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OXIDATION OF ALKYLPYRIDINES BY USING COBALT (III) ACETATE. Part III
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Oxidation of 2-picoline and 3-picoline was carried out by using cobalt (III) acetate to obtain the
corresponding carboxylic acids. Effects of the variations in temperature and time period during such
oxidation were also studied and tabulated. The picolinic carboxylic acids upto 52% yield were obtained.
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INTRODUCTION

Cobalt belongs to the group of transition metals, and
always' exhibits one equivalent oxidation behaviour. The
strong oxidising propefties of cobalt have been utilized for
quantitative determination of various organic, inorganic
and pharmaceutical compounds. Kinetic studies [1-8] had
been under taken by various workers using trivalent cobalt
for the oxidation of formaldehyde, amines, aliphatic
alcohols, benzene, etc. Cobelt (IIT) acetate because of its
strong oxidising properties and good stability in glacial
acetic acid has been extensively used as a volumetric
titrant by various workers [9-18]. However, the studies
regarding its application as an oxidising agent for the
various organic compounds are still to be carried out.

RESULTS AND DISCUSSION

In this paper we submit the results which were obtain-
ed by the oxidation of alkylpyridines by cobalt (II) acetate
under the varied conditions with respect to oxygen and
temperature. Oxidation of alkylpyridines was also studied
by changing the molar ratio of the reactants, i.e. cobalt
(III) acetate and alkylpyridines. The reaction was carried
out in the equimolar ratio and 2:1 ratio. It was found that
higher yield of the pyridine carboxylic acid was obtained
by using the double amount of the oxidising agent. Tem-
perature was found to play an important role in this oxi-
dation. No reaction seemed to occur at room temperature
(30°). Appreciable yield was, however, obtained at 70°.
It was also found that the presence of free oxygen resulted
in a higher yield.

The explanation to the above mentioned fact that
despite being a strong oxidant Co (IIT) does not oxidise
the picolines to the corresponding acids at 30° even at the
increased Co (III): C¢H,N mole ratio, can be sought in the
fact that Co (III) ion shows a particular affinity for N

donors. Picolines contain N donor and therefore, Co (I
forms various complex species with them [19]. Now in the
light of this fact the results of the present study can be
interpreted. Thus at 30° since no free Co (III) is available
(because it has entered into complexation with the ligand
Ce¢H;N) the — CH;3 group in C¢H4N is not oxidised to —
COOH group. However at elevated temperatures the oxida-
tion becomes possible owing to the dissociation of the
complexes which results in the liberation of Co (III) ions.
In the free state Co (III) ions are, however, susceptible to
their reduction to Co (II) by water. In the presence of free
oxygen these Co (II) ions are oxidised back to Co (III)
ions. The accelerating role of free oxygen in the oxidation
of alkylpyridines to the corresponding carboxylic acid
might be accounted for this phenomenon.

The comparison of the rate of oxidation of 2-picoline
with that of 3-picoline showed that under similar reaction
conditions, the yield of nicotinic acid (pyridine — 3 —
carboxylic acid) was more than that of the 2-picolinic acid.
This had occured, because 2-picolinic acid tends to decar-
boxylate at higher temperature.

Results of oxidation of 2-picoline with cobalt (IIT)
acetate in the normal atmospheric conditions at different
temperatures are tabulated in the Tables 1 — 3. The results
obtained in the presence of free oxygen are given in the
Table 4. The rate of flow of oxygen was maintained as 0.3
I/min. in these experiments. In the following tables the
emperical formula (C¢H,N) stands for 2-picoline while
(Co III) denotes the cobalt (III) acetate. These reactants
were taken in the molar ratios as given in the tables.

Results of oxidation of 3-picoline with cobalt (IIT)
acetate in the normal atmospheric conditions at different
temperatures are tabulated in the Tables 5 — 7. The results
obtained in the presence of free oxygen are given in the
Table 8. The rate of flow of oxygen was maintained as 0.3
I/min. in these experiments. In these tables the emperical
formula (C¢H,N) stands for 3-picoline while (Co III)
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Table 1. Oxidation of 2-picoline at 30°C with Table 5. Oxidation of 3-picoline at 30°C with
cobalt (III) acetate. cobalt (IIT) acetate.
(Co II): (Co III):
S. (Colll) (C¢HsN) (C¢H,N) Time Yield S. (Colll) (CeH,N) (CeH,N) Time Yield
No. Mol Mol. Mol. Ratio  (Hours) % No. Mol. Mol. Mol. Ratio  (Hours) %
1. 005 0.05 1:1 6 - 1. 005 0.05 11 6 ~
2. 0.05 0.05 151 10 — 2, 0.05 0.05 1:1 10 _
3; 0.05 0.025 2:1 10 — 3. 0.05 0.025 2:1 10 _
4. 0.05 0.025 2:1 12 - 4. 0.05 0.025 2z 12 -
5 0.05 0.025 21 16 - 5. 0.05 0.025 2:1 16 —
Table 2. Oxidation of 2-picoline at 60°C with Table 6. Oxidation of 3-picoline at 60°C with
cobalt (III) acetate. cobalt (TIT) acetate.
(Co III): (Co III):
S. (Colll) (Ce¢HsN)  (C¢H,N)  Time  Yield S. (Colll) (C¢H,N) (C¢H,N)  Time  Yield
No. Mol Mol. Mol. Ratio  (Hours) % No. Mol Mol. Mol. Ratio  (Hours) %

: 1. 0.05 0.05 1:1 6 5 1. 0.05 0.05 1:1 6 7
2. 005 0.05 1:1 8 8 2. 005 0.05 1:1 10 10
3. 005 0.025 2:1 8 12 3. 005 0.025 2:1 10 19
4. 005 0.025 24 10 18 4. 005 0.025 2:1 12 25
5. 0.05 0.025 2:1 12 18 5. 0.05 0.025 2:1 16 25

Table 3. Oxidation of 2-picoline at 70°C with Table 7. Oxidation of 3-picoline at 70°C with
cobalt (IIT) acetate. cabalt (III) acetate.
(Co III): (Co III):
S. (Colll) (C¢HsN) (CeHsN)  Time Yield S. (Colll) (C¢H,N) (C¢H,N)  Time Yield
No. Mol. Mol. Mol. Ratio  (Hours) % No. Mol. Mol. Mol. Ratio (Hours) %
1. 0.05 0.05 1: 6 10 1. 0.05 0.05 1:1 6 12
2. 005 0.05 L2 8 15 2. 005 0.05 1:1 10 17
3. 0.05 0.025 21 8 23 3. 0.05 0.025 2:1 10 23
4. 0.05 0.025 2t 10 28 4. 0.05 0.025 2:1 12 32
5. 005 0.025 2:1 12 28 5. 005 0.025 2:1 16 32
Table 4. Oxidation of 2-picoline in the presence of free oxygen with cobalt (III) acetate.
S.  (ColjD) (C¢H,N) (Co II):C¢H4N) Time Temp. Yield
No. Mol. Mol. Mol. Ratio (Hours) °O) %
1L .05 05 1:1 6 50 9
2 05 05 1:1 8 60 23
3. 05 025 2:1 8 60 30
4. 05 025 2:1 10 70 45
5. .05 025 2:1 12 70 45
6. .05 025 2:1 12 80 45
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Table 8. Oxidation of 3-picoline in the presence of free oxygen with cobalt (IIT) acetate.

S. (ColID) (C¢H,N) (Co IMN):C¢H,N) Time Temp. Yield
No. Mol. Mol. Mol. Ratio (Hours) °0) %
1. 0.05 0.05 1:1 6 50 12
2. 0.05 0.05 =1 8 60 26
3. 0.05 0.025 1:2 8 60 38
4. 0.05 0.025 1:2 10 70 52
5. 0.05 0.025 1:2 12 70 52
6. 0.05 0.025 1:2 12 80 52

denotes the cobalt (IIT) acetate. These reactants were taken
in the molar ratio as given in the tables.

EXPERIMENTAL

Cobalt (IIT) acetate solution was prepared in glacial
acetic acid by anodic oxidation and it was standardised
potentiometrically against standard ferrous sulphate solu-
tion [9]. ,

Picoline was taken in three necked flask which was
fitted with a thermometer, condenser and oxygen supply
when required. It was heated and stirred at temperatures
mentioned in the given tables. The rate of flow of oxygen
was adjusted by a flow meter.

After the completion of time period the unreacted
picoline was distilled off under reduced pressure. The pH
of the solution was adjusted at 3.5 and was allowed to
cool at 20° . The product (pyridine carboxylic acid)
crystalised out which was then separated by filtration and
dried. For recrystalisation it was dissolved ‘in hot water
and filtered. The pH of the filtrate was again adjusted at
3.5 and then cooled to obtain the crystals.

M.P. of Picolinic acid, 119°
M.P. of Nicotinic acid, 215°

(120°)
(216°)

The IR spectra of nicotinic and picolinic acids were
identical with those of authentic samples.

REFERENCES

1. A. Jose, L. Cartes, H. Suarez, Bol. Soc. Chilene quim,
9,38 (1959). C.A. 16146 a (1960).

N

o 3 N »n

10.

11.

12,

13

14.

15

16.

17.

18.

19.

. A. Morette and G. gandefray, Bull. Soc. Chin. France,
956 (1954).

. R.G. Wilkins, Quart. Rev. (London), 16, 316,(1962).

. G. Hargreaves, I.H. Sutchiffe, Trans. Faraday Soc.
51, 786,(1955)

. R.T.M. Fraser, J. Am. Chem. Soc., 83, 4920,(1961).

. W.F.'Libby, J. Chem. Phys., 38, 420, (1963)

. LLA. Sharp, J. Chem. Soc., 2, 2030 (1957).

. S.A. Zonis and Yer. I. Kornilove, J. Gen. Chem., USSR
(English frans), 20, 1301,(1950) ,
."M. Hanif, N.A. Ginai and M.A. Chaudry, Pak. J. Sci.

Ind. Res., 14, 33 (1971).

J. Budesinsky, J. Dobzal, B. Sramkova and J. Zyka,
Microchem.J.,16, 121 (1971).

J. Minczewski and M. Pozonicka, Chem. Anal. (War-
saw), 9, 785, 947 (1964), 10, 1357 (1965), 15, 775
(1970).

M. Hanif, J. Dolezol and J. Zyka, Microchem. J., 16,
291 (1971).

M. Hanif, M.A. Chughta and M.A. Chaudhary, Pak.
J. Sci. Ind. Res. 15,1 (1972).

M. Hanif, I. Perveen and J. Zyka, Chem. Anal. (War-
saw), 17, 119 (1972).

M. Hanif, I. ljaz, S. Haque and Z. Sheikh, Pak. J. Sci.
Ind. Res., 16, 176 (1973).

M. Hanif, M. Ahmed, Z. Shaikh and J. Zyka, Mikor-
chim Acta (Wien), 283 (1976).

Z. Sheikh, J. Dolezal and J. Zyka, Microchem J., 16,
395, 548 (1971).

M. Hanif, J. Dolezal and J. Zyka, J. Chem. Soc. Pak.,
1,45 (1979).

F.A. Cotton and G. Wilkinson, Basic Inorganic Chemis-
try, (John Willey & Sons, INC, New York, 405, 1976).



