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ABSTRACT

Antimony(l11) sulfate was first used as a solid acidic catalyst for the syn-
thesis of xanthenedione derivatives through the condensation reaction
between aromatic aldehydes and dimedone. This method provides several
advantages such as high yields, simple operation and short reaction time.
Asantimony(I11) sulfate is an inexpensive recyclable catalyst, this synthe-
© 2011 Trade Sciencelnc. - INDIA

sisisan eco-friendly reaction.

INTRODUCTION

Xanthene scaffoldis present in alarge number of
naturally occurring, aswell as synthetic compounds,
and occupy aprominent positioninmedicina chemis-
try!Y, In parti cularly, xanthenediones constitute astruc-
tural unitin anumber of natural products? and have
been used asversatile synthons because of theinherent
reactivity of theinbuilt pyran ring®®. The synthesis of
xanthenedionesusudly invol vesthe condensation of an
appropriate active methylene carbonyl compound with
an aldehyde, inthe presence of aprotonicor aLewis
acid. Among the lewis acids, InCl.H,O“ and
FeCl.6H,05 have been reported to catalysethisre-
action efficiently. Although many other catalystssuch
asInCl_.4H,Oinionicliquid?, trimethylsilyl chloride™,
p-docecyclbenzenesulfonic acid®d, triethylbenzyl am-
monium chloride*”, and NH,SO,H/SDS™ haveaso
been empl oyed for the preparation of xanthenedione
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derivatives, these catalysts have someor the other dis-
advantages|ike expensive, hazard, involve hazardous
organic solvents, moisturesenstiveand involvetedious
workup. To overcome these problems eco-friendly
catalystslike polyaniline-p-toluenesulfonate*?, anti-
mony trichloride/SIO, ™, and Fe**/montmorill onite™
haveappearedin literature. However inthesereactions,
the solid phase acid catalysts haveto be prepared sepa
rately which will add an addition stepin the synthes sof
these xanthenes ™. Recently, we have described the
gpplication of antimony(l11) sulfateascatalystinimino
Dids-Alder reaction® andinthesynthesisof bisndolyl
methane'” and 2,3-disubstituted indol€. Inthe syn-
thesisof bisindolyl methang”, we have observed that
antimony(I11) sulfatesignificantly facilitatesthe conden-
sati on reaction between a dehydes and two mol ecules
of indolesto offer bisindolyl methaneinexce lent yield
over theother reported catalysts. Expectingthesimilar
reaction between dimedone and al dehydesand in con-
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Scheme?2: Synthesisof xanthenedionederivativescatalyzed by Antimony sulphate

tinuation of our work onantimony(l11) sulfateasasolid
acid cadystin organic synthesig*¢%, wehaveexplored
thepossbility of usingantimony(l11) sulfateassolid acid
catalyst inthe synthesisof xanthenediones. Herein, we
wishto report our preliminary results.

RESULTSAND DISCUSSIONS

The condensati on between 4-ethoxybenzal dehyde
and dimedonein methanol was chosen as the model
reaction and antimony(l11) sulfate hasbeen used asa
solid lewisacid catalyst to promotethisreaction. Ini-
tial experimentsweredirected towardsthe optimiza-
tion of the concentration of the catalyst and theresults
aretabulated inTABLE 1. Theyiedswereintherange
of 90-95% in all the experiments and as expected the
reaction ratewasvarying. At 5 mol% concentration,
the reaction took 4.30 h for completion and at 1
equivalent of catalyst; the reaction wascompletedin
30 min. To minimizethe negativeimpact of the cata-
lyst on the environment, we have carried out solvent
optimization experimentsusing 20 mol % antimony(I11)
sulfate (TABLE 1).

Thoughtheyiddsaregoodin all the solventstried,
the protic polar solventslikemethanol and ethanol gave
thebest results(TABLE 2).

In our studies, one of the main aim of using
antimony(l11) sulfateassolid acid catal yst isbecause of

poss bility of itsreuse. Sinceantimony(111) sulfateisin-
solublein many organic solvents, the catalyst could be
easily recovered by filtration and reused. In thereac-
tion between 4-ethoxybenzal dehydeand dimedone, the
antimony(111) sulfatecatalyst could bereused threetimes
without appreciablelosesof cataytic activity (TABLE
2, entry 7) (Scheme1).

Themechanism of thisreaction hasbeen described®
inwhich, firgt intermediate (3) (Scheme 1) wasformed
through Knoevenagd addition between dimedoneand
adehydes, subsequently water elimination of interme-
diate3resultedintheformation of desired xanthenedione
(4). Incatdyst free conditions (TABLE 2, entry 8), the
reaction proceedsto result intheformation of theinter-
mediate (3), which wasisol ated and characterized by
'H NMR and mass spectral studies. In the other ex-
periments catalyzed by antimony(I11) sulfate, theini-
tially formed intermediate (3) wasrapidly undergoes
dehydration to formthe xanthenedione (TLC observa
tion). By isolating theintermediate (3) inthe absence of
catdyd it wasnoticed that inthisreaction, antimony(l11)
sulfate playsacatal ytic rolein accel erating the water
eliminationfrom intermediate (3) (Scheme?2).

With the optimized reaction condition in hand, we
explored thegenerdity of thisreaction by choosing di-
versely substituted benzaldehydes and to get
xanthenediones (4b-m) (TABLE 3). Theyields are
good in al thesereactions and thereactionsare com-
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TABLE 1: Effect of catalyst in thereaction of benzaldehyde
with dimedonein methanal at r eflux temper ature

Amount of catalyst

Entry mol % Sby(SO.)s Time (h) Yield / %2
1 5 4.30 90
2 10 3.30 90
3 15 2.30 92
3 20 2.00 95
4 30 1.00 95
5 40 0.45 95
6 50 0.45 95
7 100 0.30 95
3 solated yields

TABLE 2: Screening of theeffect of solvent for thesynthesis
of xanthenedionesat reflux temper ature

Entry Solvent Time(h) Yield / %2
1 CH,Cl, 2.00 80
2 Toluene 4.00 78
3 CHLCN 2.00 86
4 DMF 2.30 80
5 THF 6.00 70
6 EtOH 2.00 95
7 MeOH 2.00 (95, 90,85)°
8 MeOH 0.50 90c

3 solated yields, 20 mol% catalyst was used. "The catalyst was
recover ed and reused for each of thethreeruns. °With out cata-
lyst, the product is intermediate 3 (Scheme 2)

pletedwithin2h (TABLE 3).
EXPERIMENTAL

All themelting pointswererecorded in open capil-
laries. Thepurity of the compoundswas checked by
TLConslicagd andwaspurified by column chroma-
tography. 'H NM R spectrawererecorded on aBruker-
400 Hz spectrometer using TMSasan interna stan-
dard. IR spectrawere obtained usng aFT S-135 spec-
trometer instrument. Mass spectrawererecordedona
JEOL SX 102/DA-6000 (10 kV) FAB mass spec-
trometer.

Typical experimental procedure

A mixture of 4-ethoxy benzaldehyde (1 mmol),
dimedone (2 mmol) and antimony(l11) sulfate catayst
(20 mole %) in methanol (5 ml) wastaken. Thereac-
tion mixturewasrefluxed on water bath for appropri-
atetime. After thereactioniscompleted, the solid cata
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lyst was filtered and washed with methanol. To the
methanolic solution 50 ml of “#* was added and the
precipitated product wasfiltered and dried. The pure
product was obtained by recrystalization from ethyl
acetate. Using thisgenera procedure xanthenediones
(4a-m) were prepared (TABLE 3). The structures of
thesexanthenedioneswere confirmed by comparingthe
mp and spectral datawith thereported onesinthelit-
erature.

For intermediate

To amixture of 4-ethoxy benzal dehyde (1 mmol)
and dimedone (2 mmol), methanol (5 ml) was added.
The reaction mixturewasrefluxed on water bath for
about 30 min. After the completion of thereaction, the
reaction mixture was quenched with 50 ml of water,
and the precipitated product wasfilteredand dried. The
pure product was obtained by crystallization from ethyl
acetate.

Analytical datafor selected compounds
Compound (3a)

White solid, M.P. 160°C, *H NMR (300 MHz,
CDCl,): 6 (ppm): 6.8(d, J=1.6 Hz, 2H), 6.7 (t,J=2,
1H), 6.6 (d, J= 2.0 Hz, 1H), 5.8 (s, 1H), 3.9 (M, J=
6.8 Hz, 2H), 2.3 (d, J=3.6 Hz, 6H), 2.0 (m, J= 2.4,
2H), 1.3(m, J= 2.0 Hz, 3H), 1.0 (d, J= 12 Hz, 12H).
5CNMR (300 MHz, CDCL.) § (ppm): 197.4, 197.4,
160.5, 160.5, 156, 131.1, 131.1, 130.7, 114.7, 114.7,
108.6, 108.655.7,55.3,55.3,48.1, 48.1, 27.6, 27.6,
27.6, 27.6, 26, 16.4, 164, 14.3. MS: m/ z=413.4
(M+1).

Compound (4a)

White solid, *H NMR (300 MHz, CDCL,): § (ppm):
0.9 (s, 6H, 2CH,), 1.0 (s, 6H, 2CH,), 1.3 (, J=6.9
Hz, 3H),2.2(d, J=6.8,4H), 2.26 (s, 4H), 3.98 (m, J
= 6.9 Hz, 2H), 4 .6 (s, 1H), 6.7 (d, J= 8.5 Hz, 2H),
7.2(d,J=8.58Hz, 2H): ®CNMR (300MHz, CDCIl,)
d (ppm): 198.1, 198.1, 161.2, 161.2, 156.8, 131.8,
131.8, 131.3, 115.6, 115.6, 109, 109, 66, 55.8, 55.8,
48.5,48.5, 28, 28, 28, 28, 26.5, 17,17, 15.MS: m/
2=395.5(M+1).

Compound (4b)

Whitesolid. IR (KBr): 2954, 1664, 1364, 1199 cm-1.
'HNMR (300MHz, CDCl,): 6=0.8(s,6H,2x CH,),
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TABLE 3: Synthesisof variousxanthenedionederivatives

catalyzed by Antimony sulphate

TimeYield mp(°C) Ref
b — .
() (%) Found Reported

Entry Aldehydes

)
9

4a 200 95 211-212
4b @o 200 93 201-203 201-203 [7]
<
(6]
4c /©/\ 2.00 95 246-249 245-250 [15]
HO
AN
(e
ad /©/\ 150 95 225-226 224-226 [4]
F
<N
(e}
4e (:(\ 250 91 224-227 225-227 [4]
Cl
~o
4f 150 95 183-185 185-187 [15]
Cl
AN
(e}
4g /©/\ 150 95 229-231 230-232 [15]
Cl
AN
(6]
4h /©/\ 150 95 238-239 240-242 [7]
Br
<
(@]
4 (:(\ 250 75 257-258 258-262 [15]
NO,
~No
4 150 80 166-168 168-170 [19]
NO,
<
(@]
4Kk /©/\ 150 80 221-224 222-224 [4]
O,N
<N
(e}
4 200 95 240-243 241-243 [4]
~N
O
NS
< _
4m ©/\/\O 200 94 176 475477 [9
bIsolated yields

1.0(s, 6H,2x CH,), 2.0(d, J= 16 Hz, 2H), 2.2 (d, J
=16 Hz, 2H), 2.4 (d, J= 7.8 Hz, 2H), 2.5 (d, J= 4.6
Hz, 2H), 4.5 (s, 1H), 7.1 (t, J=6.7 Hz 1H), 7.2 (m, J
=7.5Hz, 4H): CNMR (300 MHz, CDCI.)  (ppm):

—= Pyl Peper

198.1, 198.1, 161.2, 161.2, 126.8, 131.8, 131.8,
137.7, 129, 129, 109, 109, 66, 55.8, 55.8, 48.5, 48.5,
28,28, 28,28, 17, 17: MS: m/ z = 351 (M+1).

Compound (4m)

Yellow crystal: IR (KBr) : 3035, 2980, 1710, 1676,
1605, 1580,1500, 1454, 1375, 1264, 1040, 970, 700
cm-1: *H NMR (300 MHz, CDCl,): 6 =1.0(d, J=
4.0Hz,12H4x CH,),5=2.0(d, J=16Hz,4H),5 =
2.2(d,J=82Hz,4H),6=4.1(d,J=4.7Hz, 1H), s
=6.2(d, J=6.6Hz, 2H): ®*CNMR (300 MHz, CDCl,)
o (ppm): 198.1, 198.1, 161.2, 161.2, 126.8, 128.8,
128.8, 134.7, 129, 129, 122.2, 129.9, 109, 109, 66,
55.8,55.8,48.5,48.5, 28, 28, 28, 28,17, 17: MS:m
/z=376 (M+).

CONCLUSION

In summary, we have demonstrated that the syn-
thesi s of xanthenedionesfrom aromatic a dehyde and
dimedone can be successfully conducted in the
antimony(111) sulfate catalytic system. This procedure
permitsrecycling of the cata yst without significant [oss
of catdyticactivity. Theexperimenta procedureisquite
simpleand convenient, and thereaction conditionsare
amenableto sca e-up. Use of 20 mol % of catalyst and
itsreuse makethisreaction environment friendly.
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