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Oxidation of 2-Ethyl-3,5-dimethylpyridine to Dinicotinic Acid

C. R. Adams (1)

2,3, 5-Trialkylpyridines have recently (2) become
available in good yield, based on a catalytic synthesis
from aldehydes and ammonia. The product from
propanol, 2-ethyl-3,5-dimethylpyridine, is of par-
ticular interest, since its synthesis can be based
on the inexpensive raw materials: ethylene, synthe-
sis gas and ammonia. The dehydrogenation of this
compound to the corresponding vinylpyridine has
already been reported (3). We have now found that
2-ethyl-3, 5-dimethylpyridine can be oxidized to di-
nicotinic acid in excellent yields. A number of
oxidation systems for pyridinecarboxylic acids have
been described in the literature (4), mainly using
the picolines, 2-methyl-5-ethylpyridine or quinoline.
We have examined several of these systems with the
pest yields being obtained with selenium catalyzed
sulfuric acid oxidation.

The selenium-catalyzed sulfuric acid oxidation to
pyridinecarboxylic acid has been reported for a
number of pyridine derivatives (5,6) in yields up to
about 80%. The chemistry of the reaction probably
involves oxidation by selenium dioxide followed by
reoxidation of the selenium metal with sulfuric
acid, since good yields have been reported (7) for
the oxidation of alkylpyridines with stoichiometric
amounts of selenium dioxide, and it is known that
concentrated sulfuric acid will oxidize selenium
metal to selenium dioxide. Under the conditions
employed here (> 300°) the product expected from
2 - ethyl - 3, 5 - dimethylpyridine is dinicotinic acid.
The 2,3,5-tricarboxylic acid is probably formed
first but decarboxylation takes place immediately,
since 2,3,5-tricarboxylic acid decarboxylates to di-
nicotinic acid already at 150° (8).

The laboratory-scale reactions were carried out
in glass flasks at atmospheric pressure. The volatile
oxidation products (water, carbon dioxide, sulfur
dioxide) were distilled out continuously and the
aqueous phase condensed. After the reaction was
complete, the excess sulfuric acid was distilled
under reduced pressure, the dinicotinic acid hydro-
sulfate was dissolved in water and the solution
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neutralized with base to pPH 2.3, whereupon the
free dinicotinic acid was precipitated. The best
yield obtained was 88%. Figure 1 shows the effect
of catalyst concentration on the yield. Good yields
were obtained at about 0.1 mole selenium per mole
pyridine. Figure 2 shows how the reaction proceeds
with time.

The above experiments were carried out with
excess sulfuric acid (20 moles/mole pyridine, theory,
13). About 1 mole was recovered in the vacuum
distillation. Lower yields were obtained where less
acid was used. Other operating conditions also
effect the yield. When 800 g. of sulfuric acid was
used with 12.8 g. of selenium dioxide and the con-
tents heated quickly to 375° for 1 hour, a yield of
17% of nicotinic acid, 25% of 5-methylnicotinic acid
and 17% of dinicotinic acid was obtained. In an
effort to reduce the amount of acid required for
oxidation, air was blown through the mixture during
the reaction. However, this produced large amounts
of tar and coke. Cupric chloride and ferric chloride
were also tried to aid this air oxidation but no better
results were obtained.

Certain other pyridines were also of interest. 4-
Ethyl-3, 5-dimethylpyridine and 3, 5-dimethylpyridine
are by-products in the pyridine synthesis. In
analogous experiments 3,5 -dimethylpyridine gave
dinicotinic acid in 72% yield, while 4 -ethyl-3,5-
dimethylpyridine gave 50% of dinicotinic acid. This
lower yield was probably due to the much slower
decarboxylation in the 4-position. The 3,4, 5-pyri-
dinetricarboxylic acid was not isolated since it was
probably soluble at pH 2.3, whereas dinicotinic
acid precipitates out. The analysis of the precipitate
was in very good agreement with dinicotinic acid.
2-Propyl-3, 5-diethylpyridine, made from butyralde-
hyde, was also oxidized with this system. The
yield of dinicotinic acid was 84%.

Other oxidation systems which gave lower yields
with 2-ethyl-3,5-dimethylpyridine included: tellurium-
catalyzed sulfuric acid, molybdenum-catalyzed nitric
acid - sulfuric acid, autoclave oxidation with dilute
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nitric acid, copper nitrate or sodium dichromate,
and catalytic air oxidation with bismuth molybdate,
bismuth phosphate and cobalt molybdate.

Preliminary experiments indicated that dinicotinic
acid could be decarboxylated to nicotinic acid in
65% yield after 21 hours at 256° using 2-propyl-
3,5-dlethylpyridine as gsolvent. This yield can
probably be improved with better decarboxylation
conditions.
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Figure 1. Ocxidation of 2-Ethyl-3, 5-Dimethylpyridine (0.5 mole)
Pre-loading of  Added after Flask Added after 150 ml.
Reaction Flask heated to 300° H,0 condensed
Se  SeOp 4 moles H,S0, 4 moles H;SOy 2 moles HyS04
D [e} 25% of Se0y/Se 25% of Se0,/Se 50% of SeO,/Se
0.5 mole EDP
4 moles HySOy 4 moles H;SO4 2 moles HpS0,
A @  50%0fSe0,/Se  50% of Se0y/Se
0.5 mole EDP
v 6 moles Hy80, 4 moles Hy80, -~——~--—--———-

100% of Se
0.5 mole EDP

EXPERIMENTAL

Oxidation with Selenium-Catalyzed Sulfuric Acid.

Selenium (1.4 g.) and 95% sulfuric acid (400 g.) were placed in a
glass round-bottom flask equipped with an offset condenser and heated
to 300° (time-temperature profile given in figure 2). A mixture of
400 g. of sulfuric acid, 1.14 g. of selenium and 67 g. of 2-ethyl-
3, 5-dimethylpyridine was added dropwise during 30 minutes. After
150 ml. of the aqueous phase had condensed out, 200 g. of sulfuric
acid and 2.28 g. of selenium were added (ml. of water-time profile
given in figure 2). The reaction was stopped after 3 hours and 10
minutes. Sulfuric acid (81.4 g.) was vacuum distilled from the
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Figure 2. Oxidation of 2-Ethyl -3, 5- Dimethylpyridine (0.5 mole)

Run 307

Reaction Flask Pre-filled with 400 g. H,SO4, 1.14 g. Se
1 = 400 g. HyS04, 67.5 g. EDP, 1.14 g. Se

II = 200 g. HySO04, 2.28 g. Se

yellow reaction product (228.5 g.). The distillation residue (144
g.) was dissolved in water and the pH adjusted to 2.3 with ammonium
hydroxide. The precipitated dinicotinic acid was removed by filtration
and dried at 120°, yield, 73 g. (88%); m.p. 331-333° (Lit. 320-323°),

Anal. Caled. for CyHgNOy: C, 50.00; H, 3.59; N, 8.33; MW,
167.12; Acid value, 83.6. Found: C, 50.2; H, 3.1; N, 8.3; MW,
167; Acid value, 84. '

The NMR spectrum (in perdeuterodimethylsulfoxide) showed two o-
protons and one y-proton.

REFERENCES

(1) Present address: Shell Development Co., Emeryville, Calif.,
U.S.A.

(2) C. R. Adams and J. Falbe, Brennstoff-Chemie, 47, 184 (1966).

(3) C. R. Adams and J. kalbe, J. Catalysis, submitted.

(4) For a review see E. D. Oliveto in "Pyridine and Its De-
rivatives", E. Klingsberg, Ed., Interscience, New York, 1962, Part
Three, p. 179.

(5) C. P. Woodward, C. O. Badgett and J. G. Kaufman, Ind.
Eng. Chem., 36, 544 (1944).

(6) T. E. Jordan, ibid., 44, 332 (1952).

(7) D. Jerchel, E. Bauer and A. Hippchen, Chem. Ber., 88, 156
(1955).

(8) A. L. Searles and R. M. Warren, J. Org. Chem., 18, 1317
(1953).

Received October 4, 1966 Birlinghoven #ber Siegburg, Germany



