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ABSTRACT

An efficient and convenient approach to the synthesis of 3,3,6,6-tetramethyl-9-aryl-1,8-dioxo-octahydroxanthene
derivatives using inexpensive boric acid asthe catalyst (10 mol%) is described. The use of water asreaction medium

isthe most important feature of this reaction.

INTRODUCTION

Xanthenesare animportant class of organic com-
poundsthat find useasdyes™, pH-sensitivefluorescent
materid for visuaization of biomolecules? and utilized
inlaser technologies® duetotheir useful spectroscopic
properties. Xanthenes have al so received significant
attention from many pharmaceutical and organic chem-
ists, essentially because of the broad spectrum of their
biologica propertiessuch asantivira, antibacterial®,
and anti-inflammatory activities®. Theseared so used
in photodynamic thergpy!” and asan antagonist for the
parayzing action of zoxazolaming®.

1,8-Dioxo-octahydroxantheneisusudly synthesi zed
by the one-pot three component condensation reac-
tionsof two equivalentsof dimedoneand aldehydesin
presenceof suitablecatayds. Thevariouscatdystsand
thereaction conditionsso far reported intheliterature
areasfollows: (a) p-dodecylbenzenesulfonicacidinwa:
terl®, (b) tetrabutylammonium hydrogen sulphatein di-
oxane-H,O system!*?., (c) solid super acid TiO,/SO,>
by grinding technique¥. (d) microwave conditiong*?
(e) HCI™!

Each of these methods havetheir own advantages
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but a so suffer from one or moredisadvantagessuch as
prolonged reaction time, tedious work-up processes,
low yield, and hazardous reaction conditions. In addi-
tion, chemo selectivity can beaproblem, if acid sensi-
tivegroupsare present in the samemolecule. Thema
jor disadvantage of some of the methodsisthat there-
action does not go to completion and stops at open
chain structure 5,5-dimethyl-2-((4,4-dimethyl-2,6-
dioxocyclohexyl)(phenyl)methyl)cyclohexane-1,3-
dione, instead of forming the cyclized compound. The
toxicandvolatilenature of many organic solvents, par-
ticularly chlorinated hydrocarbonsthat arewidely used
in organic synthesishas also posed aseriousthreat to
theenvironment. Consequently, methodsthat success-
fully minimizethe above drawbacks are the focus of
much attention.

Boricacidisthecommercidly availablecrystaline,
nontoxicandstablesolid. Itisandectron deficient com-
pound with alow-lying vacant p-orbital ontheboron,
the property that confirmsit as an efficient and mild
Lewisacid catdyd. Inrecent years, boricacid hasgained
much popularity asefficient and green Lewisacid cata-
lystsin organic synthesig41.,
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RESULTSAND DISCUSSION
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Inview of thesurprising lack of literaturereport on
thetruly economical and environmentaly benign meth-
odsfor the synthesisof 9-aryl-1, 8-dioxo-octahydro-
xanthene derivatives, wethought it wasworthwhileto
develop thepractica, general, mild and environmen-
tally benign protocol for the synthesisof 9-aryl-1, 8-
dioxo-octahydro-xanthenederivatives. In order to meet
the objective of such a protocol, the use of catalyst
whichwould beenvironmentally benign, stableto air
and moisture, and inexpensivewas at the forefront of
our schemeof things. Thusin view of our objective of
the devel opment of environmentally benign protocol for
the synthesisof titled compounds, wethought theboric
acid would be primeand suitabl e choiceto beemployed
ascatdyst for thesame. Tofurther illustratethe utility of
water assolvent and role of PTCsin organic synthesis,
we choseto study the cyclocondensation reaction of
aldehyde and 5,5-dimethyl-1,3-cyclohexanedionein
water. Inview of making the processinexpensivewe
preferred boric acid asaninexpendveand efficient cata
lyst and TBAB asaphasetransfer catalyst.

Asastarting point for the development of boric
acid catalyzed synthesis of 9-aryl-1, 8-dioxo-
octahydro-xanthenesin water, cyclocondensation re-
actioninvolving benza dehyde (3 mmol) and 5,5-dim-
ethyl-cyclohexa-1,3-dione (3 mmol) in the presence of
10 mol% of boric acid and TBAB (1 mmol) inwater
under reflux was performed. Wewerepleased to find
that the corresponding cyclocondesnsation reaction
product was obtained in 84% isolated yield within 10
h. To check out whether thereisaneed for catalyst to
perform the present reactioninapractica way; were-
peated the above experiment under samereaction con-
ditionsasabovebut without using boricacid. Wefound
that this time the corresponding cyclocondensation
product was obtained only in 30 % yield despite the
reaction being continued for 15h. Thus, thisfinding con-
firmed thepivotal roleof theboricacid asacatalystin
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the present reaction. With good results being obtai ned
inthereaction of benza dehyde, next, avariety of aro-
matic a dehydes were examined under our optimized
reaction conditions(TABLE 1).

TheresultsaresummarizedinTABLE 1. Thusitis
seen that aromatic a dehydes possessing both electron
withdrawing and e ectron rel eas ng substituentsunder-
went the cyclocondensation reaction smoothly to af -
ford the corresponding productsin highyield. It was
found that the nature of the substituents on a dehydes
did not have detrimenta effect on the product yields.
Moreover, thereaction can also be applied to a-f un-
saturated aldehydes, (TABLE 1, entry 10), such as
cinnamadehydegiving thecorresponding product inhigh
yidd. Indl theexamples, sudied generaly >70%yvyield
of the corresponding 9-aryl-1,8-dioxo-octohydroxan
thenes were obtained within 10 h. A broad range of
functional groupssuch ashdides, cyano, akoxy, nitro
(entries, 7-9) weretol erated under the present reaction
conditionswhich clearly evident thefunctiona groups
compatibility of the present method. Thework-upis
very easy and the products can be obtained in high pu-
rity by merewashing the reaction mixturewith water to
removetheboric acid catayst foll owed by recrystalli-
zation with ethanol. Thusthisnove approach not only
preservesthesimplicity but cons stently produced the
TABLE 1: Synthessof 3,3,6,6-tetramethyl-9-aryl-1,8-dioxo-
octahydr oxanthene catalyzed by boric acid in aqueous me-
dium

(0]
H3BO3,
ArCHiOH 10 mol%
2 Water;
OTBAB,

O Ar O

O
1) ) reflux (3a-j)

c - . M. p. (°C)
> _ SE § o
5 < % g 3 E S Found Reported®

re &
1 CgHs 10 3a 84 202-204 202-204
2 4-CH5CgH4 12 3b 78 218219 217-218
3 4-CH;0CgH, 11 3c 81 244-245 242-244
4  4-HOCgH,4 13 3d 78 245-246 246-248
5 4-HO-3-CH;OC¢H; 12 3e 74 225-226 226-228
6 4-CICgH,4 11 3f 77 228229 228-230
7 4-NO,CgH, 10 3g 76 227-228 226-228
8 3-NO,CeH,4 12 3h 79 168-169 168-170
9 2-NO,CeH,4 14 3 73 248-249 247-249
10 CgHsCH=CH 15 3 74 175-176 175-177

3 solated yield
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structurally diverse 9-aryl-1, 8-dioxo-octo-hydroxan
thenesin highyieldsinan environmentaly benignand
resource effective process.

Mechanisticaly, thereactionwill proceed through
Knoevenagel condensation (1+2—6) followed by
Michael addition (1+6—8) to form 1,5-dicarbonyl
compound (8) whichfinaly undergoescyclodehydration
toform 9-aryl-1,8-dioxo-octahydroxanthene (3). The
role of boric acid isto enhance enolic (nucleophilic)
character of dimedone required essentialy for the
Knoevenagel condensation and Michadl addition.

EXPERIMENTAL

Melting points are uncorrected. IR spectrawere
recorded on aShimadzu FTIR-1710 spectrophotom-
eter. 'HNMR spectrawere recorded at 400 MHz in
CDCl,using TMSasinternal standard. Therepresen-
tative spectral analysisfor few of theproductsisgiven
below:

General experimental procedure

Thearomaticddehyde(3mmal), 5,5-dimethyl-1,3-
cyclohexanedione (6 mmal), boric acid (10 mol%) and
TBAB (1 mmol) weremixed in 20 mL of water. The
resulting reaction mixturewasrefluxedina100 mL round
bottom flask for thetimeasindicatedinTABLE 1. The
reaction progresswas monitored by TLC. Thereac-
tion mixturewas cooled to room temperature and the
solid product wasfiltered off and dried. Thecrudeprod-

(10)

uct waspurified by recrystallization method using etha:
nol to afford 9-aryl-1,8-dioxo-octahydroxanthenein
goodtoexcdlentyidd.

(1) 3,4,6,7,-tetrahydr 0-3,3,6,6-tetr amethyl-9-P-tolyl
2H-xanthene-1,8(5H,9H)-dione (3b)

Crystalineyellow solid, M. p. 218-219°C (L.it.°
melting point: 217-218°C). IR (KBr, cmt): 3016, 2958,
2924, 1680, 1664, 1510, 1357, 1195, 1165, 1020,
999, 931, 840, 765, 715.

HNMR (CDCI,): & = 1.01 (s, 6H, 2CH,), 1.11 (s,
6H, 2CH,), 2.20 (s, 4H, 2CH,), 2.25 (s, 4H, 2CH.),
2.47(s,3H,ArCH,), 4.72 (s, 1H,ArCH), 7.03(d, J=
10.4 Hz, 2H, ArH), 7.19 (d, J= 10.8 Hz, 2H, ArH).

(i) 9-(4-chlorophelyl)3,4,6,7,-tetrahydr o-3,3,6,6-
tetramethyl-2H-xanthene-1,8(5H,9H)-dione (3f)

Crystalineyellow solid, M. p. 228-229°C (L.it.°
melting point: 228-230°C). IR (KBr, cmt): 3018, 2964,
2875, 1680, 1660, 1489, 1361, 1197,1087, 852, 717.
'HNMR (CDCI,): 6= 1.00 (s, 6H, 2CH,), 1.12 (s,
6H, 2CH,), 2.20 (s, 4H, 2CH,), 2.23 (s, 4H, 2CH,),
4.73 (s, 1H, ArCH), 7.20 (d, J= 8.4 Hz, 2H, ArH),
7.25(d, J=8.4Hz, 2H, ArH).

(iii) 3,4,6,7,-tetrahydro-3,3,6,6-tetramethyl-9-
styryl-2H-xanthene-1,8(5H,9H)-dione (3))
Crystalineyellow solid, M. p. 175-176°C (L.it.°
melting point: 175-177°C) '"HNMR (CDCl,): 6=1.11
(s, 12H, 4CH,), 2.29 (s, 4H, 2CH,), 2.43 (s, 4H,
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2CH,), 4.39 (s, 1H, ArCH), 6.23-6.35 (m, 2H,
CH=CH), 7.14-7.27 (m, 5H, ArH).

CONCLUSION

The synthesis of 9-aryl-1,8-dioxo-octahydro
xantheneischaracterized by thefollowing merits:. (a)
non-toxic, inexpensive and readily avail able nature of
boric acid (b) use of aqueous mediumisthemost strik-
ing feature(c) easy work-up (d) preparative simplicity
(e) highyidds. In conclusion, we have demonstrated
an environmentally benign three component condensa-
tion of aromatic aldehyde and two equivaents of
dimedonetoform 9-aryl-1,8-dioxo-octahydroxanthene
using boric acid in aqueous medium.
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