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Greetings from St. John Technical Campus!

Congratulations to the team of Symphoria for organizing the One-day National Symposium on 
"Advances in Green Chemistry".

Economic growth over the past decades has led to improved quality of life, increased 
prosperity and longer, healthier lives in nearly all countries. However, with the increasing 
population and expansion of emerging economies, the world is faced with challenges in all 
three dimensions of sustainable development-economic, social and environmental. Extensive 
and uncontrolled development with unsustainable consumption and production patterns has 
resulted in huge economic and social disorder. Achieving sustainable development will require 
concerted global actions to continue to deliver economic and social progress, and at the same 
time strengthen environmental protection.

Although the past decade of rapid economic growth has brought many benefits to India, the 
environment has suffered to a great extent, exposing the population to serious air and water 
pollution. A recent report finds that environmental degradation costs India approximately $80 
billion per year or 5.7% of its economy. Green growth strategies are therefore needed to 
promote sustainable growth and to break the pattern of environmental degradation and 
natural resource depletion. Green Chemistry is one of the avenues that will contribute to the 
overall sustainable development. The green chemistry revolution is a challenging opportunity 
to innovate in our practice of chemistry in industry, education and research aimed at  
improving the economics of chemical manufacturing with a focus on environmental 
preservation.

The theme chosen for this symposium is thus appropriate to bring together academia and 
industry on a common platform to discuss relevant issues to sustainable development. I wish 
the organizing team and the participants a fruitful interaction with the expert faculty and 
success in their research endeavours.

December 2015.

Mr. Albert W. D'Souza
Chairman

Aldel Education Trust
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Chemistry, which was once viewed as a field of innovation resulting in medical breakthroughs 
and modern convenience, is now viewed by many as fouling the planet. What has led to this 
drastic shift in perception? There is a dire need for the Chemical Industry to do a reality check 
and address the issues related to environmental damage. 

It is gratifying that in the face of pressing economic and environmental challenges, national 
and international efforts to promote green growth as a new source of growth have been 
intensifying in recent years. 

Green growth is a matter of both economic policy and sustainable development policy. It 
tackles two key imperatives together: the continued inclusive economic growth needed by 
developing countries to reduce poverty and improve well-being; and improved environmental 
management needed to tackle resource scarcities and climate change.

Today scientists are at the forefront of a new way of doing chemistry; they are attempting to 
redesign chemical products and synthesis pathways to significantly reduce health effects and 
environmental damage from industrial chemicals.

The initiative by the St. John Institute of Pharmacy and Research (SJIPR) to focus on 
“Advances in Green Chemistry” is a timely thrust towards creating awareness in this very 
important area which, besides impacting the environment, has immense socio-economic 
benefits.

I would like to appreciate the SJIPR team for organizing this symposium, which will give an 
opportunity for students and faculty to interact with the experts from industry and improve their 
knowledge through fruitful discussions on the subject. I wish them all the success and may it 
lead to greater awareness of the need to save our environment and save our Mother Earth.

December 2015.

Thomas Lobo
Campus Director

St. John Technical Campus
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“The significant problems we face today cannot be solved at the same level of thinking we were 
at when we created them.” Albert Einstein

Warm greetings from the team at SJIPR!

The Department of Pharmaceutical Chemistry has put in their best efforts to organize 
Symphoria, the technical event of SJIPR, on the theme "Advances in Green Chemistry".

Chemistry has improved our quality of life, and made thousands of products possible. 
Unfortunately, this achievement has come at a price: our collective human health and the 
global environment are threatened. 

Dr. Paul Anastas, the Father of Green Chemistry, characterized the chemical age of the last 
few decades as follows: “The chemistry that I grew up with was one of seeking to create new 
molecules for new materials. These would transform our medicines, the way that we 
communicate, and the material basis of our society and economy. The fields of chemistry and 
material science advanced beyond anyone’s wildest dreams, but came with a price-waste and 
hazardous materials that weren’t foreseen or understood. Many great accomplishments 
concern us now, because of what they did to human health and the environment.” 

The Green Chemistry Revolution is aimed at creating sustainable chemistry for all. 
Environment Protection Agencies worldwide are making rigorous efforts to speed the 
adoption of this inventive and diverse discipline which will lead to significant environmental 
benefits, innovation and a strengthened economy.

We are privileged to have eminent speakers who will enlighten the audience on recent 
developments in this field. The technical bulletin  is an avenue for faculty to share their views on 
topics of their research interests and includes brief reports on the various research projects 
conducted. Departmental faculty have also put together short reviews on the varied aspects of 
green chemistry. 

On behalf of the editorial team I thank the Management of Aldel Education Trust and St. John 
Institute of Pharmacy and Research for the encouragement and support in organizing and 
conducting this event. The objective of this seminar is to create awareness and stimulate the 
thoughts of all participants towards the need for sustainable development in all areas of 
chemistry.

December 2015.

DR. SAVITA J. TAURO
Principal
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Name: Dr. Evans C Coutinho
Designation: Professor and Head - Department of Pharmaceutical 

Chemistry, Bombay College of Pharmacy, Kalina, 
Mumbai

Educational Background: Ph. D. (Tech.), M. Sc. (Tech.) 
Experience: 26 + Years
Area of Expertise: Computational methods in drug discovery and 
development, computer aided ligand design, ab initio calculations, protein structure by 
NMR and computational methods, molecular simulations, homology modeling, 3D-QSAR. 
Computer Aided Drug Design (CADD) along with multi-dimensional NMR, and 
synthesis/process development of new or existing drugs form the two core strengths of 

this department. Secondary structure determination of biopeptides by 2D/3D–NMR and molecular dynamics 
stimulation, homology modeling of critical enzymes involved in the metabolism of several microbes, 3D-QSAR, 
transition state calculations of chemical reactions by ab initio and semi-empirical methods are being investigated. 
State of the art Silicon Graphics Workstations with software from Accelrys (USA), Tripos Inc (USA) and Schrodinger 
Inc. (USA) are used for the execution of these studies. Other instruments include ultraviolet-visible 

spectrophotometers, FT-IR., HPLCs, GLC, digital polarimeter etc. Some of the clients for the department’s 
expertise include AstraZeneca Research Foundation, Biocon Ltd., Alchemy Research Center, Ciba 
Speciality Chemicals Ltd., Unichem Labs., etc.

Name: Nitesh H. Mehta
Designation: Founder Director Newreka Green-Synth Technologies 

Pvt. Ltd. Mumbai, India
Educational Background: M.E (Chem. Engg.) IIT Bombay
Experience: 10 + years
Area of Expertise: Green chemistry process development, scale-up and
technology implementation at commercial scales. He also has expertise in setting up 
recycle loops in plants, i.e. recycle of effluent streams back in the process, for unit 
processes like Reduction, Nitration, Diazotization-Hydrolysis, etc. His professional 
experience includes implementing more than 500 commercial batches with Newreka 
Reduction Technology, in more than 25 different products. He has guided more than 2000 

laboratory experiments for bench scale development of Green Chemistry based process technologies for more than 
75 different molecules. Currently, his key accountability involves marketing Newreka’s knowledge-based Green 
Chemistry technologies in Indian & International markets. Newreka was felicitated by the “Green Chemistry 
Network Center Award” for commercialization of Green Chemistry based technology, where the mother liquor 
obtained from the process was recycled 75 times back in the process. Nitesh Mehta is the Co-founder of Green 
ChemisTree Foundation and Convener of IGCW, a not-for-profit initiative launched in 2009, with the commitment to 
promote and advance the implementation of Green Chemistry in India.

Name: Dr. Rao Uwais Ahmad Khan
Designation: Mehta API Pvt. Ltd., Tarapur - Boisar as General 

Manager – Technical
Educational Background: M.Phil., Ph.D. in Synthetic Chemistry 
Experience: 20 + Years 
Area of Expertise: Skilled in ensuring compliance to quality & regulatory 
bodies in effective manner. Sound Knowledge of Modern Instrumental techniques 
required for interpretation and characterization. Designing and Developing High Potent 
Facility. Worked with Ciba Geigy, Lupin Research Pak, Hikma Pharmaceutical (Second 
Largest in Injectable in the world and biggest in MENA region. Attended numerous 
National and International Conferences. Filed several patent Applications. Member of 

delegation to PMDA, Japan for promoting Indian Pharmaceutical Industry. Represented company in several 
exhibitions like CPhi, Interphex (Japan) for developing the business Audited overseas vendor for Raw Material 
Procurement.
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Name: Dr. Kishor S. Jain
Designation: Principal & Professor, Rasiklal M. Dhariwal Institute 

of Pharmaceutical Education and Research 
(RMDIPER), Chinchwad, 
Pune-411019, Maharashtra

Educational Background: M.Pharm., Ph.D., F.I.C
Experience: 32 Years 

(26 in Academics and 8 in Industry)
Area of Expertise: Medicinal Chemistry, New Drug Discovery 
(Anticancer, Antihyperlipidemics, Antiinfectives, Antihypertensives, PPI etc), Green 
Chemistry, Library Synthesis.  Process Development of API, Intermediates, Specialty 

Chemicals, Contract Research, Custom Synthesis, Catalytic Processes, Innovations & Technology Transfer.
Dr. Kishor S. Jain has developed academic excellence through motivation of faculty to improve their academic and 
research qualifications by inculcating & demonstrating aptitude for research & innovation, meticulous 
documentation, SOP’s and streamlining teaching and evaluation systems in the college. He has developed 
infrastructure, library and research culture, innovation in teaching techniques and streamlined many working 
processes and smoothened operations, improving safety and productivity. He has to his credit many new products 
successfully developed, technology transferred and MOU’s with foreign clients.

Name: Dr. Vivek Polshettiwar, FRSC
Designation: Principal Investigator, Nanocatalysis Laboratories, 

Reader, Division of Chemical Sciences, Tata Institute 
of Fundamental Research (TIFR), Mumbai

Educational Background: Postdoctoral Fellow, École Nationale Supérieure de 
Chimie de Montpellier (ENSCM) France, PhD 
(Chemistry), DRDE, Gwalior (MP) India.

Experience: 10 + Years
Area of Expertise: Dr. Vivek Polshettiwar is Reader in the Division of 
Chemical Sciences at TIFR Mumbai. After his Ph.D. in 2005, he investigated nano-
structured silica-catalysts, with Prof. J. J. E. Moreau in 2006 during his postdoctoral 

research at École Nationale Supérieure de Chimie de Montpellier (ENSCM), France. Dr. Polshettiwar's research 
interests are in the area of advanced nano-materials, nanocatalysis and green chemistry. He believes that next 
generation catalysts can be developed by shape and morphological control of nano-materials which will allow 
preferential exposure of the active site. His nano-catalysis group is working in the area of nano-material (metals, 
metal oxides, silica, titania, MOFs) synthesis with controlled shape and morphology, their application as nano-
catalysts (CH activation, metathesis, hydrogenolysis, organocatalysis, etc) and environmental applications (e.g. CO2 
capture, water purification etc) that allow for more sustainable and green production processes. His final goal is to 
push the boundaries of catalysis research to develop nanocatalysts based on non-precious metals.

SPEAKERS PROFILES

St. John Institute of Pharmacy and Research
acknowledges Green ChemisTree Foundation 

for their support
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REVIEW OF LITERATURE BY FACULTY

Green chemistry is a pro-active approach to pollution prevention. 10 Design of Degradable Products: The design of the final 
It targets pollution at the design stage, before it even begins. If chemical products should be such that, after fulfilling their 
chemists are taught to develop products and materials in a functions, these products should easily degrade to harmless 
manner that does not use hazardous substances, then much substances that do not cause environmental pollution.
waste, hazards and cost can be avoided. Green Chemistry is 11 Real Time Analysis for the Avoidance of Contamination: 
designing chemical products and processes that reduce or Increase in the role of Analytical Chemistry in Green 
eliminate the use and/or the generation of hazardous substances. Technologies such that analytical methodologies provide 
Though it is concerned with pollution prevention, Green Chemistry processes to monitor in real time.
is not Environmental Chemistry. Both are complimentary to each 12 Inherently Safer Chemistry for Accident Prevention: The 
other. Environmental Chemistry identifies sources, elucidates reagents used to carry out chemical processes should be 
mechanisms and quantifies problems in the earth’s environment. chosen with caution in order to avoid accidents, such as the 
Green Chemistry seeks to solve these problems by creating release of poisonous substances into the atmosphere, 
alternative, safe technologies. explosions and fires.
Green Chemistry can be comprehensively illustrated as a set of 12 At present, one can easily find in the literature quite interesting 

1
principles, which were proposed by Anastas and Warner . These examples of the use of the rules of Green Chemistry. These 
principles include instructions for professional chemists principles could be applied not only to the synthesis, but to the 
concerning the creation of new substances, new syntheses and processing and use of chemical substances. Numerous new 
new technological processes. analytical methodologies have been described and these are 

1-3 carried out according to the rules of Green Chemistry. These The 12 Principles of Green Chemistry
approaches are particularly important in conducting chemical 1 Prevention: It is better to prevent the formation of waste 
processes and assessing their impact on the environment. It is materials and/or by-products than to process or clean them.
expected that these approaches will solve numerous ecological 2 Atom Economy: Synthetic methods should be designed in 
problems. The challenges thus, to chemists and other specialists such a way that all products participating in the reaction 
related to the chemical industry and education are to create new process are included in the final product.
products, new processes and a new approach to education in 3 Avoidance or Minimization of Hazardous Products: 
order to achieve social and economic benefits, as well as benefits Wherever practicable, synthetic methods should be designed 
for the environment. A change in public opinion is also important, to use and generate substances that possess little or no 
but this is expected to require many years. All of the aspects toxicity to human health and the environment.
outlined above form part of the vocation of Green Chemistry. 4 Designing Safer Products: The design of products should be 
It is obvious that, after two centuries of the development of modern safe in terms of human health and the environment
chemistry and more than a century of industrial chemical 5 Safer Solvents and Auxiliaries: The solvent chosen for a 
production, mankind has arrived at the invisible point where two given reaction should not pollute the environment or be 
issues are clear: (i) without chemistry (meaning new materials, hazardous to human health
effective drugs, plant protection systems, dyes, computers, fuels 6 Energy Efficiency: The energy requirements involved in the 
etc. – the list could be extended) mankind cannot exist at the chemical processes should be accounted for, in view of their 
present stage of development and (ii) in its present form, chemical influence on the environment and the economic balance, and 

4
production should not exist . The education in Green Chemistry of the energy requirements should be diminished. If possible, the 
future generations of chemists will contribute to the solution of chemical processes should be carried out at room temperature 
numerous ecological problems on the national, regional and and atmospheric pressure.
global scale and will allow the specialists trained by us to be 7 Use of Renewable Feedstocks: The intermediates and 
competitive within the global economy. By starting education in materials should be renewable rather than depleting (which is 
Green Chemistry right now we should travel a long way along the the case with, e.g., crude oil) whenever this is technically and 
path to fulfill our mission and to enjoy the results of our efforts for economically advantageous.
future generations of chemists and other specialists.8 Decrease and/or Elimination of Chemical Stages: 
The biggest challenge to Green Chemistry is to put its rules Derivatizations, such as protection/deprotection and various 
into practice!other modifications, should be decreased or avoided wherever 
1. Anastas, P.T.; Warner, J. Green Chemistry: Theory and Practice, Oxford University possible since these stages require additional amounts of 

Press: Oxford, 1988. 
reagents and waste products could be formed 2. Wardencki, W., et al, Green chemistry - current and future. Pol. J. Environ. Stud., 2005, 

14(4), 389-395.9 Use of Catalysts: It is well known that catalysts increase 
3. Ahluwalia, V.K.; Kidwai, M. New Trends in Green Chemistry, Kluwer Academic substantially the chemical process rates, without their 

Publishers: Dordrecht, 2004.
consumption or insertion into the final products. 4. T. Deligeorgiev, et al, Mini-Reviews in Organic Chemistry, 2010, 7, 44-53

GREEN CHEMISTRY - THE CHALLENGES!
Dr. Savita J. Tauro 



SJIPR ADVANCES IN GREEN CHEMISTRY 9

Symphoria 2015

GREEN CHEMISTRY IN API PROCESS DEVELOPMENT
Dhokchawle Bharat. V.*

In order to stimulate a substantial development in chemistry and Another catalytic methodology that is widely used for C–C bond 
chemical technology the Environmental Protection Agency (EPA) formation is the Heck and related coupling reactions. The Heck 
was established by the USA. The program was also aimed at reaction involves the palladium-catalysed arylation of olefinic 
changing the outlook of chemists and was directed at protecting double bonds and provides an alternative to Friedel-Crafts 
the environment by focusing on lower risks or their complete alkylations or acylations for attaching carbon fragments to 
elimination as far as human health is concerned. EPA introduced aromatic rings. The reaction has broad scope and is currently 
the term green chemistry in 1991 followed by it twelve principles. being widely applied in the pharmaceutical and fine chemical 
In the twentieth century, organic synthesis has achieved a high industries For example. Albemarle has developed a new process 
level of sophistication with almost no molecule beyond its for the synthesis of the anti-inflammatory drug, naproxen, in which 
capabilities with regard to chemo-, regio- and stereoselectivity. a key step is the Heck reaction (Fig 2)
The key to waste minimisation is precision in organic synthesis, 
where every atom counts. So the principles of Green Chemistry 
can be very effectively applied in the field of Organic synthesis or 
Active Pharmaceutical Ingredient (API) synthesis. 
The reason why green chemistry was not applied in the field of 
bulk chemical and pharmaceuticals in the past was less turnover 
and also the pressure of time. Fine chemicals generally have a 
much shorter lifecycle than bulk chemicals and, especially in 
pharmaceuticals, ‘time to market’ is crucial. An advantage of many 
time-honored classical technologies is that they are well-tried and 
broadly applicable and, hence, can be implemented rather quickly. 
In contrast, the development of a cleaner, catalytic alternative 
could be more time consuming. Consequently, environmentally 
(and economically) inferior technologies are often used to meet Another way of gaining benefits is by replacing conventional 
market deadlines. Moreover, in pharmaceuticals, subsequent chemistry by biocatalysis. An elegant example is provided by the 
process changes are difficult to realize owing to problems manufacture of 6-aminopenicillanic acid (6-APA), a key raw 
associated with FDA approval. material for semi-synthetic penicillin and cephalosporin 
A major trend in fine chemicals and pharmaceuticals is towards antibiotics, by hydrolysis of penicillin G. Up until the mid-1980s a 
increasingly complex molecules, which translates to a need for chemical procedure was used for this hydrolysis which involved 
high degrees of chemo-, regio-and stereoselectivity. Now we will the use of environmentally unattractive reagents (Fig.3).
discuss few examples of Green chemistry applied in the field of 
API synthesis. In a process developed by Hoffmann-La Roche for 
the anti-Parkinsonian drug, lazabemide, palladium-catalysed 
amidocarbonylation of 2,5-dichloropyridine replaced an original 
synthesis that involved eight steps, starting from 2-methyl-5-
ethylpyridine, and had an overall yield of 8%. The 
amidocarbonylation route affords lazabemide hydrochloride in 
65% yield in one step, with 100% atom efficiency (Fig. 1).

References:
1. T. Deligeorgiev., et.al. Green Chemistry in Organic Synthesis. Mini-Reviews 

in Organic Chemistry, 2010, 7, 44-53.
2. R. F. Heck, Palladium Reagents in Organic Synthesis, Academic Press, New 

York, 1985.
3. M. Spagnol., et.al. The Roots of Organic Development, Ind. Chem. Lib., Vol. 

8, Elsevier, Amsterdam, 1996, pp. 29–38.

Fig. 1: Two routes of Lazabemide Synthesis

Fig. 3: Enzymatic versus chemical deacylation of penicilling

Fig. 2: Heck Coupling reaction
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GREEN CHEMISTRY, PERSPECTIVE IN ANALYTICAL CHEMISTRY
Mr. Prashant Chaturvedi

Analytical Chemistry is one of the branches of chemistry where interpretation of the results with a minimal sample number. 
major efforts are being made to follow the rules of Green 2. Methods and instruments: Selection of the greenest method 
Chemistry. These efforts focus on the development and validation from all the methods meeting the needs of the user (e.g., detection 
of new analytical methods that reduce or eliminate the use and limits, and accuracy), which are available for a given analyte, is 
release of hazardous substances in all the steps of the analytical critical for GAC. Ideally, direct, auto-mated, miniaturized analytical 
process. This goal may be achieved either by developing new techniques are the greenest option. Important also is integration of 
analytical methods as a whole, or by adapting well established analytical processes and operations because such an approach 
analytical methods that are not environmentally-friendly and makes it possible to obtain all information from a single analysis. 
making them greener. This movement where the operator’s safety For example microdevices, in which different steps of chemical 
and environmental consciousness are considered as important as analysis (e.g., mixing, reaction and separation) are performed. 
the analytical performance is now known as ‘Green Analytical 3. Reagents and safety of the operator: Ionic liquids and 
Chemistry’ (GAC). The use of instrumental methods instead of wet supercritical fluids are considered as green alternative for organic 
chemistry, automation, and minimization is a new trend in solvents. Ionic liquids, mostly based on quaternary nitrogen 
analytical chemistry, making this branch of chemistry more cations, have found wide application in chromatographic, electro 

1
sustainable. chemistry and spectroscopy. Except for serving as alternative 

2 solvents for extractions, ionic liquids can be used as stationary Greening Solutions : Jacek Namiesnik has proposed the twelve 
phases in gas chromatography. Green alternatives for extraction principles of Green Analytical Chemistry which are as follows. 
with traditional solvents are supercritical fluid extraction (SFE) and 1. Direct analytical techniques should be applied to avoid sample 
a subcritical water extraction. Application of supercritical fluids in treatment.
chromatography resulted in the introduction of capillary column 2. Sample size and number should be minimum.
supercritical fluid chromatography (SFC) and packed column 3. In situ measurements should be performed.
SFC. One of the recent trends in GAC is the use of reagents 4. Integration of analytical processes and operations saves 
obtained from renewable sources, like plants, animals, micro-energy and reduces the use of reagents.
organisms and their extracts, which may be used as pH and redox 5. Automated and miniaturized methods should be selected.
indicators, reagents for spectrophotometry and in academics. 6. Derivatization should be avoided.
However, reducing the risk for the operator is also ensured 7. Generation of a large volume of analytical waste should be 
through the use of automated instrumental methods, miniaturized avoided and proper management of analytical waste should 
systems, and on-line decontamination of analytical waste.be provided.
4. Analytical wastes: Analytical methods differ in the volume of 8. Multi-analyte or multi-parameter methods are preferred versus 
waste produced. Greenest are methods that generate no waste or methods using one analyte at a time.
generate only a small volume of waste (i.e. <50 mL(g)). In general, 9. The use of energy should be 
the more steps in an analytical procedure and the more reagents minimized.
consumed, the higher the volume of analytical waste. Thus, 10. Reagents obtained from 
reduction in the use of reagents by the methods discussed above renewable source 
contributes to minimizing the production of waste. One of the should be preferred.
drawbacks of greening laboratory practices is the need for 11. Toxic reagents should 
compromise between the performance parameters and GAC be eliminated or 
requirements. Most of the guidelines for analytical chemists replaced.
proposed in our 12 principles may cause the decrease of 12. The safety of the 
performance parameters such as accuracy, precision and operator should be 
sensitivity. The reliability of analytical methods may easily be increased.
questioned in minimizing sample size, applying direct methods 
and miniaturizing instruments. However, rapid technological The following component forms the backbone of GAC principles. 
development and knowledge about existing problems will lead to 1. Sampling: Except for the use of direct analytical techniques, 

3
every analysis begins with sampling. According to the second improvements in green analytical methods . Sometimes, these 
principle of GAC, the number and the size of samples should be problems can be solved in simple ways (e.g., modifying in-situ 
minimal. Two approaches may be used to reduce the number of measurements to improve calibration by running standards 
samples. The first involves the use of non-invasive methods, such between samples). Over the next decade or so, advances based 
as different geo-physical techniques (e.g., remote sensing, on research into green solvents, ionic liquids, and deep eutectic 
seismic and magnetic surveys) or instruments (e.g., portable solvents will drive GAC. 

References:XRF) for field screening, and selection of sampling sites for a 
1. E. H. Ivanova, et.al. Bulgarian Chemical Communications, 44 (2012) 5-10.

detailed chemical study. The second is to use statistics for 2. Agnieszka Gałuszka., et.al. Trends in Analytical Chemistry, 50 (2013) 78-84.
3. Douglas Raynie, Victor Essel. LCGC Solutions for Separation Scientists, 31(2013) selection of sampling sites to obtain maximum data for reliable 
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MICROWAVE ASSISTED SYNTHESIS: AN IMMINENT TOOL FOR GREEN CHEMISTRY
Mrs. Deepali Nahar

Introduction: Green chemistry is the design of chemical products complexing agent is added to the mixture. e. g. O-Alkylation, 
and processes that reduce or eliminate the use and generation of N-Alkylations, oxidation & Knoevenagel condensation.
hazardous materials. Among the several aspects of green c. Microwave assisted Reactions on Mineral Supports in Dry 

1 Media: In this the reaction mixture adsorbed onto mineral chemistry, one of the principles involves use of microwave . 
2 oxides. e. g. N-Alkylation, S-Alkylation.Microwave is efficient and less hazardous energy source . 

4
Microwave irradiation have ability to couple directly with the Recent Advances in Microwave-Assisted Synthesis :
reaction molecule and by passing thermal conductivity leads to a Enhanced Microwave Synthesis (EMS):  In this by cooling the 
rapid rise in the temperature. The basic mechanisms observed in reaction vessel externally with compressed air and 
microwave assisted synthesis are dipolar polarization and simultaneously administering microwave irradiation, more energy 

2 can be directly applied to the reaction mixture. Simultaneous conduction . The microwave energy is non-ionizing and therefore 
cooling enables a greater amount of microwave energy to be does not alter the molecular structure of the compounds being 
introduced into a reaction, while keeping the reaction temperature heated – it provides only thermal activation. Short reaction time, 
low. This results in significantly greater yields and cleaner wide range of reactions, minimum exposure of hazardous 
chemistries. EMS was employed in the synthesis of a variety of α-chemicals and maximum utilization of energy; these features 
keto amides to support a protease inhibitor discovery project. EMS enables microwave assisted synthesis an effective and handy tool 

1 has also been beneficial in producing higher release levels of the for industry as well as academic research . 
desired amides from the solid-phase resin, as compared with Application in Organic Synthesis: The literature survey shows 
microwave heating alone.the diverse application of microwaves in the areas like 
New Synthetic Applications: In organometallic chemistry, the cycloaddition reactions, synthesis of radioisotopes, fullerene 
most phenomenal recent discoveries arechemistry, heterocyclic chemistry, carbohydrates, homogeneous 
a) Transition-metal-free Suzuki and Sonogashira couplings. and heterogeneous catalysis, medicinal and combinatorial 
b) Intermolecular Buchwald–Hartig Amination of Aryl Chlorides for chemistry, material chemistry, nanotechnology, polymer 
synthesizing aryamines. c) Microwave-assisted, improved synthesis, analytical chemistry, microwave irradiation in waste 

2 intramolecular amination of aryl bromides to benzimidazoles. d) management and green chemistry . Microwave irradiation is 
Carbonyl-insertion reactions like palladium-catalyzed ester applicable not only to the solvent phase chemistry, but also to the 
synthesis, both palladium-facilitated amidation and nonpalladium solid-phase organic synthesis. Catalysts like Na-Zeolite can also 
-facilitated amidations, and diaryl ketone synthesis. e) Palladium-be prepared under microwave irradiation. Microwave-assisted 
Free Amidation Using Co (CO)  as the Only CO Source. f) A Three-reactions are broadly classified into major two groups as: 2 8

3 Component Ugi Reaction condensation (U-4CC) between an I. Microwave assisted reaction using solvents : In this the 
aldehyde, an amine and an isocyanide allows the rapid reactants are usually dissolved in the solvent, which couples 
preparation of α-aminoacyl amide derivatives. g) Three-effectively with microwaves and thus acts as the energy 
Component, Petasis Boronic-Mannich Reaction to synthesize β- transfer medium.  A) Peptide coupling B) Reactions with 
amino ketones. h) Ring-Closeing Metathesis (RCM) reactions in fluorous compounds e. g. Hydrolysis, oxidation, esterification, 
both solvent and solvent-free conditions. i) Cyclodimerization via decarboxylation, cycloaddition & N-Acylation.
Inter- and Intramolecular Transesterifications. j) Microwave-II. Microwave assisted Reactions under Solvent-Free 

3 Assisted, Regiospecific, Solid-Phase Library Synthesis of Conditions : Microwave heating for carrying out reactions on 
Pyrazoles and Isoxazoles.solids has also attracted considerable attention in recent 
Use of Microwave Irradiation in Biochemical Applications: years. For such ‘dry media’ reactions, solid supports such as 
Microwave irradiation is fast becoming a source of energy for alumina, silica, montmorillonite clay and zeolites have been 
temperature sensitive biochemical applications. Now, with current investigated. microwave-assisted solvent-free organic 
technology, temperatures as low as 35–40 °C can be maintained synthesis (MASFOS) reactions are of three types as follows:
by precise power input. Microwave irradiation is applicable to a. Microwaves assisted Reactions with neat reactants: For 
solid-phase synthesis. At present, there have been relevant carrying out reactions with neat reactants i. e without the use of 
studies published on carbohydrates, nucleosides, peptides, a solvent or a support, at least one of the reactants at the 
proteins, peptoids, the polymerase chain reaction (PCR), and reaction temperature should normally be liquid. In such a set-
trypsin digestion. up, either the solid is partially soluble in the liquid phase or the 
References:liquid is adsorbed onto the surface of solid with the reaction 
1. Joshi U. J. et. al. Ind. J. Edu. Res. 2011, 168-174.occurring at the interface. e. g. Aromatic Nucleophilic 
2. Nerkar A. G. et. al.  Int. J. Pharm. Sci. 2013, 5(3), 564-566.

Substitutions & deacetylation. 3. Das B. C. et. al. The Pharma Innovation. 2012, 1(6), 1-15. 
b. Microwave assisted Reactions using Solid Liquid Phase: 4. Hayes B. L. Aldrichimica ACTA. 2004, 37(2), 66-72. 

Solid liquid phase transfer catalysis (PTC) is specific method 
for anionic reactions as it involves anionic activation. A 
catalytic amount of a tetralkylammonium salt or a cation 



SJIPRADVANCES IN GREEN CHEMISTRY12

Symphoria 2015

GREEN CHEMISTRY AND CATALYSIS
Mr. Avinash Barchha

Introduction: Increasing demand for chemicals worldwide, a chemo- and diastereoselective hydrogenation of an aromatic 
depleting resources, stricter legislation and the rising cost of waste ring while avoiding racemisation at the stereogenic centre present 
disposal is placing increasing pressure on the chemical and in the substrate. 
related industries. The products of the chemical industry have 3. Catalytic oxidation: The commonly used oxidants in organic 
greatly improved the quality of our lives; however manufacturing chemistry are chromium (VI) reagents, permanganate, 
these products in both an environmentally compatible and manganese dioxide and periodate which are not environmentally 
economically viable way is of critical importance. Green chemistry acceptable. There is clearly a definite need for catalytic 
and sustainability have a profound effect on the way companies alternatives employing clean primary oxidants such as oxygen or 
wish to be perceived and now more industries are putting the issue hydrogen peroxide. One of the most impressive recent 
of sustainability as a key facet of their longer term strategies. achievements in area of drug discovery is use of catalytic activity 
Green chemistry addresses the environmental impact of both of iodine in numerous oxidative transformations leading to the 
chemical products and the processes by which they are produced. formation of new C-O, C-N, and C-C bonds in organic compounds. 
Two useful measures of the potential environmental acceptability These catalytic transformations in many cases are very similar to 
of chemical processes are the E factor and the atom efficiency. E the transition metal-catalyzed reactions. 
factor is defined as the mass ratio of waste to desired product and The selective oxidation of alcohols to the corresponding carbonyl 
the atom efficiency is calculated by dividing the molecular weight compounds is a pivotal transformation in organic synthesis. 
of the desired product by the sum of the molecular weights of all TEMPO (2,2,6,6-tetramethylpiperidine-Noxyl) as a catalyst and 
substances produced. A higher E factor means more waste and, NaOCl as the oxidant are used for greener sy0nthesis of 
consequently, greater negative environmental impact. The ideal E progesterone from stigmasterol. Ru/TEMPO catalyst combination 
factor is zero. Inorganic salts are primary waste generated in the is used for the selective aerobic oxidations of primary and 
manufacture of organic compounds. This is a result of the use of secondary alcohols to the corresponding aldehydes and ketones, 
stoichiometric inorganic reagents in organic synthesis. The respectively. The over-oxidation of aldehydes to the 
generation of inorganic salts can be reduced by replacing corresponding carboxylic acids is suppressed by the TEMPO 
stoichiometric mineral acids (H SO ), Lewis acids and which acts as a radical scavenger in preventing autoxidation.2 4

4. Catalytic C–C Bond Formation: An important catalytic stoichiometric bases (NaOH, KOH) with recyclable solid acids and 
methodology for generating C–C bonds is carbonylation. An bases respectively and preferably in catalytic amounts. Due to 
analgesic drug ibuprofen has an annual production of several increase in demand of medicinal agents there is increase in 
thousand tons. Ibuprofen is produced in two catalytic steps production of new chemical entities with increase in amount of 
(hydrogenation and carbonylation) from p-isobutylactophenone waste generated. The advancement of chemical sciences 
with 100% atom efficiency. Another catalytic methodology that is therefore demands environment friendly synthetic schemes and 
widely used for C–C bond formation is the Heck and related catalysis. There are several ways by which newer alternatives to 
coupling reactions. The Heck reaction involves the palladium-the traditional synthesis can be provided. Few such greener 
catalysed arylation of olefinic double bonds and provides an approaches are discussed below with representative example.
alternative to Friedel-Crafts alkylations or acylation for attaching 1. Solid acid base catalysis: Liquid mineral acids (HF, H SO ) 2 4

carbon fragments to aromatic rings. Anti inflammatory drug and a variety of Lewis acids cannot easily be recycled and 
naproxen synthesis involves Heck reaction.generally end up, via a hydrolytic work-up. Solid acids, such as 
5. Biocatalysis: Biocatalysis involves mild reaction conditions zeolites, acidic clays and related materials, have many 
(physiological pH and temperature), an environmentally advantages in this respect. They are often used in catalytic 
compatible catalyst (an enzyme) and solvent (often water) amount and can easily be separated from liquid reaction mixtures, 
combined with chemo-, regio- and stereoselectivities in without the need for hydrolytic work-up and can be recycled. 
multifunctional molecules.  It has many attractive features in the One such acid catalysed reaction is Friedel-Crafts acylation 
context of green chemistry. The use of enzymes generally having wide application in the chemical industry. It generally 
circumvents the need for functional group activation and avoids requires more than one equivalent of Lewis acid e.g. AlCl  or BF . 3 3

protection and deprotection steps required in traditional organic This is due to the strong complexation of the Lewis acid by the 
syntheses. This affords processes which are shorter, generate ketone product which is formed during reaction. The same 
less waste and are environmentally and economically more reaction can be catalysed by zeolite as an alternative to commonly 
attractive than conventional routes.used acids.
References:2. Catalytic reduction: Catalytic hydrogenation is having a long 
1. A. Corma., et. al. J. Catal. 2004, 221, 67–76

history for the synthesis of various organic compounds. Both 2. S. J. Connon., et. al.  Adv. Synth. Catal. 2003, 345, 572–575
homogenous and heterogeneous catalytic hydrogenations are 3. S. Yusubova., et. al. Resource-Efficient Technologies 2015,1, 49–67

4. W. Xiaofeng, M. Jun, L. Xiaohong., et. al. Progress in Natural Science, 2008, used for synthesis of chemo-, regio- and stereoselective organic 
18, 639–652molecules. An illustrative example is the synthesis of an 

intermediate for the HIV protease inhibitor, Saquinavir. It involves 
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GREEN SOLVENTS
Mr. Jineetkumar B. Gawad

Solvents Supercritical carbon dioxide and supercritical water
Solvents are widely used as a reaction media for energy control, The supercritical liquid can effuse through solids like a gas, and 
efficient mixing and stirring. They are used in various extraction dissolve materials like a liquid. In addition, close to the critical 
processes, also as coatings and for cleaning purposes. Solvents point, small changes in pressure or temperature result in large 
constitutes largest source of volatile organic compounds in changes in density, allowing many properties of a supercritical 
atmosphere, necessitating the effects of global warming and fluid to be "fine-tuned". Carbon dioxide and water are the most 
flammability. The application of hazardous along with toxic commonly used supercritical fluids. Supercritical CO  and water 2

solvents inside the chemical laboratories and the chemical are considered “green” solvents in many industrial processes, 
industry is emerging as a vital problem for the health and safety of providing high yields in many reactions.
workers as well as environmental pollution. The radical change in Organic Synthesis with Carbonic esters
these prospects is targeted by green chemistry with the Carbonic esters, such as DMC, (Dimethyl Carbonate) are 
replacement of toxic solvents with greener alternatives, in considered to be a new class of “green” solvents in many organic 
synthetic techniques, separation and purification. Green solvents reaction processes. They can replace methyl chlorides and 
provide low toxicity, solubility in water, biodegradability, high dimethyl sulphate esters which are toxic and hazardous. DMC can 
boiling point along with recyclability. be used in methylation reactions of phenols, anilines and 
Organic Solvents carboxylic acids. 
Ionic Liquids in Organic Synthesis Techniques for organic synthesis
Although the ionic liquids do not comply fully with green chemistry Replacement of Toxic Solvents with Less Toxic Solvents
principles, they are very promising as alternatives to organic The replacement of toxic or hazardous organic solvents in 
solvents. Some hydrophobic ionic liquids will form three liquid industrial processes and systems has been Initiated long time 
phase systems with water and hexane offering interesting ago. For example, replacement of benzene with toluene and 
possibilities for extraction and separation technology as well as cyclohexane instead of carbon tetrachloride, dichloromethane 
phase transfer chemistry. Other ionic liquids can act as liquid instead of chloroform etc. 
supports for re-usable catalyst systems. Ionic liquids are being Green solvents from plants
investigated as potential electrolytes in high performance energy Plants are considered as renewable sources of energy but also a 
storage systems like batteries and double layer super capacitors. resource for various materials. Plant oils or vegetable oils derive 
In the scientific literature there is a use of ionic liquids in synthetic from plant sources. Unlike petroleum which is the main source of 
routes and various applications like Suzuki-Miyaura coupling chemicals in the petrochemical industry they are renewable 
reaction. Here biaryls are produced from aryl halides and aryl sources. There are three primary types of plant oil, differing both 
boronic acids in the presence of a palladium catalyst and a base, by the means of extraction and by the nature of the resulting oil: 
the removal of the catalyst is often a problem. In the system where Vegetable oils can replace petroleum derived organic solvents, 
an ionic liquid is used as solvent, the product can be extracted with with better properties and more eco-friendly conditions as waste. 
ether after the reaction is complete, with the catalyst being Chemists have advanced recently techniques so that some 
retained in the ionic liquid. The ionic liquid and the catalyst can vegetable oils to become solvents and replace hazardous organic 
then be reused. solvents. There have been some successful uses of alternative 

solvents in polymerization under the principles of green chemistry. 
Application of any single technique for any synthesis is not 
possible. But each organic synthesis has alternative and green 
method. There is need to focus on different types of availability of 
green solution for organic synthesis and green synthesis in 
present era. All techniques aim at replacing toxic and hazardous 
solvents in many chemical processes in the synthetic laboratory 
and in the chemical industry.  
References:
1. Hutchinson TH., et.al. Aquat. Toxicol. 76:69-92, 2006. Organic Synthesis in Water
2. Capello Ch, Fischer U, Hungerbühler K. Green Chem. 9: 927-934, 2007.

Water plays an essential role in life processes, however its use as 3. Wasserscheid P. Volatile times for ionic liquids. Nature 439:797-798, 2006. 
a solvent has been limited in organic synthesis. Despite the fact 4. Freemantle M. Alkene metathesis in ionic liquids. Chem. Eng. News, 80(4), 

March 4 : 38-39, 2002 ;that it is the cheapest, safest and most non-toxic solvent in the 
world. Water also accelerates some reactions because some 
reagents are not soluble and provides selectivity. 
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 AQUACHEMISTRY
Ms. Sahaya Asirvatham

Water is a unique liquid that unites within it an unusually large equivalent, reactions of radicals and transition-metal catalysis, 
number of anomalous chemical and physical properties. Water is oxidations-reductions [4]. The types of organic reactions in water 
the “Universal solvent” in nature. Living cell represents the most are now as diverse as those in organic solvents. The wide 
complex chemical reactions termed as biochemical reactions – All application of aqueous organic reactions also provides a driving 
such reactions occur in environment with >90% water, with use of force for the future development of this area.
enzymes that also contain water inside their protein structure[1-2]. Water can replace many toxic and hazardous solvents and has 
Inorganic reactions are carried out generally using water as been found very efficient in many organic reactions, out of which 
solvent. Water was not preferred for organic reactions because of some reactions are mentioned. An efficient and handy method for 
poor solubility of most organic compounds in water. For the past the synthesis of chromeno-isoxazole/isoxazolines under aqueous 
two decades, scientists have devoted a great deal of research conditions has been described[3].
effort to replace toxic and harmful solvents by more Most reactions are performed in deionized water. However, this is 
environmentally benign alternatives. Further, environmental and not always necessary, as evidenced by the efficient catalytic 
safety concerns have fuelled the push towards so-called “Green synthesis of quinoxolines in tap water. The products from the 
Chemistry” - the reduction and eventual elimination of hazardous condensation reaction can be isolated in 98% purity, in good yield.
material and waste [3]. This has prompted investigations into 
alternatives to traditional organic solvents, including solvent-free 
conditions, ionic liquids, and water. Of these, water holds great 
promise as it is cheap, safe, and nonvolatile. Consequently, it is 
highly desirable to develop environmentally benign processes that 
can be conducted in aqueous media[4]. There are many potential 
advantages using water as solvent like:
Cost - Water is the cheapest solvent available on earth; using 
water as a solvent can make many chemical processes more 1,3-Dipolar cyclo-additions of different hydrophobic nitrones have 
economical. been studied in both homogenous organic solutions and aqueous 
Safety - Many organic solvents are flammable, potentially suspensions. Here, reactions in water suspensions showed great 
explosive, mutagenic, and/or carcinogenic. Water, on the other rate accelerations over homogenous solutions. In the [2σ + 2σ + 
hand, has none of these properties and is much safer. 2π] cycloaddition of quadricyclane and dimethylazodicarboxylate 

(DMAD), water was used as the reaction medium instead of Synthetic efficiency - In many organic syntheses, it may be 
toluene as originally reported, despite the relative immiscibility of possible to eliminate the need for the protection and deprotection 
the starting materials in water. The result was a remarkable of functional groups, and save many synthetic steps. Water-
increase in the rate and yield of reaction.soluble substrates can be used directly. This will be especially 
Thioesters can be prepared by direct reaction of tertiary useful in carbohydrate and protein chemistry.
thioamides and alkyl halides in water and in the presence of Simple operation - In large industrial processes, isolation of the 
catalytic amounts of Sodium iodide (NaI), hexadecyltrimethyla-organic products can be performed by simple phase-separation. It 
mmonium bromide (HTAB) and 1,4-diazabicyclo[2.2.2]octane is also easier to control the reaction temperature, since water has 
(DABCO)[4]. Usually organic solvents are considered to be the largest heat capacities of all substances.
necessary for the best efficiency in the reactions of aliphatic nitro Environmental benefits - It may alleviate the problem of pollution 
compounds; it has been shown that these reactions are also very by organic solvents since water can be recycled readily and is 
efficient using water as reaction medium. Superheated water has benign when released into the environment (when no harmful 
organic solvent like properties and behaves as ideal low cost residue is present)[5].
green solvent for chromatography and other separation methods Since it was reported that Diels-Alder reactions could be greatly 
avoiding use of hazardous solvents.accelerated by using water as a solvent instead of organic 
The types of organic reactions in water are now as diverse as solvents, there has been considerable attention directed toward 
those in organic solvents. The wide application of aqueous the development of organic reactions in water. Besides Diels- 
organic reactions also provides a driving force for the future Alder reactions, other examples cover almost all of the most useful 
development of this area. This area has to still increase organic reactions, even reactions involving water sensitive 
exponentially, to develop an environmentally benign process.compounds[3].
References:In many cases, due to hydrophobic effects, using water as a 
1. André, L; Jacques, A, Topics in Current Chemistry., 1999, 206, 1- 39solvent not only accelerates reaction rates but also enhances 
2. Sridhar, N; John, M; Finn, V; Fokin, H; Kolb, C; Barry,  K, Angew. Chem. Int. 

reaction selectivities, even when the reactants are sparingly Ed. 2005, 44, 3275 –3279
soluble or insoluble in this medium. The types of organic reactions 3. Nicole, W; Veljko, D, Green Chemistry Letters and Reviews ., 2008,1, 155-

163using water as solvent are broad including pericyclic reactions, 
4. Brandes, E;  Grieco, P; Gajewski, J, Org. Chem. 1989, 54, 515.reactions of carbanion equivalent, reactions of carbocation 
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MICROBIAL AND BIOLOGICAL CONVERSIONS
Ms. Saloni J. Jain

Green chemistry has become one of the frontier areas, chosen to to be more active than the parent compound.
Figure 1: Biotransformation of evodiamine by Penicillium janthinellum AS 3.510.produce chemical moieties as well as new therapeutic entities in a 

more eco-friendly manner. This has led to approaches wherein 
utilization of harmful chemical reagents to arrive at new product 
can be avoided. There are methods which are used to synthesize 
compounds using this approach, such as, microwave synthesis, 
phase transfer catalysis, super-critical fluids and microbial 
biotransformation [1]. The use of microorganism became vital 
because of the surging demand for alternative methods for 
synthesizing molecules in a single discrete step and also due to 
inability of certain chemical methods with respect to yield, cost, 

The reason one might use biotransformation is also because of optical purity or to obtain new biologically relevant products.
the ability of microorganisms like fungi and bacteria produce large Microbial and biological conversions are the conversion of organic 
amounts of biomass and a great variety of different enzymes in a materials, such as plant or animal waste, into usable products or 
short time. Their small size has by far the largest surface-to-energy sources by biological processes or agents, such as certain 
volume ratio ever living on the earth. Thus, this allows them to microorganisms, e.g production of Vinegar the oldest and most 
maximize their metabolic rates because of a high exchange of established transformation process [2]. 
molecules and metabolites through their surface. Besides that, A wide number of advantages can be obtained using microbial 
microorganisms also have great potential for inducing many transformation processes. The process required in microbial 
alternatives of innovative and improvised enzyme systems which transformation may most probably have the ability to operate at 
are capable for converting unfamiliar substrates. Therefore, many near neutral pH, ambient temperatures and atmospheric 
studies can be performed to a greater extend regarding different pressures. In contrast, chemistry often requires extremes of these 
endophyte species towards chemical alterations of molecules and conditions which are not exactly environmentally friendly an 
compounds of interest. Green technology can be applied by industrially undesired. Microbial conversions as compared to 
marrying sciences of chemistry with biotechnology. chemical synthesis can provide regiospecificity, substrate 
Microorganisms for conversion of sustainable grass feedstocks specificity and site specficity. Microorganisms, because of their 
and macro-algae to high value products, including biofuels and high rate of cell multiplication, are capable of producing a great 
biochemicals can also be studied. However there are some variety of enzymes in a short period of time, which are stable 
challenges of microbial transformation like the use of microbial towards heat, alkali and acid and they can produce high yields 
conversions to carry out useful chemistry is often difficult as it e.g., in conversion of tryptophan to 5-hydroxy tryptophan (90% 
involves the challenges of reactant or product toxicity or inhibition, yield is produced) by B. Subtilis [3]. 
high dilution and the use of pH and temperature labile biocatalysts. The scope of study involving microbial transformation is 
However, biological and process solutions do exist to solve some increasing significantly from limited interest into a highly active 
of these problems and methods to compare strategies and area in green chemistry, including preparation of pharmaceutical 
techniques for biotransformation operation are being developed. products. In this sense, a reasonable number of compounds of 
Similarly microbial conversions of steroids, vitamins and a number various biological interests can be obtained by microorganism-
of phytoconstitutents have been carried out in order to overcome driven transformations of natural products. 
the disadvantages of chemical synthetic procedures, to increase Some of the examples like the bioconversion of taxol, an 
the yield and to reduce the amount of waste produced as an anticancer agent, using Streptomycessp. MA 7065 to 10-
aspect to support the future of green chemistry [1-3].hydroxyacetyl-10-deacetyltaxol, 30-(4-hydroxyphenyl)-30-
Microbial transformation has been studied for centuries. Hence dephenyltaxol and Hydroxycephalomannine to reduce its side 
this phenomenon allows for the modification of a compound effect and to increase its oral bioavailability.
through an environmentally friendly approach. In this sense, a The biotransformation of alkaloids by microbes and plants was 
reasonable number of compounds of various biological interests recently reviewed. For alkaloids, it is difficult to chemically modify 
can be obtained by microorganism-driven transformations of structures because of the complex polycyclic nature of these 
natural products.compounds. Biotransformation offers a versatile tool for structural 
References:modification of alkaloids in addition to known chemical methods. 
1. Diener S, Zurbrügg C, &Tockner K. Conversion of organic material by black 

Evodiamine is one of the major active alkaloids in soldier fly larvae: establishing optimal feeding rates. Waste Management & 
Evodiarutaecarpa, a traditional Chinese medicine, which has Research, 27; 2009: 603–610.

2. Collins AM, Kennedy MJ. Biotransformations and bioconversions in New been widely used in China for over two thousand years as an 
Zealand: past endeavours and future potential. Austral Biotechnol anticholestrol agent. Biotransformation of evodiamine  by 
1999;9(2):86–94.Penicillium janthinellum AS 3.510 resulted in two metabolites, 10-

3. Sallie o'neilhoch. Tryptophan synthetase from Bacillus subtilis purification 
hydroxyevodiamine and 11-hydroxyevodiamine which were found and characterization.the journal of biological chemistry. 1992; 248: 9
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Abstract:
Diabetes mellitus is a complex metabolic disorder resulting from 
either insulin insufficiency or insulin dysfunction. The allopathic 
drugs belonging to the class of biguanides and sulphonylureas are 
widely used in diabetes therapy. However, they are known to 
cause side-effects such as hypoglycemia, mild diarrhoea, weight 
gain etc. owing to their long term use. Banaba (Lagerstroemia 
speciosa L.) extracts have been used for many years in folk 
medicine to treat diabetes worldwide. The hypoglycemic effects of 
Banaba have been proven clinically and are attributed to 
pentacyclic triterpenoid corosolic acid. However the high cost of 
this phytoconstituent makes it unaffordable for its use in low and 
middle income group. Hence there is a need to develop a simple 
and cost effective method for isolation of corosolic acid and 
prepare sustained release ‘once daily’ tablets.

Conclusion:
Corosolic acid is a – amyrin type pentacyclic triterpenoids, the Crude corosolic acid was extracted from Lagerstromia speciosa 
basic framework for the multi-pinene pentacyclic hydrogen plant. The extract of the plant was used for preparation of 
nucleus. Fractionation and isolation of crude corosolic acid: A antidiabetic tablets. Typical tablet defects such as capping, 
crude extract-dissolved solution was obtained by adding alkali and chipping, picking were not observed. The thickness of the tablet 
aqueous alcohol solution to the fine lagerstromia powder.The was  8.5 ± 0.06 mm. The average percent deviation of all the 
alkali was used in a sufficient amount to make the pH of the tablets wer found to be within limit and hence all the formulations 
aqueous alcohol at pH 11 to pH 14.Sodium hydroxide or pass the test for uniformity. The hardness of the matrix tablet range 

2potassium hydroxide was used as it form corrosponding salts with from 6.0 to 7.5 kg/cm . The percentage drug content based on 
corosolic acid and increases its solubility in mid polar solvents crude extract was 95 - 102 %. The order of increasing release 
helps in extraction of crude acid. The alkali can be added as it is or retarding effect observed with various polymers Xanthan > 
used after dissolving it in the aqueous alcohol. After cooling at Eudragit> sodium CMC> Ethyl cellulose > HPMC. All tablets 
room temperature and filtration, the extract was treated with showed sustained relaease pattern upto 8 h.
activated carbon to remove chlorophyll, and the liquid was filtered 
and concentrated. The concentrate was then acidified to Acknowledgement : 
regenerate the corosolic acid which precipitates out as greenish Authors would like to acknowledge University of Mumbai for 
coloured amorphous powder. The sediment was washed to obtain financial assistance.
the total crude triterpene acid, which was purified by dissolution 
and solvent precipitation. Biography:

1. Modak M., Dixit P., Londhe J., Indian Herbs and Herbal Drugs 
Different tablets formulations were prepared by direct Used for the Treatment of Diabetes, J Clin Biochem Nutr., 
compression technique. All powders were passed through 60 2007, 40(3), 163–173.
mesh. Required quantities of extract and polymers were mixed 2. An Anti diabetic Herbal Formulation and the Process of 
thoroughly. Microcrystalline cellulose was used as diluent. preparing the same, Patent no. 230242 (2009).
Magnesium stearate and Talc were added as lubricants. The blend 3. Ng J.M., Mellor D.D., Masson E.A., Allan B.J., Sulphonylurea 
was directly compressed (12 mm diameter, round flat faced as a cause of severe hypoglycaemia in the community, Prim 
punches) using single punch tablet compression machine Care Diabetes, 2010, 4, 61-63. 
(Dolphin, India). Prior to compression, the powder was evaluated 
for several tests. In all formulations, the amount of Banaba extract 
was equivalent to 5 mg of Corosolic acid.

EXTRACTION OF COROSOLIC ACID, AN ANTI-DIABETIC PRINCIPLE, FROM LAGERSTROEMIA SPECIOSA L. AND ITS 
FORMULATION AS SUSTAINED RELEASE TABLETS

Aenakshi Shah and Galvina Pereira

Reports on Minor Research Projects conducted at
St. John Institute of Pharmacy and Research
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 NEUROLOGICAL ACTIVITY OF CESIUM CHLORIDE ON ZEBRA FISH
Angel Godad

Introduction: production. While the increase can be attributed to increased 
The neurological problems are growing and the outlook for the production of enzymes or stress caused by exposure to the metal, 
drugs in the future is still uncertain which insists continuous search the later fall in tissue protein reflects the possible adverse impact 
for better treatment. Many heavy metals have been screened for during continued exposure. Thus shorter duration of exposure to 
different disorders. Therefore, actions must be taken to reduce cesium chloride has been found to have no influence on tissue 
these problems.  From perusal of literature it is found that the protein whereas continuous exposure for longer duration causes 
cesium chloride had not been explored for its neurological effects stress followed by decrease in tissue protein.
so far. The present study is designed to evaluate the neurological Brain tissue rich in polyunsaturated lipids is highly vulnerable to 
activity of cesium chloride. ROS mediated oxidative damage and increase in LPO was 

observed during all durations of exposure to cesium chloride. GST 
Methodology:

activity has been found to be increased during shorter as well as 
Following neurological parameters of cesium chloride were 

longer duration of exposure to cesium chloride. GSTs play a vital 
evaluated using Zebra fish as animal model :

role in protecting tissues against oxidative damage and oxidative 
A. Determination of Lipid peroxidation

stress. Thus GST activity seems to be enhanced in response to 
B. Determination of Catalase activity

the increased free radical production as the extent of the enzyme 
C. Determination of Glutathione s-transferase

activity corresponds to extent of LPO recorded in animals exposed 
to cesium chloride for different durations. Sample Preparation:
Unlike GST activity, enhancement in tissue catalase activity At the end of each exposure period, each animal was cryo-
becomes conspicuous only during prolonged exposure to cesium anesthetized, brain was dissected out without any damage after 
chloride for a longer duration. This could be the result of demand decapitation, which was washed with saline, weighed, 
for more tissue antioxidants since the increase in other homogenized by homogenizer using sucrose (0.25M) for LPO, 
antioxidants is not adequate enough to scavenge the quantum of 0.1M PO4 buffer (pH 7.0) for catalase, 50 mM phosphate buffer 
free radicals produced during longer duration of exposure. (pH 7.0) with 1mM EDTA for GST and distilled water for GSH 
Reduced glutathione has been found to follow the pattern of LPO. determination. This was centrifuged and the supernatant used. 

1 2 Thus GST and GSH seem to be the more specific tissue a. Estimation of Protein b. Lipid Peroxidation
3 4 antioxidants involved in scavenging free radical production during c. Catalase Activity d. Glutathione S-transferase

cesium chloride exposure. It is to be noted that brain cells have 
Results and Discussion: relatively low antioxidant defenses and hence despite the 
Exposure to cesium chloride for 7 days did not alter the tissue enhancement in tissue enzymatic and non enzymatic 
protein content. Tissue protein in cesium chloride exposed group antioxidants, LPO was found to be more in the group exposed for 
after 14 days was higher than the control group  and also greater longer duration. Thus free radical production is found to exceed 
than that seen after exposure for 7 days. Protein content was the scavenging capability of tissue antioxidants during long term 
lesser in the group exposed to cesium chloride  for 21 days than exposure to cesium chloride. Because of the low antioxidant 
the control group as well as groups exposed cesium chloride for 7 defenses, brain cells can be susceptible to metal toxicity.
and 14 days. Compared to the control animals, lipid peroxidation 

Conclusion:was more in the animals treated with cesium chloride for 7, 14 and 
In conclusion, zebrafish exposed to cesium chloride showed 21 days. LPO recorded in animals treated with cesium chloride for 
increase in free radical production. An increase in tissue 14 days and 21 days was lesser  than those treated for 7 days. 
antioxidants during exposure to cesium chloride indicates the Catalase activity was not altered in the groups exposed for 7 and 
body mechanisms involved in scavenging the free radicals 14 days , while an increase was observed in the group exposed for 
produced in excess coming in to play. Induction of the tissue 21 days. Tissue GST was significantly increased in animals 
antioxidants is found to be inadequate to counter the extent of free exposed for 7 days  as well as 21 days  when compared with 
radicals produced during long-term exposure to cesium chloride corresponding control groups. Compared to animals exposed for 
indicating the cholinotoxic potential of the metal as aconsequence 7 days, GST activity was lesser in animals exposed for 14 and 21 
of oxidative stress.days. However the activity of the enzyme in the group exposed for 

21 days was more than that seen with the group exposed for 14 
Acknowledgement : 

days. Increase in GSH was seen in the groups exposed to cesium 
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chloride for 7 and 21 days . Compared to the group exposed to 
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cesium chloride for 7 days, GSH in the groups exposed for 14 days 
and 21 days was lesser. GSH was more in the group exposed for Bibliography:
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Abstract: sunscreen activity of the M. zapota leaves extract using effective 
Solar radiation is a consolidated environmental risk factor in the spectra measurement revealed very good absorption in the UV C 
development of non-melanoma skin cancer, sunburn and (200-280 nm) and UV B (280-320) regions  and moderate 
premature aging of the skin. By consequence, the use of absorption in UV A (320-400nm) compared to just UV C and UV B 
sunscreen products is considered the best approach for skin absorption of the standards PABA and Benzophenone. In-vitro  
protection. Traditional sunblocks incorporate chemicals that photo-toxicity assays, indicative of the photostability of the M. 
require constant reapplication and may cause skin irritation. zapota extract revealed that herbal extract was photostable and 
Several adverse reactions have been reported during the last could replace to some extent the harmful and irritant 
decades for synthetic sunscreen such as allergy, photoallergy, photosensitive chemical sunscreens. A 1%w/w M. zapota leaves 
reactive oxygen species production and estrogenic activities. In extract containing O/W cream using triethanolamine stearate as 
addition to the external insults the skin also has to cope with an emulsifier. Characterization of the cream revealed very good 
endogenous mitogens, most importantly reactive oxygen species light greenish floral perfumed formulation with appropriate pH 
(ROS) and other free radicals produced during physiological around 6.8, visual evaluation of the cream revealed a 
cellular metabolism. Although synthetic antioxidants like butylated homogenous dispersion of extract, absence of agglomeration and 
hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) are complete dispersion of other excipients. The cream exhibited 
commonly used, they are reported to have side effects and are good spreadability and non-Newtonian pseudoplastic rheology. 
carcinogenic. This may explain the interest in examining plant The cream was found to be stable at room temperature (25°C) as 
extracts as a source of natural, cheap, safe, nutritional and well as at 40°C and revealed no signs of instability like, separation 
effective antioxidants. Thus the present research work aimed to drastic content difference. In-vitro  sun protection factor (SPF) 
screen the sunscreen activity of Manilkara zapota leaves extract value of the 1%w/w M. zapota leaves extract containing O/W 
which has already being reported for effective antioxidant cream was found to be 2.7
potential, determining its sun protection factor and developing a 

Conclusion: 
safe, and effective topical sunscreen formulation.

Based on the above research conducted it can be concluded that 
Experimental: the hydroalcoholic extract obtained from Manilkara zapota leaves 
The procurement and authentication of the crude drug was carried could serve as an effective sunscreen. The extract could also be 
out. Further maceration technique using hydroalcohol solvent was combined with other herbal sunscreens thereby potentiating its 
used to get the leaves extracts. Qualitative and quantitative test sunscreen activity. 
helped to reveal the phytochemical compositions of the extracts. 

Effective Absorption Spectra:
Methodology of the sunscreen activity included the measurement 
of the effective absorption spectra of the test extract and its 
comparison with the standard sunscreen agents. In order to be a 
safe sunscreen, the extract must be stable to ultraviolet irradiation 
hence the photostability test to predict the phototoxicity of the most 
promising extract were performed using various in-vitro tests like 
candida yeast test, spectra measurement, linoleic acid 
peroxidation test. The extract was further incorporated in 
formulation to develop into a topical O/W cream which was 
characterized and evaluated for Sun protection factor 
determination. 

Results and Discussion: 
Fresh leaves of Manilkara zapota (L). P. Royen synonym Achras 
zapota L. plant commonly known as Chicle, Sapodilla, chiku of 
family Sapotaceae were collected from the local garden of St. 
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IN-VITRO SCREENING OF THE SUNSCREEN ACTIVITY, PHOTOSTABILITY AND THE FORMULATION DEVELOPMENT OF 
MANILKARA ZAPOTA LEAVES EXTRACT

Norma Leonard Rebello

Spectra using M. zapota leaves extract Spectra using Standard: Para amino benzoic acid.

Spectra using Standard: Benzophenone
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Introduction: Results and Discussion: 
Survey of drugs, which are currently in clinical practice and drugs Acetanilide and its derivatives (2) were synthesized by acetylation 
like molecules in various phases of clinical trials indicates that of corresponding anilines with acetic anhydride in aqueous 
some heterocyclic nuclei are the major pharmacophores. Even medium. The Vilsmeier cyclization of acetanilides (2) were carried 
though large numbers of drugs are available in market for the out by adding POCl3 to the substrate in DMF at 0-5 °C followed by 
treatment and cure of cancer, there use has clear limitations and heating to 90 °C  gives 2-choloroquinoline-3-carbaldehyde (3) in 
unfortunately cancer is projected as the primary cause of death in good to moderate yield. The reaction condition was optimized by 
the future. Therefore there is huge scientific and commercial varying the molar proportions of POCl  ranging from 3 to 15 moles 3

interest in the development of new anticancer agents with at temperatures ranging between 80-90 °C. The maximum yield of 
enhanced potency and selectivity. Quinoline (1-azanaphthalene) the product obtained with 12 moles of POCl  at 90°C. It was further 3

nucleus is found in large number of natural products as well as in observed that the quinolines synthesized from acetanilides 
numerous medicinal agents. Quinoline derivatives are well known containing electron donating groups at m-position not only give the 
for anti-malarial and anti-microbial activities. Quinoline as well as better yield but also requires short reaction time as compared to o- 
pyrazole based compounds has been reported for effective anti- and p-acetanil ides. The structure of compound 2-

1cancer activity. Many 3, 4-dihydropyrazole based derivatives have choloroquinoline-3-carbaldehyde confirmed by H-NMR spectrum 
shown biological activities as CB1 antagonist and tumor necrosis which shows 10.8 (s, 1H, CHO), 8.8 (s, 1H), 7.8 (m, 2H), 7.6 (m, 
inhibitor. In recent years combination chemotherapy is well 1H), 2.8 (s, 3H, Ch ). In 2-choloroquinoline-3-carbaldehyde (3), 3

adopted for cancer treatment. In the drug design approaches the chloro group was replaced by oxygen to form 1, 2-dihydro-
hybrid molecule containing different pharmacophore may lead to 2(1H)-oxoquinoline-3-carbaldehyde i.e. 2(1H)-quinolones (4). O-
compounds with better pharmacological profiles. Therefore, a nucleophilic substitution was made by refluxing 2-
single molecule containing more than one pharmacophore, each choloroquinoline-3-carbaldehyde in 70% aqueous acetic acid. 
with different mode of action could be beneficial for the cancer The structure of compound 1, 2-Dihydro-2(1H)-oxoquinoline-3-

1treatment. Adopting hybrid pharmacophore approach, several carbaldehyde confirmed by H-NMR spectrum which shows 10.3 
research groups have recently reported hybrid molecules by (s, 1H, CHO), 8.6 (s, 1H), 7.8 (s, 1H), 7.2 (m, 3H), 2.5 (s, 3H, 
coupling coumarin-chalcone, coumarin-4, 5-dihydropyrazole, CH ).The chalcones i.e. 3-(3-oxo-3-phenylprop-2-enyl) quinoline-3
coumarin-benzimidazole, quinoline-piperazine, etc for anticancer 

2(1H) one (5) were synthesized by base catalyzed Claisen-
activity. Considering the existing relationship we intended to 

Schmidt condensation reaction of substituted acetophenones and 
design novel hybrid of quinoline with pyrazole.

1, 2-Dihydro-2(1H)-oxoquinoline-3-carbaldehyde i.e. 2(1H)-
quinolones (4). The synthesized compound 3-(3-oxo-3-

Experimental: 1
phenylprop-2-enyl) quinoline-2(1H) one is given for H-NMR 

General Synthetic scheme
confirmation and the conversion of 3-(3-oxo-3-phenylprop-2-enyl) 
quinoline-2(1H) one to 2-chloro-3-(5-phenylpyrazolidine-3-yl) 
quinoline is in process. Once the compounds (6) will get 
synthesized, they will be tested for anticancer activity.
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SYNTHESIS OF “QUINOLONE-PYRAZOLE TEMPLETS” BY HYBRID PHARMACOPHORE APPROACH AND 
PHARMACOLOGICAL EVALUATION
Barchha Avinash and Nahar Deepali
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