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A mild, practical, one-pot method for the generation of imidoyl chlorides and their subsequent in situ reaction with pyridine-1-oxides is
described. The imidoyl chlorides were formed from the reaction of secondary amides with a stoichiometric amount of oxalyl chloride and
2,6-lutidine in CH,Cl, at 0 °C. Upon warming of the reaction mixture to room temperature in the presence of pyridine-1-oxides, a rapid conversion
to 2-aminopyridine amides was observed in moderate to excellent isolated yields.

Substituted 2-aminopyridines are commonly occurring struc-  Historically, the dehydration of secondary amides to give
tural motifs found in many pharmaceuticals. One of the more imidoy! chlorides has been accomplished by heating them
efficient approaches to making such substituted 2-aminopy- with reagents such as SQCPCE, or POC} in excess or by
ridines would be their direct formation from readily available treating them with P#P/CCl, at room temperature.A
pyridine-1-oxides. The literature contains only a few isolated downfall in using most of these methods is that the excess
examples of this transformation. Among these is a series ofdehydrating agent and reagent-derived byproducts must be
papers by Abramovitch and co-workers that describes aremoved. The isolation of pure imidoyl chlorides often
displacement and rearrangement reaction of pyridine-1-oxidesinvolves a fractional distillation or a precipitation method
with isolated imidoyl chlorides at elevated temperatures to under anhydrous conditions. Due to the inconvenience of
provide 2-aminopyridine amidésOur goal was to couple  these procedures and their lack of generality, our hope was
this basic transformation with a mild method for generating to develop a method to generate imidoyl chlorides from a
activated amides to provide a mild and practical method for variety of amides and use them in situ in subsequent
the formation of 2-aminopyridine amides. Herein we report transformations.

a new mild formation of imidoyl chlorides using a stoichio- We have found that secondary amides can be converted
metric amount of oxalyl chloride and the in situ reaction of to imidoyl chlorides by using 1 equiv of oxalyl chloride in
the generated imidoyl chlorides with pyridine-1-oxides at low the presence of an excess of 2,6-lutidine &t0® These
temperatures to provide 2-aminopyridine amides in good products can be converted in situ with pyridine-1-oxides to
yields. afford 2-aminopyridine amides. In contrast to the reactions
reported by Abramovitch, which require the generation and
isolation of imidoyl chlorides followed by reaction with
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Table 1. Amide Substitution Effects

Table 2. N-Oxide Substituent Effects
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A typical experiment involved treatment of a solution of = =~ O
N-acetylbenzylamine in Ci€l, (0.2 M) with an excess of Me
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2,6-lutidine and an equimolar amount of oxalyl chloride o- N.__N__Me
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mixture was stirred for 15 min, pyridine-1-oxide was added
all at once and the mixture was warmed to room temperature.
In these experiments we typically have used 1.5 equiv of aN-Methyl acetamidel) or N-benzyl acetamide2].  Isolated yields

hygroscopic nature of most pyridine-1-oxides. After aqueous © Combined yield, 3:2 mixture with 5-methyl isomer.

workup and purificationN-benzylN-pyridin-2-ylacetamide
was isolated in 79% y|e|d on the basis of pyridine-l-OXide 2-amin0pyridine amide (Tab|e 1, entry %)“: was also
(Table 1, entry 1). With this result in hand, we chose to observed that this particular substrate formed the imidoyl
further examine the scope and limitations of this mild one- chioride relatively slowly even at room temperature.
pot transformation. Table 2 describes the reactivity of a number of different
Table 1 describes the reactivity of several different amides. N-oxides. EitheN-methyl acetamide dx-benzyl acetamide
All were uneventful except the reaction of acetanilide (entry was used in the reaction of eadhoxide. Entries 3 and 5
4), where it was observed that our standard conditions failed (and eq 1) demonstrate the regioselectivity of this mild
to give any of the desired 2-aminopyridine amide. Upon the transformation. In these cases, only rearrangement to the
addition of Oxalyl Chloride, very little gas evolution was aromatic ring was observed. Equation 1 shows the two
observed compared to that encountered with the otherpossible reaction products of entry 5 in Table 2. Only product
exa_mpleg _Quenchlng_ experiments also indicated that theq js observed in the reaction. Produ2i the product of
desired imidoyl chloride had not formed. The use of functionalization of the methyl substituent, was not detected.
phosgene (as a solution in toluene) in place of oxalyl chloride Thijs is in contrast to the results previously reported by
in this case was found to provide the imidoyl chloride, which Apramovitch? In those experiments, 2- and 4-methylpyri-
readily reacted with pyridine-l-OXide to afford the desired dine-1-oxide reacted Wit}N-pheny|benzenecarboximidoy|
chloride at elevated temperatures to give a mixture of
products. Among these products were the rearrangement to
both the aromatic ring and the methyl group. Abramovitch

(3) A procedure employing 1.5 equiv of phosgene in the presence of
pyridine has previously been described: Fujimoto, K.; Watanabe, T.; Abe,
J.; Okawa, K.Chem. Ind.1971, 175.
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also reported that the addition of a strong base, suchzds Et was found that pyridine could be used as a suitable base in
or DBU, resulted in a change in the distribution of products this reaction at low temperatures (betweed5 and—78

to favor rearrangement to the methyl group. °C); however, hindered pyridine derivatives, such as 2,6-
lutidine, seem to work best. An unoptimized experiment

cl involved treatment of a solution df-acetylbenzylamine (1.1

s _Bn Bn equiv) in CHCI; (0.2 M) with 2.2 equiv of 2,6-lutidine and
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| | T PN | = @ stirred for 30 min, 1.0 equiv of 4-phenyl-pyridine-1-oxide
= = O Me™ ~O P
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73% yield not observed temperature. After aqueous workup and purificatidrhen-

zyl-N-(4-phenylpyridin-2-yl)acetamide was isolated in 46%

- . yield (Equation 2).
The use of 3-methylpyridine-1-oxide (Table 2, entry 4)

resulted in a 3:2 mixture di-methyl-N-(3-methylpyridin- o 1) TH,0, 2,6-lutidine Bn
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lines and isoquinolines have also been shown to participate
in this transformation, giving high yields of the single isomers In summary, we have described a significant operational

shown (Table 2, entries 6 and 7). improvement in the generation of imidoyl chlorides from

While the use of other carbonyl-containing functionalities secondary amides and their in situ reaction with pyridine-
that would provide a more readily remqvable protecting 1._oxides to give 2-aminopyridine amides. The reaction
group would be desirable, to date, this has not been congitions have not been completely optimized in terms of

accomplished. Substitution of the alkyl or aryl amide with reagent equivalents partially due to the hydroscopic nature
trifluoroacetyl, trichloroacetyl, or carbamates failed to pro- ¢ pyridine-1-oxides.

duce significant quantities of iminochlorides or 2-aminopy- ,
ridine amides (data not shown). Acknowledgment. The authors thank Professor David A.
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