May-Jun 2000

Achieving Positional Selectivity in Pyridine Synthesis 451

Ramiah Murugan and Eric F. V. Scriven*

Reilly Industries Inc., 1500 South Tibbs Avenue, Indianapolis, IN 46242-0912 USA

J. Heterocyclic Chem., 37, 451 (2000).

The chemistry of pyridine and its derivatives has been
studied widely because of its importance in the synthesis
of agricultural chemicals, pharmaceuticals and perfor-
mance products {1]. Bioactive pyridines frequently con-
tain a 2,3- or 2,5-substitution pattern. For example,
diftufenican (1) and nicosulfuron (2) (derived from 2-
chloronicotinic acid) are herbicides and imidacloprid (3)
(derived from 2-chloro-5-methylpyridine) is an insecti-
cide. Usually these patterns are obtained by carrying out
ring substitution reactions on a 3-substituted pyridine.
Such reactions usually give a mixture of the 2,3- and
2,5-isomers. Therefore, much recent work, especially in
industry, has focused on improving the regiospecificity of
some well known reactions. However, separation of even
a small amount of the unwanted isomer from the desired
one can be very expensive on an industrial scale. The
choice of synthetic approach is usually between a linear
sequence of reactions originating from 3-methylpyridine,
or a regiospecific convergent synthesis. This lecture artic-
ulates the basis for this choice by examining synthetic
routes to two important intermediates: 2-chloro-5-methyl-
pyridine and 2-chloronicotinic acid.
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Imidacloprid, for example, may be made from 2-chloro-
5-chloromethylpyridine, which is derived from 2-chloro-
5-methylpyridine. A potential high yield route to 2-chloro-
5-methylpyridine may be achieved by chlorination of
2-amino-5-methylpyridine. Unfortunately, the amination
of 3-methylpyridine favors 2-amino-3-methylpyridine

over the other isomer by a factor of 9:1. We studied the
effect of excess ammonia pressure on this reaction and
found that at 20 bar the selectivity swings over to fourfold
in favor of the 2,5-isomer [2]. We have not explained this
remarkable change in orientation yet (Equation 1 and 2).
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Another high yield synthesis of 2-chloro-5-methylpyri-
dine from 3-methylpyridine-1-oxide has been reported
(Equation 3) [3]. A convergent high yield synthesis of
2-chloro-5-methylpyridine has been described (Equation 4)
[4]. The ring closure step was achieved with a Vilsmeier
reagent, by use of Meth-Cohn's procedure [5], to give a
benzyl quaternary salt. This salt was debenzylated rapidly
to afford the desired product and benzyl chloride.
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Some earlier work by ICI [6] (Equation 5) led us to
conceive that a Pinner reaction of acetonitrile with propion-
aldehyde should give us an imidoyl halide directly, obvi-
ating the use of benzylamine (Equation 6). We subse-
quently extended this idea to the direct formylation and
ring closure of a pentene nitrile (Equation 7) [7]. Com-
petitive formylation at the double bond gave us 4 as a by-
product, but this was easily deformylated.
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Further work to prepare directly 2-chloro-5-chloro-
methylpyridine by a ring synthetic approach makes use of
a cyclopentadiene acrolein adduct, acrylonitrile and chlo-
rine. The cyclopentadiene acrolein Diels-Alder adduct not
only provides the double bond at a later step (by retro-
Diels-Alder reaction) for chlorination (useful for providing
the right unsaturation to form the pyridine derivative), but
also controls the Michael addition of acrolein to acryloni-
trile (Equation 8) [8].
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The choice of elaboration of a 3-substituted pyridine
versus convergent ring synthesis was examined for the
synthesis of 2-chloronicotinic acid, a key intermediate for
the production of the herbicides diflufenican (1) and nico-
sulfuron (2).

2-Chloronicotinic acid may be obtained by chlorination
of nicotinic acid N-oxide (Equation 9) [9]. However a
mixture of 2,3- and 2,5-isomers is formed. Separation of
the unwanted isomer decreases the overall yield thus
increasing the manufacturing cost. Therefore, we under-
took a reexamination of ring synthesis approaches. The
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synthesis of 2-chloronicotinic acid from acylic precursors
has been reported in the literature. One of the approaches
uses the reaction between ethyl cyanoacetate and 1,1,3,3-
tetramethoxypropane in presence of the Lewis acid cata-
lyst zinc chloride (Equation 10) {10]. The cyclization of
the adduct obtained from the above step is done in acetic
acid as solvent in the presence of hydrogen chloride to
give specifically 2-chloronicotinic acid in good yield. The
disadvantage of this process is the prohibitive cost of the
tetramethoxypropane as a malondialdehyde equivalent.

Q 0 [0}
| X OH Rx OH A OH
s POCIy/NEt; | + P
N N >l ™ N
&
Equation 9.
OMe
COOE! COOE
. OMe ZnCly [
———i-
CN CN
MeO” “OMe MeO
lHCI/AcOH
@coosx
o
N Cl
Equation 10.

With cost and ease of operation in mind an alternative
specific route to 2-chloronicotinic acid has been developed.
The plan was to use ethyl cyanoacetate and acrolein as the
raw materials (Equation 11). Instead of the desired outcome,
the product of a double Michael addition 5 was obtained.
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Therefore, it was necessary to replace one hydrogen in
the ethyl cyanoacetate with a leaving group, a chlorine
atom was chosen. The presence of this chlorine atom pre-
vents the second Michael addition with acrolein. It is also
essential for hydrogen chloride elimination to give the right
unsaturation to allow the formation of the aromatic pyri-
dine ring. The hydrogen chloride gas generated further
helps in the cyclization step by activating the cyano group.

Preparation of the ethyl 2-chlorocyanoacetate is cum-
bersome (Equation 12). We found that ethyl 2-chloro-
cyanoacetate could be made easily by mixing an equimo-
lar mixture of ethyl cyanoacetate and ethyl 2,2-dichloro-
cyanoacetate with a base. This base catalyzed halogen
transfer occurs very rapidly to give an equilibrium con-
centration of ethyl 2-chlorocyanoacetate, which undergoes
fast Michael addition with acrolein, therefore avoiding diver-
sion to 5 (Equation 13). The cyclization of the Michael
addition product obtained from the reaction between ethyl
2-chlorocyanoacetate and acrolein, is achieved by heating
in dimethylformamide containing phosphorus trichloride
in the presence of hydrogen chloride gas (Equation 13).
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Selection of the best route for the synthesis of a 2,3- or
2,5-disubstituted pyridine regiospecifically is complex and
depends upon a number of factors, such as raw material
cost, chemical yields, ease of product separation and envi-
ronmental concerns. When a target product is required in
high purity (with less than 0.1% of an isomeric impurity)
and it is three or more steps away from a cheaply available
pyridine precursor (e.g., 3-methylpyridine) it may well be
made more cheaply by a convergent ring synthesis.
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