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A new method for the synthesis of functionalized maleimides
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Abstract—An effective route to novel maleimides is described, which involves the reaction of an enamine derived from the addition
of a secondary amine to a dialkyl acetylenedicarboxylate with an arylsulfonyl isocyanate. These maleimides in solution indicate
dynamic NMR because of restricted rotation around the carbon–nitrogen bond, resulting from conjugation of the side-chain nitro-
gen with the adjacent a,b-unsaturated ester group.
� 2006 Elsevier Ltd. All rights reserved.
In recent years N-substituted maleimides and 5-ylidene-
pyrrol-2(5H)-ones have received growing attention,
since the former have potential utility as fluorescent re-
agents for labeling different mutant proteins1 and the
latter have interesting features associated with regiose-
lective synthesis when different substituents are bonded
to positions 3 and 4 of the skeleton.2,3 Fused or func-
tionalized maleimides are synthetically useful intermedi-
ates for the preparation of polycyclic and fused
pyridazine derivatives.4,5 They are also active as dieno-
philes in Diels–Alder reactions or as 1,3-dipolar re-
agents.6,7 Substituted maleimides are a convenient
molecular system for the production of thermally cured
and/or photo cured polymers with a wide range of prop-
erties and applications. In addition, substituted male-
imides are intermediate in the cross linking reactions
of PMR-15, a leading candidate for high temperature
resins for aerospace applications.8 The majority of
methods reported for the synthesis of maleimides are
based on the reactions of the corresponding maleic
anhydride with an amine or ammonium acetate.9,10 Sim-
ilarly, the reaction of maleamic acid with Et3N in either
toluene or benzene, yielding N-maleoylamino esters, can
be considered as being in the same class as the previous
reaction.11,12 There is one report on the synthesis of N-
alkylmaleimides using alkylamines, maleic anhydride
and cobalt naphthenate as a catalyst.1
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.04.040

Keywords: Dialkyl acetylenedicarboxylate; Diethylamine; Morpholine;
Enamine; Isocyanate; Maleimide; Multicomponent reaction.
* Corresponding author. Tel.: +98 21 88006631; fax: +98 21

88006544; e-mail: Abdol_alizad@yahoo.com
Enaminones are widely used building blocks for the syn-
thesis of various organic compounds,13 especially for
natural bioactive substances and their analogs.14 Enam-
ines are also important intermediates for carbon–carbon
bond formation in both organic chemistry and the bio-
logical world. In organic synthesis, pyrrolidines are used
to form enamines efficiently from carbonyl compounds.

Herein, we report a simple one-pot reaction between
enamines, derived from the addition of diethylamine
or morpholine to a dialkyl acetylenedicarboxylate, and
an arylsulfonyl isocyanate leading to maleimide deriva-
tives15 3 or 4 (Schemes 1 and 2).

Compound 3 apparently result from the initial addition
of diethylamine to the acetylenic system and subsequent
attack of the resulting reactive enamine 5 on the
arylsulfonyl isocyanate16,17 to yield betaine 6, which
cyclizes, to produce 7. Finally, deprotonation with
alkoxide gives maleimide 3 (Scheme 3).

1H and 13C NMR spectra of the crude precipitate clearly
indicated the formation of alkyl 4-(diethylamino)-2,5-di-
oxo-1-(arylsulfonyl)-2,5-dihydro-1H-pyrrole-3-carboxyl-
ates 3. Any products other than 3 could not be detected.
The mass spectrum of 3d displayed the molecular ion peak
at 394 m/z, which is consistent with the structure, ethyl
4-(diethylamino)-1-[(4-methylphenyl)sulfonyl]-2,5-dioxo-
2,5-dihydro- 1H-pyrrole-3-carboxylate. The IR spectrum
of 3d exhibited absorption bands due to the carbonyl
groups of the maleimide ring18 at 1769 and 1694 cm�1

and an ester group at 1727 cm�1, the absorption bands
of the sulfonyl moiety appeared at 1378 and 1171 cm�1.
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The room temperature 1H NMR spectrum of compound
3d exhibited three sharp signals readily recognized as
arising from ethoxy (d = 1.25 ppm, 3JHH = 7.1 Hz, CH3

and d = 4.20 ppm, 3JHH = 7.1 Hz, OCH2) and methyl
(d = 2.38 ppm) protons. Two broad signals (d = 1.15
and 3.65 ppm) were observed for the NEt2 group. The
phenyl residues gave rise to characteristic signals in
the aromatic region of the spectrum. At ca. 60 �C, the
broad NEt2 proton signals of compound 3d became shar-
per (d = 1.16 ppm, 3JHH = 7.1 Hz, CH3 and d =
3.66 ppm, 3JHH = 7.1 Hz, NCH2). Decreasing the tem-
perature resulted in splitting of the broad NEt2 reso-
nances into two signals for each of the methyl and
methylene groups. Decreasing the temperature to 20
and 15 �C resulted in coalescence of the CH3 and
NCH2 resonances. From the coalescence of the NCH2

proton resonance and using the expression k ¼
pDm=

ffiffiffi

2
p

, we calculated the first order rate constant (k)
for rotation around the carbon–nitrogen bond in 3d to
be 363.5 s�1 at 293.16 K. Application of the absolute rate
theory with a transmission coefficient of one gave a free-
energy of activation DG5 of 57.3 ± 2 kJ mol�1, where all
known sources of errors were estimated and included.19

The 1H and 13C NMR spectra of compounds 3a–c were
similar to those of 3d, except for the aromatic moiety,
and the ester groups, which exhibited characteristic sig-
nals with appropriate chemical shifts.15
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The reaction of an enamine derived from the addition of
morpholine to a dialkyl acetylenedicarboxylate with an
arylsulfonyl isocyanate gave product 4. Structure 4d
was assigned based on elemental analysis, mass, IR,
1H NMR and 13C NMR spectroscopic data.

The 1H and 13C NMR spectra of 4d were similar to
those for 3d except for the amine moieties, which were
replaced by signals for a morpholine group.

In summary, the reaction between diethylamine or mor-
pholine and dialkyl acetylenedicarboxylates in the pres-
ence of arylsulfonyl isocyanates provides a simple one-
pot entry to the synthesis of dialkyl 4-(diethylamino)-
2,5-dioxo-1-(arylsulfonyl)-2,5-dihydro-1H-pyrrole-3-car-
boxylate or alkyl 4-morpholino-2,5-dioxo-1-(arylsulfon-
yl)-2,5-dihydro-1H-pyrrole-3-carboxylate derivatives of
potential synthetic and pharmaceutical interest. The pres-
ent method carries the advantage of being performed
under neutral conditions.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.2006.
04.040.
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