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ABSTRACT

The synthesis of various 14-aryl-14-H-dibenzo[a,j]xanthenes has been
carried out in high yields and high purity by one pot, solvent free
cyclocondensation of an aldehyde and B-naphthol using antimony
trichloride (SbCl,) ascatalyst. The method providesexcellent isolated yield,

short reaction time and easy work up procedure.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Xantheneandtheir derivativesareversatilebiol ogi-
caly activemolecules. Thesemoleculesareuseful in
photodynamic therapy!?, laser technologies®, and as
pH-sensitivefluorescent materia sfor biomolecular vi-
sudization™. Different methods have beenreported for
the synthesis of benzoxanthene scaffoldg?. The con-
densation of 2-naphthol with a dehydes under acidic
condition havebeenwiddy explored. Someof thecata-
lyst used for the reaction areAcCOH”H_SO, in acidic
mediumt®, p-TSA®, sulfamic acid™, molecular io-
ding®, tungsten heteropoly acid?, silicasulfuricacid?,
amberlyst-15011, wet cyanuric chloridel*?,
K.CoW ,0,..3H,0, heteropoly acids (HPAS)!*,
boricacid® andionicliquidg'®. Most of thecatalysts
areused indifferent traditional solvents. Solvent free
reactionsare dwaysappreciated over classicd proce-
dures making them more clean, safe, and easy to per-
form*”, To makethe synthesisof benzoxanthenesmore
environmenta friendly and milder under solvent freecon-
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dition, wehave studied catal ytic effect of the antimony
trichloride (SbCl,) for theone-pot synthesisof 14-aryl-
14H-dibenzo[ a,j]xanthenes (3) under normal heating
condition (Scheme 1). Antimony trichloride (SbCl,) is
easly commercidly available, inexpensiveand easy to

handle 621,
IO
OH  sbcl,
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Scheme 1 : SbCl, catalysed synthesis of 14-aryl-14H-
dibenzo[a,j]xanthenes

EXPERIMENTAL

General information

All reagentswere of analytical reagent gradeand
purified wherever necessary. The purities of the com-
pounds were determined on silica-coated Al plates
(Merck). All melting pointshavebeen determinedona
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ThomasHoover Capillary melting point apparatusand
areuncorrected. The spectra datahavebeen recorded
on standard instrumentsfrom reputed companies.

General procedure

A mixture of B-naphthol (2 mmol), aldehyde (1
mmol) and SbCl,, (0.2 mmol) washeatedinan il bath
at 110°Cwith tirringfor thetimeasindicated in Table
3. Progressof thereaction wasmonitored by TLC us-
ing hexane& ethyl acetate (4:1) asmobile phase. After
compl etion of the reaction, the reaction mixturewas
cooledtoroomtemperature. Further, methanol (10mL)
was added to the semi solid reaction mixture and stirred
for 10 minutes. The solid so obtained wasfiltered off.
The crude product solid was diluted with
dichloromethaneand filtered. Thefiltratewas concen-
trated invacuum and theresiduepurified by crystdliza-
tionwithethyl alcohal.

RESULTSAND DISCUSSION

The synthesis of selected 14-aryl-14H-
dibenzo[ajj]xanthenes(3) have been achieved by one-
pot solvent free cyclocondensation of an adehyde (1)
and B-naphthol (2) using antimony trichloride (SbCl.)
ascatays (Schemel) in 80-95% yields. To study the
feasibility of SbCl, ascatayst in this condensation re-
action, thereaction of benzal dehyde with 2-naphthol
has been sel ected asthemodd reactant under different
reaction conditions. Initidly, thereaction hasbeen per-
formed in both solvent and solvent free condition to
check thefeasibility (TABLE 1). Thereaction hasbeen
performed in both protic and aprotic organic solvents
andinsolvent free condition taking antimony trichloride
(SbCl,) aslewis acid catalyst (TABLE 1). The best
result has been observed under solvent free condition
(Entry 6-9, TABLE 1). Thismay be attributed to the
stability of catalyst in protic solventsand low boiling
point of aprotic solvents. Also, thereaction tempera-
ture hasbeen optimised at 110°C (Entry 8, TABLE 1).

Theoptimization for the catal yst concentration has
been carried out using different amount of SbCl, keep-
ing theamount of reactantsconstant (TABLE 2). Inthe
absenceof catalyst, the product formation was not ob-
served. At lower amount of catalyst (entry 2, 3& 4,
TABLE 2) low yield wasfound and higher amount of
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catdyst (entry 6 & 7, TABLE 2) did not affect theyidd.
Theoptimum result wasachieved at 0.2 mmol of SoCl,
for 1 mmol of benzaldehyde and 2 mmol of -
naphthol .whileonincreasingthe catalyst loading (entry
6 & 7, TABLE 2) did not affect theyield. So we con-
cludedthat optimum loading of catalystis0.2 mmol for
thisreaction. Thereaction hasaso been parformed using
different catalyst such asBiCl,,, InCl ,and FeCl .. The
best result was observed with SoCl,, at 0.2 mmol for 1
mmol a dehyde and 2 mmol 2-naphthol. To check the
feasihility of thereaction under above optimized condi-
tions, wecarried out thisreaction using different aro-
matic adehydes(TABLE 3).

TABLE 1: Effect of solvent, reaction timeand temperature*

Entry Solvent (Ir:imng) Tem;()otg)ature Ylisgldat(g:)
1 H,O 1440 Reflux 5
2 CH3;OH 1440 Reflux 36
3 CH3CH,0H 1440 Reflux 40
4 CHCl, 1440 Reflux 55
5 CH,Cl, 1440 Reflux 58
6 Solvent Free 30 80 70
7 Solvent Free 30 90 83
8 Solvent Free 30 110 91
9 Solvent Free 30 120 90

*B-naphthol 2 mmol; aldehyde 1 mmol, SbCl, 0.2 mmol

TABLE 2: Catalyst optimization at 110°C for 30 mins under
solvent freecondition

Amount of | solated
Entry Catalyst Catalyst (mmol) Yield (%)
1 Shcls 0 0
2 ShCl, 0.025 10
3 ShCl, 0.05 15
4 ShCl, 0.1 40
5 ShCl, 0.2 91
6 ShCl, 0.4 91
7 ShCl, 0.8 90
8 BiCl, 0.2 88
9 InCl3 0.2 76
10 FeCly 0.2 89

It has been found that the nature of the functional
group onthearomatic ring of thea dehyde affectsthe
reactiontimeandyield. The presenceof eectronwith-
drawing group at para position in comparison to the
unsubstituted aromatic a dehyde showsincrease of the
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yieldwhilethe presence of an el ectron donating group
decreasestheyield. Though meta and para substituted
aromatic ddehydesgavegood results, ortho-substituted
arométic ddehydes (such as 2-nitrobenzadehyde) gave
lower yieldsbecause of the steric effects®. ShCl, might
beactingastheLewis-acid catayst for severd stagesof
reaction. A conformationtothemechanismisin progress

TABLE 3 : SbCl, catalysed synthesis of 14-aryl-14H-
dibenzo[a,j] xanthenes

Comp Time  Isolated Mp.°C
No. RCHO (Ming) Yidd (%)  (Li)
3a @mo 30 91 182 (185)!*
3b CHO 35 93 237 (239)11

NO,
3c QCHO 45 85 294 (293)1"
O,N
3d @ 35 91 212 (211)
CHO
3e OZNOCHO 45 94 312 (310)
3f ch@ CHO 35 83 227 (229) [21]
3g H3COOCHO 30 80 205 (204)
Cl
3h @’C o 60 87 214 (215)/A
3i u@wo 30 95 288 (289)*
Br.
3 %}CHO 45 90 190 (190)*
3k BrOCHO 40 92 295 (297)11
F
3 @ cHo 40 90 260 (257)14
3m  CHs CHO 35 80 151(152)!#
CONCLUSIONS

We have devel oped an efficient and convenient
one-pot solvent free synthesis of 14-aryl-14H-
dibenzo[a,j] xanthenesusing SbCl , ascatayst. There-
action takes place through the condensation of alde-
hyde or substituted aldehyde with 3-naphthol in 1:2
molar ratio at 110°C under solvent freecondition with
excdlentyiddinshort reactiontime.
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