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RICE HUSK ASH: A NEW, CHEAP, EFFICIENT, AND
REUSABLE REAGENT FOR THE PROTECTION OF
ALCOHOLS, PHENOLS, AMINES, AND THIOLS
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GRAPHICAL ABSTRACT

Abstract A mild, efficient, and eco-friendly protocol for the protection of alcohols and phenols
as trimethylsilyl ethers has been developed using rice husk ash as a reagent. This reagent is also
able to catalyze the acetylation of alcohols, phenols, thiols, and amines with acetic anhydride.
All reactions were performed under mild conditions in good to high yields.

[Supplementary materials are available for this article. Go to the publisher’s online edition of
Phosphorus, Sulfur, and Silicon and the Related Elements for the following free supplemental
files: Additional text, tables, and figures.]

Keywords Rice husk ash (RiHA); heterogenous reagent; trimethylsilylation; acetylation;
protection; mild reaction conditions

INTRODUCTION

Protection and deprotection of organic functions are important processes during
multistep organic synthesis.1,2 The choice of a method that is used for the functional group
transformations depends on its simplicity, high yields of the desired products, short reaction
times, low cost of the process, and ease of the work-up procedures.

Received 8 June 2013; accepted 8 September 2013.
We are thankful to the University of Guilan Research Councils for the partial support of this work.
Address correspondence to F. Shirini, Department of Chemistry, College of Science, University of Guilan,

Rasht 41335, Iran. E-mail: shirini@guilan.ac.ir
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/gpss.

577

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 1
4:

35
 0

1 
Ju

ne
 2

01
4 



578 F. SHIRINI ET AL.

Trimethylsilylation of organic compounds having labile hydrogen atoms is an im-
portant organic transformation.1,3 This protection method is frequently used in multistep
synthesis of natural products due to the enhanced stability of the silyl derivatives under
a variety of conditions, their solubility in nonpolar solvents, and the thermal stability and
ease of the removal of the silyl groups. Silylation is also extensively used for the derivati-
zation of hydroxy compounds in order to increase their volatility for gas chromatography
(GC) and mass spectrometry.4 A wide variety of methods using silylating agents, such
as chlorotrimethylsilane and a base,5 bis-(trimethylsilyl)trifluoro acetamide,6 allylsilanes
together with an acid,7 and bistrimethylsilyl ether,8 have been reported for this purpose.
However, these reagents require the addition of bases, and the difficulty in removing the
ammonium salts is frequently encountered. A longer reaction time is an additional disad-
vantage of these reagents.

Hexamethyldisilazane (HMDS) is one of the most widely used reagents for this
purpose. Although, its handling does not require special precautions and the work-up is not
time consuming, the low silylation power of HMDS is the main drawback to its application,
which needs forceful conditions and long reaction times.

Among the many protecting groups for alcohols, phenols, amines, and thiols, acetate
is used with high frequency. The acetylation is typically performed using acetic anhydride
in the presence of either basic9–12 or acidic catalysts.13–18 Although various acetylation
methods are available, most have one or more drawbacks including long reaction times,
harsh conditions, harmful organic solvents, and tedious work-up procedures. One of the
most promising solutions to these problems seems to use green and insoluble catalysts or
using eco-friendly solvent-free conditions. When an insoluble catalyst is used, it can be
separated easily by filtration and recycled. Also, solvent-free synthetic methods are valuable
for environmental and economical reasons.19–21

The major goals of “Green chemistry” are to increase process selectivity, maximize
the use of starting materials, and to replace hazardous and stoichiometric reagents with
eco-friendly reagents in order to facilitate easy separation of the final reaction mixture,
including recovery of the promotor.

The rice husk ash (RiHA), as a product of combustion of rice husk, is considered to be
the most economical source of silica.22 As we know, over the years, silica powders and gels
have been widely used in industry as fillers, adsorbents, chromatographic agents, catalyst,
and as catalytic supports. Several researchers have utilized RiHA to prepare zeolites and
mesoporous silica.23 Some utilize RiHA as an adsorbent to adsorb metal ions such as Cd2+,
Zn2+, and Ni2+, and heavy metals such as lead and mercury from aqueous solution.24 Some
organic matters, such as Congo red, vacuum pump oil, palmytic acid, Indigo Carmine
dye, Brilliant Green dye and so on, can also be adsorbed by RiHA.25,26 However, the final
disposal of the RiHA after adsorption has not been reported.

RESULTS AND DISCUSSION

Very recently, we have reported the applicability of rice husk in the promotion of the
silylation of hydroxyl groups, N-boc protection of amines, acetylation of hydroxyl groups,
amines, and thiols,27a and synthesis of 12-aryl-8,9,10,12-tetrahydrobenzo[α] xanthen-11-
one and quinoxaline derivatives.27b In continuation of these studies, we were interested to
investigate the applicability of RiHA, as a source of amorphous silica,28 in the promotion
of the protection of alcohols, phenols, amines, and thiols.
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RIHA: A NEW, CHEAP, EFFICIENT, AND REUSABLE REAGENT 579

Initially, we studied the standardization of the silylation reaction conditions with
investigating the effect of different molar ratio of reactants and different solvents (CH2Cl2,
n-hexane, acetone, CHCl3, Et2O, CCl4, H2O, and CH3CN) on the reaction in terms of time
and product yield. Our investigations clarified that the best results can be obtained under
the conditions shown in Scheme 1.

Scheme 1

After optimization of the reaction conditions, different types of alcohols were sub-
jected to trimethylsilylation using this method (Table 1). Trimethylsilylation of benzylic
alcohols including different types of substituents proceeded efficiently with high isolated
yields (Table 1, entries 1–16). Primary and less hindered secondary aliphatic alcohols were
also successfully converted to the corresponding silyl ethers in almost quantitative yields
at room temperature (Table 1, entries 17–21). This method was also found to be useful
for trimethylsilylation of allylic alcohols, diols, and acyloins (Table 1, entries 22 and 23).
No elimination and rearrangement byproducts were observed at all. Phenols also undergo
silylation easily using this method, and their corresponding silyl ethers can be isolated in
good to high yields (Table 1, entries 24–33).

As shown in Table 1, more hindered secondary and tertiary alcohols, amines, and
thiols are resistant to RiHA and remain intact in the reaction mixture (Table 1, entries
34–43). Therefore, this methodology shows selectivity, and is suitable for the selective
trimethylsilylation of benzylic and primary and less hindered secondary aliphatic alcohols
and phenols in the presence of the above-mentioned substrates (Table 1, entries 44–46).

To illustrate the efficiency of the proposed method, Table 2 compares our results ob-
tained from the silylation of benzyl alcohol with HMDS catalyzed by RiHA with other re-
sults reported in the literature. This comparison clarifies that all the catalysts require more re-
action times than RiHA. In addition, as it can be seen alumina-supported H2PMo11VCuO40

and RiH are able to catalyze this type of reactions, but in higher amounts than there are
in RiHA. As reported in the literature, 0.1 g of alumina-supported H2PMo11VCuO40 and
0.08 g of RiH are needed for the promotion of the silylation of hydroxyl functional groups
(Table 2, entries 3 and 6). On the other hand catalysts such as H-β zeolite and alumina-
supported H2PMo11VCuO40 need higher reaction times (Table 2, entries 1 and 3) and
catalysts such as H-β zeolite, phenyltrimethylammonium tribromide, alumina-supported
H2PMo11VCuO40, and nanoporous solid silica sulfonic acid need toxic solvents such as
toluene and CH2Cl2 (Table 2, entries 1– 4).

After the above-mentioned reactions, we have tried to extend the applicability of
RiHA in organic transformations by studying the role of this reagent in the promotion of
the acetylation reactions. Our investigations clarified that RiHA is also efficiently able to cat-
alyze the acetyl protection of alcohols, phenols, thiols, and amines with Ac2O. All reactions
are performed under mild reaction conditions in good to high yields (Scheme 2, Table 3).

Using this method, different types of benzylic (including a variety of substituents)
and primary, secondary, and tertiary aliphatic alcohols and phenols were converted to their
corresponding acetates in quantitative yields (Table 3, entries 1–22). This method is also
very useful for the effective acetylation of amines and thiols (Table 3, entries 23–33). No
elimination and rearrangement byproducts were observed at all.
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580 F. SHIRINI ET AL.

Table 1 Trimethylsilylation of alcohols and phenols catalyzed by RiHAa,b

Entry Product Time (min) Yield (%) Ref.

1 PhCH2OSiMe3 3 90 29

2 2-ClC6H4CH2OSiMe3 10 80 30

3 4-ClC6H4CH2 OSiMe3 5 84 30

4 3,4-Cl2C6H3CH2OSiMe3 8 82 31

5 4-BrC6H4CH2OSiMe3 12 89 32

6 2-BrC6H4CH2OSiMe3 13 87 33

7 2-NO2C6H4CH2OSiMe3 23 84 34

8 4-NO2C6H4CH2OSiMe3 15 83 30

9 2-MeC6H4CH2OSiMe3 21 82 33

10 4-Me2CHC6H4CH2OSiMe3 5 85 35

11 3-MeOC6H4CH2OSiMe3 8 82 31

12 4-MeOC6H4CH2OSiMe3 18 89 36

13 2,3-Dihydro-1H-inden-1-OSiMe3 7 83 31

14 9H-fluoren-9-OSiMe3 10 88 31

15 1-Phenylpropan-1-OSiMe3 10 84 37

16 (Ph)2CHOSiMe3 25 80 29

17 PhCH2CH2OSiMe3 11 81 38

18 PhCH(Me)CH2OSiMe3 5 82 33

19 PhCH2NHCH2CH2OSiMe3 12 80 39

20 CyclohexanOSiMe3 9 82 29

21 2-Isopropyl-5-methylcyclohexan-OSiMe3 30 81 29

22 PhCH = CHCH2OSiMe3 8 83 37

23 Ph(CO)CH(OSiMe3)Ph 17 70 38

24 PhOSiMe3 13 86 29

25 Naphthalen-2-OSiMe3 4 90 40

26 Naphthalen-1-OSiMe3 6 83 29

27 2,4-Me2C6H3OSiMe3 7 87 37

28 3,5-Me2C6H3OSiMe3 4 91 41

29 4-Me2CHC6H4OSiMe3 5 90 42

30 2-PhC6H4OSiMe3 17 89 40

31 2-VinylC6H4OSiMe3 11 81 40

32 C6H4–1,4-(OSiMe3)2 3 80c 43

33 2-MeO-4-MeC6H3OSiMe3 12 82 36

34 1,7,7-Trimethylbicyclo[2.2.1]heptan-2-OSiMe3 120 0d —
35 Adamantan-2-OSiMe3 120 0d —
36 Adamantan-1-OSiMe3 180 0d —
37 PhCH2NHSiMe3 120 0d —
38 PhNHSiMe3 150 0d —
39 PhN(SiMe3)Me 120 0d —
40 Cyclohexan-NHSiMe3 120 0d —
41 PhSSiMe3 120 0d —
42 Naphthalen-2-SSiMe3 120 0d —
43 2-((trimethylsilyl)sulfanyl)benzo[d]SSiMe3 120 0d —
44 PhCH2OSiMe3 4 100d —

+ +
Adamantan-1-OSiMe3 0d

45 PhCH2CH2OSiMe3 12 100d —
+ +
PhN(SiMe3)Me 0d

46 4-ClC6H4CH2OSiMe3 10 100d —
+ +
PhSSiMe3 0d

aProducts were identified spectroscopically, comparison with authentic samples and also by the conversion of
the products to their starting materials.

bIsolated yield.
c0.04 g of RiHA was used.
dIdentified by TLC or GC.
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RIHA: A NEW, CHEAP, EFFICIENT, AND REUSABLE REAGENT 581

Table 2 Comparison of some of the results obtained by the silylation of benzyl alcohol with HMDS in the
presence of RiHA, with some of other reported catalysts

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

1 H-β zeolite (10% w/w) Toluene, 80◦C 300 95 44a

2 Phenyltrimethylammonium tribromide
(0.05 mmol)

CH2Cl2, r. t. 30 91 36

3 Alumina-supported H2PMo11VCuO40 (0.1 g) Toluene, 85◦C 60 95 44b

4 Nanoporous solid silica sulfonic acid (2 mol%) CH2Cl2, r. t. 80 100 34

5 Al2O3-SO3H (0.025 g, 0.075 mmol of H+) Solvent-free, r. t. 2 98 44c

6 RiH (0.08 g) CH3CN, r. t. 5 94 27a

7 RiHA (0.02 g) CH3CN, r. t. 3 90 This work

Scheme 2

In order to show the merit of the catalyst, Table 4 compares our results obtained
from the acetylation of benzyl alcohol with acetic anhydride catalyzed by RiHA with some
other results reported in the literature. This comparison clarifies that all the catalysts require
more reaction times than RiHA. In addition, some of these catalysts (FePO4 and [bis(2-
hydroxyanil) acetylacetonato]manganese (III) chloride) need higher reaction times (Table 4,
entries 1 and 2) and some of them ([Bis(2-hydroxyanil) acetylacetonato]manganese (III)
chloride) need harsh solvents such as CH3NO2 (Table 4, entry 2).

It is very important to note that although Ai-, Si-, and Fe-based reagents are able to
catalyze the above-mentioned reactions (Table 2, entries 1, 3–6 and Table 4, entries 1, 4–7),
yet the amounts of the catalysts are higher than the available amounts of Fe, Al, and Si in
RiHA. So, we can say that the observed efficiency of RiHA may be due to the synergistic
effect between the components of this reagent and this is under further consideration in our
laboratory.

From the context of green approach, the reusability of the reagent was tested in the
silylation and acetylation of 4-chlorobenzyl alcohol. After completion of the reaction, the
reagent was washed well with acetonitrile, acetone, and water, then dried at 100◦C prior to
used and tested for its activity in subsequent run and fresh reagent was not added. It was
seen that the reagent displayed very good reusability (Figure 1).

In conclusion, we have developed a mild efficient and high yielding method for the
O-silyl protection of alcohols and phenols, and acetylation of alcohols, phenols, thiols, and
amines, using RiHA as the promotor. In contrast to some existing methods using potentially
hazardous reagents/additives, this new method offers the following advantages: (i) low cost,
availability and reusability of the reagent, (ii) avoids the use of any base, metal, or Lewis
acid catalysts, (iii) relatively short reaction times, (iv) easy and clean work-up, (v) high
yields, and (vi) no side reactions. We are exploring further applications of RiHA for the
other types of organic reactions in our laboratory.
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582 F. SHIRINI ET AL.

Table 3 Acetylation of alcohols, phenols, thiolsa, and aminesb in the presence of RiHc

Entry Product Time (min) Yield (%)d Ref.

1 PhCH2OAc 15 91 45

2 4-ClC6H4CH2OAc 14 93 18

3 4-BrC6H4CH2OAc 20 90 46

4 2-BrC6H4CH2OAc 20 93 47

5 4-Me2CHC6H4CH2OAc 30 94 13

6 (Anthracen-10-yl)methan-OAc 40 94 48

7 (Ph)2CHOAc 100 92 46

8 PhCH(Me)OAc 45 91 18

9 CyclopentylOAc 30 90 49

10 2-Isopropyl-5-methylcyclohexan-OAc 60 93 46

11 PhCH(OAc)CH2OAc 50 90e 47

12 Ph(CO)CH(OAc)Ph 180 80 18

13 1,7,7-Trimethylbicyclo[2.2.1]heptan-2-OAc 35 89 50

14 Adamantan-2-OAc 45 90 47

15 Adamantan-1-OAc 120 89 51

16 PhOAc 5 96 52

17 Naphthalen-2-OAc 8 96 45

18 Naphthalen-1-OAc 15 94 18

19 2,4-Me2C6H3OAc 12 97 17

20 4-Me2CHC6H4OAc 15 95 46

21 2-PhC6H4OAc 75 93 52

22 C6H4–1,4-(OAc)2 10 92e 18

23 PhCH2SAc 8 90 53

24 4-BrPhSAc 10 92 16

25 4-MePhSAc 8 91 45

26 Naphthalen-2-SAc 20 90 15

27 PhCH2NHAc <1 97 50

28 PhNHAc <1 96 54

29 4-BrPhNHAc <1 96 49

30 4-NO2PhNHAc 15 92 54

31 3-MeOPhNHAc 10 96 14

32 Naphthalen-1-NHAc <1 98 49

33 (Ph)2NAc 40 91 49

aAlcohols, phenols, and thiols are acetylated at 80◦C.
bAmines are acetylated at room temperature.
cProducts were identified spectroscopically, comparison with authentic samples and also by the conversion of

the products to their starting materials.
dIsolated yield.
e0.1 g of RiHA was used.

EXPERIMENTAL

General

Chemicals were purchased from Fluka, Merck, and Aldrich chemical companies. All
yields refer to the isolated products. Products were characterized by their physical constants
and comparison with authentic samples. The purity determination of the substrate and
reaction monitoring were accompanied by thin layer chromatography (TLC) on silica-gel
polygram SILG-UV 254 plates.
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RIHA: A NEW, CHEAP, EFFICIENT, AND REUSABLE REAGENT 583

Table 4 Comparison of some of the results obtained by the acetylation of benzyl alcohol in the presence of
RiHA, with some of the reported catalysts

Entry Catalyst Ac2O (mmol) Conditions Time (h) Yield (%) Ref.

1 FePO4 (0.05 mmol) 2.5 Solvent-free, r.t. 10 92 55a

2 [Bis(2-hydroxyanil)
acetylacetonato]manganese
(III) chloride (0.01 mmol)

2 CH3NO2, r.t. 5 97 55b

3 Bi(TFA)3 (0.05 mmol) 1.5 CH3CN, r. t. 1 96 55c

4 HClO4–SiO2 (1 mol%) 1.5 Solvent-free, r. t. 1 96 55d

5 Zeolite H-FER (0.015 g) 1.5 Solvent-free, 75◦C 1.5 99 55e

6 HBF4–SiO2 (1 mol%) 1 Solvent-free, r.t. 1 94 55f

7 Alumina-supported MoO3

(1 mol%)
2 Solvent-free, r.t. 0.33 99 55g

8 RiH (0.3 g) 3 Solvent-free, 80◦C 1 94 27a

9 RiHA (0.05 g) 3 Solvent-free, 80◦C 0.25 93 This work

Instrumentation

The IR spectra were run on a Perkin-Elmer bio-spectrometer (PerkinElmer, USA) and
Bruker Vector 22 (Bruker, Germany). The 1H NMR (400 MHz) and 13C NMR (100 MHz)
were run on a Bruker AVANCEIII-400 spectrometer (Bruker, Germany) in CDCl3 using
tetramethylsilane (TMS) as an internal reference (δ in ppm). Microanalyses were performed
on a Perkin-Elmer 240-B microanalyzer (PerkinElmer, USA). Melting points were recorded
on a Büchi B-545 (Büchi Corporation, USA) apparatus in open capillary tubes. The char-
acterization of rice husk was obtained using scanning electron microscopy (SEM-Philips
XL30, FEI Company, North America) with field emission gun and energy dispersive spec-
troscopy (EDS). Prior to placing into the microscope, the rice husk particles were coated
with gold under vacuum (SCD 005 sputter coater, Bal-Tec, Swiss) and examined at an
acceleration voltage of 17 KV. X-ray diffrac- tometry (XRD) diagrams of the samples were

Figure 1 Reusability of RiHA in the silylation and acetylation of 4-chlorobenylalcohol (Table 1, entry 3 and
Table 3, entry 2). Horizontal axes is the reusability times of the reagent and vertical axes is the time of the reaction
and the yield of the product.
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584 F. SHIRINI ET AL.

obtained with a diffractometer Model XRD 6000, PHILIPS Xpert pro (PANalytical for-
merly known as Philips Analytical Company, North America). The chemical composition
of RHA was analyzed using X-ray Fluorescence (XRF) spectrometer (Model Magix Pro.
Philips (PANalytical formerly known as Philips Analytical Company, North America)). Se-
lected characterization data for the RiHA is located in the supplemental materials (Figures
S1–S3 and Table S1).

Preparation of Rice Husk (RiH) and Determination of Its Components

Rice sample (named as Hassani) was obtained from Rasht (Guilan Province) in the
north of Iran. Rice husk was obtained from a local mill, washed several times with distilled
water to remove any adhering materials, and dried at room temperature for 48 h. The
dried RiH was smashed and sieved (80–170 mesh size). Then the reagent was washed
with distilled water and dried at 110◦C for 4 h. The main components of the rice husk
sample were determined as follows, using the reported methods in the literature56,57: silica
(14.2%), cellulose (27.4%), hemicelluloses (18.3%), lignin (25.8%), inorganic residue
(5.8%), soluble (3.5%), and moisture (5%).

Preparation of Rice Husk Ash (RiHA) and Determination

of Its Components

RiHA was produced in combustion of rice husk (RiH). Since the open-field burning
causes air pollution and creates a disposal problem for the large quantity of rice hull
ash produced, direct soil incorporation of hulls has also been investigated. So we used a
technology that has been reported in the literature.58 The characteristics of the ash depend
on the components, temperature, and time of burning. During the burning process, the
carbon content is burnt off and all that remains is the silica content. The silica must be
kept at a noncrystalline state in order to produce an ash with high catalytic activity. It was
tested and found that the ideal temperature for producing such results is between 600◦C and
700◦C. If the rice husk was burnt at too high temperature or for too long period of time, the
silica content will be obtained at crystalline structure. On the other hand, if the rice husk
was burnt at too low temperature or for a short period of time, the RiHA will contain large
amount of unburnt carbon.59,60 The main components of RiHA sample were determined
using the reported methods in the literature46: The RiHA contains over 80% silica by mass
with a small proportion of metallic elements.

Trimethylsilylation of Alcohols and Phenols; General Procedure

To a stirring mixture of the substrate (1 mmol) and RiHA (0.08 g) in CH3CN (3 mL),
HMDS (0.75 mmol, 0.120 g) was added at room temperature. The progress of the reaction
was monitored by TLC. After completion of the reaction, the mixture was filtered and the
residue was washed with acetonitrile (5 mL). Evaporation of the solvent gave almost pure
product(s). Further purification was carried out by bulb-to-bulb distillation under reduced
pressure or recrystallization to afford pure silyl ether(s).
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RIHA: A NEW, CHEAP, EFFICIENT, AND REUSABLE REAGENT 585

Acetylation of Alcohols, Phenols, Thiols, and Amines; General

Procedure

A mixture of the substrate (1 mmol), acetic anhydride (3 mmol), and RiHA (0.3 g)
was stirred at room temperature and/or 80◦C. After completion of the reaction (TLC), the
reaction mixture was triturated with EtOAc (15 mL) and the reagent was filtered. The
organic layer was washed with saturated NaHCO3 and water (3×15 mL), and dried over
anhydrous MgSO4. Evaporation of the solvent under reduced pressure gave the requested
products in good to high yields.

REFERENCES

1. Green, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis; Wiley: New York, 1999,
p. 306.

2. Kocienski, P. J.; Endres, R.; Noyori, R.; Trost, B. M. Protective Groups; Thieme: Stuttgart, 1994.
3. Sartori, G.; Ballini, R.; Bigi, F.; Bosica, G.; Maggi, R.; Righi, P. Chem. Rev. 2004, 104, 199-250.
4. Cooper, B. E. Chem. Ind. 1978, 20, 794-797; and references cited therein.
5. (a) West, R. J. Am. Chem. Soc. 1958, 80, 3246-3249. (b) House, H. O.; Czuba, L. G.; Gall, M.;

Olmstead, H. D. J. Org. Chem. 1969, 3, 2324-2336. (c) Corey, E. J.; Snider, B. B. J. Am. Chem.
Soc. 1972, 94, 2549-2550.

6. Chirakul, P.; Hampton, P. D.; Duesler, E. N. Tetrahedron Lett. 1998, 39, 5473-5476.
7. Morita, T.; Okamoto, Y.; Sakurai, H. Tetrahedron Lett. 1980, 21, 835-838.
8. Pinnick, H. W.; Bal, B. S.; Lajis, N. H. Tetrahedron Lett. 1978, 19, 4261-4262.
9. Steglich, W.; Hofle, G. Angew. Chem. Int. Ed. Engl. 1969, 8, 981-985.

10. Vedejs, E.; Diver, T. S. J. Am. Chem. Soc. 1993, 115, 3358-3359.
11. Scriven, E. F. V. Chem. Soc. Rev. 1983, 12, 129-161.
12. Tomohumi, S.; Kousaburo, O.; Takashi, O. Synthesis. 1991, 1141-1144.
13. Karimi, B.; Maleki, J. J. Org. Chem. 2003, 68, 4951-4954.
14. Ahmed, N.; Van Lier, J. E. Tetrahedron Lett. 2006, 47, 5345-5349.
15. Saravanan, P.; Singh, V. K. Tetrahedron Lett. 1999, 40, 2611-2614.
16. De Kanta, S. Tetrahedron Lett. 2004, 45, 2919-2922.
17. Bartoli, G.; Bosco, M.; Dalpozzo, R.; Marcantoni, E.; Massaccesi, M.; Sambri, L. Eur. J. Org.

Chem. 2003, 4611-4617.
18. Hajipour, A. R.; Khazdooz, L.; Ruoho, A. E. J. Chin. Chem. Soc. 2009, 56, 398-403.
19. Tanaka, K.; Toda, F. Chem. Rev. 2000, 100, 1025-1074.
20. Walsh, P. J.; Li, H.; De Parrodi, C. A. Chem. Rev. 2007, 107, 2503-2545.
21. Garay, A. L.; Pichon, A.; James, S. L. Chem. Soc. Rev. 2007, 6, 846-855.
22. (a) Rafiee, E.; Khodayaria, M.; Shahebrahimia, S.; Joshaghani, M. J. Mol. Catal. A: Chem. 2011,

351, 204-209. (b) Ahmed, Y. M. Z.; Ewais, E. M.; Zaki, Z. I. J. Univ. Sci. Technol. Beijing
Miner. Metall. Mater. 2008, 15, 307-313. (c) Yalc, N.; Sevinc, V. Ceram. Int. 2001, 27, 219-224.
(d) Jang, H. T.; Park, Y. K.; Ko, Y. S.; Lee, J. Y.; Margandan, B. Int. J. Greenhouse Gas Control.
2009, 3, 545-549. (e) Chareonpanich, M.; Namto, T.; Kongkachuichay, P.; Limtrakul, J. Fuel
Process Technol. 2004, 85, 1623-1634.

23. (a) Prasetyoko, D.; Ramli, Z.; Endud, S.; Sulikowski, H. H. B. Waste Manage. 2006, 26, 1173-
1179. (b) Kordatos, K.; Gavela, S.; Ntziouni, A.; Pistiolas, K. N.; Kyritsi, A.; Kasselouri-
Rigopoulou, V. Micropor. Mesopor. Mater. 2008, 115, 189-196.

24. (a) Srivastava, V. C.; Mall, I. D.; Mishra, I. M. Colloids Surf. A Physicochem. Eng. Aspects.
2008, 312, 172-184. (b) Srivastava, V. C.; Mall, I. D.; Mishra, I. M. Chem. Eng. Process. 2009,
48, 370-379. (c) Feng, Q. G.; Lin, Q. Y.; Gong, F. Z.; Sugita, S. C.; Shoya, M. J. Colloid. Interf.
Sci. 2004, 278, 1-8.

25. Chou, K. S.; Tsai, J. C.; Lo, C. T. Bioresour. Technol. 2001, 78, 217-219.
26. Adam, F.; Chua, J. H. J. Colloid. Interf. Sci. 2004, 280, 55-61.

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 1
4:

35
 0

1 
Ju

ne
 2

01
4 



586 F. SHIRINI ET AL.

27. (a) Shirini, F.; Akbari-Dadamahaleh, S.; Mohammad-Khah, A.; Aliakbar, A.-R. C. R. Chimie.
2013, doi:10.1016/j.crci.2013.01.018. (b) Shirini, F.; Akbari-Dadamahaleh, S.; Mohammad-
Khah, A.; Aliakbar; A.-R. C. R. Chimie. 2013, 16, 207-216.

28. Adam, F.; Kandasamy, K.; Balakrishnan, S. J. Colloid. Interf. Sci. 2006, 304, 137-143.
29. Shaterian, H. R.; Shahrekipoor, F.; Ghashang, M. J. Mol. Catal. A: Chem. 2007, 272, 142-151.
30. Mojtahedi, M. M.; Abaee, M. S.; Eghtedari, M. Appl. Organmet. Chem. 2008, 22, 529-532.
31. Shirini, F.; Abedini, M. J. Iran. Chem. Soc. 2008, 5, 87-90.
32. Rajagopal, G.; Lee, H.; Kim, S. S. Tetrahedron. 2009, 65, 4735-4741.
33. Shirini, F.; Marjani, K.; Taherpour Nahzomi, H.; Zolfigol, M. A. Phosphorus Sulfur Silicon Relat.

Elem. 2008, 183, 168-177.
34. Zareyee, D.; Karimi, B. Tetrahedron Lett. 2007, 48, 1277-1280.
35. Karimi, B.; Golshani, B. J. Org. Chem. 2000, 65, 7228-7230.
36. Ghorbani-Choghamarani, A.; Cheraghi-Fathabad, N. Chin. J. Catal. 2010, 31, 1103-1106.
37. Azizi, N.; Saidi, M. R. Organometallics. 2004, 23, 1457-1458.
38. Ziyaei-Halimjani, A.; Saidi, M. R. J. Sci. I. R. Iran. 2006, 17, 123-126.
39. Ghaffari Khaligh, N. J. Mol. Catal. A: Chem. 2011, 349, 63-70.
40. Moghadam, M.; Tangestaninejad, S.; Mirkhani, V.; Mohammadpoor-Baltork, I.; Gharaati, S.

Appl. Organomet. Chem. 2009, 23, 446-454.
41. Shirini, F.; Khoshdel, M. A.; Abedini, M.; Atghia, S. V. Chin. Chem. Lett. 2011, 22, 1211-1214.
42. Kadam, S. T.; Kim, S. S. J. Org. Chem. 2009, 694, 2562-2566.
43. Azizi, N.; Yousefi, R.; Saidi, M. R. J. Organomet. Chem. 2006, 691, 817-820.
44. (a) Tillu, V. H.; Jadhav, V. H.; Borate, H. B.; Wakharkar, R. D. Arkivoc. 2004, xiv, 83-88.

(b) Villabrille, P.; Romanelli, G.; Quaranta, N.; Vázquez, P. Appl. Catal. B: Environ. 2010,
96, 379-386. (c) Shaterian, H. R.; Khorami, F.; Amirzadeh, A.; Ghashang, M.; Hosseinian, A.
Phosphorus Sulfur Silicon Relat. Elem. 2008, 183, 2584-2595.

45. Xi, Z.; Hao, W.; Wang, P.; Cai, M. Molecules. 2009, 14, 3528-3537.
46. Kadam, S. T.; Lee, H.; Kim, S. S. Bull. Korean Chem. Soc. 2009, 30, 1071-1076.
47. Shirini, F.; Zolfigol, M. A.; Safari, A. Indian J. Chem. 2005, 44B, 201-203.
48. Jeyakumar, K.; Chand, D. K. J. Mol. Catal. A: Chem. 2006, 255, 275-282.
49. Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R. Vogel’s Textbook of Practical

Organic Chemistry, 5th ed.; Longman-ELBS: London, 1991, p. 1370.
50. Ishii, Y.; Takeno, M.; Kawasaki, Y.; Muromachi, A.; Nishiyama Sakaguchi, Y. S. J. Org. Chem.

1996, 61, 3088-3092.
51. Grob, C. A.; Sawlewicz, P. Helv. Chim. Acta. 1988, 71, 1508-1510.
52. Shirini, F.; Zolfigol, M. A.; Abedini, M. Monatsh. Chem. 2009, 140, 1495-1498.
53. Joseph, J. K.; Jain, S. L.; Sain, B. J. Mol. Catal. A: Chem. 2007, 267, 108-111.
54. Vishnoi, N. K. Advanced Practical Organic Chemistry, 2nd ed.; Vishal Publishing House: New

Dehli, 1996.
55. (a) Behbahani, F. K.; Farahani, M.; Oskooie, H. A. J. Korean Chem. Soc. 2011, 55, 633-637.

(b) Salavati-Niasari, M.; Hydarzadeh, S.; Amiri, A.; Salavati, S. J. Mol. Catal. A: Chem. 2005,
231, 191-195. (c) Mohammadpoor-Baltork, I.; Aliyan, H.; Khosropour, A. R. Tetrahedron.
2001, 57, 2851-2854. (d) Chakraborti, A. K.; Gulhane, R. Chem. Commun. 2003, 1896-1897.
(e) Chavan, S. P.; Anand, R.; Pasupathy, K.; Rao, B. S. Green Chem. 2001, 3, 320-322.
(f) Chakraborti, A. K.; Gulhane, R. Tetrahedron Lett. 2003, 44, 3521-3525. (g) Joseph, J. K.;
Jain, S. L.; Sain, B. J. Mol. Catal. A: Chem. 2007, 267, 108-111.

56. Bledzki, A. K.; Mamun, A. A.; Volk, J. Compos. Part: A. 2010, 41, 480-488.
57. Mansaray, G.; Ghaly, A. E. Bioresour. Technol. 1998, 65, 13-20.
58. Mehta, P. K. Pitt, N. Resour. Recovery Conserv. 1976, 2, 23-38.
59. Mehta, P. K. Rice husk ash-a unique supplementary cement material. In: Malhotra (Ed.), Advances

in Concrete Technology; CANMET: Ottawa, Canada, 1992.
60. Hwang, C. L.; Wu, D. S. Properties of Cement Paste Containing Rice Husk Ash, In: Malhotra, V.

M., (Ed.), Proceedings of 3rd International Conference; ACI SP-114(35), Trondheim, Norway,
1989, pp. 733-765. ACZ SP-114, 1989, pp. 733-765.

D
ow

nl
oa

de
d 

by
 [

N
an

ya
ng

 T
ec

hn
ol

og
ic

al
 U

ni
ve

rs
ity

] 
at

 1
4:

35
 0

1 
Ju

ne
 2

01
4 


