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The addition of Grignard reagents to pyridine N-oxides has in
general been reported to give ring-opened dienal oximes in
low yields [Eq. (1)].[1] As a consequence, pyridine N-oxides
have not been considered as suitable building blocks for the

synthesis of substituted piperidines.[2] In our venture to utilize
inexpensive and readily available pyridine N-oxides, we
recently reported the formation of dienal oximes for the
synthesis of substituted pyridines.[3] However, since multi-
substituted piperidines are prominent in bioactive molecules
and their stereoselective synthesis remains a challenge, our
main focus was directed toward this class of compounds.[4]

Although extensive research using a variety of pyridinium
salts and nucelophiles without blocking undesired electro-
philic sites (e.g., the 4-position) have been performed, these
reactions generally result in the formation of regioisomeric
mixtures. To achieve complete regioselectivity, N-iminopyr-
idinium ylides were used to circumvent the ring-opened
reactions of pyridine N-oxides.[2] Moreover, these reactions
have a limitation; that is, establishing more than one
stereogenic center at the time, especially in the stereoselective
synthesis of vicinal trans isomers demands a multistep syn-
thesis.[5]

Herein we report on the discovery of a complete regio-
and stereoselective synthesis of trans-2,3-substituted piper-
idines originating from the addition of Grignard reagents to

pyridine N-oxides and the subsequent addition of an electro-
phile. The unique intermediate, trans-2,3-dihydropyridine N-
oxide, is a stable and versatile diene for use in additional
transformations. We also present the synthesis of 2-substi-
tuted piperidines from pyridine N-oxides. Neither of these
synthetic methods encounters the earlier reported problem of
the ring-opening of the pyridine N-oxide to give dienal
oximes [Eq. (1)].

During our work on improving the yields and scope of the
dienal oxime synthesis, an NMR study revealed that the ring-
opening to the dienal oxime occurred during the quench of
the reaction using water at ambient temperature.[3b] There-
fore, instead of warming up the reaction mixture to room
temperature, MeOD was added together with a reducing
agent (NaBH4) at �40 8C. This protocol resulted in the
complete regioselective transformation to the expected 5-
deuterated 2-phenyl tetrahydropyridine N-oxide derivative in
a quantitative yield. The sequence was repeated using
methanol and 2 was isolated in 94 % yield (Scheme 1). A
subsequent one-pot reduction and protection of 2 gave the N-
Boc-2-phenylpiperidine 3 in 79% yield upon isolation.

The addition of other electrophiles to the reaction
intermediate was studied. Surprisingly, the addition of
benzaldehyde resulted in a complete regio- and stereoselec-
tive trans-2,3 addition, giving the novel heterocyclic diene
system 4a instead of the expected 2,5-derivative
(Scheme 2).[6,7] Since 4a and its formation is unprecedented
in the literature, the structure was unambiguously deter-
mined; to support the structure of 4a as determined by NMR
spectroscopy, 4 a was reacted with dimethyl acetylenedicar-
boxylate in a Diels–Alder reaction to give an 86 % yield of the

Scheme 1. Synthesis of 2-phenylpiperidine from pyridine N-oxide.
TEA = triethylamine, Boc= tert-butoxycarbonyl.

Scheme 2. Synthesis of trans-2,3-dihydropyridine N-oxide and subse-
quent Diels–Alder reaction.
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azabicyclic compound 5 upon isolation (Scheme 2). Addi-
tionally, a crystal structure of the substituted trans-2,3-
dihydro-pyridine N-oxide 4 i (Figure 1) was obtained.[8] The
trans-2,3 selectivity in the reaction was concluded from both
the NMR spectroscopy and the crystal structure. The
corresponding cis isomer was not observed in the crude
reaction mixtures when analyzed by using NMR spectroscopy.

Changing the electrophile in the reaction from benzalde-
hyde (6a) to the aliphatic butyraldehyde (6b) resulted in the
isolation of trans-2,3-dihydropyridine N-oxide 4b in 59%
yield (Table 1, entry 1). 4-Phenylpyridine N-oxide (1b) and 4-
benzyloxypyridine N-oxide (1c) were also reacted with
phenylmagnesium chloride and benzaldehyde or butyralde-
hyde, giving high yields of the corresponding trans-2,3-
dihydropyridine N-oxides 4 c–4 f upon isolation (Table 1,
entries 2–5). Almost quantitative yields of the corresponding
trans-2,3-dihydropyridine N-oxides 4g and 4h were obtained
for the reaction using 2-phenylpyridine N-oxide (1d)
(Table 1, entries 6 and 7). In connection with our earlier
reported synthesis of substituted pyridine N-oxides this
reaction demonstrated the potential for the synthesis of a
diverse set of multisubstituted derivatives.[3a] Depending on
the starting material used, the reaction has the advantage of
proceeding at�78 8C. Although a slight decrease in yields was
observed, for example, 4c and 4g were isolated in 72 % and
97% yields respectively, when a reaction temperature of
�78 8C was used, as compared to 81% and 98 % yields,
respectively, when a reaction temperature of �40 8C was
used; the steresoselectivity of the sec-alcohol formed in the
reaction with the aldehyde increases as the reaction temper-
ature is decreased. The diastereomeric ratio (d.r.) of 4g
changed from 92:8, at a reaction temperature of �78 8C, to
78:22 at a reaction temperature of �40 8C. The d.r. for 4 c at
the reaction temperatures of �78 8C and �40 8C were greater
than 98:2 and 89:11, respectively.[9] Strikingly at �78 8C only
one diastereomer, having three stereogenic centers intro-
duced in the reaction sequence, was observed for 4 c. A
decrease in the reactivity was observed when using 3-methyl-
2-phenylpyridine N-oxide (1e) as a starting material. The
reactions were slow at �40 8C and were therefore performed
at �20 8C instead.[10] Reasonable yields, 56% and 71%, of the
highly substituted 2,3-dihydropyridine N-oxides 4 i and 4j,

respectively, were obtained (Table 1, entries 8 and 9). In
addition to the aldehydes, the ketone reactivity was also
investigated. Cyclohexanone was added at �40 8C to the

Figure 1. X-ray crystal of structure 4 i.

Table 1: Synthesis of trans-2,3-dihydropyridine N-oxides.[a,b]

Entry N-oxide E+ Product Yield
[%][c]

1 1a (R=H) 6b 4b 59

2 1b 6a 4c 81

3 1b 6b 4d 80

4 1c 6a 4e 86

5 1c 6b 4 f 71

6 1d 6a 4g 98

7 1d 6b 4h 96

8 1e 6a 4 i 56 [d]

9 1e 6b 4 j 71 [d]

10 1b 6c 4k 50[e]

[a] Reaction conditions: N-oxide (1 equiv) in THF, phenylmagnesium chloride
(1.2 equiv), aldehyde (1.5 equiv). [b] Diastereomeric ratio (d.r.) for all com-
pounds given in reference [9]. [c] Yields of isolated products. [d] Reaction
performed at �20 8C. [e] Reaction performed in toluene.
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intermediate formed by reacting 4-phenylpyridine N-oxide
with phenylmagnesium chloride. The standard conditions
using THF as the solvent gave no product, therefore the less
polar and noncoordinating solvent toluene was used. The
rational was to get a tighter coordination of the carbonyl
group to the magnesium, and thereby increase the reactivity
of the ketone. Product 4k was isolated in 50% yield, with the
same complete regioselectivity and trans stereoselectivity as
previously observed for the aldehydes. As expected, when
both ortho positions are blocked as for 2,6-dimethyl-pyridine
N-oxide, no addition occurs at the given conditions.

Next the reactivity of different Grignard reagents was
studied using pyridine N-oxide (1a) and benzaldehyde as the
electrophile at �40 8C. p-Methoxyphenyl- and p-fluorophe-
nylmagnesium chloride yielded the corresponding 2,3-dihy-
dropyridine N-oxides 4 l and 4m in 72 % and 76% yields,
respectively, (Table 2, entries 1 and 2). The scope of the

reaction was expanded to the addition of alkyl substituents.
Pyridine N-oxide (1a) was reacted with n-butylmagnesium
bromide and then benzaldehyde was added to give the 2-
butyl-substituted derivative 4n in 28% yield upon isolation
(Table 2, entry 3, ). This low yield was expected given our
previous studies using alkyl Grignards for ortho-metallation
of pyridine N-oxides.[11] Yields in the range of 28 % are not
optimal in preparative organic synthesis, therefore to include

the potential to synthesize alkyl substituted piperidines in
reasonable yields with this method, the addition of vinyl
Grignard reagents were of interest. The double bond intro-
duced would be reduced in the hydrogenation step of the
dihydropyridine N-oxide. An increase in the yield of the 2-
vinyl substituted 2,3-dihydropyridine N-oxide (4o) was
obtained when compared to the yield of the reaction using
n-butylmagnesium bromide (compare entries 4 and 3 in
Table 2).

With the ability to introduce both aryl and vinyl sub-
stituents to the system in complete regioselectivity and high
stereoselectivity, we set out to synthesize both 2-aryl and 2-
alkyl trans-2,3-substituted piperidines. An excellent 90%
yield of the N-Boc-piperidine 7 was obtained upon isolation
after using a microwave assisted one-pot procedure with 2,3-
dihydropyridine N-oxide 4a (Scheme 3a).[12] The 2-alkyl-

substituted analogue 8 was efficiently synthesized from 2,3-
dihydropyridine N-oxide 4o using Raney Nickel to yield 8 in
71% as the hydrochloride salt (Scheme 3b).[13]

In conclusion, we have shown that inexpensive and readily
available pyridine N-oxides can be used with advantage for
the complete regio- and stereoselective synthesis of substi-
tuted 2,3-dihydropyridine N-oxides and substituted piperi-
dines. This short two-step reaction for the formation of
substituted piperidines gives a unique diene as an intermedi-
ate. This intermediate is amenable to a number of reactions
(e.g. Diels–Alder reactions) and has therefore its own
warranted interest.

Experimental Section
General procedure exemplified by the reaction of 1a and 6a
(Scheme 2): The pyridine N-oxide 1a (100 mg, 1.05 mmol) was
dissolved in THF (5 mL) and cooled using a dry-ice/acetonitrile
bath for 10 min before adding PhMgCl (173 mg, 1.26 mmol) dropwise.
The resulting mixture was stirred for 60 min in the cooling bath before
benzaldehyde (166 mg, 1.58 mmol) was added, and then the resulting
mixture was stirred for another 60 min at �40 8C. Then aqueous
saturated NH4Cl was added and the resulting slurry extracted three
times with CH2Cl2, dried (Na2SO4), and concentrated. The crude
reaction mixture was purified using column chromatography (CH2Cl2

Table 2: Synthesis of 2,3 trans-dihydropyridine N-oxides.[a,b]

Entry R Product Yield [%][c]

1 4 l 72

2 4m 76

3 4n 28

4 4o 60

[a] Reaction conditions: N-oxide (1 equiv) in THF, phenylmagnesium
chloride (1.2 equiv), aldehyde (1.5 equiv). [b] Diastereomeric ratio (d.r.)
for all compounds given in reference [9]. [c] Yields of isolated products.

Scheme 3. Reduction to piperidines.
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and 3% MeOH) which after concentration from CH2Cl2 gave 4a as a
yellow foam (231 mg, 79 %).
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