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Abstract: An efficient and convenient methodology is introduced for preparation of xanthones and
dixanthones through direct coupling of salicylic acids and phenols. It is based on the use of POCl; and
catalytic amount of calix[4]arene sulfonic acid as a highly thermally stable and recyclable
organocatalyst. A variety of salicylic acids and phenols were treated with POCI; and the catalyst in the
absence of solvent at 80 °C which afforded the corresponding xanthones in good to high yields.
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Introduction

The xanthones nucleus is the main scaffold of a large category of natural and synthetic
materials that demonstrated pharmaceutical properties such as extraordinary anti-inflammatory
activity' and act as inhibitors in growth of different human tumor cell lines”. Xanthones are
known as a common type of antimalarial compounds’. In addition, xanthone skeleton displays
good thermo-oxidative and hydrolytic stability and cause to have considerable potential as a
structural motif in high performance and engineering polymers’. Several derivatives of
xanthone were isolated from higher plants, fungi and lichens’. However; the naturally
occurring xanthones are limited to a narrow range of substituents imposed by the biosynthetic
pathways. So, in addition to extracting some natural occurring derivatives, several efforts have
been employed to synthesize them from their constituent fragments to construct the fused
pyranone ring. Therefore a number of methods are developed for the synthesis of new
derivatives, including cyclodehydration of 2,2’-dihydroxybenzophenones®, electrophilic
cycliacylation of 2-aryloxybenzoic acids’, tandem coupling-cyclization of arenes with
salicylates®, oxidative cyclization of 2-phenoxy-benzaldehydes’ and nucleophilic aromatic
substitution reaction(SyAr) for cyclization of o-halobenzophenonesm.
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In cycloacylation-dehydration procedures an excess amount of acid activating agent
such as POCI;, PPA and P,Os have been applied in the presence of quantitative amount of
sulfonic acids or Lewis acids'!. Unfortunately, these methods suffer from serious drawbacks
such as low yield"?, freshly prepare catalyst'’ and high temperature (~200 °C)'*. Along this,
to introduce an efficient and convenient method for the synthesis of xanthones and
bisxanthones which fulfill the demands for the preparation of new compounds with
possibility of having different substituents on the xanthonic nucleus, we explored the
convenient procedure using calix[4]arene parasulfonic acid organocatalyst and POCl; as an
acylating agent. The derived products were listed in Table 1.

Experimental

The fine chemicals including p-tert-butylphenol, formaldehyde solution (37%), diphenyl
ether, ethylacetate, methanol and sodium hydroxide were purchased from Merck
(Schuchardt, Germany). Salicylic acid, 2,5-dihydroxy salicylic acid, resorcinol, phosphorus
oxychloride and silica gel were obtained from Fluka (Switzerland). Melting points were
determined with an Electrothermal 9100 melting point apparatus. IR and 'H NMR spectra
were recorded respectively on Bruker FTIR spectrometer and Bruker Avance III 400MHz
NMR spectrometer using tetramethylsilane (TMS) as an internal standard. GC-MS analyses
were carried out on a Shimadzu GC 17A gas chromatograph coupled with a MS-QP 5000
Shimadzu mass spectrometer (Tokyo, Japan). Elemental analyses were performed by a CHN
Rapid Heraeus elemental analyzer (Wellesley, MA).

General procedures for preparation of xanthones

To a round bottom flask containing salicylic acid (1 mmol), phenol derivatives (1 mmol), POCl;
(1.1 mmol) and catalyst (0.06 mmol) was added. The flask was placed in an oil bath and
temperature was adjusted to 80 °C. After completion of the reaction which was monitored with
TLC, it was poured on to the crushed ice and allowed to stay for an hour. Then extracted with
chloroform and washed with saturated aqueous sodium bicarbonate and water and dried. For
further purification flash column chromatography was performed using (petroleum
ether/ethylacetate, 95:5).

3-Hydroxy xanthone (1)”

The compound 1 was obtained (230.6 mg, 93%) and characterized according to the
described procedure** from compound 1 (138 mg, 1 mmol) and resorcinol (110 mg, 1
mmol). (Mp. 179 °C) IR (KBr): 3408, 2937, 1646, 1495, 1469, 1280, 1164, 1034 cm™.

'H NMR (CDCly) &: 6.64 (dd, J = 7.4 Hz, 1H), 6.72 (d, J = 2.8 Hz, 1H), 7.28-7.33 (m,
1H), 7.38 (d, J = 8 Hz, 1H), 7.45 (dd, J = 8.0, 1H), 7.58-7.63 (m, 1H), 8.04 (dd, J = 8.0, 1H),
9.64 (s, 1H). °*C NMR (CDCI3): 101.2, 107.3, 117.8, 121.7, 122.9, 125.2, 127.5, 135.4,
146.2, 155.2, 158.9, 156.8, 177.8; ESI-MS m/z: 212; Anal. Calcd for C;3HgO5: C 73.58, H
3.76. Found: C, 73.75; H, 3.53.

2,6-Dihydroxy xanthone (2)'°

The compound 2 was synthesized (216.5 mg, 82%) according to the same procedure
mentioned as general procedure, using compound 2 (154 mg, 1 mmol) and resorcinol
(110 mg, 1 mmol): IR (KBr): 3416, 3010, 2967, 1663, 1457 cm.

"H NMR (CDCI3) &: 6.47 (d, J =3.2 Hz, 1H), 6.61 (dd, J = 7.6 Hz, 1H), 6.78 (dd, J=7.6, 1H),
6.88 (d, J=8 Hz, 1H), 7.09 (d,J = 2.8, 1H), 7.22 (d, J = 7.8, 1H), 9.49 (s, 1H) 9.51 (s, 1H). *C NMR
(CDClL): 108.3, 113.6, 118.2, 120.6, 121.8, 123.4, 127.4, 130.5, 133.4, 136.3, 149.9, 156.5, 177.4.
ESI-MS m/z: 232; Anal. Calcd for C;3HgO,: C 67.24, H 3.45. Found: C, 67.68; H, 3.73.
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7H-Benzo[c]xanthen-7-one (3)°

The compound 3 was obtained in (253.8 mg, 90%) good yield and characterized according
to the general procedure mentioned earlier from compound 1 (138 mg, 1 mmol) and 1-
naphthol (144 mg, 1 mmol). IR (KBr): 3061, 1654, 1439, 1153 cmh

'H NMR (CDCly) 8: 7.36 (t, J = 7.8 Hz, 1H), 7.61-7.7 (m, 5H), 7.78-7.84 (m, 1H), 8.04 (d,
J = 8.8 Hz, 1H), 8.25 (dd, J = 7.2, 1H), 8.32 (m, 1H). *C NMR (CDCly): 117.5, 119.3, 121.2,
122, 123.6, 124.8, 125.3, 125.6, 126.8, 127.5, 128.4, 130.2, 136.4, 137.8, 155.7, 158.6, 179.2.
ESI-MS m/z: 234; Anal. Caled. For CgH,005: C 82.05, H 4.27. Found: C, 82.41; H, 4.52.

9-Hydroxy-7H-benzo[ c Jxanthene-7-one (4, C;sH(03)

The compound 4 was synthesized (238.4 mg, 80%) according to the same procedure
mentioned as general procedure, using compound 2 (154 mg, 1 mmol) and 1-naphthol
(144 mg, 1 mmol): Mp >300 °C.

IR (KBr): 3395, 3053, 1664, 1448 cm™. 'H NMR (CDCly) & 7.23 (d, J = 7.8 Hz, 1H),
7.36 (s, 1H), 7.54-7.62 (m, 4H), 7.85 (d, J = 8.8 Hz, 1H), 8.03 (dd, J = 6.8 Hz, 1H), 8.25
(m, 1H), 9.92 (s, 1H). °C NMR (CDCl;) 116.3, 116.5, 122.4, 123.2, 123.8, 124.6, 125.6,
125.9, 126.8, 127.9, 129.3, 131.5, 135.8, 137.8, 155.4, 156.9, 178.4. ESI-MS m/z: 250; Anal.
Caled for CisH,005: C 76.8, H 4.01 Found: C, 76.48; H, 4.38.

2,3-Dimethoxyxanthone (5)2

The compound 5§ was obtained in (277.4 mg, 95%) good yield and characterized according to the
general procedure mentioned earlier from compound 1 (138 mg, 1 mmol) and 3,4-
dimethoxyphenol (154 mg, 1 mmol). Mp: 167-168 °C; IR (KBr) cm’h: 3025, 1673, 1419,
1244, 1138 cm™.

'H NMR (CDCly) &: 3.79 (3H, s, 2-OCH3), 4.05 (3H, s, 3-OCH3), 7.22 (1H, s), 7.35
(1H, m), 7.41 (1H, s), 7.48 (1H, m), 7.73 (1H, m), 8.10 (1H, dd, J=7.6); *C NMR (CDCl) §:
56.8, 57.6, 102.4, 106.2, 115.8, 120.7, 122.6, 124.8, 127.2, 136.6, 147.4, 154.1, 157.6, 157.9,
176.8. ESI-MS m/z: 256; Anal. Calcd for C;sH;,0O4: C 70.31, H 4.69 Found: C, 70.06, H 4.94.

7-Hydroxy-2,3-dimethoxyxanthone (6, C;sH;,0s)

The compound 6 was synthesized (268 mg, 87%) according to the same procedure mentioned as
general procedure, using compound 2 (154 mg, 1 mmol) and 3,4-dimethoxy-phenol (154 mg, 1
mmol). Mp: 242-244°C; IR (KBr) cm™: 3372, 3044, 1669, 1437, 1234, 1123 cm™.

'H NMR (CDCly) &: 3.55 (3H, s, 2-OCH3), 3.85 (3H, s, 3-OCH3), 7.04 (1H, s), 7.25 (1H,
d, J=7.8),7.35 (1H, s), 7.53 (1H, dd, J=8.4), 7.84 (1H, d, J=3.6), 9.85 (s, 1H); ’C NMR (CDCl,)
5: 54.8, 56.6, 100.3, 104.4, 111.8, 114.3, 121.7, 125.6, 133.4, 142.4, 149.1, 155.3, 157.1, 162.4,
175.2. ESI-MS m/z: 272; Anal. Calcd for C;sH;,0s: C 66.17, H 4.41 Found: C, 66.43, H4.12.

2-(2-(9-Ox0-9H-xanthen-2-yl)-propan-2-yl)-9H-xanthene-9-one (7, C,0H»)Oy4)

Using the same method described as general procedure, compound 7 (639.6 mg, 82%) was
obtained with two equivalent POCl; from compound 1 (276 mg, 2 mmol) and bisphenol D
(228 mg, 1 mmol): Mp >300 °C.IR (KBr): 3015, 2947, 1658, 1455 cm’.

"H NMR (400 MHz, CDCly): § 1.87 (s, 6H), 6.95 (m, 2H), 7.02 (dd, J = 8.4 Hz, 2H), 7.27
(m, 4H), 7.45 (m, 2H), 7.5 (m, 2H), 8.02 (dd, J = 8 Hz, 2H). *C NMR (CDCl) 28.2, 55.2,
109.5, 114.5, 116.2, 1171, 127.3, 129.4, 130.1, 132.2, 133.9, 135.6, 147.5, 160.3, 170.6. ESI-
MS m/z: 432, Anal. Caled for CooHaO4: C 80.55, H 4.63 Found: C, 80.32; H, 4.85.
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2-(9-Oxo0-9H-xanthen-2-ylsulfonyl)-9H-xanthene-9-one (8, CysH1406S)

Using the same method described as general procedure, compound 8 (577.4 mg, 72%) was
obtained with two equivalent POCIl; from compound 1 (276 mg, 2 mmol) and bisphenol E
(250 mg, 1 mmol): Mp >300 °C. IR (KBr): 3028, 2959, 1666, 1445, 1335, 1140 cmh

'HNMR (400 MHz, CDCl;): & 7.04 (m, 2H), 7.08 (dd, J = 8.4 Hz, 2H), 7.3 (m, 4H),
7.53 (m, 2H), 7.59 (m, 2H), 8.1 (dd, J = 8 Hz, 2H). °C NMR (CDCly): 110.4, 116.5, 118.2,
119.1, 128.8, 130.5, 132.1, 133.7, 134.8, 139.7, 152.8, 163.3, 169.4. ESI-MS m/z: 454, Anal.
Calcd for C,H;406S: C 68.72, H 3.08 Found: C, 68.95; H, 3.41.

2-(1,1,1,3,3,3-Hexafluoro-2-(9-oxo-9H-xanthen-2-yl)propan-2-yl)-9H-xanthene-9-
one (9, CyH,4,0,F¢)

Using the same method described as general procedure, compound 9 (621.6 mg, 70%) was
obtained with two equivalent POCI; from compound 1 (276 mg, 2 mmol) and bisphenol F
(336 mg, 1 mmol): Mp >300 °C. IR (KBr): 3038, 2963, 1668, 1452 cm.

'H NMR (400 MHz, CDCl;): 8 7.05 (m, 2H), 7.09 (dd, J = 8.4 Hz, 2H), 7.32 (m, 4H), 7.55
(m, 2H), 7.6 (m, 2H), 8.15 (dd, J = 8 Hz, 2H). "*C NMR (CDCl;): 65.7, 111.5, 117.9, 118.7,
119.6, 124.2, 130.3, 131.2, 131.7, 132.2, 134.8, 136.8, 150.5, 162.3, 168.4. 'Jzc: 118.7 (272 Hz),
ESI-MS m/z: 540, Anal. Calcd for Co0H4,O,Fs: C 64.44, H 2.59 Found: C, 64.74; H, 2.76.

2-(9-Oxo0-9H-xanthen-2-ylcarbonyl)-9H-xanthene-9-one (10, Cy;H14,05)

Using the same method described as general procedure, compound 10 (574.5 mg, 75%) was
obtained with two equivalent POCl; from compound 1 (276 mg, 2 mmol) and bisphenol G
(214 mg, 1 mmol): Mp >300 °C.

IR (KBr): 3017, 2953, 1712, 1661, 1464 cm™. "H NMR (400 MHz, CDCLy): & 7.23 (m, 2H),
7.27 (dd, J = 8.4 Hz, 2H), 7.35 (m, 4H), 7.67 (m, 2H), 7.85 (m, 2H), 8.63 (dd, J = 8 Hz,
2H).”C NMR (CDCl;) 1104, 117.2, 118.9, 120.3, 126.8, 130.8, 131.2, 132.7, 133.9,
136.238, 150.2, 161.6, 168.4, 180.4. ESI-MS m/z: 418, Anal. Calcd for C,;H4,05: C 77.5, H
3.35 Found: C, 77.28; H, 3.68.

2-(9-Oxo0-9H-xanthen-2-yl)-9H-xanthene-9-one (11, CocH4,0,4)

Using the same method described as general procedure, compound 11 (560.9 mg, 76%) was
obtained with two equivalent POCl; from compound 1 (276 mg, 2 mmol) and bisphenol H
(186 mg, 1 mmol): Mp >300 °C.

IR (KBr): 3010, 2973, 1657, 1448 cm™. "HNMR (400 MHz, CDCL): 8 6.98 (m, 2H), 7.05
(dd, J = 8.4 Hz, 2H), 7.26 (m, 4H), 7.43 (m, 2H), 7.49 (m, 2H), 7.95 (dd, J = 8 Hz, 2H). “C
NMR (CDClL): 111.4, 116.5, 117.8, 119.3, 128.2, 130.1, 132.2, 132.7, 133.4, 135.5, 149.2, 158.6,
170.4. ESI-MS m/z: 390, Anal. Calcd for C,H;40,4: C 80.1, H 3.59 Found: C, 80.28; H, 3.36.

2-Hydroxy-7-(2-(2-hydroxy-9-oxo-9H-xanthen-7-yl)propan-2-yl)-9H-xanthene-9-one
(12, Cy9H200¢)

Using the same method described as general procedure, compound 12 (641.5.1 mg, 76%) was
obtained with two equivalent POCl; from compound 2 (308 mg, 2 mmol) and bisphenol D
(228 mg, 1 mmol): Mp >300 °C. IR (KBr): 3342, 3020, 2957, 1648, 1445 cm™. "H NMR (400
MHz, CDCl;): & 1.89 (s, 6H), 6.93 (m, 2H), 6.98 (dd, J = 8.0 Hz, 2H), 7.10 (m, 2H), 7.34
(m, 2H), 7.39 (m, 2H), 7.85 (dd, J = 7.6 Hz, 2H). 9.65 (s, 2H). °C NMR (CDCl;): 29.5, 63.2,
110.5, 113.5, 118.1, 119.9, 124.3, 128.3, 130.5, 132.6, 133.3,135.4, 146.8, 161.3, 169.7. ESI-
MS m/z: 464, Anal. Calcd. for CoHyOg: C 75.1, H 4.31 Found: C, 75.37; H, 4.69.
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2-(2-Hydroxy-9-oxo-9H-xanthen-7-ylsulfonyl)-7-hydroxy-9H-xanthene-9-one
(13,C56H1405S)

Using the same method described as general procedure, compound 13 (562.9 mg, 65%) was
obtained with two equivalent POCI; from compound 2 (308 mg, 2 mmol) and bisphenol E
(250 mg, 1 mmol): Mp >300 °C. IR (KBr): 3295, 3025, 2948, 1660, 1454, 1343, 1132 cm™.

'H NMR (400 MHz, CDCl3): 8 6.99 (m, 2H), 7.02 (dd, J = 8.0 Hz, 2H), 7.10 (m, 2H),
7.46 (m, 2H), 7.54 (m, 2H), 7.95 (dd, J = 7.6 Hz, 2H) 9.72 (s, 2H). *C NMR (CDCl,):
110.8, 112.8, 118.6, 120,5, 125.3, 128.8, 131.6, 133.7, 134.2,137.8, 147.1, 163.5, 171.4.
ESI-MS m/z: 486, Anal. Calcd for C,sH;4O04S: C 64.2, H 2.88 Found: C, 64.48; H, 2.54.

2-(1,1,1,3,3,3-Hexafluoro-2-(2-hydroxy-9-oxo-9H-xanthen-7-yl )propan-2-yl)-7-hydroxy
-9H-xanthene-9-one (14, C29H1406F6)

Using the same method described as general procedure, compound 14 (618.8 mg, 65%) was
obtained with two equivalent POCl; from compound 2 (308 mg, 2 mmol) and bisphenol F
(336 mg, 1mmol): Mp >300 °C. IR (KBr): 3342, 3048, 2976, 1670, 1447 cm’™.

'H NMR (400 MHz, CDCl;): 8 6.99 (m, 2H), 7.04 (dd, J = 8 Hz, 2H), 7.19 (m, 2H),
7.49 (m, 2H), 7.54 (m, 2H), 8.04 (dd, J = 7.6 Hz, 2H) 9.83 (s, 2H). *C NMR (CDCl;): 66.9,
106.5, 110.9, 113.6, 115.3, 120.7, 122.1, 129.4, 130.5, 131.1, 132.4, 133.7, 150.8, 161.7,
168.4. ' Jrc: 120.7 (264 Hz). ESI-MS m/z: 572, Anal. Calcd for CooH 406F: C 60.83, H 2.45
Found: C, 60.48; H, 2.71.

2-(2-Hydroxy-9-oxo-9H-xanthen-7-ylcarbonyl)-7-hydroxy-9H-xanthene-9-one
(15, Cy;7H,407)

Using the same method described as general procedure, compound 15 (564.4 mg, 68%) was
obtained with two equivalent POCI; from compound 2 (308 mg, 2 mmol) and bisphenol G
(214 mg, 1 mmol): Mp >300 °C. IR (KBr): 3310, 3022, 2965, 1714, 1657, 1451 cm".

"H NMR (400 MHz, CDCLy): § 7.17 (m, 2H), 7.21 (dd, J = 8 Hz, 2H), 7.27 (m, 2H), 7.40
(m, 2H), 7.70 (m, 2H), 8.35 (dd, J = 7.6 Hz, 2H), 9.81 (s, 2H). °C NMR (CDCL;): 106.8, 110.2,
111.8, 114,7, 127.6, 128.1, 129.5, 130.2, 131.6, 137.8, 150.7, 159.8, 169.8, 179.6. ESI-MS m/z:
450, Anal. Caled for Co7H,4,05: C 72.01, H, 3.11 Found: C, 72.27; H, 3.42.

2-Hydroxy-7-(2-hydroxy-9-oxo-9H-xanthen-7-yl)-9H-xanthene-9-one (16, Co6H4O¢)

Using the same method described as general procedure, compound 10 (577.5 mg, 72%) was
obtained with two equivalent POCl; from compound 2 (308 mg, 2 mmol) and bisphenol H
(186 mg, 1 mmol): Mp >300 °C. IR (KBr): 3304, 3028, 2970, 1667, 1446 cm.

'H NMR (400 MHz, CDCL,): & 6.95 (m, 2H), 7.01 (dd, J = 8 Hz, 2H), 7.11 (m, 2H),
7.41 (m, 2H), 7.45 (m, 2H), 7.95 (dd, J = 7.6 Hz, 2H) 9.67 (s, 2H). *C NMR (CDCl,):
107.2, 109.8, 110.4, 113,6, 128.5, 129.2, 129.9, 130.8, 131.3, 137.4, 149.8, 158.6, 169.8.
ESI-MS m/z: 422, Anal. Calcd. for C,sH,4O4: C 73.9, H, 3.31 Found: C, 73.52; H, 3.69.

Results and Discussion

Calixarenes as macrocyclic compounds bearing different kinds of functional groups which
form complex with different transition metals have been reported as desirable ligands in
organometallic catalysis'’. Calix[4]arene tetrasulfonic acid has shown some interesting
capabilities in preparation of conducting polymer, polyaniline, as a doping agent'®,
incapsulating to Topotecan for improving solubility in chemotherapy'® and proved to be
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suitable for bio-pharmaceutical applications®. More recently, the role of calixarene sulfonic
acid in Mannich type reaction”', allylic alkylation reactions® and esterification™ has been
disclosed as a nontoxic and reusable organocatalyst.

In continuation of our recent works on the use of recyclable catalyst in organic
transformations® and to introduce a general methodology for the preparation of bishydroxy
xanthones as a precursor for polyxanthones and promising building motif for the new type
of potential a-glucosidase inhibitors'®, herein we wish to report a highly efficient and
general procedure for the one-pot construction of xanthone derivatives based on direct
cyclization through acylation-dehydration of salicylic acids and phenols under solvent free
condition using calix[4]arene sulfonic acid organocatalyst and POCI;. For this purpose,
parent calixarene was synthesized according to Gutsche er al. procedure published in
literature using p-tertbutylphenol and formaldehyde®. Then, it was detertiobutylated and
sulfonated simultaneously using concentrated sulfuric acid using Shinkai method (Scheme 1)*
The completion of the sulfonation was determined by controlling the complete dissolution of
the aliquots in water. After purification according to the procedure described in the literature,
the obtained product was used as an efficient acidic organocatalysis.

OH OHOH OH

HO SHo S SO;H SOsH

Scheme 1. Sulfonation of calix[4]arne using Shinkai method

To explore the potential activity of sulfonic acid functionalized calixarene, preparation
of xanthone derivatives with salicylic acids and a variety of phenols were studied using

catalytic amount of (0.06 mmol) organocatalyst (Scheme 2).
0

0
R HO
N R
OH . \@ Catalyst (0.06 mmol) | x
% :
OH Ar POCI,., 80 °C N
1 (R=H) (Solvent Free)
2 (R=OH)
OH CH3
HO OH
CH;
OCHj,

OCH,

c1=z
c1=z
(..’
e
©G) H)

Scheme 2. Preparation of xanthone derivatives with salicylic acid and a variety of phenols
using calix[4]arene sulfonic acid

The results (Table 1) clearly indicated good to high yields for this transformation by
using an equimolar amount (which is important from environmental point of view) of phosphorus
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oxychloride as an acylating agent. This procedure demonstrates direct condensation of
different salicylic acids and phenols via acylation followed by in situ cyclization of
dihydroxy benzophenone intermediates. The results and overall yields indicate that some
functional groups accelerate the ring closure and promote the yields obviously.

Table 1. Xanthones and dixanthones prepared from tetrasulfonic acid calixarene
Entry Substrate Product Time, h Yield, %

(o)
| | A OH 3 93
0]
2 2 A HO“ 4 82
L,
(0]

35 90

4.5 80

N

O . O
10 1 G 20 5 75
o] O,

o))
HO OH
(O )
12 2 D ; e 45 76

Contd...
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HO o OH
¢ )
13 2 E E = 55 65
HO OH
14 2 F 5 55 65
0 O (‘C;p3 g
HO OH
O O,
5 2 G O o ) 5 68
St
HO OH
O O,
16 2 H &, < ) 45 7
o O O d

As can be seen in Table 1, dimethoxy phenol produced the corresponding Xanthones in
high yield, while phenols bearing sulfonyl and carbonyl groups showed lower reactivity and
the corresponding xanthones were obtained in moderate yields. Products formation from
5-hydroxysalisylic acid took more time and relatively lower yields were afforded. On the
other hand, treatment of 5-hydroxysalicylic acid with different bisphenols gave novel
dixanthonic compounds which would be applicable in preparation of high-performance
polymers. The polyester and polyether formation of these monomers are currently under
investigation in our laboratory.

For industrial concern and notability of our work especially with these promising
polymerizable bishydroxy xanthones (entries 12-16), reusability of the catalyst has a great
importance. Therefore, after completion of each reaction, catalyst was simply recovered
from the reaction mixture by treating the precipitate with deionized water to dissolve the
catalyst. Finally, on filtration, water was evaporated and the organocatalyst dried and reused
in successive reactions. The recycled catalyst was found to be highly efficient even after
four cycles of use (Figure 1).

100 A

80

60

Yield %

40

20 A

o]

First Second Third Forth
Run

Figure 1. Efficiency of recycled calixarene sulfonic acid in the synthesis of xanthones

Conclusion

In conclusion, an one pot and applicable procedure for preparation of novel xanthones and
dixanthones using efficient and reusable organocatalyst known as p-sulfonic acid
calix[4]arene has suggested. Herein, we employed this valuable catalyst along with acylating
agent for annulations of xanthonic ring under solvent free condition. This study can attracts
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high attention of the researchers who looking for environmentally friendly procedures based
on less harmful catalysts such as metal free catalysts or recyclable ones which are more
desirable especially in pharmaceutical and food industries. Moreover, promoting the
chemical transformation with appreciable conversion of the substrates to synthesize
interesting bisxanthone monomers with attractive capabilities was accomplished.
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