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Abstract
    A general synthetic route to dibenzoxanthenes has been developed using 1,4-diazanium-bicyclo[2.2.2]octane diacetate as a new bis ionic liquid under thermal and solvent free condition. This method provides several advantages such as simple work-up, environmental friendliness and shorter reaction time along with high yields. All of synthesized compounds were characterized by Infrared spectroscopy, 1H and 13C nuclear magnetic resonance spectroscopy and Elemental analyses.
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1. Introduction

   Research on xanthenes, especially benzoxanthenes, has emerged in organic synthesis due to their wide range of biological and therapeutic properties like antiviral,1 antiinflammatory,1 and antibacterial activities,1 as well as in photodynamic therapy2 and as antagonists of the paralyzing action of zoxazolamine.3 Xanthenes are also available from natural sources. Popularly known, Santalin pigments have been isolated from a number of plant species.4 Furthermore, due to their useful spectroscopic properties they are used as dyes,5 in laser technologies,6 and in fluorescent materials for visualization of biomolecules.7 Many procedures are disclosed to synthesize xanthenes and benzoxanthenes like cyclodehydrations, 8 trapping of benzynes by phenols,9 alkylations of hetero atoms,10 cyclocondensations between 2-hydroxyaromatic aldehydes and 2-tetralone.11 Benzaldehydes and acetophenones bearing tethered carbonyl chains underwent the intramolecular phenyl-carbonyl coupling reactions in presence of samarium diiodide and hexamethylphosphoramide to afford xanthenes.12 In addition, 14H-dibenzo- [a,j]xanthenes and related products are prepared by reaction of β-naphthol with formamide,1 1-hydroxy methyl-naphthalen-2-ol 13 and carbon monoxide.14
   Due to environmental concerns, the use of benign solvents as alternatives to volatile organic solvents is of much interest to organic chemists. The use of ionic liquids as reaction media and catalyst can offer a solution to solvent emission and catalyst recycle problems.15,16 Ionic liquid possess the advantages like negligible vapor pressure, reasonable thermal stability and recyclability. They dissolve many organic and inorganic substrates and are tunable to specific chemical tasks.17 recently; ionic liquids have been successfully employed as solvents with catalytic activity for a variety of reactions.18
   2. Results and discussion

     As part of our going interest for the development of efficient and environmentally friendly procedures for the synthesis of heterocyclic and pharmaceutical compounds,19-22 an efficient, facile and solvent free procedure was introduced for the synthesis of 14-aryl-14H-dibenzo [a,j]xanthenes (Scheme 1). For this purpose, the reaction of aromatic aldehydes and β-naphthols using bis ionic liquid (1,4-diazanium-bicyclo[2.2.2]octane diacetate, DABCO-diacetate), was investigated for the first time. The procedure presented here not only gives the desired products in good yields, but also avoids the problems associated with conventional solvents such as cost, handling, safety and pollution, and moreover the reaction times are reduced to a few minutes.
    To emphasize the effect of Ionic Liquid, the model reaction between 4-chlorobenzaldehyde and β-naphthol was described and different acidic catalysts were subjected to the reaction. All the reactions were run with catalytic amounts of catalysts. As can be seen in Table 1 satisfactory results were obtained only with DABCO-diacetate (entry 9).
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Scheme 1. Synthesis of benzoxanthenes using [DABCO]diacetate

Table 1. Effect of catalyst or media on the reaction of 4-chlorobenzaldehyde and β-naphthol 
	entry
	catalyst
	Catalyst amount/1mmol of substrate
	Reaction condition
	Time (min)
	Yield(%)

	1
	H2SO4
	5drops
	reflux
	7200
	34

	2
	p-TsOH
	0.5mmol
	reflux
	3600
	45

	3
	Montmorillonite K10
	0.5g
	reflux
	120
	81

	4
	HY-Zeolite
	0.5g
	reflux
	120
	68

	5
	I2
	0.5mmol
	reflux
	7200
	15

	6
	L-proline
	0.5mmol
	reflux
	3600
	45

	7
	Nano particle Fe3O4
	0.5g
	reflux
	60
	83

	8
	DBU-Ac
	0.5mmol
	Heat, 80°C
	10
	82

	9

	DABCO-diAc
	0.5mmol
	Heat, 80°C
	6
	91

	10

	DABCO-diAc
	0.3mmol
	Heat, 80°C
	8
	85

	11

	DABCO-diAc
	0.5mmol
	Heat, 60°C
	8
	74


     To release the efficiency and generality of the reaction, various benzaldehye was treated with β-naphthol in this reaction condition in the presence of DABCO-diAc. The results are summarized in Table 2. According to the table, we could see that all the reactions afforded to the corresponding xanthenes 3a-p in high yield.

      On the other hand, the synthesis of xanthenes from hydrazone gave shorter reaction time and higher yield rather than aldehyde. It seems the conversion of aldehyde to hydrazone helps to facilitate the nucleophilic addition of β-naphthol to aldehyde. Because the hydrazones are unstable in basic ionic liquid media and it helps to treat better with β-naphthol. 
Table 2. Synthesis of 14-aryl-14H-dibenzo [a,j]xanthenes and comparison of efficiency [DABCO]diacetate 

	entry
	product
	Procedure a
	Procedure b
	m.p.
	Ref.

	
	
	Time (min)
	Yield (%)
	Time (min)
	Yield

(%)
	
	

	1
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O
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3a


	5
	94
	3
	98
	310-311
	1, 23, 24

	2
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	6
	91
	3.5
	97
	287-288
	1, 23, 24 

	3
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	6
	89
	4
	95
	294-295
	1, 23,24 

	4
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	5.5
	87
	4
	94
	239-240
	1, 23, 24 

	5
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	8
	83
	5
	91
	293-294
	1, 23, 24 

	6
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	5
	94
	3
	97
	210-211
	1

	7
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	8
	87
	5.5
	94
	215-216
	1, 23, 24 

	8
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	6
	92
	4
	93
	192-193
	1, 23,24 

	9
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	6.5
	94
	5
	98
	262-263
	1, 23, 24 

	10
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	10
	87
	6
	93
	145-146
	1, 23, 24

	11
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	9
	89
	5.5
	95
	227-228
	1, 23, 24 
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	10
	86
	6
	92
	205-206
	1, 23, 24 
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	8
	90
	260-261
	1, 23, 24
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	6
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	181-182
	1, 23, 24 
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	13
	85
	7
	95
	189-190
	      -


aAll products were characterized by their physical constant, comparison with authentic samples, IR and  NMR spectroscopy. bYields based upon starting aldehyde
    After reaction, the ionic liquid is easily separated from the reaction medium by washing with distilled water (IL is soluble in water). The washed ionic liquid is distilled under vacuum to recover solvent for reuse in subsequent reactions. After three successive runs, recycled ionic liquid showed no loss of efficiency with regard to reaction time and yield (Table 3). 

Table 3. Evaluation of reusability of ionic liquid for the synthesis of 3b

	run
	1
	2
	3
	4
	5

	Time(min)
	6
	6
	6
	7
	7

	Yield(%)
	91
	90
	88
	90
	88

	m.p. (°C)
	287-288
	287-289
	288-290
	287-288
	287-289


     In the proposed mechanistic procedure as described as Scheme 2, initially Aldehyde and β-naphthol were activated via dipolarization by DABCO-diacetate, followed by nuclophilic attack of 2 equivalent of β-naphthol to activated aldehyde and finally, dehydration, compound 3 was produced.

     To investigation of efficiency of this method, the comparison between this method and some of previous reported methods for the synthesis of 3b was carried out (Table 4).

Table 4. Comparison of synthesis of compound 3b in this method with some of previous reported methods

	Entry
	Catalyst
	Condition
	Time (min)
	Yield (%)
	Ref.

	1
	SelectfluorTM
	stir at 125 oC
	420
	95
	1

	2
	Polytungstozincate acid
	80 oC/Solvent-free
	90
	88
	23

	3
	CoPy2Cl2
	85 oC, neat conditions
	120
	95
	24

	4
	Alum
	Water, 100 o C
	240
	90
	25

	5
	SiO2-ZnCl2
	Stir, 100oC
	40
	83
	26

	6
	[Et3N-SO3H]Cl
	Sonication, 80 oC
	40
	93
	27

	7
	Mg(BF4)2 doped in [BMim][BF4]
	Neat, 80 oC
	15
	94
	28

	8
	DABCO-dihydroAc
	procedure a
	6
	91
	This work

	9
	DABCO-dihydroAc
	Procedure b
	3.5
	97
	This work


3. Experimental
     Chemicals were purchased from Merck and Fluka. All solvents used were dried and distilled according to standard procedures. Melting points were measured on an Electrothermal 9100 apparatus. IR spectra were determined on a Shimadzo FT-IR 8600 spectrophotometer. 1H and 13C NMR spectra were determined on a Bruker 400 DRX Avance instrument at 400 and 100 MHz. Elemental analyses were recorded on a Carlo-Erba EA1110CNNO-S analyzer.
Preparation of 1,4-diazanium-bicyclo[2.2.2]octane diacetate, [DABCO]diacetate, as a novel bis ionic liquid
    A mixture of 1,4-diaza-bicyclo[2.2.2]octane (10 mmol) and acetic acid (20mmol) were irradiated with microwave (180W) for 2min at 100 ºC three times. After completion of the reaction, the mixture was washed with diethyl ether (3*10mL). The organic product was extracted from liquid phase and evaporated under vacuum to produce desired ionic liquid.
    Analytical data for DABCO-diAc: yellow oil. 1H NMR (400MHz, CDCl3): δ 2.16 (s, 2H), 3.01 (s, 12H), 14.11 (s, 2H) ppm. 13C NMR (100MHz, CDCl3): δ 21.9, 44.5, 175.8 ppm.
General procedure for the preparation of 3a-n
    A mixture of aldehyde (1mmol), β-naphthol (2mmol) and [DABCO]diacetate (0.5mmol) was heated at 80 °C for the required reaction time according to Table 1. After completion of reaction, as indicated by TLC, the reaction product was extracted by CHCl3/H2O. After evaporation of organic solvent, the crude product was released and recrystallized from EtOH and dried to afford power compounds of 3a-p.
     The filtrate was concentrated under reduced pressure and washed with diethyl ether. Then, it dried in a vacuum evaporator to recover the ionic liquid for subsequent use.

Analytical data for synthesized compounds
14-(4-Nitrophenyl)-14H-dibenzo[a,j]xanthene (3a): yellow solid; m.p. 310-311°C; IR (KBr) ν 3065, 1623, 1554, 1352, 1221 cm-1; 1H NMR (400 MHz, CDCl3) δ  6.7 (s, 1H), 7.69-8.05 (m, 12H), 8.34 (d, J = 8.7 Hz, 2H), 8.58 (d, J = 8.2 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ  38.9, 121.8, 122.5, 125.2, 126.5, 127.1,131.8, 132.4, 132.9, 135.2, 136.5, 136.6, 136.9, 147.3, 151.9 ppm; Anal Calc. for C27H17NO3: C, 80.38; H, 4.25; N, 3.47. Found: C, 80.43; H, 4.21, N, 3.52.
14-(4-Chlorophenyl)-14H-dibenzo[a,j]xanthene (3b): Brown solid; m.p. 287-288°C; IR (KBr) ν 3068, 1646, 1556, 1487, 1233, 1121 cm-1. 1H NMR (400MHz, CDCl3) δ  6.49 (s, 1H), 7.12 (dd, J = 2.0 Hz, J = 6.4 Hz, 2H), 7.42-7.45 (m, 2H), 7.46-7.49 (m, 2H), 7.51 (s, 2H), 7.58-7.62 (m, 2H), 7.82 (d, J = 9.2 Hz, 2H), 7.86 (d, J = 8.0 Hz, 2H), 8.34 (d, J = 8.4 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ  36.7, 115.9, 119.0, 124.9, 126.3, 126.9, 130.2, 130.3, 133.0, 134.5, 135.7, 139.2, 139.8, 146.1, 151.4 ppm; Anal. Calcd for C27H17ClO: C, 82.54; H, 4.36. Found: C, 82.58; H, 4.29.

14-(4-bromophenyl)-14H-dibenzo[a,j]xanthene (3c): Brown solid; m.p. 294-295°C; IR (KBr) ν 3123, 1654, 1537, 1481, 1223, 1126 cm-1. 1H NMR (400MHz, CDCl3) δ 6.74 (s, 1H), 7.35 (d, J = 8.4Hz, 2H), 7.48 (t, J = 7.2Hz, 2H), 7.56-7.66 (m, 6H), 7.95 (d, J = 8.8Hz, 4H), 8.66 (d, J = 8.4Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 35.8, 112.9, 118.3, 125.1, 126.7, 126.8, 131.9, 132.3, 133.6, 134.9, 135.0, 139.1, 140.8, 145.2, 153.5 ppm; Anal. Calcd for C27H17BrO: C, 74.15; H, 3.92. Found: C, 74.09; H, 3.99.

14-(2-Nitrophenyl)-14H-dibenzo [a,j]xanthene (3e): Yellow solid; m.p. 293-294 oC; IR (KBr) ν 3354, 3018, 1625, 1556, 1367, 1289, 1109 cm-1; 1H NMR (400 MHz, CDCl3) δ 6.57 (s, 1H), 7.23-8.76 (m, 16H); 13C NMR (100 MHz, CDCl3) δ 34.7, 119.2, 121.4, 123.5, 124.9, 125.0, 126.4, 129.0, 130.4, 130.8, 131.9, 133.9, 136.6, 137.2, 143.3, 145.5, 150.2 ppm; Anal. Calcd for C27H17NO3: C, 80.38; H, 4.25; N, 3.47. Found: C, 80.42; H, 4.20, N, 3.51.

14-(3-nitrophenyl)-14H-dibenzo[a,j]xanthene (3f): Yellow solid; m.p. 210-211 oC; IR (KBr) ν 3054, 2936, 1556, 1489, 1343, 1223 cm-1; 1H NMR (400 MHz, CDCl3) δ  6.55 (s, 1H), 7.23–7.81 (m, 13H), 8.32 (d, J = 8.5 Hz, 2H),8.56 (s, 1H) ppm; 13C NMR (100 MHz, CDCl3) δ 34.7, 119.2, 121.4, 123.5, 125.0, 126.4, 129.0, 130.4, 130.8, 131.9, 133.7, 133.9, 136.6, 137.2, 143.3, 145.5, 150.2 ppm; Anal. Calcd for C27H17NO3: C, 80.38; H, 4.25; N, 3.47. Found: C, 80.34; H, 4.22, N, 3.54.

14-(3-Bromophenyl)-14H-dibenzo[a,j]xanthenes (3h): Yellow solid; m.p. 192-193 oC; IR (KBr) ν 3015, 2926, 1612, 1476, 1321, 1212cm-1; 1H NMR (DMSO-d6, 400 MHz) δ 6.61 (s, 1H), 6.65-7.11 (m, 2H), 7.32 (d, J = 7.6 Hz, 2H), 7.51-7.53 (m, 5H), 7.65-7.81 (m, 2H), 7.85-7.89 (m, 4H), 8.14 (d, J = 7.8 Hz, 1H); 13CNMR (DMSO-d6, 100 MHz) δ 32.1, 114.3, 115.4, 123.3 (two carbons), 128.9, 129.1, 129.3, 129.7 (two carbons), 129.8, 130.5, 130.6, 130.9, 131.8, 132.2, 145.5, 149.6 ppm; Anal. Calcd for C27H17BrO: C, 74.15; H, 3.92. Found: C, 74.25; H, 3.94.
14-(3-Fluorophenyl)-14H-dibenzo[a,j]xanthene (3i): Brown solid; m.p. 262-263 oC; IR (KBr) ν 3143, 1568, 1412, 1254, 1117, 1078 cm-1; 1H NMR (400 MHz, CDCl3) δ  6.51 (s, 1H), 6.77-8.24 (m, 16H) ppm; 13C NMR (100 MHz, CDCl3) δ 37.3, 113.0, 113.5, 116.1 (3JC–F = 2.6 Hz), 117.1, 119.8, 120.1, 121.9, 124.3 (3JC–F = 2.8 Hz), 124.8, 128.0, 129.1, 129.7, 130.1 (2JC–F = 28.3 Hz), 134.5 (2JC–F = 33.4 Hz), 147.8 (1JC–F = 160.2 Hz), 151.2 ppm; Anal.Calcd for C27H17FO: C, 86.15; H, 4.55; F, 5.05. Found: C, 86.09; H, 4.54.
14-(4-Hydroxyphenyl)-14H-dibenzo[a,j]xanthene (3j): Pink solid; m.p. 145-146 oC; IR (KBr) ν 3414, 1609, 1512, 1464, 1235, 1123 cm-1; 1H NMR (400 MHz, CDCl3) δ 4.76 (br, s, 1H), 6.37(s, 1H), 6.52-8.87 (m, 16H) ppm; 13C NMR (100 MHz, CDCl3) δ 34.3, 116.7, 118.0, 118.4, 123.2, 124.6, 126.1, 126.7, 128.4, 130.8, 132.4, 132.8, 139.9, 146.8, 157.1ppm; Anal. Calcd for C27H18O2: C, 86.61; H, 4.85. Found: C, 86.63; H, 4.78.
14-(4-Methylphenyl)-14H-dibenzo[a,j]xanthene (3k): White solid; m.p. 227-228 °C; IR (KBr) ν 3013, 2923,1634, 1589, 1487, 1492, 1233 cm-1; 1H NMR (400 MHz, CDCl3) δ 2.32 (s, 3H), 6.42 (s, 1H), 6.78 (d, J = 9.6 Hz, 2H), 7.54-8.09 (m,12H), 8.43 (d, J = 8.9 Hz, 2H) ppm; 13C NMR (100 MHz,CDCl3) δ 23.1, 36.2, 113.6, 117.1, 126.2, 126.7, 128.2, 129.5, 131.4, 132.2, 133.2, 134.1, 144.8, 148.6, 149.8, 151.5 ppm; Anal. Calcd for C28H20O: C, 90.29; H; 5.41. Found: C, 90.34; H; 5.42.

14-(4-Methoxyphenyl)-14H-dibenzo[a,j]xanthene (3l): yellow solid; m.p. 205-206 °C; IR (KBr) ν 3123, 2876, 1675, 1609, 1588, 1437, 1387, 1276 cm-1; 1H NMR (400 MHz, CDCl3) δ 3.53 (s, 3H), 6.54 (s, 1H), 6.73 (d, J = 8.7 Hz, 2H),7.56–7.76 (m, 12H), 8.67 (d, J = 8.7 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 36.9, 53.2, 112.6, 117.8, 118.9, 124.0, 124.1, 126.8, 129.1, 127.8, 130.9, 137.0, 137.8, 151.3, 152.5, 153.2 ppm; Anal. Calcd for C28H20O2: C, 86.57; H; 5.19. Found: C, 86.41; H; 5.20.

14-phenyl-14H-dibenzo [a,j]xanthene (3n): White solid; m.p. 181–183 oC; IR (KBr) ν 3089, 2911, 1623, 1580, 1542, 1437, 1256, 1177cm-1; 1H NMR (400 MHz, CDCl3) δ 6.51 (s, 1H), 6.98-7.02 (m, 1H), 7.14-7.18 (m, 2H), 7.40-7.44 (m, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.53-7.55 (m, 2H), 7.59-7.61 (m, 2H), 7.81 (d, J = 8.8 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H), 8.4 (d, J = 8.4 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 31.3, 114.2 (two carbons), 121.2,123.5, 125.6, 127.8 (two carbons), 129.1 (two carbons), 133.4, 135.6, 145.2, 149.3, 159.1 ppm; Anal. Calcd for C27H18O: C, 90.47; H, 5.06. Found: C, 90.41; H, 5.13.

3-(14H-Dibenzo[a,j]xanthen-14-yl)chromen-4-one (3o): Light yellow solid; m.p. 194-196 oC; IR (KBr) ν 3143, 1623, 1576, 1423, 1278, 1208, 1181 cm-1; 1H NMR (400 MHz, CDCl3) δ 6.10 (s, 1H), 6.52 (s, 1H), 7.56-8.05 (m, 16 H) ppm; 13C NMR (100 MHz, CDCl3) δ 36.7, 55.4, 112.2, 114.3, 117.6, 118.1, 118.5, 118.9, 123.6, 125.2, 129.8, 131.2, 133.7, 136.1, 139.6, 143.1, 147.4, 151.3, 161.1 ppm; Anal. Calcd for C30H18O3: C, 84.49; H, 4.25. Found: C, 84.37; H, 4.21.
14-(4-N,N-dimethylphenyl)-14H-dibenzo[a,j]xanthene (3p): yellow solid; m.p. 189-190 oC; IR (KBr) ν 3112, 1632, 1514, 1445, 1232, 1212, 1209, 1123 cm-1. 1H NMR (400 MHz, CDCl3) δ 3.01 (s, 6H), 6.83 (s, 1H), 7.39-7.49 (m, 3H), 7.54-7.67 (m, 4H), 7.78- 7.85 (m, 3H), 7.91-7.99 (m, 2H), 8.03 (d, J = 9.2 Hz, 1H), 8.20 (s, 1H), 8.69 (d, J = 8.4 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) δ 34.2, 75.2, 113.2, 115.1, 117.6, 118.1, 119.1, 122.7, 125.3, 129.8, 130.9, 134.8, 143.1, 144.6, 149.1, 163.2 ppm; Anal. Calcd for C29H23NO: C, 86.75; H, 5.77; N, 3.49. Found: C, 86.77; H, 5.56; N, 3.65.

4. Conclusion

    In conclusion, we have investigated the the ionic liquid 1,4-diazanium-bicyclo[2.2.2]octane diacetate as a mild and efficient media for the synthesis of substituted 14-aryl-14H-dibenzo[a,j]xanthenes. The remarkable advantages offered by this method are: catalyst is inexpensive, non-toxic, easy handling and reusable, simple work-up procedure, short reaction time, high yields of product with better purity and green aspect by avoiding toxic catalyst and hazardous solvent. To the best of our knowledge this is the first report on synthesis of alkyl- or aryl-14H-dibenzo[a,j]xanthene derivatives using ionic liquid 1,4-diazanium-bicyclo[2.2.2]octane diacetate.
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