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Abstract: In the recent past, a number of methods were reported on the applic-
ation of ultrasound in organic reactions for the synthesis of diverse organic 
scaffolds. On the other hand, as far as green chemistry is concerned, water is 
the safest of all solvents. Thus, a “strong collaboration” between ultrasonic 
irradiation and aqueous medium holds the key to the development of an env-
ironmentally sustainable protocol. The present review summarizes the latest 
developments in ultrasound-assisted and water-mediated organic synthesis rep-
orted to date. 
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1. INTRODUCTION 
Sustainable organic methodologies are in high demand in the chemical ind-

ustry to produce various organic scaffolds in the form of fine chemicals, medic-
inal and pharmaceutical agents, agrochemicals, and many others.1–4 The people 
of the twenty-first century are well aware about the side effects of the hazardous 
substances used or generated in chemical processes. It is high time to take the 
steps necessary to protect our “Mother Nature” from ever increasing chemical 
pollution associated with synthetic organic processes. Thus, today’s methodol-
ogists are trying to make their protocols more environmentally friendly and sus-
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tainable by avoiding the extensive use of harsh reaction conditions, hazardous 
reagents and solvents.5–8 As a result, the last decade has seen a tremendous out-
burst in the modification of chemical processes to make them ‘sustainable’ for 
the betterment of the environment.  

The involvement of ultrasound in organic synthesis sometimes fulfills this 
goal. Ultrasound irradiated reactions are much more advantageous over trad-
itional thermal methods in terms of reaction rates, yields, purity of the products, 
product selectivity, etc.9–14 Ultrasonic waves cause molecules to oscillate around 
their mean position, which increases the average distance between the mole-
cules.15 Thus, under suitable conditions, a huge number of cavitation bubbles are 
generated in reaction mixture, which grow rapidly and subsequently undergo 
vigorous collapses that results in the formation of micro-jets that can produce 
fine emulsions between the reactants.16 In addition, the local temperature within 
the reaction mixture is also increased by the violent collapse of the cavitation 
bubbles, which eventually lead to the activation energy barrier being crossed.17 
Sometimes the application of ultrasound can avoid the use of catalysts in organic 
reactions.18–22 On the other hand, last decades have shown a tremendous out-
burst of chemical reactions performed under “in-water” conditions23 to make 
them “sustainable” for the betterment of the environment. Scientists are choosing 
water as a solvent not only because of its environmental friendliness but also 
because it is cheap, non-flammable, and abundantly available. Water as a solvent 
activates the functional groups by forming hydrogen bonds. Due to high surface 
tension and hydrophobic nature,24 the reactants in aqueous medium are bound to 
form aggregates in order to decrease the exposed organic surface area,25–27 
which increases the rate of the reaction. Thus, a “strong collaboration” between 
ultrasonic irradiation and aqueous media holds the key to the development of an 
environmentally sustainable protocol. 

Such beneficial features in terms of sustainability have motivated organic 
chemists to explore aqueous-mediated organic synthesis employing ultrasonic 
irradiation in more depth and as a result, in the recent past, there were immense 
applications of ultrasound in organic reactions for the synthesis of various hetero-
cyclic as well as non-heterocyclic scaffolds in aqueous media. The present review 
summarizes the latest developments in ultrasound-assisted and water-mediated 
organic synthesis reported to date. 

2. ULTRASOUND-ASSISTED SYNTHESIS OF HETEROCYCLES  
IN AQUEOUS MEDIUM  

More than half of the known organic compounds are containing heterocyclic 
ring.28–33 These spectacular classes of compounds are important because they 
represent a “privileged” structural subunits well distributed in naturally occurring 
compounds with immense biological activities such as anticancer,34 cytotocxic,35  
anti-HIV,36 anti-malarial,37 anti-inflammatory,38 anti-microbial39 and many 
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more.40,41 To realize the importance of heterocycles, in the recent past, a number 
of synthetic protocols are being reported in the literature almost in every month. 
But in generally these protocols are not satisfying the sustainability issues as in 
many occasions toxic solvents, harsh reaction conditions are being used. There-
fore, now-a-days it is the thrusting area of research to synthesize biologically 
relevant heterocycles using sustainable pathways. 

2.1. Ultrasound-assisted synthesis of N-heterocycles in aqueous medium 
2.1.1. Synthesis of dihydroquinolines 
Quinolines are very common naturally occurring compounds.42 Many syn-

thetic scaffolds containing the quinoline moiety possess significant biological 
efficacies that include anti-fungal,43 anti-malarial,44 anti-protozoal,45 analgesic46 
activity. Therefore a large numbers of methods employing various catalysts are 
already available in the literature for the synthesis of quinolines and dihydro-
quinolines.47–49 Although these reported methods have their own merits, they 
still suffer from some disadvantage, such as the use of toxic solvents, drastic 
reaction conditions, long reaction times, etc. Pagadala et al. (Scheme 1)50 dev-
eloped a simple, efficient, ultrasound-assisted, catalyst-free, one-pot, four-com-
ponent protocol for the synthesis of a series of biologically promising dihydro-
quinoline derivatives (6 and 7) from the reactions of various aldehydes (1), malo-
nonitrile (2), ammonium acetate (3) and 2-naphthol (4)/resorcinol (5) in aqueous 
medium at 60 °C. The ultrasonic-irradiated method was found to be superior as 
compared to the conventional method with respect to reaction time and yields. 

 
Entry Scaffolds R Conventional stirring With sonication 

Time, h Yield, % Time, h Yield, % 
1 6a C6H5 4.0 80 1.0 96 
2 6b 4-Br–C6H4 3.5 74 1.5 94 
3 6c 4-OH–C6H4 4.5 70 1.0 90 
4 6d 4-Cl–C6H4 3.0 76 1.0 92 
5 7a C6H5 3.0 82 1.0 97 
6 7b 4-Br–C6H4 4.0 80 1.0 95 
7 7c 2-Cl–C6H4 4.0 70 1.5 90 
8 7d 4-Cl–C6H4 3.5 78 1.0 94 
9 7e 4-OH–C6H4 4.0 74 1.5 90 

Scheme 1. Ultrasound-promoted catalyst-free synthesis of dihydroquinolines in water. 
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2.1.2. Synthesis of pyrroles and pyridazines 
Pyrroles and pyridazines are very common in natural products, pharmaceut-

icals, and various bioactive molecules.45,46 Thus, a number of methods are 
already available in the literature for the synthesis of these important classes of 
heterocyclics employing various reaction conditions.51–56 However these rep-
orted methods suffer due to the use of hazardous solvents, harsh reaction con-
ditions, long reaction times, etc. In this context, a facile, straightforward, effi-
cient, ultrasound-assisted, catalyst-free protocol was developed by Eftekhari-Sis 
and Vahdati-Khajeh (Scheme 2)57 for the synthesis of 6-aryl-3-methylpyrida-
zine-4-carboxylic acid esters (11) and 5-aryl-4-hydroxy-2-methyl-1H-pyrrole-3- 
-carboxylic acid esters (12) via three-component reactions of arylglyoxal hyd-
rates (8), β-dicarbonyl compounds (9) and hydrazine hydrate (10) or ammonium 
acetate (3), respectively, in aqueous media at room temperature. 

 

 
Scheme 2. Ultrasound promoted, catalyst-free synthesis of pyrroles and pyridazines in water. 

2.1.3. Synthesis of N-substituted 1,8-dioxodecahydroacridines 
N-Aryl-1,8-dioxodecahydroacridine moieties are important in drug design 

and discovery as they possesses potential pharmacological activities, such as 
antimicrobial, anticancer and enzyme inhibitory properties.58–63 A large number 
of methods are already available in the literature for the synthesis of these imp-
ortant scaffolds employing various catalysts such as 1-methylimidazolium tri-
fluoroacetate,58 silica-supported N-propylsulfamic acid,59 amberlyst-15,60 ZnO 
nanoparticles,61 LiBr62 and NH4Cl.63 Although these available methods possess 
notable merits they still suffer from some drawbacks, such as, use of organic 
solvents, longer reaction times, etc. In this context, Chate et al. (Scheme 3)64 
developed a practical ultrasound-assisted, one-pot method for the synthesis of N-
substituted 1,8-dioxodecahydroacridines (16 and 17) via three-component react-
ions between aldehydes (1), dimedone (13) and isoniazid (15)/aromatic amines 
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(14) in the presence of β-cyclodextrin as a supramolecular, biodegradable, reus-
able catalyst in aqueous medium. Use of organic solvents such as CH3CN, THF, 
DMF and EtOH gave inferior results in terms of both reaction time and yield. 

 
Scheme 3. Ultrasound-promoted synthesis of N-substituted 1,8-dioxodecahydroacridines 

in water. 

2.1.4. Synthesis of pyrazolo[3,4-b]pyridine derivatives 
Many anxiolytic drugs, such as cartazolate, etazolate and tracazolate, contain 

the pyrazolopyridine moiety.65–68 A simple, ultrasound-assisted, high-yielding, 
environmentally benign protocol was developed for the synthesis of pyrazolo-
[3,4-b]pyridine derivatives (19) via one-pot, three-component reactions of alde-
hydes (1), ethyl cyanoacetate (2a), and 3-amino-5-methylpyrazole (18) using 
sodium chloride as the catalyst in aqueous media at room temperature (Scheme 
4).69 The ultrasonic-irradiated method was found to be advantageous as com-
pared to the conventional heating method. The use of organic solvents, such as 
acetonitrile, toluene, dichloromethane, tetrahydrofuran, ethanol and methanol, 
gave inferior results in terms of both reaction times and yields. 

2.1.5. Synthesis of spiro[indoline-3,4′-pyrazolo[3,4-b]pyridine]-2,6′(1′H)- 
-diones 

A simple, facile, environmentally benign, aqueous-mediated, ultrasound- 
-assisted, three-component protocol was developed for the synthesis of medicin-
ally important spiro[indoline-3,4′-pyrazolo[3,4-b]pyridine]-2,6′(1′H)-diones (23) 
from the reaction of 4-hydroxycoumarin (20), isatins (21) and 1H-pyrazol-5-amines 
(22) using p-toluenesulfonic acid (p-TSA) as catalyst at 60 °C (Scheme 5).70 
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Scheme 4. Ultrasound-promoted synthesis of pyrazolo[3,4-b]pyridine derivatives in water. 

 
Scheme 5. Ultrasound-promoted synthesis of spiro[indoline-3,4′-pyrazolo[3,4-b]pyridine]- 

-2,6′(1′H)-diones in water. 

2.1.6. Synthesis of highly substituted pyrimidine-5-carboxylic acid 
derivatives 

Dihydropyrimidinones (25) possess immense biological efficacies, such as 
antiviral, antibacterial, antihypertensive, antitumor and many more activities.71 
In 1893, Biginelli72 first reported the synthesis of dihydropyrimidinones (25) 
with only 20–50 % yields. In 2003, Li et al. (Scheme 6)73 employed ultrasound 
for the synthesis of bioactive dihydropyrimidinones (25) by one-pot, three-com-
ponent reactions between various aldehydes (1), urea (24a) and ethyl acetoace-
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tate (9) using sulfamic acid as catalyst in ethanol at room temperature. Later, 
Gholap et al. (Scheme 6)74 used 1-butylimidazolium tetrafluoroborate 
[Hbim][BF4] as an efficient ionic liquid for the synthesis of dihydropyrimid-
inones (25) under the influence of ultrasound at ambient temperature. Zirconium 
chloride (10 mol %) was used by Kumar and Parmar (Scheme 6)75 as catalyst in 
ethanol for the same batch of the reactions under ultrasonic irradiation at room 
temperature. 

 
Scheme 6. Ultrasound-promoted synthesis of pyrimidine-5-carboxylic acid derivatives. 

Recently, in 2010, Mandhane et al. (Scheme 6)76 developed a simple, effi-
cient, environmentally friendly, aqueous-mediated, ultrasound-assisted method 
for the synthesis of dihydropyrimidinones (25) at room temperature using a 
catalytic amount of thiamine hydrochloride as an efficient organo-catalyst. 

2.1.7. Synthesis of pyrimidine fused heterocycles 
Heterocycles containing a pyrimidine moiety are very common in naturally 

occurring compounds. They possess numerous biological efficacies that include 
antitumor,77 antiviral78 and antioxidant79 activity. Owing to the attractive phar-
macological properties of these scaffolds, several methods are available for the 
synthesis of various pyrimidine fused heterocycles.80–86 Again these methods suf-
fer disadvantages due to the use of hazardous solvents, long reaction times and 
harsh reaction condition. Recently, in 2010, Mosslemin and Nateghi (Scheme 7)87 
synthesized a series of pyrimidine annulated fused heterocycles (28, 29 and 31) in 
high yields via an ultrasound-assisted, one-pot, three-component condensation 
reaction of barbituric acid (26a) or 2-thiobarbituric acid (26b), aldehydes (1) and a 
series of enamines (27a, 27b, 18a and 30) using piperidine as catalyst in water at 
60 °C. Another simple, convenient, environmentally friendly, ultrasound-assisted, 
facile one-pot, four-component protocol was developed by Naeimi and Didar 
(Scheme 8)88 for the synthesis of pyrido[2,3-d:6,5-d′]dipyrimidines (28a) from the 
reactions of aldehydes (1), 2-thiobarbituric acid (26b) and ammonium acetate (3) 
using magnetically separable nano copper ferrite as a heterogeneous catalyst in 
water.  
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Scheme 7. Ultrasound-promoted synthesis of pyrimidine fused heterocycles in water. 

 
Scheme 8. Ultrasound promoted synthesis of pyrido[2,3-d:6,5-d]dipyrimidines in water. 

2.1.8. Synthesis of 2-amino-1,4,5,6,7,8-hexahydroquinoline-3-carbonitriles 
Quinoline and its derivatives are an important class of pharmaceutical com-

pounds that occur predominately in natural products, exhibit a broad spectrum of 
biological activities, and act as antivirals,89,90 antiherpetics,91 antidepressants,92 anti-
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-oxidants,93 and anti-inflammatory,94 antiproliferation95 and anticancer96 agents. 
In particular, hexahydroquinolines also possess antioxidant97 and cytotoxic98 
activities. A series of highly substituted 2-amino-1,4,5,6,7,8-hexahydroqui-
nolines-3-carbonitriles (32) were synthesized via ultrasound-assisted, one-pot, 
four-component condensations of aromatic aldehydes (1), dimedone (13), malo-
nonitrile (2) and ammonium acetate (3) using K2CO3 as a catalyst in aqueous 
medium at ambient temperature (Scheme 9).99 

 
Scheme 9. Ultrasound-promoted synthesis of 2-amino-1,4,5,6,7,8-hexahydroquinoline-3- 

-carbonitriles in water. 

2.1.9. Synthesis of 2-amino-4,6-diphenylnicotinonitriles 
Safari et al. (Scheme 10)100 reported a simple ultrasound-promoted catalyst- 

-free, high yielding, convenient, environmentally benign approach to the syn-
thesis of 2-amino-4,6-diphenylnicotinonitriles (34) via four-component reactions 
of aromatic aldehydes (1), malononitrile (2), acetophenones (33) and ammonium 
acetate (3) in water. The ultrasonic-irradiated method was found to be advan-
tageous as compared to the conventional stirring method at 50 °C. The use of 
organic solvents, such as ethanol, methanol, acetonitrile, dichloromethane or tet-
rahydrofuran, gave inferior results in terms of both reaction times and yields. 

2.1.10. Synthesis of tetrahydrodipyrazolopyridines 
Shabalala et al. (Scheme 11)101 demonstrated a simple, convenient, ultra-

sound-promoted, catalyst-free, environmentally benign protocol for the one-pot, 
four-component syntheses of tetrahydrodipyrazolopyridines (35) from the sequen-
tial reactions of ethyl acetoacetate (9), hydrazine hydrate (10), aromatic alde-
hydes (1) and ammonium acetate (3) in water at 50 °C. The ultrasonic-irradiated 
method was found to be advantageous when compared to the conventional 
method with respect to reaction times and yields. 
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Entry R R1 With sonication Conventional stirring 

Time, min Yield, % Time, h Yield, % 
1 H H 25 91 1.5 80 
2 H 4-CH3 20 89 2.5 76 
3 OH H 25 93 1.5 74 
4 OH 4-OCH3 23 85 2.5 68 
5 OH 4-Cl 18 93 1.2 76 
6 OH 3-NO2 30 95 1.2 77 
7 H 4-Cl 20 95 1.0 85 
8 H 4-OCH3 20 87 3.0 70 
9 H 4-Br 22 98 1.5 85 
10 H 4-pyridyl 15 95 1.2 75 
11 OH 2-OCH3 30 75 3.0 0 
12 OH 2-F 35 80 3.0 0 
13 OH 2-Cl 35 78 3.0 0 
14 OH 3-F 15 96 1.5 82 
15 OH 3-OCH3 17 90 2.0 80 
16 OH 3-Br 15 90 1.5 76 
17 OH 3-Cl 15 95 1.5 82 
18 OH 3-OH 20 97 2.0 82 
19 OH 4-Br 18 97 1.5 84 
20 OH 4-NO2 10 99 1.5 85 
21 OH 4-pyridyl 15 98 2.2 77 
22 OH 4-F 15 97 1.3 82 
23 OH 2-furyl 18 90 2.5 73 
24 OH 2-thienyl 15 93 2.3 76 
Scheme 10. Ultrasound-promoted synthesis of 2-amino-4,6-diphenylnicotinonitriles in water. 
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Entry R Scaffolds Without sonication With sonication 

Time, h Yield, % Time, h Yield, % 
1 C6H5 35a 7.0 64 2.0 95 
2 4-OCH3–C6H4 35b 6.0 60 2.5 96 
3 4-Br–C6H4 35c 6.0 58 2.0 94 
4 4-N(CH3)2–C6H4 35d 6.5 61 2.5 92 
5 4-OH–C6H4 35e 6.0 63 2.5 90 
6 2-Br–C6H4 35f 6.0 55 2.0 92 
7 2-OCH3–C6H4 35g 5.5 60 1.5 91 
8 2-Cl–C6H4 35h 6.0 64 2.0 94 
9 2-NO2–C6H4 35i 6.5 60 2.5 92 
Scheme 11. Ultrasound-promoted synthesis of tetrahydrodipyrazolopyridines in aqueous medium.  
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2.1.11. Synthesis of 2,3-disubstituted 2,3-dihydroquinazolin-4(1H)-ones 
A series of 2,3-disubstituted 2,3-dihydroquinazolin-4(1H)-one derivatives 

(37) were synthesized with excellent yields in the one-pot, three-component 
condensations between aromatic aldehydes (1), isatoic anhydride (36), and vari-
ous amines (14) in the presence of a catalytic amount of p-dodecylbenzenesul-
fonic acid (DBSA) in water under the influence of ultrasound irradiation at 40– 
–42 °C (Scheme 12).102 The ultrasonic-irradiated method was found to be super-
ior to the conventional method with respect to reaction times and yields. 

 
Entry R R1 Conventional stirring With sonication 

Time, h Yield, % Time, h Yield, % 
1 C6H5 C6H5 3 68 1.5 83 
2 4-Cl–C6H4 C6H5 5 71 2 85 
3 4-CH3–C6H4 C6H5 4 73 2 88 
4 4-NO2–C6H4 C6H5 5 67 2 84 
5 4-CH3O–C6H4 C6H5 4 68 1.5 90 
6 2-Cl–C6H4 C6H5 4 63 2 80 
7 3,4-(OCH2O)–C6H2 C6H5 3 76 1.5 89 
8 C6H5 CH3 2 70 1 86 
9 4-Cl–C6H4 CH3 3 72 1.5 88 
10 4-CH3–OC6H4 CH3 3 68 1.5 89 
11 4-CH3–C6H4 CH3 2 73 1 91 
12 2-Cl–C6H4 CH3 3 70 1.5 82 
13 4-NO2–C6H4 CH3 3 67 1.5 85 
14 2-NO2–C6H4 CH3 3 62 1.5 80 
.15 2-CH3O–C6H4 CH3 2.5 70 1.5 85 
16 3,4-(OCH2O)–C6H2 CH3 2 75 1 92 
17 C6H5 4-CH3–C6H4 2 73 1 91 
18 C6H5 4-CH3–C6H4 2 71 1 89 
19 C6H5 C2H5 2 68 1 83 
Scheme 12. Ultrasound-promoted synthesis of 2,3-disubstituted 2,3-dihydroquinazolin-4(1H)- 

-ones in water. 

2.2. Ultrasound-assisted synthesis of O-heterocycles in aqueous medium 
2.2.1. Synthesis of 2-amino-4H-chromenes 
2-Amino-4H-chromenes (38) belong to the class of privileged medicinal 

scaffolds having highly pronounced anticoagulant, diuretic, spasmolitic and anti-
anaphylactic activities.103–105 After realizing the importance of this moiety, Safari 
and Javadian (Scheme 13)106 demonstrated an efficient, environmentally benign, 
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aqueous-mediated, ultrasound-assisted, one-pot, three-component condensation 
of aldehydes (1), malononitrile (2) and resorcinol (5) in the presence of a catal-
ytic amount of magnetically-separable Fe3O4–chitosan nanoparticles to afford the 
corresponding 2-amino-4H-chromenes (38) in high yields. Later, Datta and Pasha 
(Scheme 13)107 also developed an ultrasound-assisted protocol for the synthesis 
of 2-amino-4H-chromenes (38) by the same sequence of reactions using glycine 
as an efficient organo-catalyst in aqueous medium at ambient temperature. 

 
Scheme 13. Ultrasound-promoted synthesis of 2-amino-4H-chromenes in aqueous media. 

2.2.2. Synthesis of spiro[oxindoles] 
A simple, efficient, environmentally benign, ultrasound-assisted, one-pot 

three-component protocol was developed for the synthesis of a series of med-
icinally important spiro[indoline-3,4′-pyrano[3,2-c]quinolines (40) in the react-
ions between isatins (21), malononitrile (2) or ethylcyanoacetate (2a) and 4-hyd-
roxy-2H-quinolin-2-one (39) using a small amount of piperidine as a base cat-
alyst in aqueous medium at 50 °C (Scheme 14).108 Another novel, efficient, con-
venient, ultrasound-assisted, environmentally-friendly protocol was developed by 
Dandia et al. (Scheme 15)109 for the synthesis of a series of biologically relevant 
spiro[chromene-4,3′-indolines] (42) and spiro[indoline-3,4′-pyrano[2,3-c]pyrazo-
les] (43) via one-pot, three-component reactions between substituted isatins (21), 
malononitrile (2) or ethyl cyanoacetate (2a), and dimedone (13) or 3-methyl-1- 
-phenyl-2-pyrazolin-5-one (41) using sodium chloride as a catalyst in water. 

2.2.3. Synthesis of pyrano-chromenes and benzopyrano-chromenes 
A simple, convenient, ultrasound-assisted, one-pot, three-component pro-

tocol was developed by Gohil et al. (Scheme 16)110 for the synthesis of a series 
of biologically relevant 2-amino-3-cyano-pyrano[4,3-b]pyrans (47 and 48) and 2- 
-amino-3-cyano-pyrano[3,2-c]chromenes (49,50) from the reaction between 2- 
-(triazolium(tetrazolium-amino)quinoline-3-carbaldehydes (44/45), malononitrile 
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(2)/methyl cyanoacetate (2a) and 4-hydroxy-6-methyl-2H-pyran-2-one (46) or 4- 
-hydroxy-coumarin (20), respectively, in the presence of a catalytic amount of 
L-proline in water at 50 °C. 
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Scheme 14. Ultrasound-promoted synthesis of spiro[indoline-3,4′-pyrano[3,2-c]quinolone] in 

aqueous media. 

 
Scheme 15. Ultrasound-promoted synthesis of spiro[chromene-4,3′-indolines] and 

spiro[indoline-3,4′-pyrano[2,3-c]pyrazoles] in aqueous media. 

2.2.4. Synthesis of 2-aminobenzo[b]pyran 
Recently, a series of synthetic 2-amino-4H-pyrans was evaluated to possess 

potent anticancer,111,112 antibacterial, and antifungal113,114 properties. Such a 
handful of diverse applications of 2-amino-4H-pyrans has resulted in a good 
number of synthesis methods being available in the literature using various catalysts  
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Scheme 16. Ultrasound-promoted synthesis of pyrano[4,3-b]pyrans and  

pyrano[3,2-c]chromenes in aqueous media. 

that include urea,115 sodium formate,116 trisodium citrate,117 TBAB,118 DBU,119 
nano ZnO120 and MgO.121 Although these reported protocols find certain merits 
of their own, they still suffer from a number of demerits such as the use of toxic 
organic solvents, long reaction times, heating and harsh reaction conditions. A 
simple, straightforward, environmentally benign, ultrasound-assisted, one-pot, 
three-component protocol was reported for the synthesis of a series of bioactive 
2-aminobenzo[b]pyrans (51) with excellent yields from the reaction of various 
aromatic aldehydes (1), cyanoacetic esters (2a) and dimedone (13) using 
KF/basic Al2O3 as catalyst in water at room temperature (Scheme 17).122 

 
Scheme 17. Ultrasound-promoted synthesis of 2-aminobenzo[b]pyrans in aqueous media. 
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2.2.5. Synthesis of 1,8-dioxooctahydroxanthenes 
In 2006, Jin et al. (Scheme 18)123 demonstrated a simple, facile, environ-

mentally benign, aqueous-mediated, ultrasound-assisted protocol for the syn-
thesis of bioactive 3,3,6,6-tetramethyl-9-aryl-1,8-dioxooctahydroxanthenes (52) 
via a pseudo three-component reaction between various aldehydes (1; 1 equiv.) 
and dimedone (13; 2 equiv.) using 10 mol % p-dodecylbenzenesulfonic acid 
(DBSA) as catalyst at ambient temperature. Later, in 2010, Rostamizadeh et al. 
(Scheme 18)124 developed another efficient ultrasound-irradiated method for the 
same series of reactions using MCM-41-SO3H as catalyst in water at room tem-
perature. 
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Scheme 18. Ultrasound-promoted synthesis of 1,8-dioxooctahydroxanthenes in aqueous 

media. 

2.2.6. Synthesis of benzo[f or h]chromene 
Jin et al. (Scheme 19)125 described a simple, efficient, mild, water-mediated, 

ultrasound-assisted, practical procedure for the synthesis of 2-amino-3-cyano-
benzo[f]chromenes (6) as well as benzo[h]chromenes (53) by one-pot, three-com-
ponent reactions between aromatic aldehydes (1), malononitrile (2) and 2-napthol 
(4) or 1-naphthol (4a), respectively, using a catalytic amount of CTABr as cat-
alyst at room temperature.  

2.2.7. Synthesis of various aryl-14H-dibenzo[a,j]xanthenes 
A simple, facile, environmentally benign, ultrasound-assisted protocol was 

reported for the synthesis of various biologically promising benzo[a,j]xanthenes 
(54) via pseudo three-component reactions between various aldehydes (1; 1 
equiv.) and 2-naphthol (4; 2 equiv.) using silica-supported ammonium dihyd-
rogen phosphate (NH4H2PO4/SiO2) as catalyst in water at 40 °C (Scheme 20).126 
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Scheme 19. Ultrasound-promoted synthesis of 2-aminobenzochromenes in water. 

 
Scheme 20. Ultrasound-promoted synthesis of various benzo[a,j]xanthenes in water. 

2.2.8. Synthesis of dihydropyrano[2,3-c]pyrazoles 
A simple, mild, efficient, sustainable, catalyst-free, water-mediated protocol 

was developed by Zou et al. (Scheme 21)127 for the synthesis of dihydropy-
rano[2,3-c]pyrazoles (55) via one-pot, four-component reactions of hydrazine 
hydrate (10), ethyl acetoacetate (9), various aldehydes (1), and malononitrile (2) 
under ultrasound irradiation at 50 °C. Ultrasonic irradiation enhanced the rate of 
the reaction as compared to the conventional stirring method. 

2.2.9. Synthesis of 2-aminopyrano[3,2-b]pyrans 
A simple, mild, ultrasound-assisted, catalyst-free, green and convenient 

approach to the synthesis of biologically important 2-amino-3-cyano-pyrano[3,2- 
-b]pyrans (57) via one-pot, three-component reactions between various aldehydes 
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(1), malononitrile (2) and kojic acid (56) in water was described by Banitaba et 
al. (Scheme 22).128 The ultrasonic-irradiated method was found to be advent-
ageous as compared to the conventional stirring method. 

 
Entry R With sonication Conventional stirring 

Time, min Yield, % Time, h Yield, % 
1 4-CH3–C6H4 30 92 5 85 
2 C6H5 30 88 3 72 
3 4-Cl–C6H4 15 95 1 83 
4 3-Cl–C6H4 20 93 2 80 
5 2-Cl–C6H4 30 93 2 81 
6 4-F–C6H4 15 89 2.5 85 
7 4-Br–C6H4 15 90 2 83 
8 4-OH–C6H4 30 80 3 75 
9 4-NO2–C6H4 30 85 1.5 78 
10 3,4-OCH2O–C6H4 40 82 4 72 
11 3,4-(Cl)2–C6H3 15 91 1 86 
12 2-Thienyl 35 79 2 70 
13 2-Pyridyl 40 87 2 72 

Scheme 21. Ultrasound-promoted synthesis of dihydropyrano[2,3-c]pyrazoles in water. 

2.2.10. Synthesis of 2-amino-3-cyano-4H-pyran derivatives 
A simple, mild, efficient protocol was developed for the synthesis of a series of 
novel 2-amino-3-cyano-4H-pyran derivatives (59) via one-pot, three-component 
condensations of aldehydes (1), malononitrile (2) and various active 1,3-dicar-
bonyl compounds (58) using molecular iodine as a catalyst in aqueous medium 
under ultrasonic irradiation (Scheme 23).129 During the optimization for the syn-
thesis of 59a, it was found that the ultrasound (US)-irradiated pathway was more 
advantageous even than the microwave (MW)-irradiated pathway. Among the 
various solvents tested, water was found to be the most suitable for these 
reactions. 

2.3. Ultrasound assisted synthesis of S-heterocycles in aqueous media 
2.3.1. Synthesis of spiro[indole-3,4′-pyrazolo[3,4-e][1,4]thiazepines] 
1,4-Thiazepine derivatives are important because of their significant thera-

peutic and biological activities.130–132 Dandia et al. (Scheme 24)133 developed a 
simple, straightforward, efficient, ultrasound-assisted, catalyst-free, one-pot, 
three-component protocol for the synthesis of biologically relevant spiro[indole-
3,4′-pyrazolo[3,4-e][1,4]thiazepines] (61) by the domino reactions of isatins (21), 
3-amino-5-methylpyrazoles (18a) and 2-mercaptoacetic acid/2-mercaptopropio-
nic acid (60) in water at room temperature. 
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Entry R With sonication Without sonication 

Time, min Yield, % Time, h Yield, % 
1 C6H5 10 95 1.2 79 
2 2-F–C6H4 20 85 3.0 0 
3 2-Cl–C6H4 25 88 3.0 0 
4 2,4-(Cl)2–C6H3 25 89 3.0 0 
5 3-F–C6H4 15 93 2.5 65 
6 3-CH3–C6H4 5 97 1.0 68 
7 3-Br–C6H4 15 95 1.7 67 
8 3,5-(OCH3)2–C6H3 5 96 2.5 53 
9 4-F–C6H4 6 98 1.5 60 
10 3-pyridyl 5 98 1.2 56 
11 4-pyridyl 15 90 2.0 55 
12 2-furyl 5 98 1.5 60 
13 2-thienyl 6 97 1.0 62 

Scheme 22. Ultrasound-promoted synthesis of 2-aminopyrano[3,2-b]pyrans in water. 

2.3.2. Synthesis of rhodanines 
Rhodanines (64), in particular, have immense pharmacological efficacies 

that include the inhibition of targets such as HCV NS3 protease134 and β-lact-
amase.135 Rostamnia and Lamei (Scheme 25)136 demonstrated a facile, straight-
forward, environmentally benign, catalyst-free, ultrasound-assisted, aqueous- 
-mediated protocol for the synthesis of rhodanines (64) from the reactions of 
various primary amines (14), carbon disulfide (62) and dialkyl but-2-ynedioate 
(63) at room temperature. 

2.3.3. Synthesis of spiro[indole-thiazolidinones] 
Dandia et al. (Scheme 26)137 reported other simple, convenient, one-pot, 

three-component tandem reactions of isatins (21), various amines (14) and 2- 
-mercaptoacetic acid/2-mercaptopropionic acid (60) to afford a series of pharma-
ceutically important spiro[indole-thiazolidinones] (65) using cetyltrimethyl-
ammonium bromide [CTAB] as a phase transfer catalyst in water under ultras-
ound-irradiation at room temperature. 
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Entry solvent RT (25 °C) Reflux (80 °C) MW US 

Time 
min 

Yield of 
59a, %

Time
min 

Yield of 
59a, %

Time
min 

Yield of 
59a, % 

Time 
min 

Yield of 
59a, % 

1 Solvent-free 600 15 600 20 20 25 10 45 
2 Diethyl ether 600 16 600 25 20 35 10 45 
3 n-Hexane 600 15 600 25 20 40 10 50 
4 CH3CN 600 18 600 30 20 45 10 55 
5 1,4-Dioxane 600 12 600 35 20 40 10 50 
6 DMSO 600 12 600 25 20 30 10 58 
7 THF 600 10 600 20 20 35 10 60 
8 DMF 600 05 600 15 20 30 10 55 
9 EtOH 600 10 600 20 20 30 10 80 
10 H2O 600 25 600 30 20 40 10 95 

Scheme 23. Ultrasound-promoted synthesis of 2-amino-3-cyano-4H-pyran derivatives in water. 

 
Scheme 24. Ultrasound-promoted synthesis of spiro[indole-3,4′-pyrazolo[3,4-e][1,4]thia-

zepines] in water. 
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Scheme 25. Ultrasound-mediated catalyst-free synthesis of rhodanines in aqueous media. 

 
Scheme 26. Ultrasound-promoted synthesis of spiro[indole-thiazolidinones] in water. 

2.3.4. Synthesis of spiro[indole-pyrido[3,2-e][1,3]thiazines] 
Arya and his group (Scheme 27)138 successfully employed their synthesized 

ZSM-5 zeolite-supported Brønsted-acid ionic liquid as a catalyst for the synthesis 
of novel biologically interesting spiro[indoline-3,2′-pyrido[3,2-e][1,3]thiazine]- 
-2,4′(3′H)-diones (67) from one-pot, three-component reactions of isatins (21), 
various amines (14) and 2-mercaptonicotinic acid (66) in water under ultrasonic 
irradiation at room temperature. It was found that for the same catalytic system, 
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the ultrasound-assisted pathway was much more efficient than the conventional and 
MW irradiated pathway for this particular synthesis with respect to yield and time. 

 

Entry R R1 R2 
US MW Heating 

Time
min 

Yield
% 

Time
min 

Yield
% 

Time 
min 

Yield 
% 

1 Br COCH3 H 12 92 10 80 48 20 
2 Br CH3 H 15 90 13 78 50 Trace 
3 Cl COCH3 H 15 90 13 80 42 32 
4 Cl CH3 H 16 94 15 76 45 33 
5 NO2 COCH3 H 15 89 15 78 48 Trace 
6 NO2 CH3 H 15 88 13 78 45 35 
7 H COCH3 4-OCH3 13 89 11 75 45 Trace 
8 H CH3 4-OCH3 13 88 11 75 46 30 
9 H COCH3 4-CH3 15 80 12 68 48 20 
10 H CH3 4-CH3 15 85 12 70 48 Trace 
Scheme 27. Ultrasound-promoted synthesis of spiro[indoline-3,2′-pyrido[3,2-e][1,3]thiazine]- 

-2,4′(3′H)-diones in aqueous media. 

2.3.5. Synthesis of 2-aminothiophenes 
2-Aminothiophenes are very common in naturally occurring compounds139 

having various pharmaceutical140–142 efficacies. In 1976, Gewald143 first syn-
thesized these scaffolds in a one-pot cyclocondensation of ketones or aldehydes, 
β-substituted acetonitriles and elemental sulfur. Recently, Mojtahedi et al. 
(Scheme 28)144 synthesized a number of substituted 2-aminothiophenes (70) via 
one-pot, three-component condensations of carbonyl compounds (68), malono-
nitrile (2) or ethyl cyanoacetate (2a) and elemental sulfur (69) in the presence of 
diethylamine as base in water under ultrasonic irradiation at room temperature. 

2.3.6. Synthesis of spiro[indole-3,5′-[1,3]oxathiolanes] 
Novel ultrasound-assisted syntheses of substituted spiro[indole-3,5′-[1,3]-

oxathiolane]-2(1H)-ones (73) were achieved in the reactions of spiro[indole-3,2′- 
-oxiranes] (71) with thioacetamide (72) using LiBr as catalyst in water at room 
temperature (Scheme 29).145 The same reactions were also performed using both 
microwave and conventional pathways. Interestingly, it was observed that for 
these particular syntheses, the ultrasonic-irradiated process was superior in com-
parison to microwave irradiation or the conventional method in terms of reaction 
rates and yields.  
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Scheme 28. Ultrasound-promoted synthesis of 2-aminothiophenes in water. 

 

Entry R R1 
US MW Stirring 

Time 
min 

Yield
% 

Time
min 

Yield
% 

Time 
min 

Yield 
% 

1 H H 7 84 20 76 5 37 
2 Cl H 6 87 – – 5 64 
3 H 4-F 5 86 – – 5 58 
4 Br H 6 87 – – 5 61 
5 F 4-Cl 7 82 – – 5 59 
6 CH3 3-Cl 8 86 – – 5 62 

Scheme 29. Ultrasound–promoted synthesis of spiro[indole-3,5′-[1,3]oxathiolanes] in water. 

2.3.7. Synthesis of N-(4-arylthiazol-2-yl)hydrazones 
Zhang et al. (Scheme 30)146 demonstrated a simple, mild, catalyst-free, 

ultrasound-assisted, high-yielding, one-pot, three-component protocol for the 
synthesis of N-(4-arylthiazol-2-yl)hydrazones (77) in the reactions of various 
carbonyl compounds (74), hydrazinecarbothioamide (75) and 2-bromo-1-phen-
ylethanones (76) in water at room temperature. The ultrasonic-assisted pathway 
was found to be advantageous as compared to the conventional stirring method in 
terms of reaction times and yields. 

3. ULTRASOUND-ASSISTED SYNTHESIS OF OTHER VARIOUS SCAFFOLDS IN 
AQUEOUS MEDIUM 

3.1. Synthesis of bis-coumarins 
Bis-coumarins (78) are found to exhibit significant phytochemical efficacies, 

such as antimicrobial,147 cytotoxic148 and potent HIV-1 integrase inhibitor149,150  
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Entry R R1 R2 With sonication Conventional stirring 

Time, min Yield, % Time, h Yield, % 
1 C6H5 H H 50 90 1.5 80 
2 4-OCH3–C6H4 H H 60 95 2 76 
3 2-OH–C6H4 H H 100 90 4 82 
4 2-Cl–C6H4 H H 70 89 4 78 
5 3-Cl–C6H4 H H 120 89 4 89 
6 4-Cl–C6H4 H H 100 88 3 72 
7 2-OH–, 4-OCH3–C6H3 H H 70 92 3 92 
8 4-N(CH3)2–C6H4 H H 100 86 3.5 65 
9 (CH2)4 – H 90 88 3 60 
10 (CH2)5 – H 80 89 3 80 
11 4-CH3–C6H4 CH3 4-Cl 120 92 4 62 
12 (CH2)5 – 4-CH3 100 93 4 87 

Scheme 30. Ultrasound-promoted synthesis of 2-(4-arylthiazol-2-yl)hydrazones in water. 

activities. The many diverse applications of bis-coumarins have drawn consider-
able interest of synthetic chemists during the last several years to develop useful 
synthetic routes to this scaffold of potential interest; as a result, many methods 
have already been reported.151–160 Although these methods possess notable 
merits, they still suffer from drawbacks, such as the use of toxic organic solvents, 
harsh reaction conditions, expensive catalysts, longer reaction times, etc. There-
fore, in 2012, Al-Kadasi and Nazeruddin (Scheme 31)161 developed a simple, effi-
cient, environmentally-friendly, ultrasound-assisted, catalyst-free, one pot, three-
component protocol for the synthesis of bis-coumarins (78) by condensing 4-hyd-
roxycoumarin (20) with various aromatic aldehydes (1) in water at ambient tem-
perature. 

3.2. Aza-Michael addition reaction 
Banik and his group (Scheme 32)162 described a rapid, simple, straightfor-

ward, ultrasound-assisted, catalyst-free reaction between several amines (79) and 
α-, and β-unsaturated carbonyls or nitriles (80) to afford the corresponding aza-
Michael addition products (81) in water at room temperature. During optimiz-
ation, the effect of various solvents was tested and water was found to be the 
superior under ultrasonic-irradiated condition. 

3.3. Synthesis of dithiocarbamates 
Organic dithiocarbamates are important synthetic intermediates of various 

biologically promising compounds.163 Azizi et al. (Scheme 33)164 reported a simple,  
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Scheme 31. Ultrasound-promoted, catalyst-free synthesis of bis-coumarins 

in an aqueous medium. 

Entry Solvent Time, 
min 

Yield of 
81a, % 

1 Tetrahydrofuran 60 45 
2 Ethanol 60 62 
3 Methanol 60 57 
4 Dichloromethane 60 55 
5 Acetone 60 48 
6 Acetonitrile 60 71 
7 Water 5 98 
8 Solvent-free 15 93 

 

Scheme 32. Ultrasound-assisted synthesis of β-amino carbonyl and related compounds 
in water. 

straightforward, ultrasound-assisted, catalyst-free, one-pot, three-component 
condensation of various amines (79), carbon disulfide (62) and α,β-unsaturated 
carbonyl compounds (80) or alkyl halides (82) for the rapid synthesis of dithio-
carbamates (83 and 84) in water at room temperature. 

3.4. Synthesis of β-aminoalcohols 
β-Aminoalcohols (86) are useful building blocks of various biologically 

active natural products,165 unnatural amino acids,166 and chiral auxiliaries.167 A 
simple, straightforward, environmentally benign, ultrasound-assisted, catalyst- 
-free protocol was reported for the synthesis of β-aminoalcohols (86) from the 
reactions of epoxides (85) with various primary or secondary amines (79) in 
water at room temperature (Scheme 34).168 
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Scheme 33. Ultrasound-promoted, catalyst-free synthesis of dithiocarbamates in water. 

 
Scheme 34. Ultrasound-mediated, catalyst-free synthesis of β-aminoalcohols in water. 

3.5. Synthesis of substituted thiourea 
A simple, ultrasound-assisted, catalyst-free, one-pot pseudo three-component 

condensation of primary (14) or secondary amines (79) with carbon disulfide 
(62) was described by Azizi et al. (Scheme 35)169 for the rapid synthesis of var-
ious thiourea derivatives (87 and 88) in water at room temperature. Under the 
same optimized conditions, the reactions also proceeded smoothly in poly(ethyl-
ene glycol) (PEG). 

3.6. Synthesis of bis(indol-3-yl)methanes 
Joshi et al. (Scheme 36)170 reported an efficient, simple, rapid, ultrasound-

promoted protocol for the synthesis of bis(indol-3-yl)methanes (90) in the react-
ions of indoles (89) with various aldehydes (1) in water using 1-hexenesulphonic 
acid sodium salt as a catalyst at room temperature.  
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Scheme 35. Ultrasound-mediated, catalyst-free synthesis of substituted thioureas in water. 

 
Scheme 36. Ultrasound-promoted synthesis of bis(indol-3-yl)methanes in water. 

The very next year, Li et al. (Scheme 36)171 developed another ultrasound-
assisted protocol for the synthesis of bis(indol-3-yl)methanes (90) from the same 
series of reactions using p-dodecylbenzenesulfonic acid as the catalyst in aqueous 
medium at room temperature. 
3.7. Synthesis of 2,2′-(arylmethylene)bis[3-hydroxy-5,5-dimethyl-2-cyclohexen- 

-1-one] derivatives 
A simple, straightforward, efficient, ultrasound-assisted protocol was dev-

eloped for the synthesis of 2,2′-(arylmethylene)bis[3-hydroxy-5,5-dimethyl-2-
cyclohexen-1-ones] (91) from the condensations of dimedone (13) with various 
aldehydes (1) using urea as the catalyst in water at 50 °C (Scheme 37).172 

3.8. Synthesis of thioethers 
Song et al. (Scheme 38)173 synthesized 2-[aryl(arylthio)methyl]-3-hydroxy- 

-5,5-dimethylcyclohex-2-enones (93) via simple, efficient, ultrasound-assisted, 
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one-pot, three-component reactions between aromatic aldehydes (1), substituted 
thiophenol (92) and dimedone (13) using p-dodecylbenzenesulfonic acid (DBSA) 
as a catalyst in water at ambient temperature. It was observed that the use of 
ultrasonic irradiation greatly enhances the rate of the reaction. 

 
Scheme 37. Ultrasound-promoted synthesis of 2,2′-(arylmethylene)bis[3-hydroxy-5,5- 

-dimethyl-2-cyclohexen-1-one] derivatives in water. 

 
Scheme 38. Ultrasound-promoted synthesis of 2-[aryl(arylthio)methyl]-3-hydroxy-5,5- 

-dimethylcyclohex-2-enone in water. 

3.9. Synthesis of 1-(amidoalkyl)-2-naphthylamines 
A straightforward, efficient, ultrasound-assisted protocol was developed for the 

synthesis of 1-(amidoalkyl)-2-naphthylamines (96) via one-pot, three-component 
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condensations of aldehydes (1), acetamide (94) and 2-naphthylamine (95) using 
silica chloride as a catalyst in aqueous medium at ambient temperature (Scheme 
39).174 Use of organic solvents, such as CH3CN, CHCl3, DCM, DCE and EtOH, 
gave inferior results in terms of both reaction times and yields. It was also obs-
erved that ultrasonic irradiation has a distinct effect on the rate of the reaction. 

 
Scheme 39. Ultrasound-promoted synthesis of 1-(amidoalkyl)-2-naphthylamines in water.  

3.10. Synthesis of 2-[3-aryl-1-(2-arylethyl)-2-propen-1-ylidene]hydrazinecar-
boximidamide hydrochloride 

Li et al. (Scheme 40)175 developed a simple, facile, ultrasound-assisted 
method for the synthesis of various biologically promising 2-[3-aryl-1-(2-aryl-
ethyl)-2-propen-1-ylidene]hydrazinecarboximidamide hydrochlorides (99) by the 
condensation between 1,5-aryl-1,4-pentadien-3-one (97) and aminoguanidine 
hydrochloride (98) using p-dodecylbenzenesulfonic acid (DBSA) as the catalyst 
in water at ambient temperature. It was well demonstrated that the application of 
ultrasonic irradiation enhances the reaction rate. 
3.11. Synthesis of highly substituted propanamide derivatives 

A mild, simple, rapid, ultrasound-assisted, one-pot, three-component, catal-
yst-free approach to the synthesis of highly substituted propanamide derivatives 
(104) from the reactions of 2-oxopropyl benzoate (100), isocyanide (101) and 
carboxylic acid (102) or cinnamic acid (103) derivatives in water at room tem-
perature was developed by Ramazani et al. (Scheme 41).176 

4. CONCLUSIONS 

It is the cutting edge for today’s methodologists to develop protocols in 
greener pathways by avoiding the extensive use of hazardous reagents and solvents,  
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Entry R1 R2 With sonication Without sonication 

Time, h Yield, % Time, h Yield, % 
1 H H 2 94 8 91 
2 2-Cl 2-Cl 2 87 2 55 
3 3-Cl 3-Cl 2 84 2 72 
4 4-Cl 4-Cl 2 85 2 51 
5 4-CH3 4-CH3 2 87 6 65 
6 H 4-CH3 2.5 95 8 72 
7 H 4-OCH3 2 90 2 45 
8 4-OCH3 4-OCH3 2 91 5 80 
9 3,4-(OCH2O) 3,4-(OCH2O) 2.5 92 2.5 63 
10 2,4-diCl 2,4-diCl 3 88 3 75 
11 3,4-diCl 3,4-diCl 3 89 3 78 
12 H 4-Cl 2.5 94 2.5 67 

Scheme 40. Ultrasound-promoted synthesis of 2-[3-aryl-1-(2-arylethyl)-2-propen-1-yli-
dene]hydrazinecarboximidamide hydrochlorides in water. 

 
Scheme 41. Ultrasound-promoted synthesis of highly substituted propanamide derivatives 

in water. 

harsh reaction conditions, etc. For this reason, in recent time, aqueous-mediated 
syntheses are in high demand. Again, it is well established that the application of 
ultrasonic irradiation in organic synthesis is very advantageous in comparison to 
the conventional methods. Sometimes it is also more advantageous than a 
microwave irradiated pathway. Harsh reaction conditions could be avoided by 
application of ultrasonic irradiation. Therefore, it is not necessary to mention that 
ultrasound-assisted chemical synthesis in aqueous medium is one of the greenest 
approaches towards sustainability. As a result, in the recent past, there have been 
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an immense number of applications of ultrasound in organic reactions for the 
synthesis of diverse organic scaffolds in aqueous media. The present review 
summarizes the latest developments on ultrasound-assisted and water-mediated 
organic synthesis reported to date. 
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И З В О Д  
НОВИЈИ ПРИМЕРИ УПОТРЕБЕ УЛТРАЗВУКА У ОРГАНСКОЈ СИНТЕЗИ У ВОДЕНИМ 

РАСТВОРИМА 

BUBUN BANERJEE 

Department of Chemistry, Indus International University, V.P.O. Bathu, Distt. Una, 
Himachal Pradesh-174301, India 

У протеклих неколико година публикован је значајан број радова о примени ултра-
звука у органским реакцијама за потребе синтезе врло различитих класа органских једи-
њења. Истовремено, када је у питању „зелена” хемија, вода као растварач је најбоље 
решење. На основу тога може се рећи да су методе које обједињују примену ултразвука 
и употребу воде као растварача, главни ослонац у развоју протокола који су потпуно 
прихватљиви са становишта очувања животне средине. Ова ревија даје приказ најнови-
јих резултата у примени ултразвука у воденим растворима у органској синтези. 

(Примљено 17. фебруара, ревидирано 27. априла, прихваћено 3. маја 2017) 

REFERENCES 
1. H. M. Davies, Y. Lian, Acc. Chem. Res. 45 (2012) 923 
2. Z. L. Shen, S. Y. Wang, Y. K. Chok, Y. H. Xu, T. P. Loh, Chem. Rev. 113 (2013) 271 
3. S. Kotha, P. Khedkar, Chem. Rev. 112 (2012) 1650 
4. W. A. Nugent, Angew. Chem. Int. Ed. 51 (2012) 8936 
5. K. Kaneda, T. Mizugaki, Energy Environ. Sci. 2 (2009) 655 
6. B. M. Trost, Acc. Chem. Res. 35 (2002) 695 
7. G. Brahmachari, B. Banerjee, Curr. Green Chem. 2 (2015) 274 
8. M. Sankar, N. Dimitratos, P. J. Miedziak, P. P. Wells, C. J. Kiely, G. J. Hutchings, Chem. 

Soc. Rev. 41 (2012) 8099 
9. E. B. Flint, K. S. Suslick, Science 253 (1991) 1397 

10. K. S. Suslick, Ed., Ultrasound: Its Chemical, Physical, and Biological Effects, VCH 
Publishers, New York, 1988 

11. K. S. Suslick, L. A. Crum, Sonochemistry and Sonoluminescence, in Encyclopedia of 
Acoustics, Vol. 1, M. J. Crocker, Ed.,Wiley-Interscience, New York, 1997 p.p. 271–282 

12. K. S. Suslick, M. W. Grinstaff, J. Am. Chem. Soc. 112 (1990) 7807 
13. B. Banerjee, Aust. J. Chem. 70 (2017) 872 
14. B. Banerjee, Ultrason. Sonochem. 35 (2017) 15 
15. V. K. Ahluwalia, M. Kidwai, New trends in green chemistry, Springer, Dordrecht, 2004 
16. T. J. Mason, Chem. Soc. Rev. 26 (1997) 443. 
17. K. S. Suslick, D. A. Hammerton, R. E. Cline, J. Am. Chem. Soc. 108 (1986) 5641 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



786 BANERJEE 

18. B. Banerjee, Ultrason. Sonochem. 35 (2017) 1 
19. A. Ramazani, M. Rouhani, F. Z. Nasrabadi, F. Gouranlou, Phosphorus, Sulfur Silicon 

Relat. Elem. 190 (2015) 20. 
20. H. Liu, Y. Zou, Y. Hu, D.-Q. Shi, J. Heterocycl. Chem. 48 (2011) 877. 
21. K. S. Suslick, Faraday Discuss. 170 (2014) 411 
22. T. Friščić, S. L. James, E. V. Boldyreva, C. Bolm, W. Jones, J. Mack, J. W. Steedh, K. S. 

Suslick, Chem. Commun. 51 (2015) 6248 
23. A. Chanda, V. V. Fokin, Chem. Rev. 109 (2009) 725 
24. N. Akiya, P. E. Savage, Chem. Rev. 102 (2002) 2725 
25. M. B. Gawande, V. D. Bonifácio, R. Luque, P. S. Branco, R. S. Varma, Chem. Soc. Rev. 

42 (2013) 5522 
26. R. Breslow, Acc. Chem. Res. 24 (1991) 159 
27. R. N. Butler, A. G. Coyne, Chem. Rev. 110 (2010) 6302 
28. G. Brahmachari, Handbook of pharmaceutical natural products, 1st ed., Wiley-VCH, 

Weinheim, 2010 
29. G Brahmachari, Green synthetic approaches for biologically relevant heterocycles, Else-

vier, Amsterdam, 2014 
30. J. A. Joule, K. Mills, Heterocyclic chemistry, 5th ed., Wiley, Chichester, 2010 
31. K. C. Majumdar, S. K. Chattopadhyay, Heterocycles in natural product synthesis, Wiley- 

-VCH, Weinheim, 2011 
32. J. J. Li, Heterocyclic chemistry in drug discovery, 1st ed., Wiley-VCH, Weinheim, 2013 
33. B. Banerjee, M. Koketsu, Coord. Chem. Rev. 339 (2017) 104 
34. J. Y. C. Wu, W. F. Fong, J. X. Zhang, C. H. Leung, H. L. Kwong, M. S. Yang, D. Li, H. 

Y. Cheung, Eur. J. Pharmacol. 473 (2003) 9 
35. T. Raj, R. K. Bhatia, A. Kapur, M. Sharma, A. K. Saxena, M. P. S. Ishar, Eur. J. Med. 

Chem. 45 (2010) 790 
36. M. Rueping, E. Sugiono, E. Merino, Chem. Eur. J. 14 (2008) 6329 
37. V. F. De Andrade-Neto, M. O. Goulart, J. F. Da Silva Filho, M. J. Da Silva, M. D. C. 

Pinto, A. V. Pinto, M. G. Zalis, L. H. Carvalho, A. U. Krettli, Bioorg. Med. Chem. Lett. 
14 (2014) 1145 

38. D. O. Moon, K. C. Kim, C. Y. Jin, M. H. Han, C. Park, K. J. Lee, Y. M. Park, Y. H. Choi, 
G. Y. Kim, Int. Immunopharmacol. 7 (2007) 222 

39. L. R. Morgan, B. S. Jursic, C. L. Hooper, D. M. Neumann, K. Thangaraj, B. Leblanc, 
Bioorg. Med. Chem. Lett. 12 (2002) 3407 

40. A. Kumar, R. A. Maurya, S. A. Sharma, P. Ahmad, A. B. Singh, G. Bhatia, A. K. 
Srivastava, Bioorg. Med. Chem. Lett. 19 (2009) 6447 

41. L. L. Andreani, E. Lapi, Boll. Chim. Farm. 99 (1960) 583 
42. A. Marella. O. P. Tanwar, R. Saha, M. R. Ali, S. Srivastava, M. Akhter, M. Shaquiquz-

zaman, M. M. Alam, Saudi Pharm. J. 21 (2013) 1 
43. A. R. Gholap, K. S. Toti, F. Shirazi, R. Kumari, M. K. Bhat, M. V. Deshpande, K. V. 

Srinivasan, Bioorg. Med. Chem. 15 (2007) 6705 
44. S. Modapa, Z. Tusi, D. Sridhar, A. Kumar, M. I. Siddiqi, K. Srivastava, A. Rizvi, R. 

Tripathi, S. K. Puri, G. B. S. Keshava, P. K. Shukla, S. Batra, Bioorg. Med. Chem. 17 
(2009) 203 

45. A. Fournet, A. A. Barrios, V. Munoz, R. Hocquemiller, A. Cave, J. Bruneton, Antimicrob. 
Agents Chemother. 37 (1993) 859 

46. A. Gomtsyan, E. K. Bayburt, R. G. Schmidt, G. Z. Zheng, P. J. Perner, S. Didomenico, J. 
R. Koenig, S. Turner, T. Jinkerson, I. Drizin, S. M. Hannick, B. S. Macri, H. A. 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



 ULTRASOUND-ASSISTED ORGANIC SYNTHESES IN AQUEOUS MEDIUM 787 

McDonald, P. Honore, C. T. Wismer, K. C. Marsh, J. Wetter, K. D. Stewart, T. Oie, M. F. 
Jarvis, C. S. Surowy, C. R. Faltynek, C. H. Lee, J. Med. Chem. 48 (2005) 744 

47. K. C. Lekhok, D. Prajapati, R. C. Boruah, Synlett (2008) 655 
48. G. L. Gao, Y. N. Niu, Z. Y. Yan, H. L. Wang, G. W. Wang, A. Shaukat, Y. M. Liang, J. 

Org. Chem. 75 (2010) 1305 
49. A. L. Zografos, C. A. Mitsos, O. I. Markopoulou, Org. Lett. 1 (1999) 1953 
50. R. Pagadala, S. Maddila, S. B. Jonnalagadda, Green Chem. Lett. Rev. 7 (2014) 131 
51. R. A. Jones, Pyrroles, Part II, Wiley, New York, 1992 
52. J.-M. Contreras, Y. M. Rival, S. Chayer, J.-J. Bourguignon, C. G. Wermuth, J. Med. 

Chem. 42 (1999) 730 
53. N. Azizi, A. Khajeh-Amiri, H. Ghafuri, M. Bolourtchian, M. R. Saidi, Synlett (2009) 

2245 
54. J. Zheng, L. Huang, C. Huang, W. Wu, H. Jiang, J. Org. Chem. 80 (2015) 1235 
55. Q. Gao, Y. Zhu, M. Lian, M. Liu, J. Yuan, G. Yin, A. Wu, J. Org. Chem. 77 (2012) 9865 
56. K. Iida, T. Miura, J. Ando, S. Saito, Org. Lett. 15 (2013) 1436 
57. B. Eftekhari-Sis, S. Vahdati-Khajeh, Curr. Chem. Lett. 2 (2013) 85 
58. M. Dabiri, M. Baghbanzadeh, E. Arzroomchilar, Catal. Commun. 9 (2008) 939 
59. F. Rashedian, D. Saberi, K. Niknam, J. Chin. Chem. Soc. 57 (2010) 998 
60. B. Das, P. Thirupathi, I. Mahender, V. S. Reddy, Y. K. Rao, J. Mol. Catal., A: Chem. 247 

(2006) 233 
61. J. S. Ghomi, M. A. Ghasemzadeh, S. Zahedi, J. Mex. Chem. Soc. 57 (2013) 1 
62. D. Kumar, J. S. Sandhu, Synth. Commun. 40 (2010) 510 
63. B. Banerjee, G. Brahmachari, J. Chem. Res. 38 (2014) 745 
64. A. V. Chate, U. B. Rathod, J. S. Kshirsagar, P. A. Gaikwad, K. D. Mane, P. S. Mahajan, 

M. D. Nikam, C. H. Gill, Chin. J. Catal. 37 (2016) 146 
65. D. R. Bristow, I. L. Martin, J. Neurochem. 54 (1990) 751 
66. J. Zezula, A. Slany, W. Sieghart, Eur. J. Pharmacol. 301 (1996) 207 
67. J. B. Patel, J. B. Malick, Eur. J. Pharmacol. 78 (1982) 323 
68. S. A. Thompson, P. B. Wingrove, L. Connelly, P. J. Whiting, K. A. Wafford, Mol. Phar-

macol. 61 (2002) 861 
69. A. Dandia, S. L. Gupta, V. Parewa, RSC Adv. 4 (2014) 6908 
70. A. Bazgir, S. Ahadi, R. Ghahremanzadeh, H. R. Khavasi, P. Mirzaei, Ultrason. 

Sonochem. 17 (2010) 447 
71. C. O. Kappe, Tetrahedron 49 (1993) 6937 
72. P. Biginelli, Gazz. Chim. Ital. 23 (1893) 360 
73. J.-T. Li, J.-F. Han, J.-H. Yang, T.-S. Li, Ultrason. Sonochem. 10 (2003) 119 
74. A. R. Gholap, K. Venkatesan, T. Daniel, R. J. Lahoti, K. V. Srinivasan, Green Chem. 6 

(2004) 147 
75. H. Kumar, A. Parmar, Ultrason. Sonochem. 15 (2008) 129 
76. P. G. Mandhane, R. S. Joshi, D. R. Nagargoje, C. H. Gill, Tetrahedron Lett. 51 (2010) 

3138 
77. Y. S. Sanghhvi, S. B. Larson, S. S. Matsumoto, L. D. Nord, D. F. Smee, R. C. Willis, T. 

H. Avery, R. K. Robins, G. R. Revankar, J. Med. Chem. 32 (1989) 629 
78. R. B. Tenser, A. Gaydos, K. A. Hay, Antimicrob. Agents Chemother. 45 (2001) 3657 
79. J. P. De la Cruz, T. Carrasco, G. Ortega, F. Sanchez De la Cuesta, Lipids 27 (1992) 92 
80. M. Kidwai, K. Singhal, Can. J. Chem. 85 (2007) 400 
81. M. Dabiri, H. Arvin-Nezhad, H. R. Khavasi, A. Bazgir, Tetrahedron 63 (2007) 1770 
82. A. B. A. El-Gazzar, H. N. Hafez, Bioorg. Med. Chem. Lett. 19 (2009) 3392 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



788 BANERJEE 

83. K. Singh, J. Singh, H. Singh, Tetrahedron 54 (1998) 935 
84. J. Quiroga, B. Insuasty, A. Hormaza, C. Saitz, C. Jullian, J. Heterocycl. Chem. 35 (1998) 

575 
85. A. Agarwal, P. M. C. Chauhan, Tetrahedron Lett. 46 (2005) 1345 
86. J. Quiroga, J. Portilla, R. Abonia, B. Insuasty, M. Nogueras, J. Cobo, Tetrahedron Lett. 

48 (2007) 6352 
87. M. H. Mosslemin, M. R. Nateghi, Ultrason. Sonochem. 17 (2010) 162 
88. H. Naeimi, A. Didar, Ultrason. Sonochem. 34 (2017) 889 
89. M. P. O. Wentland, U. S. Patent 4,959,363, CA 114 (1997) 122367t 
90. M. N. Zemtsova, A. V. Zimichev, P. L. Trakhtenberg, Yu. N. Klimochkin, M. V. Leo-

nova, S. M. Balakhnin, N. I. Bormotov, O. A. Serova, E. F. Belanov, Pharm. Chem. J. 45 
(2011) 267 

91. S. G. Diona, Egypt. J. Pharm. Sci. 34 (1993) 529 
92. S. V. Ukhov, M. Y. Gavrilov, S. N. Nikulina, V. E. Kolla, M. E. Kanshin, Khim.-Farm. 

Zh. 25 (1991) 20 
93. H. S. Chung, W. S. Woo, J. Nat. Prod. 64 (2001) 1579 
94. O. A. El-Sayed, T. M. Al-Turki, H. M. Al-Daffiri, B. A. Al-Bassam, M. E. Hussein, Boll. 

Chim. Farm. 143 (2004) 227 
95. M. Sedic, M. Poznic, P. Gehrig, M. Scott, Mol. Cancer Ther. 7 (2008) 2121 
96. G. Gakhar, T. Ohira, A. Shi, D. H. Hua, T. A. Nguyen, Drug Dev. Res. 69 (2009) 526 
97. X.-H. Yang, P.-H. Zhang, Y.-H. Zhou, C.-G. Liu, X.-Y. Lin, J.-F. Cui, Arkivoc 10 (2011) 

335 
98. S. I. Alqasoumi, A. M. Al-Taweel, A. M. Alafeefy, M. M. Hamed, E. Noaman, M. M. 

Ghorab, Bioorg. Med. Chem. Lett. 19 (2009) 6939 
99. A. Siddekha, S. H. S. Azzam, M. A. Pasha, Synth. Commun. 44 (2014) 424 

100. J. Safari, S. H. Banitaba, S. D. Khalili, Ultrason. Sonochem. 19 (2012) 1061 
101. N. G. Shabalala, R. Pagadala, S. B. Jonnalagadda, Ultrason. Sonochem. 27 (2015) 423 
102. B.-H. Chen, J.-T. Li, G.-F. Chen, Ultrason. Sonochem. 23 (2015) 59 
103. R. Pratap, V. J. Ram, Chem. Rev. 114 (2014) 10476 
104. G. Zhang, Y. Zhang, J. Yan, R. Chen, S. Wang, Y. Ma, R. Wang, J. Org. Chem. 77 

(2012) 878 
105. N. M. Sabry, H. M. Mohamed, E. S. A. E. H. Khattab, S. S. Motlaq, A. M. El-Agrody, 

Eur. J. Med. Chem. 46 (2011) 765 
106. J. Safari, L. Javadian, Ultrason. Sonochem. 22 (2015) 341 
107. B. Datta, M. A. Pasha, Ultrason. Sonochem. 19 (2012) 725 
108. S. Gholizadeh, K. Radmoghadam, Orient. J. Chem. 29 (2013) 1637 
109. A. Dandia, A. K. Jain, D. S. Bhati, Synth. Commun. 41 (2011) 2905. 
110. J. D. Gohil, H. B. Patel, M. P. Patel, Heterocycl. Lett. 6 (2016) 123 
111. D. R. Anderson, S. Hegde, E. Reinhard, L. Gomez, W. F. Vernier, L. Lee, S. Liu, A. 

Sambandam, P. A. Snider, L. Masih, Bioorg. Med. Chem. Lett. 15 (2005) 1587 
112. W. Kemnitzer, S. Kasibhatla, S. Jiang, H. Zhang, J. Zhao, S. Jia, L. Xu, C. Crogan- 

-Grundy, R. Denis, N. Barriault, L. Vaillancourt, S. Charron, J. Dodd, G. Attardo, D. 
Labrecque, S. Lamothe, H. Gourdeau, B. Tseng, J. Drewe, S. X. Cai, Bioorg. Med. Chem. 
Lett. 15 (2005) 4745 

113. P. K. Paliwal, S. R. Jetti, S. Jain, Med. Chem. Res. 22 (2013) 2984 
114. D. Kumar, V. B. Reddy, S. Sharad, U. Dube, S. Kapur, Eur. J. Med. Chem. 44 (2009) 3805 
115. G. Brahmachari, B. Banerjee, ACS Sustainable Chem. Eng. 2 (2014) 411 
116. G. Brahmachari, S. Laskar, B. Banerjee, J. Heterocycl. Chem. 51 (2014) 303 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



 ULTRASOUND-ASSISTED ORGANIC SYNTHESES IN AQUEOUS MEDIUM 789 

117. G. Brahmachari, B. Banerjee, Asian J. Org. Chem. 5 (2016) 271 
118. S. Gurumurthi, V. Sundari, R. Valliappan, E-J. Chem. 6 (2009) S466 
119. J. M. Khurana, B. Nand, P. Saluja, Tetrahedron 66 (2010) 5637 
120. S. Paul, P. Bhattacharyya, A. R. Das, Tetrahedron Lett. 52 (2011) 4636 
121. M. Seifi, H. Sheibani, Catal. Lett. 126 (2008) 275 
122. J.-T. Li, W.-Z. Xu, L.-C. Yang, T.-S. Li, Synth. Commun. 34 (2004) 4565 
123. T.-S. Jin, J.-S. Zhang, A.-Q. Wang, T.-S. Li, Ultrason. Sonochem. 13 (2006) 220 
124. S. Rostamizadeh, A. M. Amani, G. H. Mahdavinia, G. Amiri, H. Sepehrian, Ultrason. 

Sonochem. 17 (2010) 306 
125. T.-S. Jin, J.-C. Xiao, S.-J. Wang, T.-S. Li, Ultrason. Sonochem. 11 (2004) 393 
126. G. H. Mahdavinia, S. Rostamizadeh, A. M. Amani, Z. Emdadi, Ultrason. Sonochem. 16 

(2009) 7 
127. Y. Zou, H. Wu, Y. Hu, H. Liu, X. Zhao, H. Ji, D. Shi, Ultrason. Sonochem. 18 (2011) 708 
128. S. H. Banitaba, J. Safari, S. D. Khalili, Ultrason. Sonochem. 20 (2013) 401 
129. S. Tabassum, S. Govindaraju, R. Khan, M. A. Pasha, Ultrason. Sonochem. 24 (2015) 1 
130. M. Marinozzi, A. Carotti, E. Sansone, A. Macchiarulo, E. Rosatelli, R. Sardella, B. Nata-

lini, G. Rizzo, L. Adorini, D. Passeri, F. De Franco, M. Pruzanski, R. Pellicciari, Bioorg. 
Med. Chem. 20 (2012) 3429 

131. A. M. Venkatesan, Y. Gu, O. Dos Santos, T. Abe, A. Agarwal, Y. Yang, P. J. Petersen, 
W. J. Weiss, T. S. Mansour, M. Nukaga, A. M. Hujer, R. A. Bonomo, J. R. Knox, J. Med. 
Chem. 47 (2004) 6556 

132. S. L. Boulware, J. C. Bronstein, E. C. Nordby, P. C. Weber, Antiviral Res. 51 (2001) 111 
133. A. Dandia, R. Singh, J. Joshi, S. Maheshwari, P. Soni, RSC Adv. 3 (2013) 18992 
134. W. T. Sing, C. L. Lee, S. L. Yeo, S. P. Lim, M. M. Sim, Bioorg. Med. Chem. Lett. 11 

(2001) 91 
135. E. B. Grant, D. Guiadeen, E. Z. Baum, B. D. Foleno, H. Jin, D. A. Montenegro, E. A. 

Nelson, K. Bush, D. J. Hlasta, Bioorg. Med. Chem. Lett. 10 (2000) 2179 
136. S. Rostamnia, K. Lamei, Synthesis (2011) 3080 
137. A. Dandia, R. Singh, S. Bhaskaran, S. D. Samant, Green Chem. 13 (2011) 1852 
138. K. Arya, D. S. Rawat, H. Sasai, Green Chem. 14 (2012) 1956 
139. K. Koike, Z. H. Jia, T. Nikaido, Y. Liu, Y. Y. Zhao, D. Guo, Org. Lett. 1 (1999) 197 
140. R. W. Sabins, D. W. Rangnekar, N. D. Sonawane, J. Heterocycl. Chem. 36 (1999) 333 
141. H. S. Andersen, O. H. Olsen, L. F. Iversen, A. L. P. Sørensen, S. B. Mortensen, M. S. 

Christensen, S. Branner, T. K. Hansen, J. F. Lau, L. Jeppesen, E. J. Moran, J. Su, F. 
Bakir, L. Judge, M. Shahbaz, T. Collins, T. Vo, M. J. Newman, W. C. Ripka, N. P. H. 
Møller, J. Med. Chem. 45 (2002) 4443 

142. T. P. Blackburn, D. T. Davies, I. T. Forbes, C. J. Hayward, C. N. Johnson, R. T. Martin, 
D. C. Piper, D. R. Thomas, M. Thompson, N. Upton, R. W. Ward, Bioorg. Med. Chem. 
Lett. 5 (1995) 2589 

143. K. Gewald, Chem. Heterocycl. Compd. (N.Y., NY, U.S.) 12 (1976) 1077 
144. M. M. Mojtahedi, M. S. Abaee, P. Mahmood, M. Adib, Synth. Commun. 40 (2010) 2067 
145. A. Dandia, R. Singh, S. Bhaskaran, Ultrason. Sonochem. 17 (2010) 399 
146. D.-N. Zhang, J.-T. Li, Y.-L. Song, H.-M. Liu, H.-Y. Li, Ultrason. Sonochem. 19 (2012) 475 
147. S. Muratović, K. Durić, E. Veljović, A. Osmanović, D. Softić, D. Završnik, Asian J. 

Pharm. Clin. Res. 6 (2013) 131 
148. M. I. Choudhary, N. Fatima, K. M. Khan, S. Jalil, S. Iqbal, A. U. Rahman, Bioorg. Med. 

Chem. 14 (2006) 8066 
149. B.-J. Li, C.-C. Chiang, L.-Y. Hsu, J. Chin. Chem. Soc. 57 (2010) 742 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



790 BANERJEE 

150. G. I. Mustata, A. Brigo, J. M. Briggs, Bioorg. Med. Chem. Lett. 14 (2004) 1447 
151. M. Kidwai, V. Bansal, P. Mothsra, S. Saxena, R. K. Somvanshi, S. Dey, T. P. Singh, J. 

Mol. Catal., A: Chem. 268 (2007) 76 
152. Z. N. Siddiqui, F. Farooq, Catal. Sci. Technol. 1 (2011) 810 
153. N. Tavakoli-Hoseini, M. M. Heravi, F. F. Bamoharram, A. Davoodnia, M. Ghassem-

zadeh, J. Mol. Liq. 163 (2011) 122 
154. A. Tzani, A. Douka, A. Papadopoulos, E. A. Pavlatou, E. Voutsas, A. Detsi, ACS 

Sustainable Chem. Eng. 1 (2013) 1180 
155. R. Karimian, F. Piri, A. A. Safari, S.J. Davarpanah, J. Nanostruct. Chem. 3 (2013) 52 
156. A. Das-Gupta, S. Samanta, R. Mondal, A. K. Mallik, Bull. Korean Chem. Soc. 33 (2012) 

4239 
157. J. M. Khurana, S. Kumar, Tetrahedron Lett. 50 (2009) 4125 
158. B. Karmakar, A. Nayak, J. Banerji, Tetrahedron Lett. 53 (2012) 4343 
159. J. N. Sangshettia, N. D. Kokarea, D. B. Shinde, Green Chem. Lett. Rev. 2 (2009) 233 
160. N. Hamdi, M. C. Puerta, P. Valerga, Eur. J. Med. Chem. 43 (2008) 2541 
161. A. M. A. Al-Kadasi, G. M. Nazeruddin, Int. J. Chem. Sci. 10 (2012) 324 
162. D. Bandyopadhyay, S. Mukherjee, L. C. Turrubiartes, B. K. Banik, Ultrason. Sonochem. 

19 (2012) 969 
163. G. T. Brooks, in Sulfur Containing Drugs and Related Organic Compounds: Chemistry, 

Biochemistry, and Toxicology, Vol. 1, part A, L. A. Damani, Ed., Ellis Horwood, 
Chichester, 1989, p. 62 

164. N. Azizi, E. Gholibeglo, S. D. Nayeri, Monatsh. Chem. 143 (2012) 1171 
165. G. A. Rogers, S. M. Parsons, D. C. Anderson, L. M. Nilsson, B. A. Bahr, W. D. 

Kornreich, R. Kaufman, R. S. Jacobs, B. Kirtman, J. Med. Chem. 32 (1989) 1217 
166. P. O’Brien, Angew. Chem. Int. Ed. 38 (1999) 326 
167. D. J. Ager, I. Prakash, D. R. Schaad, Chem. Rev. 96 (1996) 835 
168. M. S. Abaee, V. Hamidi, M. M. Mojtahedi, Ultrason. Sonochem. 15 (2008) 823 
169. N. Azizi, A. R. Oskooee, Z. Yadollahy, A. G. Ourimi, Monatsh. Chem. 145 (2014) 1675 
170. R. S. Joshi, P. G. Mandhane, S. D. Diwakar, C. H. Gill, Ultrason. Sonochem. 17 (2010) 298 
171. J.-T. Li, M.-X. Sun, G.-Y. He, X.-Y. Xu, Ultrason. Sonochem. 18 (2011) 412 
172. J.-T. Li, Y.-W. Li, Y.-L. Song, G.-F. Chen, Ultrason. Sonochem. 19 (2012) 1 
173. Y.-L. Song, Y.-F. Dong, F. Wu, T. Yang, G.-L. Yang, Ultrason. Sonochem. 22 (2015) 119 
174. B. Datta, M. A. Pasha, Ultrason. Sonochem. 20 (2013) 303 
175. J.-T. Li, C. Du, X.-Y. Xu, G.-F. Chen, Ultrason. Sonochem. 19 (2012) 1033 
176. A. Ramazani, M. Rouhani, S. W. Joo, Ultrason. Sonochem. 28 (2016) 393. 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



<<
  /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




