values
and corresponding deviations are shown in the tables.

RESULTS AND DISCUSSION

A vessel containing a known amount of alcohols with twice the
concentration of tetramethyl ammonium fluorochromate in
acetonitrile in the presence of 7.5 mol dm™ acetic acid was
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alowed to react completely at 25°C. The amount of oxidant
remained on completion of the reaction was measured
spectrophotometrically at 350nm. The stoichiometry of the
equation 1 indicates the ratio of substrate to oxidant as 3:2.
When a mixture of n-hexanol (0.1mol), acetic acid (0.2mol),
and tetramethyl ammonium fluorochromate (0.05mol) were
made up to 100 ml in acetonitrile. The reaction mixture was
allowed to stand in dark for 10 hours to ensure completion of
the reaction. The solvent was removed by digtillation. The
residue was treated with excess of 2,4-dinitrophenylhydrazine
in HCI and kept at 4-5°C for conversion. The precipitated 2,4-
dinitrophenylhydrazone was filtered, dried, recrystallized. The
yield of the product is 90% showing the completion of the
reaction. The oxidation of n-hexanol by tetramethyl
ammonium fluorochromate shows formation of corresponding

adehyde and the reaction may be represented
stoichiometrically as
3R-CH,OH+2Cr(V1) - 3R-CHO+ 6H"+ 2Cr(l11) 1)

The results of oxidation of some of the alcohols by pyridinium
fluorochromate and pyridinium chlorochroate reported before
are similar (Banerji, 1988; Brown et al., 1979; Banerji, 1978).
The rate constant under pseudo-first order conditions, the
individual kinetic runs are first-order with respect to
tetramethyl ammonium fluorochromate.

Table 1. Dependence of the reaction rate of alcohals, 6 x 10
(mol/dm?3), (acetic acid) =4 (mol/dm?®) on different oxidant
concentrations at 25°C in acetonitrile

(TMAFC) 10%mol/dm®) 164 218 268 342 416
1-propanol 10%Kes(S™) 318 319 318 320 319
2-propanol 10%Kes(S™) 321 321 322 322 322
n-pentanol 10%ons(SY) 316 318 318 319 319
n-hexanol 10%Kes(S™) 318 319 318 320 319
n-octanol 10%Koes(S™) 318 318 318 318 319

Table 2. Dependence of thereaction rate of alcohals, 0.2
(mol/dm?), (TMAFC) = 1.4 x10* (mol/dm?) on different acetic
acid concentration at 25°C in acetonitrile

Table 4. Dependence of thereaction rate of alcohols by
tetramethyl ammonium fluor ochr omate using different solvents
at 25°C. (TMAFC) 1.6x10*(mol/dm?), (acetic acid) 4 (mol/dm?3)

10° Kos ()
Solvent Concentration of alcohol (0.1mol/dm?)
l-prop  2-prop  n-pent n-hex n-oct
anol anol anol anol anol
Acetone 2.26 4.10 3.60 4.25 3.80
Cyclohexanone 3.80 4.68 4.04 5.13 4.72
Dimethyl Formamide 18 247 212 261 2.33
Dimethyl Sulfoxide 1.0 0.80 0.23 0.17 0.67

(acetic acid) (mol/dm?) 20 25 30 35 40
1-propanol 10%Kpe(sY) 08 12 16 22 34
2-propanol 10%qs (57) 06 10 18 20 26
n-pentanol 10%qs (57) 05 10 16 30 40
n-hexanol 10%K s (S7) 05 12 19 32 46
n-octanol 10%K s (S7) 06 16 20 28 38

Table 3. Dependence of thereaction rate of TMAFC, 1.8 x 10°
4(mo|/dm3), on different concentrations of alcohols, at constant
(acetic acid) = 4.0 (mol/dm?®) and temperature, 25°C in acetonitrile

(alcohol) (mol/dm?) 01 02 03 04 05
1-propanol 10%K s (57 16 22 34 38 46
2-propanol 10%K s (57 22 34 40 46 50
n-pentanol 10% s (SY) 28 36 42 48 50
n-hexanol 10% s (5Y) 28 35 41 46 52
n-octanol 10% s (5Y) 26 32 38 44 52

Table 5. Thevaluesof k and K, for different solvents calculated
asper the equation 6

Solvent Acet  Cyclohex Dimethyl Dimethyl
Alcohol one anone Formamide Sulfoxide
1-propanol k., 768 8.16 7.12 6.86

K 4.66 7.84 323 5.20
2-propanol k. 655 8.00 7.68 7.34

K 392 5.74 2.30 4.92
n-pentanol ko, 766 8.32 7.52 6.10

K 6.25 7.56 5.24 2.80
n-hexanol k. 626 7.30 6.54 532

K 7.68 6.18 4.62 3.62
n-octanol k. 6.88 5.94 7.66 4.88

K 6.76 5.00 3.94 6.44

The rate constant is independent of initial concentration of the
oxidant, Table 1, but dependent on concentration of acid, Table
2 indicating that the reaction is catalyzed by the hydrogen ions.
As the reaction is dependent on the acid it can be assumed that
the reaction is in between acohol and protonated species of
chromium reagent. It indicates that these species are involved
in the oxidation of chromium trioxide (Bhattacharjee et al.,
1987).

Effect of concentration of substrate

The rate of reaction at different concentrations of acohols was
studied at various temperatures. The rate constant dightly
increased with increasing the concentration of acohols.
A Michadis-Menton type dependence was observed with
respect to acohol concentration, Table 3. A plot of 1/Kgs
against 1/(alcohoal) is linear with a non-zero intercept on the
rate ordinate. The following overall mechanism can be

proposed.
k1
R-CH,OH + TMAFC — complex ()]
k2
Complex - R-CHO 3

Under the pseudo first-order conditions the reaction rate
equation is given by

Rate = d(R-CHO)/dt = k,(complex) 4

The formation rate of the products is related to the loss of both
oxidant and complex concentrations (Wilkins, 1991). Applying
the steady state approximation to the complex and substituting
into equation 4, we get
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Rate=k,K(TMAFC)(R-CH,OH)/(1+K (R-CH,0H)) 5) REFERENCES

With Banerji, K. 1978. Kinetics and mechanism of the oxidation of
alcohols by pyridinium chlorochromate, Bull. Chem. Soc.

Kops = k2K (R- CH,OH)/ (1+K(R- CH,OH)) (6) Jpn., 51, 2732.

The values of equilibrium constant, K, for decomposition of
alcohol and the rate constants, k,, for decomposition of the
complexes in different solvents were determined from the
dope and intercept of the double reciprocal plots and are
shownin Table5.

Effect of solvent

Using different solvents the oxidation reaction was monitored.
On the basis of the solubility of tetramethyl ammonium
fluorochromate and with substrate solvents were selected. The
kinetics of oxidation reaction in different solvents was found
similar. The values of kg in different solvents were
determined are tabulated in table 4. With the increase in the
polarity of the solvent the rate constant of the reaction
decreases indicating the transition state less polar than the
reactants.

Effect of temperature

The reaction was carried out at five temperatures, 20, 25, 30,
35 and 40°C at constant hydrogen ion concentration, oxidant
and alcohol concentration. Arrhenius plot of log Kq,s versus 1/T
gave a straight line with correlation of r = 0.99 with activation
energy as Ea = 43.36 (kJmoal). The Eyring parameters were
computed using the intercept and slope of logk, versus 1/T
plot, and are : AH = 18.8 (kJ/mol), AS = -163.6 (JK moal), and
AG = 72.4 (kd/mol).

Acknowledgement
We are thankful to University Grants Commission, Western

Regional Office, Pune for providing financial support to
complete the work.

Banerji, K. 1988. Oxidation of aiphatic acohols by
pyridinium fluorochromate: a kinetic study, J. Chem. Soc.,
Perkin Trans. 547.

Bhattacharjee, M. Chaudhari, M. Purkayastha, S. 1987. Some
aspects of pyridinium fluorochromate CsHsNHCrOsF (pfc)
oxidations. Stoichiometry of oxidation of alcohols.
Evidence for oxygen transfer and the identity of the
reduced chromium species, Tetrahedron, 43, 5392.

Brown, H. Rao, C., Kulkarni, S. 1979. Stoichiometry of
oxidation of primary alcohols with pyridinium
chlorochromate. Evidence for a two electron change, J.
Org. Chem., 44, 2809.

Corey, EJ. and Suggs, J. 1975. Pyridinium chlorochromate,
an efficient reagent for oxidation of primary and secondary
alcohols to carbonyl compounds. Tetrahedron Lett., 16 :
2647-2650.

Gaur S. R., B. S. Dhobal, Sayyed Hussain & Mazhar Farooqui,
2011. Oxidation of chemical compounds:. Kinetics and
mechanistic approach, J. Chem. Pharm. Res., 3 (5) : 750-
761.

Mahjoub, A ; Ghammami, S.; Abbasi, A.; Hosseinian, A. A
novel synthesis of tetramethylammonium
trioxyfluorochromate (VI), Ind. J. Chem. Sec. A 39, 434,
2000.

O’Brien, B.A. 1980. Part Il : Oxidation of primary and
secondary acohols by potassium chlorochromate (V).
School of Chemistry and Biochemistry Thesis and
Disserteations, Georgia Tech.

Shahriar  Ghammamy and Sgjjad Sedaghat, Middle-East
Journal of Scientific Research, 12 (3) : 317-321, 2012.

Wilkins, R.G. 1991. Kinetics and mechanism of Reactions of
Transition Metal Complexes, 2™ Ed., VCH. Publishers
Inc., New York.

kkkkkk*%k



