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Abstract—A simple and efficient synthesis of 5-hydroxy-3,5-diaryl-1,5-dihydro-2H-pyrrol-2-ones is described. Heating a mixture of
an isocyanide and a 1,3-diaryl-2-propen-1-one under solvent-free conditions produces the title compounds in good to excellent
yields.
� 2007 Elsevier Ltd. All rights reserved.
A 5-hydroxy-pyrrolidin-2-one (c-hydroxy c-lactam) unit
is found in a number of biologically active compounds
and natural products. Epolactaene, one such compound,
is a microbial metabolite isolated from the fungal strain
Penicillium sp. BM 1689-P,1 and was originally shown to
be effective in promoting neural outgrowth and arresting
the cell cycle at the G0/G1 phase in a human neuroblas-
toma cell line, SH-SY5Y.2 It has also shown DNA poly-
merase inhibitory activity,3 chaperone inhibitory
activity4 and apoptosis-inducing effects on BALL-1
cells.5 Some 5-hydroxy-1,5-dihydro-2H-pyrrol-2-ones
have been shown to be useful in the treatment of pa-
tients suffering from intellectual or nervous asthenias,
memory failures, senescence or mental strain.6
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Some recent 5-hydroxy-pyrrolidin-2-one skeleton syn-
theses involved treatment of a c-keto-a-pentafluoroethyl
thioester with diisopropylamine followed by addition of
primary amines,7 reaction of an enamine derived from
addition of a secondary amine to dibenzoylacetylene
with an arylsulfonyl isocyanate,8 Pd(0)-catalyzed cou-
pling-cyclization of 2,3-allenamides with organic iod-
ides,9 acetylene insertion into chromium aminocarbene
complexes followed by addition of thiophenol to the
nitrogen ylide intermediate and then air oxidation in
the presence of Cr(CO)6/pyridine,10 photooxidation of
N-methylpyrroles11 and treatment of 5-methoxy-3-fur-
an-2-one with ammonia.11

In 1997, it was reported12 that the reaction between
isocyanides and 3-benzylidene-2,4-pentanedione was a
convenient route for the preparation of highly substi-
tuted 2-aminofurans. However, Quai et al.13 proved that
5-hydroxy-2H-pyrrol-2-ones and not 2-aminofurans
were the cycloaddition products between alkyl iso-
cyanides and highly electron-deficient benzylidene-1,3-
diketones.

As far as we know, there is no report concerning the
reaction between less-electrophilic 1,3-diaryl-2-propen-
1-ones (chalcones) and isocyanides. As part of our
continuing efforts on the development of efficient routes
for the preparation of biologically active heterocyclic
compounds,14 herein we report that the solvent-free
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reaction between chalcones and isocyanides results in
the formation of substituted pyrrolones. Thus, a range
of 5-hydroxy-3,5-diaryl-1,5-dihydro-2H-pyrrol-2-ones
3a–m were synthesized in 85–97% yields by heating a
mixture of isocyanide 1 and chalcone 2 at 150 �C for
30 min under solvent-free conditions. 1H NMR analysis
of the reaction mixtures clearly indicated formation of
the c-hydroxy-a,b-unsaturated c-lactams 3 in good to
excellent yields. Any product other than 3 could not
Table 1. Solvent-free synthesis of 5-hydroxy-2H-pyrrol-2-ones
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be detected by NMR spectroscopy. The results are given
in Table 1.

The isolated 5-hydroxy-2H-pyrrol-2-ones 3a–m were
characterized on the basis of IR, 1H and 13C NMR spec-
troscopy, mass spectrometry and elemental analysis.
The mass spectrum of 3a displayed the molecular ion
(M+) peak at m/z 347, which is 16 mass units higher
than the 1:1 adduct of cyclohexyl isocyanide and 3-(4-
N O

Ar'

R

Ar

3

lvent-free

0 ºC, 30 min
HO

Ar 0 % yield of 3a

CH3
92

94

CH3O 97

Cl 91

F 90

CH3

92

CH3
93

Cl 96

F 90

87

CH3

85

CH3
90

Cl 85



O NR

Ar'

Ar

Ar'

Ar

NH
O

R
O

O

O NHR

Ar'

Ar

N O

Ar'

R

Ar

O

O O

N O

Ar'

R

Ar

O NHR

Ar'

Ar

O O

Ar O

Ar'

NC R
O NR

Ar'

Ar
O

OH

54

H

+

3

HO_

HO

_ + 1,3-H shift

6

7 98

3O2 addition

..

[4+1] cycloaddition

Scheme 1.

8058 M. Adib et al. / Tetrahedron Letters 48 (2007) 8056–8059
methylphenyl)-1-phenyl-2-propen-1-one confirming
addition of an oxygen atom to the 1:1 adduct. The IR
spectrum of 3a shows absorptions at 3391 and
1676 cm�1 indicating the presence of alcohol and amide
functionalities. The 1H NMR spectrum of 3a exhibited
two sharp singlets due to a methyl group (d 2.36 ppm)
and a vinylic hydrogen (d 6.76 ppm) along with charac-
teristic signals with appropriate chemical shifts and cou-
pling constants for the eleven protons of the cyclohexyl
ring and the nine protons of the two aryl substituents. A
broad signal (d 7.95 ppm) was observed for the OH
group. In the 13C NMR spectrum of 3a, the amide car-
bonyl resonated at d 168.88 ppm and the signal for COH
was evident at d 90.48 ppm, in agreement with the pro-
posed structure. The presence of a chiral centre in the
structure of the isolated products was confirmed by
NMR spectroscopy. For example, the two diastereotop-
ic methylene H atoms of the N-tetramethylbutyl substi-
tuent in 3k appeared as an AB quartet (d 2.06 and
2.27 ppm, 2J = 14.2 Hz).15

The formation of the pyrrolone scaffold probably in-
volves a complex multistep sequence of events. On the
basis of the chemistry of isocyanides,16 mechanistically,
it is reasonable to assume that initial [4+1] cycloaddition
of the a,b-unsaturated ketone and the isocyanide gives
an iminolactone intermediate 4, which tautomerizes to
2-aminofuran 5. The readily oxidizable 2-aminofuran
may combine with triplet oxygen to form hydroperoxide
6, which is cyclized to ozonide intermediate 7. The ozon-
ide fragments to an open form 8, which cyclizes rapidly
to hydroperoxide 9. The hydroperoxide disproportion-
ates under the reaction conditions to afford the stable
hydroxyamide 3 (Scheme 1). A similar mechanism has
previously been proposed.13,17

In conclusion, we have developed an efficient solvent-
free synthesis of 1-alkyl-5-hydroxy-3,5-diaryl-1,5-di-
hydro-2H-pyrrol-2-ones (c-hydroxy-a,b-unsaturated
c-lactams) of potential synthetic and pharmacological
interest. To the best of our knowledge, this is the first
report on the solvent-free synthesis of this structure.
The use of simple starting materials, the solvent-free
conditions, good yields of the products and short reac-
tion times are the main advantages of this method. This
procedure appears to have broad scope with respect to
variation in the pyrrolone three- and five-positions.
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