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Abstract: All are surrounded by air ions which shows the good and bad impact on us. These 
airborne particles have charge and conductivity. These are positive and negative air ions. The 
negative air ions have a positive effect on human health. We feel happy, relaxed, and breath 
easily due to them. But positive air ions are responsible for discomfort, headache, high blood 
pressure, nervousness in human life. The air ion concentrations in Grape, Sugarcane, Chickpea, 
and Onion vegetation in rural area Bhilawadi (160 0  is measured with the 
help of a Gerdien condenser-based air ion counter developed and designed at A.C.S. College, 
Palus. Temperature, humidity, transpiration, radon exhalation, wind speed is responsible for 
variation in air ions. Onion, sugarcane, grapes, and chickpea have a higher concentration of 
negative air ions than positive air ions. Ionization by cosmic rays and gamma radiation is almost 
constant in daily cycles. Air ion concentration near the ground varies mostly with the exhalation 
of 222Rn and its progenies. Due to ionization, photosynthesis, transpiration, and radon 
exhalation process of vegetations ion concentration are different. The pollution index and air ion 
assessment coefficient show good air quality of sugarcane and onion as a natural air ionizer. 
keywords: Air ions, exhalation radon, Ionization, transpiration, aerosol.  

 
Introduction  

Air ions are classified as small, medium, and large air ions depending upon their size and 
mobility. Radioactive material, cosmic rays, ultraviolet rays, hydrolysis of water molecules, plant tips 
discharge, the photovoltaic effect of green plants, volcanic eruptions, lightning, thunderstorms, snow 
and storms, corona discharge, radiation are sources of air ions [1]. The production of cosmic rays and 
other elements is nearly constant. Mainly uranium, thorium decay series have radioisotopes producing 
gamma rays of sufficient energy [2]and produces positive or negative air ions. Out of this negative air, 
ions have a positive effect on human and animal health. And they are said to be air vitamins. It is a 
significant important source of energy. Human beings feel happy, relaxed, and can breathe easy which 
results in good work productivity and mood and peaceful sleep [3].   

Headache, insomnia, fatigue, nervousness, joint aches, high blood pressure, discomforts due to 
the higher number of positive air ions [4]. Radon is the main source of radiation on the ground surface 
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Abstract: River Panchaganga is one of the important sources of water supply to agriculture and urban 
area. The urban and industrial load of the city has increased many folds making the river unfit for every 
purpose. Physico-chemical and biological aspects of water pollution of Pancha ganga river were 
analyzed seasonally with respect to physico-chemical parameters from July 2017 to May 2018. The 
sampling sites were Ichalkaranji Bridge, Shiradwad, and Abdul Lat, near Pancha ganga river in 
Ichalkaranji. The paper highlights the alarming condition of Eutrofiering of river in various seasons with 
respects to the parameters and if immediate action is not taken for restoration of the river it will have 
deadly effect on not only the human habitat surrounding the river but also on the flora, fauna and 
agricultural land, hence report is to be submitted to WHO, UNESCO-IHE, IWWA, SIDA, University 
Grant Commission of India, etc. for restoration help. 
Keywords:   Eutrophication; Human Impact; Panchganga river; Pollution. 

Postal Address: S.M.D.B.S. College Miraj Dist. Sangli, (Maharashtra) India. Phone: +91 7588253118  
 

INTRODUCTION  
 

The Panchganga river flows through the borders 
of Kolhapur. It starts from Prayag Sangam 
(Village: Chikhli, Taluka: Karveer, Dist.- 
Kolhapur). The Panchganga is formed, by four 
streams, the Kasari, the Kumbhi, the Tulsi and 
the Bhogawati. Local tradition believes in an 
underground stream Saraswati which together 
with the other four streams make the 
Panchganga. The Prayag Sangam confluence 
marks the beginning of the Panchganga river 
proper which after receiving the waters of the 
four tributaries continues in a larger pattern with 
the flow of waters received from the rivers. From 
North of Kolhapur, it has a wide alluvial plain. 
After developing this plain the river resumes its 
course eastwards. Most of the rivers and their 
tributaries are being used as site for disposal of 

domestic and industrial waste in India which 
impairs their water quality. With rapid growth of 
the Ichalkaranji city both in urban and industrial 
areas, the pollution load from sugar and textile 
industries in the river has increased. The 
discharge of the effluents and industrial waste by 
the nearby industries has led to pollution of the 
Panchganga river which has turned the water 
green, mainly near Ichalkaranji where there are 
many textile processing houses which had 
discharged their effluents without proper 
treatment. Eichhornia crassipes has grown on 
the river nearby Ichalkaranji. Not much efforts 
were taken by the local government bodies to 
control the growth of it, in monsoon the water 
level rises and it is washed out and seen 
nowhere until November, in December it starts to 
grow again and by April the river is covered by it. 
Many researches have been carried out in order 
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Abstract

Indian Space Research Organization (ISRO) has developed an indigenous system named Indian Regional Navigation Satellite System
(IRNSS) or NavIC (Navigation with Indian Constellation), that consists of 7 satellites and transmits navigation signal in L and S bands.
ISRO, for validation of the system, has installed many IGS (IRNSS/GPS/SBAS) receivers scattered over the Indian region. Using pre-
liminary data from two geographically widely separated stations over India, this paper presents the results on studies on parameters of
IRNSS signal quality and discusses how these parameters may be used to study the ionospheric behavior over the Indian region. The
results show the importance and advantages of using IRNSS data for such studies.
� 2019 COSPAR. Published by Elsevier Ltd. All rights reserved.

Keywords: IRNSS/NviIC; GNSS; Navigation; Carrier to noise ratio; TEC

1. Introduction

The Indian Regional Navigation Satellite System or
IRNSS with an operational name NAVIC (NAVigation
with Indian Constellation) is an independent regional satel-
lite based navigation system that is developed by Indian
Space Research Organization (ISRO), India. This system
is used to provide accurate real-time positioning and timing
services over the primary service area consisting of India
and the region extending to 1500 km around India. It com-

prises a constellation of 3 satellites in Geostationary orbit
(GEO: IRNSS/NavIC 1C, 1F and 1G) and 4 satellites in
Geosynchronous orbit (GSO: IRNSS/NavIC 1A, 1B, 1D
and 1E). The three GEOs are located at 32.5�E, 83�E
and 131.5�E and the four GSOs have their longitude cross-
ings 55�E and 111.75�E (Rethika et al. 2015). The sec-
ondary service area extends over a region from Latitude
30� South to 50� degree North and Longitude 30� East to
130� East. This system will provide two types of services-
standard positioning service (SPS) that will be open for
civilian use, and a restricted service (an encrypted one)
for authorized users. The NavIC SPS service is transmitted
on L5 (1164.45–1188.45 MHz) and S (2483.5–2500 MHz)
bands (Ganeshan et al., 2015). The system can provide
an absolute position accuracy of better than 10 m through-
out the Indian landmass and better than 20 m in the Indian
Ocean as well as a region extending approximately
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________________________________________________________________________________________________________ 

 

Abstract—The soil is a dominant medium to grow the plants in which the soil nutrients especially macronutrients play a 

major role to improve the fertility and hence growth of seeds and crops. The traditional geochemical analytical methods to 

explore macronutrients used in agricultural laboratories give accurate results, but it is more time consuming, so the need 

for different chemicals and highly skilled workers are required at prior. Instead, the modern methods are beneficial to 

explore major macronutrients i.e. Nitrogen, Phosphorus and Potassium (Kalium – Latin name) with the help of electronic 

sensors that give accurate results without the need of chemicals and highly skilled staff. Hence, the farmer himself can 

explore the macronutrients NPK concentration and deficiencies and then use proper fertilizers to improve the soil fertility 

with the reference of an ideal ratio for NPK i.e. 4:2:1. This paper reviews the different modern electronic analytical methods 

to determine NPK concentrations without going into the agriculture laboratory. LED based spectroscopy focused in this 

research paper is an emerging technology without destruction of target soil matters or particles. It’s timely, reliable and less 

expensive compared to the other methods explained. 

Index Terms— Macronutrients, NPK, LED Spectroscopy, Soil 
________________________________________________________________________________________________________  

I. INTRODUCTION 

Many farming communities such as Indians are still using mundane ways of farming with an increase in demand for food. The 

customized sensor based analysis may provide precise data quickly rather than the traditional method, which is generalized and not 

to the targeted area or not to the specific area [1], [2]. That is, quickly and accurately soil data can be analyzed by the precise 

agriculture practice through electronic systems rather than traditional geochemical analysis. Also, the manual method of measuring 

the soil nutrients is less accurate because of the time difference of soil samples collected at the field and measured in a laboratory that 

is not real time. The smarter agriculture practice can be made by the measurement of major macronutrients such as Nitrogen (N), 

Phosphorous (P) and Potassium (K) through electronic sensors. Also, the unsystematic use of fertilizers may lead to groundwater 

pollution, hence nutrient management, balanced plant nutrition of crops is necessary [3]. This research work will focus the exploration 

of major macronutrients – Nitrogen (N), Phosphorous (P) and Potassium (K) by the method of LED spectroscopy. Precision 

Agriculture (PA) and soil testing are essential to determine nutrients availability in soil before applying any fertilizers nowadays. The 

conventional soil testing in the laboratory is a time consuming method and requires more cost, highly skilled operators and can’t be 
real time. Since, spectroscopy is an emerging technology which is rapid, simple and can be used in agriculture to explore major 

macronutrients content. 

II. OTHER DIFFERENT MACRONUTRIENTS EXPLORATION METHODS 

Soil is the most important medium for plant growth. The nutrients in soil improvise the fertility and hence the growth of seeds 

and crops. In agriculture as well as electronics, several researches have been undertaken to improvise the practice in the agricultural 

field, but due to increase in population, a major disadvantage requires new methods which will grow the crop plantation management 

methods in dominant ways without expense [4]. Table 1 illustrates various sensors used in agriculture such as electrical, 

electromagnetic, optical, radiometric, mechanical, acoustic, pneumatic and electrochemical for PA. Meanwhile electric and 

electromagnetic sensors are widely used today, but other types may be suitable to improve the soil relevant information in future very 

soon. The food yield globally is based on the presence of nutrients. The Phosphorus (P) is an important nutrient due to its low recovery 

and finite availability. To obtain the good and healthy growth of a crop, the average sum of macronutrients N+P+K=2 (N=0.5, P=1.0, 

K=0.5). However, The NPK Ratio of 4:2:1 is considered as an ideal and accepted as a macronutrients level of the soil [5], [6], [7]. 

 

Table 1 Sensors Used for Precision Agriculture Practice 

Sr. 

No. 

Sensor Type Measurement Principle 

1 Electrical / Electromagnetic Resistivity, conductivity, capacitance, inductance 

2 Optical and Radiometric Level of energy absorbed / reflected from target 

3 Mechanical Resulting force from object 

4 Acoustic Sound produced / reflected from object 
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5 Pneumatic Ability to inject air into object 

6 Electrochemical Ion-selective membrane that produce voltage output by chemical reaction 

 

Following techniques are being used to explore the major soil macronutrients that is NPK by the method of –  

Sensing ferromagnetic properties, 1997  

In this technique, detection is carried out by the observations of granular soil particles relationally together by sensing the 

ferromagnetic property of welsh soil granular by Secondary Ferromagnetic Mineral (SFM) method with dependent premature 

mechanism to explain the observed link between soil magnetism and climate by lowering the temperature below 20 Kelvin. Hence, 

the effect of depressing values of low field susceptibility in percentage is noticed [8].  

By portable Raman sensor, 2004  

The portable Raman sensor for soil nutrient detection was provided to obtain a significant phosphorus absorption band in soils 

and thus determines the phosphorus concentration with the use of bulky components – Laser source, Spectrometer, Computer and 

File storage. In Raman Spectroscopy emission technique, the spectral peaks that are frequency shifted from the incident optical energy 

by the scattering are processed to know Algal Bloom because of phosphorus present in the soil sample. Algal Bloom is nothing but 

pollution because of excess phosphorus nutrients [9].  

By image spectral measurement, 2011  

The macronutrients N, P and K can be analyzed by the ground method spectrum data in the laboratory by exploration on spectral 

measurements, interior diameters and surface treatment of soil roughness and Signal to Noise Ratio (SNR) / Spectra, these compared 

with standard spectrum. But there was no image data in this method. The second is multispectral remote sensing allows capture of 

hyper spectral images, not possible in the first method, but poor resolution of images prone to difficulties in extraction of soil 

information and spectral reflectance relation, so the method is not suitable for quantitative estimation of nutrients in soil. Also a lot 

of statistical data logging is required [10]. 

By Wireless Sensor Network (WSN) and cloud monitoring, 2014  

Real time monitoring of macronutrients NPK by the use of Wireless Sensor Network (WSN) and android phone facilitates the 

user to view soil fertility at the convenience of his phone through mobile application. Overall system helps farmers to get real time 

information. The data from sensors is sent to the Cloud. These values are stored in cloud databases [11], [12]. 

By electrical conductivity measurement, 2014  

The soil salinity is an important issue, sustaining the productivity and irrigation of agriculture around the world. The salinity 

analysis gives rise to determination of nutrients present in soil by the use of conductivity sensors. The co-relationship between 

Electrical Conductivity (EC) and amount of fertilizers required shows that EC is directly related to nutrients concentration but inverted 

with depth of soil. The overuse of fertilizers can lead to more soil salinity (Salts), hence conductivity is more [13]. 

By optical fiber sensor, 2015  

Detection of soil NPK nutrients using fiber optic sensor includes multimode plastic fiber optic sensor. Aqueous solution of the 

soil under test is illuminated by different light colors. Light gets reflected from solution depending upon its absorbent coefficient of 

soil. Reflected light is received by another optical fiber which then converts into electrical signals. Then using signal conditioning 

and microcontroller (MCU), different components of NPK are determined. In this method, NPK deficiencies can be analyzed in terms 

of ratio based on the principle of absorption of light [14], [15]. 

By UV-visible spectroscopy, 2016  

The spectrum analysis can be carried out by characterization of nutrients using Deuterium Halogen Light (DHL) source and 

Ocean Optic Spectrometer (OOS) to measure the absorbance of macronutrients at 450 nm for N, 750 nm for P and 500 nm for K, in 

which Deuterium covers UV and Halogen covers visible light spectrum [16]. 

By multispectral hyperspectral cameras, 2017 

Ranging and imaging techniques in precision agriculture includes the state of art in optical visible and near visible spectrum 

sensors and techniques to estimate phenotyping variables from intensity, spectral and volumetric experiments. Hence, these 

techniques were distributed for plant structural characterization, plant detection and plant physiology assessment that delivers the 

future innovating sensor methodologies to provide proper fertilizers and pesticides [17]. 

By electrochemical sensors with ion selective transistors, 2017 

 A system consists of an ion selective membrane and a transducer, which transforms chemical reaction into detectable electrical 

signals. Two types of sensors – Ion Selective Electrode (ISE) in which the voltage of the second electrode is compared or measured 

with the reference (first) electrode. Ion Selective Field Effect Transistor (ISFET) chemically modulates the threshold voltage and is 

measured with the related concentration of a targeted ion. But due to ion selective membrane, measurement of one target ion by 

electrochemical measurement is possible. However, electrochemical sensors may be integrated onto chips to provide a feasible 

approach of multi target simultaneous detection of nutrients in soil [18].   
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Abstract: 

 A short and simple synthesis of Tetrahydrobenzo[b]pyran derivatives was accomplished in good 

yields by the reaction of dimedone, malononitrile or b-naphthol and aldehydes by using Limonia acidissima 

ash as a natural efficient catalyst. The remarkable advantages offered by this method include green 

inexpensive catalyst, mild reaction conditions, fast reaction rate and good to excellent yield of products. Use 

of catalyst obtained from natural resources makes the method greener without formation of any hazardous 

waste materials. 

 The novel methodology maintains atom economy and an environmentally friendly approach. 

 

Introduction: 

The discovery of new synthetic methodologies to facilitate the preparation of organic compounds is 

necessary for the research activities in the field of modern organic, bioorganic and medicinal chemistry. For 

this, it is necessary to perform efficient chemical transformations, multicomponent condensations by 

catalytic processes avoiding use of excess of solvents and expensive purification techniques. 

Tetrahydrobenzo(b)pyran derivatives are an important class of heterocyclic compound having 

important pharmaceutical and biological activities. These compounds are potential biodegradable 

agrochemicals1, photoactive materials2, cosmetics and pigments3. These derivatives can be used as potent 

antibacterial such as rhodomyrtone pigments, photoactive materials4. The derivatives of 

tetrahydrobenzo[b]pyran show biological properties as antioxidant5, spasmolytic and anti-HIV6, anticancer7, 

diuretic8 and anti-anaphylactic activities9. 

Various synthetic methods have been reported for the synthesis of tetrahydrobenzo[b]pyran 

derivatives using different catalysts such as (NH4)2HPO4
10, K3PO4

11, Ru(II) complex12, L-proline13, 

phenylboronic acid14 and cerium(III) chloride15 1,4–diazabicyclo [2,2,2] octain16, silica nanoparticals17, 

sulfonic acid functionalized silica18, amino functionalized silica gel19 and ionic liquids20. 

Various parts of Limonia acidissima are prescribed as medicine for the treatment of various 

ailments.21 Fruits are refrigerant, stomachic, stimulant, astringent, diuretic, cardio tonic, good for asthma. 

Leaves extract has phytochemical and anti microbial activity22. Limonia acidissima is a moderate sized tree 

grown throughout India. It is an aromatic, slow growing plant grows all over India in dry and warm areas. 

EXPERIMENTAL METHODS 

Preparation of CLAS Catalyst: 

http://www.ijrar.org/
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 The fresh fruit of limonia acidissimia (wood apple) was cut into the pieces and the pills are separated 

from seeds and jelly. The pills were very hard, and were cut into small pieces and dried in oven at 90°C. 

These dried pieces are crushed in mortar. Then the crushed powder was taken in clean silica crucible, put in 

muffle furnace and calcined at 300°C for 2 hours till the crushed powder is converted into white ash. The 

white ash is called as ‘CLAS ash’ Calcined limonia Acidissimia Shell ash. 

 0.2 g white ash of CLAS was dissolved in 20ml distilled water, stirred, filtrated and the filtrate was 

used as a catalyst for the synthesis of tetrahydrobenzo(b)pyran derivatives. The pH of this filtrate is above 

12. 

Synthesis of tetrahydrobenzo(b)pyran  derivatives: 

All the components as well as solvents were purified by distillation and recrystallization technique. 

All the glasswares were washed to clean and dried suitably in vacuum oven for several minutes. 

Part A: 

Ar

O

H

NC CN

OO

Base Catalyst(CLAS)

  EtOH,120°C

O

CN

O

NH2

Ar

 

A mixture of aromatic aldehyde (2mmol), malononitrile (2mmol) and dimedone (2mmol) was taken 

in a round bottom flask and 5 ml CLAS catalyst and 5 ml of ethanol were added to the reaction mixture. The 

reaction mixture was stirred at 1200C in oil bath. 

The progress of reaction was monitored by TLC technique. After completion of reaction, the 

reaction mixture was filtered. The separated product was recrystallized to get pure product. The products 

were confirmed by comparing their physical constants with literature. The results are summarized in Table 

1. 

Table 1: 

Sr. No. Aldehyde Product Time 
(hr) 

Yield 
(%) 

1a 
CHO

Cl

Cl

 
O

CN

NH2

O

Cl

Cl

 

3 54 

2a 
CHO

NO2  
O

CN

NH2

O

NO2

 

2 62 
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Calotropis gigantea leaf derived ZnO nanoparticles: 
A green protocol for rapid synthesis of 2-amino-4H-

chromene derivatives 
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Abstract 

A simple, clean and environmentally benign route for multi-component synthesis of 2-amino-4H-

chromenes between aromatic aldehydes, malononitrile and α/β-naphthols was described using ZnO 

nanoparticles as a catalyst in water: ethanol (1:1) as a green solvent system at 80 0C. The ZnO catalyst was 

prepared in aqueous leaf extract of Calotropis giganteaplant and found to be green, inexpensive, non-toxic, and 

highly efficient solid heterogeneous base catalyst obtained by simple methods. The use of plant extracts avoids 

the usage of harmful and toxic reducing and stabilizing agents.  

Key words  

 2-amino-4H-chromenes Calotropis gigantea, ZnO nanoparticle, heterogeneous base catalyst, green 

protocole. 

Introduction 

In nanotechnology, a particle is defined as a small object that behaves as a whole unit with respect to its 

transport and properties. Particles are further classified according to diameter. Coarse particles cover a range 

between 2,500 and 10,000 nanometers. Fine particles are sized between 100 and 2,500 nanometers.1 

Nanoparticles may or may not exhibit size-related properties that differ significantly from those observed in 

fine particles or bulk materials. Although the size of most molecules would fit into the above outline, individual 

molecules are usually not referred to as nanoparticles.Nanoparticle research is currently an area of intense 

scientific interest due to a wide variety of potential applications in biomedical, optical and electronic 

fields.Nanotechnology involves manipulating properties and structures at the nanoscale, often involving 

dimensions that are just tiny fractions of the width of a human hair. Nanotechnology is already being used in 

products in its passive form, such as cosmetics and sunscreens, and it is expected that in the coming decades, 

new phases of products, such as better batteries and improved electronics equipment, will be developed and 

have far-reaching implications.2-5 
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One area of nanotechnology application that holds the promise of providing great benefits for society in the 

future is in the realm of medicine.6-8 Nanotechnology is already being used as the basis for new, more effective 

drug delivery systems and is in early stage development as scaffolding in nerve regeneration research. 

Moreover, the National Cancer Institute has created the Alliance for Nanotechnology in Cancer in the hope that 

investments in this branch of nanomedicine could lead to breakthroughs in terms of detecting, diagnosing, and 

treating various forms of cancer.Nanotechnology medical developments over the coming years will have a wide 

variety of uses and could potentially save a great number of lives. Nanotechnology is already moving from 

being used in passive structures to active structures, through more targeted drug therapies or “smart 

drugs.”These new drug therapies have already been shown to cause fewer side effects and be more effective 

than traditional therapies. In the future, nanotechnology will also aid in the formation of molecular systems that 

may be strikingly similar to living systems.These molecular structures could be the basis for the regeneration or 

replacement of body parts that are currently lost to infection, accident, or disease. These predictions for the 

future have great significance not only in encouraging nanotechnology research and development but also in 

determining a means of oversight. The number of products approaching the FDA approval and review process 

is likely to grow as time moves forward and as new nanotechnology medical applications are developed.9 

To better understand current and future applications of nanotechnology in various fields of medicine, the 

project has developed two web-based resources that track medical developments focused on cancer and drug 

delivery systems.In the area of water purification, nanotechnology offers the possibility of an efficient removal 

of pollutants and germs. Today nanoparticles, nanomembrane and nanopowder used for detection and removal 

of chemical and biological substances include metals (e.g. Cadmium, copper, lead, mercury, nickel, 

zinc),nutrients viruses, bacteria, parasites and antibiotics.10 

Basically, four classes of nanoscale materials that are being evaluated as functional materials for water 

purification e.g. metal-containing nanoparticles, carbonaceous nanomaterials, zeolites and dendrimers. Carbon 

nanotubes and nanofibers also show some positive results.Nanomaterials reveal good result than other 

techniques used in water treatment because of its high surface area (surface/volume ratio). It is suggested that 

these may be used in future at large scale water purification. 

Dissolution kinetics may be the rate limiting step in the absorption process for many drugs. Decreasing 

the particle size increases surface area and the dissolution kinetics. Liposomes are normally used as carrier for 

hydrophilic drugs.  Typical difficulties: physical instability, low activity, drug leakage Alternative: water-

soluble,polymer-based nanoparticles. These are more site-specific and exhibit better controlled-release 

characteristics.To overcome toxicity issues, solid lipid nanospheres as carrier systems have been reported.  This 

is a lipid that is solidified and stabilized by a surfactant. 

4H-benzochromene display wide range of applications in Industrial and pharmaceutical chemistry. 

Hence synthesis of 4H-benzochromene has a great deal of interest. Many synthetic routes have been developed 

for the synthesis of 4H-benzochromene derivatives.  
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Abstract
A transition metal/ligand/additive/promoter-free synthesis of 3-methyl-4-arylmeth-
ylene-isoxazol-5(4H)-ones and the Biginelli-like synthesis is carried out in a natural 
acidic medium of Averrhoa bilimbi extract (ABE) with cleaner and facile approach 
smentioned here. The isoxazol-5(4H)-ones and 11-acetyl-2-methyl-5,6-dihydro-2H-
2,6-methanobenzo[g][1,3,5]-oxadiaazocin-4(3H)-ones are synthesized, respectively, 
under aerobic conditions at room temperature and at reflux temperature of etha-
nol. This eco-friendly and economically cheap, non-toxic acidic catalytic media is 
obtained from the renewable resource, and its dynamic phase is confirmed by the 
optical microscopy, DLS technique, and with critical micelle concentration (c.m.c.) 
measurements. The notable advantages are excellent yields of the obtained products, 
versatility in handling substrates, reuse of the catalyst, use of no hazardous organic 
solvents, and minimization of waste or side products. So, the reported procedure 
is simple, evergreen, and a sound alternative to the existing protocols for isoxazol-
5(4H)-one synthesis and for Biginelli-like synthesis as well.
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Graphic abstract

Keywords Isoxazol-5(4H)-ones · Biginelli-type synthesis · Neoteric media · 
Micellar catalysis · Green synthesis

Introduction

The selection of an appropriate reaction medium implementing solvent or solvent 
mixture is of paramount importance besides task-specific reaction catalysis and 
energy requirements, in the synthetic research field. One important aspect of green 
chemistry is the selection of solvents with minimum toxicity, pollution, or energy 
demand, practically which is achieved by the replacement of hazardous substrates 
in chemical processes with relatively ecologically benign ones. From this perspec-
tive, water is the most studied solvent from a green chemistry standpoint, and it is 
the solvent selected by nature do carry out the biological processes. Reactions in 
the aqueous media are generally environmentally safe, simple to handle, compar-
atively cheaper to operate, and especially important in the industry [1, 2]. As an 
effect, using water as a reaction medium is worthwhile to be explored and is still an 
active field of research opening a pace to new reactivity and devoted to accomplish-
ing greener chemical processes [3, 4].

However, in most of the catalytic processes, the volatile organic solvents 
employed as reaction media often creating a great deal of safety and health, envi-
ronmental issues due to their flammable and toxic nature [5, 6]. The use of eco-com-
patible reaction medium which drives the transformation towards the target product 
side with higher yield with lesser energy consumption is sustainable and is wel-
comed [7]. In organic synthesis, the use of eccentric organic solvents has its rewards 
like synthetic competence by stabilizing the catalyst, curating the mode of product 
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The high-performance liquid chromatography/quadrupole time-of-flight mass 
spectrometry (HPLC–Q-TOF–MS/MS) technique is a sensitive, high-speed and 
established technique with shorter analysis time and greater accuracy of the m/z 
value [108, 109]. Thus, the bilimbi fruit extract, ABE, is assayed with the help of 

Fig. 2  a Optical microscopic image of reaction mixture indicating the formation of spherical colloidal 
aggregates with ABE. b DLS study of reaction mixture showing the average size of micelles formed by 
ABE
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Table 3  Synthesis of 4-(4-arylbenzylidene)-3-methylisoxazol-5(4H)-ones in  ABEa

Entry Ar Product Time (min) Yieldb M.P. (oC) Found (Literature) 
[Ref.]

1

 
 

90 90 142–143 (143–144) [74]

2
 

 

120 97 248–250 (211–212) [74]

3
 

 

120 97 175–177 (173–175) [75]

4

 
 

90 95 206–207 (225–226) [75]

5

 
 

120 86 217 (215–217) [75]

6
 

 

120 92 152–154 (178–179) [78]

7

  

120 90 168 [New]

8
 

 

210 93 163–164 (162–165) [82]

9

 
 

150 90 79–82 [New]

10

 

 

240 91 152–158 [New]

11
 

 

210 91 126–128 (126–127) [82]

12

 
 

240 83 140–144 [New]

13
 

 

180 87 223–224 (204) [114]
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Preparation of Averrhoa bilimbi Extract (ABE)

Averrhoa bilimbi fruits known as bilimbi which are fresh and mature were col-
lected from the botanical garden, Department of Botany, Shivaji University, Kol-
hapur. These fruits (Fig. 7a) were thoroughly washed with water, deseeded and 
then cut into small pieces with knife (Fig. 7b). These pieces were crushed with 
the help of mortar and pestle to get the turbid juice which is filtered through the 
muslin cloth to get fibre-free extract (Fig. 7c). This obtained extract was stored at 
the temperature of 0–5 °C, and it is found to be stable for several days.

Table 6  Comparison of reported catalysts with ABE micellar medium

* Present method. NR = No formation of products

Sr. No Catalyst Reaction conditions Time Yield (%) Ref

For synthesis of 4-(4-hydroxybenzylidene)-3-methylisoxazol-5(4H)-one, 4b:
1 Sodium acetate (10 mmol), 

visible light
H2O:EtOH (1:1 v/v) 10 min 66 [114]

2 Boric acid (10 mol%) H2O, RT 100 min 93 [74]
3 DL-Tartaric acid (5 mol%) H2O, RT 110 min 78 [75]
4 Salicylic acid (15 mol%) H2O, RT 75 min 92 [77]
5 Pyridine (4 mmol) H2O, ultrasonic irradiation 1.0 h 82 [79]
6 Nano-MgO (3 mol%) H2O, RT 70 min 95 [80]
7 Lemon juice (1 mL) H2O:EtOH (9:1), 90 °C 55 min 95 [78]
8 Starch solution(4 mL) Thermal heating (80 °C)

Or
Microwave irradiation

52 min
Or
7 min

85
Or
93

[115]

9 DABCO Functionalized 
Dicationic Ionic Liquid 
(DDIL) (20 mol%)

Grinding, RT 8 min 84 [81, 82]

10 4-(N,N-dimethylpyridinium)
acetate DMAP-AcOH 
(30 mol%)

70 °C Immediately 98 [82]

11 Dowex (R)50WX4/H2O (1 g) HO, RT 35 min 93 [116]
12 Without catalyst H2O, 5 °C 20 min 88 [117]
13 Choline chloride: Urea (1:2) 80 °C 20 min 91 [118]
14 ABE (3.0 mL) RT 120 min 94 *
For synthesis 11-acetyl-2-methyl-5,6-dihydo-2H-2,6-methanobenzo[g][1,3,5]-oxadiazocin-4(3H)-one, 

8a:
16 NaHSO4 Solvent-free, Microwave, 

85 °C
10 min 93 [64]

17 Acetic acid Ethanol, reflux 4–8 h 69 [67]
18 p-toluenesulphonic acid Water, RT and Reflux 24–36 h 88 [66]
19 MgBr2 100 °C 90 min 87 [65] ]
21 ABE (2 mL) Ethanol, reflux 2.5 h 95 *
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Abstract
A sustainable, green and efficient process for the synthesis of 2-nitro alcohol deriva-
tives from different substituted aromatic aldehydes with nitroalkane by stirring at 
ambient temperature with high product yield is reported. Adoption of very mild 
reaction conditions, use of Calcined Eggshell (CES) as natural catalyst and simple 
workup are expected to contribute to the development of environmentally benign 
synthetic method for Henry (nitroaldol) reaction. CES is ecologically safe, inexpen-
sive, and attractive heterogeneous base catalyst obtained from renewable resources, 
thus opening a new perspective for this process.
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Introduction

The Henry reaction, also well-known as nitro alcohol reaction, is a powerful car-
bon–carbon bond-forming reaction that can be used to synthesize 2-nitro alcohols 
by the reaction between nitroalkane and an aromatic compound. The synthetic util-
ity of the Henry reaction providing 2-nitro alcohols, which are precursors of vari-
ety of organic compounds such as 1,2-amino alcohols, α-hydroxycarboxylic acids, 
amino sugars, nitroketones, nitroalkenes, ketones (Nef reaction) and other important 
compounds useful in medicinal chemistry [1].

Particularly, nitroaldol adducts of α-amino aldehydes can readily be converted 
into pharmacologically important molecules such as the anti-HIV drug amprenavir 
[2] as well as α-hydroxy-β-amino acids, a valuable backbone of peptide mimetics 
[3], hepatotoxin 7-epicylindrospermopsin [4], taxotere side-chain and (–)bestatin, 
[5, 6], the β-receptor agonists (–)denopamine and (–)arbutamine [7], the β-blocker 
(S)-propanolol [8] and antibiotics such as chloroamphenicol, ephedrine, nor-ephed-
rine and anthracycline [9, 10].

The Henry reaction was discovered in 1895 by L. Henry, by the combination of a 
nitroalkane and an aldehyde or ketone in the presence of a base to form 2-nitro alco-
hols [11]. 2-Nitroalcohols formed from aryl aldehydes have a tendency to eliminate 
water to form nitroalkenes [12] which readily polymerize. The classical methods 
for Henry reaction using base catalysts such as alkali metal hydroxides, alkoxides 
[13], calcium hydroxide [14], aluminium ethoxides [15], ammonium acetate [16], 
primary amines [17] and anion exchange resin [18] predominantly gave dehydrated 
products along with nitro alcohols. Metal–Organic frameworks are used as versatile 
heterogeneous solid catalysts for Henry reactions [19]. Careful control of the reac-
tion condition is crucial to achieve better yields of 2-nitro alcohols.

Calcined eggshell is used as an efficient heterogeneous base catalyst to produce 
biodiesel from waste frying oil [20, 21] and for transesterification of non-edible free 
fatty acid-containing oils [22].

In continuation of our research work concerning the development of natural cata-
lysts for organic transformations [23–32], herein, we report an efficient synthesis of 
2-nitro alcohols catalysed by CES-catalyst as natural base catalyst at ambient tem-
perature using the environmentally benign EtOH: water (1:1) solvent system. CES-
catalyst obtained from chicken eggshells contains calcium carbonate 85–95% along 
with 1.4% magnesium carbonate, 0.76% calcium phosphate, 4% organic matter and 
trace amount of Na, K, Zn, Mn, Fe and Cu [33].

The Henry reaction proceeds under mild conditions with catalytic amount of CES 
to afford 2-nitro alcohols in considerably excellent yield.
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Abstract
A highly efficient and convenient green method using highly efficient natural cat-
alyst calcined eggshell (CES) is described for synthesis of 2-amino 4H-chromene 
derivatives in ethanol–water system. The new inexpensive green catalyst CES is 
obtained from waste natural resources. This method offers mild reaction conditions 
at ambient temperature, with short reaction times and clean work up procedures. 
This is an economical and green alternative for existing methodologies.
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Introduction

In multicomponent reactions, at least three reactants react together in one vessel to afford 
a product. The multicomponent reactions are in contrast to regular stepwise reactions, in 
which only two starting materials react at a time [1–5].

Chromene derivatives are found in plants, vegetables and fruits [6]. Some of the 
chromene derivatives display remarkable effect. They possess effective biological activi-
ties [7], antibacterial [8, 9], antimicrobial [10, 11], cytotoxic [12], antifungal [13, 14] 
and antitumor [15, 16] activities. Substituted 4H-chromenes can bind Bcl-2 protein and 
hence can play significant role to develop anticancer agents. Hence, need for develop-
ment of efficient methodologies for synthesis of 4H-chromenes is of great interest for 
the researchers. 2-Amino 4H-chromene derivatives have been synthesized by reacting 
salicylaldehydes with nitromethane, malononitrile or ethylcyanoacetate in the presence 
of various catalysts such as ammonium acetate [17], KF-Al2O3 [18],  Al2O3 [19], molec-
ular sieves [20], amberlyst-A21 [21] and Zr(KPO4)2 [22], NaOAc/KF [23] and tertiary 
amine-thiourea [24]. Scientists have improved chromene synthesis using natural deep 
eutectic solvent [25], triethylenetetramine-grafted magnetic graphene oxide [26], choline 
chloride/urea [27], (γ-Fe2O3-Im-Py)2WO4 [28], MOF-5 [29], ruthenium (II) as catalyst 
[30].

Eggs are consumed all over the world, as they are natural sources of all essential vita-
mins, minerals and amino acids. Eggshell is a solid waste produced worldwide on a large 
scale which is disposed of without any prior treatment. Main chemical constituents of 
eggshells are calcium carbonate, calcium phosphate, magnesium carbonate and organic 
matter [31]. Recently waste eggshells have been used as humidity adsorbent [32], as a 
supplement in lime stabilization of clay soil [33], as an adsorbent to remove anionic dye 
[34], to remove chromium [35], to remove hazardous malachite green dye [36] from 
aqueous solution. Eggshell powder is also efficiently used as a natural source of calcium 
for treatment of osteoporosis [37], as catalyst for isomerization of lactose to lactulose 
[38]. Eggshell powder is calcined at higher temperature and is used as a cost-effective 
catalyst for production of biodiesel [39], as heterogeneous catalyst for the synthesis of 
biodiesel from a non-edible feedstock, mahua oil (Madhuca indica) [40], as an active 
base catalyst in the synthesis of dimethyl carbonate by transesterification [41].

To extend our research regarding the development of new natural catalysts for 
organic synthesis [42–48], we expand the use of calcined eggshell (CES) for synthesis 
of 2-amino 4H-chromenes. We introduce this method as a highly efficient method for 
synthesis of 2-amino 4H-chromenes using calcined egg shells (CES) as a natural base 
catalyst (Scheme 1).
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