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Abstract

method for the synthesis of either of the products.

SmCl3 (20 mol%) has been used as an efficient catalyst for reaction between aromatic aldehydes and 5,5-dimethyl-
1,3-cyclohexanedione at 120°C to give 1,8-dioxo-octahydroxanthene derivatives in high yield. The same reaction in
water, at room temperature gave only the open chain analogue of 1,8-dioxo-octahydroxanthene. Use of eco-
friendly green Lewis acid, readily available catalyst and easy isolation of the product makes this a convenient

Background
1,8-dioxo-octahydroxanthenes are important class of
oxygen heterocycle in which a phenyl substituted pyran
ring is fused on either side with two cyclohexenone
rings. Presence of conjugated bis-dienone functionality
makes these compounds sensitive to attack by nucleo-
philes and light energy. In the recent past, there is a
renewed interest in the synthesis of this class of com-
pounds as number of its applications increased, both in
the field of medicinal chemistry and material science.
1,8-dioxo-octahydroxanthenes shows useful biological
activities such as anti-inflammatory, antibacterial, anti-
viral activities [1], finds use in biodegradable agrochem-
icals [2,3], cosmetics and pigments [4], fluorescent
materials [5], photodynamic therapy [6], luminescent
sensors [7], and in laser technologies [8]. The formation
of intermediate, 2,2’-arylmethylenebis(3-hydroxy-5,5-
dimethyl-2-cyclohexene-1-one), in the synthesis of 1,8-
dioxo-octahydroxanthenes can take place even without a
catalyst [9]. However, there is always need for a catalyst
in the cyclization step to get the cyclized compound
[9-12]. A variety of reagents, mainly acids, have been
employed to accomplish this transformation [11,13-27].
However many of these reagents has its own disadvan-
tages, such as use of expensive reagents, high catalyst
loading and low yield.

On exposure to water, conventional Lewis acids such
as AlCl;, ZnCl,, BCl; etc., decomposes whereas lantha-
nide Lewis acids shows high hydrolytic stability. In fact,
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several organic reactions catalysed by lanthanide Lewis
acids are carried out in water [28]. The catalysts can be
recovered and reused without loss of much activity, thus
considered to be green Lewis acids. SmCl; is one of the
readily available inexpensive Lewis acids which is ranked
as “hard” according to the hard soft acids and bases
(HSAB) concept [29]. SmCl; is an excellent catalyst
used in several important organic transformations such
as selective removal of acid sensitive protecting groups
like Boc, THP and TBDMS in the presence of one
another [30], C-acylation of 1, 3-dicarbonyl compounds
and malononitrile [31], and in the formation of ether
from allylic alcohols [32]. SmCl; is also used in electro
reductive alkylation of ketones [33] and cleavage of allyl
ethers [34]. Considering that there is a need for the use
of more useful greener acid catalyst we examined
SmCls, a water resistant, reusable, lanthanide Lewis acid
for the synthesis of 1,8-dioxo-octahydroxanthenes. Here
in we report a highly efficient and clean synthesis of
1,8-dioxo-octahydroxanthenes using SmCls.

Results and Discussion

Reaction between 4-NO,-benzaldehyde (1d, 1 mole) and
dimedone (2, 2 mole) in presence of SmCl; was identi-
fied as the test reaction and different reaction para-
meters were studied for the formation of corresponding
1,8-dioxo-octahydroxanthene. Considering the fact that
SmCl; is a water resistant Lewis acid the reaction was
carried out in water at room temperature (RT). The
reaction was complete in 15 min. However, it was only,
the open chain, compound 2,2’-((4-nitrophenyl)methy-
lene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone) (3d,
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Table 1 Optimisation of condition for reaction between
dimedone and 4-NO,-benzaldehyde in the presence of
SmCl;

Entry® Solvent SmCl; mol % Time Temp°C Yield b 9%
3a 4a

1 Water 10 15 min RT 91 Nil

2 Water 10 24 h RT 95 Nil

3 Water 20 24 h 100 95 Nil

4 No solvent 10 24 h 100 60 40

5 No Solvent 10 24 h 120 40 60

6 No Solvent 20 8h 120 Nil 98¢

@ All reactions were performed using 4-nitrobenzaldehyde (1 mmol),
dimedone (2 mmol) and SmCls, Pisolated yield, © the catalyst was recovered
and reused for four times to get 97%, 96%, 96% and 96% of the product

Table 1, Scheme 1, entry 1) obtained as the sole pro-
duct, in very good yield. Formation of the open chain
compound was confirmed from "H-NMR spectra of 3d
which shows a peak corresponding to phenyl methylene
proton at & 5.54. The reaction mixture when left at RT
for 24 h in water (entry 2) or heated at 100°C in water
for 24 h (entry 3) gave only the open chain compound
3d. Heating a neat reaction mixture with SmCl; (10 mol
%, entry 4) at 100°C, for 24 h gave cyclised product 4d
in 40% yield. However, heating the neat reaction mix-
ture in presence of SmCl; (20 mol%) at 120°C for 8 h,
led to the formation of cyclised product 4d in excellent
yield (entry 5, 98%).

Based on these results it was concluded that use of
SmCl; (10 mol %) in water, at room temperature and
SmCl; (20 mol %) without solvent at 120°C would be
the useful conditions for the formation of open chain
compound 3d and the 9-phenyll,8-dioxo-octahydrox-
anthane (4d) respectively. A series of examples illustrat-
ing versatility of this method was studied using
aromatic, hetero aromatic and aliphatic aldehydes
(Scheme 2) and the results are summarized in Table 2.

In case of formation of open chain compounds 3a to
3o, irrespective of whether it has electron donating or
withdrawing substituents on the aromatic ring all the
starting materials underwent reaction within 30 min.

Page 2 of 6

However, wide difference in reaction rate could be
observed, in the formation of xanthenediones 4a to 4m.
Among the different nitro benzaldehydes studied, 4-
nitro-benzaldehyde (1d) underwent reaction faster (8 h)
compared to 3-nitro-benzaldehyde (1c, 10 h, entry 3)
and 2-nitro-benzaldehyde (1b, 13 h) to give the product
4b, 4c and 4d respectively. Steric hindrance of the 2-
nitro group may the reason for slow reaction rate. In
case of halo substituted benzaldehydes le-1g, the
mesomerically electron donating character was predomi-
nant hence the reaction took place fast (entry 5, 6 and
7) compared to substrates with electron withdrawing
substituents.

The effect of 4-CH; substituent was so mild that the
4-CHjs-benzaldehyde (1h) did not make any difference
in reaction rate (entry 8, 5 h) compared to unsubstituted
benzaldehyde (1a). In case of benzaldehydes 1i and 1j
(entry 9, and 10), containing just one electron donating
substituent, the rate of reaction was fast compared to
compounds with electron withdrawing substituents. A
significant increase in the rate of the reaction could be
observed when more than one electron donating groups
(entry 11, 12 and 13) are present. The reaction condi-
tion was tolerant to ether, phenolic -OH group.

In case of furfuraldehyde (1n) and cinnamaldhyde (10)
the open chain compounds 3n and 30 were obtained in
excellent yield where as the corresponding cyclised pro-
ducts 4n and 40 was obtained only in minor quantity
along with a mixture of side products. In order to
improve the yield of cyclised products 4n and 4o, differ-
ent reaction conditions were tried by varying the quan-
tity of the catalyst from 20 mol % to 100 mol % and the
reaction temperature from ambient to 85°C. None of
the reaction conditions gave better result. Polymerisable
nature of the furyl ring and cinnamoyl group may be
the reason for low yield of the product. Spectral data
and melting point observed for all the products were
comparable with data reported in the literature (please
check additional files 1 and 2).

In order to know the efficiency of SmCl; the data
reported in the literature for the synthesis of compound

Scheme 1 Optimisation of condition for reaction between dimedone and 4-NO,-benzaldehyde in the presence of SmCl;.
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Table 2 SmCl; catalysed synthesis of 9-aryl-3,4,5,6,7,9-hexahydro-2H-xanthene-1,8-dione derivatives or its open chain

form
S.No Ar Product Time (min/h) Yield (%) Melting Point°C (3) Melting Point°C (4)
Found Reported Found Reported

1 CeHs-(1a) 3a/4a 20/9 97/98 186-188 192-194 (35] 203-205 204-206 [36]
2 2-NO,-CgHs-(1b) 3b/4b 30/10 91/98 244-246 248-252 [24] 246-248 248-249 [36]
3 3-NO,- CgHs- (1¢) 3c/4c 30/10 91/97 201-203 1-203 [35] 171-173 170-172 [36]
4 4-NO,- CgHs-(1d) 3d/4d 30/8 91/97 194-196 195-197 [35] 225-226 1-223 [36]
5 2-Br- CeHs-(1e) 3e/4e 25/8 97/98 238-240 241-243 [37] 226-229 226-229 [38]
6 2-Cl- CgHs-(16) 3f/4f 20/8 95/98 200-202 202-204 [35] 230-232 225-227 [36]
7 4-Cl- CgHs-(19) 3g/49g 20/9 95/97 142-144 145-147 [35] 230-233 229-230 [36]
8 4-CHs- CgHs-(1h) 3h/4h 30/8 95/98 139-141 141-143 [35] 212-214 210-211 [36]
9 4-OCH5- CgHs-(1i) 3i/4i 30/10 82/97 146-148 146-148 [35] 242-245 242-243 [39]
10 4-OH- CgHs(1j) 3j/4j 30/9 88/98 188-190 201-203 [35] 244-246 247-248 [36]
" 4-OH,3-OCHs-CgHs-(1k) 3k/4k 15/8 94/98 193-195 193-195 [35] 227-228 224-225 [40]
12 3,4-OCH5-CgHs-(11) 31/4 25/9 96/97 178-180 187-189 [35] 179-181 170-172 [40]
13 3,4,5-OCH5-CgHs-(1m) 3m/4m 15/10 93/98 203-205 205-208 [38] 186-188 182-183 [36]
14 E’Q (n) 3

n/4n 20/24 93/20 139-141 142-144 [37] - -
15 C6H5CH = CH-(10) 30/40 14/- 96/- 213-215 215-216 [6] - -

4d, using different type of the catalysts was compared
with SmClI;. The data on catalysts ranging from neutral
slats, protic acids, and Lewis acids (Table 3, Scheme 3)
were used for the comparison. This clearly shows that
SmCl; is a better catalyst for preparation of 1,8-dioxo-
octahydroxanthanes in terms of high yield of the pro-
duct, short reaction time and simple workup procedure.

Considering the Lewis acidic nature of SmCl; a possible
mechanism is proposed (Scheme 4). Reaction of dimedone
in its enol form is expected to react with aromatic alde-
hyde, under the influence of SmCls;, to give rise to ortho-
quinone methides (0-QMs) III by Knoevenagel adduct for-
mation. The intermediate III may further undergo
Michael addition with another molecule of dimedone to
form intermediate IV. The presence of water as solvent
might not have facilitated dehydration reaction to give the
cyclised product 4. However, when reaction was carried
out in the absence of water a facile dehydration reaction
took place to give rise to the cyclic compound 4.

Experimental

General Procedure for the Preparation of 2, 2"-aryl/
alkylmethylene bis (3-hydroxy-5, 5- dimethyl-2-
cyclohexene-1-one) (3)

To a mixture of an aldehyde (1 mole) and 5, 5-dimethyl-
1,3-cyclohexanedione (2 mole) in water SmCl;, (10 mol
%) was added and stirred at ambient temperature, till
the reaction goes to completion. Progress of the reaction
was monitored by TLC (Silica gel, 9:1, Hexane:EtOAc).
After completion of the reaction, the solid separated
was filtered, washed with water and dried to get the
product.

General Procedure for the Preparation of 3,3,6,6-
Tetramethyl-9-aryl-3,4,5,6,7,9-hexahydro-2H-xanthene-1,8-
dione (4)

To a solution of an aldehyde (1 mole) and 5,5-dimethyl-
1,3-cyclohexanedione (2 mole), SmCl3 (20 mol%) was
added and stirred at 120°C. The progress of the reaction
was monitored by TLC (Silica gel, 7:3, Hexane:EtOAc).
After completion of the reaction it was cooled to room
temperature and water (5 mL) was added, solid sepa-
rated was filtered washed with water (5 mL) and dried
under vacuum to get the desired xanthandione deriva-
tive. The combined aqueous layer was washed with
EtOAc to remove any other organic impurities, concen-
trated and dried under vacuum at 120°C for 2 h to
recover the catalyst in almost quantitative yield.

1. 2, 2'-(4-nitrophenylmethylene)bis(3-hydroxy-5,5-
dimethyl-2-cyclohexene-1-one) (3d)

The reaction was carried out according to the general
experimental procedure using 4-nitrobenzaldehyde (100
mg, 0.0006 mole), 5,5-dimethyl-1,3-cyclohexanedione
(170 mg, 0.0013 mole) and SmCl; (16.9 mg, 10 mol%)
in water (1 mL). Conditions: room temperature, 30 min-
utes. The title compound 3d was obtained (251 mg,
91%) as a solid. The spectral data for the compound 3d
was in agreement with the values already reported in
the literature [35].

Mp: 194-196°C. "H NMR (400 MHz, CDCly): § 1.04 (s,
6H, 2 x CHs), 1.16 (s, 6H, 2 x CHs), 2.24-2.44 (m, 8H, 4
x CH,), 5.57 (s, 1H, CH), 7.03-7.51 (m, 4H, Ar), 11.87
(s, 1H, OH).
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Ar
SmCl3 (20 mol%)
| - Ar-CHO
0 Neat, 120 °C
4

Scheme 2 SmCl; catalysed synthesis of 9-aryl-3,4,5,6,7,9-hexahydro-2H-xanthene-1,8-dione derivatives or its open chain form.

7@ SmCls (10 mol%)
o Hgo RT

OH OH

2. 2,2’-(4-methoxyphenylmethylene)bis(3-hydroxy-5,5-
dimethyl-2-cyclohexene-1-one) (3i)

The reaction was carried out according to the general
experimental procedure using 4-methoxybenzaldehyde
(100 mg, 0.0007 mole), 5,5-dimethyl-1,3-cyclohexane-
dione (188 mg, 0.0014 mole) and SmCl; (18.8 mg, 10
mol%) in water (1 mL). Conditions: room temperature,
30 minutes. The title compound 3i was obtained (242
mg, 82%) as a solid. The spectral data for the compound
3i was in agreement with the values already reported in
the literature [35].

Mp:146-148°C. "H NMR (400 MHz, CDCly): § 1.02 (s,
6H, 2 x CHs), 1.15 (s, 6H, 2 x CHs), 2.21-2.40 (m, 8H,
4 x CH,), 3.70 (s, 3H, OCHs), 5.41 (s, 1H, CH), 6.75 (d,
J = 8.8 Hz, 2H, Ar), 6.93 (d, ] = 8.0 Hz, 2H, Ar), 11.84
(s, 1H, OH).

3. 3,3,6,6-tetramethyl-9-(4-nitrophenyl)-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (4d)

The reaction was carried out according to the general
experimental procedure using 4-nitrobenzaldehyde (100
mg, 0.0006 mole), 5,5-dimethyl-1,3-cyclohexanedione
(170 mg, 0.0013 mole) and SmCl; (33.9 mg, 20 mol%).
Conditions: 120°C, 8 h. The title compound 4d was
obtained (257 mg, 97%) as a solid. The spectral data for

Table 3 Comparison of the efficiency of catalysts
reported for the synthesis of 14-(4-nitrophenyl)-14H-
dibenzo [a, j] xanthenes and SmCl;

Entry Catalyst Mol % Time (min/ Yield Ref.
h) (%)
1 NaHSO4-SiO, 10 75h 91 [18]
2 TBAHS 10 35h 94 [39]
3 DABCO-Br 10 25h 90 [41]
4 KAI(SO4),.12H20 50 40 h 90 [19]
5 EPZ 10 10 30h 95 [42]
6 Yb(OTf)5/[BPY] 1/2 50 h 89 [25]
BF4 mL

7 Zn0O-CH3COC! 30 160 h 96 [43]
LiBr 15 10h 84 [17]

9 Sulfamic acid 10 110 h 94 [15]
10 SmCls 20 80 h 98 This
paper

the compound 4d was in agreement with the values
already reported in the literature [34]. Mp: 225-226°C.
The same reaction was repeated with the recovered cat-
alyst for four times to get 97%, 96%, 96% and 96% of
the product.

'H NMR (400 MHz, CDCls): 5 0.99 (s, 6H, 2 x CHs),
1.11 (s, 6H, 2 x CHs), 2.18 (q, ] = 19.6 Hz, 4H, 2 x
CH,), 2.49 (s, 4H, 2 x CH,), 4.82 (s, 1H, CH), 7.47(d, ]
= 19.6 Hz, 2H, Ar), 747 (d, ] = 5.2 Hz, 2H, Ar).

4. 9-(4-hydroxyphenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (4j)

The reaction was carried out according to the general
experimental procedure using 4-hydroxybenzaldehyde
(100 mg, 0.0008 mole), 5,5-dimethyl-1,3-cyclohexane-
dione (210 mg, 0.0016 mole) and SmCl; (42 mg, 20 mol
%). Conditions: 120°C, 9 h. The title compound 4j was
obtained (298 mg, 98%) as a solid. The spectral data for
the compound 4j was in agreement with the values
already reported in the literature [36]. Mp: 244-246°C.
"H NMR (400 MHz, CDCl;): 8 0.99 (s, 6H, 2 x CHs),
1.09 (s, 6H, 2 x CHg), 2.21 (q, J = 8.8 Hz, 4H, 2 x CH,),
2.45 (s, 4H, 2 x CH,), 4.67 (s, 1H, CH), 6.61 (d, ] = 8
Hz, 2H, Ar), 7.11 (d, ] = 8 Hz, 2H, Ar).

Conclusion

In conclusion, SmCl;, a water resistant Lewis acid was
used for the synthesis of 3,3,6,6-tetramethyl-9-aryl-
3,4,5,6,7,9-hexahydro-2H-xanthene-1,8-dione derivatives
or its open chain analogue depending upon the reaction
condition. Water was used as the green solvent, and the
catalyst could be recovered and reused. The reaction
work up is very simple, solid separated from the reac-
tion mixture was filtered washed with water to recover
the catalyst and dried to get the desired xanthenedione
derivatives. This procedure offers several advantages
such as use of inexpensive green catalyst, operational
simplicity, cleaner reaction and minimal environmental
impact, high yield, thus making it one of the attractive
and practical protocols for the synthesis of xanthene-
diones. Further studies on the use of xanthenediones as
visible light sensitizers and as better excited state elec-
tron donors to TiO, for application in dye sensitised
solar cells are in progress.
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Scheme 3 Comparison of the efficiency of catalysts reported for
SmCls.
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Scheme 4 Proposed mechanism for the SmCl; catalysed synthesis of 3,3,6,6-tetramethyl-9-aryl-1,8-dioxo-2,3,4,5,6,7-

Additional material

Additional file 1: Supporting Information File 1. This file contains all
experimental procedures for the syntheses of compounds not
mentioned in the main article 3a-3¢, 3e-h, 3j-30 and 4a-4c, 4e-4i, 4k-
4m and their analytical data.

Additional file 2: Supporting Information File 2. This contains NMR
spectra for all the compounds reported.

Acknowledgements

Council of Scientific and Industrial Research (CSIR), New Delhi is gratefully
acknowledged for financial support (Grant No.: 80(0067)/07/EMR-II, dt. 02-11-
2007) and Senior Research Fellowship to SM. We are grateful to the DST-FIST

for the use of 400 MHz NMR facility at the School of Chemistry,
Bharathidasan University.

Author details

'School of Chemistry, Bharathidasan University, Tiruchirappalli - 620024, India.
“Corrosion Protection Division, Central Electro Chemical Research Institute,
Karaikudi-630 006, India.

Authors’ contributions

Al has suggested the problem, monitored the progress of the work and
finalised the manuscript. SMa and SMu carried out most of the experimental
work and contributed to the preparation of the manuscript. SMar helped
characterisation of the compounds prepared. All authors have read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.


http://www.biomedcentral.com/content/supplementary/1752-153X-5-81-S1.DOC
http://www.biomedcentral.com/content/supplementary/1752-153X-5-81-S2.DOC

llangovan et al. Chemistry Central Journal 2011, 5:81
http://journal.chemistrycentral.com/content/5/1/81

Received: 8 September 2011 Accepted: 8 December 2011
Published: 8 December 2011

References

1.

20.

21.

Hatakeyma S, Ochi N, Numata H, Takano S: A new route to substituted 3-
methoxycarbonyldihydropyrans: Enantioselective synthesis of (-)-methyl
elenolate. J Chem Soc, Chem Commun 1988, 1202-1204.

Hafez EAA, Elnagdi MH, Elagamey AGA, El-Taweel FMAA: Nitriles in
heterocyclic Synthesis: novel Synthesis of benzo[c]Jcoumarin and of
benzolc]pyrano [3,2-clquinoline derivatives. Heterocycles 1987, 26:903-907.
Abdel Galil FM, Riad BY, Sherif SM, Elnagdi MH: Activated nitriles in
heterocyclic synthesis: A novel synthesis of 4-azoloyl -2-Amino
quinzolines. Chem Lett 1982, 1123-1126.

Ellis GP: The chemistry of heterocyclic compounds. In Chromene,
Chromanes and Chromone. Volume 2. Edited by: Weissberger A, Taylor ECE.
John Wiley: New York; 1977:13.

Callan JF, De Silva P, Magri DC: Luminescent sensors and switches in the
early 21°" century. Tetrahedron 2005, 61:8551-8588.

Sirkecioglu O, Talinli N, Akar A: Chemical aspects of santalin as a
histological stain. J Chem Res (S) 1995, 502.

Poupelin JP, Saint-Rut G, Foussard-Blanpin O: Synthesis and
antiinflammatory properties of bis(2-hydroxy-1-naphthyl)methane
derivatives. |. Monosubstituted derivatives. £u J Med Chem 1978, 13:67-71.
Banerjee A, Mukherjee AK: Chemical aspects of santalin as ahistological
stain. Stain Technol 1981, 56:83-85.

Jin TS, Zang JS, Wang AQ, Li TS: Solid - state condensation reactions
between aldehyde and 5,5- dimethyl 1,3-cyclohexanedione by grinding
at room temperature. Synth Commun 2005, 35:2339-2345.

Shi DQ, Wang YH, Lu ZS, Dai GY: Condensation of aromatic aldehydes
with acidic methylene compounds without catalyst. Synth Commun 2000,
30:713-726.

Jin TS, Zang JS, Xiao JC, Wang AQ, Li TS: Clean Synthesis of 1,8-Dioxo-
octahydroxanthene Derivatives Catalyzed by p-Dodecyl
benezenesulfonic Acid in aqueous Media. Synlett 2004, 866-870.

Das B, Thirupathi P, Reddy KR, Ravikanyh B, Nagarapu L: An efficient
synthesis of1,8 dioxooctahydroxanthenes using heterogeneous catalyst.
Catal Commun 2007, 8:535-538.

Khosropour AR, Khodaei MM, Moghannian H: A Facile, Simple and
convenient method for the Synthesis of 14-Alkyl or Aryl-14-H-Dibenzo[a,
jlxanthenes Catalyzed by pTSA in Solution and Solvent-Free Conditions.
Synlett 2005, 955-958.

Bhattacharya AK, Rana KC: Microwave assisted synthesis of 14-aryl-14H-
dibenzo[a.jlxanthenes catalyzed by methanesulphonic acid under
solvent free condition. Mendeleev Common 2007, 17:247-248.

Rajitha B, Kumar BS, Reddy YT: Sulfamic acid: A novel and efficient
catalyst for the synthesis of aryl 14H dibenzo[ajlxanthenes under
conventional heating and microwave irradiation. Tetrahedron Lett 2005,
46:8691-8693.

Das B, Thirupathi P, Mahender |: Amberlyst-15: An efficient reusable
heterogeneous catalyst for the synthesis of 1,8-dioxo-
octahydroxanthenes and 1,8-dioxo-decahydroacridines. J Mol Catal A:
Chem 2006, 247:233-239.

Saini A, Kumar S, Sandhu JS: A new LiBr-catalyzed, facile and efficient
method for the synthesis of 14-alkyl or aryl 14H dibenzola, j] and
Tetrahydrobenzo [b] pyrans under solvent-free conventional and
microwave heating. Synlett 2006, 1928-1932.

Nagarapu L, Baseeruddin M, Kumari NV: Efficient Synthesisof Aryl 14-H-
dibenzo [a.jlxanthenes using NaHSO,4SiO, or 5% WO3/ZrO, as
heterogeneous catalysts under conventional heating in a solvent-free
media. Synth Commun 2007, 37:2519-2525.

Dabiri M, Baghbanzadeh M, Shakouri Nikcheh M: Eco-friendly and efficient
one-pot synthesis of alkyl- or aryl-14H-dibenzo [a, j] xanthenes in water.
Bioorg Med Chem Lett 2008, 18:436-438.

Darviche F, Balalaie S, Chadegani F: Diammonium hydrogen phosphate as
a neutral and efficient catalyst for synthesis of 1,8-dioxo-
octahydroxanthene derivatives in aqueous media. Synth Commun 2007,
37:1059-1066.

Venkatesan K, Pujari SS, Lahoti RJ: An efficient synthesis of 1,8-dioxo-
octahydro-xanthene derivatives promoted by a room temperature ionic
liquid at ambient conditions under ultrasound irradiation. Ultrason
Sonochem 2008, 15:548-553.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

Page 6 of 6

Kumari P, Yathindranath V, Chauhan SMS: Facile and efficient synthesis of
14-alkylor aryl-14-H-dibenzola, jlxanthenes using sulfonic-functionalized
jonic liquids. Synth Commun 2008, 38:637-648.

Bigdeli MA, Heravi MM, Mahdavinia GH: Silica supported Perchloric acid
(HCIO4-Si0,): A mild, reusable and highly efficient heterogeneous
catalyst for the synthesis of 14-aryl or alkyl-14-H-dibenzolg, jlxanthenes.
J Mol Catal A: Chem 2007, 275:25-29.

Kantevari S, Bantu R, Nagarapu L: HClO4-SiO, and PPA-SiO, catalyzed
efficient one pot Knoevenagel condensation, Michael addition and cyclo
dehydration of dimedone and aldehydes in acetonitrile, aqueous and
solvent free conditions: scope and limitations. J Mol Catal A: Chem 2007,
269:53-57.

Su W, Yang D, Jin C: Yb(OTf); catalyzed condensation reaction of -
naphthol and aldehyde in ionic liquids: a green synthesis of aryl-14H-
dibenzola, jixanthenes. Tetrahedron Lett 2008, 49:3391-3394.

Kim BS: Efficient synthesis of xanthene derivatives utilizing ytterbium(lll)
triflate. J Korean Chem Soc 2007, 51:298-300.

Fan XS, Li YZ, Zhang XY: InCl3-4H,0-promoted green preparation of
xanthenedione derivatives in ionic liquids. Can J Chem 2005, 83:16-20.
Kobayashi S, Sugiura M, Kitagawa H, Lam WW: Rare-Earth Metal Triflates in
Organic Synthesis. Chem Rev 2002, 102:2227-2302.

Molander GA, Dowdy ED: Lanthanide and Group 3 Metallocene Catalysis
in Small Molecule Synthesis. In Chemistry and Use in Organic Synthesis.
Edited by: Shu Kobayashi. Berlin, Springer-Verlag; 1999:119-154.

Gopinath P, Nilaya S, Muraleedharan KM: Highly chemoselective
esterification reactions and Boc/THP/TBDMS discriminating
deprotections under Samarium(lll) Catalysis. Org Lett 2011, 13:1932-1935.
Shen Q, Huang W, Wang J, Zhou X: SmCls-catalyzed C-acylation of 1, 3-
dicarbonyl compounds and malononitrile. Org Lett 2007, 9:4491-4494.
Ouertani M, Collin J, Kagan HB: Ether formation from allylic alcohols
catalyzed by samarium trichloride. Tetrahedron 1985, 41:3689-3693.

Hebri H, Dufiach E, Périchon J: SmCls-catalyzed electrochemical reductive
allylation of ketones. Tetrahedron Lett 1993, 34:1475-1478.

Espanet B, Dufiach E, Périchon J: SmCls-catalyzed electrochemical
cleavage of allyl ethers. Tetrahedron Lett 1992, 33:2485-2488.

Jin TS, Wang AQ, Ma H, Zhang JS, Li TS: The reaction of aromatic
aldehydes and 5,5 -dimethyl 1,3 -cyclohexandione under solvent free
grinding conditions. Indian J Chem Sec B 2006, 45B:470-474.

Li JJ, Xu-Ye , Tao XY, Zhang ZH: An effective bismuth trichloride-catalyzed
synthesis of 1,8-dioxo-octahydroxanthes. Phosphorus, Sulfur Silicon Relat
Elem 2008, 183:1672-1678.

Yu JJ, Wang LM, Liu JQ, Guo FL, Liu Y, Jiao N: Synthesis of tetraketones in
water and under catalyst-free conditions. Green Chem 2010, 12:216-219.
Lu H, Li J, Zhang Z: ZrOCl, .8H,0 a highly efficient catalyst for the
synthesis of 1,8-dioxo-octahydroxanthene derivatives under solvent- free
conditions. App/ Organometal Chem 2009, 23:165-169.

Karade HN, Sathe M, Kaushik MP: An efficient synthesis of 1,8-dioxo-
octahydroxanthenes using tetrabutylammoniun hydrogen sulfate. Arkivoc
2007, , xii: 252-258.

Shujiang Tu S, Zhou J, Lu Z, Deng X, Shi D, Wang S: Condensation of
aromatic aldehyde with 5,5 dimethyl 1,3 cyclohexandione without
catalyst. Synth Commun 2002, 32:3063-3067.

Bigdeli M: Clean synthesis of 1,8-dioxooctahydroxanthenes promoted by
DABCO-bromine in aqueous media. Chinese Chemical Letters 2010,
21:1180-1182.

Pore DM, Shaikh TS, Patil NG, Dongare SB, Desai UV: Envirocat EPZ 10: A
solid acid catalyst for the synthesis of 1,8-dioxooctahydroxanthenes in
aqueous medium. Synthetic Commun 2010, 40:2215-2219.

Shahkarami Z, Maleki N, Rostamizadeh M: An efficient synthesis of 2, 20-
arylmethylene bis(3-hydroxy-5,5-dimethyl-2-cyclohexene-1-one) and 1,8-
dioxooctahydroxanthenes using ZnO and ZnO acetyl chloride. Chinese
Chemical Letters 2010, 21:686-689.

doi:10.1186/1752-153X-5-81
Cite this article as: llangovan et al: A highly efficient green synthesis of
1, 8-dioxo-octahydroxanthenes. Chemistry Central Journal 2011 5:81.



http://www.ncbi.nlm.nih.gov/pubmed/6166100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6166100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18055199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17658286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17658286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17658286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12059268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12059268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21395228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21395228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21395228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17902683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17902683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17902683?dopt=Abstract

	Abstract
	Background
	Results and Discussion
	Experimental
	General Procedure for the Preparation of 2, 2’-aryl/alkylmethylene bis (3-hydroxy-5, 5- dimethyl-2-cyclohexene-1-one) (3)
	General Procedure for the Preparation of 3,3,6,6-Tetramethyl-9-aryl-3,4,5,6,7,9-hexahydro-2H-xanthene-1,8-dione (4)
	1. 2, 2’-(4-nitrophenylmethylene)bis(3-hydroxy-5,5- dimethyl-2-cyclohexene-1-one) (3d)
	2. 2,2’-(4-methoxyphenylmethylene)bis(3-hydroxy-5,5-dimethyl-2-cyclohexene-1-one) (3i)
	3. 3,3,6,6-tetramethyl-9-(4-nitrophenyl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione (4d)
	4. 9-(4-hydroxyphenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione (4j)

	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

