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Abstract: A series of f-amino-o,f-unsaturated ketones and esters were syn-
thesized in good to excellent yields from the reaction of different amines with
1,3-dicarbonyl compounds in solvent-free media using montmorillonite K-10
clay as a solid recyclable heterogeneous acidic catalyst and microwave irradi-
ation.
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INTRODUCTION

S-Amino-a,f-unsaturated esters and ketones are useful synthetic intermed-
iates,! particularly in the construction of heterocyclic compounds such as dihyd-
ropyridines,2-> pyridines,® pyrimidines,” indoles,8 isothiazoles,® oxazolidinones,
pyrrole and a-amino-g-lactams.10-13 A number of reviews have been published
concerning the chemistry of f-amino-a,f-unsaturated esters and ketones, their
hydrolysis, physicochemical properties and uses.14 The standard methods for the
preparation of fenamino ketones involve the direct condensation of amines and
diketones using a stream of gaseous amine, ammonium acetate and reflux in aro-
matic solvent with azeotropic removal of the waterl> or the reaction of alithiated
Schiff’ s base from imines with esters.16 Consequently, the development of more
efficient methods and exploring proper reagents as catalysts are still in demand to
make the available procedures more convenient and simple.

Application of naturally benign substances like montmorillonite clays as
catalysts for chemical reactions constitutes an exciting component of green
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chemistry. The use of K-10 clay as solid support has become very useful in
synthetic organic chemistry because of its enhanced selectivity dueto its lamellar
swelling structure, large surface area, the availability of both Brgnsted and Lewis
surface acidic sites, milder reaction conditions and ease of workup.1” The com-
bined use of montmorillonite and microwave irradiation (MWI) showed rate
enhancements, high yields and short reaction times. In addition, the use of sol-
vent-free conditions with heterogeneous media under microwave irradiation is a
useful alternative and has received considerable attention due to its greater effi-
ciency from economic as well as ecological points of view.18

In continuation of ongoing investigations exploring the use of montmoril-
lonite as a solid support in the synthesis and reactivity of organic compounds
using microwave irradiation,19 this paper reports a simple, selective and envi-
ronmentally acceptable microwave promoted synthesis of S-amino-a,S-unsatu-
rated esters and ketones using montmorillonite K-10 clay as an efficient hetero-
geneous acid catalyst.

RESULTS AND DISCUSSION

Asshown in Table|, avariety of f-amino-a,f-unsaturated esters and ketones
were obtained using this procedure and no by-products were observed. In gene-
ral, for awide variety of amines, the condensation reactions usually afforded the
corresponding S-amino-a,f-unsaturated esters and ketones in over 90 % yieldsin
a short reaction time (Scheme 1). The presence of an electron-withdrawing group
on the benzene ring decreased the reactivity of the substrate (entry 14). The solid
clay portion applied in the first cycle was washed with methanol and dried at 120 °C
under reduced pressure to be reused in the subsequent reactions, which showed a
gradual decreasein the activity (Tablel).

TABLE 1. K-10 clay supported microwave-induced synthesis of S-amino-a,S-unsaturated
esters and ketones

Dicarbonyl

Entry Compound Amine Product? Yield, %P  Time, min
1 0 o Nz O 96 (92) 2
o]
Moa @ ,]\)LOB
2 0 o CHaNH, oram 98 (91) 25
(0]
A okt A
3 o o M en 4 >—CHCH 95 (89) 3
MOEt : ‘NH o
S0kt
4 o o HNTNF =N 96 (92) 25
o]
Moa %
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TABLE I. Continued

Dicarbonyl

] a ] b . .
Entry Compound Amine Product Yield, % Time, min
5 o o CH;3NH, CHyNH 96 (90) 25
/U\)J\OEt Moa
6 o 0 NHz < > NH 98 (95) 2
(o]
/U\)LOMe @ /]\/”\om
7 0 0 NH; @ME 95 (91) 25
M OMe e NH o
x~"0Me
8 0 0 NH EtOONH 94 (90) 25
(o]
M OMe MOMe
OEt
9 o o0 ki GHCH 92 (87) 25
M ? ©_ NH ;
X
10 )?\)0'\ CHgNH; CHgNH o 94 (90) 25
S
11 o o NHz NH 95 (92) 2
o]
12 o o N OEt 97 (92) 3
EtO
M @ CENH o
N
13 o 0 NH, Me 95 (88) 3
M Me ©:
¥
14 M NH; @—NH o 87 (82) 35
15 o o0 CHZNH, < > CH.NH 92 (88) 25
201 o
AN L

8All products were identified by comparison of their physical and spectral data with those of authentic
sampl e5,20 bigpl ated yields. Yieldsindicated in the parenthesis correspond to those reactions in which recovered
K-10 clay was used. The fresh solid clay portion applied in the first cycle, was filtered off, washed with
methanol (2x30 mL) and dried at 120 °C under reduced pressure to be reused in the subsequent reaction

0 0 R(Ar)-NH 0
/U\/U\ © RAnNH, —1O/MW
r)- e R
R, ®  Solvent-free X

R,

R,: OEt, OMe, Me
Scheme 1. Synthesis of -amino-«,8-unsaturated esters and ketones on K-10 clay under MWI.
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EXPERIMENTAL
General

Melting points were determined on an Electrothermal 9100 apparatus. The 1H-NMR and
13C-NMR spectra were recorded on a FT-NMR BRUKER DRX 500 Avance spectrometer.
Chemical shifts were measured in ppm from TMS. CDCl3 was used as the solvent as well as
the internal standard. The IR spectra were recorded on a Perkin-Elmer FT-IR GX instrument
in KBr discs. Physical and spectral data of the synthesized compounds are given in the
Supplementary material to this paper.

Microwave irradiations were realized with a Synthewave 402® (Prolabo, France) single
mode focused microwave reactor.2! The chemicals used in this work were purchased from
Merck and Fluka.

Typical procedure

In atypical experiment (entry 11), acetylacetone (3 mmol) and aniline (5 mmol) were
dispersed on K-10 clay (1 g). The heterogeneous mixture was submitted into a single mode
focused microwave reactor with continuous rotation for 3 min (optimized time) at 40 °C. The
product was extracted by washing the K-10 clay with ethyl acetate. The organic layer was
washed with water, dried with MgSO,, filtered and the solvent was removed under vacuum to
afford the relevant f-amino-a,f-unsaturated ketone 11.

CONCLUSIONS

In conclusion, the supported reaction using K-10 clay and MW!I provides a
general procedure for a highly selective method for the synthesis of f-amino-a,f-
unsaturated esters and ketones. The major advantages of this methodology are
mild reaction conditions and faster reaction rates. The K-10 clay catalyst is
inexpensive, non-toxic and reusable, which makes the process convenient, more
economic and benign. The notable features of this procedure are the solvent-free
conditions, high yields of products, cleaner reaction profiles, and availability of
the reagents.

SUPPLEMENTARY MATERIAL

Physical and spectral data of the synthesized compounds are available electronicaly at
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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H3BOI
[JIMHA K-10 KAO KATAJIU3ATOP CA BULIEKPATHOM YIIOTPEBOM 3A CUHTE3Y

EHAMHWHOHA I10J1 YCJIOBUMA I'PEJAIbA MUKPOTAJTACUMA Y OOCYCTBY
PACTBAPAYA
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HsBpiieHa je cuHTe3a cepuje [-aMHHO-a,f-He3acHheHHUX KETOHa M ecTapa peakLdjoM
Pa3nUYUTHX aMUHa U 1,3-IUKapOOHUIHUX jemumerma, Y OOCYyCTBYy pacTBapaya, kopuurhemem
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moHMopHjoHUT K-10 riuHe, Kao YBPCTOT KaTalu3aTopa Ca BUIIEKPAaTHOM ymoTpebom, Imox
yCJIOBHMA 3arpeBama peaklHoHe cMellle MUKpoTanacuma. [IpousBonu cy nodujeHu y nodpom
10 OJIMYHOM NPHUHOCY.
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