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Various indan-1,3-dione derivatives were synthesized from the reaction of different phthalic anhvdrides with diethyl-
malonate using montmorillonite KSF clay as a recvclable heterogeneous acidic catalyst and microwave irradiation

in good vields and short reaction times.
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Introduction

Development of the simple. efficient and general synthetic
methods for widely used organic compounds from readily avai-
lable reagent is one of the major challenges in organic synthesis.
For many vears. the B-dicarbonyl compounds have been studied
intensively owing to their svnthetic and biological significance.
Theoretical aspects and physicochemical properties of 3-dicar-
bony] compounds were studied syvstematically by Perjéssy and
coworkers.! The most known methods for preparation of the f3-
dicarbony | compounds are rearrangements of the phthalides or
condensation of indan-1.3-diones with carbony| compounds.za
Well known indan- L. 3-dione derivatives are important as anti-
coagulant drugs or rodenticides. ™ In addition to anticoagulant
effect and rodenticidal activity . these compounds have shown
parasiticidal effects,™ analgestic.:d antibacterial,™ hypermeta-
bolic.” and bronchodilator activities.

Various sy nthetic approaches to the indan-1.3-dione deriva-
tives have been de\-’eloped.3 © Although some of them are conve-
nient protocols for certain synthetic applications. the majority of
them suffer from at least one disadvantage. such as strongly acid
conditions. long reaction time. high temperature. poor selectivity.
expensive reagent. toxicity. and need for excessive amounts of
reagents.

Consequently. it is desirable to develop an easy manipulative
procedure. as well as to avoid using strong acids or bases and
other corrosive media and replacing hazardous or expensive re-
actants and reagents by safer and economical ones. [n achieving
many of these goals. catalysts help the synthetic chemist ina big
way, Catalysts are capable of making impracticable reactions to
occur under the mildest possible conditions.

Inrecent vears. the use of solid acidic catalysts such as differ-
ent clavs has received considerable attention in different areas
of organic synthesis because of their environmental compati-
bility, reusability. high selectivity, operational simplicity. non-
corrosiveness. low cost and ease of isolation of the products.” In
particular. clay catalysts make reaction processes convenient.
more economic, and environmentally benign and act as both
Bronsted and Lewis acids in their natural and ion-exchanged
forms, enabling them to function as efficient catalysts for vari-
ous organic transformations ***

Recently. montmorillonite KSF clay has been employed for
esterification of mandelic acid catalyzed by heteropoly acid.* Fe
{Cp)-PF; catalyzed Strecker reactions of ketones and aldehydes
under solvent-free conditions.™ selective toluene methylation
over chromia pillared montmorillonites.* synthetic develop-
ments in a powerful imino Diels-Alder reaction (Povarov reac-
lion).8J rhodium(III) iodide hydrate catalyzed three-component
coupling reaction (synthesis of ¢-aminonitriles from aldehy-
des).™ synthesis of mono- and di-p-hydroxy -B-bis(trifluorome-
thyl )-(di)imines.x] and voltammetric determination of analgesics
using a montmorillonite modified electrade. ™™

[n addition. a growing interest has been shown in the use of
microwave irradiation in organic synthesis in the last few years.
Microwave-mediated solvent-free sy nthesis offers advantages
for reducing hazardous explosions and the removal of high
boiling solvents from the reaction mixtures.”!

Results and Discussion

[n continuation of our studies about nucrowave-assisted re-
actions on solid surfaces under the solvent free conditions.'”
herein it is described a fast, convenient and simple method for
the synthesis of B-dicarbonyl compounds (indan-1.3-dione deri-
vatives) from the reaction of different phthalic anhydrides with
diethylmalonate using montmorillonite KSF clay as an efficient
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Scheme 1. Microwave-mediated solvent-free synthesis of indane-1 3-
dione derivatives on montmorillonite KSF clay.
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Table 1. The vields and reaction times for the microwave-mduced
synthesis of compounds a-m on clay KSF.
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“All isolated products are known and their spectra and physical data have
been reported in the literature. ™ “Isolated vields after recrvstallization,
The applied KSF clay in the tirst cycle, was filtered otf. washed with me-
thanol (2 25 mL)yand dried at 120 °C tor 3 hunder the reduced pressure to
be reused i the subsequent reactions which showed the gradual decrease
inactivity. a) Indan-1.3-dione. bj4-Methyl-indan-1.3-dione. ¢) 3-Methyl-
mdan-1.3-dione. d) 4-Methoxyv-indan-1,3-dione. ¢) 4-Ethoxy-indan-1.3-
dione. f) 4-Bromo-indan-1.3-dione. g) 3-Bromo-indan-1.3-dione. h) 4-
Fluoro-indan-1.3-dione. i) 4.5.6.7-Tetrachloro-indan-1.3-dione. j) 3.6-
Dmethvl-indan-1,3-dione. K) 4.6-Dimethvl-indan-1.3-chone. 1) 4.7-Di-
methvl-indan-1,3-dione. mj <4-Ethyl-indan-1.3-dione.

heterogeneous catalyst and microwave irradiation in two steps
(first. formation of a diketodiester and second. the subsequent
hvdrolysis and decarboxylation of a diketodiester to produce
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indan 1,3-dione derivatves) (Scheme 1). All the information was
tabulated in Table 1. It is notable that all attempts to prepare
the diketodiester in the absence of the KSF clay failed which
shows its role as an acid catalyst.

Experimental Section

Chemicals were purchased from Aldrich and Merck chemical
companies and used without further purification. The composi-
tion of the applied montmorillonite KSF clay (purchased from
Fluka) is 53.2% SiO-. 18.8% Al:Os, 3.1% Fe:0s, 2.9% Ca0,
2.8%MgO. 6% H-SQ,. specific gravity of 2.4 ~2.5 bulk den-
sity of 800 to 850 g/L and 8.1% loss on ignition. surface area
of 20 to 40 m’/g and pH value of 2.1 (pH is measured on 25 mL
dilsljll!?gl water into which 2 grams of the clay powder is dispers-
ed).

Melting points were measured on an Electro thermal 9100
apparatus. The "H NMR and C NMR spectra were recorded on
FT-NMR JEOL FX 90Q spectrometer using TMS as internal
standard (&/ppm). The relevant products were characterized by
comparison of their spectral and physical data with the authentic
samples.

In a typical experiment. 4-bromophthalic anhydride (0.470 g,
2 mmole). diethvlmalonate (0.360 g. 2.2 mmole) and montimo-
rillonite KSF clay (1.0 g) mixed and placed in a quartz tube, and
introduced into a Synthewave 402% (Prolabo. France) single
mode focused microwave reactor for 8 minat 130 °C (monitored
lemperature)b with continuous rotation. The reaction mixture
was then allowed to cool to room temperature and the resulting
product extracted into dichloromethane (2 x 25 mL). The mont-
morillonite KSF clay was filtered off and the solvent removed
by rotary evaporation. The red solid precipitate (diketodiester)
was washed with distlled water, dissolved in 8% NaOH (30 mL.
2 min) and filtered. The filtrate was acidified with a hot solution
(70 ~80°C) of conc. HCI (15 mL) in water (75 mL) and the pro-
duct kept at about 70 “C until the decarboxylation ceased (10
mun). Finally. the obtained solid filtered, dried in the oven and
recrystallized twice from acetone (distilled benzene was used
for other products) to get 5-bromo-indan-1.3-dione (g) asa red
solid; mp 148~ 151 °C, vields 0.368 g. 82% with the fresh KSF
clay and 0.334 g. 74% with the recovered KSF clay. (lit. mp
152 ~ 153 °C, reaction time for formation of the diketodiester
24 h using acetic anhydride. ethyl acetoacetate and triethyl-
amine).™ & (90 MHz, CDClz) 3.79 (5. 2H. CH,). 7.72-8.16 (i,
3H. Ar). 6 (22.5MHz. CDCl3) 51.8. 127.1. 130 4, 131.9. 136.5.
139.3.196.5.

Results summarized in the Table 1 indicate the scope and
generality of the reaction with respect to the various phthalic
anhyvdrides. The nature of the substituents on the aromatic ring
of phthalic anhydride has different influences. It is of interest to
note that the presence of the electron withdrawing groups such
as chlorine and fluorine which increase the polarity of the car-
bonyl1 group inductively. give high vields of products as well as
the short reaction time compared to the electron donating groups
like methyl. ethyl. methoxy and ethoxy.

Using of the solid acid catalyst in this method offers high
yields of products compared to the conventional procedures,
probably due to the more molecular interactions.
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Conclusion

Insummary. we have described a new. simple. easy and high-
lv efficient procedure for the svnthesis of p-dicarbony1 compo-
unds using environmentally acceptable montmorillonite KSF
clay. The catalyst is inexpensive. non-toxic and reusable which
makes the process convenient. more economic and benign. The
recvelability detail of the KSF clay. which is another advantage
of our method, has been explained in caption of the Table 1 and
the relevant data is tabulated.
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