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ABSTRACT 

The acylation reaction is an important process for 

biological and chemical applications. Biologically, this 

reaction is used in a mechanism critical to numerous 

cellular processes, such as protein assembly and 

regulation. This article reviews the state of the art of 

microwave-assisted reactions and the influence of 

microwaves on mass and heat transfer. The heating 

behaviour of representative test reactions and single 

substances is compared for heating with microwaves and 

thermal energy. 

 

INTRODUCTION 

The acylation of alcohols, phenols and amines is an imperative change in synthetic scenarios [1]. Acylation of such 

useful gatherings is regularly vital over the span of different transformations, particularly in the development of 

polyfunctional particles, for example, nucleosides, sugars, steroids and natural products. Various catalysts 

developed from acylation [1-4] include DMAP, CoCl2, Bu3P, Triflates, TaCl5, Zeolite [5-10], clays, Nafion-H, Yttria-

zirconia, LiClO4, Mg(ClO4)2, ionic liquids, InCl3,ZrCl4 and alumina [11,12]. However the reported procedures endure [1] 

from various disadvantages, for example, potential danger connected with treatment of the impetus costly or 

economically accessible reagents, prerequisite of longer response times, harsh response conditions, utilization of 

halogenated solvents and abundance acylating specialists. Triflates are exorbitant and moisture sensitive and 

unique endeavors are required to set up the impetus. In the greater part of the cases the reported techniques chip 

away at essential or optional alcohols just and neglected to secure tertiary alcohols or less responsive phenols. A 

couple of these strategies likewise experience the ill effects of side responses. 

Synthetic chemists continue to explore new methods to carry out chemical transformations. One of these methods 

is to run reactions on the surface of solids. As the surfaces have the properties that are not duplicated in the 

solution or gas phase, entirely new chemistry may occur. Even in the absence of new chemistry, a surface reaction 

may be more desirable than a solution counterpart, because the reaction is more convenient to run, or a high yield 

of product is obtained. For these reasons, synthetic surface organic chemistry is rapidly growing field of study. 

Experiments using these solid phase catalysts generally have following features: (i) it is often easy to isolate the 
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products and to separate the catalyst; (ii) comparing the reaction conditions with those of related homogenous 

reactions, they are so mild that a high yield of specific products and suppression of by-product formation are 

expected; (iii) selectivity and activity of the catalysts are often comparable to those of enzymes [6]. Several classes 

of solids have commonly been used for surface organic chemistry including alumina, silica gels, and clays. Zinc 

oxide (ZnO) is certainly one of most interesting of these solids because it has surface properties that suggest that a 

very rich chemistry may occur there [12-20]. 

Recently, mineral oxides have proved to be useful to chemists in the laboratory and industry due to the good 

activation of adsorbed compounds and reaction rate enhancement, selectivity, easy workup and recyclability of the 

supports and the ecofriendly, green [21-24], reaction conditions. Zincoxide is an inexpensive, moisture stable, 

reusable, commercially available and environmentally benighn catalyst used in Beckmann rearrangements, friedel-

crafts acylation, the synthesis of cyclic ureas, dehydration of aldoximes [25], and oxidation of alcohols.  

 

Objective of Report 

Acylation of functional groups such as phenols, alcohols and amines using ZnO as catalyst. 

 

EXPERIMENTAL SECTION 

General methods 

1H NMR [26-29] and 13C NMR were recorded on Bruker Avance-400MHz NMR machine using solution in CDCl3. 1H 

NMR referred respectively to TMS used as an internal standard and the central line for CDCl3. Chemical shifts were 

reported in (δ) ppm and coupling constants (J) reported in Hz. ZnO was purchased from Merck. Aniline, alcohols and 

other chemicals used were purchased from Aldrich. DCM was freshly distilled from CaH2. Methanol was distilled 

from MgSO4. Column Chromatography was performed over silica gel from SISCO, using hexanes and ethyl acetate 

mixture as eluent. Solvents were removed under reduced pressure on rotovap. Organic extracts were dried with 

anhydrous Na2SO4. The visualization of spots on TLC plates was effected by exposure to iodine vapours. 

 

Acylation of amine, alcoholic groups 

 

NH2

(CH3CO)2O

NHCOCH3

r.t, solvent free

ZnO
+

1 2
 

OH OCOCH3

3 4

(CH3CO)2O
r.t, solvent free

ZnO
+

 

To a mixture of ZnO (dry powder, 0.4 g, 5 mmol) and acetic anhydride (10 mmol), aniline (1) or 2-napthol (3) (10 

mmol) was added. The reaction mixture was stirred with a mechanical stirrer for a certin period of time as required 

to complete the reaction at room temperature. The solid mass (ZnO) was then eluted with CH2Cl2 (20 ml), and the 

CH2Cl2 extract was then washed with aqueous solution of sodium bicarbonate and dried over anhydrous sodium 

sulphate. Evaporation of solvent furnishes, practically pure, the corresponding products 2 and 4 respectively. The 

identity of these compounds was easily established by comparison of their 1H NMR spectra with those of authentic 

sample. 
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 Friedal crafts acylation reaction over ZnO 

OMe

+
Cl

O

MeO

O

5
6

r.t, solvent free

ZnO

 

+
Cl

O O

87

r.t, solvent free

ZnO

 

 

OMe

+ CH3Cl

O CH3

O

MeO

5
9

r.t, solvent free

ZnO

 

Anisole (5) or benzene(7) (1.08g, 10 mmol) was added to a mixture of ZnO powder (0.4 g, 5 mmol) and acetyl 

chloride or benzoyl chloride (1.16ml, 10 mmol) at room temperature and stirred with a magnetic stirrer. Colour 

(usually pink, but in few cases green or blue) developed immediately and darkened with progress of the reaction. 

The reaction mixture was kept at room temperature with occasional stirring for a certain period of time as required 

to complete the reaction. The solid mass was then eluted with dichloromethane (20 ml) and dichloromethane 

extract was then washed with an aqueous solution of sodium bicarbonate and dried over anhydrous sodium 

sulphate. Evaporation of solvent furnished practically pure the corresponding products 6, 8 and 9 respectively. The 

identity of these compounds was easily established by comparison of their 1H NMR spectra with those of authentic 

sample. 

 

O-acylation of alcohol 

PhCOCl + ROH                            PhCO2R
ZnO (10 mol%)

solvent- free 40 C  

To a mixture of alcohol (methanol) (0.32 ml,10 mmol) and ZnO (10 mol%) was added benzoyl chloride (1.54 ml, 11 

mmol) with stirring at ~ 40 C. The progress of the reaction was followed by TLC. After completion of the reaction, the 

resulting mixture was extracted with ETOAc (2 × 5 ml) and filtered to remove ZnO. The organic layer was washed 

with 10% NaHCO3 and water, dried with Na2SO4 and concentrated in vacuo to give product (methyl benzoate). The 

product formed was characterized by comparison of their spectral and physical data with those of authentic 

samples. 

MICRO OVEN REACTIONS 

Introduction 

In the electromagnetic spectrum, the microwave radiation region is located between infrared Radiation and radio 

waves. Microwaves have wavelengths of 1 mm ± 1 m, corresponding to Frequencies between 0.3 and 300 GHz. 

Tele-communication and microwave radar equipment occupy many of the band frequencies in this region. In 

general, in order to avoid interference, the wavelength at which industrial and domestic microwave apparatus 

intended for heating operates is regulated to 12.2 cm, corresponding to a frequency of 2.450 GHz, but other 
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frequency allocations do exist. It has been known for a long time that microwaves can be used to heat materials. 

The short reaction times and expanded reaction range that is offered by microwave assisted organic synthesis are 

suited to the increased demands in industry. In particular, there is a requirement in the pharmaceutical industry 

for a higher number of novel chemical entities to be produced, which requires chemists to employ a number of 

resources to reduce the time for the production of compounds. 

In general, most organic reactions have been heated using traditional heat transfer equipment such as oil baths, 

sand baths and heating jackets. These heating techniques are, however, rather slow and a temperature gradient 

can develop within the sample. In addition, local overheating can lead to product, substrate and reagent 

decomposition. 

In contrast, in microwave dielectric heating, the microwave energy is introduced into the Chemical reactor 

remotely and direct access by the energy source to the reaction vessel is obtained. The microwave radiation 

passes through the walls of the vessel and heats only the reactants and solvent, not the reaction vessel itself. If 

the apparatus is properly designed, the temperature increase will be uniform throughout the sample, which can 

lead to less by products and/or decomposition products. 

Recently it was demonstrated that diverse organic reactions can be safely performed in conventional domestic 

microwave oven. The advantageous turn the microwave assisted approach environmentally benign for preparation 

of important compounds. 

 

Objective of report 

To carryout oxidation [30-43], reduction and condensation reactions using domestic micro oven. 

 

OXIDATION REACTIONS 

Benzylic oxidation:  

CH3
COOH

MW, ZnO, DMF

1
2

 

 

MW, ZnO, DMF
COOH

COOH
3 4  

Toluene (1) and napthlene (3) (10 mmol), zinc oxide (0.2 g, 2.5 mmol) and N,N-dimethylformamide (0.18 ml, 2.5 

mmol) were placed in aborosil beaker (50 ml) . The mixture was mixed properly with the help of a glass rod (15 sec) 

and then irradiated under safe conditions in a domestic microwave oven at 800 W (LG CHEF MS 192 operating at 

2450 MHz providing a maximum output of 800 W) for 6 mins. The reaction mixture was cooled to room 

temperature and diluted with DMF (5 ml). It was filtered and ice-cold water (100 ml) was added to the filtrate. The 

solution was extracted with CHCl3 and the solvent was removed under reduced pressure after drying over 

anhydrous sodium sulphate. Finally, the products 2 and 4 were purified either by crystallisation from CHCl3 pet. 

Ether or by column chromatography on silica gel using pet. Ether as eluent [43-52]. The structures of the product were 

confirmed by 1H NMR. 



 
 
 

121 
 

e-ISSN: 2319-9849  
p-ISSN: 2322-00 

RRJCHEM | Volume 5 | Issue 2 | June, 2016 

 

REDUCTION REACTIONS 

Reduction of carbonyl compounds: 

 

O OH

NaBH4-Al2O3

MW

5
6

 

 

CH3

O OH

CH3
NaBH4-Al2O3

MW

7
8

 

 Freshly prepared NaBH4-alumina is thoroughly mixed with neat benzophenone (5) or acetophenone (7) (0.36 g, 3.0 

mmol) in a beaker and placed in an alumina bath inside the microwave oven and irradiated (30 sec). Upon 

completion of the reaction, monitored on TLC (hexane: EtOAc, 8:2 v/v), the product is extracted into methylene 

chloride (2 × 15 ml). Removal of solvent under reduced pressure essentially provides pure sec-alcohols 6 and 8 as 

products. 

 

Wolf kishner reduction: 

N
H

N
H

N
H

O

O O

O

O

NH2NH2

CH2(OH)2, MW

KOH,

CH2(OH)2

9

11

10

 

Isatin (0.25 g, 1.7 mmol), 55 % hydrazine (0.30 g, 0.425 mmol) and ethylene glycol (1 ml) were added to 50 ml 

beaker. The mixture was shaken gently to ensure proper mixing. The beaker was then covered with a watch glass 

and irradiated in microwave oven in medium power for 30 sec. After the beaker was removed from the oven and 

cooled to the room temperature, the mixture was further cooled in an ice bath for 5 mins. The yellow powder were 

collected in a suction flask and washed with cold ethanol (2 × 0.5 ml), and air dried M.P.–220˚C. 

A 50 ml beaker containing 0.5 ml of ethylene glycol and KOH (62 mg, 1.1 mmol) was irradiated in microwave oven 

for 10 sec to dissolve the base. Isatin-3-hydrazone (10) (58.5 mg, 0.36 mmol) was the added to the beaker and 

irradiated in microwave oven for 10 sec. The beaker was removed from the oven and cooled to the room 

temperature. The brown solution was then diluted with 1 ml of deionised water, acidified with 6 M HCl until pH=2, 

and extracted with diethyl ether (3 × 1.5 ml). The ether solution was dried with anhydrous sodium sulphate and 
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evaporated in hood to give a yellow solute. The solid was recrystallised from 0.7 ml deionised water to yield 15.5 

mg of oxindole as white needles. 

 M.P. -126˚C. 

Condensation reaction: 

O

O NH

O

HN

O

+ NH2CONH2
MW, DMSO

12 13  

 

2.5 ml of 1.2 M aqueous KOH were added to amixture of Benzil (2g, 9.62 mmol) and Urea (1g, 16.7 mmol) 

dissolved in 4 ml DMSO in a beaker. 

Following an initial 90 sec, 750 W pulse the mixture was stirred for 5 mins. 30 sec pulses were then applied at 6, 9, 

12, 15, 18, 21, 24 and 30 mins, the mixture was stirred between pulses. The mixture was then poured into 300 ml 

of cold water. The precipitate was filtered and then filterate was acidified with glacial acetic acid. 

The white precipitate 13 (Diphenyl imidazolidine) was collected, dried and recrystallized from ethanol. Spectral data 

similar top commercial sample of the product.  

M.P. –296˚C 

 

TRANSESTERIFICATION OF VEGETABLE OIL USING DIFFERENT SOLID CATALYSTS 

Introduction 

Biodiesel is a fuel comprised of monoalkyl esters of long chain fatty acids derived from vegetable oils or animal 

fats. It is a clean burning fuel, which is non-toxic, biodegradable [53-60], and considered as the fuel of the future. It 

can be used neat or mixed with petroleum diesel to produce a biodiesel blend that can be used in compression 

ignition engines under a variety of operating conditions. Pure biodiesel fuel contains no petroleum fuels and emits 

virtually no sulphur, aromatics, particulates, or carcinogenic compounds and is thus a safer alternative to 

petroleum diesel [61-69]. Biodiesel can be used in all conventional diesel engines, delivers similar performance and 

engine durability to petroleum diesel, and requires virtually no modifications in fuel handling and delivery systems 

[69-88]. 

The most common method for producing biodiesel is trans esterification [89-94], in which according to stoichiometry, 

1 mol of triglyceride reacts with 3 mol of alcohol (primarily methanol) in the presence of a strong catalyst (acid, 

base, or enzymatic), producing a mixture of fatty acid alkyl esters (biodiesel) and glycerol.  

Catalyst selection for the Trans esterification is based on the free fatty acid content of the oil. If the FFA content is 

high, acid-catalysed esterification is followed. However, the rate is relatively slow, and high molar ratios of 

oil/methanol are required to tend the reaction to the left. If the FFA content is low, the base-catalysed Trans 

esterification is most desirable and is relatively faster than acid-catalysed transesterification. Homogenous 

catalysts (such as NaOH, KOH and NaOCH3 etc.) are generally used in the base catalysed Trans esterification.  

Heterogeneous catalysts, on the other hand, make product separation easier and catalysts reusable. With the use 

of solid catalysts, the refining steps in the purification process can be reduced. As compared to the homogenously 

catalysed process, the Trans esterification with solid catalyst occurs at harsher reaction conditions, i.e. at higher 
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temperatures and pressures. This is because of the fact that the solid catalysed process is a three phase system 

(oil, methanol and catalyst) and for mass-transfer reasons, it protracts the transesterification. 

Objective of report 

To prepare biodiesel from vegetable oil using homogenous and heterogeneous catalysts. 

 

EXPERIMENTAL SECTION 

Prepration of Bio Diesel using homogenous catalysts [95-100] 

Prepration of Bio Diesel using lye 

To 25 ml of methanol, 0.4 of NaOH or 0.56 g of KOH are added and mixed properly until the catalyst is completely 

dissolved. 

100 ml of vegetable oil is measured and heated about to 140˚C. To the oil methoxide solution is added then the 

resulting mixture taken in separator flask and shaken vigorously for about 30 mins in intervals, after shaking the 

flask is allowed to stand for hour. The mixture will begin to clear almost immediately and a layer of darker liquid will 

began to form on the bottom of the flask. The darker of the bottom of flask is glycerol. By product of Trans 

esterification reaction. Two layers are separated neatly and the top layer was collected and washed with water five 

times to remove soaps. Then the aqueous layer is separated and the resultant bio diesel is air dried for 2 days to 

obtain pure biodiesel.  

 

Trans esterification of soya bean oil using ZnO: 

 A mixture of 30 ml of methanol and 100 ml of soybean oil (equivalent to 7:1 molar ratio) was prepared using a 

magnetic stirrer, and then 2 g of solid catalyst (ZnO) was added into the reaction vessel and heated to 150˚C. The 

trans esterification was performed at the selected temperature for 2 h, and then the products were separated and 

washed with water and pure biodiesel was obtained.  

 

PREPARATION OF BIO DIESEL USING HETEROGENEOUS CATALYSTS 

Preparation of biodiesel using (Al2O3)4(ZnO) 

A 100 ml water solution containing hydrated zinc sulphate (1.437 g, 5 mmol ) and 50 ml of am aqueous solution of 

hydrated aluminium nitrate 50 ml of an aqueous solution of hydrated aluminium nitrate (7.502 g, 20 mmol) were 

slowly added under magnetic stirring to a 100 ml aqueous solution of sodium carbonate (9.3 g of NaCO3 in 100 ml 

of H2O). The mixture was left stirring at room temperature for 30 min and kept in a refrigerator overnight. The 

resulting precipitates were isolated by filtration, washed several times with distilled water, and dried in vacuum 

desiccators over silica gel. The precipitates were then thermally activated at 500˚C for 4 hrs yielding 1.380 g of 

(Al2O3)4(ZnO).  

Catalytic experiments: The vegetable oil (30 g) was trans esterified in the presence of a different alkyl-chain 

alcohols (4.5 g) using 1.3 g of solid catalysts (Al2O3)4(ZnO). The reaction mixture was kept in a 50 ml round 

bottomed flask under gentle reflux and magnetic stirring for the desired time. The product obtained was washed 

three times with distilled water.  
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Preparation of biodiesel using Zinc hydroxyl nitrate 

Zinc hydroxyl nitrate Zn5(OH)8(NO3)2.2H2O (abbreviated as Zn-5) was prepared by drop wise addition of 50 cm3 of 

0.75 M aqueous sodium hydroxide to 20 cm3 of 3.5 M of aqueous zinc nitrate at room temperature with constant 

stirring. The obtained white precipitate was filtered washed and deionised water and dried overnight at 50˚C.  

In typical procedure, to the initial molar ratio of methanol: triglycerides (29:1), 5 wt% (relative to mass of glyceride) 

content of the catalysts was mixed and heated up to 60˚C, the methonolysis was carried out for 3h and the 

resultant was washed with water to produce pure biodiesel. 

 

Preparation Bio Diesel using K2CO3 and MgO 

Certain amount of K2CO3 (3.45g, 25 mmol) and MgO (1 g, 25 mmol) as carrier were mixed together in a mortar and 

skaived for half an hour. Then the mixture was dried in the oven at 80˚C for 4 hours. The catalyst was obtained 

after being calcinated at 600˚C for 3 hours with heating ratio of 1˚C per min in air. 

Vegetable oil (25 g), methanol (5.56 ml) and the catalyst (250 mg) were mixed together in three naked round 

bottomed flask equipped with magnetic stirrer, thermometer and condenser. The mixture was heated at 70˚C for 

specific period. On completion the excess methanol was distilled off under vacuum. After the mixture was 

centrifuged, it formed three phases, the top layer was bio diesel and the lower was catalyst and small amount of 

glycerol. The bio diesel was collected and recycled by filtration and washed with petrol Ether. 

 

REFERENCES 

1. Nworie FS and Nwabue FI. Chemometrics of liquid- liquid extraction of metal chelates 1. Nat Sci. 2014; 12: 87-

96. 

2. Thakur A, et al. Response surface modeling of lactic acid extraction by emulsion liquid membrane: Box-

Behnken experimental design. Int J Bio Biomol Agri Food Biotechnol Eng. 2014; 8: 873-881. 

3. Ng YS, et al. Performance evaluation of organic emulsion liquid membrane on phenol removal. J Hazard Mat. 

2010; 184: 255–260. 

4. Ravi-kumar K, et al. Optimization of batch process parameters using response surface Methodology for dye 

removal by a novel adsorbent. Chem Eng J. 2005; 105: 131-138. 

5. Annadurai G, et al. Optimization of floc characteristics for treatment of highly turbid water. Sep Sci Technol. 

2004; 39: 19-42. 

6. Wang XB and Chi Y. Preparation of microwave phosphorylated soy protein isolates through a Box-Behnken 

model optimization. J Food. 2012; 10: 210-215. 

7. Shu G, et al. Application of Box-Behnken design in optimization crude polysaccharides from fruits of Tribulus 

Terristris L. J Chem Pharm Res. 2013; 5: 342-350. 

8. Gfrerer M and Lankmaryr E. Screening, optimization and validation of microwave assisted extraction for the 

determination of persistent organo-chlorine pesticides. Analytica Chimica Acta. 2005; 533: 203-211. 

9. Preu M, et al. Development of a gas chromatography–mass spectrometry method for the analysis of 

aminoglycoside antibiotics using experimental design for the optimization of the derivatization reactions. J 

Chromatogr. 1998; 818: 95-108. 

10. Walters FH and Qiu HC. The use of a Box-Behnken 3 factor design to study the paper 

chromatographicseparation of several amino acid hydroxymates. Anal Let. 1992; 25: 1131-1142. 



 
 
 

125 
 

e-ISSN: 2319-9849  
p-ISSN: 2322-00 

RRJCHEM | Volume 5 | Issue 2 | June, 2016 

11. Zongagh A, et al. Automatic online pre concentration and determination of lead in water by ICP-AES using a TS 

microcolumn. Talanta. 2004; 62: 503-510. 

12. Hows MEP, et al. Optimization of simultaneous separation of sulphonamides, dihydrofolatereductase inhibitors 

and β-lactam antibiotic by capillary electrophoresis. J Chromatogr. 1997; 768: 97-104. 

13. Ferreira AC, et al. Preliminary evaluation of the cadmium concentration in sea water of the Salvador City, Brazil. 

Microchem J. 2004; 78: 77-83. 

14. Souza AS, et al. Application of Box Behnken design in the optimization of an online pre-concentration system 

using knotted reactor for cadmium determination by flame atomic absorption spectrometry. Spectro chimica 

Acta Part B. 2005; 60: 737-742. 

15. Khayet M, et al. Artificial neutral network modeling and response surface methodology of desalination by 

reverse osmosis. J Memb SC. 2011; 368: 202-214. 

16. Kwon JH, et al. Optimization of microwave assisted extraction (MAP) for Ginseng components by response 

surface methodology. J Agric Food Chem. 2003; 51: 1807-1810. 

17. Liu FF, et al. Optimization of extraction conditions for active components in Hypericum perforatum using 

response surface methodology. J Agric Food Chem. 2000; 48: 3364-3371. 

18. Kakhki JF andAbedi MR. Application of soft and hard modeling methods to resolve the three competitive 

complex formations of 13 lanthanide–Arsenazo (III) complexes. Int J Ind Chem. 2012; 3:1-7. 

19. Vives M, et al. Three way multivariate curve resolution applied to speciation of acid base and thermal unfolding 

transitions of an alternating polynucleotide. Biopolymers 2001; 59: 477-488. 

20. Tauler R and Barcello D. Multivariate curve resolution and calibration applied liquid chromatography factor 

diode array detection. Trends in Anal Chem. 1993; 12: 319-327. 

21. Maedar M and Zuberbrehler AD. The Resolution of overlapping chromatographic peaks by evolving factor 

analysis. Analytica Chimica Acta. 1986; 181: 287-291. 

22. Singh A, et al. Process optimization for the extraction of polyphenols from Okara. Food technol Biotechnol. 

2011; 49: 322–328. 

23. Wei G, et al. Studies on liquid extraction of copper ion with room temperature ionic liquid. Journal of the 

Chinese Chem Soc. 2003; 50: 1123-1130. 

24. Sanchez JM, et al. Solvent extraction and ion exchange. Ind Eng Chem Res. 1999; 17: 455-474. 

25. Yoshinari B, et al. Extraction of copper and its selectivity over cobalt and nickel using hydroxyl oximes. Ind Eng 

Chem Res. 2002; 14: 5835-5841. 

26. Yang S, et al. Efficient electrolyte of N, NI-bis (salicylidene) ethylenediamine zinc(II) iodide in dye-sensistized 

solar cells. New J Chem. 2010; 34: 313-317. 

27. Starkie C.Advances in Carbon Capture and Storage Research. John Matthey Technol. Rev 2015; 59: 182-187. 

28. Woldemarian GA and Mandal SS. Iron (III) salen Damages DNA and Induces Apoptosis in Human Cell Via. J 

Inorg Biochem. 2008; 102: 740-747. 

29. Ansari KL, et al. Iron (III) salen Complexes with Less DNA Cleavage Activity Exhibit More Efficient Apoptosis in 

MCF7 Cells. Org Biomol Chem. 2009; 7: 926-932. 

30. Dardfarnia S, et al. Synthesis of nanopore size Ag (I)-Imprinted Polymer for the Extraction and Pre concentration 

of silver Ions Followed by its Determination with Atomic Absorption Spectrometry and Spectrophotometry Using 

Localized Surface Plasmon Resonance Peak of Silver Nanoparticles. J Braz Chem Soc. 2015; 26: 1180-1190. 



 
 
 

126 
 

e-ISSN: 2319-9849  
p-ISSN: 2322-00 

RRJCHEM | Volume 5 | Issue 2 | June, 2016 

31. Peiris MCR and Udugala-Ganehenege MY. Electrocatalytic Activity of Bis (salicylidene) ethylenediamino) Ni (II) 

Complex for C02 Reduction. Inter J Environ Sci Develop 2015; 7: 91-94. 

32. Yuan R, et al. Schiff Base complexes of Cobalt (II) as Neutral Carrier for Highly Selective Iodide Electrodes Anal 

Chem. 1993; 65: 2572-2575. 

33. Doctrow SR, et al. Salen Manganese Complexes as Catalytic Scavengers of Hydrogen Peroxide and 

Cytoprotective Agents: Structure-Activity Relationship Studies. J Med Chem. 2002; 45: 4549-4558. 

34. Sakineh M and Razieh Y. Synthesis and Antioxidant Activities of [5-fluoro N, NI-bis (salicylidene) 

ehtylenediamine] and [3,5-fluoro N, NI–bis(salicylidene) ethylenediamine] Manganese (III) Complexes. Iran J 

Chem Chem Eng. 2013; 32: 67-75. 

35. Bae HJ, et al. Salen-Aluminium Complexes as Host Materials for Red Phosphorescent Organic Light Emitting 

Diodes. Bull Korean Chem Soc. 2011; 32: 3290-3294. 

36. Abe Y, et al. Syntheses, structures, and mesomorphic properties of two series of oxovanadium (IV) salen and 

salpn complexes with 4-substituted long alkoxy chains. Inorg Chin Acta 2006; 359: 3934-3946. 

37. Du J, et al. M (salen)-Derived Nitrogen Doped M/C (M=Fe, Co, Ni) Porous Nanocomposites for Electrocatalytic 

Oxygen Reduction. Scientific Reports (4386) Conference Proceedings AP Energy 2014; 4: 1-7. 

38. Katsuki T. Funtionalization of metallosalen complexes:diverse catalytic performances and high asymmetry 

inducing ability. Chem Lett. 2006; 124: 1-12. 

39. Perumal S, et al. Role of Iron (III)-Salen Chloride as Oxiding Agent with Thiodiglycolic Acid: The Effect of Axial 

Ligands. J Mex Chem Soc. 2004; 58:211-217. 

40. Bennur TH, et al. EPR Spectroscopy of Copper and Manganese Complexes Encapsulated in Zeolites. Micro 

Meso Material 2000; 48: 111-118. 

41. Jiao H, et al. Extraction performance of bisphenol A from aqueous solutions by emulsion liquid membrane using 

response surface methodology. Desalination 2013; 313: 36-43. 

42. Hossain MB, et al. Optimization of ultra sound assisted extraction of anti-oxidant compounds from Margorim 

(OriganumMagorana L) using response surface methodology. Ultrason Sonochem. 2012; 19: 582-590. 

43. ZhaoL, et al. Response surface modeling and optimization of accelerated solvent extraction of four lignans from 

Fructus Schisandrae. Molecules 2012; 17: 3618-3629. 

44. Kim HK, et al. Optimization of microware assisted extraction for functional properties of Vitis Coignetiae extract 

by response surface methodology. J Scifood. 2012; 92: 1780-1785. 

45. Baleizao C and Garcia H. Chiral salen complexes: An overview to recoverable and reusable homogeneous and 

heterogeneous catalysts. Chem Rev. 2006; 106: 3987-4043. 

46. Eun-Jook K, et al. Studies onsolvent extraction using salphen for separative determination of trace Fe (II) and 

Fe (III) innaturalwater samples. Bull Kor Chem Soc. 2008; 29: 99-102. 

47. Mourabet M, et al. Removal of fluoride from aqueous solution by adsorption on hydroxyapatite using response 

surface methodology. J Saudi Chem Soc. 2015; 19: 603-615. 

48. Hall KL, et al. Pore and solid kinetics in fixed-bed adsorption under constant pattern conditions. Ind Eng Chem 

Fundam. 1966; 5: 212-223. 

49. El-Bindary AA, et al. Potentiometric and Thermodynemic Studies of Some Schiff Base Derivative of 4- 

Aminoantipyrine and their Metal Complexes. J Chem 2013; 1155: 682186-682192. 



 
 
 

127 
 

e-ISSN: 2319-9849  
p-ISSN: 2322-00 

RRJCHEM | Volume 5 | Issue 2 | June, 2016 

50. Samir AA, et al. Potentiometric, Spectrophotometric, Conductimetric and Thermodynamic Studies on Some 

Transition Metal Complexes Derived from 3-methyl-l-phenyl-and 1,3,-diphenyl-4-arylazo-5-pyrazolones. Nat Sci. 

2010; 2: 793-803. 

51. Faniran JA, et al. Infrared spectra of N, NI-bis (salicylidene) I,I-(dimethyl) ethylenediamine and its metal 

complexes. J Inorg Nucl Chem. 1974; 36: 1547-1551. 

52. Ueno K and Martel AE. Infrared studies on synthetic oxygen carriers. J Phys Chem. 1956; 60: 1270-1276. 

53. Prakash A, et al. Synthesis, spectroscopy and biological studies of Ni (II) complexes with tetradentate schiff 

bases having N202 donor group. J Dev Biol Tissue Eng. 2011; 3: 13-19. 

54. Amadi OK, et al. Co-ordination behavior of 4-[(7-chloroquinolin-4-yl)amino]-2-(diethyl amino)methyl]phenol 

ligand Towards Fe (II),Ni (II), Co (II) and Cu (II) metal ions. Proceedings of 37th Annual International Conference 

of Chemical Society of Nigeria, Nigeria, 2014. 

55. Zhu J and Bienayme H. Multicomponent Reactions. Wiley-VCH, Weinheim, Germany, 2002. 

56. Safari J, et al. Practical, ecofriendly, and highly efficient synthesis of 2-amino-4H-chromenes using 

nanocrystalline MgO as a reusable heterogeneous catalyst in aqueous media. J Taibah Univ Sci. 2013; 7: 17-

25. 

57. Khafagy MM, et al. Synthesis of halogen derivatives of benzo[h]chromene and benzo[a]anthracene with 

promising antimicrobial activities. IIFarmaco 2002; 57: 715-722. 

58. Kumar RR, et al. An atom efficient, solvent-free, green synthesis and antimycobacterial evaluation of 2-amino-

6-methyl-4-aryl-8-[(E)-arylmethylidene]-5,6,7,8-tetrahydro-4H-pyrano[3,2-c]pyridine-3-carbonitriles. Bioorg Med 

Chem Lett. 2007; 17: 6459–6462. 

59. Kidwai M, et al. Aqua mediated synthesis of 2-amino-6-benzothiazol-2-ylsulfanyl-chromenes and its in vitro 

study, explanation of the structure–activity relationships (SARs) as antibacterial agent. Eur J Med Chem. 2010; 

45: 5031–5038. 

60. Smith WP, et al. Dihydropyrancarboxamides Related to Zanamivir:  A New Series of Inhibitors of Influenza Virus 

Sialidases. 1. Discovery, Synthesis, Biological Activity, and Structure−Activity Relationships of 4-Guanidino- and 

4-Amino-4H-pyran-6-carboxamides. J Beresford Med Chem. 1998; 41: 787-797. 

61. Martinez AG and Marco L. Friedländer reaction on 2-amino-3-cyano-4H-pyrans: Synthesis of derivatives of 4H-

pyran [2,3-b] quinoline, new tacrine analogues. J Bioorg Med Chem Lett. 1997; 7: 3165–3170. 

62. Hirmoto K, et al. DNA strand-breaking activity and mutagenicity of 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-

4-one (DDMP), a Maillard reaction product of glucose and glycine. Mutation Res. 1997; 395: 47-56. 

63. Dell CP and Smith CW. Antiproliferative derivatives of 4H-naphtho[1,2-b]pyran and process for their 

preparation. European Patent Applications EP 537 949 21 Apr 1993. Chem Abstr. 119: 139102d. 

64. Bianchi G and Tava A. Synthesis of (2R)-(+)-2, 3-Dihydro-2, 6-dimethyl-4H-pyran-4-one, a Homologue of 

Pheromones of a Species in the Hepialidae Family. A Biol Chem. 1987; 51: 2001-2002 

65. Mohr SJ, et al. Pyran Copolymer as an Effective Adjuvant to Chemotherapy against a Murine Leukemia and 

Solid Tumor. Cancer Res. 1975; 35: 3750-3754. 

66. Wang JL, et al. Structure-based discovery of an organic compound that binds Bcl-2 protein and induces 

apoptosis of tumor cells. Proc Natl Acad Sci USA. 2000; 97: 7124–7129. 

67. Skommer J, et al. HA14-1, a small molecule Bcl-2 antagonist, induces apoptosis and modulates action of 

selected anticancer drugs in follicular lymphoma B cells. J Leuk Res. 2006; 30: 322-331. 



 
 
 

128 
 

e-ISSN: 2319-9849  
p-ISSN: 2322-00 

RRJCHEM | Volume 5 | Issue 2 | June, 2016 

68. Anderson DR, et al. Aminocyanopyridine inhibitors of mitogen activated protein kinase-activated protein kinase 

2 (MK-2). Bioorg Med Chem Lett. 2005; 15: 1587–1590. 

69. Eiden F and Denk F. Synthese und ZNS-Wirkung von Pyranderivaten: 6,8-Dioxabicyclo[3,2,1] octane. Arch 

Pharm Weinheim Ger. 1991; 324: 353-354. 

70. Huynh THV, et al. Design, synthesis and pharmacological characterization of coumarin-based fluorescent 

analogs of excitatory amino acid transporter subtype1 selective inhibitors, UCPH-101 and UCPH-102. Bioorg 

Med Chem. 2012; 20: 6831–6839. 

71. Devi I and Bhuyan PJ. Sodium bromide catalysed one-pot synthesis of tetrahydrobenzo[b]pyrans via a three-

component cyclocondensation under microwave irradiation and solvent free conditions. Tetrahedron Lett. 

2004; 45: 8625–8627. 

72. Tu SJ, et al. One-Pot Synthesis of 2-Amimo-3-cyano-4-aryl-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-

benzo[b]pyran under Ultrasonic Irradiation without Catalyst. Chin J Org Chem. 2003; 23: 488–490. 

73. Jin TS, et al. Hexadecyldimethyl benzyl ammonium bromide: an efficient catalyst for a clean one-pot synthesis 

of tetrahydrobenzopyran derivatives in water. Arkivoc. 2006; 78–86. 

74. Khurana JM and Kumar S. Tetrabutylammonium bromide (TBAB): a neutral and efficient catalyst for the 

synthesis of biscoumarin and 3,4-dihydropyrano[c]chromene derivatives in water and solvent-free conditions. 

Tetrahedron Lett. 2009; 50: 4125–4127. 

75. Gao SJ, et al. Fluoride ion catalyzed multicomponent reactions for efficient synthesis of 4H-chromene and N-

arylquinoline derivatives in aqueous media. Tetrahedron 2008; 64: 9143–9149. 

76. Fang D, et al. Synthesis of 4H-benzopyrans catalyzed by acyclic acidic ionic liquids in aqueous media. J 

Heterocycl Chem. 2010; 47: 63-67. 

77. Chen L, et al. N,N-dimethylamino-functionalized basic ionic liquid catalyzed one-pot multicomponent reaction 

for the synthesis of 4H-benzo[b]pyran derivatives under solvent-free condition. Heteroatom Chem. 2009; 20: 

91-94. 

78. Shaabani A, et al. Ionic liquid promoted efficient and rapid one-pot synthesis of pyran annulated heterocyclic 

systems. Catal Lett. 2005; 104: 39–43. 

79. Wang LM, et al. Rare earth perfluorooctanoate [RE(PFO)3] catalyzed one-pot synthesis of benzopyran 

derivatives. J Fluorine Chem. 2006; 127: 97-100. 

80. Hekmatshoar R, et al. Sodium selenate catalyzed simple and efficient synthesis of tetrahydrobenzo[b]pyran 

derivatives. Catal Commun. 2008; 9: 307-310. 

81. Seifi M and Sheibani H. High Surface Area MgO as a Highly Effective Heterogeneous Base Catalyst for Three-

Component Synthesis of Tetrahydrobenzopyran and 3,4-Dihydropyrano[c]chromene Derivatives in Aqueous 

Media. Catal Lett. 2008; 126: 275-279. 

82. Kumar D, et al. Nanosized magnesium oxide as catalyst for the rapid and green synthesis of substituted 2-

amino-2-chromenes. Tetrahedron 2007; 63: 3093–3097. 

83. Heravi M, et al. Three component, one-pot synthesis of dihydropyrano[3,2-c]chromene derivatives in the 

presence of H6P2W18O62·18H2O as a green and recyclable catalyst. Catal Commun. 2008; 10: 272–275. 

84. Ziarani GM, et al. Synthesis of 3,4-Dihydropyrano[c]Chromene Derivatives Using Sulfonic Acid Functionalized 

Silica (SiO2PrSO3H) Iran J Chem Chem Eng. 2011; 30: 59–65. 



 
 
 

129 
 

e-ISSN: 2319-9849  
p-ISSN: 2322-00 

RRJCHEM | Volume 5 | Issue 2 | June, 2016 

85. Balalaie S, et al.Diammonium Hydrogen Phosphate: An Efficient and Versatile Catalyst for the One‐Pot 

Synthesis of Tetrahydrobenzo[b]pyran Derivatives in Aqueous Media. Synthetic Commun. 2007; 37: 1097-

1108. 

86. Abdolmohammadi S and Balalaie S. Novel and efficient catalysts for the one-pot synthesis of 3, 4-

dihydropyrano [c] chromene derivatives in aqueous media. Tetrahedron Lett. 2007; 48: 3299–3303. 

87. Hasaninejad A, et al. Silica bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane chloride (SB-DABCO): A highly 

efficient, reusable and new heterogeneous catalyst for the synthesis of 4H-benzo[b]pyran derivatives. Appl Cata 

A: Gen. 2011; 402: 11–22. 

88. Khurana JM, et al. DBU: a highly ef fi cient catalyst for one-pot synthesis of substituted 3,4- dihydropyrano[3,2- 

c ]chromenes, dihydropyrano[4,3- b ]pyranes, 2-amino-4 H - benzo[ h ]chromenes and 2-amino-4 H benzo[ g 

]chromenes in aqueous mediumDBU: a highly ef fi cient catalyst for one-pot synthesis of substituted 3,4- 

dihydropyrano[3,2- c ]chromenes, dihydropyrano[4,3- b ]pyranes, 2-amino-4 H - benzo[ h ]chromenes and 2-

amino-4 H benzo[ g ]chromenes in aqueous medium. Tetrahedron. 2010; 66: 5637–5641. 

89. Das C, et al. Heterogeneous ditopic ZnFe2O4 catalyzed synthesis of 4H-pyrans: further conversion to 1,4-DHPs 

and report of functional group interconversion from amide to ester. Green Chem. 2014; 16: 1426–1435. 

90. Pansare DN and Shinde D B. A facile synthesis of (Z)-5-(substituted)-2-(methylthio)thiazol-4(5H)-one using 

microwave irradiation and conventional method. Tetrahedron Lett. 2014; 55: 1107–1110. 

91. Darandale SN, et al. Green synthesis of tetrahydropyrimidine analogues and evaluation of their antimicrobial 

activity. Bioorg Med Chem Lett. 2013; 23: 2632–2635. 

92. Darandale SN, et al. A novel amalgamation of 1,2,3-triazoles, piperidines and thieno pyridine rings and 

evaluation of their antifungal activity. Eur J Med Chem. 2013; 65: 527–532. 

93. Dattatraya NP and Devanand BS. A facile synthesis of novel series (Z)-2-((4-oxo-5-(thiophen-2-ylmethylene)-4,5-

dihydrothiazol-2-yl)amino) substituted acid. J Saudi Chem Soc. 2015. 

94. Pansare DN, et al. One pot three components microwave assisted and conventional synthesis of new 3-(4-

chloro-2-hydroxyphenyl)-2-(substituted) thiazolidin-4-one as antimicrobial agents. Bioorg Med Chem Lett 2014; 

24: 3569–3573. 

95. Pansare DN and Shinde DB. A Facile Synthesis of (Z)-2-((5-(4-fluorobenzylidene)-4-oxo-4,5- dihydrothiazol-2-yl) 

amino) Substituted Acid Using Microwave Irradiation and Conventional Method. Open Chem J. 2015; 2: 40–46. 

96. Pansare DN and Shinde DB. Synthesis and Antimicrobial Activity of new (Z)-2-((5-(4-Hydroxybenzylidene)-4-Oxo-

4,5 Dihydrothiazol-2-Yl)Amino) Acid and its Derivatives. Res Rev J Chem. 2015; 4: 8–14. 

97. Zhou GC, et al. Design, synthesis and evaluation of a cellular stable and detectable biotinylated fumagillin 

probe and investigation of cell permeability of fumagillin and its analogs to endothelial and cancer cells. Euro J 

Med Chem. 2013; 70: 631-639. 

98. Ugurchieva TM and Vesselvosky VVV. Advances in the synthesis of natural butano- and butenolides. Russ Chem 

Rev. 2009; 78: 337-373. 

99. Pimentel-Elardo, et al. Anti-Parasitic Compounds from Streptomyces sp. Strains Isolated from Mediterranean 

Sponges. Drugs. 2010; 8: 373-380. 

100. Wang XJ, et al. Synthesis and in vitro antitumor activity of new butenolide-containing dithiocarbamates. 

Bioorg Med Chem Lett. 2011; 24: 3074-3077. 


