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Abstract

An efficient one-pot synthesis of 1,8-dioxo-octahydroxanthene is achieved through a
condensation of arylaldehydes and 5,5-dimethyl-1,3-cyclohexanedione in the presence of N-
bromosuccinimid. This method enjoys several advantages such as low cost, simple work up

procedure and safe reaction conditions.

(e} (0] Ar (6]
Graphical Abstract NBS
AICHO + - 2 EtOH, Reflux
@) or O
DMAC, MW
Table 1. Optimization of reaction condition.

Entry Amount of NBS Condition 3({[175 )1;1

1 0 mol % Reflux/ethanol/20 h 0

2 2 mol % 50°C/ethanol/12 h tr

3 2 mol % Reflux/ethanol/14 h 15

4 5 mol % Reflux/ethanol/14 h 30

5 10 mol % Reflux/ethanol/14 h 55

6 15 mol % Reflux/ethanol/14 h 80

7 20 mol % Reflux/ethanol/14 h 94

8 20 mol % MW/DMAC/5 min 90
Isolated yield.
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Table 2. Preparation of 1,8-dioxo-octahydroxanthenes catalyzed by NBS under reflux and

MW conditions

5’ Time Yield (%)* Mp (°C)
& Ar

e Method A Method B Method A Found

(h) (min) Method B Reported[ref.]

3a CqHs- 12 5 9% 90 204-205  202-204[20]
3b 4-CIC¢H,- 10 5 94 93 225-226  228-230[20]
3c 2-CICeHy- 12 6 88 85 228-230  228-230[20]
3d 4-BrCg¢H,- 10 4 94 90 233-235  234-236[24]
3e 4-FCeHy- 10 4 96 90 224-225  224-226[24]
3f 4-MeC¢H,- 12 5 92 85 218-220  217-218[20]
3g 4-MeOC¢H,- 12 6 88 82 243-245  242-244[20]
3h 2-MeOC¢H,- 12 8 85 80 184-185  190-191[41]
3i 3-MeOC¢H,- 12 8 82 80 177-180

3j 2,4-MeOCgH;- 12 8 85 80 209-211

3k 4-OHCgH,- 12 6 85 81 243-245  246-248[21]
31 2-OHC¢H,- 12 8 82 75 202-205  205-206[41]
3m 4-NO,C¢H,- 10 5 94 90 226-227  226-228[20]
3n 3-NO,C¢H,4 12 5 92 87 168-170  168-170[20]
3o C¢H;CH=CH- 12 6 90 85 177-178  175-177[20]
3p 4-Me,NC¢H,. 12 6 89 85 226-229  226-228[20]
3q 4-pyridil- 12 6 90 86 218-220

3r 2-naphthyl- 12 6 90 84 194-196 ---

*Tsolated yields.
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Introduction

The synthesis of xanthenes derivatives has been of considerable interest to chemists
because of their wide range of biological and pharmaceutical properties such as antiviral
[1], antibacterial [2], and anti-inflammatory activities [3]. Furthermore, these compounds
have been used as dyes [4,5], in laser technology [6,7], pH-sensitive fluorescent materials
for the visualization of biomolecular assemblies [8]. Xanthenediones, a closely related
group of organic compounds, constitute a structural unit in a number of natural products
[9,10] and have been used as versatile synthons because of the inherent reactivity of the
inbuilt pyran ring [11].

So for several methods have been developed for the preparation of 1,8-dioxo-
octahydroxanthene (xanthenediones). The conventional procedures involve acid- or base-
catalyzed condensation of appropriate active methylene carbonyl compounds with
aldehydes [12], However, these methods are plagued by the limitation of prolonged
reaction times, poor yields and side reactions of aldehydes.

Previous synthetic methods are reported using p-dodecylbenzenesulfonic acid (DBSA)
in aqueous media [13,14], namely p-toluenesulfonic acid (p—TsOH) in organic solvent [15],
heterogeneous catalysts (NaHSO4-Si0, and silica chloride) [16], InCl3-4H,0O in ionic liquid
[17], amberlyst-15 [18], polyaniline-p-toluenesulfonate salt [19] and PPA-SiO; [20]. These
methods also suffer from some disadvantages such as the use of toxic solvents, use of
special apparatus, and toxic catalysts. Thus, the development of a new catalyst for the

synthesis of xanthenediones derivatives is highly desirable.
The use of silica gel supported ferric chloride in dry media[21], Dowax-50W under solvent

free conditions[22], diammonium hydrogen phosphate in aqueous media[23], ionic liquids at
ambient temperatures under ultrasound irradiation[24] and others[25],[26],[27] are among the

more recent attempts to eliminate some of the shortcomings of the previous methods.
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The use of organic molecules as catalysts has become an attractive alternative to the
traditional metal-catalysts. Interest in the field of organocatalysis has increased
spectacularly in the last few years as the result of both the novelty of the concept and, more
importantly, the fact that the efficiency and selectivity of many organocatalytic reactions
meet the standards of established organic reactions [28]. N-Bromosuccinimide (NBS) is one
such catalyst that has been known as a brominating agent and has recently received
considerable attention as a catalyst in various organic transformations [29-37].
Furthermore, it is also used in oxidation and free radical reactions under mild and
convenient conditions to afford the desired products in excellent yields and with high
selectivities. However, there are no examples of the use of NBS as a catalyst for the

synthesis of xanthenediones (Scheme 1).

Results and discussion

As part of our ongoing research concerning the use of economically and easily -available
materials as catalysts for various organic transformations [38-40], we wish to report a
simple and efficient use of NBS as a catalyst in synthesis of 1,8-dioxo-octahydroxanthene
derivatives, under mild conditions. In this paper, physical and spectroscopic data including
CHN analysis are reported for new compounds.

Initially, the reaction was performed by reacting dimedone (2.0 equiv.) and
benzaldehyde (1.0 equiv.) in the presence of 2 mol % NBS in ethanol at room temperature.
Under these conditions, only a trace amount of product was obtained after 10 h . The
conditions for this transformation were optimized and the results are shown in Table 1. No
product was obtained in the absence of the catalyst (Table 1, entry 1) even when the
reaction time was extended to 20h, thus demonstrating the necessity of NBS. The amount
of catalyst required for the transformation was investigated using 5-20 mol % of catalyst to

aldehyde. Under these conditions, the yield of the product was in the range of 30-94% (see
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Table 1, entries 4—7). The use of 20 mol % NBS resulted in the best yield (94%) at reflux
temperature (See Table 1, entry7).

As shown in Table 2, aromatic aldehydes having both electron donating or withdrawing
groups reacted readily with dimedone to afford the corresponding 1,8-dioxo-
octahydroxanthenes in 82-96% yields.

A plausible explanation for NBS role is the generation of Br* ions which in turn activate
the aldehyde for further reaction with dimedone. Another explanation for this process is
that NBS probably generates small quantities of HBr or Br,, which may be the actual
catalyst for the reaction.

Our results show high yields of products in the presence of ethanol as well as N,N-
dimethylacetamide (DMAC). It is reported that Br' is generated in DMAC and therefore
we conclude that either in both media the active agent is Br* ion or that Br"ion is active in

DMAC where as HBr is the active agent in a protic solvent such as ethanol [30].

Conclusions
In conclusion, we have successfully developed a simple and efficient crossed aldol
methodology followed by a Micheal addition for the synthesis of 1,8-dioxo-
octahydroxanthene derivatives from dimedone under reflux and MW conditions, using
cheap and readily available NBS as a catalyst. This simple procedure can be applied to the
synthesis of a wide variety of xanthenediones in good to excellent yields. Further

applications of this catalytic system are currently underway.

Experimental
The products (3a-r) were isolated and characterized by physical and spectral data. 'H
NMR spectra were recorded on Bruker Avance-300 MHz spectrometers using 7-10mM

solutions in CDCl; in the presence of tetramethylsilane as an internal standard. IR spectra
63


https://ndea10.khu.ac.ir/jsci/article-1-1335-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-11 ]

Synthesis of 1,8-dioxo-octahydroxanthene derivatives ... G.H. Mahdavinia ...

were recorded using a Perkin-Elmer 843 spectrometer with KBr plates. Melting points were

determined on an Electro thermal 9100, and are not corrected.

General procedure for the synthesis of 1,8-dioxo-octahydroxanthene derivatives:

Method A: A mixture of a substituted benzaldehyde (1 mmol), dimedone (2 mmol), NBS
(0.2 mmol) and ethanol (10 mL) was stirred under reflux condition, for an appropriate time
(Table 2). After completion of the reaction, the mixture was kept at room temperature and
the resulting crystalline product was collected by filtration. The product was found to be

pure and no further purification was necessary.

Method B: A mixture of substituted benzaldehyde (I mmol), dimedone (2 mmol) and NBS
(0.2 mmol) in DMAC (2 mL), contained in a tall beaker, was placed in the microwave
oven. The beaker was covered with a watch glass and irradiated at 600 W powers for an
appropriate time (Table 2). To control the evolution of DMAC from the reaction mixture
and to prevent splashing, irradiation was interrupted after every 20 s. Then the reaction
mixture was allowed to cool to r.t., and H,O (5 mL) was added. The precipitate was filtered
off and washed with H,O and was recrystalized from ethanol to give the corresponding

xanthene derivative.

The spectral (IR, 'H NMR, 3C NMR) and analytical data of unknown compounds are

given below:

Compound 3i (7Table 2): white solid; IR (KBr): vrm/cm'1 3005, 2959, 2873, 1674, 1660,

1625, 1605, 1584, 1486, 1447, 1360, 1274, 1201, 1164, 1139, 1047, 1001, 9001, 862, 801,

768, 691, 654, 574; 'H NMR (300 MHz; CDCls; Me4Si): 6 1.00 (s, 6H, 2CH3), 1.10 (s, 6H,

2CH3), 2.21 (ABq, 4H, J = 16.4 Hz, 2CH,, H-4, H-5), 2.45 (s, 4H, 2CH,, H-2, H-7), 3.77

(s, 3H, OCHj3), 4.74 (s, 1H, H-9), 6.63-6.67 (m, 1H, ArH), 6.86-6.89 (m, 2H, ArH), 7.10-

7.15 (m, 1H, ArH); *C NMR (75 MHz, CDCls): 6 27.41, 29.22, 31.76, 32.18, 40.85, 50.74,
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55.09, 55.13, 111.80, 114.29, 115.54, 120.87, 128.87, 145.68, 159.31, 162.25, 196.39;
Anal. Calcd. for Co4H,304: C, 69.33; H, 9.33; Found: C, 68.99; H, 9.41.

Compound 3j (Table 2): white solid; IR (KBr): vmaX/cm'1 3019, 2967, 2890, 1679, 1667,
1628, 1613, 1589, 1508, 1468, 1429, 1364, 1301, 1272, 1217, 1201, 1170, 1140, 1048,
1005, 933, 836, 578; '"H NMR (300 MHz; CDCls; Me,Si): 6 0.95 (s, 6H, 2CH3), 1.09 (s,
6H, 2CH3), 2.18 (ABq, 4H, J = 16.4 Hz, 2CH,, H-4, H-5), 2.40 (ABq, 4H, J = 17.4 Hz,
2CH,, H-2, H-7), 3.72 (s, 3H, OCH3), 3.74 (s, 3H, OCH3), 4.77 (s, 1H, H-9), 6.32 (d, 1H, J
= 2.3 Hz, ArH), 6.43 (m, 1H, ArH), 7.3 (d, 1H, J = 8.3 Hz ArH); °C NMR (75 MHz,
CDCly): 6 26.67, 29.05, 29.54, 32.12, 40.93, 50.78, 54.99, 55.12, 98.53, 103.91, 113.71,
123.14, 132.55, 158.42, 159.44, 162.78, 196.73; Anal. Calcd. for CpsH30Os: C, 73.17; H,
7.32; Found: C, 73.26; H, 7.45.

Compound 3q (Table 2): white solid; IR (KBr): vmax/cm'1 3042, 2972, 2888, 1748, 1721,
1654, 1604, 1475, 1424, 1396, 1328, 1304, 1244, 1207, 1156, 1053, 973, 850, 636, 566; 'H
NMR (300 MHz; CDCl3; MesSi): 6 0.90 (s, 3H, CHs), 1.12 (s, 3H, CH3), 1.17 (s, 6H,
2CHj3) 2.21 (m, 4H, 2CH;), 2.69 (m, 3H), 3.26 (d, 1H, J =14.7 Hz), 4.81 (s, 1H, H-9), 7.77
(sbr, 2H, ArH), 8.70 (sbr, 2H, ArH); °C NMR (75 MHz, CDCly): 6 26.41, 28.41, 28.78,
30.02, 30.82, 34.44, 37.25, 49.88, 50.76, 52.15, 53.95, 102.65, 113.18, 125.57, 145.08,
151.84, 177.95, 192.88, 198.07, 198.11; Anal. Calcd. for C»,HysNOs: C, 75.21; H, 7.12; N,
3.99; Found: C, 75.83; H, 6.99; N, 4.08.

Compound 3r (Table 2): with solid; IR (KBr): vmaX/cm'1 3069, 2971, 2940, 2885, 1679,

1667, 1630, 1605, 1511, 1466, 1364, 1199, 1167, 1142, 1005, 829, 747, 484; '"H NMR (300

MHz; CDCl3; Me,Si): 6 0.98 (s, 6H, 2CH3), 1.10 (s, 6H, 2CH3), 2.19 (ABq, 4H, J = 16.3

Hz, 2CH,, H-4, H-5), 2.51 (s, 4H, 2CH,, H-2, H-7), 4.92 (s, 1H, H-9), 7.36-7.40 (m, 2H,

ArH), 7.44-7.47 (m, 1H, ArH), 7.69-7.75 (m, 4H, ArH); >*C NMR (75 MHz, CDCl): &

27.32, 29.30, 31.98, 32.21, 40.89, 50.72, 115.59, 125.29, 125.58, 126.87, 127.13, 127.45,
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127.68, 127.97, 132.34, 133.37, 141.62, 162.31, 196.40; Anal. Calcd. for C,;H203: C,
81.00; H, 7.00; Found: C, 81.13; H, 7.07.

Ar 0]
NBS, DMAC NBS Ethanol
<«——— ArCHO + 2
MW Reflux

O

3

Scheme 1
Acknowledgment

We gratefully acknowledge financial support from the Research Council of Tarbiat

Moallem University.

References
1. R.W. Lambert, J.A. Martin, J.H. Merrett, K.E.B. Parkes, G.J. Thomas, Chem. Abstr. 126
(1997) p212377y, PCT Int. Appl. WO 9706178, (1997).
2. T. Hideo, Chem. Abstr. 95 (1981) 80922b, Jpn. Tokkyo Koho JP 56005480, (1981).
. J.P. Poupelin, G. Saint-Rut, O. Foussard-Blanpin, G. Narcisse, G. Uchida-Ernouf, R.

[98)

Lacroix, Eur. J. Med. Chem. 13 (1978) 67.
. A. Banerjee, A.K. Mukherjee, Stain Technol. 56 (1981) 83.
S. M. Menchen, S.C. Benson, J.Y.L. Lam, W. Zhan, D. Sun, B.B. Rosenblum, S.H.
Khan, M. Ting, U.S. Patent, 6583168, (2003).
. O. Sirkeeioglu, N. Talinli, A. Akar, J. Chem. Res. (S) (1995) 502.
7. M. Ahmad, T.A. King, Do.-K. Ko, B.H. Cha, J. Lee, J. Phys. D: Appl. Phys. 35 (2002)
1473.
8. C.G. Knight, T. Stephens, Biochem. J. 258 (1989) 683.

AT

@)

66


https://ndea10.khu.ac.ir/jsci/article-1-1335-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-11 ]

Synthesis of 1,8-dioxo-octahydroxanthene derivatives ... G.H. Mahdavinia ...

9. S. Hatakeyma, N. Ochi, H. Numata, S. Takano. J. Chem. Soc. Chem. Commun. (1988)
1202.

10. G.M. Cingolant, M. Pigini, J. Med. Chem. 12 (1988) 531.

11. C.N. O’Callaghan, T.B.H. McMurry, J. Chem. Res. Synop. (1995) 214; J. Chem. Res.
Miniprint (1995) 1448.

12. J. Kuthan, P. Sebek, S. Bohm, Advances in heterocyclic chemistry. Vol. 62. Academic
Press, Inc., New York. 1995, 19.

13. T.S. Jin, J.S. Zhang, J.C. Xio, A.Q. Wang, T.S. Li, Synlett (2004) 866.

14. T.S. Jin, J.S. Zhang, A.Q. Wang, T.S. Li, Ultrason. Sonochem. 13 (2006) 220.

15. A. R. Khosropour, M.M. Khodaei, H. Moghannian, Synlett (2005) 955.

16. B. Das, P. Thirupathi, K.R. Reddy, B. Ravikanth, L. Nagarapu, Catal. Commun. 8
(2007) 535.

17. X. Fan, X. Hu, X. Zhang, J. Wang, Can. J. Chem. 83 (2005) 16.

18. B. Das, P. Thirupathi, I. Mahender, V.S. Reddy, Y.K. Rao, J. Mol. Catal. A: Chem. 247
(2006) 233.

19. A. John, J.P. Yadav, S. Palaniappan, J. Mol. Catal. A: Chem. 248 (2006) 121.

20. S. Kantevari, R. Bantu, L. Nagarapu, J. Mol. Catal. A: Chem. 269 (2007) 53.

21. H.R. Shaterian, A. Hosseinian, M. Ghashang, Phosphorous and Silicon and the Related
Elements, 183 (2008) 3136.

22. G.I. Shakibaei, P. Mirzaei, A. Bazgir, Applied Catalysis A: General 325 (2007) 188.

23. F. Darvich, S. Balalaie, P. Salehi, Synth. Comm. 37 (2007) 1059.

24. K. Venkatesan, S.S. Pujari, R.J. Lahoti, K.V. Srinivasan, Ultra. Sono. Chem. 15 (2008)
548.

25. M. Dabiri, S.C. Azimi, A. Bazgir, Chemical Letters, 62 (2008) 522.

26. S. Kantevari, R. Bantu, L. Nagarapu, J. Mol. Catal. A: Chem. 269 (2007) 53.

27. Yu. Schekotikhin, T.G. Nikolaeva, Chem. of Hetero. Comp. 42 (2006) 28.

28. P.I. Dalko, L. Moisan, Angew. Chem., Int. Ed. 43 (2004) 5138.

67


https://ndea10.khu.ac.ir/jsci/article-1-1335-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-11 ]

Synthesis of 1,8-dioxo-octahydroxanthene derivatives ... G.H. Mahdavinia ...

29. K. Surendra, N.S. Krishnaveni, V.P. Kumar, R. Sridhar, K.R. Rao, Tetrahedron Lett. 46
(2005) 4581.

30. B. Karimi, H. Hazarkhani, J. Maleki, Synthesis (2005) 279.

31. S.K. Talluri, A. Sudalai, Org. Lett. 7 (2005) 855;

32. N.S. Krishnaveni, K. Surendra, K.R. Rao, Adv. Synth. Catal. 346 (2004) 346;

33. R. Rajagopal, D.V. Jarikote, R.J. Lahoti, D. Thomas, K.V. Srinivasan, Tetrahedron
Lett. 44 (2003) 1815;

34. A. Podgorsek, S. Stavber, M. Zupan, J. Iskra, Tetrahedron Lett. 47 (2006) 1097,

35. 1. Pravst, M. Zupan, S. Stavbre, Tetrahedron Lett. 47 (2006) 4707,

36.J. Wu, W. Sun, X. Sun, H.-G. Xia, Green Chem. 8 (2006) 365;

37. C.-W. Kuo, S.V. More, C.-F. Yao, Tetrahedron Lett. 47 (2006) 8523.

38. M.A. Bigdeli, M.M. Heravi, G.H. Mahdavinia, Catal. Commun. 8 (2007) 1595.

39. M.A. Bigdeli, S. Jafari, G.H. Mahdavinia, H. Hazarkhani, Catal. Commun. 8 (2007)
1641.

40. M.A. Bigdeli, G.H. Mahdavinia, S. Jafari, J. Chem. Res. 1 (2007) 26.

41. E.C. Horning, M.G. Horing, J. Org. Chem. 11 (1946) 95.

68


https://ndea10.khu.ac.ir/jsci/article-1-1335-fa.html
http://www.tcpdf.org

