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REGIOSELECTIVE SYNTHESIS OF 2-SUBSTITUTED PYRIDINES
VIA GRIGNARD ADDITION TO 1-(ALKOXYCARBOXY)-PYRIDINIUM SALTS

Thomas R. Webb
Genentech, Inc.
460 Point San Bruno Boulevard
South San Francisco, California 94080

Abstract: A regioselective one pot synthesis of 2-substituted pyridine derivatives from
pyridine-l-oxides is described.

A procedure, which has been the method of choice for the synthesis of a number of simple
2-substituted pyridine derivatives, is the addition of Grignard reagents to l-acylpyridinium
salts (1, scheme I)l’z, followed by the oxidation of the dihydropyridine with elemental
sulfur at 200°C.1 The harsh conditions and relatively poor regioselectivity of this
procedure prompted us to consider the alternative route (scheme II). We were surprised to
find that this proposed route had not been previously exploited. It is known, however, that
when Grignard reagents are allowed to react with pyridine-l-oxide free base, ring opened
products can be isolated in good yie]d.3 Also, the addition of Grignard reagents to
1-alkoxypyridines is known to give mixtures of 2 and 4 addition products4, as does the
reaction of cyanide with l-acyloxypyridinium derivatives.5 Perhaps these negative results
have dissuaded others from investigating the route shown in scheme II. We would like to
report that this reaction (scheme II) gives moderate yields of 2-substituted pyridines, with
very high regioselectivity (>98 percent) under mild conditions.

The synthesis of the unstable l-alkoxycarboxypyridinium chlorides® (e.g. 2} is
accomplished by simple addition of ethyl or isobutyl chloroformate to a solution of the
pyridine—l—oxide4 in tetrahydrofuran (THF). The resulting salt precipitates as a white
solid. Salts obtained with iscbutyl chloroformate appear more stable than those obtained
with ethyl chloroformate and therefore are preferred. The salt (2) suspension is treated
directly with an aryl, alkenyl or alkynyl Grignard reagent, in the same reaction vessel
(alkyl Grignard reagents give complex mixtures). Aqueous work-up, followed by distillation
or chromatography, gives the pure products in 41 to 85 percent yield (see Table 1).

In the case of compounds 4 and 5, where authentic standards were available for both the
2- and 4-isomers, a lower 1limit on the regioselectivity could be established by thin-layer
chromatography. In these reactions there was less than 2 percent of the 4~isomer. In all
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cases, none of the 4-isomer was ever observed spectroscopically. It seems reasonable to
propose that addition to the 4-position of 2 does occur, but this addition product cannot
form a favorable cyclic transition state for elimination of alkylcarbonic acid. At this
time, however, products such as 3 have not been isolated.
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As an example of the typical synthetic procedure, the preparation of 2-phenylpyridine
follows: A well-stirred (preferably mechanically} solution of 950 mg of dry pyridine-l-oxide
{10 mmole) in 20 ml dry THF at 20°C is treated with 1.3 ml of isobutyl chloroformate (11
mmole), under an atmosphere of argon. The resulting white suspension is cooled in a dry
icefacetone bath (to -50°C) and 6.0 m) of a 2.0 M solution of phenylmagnesium chloride
(12 mmole) in THF is rapidly added. Much of the solid goes into solution in ca. 5 min., the
mixture is then cooled to -78° for 30 min., and allowed to slowly warm to 20°C. Water
(20 m1) is added and the mixture is extracted with ethyl ether (5x75 m1), concentrated and
dissolved in 10 ml of 2 M.H2504- The acid solution is extracted with CH2012 (2x75
ml), then neutralized with solid K,C05 and extracted with CH2012 (5x75 mt). The
combined organic phase is dried (K,C0;) and distilled (110°-150°/ca. 1-2 mm) to give 850
mg (55 percent yield) of pure 2-phenylpyridine. The 1H NMR spectrum is identical to the
pubTiished spectrum.7

The examples presented here show that this procedure is useful for the synthesis of a
variety of 2 or 2,6-substituted pyridines, from readily available pyridine-l-oxide
derivatives. The mild conditions employed make it possible to prepare 2-vinyl or 2-alkynl
pyridines, by avoiding the harsh, cumbersome sulfur oxidation that is required by the obvious
alternative procedurel. The highly regioselective nature of the reaction also greatly
facilitates isolation of the pure 2-substituted product, where other procedures give mixtures
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of 2 and 4-substituted isomers™? These combined characteristics make this reaction the

procedure of choice for the synthesis of simpte alkenyl, alkynyl or aryl pyridine
derivativesls. The product 5, which has been prepared in multidecagram scale using this
procedure, is of interest since it can be transformed into a novel catalytic phosphate

12

protecting group More work in this area is in progress.
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*A11 known products are in agreement with published physical and spectroscopic properties.
**Iso]ated by distillation.

+Isolated by flash chromatography.
Spectral data for comgound 6 (a colorless 0il); MS m/e (rel. int.): 181 (M*, 100),
155 (63), 154 ( H NMR"s (TMS, CDC13): 5.49 (18, dd, J=10.4, 1.6H,), 6.32 (lH

dd, J=17.6, 1. 6H ), 6.91 (1IH, dd J 18. 4 10.4H, ), 7.1-7.8 (6H, mu]t ), 8.05 (2H,
mult. )
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The authors of reference 1 obtained 4 contaminated with 8 percent of 4-phenyipyridine in

a combined yield of 60 percent.

We have found that the reaction of pyridine, ethyl chloroformate and 2-methoxyphenyl
magnesium bromide, followed by sulfur at 200°C (using the optimal procedure of reference
1 for the synthesis of 4) gave a mixture of 5 along with ca. 20 percent (1H NMR) of

the 4-substituted isomer, in a combined yield of 50 percent.

Though alkyl Grignard reagents do not react cleanly with 1-(alkoxycarboxy)-pyridinium
salts, this does not seriously limit the scope of this procedure since
2-alkenylpyridines can be cleanly converted to 2-aikylpyridines in near quantitative
yield. For example, 6, 181 mg (1 mmole) and 50 mg of 10 percent Pd on carbon in 5 ml of
methanol was stirred under 1 atm. of H, for 1 h. This mixture was filtered,
concentrated and subjected to flash chromatography (3 percent ether/pet. ether) to give
180 mg (98 percent yield) of 2—ethy1—6—pheny1pyrid1ne16.
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