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Electrochemical oxidation of 2-substituted piperidines as a key
step towards the synthesis of hydroxylated c-amino acids
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Abstract—2-Substituted piperidines containing different oxygenated side chain functionalities were investigated in the electrochemi-
cal, anodic methoxylation. Surprisingly, the configuration of the side chain has a strong influence on the outcome of the electro-
chemical oxidation. Subsequent elimination of methanol from the oxidation products leads to N-protected eneamides, which
upon ozonolysis can be converted to N,N-bisprotected c-amino aldehydes that are useful building blocks for further synthetic
transformations.
� 2006 Elsevier Ltd. All rights reserved.
Scheme 1. a-Methoxylation as a key step towards functionalized
pyrrolidines and piperidines.
Electroorganic reactions have developed into important
tools in organic synthesis.1 In particular, the anodic oxi-
dation of electron deficient amine derivatives such as
amides,2 sulfonamides,3 amidophosphates3b and carba-
mates4 is a reliable method for introducing a methoxy
group in the a-position to nitrogen. One important fea-
ture of this reaction is that oxidation of 2-substituted
piperidines and pyrrolidines 1 takes place regioselec-
tively at the lesser substituted side to give rise to 2.4a,5

The a-methoxylated amides or carbamates are versatile
intermediates for further functionalization in a- and
b-positions to nitrogen. For example, treatment with
Lewis acids generates N-acyliminium ions, which can
be trapped to yield 3 with a broad variety of nucleo-
philes (amidoalkylation).6 Furthermore, elimination of
methanol under acidic or thermolytic conditions leads
to enamides or enecarbamates 5,7 which can be reacted
with diborane to 4, introducing a hydroxyl group in
b-position7b,8, or can be acylated at the b-position giving
rise to 67b,9 (Scheme 1).

Previously, we have shown that enecarbamates 7 (R2,
R3 = alkyl) open a pathway to b- and c-amino alde-
hydes 8, which can be converted into the corresponding
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amino acids (Scheme 2)10 being useful building blocks in
peptide synthesis.11
Scheme 2. Synthesis of b- and c-amino aldehydes.
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Despite the great potential value of the anodic methoxyl-
ation of nitrogen heterocycles, only few applications of
this methodology at an advanced stage of a synthetic
route towards complex compounds have been repor-
ted.8b,12 In context with our ongoing studies towards
the synthesis of polyhydroxylated c-amino acids we
were interested in determining the scope and limitation
of the anodic methoxylation reaction of 2-substituted
piperidines with different oxygenated side chain func-
tionalities. Among the functional groups that have been
shown to be compatible are carboxylic esters,7b,13 ole-
fins,12e,14 acetylenes12a and halogens.15 However, sub-
strates with hydroxyl groups or aromatic rings have a
tendency to undergo condensation reactions because of
their nucleophilic attack to the N-acyliminium inter-
mediate or to undergo direct oxidation.16

In agreement with this general trend, we also found that
various piperidines having free hydroxyl substituents do
not give clean methoxylation products but largely
decomposed upon electrochemical oxidation. Acetate
protection of the latter, however, generally gave good
results (Table 1) with alkyl substituents (entries 1–3
and 6), while substrates containing phenyl groups could
not be oxidized (entries 4, 5 and 7). Although we noted
that the anti-stereoisomer of 9b required a higher charge
than the corresponding syn-9b to achieve good conver-
sions, nevertheless, the stereochemistry of the side chain
was not decisive for the success of the oxidation. Like-
wise, both diastereomers of the sterically more hindered
9d, employed as a 3:1 anti/synmixture, could be oxidized
in high yields. In all cases, the methoxy group was intro-
duced cis to the side chain.

Extending our investigation to derivatives 11 having
1,2-diacetoxylated side chains surprisingly showed a
strong dependency on the relative configuration for
the outcome of the electrochemical oxidation. The dia-
Table 1. Electrochemical oxidation of piperidines 917,18

Entry Substrate R Q (F/mol) Yield (%)

1 9a H 10.3 95
2 syn-9b Et 5.6 62
3 anti-9b Et 11.7 66
4 syn-9c Ph 2–11.2a 0
5 anti-9c Ph 2–9.6a 0
6 9db i-Pr 9.3 86
7 9eb (CH2)2Ph 2–28a 0

aMultiple experiments.
b Employed as a 3:1 anti/syn mixture, the ratio was unchanged in the
product.
stereomer 11a having a syn-relationship between C-2
and C-3 0 could be methoxylated in high yields17,18 to
give rise to 12a, in which the methoxy group was again
introduced exclusively cis to the side chain, most likely
controlled through the trans arrangement with the
tosyl group as suggested by the X-ray19 structure of
the product. Likewise, 11b was methoxylated in good
yields, however, for the first time the product 12b
was obtained as a 2:1 mixture of epimers, that is, the
introduction of the methoxy group did not proceed ste-
reoselectively any longer. In distinct contrast, 11c and
11d, that is, the anti-stereoisomers with respect to
C-2 and C-3 0, only gave decomposition products even
upon attempts to stop the reaction at low charges
(Scheme 3).

The marked role of the configuration in the propionate
side chain on the success of the electrochemical oxida-
tions is striking and not easy to rationalize. The anti-
relationship between C-2 and C-3 0 alone cannot be
responsible for the failure of the methoxylation since
anti-9b and anti-9d were suitable substrates (Table 1).
Moreover, 13 could also be cleanly methoxylated
although a high charge was necessary (75% yield of 14
along with 17% of recovered starting material,20) and
moreover, we noted the appearance of side products at
even higher currents when attempting to reach full con-
version (Scheme 4).
Scheme 3. Electrochemical oxidation of diastereomeric piperidines
11.17,18



Scheme 4. Electrochemical oxidation of 13.

Scheme 6. Conversion of 12a to c-amino-a,b-dihydroxylated esters 20
and 21.
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The methoxylated piperidines can be readily converted
via their corresponding enamdies to c-amino aldehydes
that are fully protected at nitrogen and therefore cannot
undergo intramolecular amino acetal formation, nor-
mally a major obstacle to utilize this class of compounds
as synthetic building blocks.

For example, 16 was obtained in quantitative yield from
syn-10b upon methanol elimination induced by the
treatment with silica followed by ozonolysis of the
resulting 15 and reductive workup (Scheme 5). Oxida-
tion under the conditions of Dalcanale21 yielded the dia-
stereomerically pure amino acid 17.

Likewise, 12a yielded the amino aldehyde 19 that could
be further reduced to the amino alcohol 20 or elongated
by a Wittig olefination to 21. The protecting group com-
bination N,N-formyl-tosyl proved to be stable under
neutral and acidic conditions, while under basic condi-
tions loss of the formyl group occurred followed by
immediate condensation reactions leading to decompo-
sition of the compounds occurred. Also, removal of
the N-formyl group from 21, which can be achieved with
amines such as diethylaminoethyleneamine (DEAEA),
resulted in the immediate cyclization to give rise to 22
(Scheme 6).

In conclusion, piperidines with a variety of acetoxylated
side chains in the 2-position could be electrochemically
a-methoxylated at C-6. Surprisingly, a strong influence
of the configuration in the side chain on the outcome
of the oxidation was observed, in spite of the consider-
able distance of the side chain to the reaction centre.
The resulting methoxylated piperidines can be converted
to acyclic c-aminoaldehydes, doubly protected at nitro-
gen, which allows their utilization in further transforma-
tions leading to c-amino-a,b-dihydroxylated esters,
Scheme 5. Synthesis of c-amino acid 17.
which have been recognized as important constituents
in natural products.22
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