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ABSTRACT

A mixture of AlCI,-ZnCl, supported on silicagel hasbeenfound to beanew
efficient medium for the synthesis of 1,8-dioxo-octahydroxanthene via con-
densation of aromatic aldehydes and dimedone under solvent-free condi-
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tionwith excellent yields.

INTRODUCTION

Hetrocycles playsanimportant rolein thedesign
and discovery of new physiologica/pharmacol ogicaly
activecompound®. Chemicaly 1,8-dioxo-octahydro-
xanthenesare heterocyclic compound with thexanthene
framework. X anthenederivativesare parent compounds
of alarge number of naturally occurring and synthetic
derivativesand occupy aprominent positioninmedici-
na chemistry!d. Xanthenes are an important class of
organic compoundsthat find use asdyes®, fluroscent
materia sfor visudization of biomolecules. In particu-
lar, xanthenedi one congtitute astructurd unitinanum-
ber of naturd products® and have been used asversa-
tilesynthonesbecause of inherent reactivity of theinbuilt
pyranring®. The synthesisof these heterocyclic com-
poundsisof greeat interest for both organicand medici-
nal chemistry. Thesecompoundshaveaso beeninves
tigated for agriculturd bectericidd activity!”, anti-inflam-
matory effect!® and anti-vird activity!®. Thesynthesis
of xanthenedionesusually carried out by condensation
of activemethylenecarbonyl compoundswith ddehydes
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catal ysed by sulphuric acid or HCI9, Recently, many
procedures have been reported for the synthesisof 1,8-
dioxo-octahydroxanthenes by condensation of
dimedone and al dehydeusing silicasul phuric acid™V,
Dowex-50W™, HCIO,-SiO, and PPA-SIO M, silica
chloride and NaHSO,-SiO,*, p-dodecyl benzene-
sulphonic acid?®, Fe*-montmorillonite*®, Amberlite-
2517, diammonium hydrogen phosphate8, TM SCI*,
tetrabutyl ammonium hydrogen sulphate??, Ferric hy-
drogen sulphate®, InCl,.4H,0"?, trienthyl benzyl
ammonium chloride? and Bismuth trichloride?? asa
catayst. Each of thesemethods havetheir own advan-
tages but al so suffer from one or more disadvantages
such asprolonged reaction timeg41517.19  tediouswork-
up processes, low yieldi*¥ and harsh reaction condi-
tion™. Themgjor disadvantage of someof themethod
isthat thereaction does not go for completion and stop
at open chain structureinstead of forming thecyclized
compound!*®, Consequently, thereis till need to de-
velop amoreefficient, ample, milder and highyidd pro-
tocol for thesynthesisof xanthenederivatives.

Recently, someresearchershave used the catal yst
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AICl -ZnCl./SIO, in many organic reactions such as
Fries-rearrangement'®!, and hetero-fries-rearrange-
ment!?® and Beckmann rearrangement?”.

In continuation of our previouswork, we havede-
vel oped the cheap and eco-friendly materialsas cata-
lystsfor devel opment of new synthetic methodol ogies®.
In this paper, wewould liketo report amild and high
yielding sol vent-free protocol for the synthesisof 1,8-
dioxo-octahydroxanthenesviacycl o-condensation of
variousa dehydesand 1,3-cyclohexenedione by using
AICl-ZnCl /SO, asacatayst.

EXPERIMENTAL

Thematerid swereobtaned from commercid sup-
pliersand were used without further purification. The
uncorrected melting pointsof compoundsweretaken
inan open capillary inaparaffin bath. The progress of
thereactionswasmonitored by TLC (Thin Layer Chro-
matography). 1H NMR spectrawererecorded onan
400 MHz FT-NMR spectrometer in CDCI,, asasol-
vent and chemical shift valuesarerecordedin unitsd
(ppm) relativeto tetramethylsilane (Me,S) asaninter-
nal standard.

Prepar ation of catalyst

To 100g of SiO, (70-230mesh): AICI,. 6H,0:
ZnCl, (5:2.3:1.28 W/ W/ W) was added in water
(150ml) and the product waswell mixedto giveagel-
likemateria. Thewater wasevaporatedin vacuo and
thegel left to stand at 120°C overnight. Theresulting
solid granuleswere ground and further activated by
heating to 230°C in vacuo. The catalyst was stored
under dry conditions.

General procedure

The mixture of aldehyde (1mmol), dimedone
(2mmol) and AICI.-ZnCl,/SIO, (15 mol %) were

Ar-CHO
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heated at 110°C asthetimeindicated in TABLE 1.
The completion of reaction was monitored by TLC
(Hexane: EtOAC8:2). Thereaction mixturewascooled
at room temperature and the solid product was ex-
tracted with dichloromethane. The catalyst waseasly
regenerated by filtering the reaction mixture, washing it
with hot ethanol and dried at 110°C for 2h. The or-
ganic layer wasevaporated under reduced pressureand
the crude product was obtained. The crude products
were purified by recrystallization from ethanol.

RESULT AND DISCUSSION

Herein, we would liketo report amild and high
yielding solvent-free method for the synthesisof 1,8-
dioxo-octahydroxanthenederivativesinexcdlent yied
usingAICl.-ZnCl./S O, asacatayst.

To optimize the reaction conditions, the 4-
chlorobenza dehyde and dimedonewere employed as
the model reaction at 110°CinAICl,-ZnCl /SO, to
compare the catalytic performance as shown in
(TABLE 2) and (TABLE 3).

We aso observed that, the model reaction was
carried out in presence of 5 mol% of catalyst AICl -
ZnCl /SO, to give the product (3b) in modest yield
(75%) but when the concentration of catalyst havebeen
increased from 10 and 15 mol% resultsin accelerating
thereaction yieldsto 89% and 90% respectively. Use
of 15mol% of catdyst issufficient to pushthereaction
forward. Higher amount of the catal yst did not improve
catalyst for thisreaction, asshownin (TABLE 2).

To determine the optimization of catalysts, the
model reactionwascarried out indifferent catalyst un-
der sameconditionasshownin(TABLE3). WhenAlCl,
wasemployed, the corresponding product was obtained
in75%yvyield (TABLE 3, entry 1). However the model
reactionwascariedoutinZnCl,and SO, gives 70%
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Scheme1: AICI.-ZnCl./SIO, asan Efficient catalyst for thesynthesisof 1,8-dioxo-octahydroxantheneunder solvent-free

condition
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TABLE1: AICI-ZnCl./SO, mediated synthesisof various
1,8-dioxo-octahydroxanthenes.

TABLE 2: Optimization of mal % for model reaction (3b).

Entry Catalyst (mol %) Yield (%)?
Entry Ar Product Time Yie";’ M-PCO) ! > I
() (%) Found Reported 2 10 90

1  CeHs 3a 13 88  202-203 204-205" 3 15 90

2 4CICH, 3b 100 90 228-230 230-2312%  “Isolated yields.

3 4O0CHCH. 3c 13 89 238240 241-243"  TABLE 3: Synthesisof (3b) using different catalystsunder

4 40'833'3% 3d 145 89 227-228 226-228"  refluxing conditions.

5 2NOCeHs  3e 330 82 244246 246-248% Entry Catalyst Time(h) Yield (%)

6 4-BrCeHs 3f 200 85 238240 240-2421° 1 AlCl; 7 75

7 4-OHCgH,4 3g 130 88  247-248 246-247%° 2 ZnCl, 6 70

8  4-FCeH, 3h 200 83 224226 225-227* 3 SO, 9 65

9 2-CICeH, 3i 330 85 227-229 228-230%7 4 AICIl3-ZnCl,/SiO, 1 90

10 3NOCeHs 3 330 85 169-170 171-172/%
AIsolated yields. TABLE 4: Recyclability of catalyst for thesynthesisof (3b).

and 65% yield respectively and we have found that
AICI.-ZnCl./S O, isabetter catalyst with respectiveto
reaction timeandyield of obtained products.

We haved so observed that thed dehyde both with
electron withdrawing groups and el ectron donating
groups afforded the corresponding product in good
yields. Paraand mete substituted substrates reacted
amost well. However al dehyde bearing substituent at
ortho position turned out to bereluctant to undergo the
condensation reaction, thelonger reactiontimeisre-
quired for thissubstrateto get the corresponding prod-
uctinhighyield (TABLE 1, entries 3e, 3i).

Our attention wasthen directed towardsthe pos-
shility of recycling thereaction mediasincetherecov-
ery and reuse of catalyst is highly preferable for
greener process. Therecyclability of the catalystin
themode reaction was checked asshownin (TABLE
4). The separated catalyst can be reused after wash-
ing with CHCI, sand drying at 110°C. The catalyst
wasremoved in excellent yieldsand catalyst was used
inmentioned reactionfor fivetimesit showsthesame
activity such asfresh catalyst without any loss of its
activity.

In conclusion, The AICI./ZnCl, supported on
slicagd hasbeen shown to bean efficient medium for
the synthesisof 1,8-dioxo-octahydroxanyhene under
solvent-free condition. Thismethod has advantages
such as, thereactionisfast and sol vent-free, the cata-
lyst could bereused for several runs and the ease of
work-up.

Cycle Fresh First Second Third Fourth
Yidd (%)* 90 90 89 89 88
3 solated Yields.
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