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Abstract: A novel series of sulfonic acid-functionalized ionic liquids (SFILs)
was found to act as efficient catalysts for ortho-tert-butylation of p-cresol with
tert-butyl methyl ether (MTBE) as the tert-butylating agent without an added
solvent. The mono o-tert-butylated product was obtained in up to 85.8 % iso-
lated yield and 95.2 % selectivity under such green conditions. No O-tert-but-
ylated byproducts were formed.
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INTRODUCTION

C-Alkylated phenols have received great attention as industrially important
intermediates for the preparation of several antioxidants and agrochemicals. For
the synthesis of these materials by alkylation reactions, various alkylating agents,
such as olefins, alcohols and ethers, have been used in the presence of a catalyst.
In particular, 2-tert-butyl-p-cresol (TBC) and 2,6-di-tert-butyl-p-cresol (DTBC),
which are commercialy known as butylated hydroxyl toluene (BHT), are pro-
duced by ortho-tert-butylation of p-cresol under different reaction conditions.
TBC and DTBC have found wide applications as dyes, antioxidants, rubbers,
UV-absorbers, agrochemicals, non-ionic detergents, emulsifiers and pharma-
ceuticals. They have aso been used for the preparation of surfactants, phenolic
resins, and inhibitors of polymerizable activated olefin monomers.23 Consi-
dering these aforementioned applications, the preparation of ortho-tert-butylated
p-cresols via efficient approaches has been an active area of research.

There are several literature methods for the ortho-tert-butylation of p-cresol
in the presence of homogeneous or heterogeneous catalytic systems, including
Bransted acids,# Lewis acids,® cation-exchange resins,® mesoporous materials,’
zeolites,8 molecular sieves, and aso supercritical or near-supercritical water.9
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1338 ALAMDARI, ZAMANI and ZEKRI

Ortho-tert-butylation of p-cresol was achieved employing various tert-butylating
agents, particularly tert-butyl methyl ether (MTBE) was used in the presence of
UDCaT-1 catayst (a hexagonal mesoporous silica with sulfate modified zirco-
nia).10 Under the above conditions, the products were obtained in 45 % con-
version and 97 % selectivity for TBC. In some cases, the ortho-tert-butylation of
p-cresol was accomplished using tert-butanol (TBA) as the C-tert-butylating
agent. For the promotion of this process, solid-supported catalysts consisting of
12-tungstophosphoric acid (TPA) on zirconia (TPA/ZrOy),11 on titania (TPA/
[TiO2)12 or on mesoporous silica (TPA/MCM-41),13 and WO,/ZrO,,14 have
been applied. Despite the benefits of these methods, some suffer from disadv-
antages, such as unsatisfactory conversion, prolonged reaction time, expensive
catalyst, low selectivity, use of toxic solvents, tedious work-up, requirement of
special equipment, or harsh reaction conditions. Thus, the development of an
efficient, easy, highly selective, and environmentally benign method using novel
catalysts for the preparation of C-tert-butylated phenolsis desirable.

During the last two decades, ionic liquids (ILs) have received great attention
as catalysts and solvents in organic chemistry due to their environmentally
friendly nature, non-volatility, high polarity, and good chemical and thermal sta-
bilities. High yields of the products and high selectivity in short reaction times,
and clean reaction procedures are often observed in ILs as reaction media1>-18
Furthermore, their hydrophobicity/hydrophilicity can be optimized by appro-
priate modification of the cation or anion part.19 ILs containing a Lewis or a
Brensted acid group have been used in various chemical transformations.20
Recently, significant advances in the field have been witnessed, whereby a func-
tional group is covalently bonded to the IL.21 The incorporation of sulfonic acid
groups to ILs significantly increases their acidic property as well as their water
solubility. Such SO3zH-functionalized ILs (SFILS) have been used as substitutes
for conventional homogenous and heterogeneous acid catalysts.22 Moreover their
polar nature makes them useful for solvent-free conditions.23-25 Recently, ortho-
-tert-butylation of p-cresol was reported in which TBA was used as the tert-
-butylating agent in the presence of SFILs, such as 1-(4-sulfobutyl)pyridinium
hydrogensulfate,26 (4-sulfobutyl)triethylammonium hydrogensulfate,2” and poly-
sulfonated ILs,28 whereby TBC was afforded in good to excellent conversion and
selectivity.

In continuation of interest in the application of green methodologies in orga-
nic synthesis,29-32 herein an efficient and green procedure for the ortho-tert-
butylation of p-cresol using MTBE in the presence of the SFILs, presented in
Fig. 1, asthe catalyst—solvent medium, is described (Scheme 1).

EXPERIMENTAL

Commercially available solvents and chemicals were used without further purification.
The SFILs 1-3 were prepared according to procedures outlined in the literature?>32 and were
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ORTHO-tert-BUTYLATION OF p-CRESOL 1339

characterized by NMR spectroscopy on a Bruker DPX 3300-300 MHz. Quantitative product
analysis was conducted by gas chromatography on a Hewlett Packard HP-5890 instrument
equipped with HP-1 column (30 m long, 0.5 mm diameter), and flame ionization detector
(FID), using N, as the carrier gas at aflow rate of 2 mL min1.

N/\
+/\/\/303H @ -
Ph);P - > HSO
(Ph), HSO, < 4
~
CH —SOzH
SFIL 1 (CHg)g 3
SFIL 3
+ /\/\/503"'
(Ph);P
TsO
SFIL 2

Fig. 1. Structures of the SFILs used in this study; SFIL 1 — triphenyl(4-sulfobutyl)-
phosphonium hydrogensulfate ([ PhaP(CH,),SO3H][HSO,4]), SFIL 2 — triphenyl(4-sul-
fobutyl)phosphonium tosylate ([ PhsP(CH,),SO3H][TsO]) and SFIL 3 — 1-ethyl-3-(4-

-sulfobutyl)-1H-benzimidazolium hydrogensulfate ([bSebim|HSO,).

CHy

OH (|:H3 OH | oH TH,
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H
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Scheme 1. Ortho-tert-butylation of p-cresol with MTBE using SFILs 1-3.

Synthesis and characterization of the SFILs

Synthesis of triphenyl (4-sulfobutyl)phosphonium hydrogensulfate (SFIL 1) and triphenyl-
(4-sulfobutyl) phosphonium tosylate (SFIL 2). The triphenyl (4-sulfobutyl) phosphonium hydro-
gensulfate and triphenyl(4-sulfobutyl)phosphonium tosylate ionic liquids were prepared
according to procedures outlined in the literature.2> Triphenylphosphine was mixed with
1,4-butane sulftone in toluene at 110-120 °C for 12-24 h. After solidification of mass, the
product (zwitterion) was washed three times with diethyl ether and then dried in vacuo. A
stoichiometric amount of p-toluenesulfonic acid or sulfuric acid was added to the precursor
zwitterion. The mixture was heated at 80 °C for 24 h, during which time the solids liquefied,
resulting in the formation of triphenyl(4-sulfobutyl)phosphonium tosylate or triphenyl(4-
-sulfobutyl)phosphonium hydrogensulfate. The ILs phase were then washed repeatedly with
toluene and diethyl ether to remove the non-ionic residues, and dried in vacuo.

[PhsP(CH,)4S0sH][HSO,] (SFIL 1). H-NMR (300 MHz, D,O, § / ppm): 7.63-7.23
(15H, m, Ar-H), 3.05 (2H, m, (CH,)3CH,SO3sH), 2.63-2.56 (2H, t, J = 7.53 Hz,
CH5(CH,)3SO3H), 1.64 (2H, m, (CH,),CH,CH,SOsH), 1.56 (2H, m, CH,CH 5(CH,),SO3H).

[Ph3P(CH,)4S05H][TsO] (SFIL 2). 1H-NMR (300 MHz, D,0, & / ppm); 7.4 (2H, m,
p-TsO), 7.27-7.23 (15H, m, Ar-H), 6.82-6.79 (2H, d, J = 9.00 Hz, p-TsO), 2.83-2.79
(2H, m, (CH,)3CH,SO3H), 2.53-2.48 (2H, t, J = 7.56 Hz, CH»(CH,)3SO3H), 1.87 (3H, s, p-
Ts0), 1.57-1.54 (2H, m, (CH,),CH»,CH,SO3H), 1.32 (2H, m, CH,CH »(CH,),SO3H).
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Synthesis of 1-ethyl-3-(4-sulfobutyl)-1H-benz midazolium hydrogensulfate (SFIL 3). The
1-ethyl-3-(4-sulfobutyl)benzimidazolium hydrogen sulfate ionic liquid was prepared accord-
ing to a procedure outlined in the literature.33 Under vigorous stirring, the required amounts of
benzimidazole and tetrabutylammonium bromide were dissolved in a 30 % agueous solution
of sodium hydroxide, the stoichiometric amount of bromoethane was added dropwise and then
the mixture was heated at 45 °C for 12 h until two phases formed. The organic phase (upper
phase) was washed with deionized water and ethyl acetate and dried in vacuo at 50 °C for 3 h,
giving 1-ethylbenzimidazole (Ebim) as a colorless liquid. The required amount of 1,4-butane
sulftone was dissolved in toluene under vigorous stirring. The stoichiometric amount of Ebim
was added to the solution dropwise and cooling to maintain the temperature at 0-5 °C. After
completion of the addition, the mixture was slowly heated up to room temperature and stirred
for 2 h, whereby a precipitate formed. The precipitate was recovered by filtration, washed
three times with diethyl ether and dried at 100 °C for 5 h, giving 1-ethyl-3-(4-sulfobutyl)-1H-
benzimidazolium inner sat (Ebim-BS) as a white powder. An amount of Ebim-BS was
dissolved in water and a stoichiometric amount of sulfuric acid was added dropwise at room
temperature. After completion of the addition, the mixture was slowly heated to 90 °C and
stirred for 2 h and then the water was removed in vacuo a 70 °C for 3 h, giving
[bSebim|HSO, as a colorless solid.

[bSebim] HSO, (SFIL 3). 1H-NMR (300 MHz, D,0, 6 / ppm): 9.07 (1H, s, NCHN), 7.61
(2H, m, Ar-H), 7.37 (2H, m, Ar-H), 430 (2H, m, N(CH,);CH,SO3H), 4.23 (2H, m,
NCH,CHj3), 2.74 (2H, t, J = 6.52 Hz, NCH,(CH,)3SOszH), 1.90 (2H, m,
N(CH,),CH,CH,S0OsH), 1.59 (2H, m, NCH,CH,(CH,),SOsH), 1.38 (3H, t, J = 7.58 Hz,
NCH,CH3).

Ortho-tert-butylation of p-cresol with MTBE in the presence of SFILs 1-3

The SFIL (1 mmol ) was added to a mixture of p-cresol (1 mmol, 108 mg) and MTBE
(2 mmol, 119 pL) in a25 mL round-bottom flask and the reaction mixture was heated for the
required time and at the chosen temperature asindicated (12 hat 90 °C or 7 h at 100 °C). The
progress of the reaction was monitored by TLC on silica gel using ethyl acetate/lhexane 2:1 as
the eluent. After the given time, the mixture was cooled to room temperature and extracted
with ethyl acetate (3x5 mL). The recovered SFIL was dried in vacuo, and *H-NMR analysis
attested its high purity, showing no traces of reactants or products. The recovered SFIL could
be directly reused without further drying.

The ethyl acetate phase containing the products was analyzed by gas chromatography
isothermally at 110 °C. Before injecting the sample into the chromatographic column,
dichlorobenzene (as an internal standard, 3.40 mmol, 50 mg ) was added to al samples. The
carrier gas pressure at the beginning of the chromatographic column was about 13 psi*. Total
elution time was 31.35 min and the elution times of dichlorobenzene, p-cresol, 2-tert-butyl-p-
-cresol and 2,6-di-tert-butyl-p-cresol in the ethyl acetate phase were 4.7, 5.16, 9.3 and 12.19
min, respectively.

RESULTS AND DISCUSSION
Assessment of SFILs 1-3 as catalysts

The evauation of the efficiency of SFILs 1-3 in the ortho-tert-butylation of
p-cresol for 12 h at 90 °C revealed 1-ethyl-3-(4-sulfobutyl)benzimidazolium

* 1 psi = 6.895 kPa
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ORTHO-tert-BUTYLATION OF p-CRESOL 1341

hydrogensulfate ([bSebim][HSO4], SFIL 3) to be the most effective catalyst. As
givenin Tablel, it led to 75.4 % conversion with 93.3 % selectivity for TBC. For
optimization purposes, various reaction conditions in the presence of SFIL 3
were examined.

TABLE I. Ortho-tert-butylation of p-cresol with MTBE using SFILs 1-3; reaction conditions:
12hat 90°C

Moleratio Conversion  Selectivity, %
Entry Catalyst pcresolMTBE:SSFIL % TBC DTBC
1 [PhgP(CH,),SO3H][HSO,] 1:1:1 56.3 763 237
2 [PhgP(CH)4,SO3H][TSO] 1:1:1 355 100 0
3 [bSebim][HSO,] 1:1:1 75.4 93.3 6.7

Effect of the reaction time

The effect of reaction time on the ortho-tert-butylation of p-cresol with
MTBE in the presence of SFIL 3 was studied at 100 °C. Figure 2 shows that
increasing the reaction time had a positive impact on enhancing the conversion of
p-cresol and the selectivity for TBC. The highest conversion and selectivity for
TBC were obtained at 7 h and prolonging the reaction time did not lead to any
improvement. The maximum conversion of p-cresol at 7 h was 85.8 % and the
selectivity for TBC 95.2 %.

100 -
90 -

<
L 4

80 -

- -
!

60 -
50 - —e—p-cresol conversion
) —&—selectivity for TBC
40 A
—e—celectivity for DTBC
30

Conversion and Selectivity, %o

Fig. 2. p-Cresol conversion and pro-

ducts selectivity vs. reaction time. Reac-

0 . : . tion conditions: mole ratio of p-cre-

3 5 7 9 11 sol:MTBE:[bSebim][HSO,] = 1:1:1;
Time, h heating at 100 °C.

Effect of the reaction temperature

The ortho-tert-butylation of p-cresol with MTBE for 7 h was studied at tem-
peratures from 70 to 120 °C. As shown in Fig. 3, conducting the reaction at inc-
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1342 ALAMDARI, ZAMANI and ZEKRI

reasing temperatures up to 100 °C increased the conversion of p-cresol and
further increases to above 100 °C did not improve this result. Thus, the optimum
reaction temperature was 100 °C leading up to 85.8 % conversion and 95.2 %
selectivity for TBC.

100 -
90 -
S
& 80 -
g 70 A
g
T 60 1 .
147] —0—})-C1'CS01 conversion
= 50 4
= —8—sclectivity for TBC
E 40 1 —o—selectivity for DTBC
£ 30 A
5
g 20 -
O o - Fig, 3. p-Cresol conversion and pro-
ducts selectivity vs. reaction tempera-
0 . T . . T T T ture. Reaction conditions. mole ratio of
50 60 70 80 90 100 110 120 p-cresol:MTBE:[bSebim][HSO,] =
Temperature, °C =1:1:1; heating for 7 h.

Effect of the MTBE: p-cresol moleratio

The influence of MTBE:p-cresol mole ratio was studied at 100 °C (reaction
for 7 h) while maintaining the [bSebim][HSOg4]:p-cresol mole ratio at 1:1 (Fig.
4). Various mole ratios of MTBE:p-cresol varying from 0.5-2 were tested. These
experiments demonstrated that increasing the mole ratio of MTBE:p-cresol

100 -
90 A
S 80
£ 70 -
>
&
2 60 - —&— p-cresol conversion
53
© 50 —&—selectivity for TBC
-g 40 - —e—selectivity for DTBC
> 30 -
5
O 20 A
10 +
0 Fig. 4. p-Cresol conversion and products
selectivity vs. amount of MTBE. Reaction
0 0.5 1 1.5 2

conditions: mole ratio of [bSebim][HSO,]:
mol MTBE/mol p-cresol :p-cresol = 1:1; heating for 7 h at 100 °C.
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ORTHO-tert-BUTYLATION OF p-CRESOL 1343

increased the conversion of p-cresol, reaching a maximum of 85.8 % from a 1:1
ratio. However, the sdlectivity for TBC first improved to some extent (a 13 %
increase) going from 0.5 to 1 and then decreased. This could be attributed to its
transformation into DTBC with more MTBE available. As shown in Fig. 4, the
maximum of 85.8 % conversion of p-cresol with a 95.2 % TBC selectivity were
observed when the MTBE:p-cresol ratio was 1:1. Noteworthy, the DTBC selec-
tivity increased when the mole ratio MTBE:p-cresol was greater than 1.

Effect of [bSebim] [HSO4] : p-cresol moleratio

The effect of the mole ratio of [bSebim][HSO4]:p-cresol on the reaction was
studied under the optimized conditions, i.e., reaction for 7 h at 100 °C with a
MTBE:p-cresol mole ratio of 1:1. As shown in Fig. 5, with increasing mole ratio
of [bSebim][HSO4]:p-cresol from 0.5 to 1, both the conversion of p-cresol and
the selectivity for TBC increased. This is understandable as the progress of
catalyzed reactions is proportional to the catalyst loading. However, the best
result of 85.8 % conversion and 95.2 % selectivity for TBC was obtained using a
[bSebim][HSO4]:p-cresol ratio of 1:1, asincreasing this ratio did not improve the
selectivity.

100 -
°\° 90 - /\‘_'
& 80 - e
& 70 -
g
T 60 1
: 50 - —e—p-cresol conversion
§ 40 ~m—selectivity for TBC
= 30 | —e—selectivity for DTBC
)
Z 20
) ) .
O 10 4 \_/‘~ Fig. 5. p-Cresol conversion and products
0 selectivity vs. amount of [bSebim][HSO,]

(SFIL 3). Reaction conditions: mole ratio
0 0.5 1 15 2 of MTBE:p-cresol = 1:1; heating for 7 h
mol [bSebim][HSO,] /mol p-cresol gt 100 °C.

Recycling of SFIL 3

In order to examine the recoverability and reusability of [bSebim][HSO4]
(SFIL 3), after completion of the reaction, ethyl acetate (3x5 mL) was added
resulting in two layers. The upper phase contained the products and the lower
phase the SFIL. After further extractions (2x5 mL ethyl acetate) and phase sepa-
ration, the SFIL was dried under vacuum for 5 h at 70 °C. Recycle test results for
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[bSebim][HSO4] are shown in Table I, indicating no major decrease (< 5 %) in
the conversion of p-cresol and selectivity for the productsin up to three runs.

TABLE Il. Recycling of 1-ethyl-3-(4-sulfobutyl)benzimidazolium hydrogensulfate
([bSebim][HSO,4], SFIL 3); reaction conditions: mole ratios of [bSebim][HSO,]:p-cre-
sol:MTBE = 1:1:1; heating for 7 hat 100 °C

Entry SFIL 3 Experimental run Conversion, % Sdlectivity, %
TBC DTBC
1 Fresh 85.8 95.2 4.8
2 Recycle 1 81.7 97.8 22
3 Recycle 2 80.3 91.8 82

Comparison of efficiencies of SFILs 1-3 with those of other SFIL catalysts

The efficiencies of the prepared SFILs 1-3 were compared with those of
other literature SFILs for the ortho-tert-butylation of p-cresol (Table I11). As tab-
ulated, al the SFILs led to TBC with high conversion and good selectivity, but
the in the literature known di(SO3H)-functionalized IL based on imidazolium
(SFIL 9) and [bSebim][HSO4] (SFIL 3) afforded the best results. The advantage
of SFIL 3isitsease of preparation compared to the former.

TABLE Ill. Comparison of various SFIL catalysts for the ortho-tert-butylation of p-cresol
with TBA or MTBE

Moleratio Conversion Selectivity, %
Reactants Catalyst p-cresol:TBA or t/°C o Ref.
MTBE:SFIL °  TBC DTBC
p-cresol/MTBE SFIL 1 1:1:05 Q0 78.4 90.7 9.3 Thisstudy
p-cresol/MTBE SFIL 2 1:1.25:1 ) 44.8 88.6 11.4 Thisstudy
p-cresol/MTBE SFIL 3 111 100 85.8 952 4.8 Thisstudy
p-cresol/TBA SFIL 42 111 70 80.7 90.0 95 27
p-cresol/TBA SFIL 42 311 70 85.0 66.8 32.3 27
p-cresol/TBA SFIL 5b 111 70 82.6 80.5 16.7 26
p-cresol/TBA SFIL 6° 111 70 70.8 706 35 26
p-cresol/TBA SFIL 6° 2:.1:1 70 84.0 720 270 27
p-cresol/TBA SFIL 74 111 70 80.0 91.0 89 27
p-cresol/TBA SFIL 8° 111 70 66.9 69.2 39 26
p-cresol/TBA SFIL o 1:1:05 70 85.3 952 14 28

8SFIL 4: (4-sulfobutyl)triethylammonium hydrogensulfate; b 5 1-(3-sulfopropyl)pyridinium tosylate;
CSFIL 6: 1-(4-sulfobutyl)pyridinium hydrogensulfate; dsrL 7; 1-methyl-3-(4-sulfobutyl)imidazolium hydro-
gensulfate; ®SFIL 8: 1-(4-sulfobutyl)pyridinium tosylate; fSFIL o a di(SO3H)-functionalized IL based on 1,1’
(1,4-butanediyl)big[ 3-(4-sulfobutyl)-1H-imidazolium] bis(hydrogensulfate)

Ortho-tert-butylation of p-cresol with MTBE in the presence of SFIL 3
on the 50 mmol scale

To a 1000 mL round-bottom flask containing a mixture of p-cresol (50 mmol,
5.4 g) and MTBE (50 mmol, 5.95 ml) was added SFIL 3 (50 mmol, 16.20 g) and
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ORTHO-tert-BUTYLATION OF p-CRESOL 1345

the mixture was heated at 100 °C. After 7 h, the reaction mixture was cooled to
room temperature and ethyl acetate (3x50 mL) was added leading to the sepa-
ration of SFIL 3. The crude product was purified by column chromatography on
silica gel using hexane/ethyl acetate 2:1 as eluent that afforded TBC (yellow
solid, 6.435 g, 78 % isolated yield) and DTBC (white solid, 0.525 g, 5 % isolated
yield). Gas chromatography analysis of the crude product indicated 84.7 % con-
version of p-cresol and 93.7 % selectivity to TBC.

CONCLUSIONS

A series of SO3H-functionalized ILs was prepared and their dual catalyst—
—solvent performances for ortho-tert-butylation of p-cresol with MTBE exam-
ined. The best results were obtained in the presence of [bSebim][HSO4] (SFIL
3), and an optimization study was conducted. This Bransted acidic IL has some
advantages, such as up to 85.8 % conversion and 95.2 % selectivity for the mono
ortho-tert-butylated product TBC, and it could be easily reused avoiding thus the
use of solvents and toxic catalysts. The present approach represents an efficient
method for the ortho-tert-butylation of p-cresol to TBC without formation of
ortho-tert-butylated products and without the use of added solvents.

Acknowledgements. The authors are grateful to Malek Ashtar University of Technology
for supporting this work.

U3BO[
E®UKACHO U CEJTEKTHBHO OPTO-TEPLI-BYTHUJIOBAILE p-KPE30JIA
TEPI]-BYTHUJI METUJI-ETPOM KATAJIM30BAHO CYJI®OHOBAHHWM JOHCKHUM
TEUHOCTHUMA

REZA FAREGHI ALAMDARI, FAEZEH GHORBANI ZAMANI u NEGAR ZEKRI
Department of Chemistry and Chemical Cngineering, Malek Ashtar University of Technology, Tehran, Iran

Y1BpheHo je ma cepyja HOBUX jOHCKUX TEUHOCTH THMNA CYI(OHCKUX KHCEIHHA e(PUKACHO
KaTayinsyje opTo-iiepy-OyTUIOBame p-Kpesona wepy-Oytun metuwn-etpom (MTBE) kao pea-
TeHCOM 3a iepy-OyTHioBame, 0e3 NMPUCYTHOr pacTBapada. MoOHO opTo-itepy-OyTHUIOBaHU
NPOU3BOJ HacTaje y npuHocy no 80,4 % u3omoBaHOr Mpou3Boja U y3 95,2 % cenexkTUBHOCTH.
He Hacraje O-iiepy-OyTHI0BaHU IPOU3BOL.

(ITpumsbeHo 17. anpuna. 2013, peBunupano 4. jyna, mpuxsaheno 9. jyna 2014)

REFERENCES

. A. V. Krishnan, K. Ojha, N. C. Pradhan, Org. Proc. Res. Dev. 6 (2002) 132

. J. Pospisil, Polym. Degrad. Stab. 20 (1988) 181

. J. Murphy, in: Additives for Plastics Handbook, 2" ed., Ch. 2., Elsevier, Amsterdam,
2001

L. Tian, F. H. Cao, D. Y. Fang, S. Z. Guo, Chin. J. Chem. Eng. 15 (2007) 680

. T.Zhang, F. Q. Zhang, D. Mei, G. F. Wang, J. G. Wang, Catal. Commun. 6 (2005) 385
M. A. Harmer, Q. Sen, Appl. Catal., A 221 (2001) 45

M. Selvargj, S. Kawi, Micropor. Mesopor. Mater. 98 (2007) 143

wWwN P

No gk

Available on line at www.shd.org.rs/JSCS/

(CC) 2014 SCs. All rights reserved.




1346 ALAMDARI, ZAMANI and ZEKRI

10.
11.

12.

13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.
25,

26.

27.

28.
29.

30.

3L

32
33

K. Zhang, H. Zhang, G. Xiang, D. Xu, S. Liu, H. Li, Appl. Catal., A 207 (2001) 183

T. Sato, G. Sekiguchi, T. Adschiri, K. Arai, Chem. Commun. 17 (2001) 1566

G.D. Yadav, A. A. Pujari, A. V. Joshi, Green Chem. 1 (1999) 269

B. M. Devassy, G. V. Shanbhag, F. Lefebvre, S. B. Halligudi, J. Mol. Catal., A 210
(2004) 125

S. M. Kumbar, G. V. Shanbhag, F. Lefebvre, S. B. Halligudi, J. Mal. Catal., A 256 (2006)
324

G. Kamalakar, K. Komura, Y. Sugi, Catal. Lett. 108 (2006) 31

S. Sarisha, B. M. Devassy, S. B. Halligudi, J. Mal. Catal., A 235 (2005) 44

S. Chowdhury, R. S. Mohan, J. L. Scott, Tetrahedron 63 (2007) 2363

P. Wasserscheid, W. Keim, Angew. Chem. Int. Ed. 39 (2000) 3772

J. Safaei-Ghomi, M. A. Ghasemzadeh, J. Serb. Chem. Soc. 77 (2012) 733

a) T. Welton, Chem. Rev. 99 (1999) 2071; b) V. I|. Parvulescu, C. Hardacre, Chem. Rev.
107 (2007) 2615

J. L. Anderson, R. Ding, A. Ellern, D. W. Armstrong, J. Am. Chem. Soc. 127 (2005) 593
W. J. Swindall, Clean Technol. Envir. 6 (2004) 149

P. Wasserscheid, M. Sesing, W. Korth, Green Chem. 4 (2002) 134

D. C. Forbes, K. J. Weaver, J. Mal. Catal., A 214 (2004) 129

Y. Gu, F. Shi, Y. Deng, J. Mol. Catal., A 212 (2004) 71

J. Gui, X. Cong, D. Liu, X. Zhang, Z. Hu, Z. Sun, Catal. Commun. 5 (2004) 473
A.C.Coale J. L. Jensen, |. Ntai, K. L. T. Tran, K. J. Weaver, D. C. Forbes, J. H. Davis, J.
Am. Chem. Soc. 124 (2002) 5962

X. Liu, J. Zhou, X. Guo, M. Lin, X. Ma, C. Song, C. Wang, Ind. Eng. Chem. Res. 47
(2008) 5298

K. Kondamudi, P. Elavarasan, P. J. Dyson, S. J. Upadhyayula, J. Mol. Catal., A 321
(2010) 34

S. Bao, N. Quan, J. Zhang, J. Yang, Chin. J. Chem. Eng, 19 (2011) 64

R. Fareghi-Alamdari, Z. Hosseinabadi, M. Farhadi-Khouzani, J. Chem. Sci. 124 (2012)
827

N. Zekri, R. Fareghi-Alamdari, A. Khalafi-Nezhad, Bull. Chem. Soc. Ethiop. 24 (2010)
299

N. Zekri, R. Fareghi-Alamdari, Can. J. Chem. 88 (2010) 563

. A. Khaafi-Nazhad, R. Fareghi-Alamdari, N. Zekri, Tetrahedron 56 (2000) 7503

. Y. Wang, D. Jiang, L. J. Dai, Catal. Commun. 9 (2008) 2475.

Available on line at www.shd.org.rs/JSCS/

(CC) 2014 SCs. All rights reserved.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




