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A novel tandem process leading to functionalized glutarimides
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Abstract—The synthesis of various functionalized or spirobicyclic glutarimides by a novel tandem process has been disclosed. The
reaction involves a base-catalyzed Michael addition of active methylene compounds to secondary conjugated amides, followed by
intramolecular N-acylation of the carboxamido group. It provides a relatively general and simple access to useful synthetic inter-
mediaries and potentially active pharmacological compounds. In addition, a novel group of spirobicyclic systems has been
synthesized.
� 2005 Elsevier Ltd. All rights reserved.
Cyclic imides, especially five- and six-membered sys-
tems, are useful chiral and achiral precursors in the syn-
thesis of lactams,1 pyrrolidines,2 piperidines,3 alkaloids,4

and open-chain compounds.5 In addition, N-acylimin-
ium ions, a highly versatile class of synthetic intermedi-
aries, are best prepared from cyclic imides.6 Macrocyclic
imides have been prepared from cyclic b-keto esters and
alkyl isocyanates.7 Substituted imide rings are also
found in some pharmacologically active natural prod-
ucts, such as cycloheximide,8 sesbanimide,9 and migra-
statine.10 Numerous compounds possessing a cyclic imide
moiety exhibit pharmacological activity such as anti-
tumor (e.g., sesbanimide,9 migrastatine,10 glutethimide,8

aminoglutethimide8), immunosuppressive, and sedative
(e.g., thalidomide8), anxiolytic (e.g., buspirone8), anti-
convulsive,11 and others.12

Although glutarimide rings are usually formed in a sep-
arate synthetic step from various precursors,9,13 there
are several tandem reactions combining C–C and C–N
bond formation. In most cases the first step involves
Michael addition of active methylene compounds
(malondiamides,3 N-alkyl-malonamic acid esters,14

cyano-acetates,15 arenesulfonylacetates16) to conjugated
esters, or nitriles. In the second step the ring is formed
via intramolecular N-acylation. Interestingly, conju-
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gated amides have not been examined as Michael accep-
tors, with the single exception of methacrylamide when
two 3-substituted glutarimides were prepared in the
presence of CsF/Si(OMe)4.

17

Herein we report a novel tandem process leading to var-
ious functionalized or spirobicyclic glutarimides. The
method involves a base-catalyzed Michael addition of
active methylene compounds to secondary acrylamides
or crotonamides, followed by intramolecular N-acyl-
ation of the carboxamido group (Scheme 1 and Table
1). Initially, we examined the reaction of dimethyl mal-
onate 1a and N-phenethylacrylamide 2a under various
conditions. When the reaction was performed in the
presence of potassium t-butoxide and 18-crown-6, spiro-
bisglutarimide 3a was isolated in variable yields,
Scheme 1A. Optimization of the reaction included vari-
ation of the base (10–400 mol% of NaH, MeONa, MeO-
Li, LiH, anhyd K2CO3, anhyd KF, Bu4NF, t-BuOK,
DBU), phase-transfer catalysts (10–30 mol% of TEBA,
Aliquat 336, 18-crown-6), solvent (hexane, heptane, tolu-
ene, acetonitrile, THF, t-butanol, t-pentanol, i-propa-
nol, n-propanol, ethanol, methanol, DMSO, DMF),
and temperature (20–100 �C). Generally, the reaction re-
quires polar and protic, but non-nucleophilic solvents
(e.g., tertiary-alcohols), a phase-transfer catalyst and a
non-nucleophilic base.

The presence of atmospheric oxygen apparently has an
adverse effect, at least in some cases. A combination of
t-BuOK (�50 mol%), 18-crown-6 (15 mol%), and
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Table 1. 3-Substituted glutarimides (3b–3f) from the tandem reaction of active methylene compounds (1b–1d) and conjugated amides (2a–2d)
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THF/t-pentanol (3:1) at �70 �C/3 h was found to be
optimal. Interestingly, anhyd K2CO3, also promoted
cyclization, although less efficiently than t-BuOK. Other
catalyst/solvent combinations were much less effective or
ineffective. The application of these reaction conditions
to other active methylene compounds such as methyl-
t-pentyl malonate 1b, ethyl-2-cyanoacetate 1c and
ethyl-2-(phenylsulfonyl)acetate 1d furnished 3-substi-
tuted glutarimides 3b–3f in 35–72% yields (Scheme 1B
and Table 1).18 Surprisingly, methyl-t-butyl malonate
gave lower yields (35–40%) of the corresponding glutar-
imide derivative than 1b. As expected, good diastereose-
lectivity (presumed trans) was achieved with amides 2b
(glutarimide 3c, estimated cis/trans ratio 1:919) and 2c
(glutarimide 3d, two isomers in a 1:1 ratio19), Table 1.
Since the methine C–H bond in glutarimides 3b–3f is
highly enolizable, no stable stereocenter could be gener-
ated in that position.
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However, the course of the reaction with cyclic b-keto
esters,20 depends crucially upon the ring-size of the reac-
tant, Scheme 2.

Thus, b-keto esters possessing 5–7 membered rings (1e–
1g) afforded only 3-substituted glutarimides 4e–4g,
originating from the spontaneous alkoxide-induced ke-
tone ring fission in the last step, Scheme 2. Similarly,
methyl-5-t-butyl-2-oxocyclohexanecarboxylate yielded
a glutarimide analogous to 4f, as a mixture of two dia-
stereoisomers. It is apparent that the intermediate spiro-
bicyclic systems 3e–3g were too unstable under the
reaction conditions to be isolated, even at �20 �C. On
the contrary, methyl-2-oxocyclooctanecarboxylate 1h
produced predominantly the spirobicyclic system 3h at
�20 �C (after 72 h) while at �70 �C mainly the ring fis-
sion product 4h was obtained. In the case of 11- and 12-
membered b-keto esters 1i and 1j, the spiroglutarimides
3i and j21 formed were stable even at �70 �C and could
be isolated as the major products.

The corresponding fission products 4i and 4j were for-
med only in minor amounts (�5–10%).22 Spectral data
for the compounds synthesized (1H NMR, 13C NMR,
DEPT, and MS) are given in the Supplementary data.

In conclusion, the present results demonstrate the use-
fulness of the described tandem process for the synthesis
of various functionalized glutarimides and spiroglutar-
imides. Besides the synthetic significance and potential
pharmacological activity of these compounds, spiro-
glutarimides 3h–3j appear to represent a novel class
of substituted glutarimides.
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