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Scheme 1. Regents and conditions: (a) acryloyl chlori
80 �C, 48 h; (d) alkyl bromide, DMF, 65 �C, overnight;
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A series of N-substituted 3,5-bis(substituted-idene)piperidin-4-ones have been prepared using solid-
phase organic synthesis. The synthesis starts with a Michael addition with piperidin-4-one serving as
the donor and REM resin as the acceptor. Various aldehydes were then utilized through a Knoevenagel
condensation to afford the 3,5-bis(substituted-idene)piperidin-4-ones on the solid support. The final
products were removed from the support and a second diversity position was introduced through a Hof-
mann elimination using different alkyl bromides.
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Solid-phase organic synthesis (SPOS) is a powerful technique
for the rapid generation of structurally diverse compounds for
the drug discovery community.1 Solid-phase synthesis of heterocy-
clic compounds has received special attention because of their
broad range of biological activities.2 As a result, an increasing num-
ber of pharmaceutically useful heterocyclic compounds have been
prepared recently using solid-phase methodology.3

The N-substituted 3,5-bis(substituted-idene)piperidin-4-one is
an attractive drug template because of its cytotoxic properties and
potential in cancer therapy.4 Therefore, the facile preparation of di-
verse N-substituted 3,5-bis(substituted-idene)piperidin-4-ones for
lead discovery is highly desirable. Although many solution-phase
methods have been explored for the synthesis of this useful scaffold,
very few solid-phase synthetic approaches have been reported.5

Herein, we present an efficient solid-phase synthetic approach for
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the synthesis of N-substituted bis(substituted-idene)piperidin-4-
ones. The linkage strategy involves the use of REM resin which has
been widely used in the synthesis of tertiary amines and involves
a final Hofmann elimination step to release the target products.

REM resin6 2 was prepared by treating hydroxyl resin 1 with
acryloyl chloride in the presence of DIEA (diisopropylethylamine).7

After piperidin-4-one was tethered to resin 2 by Michael addition,
the afforded tertiary amine 3 was then condensed, respectively,
with various aldehydes under TMCl-promoted Knoevenagel reac-
tion condition.8 The resulting tertiary amines 4 were quaternized
with different alkyl bromides in DMF at 65 �C overnight to give
the corresponding ammonium salts 5, which were then released
from the resin by Hofmann elimination. After purifying by prepara-
tive HPLC, pure N-substituted 3,5-bis(substituted-idene)piperidin-
4-one products were obtained in good yields (Scheme 1).9
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piperidinone hydrate hydrochloride, DIEA, DMF, rt, 48 h; (c) aldehyde, TMSCl, DMF,
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Table 1
N-substituted 3,5-bis(substituted-idene)piperidin-4-ones

Com-
pound

R1 R2 Yielda

(%)
MW

b

6a 4-Flourophenyl Methyl 78 340.4 (M+1)
6b 4-Flourophenyl 2-Hydroxymethyl 67 356.4 (M+1)
6c 4-Flourophenyl 2-Phenoxyl methyl 73 432.5 (M+1)
6d 4-Flourophenyl 3,4-Difluorophenyl 81 438.4 (M+1)
6e 4-Methoxyphenyl Methyl 76 364.5 (M+1)
6f 4-Methoxyphenyl 2-Hydroxymethyl 58 380.5 (M+1)
6g 4-Methoxyphenyl 2-Phenoxyl methyl 64 456.5 (M+1)
6h 4-Methoxyphenyl 3,4-Difluorophenyl 86 462.5 (M+1)
6i Benzyl Methyl 43 332.5 (M+1)
6j Benzyl 2-Hydroxymethyl 45 348.5 (M+1)
6k Benzyl 2-Phenoxyl methyl 52 424.6 (M+1)
6l Benzyl 3,4-Difluorophenyl 60 430.5 (M+1)

a Yields are based on the weight of purified product and relative to the initial
loading of the resin (1.1 mmol/g).

b Determined by ESI-MS.
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To illustrate the versatility of this chemistry, a library of 12
compounds (6a–i) was prepared (Table 1). Three different alde-
hydes and four different alkyl bromides were employed in the syn-
thesis of this library. For most of the compounds (6a–h), a single
configuration (most likely E,E) product was detected by LCMS after
the cleavage, although trace amounts of isomeric product (most
likely E,Z-configuration) were detected in some crude products
(6i–l). In all cases, pure (E,E) N-substituted 3,5-bis(substituted-
idene)piperidin-4-one products were obtained in moderate yields
after the HPLC purification. This is in agreement with reports that
the known 3,5-bis(substituted-idene) piperidin-4-ones are isolated
as thermodynamically more stable E,E-isomers.4a

In summary, we have developed an efficient traceless solid-
phase synthetic approach for the synthesis of N-substituted 3,5-
bis(substituted-idene)piperidin-4-one derivatives. The methodol-
ogy is of value for high throughput synthesis of these potentially
bioactive molecules.
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