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i % An efficient and environmentally benign procedure for the catalytic esterification of salicylic acid with
aliphatic alcohols, C H,,,0H (n = 1~ 5) and benzylic alcohols, RCzH,CH,0H (R = H, NO,, OCHg, Br, Cl, Me) was
developed using nano-SiO,-supported Preyssler heteropolyacid both under thermal conditions and microwave
irradiation. Silica nanostructures were obtained through a sol-gel method and were characterized by transmission
electron microscopy and powder X-ray diffraction. The effects of various parameters such as solvent type, molar
ratio of substrates, Preyssler heteropolyacid loading on silica, catalyst amount, temperature, and reaction time
were studied and the optimum conditions were obtained. It has been found that the catalyst with 30 wt% loading
is highly active and shows high yields in esterification reactions. The use of nano-SiO,-supported Preyssler
heteropolyacid coupled with microwave irradiation allows a solvent-free, rapid (3 min), and high-yielding reaction.
This catalyst can be easily recovered and reused for many times without a significant loss in its activity.
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Abstract: An efficient and environmentally benign procedure for the catalytic esterification of salicylic acid with
aliphatic alcohols, C H,,,0H (n = 1~ 5) and benzylic alcohols, RCzH,CH,0H (R = H, NO,, OCHg, Br, Cl, Me) was
developed using nano-SiO,-supported Preyssler heteropolyacid both under thermal conditions and microwave
irradiation. Silica nanostructures were obtained through a sol-gel method and were characterized by transmission
electron microscopy and powder X-ray diffraction. The effects of various parameters such as solvent type, molar
ratio of substrates, Preyssler heteropolyacid loading on silica, catalyst amount, temperature, and reaction time

were studied and the optimum conditions were obtained. It has been found that the catalyst with 30 wt% loading
is highly active and shows high yields in esterification reactions. The use of nano-SiO,-supported Preyssler

heteropolyacid coupled with microwave irradiation allows a solvent-free, rapid (3 min), and high-yielding reaction.
This catalyst can be easily recovered and reused for many times without a significant loss in its activity.

Keywords: Preyssler, heteropolyacid, silica, esterification, salicylic acid
W F H 51: 2010-11-15; H ik H #: 2011-04-06
SIHASC:

Service

b AU S I
b AR

b OIINTI I B g

F Email Alert

F RSS

ETPSE

} Fatemeh F. BAMOHARRAM
F Majid M. HERAVI

} Javad EBRAHIMI

b Ali AHMADPOUR

} Mojtaba ZEBARJAD

Fatemeh F. BAMOHARRAM, Majid M. HERAVI, Javad EBRAHIMISS .Catalytic Performance of Nano-SiO,-Supported Preyssler Heteropolyacid in

Esterification of Salicylic Acid with Aliphatic and Benzylic Alcohols[J] fi:fL243%, 2011,V32(5): 782-788

Fatemeh F. BAMOHARRAM, Majid M. HERAVI, Javad EBRAHIMI etc .Catalytic Performance of Nano-SiO,-Supported Preyssler Heteropolyacid in
Esterification of Salicylic Acid with Aliphatic and Benzylic Alcohols[J] Chinese Journal of Catalysis, 2011,V32(5): 782-788

R AL
http://www.chxb.cn/CN/10.1016/S1872-2067(10)60219-7 = http://www.chxb.cn/CN/Y2011/V32/15/782

[1] irumakki S.R, Nagaraju N, Chary K V R, Narayanan S. Appl Catal A, 2003, 248: 161 __ ret

[2] illiamson K L. Macroscale and Microscale Organic Experi-ments. 2nd Ed. Boston: Houghton Mifflin, 1994

[3] Imsted J. J Chem Educ, 1998, 75: 1261 ,_ rei

[4] luwaniyi O O, Ibiyemi S A. J Appl Sci Environ Manag, 2003, 7(1): 15
[5] uriakose G, Nagaraju N. J Mol Catal A, 2004, 223: 155 ___ ri



[6]

[7]

[8]

[e]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

[1]

[2]

[31

[41

hatri C, Rani A. Fuel, 2008, 87: 2886 , re

amase T. Chem Rev, 1998, 98: 307 , ret

adav G D, Mistry C K. J Mol Catal A, 2001, 172: 135 st

lekar N A, Halligudi S B, Rajani R, Gopinathan S, Gopina-than C. React Kinet Catal Lett, 2001, 72: 169 ___re
Baronetti G, Thomas H, Querini C A. Appl Catal A, 2001, 217: 131 ,_ ret

Park G I, Lim S S, Song I K, Lee W Y. React Kinet Catal Lett, 2002, 75: 157 __ ret

Fricke R, Ohlmann G. J Chem Soc Faraday Trans |, 1986, 82: 263 _,_ ret

Fricke R, Jerschkewitz H G, Ohlmann G. J Chem Soc, Faraday Trans |, 1986, 82: 3491 __ re

Kasztelan S, Moffat J B. J Catal, 1987, 106: 512 ___ret

Moffat J B, Kasztelan S. J Catal, 1988, 109: 206 _,__ret

Brickman K, Che M, Haber J, Tatibouet J M. Catal Lett, 1994, 25: 225 __ re

Alizadeh M H, Harmalker S P, Jeannin Y, Martin-Free J, Pope M T. J Am Chem Soc, 1985, 107: 2662 __ ret
Bamoharram F F, Heravi M M, Roshani M, Jahangir M, Gharib A. Appl Catal A, 2006, 302: 42 __ rd
Bamoharram F F, Heravi M M, Roshani M, Gharib A, Jahangir M. J Mol Catal A, 2006, 252: 90 _,_ ret
Bamoharram F F, Heravi M M, Roshani M, Tavakoli N. J Mol Catal A, 2006, 252: 219 __ rd

Bamoharram F F, Heravi M M, Roshani M, Akbarpour M. J Mol Catal A, 2006, 255: 193 __ ret

Bamoharram F F, Heravi M M, Roshani M, Jahangir M, Gharib A. J Mol Catal A, 2007, 271: 126 st
Bamoharram F F, Heravi M M, Roshani M, Gharib A, Jahangir M. J Chin Chem Soc, 2007, 54: 1017

Bamoharram F F, Heravi M M, Mehdizadeh S. Synth React Inorg M, 2009, 39: 746

Bamoharram F F, Heravi M M, Heravi H M, Dehghan M. Synth React Inorg Met-Org Chem, 2009, 39: 394
Bamoharram F F. Molecules, 2010, 15: 2509 ___rt

Bamoharram F F, Heravi M M, Ardalan P, Ardalan T. React Kinet Mech Catal, 2010, 100: 71
Bamoharram F F, Heravi M M, Sane Charkhi M J, Tavakoli N. Synth React Inorg Met-Org Chem, in press
Bamoharram F F, Heravi M M, Roshani M,Toosi M, Jodeyre L. Green Chem Lett Rev, 2009, 2: 35 __ st

Bamoharram F F, Heravi M M, Heravi M M, Meraji M. Inter J Green Nanotech: Phys Chem, 2009, 1: 26 . ret

Heravi M M, Sadjadi S, Oskooie H, Bamoharram F F. Synth Commun, in press

Heravi M M, Sadjadi S, Oskooie H A, Bamoharram F F. Ultrason Sonochem, 2009, 16: 708 s

Heravi M M, Sadjadi S, Oskooie H A, Bamoharram F F. Ultrason Sonochem, 2009, 16: 718 _ ret

Heravi M M, Rasmi V, Bamoharram F F, Sadjadi S, Fotouhi L, Sadjadi S, Bakavoli M. Synth Commun, 2009, 39: 4109 . s
Sawant D P, Halligudi S B. J Mol Catal A, 2005, 237: 137 ___ret

Sawant D P, Devassy B M, Halligudi S B. J Mol Catal A, 2004, 217: 211 __ red

Devassy B M, Shanbhag G V, Mirajkar S P, Bohringer W B, Fletcher J, Halligudi S B. J Mol Catal A, 2005, 233: 141 __ re
Devassy B M, Shanbhag G V, Lefebvre F, Halligudi S B. J Mol Catal A, 2004, 210: 125 __ r

Devassy B M, Halligudi S B. J Catal, 2005, 236: 313 st

Devassy B M, Lefebvre F, Halligudi S B. J Catal, 2005, 231: 1
Major B, Kelemen-Horvth I, Csandi Z, Bélafi-BakoK, Gubicza L. Green Chem, 2009, 11: 614 ,__ret

Liao X J, Raghavan G SV, Yaylayan V A. Tetrahedron Lett, 2002, 43: 45 __ ret

Farook ADAM, Thiam-Seng CHEW, Jeyashelly ANDAS.Liquid Phase Oxidation of Acetophenone over Rice Husk Silica Vanadium Catalyst[J]. #{k
21, 2012,33(3): 518-522

A. HAFIZI, A. AHMADPOUR, M. M. HERAVI, F. F. BAMOHARRAM, M. KHOSROSHAHI.Alkylation of Benzene with 1-Decene Using Silica Supported
Preyssler Heteropoly Acid: Statistical Design with Response Surface Methodology[J]. k244, 2012,33(3): 494-501

Giuseppe BELLUSSI, Andreas HAAS, Sandra RABL, Dominic SANTI, Marco FERRARI, Vincenzo CALEMMA, Jens WEITKAMP.Catalytic Ring Opening of
Perhydroindan - Hydrogenolytic and Cationic Reaction Paths[J]. fi{k244}t, 2012,33(1): 70-84

Shekoofeh TAYEBI, Mojtaba BAGHERNEJAD, Dariush SABERI, Khodabakhsh NIKNAM.Sulfuric Acid ([3-(3-Silicapropyl)sulfanyl]propyl)ester as a
Recyclable Catalyst for the Synthesis of 4,4'-(Arylmethylene)bis(1H-pyrazol-5-ols)[J]. fi{k2%#3l, 2011,32(9): 1477-1483



[51

(61

[71

(&l
[e1
[10]

[11]
[12]
[13]

[14]

[15]

Bandita DATTA, M. Afzal PASHA.Silica Sulfuric Acid: An Efficient Heterogeneous Catalyst for the One-Pot Synthesis of 1,4-Dihydropyridines
under Mild and Solvent-Free Conditions[J]. fi:{b2%4%, 2011,32(7): 1180-1184

Ali AYATI, Ali AHMADPOUR, Fatemeh F. BAMOHARRAM, Majid M. HERAVI, Hamed RASHIDI.Photocatalytic Synthesis of Gold Nanoparticles Using
Preyssler Acid and Their Photocatalytic Activity[J]. fit{t2#4}, 2011,32(6): 978-982

Claudia AMORIMa, Xiaodong WANG, Mark A. KEANE.Application of Hydrodechlorination in Environmental Pollution Control: Comparison of the
Performance of Supported and Unsupported Pd and Ni Catalysts[J]. fi{t244, 2011,32(5): 746-755

Arash GHORBANI-CHOGHAMARANI1,*, Sara SARDARI2. % (4- £ 2t e i i 4 ) el B 1 A58 A 2 8 00 524k A6 4 26 e I R [3]. fiE 6244, 2010,31(11):
1347-1350
FUBE GG P itk A 48 AV A PR TE 2D ik 1) 4% 76 ZSM-5/Silicalite- 143 7 7 [J]. fEf63), 2009,30(9): 885-890

Arash GHORBANI-CHOGHAMARANI ;*;Mohammad Ali ZOLFIGOL ;#;Toktam RASTEGAR.Chemoselective Oxidation of Sulfides with Ammonium
Nitrate and Silica Sulfu-ric Acid Catalyzed by KBr[J]. fi{t2#%, 2009,30(4): 273-275

Hiffoan ; FLAE G A G M B ik . ZSM-5/Silicalite- 1% 5% 4F 1 0 & SK # R 106 i &R AE [I]. b a%3k, 2008,29(12): 1247-1252

W 1 15 B A5 A DR DRI S W 3 Silicalite- 1L 14 J5 Ak F36F 4 4 1 Ol 5 UM Beckmann 3 1 e 3 4 2 1152 W [J]. fiEfb"#4ik, 2005,26(5): 417-422

WRZLE; AU KA W D0 s MR R T D7 7K 34 A — S A ik g 88 A L 1 % v 1 B 1O Siilicallite- 123 T 97 2 [J]. fifL 244, 2005,26(12): 1039-1041

Reza TAYEBEE, Shima TI1ZABI.One-Pot Four-Component Dakin-West Synthesis of B-Acetamido Ketones Catalyzed by a Vanadium-Substituted
Heteropolyacid[J]. fi#{k2#i, 0,0): 0-

Tahere RAHI, Mojtaba BAGHERNEJAD, Khodabakhsh NIKNAM.Silica-Bonded N-Propyl Diethylenetriamine Sulfamic Acid as a Recyclable Solid
Acid Catalyst for the Synthesis of a-Aminonitriles[J]. k4%, 0,(): O-

Copyright 2010 by fi# k23



