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1 am pleased to present the Annual Report of the National Chemical Laboratory for the year 2003-04.

National Chemical Laboratory (NCL) continued to make major strides in several areas during the year under review. We
defined our vision, mission as well as guiding principles and values. ‘We mapped our stakeholders and defined the expectations of
our stakefiolders, may it be the industrial customers, society, the nation, the scientific community at l&rge or our employees.
This helped every employee of NCL to align his/her activities with the stakeholder expectations and clarify our respective roles
within the organization.

Durinyg the past year several organizational changes have been made to facilitate the management of the laboratory and its
Sunctions. The activities of the laboratory have been grouped in terms of several Knowledge Competencies as well as Resource
Centers. An 17T vision document fuas been created to plan and implement new 17 initiatives in all aspects of laboratory
manggement. 1t is our firm belief that without an enabling world class 17 infrastructure which is both appropriate and
conterporary NCL cannot be aglobally competitive RerD organization.

NCL has embarKed on several large projects by leveraging public funds for technology development in partnership with private
industries. Many of these projects are highly inter-disciplinary in nature, requiring expertise drawn from multiple disciplines
within NCL to worf together as a team. Significant progress has been made on many of these projects. 1 believe that such large
ST projects can harness the collective strength of NCL in fulfilling botfi technology and societalneeds.

NCL performed well in both basic science and technology. NCL is one of the leading contributors from India to fiigh quality
scientific literature in this world. ‘We were pleasedto see the scientific contributions from NCL highlighted on the cover page of
two ACS publications (Langmuir, November 25, 2003 and J. Org. Chem., November 28, 2003). Several processes were
demonstrated to industries during the year. NCL continued to have an impressive fist of industrial customers, both within and
outside Tndia. Contract research services were provided to twenty-three customers, technical services to sixty customers and
consultancy services to forty-two customers. ‘The year 2003 saw NCL filing fifty-one patents in India and one hundred and
eighteen patents outside Tndia.

The various support services rendered excellent support to the Rer'D activities of the laboratory. NCL added anew building to
house its digital resources (Digital Information Resource Center), the first new building to come on campus since the early
eighties. Initsaspiration to become a 'learning organization' NCL organized severalprogrammes to enrich its fiman resources
in terms of training, lectures and seminars.

The Annual report that you are now holding in your hands attempts to capture the flavour of various activities that the
laboratory undertook during the year 2003-04. Underlying each and every activity has been the incessant quest for excellence
and the indomitable spirit of ' Team NCL'. 1 fiope you enjoy reading the Annual Report of NCL.

1 wish to gratefully acknowledge the support and cogperation of all my staff, CSIR, members of the Research and Management
Councils of this laboratory and our valued stakeholders. Their assistance and advice fas been invaluable.

S‘, Sm)’t-ra'vv\/-\

(S. Sivaram)
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Research Areas

Catalysis
I Heterogenecus
I Homogeneous
Biochemical Sciences
I Industrial microbiclogy
¥ Plant molecular biclogy
§ Plant tissue culture
Organic Chemistry
I Chiral synthesis
I New synthetic methods
B Process chemistry for active
pharmaceutical infermedictes
1 Multistep organic synthesis of
complex organic molecules
I' Bic-organic and bio-mimetic
chemistry
1 Molecular diversity based
Chemical genetics
Polymer Science and Engineering
I Polymer chemistry
B Polymer physics
I Complex fluids and polymer engineering
I Polymer and materials rmodeling
Physical and Materials Chemistry
I Nanomaterials science and technology
I Materials chemistry
1 Theory and computational science
Chemical Engineering Science
I Reaction engineering
I Process simulation and modeling
I Biochemical engineering
¥ Industrial flow modeling
1 Process design and development of
1 Processes for fine chemicals and polymers

RESEARCH AREA

Knowledge Competencies

Bio-organic / Biomimetic Chemistry
Chemical Engineeting Science

Complex Fluids and Polymer Engineering
Enzymology and Microbiology
Heterogeneous Catalysis

Homogeneous Catalysis

Industricl Flow Modeling

Marterials Chemistry

Nanomaterials : Science and Technology
Organic Chemistry

Plant Molecular Biclogy

Plant Tissue Culture

Polymer and Materials Modeling

Polymer Chemistry and Matericls

Process Design, Development and Engineering
Theory and Computational Science

s
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No. of patents

Premia/Royalty in Lakhs

>

TECHNOLOGY PERFORMANCE INDICATORS

Indian patents : Filed and granted

W Filed

B Granted
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M Filed B

60 -+
B Granted :

40+

No. of patents

2001
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Year
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HUMAN RESOURCE INDICATOR

Research students & project assistants

Research
associctes
3%
®
Research
fellows /

50% '\

Students

A7% \

Project
assistants

Total staff
(1678)

Scientific
8
/’/ 16%

Technical

8
" 23%

14%
Administrative

Scientists : Qudlification

ME, Mtech
5%
B

PhD
73% *
!
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- RESEARCH & DEVELOPMENT REPORTS'

BIOTECHNOLOGY

1. Biotechnology

1.1 Basic biochemical sciences

1.1.1 Enzymology

Purification and characterization of industrially important
hydrolytic enzymes such as endoglucanases, xylanases,
proteases, chitinases and pectate lyases have been carried out
to elucidate their strucfure-function relationships. The
purification and immokilisation of monoxygenases which are
involved in biotransformaticn of pharmaceutically important
compounds such as 19 HETE & 20 HETE is being carried out.

Microblal nucleases play an important role in replication, repair,
recombination and restriction while extracellular enzymes have
a role In nutition. The extracellular nucleases with high activity
from a themophilic strain of Strepfomyces thermonitrificans
have been Ildentified and thelr mode of action has been
studied. Both the nuclease Stn a and B cleaved DNA
endonucleclytically liberating 3- and 5-menonucleoctides,
respectively.

The equilibrium unfolding of Rnase Rs from Rhizopus sftolonifer
and fthe pH dependence to chemical and thermal
denaturation have been investigated.

FemX, a non-ribosomal peptidyl transferase initiates synthesis of
interchain peptide of peplidoglycan in bacterial cell wall, was
found only in gram positive bacteria. Thus it makes it important
pathogen-specific drug target. Getting the molecular structure
solved would enable o reveal the basis of catalytic activity and
will also help in designing the inhibitor that will have pathogen
specific action keeping the natural flora intact. The protein was
purified to homogeneity and further characterization is in
progress.

1.1.2 Glycobiology

The lectin from Arfocarpus hirsuta, which shows similar structure
to Jacalin differs in the sugar binding specificity. It also shows a
pH-dependent aggregation on thermal denaturation. A lectin
from chickpea with unusual sugar specificity and another from
drumstick with complex sugar specificity have been purified.
Further studies on their properties are in progress.

A lectin from an endophytic fungus Fusarium sp. has been
purified. This lectin is produced in the sporulafion stage. The
characterization of its properties is in progress.

1.1.3 Structural biology
Structural studies of lectins and protease inhibitors

Crystal structure analysis of galactose specific lectin from
Artocarpus hirsuta at 2.5 A resclution was completed. A lectin
from chickpea (Cicer ariefinum) with complex specificity has
been crystalized and X-ray diffraction data were collected up
to 2.3A resolution. The stiucture of a galactose specific lectin
from Erithrina indica has been detarmined ot 3.5A resolution

using molecular replacement method. The structure was found
closely related to Erythrina corollodendron lectin, A galactese
specific lectin from Trichosanthes dioica was purified and
crystalised. A cysteine profease inhibitor was purified from g
tuber of Dioscorea alafa and its crystallisation is In progress,

Studies on penicillin acylases and conjugated bile
salt hydrolases

These studies aim at elucidating the structure and mechanism
of enzyme activity and post-transiational processing of penicillin
V acylases (PVA) as well as the relationship between conjugated
pile salt hydrolases (BSH) and PVA. The BSH protein was
crystallized in two crystal forms. Data were collected at 2.4 A
from one crystal form and af a lesser resolution from the other, A
Peniclin G Acylase (PGA) from Kluyvera cifrophila has been
purified and crystallized fo study its posi-trranslational processing
and structure-activity relatfion.

Structural studies of c-phycocyanins from three
cyanobacteria

Cyanobacteria and eukaryolic red algae possess large light-

harvesting protein complexes called phycobilisornes, which

effectively capture light energy and transfer it 1o the

photosystem |l. These complexes are located on the surface of

the photosynthetic membranes. Phycobilisomes are
composed of rods and a core which are highly organized by
various phycobiliproteing and linker peptfides. The  light

harvesting phycobiliprotein C-phycocyanin (C-PC) from three

cyanobacterldl species namely Spirulina sp. (from fresh water),

Phorridium sp. (from marine water) and Lyngbya sp. (from

marine wdater) have been crystallised and their sfructure was:
solved using X-ray diffraction data close to 3.0 A resolution. The:
subunit of C-PC consists of fwo pepfide chains a.and . This (c/p)
heterodimer associates fo form a ring shaped tfrimer. The stable

functional unitis a hexamer of two stacked frimers.

Bioinformatics and database analysis

Accurate prediction of protein structure still remains a gray ared
of research in structural biology. Presently several well refined
crystal structures are available in the protein data bank. An
analysis of nearest neighbor interactions of residues will help in
classifying local folds of the seguence. The nelghbour residue
interactions in selected protein structures have been analyzed.

A database on defective profeins causing genetic disorders in
humans is in the preliminary stages of developrment. We plan to
include in this database the analysis of lethal mutations and thelr
effect on three-dimensional structure of functional proteins.

Structural studies of novel carbohydrate derivatives

lsonucleosides are a novel class of nucleosides In whichlL
nucleobases dre linked to the non-anomeric carbons of
carbohydrates. They are recognised as therapeutfic agents with
lesser foxicity and possessing higher selectivity towards viral and
cancercells. Half a dozen compounds, mainly with substitutions
|
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at C-2 position, have been anadlysed through X-ray
crystallography  for understanding  their conformationc
changes and crystal packing,

1.1.%4 Microbiology
study of dimorphism in Benjaminiella poitrasii

Benjominielia poifrasii, a dimorphic zygomycetous  fungus
possesses three glutamate dehydrogenases, one requiring NAD
while the ofher two use NADP as a coenzyme. In the activity
staining affer electrophoresis on native polyacrylamide gel
NAD- dependent glutomate dehydrogenase revealed the
presence of one enzyme that was expressed in both, yeast- and
mycelium-form cells. While in case of NADP- dependent
glutfarnate dehydrogenase two distinct activity bands that were
differentially expressed in yeast- and mycelium-form cells were
seen. Interestingly, during yeast-mycelium  fransition  and
reverse, guantitative changes in form-specific native NADP-
dependent glutamate dehydrogenase activities were seen. For
the first time the significance of differential expression of these
enzymes during morphological fransition in 8. poffrasii has been
suggested,

The purfication and characterization of 2 NADP- and one NAD-
dependent glutamare dehydrogendses is In progress. The
cloning NADP-glutamartte dehydrogenase gene from 8. poffrasii
in E.coll has been caried out. The studies involving the
expression of the gene af different morphological stages o
understand the regulatory mechanisms af the molecular level is
underway.

Studies on chitin metabolizing enzymes of
Meta: hizium anisopliae

The possible contribution of extracellular constitutively produced
chitin deacetylase by Mefarhizium anisopliae in the process of
insect pathogenesis has been evaluated. Chifin deacetylase
converts chifin, o B-1,4-linked N-acetylglucosamine polymer
info its deacetylated form chitosan, a glucosamine polymer, It
has been suggested that this enzyme may have a dual rele in
modiifying the insect cuticular chitin for easy penetration as well
as for alfering its own cell walls for defense from insect.

Use of mycoharvester fo harvest spores of insect-pathogenic fungi

BIOTECHNOLOGY
1.2 Biotechnology
1.2.1 Microbial technology
1.2.1.1 Biotransformation

Arachidonlic acid is an important essential fatty acid needed by
the body, Itis along chain fafty acid with 20 carbon atoms and 4
couble bonds, It serves as the main parent compound for the
biosynthesis of many physiologically imporfant compounds
such as prostaglandin, leukotrienes, thromboxanes and
vasoactive compounds like 19 HETE and 20 HETE. 20 HETE is a
potent vasoconstrisctor and is present in most parts of our body
including lungs. kidneys and brcin. The concenfration of this
compound increases in cases of injury or damage to the tissues
thus causing constriction of the blood vessels and thereby
avoiding loss of blood. 19 HETE on the other hand is an
antagonist of 20 HETE and serves its action by bringing about
vascdialation. This fact is exploited and the production of this
compound is aimed af, for future use as drug in hypertension
and asthma. Chemical synthesis of these compounds is difficult
because of the Inactive carbon center which lies at the 20"
posifion in arachidonic acid. Therefore, inferest was diverted
towards the use of yeasts like Caondida bombicofa, which
posses the mono-oxygendse enzyme system to bring about the
above reaction with great ease.

The fungus Trichothecium endnfioselectively reduces
acetephenons and ifs analogous o the corresponding (R)-
alcohol. Work in other enantioselective oxidation-reduction
reactions for other compounds is in progress.

Biotransformation of key pharmaceutical
intermediates

Under this project four chiral compounds (phenyl ethyl
malelmide, doxazosin mesylate, repaglinide and diethyl 3-
hydroxy glutarate) which have commercial potential were
identified. The objective is fo develop a laboratory scale
biocatalytic route for thelr production. Currently these
compounds are produced by multi-step synthetic routes. Under
this program four lipases have been tested for performing
reactions for two (phenyl ethyl maleimide and doxazosin
mesylate) of the above preducts and the inifial results are
encouraging.

Biotransformation of tea catechins to theaflavins
using tea polyphenol oxidase

The objective is to design an immoaobllized enzyme bioreactor for
continuous conversion of tea catechins to theaflavins. Black tea
pigments, besides being the major components of black tea
liguors which form part of daily dietary infake of tea drinking
populations, can also be used as safe food and
pharmnaceutical colorants. Some of the Isolated catechins and
theaflavins (TF) have anfioxidant, anti-microbial and anfi-tumor
activities. Normally, black CTC teas have 1-2% TF and 10-17%
thearubigins (TR) in mixed form. It is possible fo convert fed
catechins specifically to TF through isolated enzymes. It may be
possible to iImmobilize these enzymes and create a bioreactor
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for the production of TR, This enzyme was immobilized onto the
polymeric matrices developed at NCL so as to improve stability
and reusability of polyphenol oxidase.

1.2.1.2 Textile
Development of cellulase from an extremophilic
actinomycete for textile industry

Due to recent increase in environmental pressures in the textile
industries, cellulaoses are expected to play a crucial role in
developing an eco-fiendly fechnology. The basis for the
application of cellulases in biofinishing of denims is the action of
celluloses, specifically endoglucanases on cellulose fibers, The
fradiional use of pumice stone in a water-loaded tumbling
machine produces severe wear and loss of tensile strength of
the fabric when used to achieve high degree of indigo fading. In
addition, use of pumice stones causes clogging of outlet of the
machine. Thus, introduction of cellulase enzymes o create the
required effect without the use of stones and increasing their
compatibility with other chemical processes is one of the thrust
areas of research in textile indusiry.

Biofinishing nim

—

of del

Treated with cellulose

A novel dlkalothermophilic Thermoemonaspora producing alkali
and thermnostable cellulose has been identified. The cellulase
was found fo be highly effective with respect fo i) reducing
hairiness, i) tofal weight loss, iii) impartation of softness, iv)
washdown effect, v) back staining, vi) colour contrast and vii)
seam puckering in biofinishing of denim in textile industry. Further
pilot plant evaluations, biochemical characterization, and
molecular characterization of the cellulase are in progress.

BIOTECHNOLOGY

1.2.1.3 Paper biotechnology

Paper recycling industries are oriented fowards re-use and
sustainability. The major difficulty in recycling of paper is removal
of inks, Mixed office waste (MOW) paper includes laser prinfed
and photocopier waste papers coated with toners. These toners
are copolymers of styrene and acrylate that get thermally fused
with cellulosic fibers of the paper during printing. An alkalistable
cellulase from the culture filtrate of an alkalifolerant Fusarium
fusarium strain was found to be suitable for deinking of MOW
papers. The enzyme freatment resulted in the Incredse in
brightness with the reduction inink counts of the recycled paper,

1.2.1.4 Nano-biotechnology

The encapsulation and immobilizafion of biclogical molecules
on fatty acld lipid films and nanoparticles has been
demonstrated. It has been shown that the encapsulation and
interaction of xylanase, from Thermomonospord sp.. in
thermally evaporated fatty amine films by o simple beaker
based immersion technigue under enzyme-friendly conditions,

Bioconjugalion of the nanogold labeled polyurethane
microsphere “cores” with the enzyme pepsin leads fo a new
class of immobilized enzyme material that enjoys the
advantage of both the nanoparficle and polymer microsphere-
based immobllization methods. Immeobilization of Candida
bombicola cells on standing nanogold membranes and on
patterned lipid films as enzyme sources for biotransformation of
arachidonic acid to 19 HETE and 20 HETE has been carried out,

Nanoparticles of gold and silver have been synthesized using
actinomycetes, Rodococcus sp. and Thermomonospora sp.
The extracellular synthesis of silver nanoparticles by the fungus
Fusarium oxysporum has been achieved. The gold
nanoparticles synthesized by the biclogical methods have
beenimmonbilized in fatty acid and amine thin films. The enzyme
involved in exiracellular synthesis of nancparticles by F
oxysporum, has been parially purified. The work on the
rmechanism of synthesis is in progress. The extracellular synthesis
of NiS, ZnS, and Mn$S nanoparticles by £ oxysporum has been
achieved, Synthesis of PI, Pd and Cu nanoparticles is in progress.

Biosynthesis of carbonate biominerals using fungi
and actinomycetes

Biominerals are essentially inorganic salts, which serve a variety
of biological purposes. Laboratory processes for the synthesis of
CaCO, crystals have hitherfo relied on very specific proteins
from calcareous organisms and an external source of CO, for
reaction with suitable metal lons. However, these laboratory
methods suffer from drawbacks such as being very coslly,
laborious and give less stable biomineral crystals. Many fungl
and actinomycetes are known to release reasonable amount
of Co, and characteristic profeins during their growth, The
advantage of this feature was taken and a novel biclogical
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method for the synthesis of CaCO,, SrCO, and BaCO, crystals
using the whole cell (nof pure enzymes) of the endophytic
fungus Verfecillium sp. which was isolated from foxus plant and
plant pathogenic fungus Fusarium oxysporum  and  an
actinomycete Rhodococeus sp. has been reported. Exposure
of the fungal and actinomycete biomass to aqueous Ca™, Sr**
and B’ ion resulted in extracelular synthesls of CaCo,, SICO,
and EaCQ, crystals of inferesting morphology and these fruly
biogenic crystals showed long term stability also.

Biosynthesis of nanomaterials using medicinal and
aromatic plants

The nanoparticles of gold, silver and bimetallic gold core silver
shell nanoparticles were prepared by immersing neem and
geranium leaves in solution containing chioroauric acid and
silver nifrate solufion. This has opened up a new and exciting
area, as the fechnigue is simple, cheap and environmenially
susfainable, It uses no toxic chemicals but only requires
geranium and neem leaves and a solution of gold and silver.

1.2.7.5 Secondary metabolites, inhibitors and
drugs

Prolcase inhibitors

An effervescence of research efforts has been expended in the
design and synthesis of inhibitors of proteclytic enzymes not only
to understand the active site structure and mechanism of these
enzymes but also fo help generate new therapeutic agents.
Specific inhibitors of proteases have proved valuable in a
number of applications ranging from mechanisfic studies to
possible therapeutic uses. Profein inhibifors of proteases are
ubiquitously present in plants, animals, and microorganisms.
Fundomentally, proteinaceous inhibiters should  serve  as
subsiictes for proteolysis rather than bring their inhibitors.
Elucidation of this paradox is the basis for the extensive research
on the structure-function relationship of profeinaceous inhibitors
of pioteases. The importance of proteclyfic processes in he
regulction of posttransiational processing of precursor proteins
anc ihe involvement of protecses in infracellular profein
metabolism and in various pathological processes have
recently stimulated tremendous inferest in studying the kinetic
properies of nafurally occuring target-oriented  profease
inhibitors,

Alkaline protease inhibitors

Studies on the kinetics of inhibition of proteincse K by the
proeinaceous alkaline protease inhibitor frorm the Sfrepfomyces
sp. ievedled that the binding is of slowight fype. The
conformational alterations induced in the enzyme are

responsible for confening ireversibility o the enzyme-inhibitor
complex.

" RESEARCH & DEVELOPMENT REPORTS
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Aspartic protease inhibitor

The human immunadeficiency virus (HIV), the causative agent
of the acquired immunodeficiency syndrome (AIDS) requires
the HIV protease enzyme in order fo mulfiply, making this
enzyme an excellent target for developing drugs against the
virus. The enzyme inhibitors have not only provided effective
therapeutic agents for the freatment of diseases but also have
led to o detailed understanding of enzyme mechanisms,

An extremophilic Bacillus sp. has been isolated, which produces
an aspartic profease inhibitor (ATBI). ATBl has been shown 1o
inhibit recombinant HIV-1 protease, pepsin, and the protease
from the fungus Aspergillus saifol. AIBl inhibited human
pathogens like Candida kyfer and Aspergilius sp. effectively as
seen in the microscopic studies. Based on the amino acid
sequence of the natural inhibitor a peptide was synthesized.
Currently the pofency of the synthefic pepfide and the
analogues is being evaluated against HIV-1 protease in vitro. A
few pepitidic inhibitors isolafed from plant and microbial sources
are being characterized.

Cysteine protease inhibitor

Malaria is one of the most prevalent infectious diseases of
mankind. Infection caused by the malarial porasite
Plasmodium  falciparum results in the  life-threatening
complications such as cerebral malaria. Control of malaria is
becoming increasingly difficutt due to increasing incidence of
strains resistant to curently used drugs. The parasitic enzymes
which differ structurally or functionally from mammalian
enzymes are the rational targets for developing therapeutics
drugs. Proteinases play o vital role in the life cycle of the malarial
parasite Plasmodium. Malarial infection involves an erythrocytic
phase where the Plasmodium uses a protease, falciparin, for
the develooment of parasite. Blocking of this enzyme is @
promising target for new antimalarial drugs. Proteinase inhibitors
are, therefore, considered as potential therapeutic agents.
Proteinase inhibitors from the broths of the two microbial cultures
exhibited @ significant growth inhibifory activity against £
falciporum in a biological assay based on the inhibition of
frophozoife formation. ‘-

Drugs

Taxol (Paclitaxel), a natural product initially isolated from Yew tree
(Taxus brevifolia) is regarded as the most promising anticancer
agent. A positive fungal strain which produces side chain ester
of Taxol after seven days, 10-deacetylbaccatin (10-DAB} after
fourtendays and Taxol after twenty-one days sequentially has
been identified, This strain yields 15 g/l of Taxol.

Fungus AAT-TS-4
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Microbial production of biodegradable plastics

Polyhydroxyalkanocates (PHAs) are biodegradable polyesters
and elastormers, which accumulate as cytoplasmic inclusions in
certain bacteria during unbalanced growth condifions usually
characterized by an excess carbon supply and the lack of one
or more essential nutrients. About 150 different hydroxyalkanoic
ocids have been idenfified as constituents of bacterial
polyesters, Nutritional studies using different carbon source were
performed. Glycerol was found 1o be the best carbon source
supporing maximum polyhydroxybutyrate (PHB) cccumulation
(34.18%) followed by sucrose (28.23%) and molasses (23.06%).
The latter could be used as cheaper carbon sources for PHB
accumulation. GC analysis and NMR studies confirmed that the
accumulated PHA as the homopolymer of PHB when a sole
carbon source was used. With the use of glycerol and propionic
acid in the medium production of polyhydroxybutyrate-valerate
(PHB-HV) copolymer ensured, in which valerote amounted fo
50% mol percent of the copolymer. The polymer isolated from
Baciillus sp. was used for physical characterization studies like
NMR, GPC, FTIR, DSC, SEM etc. The polymer was found o be
isotactic PHB when Bacilius sp. was grown on d single carbon
source.

1.2.1.6 Fermentation

Animproved process for production of hydrolysing enzyme and
alcohol by whole cells of yeast using synthetic zeolites has been
developed. Bench scale process has been standardized, which
shows 20 - 40% enhancement of fermentation rates compared
o the fermeniation in absence of additives. Atindustry site, 100L
scale fermentation showed accelerated rates of fermentation
with extrudes of zeolites in concentration of 0.07%.

Improving quality and storage stability of neera

Neera is produced by tapping the palmyra palm (Borrasus
flabellifer). it is collected avemight in earthenware pots from an
incision made in the inflorescence axis of the spathe and
fransported under chilled conditions to a local collection centre
where itis dispensed to the public as a healthy nutritious drink, Itis
very popular in the States of Gujarat, Maharashtra, Orissa, West
Bengal, Andhra Pradesh, Kerala and Tamil Nadu.

Fresh neera has a large microbial population (Bacteria and
yeasf), due fo which it starts fermenting within an hour of its
collection. The fermented product, known as Toddy (tadi) is o
pungent sour smeling liquid containing 5.0% alcohol, The
keeping quality of neera Is very poor and unless stored under
chilled conditions it deteriorates within 5-8 hours affer collection.

Alaboratory scale memibrane filtratlon technigue for removal of
bacteria has been developed. The technique is demonstrated
to Khadi and Viloge Indusfry Commission (KVIC) and the
Commissicn is planning to put up a pilot plant af its Neera
Processing Center at Dahanu. By using NCL technique, the shelf
life of the packaged product can be extended to 10-15 days
without affecting the stability, taste and nutrient profile of neera.

_RESEARCH & DEVELOPMENT REPORTS
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Gibberellic acid

Gibberellic acld (GA,) is an important plant growth regulctor
used in the agriculiure, horiculture and brewing. It is g
secondary metfabolife of fungus Gibberella fujikuroi. The
product yield is dependent on the sfrain of the fungus and also
fermentation parameters. A selected sfrain was subjected to Uy
mutagenesis and a mutant with 25% higher product vield has
been successfully obfained. The evaluation of the selected
mutant in shake flasks and fermenters has been done and the
mutant Is now being subjected o subsequent mutatfions. The
fermentation study in 10 L fermenter has shown that there are
several key parameters like nutrient quality, temperature, carbon
and nitrogen source and oxygen transfer rate that offect the rate
of product formation during fermentation. Mutagenesis using UV
and EMS will be caried out further for enhanced product yields,
The evaluation of strains will be done in 10 L fermenter for
optimal production,

1.2.1.7 Process biotechnology

Design and fabrication of a membrane device for
production of 95% nitrogen from air used in the
controlled atmosphere packaging (CAP) of fruits and
vegetables

A membrane based nitrogen generator giving 30 liters/ minute
of 95% pure nitrogen used for enhancing the shelf life of fruits
and vegetables has been designed and fabricated, The testing
of the unit will be carried out at CFTRI, Mysore.,

1.2.2 Plant biotechnology

1.2.2.1 Biocontrol and biopesticides

Microbial control of pests: Entomopathogenic fungi
as mycoinsecticides

The three promising fungal isolates Mefarhizium anisoplice
M34412, Beauveria bassiana B3301 and Nomuraea rifeyi N&12
were compared with the recommended insecticide
endosulfan and the biological product HaNPV  against
Helicoverpa armigera on pigeon pea and chickpea under fleld
conditions, The registration frials for the spore formulation of M.
anisoplice have been caried out af fwo agriculture universities
in Maharashtra and Kamartaka.

1.2.2.2 Genetic markers

Molecular approaches to improve the bread making
quality potential of wheat

Infemational wheat market follows stingent quality parameters
for bread making quality, as wheat is mostly consumed as bread
in major part of the world. There is a need to incorporate traits
controlling bread making quality in Indian wheat fo meet globall
wheat grain quality criteria for making various end products for
domestic and export purpose. Bread making quality (BMQ) is a
complex traif influenced by environment and also by gluten
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profeins (Glicdins and Glutenins) accumulated in the grain,
proportion of gliadin and glutenin, along with the starch content
decides the loaf volume.

For this study a recombinant inbred line population (F,,) was
developed from the cross of HI977 (good BM&) and HD2329
(high vielding varety with poor BMQ) at Directorate of Wheat
Resecich (DWR), Kamal, Vaorious molecular markers like
sequence tagged microsatelite (STMS), infer simple sequence
repecis (ISSR), randomly amplified polymorphic DNA (RAPD),
agmpliied fragment length polymorphism (AFLP) were used for
parental survey 1 16 STMS primers (Xgwm) covering most of the
chromosornes 800RAPDs and 100 ISSRs were used for screening
the parental genaotypes. The population is being screened with
polymorphic markers to develop o framework map.

Development of leaf and stripe rusts resistant
varic!ies using molecular marker technology

Whea! productivity is severely affected by two important
diseases, leaf rust and stripe rust especially in North Western
plains of India. Development of agronomically desirable lines
with clurable resistance 1o leaf and sfripe rust using molecular
marker technology is essential to ensure a rust free crop. In order
fo achieve speedy and reliable incorporation of effective
seedling/ adult plant resistance genes, DNA marker(s) linked to
such genes need fo be employed along with breeding effors.

Seed material for the parental lines viz. Thatcher, Thatcher + Lr-
37 (Lr-37), CD (Yr-16), CDM2D, PBW-343 and UP-2338 along with
the Unn WH147 + Lr24 (Lr24) ond Unn WH147 + (128 (Lr 28) were
procured from DWR, Karnal. A set of 100 microsarellite primers
procuied from University of British Columbia, Canada
comprising di-, tri-, tetro- and penta-nuclectide repeat motifs
were used for parental screening. In all, 39 primers gave
amplification of which 5 primers revealed polymorphism in T
and Tc+Lr 37 and 2 in CD and CDM2D, Out of 700 random
primers (UBC, Canada) used for screening, 175 showed
amplification, of which 25 primers revealed 40 polyrmorphic loci
inTe and Te+Lr 37 and 39 loci in PBW 343 and Tc+Lr 37. Simillarly
17 polymorphic UBC RAPD primers revealed 22 polymorphic loci
in CD, CDM2D of which 10 lcci were recorded fo be
polymorphic in PBW 343 and CD. Qut of 104 microsatellite
primer pairs used for screening, 12 showed polymorphisrm in CD
and PBW 343.

Mapping and tagging of rust resistance genes in
wheat

The rusts of leaf, stem and stripe hamper wheat yield. Utilization
of genetic resistance, through resistant variefies is the most
economical and environment friendly strategy for rust control, A
fofal of 1330 RAPD, 100 ISSR primers and 36 Selective
miciosatellife primer pairs based on the chromosome location
of the genes were screened. One ISSR marker and four
microsatelite markers were found 1o be linked to Sr9e and $r36,
and fomed a linkage group on chromosome 2B, of which ISSR
marker UBC 812,,, and microsatellite Xgwm120 were relatively
Close with a linkage distance of 14.2 cM and 13.2 cM from $r36
and Sr9e, respectively, Another ISSR marker UBC 840, was
found to be linked o Lr3a in repulsion phase at a distance of 6.9

CM. Three microsateliites markers and two RAPD markers were
TOUF‘I[:
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to be linked to the Sr22 gene and formed a linkage Group on
7AL, of which Xgwm573 is relatively close with a distance of
6.4cM,

Development of variety specific markers in mango

India harbors over 1000 varieties of mango. In order fo facilitate
the mange-breeding programme, these variefies need to be
characterized genectically. Marker based DNA fingerprinting is
the most obvious mean to proceed with this assignment. In
addition, proving the genetic homogeneity of Alphonso clones,
which are planted at the largest scale in Indig, is a major
challenge.

Tender leaf tissue of 70 elite varieties of mango were collected
from RFRS, Vengurle. Along with this, fender leaf material of 30
Alphonso frees were collected from orchards of three different
locations in coastal region of Maharashtra, viz., Dapoli, Deocgad
and Vengurle. Alphenso collected from different locations were
tested for their homogeneity using ISSR markers. Representation
of ISSRUBC 810, 811, 813 and 840 marker profiles is shown in the
figure,

Ancther gpproach is to carry ouf diversity analysis of mango
varieties. ISSR primers were screened using fen elife varieties
including Alphonse and one oul-group (Nothopegia sp.).
Screening of ISSR primers is In progress.

Increasing the efficiency of production and
nutritional value of chickpea

Chickpea, the most important pulse crop of India, is a good
source of protein for the primarily vegetarian Indian pepulation.
However, average chickpea yield Is only 700 Kg /ha, due to ifs
susceptioility to various biotic and abiofic stresses such as
Fusarium will, Ascochyta blight and drought, Fusarium wilt is a soil
bome disease and causes a yield loss of 10-100% annually.
Growing resistant cufivars Is the most effective strategy to
manage the disease. However, identifying / developing resistant
cultivars by conventional means is expensive, laberious and
fime consuming. Molecular breeding would be an effective
approach, whichinvolves gene tagging and MAS.

The F9 RIL populations of three crosses (Vijay x JG 62, JG62 x ICC
4958 and Vijay x ICC 4958) were raised af MPKV Rohuri and wilt
data were collected from sick plofs. Agronomic data and the
leaf tissue for DNA analysis of the RILs were collected from
normal plots. 100 ISSR and 100 STMS primers were used for

" parental analysis, of which 15 1SSR and 23 STMS primers were

polymarphic. Curently, analysis of the Cross-Ill RILs is being done
with the polymorphic primers. Diversity Analysis of wild chickpea
gemplasm with RGA markers is also being done.
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DNA based quality control of piants

The clonal fidelity and uniformity of the micro propagated plants
Is a major concern of fissue culture industry as well as of the
farmers. The variation within the progeny results in serious losses
to the end users, thus making guality control of tissue culture (TC)
ralsed plants mandatory. The objectives of the project are to
develop fingerprints for the mother plants and clones of the
identified plant species (Banana, Eucalyptus, Teak efc.) using
PCR based markers and to fest quality of TC raised plants.

Molecular analysis of TC raised Teak plants was done with the set
of 10018SR primers and 800 UBC RAPD primers. Customer service
for Date palm fidelity has been done. 1SSR analysis of TC raised
plants of bamoo, ginger and turmeric was also cared out.

SERER.-.B==_.=@==

Fidelity analysis of turmeric and ginger plants using ISSR Primer

Improved productivity, profitability and sustainability
of sheep production

Sheep constitutes an imporant species of livestock in the rural
agricuttural economy of arid and semi arid zones in India. The
maijor factors contributing to the low productivity of sheep
include poor exploitation of genetic potential of indigenous
animals, insufficient resources of feed, fodder and health cover
and inadeqguate efforts 1o improve sheep breed. It is thus
important that the sheep breeding be strengthened through
genetic improvement of local breeds and improverment of
nutrition management and health care.

Almost all Indian sheep breeds are non prolific except Garole,
which carries the prolificacy gene (FecB). Hence, toincrease the
prolificacy of Deccani, the main meat type sheep breed of
Maharashirg, crossbreeding between the Garole and Deccani
was cared out. The introgression of the prolificacy gene in
prolificacy flocks developed was studied with the help of PCR
RFLP fest. Intfroduction of one copy of the gene increased the
ovulation rate by 0.6 and litter size by 0.5 in Deccani, Such a
moderate increase in the prolificacy is suifable for the sheep
rearing conditions in Maharashtra.

The sheep breeds, Deccani, Patanwadi, Marwadi, Madras Red,
Bannur and Garole, representing various advantageous traits
are being studied for genetic diversity. A molecular marker set
spanning different chromosomal regions of sheep genome is
being used fo analyze the genefic diversity. Such data will be
helpful in planning the breeding programs for the strain
improvement by pyramiding desired characteristics such as
high prolificacy, adaptability to harsh environments, disease
resistance, good body conformation for meat purpose and
producing good guality wool.

RESEARCH & DEVELOPMENT REPORTS
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1.2.2.3 Host-pathogen interactions

Transcript profiling during host-pathogen
interactions with reference to chickpea and Fusarium
oxysporum f. Sp. ciceri

Wilt caused by Fusarium oxysporum fsp. cicer (FCC) is an
important disease of chickpea leading to heavy losses. Seven
races of FOC are known world wide, of which race 1 and 2 are
prevalent in cenfral India. Although excellent resistant plant
sources are available in chickpea germplasm, success in
breeding for FOC-resistance is limited, mainly due to region-
specific races of FOC and gradual breakdown of resistance in
chickpea cultivars, Molecular mechanisms involved in
chickpeo-FOC inferactions are being explored by andlyzing
root cDNA libraries in established resistant (WR 315) and
susceptible (JG 62) cultivars in response o FOC-race 1. Next sef
of 8 primer pair combinations was tried out for CDNA-AFLP. Totally
39 franscripts were identified as differentially  expressed!
upregulated in the resistant infected root library and were
purified from the gel and reamplified and cloning of these
franscripts into pGEMT-Easy vector is in process. The clones wil
be further used for DNA seguencing. Probable genes active
during the host-pathogen interaction, WRKY proteins, 14-3-3
proteins and LRR type sequences have been identified. Isolation

of full-length cDNA from the library of these genes with a pufative '

role in host-pathogen interactions is being carried out.
Development of race specific marker

Race 1, 2 and two representative isolates of each race. AFLP
primers, which showed polymorphism for race 1, 2 and their
isolates, have been used for this study. Polymorphic bands of size
ranging from 100 400 bp were obtained. These polymorphic

bands were eluted from 6% denaturing PAGE gels, re- amplified, |

precipitated and then cloned info pGEMT vector (Promegal,
The presence of inserts was determined by MI13FR
amplification. Some of these clones have been sequenced.
The sequencing data will be used fo design primers for
developing arace specific marker.

Identifying virulence genes in Fusarium

Homology search of the sequences of the polymorphic bands
revealed that one of the bands shows homclogy o Fusarium
oxvsporurn f.sp. Melonis fransposon Hop78, Studies showed that
fransposons are related fo the pathogenicity of fungi. Primers
towards the conserved regions of known virulence genes of
different fungal genera have been designed. These primers wil
be used fo locate the comesponding virulence genes In
Fusarium.

1.2.2.4 Transgenic plants

Gene fransfer technology allows the transfer of genetic

information from one organism to another regardless of the
sexual compatibility of the two organisms. A transgenic plant
contains genes which have been inserted into a plant either by
microprojectile bombardment, Agrobacterum mediated
gene transfer of by electroporation method.
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pevelcpment of transgenic plants Curcuma Jonga and
pinus roxburghii

transformnation work is inffiated for Curcuma longa (Turmeric)
and Pinus roxburghii. An efficient plant regeneration system of
tne desied plant sp. s a prime requirement for any of these
genefic fransformation methods. Different plant organs were
used o produce callus mass or direct organogenesis by
growing them on defined media. The homonal and other
chemical requirements of the growing fissue were standardized
along with physical parameters such as light and femiperature
for organogenetic response. The protocol was also
standaidized for acclimatization of the plantlets regenerated
from this system. Genefic fransformation work was then
underfaken affer sfandardizing the regeneration system in both
the plant species. The study of fransient expression of the gene
gave promising resulfs, Further DNA analysls such as PCR and
southemn hybridization is in progress.

Winged bean proteinase inhibitor for Helicoverpa
armigora resistance

H. armigera, pod borer, is a serious insect pest of over 100
different plant species including many important crops such as
cotton and fomato, and the legumes like chickpea and pigecn
pea. Armong the numerous biomolecules that could potentially
be uiilized in enhancing plant defense against insect pests,
Bacilius thuringiensis (Bt) toxins represent the most extensively
used example of biopesticides, and a few transgenic crop
plonts expressing Bt genes have seen commercial use,
However, persistence of Bt foxins within the plant throughout the
growing season is likely to induce a widespread resistance fo Bt
ininsects in the near future and this has necessitated the search
for newer and more effective biological means of contralling
Insects. Among the various cliematives to Bt, profeinase
inhibftors (Pls) represent an atfractive class of biopesticides and
exhibil severalimportant features.

Pls frorm a number of species have been screened and it has
been demonstrated that the pooled Pls from seeds of winged
bean (WB), which is a non-host plant of pod borer, inhibit the H.
armigero gut profeinases (HGPs) and pod borer larval growth.
Dry mature seeds of winged bean contain several proteinase
inhibitors, Two-dimensional gel analysis of WB seed protein
followed by activity visualization using a gel-X-ray film contact
print fechnique revealed at least 14 trypsin inhibitors (Tls) in the
range of 28 to 6 kD, A total of seven Inhibitors (WBTI-1 to 7) were
purified by heat freatment and gel fitfration followed by elution
flom preparative native gels. Based on their biochemical
characienzation such as molecular mass, pl, heat stability, and
Susceptibility to inactivation by reducing agents, WBTI-1 to 4 are
Kunitz tvoe inhibitor while WETI-5 to 7 are classified as Bowman-
Birk type serine proteinase inhibitors. Although Kunitz type Tis (20-
24 kD) of WB have been reported, the smaller Tis that belong to
the Bowrnan-Birk type have not been previously characterized.
Seven major Tls isolated from WB seed were individually
Qssessed for their potential to inhibit the HGP of WBTI-1 (28 kD)
Was identified as a potent inhibitor of HGP relative to frypsin and
among the all other WBTIs; it inhibited 94% of HGP activity while
af the same concentration it inhibifed only 22% of trypsin
Activity, WBTI-2 (24 kD) and WETI-4 (20 kD) Inhibited HGP activity
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above 85%. WBTI-3, -5, -6 and -7 showed limited inhibition of
HGP as compared with trypsin. These resulfs indicate that WBTIs
have different binding potentials towards HGP although most of
the HGP activity is trypsin-like. A simple and versatile method for
identifying and purifying Pls  affer fwo-dimensional separation
using the gelXray fim confact print technigue has been
developed.

Isolation and cloning of winged bean proteinase
inhibitor genes in expression vector

Winged bean seeds have been identified as potential source of
proteinase inhibitors possessing insect anti-digestive activity.
Next logical step in this project was fo isolate inhibifor genes from
winged bean, expressin model organism and fest thelr potenticl
against target insect Helicoverpa armigera. Winged bean
(Psophocarpus fefragonolobus L. DC.) chymaotrypsin inhibitor
(PIWCI) genes have been characterized earier for their
seqguence analysis and in vivo expression in wingad bean plants,

On the available database sequence information, primers from
flanking regicns of PIWCls fo isolate respective gene have been
designed. Cloning of four PIWCls in E. colil expression vector
(PCRTZ/NT TOPO, 3.0 kb) has been successfully achieved,
However, expression level was foc low in E. coli strain BL21 DE3
cells as these gene products are toxic to the cells. Therefore, use
of Pichia pastoris as expression system for secreted exprassion
has been planned.

B Trypsin

[ Chymotrypsin |
| |
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Inhibition of trypsin, chymotrypsin and HGP by recombinant WBPIs

The work on () sequence analysis of isclated winged bean
profeinase Inhibitor genes (i) cloning of winged bean profeinase
inhibitor genes in P pastoris.expression vector pPICS under AOX]
promoter (i) fransformation of selected PIWCI clones in to R
pastoris and (iv) cloning of PIWClIs in binary vector under tissue
specific promoter has been carried out,

Bitter gourd proteinase inhibitors: potential growth
inhibitor of Helicoverpa armigera and Spodoptera lifura

Since H. armigera gut proteinase are very flexible in expression

and possesses molecular diversity in serine proteinase family
encoding 28 different genes, the possibilities o find pofential
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profeinase serine inhibitors of all the four subtypes found in plants
are being explored, Bitter gourd seeds confain sguash type
proteinase Inhibitors having a smcllest profein  profeinase
inhibitor with very binding capacities, The objective of the
project is to isolate and characterize bitter gourd proteinase
inhibitor and test their potential against H. armigera.

Proteinase Inhibifors (Pls) from the seeds of bitter gourd
(Mormordica charanfia L.) were identified as sfrong inhibitors of
H. armigera gut proteinases (HGP). Blochemical investigations
showed that bitter gourd Pls (BGPIs) inhibited more than 80%
HGP activity. Electrophoretic analysis revealed the presence of
two major proteins (BGPI-1 and -2) and two minor proteins (BGPI-
3 and -4) having inhibitory activity against both frypsin and HGP
The major isoforms BGPI-1 and BGPI-2 have molecular mass of
3.5 kDa and 3.0 kDa respectively, BGPIs inhibited HGP activity of
larvae fed on different host plants, on artificial diet with or without
added Pls and proteinases excreted in fecal mafter.
Degradation of BGPI-1 by HGP showed direct correlation with
accumulation of BGPI-2-like peplide, which remained stable
and active against high concenfrations of HGP up fo 3 hours.
Chemical Inhibitors of serine profeinases offered partial
protection to BGP-1 from degradation by HGP suggesting that
frypsin and chymotrypsin like proteinases are involved in
degradgation of BGPI-1. In larval feeding studies, BGPIs were
found to retard growth and development of lepidopteran pests
namely H. armigera and Spodopfera fitura. This is the first report
showing that BGPIs mediated inhibition of insect gut proteincses
directly affects fertility and fecundity of both H. armigera and S.
fitura. The resulis advecate use of BGPIs to infroduce insect
resistance in ofherwise susceptible plants. Further, two partial
bifter gourd Pls genes were isolated by using the primers
designed from N-terminal sequence of profein. These DNA
fragments were cloned and sequence characterized,

Purification of capsicum proteinase inhibitors and
their interaction with insect gut proteinases

Capsicum has wound inducible proteinase  inhibitors (Pls)
present in their leaves as well as in other plant pars. The
objective is to identify and characterize all four types of plant
profeinaceous serine proteinase inhibitors which have strong
potential against insect gut proteinases.

Capsicum Pls were purified by DEAE Sepharose FAST FLOW ion
exchange and gel filtration columns. All the capsicum Pls were
precipitated at 65% of ammonium sulphate and their thermal
stability (up fo 65°C) Allowed to use thermal denaturation step fo
remove non-inhibitor proteins. Specific rypsin inhibitor activity of
capsicum Pl extract was increased by four folds after these two
steps. Two maijor peaks of inhibifor copA1 and copA2 were
observed in the buffer (50mM Tris-HCI, pH 7.8) wash. Remaining
isoforms of cap Pl were eluted ouf in fine step gradient of NaCl.
Cap B2 was elufed ouf at 0.25 M NaCl as a single inhibitor
protein while other three forms of Pl were resolved in three
different mixures like capB2+capC. capC+capD+capE,
capD+caopkE af slightly different molar concentrations of NaCl.
Elution of three cap Pl isoforms (capC, capD, capk) in different
mixtures and almost at similar salt concentrafions indicates

BIOTECHNOLOGY !

similarity in their charge and mass properties. Two majorinhibitar
activities cap Pls, capAl and capA?2, were selected for furthey
purfication. Pooled fractions of capAl and capA2 were
relocded on DEAE matrix, which eliminated the non inhibitgy
profeins completely except one high molecular protein of ~94
kD, which was subseqguently eliminated by rechromatographing
on sephadex G-75 gelfittration column.

Chickpea proteinase inhibitors in defence against
Helicoverpa armigera

Chickpea (Cicer ariefinum L.) is the major source of diefary
proteins for the maljerity vegetarion Indian population. Chickpea
crops face immense losses every year due fo the combined
action of biotic stresses like insect and fungal aftack. The Pod
borer (H. armigera) is a devastating insect pest that is known fa
aftack and infest about 180 different plant species including
chickpea. Efforts are on to identify, characterize and employ
defensive genes in fransgenic programmes fo develop insect
resistance in chickpea. Currently, Baciilus thuringiensls
Endotoxin (Bf), proteinase inhibitors (Pls), amylase inhibitors and
lectins are the most successful and promising candidates.
H.arrmigera gur proteinose inhibitor (HGPI ) profein was purified \
to homogeneity from dry and mature seeds of chickpea using
conventional methods i.e., geliltration and ion exchange
chromatography. molecular weight was defermined to be
~271kDa. iso-electic point was predicted to be around 5.90.
purified protein was identified by n-terminal 20 amino acid
sequencing as well as by matrix associated laser desorption
ionization-time of flight (maldi-tof) spectrometry.

From the available protein & gene sequences, oligonuclectide
primers were synthesised and used in a polymerase chain
reaction (PCR) for amplification of gene which was then
seguenced by flouroscent automated sequencing. This gene
was directionally inserted into the plasmid pgapzab, which is @ ‘
vector specifically constructed for heterologous gene|
expression in the yeast pichia pasforis. Positive yeast clones
(camying hgpi gene) were isolated and expression of hgpl
protein confirmed by western blot hybridization. ]

Large-scale yeast-expression of HGPI protein was canied outind
2000 ml capacity bio-fermenter and pure recomblnant protein
obtained (—25mg per fermenter un). in vifro assays have
revealed that the purified as well as recombinant (expressed)
inhibitors have comparable stability and  inhibitory  activity
against bovine frypsin and HGP

Tomato proteinase inhibitors and their interaction
with Helicoverpa armigera gut proteinases

Tomato Pls are wound induclble, their level of expression &

increases 5-10 folds if a plant leaves are damaged or atfacked
by the insect pests. H. armigera feeds on young folioge and
developing fruits but not on flowers, Different tissue of formalo
plants for gualitative and quantitative differences in proteinase
inhibitors were analysed.

The extracts of different tissues ware made using 5mM EDTA, 20
mM EDTA, TM KCI followed by 70% (NH,).SO, precipitation:
dialysis and heat Treatment af 70°C. The profein was guantified
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using Bradford's method. Exfracts were analyzed for inhibltion
poren'i-iols against trypsin, chymotrypsin and several HGPs,
including HGP of larvae fed on chickpea, pigeon pea, sweaf
pea, okia and fomato which are hest plants and of larvae fed
on arfificial diet containing the proteinase inhibitors of nen-host
plant viz. winged bean and potato Pin Il The extract was also
assayed against HGP of different larval insfars. Proteinase
inhibitor profiles in all the plant parts are identical exhibiting four
isoforms. However, the amount of inhibitor significantly varies in
different tissue and very high (100-500 fold more) in flower as
compared any other tissue type. Therefore, study was
concentrated on fomarto flower Pls which shows 275 % inhibition
of HGP of host fed larvae while it shows =70 % inhibition of HGP of
non-host fed larvae. Based on all the results it is seen that tomarto
profeinase inhibitors are sfrong inhibifors of HGPR Therefore,
thorough analysis of this endogenous defense source could
help in solving the problem of H. armigera afiack on fomato.
Werk on standardization of tomato regeneration protocol fo
perform  fransformation  experiments  with  winged bean
proteinase inhibitor genes has been initiated,

Expression studies of H. armigera gut proteinases for
the i< cntification of proteinase inhibitor insensitive
proteinases

H. armigera has developed an ability fo overcome the adverse
effects of proteinase inhibitors (Pls), which is being used 1o
produce insect tolerant fransgenic crop plants. The Pl
overcoming mechanism is medicted by larval gut profeinases.
Therefore identification of such profeinases genes and their
function in ferms of sensitivity to various inhibitors is very much
essential. This would help in identification and/ or design of
effective Pls for their deployment in crop plant defense.

Proteincise specific primers were designed from the available
sequences of frypsin-like, chymotrypsin-like, carboxy and
aminocpeplidase-like, elastase-like, cathepsin-like proteinases.
These primers were used for quantitative expression andlysis of
gut proteinase using RT-PCR. Total RNA from the insect gut fed on
host plants {chickpea, cotton, pigeonpea, fomato, okra) and
non-host Pls (winged bean, capsicum bitter gourd dnd
grounanuf) was used for the study. This analysis enabled us to
point out some trypsin-like and chymotrypsin-like proteinase
genes, which may have role in Pl insensitivity. Isolation of full-
length genes of these proteinases using RACE-PCR is in progress,

1.2.2.5 Secondary metabolites

Biomolecular prospecting of Symplocos and Gaultheria
specie

Biodiversity is of prime importance and rigorous efforts are
Needed fo conserve and maintain the genes, species and
elcosyarems for the sustainable use and management of
Blological resources. In light of this, genetic diversity directed
Conservation would be a better proposition to be adopted The
p(esewwf study is an effort to understand the sfatus of genetic
d\vgrsih, present in two plant species, G. fragrantissima and §.
lauring, from two biodiversity hotspot regions in India. In the

m
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present study molecular markers have been used fo study ihe
genetic diversity in G. fragranfissima from the two hotspots in
India,

PCR- RFLP technique was used to study chloroplast and
mitochondrial DNA diversity in G. fragrantissima. Nine cpDNA
and seven miDNA haplotypes have been detected from eight
populations. Variations in the yield of oil and content of methyl
salicylate were studied in relation to the season of collection of
leaves and the geographic location of the plants. Collection
fours are being carried out for 8. lauring.

1.2.3 Plant tissue culture
1.2.3.1 Tissue culture

Induction of downy mildew resistance in commercial
cultivars of grapes

This is a multi-institutional project between NCL, Agharkar
Research Insfitute (ARI), Pune and National Research Centre for
Grapes (NRCG), Pune. Due toimportance of grape culfivationin
India and the adverse affects of fungus diseases on grapes, the
programme was underfoken with the prime objective of
development of downy mildew resistant varieties of Thompson
seedless and Flame seediess by conventional breeding and
embryo rescue methods. The project also aimed fo
characterize hybrid noture of seedlings and fo assess the
diversity of the wild species of grapes native to India, through
DNA marker technology. Using breeding and in vitro embryo
rescue methods, about 500 hybrid plants of Thompson seedless
and Flame seedless (both used as female parents) crossed with
8 downy mildew resistant parents (used as male parents) have
been developed. These plants have been supplied fo NRCG for
further field evaluation,

Tissue culture studies in medicinal plants

The project entitled "Assessment and in vifro conservation of
biodiversity in some Guftiferous plant species of Westermn Ghats
with special reference to the development of bicactive
molecules' is sponsored by Departiment of Biotechnology (DBT),
New Delhi. Amaong the eleven genera of medicinal importance
from the family Guttiferae, four are endemic o India. The genus
Calophyiium is represented In India by fourteen species. Out of
which four species are endemic to Western Ghats,

The objective of present project is fo evaluate the status of
distribution, chemotaxonomic analysis and to generate in vitro
regeneration protocols. The other objectives are to evaluate
new natural compounds, isclate and fo study variation among
different species/ habitats, About twenty-five accessions were
collected from different locations fromm some districts of
Maharashira and Kamataka. Standardization for in - vifro
regeneration using different explants for three species of
Calophyllumis being carried out,

1.2.3.2 Micro-propagation

Under this project from Department of Biotechnology,
fechnologias are being developed for micropropagation of
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Casuarina, Accacia and Pirnus. The upscaling of
micropropagation fechnologies clready developed for
Eucalyptus palifa, ginger, turmeric, Cenfella and some
omamental as well as medicinal plants is going on.

For social forestry programmes teak, Eucalyptus and bamboo
are being multiplied. The germnplasm of important plant species
is being maintained.

Under the project sponsored by Ministry of Health and Family
Welfare, Government of India the micropropagation protocol is
being developed for the medicinal plants namely:
Chicrophyfurm  borivilionium, C. arundinaceum, Rauwolfia
serpenting, and Swertia chirata.

Micropropagation of selected grape varieties and
rootstocks and DNA fingerprinting of germplasm

This is a mulfi-institutional project between NCL, Agharkar
Research Institufe (ARl) and National Research Cenfre for
Grapes (NRCG), Pune. The miain objective of the programme at
NCL is to develop and refine in vifro plant regeneration protocols
of selected rootstocks and varieties of grapevine. Four varieties
(Red globe, 2A Clone, Crimsen Seedless and Malic) which are of
commercial imporance and two rootstocks (110R and 1103P)
which have folerance fo drought and salinity were selected for
micropropagation sfudies. Aseptic culfures of all the varieties
and rootstocks, inifiate shoots, induce multiple shoot formation,
elongation of shoots, induction of in vitro roofing of shoots,
hardening of plants have been established. Tissue culture
plants, number in brackets; Red Globe (555), 2A-Clong (396),
Crimscn Seedless (96), 110R (15) and 1103P (14) have been
produced. These plants after hardening in plastic cups have
been supplied to NRCG for further planting in the field for
evaluation and multiplication.

Micropropagation and germplasm conservation of
endangered medicinal plants of Western Ghats

Gymnema sylvestre and Bidaria khandalensis are medicinally
important woody climbers. G. syivesire Is well known In fraditional
medicine for diabetes mellitus and stomachic. B. khandalensis
is inhibffor of glucan synthesis and it prevents dental plague.
Iohigenia magnifica is another valuable medicinal plant.

G. sylvestre and B. khandalensis nodal segment culfured in MS
medium supplemented with different phytohormons showed
varied responses. The axillary buds from the explants sprouted
and grew in length on a mdjority of the media. However, in
presence of BAP and NAA in the medium, mulfiple shoots were
regenerated. The regenerants were allowed fo grow and later
excised and transferred fo the rocting medium containing 1BA.
Attempts are in progress fo harden the regenerants.

The comms of /. magnifica were sliced and cultured on MS
medium supplemented with a combination of BAP and kinetin,

The domant buds regenerated up to a maximum of two shoot

per slice. The regenerants were allowed to grow on the same
medium where these formed cormn and roots while sfill attached
to the mother explant, The fully developed plants were
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detached from the mother explant and hansferred 1o fregh
medium for further growth. Individual plants were transferred tg
pots for hardening. Aftempts are in prograss o enhance the
regeneration ratfios and harden the plants under green house
conditions so that these could be out planted.

In vifro morphogenesis and genetic transformation in
peanut

Plant fransformation requires a good regeneration protoca,
Extensive work has been carried out on in vifro regeneration of
peanut from various explanfs via organogenesis angd
embryogenesis and d lead in the area of peanut fissue culiurg
has been established. The available protocols are extremely
relicble and appropriate for both genetic transformation and for
morphogenetic studies.

1.2.3.3 Embryogenesis
Somatic embryogenesis in cashew and mango

Somatic embryogenesis in cashew was obtained from nucellar
fissue from immature fruifs and immature zygotic emibryos,
Histological studies revealed that superficial cells of
embryogenic callus gave rise fo somatic emibryos. Experiments
are being carried ouf for successful conversion of somatic
embryos o plantlets, Similar work is also done for mango sp. The
somatic embryogenic cultures of cashew and mango are used
for mutant development programme using radiation
technology under IAEA Project, These culiures are also used fa
develop cryopreservation technique for long term preservation
of cultures,
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2. Ca !-;'alysis

2.1 iieterogeneous catalysis

2.1.1 Catalyst: Microporous and mesoporous
materials

2.1.1.1 Microporous and mesoporous metallosilicates

7s0lite beta is very important commercial catalyst mainly used
in alkylation and acylation of aromatics. It was syntheslzed using
flyash asa combined source of SIO, and Al,Q,. In this method,
fiy ash which is obnoxious by-product of thermal power plants
can be used to produce high value and high performance
catalysts. Using the concept of promoters in zeolite synthesis,
three new zeolite sfructures of beta family were obtained.

siiceous mesoporous MCM-41 and SBA-15, synthesized by the
suprarmolecular templating opproach using alkyl frimethyl
ammonium halide (e.g. CTMABI) and block co-polymers (e.d.
P123/P103) as the shucture directors In basic and acidic
condiions, respectively, relies as a novel support surface for the
infroduction of active metal/ organometalic species (V-MCM-
41, TI-MCM-41, V/SBA-15, etfc) because of its variable intemal
pore diameter, large surface area and abundant siano sites,

Incorporation of tin in SBA-15 using two different metal sources
has successfully demonstrated that fin oxide exists as a thin film
anchored inside the mesopores of SBA-15 due to the reaction of
the abundant surface silanol groups with the Sn precursor. The
two types of Sn species idenfified are 1) the one stabilized
atomically (well dispersed Si-0-5n-O-Si- groups) on the walls,
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TEM of Sn-SBA-15 Mossbauer spectra
(arrow mark shows Sn) Sn-SBA-15 of samples
which form Sn*” upon reduction freatrent (easily reducible from
$n"* io Sn*' in presence of OH groups) and i) the large size
enfifies Sn'"(SnQ,) clusters distibuted in the extemnal pore
structure, which are seen by TEM and are probably
agglomerates of smaller crystallifes (XRD data). These samples

are effective . in catalyzing the transesterification of a dikefo
ester,

2.1.1.2 Mesoporous carbon

Mesoporous carbon material is prepared by using silica based
mesonorous materials like MCM-41 or SBA-15 as base material,
Mesoporous MCM-41 or SBA-15 was made in the laboratory by
STO_ﬂc!erd procedure. Thereafter it was mixed with calculated
amount of sucrose, followed by heating at ~150°C.

4
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the procedure was repeated to get black material. Finally the
material was cdlcined at ~1000°€ followed by washing with
hydrofluoric acid and drying at 110°C. The resulting mesoporous
carbon material showed that the surface area was around 900
m’ gm’, the pore diameter was 3.7 nm, pore volume was 0.84
cc/gm) and the TEM showed hexagonal channels.

2.1.1.3 Mesoporous organo-inorganic hybrid
heterogeneous chiral catalysts

The unique features of these mesoporous materials can be well
utiized for the synthesis of novel organic-inorganic hyborid
mesoporous materials using various organosilanes having
active donor sites (-NH,, -Cl, -SH, -(PPh;),, -OH), by in situ method
or by post synthesis grafting methods, for the heterogenization of
varous active metal complexes /chiral metal complexes. Thus,
the heterogenization of useful homogenecus catfalysts over
hybrid mesoporous materials having active donor sites finds
improved catalytic properties than the conventional
amorphous sllica supported metal catalysts, due to the
periodicity in the pore walls which In-tum inhibifs the mass
transfer related problems and hence is less prone fo
deactivation resulting in a higher level of productivity.

OH Me
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. -NH,, -SH & Y belongs fo chiral moiety / metal complex

The evidence for the presence of close-packed conformation
of aminepropy! or thiol carbon chains can be obtained from the
291 MAS NMR of NH,- or SH-propyl-MCM-41 samples. While the
two peaks at about -101 and -111 ppm are atfributed fo @, and
Q, species for slicecus MCM-41 respectively, the three peciks at
about -50, -60 and -67 ppm are assigned 1o isolated, terminal
and cross-linked slloxane groups attached with  pendant
aminopropyl groups, respectively. The peak infensifies of
different slloxane groups are in the order: isolated < ferminal <
cross-linked,

2.1.2 Catalysis
2.1.2.1 Petrochemicals

Low temperature, solvent-free liquid phase
isopropylation of aromatics

Isopropylation of i) benzene fo cumene, i) ethyloenzene fo
ethylcumenes, and i) xylenes fo dimethyl-cumenes was
studied. HX formed (scheme below) can be reacted to
propylene and hence recycled In sifu. ron and gallium-
containing zeolite beta, USY and ZSM-5 samples were prepared
and characterized. To study the effect of poisoning of external
surface of these cafalysts on catalytic activity and product
selectivity, special fechnigue was used to selectively passivate
the non-shape selective external surface. These catalysts will be
tested solvent-free, low fernperciure ring Isopropylation of
benzene to cumene and di-iscpropylated benzene using
alkylhalide as alkylating agent as shown inthe table,
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[I/ N \ Fe IAl-Zeolites [\# .
e i e |
//J / 313343 K P
T T
R R1

For benzene R = R, = H, fortoluene R = CH, and R, = H, for xylenes
R = R, = GHand for ethylbenzene R = C ,Hg and R, = H.

Effect of exchange cations in zeolite beta

\ 2-BP DIPB Distribution (mol. %
Catalyst [T'r:::] Conv [C”:JQ ;e/:;e l{?r?g\ %) ( ]
[mol. %) 1.2-DIPB|1,3-DIPB| 1.4-DIPB

Fe/Beta 100 | 100 85.8 14.2 0.0 |34.5 65.5

Ga/Beta | 180 | 100 85.5 14.5 00 |429 57.1

CuBeta | 840 | 31.90| 989 1.1 00 | 291 70.9

Zn/Beta 840 | 15.2 96.6 3.4 00 |33.8 66.2

Reaction conditions: substrate: benzene; alkylating agent:
2-bromopropane; benzene: 2-bremopropane (4:1)
mole/mole catalyst: 0. 2 gm; temperature: 80°C

The liberation of HX is drawback in this whole process for
commercial exploitation; however, this challenge is
surmountable as there is hardly any moisture present in the
system,

2.1.2.2 Fine chemicals

2.1.2.2.1 Solid acid catalysts

The work was caried out on replacement of environmentally
hazardous homogenous acid catalysts like mineral acids (AICI,,
FeCl,, efc.) by eco-safer solid catalysts. Some examples of the
work done using solid catalysts are:

Chlorination of aromatics

The liquid phase selective para-chlorination of aromatics such
as chlorobenzene to para-chlorobenzene, ortho-
dichlorobenzene to 1,2,4-frichlorobenzene, foluene to para-
chlorotoluene (pilot plant scale is successfully demonstrated)
and o-xylene to 4-chloro-o-xylene has been carried out using
recyclable, solid, para-selective and environment friendly
catalysts, The selective para-chlorination of these compounds is
significant from the industrial peint of view. The most important
product, para-chlorotoluene is used as an intermediate in the
pestficide, pharmaceutical, peroxide, dye and other industries.
The production of 4-chloro-oxylene in high selectivity is
important due to its usefulness in the production of
intermediates for thermoplastics, pharmaceuticals and
agrochemicals.

R1 R1
R2 ‘ R2
= Solid Catalyst T
J ¥ @ -2 |
L Liguid Phase
R,=-Cl, -CH, ' Cl
R,=-Cl, -H, -CH,

Acylation of aromatics

Selective acylation of aromatics is of considerable inferest dug:
to Its commercial Importance in several organic intermediate:
for the production of fine chemicals. The difﬁcuiﬁeal
encountered with homogeneous catalyst systems and fo
environmentally clean process, the solid, selective onc"
recyclable catalysts have been developed for the acylation o
aromatics. The acylation of aromatic substrates is of
considerable inferest for making intermediates which are widel
used for the production of pharmaceuficals, perfumes, dyes
and insectficides, The liquid phase selective acylatfion
aromatics such as foluene o 4-methylacetophenone, anisole
to 4-methoxy acetophencne (4-MAP), veretrcle fo 3.4
methoxypropiophenone, chlorobenzene fo 4,4%
dichlorobenzophenone and biphenyl fo 4
phenylbenzophenone has been caried out using solid catalysts
ike zeolite [(e.g. zeolte betc) and acetfic anhydide @
acetylchloride os acylation reagent.

A bench scale process for the preparation of 4-MAP using H
beta zeolite has been developed.

Zeolite beta
+(CH,CO),0/CH,COCI ——
Liguid phase fixed
bed, continuous

>

COCH,

Schematic representation of preparation of
4-MAP using H-beta zeolite

2.1.2.2.2 Vapour phase nitration and oxidation
of aromatics

Direct nifration of benzene fo nitrtobenzene using dilute HNO, ¢
nifrating agent and solid oxide based catalyst has beel
achieved. A simple fixed bed continuous process has beel
successfully developed at bench level scale. The new processk
based on heterogenecus catalysis where nitic acid and
benzene vapours are passed over solid acid catalyst without
any use of sulphuric acid and hence it is an environment friend)
process. A solid acid catalyst of high acidity (superacid catalysl
has been developed with a high surface area and tested o
200 hours which showed high conversion of nitiic acid (>80 |
and high selectivity (>99.7%) for mono-nitrobenzene. Use o
solid acid catalyst, which showed long life, good conversiofl
and selectivity for nifrobenzene, hos following advantages ovét
conventional H,50, process.
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1 No use of sulphuric acid (conventional process) and
hence no disposal problems,

m Less by-product formation with 99.7-100%
product purlty, and

m Ease of operdtion: Vapours of benzene and nifiic
acid are passed over solid acid catalystin a down flow
reactor and the product is collected aft the
outlet,

2.1.2.2.3 Liquid phase heterogeneous oxidation
solvent-free direct hydroxylation of aromatics

Direct hydroxylation of aromatics like benzene, foluene, phenal,
anisole, etc. and olefinic compounds using solid catalysts and
dilute hydrogen peroxide is of great importance in developing
eco-fiendly processes for industrially important phenolics and
epoxy compounds. The maijor drawback of the liquid phase
heferogeneous catalysis is the common use of a co-solvent,
which poses various down sfream problems like solvent loss
during separation and solvent recovery. Addifionally, the use of
organic solvent is not recommended from green chermistry
gpproach. Hence, a programme was taken up for direct
hydroxylciion of aromatics using solid TS-1 as cartalysts and very
dilute H,O, using warter as reaction medium in the absence of
any organic solvent. The aromatics studied were benzene,
tfoluene, anisole and phenol. The salient resulfs in the
hydroxylation of benzene are depicted graphically.

5 5 B conv.

40 [ ] sel. Ph

No With
Solvent Solvent

Comparison of the activity and selectivity
in the presence and absence of organic solvent
using water as reaction medium, TS-1 as solid catalysts
and dilute H,O..

Chemosclective epoxidation of olifinic compounds

The epoxidation of various olifinic compounds like styrene, ally
Chbride alivl aleohol, methallyl aleohol and methallyl chloride
Using solid zeolite catalysts and dilute hydrogen peroxide was
Carried out under liquid phase conditions, The salient features of
dllylic suostrates are tobulated below:

Comparison of the chemoselective epoxidation of allyl and
methallyl substrates

Substrate Ter“lr;p., C(g/nV., i . Selectivity, .% B
[ (K) o | epoxide | aldehyde| acid | others
ally| alcohol 323 65 94 4,0 - -

e conol .

aliyl chioricie

Fiichioide | ap3 | 90 | 95 - o | °
Methallyl ciconol| 333 | 62 72 12 = 6
Methallyl crioiidg 333 | 72 90 ) ; 10
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The conversion of allyl/ methallyl chloride is higher than the
corresponding alcohel under similar reaction condifions. It is
expected that the greater electronegativity/ elecfron
withdrawing character of O vis-G-vis Cl will deactivate fhe
adjacent C=C bond, as observed,

2.1.2.2.4 CO,utilization

Utiization of CQ, as C,-feedstock in chemicals and fuels
synthesis is of great interest. Among the various CO,-based
reactions the coupling of CO, with i) epoxides yielding cyclic
and polycarbonates (scheme 1) and i) primary amine and alkyl
halides yielding the corresponding carbamates (scheme 2) are
important as they are the most efficient ways of CO, utilization.
Moreover, the products (cyclic carbonates and carbamates)
are highly valued-chemicals and are used in plastic and
polymer synthesis, These chemicals are convenfionally
synthesized via toxic phosgene-based technology.
Replacement of The current phosgene-based technology by a

0 0
/& . o ()JL o —+o0 o o
R ) R)_I R
R =CH,CL, CH,
Scheme - 1

CO,based technology is highly desirable due to its eco-
friendliness. Most of the known catalyst systems for the CO,
based synthesis are homogeneous. They are less stable toward
alr and moisture or require high temperatures and pressures.
Four types of highly efficient, solid catalyst systems are
developed for cyclic carbonate synthesis utilizing CO,. They are
i) Zn-W-based polyoxometallates, ii) zeolite-encapsulated metal
complexes, i) titanosiicate molecular sieves and Iv) organo-
modified mesoporous Ti-SBA-15 rmaterials. With the first three
catalysts a homogeneous Lewis base co-catalyst is required for
high carbonate ylelds. With the fourth catfalyst system (organo-
modified mesoporous Ti-SBA-15) the reaction could be
conducted without any additional Lewis base co-catfalyst.
Further, the reaction could be performed at mild reaction
conditions (60 100 psig; 100 - 140°C). The solid catalysts could
be reused without any loss in activity/ selectivity (carbamate
vield 90%).

The catalysts were found fo be highly active for the phosgene-
free synthesis of carbamates from CO,, primary amine and ailkyl
halide (scheme 2). Calbamate could be synthesized in high
yields at mild reaction conditions. Using the above-mentioned

- solid catalysts the reaction could be conducted in solvent-free

condifions.

2 R'NH, + €O, === [R'NHCOO|[R'NH,|
[R'NHCOO-|[R'NH,"| + RX—= R'NHCOOR + R'NH, + HX

Scheme 2
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2.1.2.2.5 Heterogeneous asymmetric catalysis

A rational approach fowards the synthesis of an efficient
heterogeneous catalyst for enantioselective hydrogenation of
prochiral ketones, involving anchoring of Ru-(S)-BINAP (2,2
bis(diphenylphosphino)-1,1'-pinaphthyl)-(S,5)-DPEN (1,2
diphenyl ethylene diamine) complex on the inner surfaces of
mesocporous MCM-41 and MCM-48 molecular sieves has been
ceveloped. This calalyst shows promising activity and excellent
enantioselectivity (23-98 % ee) in the hydrogenation of prochiral
aromatic ketones, and can be reused several times without any
loss in activity and enantioselectivity as shown in table.

0] OH
Ru-SB-SDPEN-MCM-41/48 :
+ Hz BT,
Ar R KOBu, 2-Propanol Ar R
Catalyst = 100 mg, Ru; substrate: base = 1: 1400: 20;
temp. = 100 °C; H, pressure = 1.38 MPq;

stiring speed = 400 rpm); duration = 6 h.

Recycle studies of the heterogeneous catalysts for
hydrogenation of acetophenone

Ru-SB-SDPEN-SI0,  Ry-SB-SDPEN-MCM-48 Ru-SB-SDPEN-MCM-21

conv. ee conv. ee conv. ee
No. of

recycles (Mol %) (%) (mol %) (%) (mel %) (%)
0 92.0 94 94.0 93 26.0 95

1 78.3. 84 93.7 93 959 95

2 58.9 72 23.8 93 95.7 95

3 42,9 71 93.5 93 95.8 95

4 20,6 70 93.3 23 95.4 95

2.1.2.3 Im-situ structural characterization of solid
catalysts

2.1.2.3.1 Active Ti sites in titanosilicates: EPR and UV-
Visible spectroscopy

Titanosilicate molecular sieves have been widely investigated
for their remarkable catalytic activity in the selective oxidation of
a variety of hydrocarbons at mild conditions using H,O, oxidant.
In spite of two decades of significant progress there are still
many unresolved issues and challenges in this field. The
knowledge of the idenfity and structure of the active sites on
fitanosilicates, the configuration of the reaction intermediates
formed by their interaction with oxidant/ reductant molecules,
and the reaction mechanism is not adequately understood. A
detalled understanding of this problem might lead to the
development of efficient large pore titanosilicate molecular
sleves more active than the medium pore T5-1 in the selective
oxidation of large molecules of interest to the fine-chemicals
industry. With this aim different types of fitanosilicates were
investigated during reaction conditions using in sifu EPR, UV-
visible and magnetic susceptibility techniques. The interaction
of agueous H,O, and anhydrous urea-H,0, and H, + O, with
fitanosilicates revealed for the first fime the presence of different
fypes of framework Ti-sites (A and B; see EPR figure). Different
types of oxo-i species (I Ti-superoxo and Il Ti-peroxo; see UV
figure) were realized, It was found that there exists a correlation

CATALYSIS

between the concentration of different T sites/oxo-Tl specieg
and cafalytic activity/ selectivity in  hydroxylation ang
epoxidation reactions. This in situ spectroscopic methog
provided deeper insight into the structure of the active sites ang
their catalytic role. Pd-loaded TS-1 cafalyst for epoxidation of
small molecules like allyl alcohol and allyl chloride using H, + 0,
oxidant is a very recent development. This approach has great
potfential for an enfirely new process for propylene oxide ang
epichlorohydrin,

i A
In-situ EPR and DRUV-Vis Studies -Oxo-Ti Species
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2.1.2.3.2 Bronsted acid sites in mordenite:
Multinuclear MAS NMR

'H-“Al REAPDOR Rofational Echo Adiabatic Passage DOuble
Resonance (REAPDOR) NMR experiments distinguish structurally
dissimilar Bronsted acid sites located In main 12 ring and 8 rind
channels of the zeolite mordenite.

Structure of mordenite, shape selective
catalyst, used industrially, showing 4
non-equivalent T-sites located in main-
12 rng channels and 8-ring side
pockets
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a1 30-MAS spectrum of NH,/H'-MOR. The anisotropic
projection onto the d, axis (fop) corresponds o the classical MAS
spectrum and displays only a broad fetrahedral resonance. On
the contrary, the isotropic projection onfo the d,, axis (leff) shows
two different tefrahedral resonances labeled as Al"(l) and A1)
and coirespond to the Bronsted acid sites Si-O(H™)-AlI and Si-
O(NH,")-Al", respectively.

[t was observed that the non-equivalent tetrahedral Al sites af
the Brensied acid environments could distinguished by “Al-{TH]
REAPDCR due to the large difference in the dipolar dephasing
behavior when proton locadlizafion has been achieved.
Additionaily, evidence from an independent Al triple quantum
MAS exp=riment on NH/H™-MOR is presented as shown in figure.
Two tefiahedral “Al resonances [AIV(), AV (D] are clearly
resolved clong the isofropic dimension (dISO) of the 3Q-MAS
sheared spectrum. No clue about the multiplicity of tetrahedral
Alsites is provided in the “Al MAS spectum,

2.1.2.5.5 Mechanistic study on selective
N-monomethylation of aniline: FT-IR spectroscopy

Selective N-monomethylation of aniline has been carried out on
Cu-Zn ferrospinels and its mechanistic reaction pathway has
been explored by In sftu FT-IR spectroscopy. In a very similar way,
Phenol methylation to o-cresol and 2,6-xylenol on Cu-Co
ferospirel has been carried out. Partial oxidation of alcchols o
yclue added products like aldehydes and acids has been
initlated

2.1.2.3.4 Structural transitions in titanosilicates and
oxide catalysts: non-ambient powder XRD

The locartion of metal ions in the framework of titanosilicates (e.q.
18-1) and the site occupancies can be identified using variable
femperature XRD technique. The structural modifications on
€ocling high Ti loaded sllicalite-1 (Si/Ti=33) samples from room
temperature (RT) to 80 K under anhydrous conditions using high
'®s0lution powder X-ray diffraction fechnique and CuK radiation
have shown that the phase transition from orthorhombic fo
Monoclinic occurs in the range 165 fo 190 K with different Ti
Concertiation. An attempt has been made to locate the
PIobable occupation sites of fi in the framework using the
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Rietveld refinement technique. Ti occupied the T sites T2, 13, T4
and T5 and it appears that the T4 site is preferentially occupied
as compared fo others and these contribute to the formation of
peroxo, hydroperoxo or superoxo radical enabling facile
oxygen transfer fo the substrate. The location of the acid sites in
the channels and cavities control its cafalytic application.
Further studies with different metallosilicates are in progress.

Ten sy gaug

Multiple plot of LTXRD patterns of a typical 1S-1 sample
Zirconia-based solid catalysts are finding increasing
applications in H, generation, 3-way catalysis, low femperature
CO oxidation, etc. The structure of zirconia has a marked effect
on the metal dispersion. In sifu high temperature XRD (HTXRD)
studies on these materials would be highly useful to examine the
structural changes of the support and ifs conseguences on
metal dispersion af reaction conditions. The discrepanciesin the
reports on zirconia and the inconsistencies in the literature are
mainly with reference to the structural properties of zirconia,
which alfer as a function of temperature or doping of other
metal atoms In the lattice. Rietveld refinement studies carried
out on the RT and HTXRD profiles of copper stabilized zirconia
samples revealed that zirconia has not been stakbilized into the
cubic phase alone and is a mixture of cubic and tetragonal

% Cubnc phase:

Bowomomom oW om ow
Ceppes, ol L3

Crystaliite size and the Rietveld refi émenf of
relative % with copper Zr, 4, Cu,,0, scanned
content at1173 K

4

phases. There Is an increase in the concentfration of cubic
phase at the expense of tetragonal phase with increase in
femperature and with a steady increase in crystallite size. Higher
concentration of dopant copper and smaller crystallite size are
the goveming factors in the stabilization of zirconia info cubic
phase.

2.1.2.3.5 Mechanistic investigations using molecular
beam experiments

Fundamental studies on NO dissociation reactions have been
caried out without any reductant and with CO as reductant on
Pd(111) surfaces in a molecular beam eguipment. First time NO
dissociation could be seen on Pd(111) surface at high flux
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conditions indicates the catalytic activity. Systernatic studies
indicate the changes in sticking coefficient and other basic
factors, NO+CO reactionis active in the temperature window of
425-625 K. CO displacement by NO was observed clearly in the
reaction indicates the stoichiometry of reactants on the surface
is considerably different from the reactants mixture composition
and influences the reaction. CO oxidation studies dlso have
been caried out and indicale the bistability of the reaction on
Pd(111) surfaces at certain conditions and hints the initlal state
of the catalyst surface very strongly influences the reaction iate.

2.1.2.4 Nanotechnology in catalysis

2.1.2.4.1 Formation and entrapment of gold
nanoparticles in organo-functionalized mesoporous
silicas

A novel method for simultaneous formation and entrapment of
gold nanoparticles in NH,-propyl-Si-MCM-41 was developed.
From the results it could be concluded that gold nanoparficles
can be convenlently synthesized and stabilized in siliceous
ratrices, ordered or amorphous, The silanol groups present on
the surface of host matrces parficipate in the reduction of
aqueous chloroaurate ions to form the nanoparticles, When
amorghous silica was used as the host, size of the nanoparticles
could be confrolled by exemal addition of alkylamine
molecules. The dlkylomine molecules form self-assembled
monolayers on the surface of the gold nanoparticles during the
inifial nucleation period, and thus prevent further growth, Particle
size is dependent on concentration and alkyl chain length of the
dlkylamine molecules. However, when organo-functionalized
MCM-41 was used as the host, the addition of alkylamine
molecules was not af all necessary. The presence of pendant
NH, or SH functional groups inside the mesopores, evidenced
from solid-state NMR experimenits, serve the same purpose by
enfrapping the gold nanoparticles fthrough covalent
interactions just after their formation.

o e . surmng n HAUCK, soin. TSy ‘i,__ %
for 86 RT
Si-MCM-11
:‘_I R-Si-MC ML Auto-reduced guld nano-clusters
NH R -Si-MC M

trapped wmide "N, -3-MCHM-41

The probable structure of the NH,-MCM-41 material before and
afterimmersion in HAUCI, solution for 26h. The magnified view of
the cross-section shows the entrapped gold nanoparticles
formed by spontaneous reduction of chlioroaurate ions by the
MCM-41 material

It was further demonsfrated that the gold nancparticles
supported on organo-functionalized MCM-41 materials exhibit
good catalytic activity in the hydrogenatfion of unsaturated
olefinic substrates. In fact, these materials show better catalytic
activity than the fumed silicagoeld nanocomposites, obviously
due to smaller particle sizes. This makes the nano-Au-MCM-41
materials budding systems for future applications in catalysis as
shown inscheme. *

('
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A 100 myg Au-nano-NH . MCM-41 ,'it

_ e
N 27 6 h, CH,OH L
S e Elhylbenzene
CHuro f

Shene 100% Selectivity

{L-Oonversion

30 mol®s )

Conversion of 1-hexene on different supported gold catalysts

Catalysts Mean diameter of Au Conversion of

nanoparticles (nm) 1-hexene (mol. %)

AU-BH-SH-MCM-41°

nano-Au-NH-MCM-41 3.5 0.7 18.1
nano-AusH-McM-41 34 08 180
SAus 3.2 05 18.7
; 17.2 05 6.8
SiAU400 20.6 0.5 7.2
SIAUDDA] 10.0 0.5 8.7
SIAUDDAS3 15.9 0.5 7.6
SIAUDDAG 18.8 0.5 9.6
SIAUNOA3 21.3 0.5 5.1
SIAUODA3 10.5 0.5 8.3

Reaction conditions: femperature = 150 °C,; H,pressure =
5.5 MPa; duration = 8 h.°-Au nanoparticle formed from
borohydride reduction of agqueous HAUCI,

2.1.2.4.2 Silica supported MoQO, nanoparticles for
nitration of aromatics

Nifration of aromatic subsfrates Is a widely studied reaction
because of its industrial importance as many nitre aromatics are
extensively used as infermediates for the manufacture of dyes,
pharmaceuticals, perfumeries and pesticides. Conventionally
nitraiion of aroratics is caried out using o mixture of nitric and
sulfuric acids, The waste generated during the course of the
reaction contains dilute sulfuric acid and its disposal and
recycle is a major problem. The nitration of benzeng,
chlorobenzene, toluene, xylenes, phenol, flucrotoluenes,
naphithalene, etc has been caried out using various solid acid
catalysts. The use of solid acid catalyst not only eliminates the
use of sulfuric acid but alsc ensures good selectivity for the
desired products. '

A catfalyst, which is mesoporous silica suppored MoO,
nanoparicles using modified sol-gel process has beef
synthesized. It showed a very high activity for vapor phase
nifration of benzene at lower femperature. Benzene was nitrated
using concentrated nitric acid (70 %) in liquid phase over solid
acid cartalyst (new solid super acid). The results indicate 100 %
selectivity for nitrobenzene and maximum conversion of nitric
acid (90-95 %) with no deactivation of catalyst.

A laboratory scale process has been developed using fhis
catalyst, which showed good potential for thé
commercializaticn. The product nifrobenzene has been
analyzed and meets the specifications. An industrial customel
has shown interest in the process and a plan is being worked oul
to set up the plant fo scale-up the laboratory process i
custormer's premises.
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2.1.2.5 Environmental clean-up

2.1.2.5.1 DeNOx catalyst for lean-burn diesel engine

Diesel engines are popular because of their fuel efficiency
comparad to gasoline engines as they operate under very lean
conditions (excess of oxygen as compared fo the
stoichiometric A/F ratio) and operate with high compression
afio, The conventional three-way autoexhaust catalyst is not
active for NOx reduction due to the presence of excess oxygen
in the diesel engine exhaust. Efforts are being made to find out
an efficient catalyst to reduce NOx under lean-burmn conditions.
Two different approaches are adopted for removal of NOx from
diesel engine exhaust. First Is direct reduction of NOx using
hydrocarbon and second is NOx storage reduction (NSR). The
work Is being done on the second approach, i.e., NSR. In this
approach NOx is stored on the catalyst as nitrate under lean
conditions. When catalyst is saturated with nitrate, o pulse of
hydrocaibon is given to reduce nitrate fo N, and hydrocarbon
gefs oxidized o CQ,. The necessary reactor facility has been
set-up for the evaluation of the cataldic activity for NOx
femoval. Few catalysts have been synthesized with varicus
Composiiions and using different synthetic techniques. These
Catalysts have been characterized using various
Characterization techniques and NOXx sforage behaviour has
been studied using in sifu IR studies. The catalytic activity for
deNOx siorage and reduction has been evaluated using online
mass speciiometer and the results are encouraging.
N2

No O .

NOy § NO,; —= NO, g

NC
J: w7
, NOx storage MNOx storage
Pt ) compounds Pt compounds Pt
Support E | Support
R = Reducing agent
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ams
Vacuum
System

0, HC NOHe SO,

Schematics of the reactor fabricated
2.1.2.5.2 Photocatalysis using nanocrystalline titania

Nanocrystalline titania of different crystallife sizes (2-18 nm) have
been made without any impurity of brookite or rutile using a
novel ulirasonication technigque which have shown higher
photocatalytic activity for the decomposition of
monochlorobenzene and methylene blue dye in the UV region.
The modified nanocrystalline samples using hydrogen peroxide
are more effective as a photocatalyst in the visible light. These
catalysts are found be active in the epoxidation reactions too.

: e ian)
R S ”rm'» [
e

Photocatalytic activity
in UV light

Photocatalytic activity
in visible light

2.1.2.6 Biocatalysis and biosynthesis of nanomaterials

2.1.2.6.1 Biocatalyst for selective synthesis of
lactones from cyclic ketones

Fusarium oxysporum f. sp. was found fo be an efficient and
selective biocatalyst for the biotransformation of
cyclohexanone and cyclopentanone info s-caprolactone and
&- valerolactone, respectively, in gquantitative vields. The whole
cell mycelia of the fungus were used in the absence of any
extemally added co-factor like NADP or NADPH. Figure depicts
the biotransformation of cyclohexanone o cyclohexanol and
caprolactone using Fusarium oxysporum.
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Progress curve of ketone transformation with £ oxysporum 1. sp.
ciceri NCIM 1282, A: cyclohexanone; B: cyclopentanone;
curve a (o) = conversion of ketone, curve b (s) = yield of the
coresponding alcohol, curve ¢ (s) = yield of lactone. Reaction
conditions: biocatalyst concentration = 20 gm wet wt/ 100 ml
reaction medium, temp = 28°C, shaker speed = 200 pm,
substrate concentration = 100 mg/ 100 mireaction medium.

2.1.2.6.2 Biosynthesis of nanomaterials

The development of reliable, eco-fiendly processes for the
synthesis of nancscale materials is an important aspect of
nanotechnology. As part of our ongoing investigation into the
use of fungi for nanoparticle synthesis, depending on the
reaction conditions of the fungus Tricothecium sp. with agueous
gold ions it was found that gold nanoparticle synthesis can be
controlled fo cccur either within the biomass or extracellularly.
More specifically, it has been found that reaction of gold ions
with the Iricothecium sp fungal biomass under stationary
conditions results in the rapid extracellular formation of gold
nanoparticles of spherical, rod-like and tricngular morphology
whereas reaction of the biomass under shaking conditions
resulted in intracellular growth of the nanoparticles. It is believed
that on changing the reaction condifions of the fungus with gold
ions, the concentration of enzymes and proteins which are
being released into the medium under stationary and shaking
conditions varies resuffing In the formation of extracellular
infracellular gold nanoparticles. The gold nanoparticles are not
foxic fo the cells and the cells contfinued to grow after the
biosynthesis of the gold nanoparticles in both the cases. Below is
an example of biosynthesis of gold nanoparticles CdS
nanoparticles using fungus Tricothecium and Fusarium
oxysporum, respectively.

Absorbance (a.u.}

Wavelength (nm)
UV-vis spectra recorded as a function of fime of reaction of a 10
* M agueous solution of HAUCI, with Tricothecium sp. biomass
grown in stationary phase. The inset shows a test fube of the gold
nanoparticle solution formed at the end of the reaction (48 h).
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UV-vis spectra recorded from the agueous 107 M CdSO, solution
as a function of time of addition of the fungal biomass. The time
of reaction (in days) is indicated next to the respective curves,
The inset shows fest-tubes containing the CdSQ, solufion before
(test-tube on the leff) and after reaction with the fungal biomass
for 12 days (fest-tube on the right).

2.2 Homogeneous catalysis

2.2.1 Hydroformylation of 1,4-diacetoxy-butene to
vitamin-A intermediate

Hydroformylation of substituted olefins Is gaining considerable
aftention in cataltic synthesis of several complex organic
infermediates with applications In fine chemicals,
pharmaceuticals and specialty chemicals. The application of
hydroformylation In organic synthesis Is highly promising as it
provides a clean catalytic route with high atorn efficiency o
substitute the conventional reagent based synthesis. The
synthesis of a, B-unsaturated aldehydes by the hydroformylation
of 2-alkenyl acetates and subsequent elimination of acelle
acid are used for the production of intermediates, which are of
interest in ferpene chemistry having great significance I
perfumery applications. Anotherimportant example of this class
is the hydroformylation of 1,4-diacetoxy-2-butene (DAB) 10
obtain 1,4-diacetoxy-2-formyl butane (DAFB), which is an
intermediate in synthesis of Vitamin-A acetate. Reaction is as
shown below:

H,ICO
CH,0C0o HRICONPPhy), i HOA i
000y — - el CH.ADCO\/K,/\ -Hoko }\/\
OCOCH; 1000 psigi7s *C QCOCH, OGACH,

DAB DAFB FAB

The objectives of this project are: i) development improved
catalyst for catalyst/ product separation. Rhodium catalyst for
hydroformylation of DAB, ii) investigation of kinetics in detail, and
iil) development of heterogenized catalyst for catalyst/ product
separation.

Hydroformylation of 1,4-diacetoxybutene using homogenecus
HRN(CO)(PPh,), catalyst was investigated with the aim 10
understand product distribution, selectivity and infrinsic kinefics:
The effect of HRh({CO)(PPh,), and 1,4-diacetoxy 2-butene (DAB]
concentrations, and  CO and H, parfial pressures on the
concentration vs. time profiles was studied over atemperatfure
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ange of 33810 358 K. A detailed analysis of the kinetic models
was caried out using the integral batch reactor data for the
homog=neous catalysf fo develop rate equations for both the
hydroformyiation and deacetoxylation steps. The activation
enafgies were found fo be 75.24 and 108.9. kJ/mol respectively.
Heterogenized cafalysts also have been prepared by
encapsulation and tethering techniques. For the first fime, it has
been shown that hydroformylation as well as deacetoxylation
takes in single step (fandem synthesis) fo give FAB with 100%
selectivity. Catalyst is active and selective even affer 5 recycle

experin ents.
2.2.2 Carbamate synthesis

cabomaies are useful compounds having wide range of
applications in chemical industry such as in the production of
commodity chemicals like polyurethane, herbicides and
pesticic=s. On the other hand carbamates are required in low
volumes but high cost category segment in specialty chemical
industry for the production of drug Iinfermediates in
phamnaceutical industry,  They are also used In the production
of highly value added drug infermediates In pharmaceutical
industry  In organic synthesis cabamates are often used as
proteciing groups for amine functionality. The conventionol
process for the carbamate synthesis is based on phosgene
technology; this process besides being highly energy intensive
uses highly comosive phosgene and produces hydrochloric
acid as o side product, Efforts are continuously being made for
the replacement of phosgene-based fechnology with
environmentally benign routes such as carbonylation of nitro
compounds, oxidative carbonylation of amines, carboxylation
of amines using organic carbonates or carbon dioxide and
alcohoalysis of urea,

The objective of this work is to develop an improved method for
carbamate synthesis using organo-tin - catalyst  wherein
applicablity of our protocol is extended to synthesize wider
range of carbamates by reacting ureas and carbonates.

The rouie developed is based on two industrially important
methods for the synthesis of carbamates viz., alcoholysis of
ureas cnd carboxylation of amines. Synthesis of carbamate
derivative from urea and carbonate using various
homooeneous catalyst has been carried out and it was found
that tin complex catalysts such as DBTO shows excellent activity
and selectivity, The effect of reaction parameters such as
tempeiciure, concentration of reactants, catalyst, effect of
solvent etc, were examined. In atypical optimized conditions 93
% yleld of N-phenyl phenyl carbamate have been realized at
150°C in 4h reaction fime.

Dibutyl tin oxide ) .
— = 2R NHCOOR"

urea carbamate

ROCOOR? + R'NHCONHR'
carbonzate
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2.2.3 N-alkylation of amines to dimethyl aniline

N,N-Dimethyl anilines (NNDMA) are useful infermediates in the
synthesis of dyestuffs, pharmaceuticals and agrochemicals as
well as fine chemicals such as vanillin, michler's ketone efc. They
are also used as solvents and additives in the production of
synthetic rupber. NLNN',N' -Teramethyl-1,4-phenylene diamine
is used in the bio-medical field as a reagent known as Wurster's
blue.

Conventional alkylating agents are not good from
environmental point of view e.g. alcohols as alkylating agents
are effective only at higher temperatures (>250 °C) besides the
formation of side products such as foluidines due to ring
alkylation. The results on N-alkylation of anilines with organic
carbonates indicate that, while mono alkylated products are
formed selectively in the liquid phase alkylation, dialkyloted
products are difficult to synthesize selectively. Therefore, itis most
desirable to produce selectively NNDMA in high yield.

The objective of this work Is fo develop an envionmentally
benign catalytic route to synthesize selectively N,N-disubstituted
alkyl anilines in high vields and almost free from side products
such as mono alkylated anilines, carbamates and alkyl
foluidines using DMC as methylating agent and onium safts as
catalysts,

Selective synthesis of dialkylated product by N-alkylation of
aromatic amines using dimethyl carbonate requires high
fernperatures in the range of 250-300°C.

NH, N(CH3);

Onium salt, 170°C
+ CH40C00CH; ——— =
Water, 2h

s
X

yield

99.8%
A comparatively low temperatures (< 200 °C) monoalkylated
amine and carbamates are formed as side products. In the
present investigation it was shown that onium salt as cafalyst in
presence of small quantities of water selectively gives dimethyl
anlline in 99.8% vield af 170 °C intwo hours,

2.2.4 Single step process for the preparation of p-
aminophenol via catalytic hydrogenation of
nitrobenzene

p-Aminophenol (PAP) is an infermediate for making
paracetamol, a widely used antfipyretic and analgesic drug.
Conventional method of preparafion of p-aminophencl
involves Fe/HCI reduction of p-nittophencl, which poses d
serious effluent problem, due o generation of large amount
(1.2 kg/kg product) of Fe-FeO sludge. Development of
catalytic single step process for p-aminophencl vid
hydrogenation of nitrobenzene was undertaken,
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the process opfimization work is in progress and the PAP
selectivity has been enhanced from 58 to 70% by pretreatrnent
of the catalyst and medifying the work up procedure. A
successful bench scale demonstration was given (2 liter and
300 ml scales) to the sponsor. Based on the bench scale
process, a basic engineering package (BEP) for pilot plant (100
liter vol. reactor) has been prepared and given to the industrial
customer.

2.2.5 Development of process for
4-hydroxybenzaldehyde

Catalytic liquid phase oxidation of substituted foluenes by
airfoxygen fo the corresponding aldehydes is of great industrial
imporfance. One such example is p-cresol oxidation to 4-
hydroxybenzaldehyde(PHB) which is a starting material for the
manufacture of vanillin. PHB is also used as an additive for metal
plating brighteners, in perfumes and in liguid crystals.
Conventionally, PHB is obtained as a by-product from Reimer-
Tiemann reaction of salicylaldehyde with phenol. Work on
carfalytic liquid phase oxidation of p-cresol fo PHB with an
objective to develop a catalyst and a bench scale process for
PHB has been starfed.

A cobalt based catalyst which can give > 93% selectivity to PHB
with complete conversion of p-cresol has been developed. The
reacticn conditicns like tfemperature, p-cresol concentration,
catalyst loading, and oxygen partial pressure have been
optimized to give the highest conversion and selectivity to PHB,
Collection of other relevant data for determining the kinetics of
this reactionis in progress.

2.2.6 Studies in multiphase reactors
Modeling of a bubble column slurry reactor

A bubble column slury reactor model has been developed for
the hydrogenation of aqueous maleic acid (MAC) fo
fetrahydrofuran (THF). This particular reaction system has recent
commercial relevance and represents a case where complex
multi-sfep catalytic hydrogenation reactions are conducted at
high pressure (>15 MPa) and high temperature (>240° C). It
also has cdditional complexities associated with the reaction
chemistry since the THF reaction product is volatie and the
reaction Is highly exothermic. The model proposed here is
derived using the mixing cell approach and incorporates the
confributions of gas-liguid and liquid-solid mass transfer,
intfraparticle diffusion effects, product voldtility, heat effects and
complex mulfi-step reaction kinetics. The effect of gas and
liguid velocities, catalyst loading, inlet maleic acid
concentration, and femperature on the conversion, selectivity,
temperature rise and productivity of the desired products (THF
and y-butyrolactone (GBL)) Is also discussed. Since the reaction
step involving the hydrogenation of GBL to THF is relatively slow,
severe operating conditions are necessary to achieve high THF
selectivity. The distribution pattern of THF in the gas and liguid
phases is also discussed. The model proposed could be useful
for simulation of existing pilot or industricl scale reactors as well
as the design and scale up of new reactors for this particular
reaction orone that has similar characteristics.
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Esterification using ion exchange resin catalysts

The ion exchange catfalysed esterification of the reactiong
systems, i) kinefics of esterification of acetic acid with methangl
using Dowex 50W catalyst, ii) kinetics of esterlfication of acetic
acid with butanol using Dowex 50W catalyst and iii) kinetics of
esterification of maleic acid with methanol using Dowex 50w
cafalyst have been studied. While the first two processes are

used as case sfudy of esterification reaction to account the |

homogeneous reaction in simullaneous homogensous-
heterogeneous catalytic reaction, the third problem s
challenging as it involves esterification of dibasic acid, which
have commercial value,

For all the systems under consideration, kinefic equations have
been developed using extensive experimental data obtained
over a wide range of operating conditions. In evaluating the
kinetics the confribution of both homogenecus and
heterogeneous reactions have been taken into account. Batfch
and fixed bed reactor models have also been developed, and
the model predictions compared with experimental dafa.

2.2.7 Racemization of 2-aminobutanol to
dl 2-aminobutanol

Ethambutol hydrochloride (N,N'-ethylene bis (2-aminobutanal)
di hydrochloride) is one of the drugs used in combination with
other anfi-tubercular drugs and it helps to boost their effects.
Opfical resolution of df 2-amino -1-butaneol gives d 2-amino -1-
butanol, which is used in the manufacture ethambutol
hydrochloride. The undesired isomer ! 2-amino 1-butanol has no
utility. It is highly desirable to convert this undesired isomer info
racemic mixture so that it can be again resolved to get disomer,
The aim of this project is to develop an optimum process for
racemization of | 2-aminobutanol fo af 2-aminocbutanol and
carry out the catalyst recycle studies.

The preliminary investigation on racemization, identification of
py-products formed and optimization of the reaction
parameters has been done. Effect of various reaction
parameters like fime, substrate concentration, catalyst
concentration, temperature and pressure on extent of
racemization and by-product formation has been studied.
Study on catalystrecycle isin progress.

2.2.8 Hydrogenation of ethylene glycol

Ethylene glycol of high purity is required for the preparation of
polyasters. Recycled ethylene glycol used as o feed for this
purpose, contains low levels of organic, metallic and oligomeric
impurities. Hydrogenation in the presence of a cotalyst can
remove organic impurities in the recycled ethylene glycol. The
objective is to determine the degree of removal of the impurities
present in recycled ethylene glycol by hydrogenation in @
continuous frickle bed reactor and to determine the change in
catalyst performance over a period of fime,

A preliminary investigation in a tickle bed reactor using synthetic
feed for catalysts supported on carbon has been completed.
The effects of various reaction parameters like catalyst loading,
femperature, pressure and liguid flow rate have been studied,
The performances of the catalysts have also been evaluated for
the recycled ethylene glycol,
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3. Chemical engineering science

3.1 Polymer & catalytic reaction
Engineering

3.1.1 Polymer reaction engineering

pyr:amic model for polypropylene fluidized bed
reactor: PORE

Gas phase propylene polymerization process is d complex
process wherein small catalyst parficles (20 - 80 mm) react
with “he incoming fluidizing gas (monomer) to form a broad
distibution of polymer particles (100 5000 mm),
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Particle diameter (cm)

} Effect of catalyst feed rate on PSD

At the same time, final polymer properties can change
drastically depending upon the nature of cafalyst (active sites,
deactivation, fransformation rates efe.). Amathemartical mocel
capable of predicting the simuttanecus effects of complex
kinetics and particle size distibution is essential to completely
understand and optimize the performance of the system.
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PORE Poly-olefin REactor simulator) is a software built around a
Comprehensive mathematical model to simulate transient
Behavior of fluidized bed polypropylene reactors. Rigorous
Polymerization kinefics (which include several activation,
decciivation, fransformation, chain transfer and propagation
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reactions) applicable for multi-site catalyst with more than one
monomer is Incorporated inthe model. Partficle size distributionis
predicted by solving steady-state population  balance
equations after steady state is achieved. The model is capable
of predicting the effects of operating conditions such as
superficial gas velocity, temperature, pressure and cafalyst feed
rafe on polymer properties and PSD of the product stream,

3.1.2 Catalytic reaction engineering

Modelling of FCC riser reactors

Fluid dynamics of a FCC riser reactor is exiremely complex.
Computational fluid dynamics based modelliing offer powerful
tools to understand such complex fluid dynamics and to redlize
the desired solid and temperature profiles within the riser reactor.
Coupled with reaction engineering models, such CFD models
offer unigue tools o enhance performance of FCC systems.
Such maodels are belng developed under this project. Three
layers of computational models namely, 1) mixing and
evaporation of oil droplets with hot solids, i) gas-solid flow in riser
reactor, and i) cracking reactions in riser reactor, are being
developed. Process of three-phase mixing with phase change
occuring in the boftorn region of a rser reactor wil be
thoroughly analysed. Computational flow models are being
developed in three stages, viz., 1) fully developed gas-solid flow,
ii) extension to developing flow, and iii) extension to three-phase
flow with evaporation. Emphasis will be given on developing
predictive models fo simulate influence of particle
characteristics, solids flux, gas velocity and riser diameter. The
developed models will be mapped on fo commercial CFD
code, FLUENT (of Fluent Inc., USA). The CFD model wil
communicate with riser reactor model in real ime. Riser reactor
model based on mixing cell framework will be developed 1o
simulafe cracking reactions. The models will be validated by
comparing predictions with published information and data
from Indian refineries, if available. The model will be able to
predict the dynamic behaviour of riser reactor and will be useful
for performance enhancement,

3.2 Flow modelling
3.2.1 Modeling of multiphase flows

A comprehensive study of fluid dynamics of gas-liquid reactors
(stimed and bubble colurmn and trickle beds) has been initiated.
New ways of characterizing inherently unsteady flow in these
gas-liquid reactors are being developed. Arrays of pressure and
voidage probes (fo measure wall pressure and gas hold-up
fluctuations) will be used to capture and 1o study the dynamics
of gas-liquid flows. Possible ways of reducing the complex
dynamics to fewer degrees of freedom based on
phenomenological models wil be explored. Rigorous
computational fluid dynamics based models have been
developed to guide the phencmenological modelling.
Eulerian-Eulerion and  Eulericn-Lagrangian models were
developed fo simulafe gas-liquid flow in bubble columns. These
CFD models were verified and validated by comparing
predicted results with expermental data, The modeling
framework and understanding gained during the project will be
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used to develop robust and powerful tool (like stethoscopes) fo
characterize, to contrel and fo optimize the fluid dynamics of
dispersed multiphase reactors.

3.2.2 Modeling of membrane spacers

Detailed CFD models are developed to simulate complex fluid
adynamics of membrane modules. CFD models were used fo
enhance existing understanding fluid dynamics of membrane
modules and to study influence of spacer shapes and
configuration on the fluid dynamics. The emphasis is on
understanding influence of curvature of spiral membrane
modules on fluid dynamics. The computational experiments will
be caried out fo identify optimum shape of spacers for different
conditions and fo develop strategies for performance
enhancement.

3.2.3 Modeling of filament interaction

Drag coefficient on a yam in a spinning cell together with mass
and heat fransfer coefficients are important parameters
affecting both the drying of thread lines and the formation of
yarn properties. Computational study of axial flow over single-
and multifiloment thread lines was therefore undertaken.
Certain simplifications regarding the diameter variation and
properties of the fibers were invoked. Analytical solutions were
obtained for certain limiting cases. Computational  fluid
dynamics (CFD) based models were developed fo simulate
flow, drag and other transport processes from the moving fiber(s)
with an axial flow of gas. Computational model was verified by
comparing with analytical solutions. Simulations will be carried
out af various parameters covering the relevant range of interest
(fiber velocities, diameters, gas flow, number and spacing of
filaments). The simulated values of drag, heat and mass fransfer
coefficients will be presented in the form of corelations. These
results will enhance the accuracy and the reliability of the
simulations of spinning chambers.

3.2.4 Characterization of polypropylene fluidization

b s

Fressue sgnat {v;

Pressure fluctuations recorded inside
the bed and in the freeboard region

Fluidized bed solid catalyzed propylene polymerization is one of
the main and important routes to produce polypropylene. The
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fluidization behavior of polypropylene particles is critical i
designing the reactor. If the gas phase is not equally distributeg
throughout emulsion phase then, in some parts of the reactg
there is a danger of excessive heating of polymeric particles fo
the point of melting and forming large polymer chunks, On the
other hand, lack of monomer in the vicinity of a growing polyme;
particle may yield sub-optimal polymer properfies. Further, the
fluidization behavior of polypropylene is complicated because
of wide parficle size distribution and agglomeration of particles,
Therefore, understanding the fluidization behavior is vital in
successfully designing and scaling up the polypropylens
reactor.

The fluidization behavior of polypropylene resin was studied
using analysis of wall pressure fluctuations. It was observed that
the signals obtained from the bed region and freeboard region
are in 180° phase shift indicating bed surface phenomena to
be one of the root causes of fluctuations. The change in
fluidization state could be identified by the analysis of power
specira and dominant frequency. Nonlinear dynamic tools like
Kolmogorov enfropy were used to provide quantitative
information about the fluidization; efficient ways should be
employed to extract maximum information from a fime series
using these fools. Wall pressure fluctuations measurement i
found o be a useful fool to characterize the flow in fluidized bed
reactors. More experimentation is needed in order fo
completely understand the effect of particle size disttibution on
polypropylene fluidization.

3.2.5 Bubble formation at single orifice

Typical voidage
profile

Many unique properfies of fluidized beds can be aftributed
directly fo the presence of bubbles and fluid dynamics of
fluidized beds Is dominated by bubble behavior, Therefore,
accurate prediction of bubble characteristics such as the size
distribution, the bubble rise velocity distribution and the bubble
frequency distribution is very important. However, thesé
distriibutions depend on the inifial bubble characteristics af the
gas distributor, where the bubbles are generated. Furthermore,
the gas-solids contacting efficiency of fluidized bed reactors i§
quite sensitive to the bed hydrodynamics just above the gas
distrioutor plate, Mass and heat fransfer processes are seriously
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affected by the mechanismn of bubble formation. Thus
accurately predicting formation of bubbles af the orifice is of
extrerne importance.
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Experimental and predicted bubble sizes

This projectis aimed af developing a dynamic Eulerian-Eulerian

CFD model for bubble formation at a single orifice. The model
is based on two fluid theory, which assumes both the gas and
the solid phases as confinuum phases. Model simulations were
cariec out using FLUENT 6.1.18 (of Fluent. Inc.). Preliminary
numerical experments were performed fo resolve the issues of
gid size, discretization scheme eic. on bubble formation.
Numerical experiments were then performed to assess the
effect of various parameters such as drag, granular viscosity,
fictional viscosity efc. on the bubble formation process. The
simulcted results obfained from this model were compared
with the results obtained from approximate bubble formation
modisls.The computational model and presented results will
provide a befter understanding of the bubble formation
process in fluidized bed reactors.

3.3 Modelling simulation and control

3.3.1 Phenomenology

Isometric graphing and multidimensional scaling
(IGMDS) formalism for modelling complex systems
and :pace-time pattern recognition

A fresh approach for studying systems exhibiting complex
Space-iime dynamics and patterns fromm data has been
developed, This new approach, acronymed (igmds),
effeciively uses isometiic graphing and multidimensional
scaling formalisms along with geodesic distance definitions fo
Identify and analyze complex networks. For example, the
melhodology when applied to o reacting system gives

Considerable insight into clustering properties of reactions

faking place on different types of surfaces (ranging from the
Crystalline to the amorphous and fractal). Pattemn recognition
By igmdss is efficient because high dimensional snapshot data
may be
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studied with Increased accuracy and in significantly recduced
dimensions when compared with conventional principal
component analysis (PCA) algerithms and its analogs.  Results
obtained with interesting cases of spiral pattemn formation and
even turbulence on surfaces show that effects of fractality could
become very relevant in system performance. With advances
in experimental techniques (e.g., atfomic force microscopy
(AFM) forimaging surface dynamics, LEEM, monitoring velocities
as a function of fime and space in 3D, etc.), IGMDS shows
considerable potential for real-life applications.
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IGMDS formalism for studying pattern formation and their
recognition in reacting systems. (a) Spiral reaction paftemns
formed on crystaline surface; (b) Break-up of spirals into
turbulence; (c) Example of a fractal amorphous surface; and (d)
Data analysis using low-dimensional IGMDS coordinates
facilitate space-time pattermn recognition and characterization
in complex systems (e.g.. shown here for the spiral space-time
dynamics)

3.3.2 Process modeling
Support vector machines

Support Vector Machine (SVM) classifiers are a set of universal
feed-forward network based classification algorithms based on
the statistical learning theory and structural risk minimization
principle. For classification problems, which are employed in
process fault detection and process identification and control,
SVIMis minimize training and generalization errors simulfaneously
by minimizing the norm of the feature weights, i.e. by controlling
the size of the feature weights. In addition, SVMs map the input
vectors info a very high dimensional nonlinear feature space
and construct a hyperplane, which linearly separates the data
intfo different classes. This hyperplane is called the maximal
margin  hyperplane because it maoximizes the distance
between the closest points of the two classes. Working with a
high dimensicnal feature space infroduces the curse of
dimensionality. SVMs taclle this problem by appropriately
defining a kernel function relating the datain the input space,
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fo the dof product between the data vectors in the feature
space. A robust fault detection SYM methodology has been
proposed and successfully applied it to detect conditions
leading fo faulty yam quality in rayon manufacturing and to
- identify different cultivars of wine from its chemical composition.
Hybrid Genetic-Quasi-Newton approach for tuning the
algorithm parameters was proposed to make the algorithm
ernor free and robust. Additionally, we have proposed "Data
Symbolization” has been proposed fo deal with unwanfed
features in the data such as noise and extraneous features. This
particular methodology gave good results in presence of noise
on many benchmark classification problems (wine
classification, bacterial growth/no growth classification etc.).

Rossler systerm with SVM control
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SVM s applied to solve regression kind of problems. In one such
application, it is used in confroling the complex nonlinear
systemns by compensating for the nonlinear parf, Once the non-
linearity is identified with SVMs, simple linear feedback control
law is applied to control the system. The methodology was
fested on two imporant chaotfic oscillators (viz. Rossler and
Lorenz) and found fo be showing excellent performance.,

Lazy learning

The input/output mapping [y = T (x)] of a highly nonlinear process
may exhibif reasonably sooth behavior over a certain domain
of variables and may possess very uneven or peaky surfaces for
certain other domain of variables. The global models try fo
obtfain a relafionship that approximates the actual mapping
with least overall error over the entire domain of variables. It is
possible that the model is very accurate in certain regions and
not so much in certain other regions, In other words, the single
global model may have different extents of error in different
regions of the variables span. It is more advantageous in such
cases to build local models, Lazy fearning is one such recently
infroduced nonparametric regression tfechnique that employs o
memory based local leaming approach. Employment of (i)
local weighted regression for parametric identificafion and (i)
PRESS statistic fo assess a local model for structural identification,
are the two unigue features of Lazy leaming. Being o memory
based technique, it does not require separate fraining, which
greatly enhances the speed of implementation.
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System identification for CSTR using lazy leaming
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This is illustrated by solving three important problems in process
engineering comprising boiling point prediction of aliphatic
hydrocarbons using quantitative structural property relations,
system identification for a continuous stired tank reactor in
which an exothermal ireversible reaction between sodium
thiosulfate and hydrogen peroxide occurs and a fermentation
process for polyol production. The performance of the
proposed method was found to be very competitive with some
of the state-of-the-art approaches.

Kernel principal component analysis for data-driven
modeling

Principal component analysis (PCA) is « established
methodclogy often used for process monitoring and
identification. linear PCA ufilizes second order statistics and can
extract only the linear features of the dota. To capture the
correct phase details of the data set and to identify the
dominant features existing between varidbles, a nonlinedr
version of the PCA should be employed. A Kemel based PCA
methodology.has been proposed and elegant nonlinedr
generalization of the linear PCA for (i) denoising chaotic fime
series and, (ii) prediction of properties of polymel

" nanocomposites developed in our laboratory. Use of simple

matrix algebra in simulations makes the method an attractive
alternative to some hard optimization based methodologies.

On-line monitoring of TCB nitration reaction for
abnormality detection in the process

software for process monitoring of TCTNB 1,3, 5-tichloro-2,4,6-
frinitro benzene plant at HEMRL, Pune using support vector
machines. has been developed (TCTNB) is manufactured by the
nitration of TCB (frichlorobenzene), (TCB) which is very hazardous
reaction due fo excessive exothermicity, complex nature of
reaction mechanism, high reaction femperature, reaction fime
efc. Soitis very likely that the reaction may undergo abnormality
leading fo run-away sifuctions. Thus the job of the soffwaré
developed is fo detect the dbnormality in the process and
inform it o the plant personnel as soon as it occurs preventind
runN-away situations,
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we have successfully developed software using the batch
historical dafa given by HEMRL. The appropriately funed
softwore 18 successfully installed af HEMRL and its use was
demonstrated foronline plant data,
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Idea of Kernel PCA: Mapping of data to Feature space F
1 function O and perform linear PCA in the feature space.

Modeling and simulation of catalytic reactions and
reactors including their deactivation patterns

This work focuses on the development of a multi-objective
oplimization algorithm for a tubular reactor-regenerator system
with o moving deactivating catalyst. The task is fo find the
oplimal femperature profile along the fubular reactor, catalyst
recycle ratio and the regeneration capacity for maximizing the
process profit flux, selectivity and conversion. As the existing
deferministic methodologies are best with convergence
difficulties we employed

- e o
O 5 < —

e TR a4 | L i) |
<t L Golony nest e o

t.“: LY i | < ‘ -

e " - _ ;3 . ;
i ; food  pheromone FET ik

37 . P el B, ) r.
gr [ R R | @’

- W

iy L L

Food Scarch Process of Real Ant Colonies Double Bridge Experiment

The Ant Colony Metaheuristic for the multi-objective
optimization. The software agents deputed for finding the
opfimal reactor conditions are inspired by the cooperative
search behavior of real life ants. The algorithm was able o
Produce the complete spectrum of non-deminated solutions
for the problem. The algorithm is very robust and
Compulationally easyto implement.
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3.4 Artificial intelligence formalisms

Artificial Inteligence (Al) methodologies have opened up an
aftractive avenue for modeling, classification, monitoring and
optimization of complex nonlinear systems, which are not easily
amenable fo conventional fechniques. Accordingly, several Al
formalisms for developing new modeling and opfimization
strategies for o variety of chemical, biological and chemical
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engineering/fechnology sysfems have been applied (see
Table).

Al formalism Application area

Artificial neural networks (ANNs), Modelling of batch/continuous

Genetic programming catalytic, polymeric,
biochemical, and biolegical
processes, Development of soft-
SENsors

Feed forward and generdlized
regression neural networks
(GRNNS)

Process monitoring and fault
defection and diagnosis

Artificial neural networks and
Fuzzy logic

Control of nonlinear processes

Robust optimization of laboratory,
pilot-plant and commercial scale
processes in the absence of
phenomenoclegical models

Genetic algorithms

3.4.1 Artificial neural networks

ANNs offer several advantages for developing process models:
(i) the model can be consfructed solely from the historic process
input-output data, (i) defoiled knowledge of process
phenomenology (kinetics, thermodynamics, mass/heat fransfer
mechanisms, etc.) is not essential for the model development,
(i) A properly developed model possesses excellent
generadlization ability owing to which it can accurately predict
outputs for a new input data set and (iv) even multiple input -
multiple output (MIMO) nonlinear relationships can  be
approximeted simultaneously. Due fo their several atfractive
features, ANNs for a wide varlety of chemical
engineering/fechnology applications have been dpplied for i)
development of soff-sensors (software based sensors) for o
commercial polyethylene process, i) process identification and
model based nonlinear control of zeclite catalyzed phenol o
dihydroxybenzenes hydroxylation process, i) modelling of
batch polymerization reactors, and Iv) batch and confinuous
process monitoring using generdlized regression  neural
networks (GRNNS)

3.4.2 Genetic programming

The Genetic programming (GP) formalism is a novel but the
least-studied arificial inteligence based modeling technique,
which performs symbolic regression (SR). SR is a process of
discovering both the mathematical form of a data-fitting
function and all of its necessary coefficients (parameters). Thus,
the GP methodology is capable of autcmatically obtaining the
mathematical equation that fits a given set of process input-
output dota.  The GP-based methodologies developed are: i)
rmonitoring of bioprocesses: applicafion fo confinuous
production of gluconic acid by immobilized Aspergiiius niger, i)
identification of pH control process, and iii) modelling of glucose
to gluconic acid fermentation.
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3.4.3 Genetic algorithms

The Genetic algorithms (GA) are Ideally suited for sOlving
complex optimization problems involving very Iarge search
spaces. The principal features possessed by the GAs are: (i) they
require only scalar values and not the second- and/or first-orde
derivatives of the objective funciion, (i) capability fo handle
nonlinear and nelsy objective functions, (i) GAs perform globg
secrch and thus are more likely to arive af or near the globg
opfimum, and (iv) GAs do not Impose pre-conditions, such ag
smoothness, differentiability and confinuity, on the form of the
objective function. Due fo thelr affractive features, the Gag
have been employed for optimizing @ number of
chemical/bicchemical systems, namely: i) optimization of 75-]
catalyzed hydroxylation of benzene process, i) optimizatinon gf
benzene isopropylation on Hoeta catalyst process, i)
optimization of glucose fo gluconic acid fermentation, and iy
optimization of batch and continuous distillation colurmns.

3.4.4 Hybrid Al methodologies

The Al-based modeling formclisms namely, arfificial neurdl
networks and genetfic programming, and the opfimization
paradigm viz. genetic algorithms, though are powerful
individually, their potential can be leveraged maximally by
hybridizing them. Accordingly, two novel hybrid modeling:
optimization schemes namely, ANN-GA and GP-GA have been
developed. In these methodologies, an ANN or a GP based
process model is optimized using the GA method, The
significant advantoge of these hybrid approaches is thal
process modeling and optimization can be performed
exclusively from the historical process input-cutput data.

Hence, it is not necessary to develop a phenomenologlcad
model which in general is a difficult, cumbersome and costly
task for optimizing o process. Using the hybrid strategies, it &
possible fo simultaneously obtain the optimal values of proces:
operating variables and clso their tolerances, which effecl
improvements in the process performance. The proposed
hybrid methodologies have been successfully employed for the
modeling and optimization of catalytic and biofech processes
namely: i) T5-1 catalyzed hydroxylation of benzene, i) nomn
Isothermal continuous stired tank reactor (CSTR), and i) glucose
fo gluconic acid fermentation.

3.4.5 Artificial neural network based models for
polyethylene plants

The objective of this project was to develop arfificial neurd
network (ANN) based soft-sensor models for predicting threg
polyethylene (PE) quality variables, namely, melt flow index
stress exponent and density. This work was caried out in tWo
phases. Specifically, 22 soff-sensor models pertaining to varlous
catalyst operating modes and feed stocks were developed. Fol
the two polyethylene plants (PE-I and PE-Il), The extensive histolc
process data used in the development of soft-sensors were
provided by the sponscring industry. Since process datd
contained instrumental and measurement noise, a novél
formalism was invented fo increose the prediction and
generalization ability of the soft-sensor models. This formalis
has vielded soff-sensor models possessing very high prediction
and generdlization abilifies.
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The optimal soff-sensor models that were developed have been
deployed on the distibuted contfrol systems (DCS) of the
commercial scale PE plants, User-fiendly soffware in C
language was, developed for this purpose. It fefches process
opeicting varioble values from the DCS and makes almost
instanfaneous predictions of the three QC variables, The
software also has a provision to extract that historic process
data, which closely match with the current process conditions.

3.4.C Artificial neural network based modeling of
food processes

pincipal objective of this project was to develop ANN based
models for evaluating quality atfributes of two mass consumer
products namely tea and "ready-to-eat" chapatis (round flat
unleavened bread made from wheat flour). Specifically, ANN
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(A and B) coresponding to the teas originating from two Asian
countrles including India. The objective of modeling, which was
accomplished successiully, involved development of ANN-
based models for predicting the fea quality affributes such as
flavor and liguor.

based models were developed using two input-outout dafa setfs
an extensive data analysis and ANN-based modelling work was
conducted on the wheat dough - chepati data. The inputs fo
the ANN model were the values of various chemical constifuents
of wheat dough that were determined by analytical and
instrumental methods, Based on these Inputs, the ANN model
predicted the outputs describing quality variables of chapati
namely, pliability, chewability and fearability. The ANN models
developed under this project have a potfential usage in
maintaining quality of the food products,
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4. Organic chemistry

4.1 Process chemistry
Synthesis of novel flame retardant additives

Flame retardant additives based on trlazinyl borates,
arylsulohonylamino triazines and borates of neopentyl alcohol,
pentaerythritol, tioctanol and friethanolamine were synthesized
and fully-characterized by spectral and elemental analyses.

Synthesis of monomers

The monomer 4-(4-{4-[4-formyl-cycloheaxecarbonyl)-amino]-
cyclohexylmethyl}-cyclohexyl carbamoyl)
cyclohexanecarboxylic acid methyl ester was prepared by the
condensation of 4,4-diaminccyclohexyl methane and 4-
chlorocarbonyl-cyclohexane carboxylic acid methyl esterin the
presence of friethyl amine. It was fully characterized by spectral
and elemental analyses. The process has been scaled up to
synthesize 5009 of the marterial.

4.1.1 Chiral drugs
Process development for the drug Cialis

A laboratory scale process for the drug Cialis was developed.
Cidlis Is the oral Phosphodiesterase type 5 (PDES) inhibltor
presciibed for the freatment of erectile dysfunction (ED). Cialis
belongs to a class of pyrido-indole derivative (6R,12aR)-5-(1,3-
benzodioxo-5-yl)-2-methyl-1,2,3,4,6,7,12,120-
octahydropyrazino(2',1'.6,1)pyrido(3,4-b)indole-1,4-dione.  The
synthetic sequence involves cyclization of D-fryptophan methyl
ester with piperonal, separation of cis isomer, acylation with
chloroacetyl chloride followed by reaction with methyl amine.

Process development for the prostaglandin
analogue latanoprost

Latanoprost (1) Is a prostaglandin analogue  used  as
anfiglaucoma agent. A laboratory scale process has been
developed starfing from Corey's lactone alcohol which involves
apout 10 fo 12 steps including two Wiltig reactions and
stereoselective ketone reduction as key steps.

[}

/fk ae \/f\/\ COOCH(CH),
0 ~
3 ‘._:' N
Q 10-12 steps

o : TCHOH

(R)Salbutamol hydrochloride and (R)Salbutamol
sulfate

Racemic salbutamol (albuterol) is one of the most commenly
used bronchodilators in the freafment of reversible airways
obstruction. Racemic salbutamol comprises egual proportions
of two isorners: (S)salbutamel and (R)salbutarmol, with the lartter
being exclusively responsible for the activation of B-
adrenoceptors. Within racemic salbutamol, it is (Rjsalbutamol
that efficiently relieves cbstruction of asthrmatic cirways and
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affords highly effective profection from bronchoconstricy
stimuli, inclucing allergens. Increased hyperactivity after regulg
use of racemic saloutamoelin patients with asthma is the result of
a gradual accumulation of (S)enantiomer in the lung. After org
of infravenous acministration of racemic sallbutamol, the
(Rlenanfiomer is metabolized several times faster than the (§).
enanfiomer, Pharmacokinetically, (R)-salbutamol exihibits neg
dbsolute conformational  stability.  Therefore,  (R)salbutarmp)
provides a novel approach fo asthma therapy which cormbinag
bronchedilation and bronchoprotection with anti-inflammatory
efficacy.

A stafe-of-the-arf process for the manufacture of (R)-salbutamg|
sulfate and (R)-salbutamol hydrochloride has been developead,
These are the two water soluble pharmaceutically acceptable
salts of (R)-salbutamol. The process of (R)-sclbutamol is maere
chemistry orienfed. Since chiral infermediates are involved,
drastic recction conditions and drastic reagents cannot be
employed while developing (R)-salbutamol process. The critical
stage of separation of (R}-and (S)-chiral intermediates has beep
worked out. The process has been fransferred for
commercidlization to the industrial collaborator, who has started
manufacturing (R)-salbutamol based on NCL's process.

4.1.2. Achiral drugs
Synthesis of antiasthamatic drug azelastin

Bench scale optimization of Azelastin, an antihistamine and
anflasthamatic drug was undertaken. The synthefic route
involved synthesls of two key intermedicates viz. 4-p-
chlorobenzyl)-1(2H)-phthalazinone and  4-chloro-N-methyk
hexahydroazepinone. Condensatfion of these intermediates
should provide azelastin, Optimization of preparation of 4-(p-
chlorobenzyl)-1(2H)-phthalazinone has been completed. The
second intermediate was atfernpted by several roufes starfing
from N-methyl-B-alanine nitrile, methyl 3-(N-
methylJaminopropionate, 1,3,6-frihydroxyhexane and
Dieckmann cyclization of N-(3-ethoxycarbonylpropyl)mefhyl
amine which met with fallures. Currently, Beckmann
rearrangement of 4-hydroxy-cyclohexanone oxime s In
progress. o}

0
S — NCH,
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.............. = Azelastin
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Process development for roflumilast

Aldboratory scale process has been developed for Roflurnilast
an antiallergic/ antiasthmatic drug.

Process development for tenatoprazole

A laborafory process was developed for the drud
tenatoprazole.The basic structure consists of oné
imidczopyridine rng and one pyrdine 1ing bridged by
sulfinylmethyl chain. Chemically it is 5-methoxy2-(4-methoxy:

3,5-dimeThoxypvridine-Q—yi methyl sulfinyl)imidazo  (4.5-
D)pyridine. The process was developed starting from
commercially available 2,6-dichloropyridine.

4.1.5 Agrochemicals

gasic 2nd strategic studies to commercialize
pybrid wheat

This project was started with an objective of identifying right
chemical hybridizing agents, utiize these to generate various
nybrid ssed varieties for wheat, and then commercidlize these
after large scale field tials of various centers spread over 8
wheat producing states representing various agroclimartic
zones. Of the 160 compounds supplied by NCL, two were
selected. Ten kg of these compounds were selected for winter
crop season (2003). Large scale field trials are being conducted
at shieen different locations spread over eight states.

Synth =sis of glucuronide conjugates

The main objective of the present investigation is the synthesis of
gucuronide-herbicide conjugates and their use as pro-
gamefocides. B-Glucorinidase (GUS) Is an enzyme that
hydrolyses glycosidic linkage between p-glucurenic
acidaglycon and is a foreigner for plants. However, recent
developments In plant molecular biclogy allowed expressing
this enzyme in plants with precise localization. Application of a
glucurcnide-herbicide conjugate on a plant where the GUS-
enzyme has been expressed selectively in pellen should get
hydrolyzed selectively and should release the latent herbicide.
The released herblcide ultimately leads to the desfruction of the
pollen thus blocking fthe self-pollination. This methodology
avolds use of active herbicide, which can cause a major
damage fo the plant and provides a site-specific release of
hebicide. In this context, the synthesis of three different
glucuronide conjugates of one of the identified herbicide
osulorn has been achieved., As this herbicide is . nof
commercially available, a process for asulam with an overall
25% vield has also been developed. Initial studies showed the
abserce of herbicidal activity with three glucuronide
conjugates synthesized.

The ohjectives of development of HPLC method for the
evaluation of kinetic parameters and study of the hydrolysis of
the csularm conjugates with acid as well as with glucoronidase
and optimization of reaction conditions for the synthesis of
asulam itself and also for the preparation of ifs glucuronide
conjugates have been fulfilled.

Bioc ~gradable pest control agents from non-edible oil
Seeds

Non-cdible oil seeds have been known to exhibit a wide range
of pest control activities like Insecficidal, growth Iinhibition,
lepeliant, antifeedant, affractant etc. Because of thelr
biodegrodobili’ry, efficacy and specificity fo insects pests they
form an important component of infegrated pest
Mmanagement, Products prepared from the non-edible oll seeds
Viz neem [Azadirachta indica), Karanja (Pongamia globra),
Mahug [Macdhuca lafifolia) and Undi (Calophylium inophyiiun)
Were tested against pests of economically important crops,
vectors and animal parasites.
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4.2 Bio-organic chemistry
4.2.1 Cyclitols

Progress in understanding of the role of cyclitols in cellular signal
fransduction, calcium mebilization, insulin stimulation,
exocytosis, cyloskeletal regulation, infracellular trafficking of
vesicles and anchoring of certain profeins to cell membranes is
greatly aided by the availability of synthetic cyclitol derivartives
and analogs. The key for the efficient synthesls of cyclifol
derivatives is an understanding of the relative selectivity and
reactivity of hydroxyl groups, which is dependent on inherent
factors such as acidity of the free hydroxyl groups, hydrogen
bonding and interactions with neighboring functional groups,
and conformation of the carbocyclic ring. Work in NCL is fowards
delineating the reactivity patftern of hydroxyl groups of incsitol
derivatives and found to have C-1 (C-3)> C-4 (C-6)= C-5> C-2
in myo-inositol and C-4 > C-2 ~ C-6 In myo-inositol 1,3,5-
orthoesters, The X-ray crystal structures of inositol derivatives
provided important data for explaining or predicting the
reactivity of hydroxyl groups. Discovery of inositol cnalogues,
which could specffically interfere with signaling steps, would be
of great use as biochemical tools as well as potential drug.

4.2.2 Peptide nucleic acids

Among varicus DNA analogues.peptide nucleic acids (PNA) (1)
is emerging as a potential anfisense agent. Continuing our
studies on conformationally consfrained peptide nuclelc acids,
several newer analogues have been designed, synthesized and
evaluated for their biophysical properties toward hybridization
with complementary oligonuclectides. The final aim is fo screen
different PNA analogues for higher affinity binding without losing
sequence selectiviy and Impart DNA/RNA  discriminating
property. The PNA analogues sfudied include those with 5-
membered pyrolidine/one (2,3) and é-membered pipecolic
acid hybrids (4,5) and the cyclohexyl! cyclopentyl fused
backbones (6,7). Some of these analogues have shown
desirable atfributes of superior binding without loss of seguence
selectivity and some preference in DNARNA binding affributes,
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4.2.3 Collagen mimetics

Collagen is the most abundant structural profein in mammals
and its mechanical properties are related fo the high thermal
stability of its friple helical structure. The primary structure of
collagen is characterized by a repeating triplet (Pro-Hyp-Gly)
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collagen. by replacing Hyp with 4-aminoproline it was
demonsfrated that the derived collagens form more stable
triplexes. The sfereo and positional dependence of
aminoproline on friplex properties of collagen is being
investigated. Apart from understanding  structure-property
relafionships, the results have a direct bearing on novel
applications of collagen analogues in cosmetics and
healthcare,

4.2.4 HIV Tat1-NFxB interaction

HIV-1 Tat profein reprograms cellular gene expression of
infected as well as uninfected cells apart from its primary
function of frans-activating HIV-1 long terminal repeat (LTR)
promoter by binding to a nascent RNA stem lcop structure
known as transactivator response region (TAR). Tat also induces
chromatin remaedeling of proviral LTR mediated gene exprassion
by recruiting histone acetyl fransferases (HATs) to the chromatin,
which resulfs in histone acetylation. Furthermore several studies
have shown convincing evidences that Tat can fransactivate
HV-1 gene expression in absence of TAR, the molecular
mechanism of which remains to be elucidated. A direct
interaction of Tat with nuclear factor kappa B (NFkB) enhancer, @
global regulatory sequence for many cellular genes both in vitro
and in vivo has been demonstrated. This interaction not only
provides a novel molecular basis to explain TAR Independent
fransactivation in HIV-1, but also points towards the potential
mechanism of Tat mediated modulation of cellular genes.

4.3 Organic synthesis

Enantioselective synthesis of biologically active
compounds

Asymmefric synthesis is one of the most fascinating areas of
research in organic synthesis. Among an aray of naturally
cceuning and biclogically important compounds, the amino
clcohols and lactones occupy o prominent position, The
strafegy fearures Sharpless asymmetric dihydroxylation routes to
the various target compounds, Thus the synthesis of
enantiomerically pure phenylephrine hydrochloride,
(-)-conhydrine, (-)-acaterin, (S)-oxybutynin, R and S-
massoiclactone has been accomplished. The concept of
double diastereoselection in asymmetic dinydroxylation has
been successfully utilized for the ftotal synthesis of
phytosphingosine.

Synthesis of biologically active compounds

Syntheses of saintopin, combretastatin analogues,
rebeccamycin and its analogues, optically active ferrain and
podophylotoxin analogues are in progress,

Synthesis of 2-alkylcysteine and 2-
(hydroxylatedphenyl)-4-alkylthiazoline-4-carboxylic
acids and derivatives

The methods for preparing 2-alkylcysteine derivatives, many of
which can be performed stereoselectively, were developed,
Likewise preparatory methods for the synthesis of a class of iron-
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chelating agents related to desferithiocin, all of whigh
containing athiazoline ring have been evolved,

Synthesis of 4-acetoxy-2-azetidinone

TBSO H
0
or g
CO,H Steps ©
Me 0
NH,
OMe

Starting from natural amine acid the synthesis of 4-acetoxy-2-
azetidinone as shown has been achieved,

Synthesis and screeming of ionic liquids and their
utilization in useful organic transformations

Minimizing downstream effluents and volatile organic
compounds confents in atmaosphere are the most important
steps towards the “Green Chemistry”. lonic liquids (ILs), @
developing area o address the goals of clean reactions by
vitue of non-voldtility, thermal stability and recyclability, wil
occupy a prominent place as a substitute for presently used
volatile organic solvents. The objective of present investigation s
to screen a number of ILs for Industrially important organic
transformations which may also confer additional benefits of
enhancement in reactivity and selectivity, Several ILs based on
1-n-alkyl imidazolium, 1,3-n-dialkyl and N-butyl pyridinium salfs
have been synthesized. Characterization of ILs by speciral and
elemental analyses have been camied out. A novel route to the
synthesis of 2-subsfitured aryl-4-(H)-quinolines using 1L under
ambient condifions has been developed, Room femperature L
promoted regioselective synthesis of 2-aryl benzimidazoles
benzoxazoles, benzthiczole and 1,5-benzodiozepines under
ambient conditions have been developed,

Design, synthesis and application of new flexible three
dimensional templates: a modular approach to pre-
fabricated biomolecular segments

An important objective in modemn synthetic and medicinal
chemistry concerns the design of synthetic models that mimic
various aspects of biologically active molecules. Detailed study
of such models could lead to the development of befter
chemo-therapeutic agents, novel artificial restriction enzymes
and molecular biclegical and diagnostic tools. There is currently
considerable interest in the design and synthesis of various
templates that can be used as structural mimicking portions of
biclogically active molecules. Majority of these templates are
eitherrigid planar, cenformationally fixed bicycles or some times
acyclic skeletons with stereo chemical modulators. The prime
objective of this project is to design and synthesls of flexible three
dimensional femplates and their further execution as modular
frame works for mimicking the secondary structures of
biopolymers. Work in the direction of the synthesis of the
designed templatesisin progress.
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Asymi netric synthesis of CMI-977 (LDP-977): A potent
anti-z’-.a.sthmatic drug Lead

enontioselective gram scale synthesis of CMI-977 has bgen
descriped using the tandem seguence of a—chlorqepomde
sagmentation and inframolecular nucleophilic subsmuhc‘)n as
ine key step. Combination of Jacobsens hydrolyiic kinetic
resolution and Sharpless asymmetric epoxidation were explored
onthe way fo achieve the key Infermediate.

O S 0
Aleps | Ill Oﬁ =, 3t

ChL977

Toward" a synthesis of the antitumor macrolide
peloruside A: A chiral pool approach for the C(1)C(11)
seqm:>nt

A chiral pool approach starting from D-glucose Involving RCM
and siereoselective dihydroxylation as key steps, addressed the
synthesis of 1, an advanced intermediate corresponding fo the
C(1)-C(11) portion of peloruside A,

D-Glucose— ¢, 1 A~y

Stereoselective synthesis of 5-epi-calditol

niigued by the structural similarity between the cyclopentitol
moleties of various natural products, a program is inifiated
fowarcls the synthesis of these subunits preferably using a
common stariing point. The preliminary work in this direction
involvad the synthesis of a differentially profected cyclopentital
derivative 1, its stereoselective dihydroxylation and conversion
ofthe resulting diol into 5-epi-calditol 2.
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4.3.1 Total synthesis

Total synthesis of bioactive natural products occuples keystone
position in erganic chemistry. Total synthesis of several complex
bloactive natural, unnatural, pseudo natural and hybrid nafural
products using varety of new, elegant synthetic strategies s
being currently perused.

Some of the natural products synthesized includes (25, 5S)-
Pyrrolidine-2,5-dicarboxylic  acid (1), mackinazolinone  (2),
Wtaecarpine (3) (antinypertensive), pulchellalactam (7) (CD45
PTP inhibitor), remotely functionalized alkylmethylmaleic
anhvdrides (ras famesyl protein transferase inhibitor) (4-6),
salfredin B,, (10) (aldose reductase inhibifor), phthalidochromine
(8), ©J-13,015 (9) (Anti-Helicobacter pylori). 2-carboxymethyl-
3-hexyimaleic anhydride (5), 2-(p-carboxyethyl)-3-octyimaleic
anhydride (6) and luctonin A, B & E (11, cytotoxic). Synithesis of

1
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salfredin-B,, was achieved via novel regioselective
condensation of 3,5-dihydroxyphthalide with prenal. A
remarkably funed regioselective quinazolinone directed orfho-
lithiation on adjacent quinoline molety has been used as a key
step for short and efficient synthesis of human DNA
topoisornerase | poison luotonin A, (IC,, 5.7-12.6 pmyml) and
luotonin B &E,

o)
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New steroidal dimers with antifungal and
antiproliferative activity

Bile acid-derived novel amphiphilic dimers were synthesized
and tfested for anfifungal and antiproliferative activity in vitro.
These were found to be active against C. albicans, V. fipol/fica,
and B. poffrassi at nanomolar concentrafion without effect on
cell proliferation. They also inhibited the growth of human oral
cancer (HEp-2) and human breast cancer (MCF-7) cells.
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Photoinduced electron transfer (PET): Applications in
organic synthesis

Utilizing PET mediated amine radical cations for constructing
cyclic amine, new conformationally resfricted glycosidase
inhibitors 1 which mimic the fransition state of glycosidic bond
cleavage or formation, polyhydroxyazepines (8,9),
casfanospermine analogues (2-4) and (+)-7-
deoxypancratistatin (5) a potent anti nec-plastic agent have
been synthesized. (=)-Pancracine (6) was synthesized by the
[3+2] cyclocddifion of the non-stabilized azomthine ylide
precurscr. frans-Hydrindane (7), which forms a common feature
of various higher ferpenes, steroids and vitomin D was
synthesized from the cheaply available aromatic compounds
using Birch reduction, alkylation and Claisen rearrangement as
the -~ '
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Total synthesis of thia-calanolide

Total synthesis of racemic Thia-Calanolide has been undertaken
and the work is nearing completion. Calanolide A s an
established anti-HIV drug isolated from natural sources. lfs
synthetic anclogue aza-calanolide was found to be more
active than Calanclide A itself. This prompted us o undertake
the total synthesis of thia-calanolide, the sulphur analogue,
Various infermediates in the synthesis as well as thia-calanolide
will be subjected fo testing as an anti-HIV agent.

Utilisation of olefin metathesis and ring closure
metathesis towards the synthesis of antitumour
alkaloids and natural products

The main cbjective of the present investigation is fo utilize olefin
metathesis reaction for the synthesis of antitumour alkaloids and
natural products. The molecules undertaken were anticancer
compounds like camptothecin, mappicine ketone,
homocamtothecin, efc. by utilizing the metathesis reaction for
the construction of D ring of camptothecin, synthesis of olefing
by cross olefin metathesis as well as enyne metathesis.

The efficacy of ring closing metathesis reaction has been
established for the synthesis of key D r1ing skeleton of
campfothecin and mappicine ketone and formal tofal
synthesis of camptothecin has been accomplished and d
novel profocol of 1,4-addition of nifroalkanes to unactivated
a,p-unsaturated  lactam  has - been accomplished. Tofdl
synthesis of camptothecin and mappicine ketones and ofher
alkaloids is in progress.

Ring-closing metathesis (RCM) reaction: Application
in the synthesis of cyclopropyl-lactone segment of
solandelactones

The formation of rings represents a central theme in naturd
product synthesis. A numiber of natural products contaln
medium-sized saturated as well as unsaturated lactone rings:
This class of compounds confinues to generate intense inferest
from synthetic organic chemists due to their interesting structural
features associated with important biclogical activities. Usually:
medium sized lactone rings are achieved by Yomoguchi
lactonisation under high dilution condition or Bayer-Villiger rind
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expansion reaction. In order to faciitate the formation of
medium-sized fings, several features should be installed in the
substrote so that it can provide some sort of conformational
constraint or restraint. For example, under Yarmaguchi condition,
ihe elght- and nine-memibered lactone rings corresponding fo
solancelactones and  halicholactone respectively were
tacilifated by the presence of cis-alkene conformational
restraint. Synthesis of medium sized rings by RCM reaction using
Grubbs' catalystis a formidable challenge despite the use of this
methodology for the construction of diverse medium sized
cyclic siuctures. Because of the enthalpic as well as enfropic
influences, eight-membered lactone rings are the mest difficult
to prepare, The application of RCM reaction has been
descriibed as flexible cpproach towards the synthesis of
saturcted and unsaturated  eight-membered lactone rings
present In solandelactones,

R'=H RZ=0H;R'"=0H,RZ=H
1. Solandelactones A-H

2a, X = -CH,-CH,- (Halicholactone)
2h. X = cis-CH:CH (Neochalicholactone)

s RI
Rf‘, R H

HO,,

3a. R"=H, R?Z = OH; Constanolactone A
3h. R' = OH, RZ = H; Constanolactone B

4. Eicosanoid
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Solandelactones (1) belonging fo the growing class of oxylipins
containing a frans-bifunctional cyclopropane ring and fatfty
acid lactones of marine origin were isolated from the hydroid
Solanderia secunda of Korean waters and thelr structures were
elucidated by exhaustive speciroscopic and chemical
method. Thelr structural unigueness as well as infriguing
biological activities led us fo synthesize them In a suitable
manner, These compounds were found to be structurally similar
to some other marine oxylioins viz constanolactones (3),
halicholactone (2a) and neohalicholactone (2b). It is interesting
to note that all of the above metabolites possess linear C,,
carbon skelefons derived from eicosanoid origin. In contrast,
solandeloctones with saturafed and unsaturated  eight-
membered lactone rings and C,, carbon skeleton are thought
fo be of docosanoid precursor,

An efficient synthesis of cyclopropyl-Hactone contalning
fragment of solandelactones has been achieved via ring-
closing olefinic metathesis reaction, Grubbs' second generation
RUCI(=CHPh)(Pcy.)(IEMS) catalyst has been successfully and
efficiently utllized in the construction of eight-membered
lactone ring with cis-double bond present in solandelactones,

Chemo-enzymatic total synthesis of eicosanoid

As a part of defense mechanism, marine organisms produce d
fascinating range of secondary metfabolites endowed with
unusual and unexpected biological profiles. The arachidonic
acid (AA) pathway in marine organisms provided a number of
oxylipins such as 1-3 confaining fthe cyclopropyl-lactone
groups. Ficosanoid (4) was isclated by the incubation of
arachidonic acid with an acefone powder of the Caribbean
soft coral Plexaura homomaila. In conjunction with other marine
fatty acid metabclites, eicoscnoid 4 also incorporate a
cyclopropane-lactone motif and  lipoxygenase inhibifing
activity and therefore provoked a considerable synthetic
inferest, It is likely that the orlgin of eicosancid 4 might have
occurred from transformation analogous to that as
constanolactones 3. To expedite curent pharmaceutical
evaluations of this family, an asymmetric total synthesis of
eicoscncid 4 has been described. The synthetic protocol
involved modified Simmon-Smith cyclopropanation, enzymatic
resolution of homoallyl alcohol, ring closing metathesis (RCM),
and Nozaki-Kishi coupling reaction.

(0]
OH H 0
~oX 3
OH H =

la, X =-CH,-CH.- (Halicholactone) R'=H R2=0OH;R'=0H.R>=H
Ih, X = cis-CH:CH (Neohalicholactone) 2, Solandelactones A-H

3a, R!'=H, R?= OH: Constanolactone A
3b. RY = OH, R? = H; Conslanolactone B

Eicosanoid 4
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Studies on the total synthesis of halicholactone and
neohalicholactone: A stereoselective synthesis of C1-
C13 fragment

Secondary metapolites halicholactone (1a) and
neohgclicholactone (1) showing lipoxygenase inhibitcr activity
were isolated previously from the marine sponge Halichondria
ckadal. The elegant structural and stereochemical features of
halicholactone (1a) and nechalichclactone (1b) decorated
with dense functionalifies that include an unscturated nine-
membered lactone, a frans-disubstituted cyclopropane ring
and five stereccenters present a considerable challenge as
synthetic targets, pariculary with respect tfo sterecchemistry
and functicnal group sensifivity, affracted our aftenfion to
undertake its synthesis. Although, a few number of partial and
fotal synthesis have been reported, the stereoselctive
construction of the stereogenic centers of C-2 fo C-12 is sfill
remained to be solved.

1a, X = -CH,-CH,- (Halicholactone)
1b, X = cis-CH:CH (Neohalicholactone)

A synthetic strategy, which allows complete stereochemical
control of all four stereccenters (8S, 9R, 11R, 12R) of cyclopropy!
and lactone containing fragment of halicholactone (Ta) and
neohalicholactone (1b) starting from  I-isopropylidene
synthesized has been devised.,

First total synthesis of herbarumin III

The interesting biological activities of herbarumin | (2) and | (3),
reinvestigation of the fermentation broth and mycelium of the
fungus Phoma herbarum led to the isolation of a new phytotoxic
nonenolide (7R,9R)-7-hydroxy-9-propyl-5-nonen-9-olide,
(herbarumin Il 1), along with two known compounds
heroarumin | (2) and Il (3), The structure of 1 was elucidated by
spectroscopic method combined with molecular modeling.
Compounds T to 3 interacted with bovine-brain calmodulin
and Inhibited the activation of the calmedulin-dependent
enzyme camp phosphodiesterase.

1. R, =R, = H (Herbarumin Il
2. R, = OH, R, = H (Herbarumin I)
3. R, =R, = OH (Herbarumin II)

ORGANIC CHEMISTRY

In general, the synthetic approaches to lactones have beep
focused mainly on the use of fragmentation /ring expansion
reactions and on lactonization strategies in order fo build the
lactone ring. Ring-closing metathesis (RCM) is a moden
synthetfic protocol to design variocus lactone rings. The toig)
synthesis of herbarumin | (2) and herbarumin Il (3) have been
recently reporfed following RCM or Nozaki-Hiyama-Kishi reaction
as the key step. Our synthetic strafegy for the fotal synthesis of
herbarumin Il (1) hinges on the RCM reaction as a key step for
lactone ring formation with envisaging the required chirg|
dliphatic dicl to arise from the D-glucose,

First total synthesis of biologically active natural product
herbarumin Il (inhibits the activation of the calmodulin:
dependent enzyme camp phosphodiesterase) starfing from
cheaply avallable D-glucose in a concise and efficient manner
has been achieved,

Synthetic study towards the spiro-bicyclic-B-lactone
segment of oxazolomycin

Oxazolomycin (1) and neocoxazolomycin (2) were isolated from
the strain of sfrepfomyces sp. KBFP-2025. They were earlier
characterized by strong antibacterial and anticancer activities,
Later studies found them to possess exceptional abilities fo
suppress the replication of vaccinia, herpex simplex virus type-1
and influenza A virus during one step grown cycle experimentsin
both human and chicken cells. The unique structural feature of 1
Is the splro-bicyclic-B-lactone structure whose synthesis was
reported on a model compound by Taylor ef al, The basic
premise of their synthesis was fo construct the spiro-p-lactone
ring on a pyrolidine precursor followed by the oxidation 1o
pyrrolidinone.

M Me OMe
N 0 e @,
L ; L ke
HO N - ;
Me Me éH Ho ' N Me
Me o

Oxazolomycin {1)
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Neooxazolomycin (2)

The stated objective of methodology is to adopt the Evans
aldol recction leading to the 3,4-disubstituted-prolinal
intermediate. To Install the spiro-B-lactone ring, cross
Cannizzaro reaction would be envisaged while the pyrrolidinong
skeleton could be realized by using Taylor's oxidation strategy. A
synthetic strafegy to prepare the novel spiro-bicyclic -p-lactone

systern present in oxazolomycin has been investigated. The
construction of the spiro-B-lactone ring was accomplished
using cross-Cannizzare reaction while  3,4-disubstituted
pyrroliding ring, was prepared using Evan's aldol reaction.

Total synthesis of microcarpalide

OH
(i)ﬂn ‘ ' OH
A oBn a) coupling %
CH, L + | " pgHL SN
o no T b) RCM I 9
OMEM 0 ¢) TiCl, OH

1

A total synthesis of microcarpalide (1), a potent microfilament
disrupling agent has been described using fing closing
metathesis as the key step. A blend of chiral pool cpproach and
asymmefric dinydroxylation has been executed for successful
total synthesis of this natural product. The described tofal
synthesis of microcarpalide in its naturally occuring form is
charocterzed by a convergent shategy and considerable
flexibility for the construction of related non-natural analogues
forthe structure activity studies.

Total synthesis of putative structure of
eupomatilone-6

The synthesis of eupomatiione-6 (1) has been achieved by using
the Suzuki coupling, Sharpless asymmetric dihydroxylation and
intramolecular  Horner-Wadsworth-Emmons  reactions, The
spectoscopic studies cared out on synthetic eupormatiione-6
do not agree with those reported for the natural product and
therefore revision of the assigned sfructure is warranfed.
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4.3.2. New synthetic methodologies

Asymmmetric  synihesis of cis B-lactams with very high
diastereoselectivity by [2+ 2] cycloaddifion of ketenes with chiral
imines derived from D-(+)-glucose was developed for the
synthesis of large number of subsfituted p-lactams (1), Renewed
interest in novel bi- and polycyclic B-lactam systems fo
overcome bacterial resistance of B-lactam antibiotics has lead
fothe development of new synthetic approaches.
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Highly stereoselective and substrate-controlled synthesis of
polycyclic B-lactams (2-4) from D-glucose derived chiral
template vig intramolecular free radical cyclization was
developed. An efficient synthesis of pentacyclic p-lactams (5, 6)
was achieved in high yvield via a novel 6-exo-irig, 7-endo-dig
tfandem radical cyclization using (+)-carene derived chirdl
templates. Diasfereoselective synthesis of B-lactams was
achleved using chiral acid derived from (-)-ephedrine chiral
template (7). Enantiopure 4-formylazetfidin-2-ones (9) were used
as building blocks for the synthesis of 4-aminoplperidin-2-ones
(10) in very good overall yields. An efficient general route for the
enantioselective synthesis of S-(+)-panfolactone and ifs
analogues (12, 13) was developed from an ephedrine-derived
chiral morpholin-3-one (11).

A novel methodology for the preparation of dipyrrometnanes
and porphyrins was developed by using cation exchange resins
as acid catalysts, Metallporphyring and metallophthalocyanines
anchored on various polystyrenes polymers were prepared for
use as efficient catalysts in aerobic oxidation of alcohols, A
simple, efficient and generdl two-step synthesis of
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alkoxysuccinic acids (15), which involves base induced oxa-
Michael addition to N-aryl maleimide (14) followed by acid
hydrolysis, was developed. (S)-(+)-a-methyl-1,3-benzodioxole
(16) and (R)-(-)-a-methyl-1,3-benzadioxole (17), a chiral building
block for the synthesis of (-)-falompanel, was synthesized by
Amano-PS catalyzed enantioselective acylation of racemic
compound. N-Bromosuccinimide-dibenzoy!|
peroxide/azabisisobutyronitrile, as a new reagent for
isomerisation of Z-alkene to F-alkene was developed. A direct
one-pot methed for the preparation of allyl azides from alivl
alcohols using fiphosgene was also developed.

Heterocyclization using ionic liquid as green solvent,
promoter recyclable homogenous catalyst

The use of ionic liguids (ILs) due to theirinherent acidity, promotes
these heterocyclization reactions at ambilent to mild reaction
temperatures in enhanced reaction rates with high regic-
selectivity without the need for any additional acid catalyst
giving rise to easy work up procedures. Due to thelr non-
volafability and thermnal stobility, the ionic liquids can be
completely recovered and recycled into the process thus giving
fise environment friendly technologies. IL hove been used as
reaction media, promotfer and recyclable homogenous
catalyst for heterocyclization and cyclocondensation reactions
o generate heterocycles of commercial importance in diverse
areas of uses such as guinclines, fused polycyclic quinolines
and courmnarins.

Copper-mediated coupling of aminopurines and
aminopyrimidines with arylboronic acids

A general method for mono N-aryvlation of aminopurine and

amincpyrimidines using an arylboronic acid and Cu(ll) acetate
has been developed.
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3-Carboxy coumarins

A practical and environmentally friiendly preparation of 3-
carboxycoumarins has been developed starting from
salicylaldehyde and Meldrum's acid. The condensation of
salicylaldehyde with Meldrum's acid in water ot 75°C leads to
the formation of 3-carboxycournarin derivatives.

Aziridination

Aone-pot synthesis of 1,2-amino alcohols iInvolving aziridination
of alkenes followed by ring opening of the ozirdines has been
developed. A chiral version of the work is under progress. In
confinuation, a viable route to racemic aplha-methyicysteine
has been developed starding from methyimethacrylate
followed by aziidination and ring opening of the aziridine
formed with thicacetic acid. Work on the extension of this
methodology with different nucleophiles in the ring opening
reaction isin progress.

W
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Development of a laboratory scale process for the
preparation of 3,3'-Diaminobenzidine

Digminobenzidine (DAB) is an important monomer used for the
preparafion of memtbrane for fuel cell. A three step laboratory
scale process for the production of DAB has beep
demoenstrated. DAB Is not available commercially in large
quantities and is generally prepared from benzidine, ifs dichlorg
derivative, biphenyl efc. Existing methods for the production gf
DAB hos the disadvantages like the use of benzidine the known
carcinogens as the raw marterial, high temperature (200-3007)
and high pressure (Y00- 1000 psig) of the reaction, making the
process more hazardeus from safety and more reaction steps
and low yield.

Two novel processes to obtain DAB of higher purity have been
developed. In first process nitro-bromoacetamide (NBA) a non-
carcinogenic raw material is used. The novelty of process is the
use of palladacycles as a new efficient catalyst for the Suzukl
fype biaryls coupling of NBA fo prepare intfermediate 3, 3-dinitro-
4,4 -diacetamidobiphenyl (DNDACB) from which DAB  was
obtained by known sequence of reactions (hydrolysis and
reduction). The second method of preparation of DAB involves
three- step process: oxidation of dichlorodiaminobipheny! with
novel catalyst Tiianium Superoxide and hydrogen peroxide as
oxidant and subseguent ammonolysis and reduction of the
infermediate products. Both the processes have made |t
possible to obtaln high pure DAB (100% purity). The process also
has the advantages like: no by-products in the reaction mixture;
heterogeneous cafalysts used and reaction can be carried outf
af milder conditions of temperature (100°C) and pressure (100
psig).

4.3.3 Organometallic chemistry

Asymmetric catfalysis using chiral metal complexes is an
emerging area of modermn organic chemistry, A variety of chiral
Ti (V) complexes were prepared and reduced to chiral Ti ()
complexes, These catalyze the pinacol coupling reaction
sterecselectively, T-SALEN complex was found 1o be efficient af
10 mol % concentration. Chiral ruthenium complexes were
prepared and used for selective transfer hydrogenation of
aldehydes and ketones. Azirdination of olefins by chloramines-,
bromamine-T catalysed by cyclopentadienyl Ru (bis tiphenyl
phosphine chloride), Fe, Mn salen, ZiQCl, Fe (Phth), AuCl,
P{CH.); in presence of NH,BF,, AgNO, were studied. Mizoroki-
Heck reaction with new Pd-complexes was also studied. A new
method for the reduction of azides and nifro compounds with
Mo(CQO), was developed.

4.3.4. Bio-catalysis

Work on the biocatalysis using phosphorous based lonic liquids
has been initiated. In the beginning, resolution of phenethyl
alcohol by transesterification with vinylacetate using severd
commerciclly available lipcses have been undertaken. The
preliminary resulfs are very encouraging.

4.4, Natural product chemistry

To achieve basic standardization of anfi-diarrhoeal medicinal
plants like Karanj, Guava, Bael and Sunth, thelr phytochemical
evaluailon has been underfaken concurently with  the
biological assays employed, Different exiracts of the above
plants material were made and thelr HPLC profile was
developed to detect drug active complex and aifermipt is being
made fo isolafe the active components from the exfracts by
using dlifferent separation techniques.

Chem ical investigation of medicinal plants

Two new and four known compounds have been isolated from
the acefone and methanol extract of Blainvillea Jafifolia and
characterized by spectral methods, Twe new eudesmanolioks
have been isolated from the aerial parts of Sphaeranthus indius
and thelr structure defermined by using modemn spectral
techniques. Three new sesquiterpene lactones have been
isolated from the acetone extract of Cenfratherum
phyllolaneum and  struciures were determined by Spectral
methods. Two new and a known aromatic compounds have
been isolated from the acetone extract of Zingiber wightiona
and thelr structures were elucidated by spectral technigues.

Development and commercialization of bioactive
substances from plant sources

A number of plants are used in different Indian fraditioncl
systerns of medicines. This programme is aimed fo collect
selected traditional medicinal plants, prepare their extracts, test
these exiracts for different biclogical activities, identify the
active principle(s) and initiate the work for the development of
new single molecule drug/ standardized new herbal drug,

Different parts of plants (2™ and 3” list by CSIR programme on
development and commercialization of bioactive molecules
from plant sources) have been collected and processed fo
prepare different extracts, These extracts have been submitted
to thifeen CSIR laboratories for assaying them for their biclogical
acfiviies. Eighty extracts have been submifted for bioassay. A
new list (4" list) of 25 plant species has been allotted fo process
under this programme of which 8 plant species available in
good abundance in Western Ghats, have been collected and
preparation of extracts of different parts of these plant material
and submission for their bioassay is underway. A number of
leads have shown promising activity and they are being
followed further, Tne activities are as. Neurological disorders, 4
(fo be iested for anti-parkinson's activity); Antidimensia, 17; Anti-
anxiety, 11; Anti depressant, 1; Anfl malarial, 6; Anfi-TB, 1, and
Pesticidal, 1.

New natural products as HIV reverse transcriptase
inhibitors from the genus Calophylflum

The genus Calophylium has yielded o number of
dipyranocoumating which has exhibited HIV-RT inhibition activity.
Of these cournarins calonolide A isolated from C.lonigerum is
now a clinical drug for the treatment of AIDS. For the isolation of
ther coumarins exhibiting anti-HIV activity, investigation of
different species genus Calophyflurm available in Western Ghats
has been initiated. Variation of bicactive molecules with respect
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pregress, Chemical investigation of leaves of C.apetfalum has
vielded along with known dipyranocoumarin, a new natural
product structure elucidation of which s in progress.

Bioprospecting with respect to genetic diversity of
Symplocos and Gaultheria species

The three species of the genera Gaultheria and Symplocos
have been found to have a wide variafion in genetic diversity.
Co-relation to this genefic diversity with chemical diversity
particularly with respect to their bioprespecting has been taken

up.

Ledf samples of Gaulfheria fragrantissira from two biodiversity
hotspot viz. North East Area and Nilgiris were collected by
Botanical Survey of India. The genetic diversity of these plant
samples were carmied out and variation of essenfial oil
(Wintergreen oll) of this plant material with respect fo guality and
guantity was caried out,

Results obtained show a distinct conelation of amount of oil
present in the plant material with genetic diversity although it is
necessary 1o analyse some more plant samples fo conclude
the results. Also efforts are being made fo study seasonal
variation with respect to guality and guantity of wintergreen oil.
Chemical examination of S. racemosa lecf extract has been
initiated,

Assessment and in vitro conservation of biodiversity
in some guttiferous plant species of western ghats
with special reference to development of bioactive
molecules

Plant species belonging to the family Guttiferae are known to
contain coumarins, xanthorides and frirerpenocids. Some of
these molecules are reported to possess wide range of
biological activities like antlviral (including anfi-HIV), anfifungal,
anfl-cancer anfi-lipidogenic and  pestficidal. The sfudy
biodiversity of the plant species belonging o the genus
Calophylum with respect to bioactive molecules and their in-
vifro conservation is important for the development of new
bloactive molecules. Stem, leaves, fiuits and bark of three
specles of Calophyilum viz. C.inophyllum C.apetfallum and
C.polyanthum were collected and extracted with two solvents
each. Chemical examination of C. polvanthurn for the isolation
of compounds for using them as markers in the fingerprinting of
the plant materials has been inifiated. In vifro propagation of
these plant speciesis being caried out,

4.5, Chemistry of colorants
Synthesis of novel colorants /intermediates

This exploratory program focuses towards the development of
bright yellow, crange, violet, blue and blue-green chromophoric
systems with improved photo stability, bleeding resistance and
weatherabllity. This is being mainly sought fo be achieved by
incorporating functional UV stabilizers info the chosen
chromophoric  systems, improving compatibllity by
incorporating long alkyl chains and infroduction of reactive
groups into the chromophores which are capable of forming
covalent bonds with the polymer back-bone in addifion to the
positioning of suitable auxochromes at appropriate places.
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coumarin dyes were synthesized for further evaluation as
colorants for plastics. In addition, several chromophores have
been synthesized based on Disperse Yellow-44 analogues and
Perylene dicarboximide derivatives to which functionalized UV
stabilizers have been affached. The work is belng continued in
the same vein with essential functional UV stabilizers,

4.6. Supramolecular crystal engineering

Synthesis of supramolecular assemblies using the knowledge of
infermolecular interactions such as hydrogen bonds is cunently
an area of fronfier research, with a focus on developing
catalysts with failor-made properties and design of miniature
circuits in the elechonic industry etc. In this direction,
development of cavity and channel structures have been done
by employing molecules with functional groups such as -COOH,
-CONH,, -NO, etc that form robust hydrogen bonds. Studies
were done on the development of polymorphs and
pseudopolymorphs through various crystallization procedures,

Assemblies of 1,2,4,5-benzenetetracarboxylic acid

Supramolecular cssemblies of 1,2,4,5-benzenetetracarboxylic
acid with aza donor molecules like 1,10-phenanthroline,
phenazine, 1.7-phenanthroling, 4-(N,N-dimethylamino)
pyridine, 1,2-bis(4-pyridyllethane and 1,2-bis(4-pyridyl)ethane
with and without water were characterized by single crystal X-ray
diffraction methods. These assemblies occur In two classes-
host-guest systems (with aza molecules being in the channels
credted by the acld molecules) and assemblies with infinite
rmoleculartapes.

.L_“

h ). & -‘.;'. .
"\
=8 &ﬁ.@}
® R
L g
s
N
" | s o et gt
wﬁr-ﬂ-.u Feas e B = R
ety sl whp by g
L—l b"‘-
‘_ ¢

Assemblies of 3,5-dinitrobenzonitrile

In host-guest type complexes of 3,5-dinitrobenzonitile with
some hydrocarbons like benzene, naphthalene, o-xylene, and
aza donor molecules (acridine, phencazine and phenothiazine),
nifle forms a host network, vielding channels (in three-
dimensional arangement), which are filled by guest molecules.
In p-xylene complex, the nifrlle and pxylene are ananged with
hydrocarbon embedded between the layers of nitrile, like in
inorganic clay structures.

ORGANIC CHEMISTRY

Assemblies of 3,5-dinitrobenzamide

3,5-Dinfrobenzamide and 4,4-bipyridyl co-crystallize 1o vielg
different fypes of channel structure from methanol and wate;
constituting supramolecular pseudopolymorphs, While, in the
methanol adduct, amide and methancl molecules form g
double helix network, In the water adduct, amide and water
molecules vield a planar layer structure. However, in both
adducts, bipyridyl molecules sit in the channels created in the
three-dimensional packing of the double helix or layers.

4.7. Entomology

Ultrastructural studies of chemosensila on the antennae of
Trichogramma chifonis, an egg parasitoid of Helicoverpa
armigera and electrophysiolgical responses to  volatile
phyfochemicals were evaluated. EAG profies to the 22
chemicals reveal differences between males and females with
oxygenated ferpenes causing higher responses in females than
in males where the faity acid derivatives caused the highest
response.

A number of plant extracts and oils sourced from NCL and other
CSIR laboratories were screened for mosquito repellience, insect
growtn regulator, anfifeedant, and insecticide and cviposition
deterrence activities, The active fractions are now being taken
tothe next step of characterization.

5. Pliysical and materials chemistry

5.1 Theoretical Chemistry

5.1.1 Magnetic properties of molecules using
coupled-cluster method

coupled-cluster methods have emerged as state-of-the-art
class of methods in the electronic structure, spectra and
properties of closed-shell-like molecules. This efficiently fakes
care of the dynamic correlation arising out of electron-electron
repulsion. Novel extended coupled-cluster (ECC] method,
pbased on double-similarity-fransformation, has been
developed for the fiist fime for calculafion of response
properiies with respect 1o extemnal perturbation. This has been
used successfully for calculation of electric properties. This year,
response of the ECC method haos been studied with respect 1o
magnetic field perurbation. Magnetfic properties, e.g.
magnetic moment, dig-magnetic and para-magnetic
confribution of susceptibility for closed shell molecules have
peen siudied.

5.1.2 Metallo-anti-aromaticity

Arornaticity in fully metallic systerms has drawn very recent
attention. It has been shown that AlLi, system behaves as anti-
gomatic mixed metfal systems. AlLNa, and AlNg, were
identiied as another set of candidates for metallo-anti-
aromatic system. Using electron locealization function and
density functional calculation, theoretical evidence of anti-
aromaticity by showing electron transfer from Na/ Li to Al atoms
was provided and the structures of these molecules were
established. It was also shown that, for metallic systems,
aromaticity or anti-arormarficity is primarily due fo the sigma ring
current and not just due to the electron counting rule of (4n+2)
ordn, ‘

(a) (b)

(a) Al,Na, and (b) Al,Na, anti-aromatic structures

5.1.5 Complex scaled coupled-cluster
technique

Complex scaling of the coordinates has been known as o
technique fo the calculation of resonance energies and the
width. A highly cormrelated method has been considered to be
essential for the purpose of accurate evaluation of these, The
Fock space multi-reference coupled-cluster (FSMRCC) theory,
with efficient Incorporation of dynamic correlation and non-
dynamic corelation arising due to near-degeneracy in the
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resonant stotes, has tumed out to be the method of choice.
Complex scaling in the FSMRCC method has been introduced
o calculate shape and Auger resonance. This involves complex
scaling of coordinates and subsequently solution of a complex
Hartree-Fock eguation, followed by the FSMRCC method,
based on the complex orbitals, First numerical calculations of
this method using the code developed have been presented
for °P shope resonance of Mg and Auger 1s' hole of Be,

5.1.4 Linear response to the Fock space multi-
reference coupled-cluster method

In an important theoretical developrnent, linear response
formulation to the Fock space multi-reference coupled-cluster
method has been developed. Thisis the sfate-of-the-art method
for describing open shell systems and excited states, The linear
response is based on a consfrained variational functional for
specific energy states within the Fock space framewaork, both for
complete and incomplete model spaces and should obtain
energy derivatives in an efficient manner.

5.1.5 Density functional response approach to
molecular properties

Density functional method has emerged as an affractive
alternative fo more rigorous wave-function based methods for
large systems, mainly because of ifs simplicity in retaining one-
electron picture and yet its ability to include electron correlation.
Fuly analytic response approach of the density functional
method fo electiic and magnetic fields is being developed for
molecules. Thus molecular electric and magnetic properties will
be obtained accurately within density functional approach. The
Gaussian orkital basis set and an auxiliary basis o fit exchange-
corelation part is used In the approach. The approach is being
coded and soon the program system will be added to the
popular package of density functional theory for energy and
propery, called deMON. The work has drawn aftention of
deMON developers, who have invited the work fo be included in
the package.

5.2 Materials chemistry & technology

5.2.1 Self-assembled monolayers for MEMS
and monolayer protected clusters

Preserving the structural and functional integrity of interfaces
and Inhibiting deleterious chemical inferactions are critical for
realizing devices with nanescale units. The presence of self-
assembled monolayers (SAMs) on Si surface can tackle the
sfiction problem of micro-electrormechanical systems (MEMS)
by providing o suitable low energy surface coating. The
anfistiction properties of the monolayers can be tuned through
sultable choice of chain length and ferminal groups, for a
number of applications such as molecular devices, lithography,
and micromachines to inhibit Cu diffusion info SO, in
microelectronics devices. SAMs of difunctional molecules open
up possibilities for preserving structural and
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functional integrity of Inferfaces between nanoscale units of
newly evolving device sfructures.

The objective is fo make a self-assembled monolayer on Si
substrate, which will act as an antistiction coating. A detailed
understanding of the various aspects of the monolayer, such as
ease of formation, adhesive properties, its stabillity, etc., need to
pe studied for device applications. An accurate control of
monolayer growth kinetics is very crucial for closely packed and
completely reproducible monolayers. Current work is focused
on the adsorption kinetics and thermodynamic stability of
octadecy! trichlorosilane (OTS) monolayers on Sl Initial studies
showed the ability of OTS-SAM to control adhesion through
surface functionalization. The photographs show the 2D (leff)
and 3D (right) AFM pictures of fully coverad OTS monolayers on S
substrate, Indicating a uniform growth mechanism.

5.2.2 Carbonaceous materials for ultracapacitors

Ulracapacitors are energy storage devices with potenticl
application in electric vehicles. Specially designed materials
with high surface area and ability for fast charge fransfer are
required to affain suitable powder density of these storaoge
devices, Activated carbon and carbon nanotubes (CNT) have
been identified as potential electrode materials for
ulfracapacitors.  Highly conducting transiion metfal oxides
aftached on the carbon nanotubes are expected to give

enhanced stability fo thern from degradation during sustained
operation.

The work was focused on the stafistical optimizafion of coconut
shell carbon o get high surface area and capaciiance. High
surface area of 2300 m¥g was obtained upon statistical
optimization and separate samples give a caopacitonce of
150F/g. Preliminary experiments of CNT synthesis and the
affachment of RuO, on multiwalled nanotuibes (MWNT) has clso
been caried out, Functionalization of MWNT by ruthenium oxide

i —rI—
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caused enhdnced capdcitance of muliiwalled carbgp
nanctubes from 30 F/g fo 80 F/g. The following cyclie
volfammetry graphs show the enhanced activity of the
ruthenium oxide attached MWNT (right) when compared 1o tha
of the virgin nanotuioes (leff).
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5.2.3 Development of oxide based
magnetostrictive materials

Magnetostrictive matericls are a class of smart materials with
various fechnological cpplications. Magnetostrictive sensors
and actuators are superior o other smart materials in terms of
the non-contact operafion and the possibllity of absolute
medasurements. These matericls are highly useful in different
aregs of strategic and technological importance. The currently
used strategic magnetostrictive material, Terfencl-D, which isan
alloy, suffers several drawbacks such as very high costs of
terolum (Th) and dysprosium (Dy), Is extremely brittle, highly
susceptible towards corrosion, magnetostriiction s highly
anisotropic, single crystals are required and therefore the high
production cost of crystals, efc. Ceramic oxide based materials
have the advantage of high chemical and thermal stability and
the oxide ceramics are known for thelr high hardness and wear
resistance, low coefficient of friction, low thermal conductance,
low cost, easy processability, etc. It Is possible to make the
desired products of oxides into any shape by slip casting, dry
press, extrusion, injection moulding, efc.

The work involves the development of sulfable ceramic oxide
magnetic materials, as a substitute for the currently available
alloy bosed matericls, for use as magnetostictive smart
materials. Different oxide magnetic materials such as coball
fenite, other fenites, perovskite type oxides, etc, are belng
studied for idenfifying suifable materials. Relatively large
magnetostriction af low magnetic fields, which is a prerequisité
for many applications, is obtained for a cobalt ferrte based
marterial, as shown in figure,

14!
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5.2.4 Studies on magnetoresistive oxides and
similar systems

perovskite type manganese oxides exhibiting magnetoresistive
properties are fruifful candidates for future technological
applications such as magnetic read/write heads, data storage
efc. Huge changes In the magnetforesistance at very high
magnetic fields and low temperatures are reported for this class
of materials. For practical applications, however, sufficient
magneforesistance at relatively low magnetic fields and close
to room femperature are highly desirable, The magnetic and
electrical properties and processing-structure-property
corelation of such systems to attain the above goals have been
studied. Different types of perovskite type feromagnetic
materials are also being invesfigated to understand their phase
dicgram and the orgin of their magnetic and electrical
transport behavior as well as fo look for new related
ferormagnetic oxides, fo resolve the problem of multiple
magnetic phase behaviouretc.

Above 20 per cent magnetoresistance at a relatively low
magnetic field of 0.3 T was obtained for a calcium substituted
polycrystaline perovskite manganate system, ds shown below.
Futher emphasis is to obfain such progerfies at room
termperature for various applications.
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5.2.5 Development of oxide based diluted
magnetic semiconductors

Diluted magnetic semiconducters are emerging new materials
With rmany potential applications because of their semi-
conducting as well as magnetic properties, These types of
Matferials, based on simple semi-conducting oxides such as
N0, are in the initial stages of development, Most of the studies
are performed on thin films of the oxide. Ferromagnetism at or
Close 1o room femperature has been reported in ZnO, doped
WiTh small amounts of Co. However, for practical applications, it
5 desiiable that the materials should be ferrornagnetic much
Adbove room femperature. Similarly, ferromagnetic
Polycrysialine materials are useful for many device
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applications. Mcreover, if the polycrystalline material can be
produced as nanoparticles, this will be of particularimporance
for their use in ferrofluids, blormedical applications, Magnetic
recording, etc.

Emphasis has been on to synihesize these types of new
materials by different synthetic routes, and especially to obfain
polycrystalline materials, which are magnetic ot or dbove room
fempercature, Ferrormagnetism up to 770 K is observed, for the
firstfime, in the nanocrystalline powders of ZnO doped with small
concentrations of cobalf. Figure below shows the magnetization
behaviour of two cobalt doped ZnO nanocrystallites af room
femperature.
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5.2.6 Nano-magnetic materials

Magnetic materials, in nanosized form, are useful for a varety of
applications such as blomedical applications, magnetic
storage, ferrofluids, efc. Curently synthesis and study of the
magnetic properlies of nanosized ferite materials fo optimize
the processing conditions in order fo obtain magnetic
nanoparticles of small size, narow size distribution, etc are being
caried out, Various spinel type ferites such as magnesium
ferite, nickel-zinc ferte etc., which are being used for many
technological applications in the oulk form, are currently under
investigation. Apart from the synthesis of the ferrite nanoparticles
for direct applications, sintering studies of these nanoferrites are
also being caried oul because low-temperature sintering s
useful for enhancing the performance parameters of these
ferrites for various applications as well as for lowerng the
production costs, Figure below shows nickel-zinc ferite particles
of 2.5 nm size and very narow size distribution, obtained by a
low-temperature method of synthesis.
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5.3 Nanoscience & technology

The primarily focus is on developing new methods for the
synthesis and assembly of inorganic nanomaterials, Viewing
nanomaterials as specialty chemicals, the focus is also on
developing experimental methods for large-scale production
of nanomaterials,

5.3.1 Biological methods for nanomaterials
synthesis

The synthesis of metals, metal sulphide, minerals and oxide
nancparticles using eukaryofic organisms such as fungl has
been demonsfrated for the first time. The possibility of room
temperature synthesis of oxides such as titania, zirconia and
magnetite Is an exciting one with significant commercial
implications.

As an extension of this approach, the use of plant extracts in the
synthesis of metal nonoparticles of variable shape has been
demonstrated. Parficularly excifing is the recent demonstration
on the large-scale synthesis of tiangular gold nanoparticles with
plant extracts. These parficles have unusual opfical properties
(large near infrared absorption) with potential application in
hyperthermia of cancer cells and scanning probe microscopy

A-C. Representative TEM images of gold
nanofrianglessynthesized  biologically. D is a selected area
diffraction pattern of the triangles showing that they are single
crystalineand(111) oriented.

SEARCH & DEVELOPMENT REPORTS

PHYSICAL AND MATERIALS CHEMISTRy

5.3.2 Nanoparticle growth in non-polar
organic media

A new method has been developed for the single-step
formation of metal nanoparticles of variable shape in nen-palg
organic solvents. This fechnique is applicable fo a range of
metals such as gold and Pt with imporfant application i
catalysis, Using Langmuir monolayers of molecules that qre
good reducing agents, d new strategy for the formation of
nanosheets and nancribbons has been developed.

5.3.3 FPhase-pure core-shell nanoparticle
structures

Nanostructures of the core-shell form have imporant
applications In catfalysis, biomedical applications. However,
existing methods for their synthesis are complicated and do not
yvield phase-pure core-shell stfructures, A new method based on
immobilizing reducing agents on the surface of nanoparticles
has been developed to redlize phase-pure structures. Keggh
ions and amino acids have been identified as reducing agents
that can be immoblized on nanoperticles and selectively
'switched on'to make core-shell nancparticles,

5.3.4 Foam based method for synthesis of
nanoparticles / minerals

With a view 1o develop a simple method for the large-scale
synthesis of nanomatericls, o foam-based method has been
developed. This is based on the large interfacial areg
populated by surfactant molecules in the foam that may be
used to immobilize o range of metal ions (both anionic and
cafionic) and thereafter, chemically treated fo produce metals,
metal sulphides, oxides and minerals. Using the complex
structure of the foams, nanoparticles with unusual morphologies
have also been synthesized in foams,

5.3.5 Preparation of magnetic/ noble metal
core-shell nanoparticles

Because nanoparticles of Co, Ni efc. are very reactive it wds
envisaged that giving them a protective coat with more stable
metals like Au/Ag would not only improve their stability but also
give us more manipulative ability as available for Au/Ag
nanoparticles.

Co and Ni nanoparticles have been prepared by a novel foam
based technique. They were converfed fo Co/Ni,,.-AQ,.. bY @
simple transmetalation reaction, The mechanism responsible
forthe phase transfer of Ni nanoparticles capped with oleic acld
in the presence of phosphoric acid is being probed. Othel
magnetic materials like Fe,O,, Fe are being prepared, Efforts aré
underway fo prepare these nanoparticles on various solid
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supports like polyuretnane, Al,O, and activated carbon so as 1o
sudy their catalytic applications.

5.4 Physical chemistry of solvation of ions

The viscosity dependence on the kinetics of bimolecular
cycloaddition reactions was examined. The enhanced
reaction rates in low viscosity range were attributed to vibrational
and franslational modes in the solutions, while the rafe declines
inthe higher viscosity range to diffusional barrers.

The concept of physical-organic chemistry was employed fo
wansform the endo-selective cycloaddition to exo-selective
one in the presence of ionic liguids. The ionic inferactions
réspons;b\e for achieving attenuation of hydrophobic effects
caused by anfi-hydrophobic agents were calculated from the
experimental data on osmotic coefficients collected in the
laboratcry. These inferactions and the departure of such systerms
fom ideal behaviour were guantitatively estimated, The
hydrodynamic behaviour of amino acids in agquecus jonic
solutions wass investigated in a variety of situations.

5.5 Instrumentation

5.5.1 Development of Brewster Angle
microscope (Image 2K)

The instrument known as Brewster Angle Microscope (Image 2K),
which is a PC based Instument, has been developed. This
instrument is useful for imaging organic thin films and ifs
morphology study. The instrument is import substitfute and s
useful for research in nanoscience area. This development has
been completed with the sponsorship from Depariment of
Atomic Energy. The technology includes p-polarized laser
source, collimaotor, trough barrier assembly for monolayer
compression driven by the intelligent microconiroller module,
captuing and imaging system incorporating frame grabber
card and CCD camera. The instrument has a facility of adjusting
Brewster Angle for airwater inferface and air-glass interface. The
indigenous Image 2K software has been developed in VC++
environment having graphical user inferface (GUI), Software
features include real time imaging of monclayer at Brewster
Angle, iImage analysis functions like brightness, contfrast, domain
area calculation along with file and print menu functions. The
fiough barier movement is controlled by the infeligent
microcontroller module, which receives commands, by PC
thiough R§232 communication link.
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In continuation with this development, another development
has been inifiated, which is Infegration of Image 2K with LB
frough using LabVIEW and Virtual instrurnentation, LalbVIEW VI will
show both the image of the monolayer and the pressure area
isotherm simuftaneously. The development includes NI frame
grabber and AD_DA card, interfaces, pressure sensor module
efc.

5.5.2 Development of molecular beam
instrument

Fabrication of Molecular Beam Instrument (MBI) and its
implementation for catalysis research is an on going project.
Along with fabrication of MBI, the development has been
completed by ISG for the “Development of crifical femperature
controller” for heating the sample in Molecular Beam
Instrurnent. The sample is to be heated up to 1200 °C by passing
maximum current up fo 30 amperes (DC) with low voltage. The
instrumentation is developed fo heat the sample in a controlled
manner fo required femperature. The femperature feedback is
taken through K type thermocouple. The system is a close loop
system. The sample temperature ronge is 200 to 1200°C. The
cooling of the system is manual. A ready-made and standard
fermperature controller cannot be used for this purpose.

ANNUAL REPORT 2003 - 2004




6. Polymer science and engineering

6.1 Membrane science and technology

The work is being caried out on recovery of nonvolatile organic
acids by persfraction and stucture - permeation property
relationship in polymeric memibranes.

6.1.1 Recovery of nonvolatile organic acids by
perstraction

Recovery of commercially important nonvolatile acids (citric,
lactic, fumarc etc) produced by fermentation involves large
number of steps and is alse associated with waste disposal
problem. Though membrcne fechnology is an cffractive
altemative method as it reduces number of steps fowards
recovery of these acids, fhe demonstrated methods are based
on electrodialysis or supported liguid memibranes. These
methods are tedious and may be cost intensive, Perstraction
may provide simpler and cheaper process if adeguate
memobranes are developed. The main objective of this program
is T prepare and evaluate persfraction membranes that would
have adequate flux and selectivity for nonvolatie acids over
other organics.

The knowledge gained through previous work on TFC and UF
mempranes is applied to design new perstraction membranes
for recovery of nonvolatile acids, On one side of the TFC
membrane, a synthetic solution of lactic acid and other
organics is passed, while ofher side is exposed to an extractant
solution to withdraw the acid permeated through TFC. The
prospective membrane materials are identified. The TFC
membranes are being prepared and evaluated for permedtion
of lactic acid. The lactic acid is chosen as a representative of
nonvolatile acids.

6.1.2 Structure - permeation property
relationship in polymeric membranes

Gas permeation is a fast growing area of membrane
technology. Various industial gas separation processes are
being successfully practiced, There is a wide scope to develop
membranes for various applications with improved properties.
Research in this field s directed towards invention of new
polymeric materials that would combinely have (i) high
permeability, (i) adequate selectivity and (iil) processibility. Such
materials will have high productivity in ferms of flux as well as
selectivity for desired component of a gas mixture and also will
have capability to be processed in required membrane form
such as hollow flber or flaf sheet,

The main objective of this program is to systematically explore
polymer structures that would simultaneously have  high
permeability, selectivity and solubllity In common solvents (to
have easy processibility). Structural modifications  through
desired substitution on polymeric backbone belonging to
different families of polymers, mainly polyarylates and
polysulfones are being explored, The substitution on potential
polymeric materials for gas permeation, such as polyphenylene
oxide is also being done. The gas permeation properties and
physical propertfies that are known fo affect gas permeation are
corelated with structural variations. Polyvarylates and
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polysulfones using systematically substituted bisphenols gng
aromatic diacids, dense membrane preparation gre
synthesized ond gas permeacblity and related physicg)
properties are evaluated, Another potential candidate, PPO i
being subsfituted with polar and bulky groups, which qre
anficipated fo improve gas permedation properties.

6.2 Specialty polymers

6.2.1 Stimuli sensitive polymers for drug
delivery systems

Polymer based excipients have been used in formulations forg
variety of reasons, including faste masking, protection and
stabilization of the drug, efc. The majority of prescribed drugs are
designed for oral application since they have more patient
complicnce. However, patfients at the exiremes of age, such gs
children and the elderly, offen experience difficulty In swallowing
solid oral dosages forms, For these patients the drugs are mostly
provided in liguid dosage forms such as solufions, emulsions
and suspensions. The disagreeakle faste of drugs causes
difficulties in swallowing or causes patients fo avoid thel
medication thereby resulfing in low compliance of patients
especially children are reluctant to fake medicines on time. This
creates problem in compliance o the dose regimens and poor
resulis. The objective of this work was fo synthesize stimull
sensiive polymers for the cppropriate swelling and deswelling
characteristic in the physiclogical pH media,

Novel polymers which can release the drug at the site of
absorption without delay especially for the drugs with lower
bioavailability and have specific region of absorgtion in Gl Tract
without alteration in dissolution and absorption were synthesized,
Polymer characteristics which enable to maintain the drug inthe
substantially amorphous form and retain the same even during
storage periods ensuring the rapid dissolufion and hence the
bicavailakility of the dugs were evaluated. Synthesis and
screening the polymers for their application in drug delivery
based on thelr response 1o the different pH media, and the
formulation of the dosage forms incorporating these polymers
was caried out. The application of the polymer for the faste
masking of bitter drugs in liquid oral preparation like dry syrups
and suspensions and in tablets like dispersible and rapidly
disintegrating and chewable was evaluated,

6.2.2 Supramolecular polymer synthesis

The suprcmolecular chemistry focuses on host guest
interactions between two or more molecules that are not
covalently linked, Crown ethers calixarenes, cyclodexdrins and
their derivatives have been commonly used fo form complexes.
These host guest complexes exhibit solution properties and
reactivities different from those exhibited by the parent guest
molecules. High rates of polymerization, higher molecular
weights and abillity to incorporate high loadings of hydrophobic
monomers are some of the advantages offered by this
technique. During the supramolecular complexes of hydrophilic
and hydrophobic crosslinkers were prepared.

nomopolymerization of complexed cross linkers by varying
grameters such as iniflator & chain transfer agent
concenfration was carried out, Copolymerization of complexed
monomer  with various hydrophobic and hydrophilic
comonomers in various compositions depending upon the
Oppticoﬂon's was undertaken. Light and heat curable acrylates
polymers were synthesized and characterized.

6.2.3 Conducting polymers and their
applications

The conducting polymers having extended pi conjugated
slectronic  structure such as polypyrrole, polyaniline,
polythiophene have been investigated for their applications in
diferent electronic devices such as electrochromic displays,
chemical / gas sensors, photo-electrochemical cells,
sleciromechanical sensors and cctuators. The bulk
agpplications  of these materials in EMI shielding, semi-
conducting tapes for high voltage cables efc. have also been
sudied. To enhance the properiies of these conducting
polymers, modifications with functional groups, blending.
incorporation of certain dopants, blending eic. has been
carled out,

6.2.3.1 Functionalized conducting polymers
and their applications

Chromatic effects In materials such as thermochromism,
electrochromism, solvatochromism  etc. have become
important for many applications: as thermal indicators, sensors,
display devices and so forth. Conducting polymers exhibit o
number of these effects which can be further sensitized for
enhanced colour ranges, contrast and fast response. Dye
sensitization of conducting polymer has been  studied
extensively which has led fo development of new matericls
having excellent properties for applications in opfoelectronic
devices.

& s

Electrochromic effect in conducting polymers

These polymers affer incorperation of functicnal dyes show large
thanges in optical specira when exposed fo organic solvent
Vapours, humidity etc, which can be effectively Used for opfical
fiver based sensors having very fast response fime.
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6.2.3.2 Electroactive polymers for
electromechanical actuators

Piezo-sensitive polymers are important materials for developing
electromechanical devices: factile sensors and actuators
which have variety of applications in robotics, dero-space,
biomedical devices and remote confrol systems. Conducting
polymers are being studied for these applications. Large sfrains
(bending) with application of small electic voltage (1 fo 2 V)
have been observed in these materials, The bi-layer actuator
constiucted using the conducting peolymer with a backing
insulating polymer film has been investigated for actuation
response characteristics.

Conducting polypyrole with PET backing layer as actuator.
Arrows show original position at zero applied potential

6.2.3.3 Conducting polymers: Electro-catalytic
processes

Conducting polymers possess charge fransfer capability with
redox type behaviour which can be effectively used for electro-
caotfalysis. Their catalytic efficiency can be enhanced with
certain doping agents. These materials have been
demonstrated as excellent catalysts for Wacker type oxidation
of alkenes, carbonyiation reactions, electro-oxidation of
methanol and reduction of nitrobenzene,

6.2.4 Polymers for UV/E-beam curable
applications

Technology In coatings is resorting fo UV and E-beam cured
coafings fo achieve envionmental compliance and to
improve customer satisfaction. UV curing formulations are the
most rapldly growing technologies within coating, adhesives
and related industries, On wood, plastic and paper, UV curing
systems have been used fo dramatically incraase line speeds
and to develop coatings having superior environmental
resistance coupled with excellent gloss. The radiation curable
proteciive coatings can be classified under (i) industrial
coatings, (i) powder coatings and (iif) resins targeted at graphic
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arfs industries, Industrial coatings apart from electronic industries
are targeted ot wood products, metal decoration and coating
on plastics. Powder coating is suitable for highly autormated
product lines for product finishing such as metal appliances and
automotive fiftings. UV coatings in litho and offset serve graphic
arts Industry,

The cbjectives of the project are ) to develop synthetic strategy
for synthesis of oligomer resins based on acrylated polyesters
and to develop UV curable formulations using multifunctional
oligomeric epoxy, urethane acrylates and establish curing
characteristics and fi] o develop membrane bio-reactors with
the use of UV curable formulations containing epoxy
functionalities.

A WV curable commercial sample wos obtained and the
characterization of the sample is in progress. Seme more
urethane acrylates were synthesized and these samples after
formulation would be evaluated with the commercial sample.

6.2.5 Functional polymers for chiral separations

Traditional chemical routes for drug synthesis result in a racemic
mixture. The phamaceutical activity generally resides in one
enanfiomer while the other may either be harmless or could
have adverse health effects. In India chiral drugs are marketed
in racemic forms. The current FDA requirernent on chiral drugs is
that only the active isomer ought to be sold. Considerable value
addition results from the isolation of the active and deslrable
enanfiomer. The objectives of the project were 1o develop
commercially viable polymeric/ inorganic materials suitable for
use as chromatography supperts for high performance liguid
chromatography and fo establish scientific protocols through
molecular modeling and simulation and fo evaluate these
maferials for the efficient separation of optical isomers of
racemic drug molecules.

Crosslinked polymers with varying crosslink densities were
synthesized as a continuing exercise, The polymer matrices
were sent to RRL, Jammu and IICT, Hyderabad, Some of the
polymer matrices were tested in-house for immobilization on
Lipase. Some of these samples showed good immobilization
characteristics. Esters of Ibuprofen were prepared and the
evaluation is in progress. From the polymer matices samples
sent to RRL, Jammu, three polymers showed good binding o
Y15, RRLT and RL1789. Preliminary evaluation indicated that the
immobilized enzymes were suitable for the resolution of drug
intermedictes,

6.2.6 Novel hydrophobically modified polymers:
synthesis, characterization and rheology

Synthetic water-scluble polymers are being extensively
developed and used as viscosity modifiers in various water-
basedfluids, However, conventional water-soluble polymers
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suffer from drawbacks in which their solutions are unstabje
fowards shear, femperature, pH and the presence of salfs I
order to overcome these drawbacks, the concept g
associative polymers with reversible association was infroduceg
and consequently, hydrophobically modified polymers [Hpg
have emerged as an excellent materials because of they
unusual meclogical properties. These polymers consist of g
water-soluble hydrophilic backbone and a small amoun
(~typically < 2-5 mol %) of covalently bound hydrophobic
moieties called 'stickers'. The molecular architecture as well gg
the characterisfics of the hydrophilic chain and the stickers can
vary widely and give synergistic effects. Therefore, the
architectural richness of HMPs (random, block g
hydrophobically end-capped) gives diverse physico-chemicg|
properties, which have applications in cosmetics, paints, textile
pastes, papers, dillling fluids, detergents and pharmaceuticals,

Designing and synthesizing new hydrophobic compounds fiom
cashew nut shell liguid and gallic acid and development of
novel HMPs using these hydrophobic compounds is being
camied out. These HMPs have shown superior properties
compared fo their unmodified precursors and have potentigl
applications in cosmetics and pharmaceuticals.

6.2.7 Design and synthesis of new
thermoreversible LCST hydrogels.

Thermoreversible polymeric hydrogels exhibit the
thermodynamic lower crifical solution temperature (LCST) and
undergo swelling-shrinking (collapse) first order volume
fransitions af LCST, For example, poly(N-isopropyl acrylamide)
[PNIPAM] and poly(vinyl methyl ether) [PYME] gels possess the
LCSTs of  32°C and 38°C, respectively. Below these
temperatures, the gels swell in the solvent and shrink above this
temperature expelling most of the solvent absorbed. Hence,
they are also fermed as “Thermoshrinking” polymers, The
property of temperature dependent swelling-shrinking of
themnoreversible gels has made them as promising materialsin
the areas of confrolled drug delivery, bioseparations,
biomedicalfields, etc,

Interactions between polymers and surfactants play an
important role in determining conformation transitions, phase
separations, volume fransitions and rheoclogical behaviour of
polymer solutions, In this project the interaction between anionic
surfactant, sodium dodecyl sulfate (SDS) and copolymer gels
namely, PNIPAmM-co-poly (amino acids) has been investigated.
Core-shell morphology in the swollen gels along with two
discontinucus volume transitions has been observed. Such
morphologies have potential applications in drug  delivery
systemns. A mechanistic interpretation of these new observations
on the basis of electrostatic charge repulsion and resiricted
diffusion of surfactant info the gel was also provided,
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6.3 Polymer degradation & stabilization/
environment friendly polymers

6.3.1 Studies in polymer degradation
I

'
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Accelerated thermal ageing oven

The polymeric materials constitfute one of the fastest moving
flontiers of the polymer science but most of them undergo more
or less rapid degradation upon exposure to the natural and
induced environmental condifions due to combined action of
fhe =olar radiation, atmospheric oxygen, humidity and
lemperature. To improve all aspects of the stability of polymers,
a fundamental and complete understanding of the
degrodation process involved Is essential fo control the
destructive reactions.

Generally conventional stablizers are low molecular weight
compounds, therefore, may leach out/ volatilize/ migrate from
Ihe polymer surface. The surface grafting/ anchoring of stabilizer
s a convenient technique to effectively protect/ to increase the
Sevice-life of the polymers against photodegradation. A
Polyrmeric HALS which offered the right balance of diffusivity and
Compatiollity of the stabilizer in the polymers has been
$ynthesized, UV absorber (benzotriazole) and/ or HALS moieties
0 the anthroguinone dyes were attached fo check the
Photofading of dyed nylon 66. other hand, te the performance
of maoterials and products.
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6.3.2 Eco-friendly and bio-degradable
polymers

The aim of this project is to synthesize polymers based on
reaction of sugar molecules with polyolefins, with a view fo
converting the material fo a nutrient source for microorganisms,
with a view fo making them useful as biodegradable polymers.
Work is being caried out on development of new series of
biodegradable polymers based on affaching glucose, sucrose
and lactose onto synthetic polymers in minute guantities in order
to infroduce the properfies of biodegradability in these non-
biodegradable polymers.

6.4 High performance polymers

High performance polymers such as aromaltic polyesfers,
polyimides, polyamides, polyethersulfones and
polyetheretherketones, represent important commercial
materials. Many high fechnology applications in the areas of
aviation, electronics, etc., rely on high performance polymers
as key consfituents. Much of the focus in the area of high
performance polymers Is on tailoring polymer structure fo give a
specific set of properties.

The main objective of the work was fo design and synthesize
novel difunctional monomers, viz., bisphenols, diamines, and
diacids having special structural features, such as flexible
linkages or rigid moieties, which when incorporated info high
performance polymers would impart unigue property
combination to them.

A series of new bisphenols containing rigid moieties were
synthesized starting from commercially available inexpensive
chemicals, such as, biphenyl, naphthalene and 2-naphthol by
a series of simple organic reactions. The bisphenols were utilized
to synthesize o host of high performance polymers such ds
aromatic polyasters, polyimides, polyamides, polyether
sulfones and polyetheretherketones. Incorporation of these
monomers info high performance polymers resulted  info
polymers with improved thermal properties and at the same
time with improved solubility in common organic solvents, Thus
these polymers can be considered as promising class of
processable high performance polymers. These polymers dre
under evaluation as membrane materials for gas separation.

Another promising approach that was looked info was to obtain
monomers containing pendant C15 alkyl chain starting from
cashew nut shell liguld (CNSL) a renewable resource material,
Starting from CNSL, a series of novel monomers, viz., diamine,
diacid, and bisphenol were synthesized. Work is under progress
to synthesize high perforrmance polymers based on the doove
MonNoMmers.

6.5 Complex fluids & polymer engineering

The central theme is fo understand the links between the
microstructure of complex fluids and their fiuid and solid-state
properties. These links are related on the one hand, fo the
kinetics and thermodynamics of structure formation and, onthe
other hand, fo the performance of materials and products.
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The Stafe-of-the-art theometers: an ARES (confrolled strain
rheormeter), a BOHLIN CVO-50 (controlled siress rheometer) and
a RHEOVIS 2100 (high shear capilary theometer) dllow for
measurement of all material functions of complex fluids under
shear flow. Rhec-opfical technigues to study stress-
birefringence in viscometric and complex flow fields are being
developed. The capability fo do POLYFLOW viscoelastic CFD
simulations to matfch heo-optical dafa and perform exirusion
simulations'is also being bullt. The lab has facilifies useful for wet
chemistry such as fume hoods, vacuum ovens, rotovap,
cenfrifuges, efc. Pllot scale polymer processing and
mechanical festing faclliies in the Polymer Processing Cenfer
[PPC) such as the DSM microcompounder and microinjector,
Berstorff ZE-25 twin-screw extruder, Haake Polylab system, Arburg
injection melding maching, Instron UTM and Ceast lzed impact
tester are also used.

It |

ARES
Bohlin CVO50

6.5.1 Stick-slip phenomena in polymers

Wall-slip is a phenomenon that limits the productivity of melt-
extrusion processes for highly entangled polymers such as
polyethylene. The stick-slip transition above a critical wall shear
sfress in extrusion was modeled by developing a constitutive
equation using fube (repefition) theores to describe the
coupled dynamics of bulk chains and of the strongly adsorbed
end-tethered chains under varlous regimes of wall graffing
density, As shown in the figure, the maolecular origin of the stick-
slip instability is related to a sudden stretching of tethered chains
and their consequent disentangling from bulk chains above a
critfical stress.
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6.5.2 Fingerprinting of commercial polymers

Research was underfaken to understand the STFUCTUFG-DrOpeW
relationships in resins and the scientific reasons for befte
performance of leading resins In the markets. The figure shoyg
how the die swell of two blow molding resins is infimately linked g
their MWD, The resin with lower polydispersity exhibifs highg
fransient die swell due fo rapid reloxation,

Diiferpatial Modecibar Weighit Tiaribaion
[

~ "Resin 2

" Resin 1"

6.5.3 New product development

PP-glass composite compound having a targeted sef of
mechanical properties has been developed. The figure shows
the 3-phase morphaology of the PP-cormposite in which the glass
fibers have excellent adhesion o the matrix and the matrix fsell
consists of uniformly dispersed fine domains of a polyamide.
Several polyester-glass pultruded profiles were developed using
the pllet-scale PULTREX pultrusion facility in the PPC. These
include C-, |-, rod, and notched section profiles for applications
ingratings and ladders.

6.5.4 Development of new equipment

A preparative temperature rising  elution  fractionation
gquipment was designed and built, Reproducioility of the eluted
weight fractions of a ZN-LLDPE resin obtained from programmed
heaifing steps affer a slow cooling cycle is shown in the figure,
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6.6 Polymer nanocomposites

6.6.1 Nylon - clay nanocomposites

The nanocomiposites were prepared by melt mixing nylon with
desired amount of clay in DSM Micro Twin Screw Compounder
at 230 °C for 5 min (100 rom). The X-ray diffraction experiments
were performed using Rigaku Dmax 2500 diffractometer with a
high femperature sample stage. Thermogravimetric analysis

was used to determine amount of clay present in the

nanccompaoesites,

The new peak af 20 = 20.327° indicates presence of an
additional phase and its position is more close to the 200
ieflection of the phase andis called the metastable phase, The
metcstable phase fransformed info y-phase on cooling af
about 150°C and the transformation is reversiole on heating.

Tei G 55
Bytan &  Slay(Satt)

W T 7
2 Thata (de9.)

Xray diffraction patterns and change in d-spacing on cooling
fo room temperature from crystallization temperature 210°C
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6.6.2 Poly (methyl methacrylate) (PMMA)
based nanocomposites

PMMA-clay nanocomposites prepared using  organically
modified layered silicates are being studied. These matetials
were prepared using the melt mixing route on small (50g) as well
as industrial (700 g-1 kg) scale, for evaluation of various themal
and mechanical properties. The PMMA -Montmorillonite hylorids
were characterized by WAXD, TGA, DSC, tensile deformation
and dynamic mechanical analysis. Except for the hybrid
formed with unmodified sodium monfmorillonite where a
change in disfribution of clay plafelet stacks was observed
without polymer infercalation, use of organically modified
montrorillonites gave wellintercalated sysfemns. Increase inthe
clay layers separafion, due fo polymer intercdlation, was
observed in the range 7-14 A TGA thermographs indicate that
the onset of decompaosition increased by 15-30 °C, depending
on the organoclay, as compared to PMMA itself, DSC results
show the existence of a glass fransition temperature (7,) for allthe
hybrids and that the T, of the hybrids are less (by ~10%)
compared fo that of PMMA. Among the various modifiers, the
ones that are relatively more polar favor a greater extent of
intercalation of PMMA info the clay layers. The thermal stability-of
the nanocomposite is superiorfo that of PMMA, andis controlled
by the stability of the organoclay and its inferaction with PMIMA,

Crganic modif‘imers used in the study and TEM micrografs of
intercalated PMMA nanocomposites.

A significant improvement in the Young's modulus of the
nanocomposites Is seen compared to that for unfiled PMMA.
The unintercalated composite formed with pristine clay showed
smaller enhancement in the tensile modulus compared 1o
intercalated nanccomposites based on organically modified
clays. The use of organoclays that contain polar groups on the
exchangeable quatemary amine results in a relatively smaller
increase in the modulus as compared to when more
hydrophobic (not containing polar groups) organoclays are
used, The elastic modulus In the solid state below the glass
transition temperature is higher for the intercalated
nancceomposites as compared to unfiled PMMA with minor
differences as affected by the organic quatermnary amine
freatment of the clays,

T Tl

s o
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Storage and loss maoduli of intercalated PMMA nanocomposites by
dynamic mechanical andlysis
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6.6.3 Liquid crystalline polymér
nanocomposites

Work on intercalated nanocomposites of poly(ethylene
terephthalate-co-oxybenzoate) [PETOB] and layered
aluminosilicates (montmerllionite clays) is focused fowards the
effect of organoclay and its loading on liquid crystalline phase
behavior and nano-meso scale structure, The study is being
carried out in significant depth in arder fo understand how these
advanced materials behave as controlled by molecular
parameters. Characterization of the morphology of
intercalated nanocomposites of PETOB, at 2% by wt clay
loaded into this thermotropic liquid crystalline polymer matrix,
shows existence of the nematic phase in the temperature
window 190°-220° C. Various organoclays have been studied in
this work. The nematic phase optical micrografs for intercalated
nanccomposites prepared with organoclays having different
chemical structures of the organic modifier, show existence of
liquid crystallinity for all nanocomposites. TEM imaging
performed on ulirathin microtomed specimens show
homogeneous dispersion of clay platelet stacks throughout the
polymer matrix,

- i - A P ‘m b o S8
Optical micrografs of liquid crystalline phase of PETOB
copolyester and its nanocomposites with clay

In addition, a somewhat spatially oriented dispersion of clay
stacks is also observed in few regions of the hybrids. Scenarios
such as parfial intercalation of polymer in-between successive
clay layers due to processing during hybrid preparation are clso
seen. Intercalated clay platelet structure is clearly observed at
high magnifications Indicating favorable nanoscale
thermnodynamic inferactions between the polymer cheins and
the clay surface. This has dlso been confimed by X-ray
diffraction measurements. Orlented clay stacks are rationalized
to occur due to stack-stack interlayer energetic interactions in
presence of crystalline polymer phase at room temperdture,

s6am

TEM micrografs of various regions of intercalated PETOB-clay
nanocompaosites

In general, in most regions of the nanocomposites, the nedrest
neighbor clay stacks exhibit random orientafional order over
smaller as well as larger distances. The formation and
observations in case of nanocomposites prepared  with
organically modified montmorillonites, showed that favorable

.
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thermodynamic interactions exist between the clays and the
polymer segments, resulting in infercalation of polymer chajng
while maintaining liquid crystaline behavior of the overg
polymer martrix.

1~ 8 clay Layers)

Frrertaver distance - 12 A
Nanoscale structure of PETOB intercalated nanocomposites as
studied by TEM

6.6.4 POM homopolymer and POM-PEO
copolymer nanocomposites

New intercalated and novel parfially exfoliated
nanocomposites of Poly(oxymethylene) {FOM, Acetal resin}
were prepared using sodium  montmorillonite  (MMT],
organomontmorillonite and laponite  clays, by the mell
processing route. Processing conditions such as batch mixing
speed, time cnd temperature were vared and optimized in
order fo obtain stable nanocomposites under most desired
operating condiions. POM intercalates info Na'MMT o
separate the clay layers by 7 A. Specific organic modificationto
montmerillonite rendered the silicate sufficiently organophiic
but maintaining the polar inferactions between POM chains and
organic modifier surfactant, thereby leading to significant levels
on intercalation (effect d-spacing shiffs approx. 20 Aand 7A
respectively, for the organoclays studied). Parfial exfolicrtion was
dlso observed in the case of nanocomposites formed using
dioctadecy! diethoxy guaternary ammonium  exchanged
mentmorillonite, POM nanocomposite was fully exfoliated when
nanometer sized clay laponite was employed. Melting
temperatures (T.) of the nanocomposites are comparable 10
thart of crystalline POM and remain unaffected as a function of
clay type and size. Significant increase In crystallizafion
fempercature as compared fo unfilled POM s observed by
formation of nanocomposites for all clays, Enthalpy of melting s
significantly higher for the nanocomposites as compared 10
POM. The nanacomposites are thermally more sfable as seer
from TGA (weight loss on heating) results. Tensile and impae!
properties were also studied using injection molded specimens
via DSM microcompounder. Higher fensle modulus o
nanocomposttes as compored fo POM is observed, fné
modulus increasing with clay wi%. Impact strength is lower for
the nanocomposites and decreases with increasing clay
loading. Comparison of results for POM nanocompaosites Wil
preliminary results on intercalated nanccomiposites of coaceld
resin {Poly(oxymethylene-co-ethylene oxide)} are also beind
caried out. Preliminary results on the nanocomposites of POM-
PEC with the organoclays showed infercalated structure.
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8.6.5 ABS and SAN nanocomposites

Several new infercalated and exfoliated nanocomposites of
acrylonitrile-butadiene-styrene (ABS) resin with layered silicates

were obtained by melt state processing route. The effects of

oigonic moedifier structure of the clay in case of montmorillonites
(MMT) and also at the effect of clay layer size by ufilizing laponite
cloy were studied. The nanocomposites were characterized
uing X-ray diffraction, DSC and TGA. The effect of clay weight
kading on the nanocomposite d-spacings and s thermal
siabiiity and properties were investigated. The fensile modulus of
Ihe nanocomposites are superior fo that of the unfiled polymer
by 4% - 30% depending on the type of clay, af similar and low
bacings such as just 4% by wi. clay In the hyborid. d-Spacings of
Ine hybrids by the batch mixer route, are not affected by using
icfor speeds higher than 60 rpm., There is significant increase in
several mechanical properties such as stress at auto-break,
modulus, fensile strength by the formation of intercalated
nanocomposites, while strain at  auto-break  significantly
decraases due to the presence of intercalated clay. At low and
easonable loadings, the vield slress of the infercalated
anocomposite prepared using organically modified
monfmorillonites are higher than that of ABS, while yield stress of
ABS-MaMMT composite is not much different frorn that of ABS,
Both notched as well as unnofched impact strengths of the
Nanocomposites are inferior fo that of ABS, except in two
Nanocomposites where an increase in the impact has been
observed. Use of 30nm sized Igponite clay leads o exfoliated
Nanccormposites and an improvementinimpact strengtn
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(ductility) compared fo the polymer. Results using different
processing equipments such as Brabender batch mixer (50 g
scale), large scale twin-screw extruder (700 g scale), and DSM
twin-screw exiruder/ compounder (5g scale) are being
completed.

6.6.6 HIPS and PS nanocomposites

Several intercalated nanocomposites of Polystyrene (PS) and
high-impact polystyrene (HIPS) with layered organosilicates were
prepared by melt processing methods and characterized for
their nanoscale sfructure, thermal properties and mechanical
properties. Organically modified clays, having different modifier
chemical structures, are utilized in this study in order to look at the
effects of physical chemistry on the nanoscale infercalation
and thermal properties of the hytorids. The mixing preparation
conditions such as rotor speed (rom) and fime of mixing were
varied and optimized for preparing well infercalated
nanccomposites with significant d-spacing changes
accompanying nanoccomposite formation. The
nanocomposites are characterized using X-ray diffraction,
differential  scanning calorimetry (DSC).  thermogravimetric
analysis (TGA) and fransmission electron microscopy. The effect
of organic modifier on the clay surface (physical chemistry of
clay) was also studied. The effect of clay loading info HIPS maifrix
is also investigated in the weight range 2-12 %. Well intercalated
nanccomposites are formed for all clay systems and at all
loadings Investigated here. Intercalafion and filer presence
gives rise to enhanced tensile properiies. Use of high
hydrophoblc coverage (dioctadecylammonium guat, based)
organoclays does not give intercalation. The weight loading of
clay info the polymer matrix is varied in the range 3-6%. HIPS
intercalates to a slightly greater extent as compared to PS into
the clay interlayer space, other conditions remaining the same,
for the loadings and organoclays studied. Higher rotor speeds -
(rom) leads to greater intercalation for all systems, however
equilibrating at about 60 rpm. An increase in the clay loading
leads to a decrease in interayer d-spacings in fhe
nanocomposites. For HIPS as well as PS nanocomposites, the T,
of the nanocomposites, studied by differential scanning
calorimetry (DSC), shows a slight decrease compared to unfiled
polymer, the effect being more in the case of HIPS relative to PS.,
Optimum mixing speed and time of mixing has been
established for preparation of the hybrids. The glass transition
temperature of the nanccomposites are similar to or slightly
lower than those of HIPS In low clay leading range (<6% by wt
clay). Comparison is made in certain cases with the behavior of
polystyrene (PS) nanocomposites (intercalated) for the
dispersion structure and level of polymer intercalation into the
clay interlayer spacings, using thie same clays. Resulis for a clay
loading range till 12% by wi.are completed, using a varisty of
different organically-modified montmorillonites.
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L Polystyrene (PS) l High Impact Polystyrene (HIPS) l

System | Clay Ty System Clay Ty
loading Q) loading °C)
(Wi %) (wt. %)
PS Zero 450 HIPS Zero 460
PS-6A 3 470 HIPS-6A 3 470
PS-6A - 6 460 | HIPS-6A 6 465
PS-15A 3 480 HIPS-15A 3 480
PS-15A 6 460 HIPS-15A 6 480
PS-20A 3 475 HIPS-20A 3 480
PS-20A 6 465 HIPS-20A 6 480

Themal degradation properties of intercalated
PS and HIPS nanocomposites

6.6.7 PPO nanocomposites

Study on preparation and characterization of layered silicate
filer based nanocomposite materials using poly(phenylene
oxide) {PPO} is being camied out. PPO is of significant inferest
commercially as well as from fundamenital scientific research
perspective. Intercalated nanccomposites were prepared by
melt state processing method using different organically
modified montmorilionite clays. Structural characterization of
inferlayer  d-spacings using wide and small angle X-ray
diffraction showed significant amount of penetration of PPO
chains in between the silicate layers. The objectives of this study
are fo understand the influence of molecular paragmeters and
process variables on structure and chain dynamics in these
nanccomposites and to understand the influence of claysona
well studied classical fully miscible molecular blend. In order to
understand the behavior of blends based nanocomposites, the
nanocomposites of the Individual polymer phases are also
being camed out for comparison.

6.6.8 Effect of molecular size and molecular
structure of the intercalant on structure and
viscoelastic properties of nanocomposites

The cation exchange capacity of the layered silicate along with
the molecular size and molecular structure of the organic
infercalant confrols the degree of infercalation of the polymerin
the layered siicate. The concentration of the intercalant
molecule as well as its size, thermodynamically govern the
number of polymer chains infilrating the silicate layers. The
adjoining figure shows that os the concentration of the
Intercalant melecule increases the amount of polymer chains
Infittrating the silicate gallery decreases.

The amount of pelymer chains infiltrating the silicate gallery
governs the viscoelastic properties of the PLS nanocomposite,
The amount of polymer intercalated in the silicate gallery space
is more for layered silicates having small intercalant molecules.
Also the presence of specific inferactions between the
functionalities in the intercalant molecule and those in the
polymer also increases the amount of polymerintercalated,
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ves of This study are: i) in-sifu high Temperg?ure Fourier

Infrared spectroscopic (HT FTIR) sfudies on the
form of syndiofactic polystyrene (sPS) during hgo’rlng
sudy the crystallization behavior of Nylon 6 in the
layered silicates.

These nanocomposites having higher g Wt of ¢
present in the siicate gallery showed befter
properies than those in which the amount
intercalated was less, ' 4

14 —
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in blow molding an increase in the glass transition
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> s useful in reducing the crystallization ability and
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d is soluble in common solvents such as chioroform.

or a blend made from the two could give o new
combined properties.

38 43
Modifier Concentration (%)

6.6.9 Rheology of nanocomposites

The rheology of polymer nanoclay compo
sensitive to the clay dispersion, loading and o
layered-siicate nanocomposite melts exhibif
reology with an apparent vield stress below
consists of a percolating network of clay tac
which these tactoids rapidly orient along the flow
figure shows the flow alignment of clay factoids
shear sfress as captured by in-situ heo-XRD
using the Cambridge MuliiPass Rheormeter,

of this study was to examine the development of
morphology during ester-carbonate interchange
d solid siaie polymerization of PET/PC oligomer
PET/PC oligormers were initiclly melt blended and
The crysiallized blend was subjected to
solid state polymerization and ester-carbonate
reaction by holding the blend just below the
erafure under reduced pressure. The change in
and morphology was monitored by TH NMR
oy, DSC and X-ray diffraction,
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e ene ferephiholote-co-bisphenol A carbonate) was

obtained by simultaneocus solid state
and fonsesterification of crystalized PET/PC
fransest=rification and degree of randomness
uffaneously with SSP According to Bemoulli's

e of iandomness values indicates that the
1.0E+02t o ned during SSPis a block copolymer, The DSC and
101, 1602 L EE 1 [evedled ihe omorphization of PET and PC crystals

Wall shear stfesy g fermperature with the progress of SSP and
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6.7 Structure - property relationshi
polymers

Morphology, the science of form and sfiucture, p
between the molecular structure and the bulk
capplied to polymers, morphology involves |
arrangement of polymer molecules info €
amorphous regions. The semi-crystalline p‘ofm}ar
directly linked to the structure and morphology.
one among the most successful semi-crystalline k
nylon & is the key member of the nylon fam
syndiofactic polystyrene (sPS) Is the newly d
crystalline polymer with high melfing poirﬁ and
mechanical and solvent resistant properties.

o

€ Of new peaks at 8.14, 8.20 and 8.30 ppm
SXChange reaction between PET and PC
ltaneously with chain extension
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The spherulitic momhology of the copolymer depends on the
composition of the constituent polymers. In the case of poly(BT-
co-CPDT) copolyesters, the polorizing opfical microscopy
studies showed gradual change in the momhology of the
spherulites with increcse in PBT content,

a b ¢

Polarized light micrographs of (a) PCPDT (b) PBT,,CPDT,, (c)
PBT,.CPDT,, (d) PBT,,CPDT,, (e) PBT,.CPDT,; (f) PBT

6.7.3 Polymorphism in syndiotactic spolystyrene

Amorphous syndiotactic polystyrene (sPS) films were crystallized
in the clathrafe form by immersing in DCM, Toluene, DCB,
Decalin, and Acetone. IR spectra were taken using Perkin-Elmer
FTIR Spectrometer (model PC 16) at 2 cm’' resolution, in the
range 450 - 4400 cm and 32 scans for signal averaging. High
temperature spectra were obtained by mounting sample in
Mettler Toledo FP82HT hot stage and placing it in the sample
compartment of FTIR and aligned using laser light,

Al i Ta) plans
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Interaction between polymer and solvent along the b axis, is
different while along the a axis is almost common for all the
helical forms

The FTIR spectra showed major changes when y form
fransformed info o' form at ~200°C, when the helical
conformation changes into planar zigzag conformation. On the
other hand, the fransifion of § form into ¥ form on heating above
the glass fransifion temperature is not very obvious, as the
spectral changes are only marginal and affects very weak
bands.
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The 1168 cm’ long helix band assigned to TTGG conformation
responds to & to y form transition. It is dependent on amount of
solventinthe clathrate

6.7.4 Crystallization of polypropylene

Polypropylene (PP) is known fo exhibit well-defined spherulific
morphology when crystallized from melt at 122°C. In the
nanocomposite, however, the crystallization of PP takes place
even ata higher temperature of 142°C and the crystaliites grow
as fibers that increase in diameter, This indicates that the surface
of the exfoliated layered silicate acts as nucleating agent that
promotes crystallization of PP The figures show the optical
micrographs for PP and PP/clay nhanocomposites crystallized of
122 and 142°C, respectively.

6.7.5 B Phase in polyvinylidenefluoride

Phase in polyvinylidenefiuoride (PVDF)] exhibits polyrmorphism
and is known fo crystallize in four different forms namely o B, 1,
and & . The most readily formed crystal sfructure is the o form
and can be obtained by cooling fromthe melt, On crientation It
convertedtothe B form, which is of great imporance because
of its piezo- electic effects. A stable B phase in PVDF was
obtained from intercalated PVDF/clay nanocomposites, which
was confirmed by annealing the sample above the melting

point, The figure shows WAXD pattem confiming the formation
of B form of PVDF.

ANNUAL REPORT 2003 - 2004 h.

P Ly Hae - oo o T
{F $m)

2 12 2 32 2 52

2Treta [deg)
6.7.6 Crystallization of poly(1-butene)
po\y(ug._-'ene] (PB) is known to exhibit fime dependent
poiymorphism. The phase tfransformation of the meta-stable

tefragonal form I o stable hexagonal twined crysfo! form | starts
after the crystallization of the form Il the kinetics of which are
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influenced by pressure, temperature, and mechanical
deformation. The formation of intercalated PB/ clay
nanocomposites affects this phase transformation. The process
was accelerated in the intercalated nonocomposites as
compadred to pristine PB. The figure shows the accelerated
process.
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7. Process development and engineering

The Process Development and Engineering group plays the
pivotal role in translating laboratory processes to commercial
technologies by combining novel process chemistry with
advanced pilot plant studies and procass engineering. The
group dlso assists the chemical process industry to achieve
efficient in terms of efficient, eco-fiendly and trouble-free
operation by providing R & D inputs. In order to meet these
objectives the group undertakes process design &
development, rigorous pilot plant studies, providing assistance
in plant commissioning, troubleshooting and conducting
feasibility study at various stages of R& D 1o substantially reduce
the fime taken for moving processes from flask level to
commercial scale, the group provides concurrent engineering
inputs to bench scale process development work.

7.1 Catalytic processes
Acylation

Catalytic acylafion reactions were conducted on pilot plant
scale. The experiments were conducted using a novel reactor
configuration. Optimal cperating conditions were determined
based on several parameter variations in smaller laboraiory
reactors, The experimeants were demonstrated 1o the industrial
customer. The product obtained was isolated and tested. The
novel process of cotfalytic Friedel-Crafts reaction is a geod
replacement for the classical process, which is currently widely
in practice.

Pilot plant reactors: Time-on-stream studies

In the use of zeolite catalysts in the preparation of fine
chemicals, fime-on-stream data and deactivation studies play
an important role in development of the technology. Pilot plant
has proved with a fair degree of accuracy necessary data for
plant design. Life cycle of the catalyst is enhanced by better
configuration of the reactors and is estimated accurately for
feasibility analysis,

Vapour phase O-methylation

Catalytic O-methylation is conducted on pilct plant scale, The
experments are conducted using a number of recipes of
catalysts and reactor configuration and optimal parameters
are determined based on several parameter variations in
smaller laboratory reactors. The product obtained was isclated
and tested. The novel process of catalytic reaction is a good
replacerment for the classical process, which Is in practice,

Pilot plant reactor: Life study of catalysts

Inthe use of novel catalysts in the preparation of fine chemicals,
time-on-siream data and deactivation studies play an
important role in development of the technology. Pilot plant is
expected to generate data for plant design. Life cycle of the
catalystis enhanced by better configuration of the reactors,

Catalytic chlorination

Selective, catalytic chlorination of foluene using a proprietary
catalystis demonstrated to a custermer at his site.

| ——
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7.2 Process design & engineering

The division is equipped with the latest software for process
simulation and engineering drafting. The simulation software is
used fo do mass and energy balance calculations, process
design of heat exchangers, pumps etc. and to determine
physical properties of process streams involving solids, liquids or
VapOoUrs.

Process know-how documents and Basic Engineering Packages
(BEP) can be prepared incorporating process flow diagrams
(PFDs) and piping and instrumentation diagrams (P & IDs) with
the available software

Basic engineering package (BEP) for a novel
multiphase reactor

Preparation of BEP for a pilot plant using liquid phase
hydrogenartion technology and a novel contfinuously operating
hydrogenation recactor is completed. This program s
undertcken with an industrial partner as a sponsoring party.
Catalyst development, process development and product
validation were underiaken as bench scale work, A high-
pressure reactor with four phases is a cruclal eguipment in the
whole scheme. The spensoring party has shown interest in
putting up a pllot plant for the novel hydrogenator, Customer is
assisted in finer design and installation of the pilot plant facility.

Simulation studies: Separation operations

A process simulation package is used fo generate a feasible
process flow sheet for separation of a complex, non-ideal liquid
mixture involving epichlorohydrin and allyl chioride. The results
are combined with experimental phase equilibrium data fo
design an appropriate separation scheme.,

7.3 Pilot plants

Pilof plant sfudies form an essential step in technology
development and scale-up. The group specializes in design
and consfruction of dedicated pilot plants involving catalytic
oxidation, amination, acylation and hydrogenation processes.
Such an assignment includes preparing P & ID, sizing and
equipment selection.

Sucrose ester

Sucrose esters are non-ionic surface-active agents
manufactured from pure sugar and vegetable olls / fatty acid
esters, The confent of mono and di-esters in the product is a
deciding factor in terms of its hydrophilic or lipophilic properties.
The sucrose esters are effective in various applications like food,
cosmetics and pharmaceuticals.
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A solvent-less process for the preparation of sucrose asters Was
developed by a Pune based sugiar institute on a loboratory
scale of 0.5 fo 1.0 gm mole of sucrose, The industrial customer
subsequently entered Info an agreement with NCL for a basic
engineering package for pilot plant based on their process, Lab
scale demonstrafion of the process was studied and
modifications were suggested. This modified protocol was used
for the preparation of the basic engineering package.
Cbjective was to provide a basic design document to the
customer for further scale-up and experimental studies at their
site

The custormer was assisted in commissioning the pilot plant.
Presently, the frial of preparing sucrose ester is in progress and
would be completed in a couple of month's fime,

7.4 Plant commissioning, de-bottlenecking and
troubleshooting

NCL has acquired vast experience in these aspects by constant
inferaction with plant engineers, equipment vendors / suppliers
and project engineering groups.  Section-wise / stage-wise
testing of a process and commissioning of all equipment /
machinery is done by observing ali the protocols of plant start-
up.

PROCESS DEVELOPMENT AND ENGINEERING

7.5 Feasibility study/ analysis

This is done af various stages of R& D, starting from scanty
preliminary data and conceptual flow sheeting to post-pilot
plant and advanced engineering stage. It was done for some
polymer additives and specialty chemicals.

A specialty monomer plant

NCL provided assistance to commission 900 TPA specialty
monomer plant (ATBS) and stabilize its operation by continuous
monitoring of the plant performance. Bottlenecks were
identified and remedial actions were recommendad, This plant
is currently operational at 125% of its rated capacity.
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8. Public - private partnership programmes

NCL plays a lead role in several major collaborative projects with
private industries under the auspices of New Millennium Indlicn
Technology Leadership Inifiafive  Programme (NMITLI) and
Department of Science & Technology (DST). NMITLI programmes
are chosen affer extensive consultations amongst stakeholders
and are undertaken in mission mode cnd o time bound
manner.

8.1 NMITLI Projects

8.1.1 Sulphur removal from petroleum fuels using
nanoparticulate catalysts (Chennai Pefroleum
Corporation Ltd, Chennai and Sud Chemie India Ltd, New
Delhi)

The aim of this research project is to develop a catalyst and a
process for the deep desulphurization of diesel o bring down its
sulphur confent to less than 50 ppm at the typical operating
conditions used in Indian refineries. Both Co-Mo and Ni-Mo
based catalysts were successfully prepared in the laboratory
scale (100 g) which could desulfurize diesel to <50 ppm at a
pressure of 40 bars. Catalyst scale-up is in progress and
commercial trials in CPCL are contemplated.

8.1.2 Five & 25 kW decentralized power packs
(Bharat Heavy Electricals LTd, Hyderabad, Sud Chemie India
Ltd, New Delhi, and SPIC Science Foundation, Chennai)

Fuel cells are the promising candidates for fruly energy-efficient
and more environment friendly power generation devices. Fuel
cell comprises a family of multidisciplinary technologies. NCL
has formed a Vitual feam of the scientists from disciplines like
organic  chemistry, membrane  science and technology,
catalysis, materials science and process development.

Fuel cells are commonly classified by the type of electrolyte
used, Work is being carried out on Polymer Electolyte Fuel Cell
(PEFC) or Proton Exchange Membrane Fuel Cell (PEMFC). PEMFC
has a solid-polymer electrolyte with excellent resistance to gas
crossover. PEMFC can operate at high curent densities, which
offers low weight, cost and volume. The main disadvantages are
poor resistance fo CO folerance and low operating
temperature, The CO tolerance can be managed by reducing
the CO content in H, by using the appropriate catalytic process.
Alternatively, the membranes that can be opercted at high
femperature may be used so that the CO tolerance capacity
can be improved. The major components of the fuel cell power
pack are: fuel processor, fuel cell stack, aond power
conditioner.

Fuel processor is an infegrated unif used for the conversion of LPG
to a fuel gas reformate suitable for the fuel cell ancde reaction.
Fuel processing encompasses: () faw cleaning  rermoval of
sulphur, halides and ammonia, (i) raw fuel conversion-
converting a hydrocarbon fuel to a hydrogen rich gas reformate,
and (ill) reformate gas alterafion - converting carbon monoxide
and water in the fuel gas reformate fo hydrogen and carbon
dioxide via the water gas shiff reaction and selective oxidation 1o
reduce CO to afew ppm. The hydrogen rich product and air
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(oxygen) are fed to fuel cell stack to generate electricity. The
steam reformer (SR) and preferential oxidation (PROX) catalysts
were developed. The know-how for scale-up (kg size) of SR
catalysts has been fransferred to the industrial collaborator. The
cotalyst is giving an excellent performance in terms of
conversion as well as hydrogen yield. Preparafion of platinum
based PROX catalyst was scaled up fo 500 g size af catalyst pilot
plant.

Proton exchange membrane (PEM) is a key component of fuel
cell stack. The monomer, diaminobenzidine (DAB), Is prepared
from readily available starting material at lab scale by new
catalytic routes. Synthesis of a polymer, polybenzimidazole (PBI).
from DAB and further synthesis of PBI based PEM is optimised and
altermnate novel routes are being explored.

A fuel processor with a capacity o produce 4000 LPH of
hydrogen was designed. It was operated for 830 hours. The fuel
processor was evaluated using Ni based steam reforming
catalyst and Pt based PROX catfalysts, Commercially available
HTS and LTS catalysts were used. HTS, LTS, PROX reactors were
designed and operated as adiabatic reactors. CO
concentration in reformate gas after HIS was reduced 1o 2 per
cent and affer LTS it was 0.2-0.5 per cent, The reformate gas was
sent to PROX reactor with 150-200 per cent excess air. The CO
concentration after PROX was reduced to 0-20 ppm. In the fuel
processor, 93 per cent conversion of LPG was obfained.

8.1.3 A catalytic process for the preparation of acetic
acid and ethylene through vapour-phase oxidation of
ethane (Indian Pefrochemicals Corporation Ltd, Vadodara)

Alkanes, especially the light ones such as CH, and C.H, are
abundantly avaidble in nature. At present, acetic acid is
produced from these hydrocarbons via the syn-gas route
(CO+H,) or ethylene. A much simpler and more economical
route will be the direct oxidation of ethane with O,. Researchisin
progress towards accomplishing the direct conversion of
ethane to acetic acid.

ANNUAL REPORT 2003 - 2004

8.1.4 Detergent alcohols by oxidation of higher
alkanes using alkyl hydroperoxide as oxygen carrier
(Indian Petrochemnicals Corporatfion Lid, Vadodaora)

The use of biodegradable alcohol based detergents is gaining
importance the world over, in @ major move from the
conventional detergents like LAB sulfonafes. In India the
utilization of the blodegradable detergents is sfill in ifs infancy
and is expected to increase in future. So far the manufacture of
detergent alcohols in India is via hydrogenation of fatty acid
esters, An altemate cheaper route could be via oxidation of the
abundantly available C,,- C,; alkanes. In this program it is
proposed to develop a process for the manufacture of
detergent alcohols by the oxidetion of cerresponding alkanes
mixture (C,-C,,) using t-amyl hydroperoxide (TAHP) as an
oxidant, The unutilized C, fraction from refineries (containing a
mixiure of pentane and isopentane) will be employed to
generate the TAHR, which after fransfer of the oxygen yields -
amyl alcohol (TAA), an important commercial product. The
cleavage of the alkyl hydroperoxides fo obfain desired
oxygenated products would also be assessed.

The investigations on oxidation of decane and dodecane have
resulted in the development of new catalysts for the reaction
using TBHP as the oxygen carmier. Studies have also indicated the
possibility of oxidation of higher alkanes using molecular
oxygen, which also vields the desired alcohols and kefones.
Curently work is in progress on the oxidatfion of alkane mixture
available commercially and alsc on the preparation of TAHP via
isopentane oxidation.

8.1.5 Biotechnology of leather: Towards cleaner
processing (SPIC Science Foundation, Chenndi)

Leather industry generates enormous amounts of solid as well as
liguid wastes causing ground and water pollution. Many
tanneries were forced 1o close down on account of pollufion
and are now switching over fo cleaner methods of leather
rmanufacture. Dehairing of skins and hides is one of the major
sources of pollution. Enzymatic method of dehairng as an
alternative to chemical method is gaining world-wide attention.
A fungal strain isolated at NCL secreting high levels of alkaline
protease in short fermentation cycles was evaluated at CLRI,
Chennai for its application in leather manufacture. The
dehairing of goal/ sheep skins and cow/ buffalc hides in
absence of sulfide using NCL enzymes have been
demonstrated in commercial fanneries.

Dehairing with lime
sulphide protease

Dehairing with NCL alkaline
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Based on the positive results obtained, newer sources of
proteases and lipases with properties suitable for application in
leather manufacture have been screened, Two protedses have
been selected as lead enzymes for further scaling up and large
scale evaluation frials,

8.1.6 Microbiological conversion of Erythromycin to
clarithromycin and other novel biologically active
molecules (Alembic Chemicals, Vadodara, Insfitufe of
Microbial Technology, Chandigarh and Regional Research
Laboratory, Jammu)

Clarithromycin (6-O-methoxy erythromycin) is a semi-synthetic
analogue of erythromycin having enhanced activity profile
compared o the parent compound. Af present, it is synthesized
chemically from erythromyein involving mulfistep reaction
sequence thaf requires protection and de-protfection steps, thus
reducing the overall vield to 30 per cent, The steps of protection
and de-protection make the process lengthy as well as costly.

The fact that microbiclogical processes are simple,
environment friendly as well as functional or site specific make
them more atfractive for carying out otherwise difficult
fransformations. Several microbial processes compete
successfully with chemical processes in the fransformation of
stercids, p-lactam, aminc acids and pepfides. Since the
conversion of erythromycin to clarithromycin involves only O-
methylation at C-6 hydroxyl group. there is a likelihood of
effecting this fransformation microbiologically in single step.

The project deals with the extensive screening of microbial
strains for above-mentioned conversion capable of performing
O-methylation at desired C-6 position. The project also deals
with the possibility of formation of novel analogues of
erythromycin possessing improved or different antibiotic activity
profile than the parent molecules, erythromycin. During the
project 1123 bacterial strains and 144 fungal strains were
screened. No strain was found capable of fransforming
erythromycin o clarthromycin, However, three strains were
found to produce acid sfable metabolites, which were
antibacterial in nature as confirmed by bioassays.

8.1.7 Stimuli sensitive polymeric nanoparticle based
advanced drug delivery systems for cancer, diabetes
and antibacterials (Sri Chifra Tirunal Institute of Medical
Sciences & Technology. Trivandrum and USV Lid, Mumbai)

Many biologically active peptides and proteins are now
available for clinical use and are being Investigated as
biopharmaceuticals. It is well known that parenteral routfe is the
only viable route for administration of such drugs. But the patfient
and physician always prefer oral delivery of the drugs because
of ease of administration. Oral administration is the most
attractive route for most of the drugs. The major problem
associated with the oral delivery of these biologically active
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compounds is degradation of biclogically active compounds
in the presence of the enzymes secreted in the gastrointestinal
(Gl) region and also poor absorption due to polar nature and
size. Forthe development of oral delivery systerns, the biological
and physical barriers of the Gl fract must be fraversed before a
polypeptide can reach its specific target within the body. So
there is o need to stabilize profein and peptide against all
physiclogical barriers.

The objective of the work was fo stabilize biclogically active
profein and pepftide, against proteolytic enzymes, gastric Oﬂ.d
intestinal secretfions, femperature as well as common organic
solvents used in micro-encapsulation. Another objective is fo
synthesis a new class of biodegradable, stimuli sensitive
polymers as a cdrier for oral delivery of profeins and peptides.

The proteins and pepiides against proteolytic enzymes, gastric
and infestinal secretions, and temperature as well as common
organic solvents used in micro-encapsulation were stapilized.
New class of stimuli sensitive polyrmers was synthesized. Drug waos
encapsulated info polymerle nanoparticles. Morphology and
release profie of nanoparticles was studied and some of these
polymers were used as a carrier for delivery system of suitable
drug. A methed for stabilization of Insulin was developed, which
can be applied for other proteins and peptides. Polymers
synthesized are useful for oral delivery system of Insulin. These
polyrmers can be used for gastro retentive and test masking of
bitter drugs.

8.1.8 Improved granular processing: towards energy
efficiency and resource conservation in cement
manufacture (Grasim Indusfries Ltd., Mumbdai, Indian Insfitute
of Technology, Mumbai, Larson & Toubro Lid., Mumbai,
National Metallurgical Laboratfory, Jamshedpur, The Associafed
Cement Companies Ltd., Thane and The India Cements Ltd.,
Chennai]

A mulfi-layer modeling framework is being developed to
generate computational tools to understand and to enhance
performance of cement rotary kilns.

CFD Model for rotary cement kilns

The performance of a cement plant largely depends upon
performance of rotary cement kilns, making it the key
component in a cement industry. A programme is initicted to
develop a comprehensive computational model capturing
following features simultaneously for arotary cement kiln.

¥ Complex fluid flow as the solids travel along the length of
the kiln.

B Clinker formation clong kiln length formed by a serigs pf
complex solid decomposition, solid-solid and solid ligquid
reactions along the kiin length.

¥ Heattransfer that occurs between freeboard, bed and Ildlns
walls by all the three modes of heat fransfer.e. Conduction,
convection and radiation along with kiln shell losses.

"

Flow of

Coal

solids in burner
transver Fluid
dynamic

s Heat

Parametic grid wos generated for the entire kiln, which was split
info two parts: a freeboard region and a bed region. Based on
these, flow, heat fransfer and chemical reactions occuring in
the freeboard and the bed regions were modelled separately.
Discrete solid particles in the bed region were freated as
incompressible pseudo-homogeneous fluid. For simulating flow
in the bed regicn, a constant viscosity was specified. The
models for predicting motion of solids using granular theory
approach are in initial stages of development and will be
incorporared in model In the near future. A computational
model based on a Euleran-Lagrangion dpproach waos
developed tfo simulate freeboard region. The motion and
buming of coal parficles was modelled using a Lagrangian
approach. The gas phase comibustion was modelled using
finite rate chemistry and radiation was modelled using the P-1
approach.
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Typical results obtained from the bed and freeboard run

The bed model was first solved with some initial heat flux
boundary condition specified at the interface between the bed
and the free board region. The free board was then simulated
using temperature profile obtained from the converged bed run
fo get the heat flux profile at the inferface. This process was
continued till the temperature and the heat flux at the inferface
no longer changed with further iterafions. Suitable under
relaxation factors were identified to accelerote the
convergence of the coupled simulations.

The model safisfactorily predicts the behavior of rotary cement
kins and is the most realistic model for rotary cement kiln as it
considers flow, reactions and heat transfer simultaneously.
Detailed sensitivity sfudy is now in process to develop energy
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efficient operating protocols for kin operation thereby
enhancing the performance of rotary cement kilns,

In addition, 1) A one-dimensional model for rotary cement kiln
based on phenomenclogy to understand the overall kiln
behavior and calibrate the CFD model, i) CFD Models for
ransverse plane in rotating kiins and i) a CFD model to study
heat fransfer in fransverse plane of rofary kin were also
developed.

8.1.9 Biodegradable plastics from agricultural wastes:
cellulose esters based on bagasse derived cellulose
(Cenfral Pulp and Paper Reserach Institute, Saharanpur, EID-
Parry Ltd., Chennai, Godawari Sugar MiilsiSomaiya Organic
Chemicals Group, Mumbdai, Reliance industries, Mumbai and
Thapar Cenfre for Industrial Reseorch and Development,
Patiala)

Agriculture by-products constifute cne of the most Important
class of renewable and sustainable feedstocks for the
production of polymeric materials. Considerable research
efforts, encompassing diverse disciplines, such as microbiology,
genetic engineering, enzyme catalysis, and polymer science,
have been invested into developing viable technological
solutions for new materials based on renewable resources, In
spite of world-wide aftention being paid to the area of
susfainability in the preduction and consumption of materials,
pelymeric materials derived from agricultural products are not
yet commercially competitive with pefrochemical based
polymers. There are several reasons for this, the most significant
being, relatively poor energy efficiency of bioconversion
processes, distibuted availability of agricultural by-products
and thelr cost of fransportation, technology limitations in
bioconversions and ability fo tallor a wide range of marterial:
properties from a single polymer derived from renewable
source. This has inhibifed growth of large volume polymer
industry based on renewable resources.

Steam Explosion Digester

Consequently, any material indusiry in India based on
agricultural products must involve the use of appropriate
feedstocks. Secondly, the products of such an Industry must be
of high value with potential global markets, so that there is
sufficient commerciclincentive forits manufacture. The
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emphasis has been on fractionation of agricultural biomass like
sugarcane bagasse fo vield all three major component
polymers cellulose, hemicellulose, and lignin, A steam explosion
process has been successfully demonstrated for
accomplishing this separation. Further, value-added derivatives
like cellulose in acetate and lignosulfonate was prepared from
bagasse derived cellulose and lignin, respectively.

8.1.10 Value added polymeric materials from
renewable resources: lactic acid and lactic acid based
polymers (Cenfral Food Technological Research Institute,
Mysore, Cenfral Salt & Marine Chemical Research Institute,
Bhavnagar, Godavari Sugars Pvi. Lfd. (Somalya Group of
Industries), Mumbai, Indian Institute of Chemical Technology,
Hyderabad, indian Institute of Technology, Bombay, Prathishia
Biotech Industries Pvt. Ltd, Hyderabad and Reliance Industries
Ltd, Mumbai)

Lactic acid and its derivatives are widely used in food,
pharmaceutical, leather and textile industries. Recently, there is
an inferest in lactic acid to be used as a raw material for the
production of polylactic acid, a polymer used as specialty
medical and environment-fiendly biodegradable plastic.
Lactic acid is produced commercially either by chemical
synthesis or by microbial fermentation, Chemical synthesis frorm
petroleum feedsfock leads to production of racemic DLl-lachic
acid, whereas fermentative route from renewable
carbohydrates resulis in the production of desired stereo-isomer,
optically pure L(+)- or D(-) lactic acid. The production of optically
pure lactic acid is essential for polymer synthesis in which lactic
acid is used. In addition, optically pure L(+) lactic acid is
polymerized to a highly crystalline polymer suitable for fibre and
oriented film production.

The main cbjective of the project is o identify suitable strains of
Lactobaciiius and fo improve its petformance in relation to
loctic acid preduction, We have identified a Lactobaciius shain
capable of producing L(+) lactic acid with good productivity
(1.4g/h). We have improved this strain using fraditional
appreaches and were able to get a mutant strain capable of
producing L(+) lactic acid with befter productivity (3.0g//h) at
pH 6.5. The strain is able to grow in @ medium with minimum
amount of yeast extract, which reduces the cost of lactic acid
production, Cptimizafions of nutritional requirements and
fermentation parameters (at ¢ 10 lire scale) have been
achieved.

8.1.11 Defunctionalization of carbohydrates as a
feedstock to manufacture industrial chemicals
(Agharkar Research Institute, Pune, Anil Starch Products,
Ahmedabad, Gujarat Narmada Fertilizer Corporation,
Bharuch, indian Institute of Technology, Maaras, Indian Institutes
of .Chemical Technology. Hyderabad, Mumbai University
Deparfment .of Chemical Technology, Mumbai, Prathista
Inclustries Lfd., Secunderabad, Regional Research Laboratory,
Jammu, Regional Research Laboratory, Trivendrum, Tamil
Nadu Pefro Products Litd., Chennai, Tata Energy Research
Institute, New Delhi and University of Delhi, South campus, New
Delhi)
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(3)-3-Hydroxy-y-butyrolactone (HGB) is an important synthetic
intermediate for a varety of chiral compounds and in the
synthesis of range of phamaceuticals including a product for
reducing the cholesterol i.e. Atorvastatin, a cancer freatment, @
diefary supplement, an analgesic, an AIDS freatment and an
antibiotic. Defunctionalisation of carbohydrates has been
affracting much attention as a vibrant synthetic tool for the
enanticselective synthesis of variety of compounds. HGB has
been synthesized by using inexpensive readily available
carbohydrate materials such as maltose, maltodextrin, A
carbohydrate source was freated with cumene hydroperoxide
in the presence of base which led to the formation of (S)-3,4-
dihydroxybutyric acid and glycolic acid. The subsequent
acidification with an acid and removal of solvent afforded the
desired butyrclactone in about 50 per cent vield. The new
process developed offered a practical and cost effective route
and would have advantages since it avolds use of expensive
starting materials.

8. 2 Drug development projects

The following projects were underiaken at NCL under the
collaporative R&D programme for drug development funded
by DST.

8.2.1 Synthesis of selective cyclo-oxygenase 2-
inhibitors and a novel symbiotic approach to anti-
inflammatory and immunomodulatory therapy
(Glenmark Pharmaceuficals Ltd, Mumbai)

The main objective of this project is to evolve symbiotic thercpy
for chronic inflammatory disease lke rheurmnaotoid arthritis
through a novel approach fowards initial systernic relief by
inhibition of specific inducible cyclooxygenase-Il enzyme and
arrest degeneration of cartilage and bones by normalizing array
immune system through immunomodulation,

The project was initiated with the objective to synthesize highly
selective COX-2 inhibitors by the molecular variation of presently
known and effective COX-2 inhibitors, and design the synthesis
of compounds having anti-inflammatory and  immuno-
modulatory activity in a single molecule. The therapeutic
potential of these molecules will be tested for other immune
disorders.

This year one hundred eight new chemical entities (NCEs) were
synthesized and sent to Glenmark for screening the biclogical
activity. From screening studies of new Nimesulide analogues it
was observed that few compounds [GRC-7078 (NCLWWV-03),
GRC-7133 (NCLSG-3A), GRC-7132 (NCL-PP-374) GRC-7068
(NCL-PP-229)] showed promising anti-inflammatory  activity.
These NCEs belong o new category of compounds which s fo
be explored for possible lead compounds for new ant-
inflammatory agents,
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8.2.2 New anticancer compounds: Design, synthesis,
screening and optimization through QSAR (Dabur
Research Foundation, Ghaziabad, Indian institute of Chemical
Biology Kolkata, Indian Instifute of Chemical Technology,
Hyderabad and Universify of Hyderabad)

Synthesis of combretastatin A-4 (CA-4) analogues was
undertaken. Novel molecules were designed considering the
SAR reported for CA-4 which required cis restricted geometry of
the double bond joining the two aryl groups. Initial studies on the
molecules of cyclopentenones, furanones and fetralones
encouraged us to continue our efforts in the same direction so
asto select some hit molecules and finally the lead molecule as
potential antfi-cancer compound. The compounds from all
three categories showed potential cytotoxic activity, Overall
fiffeen molecules were selected as hit molecules and four of
therm have been submitted for pre-clinical studies.

8.2.3 Design, synthesis and biological evaluation of
new antitubercular compounds (indian Institute of
Chemical Technology, Hyderabad, Indian Institute of Science,
Bangalore, and Lupin Laboratories Ltd, Mumbai)

In search of new anfi-fubercular drugs, NCL and IICT, Hyderabad
worked together towards design and synthesis of new
compounds in a semi-combinatorial mode. During this year,
about thity five new compounds were synthesised and
submifted to the industrial collaborator for screening against
various sfrains of mycobacterium in vifro and in vivo,

8.2.4 Synthesis of selective [}; adrenergic receptor
agonists as a novel therapy for obesity (Central Drug
Research Insfitufe, Lucknow, Glenmark Pharmaceuticals &
Research Cenfre, Mumbai and Indian Institute of Chemical
Biology, Kolkataq)

The project is aimed at the synthesis of a number of new
chemical enfilies and to identify compounds that show
considerable anfi opesity properfies. Obesity is metabolic
disorder caused by chronic imbalance in the energy balance
equation. Medical freatment of cbesity becomes a necessity
when prevention fails.

The principal objective of this project was to achieve significant
advancement in obesity therapeutics by synthesizing novel
chemical enfiies having specific B,-adrenegic receptor
agonistic properties. Targeting B,-adrenegic receptor which is
important site for energy storage and energy expenditure, for
the reversal of obesity is a novel approdach for the freatment of
obesity. Discovery of specific f, -adrenegic receptor agonists
can serve as an excellent therapeutic target for obesity and
obesity reloted disorders.

A numiber of NCEs belonging to the following structures (1, X=H
orBr; R1=HorOMe, R2= OH, CMe, NO,, NH,, OCH,COOH efc)
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were synthesised. Fourteen compounds of this skeleton having
varying substifutions were prepared and submifted fo the
indusfrial collaborator. Seven of these compounds were found
o be active,

OH
H
X N

R2
R1

In addifion fo the above a number of compounds belonging to
the class of aryloxypropanolamines having sfructures shown
below (2-4) were also synthesized (Ar denotes differently
substituted phenyl or naphthyl groups and X denotes H or Br).

()

Qo

OH
2 3 4

With the above synthesis, NCL has completed the synthesis of
approximartely elghty NCEs, thirty-nine of these were screened
and seven were found active. The synthesis of the remaining
compoundsis in progress.

8.2.5 Design, synthesis and testing of new chemical
entities as potential antifungal agents (FDC Lid, Mumbai]

This project involves development of novel antifungal agents,
The selected compounds are being synthesized in our group
and sent fo the industrial collaborator for screening of their
potential anfifungal activity, Three classes of compounds were
selected to develop new chemical entiies related to
flucenazole, vericonozole and sapidolide, Accordingly, this

PUBLIC - PRIVATE PARTNERSHIP PROGRAMMES

vear, thirty-five compounds have been synthesized at NCL and
screened for antifungal activity by the industrial collaborator.
Most of the compounds have shown antifungal activity. Five
compounds selected on the basis of antifungal activity
exhibited by them, have been synthesized on five gm scale and
sent to the industrial collaborator for toxicity studies. One of the
novel compounds has been shown fo be nontoxic and s
undergoing further biclogical activity studies, Synthesis of more
NCEsis in progress.

8.2.6 Latent M.fuberculosis: New targets, drug delivery
systems and bioenhancers and therapeutics (Bose
Insfifute, Kolkata, Central Drug research Institute, Lucknow,
Centre for DNA Fingerprinting and Diagnostics, Hyderaboad,
Indlian Institute of Chemical Technology, Hyderabad, Indian
Institute of Sclence, Bangalore, Insfifute of Genomics and
Integrative Biology, Delhi, Lupin Laboratories Lid, Mumbda,
Reglonal Research Laboratory, Jammu, Tuberculosis Research
Centre, Chennail and Universify of Hyderabad)

Tuberculosis, caused by Mycobacterium fuberculosis, is the
greatest single infectious disease and is atirbuted with kiling two
milion people annually worldwide. Estimates indicate that one-
third of the word population is infected with |atent
M.tuberculosis. The synergy between tuberculosis and the AIDS
epidemic, and the surge of multi-drug resistant clinical isolates
of M.tuberculosis have reaffimed tuberculosis as primary
public health threat. These bacteria are resistant to the entire
antibiofic  armoury  including vancomycin-the so-called
antibiotic of last resort, The recent emergence of drug resistant
sfrains of TB is also of special concem. Over the past decade,
significant advances have been made in the discovery and
developrment of antimicroblal agents in general. However, the
need for safe, microbially selective and effective antitubercular
drug is apparent, and cerfainly no Ideal agents with new
mechanism of action have yet been developed.

NCL has initiated work on the new drug discovery (NDD) in the
area of anfi-tubercular drugs. Our goal is fo synthesize New
Chemical Entities (NCEs) and submit them 1o the industial
collaborater for evaluating anti-tubercular activity, Seventy-nine
NCEs belonging to oxozolidinone class of compounds
incorporating varous nifrogen, sulfur and oxygen heterocycles
were synthesised.
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Catalyst pilot plant

Catalyst pilot plant facility has the capacity to produce a range
of solid heferogeneous catalylic material such as zeolites, silica-
aluminas, binary oxides and supported metal catalysts usedina
range of industricl processes for petroleurn, petrochermical,
organic/ fine chemicals and defergent industiies. The facilities
for synthesis range from gram scale fo a few hundreds of
kilograms.

Mission and goals

E Development and optimization of cost-effective
synthesis of zeolites and other solid catalysts

¥ Scale up, preparation and supply of catalysts based on
NCL know-how

B Custorn-made synthesis of zeolifes and other solid
catalysts

Competencies
Synthesis of zeolites and oxides

¥ Zeolites (ZSM-5 series), 1S-1/18-2 (Thanosilicates). Beta
(Al Ti, Sn), LTL, FAU, P)

B SAPOs, Oxide / mixed oxide cafalysts

® Fly ash based zeolite catalysts (A, ZSM-5, Bela efc.)

¥ Catalysts preparation and scale-up (up 1o 100 kg
Powder Per batch at our Catalyst Pilot Plant, a unique
Facility)

¥ Zeclites, Mesoporous (MCM-41, MCM-48, SBA, Carbon)
materials, organo-inorganic mesopaorous Materials and
metaloxides

Processing and shaping of solid Catalysts

Mixing and ball miling of catalyst powder

¥ Extrusion of the catalyst with chosen binder. Sclids
. powder can be shaped in the form Of fablefs, hollow
spheres, balls, efc.

i Infrastructure

URCE CENTERS

CATALYST PILOT PLANT

e

E Reaction vessels with 20 L, 50 L and 1000 L capacity

¥ Spray dryers (3 kg/h and 30 kg/h), Pug Mill / Mix
muller (25 kg/oatch), Sigma Mixer 15-20 kg/oatch,
Mixtruder (25 kg/h) Calciner (700 °C, 60-100kg/patch
&1000°C, 20 - 25 kg/batch), Neoprene-linad ball mill
(25-30kg)

r  Granulators with variable speed, Laboratory
Extruder/ Hand operated extruder, Solid cylindrical
Tablet making machine, Ring cylindrical fablet making
machine

Glimpses of current research
Scale-up of titanium silicate (TS-1) catalyst

The scale-up of T5-1 and its regular production at Catalysls Pilot
Plant up to ca. 100 kg per bateh (in 1000 L Reactor) is achleved
and is being supplied o a Multl National Companies for Pilot
Plant fial. 75-1 is @ high-tech catfalyst and presently s not
avaiable on commercial basis, This high value catalyst Is a
unique catalyst for (i) phenol to catechol and hydroguinone, I[I‘\Ii]
propylene oxide by epoxidation of propylene, (l'll]
epichlorohydrin by the epoxidation of allylchloride, onld (iv)
production of heterocycles like pyridines and subsfituted
pyrdines.

Converting flyash into eco-friendly catalysts

In recent yaars Increasing concem has been expressed cbout
the potential of human acfivities to alfer the Earth's climate and
its atmosphere. The future poses challenges to the scientists,
technologists and engineers towards sound management of fly
ash disposal and deposition fechnologies. Fly ash, which is d
byproduct of coal burning, contains mostly aluminosilicates,
The fly ash, an otherwise waste material was converted into d
useful cost-effective and eco-friendly zeolite catalyst. The fly ash
was collected from a Thermal Power Station, situated ot Paral
(Maharashtra). It has been demonstrated that zeolite beta can
be prepared using fly ash.

Center for materials characterization

The technolegical progress has been strongly influenced by the
creafion of new materials and further improverment of the
existing marterials, It is very important to understand the structure,
microstructure, morphology' elemental composition (bulk or
surface) while developing and using the new materials. Center
for Materials Characterization is a well-equipped, central
resource facllity of the laborarory. The facilities at the Center
include several major instrurents, which are looked affer by
experts in the area providing o strong support to the Institute's
maijor R & D prograrmns. Apart from this, the Center also extendsits
technical services to oufside research institutions, Universities
and industies, builds its own research programs and frains
young sclentists and students.

Mission and goals

¥ Tomaintain and continually upgrade the
infrastructural facilties ot this largest resource center
of NCL for providing high quality results

1 Tooffertechnical expertise in structural
characterization and compositional anaclysis of
matericls thatis important o the major R & D
projects of NCL

¥ Toextendthe expertise and consultancy services fo
oufside educational institutes and Industries

I Tofake upthe research projects and contract
research projects in the niche areas that are of
commercial and basic research inferest

1 Totrainstudents and young scientists on the
sophisticated instrurments

Competencies

I Single crystal X-ray crystallography of small organic

molecules and biomacromolecules

Electron microscopy (scanning and transmission) of

soft and hard materials

I Surface spectroscopy of catalytic, inorganic and
polymer materials

I Mass spectrometry of organic and biomolecules

I Xray diffraction of crystalline and semicrystalline
Materials

1 Measurement of magnetic properties of materials
Infrastructure

I Scanning Electron Microscope (SEM) - Leica 440
with EDAX- Phoenix model

I Transmission Electron Microscope (TEM) - JEOL
1200 EX

I Single Crystal X-ray Diffractometer - Smart Apex,

I Electron Spectroscopy for Chemical Analysis-ESCA
3000

)URCE CENTERS

CENTER FOR MATERIALS CHARACTERIZATION

¥ LC-MS, PE SCIEX, Qstar Pulser

¥ X-ray Diffractometer (Powder) - Philips PW-1830

I DIA/TG Thermal Analyser Model 32 Sil and DSC 220C
SlI

E Laser Raman Spectrometer SPEX 1403

B Electron Spin Resonance (ESR) Spectrometer - Brucker

E Viprating Sample Magnetometer - PAR Model No,
4500

Glimpses of current research
1. SEM with energy dispersive X-ray spectrometer

Scanning Electron Microscope (SEM) provides important
information about fopography, morphology, grain boundry,
grain size, shape, distribution, volids, pores, flaws, cracks and
homogenelty of the materials. SEM is having a high
magnification and resolving power, therefore heterogeneous
organic and inorganic bulk spacimens can be examined on a
micrometer and nanometer scale. It gives a three-dimensional
appearance of the specimen Image because of the large
depth of the field, The Energy Dispersive X-ray Spectrometer
(EDXS) with SEM provides specimen images with elemental
analysis of selected features. It is very useful in observing in-
homogeneities and imperfections in metals, crystals, ceramics,
polymers, catalysts, rocks, minerals and colloidal nano-
parficles.

Langmuiy

Tha ACS el o]

JBurtapas and Colloids

Star shaped CaCO, crystals appeared on cover page of
Langmuir, 19 (2003), 10095-10099,

SEM: Leica Stereoscan 440 Computer controlled
digital model )

1 Confinuously variable high voltage (300V - 40 KV).

1 Electron gunwith fungsten fllament,

1 5.0 nm resclution and 30x-300,000 x magnification in
confinuous variable mode.

1 Secondary and back-scatfered electron detectors.

r Manual Super - Eucentric stage, capable of handling
specimens up o 200 mm diameter with 0 - 360 deg.
rotational and 0-20 deg. filt mechanisms.
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¥ On line e-image acquisition and storage In TIFF files.
¥ Clean vacuum condifions using turbo pumping system.

EDXS: Phoenix EDAX
F Supper Ultra thin sapphire window Si(Li) detector with 135
eV resclution at 5.2 KeV,
1 Detection of all elements starting with Boron,
v Standard less guantification sofftware with Z, A, F
corections. '

2. Single crystal X-ray CCD diffractometer smart
apex

The diffractorneter manufactured by Bruker-axs, Germany has
the latest generation CCD detector having no fiber opfic
taper, which is highly sensitive 4K detector (170 e per photon)
for small molecular crystallographic studies. This allows faster
data collection on much smaller crystals (10 micron), which
are poorly diffracting. The SMART APEX also makes it possible
to make the measurements on highly unsfable and various
types of twinned crysfals with the special soffware provided 1o
tackle these data sefs.

Smart APEX system

Smart APEX system has following special
components
E D8 3-axis goniomeater, K760 X-ray generator, Video
Camera
E  Frame buffer PC for data collection
B OXFORD Cryo System 700 series for low femperature
data collection
B MZ75for crystal selection (with CCD and
Photomicrography aftachments to be added shorily)
B SHELXTL software for data collection, sfructure solufion
and refinement
E  Graphics soffware for visualizing, plofting and
analyzing the structure.
¥ The Cambridge Structural Database (CSD)

The single crystal X-ray crystallography facility is widely used by
various research groups of NCL and there are inferactions with
outside CSIR laoboratories, Industies ond  Universities. The
knowledge of cccurate molecular struciures is a prerequisite for
structure based functional studies. Crystallography can reliably
provide the answers fo many structure related guestions, from
stereochemistry, absolute configuration and molecular
conformation to defailed bonding electron densifies.

LY

T
\
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Natural products, drug molecules and
polymorphism

Natural Products

Medicinally important natural products are of immense use. The
single crystals of these compounds are normally very thinand it is
difficult o assign molecular sfructures. With SMART APEX single
crystal X-ray diffractometer, because of the highly sensitive
detector, it has been possible to have diffraction data with a
small crystal of size about 20 microns. 3p-Acetoxy-17p-hydroxy-
androst-5-ene was isolated from aerial parts of Acccia nifotica.
This Compound is the first example of steroid in the extract of A.
nitotica. It showed anti-inflarnmatory activity.

L ‘L:‘\i ) i ) “(I“fbiisc"‘
- _ o1 7. ‘_ :7 H cmcj.-:‘! . e
e tacs gt&c ¢ ? }“q‘? \(‘“‘i& C.‘F..— % A
- TRerlidhe,

3-Acetoxy-17-hydroxy ondros‘r':Skehe

Polymorphism

The study of polymorphism exhibited by drugs is a fronfier ared of
research having tremendous basic as well as commercial
inferest, The polymorphic and pseudopclymorphic behaviour of
the cyclitol derivatives is being investigated. Two solvent free
polymorphs of compound hexabenzoate are shown below:

Plates in Triclinic Space Group P-1
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Catalysts and intermediates

The poly oxometalates act as dioxygenase catalysts. They have
the ability fo coordinate and activate dioxygen, catalyzing
oxidation of a wide variety of substrates, A sandwich type
polyoxotungstate, Na,, [Co,W,.0,H.] 44H,0, a mixed valence
Co (I and lll) oxometalate has been used for the catalytic
oxidation of limonene with air and H,Q,. ESR studies of the
cempound show antiferomagnetic properties. Co(ll) atom in
the tefrahedral coordination acts as the active site in the
{ oxidation reaction.

SOURCE CENTERS

CENTER FOR MATERIALS CHARACTERIZATION

Octahedral Coll-O & Tetrahedral Coll-O
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Central NMR facility
Mission and goals

¥ Explore new avenues in methodology Implementation
forliquids and solids

E Apply NMR in a multi-nuclear multi-gdimensional
context

¥ Innovate and develop new structure characterization
fools for materials applications

¥ Act as in-house resource cenfer and inferact with
Industry

I Pursue activities fowards advancement of
fundamental knowledge in magnefic resonance

Competencies
¥ Solid and Solution State NMR methodology
Development
¥ Sfructural Elucidation using modern NMR
Spectroscopy

b Materials Science applications (polymers, molecular
sleves, layered oxides, blomaterials)

I Inhouse instrumentation development

¢ Computational NMR (density matrix numerical
simulations, powder spectral simulations and ab inffio
calculaiions)

Infrastructure

Centralized facility housing three supercon NMR spectrometers:

I 11.7Tesla Bruker DRX-500 (with solids accessory)

I 7.0Tesla Bruker MSL-300 (wide-bore solids with micro
imaging accessory)

b 4.7 Tesla Bruker AC-200 (liguid state with auto sampler)
' DOTY Tiple-Resonance high speed CP-MAS probe

o AMT 1 KW amplifier

' Probe-tuning and testing setup

I Slicon Graphics Work Stations (INDIGO2, “INDY, O2),
Pentium IV Pcs

URCE CENTERS
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Glimpses of current research

1. Solid state NMR of polymers
Miscibility of blends

The dynamics of Cross-Polarizafion parameters (CP-Dynamics)
and 2D wide line separation fechnigues have been employed
fo study the miscibility in blends of polystyrene and natural
rubber. The CP behavior is distinctly different in the rigid (PS) and
mobile (NR) phases, which is suitably manipulated through
longitudinal mixing to enable spin-diffusion in the blend due to
molecular mixing of the PS and NR domains. The molecular level
miscibility is also reflected in the wide-line separation
experment. This has been exploited and further guantified to
determine the domain size

"ry
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"*C-"H CP Dynamics of Polystyrene(A), Natural rubber (B) and the
PS-NR Blend (C) (with longitudinal mixing of 50 msec). The signal
evolutionin C is forthe same carbon (32 ppm) asinB.

Polymer-surfactant interactions

The association of SDS which suppresses the thermoreversible
propery (LCST) of polymer, poly N-isopropylacrylamide was
followed by 2D NOESY and ROESY experments, Evidence for
molecular level inferaction with the pendent isopropyl group
and the hydrophobic tail of SDS was obtained.

Ciosacroas_pek af fobarest
between -CH of PRIPA and

'
F hydrocarbon tail of SOS
b

N / .

500 MHz 2D NOESY spectrum of Poly N- isopropylacrylamide
SDS(above CMC) mixture with 750 Ms mixing time in water and
(C) (with longitudinal mixing of 100 msec).
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2. New structure characterization tools in catalysis
science

Bronsted sites characterization through Al 3Q-MAS
and ‘'H-"Al REAPDOR

Rénsted and Lewis acid site characterization in molecular sieves
is largely done using Temperature Programmed Desorption (TPD)
and FT-IR fechnigues. However fine disfinction among
chemically similar, and yet structurally distinct, Bronsted acid
sttes, is hard to discern from these techniques. It was redlized that
the 'spin isolation' of protons  in zeolites (NH,”™, H* forms) would
yield high resolution proton spectra at moderate spinning speed

(10 kHz), allowing it fo selectively recouple the heteronuclear -
dipolar interaction between the framework aluminum and the =

proton at the Bronsted acid sites. Experimental demonstration
through Rotational Echo Adiabatic Passage Double Resonance
(REAPDOR) NMR in partially ammoniated NH, /H'-Mordenite
showed that structurally distinct Bronsted acid sites within
&@°(35S1,1Al) environment can be clearly distinguished and the Al-
H infemuclear distance at the acidic sites expermentally
determined,

**4*Ti NMR and heteroatom substitution in zeolites

In isomorphically substituted molecular sieves, using a variety of
hetfero-atoms, such as boron, gallium, vanadium, iron, titaniurm,
etc, uneguivocal evidence conceming the subsfitution of the
hetero-atom In the frameworl structure is offen sought using
analytical fechnigues. With this in view, the hefero-atom
substitution has been addressed  through two  different
approaches: «a) characterization of the hetero-atom
environment based on changes in - chemical shielding tensor
and quadrupolar fensors for the nearest neighbor Si and “Al
sites,; b) direct observation of the hetero-atom environment. by
NMR, using magnetically acfive nuclei, where present. The
former approach has been demenstrated in the molecular
sieve ETS-10 wherein the presence of ¢ tifanium next to a
framework silicon renders the Si chemical shielding tensor to
become oxidlly symmetric, thus providing the structural link for
establishing hetero-atom substitution. In the second approach,
direct observation of certain NMR active nuclei was limited to
those possessing high natural abundance andfor larger
magnetogyric rafics. The efforfs were focused on G more
challenging scenario, viz., direct observation of NMR active
nuclei with low natural abundance and low magnetogyric ratio.
By using a very high magnetic field (11,74 Tesla) and spin-echo
based NMR acquisifion scheme, ““Ti was brought info the
realm of NMR observation and a sfudy of fitanium substituted
USY (Ti-USY) was thus possible. This detailed work not only enatled
o show that "Ti NMR is feasible as a characterization tool for
the identification of the hetero-afom (fitanium) environment in
isomorphically substituted zeolites, but allowed fo determine the
chemical shielding and guadrupolar inferaction parameters
through a computer simulation procedure.

“E CENTERS
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Home-built wide-line probe for ¥“’Ti NMR studies and the
solid state NMR spectra recorded on static samples of TiO,
(bottom) and Ti-USY (middle). The fitanium environment in the
zeolite USY is identified by spectral subtraction (fop) and is fully
characterized by computer simulations shown on the right.

3. Solid state NMR of biomolecules

In an effort to apply modem solid state NMR technigues for the
structural elucidation of blomolecules, *'P MAS and “Na 3Q-
MAS were employed to sfudy the nucleotfide, oadenocsine
fiphosphate (ATP) and adencsine monophosphate in their
hydrated crystalline forms. For the ATP dimer, the six
nonequivalent phosphorus environments in the crystal structure
are fully revealed by *'P MAS experiments, while the four sodium
stes are fully idenfiied from *Na fiple quanfum MAS
experiments. Ab infflo caleulations of the “'P chemical shielding
tensors and the “Na electric field grodient tensors have been
carmed outin different basis sets using Gaussian $8W program,

N an effort to apply moderm solid state NMR techniques for the
structural elucidation of biomolecules, P MAS and “Na 3Q-
MAS were employed fo study the nucleofide, adenosine
fiphosphate [ATP) and adenosine monophosphate in thelr
hydrated crystalline forms. For the ATP dimer, the six
nonequivalent phosphorus environments in the crystal structure
are fully revealed by *'P MAS experiments, while the four sodium
sites are fuly identified from “Na fiple guantum MAS
experiments. Ab initic caleulations of the *'P chemical shielding
tensors and the “Na electiic field gradient tensors have been
carred outin different basis sets using Gaussian 98W program.

ANNUAL REPORT 2003 - 2004




Packing diagram of ATP dimer as viewed in the ab-plane
showing the coordination of the four crystallographically
nonequivalent sodium sites. These sites have been identified
from *Na 3Q-MAS experiments.

RIS
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“Na 3Q-MAS contour plot of ATP3H,0, showing the resolution

of sodium sites along the isotropic w, dimension.
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Combi chem-bio resource center

“Concept to Commercidlization” in the drug discovery is a
tedious and fime consuming process, which generally takes
more than 10 years, Minimurn two million molecules have to be
prepared and tested to get o lead molecule. Inthe last decade
or so this process is accelerated due to several factors ie.,
combinatorial fechnigues for the rapid generation of organic
molecules, large availability of plants/ microbes with medicinal
properties and high throughput screening.  Combinaforial
chemistry is a “State-of-the-art” technology which facilitates the
rapld synthesis of organic molecules with a wide range of
structural diversity, This, coupled with the natural product lioraries
and high throughput screening, will accelerate new drug
discoveries and utilization of the vast natural biodiversity of India
for value added products.

Mission & goals

¥ Compound libraries for lead discovery

¥ Medicinal plant processing based on activity
¥ Bio-assays for high throughput screening

©  Newtargets for HTS assay developmenits

¥ Newrnolecularscaffolds for specific diseases

Competencies
© Chemical synthesis of combinatorial libraries
¥ Bio-evaluation of medicinal plants
» Biological high throughput screening
¥ Chemoinformatics

Genomics, protesmics and molecular biology

Targets

L
i e

i |
e,

Automation
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Infrastructure

To cater these needs under one roof, a Combi Chem-Bio
Resource Center has been established In NCL. Al the
equipments have been installed following globally accepted
Good Loboratory Practice format, Besides Isothermal Titration
Calorimeter (Micro-cal), the Centre has the following major
eguiprments, ably supported by the essential analytical and
ofherinfrastructure facilities:

DYURCE CENTERS

COMBI CHEM-BIO RESOURCE CENTER

High throughput system (Beckman Coulter)

It is a tofally robotic systerm including liguid handling system,
radioactive and fluorescence detector, Co, incubator, shaker,
etfc. It can analyze ~5000 compounds parday.

organic parallel synthesizer (aswp 2000p,
chemspeed)

Simultaneously 80 reactions, pressure 15 bar, temperature 7040
+150C, inert atmosphere,-efc.

Accelerated solvent extractor (Dionex)
It can extract the plant materalin 20 minutes, with solvent of our
choice, with pressure, femperature and solvent programming.

Sepbox (Sepiatee)

Five gm of the mixfure can be separated in 300-400 fractionsin
24 hrs, thus avoiding the usual disadvantages associated with
the chromatography of the natural products,

Simulating moving bed chromatography system

(SMB, Knaur)

SMB enables substance mixture o be continuously separated
and extracted in two fractions. Typically, the SMB process is set
up in advance for a binary mixture and subsequently, each
component can be immediately extracted in pure form. The
advantages of SMB fechnology compared fo classical bafch
chromatography include higher productivity, a 90% reduction
in solvent consumption (on account of recycling), reduction in
packing material cost by 80% and obtaining both the
components of a binary mixture In higher concentration. The
range of application includes: chamaceufical chemistry
(Chiral components e.g, steroids, peptides, anfibiotics and
other drugs), food chemistry (fafty acids, carbohydrated
mixfures, i.e. sucrose/ molasses and fructose/ glucose).
biochemistry (cific acid, phenylalanineg), and petrochemistry
(C8 hydrocarbon, i.e. xylene/toluene).

Using SMB pilot unit CSEP C9116 and a method developed in
house, both the enantiomers of a racemic drug were
successfully separated. Feasibilily study for three drug
intermediates for o pharmaceutical company has also been
done.

Glimpses of current research
Parallel synthesis

In secrch of new anti-fungal agents, NCL has developed a mini
library of 100 acyl derivatives of variety of aromatic amines with
varous cyclic anhydrides using Chemspeed Parallel Synthesizer.
An efficlent four-step synthesis of naturally occuming anti-
asthmafic agent (-)-vasicinone is being adapted to pardliel
synthesls of its analogues.

9]

N -
XY I /\>(C1111u
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mn=0-3)

X /Y / 7 = H,alkyl, aryl, alkoxy, aryloxy, hale, nitro
carboxy, hydroxy, amino, cyano, thio, sulfoxy, ete.
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Using High-Throughput Extractor, Evaporator and Sep Box
isolation of new natfural products from rare indigenous plants
identified under CSIR coordinated bioactive programme is in
progress,

Natural product processing

Eighteen plants from the various biodiversity hot spots such as
North Eastern India have been collected, identified and four of
them have been processed using AS extractor and SEP box

S
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High throughput screening

During this year, two assays have been optimized for automated
screening. Glutamine synthetase Is a farget for screening ant
fubercular agents. This extra cellular enzyme has been isolated
using an engineered vector, purfled to homogeneity and
characterized. Oplimization of the assay from lab level to plate
level is in progress. A whole cell based assay for Plasmodium
falciparum HGPRT fo be used for The screening of anfi-malarial !
compounds has been developed on lab level, '
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Digital information resource center

NCL has been in the forefront of deploying information
technolcgies to help its scientists 1o be in the forefront in their
chosen ared of research, The information division contributes to
the laboratory's success as a leader in R&D by bringing together
information, knowledge, focls and systems for informed
decision making for research and management. Towards this
goal, the division has taken several strategic and fimely
initiatives in the field of informafion and communication
technology.

Mission & goals

¢ Information and communication technology
infrastructure development

¥ Digital library

¢ Tools and standards developrment for managing large
data

B Business process support infrastructure

1 Capacity building and HRD development

¥ R&D inscientific informatics

Competencies

¥ Chemoinformatics

¥ Biodiversity informatics

¥ Metadata and clearinghouse techniques
development.

¥ Scienfific daolabase - daofa mining and knowledge
management

¥ Webtechnology implementation

Infrastructure

© The DIRC facllity provides for a centralized support for
the information Infrastructure. This includes an excellent
campus wide local area network with about 700+
Computers, a range of servers, intemet connectivity,
access to a range of digital resources including
daftabases like Chemical Abstracts, Current Contents,
Chemical Business Newslbase on the infranet and online
access to a large number of electronic journals
(including back volumes for many) from leading
publishers like Elsevier Science, American Chemical
Society, Royal Scciety of Chemistry and Wiley
Interscience.

I User room with a range of computers for easy and
common access to digital information resources,
productivity and other office tools, compute resources,
visudlization and modeling facility and access fo special
devices like scanners, CD writers etc,

© State-of-the-art classroom facility with PCs or workstations
on each desk for human resources development and
capacity building fraining.

L Server room with high performance servers managing
centralized ICT services and Information resources.

i Computer lakborafory to set up experimental systems
and test / evaluation platforms, soffwares and
applications.

The information division is actively involved in research and

OURCE CENTERS

DIGITAL INFORMATION RESOURCE CENTER

developments programs in “Scientfic Informatics” primarly
Chemical Informatics and Biodiversity Informatics.

Chemoinformatics

Variously known as chemoinformatics or cheminformatics,
chemical informatics is the application of computer
technology To chemistry in all of ifs manifestations. Massive
amounts of physical and chemical property data are
genergted each year for new and existing chemical
substances. Such an avalanche of data can bury a chemical
research project unless ways can be found to cope with It
Chemical informatics can provide fools to acquire, organize,
and evaluate data -- fools that yvield new insights for further
chemicalresearch.

The focus of the Chemoinformatics group is in the areas of
chemical synthesis planning, new chemical enfifies design,
data analysis, data mining and data warehousing and QSAR.
The group's inferest also include Chemical warehouse
databases systermns with large set of chemical sfructures along
with associated data are commonly used to cenfralize and
secure chemical structures and related data, Such systems
provide the features needed to cenfrally register and refrieve
institutional such as experimental, computed and litercture
informatfion. The web Interface provides advanced fingerprint
based search for exact-structure, sub-structure and similar-
sfructure along with associoted data. The research activities
include:

U QSAR analysis of a) Nafional Cancer Insfitufe (NCI)
Cancer dataset consisting in vitro screening of about
32000 open chemical structures for inhibitory activity of
cellgrowth in the NCI 60 human cancer celllines, b) NCl's
database of about 42,000 molecules screened for anti
AIDS activity and ¢) US-EPA's Fathead minnow
(oimephales promelas) dataset: Distributed Structure
searchable Toxicity data (DSSTox) using wvarious
computational tools like MOE, OELib etc., and algorithms
and technigques like KNN, SVM efc.

v The Dotabases of chemical structures refieved from
private and public resources with drugs and drug
likeliness molecules were analyzed for substructure,
scaffolds and functional groups. The scaffolds derived
from these dotasets were further populated with
additional functional groups fo generate combi-libraries.
These libraries of chemical structures were further
analyzed by generation of molecular descriptors and
screening algorithms for discovery diug like molecules.
All the molecular “data along with descripfor data,
activity data were wiitten as SDF (Standard data format)
files 10 be exported to standard database tables like
Oracle, MSSQL etfc., where the scientific data can be
further statistically analyzed for paftem and trend
discovery.

©  Additional effors were made in mining chemical

literature to identify molecules either synthesized or
isolated at NCL or used for chemical research over last

fifty years, . In this context a preliminary study on about
200 selected publicafions of NCL resulied about 12000
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non-commercially available molecules with varying
degree of novelly and complexity. This dataset will be
analyzed and updated periodically along with
associated information with unique idenfifier for
building molecular registration systermn at NCL.

Biodiversity informatics

¥ Electronic catalogue of known Indian fauna
(IndFauna): IndFauna currently disseminate baseline
information on more than 60,000 of the known 20000
faunal species in India. IndFauna is cccessible at
hitp.//www.ncbi.org.in/biota/faunay.

¥ Electronic catalogue of known Indian flora (IndFlora):
IndFlora currently disseminate baseline information on
more than 14,000 of the known 45000 floral species in
India. IndFlora Is accessible at
http://www.ncbi.org.in/biota/flora/

© SAMPADA: The Cenfer has developed multi-taxon
biclogical collections data management system
called "SAMPADA'. Its aim is to encourage curators and
collections managers within India and in neighboring
regions to automate the repository data and digitize
the specimens. SAMPADA has been included in the list
of recommended soffware's by GBIF and CODATA
Taxonomic Database Working Group (TDWG).

E ABCDIO: Large numbers of our biological specimens are
housed in the European and American museums. The
center has developed web-bosed mechanism to
"Access o Blological Collections Data of Indlan Qrlgin
(ABCDIO)". As on date NCBI has been able to repatiate
data on more than 30000 blcloglical specimens housed
In museums abroad, ABCDIO Is accessible ot
http://www.ncbi.org.infabcdio/.

©  Sacred groves Informatlen system: The center Is also
developing ecosystems specific databases, We have
inflated  collaberative program with the Center for
Development of Advanced Computing (C-DAC), Pune
for developing Web GIS Interfaced Sacred Groves
Information System (SaGrls). Currently, baselne data
About sacred groves from Maharashtra, Andhra
Pradesh, Tamill Nadu, and Kamataka can be accessed
through our web portal af hitp://www.nebi.org.in/.

DURCE CENTERS

DIGITAL INFORMATION RESOURCE CENTER

¥ Database on conservation sites: The center is
adlso working on develcpment of “Daftabase on
Conservation Sites” which would collate information
on national parks, wildiife sanctuaries, blosphere
reserves, Romsar sites, figer reserves, botanical and
zoologicalgardens, aswell  as community conserved
areas.

The cenfer has also developed “Database of Indian
Taxonomists (DIT)” which collates information about diverse
faxonomic expertise available within the country. It also has
web-interfaced dafabases on biologlcal organizations within
country and biological collections  within  South Asia. In
addition to fthese information resources, a listserve
(nchi@listserve.ncl.res.in) to faclifote exchange/ sharing of
idecsandviewsandalso to provide platform for
implementation of collaborative R&D ideas in the fleld of
biodiversity informatics have been launched. The work program
includes ensuring interoperability amongst datasets being
developed in-house and those developed by the agencies
within India and abroad.

Common threads

All the above-described programs have common threads or
technical areas of work. Some of these are document
management & workflows, metadata and  clearinghouse
techniques, digitization methods and standards, standardized
terminology & confrolled vocabulary, database, data mining
and knowledge management tfechniques, web technology,
and mobile and wireless computing.

Common activities wil focus on

E Tools for harvesting information spread ccross the

network and building up central depository
¥ Search and refrieval methodologies
E Digital Archival and Document Information

Management System
E Design and Implementation of Electronic Lab
Notebooks

¥ Dataanalysis and mining tools
¥ Visualization and virtual reality applications for factual
Datasets.
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National collection of industrial micro-organisms

NCIM Is a pleneer microbial culture collection facllity in India,
which offers services fo educational / research Institutes and
industries, besides various research programmes of NCL, NCIM is
a unigue resource dedicated fo the isolation, collection,
preservation and distibution of authentic cultures of industrially
impertant microorganisms. NCIM holds about 3700 microbial
straing of bacteria (1800), yeast (550), fungi (1300) and clgae
(18). The main objective of the facility is To supply authentic
cultures to research institutes and industries. The catalogue of
microbial sfrains can be accessed through hitp://www.ncl-
india.org/nclindia/ncim,

Mission & goals

¥ Preservation of the microbial strains by a variety of
Methods

¥ Distribution of authentic cultures to research insfitufes
and industries

©  Capacity buillding in culture collection

E  Actfing as repository of patent sfrains in addition to
the strains used for basic research, indirectly helping
o refain important microflora in the country

I Confract research and consultancy services

Competencies

B [solafion and preservation of microbial strains

B Strain improvement

¥ Microbiol and biocatalyfic processes for value
added products

I |yophilization of microbial cultures

P long term preservation of specidlized cultures
Microbiclogical testing of samples '

Infrastructure
¥ Fermentor (1 Lit 10 Lit)
¥ Bacterial lyophilizer
¥ Compound microscope with digital camera
E  Inverred microscope
¥ HPLC
E GC

Bacterial lyophilizer

Fermenior

Glimpses of current research

Strain improvement for bio-ethanol production

Fungal strains were identified for cellulase production, which
were further taken up for mutagenesis fo obtain improved sirain,
The Penicillium fanthineliurm (NCIM 1169) was subjected to UV
mutagenesis followed by EMS treafment, which resulfed in the
isolation of mutant strains capable of exhibiting bigger zones of
hydrolysis of Walseth cellulose. These mutants were further
studied in shake flasks for cellulase enzyme production. One of
the mutanfs was found fo produce enhanced levels of Fpase
activity (3.2 IU/ml), CMCase (55 IU/ml), when grown in AMM
medium containing 1 percent CP-123.

Bioconversion of fusel oil for flavor production

The project deals with the identification of suitable commercial
lipose or an organism capable of converting fusel oil o isoamyl
acetate with higher efficiency. Out of three commercial
preparations tested, Candida anfarctica lipase was found to be
converting isoamyl alcohol to isoamyl acetate within 4 hrs with
approximately 80 per cent conversion efficiency. One of the
fungal sfrains, Aspergilius niger (NCIM 1207) was also found to
convert isoamyl alcohol to its acetate within 72 hrs with 70 per
cent conversion efficiency. The optimizafion studies for the
bloconversion are in progress.

Bioconversion are in progress.screening of marine
acinetobacter sp. for production of biosurfactants

The project involves the isolation, identification of Acinefobacter
strains from marine  environment, Samples from  marine
environment were collected and affempts were made fo get
colonies on media selective for Acinefobacter culures. More
than one hundred colonies, which were further taken for
identification studies have been isolated. Ten colonies as
belonging to genus Acinefobacter based on morghological,
biochemical and genetic transformation methods have been
identified. These strains will be further characterized genetically
and evaluated for bio-surfactant production.

Structural & functional mimicry of bio-systems-
carbohydrates-laced synthetic polymers as
microorganism nufrient source

Standardization of CO, evolution experiments from polymers is
in progress. The growth experiments in shake flasks using
bacterial/ fungal culiures for microbial atfack on synthesized
polymers are also being performed.
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Business development

since a significant portion of NCL's budget is generated through
coniract R&D services, consultancy and technology licensing
the laboratory has a separate Business Development Division
(BDD) involved with various aspects of business planning,
confracts management, strategy consulting, intellectual
property and event management. The division is staffed with
engineers and management graduates who work as
technology facilitators interfacing  with scientfists, industries,
govemment, financial institutions and other statutory agencles.

Business facilitation

NCL is constantly explonng opportunities to work with industrial
custorners on challenging research problems which have an
impact on their performance. NCL reqlizes that it is the industrial
customer that keeps research relevant to and focused on real
world problems and opporunities. Great emphasis is placed,
therefore, on understanding customer's needs, clearly defining
deliverables and meeting customer's expectations.

The BDD undertakes a mapeping of skill sets and patent portfolio
available at NCL and contacts industrial cusforners relevant
under the confext, It then plays a technology faciitation role
through discussions related to project proposals, pricing issues
and confracts management. NCL believes in the credo that
NCL wins only if its custorner wins. Conseguently, NCL constantly
aims at building a win-win relationship with all its custorners.

Public relations & events management

The Public Relaticns and Events Management group Is involved
with inferal and external communications that support the
NCL's business objectives and undertakes other public relations
activity that effectively bullds up the image of the organization
at large. The group manages the inferests of NCL In industry
frade shows, exhibitions, conferences ang other public forums
and also has the responsibility of managing all press
communications and media relations, besides organizing and
implementing CSIR programme on CPYLS in Maharashira,

Exhibitions: This year, the group organized NCL exhibition ot
India International Trade Fair (IITF, 2003) in CITEDO technology
frade pavilion (New Delhi, 14-27 November, 2003) and CSIR

exhibiticn of PharmaExpo 2003 (Chennal, 19-20 December,
2003),

Symposium / Seminar: The group coordinated INSA
Annual General Meeting, XXXl National Symposium  in

Crystallography, CSIR Annual Business Meet and InnoCentive
Annual Conference

Special talk/ memorial lectures: The group
coordinated CSIR  Foundation day, NCL Foundation Day,
Natflonal Science Day, Memorial lectures in the memory of
former NCL Directors and special invited talks,

J

BUSINESS DEVELOPMENT

Intellectual property management

The IPR unit looks affer the protection of Intellectual Property
Rights macinly prosecuting and securing patents for inventions in
NCL. The unit is involved with scrutinizing the drafts suomitted by
scientists, finalizing the complete specifications and
coordination with the Intellectual Property Management Division
of CSIR. 104 Foreign and 60 Indian patent applications were
processed in addiion to the ongoing work of the patent
applications from the previous years,

IPR unit in collaboration with IPMD also oversees fling and
securing patents In foreign countries including United States,

Europe and other countries covered under Patent Cooperation
Treaty.

Customer satisfaction index

CSIR, the parent body of NCL, has launched an independent
unit called the “Customer Satisfaction and Evaluation Unit”
(CSEU) that monitors the levels of satisfaction of our clients with R
&D services that the CSIR laboratories offer,

Customers were asked to grade the laboratory on the following

parameters with respect to the project thart they had undertaken
with NCL on a defined scale,

¥ Objective : To check If the broad direction of the
achievements intended at the start were
accomplished or not

U Schedule : To ascertain if work is accomplished, as per
the time schedule committed at the start

Output : To ascertain how much of the minimum

K tangible which is of value to the custormer, has
been as committed ot the start

¥ Usability : To ensure that the custormer is able 1o
readily use the output without further
processing and with prolonged Impact

CSEU has compiled the grades received into a Grade Point
Average known as the Customer Salisfaction Index (CSl) score.
The interpretation of CSl scoresis as given below:

) 1.00=csl

(i) 1.00 < CSl < 3.00
(i) 3.00 < CSI < 3.60
(V) 3.60 < CSl < 4.00

Customer Is highly dissatisfied
Customer s not satisfied
Cusfomer is merely sarfisfied
Custormer is probably delighted

The latest CSl score available is for the year 2002-03. NCLis one
of the seven laboratories that are categorized in chemical
sciences group amongst CSIR Ilabs. The average CSl for

chemical sciences is 3.35, NCL's CSl for the last three years is as
follows:

Year CSI
2000-2001 3.184
2001-2002 2,950
2002-2003 3.175
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NCL's customers

GLOBAL

ArQule

Du Pont

FDC

Geltax Pharmaceutficals
General Electric
Intemational Atormic Energy
Agency

Lyondell

Millenium Research Lab

I

Nationdl Research Council
of Canada

Proctor & Gamble
Schenectady Specialities
Asia

Swiss Confact - [T Power P,
Ltd.

UNICEF

Unilever

BUSINESS DEVELOPMENT

INDIAN

Aarati Industries
Advanced Biochemicals
Amphenol Infemational
India
Aguapharmm Chemicals
Asian Paints
Aspentech India
Astron Engineers India
Atul
Aventis CropScience India
AVRA lalbs
Bayer India
Bio-D Plastics
Chembiotek Research
CIPLA
Coffee Board
Central Pollution Confrol
Board
D & O Pharmachem India
DGP Hinoday Industries
Directorate of Horticuliure
Dura-line India
East India Pharmoceuticals
Emcure
Engineers India Lid.
FMC India
Gas Authority of India Ltd
Garware Elastornerics
Garware Polyster
Glenmark Pharmaceutical
Ltd,
Grasim Industries
Gujarat state Ferfilizers and
Chemicals
Heavy Water Board
High Energy Materials
Research Laboratory

HLRC
ICl India
Indian Centre for Plastics in
the Environment
Indicin Seamiless Steel &
Alloys
Jubilant Organosys
Kirloskar Oil Engines Limited
Lupin Laborctories
Lupin Research Park
MedGene Biotech
Meghmani Organics
Ministry of Environment &
Forests
Modepro India Pvt.Ltd.
Narmada Chematur
Petrochemical
Navin Fluorine
Orchid Chemicals &
Pharmaceutical
Pidilite Industries
Ranbaxy Laboratories
Reliance Industries
RPG Life Sclences Limited
S C Enviro agro India
Scope Pvit. Lid
SJS Plastiblends
Srruti Organics
Specs and Biospecs
SRF
Sudarshan Chemical
Inclustries
Tata Chemicals
Tonlra Pharma
usv
Vikas Technologies
Vinati Organics
Vinyl Chemicals

ANNUAL REPORT 2003 - 2004




ESERVICES]

BUSINESS DEVELOPMENT

BUSINESS DEVELOPMENT

Unencumbered patents (Indian) Title of the invention Patent Title of the invention Patent

Title of the invention Patent

number

A composition useful for the propagation of 186894
phragmites species

A new enanfioselective resolufion process for 189741
arylpropionic acid drugs from the racemic mixture

Anew process forthe preparation of uniform ulfrathin 189191
films of metal oxide, metal chalcogenides or metal
halides

A process for enhancing cel-bound penicilin 182405
acylase acftivity through permeabilization and
subseguent stabilization with a crosslinking reagent

A process for reforming of pyrolysis naphtha 175609

A process for the catalyfic conversion of methane or 188329
natural gas fo syn gas

Aprocess for the hydrodewaxing of petroleum oils for 175147
the production of dewaxed oil

A process for the oxidative conversion of ethane or 188871
C2-C4 paraffins to ethylene and higher olefins using
the improved supported catalyst

A process for the preparation of 5,6- didehyro 5- 185790
methyl PGFa 2 derivative

A process for the preparation of 7[1-(alkoxy carbonyl) 186969
propyl 5,6,7.8,9,11- hexahydro-8- (alkoxy carbonyl)
indolizino [1,2b] quinolin-9-cne

A process for the preparation of a novel porous 184236
crystaline material vanadiam silicate, VS-2

A process for the preparation of a soluble 186303
homogeneous catalyst useful for the preparation

high molecular weight narrow molecular weight
distribution of non crystalline polymers of o -olefins
containing at least four carbon atoms

A process for the preparation of an improved 189145
supported catalyst

A process for the preparation of an improved 188538
supported catalyst useful for the oxidative coupling

of methane fo higher hydrocarbons, oxidative
conversion of natural gas fo ethylene and other

lower olefins etc

A process for the preparation of ceramic-polymer 189146
composite materials and components

A process for the preparation of compounds 188825
bearing urethane linkage useful as plasticizer for
polyvinylchloride (PVC)

Title of the invention Patent

number

A process for the preparation of crystaline metallo 183415
tfanium, catalyst composite material

A process for the preparation of crystalline sodium 188874
alumine silicate

Aprocess for the preparation of crystalline vanadium 180196
fitanium silicate

A process for the preparation of e(-) silane, {[1- (2- 185389
iodoethenyl) -1- methylhexyl] oxy Hrimethyl

A process for the preparation of estra-5a- hydroxy -a- 186134
en- 11b- [4-(2-methyl-1,3-dioxolyl) phenyl] -17b-

hydroxy -17a- (3-methyl-1- butynyl) -cyclic -3- (1,2,-
ethandiyl) acetal

A process for the preparation of extracellular 182604
arabinose liberating exo-xylanase from a pure yeast
strain

A process for the preparation of hydrolytically stable 182590
macroporous beads

A process for the preparation of improved 188046
compounded polyvinylchloride (PVC)

A process for the preparation of metal-polymer 188894
composite materials and components

A process for the preparation of micro mescporous 189703
amorphous titanium sllicates

A process for the preparation of microporous 187347
crystalline molybdenum silicate molecular sieves
A process for the preparation of misoprostol 184735

A process forthe preparation of monochlorophthalic 188690
anhydride free from dichloro component

A process for the preparation of novel bioxyanion 177237
cafalysts useful for the preparation of
polycarbonates and a process forthe preparation of
polycarbonates using the said catalysts

A process for the preparation of novel composite 184285
catalysts useful for oxidative conversion of methane

(or natural gas) to carbon menoxide and hydrogen

(or synthesis gas) in presence of free oxygen

A process for the preparation of novel crystaline 184408
borosilicate

A process for the preparation of novel macroporous 187419

glycidyl copolymers based beads useful as matrix
foranchoring hydrophobic biomolecules
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number

A process for the preparation of novel macreporous 184871
spherical beads of glycidyl copalymers

A process for the preparation of novel protease 186995
tolerant to high pH, high fermperature and high levels
of chromiumions

A process for the preparction of opfically dactive 186339
carboprost methyl ester

A process for the preparariion of poly (aryl ester 186156
carbonate)s

A process for the preparation of poly (aryl esfer- 186155
carbonate)s

A process for the preparation of products crystaline 189460
molybdate tin-containing molecular sieve

A process for the preparation of semipermeable 186839
membranes from silicon containing aromatic
polyesters

A process for the preparation of supported 185715
bimetallic catalyst useful for the hydrogenation of
dicarboxylic acid esters

A process for the production of 1-chloro- 189203
naphthalene

A process for the production of a novel porous 189306
crystalline tin-confaining molecular sieve

Aprocess forthe production of linearalkylbenzenes 181 003
Aprocess forthe recovery of purified thiocarbamide 184739

A useful process for the preparation of ankle block 187915
component useful for artificial foot

An enzymatic process for the preparation of optically 185277
pure isomers of ethyl 2,3-dihydroxy -3- (4-
methoxyphenyl) propanoate

An improved composition useful for promoting 189032
development of shoofs from fthe excised
embryoaxes of cotfon

An improved nophtha reforming process for the 187354
preparation of a mixture of hydrocarbon rich in
aromatics

An improved process for catalytic hydroformylation 188332
of alkenes

An improved process for selective hydrogenation of 185714
esters dicarboxylic acid

An improved process for the continuous production 186454
of cheese

| L

number

Animproved process for the conversion of alcoholto 184107
mixture of olefins

Animproved process for the conversion of methanol 178460
to olefinic hydrocarbons

Animpraved process for the conversion of phenol to 189405
hydroguinone and catechol

An improved process for the conversion of poly 187889
ethylene terephthalate (PET) waste 1o poly (alkyleine
terephthalate) useful as an engineering
thermoplastic

An improved process for the manufocture of 176176
crystaline alumino silicate designated as Z5M-

An improved process for the oxidation of olefinic 186074
organic compounds

An improved process for the: oxidative halogenation 186078
of aromatic compounds

An improved process for the preparation of (1R,cls) - 188978
(-)- caronaldehydic acid hemiacetal

An improved process for the preparation of (2R,3R)- 186876
methyl-phenyl glycidate

An improved process for the preparation of 189161
aromatic aldehydes

An improved process for the preparation of 189045
caprolactam from  cyclchexanone oxime  using
micellar solution, macroemulsion and micro
emulsion systems

An improved process for the preparation of copper 189479
catalyst supported onametal oxide

Animproved process for the preparation of cumene 177993

An improved process for the preparation of 184740
cyclopropylamine

An improved process for the preparafion of 179730
dihydroxybenzenes and 1,4-benzogquinone by the
hydroxylation of phenol using fitanium containing

zeolite catalyst

An improved process for the preparation of 177718
dihydroxybenzone, 1,4-benzoquinone by fhe
hydroxylation of phenol using hydrogen peroxide

and titanium containing zeolites

Animproved process for the preparation of ethanol - 187087

An improved process for the preparation of 185627
formaldehyde using improved iron molybdate
catalyst
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Title of the invention Patent
number

An improved process for the preparation  of 188375
phalocumeneas

An improved process for the preparation of high 185719
molecular weight narrow molecular welght
dishibution non  crystaline hydrocarbon soluble
polyolefins

An improved procesé for the preparation of hydroxy 185379
compounds of stercids

An improved process for the preparation of iron 185935
molybdate cafalyst

An improved process for the preparation of mono- 185382
alkyl carbonate of bisphenols

Animproved process for the preparaticn of n-acetyl 189140
aminophenol

An improved process for the preparction of novel 186430
cross linked mesoporcus  crosslinked glycidyl
methacrylate - penta erythritol triccrylate
copolymers

An improved process for the preparation of novel 187315
crosslinked macroperous of lycidyl methacrylate -
divinyl benzene copolymers

An improved process for the preparation of opiically 185768
active carboprost methyl ester

An improvad process for the preparation of phenol 179711
hydroxybenzene and 1 ,4-penzoguinone by
hydroxylation of benzene using tifanium containing
synthetic zeolite catalyst

An improved process for the preparation of phenol, 179729
dinydroxy benzenes, 1 J4-pbenzoguinone by
hydroxylation of benzene

An improved process for the preparation of phenol, 184725
dinydroxybenzenes and 1,4-benzoguinone
simultaneously by hydroxylation of benzene using

phase fransfer catalyst

An improved process for the preparction of poly 186146
(arylester-carbonate)s

An improved process for the preparation  of 189033
polymerc device with uniform confrolled porosity
and containing one or more active ingredients

An improved process for the preparation of porous 175810
crystalline silicate TS-

An improved process for the preparation  of 185806
substifuted acetophenones

An improved process for the preparation of tifanium 189381
silicates

An improved process for the preparation  of 189048
unsaturated hydroxy lactones

An Improved process for the preparation of a- 190435
bromophenylacetic acid

A
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Title of the invention Patent
number

An improved process for the preparafion of o 188412
cyclodextiin glycosyl fransferase enzyme

An improved process for the production of alcohcl 185720
particularly ethanol

Animproved process for the productionof cumene 176692

An improved process for the production of cycle oils 176724
having lower pour points

An Improved process for the production of 178378
cyclohexanone and cyclohexanol

An improved process for the production of 179085
cyclohexanone and cyclohexanol

An improved process for the production of ethylene 188334
by non-catalytic oxidative cracking of efhane or
ethanerich C2-C4 paraffing

An improved process for the production of 186455
immobilised d-amino acid oxidase

An improved process for the production of 187316
immobilization milk clofting profecse

An Improved process for the production of synthesis 184286
gas by oxidative converslon of me‘rhgne using
composite catalyst  containing fransitional  and
alkaline earth metal oxides

Animproved process for the production ofthe 1,1.1" 187237
~ris (4'- hiydroxyphenyl) ethane

An Improved process for the selective oxidation of 190356
hydrocarbons and their derivatives

An improved process for the separation of dinydroxy 177118
benzene isomers from agueous phase using super
cbsorbent polymers

An Improved process for the simulfaneous 184488
preparation of 1,4 benzoguinone and hydroguinone

An improved process for thermostabilizing o-- 186723
arabinofuranosidase enzyme

An invention relates fo a process for the preparafion 189297
of an dlkaline protease from an alkalophilic
streptormycete insemisolid fermentation

Energy efficient process for the oxidative conversion 188872
of methane or natural gas 1o ethylene, ethane and

higher hydrocarbons using the improved supported

catfalyst

Improved process for making high quality sfeel 176146
directly from fine particles of iron rich materials and

non cocking coal fines

Process for the preparation of crystalline fitanium 175727
siicate 75-2

Process for the preparation of hydrophllic sfable 189324
macro-porous beads
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Unencumbered patents (Foreign)

Title of the invention Patent
number

(2R,35,22R,23R)-2,3,22,23 Tetrahydroxy-24-ethyl-- 6090952
homo-7-0xa-5a-cholestan-6-one and a process for
prepo[ing the same

1,3-Oxazoline compounds useful as anionic initictors 5266702
suitable for polymerization of vinyl polymers
Anew polymer composition 5780578
Anew process for the preparation of uniform ultrathin 5549931

films of metal oxide, metal chalcogenides or metal
halides

A new strain of cephalosporium having accession 5534429
no. ATCC 74292, a process of isclating said strain of
cephalosporium and a process for preparing
extracellularendoxylanase

Anovel caralyst composition material and a process 135159
for the preparation of a novel catalyst composite
material

A process for the preparation of an imported 5712217
supported catalyst useful for the oxidative coupling

of methane fo high hydrocarbons, oxidative
convarsion of natural gas to ethylene and other

lower olefins and oxidative dehydrogenation of

lower alkanes

A process for the preparation of (2R,35,245)-2,3- 6008380
diacetoxy-22-bromo-24-ethyl -p- hormo -7-oxa -23-
hydroxy -5a-cholestan -6-one

A process for the preparalion of a magnesium 5962360
halide supperted metallocene catalyst

A process for the preparation of o new polymer 0471116
useful for drag reduction in hydrocarbbon fluids in
exceptionally dilute polymer solutions

A process for the preparation of a new polymer 2023298
useful for drag reduction in hydrocarbon fluids in
exceptionally dilute polymer solutions

Aprocess for the preparation of adipic acid 0784045
A process for the preparation of aand f naphthol by 0867424

hydroxylation of naphthalene using an
organctransition metal complex

A process for the preparatfion of an active 5602261
composition confaining friferpenes  including
czadirachtin and its derlvafives possessing insect
antifeedant and growth inhibitory activity from parts

of the neem plant

A process for the preparafion of an improved 5744419
supported catalyst

Title of the invention Patent
number

A process for the preparation of caprelactum 5401843

A process for the preparation of new reactive 0477444
anionic initiators useful for polymerization of vinyl
maonomers

A process for the preparation of novel composite 0582004
cafalysts useful for oxidative conversion of methane
or natural gas to synthesis gas

A process for the preparation of poly (ester- 908483
carbonate)s

A process for the preparation of silicon confaining 5820992
polyarytates

A process for the preparation of supported 5792875
bimetallic catalyst useful for the hydrogenation of
esters of dicarboxylic acids

A process for the preparafion of supported 5963477
metallocene catalyst

A process for the production of p-dialkyl benzene 135162

A process for the production of 6692945
polyhydroxyoctanoate by streptomyces lividans

A process for the selective oxidation of hydrocarbons 5811399
and their derivafives

Alkalothermophilic bacillus thal produces o 6448060
profegse inhiblfor

An improved cartalyst useful for the preparation of 2999597
carboxylic acids

An improved catalyst useful for the preparation of 1974954
carboxylic acids

An improved catalyst useful for the preparation of 8803781
carboxylic acids

An improved integrated two step process for 5336825
conversion of methane to liguid hydrocarbens of
gasoline range

An improved process for cafalyfic hydroformylation 5498801
of alkenes

Animproved process for preparing of & B naphthol 5932732

An imgroved process for the conversion natural gas 621640
info middle distillates

An improved process for the conversion of lower 5936133
alkane(s) to aromatics or higher hydrocarbons under
non-oxidative conditions and low temperature

An improved process for the conversion of natural 246301
gasinto middle distillate
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Title of the invention

An improved process for the preparation of.olkyl
carlbamctes

An improved process for the preparation of alkyl
carbamates

An improved process for the preparation of
aromatic polyesters

An improved process for the preparation of
caprolactam from cyclohexanone oxime  using
micellar solufion, macroemulsion and
microemulsion systems

An improved process for the preparation of
halocumenes '

An improved process for the preparation of high
molecularweight poly (aryl carbonates)

An improved process for the preparation of methyl
ethyl ketcne secondary butyl alcohol using an
improved copper silica catalyst

An improved process for the preparation of mixture
of guaiacol and p-methoxy ethanol

Animproved process for the preparation of n-acetyl
aminophenol

An improved process for the preparation of
thicanides from carboxylic acids

An improved process for the preparation of fitanium
silicates

An improved process for the single step oxidation of
3-phenoxy folunene fo 3-phenoxybenzaldehyde

Animproved process for the synthesis of d (+) biotin
An improved reforming process for the cataltic
conversion of petroleumn fractions to a mixture of
hydrocarbons rich in aromatics

Bromo - functionalised benzotriazole UV absorbers

Catalyst composite material for hydrocarbon
reactions

Catalyst composite material for hydrocarion
reactions

Catalyst composite material for hydrocarbon
reactions

Catalyst composite material for hydrocarbon
reactions

Catalyst composite material for hydrocarbon
reactions

Patent
number

0442173

5502241

0807655

5594137

5892138

0568740

5723679

5786519

5856575

5510490

5885546

5693869

0564723

0382960

6284895

0474928

2025449

22474

5141908

625926

Title of the invention

Catalyst systern contcining a semilabile anlonic
ligand and o use of such catalyst system to produce
a, B, -unscrturated carboxylic acids and their esters

Catalyfic referming process utilizing an iron-and
lanthaum-containing metallosilcate zeolite

Composition for hybrid seed production, process for
the preparation of such composition and use
thereof

Compound bearing an urethane linkage, which is
an addict of ricinocleic esters and an isocyanate,
useful as a plasticizer for polyvinyl chloride (PYC) and
a process for preparing such compound

Culfurgl medium for bamboo shoot sproufing and
mufficlication and a method for sprouting and
multiplication of bamiboo plantlets

Culture medium composition useful for induction
and proliferation of Taxus call

Diol - functionalized UV cbsorber

Enantioselective resclution process for aryloropionic
acid drugs from the racemic mixture

Halophilic pseudomaonas strain having accession
no.ncim 5109 (ATCC 55940) and o process for
preparation  di-)n-carbamoylphenylglycine  using
sald strain

Hydrophobic composite Pd-membrane catalyst
useful for non-hazardous direct oxidation of
hydrogen by oxygen to hydrogen peroxide and
method of its preparation

Hydrophobic multicomponent catalyst useful for
direct oxidation of hydrogen to hydrogen peroxide

Improved process for the preparation of codeine
frommorphine

Lanthanum  silicate catalyst composite, its
preparation and its use for conversion of alkanols to
light olefing

Low temperature process for the production of
hydrogen

Macromonomer

Membrane process for the production of hydrogen
peroxide by non-hazardous direct oxidation of
hydrogen by oxygen using a novel hydrophobic
composite Pd-membrane catalyst

Method and an apparatus for the identfification and
or separation of complex compasite signals info its
deterministic and noisy components

'SERVICES

BUSINESS DEVELOPMENT

Patent
number

6331502

5262045

6645917
B2

6437032

5750401

6365407

6307055

6093830

6121024

6448199

6346228

0268710

12776350

6509000

0982334

6432376

6208951
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Patent
number

Title of the invention

Microbial process for the production of d(-)}-n- 6087136
carbamoylphenylglycine

Microbial process for the production of d(-)-n- 6280979
carbamoylphenylglycine

Microencapsulation of rnonocrotophos 5962003

Micro-meso amorphous titanium silicate catalyst 5795555
Mifepristone analogue, process for the creparation 6512130
thereof and use thereof

N-1-alkyl-2, 5-di(trialieyl silyl) pyrrolidines 5654439

Nickel containing catalyst 0352378
Noble metal containing hydregenction catalyst for 6660675
selective hydiogenation of 1,4-butynediol fo 1,4
butenediol, and o process for the preparafion

thereof

Noble metal containing hydrogenation catalyst for 6528689
selective hydrogenation of 1.4-butynediol to 1.4-
butenediol, and a process for the preparation

thereof

Novel composite catalysts containing fransifional 5756421
and dlkaline earth metal oxides useful for oxidative
conversion of methane (or natural gas) to corbon
monoxide and hydrogen (or synthesis gas) ‘

Novel compound having urethane linkage, which is 5952411
an adduct of ricinoleic esters and an isocynate,

useful as a plasticizer for polyvinyl chloride (PVC) and
aprocess for preparing such compound

Novel compound having urethane linkage, which is 6118012
an adduct of ricinoleic esters and an isocynate,

useful as a plasticizer for polyvinyl chloride (PVC) and

a process for preparing such compound

Novel fiterpene derivatives of azadirochtin having 8395951
insect anfifeedant ana growth inhibitory activity and

a process for extracting such compounds from the

neem plant

Novel triferpene derivartives of azadirachtin having 5663374
insect anfifeedant and growth inhibitory activity and

a process for extracting such compounds from the

neem plant

Novel triterpene derivatives of azadirachtin having $756773
Insect anfifeedant and growth Inhibitory activity and

a process for extracting such cormpounds from the

neem plant

One pot method for preparation of 1-[2- 6350912
dimethylamino -(4-methoxyphenyl) - ethyl]
cyclohexanol

.

RT SERVICES

BUSINESS DEVELOPMENT

Title of the invention Patent
number
Pesticidal ester preparation 5750757

Polyimides, process for the preparation thereof and 6500913
use thereof as alignment films for liquid crystal
devices

Polymer composition for confrolled release of active 5851546
ingredients inrespense o pH, and o process of
preparng the some

Preparation of ethanol using supplements 6015699
Preparation of improved nickel-confaining catalyst 4902659

and process for the conversion of alcchols to
carboxylic acids therewith

Preparation of polyurethane microspheres by non 5859075
agueous dispersion polymerisdtion

Process and production ethylene by non-catfalyfic 5763725
oxldative cracking of ethane cr ethane rich C2-C4
paraffing

Process for cafalytic hydrogenation of orgonic 5650546
compounds

Process for making alkyl n-alkyl or n-aryl- 5621132
thiocarbamates

Process for making s(-) amlodipine salfs 6608206
Process for oxidafive conversion 6087545
Process for polymerization of olefins 6187882
Process for preparation of 2-phenyl ethanol 6166269

Process for preparation of a lactone from o cyclic 6559322
ketone

Process for preparation of carboxylic acid and their 6294687
esters

Process for preparation of semisynthefic amplicons 6037128
useful for determination of sex In papaya

Process for preparation of subsfifuted aromatic 6525226
compound employing Friedel-Craffs reaction using
areusable basic anionic clay catalyst

Process for preparing enantiomerically pure (s)-3- 6713639
hydroxy-y-butyrolactone
Process for preparing of dilticzem 6180785

Process for producing alcohol 5455163

Process for producing polycondensable 6022930
rmacromonomer
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Title of the invention

Process for production of propylens and ethylene by
non-catalytic oxycracking of propane or propane-
rich C2-C4 paraffins

Process for production of synthesis gas by oxidative
conversion of methane or natural gas using
composite catalysts

Process for simultaneous preparation of sex specific
and gender - neufral semisynthetic amplicons useful
for sex determinctrion

Process for synthesis of d(+) bictin

Process for the activation of a metallic palladium
pased cotalyst useful for the direct oxidatfion of
hydrogen fo hydrogen peroxide

Process for the activation of pervoskite type oxide

Process for the acylation of aromatic compounds
using a reusable solid cafalyst comprising indium
halide

Process for the cafalytic conversion of methane or
natural gas to syngas or o mixture of carbon
monoxide and hydrogen

Process for the conversion of 1,4-butynediol to 1,4-
bufanediol, or a mixture of 1,4-butenedicl and 1,4-
bufanedicl

Process for the conversion of 1,4 butynediol to 1,4
butenediol

Process for the conversion of natural gos into middle
distillates

Process for the conversion of phenol 1o
hydroguinone and catechol

Process for the conversion of polyethylene
terephthalate waste 1o poly alkaline terephthalate

Process for the liguid phase acylation of aromatic
compounds

Process for the oxidation of cyclohexane to a mixture
of cyclohexanone and cyclohexanol

Process for the oxidation of cyclohexane to adipic
acid

Process for the photochemical production of a aryl
propionic acid

Process for the photochemical production of c-aryl
proplonic acld

Process for the preparation of (4R,6S)-4-hydroxy-6-
hydroxymethyl-tetrahydropyran-2-one

LY

B

Patent
number

6020534

5368835

6180345

5274107

6534440

6197719

6437191

6293979

6469221

6420615

1325814

5493061

5451611

6459000

5767320

6392093

4906343

2565977

6376683

Title of the invention

Process for the preparation of B hydroxy-a lactone
using novel infermediates

Process for the preparation of 1-[cyano(aryl)methyl]
cyclohexanaol

Process for the preparation of 2-acrylamido-2-
rethyl-1-propanesulfonic acld

Process for the preparation of 2-aryl propionic acids

Process for the preparation of 2-methyl-2-propene-
1-sulfonic acid, sodium salt

Process for the preparation of 4(r-hydroxy cyclopent-
2-enl(s)-acetate

Process for the preparation of 5-methoxy-
4(methylthioalkyl)-1.3-bis(phenyl methyl)-2
imidazolidinone useful as an intermediare for the
d(+) biotin synthesis

Process for the preparation of a carboxylic acid

Process for the preparation of a carboxylic acld

Process for the preparation of a magnesium halide
supported metallocene catalyst

Process for the preparation of a mixture of 19
hydroxyeicosatefraencic acid aond 20
hydroxyeicosatetraenoic acid (19 HETE and 20 HETE)

Process for the preparation of a nanosized colloidal
metal particle

Process for the preparation of a new polymer useful
for drag reduction in hydrocarbon fluids in
exceptionally dilute polymer solutions

Process for the preparation of a polyesteramide

Frocess for the preparation of acetic acid or methyl
dcetate

Process forthe preparation of acidic lipase
Process for the preparation of adipic acid

Process for the preparation of alkyl 4[2-
(phthalimido)ethoxyl-acefoacetate

Process for the preparation of an improved Li-
promoted MgQ catalyst useful for oxidative coupling
of methane to ethane and ethylene

Process for the preparation of aqueous urethane
dispersions

Process for the preparation of aralkylated aromatic
compounds using heterogensous catalyst
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Patent
number

6388097

6504044

6504050

6660883

6660882

6448051

6350881

6444844

6380426

5955554

6379937

6537344

5080121

6410681

6521784

6534303

6521789

6562983

5118654

6239213

6215035

- 2004

Title of the invention

Process forthe preparation of aromatic polyesters
Process for the preparation of aromatic polyesters

Process for the preparation of aryl esfers of n alkyl
carbonic acids

Process for the preparation of aryl esters of n-alkyl
carbonic acids

Process for the preparation of  B- hydroxy-3 lactone
using novelintermediates

Process for the preparation of bromo - functionalized
benzotriazole UV absorbers

Process for the preparation of catalyst composite
material designated encilite

Process for the preparation of codeine from
morphine

Process for the preparation of diesters of
poly(oxyalkylene glycol) and amino acids

Process for the preparation of
dinydroxydiphenylmethanes

Process for the preparation of enzymatically
degradable polymers

Process for the preparation of ibuprofen

Process for the preparation of lithium stanates
doped with transftion metal cations

Process for the preparation of molecularly imprinted
polyrners useful for separation of enzymes

Process for the preparation of mone-alkylcaroonate
of bisphenols

Process for the preparation of nanodimensionadl
particles of oxides and sulphides of metals

Process for the preparation of new transition metal
complexes

Process forthe preparation of nitrile group containing
polymers

Process for the preparation of novel molecular sieves

Process for the preparation of novel vinylic hindered
amine light stabilizers

Process for the preparation of n-substfituted
acrylamides

Process for the preparation of phenyl ketones

=

Patent
number

5714567

6420511
0446514

5066819
6417374
6320056
129327

4764615
6346643
6492566
6316585
6093847

5461013

6379599
5627301
5643508
6069253
5194537

5219813

6489482
6369249

6593499

SERVICES

BUSINESS DEVELOPMENT

Title of the invention

Process for the preparation of polyesters

Process for the preparafion of polyurethane
microspheres

Process for the preparation of polyurethane
spherical particle

Process for the preparation of substituted aromatic
compound employing Friedel-Crafts reaction using
a reusable basic anionic clay catalyst

Process for the preparation of Thermopreoipimﬁhg
affinity polymers

Process for the preparation of thermoprecipitating
affinity polymers

Process for the preparation of thiourea

Process for the production of aromatic carboxylic
acids

Process for the production of linear alkyl benzene
Process for the production of linear alkylbenzenes

Process for the production of synthesis gas by
oxidative conversion of methane (or natural gas)
using composite catalyst containing transitional and
alkine earth metal oxides

Process for the recovery of potassium bitartarate and
other products from tamarind pulp

Process for the recovery of tartaric acid and other
products from tamarind pulp

Process for the selective esterification of ferfiary
alcohol by an acld anhydride using a reusable solid
catalyst

Process for the synthesis of a photo-stabilizer

Process for the trans-esterification of keto esters using
solid acids as catalysts

Process for treatment of mixture of spent wash from
distilery and black liquor from pulp and paper
industry

Process of preparing composite catalysts for
production of synthesis gas by oxidative conversion
of methane or natural gas

Reforming precess for the catalyfic conversion of
petroleum fractions fo a mixture of hydrocarbons
rich in aromatics

Single step hydrogendation of nifrobenzene o p-
aminophenal
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Patent
number

6335415

5814675

6123988

6548722

6420487

6689836

6657082

6649791

0564724

5453553

5338488

6316615

5994533

6420596

6559311

6376701

6589427

5411927

4950385

6403833
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Title of the invention

Single step process for the preparation of p-
arninophenol

Single step process for the preparation of
poly(oxyalkylene)-a,wm -dicarboxylic acid

Strain of streptomyces for the preparation of an
alkaline protease inhibitor

Substituted 2—[—6—benzy|—5—oxo-3-phenyi-{Ss,75,7Gr]—
pernydroimidazol[1,5-c][1,3]thiczol-7yl] compounds

Supported catalyst useful for Friedel - Crafts reaction
and process for the preparation of aralkylated
aromatic compounds using the catalyst

Thermoprecipitating polymer containing enzyrme

specific ligands, process for the preparation thereof,
and use thereof for the separation of enzymes

Patent
number

6028227

6239252

6514748

6486328

6180557

6605714

Title of the invention

Tinuvin  p-hindred amine light stabilizer and
derivatives thereof

Tinuvin p-hindred amine light stabilizer and
derivatives thereof

Triterpene derivatives of azadirachtin having insect
anfifeedant and growth inhibitory activity and a
process for extracting such compounds from the
neem plant

Two step process for production of liquid
hydrocarbons from natural gas

Water soluble palladium complexes and process for
the preparation thereof
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BUSINESS DEVELOPMENT

Patent
number

6492518
6610856
B2

5663374

5306854

6469169
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Information division
information division

The Information Division (ID) has the responsibility fo design and
manage the information infrastructure for the laboratory. The
division is continuing to make effective use of Information
sechnology (IT) fo provide the intellectual infrastructure in terms
of access o a wide range of Information resources located
within NCL as well as in outside world, to enable the scientists of
NCL to perform better and to maintain ifs leadership position.
pesides, the division has inlticted work on Chemical Informatics
and Biodiversity Informatics. The laboratory had set up IT Task
Farce to visualize, anticipate and define NCL's future (short ferm
and long term) needs in terms of dll information resources,
services, systems and infrasfructure  (scientific, institutional,
management and administrative) while keeping in view the
emerging frends in information and communication
technology, information system and business management,
sclentific and fechnical inforrmation resources etc.

INFORMATION DIVISION

IT Vision of NCL

¥ Digifization of al loboratory processes  both on

scientific and operational sides - by 2010,

¢ World-class Information and Communication

Technology (ICT) systems and infrastructure so as fo
make possible continucusly increasing  levels of
operational efficiency, convenience, speed & security,
informed management decisions and effective
leadership. Aim 1o be global benchmark for effective
and Inteligent deployment and use of ICT systems,
sarvices and infrastructure for research laboratories by
2013

¢ World-class natfional resource centfer for scientific
information relevant to the chemical sciences, allied
disciplines and related industries by 2008,

¥ Clobal resource center for the research, conception
and early-stage development of high-end [T-driven
knowledge-based solutions, services and products
relevant to the chemical sciences, dllied disciplines
andrelated industries by 2010,

1 Immediafe and easy access to/ availability of world-
class sclentific computing resources for research and
design by NCL scientists by 2005,

ICT Services @NCL

Information & Communication Technol
A Plan for NCL

2003-200¢

Plan Document Prepared

Contents
1)Final presentation cum report
2)Spreadsheets with estimated budgets 8L analysis

National Chemical Laboratory
{ Council of Scientfic & IMtusiral Research }
D, Homi Bhabha Roead, Pune 411 008

Tel. : -+ §1-20-580 3030, 580 3060, 689 3400
Fax ; +91-20-588 3355; 530 3212
URL : www elindia.orng

ICT Systems

NCL has been in the forefront of deploying information
technologies to help its sclentists o excel in their chosen area of
research, NCL hos an excellent campus wide local area
network (LAN) with about 700 computers, a range of servers o
host databases, e-mails systems, web services and a good

- connectivity 1o the intemet. The ICT plan of the laboratory is

closely dovetailed to the IT vision of NCL. Some of the highlights
of this year are:

High speed core swilch to support gigabit speeds
Upgraded some of the links 1o gigabit

Securlty devices like Firewall, IDS in place
Centrdlized caching engine

Long Range Ethemet for access from remote sites
Centralized antivirus system

New website www.ncl-india.org

For fransparent access to information NCL has local home
page called NCL@HOME for campus wide information
dissemination. NCL Staff Recreation Club conducted ifs
annual elections online successfully. It has the pages for:
¢ Director's podium

I Finance & Accounts

Staff welfare club

Resources for employees

Students & career

NCL alumni asseciation

Medical services

O0000O0O0
- o om om
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A NCL@Home - Microsoft Internet Explorer

QLN it View Favertes ook Hel

3S.R.Club - Microsoft Internet Explorer
Tl Eb 4

BN Edit view Favorites Tools Help
Q - g R & C > @ 3

& http: home devell devel2 atd . iunc-medical medic al ome hitm

Medical Center

A Services Offered

o Working Howrs

o Stafl

A Our Procedures and Forms

A Recent Activities and Awards

bt o

el B nomé

Fast_PC+ Hetscape LA Any PO+ Intesnet Explorey

Todays date:Thursday,October14, 2004 | Info on network settings
Events | View details  Subnilerest [ID s events page  Book lecture hall

20/10/2004; kh - fusehara {Sapatml) | 21/10/2004: 1 - Dusehars (ashitami} | 22/10/ 2004 Hollday - Bussehia |
22/10/2004: M - Dussehars Havami | 25710/ 2004: Haburashiea Academy of Science AGH |
Announcements |From The Divector's Desk - View details - Add snnouncements

23/07;2004: Castiol and BASFE job apenings | 23707/ 2004 Job opendogs at BASF and castiol 1] 22707 £ 2004 Castiol ard
BAS 4 o inie | 23/ 0 bl and BASE Joby opsoings |23 704/ 2004:4 Senvnar on " DIGITAL THFORHATION

HEMN: Annual Bevie

calendar (odlicial site)
Stratisy) :

nting CSIR) v
FEATURED NOW: Engineering Services Online | Society for Polymer Science, India ==
TF I o B | MES B g | IT Tk Fote Ropeod

it

EPA: Projoct Mgmt System | Or Frinter AMC requasts | FVC | Accousn
Payments. | Transport

et | Temn posftions
Fraquent |
numbsss - Em
Emergency | Phone
Intemat Selections
P Webopedia - VY

ks - ICSHIS) home - lubamal phone

dical services - Security

- Encvclogstio - Dhtonery & Hesauras -
1 - CSIR edonin page - Dliaht =

ot Pune’) - Rall w v oty ey
Wanted, Requests, Lost & Found | View details - Submit/ Add request

0710/ 2004, St 810 Card ek |01/ 10/ 2004 purse bt [03/09/ 2004 ot and 10 caid lost |30/ 06/ 2004 Baja) keys
8 ) loupel 25706/ 2004 Tiln LOST Josl fust Titin|

S Local intanst

Health Emergencies

alibrary at their deskiop.

Digitization of old documents has been initiafed and the old
documents (print & microfiche) from 1868 and onwards are
converted into CD and the printfed material has been preserved
as archive, Till now about 300 volumes of major Chemistry titles
has been converfed info CD form.

LY
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Library & information services

The basic functions of liorary and information service include
procurement of books and journals (print as well as electronic
versions), document delivery service (journal articles, patents
e and standards), franslation of fechnical articles from a number
of languages to English and other user services. The library
subscribes to around 250 journals (200 Foreign & 50 Indian), 30
seres fifles, and procures approximately 400 books annually. All
the library functions are done using Library software (LIBSYS)
which has resulted in fast & effective Library services.

Library has launched an informative Library home page on
infranet fumishing the details about library. This helps the readers
fo access the information about library services from their
desktops. This includes Current Awareness Service of newly
added journals & books in the library. Efforts have been made to
— I get access to alarge body of information on the desk top of the
scientists. This includes access fo a number of journals from
leading publishers like ACS, Elsevier, Wiley and RSC (including
back files in the case of some publishers). Besides journals,
access to some of the key databases is available on the NCL
LAN. These include Chemical Abstracts (1977 onwards), current
contents, chemical business news base efc. The laboeratory has
o~ Contacts and also subscribed to paotent databases lke DELPHION, and
Iufonmation SCIFINDER, All these efforts have helped NCL scientist access to

Management information system

MIS Group handles all activities related to Project Mancagement
System. The activities can be broadly classified as follows:

B Assistance to scientists in preparation of project
Proposals as per CSIR guidelines.

L Ceding of New projects and preparation of new
project Initiation note for circulation to all concerned
depariments,

I Allocation of funds to the projects and circulation of

challanto allcencemned.

Preparation and raising of invoices for Industridl Projects

Extension of projects in consultation with scientists,

Issuing of completion Certificate of Projects.

Cclculation and payment of service fax for

consultancy and technical services projects to Central

Excise Department.

¥ Maintenance of service fax records as per CSIR
guidelines for consulfancy and fechnical services
projects.

B Providing audit Information on NCL projects.

w Loboratory budget preparation/ allocation /
monitoring

B Preparation of financial and performance reperts of
NCL.

L Developing dppropriate systems for MIS functions

i Providing Informction on projects to MC/RC Meetings.

E Management of NCL Research Foundation and ifs

activities

General assistance in the management and smooth

functioning of the Laboratory.

Efforts are being made continuously fo streamline the

procedures relating to project initiation, monitoring and closure,

Many of the activities have been computerized. There is an

efficient system to track the receipt of funds for various projects,

monitoring cash flows, project monitoring, publication profiles
etc,

Aweb enabled project management information systerns was
developed in-house to support the activities of the group. This
system fakes care of the financial aspects (receipts, budgeting)
of projects from inifiation to completfion. It stores dll the
important information about the project:

¥ ProjectInformation
¥ Fundsreceipt

B party Information

E  Stoff deployed

| 4

Project Installments

The systemns provides for generating a range of reports to enable
the management fo review the status.

The MIS portal offers access window to PMIS for the scientific stoff,
project leader, HOD's and management teams. The site offers
hierarchical login to different users. This enables to confrol the
information depending on the requirements of the user and
prevents unauthorized viewing. Apart from PMIS, the site also
provides information on NCL perfermance, Divisional

INFORMATION DIVISION

performance, various proforma for downloading, about NCL
research foundation activities etc. This portal will be the driving
force for providing financial information fo NCL Scientists.

Document management system

NCL, at any time, has about 300 infemal and external projects
running throughout the year. The tuover from externally funded
projects is about Rs, 15 Crores and Rs. 10 Crores is from infermnal
CSIR funded projects. Therefore it becomes a monumental fask
o maintain project records and answer queries from Project
leaders and government auditors. In order to ensure smooth
functioning of Project Management and maintenance of
project records, MIS Group developed internally a Project
Management Information System (PMIS) fo fake care of Project
documentation af NCL.

PMIS is a centralized document management systern holding
dll project records at one place. The project records are
availaile to the concermned scientists through MIS website (24 x 7
hours), MIS group crecates all the project records intemally and
same is made available on the MIS website to the scienfists. The
scientists are provided with a login and password to access their
project records directly from thelr deskfops. All project
documents like agreement, project proposal, project initiation,
challans, funds received and due are avallable onthe fly asand
when the records are crected by MIS group. In addition, there is
cn upload facility for scientists fo upload interim and final reports
submitted to the client and project oufput summary into the
PMIS system. Therefore all financial and scientfific reports are
centralized and stored in MIS server and all project records can
be created as when required.

PMIS creates important reports for management for decision
making. The Externcl cash flow reports, Lab reserve eamings.
detailed project breck up, dollar eamings, funds due from
project are some of the imporant mMmanagement reports
available to HOD's and Director, In addifion, gueries can be
created to pull out information from the database as and when
required. PMIS sends alert mails, whenever a payment is due,
This helps MIS group to raise invoice and collect the funds in
fime. The clert mail is also send fo the scientists, whenever a
report to the client is due and scales up the alerts fo HOD and
Director, if the request is not complied.
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Human resource management

Human Resource Management Unit focuses on the training
needs of the laboratory for both scientific and support staff. The
unit has the following responsibllities:

¢ Drawing up of atraining calendarfor the year

¢ Preparing budget estimates for fraining needs

v Identifying the faculty as well as designing the contents of
the training programmes .

¥ Organization of fhe fraining programmes

v Creafing o mechanism of collecting feedback from
parficipants and anclysis thereof

¢ Placing proposcls before Director, NCL with specific

suggestions as well as nominations for deputing personnel
for fraining outside NCL

Following fraining programmes were organized by the unit:
Training imparted to NCL staff

¢ Training programme on materials management : To
Upgrade fechnical and non-technical skils of the
employees and expose themn to up-to-date modem
frends in ftheir respective fields a three-day
programme in Materials Management was organized
for the staff members of the Stores & Purchase
Section. This programme in two bafches was
conducted by NITIE, Mumbai,

¥ Training programme on patents and regulatory
issues: It has become imperative for the scientists
involved in drug development research to know
patents and related issue. For scientists engaged inthe
resedrch problems related to Drug / Pharmaceuticals
industry, @ two-day fraining programme on “Patents &
Regulatory Issues in Pharmaceutical Industry” was
conducted by National Academy of Legal Studies &
Research(NALSAR), University of Law, Hyderabad.

HUMAN RESOURCE MANAGEMENT

¥ Training programme for Canteen and Guesthouse
personnel: The fraining programme was conducted
by “The Maharashtra State Insfitute of Hotel
Management and Catering Technology”, Pune. To
identify the areas where the training would be needed,
the faculty members of the institufe visited both the
Canteen and the Guesthouse. The insfitute covered
the areas like food production, food ond beverage
service, insfitutional house keeping and front desk
operatfions (receptfion) and ftraining for control
([supervisors). Twenty NCL employees attended the
fraining from one week fo one month in two batches
related to the area of their functioning,

Training imparted to outsiders

¥ NCL conducted a three-day fraining course on
“Rheoclogy of Polymeric and Complex Fluids” for the
employees of GE-WIC, Bangalore covering the
lectures, data interpretation sessions, hands-on lab
sessions and course notes The course was especially
designed for the participants of GEWIC to provide
fraining in the fundamentals of the science of heclogy
and ifs implications in elucidating structure-property
relations in polyrmeric and complex flulds,

¥ A school on "Modeling and Optimization for
Performance Enhancement in Process Engineering”
wass organized during January 19 to 22, 2004 at NCL to
make use of the strong expertise available at the
Chemical Engineering Division of NCL in the areas of
process modeling, simulafion and optimization. About
30 parficipants from universities, R& D institutions and
industry aftended the schoaol,

DST-SERC

¥ HIDECOR training programme : The rationale for the
Human and Instifufional Development in Ecological
Refrigeration (HDECOR) project (2001-04) is phasing-
out Chloroflucrocarbon (CFC) from Refrigeration and
Alr-condifioning (RAC) servicing sector to comply with
the phase out fargets under the Montreal Protocol (MP).
The HIDECOR project operates within the larger policy
framework set by the MR Indian RAC sector consurmes
significant amount of CFCs. Indian refrigeration service
sector consists of about 40,000 enterprises and about
77,000 fechnicians. It is important for technicians o
know safe and good servicing practices  with
alternative refrigerants as these refrigerants are not as
fiendly as earlier (CFC) refrigerant was. Therefore, the
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soctor plan was prepared with significant direct input
from various stakeholders including industry,
refigeration associations, service enterprise owners
and academic and R&D institutions (NCL and I1T, Delhi),

Under HIDECOR project high quality and user friendly
programmes are designed for such fechnicians.
Training Material and programme is standardization oy
NCL and IIT Delhi. A network is established in 11 states
for conducting these programs and recruifing
deserving parficipants. These programs are sponsored
by Swiss Agency for Development and Cooperafion
(SDC), New Delni and organized by Swissconfact 1T
Power India Pvt. Ltd. (SC-ITPI) Consortium af Pondichery.
The program farget is fo frain about 10,000 fechnicians
by end of 2004; of which 7,300 are already trained il
2003. The fraining programs cre conducted at three
levels viz. for Engineering College Professors (AR&C),
Training for Trainers (TOT), and for Micre and Small
Enterprise Technicians (MSET). So far, 10 ARACs (3 day
program), 5 TOTs (5 day programs) and about 400
MSETs have been conducted inthe select states.

NCL is actively Involved in these training programmes.
Equipments required for good servicing praciices were
provided to NCL by HIDECOR such as Evacuation o.nd
Charging, Recovery and Recycling GITer_noﬂve
refigerants o CFC and lubricating oil. NCL s also
actively involved in indigenous development of
recovery and recycling unit for the benefit of Indian
technicians, So far 4 AR&C programs were
coordinated by NCL at IIT Bombay, IT Kharagpur and
Anna University, NCL has also conducted / participated
in several TOTs and monitored many MSETs (atout 50)
programmes.

This year, about 165 MSE training programs were
conducted in the selected states, training about 3350
tfechniclans. Also during this period, 2 TOT programs
and 4 PTAC programs were conducted.
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Research fellows & project assistants

NCLls intake of Research Fellows who qualify in CSIR NET
examination Is around 350 at any point of fime. Thus, NCL is
responsible in contributing 40-50 Ph.D. holders each year. Govt.
fundad institutions and private bodies enter info agreements
with NCL under sponsored; consultancy projects programme, It
is extrernely difficult fo uncertake these projects with he existing
manpower and as such engage persons exclusively for the work
relating to projects, which is co-terminus with the duration of the
project, to assist the scientists in achieving the target se’rl for
completion of the project. Normally around 375 Prqect
Assistants are in NCL at any point of time, The experience gained
by them in such positions is o step for beffer employment
opportunityin the open market.

Apprentice scheme

The Apprentice Act is applicable fo NCL/ CSIR and Gccording.lv
around 25 positions of Apprentices are flled up each year in
different frades such as Electronics Mechanical, Refrigeration &
A/C Mechanics, Insfument Mechanics, Mason, Plumiber,
Carpenter, Fitter, Turner, Welder efc. The Apprentices deputed 1o
NCL are students pursuing their studies at [l institutions in and
around the State of Maharashire and this apprenticeshic af NCL
s a part of the curiculum for ITl courses. The experience gained
by them at this level is of immense value fortheir future career.

4
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PhD Degrees (2003)

Author

All, 1.S.

Ashavani Kumar

Badaroyani,R.D,

Barve, M. (Ms.)

Bennur, T.H.

Bhattacharya, A

Cherian, J.

Dewkar, G. K.

Gaikwad, B.G,

Galgali, G,

Gogate, 8.8, (Ms)

Joseph, T.

Khandare, J. K.

Title

Asymmetric synthesis of bioactive
molecules using asymmetric
hydrosylatfion, aziridination

of olefins and kinetic resolution of alcohols

On the problems related fo
hydrophobization and assembly
of inorganic nanoparticles

Effect of ionic solutes on amino acids
and pepfides from thermodynamic,
volumetric and fransport studies:
experiments and conelations

Insight info genomic architecture of
fusarium oxysporum f. Sp. Cicer
and ascochyta rabiei the two major

fungal pathogens of chickpea
(cicer aretinum 1)

Selective oxidations and carbon-carbon
bond forming reactions using fransition
metal catalysts

Stereoselective synthesis of aloha-hydroxy

ocid derivatives and studies on the synthesis

of ethophenprox

Synthetic studies toward mycolactones,
eupcmatione-8 and scme novel
compounds

Asymmetric synthesis of bloactive
molecules and synthetic methods
involving oxidction of n-h, o-h bonds and

oxidative halogenation of arenes and alkenes

Studies on the production, extraction,
purification and use of hydantoinase

Synthesis structure processing property
relationships In polymer nanocomposites

Studies on in vifro morphogenatic
response of horticultural crop-cashew

Synthesis, characterisation and caotalytic
properties of intra-zeolite transition metal
complexes

Studies on affinity precipitation of
biomolecules using stimuli sensitive
polymers

University Guide

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Mumbal

Sudalai, A.

Sastry, M,

Anil Kumar

Gupta, V.S. (Ms.)

Sivasanker, S.

Pansare, S.V.

Gurjar, MK,

Sudalai, A.

Kulkarni, B.D.

Lele, A,

Nadgauda, R.S,

Goplnathan, S.

Kulkarni, M.G.
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Author

Krishnaswamy, D.

Mandal, D.

Mukhopadhyay, K,

Pandey, R.K.

Ramachander, T.V,N.

Sandhya, T.E.

Shaiknh,N.S,

Shyamroy, S.

Singry, R.S.

Soni, PB. (Ms)

Suresh Kumar, T,

Title

Stereccontrolled synthesis
of substifuted azetidin-2-ones

Fungal mediated biotransformations
of organic (carbonyl group) and
inorganic compounds

Studies on heterogenization of
metal complex catalysts by
encapsulation in zeolites and
mesoporous marterials

Asymmetric dihydroxylation and
wittig-horner approach to the synthesis

of bioactive molecules and heterogeneous
catalysis for organic transformations

Characterization of @ 5.0 ko
genomic dna fragment from
streptomyces aureofaciens nrrl 2209

involved in polyhydroxybutyrate (PHB) synthesis

Synthesis and characterization
of dliphatic aromatic polyesters

Organic chemical fransformations
using a) palladium and b) clay as catalysts

Synthesis of biodegradable
poly(lactic acid) polymers

Molecular characterization of
genetic variation in s. graminicola

and understanding host pathogen interaction

Synthetic studies towards biotin and
development of useful synthetic
methodologies

Stereoselective functionalizations
on arene chromium template

T SUPPORT SERVICES
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University Guide

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Pune

Deshmukh, A.RA.S.

Raijiv Kumar

Chaudhar, R V.

Pradeep Kumar

Rawal, S.K

Sivaram, S,

Deshpande, V.H.

Sivaram, S.

Ranjekar, PK.

Chavan, S.P

Sarkar, A
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NCL Scientists recognized by different universities as research guides

Hame

Dr. Anil Kurmar

Dr. Argade, N.P

Dr. Bakre, PP

Dr. Bastawde, KB,

Dr. Bhadbhade, M.M,
Dr. Chanda, (Mrs) Bhanu
Dr. Chandwadkar, (Ms) A.J.
Dr. Chaudhari, R.V,

Dr. Chavan, S.P

Dr. Chumbhale, ViR,

Dr. Deshmukh, A.R.A.S.

Dr. Deshpande, (Mrs) Vasanti

Dr. Deshpande, M.V,
Dr. Deshpande, R.M.
Dr. Dongaire, M.K.
Dr. Ganapathy, S,
Dr. Ganesh, K.N,
Dr. Gamaik, (Ms.) B.
Dr. Gokhale, DV,
Dr. Gopinath, C.S.
Dr. Gupta, (Mrs) Vidya
Dr. Gupte, S.P
Dr. Gurjar, M.K.
Dr. Guruswamy, K
Dr, Halligudi, S.B.
Dr. Hegde, 5.G.
Dr. Jaganathan, R
Dr. Jayaraman, VK,
Dr. Jog, (Mrs) J.P
Dr. Joshi, (Mrs) S.P
Dr. Joshi, N.N.
Dr. Joshi, PN,
Dr. Joy, PA.
Dr. Kalkote, UR,
Dr. Kelkar, A.A.
Dr. Khan, M.
Dr, Khire, J.M.
Dr. Krishnan, S,
Dr. Kulkarmi, B.D.
Dr. Kulkarni, M.G,
Dr. Kulkarni, R.A.
Dr. Kumar, (Mrs) VLA,
Dr. Lachke, Anil
Dr. Lele, AK.
Dr. Manikandan, B
Dr. Mayadevi, (Mrs) S.

University

Pune
Pune, Mumbai
Pune
Pune, Shivali University, Kolhapur
Pune
Pune
Pune
Pune,NkmnboLShwoﬂUnNemmﬂKohopur
Pune
SwonﬂRonxrmndTéemwMonﬁhwodoUnNemMANonded
Pune
Pune
Pune, North Maharashtra University, Jalgacn, Shivaiji University, Kolhapur
Pune
Pune, Mumba
Pune
Pune
Pune
Pune, Shivaji University, Kolhapur
Pune
Pune
Pune
Pune, Mumbai, Osmania University, Hyderabad
Pune, IIT Mumbai
Pune, Bhavnagar
SwowﬂRonmmcndTeemwMomﬁhwodoUnwemMANonded
Pune
Pune
Pune, Shivaji University Kolhapur
Pune
Pune
SWGWHRGWKWMHdT@eMWMOKﬁhWOdOUnN@BMﬁNOnded
Pune
Pune
Pune
Pune, North Maharashtra University, Jalgaon
Pune
Pune
Pune,Munuxﬂ,NogpunShNoNUnwemmﬁKohupur
Pune, Mumbai
Pune
Pune
Pune
Pune, Mumbai
Pune
Pune
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Name

Dr. Mukherjeg, S.N.
Dr. Mullg, 1.5,
Dr. Nadgauda, (Mrs) Rajani
Dr. Natarajan, Upendro
Dr. Natu, AA.

Dr. Pal, Sourav

Dr, Pandey, Ganesh

Dr. Pedireddi, V.R,

Dr. Ponrathnam, S.

Dr. Pore, (Mrs) V.S,

Dr. Prabhune, (Mrs) Asmita
Dr. Prasad, S.D.

Dr. Pundle, (Ms) Archana
Dr, Puranik, (Mrs) V.G.

Dr. Radhakrishnan, S.

Dr. RojaMohanan, PR

Dr. Rajiv Kumar

Dr. Ramaswarmy, (Mrs) Veda
Dr. Ramesh, C.

Dr. Ranade, V.V,

Dr. Rao, (Mrs) Mcla

Dr, Ravi, V.

Dr. Rele, (Mrs) M.V,

Dr. Rode, C.V.

Dr. Rojatkar, S.R.

Dr. Sainkar, S.R.

Dr. Sanjayan, G.J.

Dr. Sastry, Murdlli

Dr. Satyanarayana, C.VV.
Dr. Seetalaxman, (Mrs) IR
Dr. Shankar, V.

Dr. Shashidhar, M.S

Dr. Singh, AP

Dr. Singh, R.P

Dr. Sivaram, S.

Dr. Sivasanker, S

Dr, Srinivas, D.

Dr. Srinivasan, K.V,

Dr. Sudalai, A.

Dr. Suresh, C.G.

Dr. Tare, (Mrs) V.S

Dr. Tewar, R,

Dr, Tripathi, PK,

Dr, Varma, A.J.

Dr. Vijayamohanan, K.
Dr. Wadgaonkar, PR

Dr. Wakharkar, (Mrs) R.D.

University

Pune
Pune
Pune

IIT Mumibai
Pune, Shivaiji University, Kolhapur

Pune
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Pune, Osmania University, Hyderabad, Shivaiji University, Kolhapur

Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune,
PUNe,
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune
Pune,

Pune, Shivaji University, Kolhapur

Pune,
Pune
Pune
Pune

Mumbai
Shivaji University, Kelhapur

Murmbai, [IT Mumbai

Bhavnagar

Shivaii University, Kolhapur, Yashwantroo Chavan Maharashira Open University, Nashik

Pune
Pune
Pune
Pune
Pune
Pune
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PUBLICATION AND SCIENCE COMMUNICATION

Publication and science communication

The unit manages 1) content for NCL website and Infranet, i) press releases, i)
cemmunication aspects of laboratory and Vi) licison with CSIR.

Website: The NCL website was completely revamped and

inferacted with web developer on various aspects of designing and development of website,

Press releases: The unit releases press notes on all important occosions and events, |t communicates i

> feleas mportant R&D reports for
publication in CSIR News and CSIR Samachar. The unit also attends to press enquiries.

Digitisation of archives: The unit has started digttisation of all important records of historical value which

are in various formats like text,
photographs, audio and video casseftes,

Publication: The unitis entrusted with the publication of annual report of NCL. The unit provided NCL in

puts for CSIR annual report 2002-03
and 2003-04. It also provided inputs for "CSIR status on rural technology”.

Liaison with CSIR: The unit attended fo various Querties of CSIR Hg related to information dissemination,

T SUPPORT SERVICES

RESEARCH PLANNING AND AUDIT

Research planning and audit

Research Planning & Audit Unit was involved in areas of research planning, staff deployment, bud

et, project monitorin ici I
o get, proj g, and lidison with

laises with CSIR In providing research utilization data of NCLona quarterly basis, It co-ordinated with project leaders, finance

olnd purchase officials and Director and provided cutputs on patents and major achievemenis in basic and applied science, besides
highlighting the work done and funds generated through fechnology services.

The unit interacted with CSIR on queries raised in C&AG Audit report, The unit has al

| so interfaced with the audit party from the Princi
Director of Audit, Scientific Department ( " -

Mumbai) on matters related to pProjects and satisfied the queries.

1 : ) . o )
he unit conducted review meehngs o monitor in-house projects (4). major mission mode projects (2), co-ordination of Network projects
(X plan) (2), NMITLl projects () and projects under X Five Year Plan (). The unit aranged and organized two Research Council meetings of

NCL. It also organized an intemal fraining course for senior scientists for the newly infroduced Annual Review of Performance (ARP) system

The unit also prepared a database on the fechnology developed and licensed By NCL during last 50 years,
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digitisotion of archives, iv)-publication V) science

launched, The contentis confinuously being updated by the unif, The unit also

safety management

Ihe health and safety of all stoff is of paramount importance o
NCL The Standing Committee on Laboratory safety involving
member representation from all the divisions was reconsfituted
in April 2003. In addition, divisional safety committees were also
~onstituted with member representation from scientific staff and
(esedrch students. The standing commiftee meets regularly ot
an inferval of three monihs and reviews overall safety in the
laboratory. Safety committee has organized four meetings and
he divisional sub-committees have organized two meetings
aach. The central committee and divisional sub-commiftees
also caried out three inspections in each division. Safety action
plan has clso been devised with many new initicitives, This
included:

¥ Periodic Fire fighting fraining programs  including
mock dillls to all scientists, students, and project staff,

¥ Manualfire alarm systemin all laboratories,

¥ Design and creation of a fire safe solvent storage area

for bulk solvents,

B Inventory of large volume solvent storage in each
laboratory,

¥ Defining norms of persons per sauare meter laboratory
space,

¥ Explore cost benefit of insurance cover for all
expensive equipment, and
¥ Review of electrical safety hazards

Restricted use of carcinogenic & highly toxic
chemicals

selected 30 chemicals, which have been classified as “known
carcinogens” to humans are notified and their procurement,
use, storage and disposdl is restricted. The use of mercury and
benzene is also being completely stopped to make the
campus free from mercury and benzene. Digital gauges are
being used fo replace mercury vacuum gauges.

Solvent storage facility .
A safe solvent storage facility has been formulated. For better
and safe distibution of solvents, two air-operated diaphragm
purmps with clutch operated dispensing nozzles have been
installed for the delivery of solvents,

Fire safety

Three fire safety fraining programmes have been conducted
with the aid of external experts, More than 300 staff and research
students have availed of the training. Seventy fire extinguishers
have been installed in various parts of the laboratory to
strengthen fire fighting abilifies. About eighty sand/ fire buckets
have been installed in all the wet chemical laboratories.

101
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Eyewash fountains

Eyewash fountain and safety showers in practically every wet
chemistry laboratory have been  provided. Twenty-two
eyewash fountains have been installed in organic chemistry
laboraterlies totalling the numiber of eyewash fountains installed
to forty.

National Safety Day was observed on 10" March 2004. As a part
of this event various programmes like fire-fighting
dermonstriation, presentation of a safety plan by Chairman,
Safety Committee ana film-shows on Chemical & Fire Safefy
were organized. Safety representatives presented the highlights
of the work done in their respective divisions, Dr. T. Rajgopalan,
Chief Medical Officer, Hindustan Lever Limited delivered the
leciure on “on “Cccupational Health and Safety in Chemical
Laboratories” on Safety Day.

Dr. T. Rojgopalan, Chief Medical Officer, Hindustan Lever
Limited, Mumbai delivering lecture on Occupational Health
and Safety in Chermnical Laboratories

ANNUAL REPORT 2003 - 2004




Common
areas

Engineering services

Engineering Services Unit (ESU), comprising mechanical,
electrical and civil engineering sections, looks aoffer overall
mainfenance and renovation of existing facilities and creation
of new facilifies. The unithas in-house design and drawing (CAD)
facility. This year a new buillding was constructed in the campus
af o total cost of Rs 1.4 Crores for Digital Information Resource
Center (DIRC) which added 7800 sq.ft. of office space. Besides,
conference hall in the main building, guest house roomes,
Director's secretariat, Business Development Division and several
laboratories were completely renovated, The unithas procured
an ecofriendly battery operared platform truck for ransportation
of various types of material within the campus.  This facility is
operated by the staff themselves, The campus read leading to
Baner Road from NCL colony was widened. ESU organized free
service camp for repair of large number of vacuum pumpes and

also frained two of ifs technicians at the company workshop in
maintenance.

Many of the research programmes of NCL require the
fabrication of state-of-the-art equipments.  The workshop
undertook fabricction of sample holder for rheometer, gas
permeation cell, gas cylinder adopters as well as installation
and cormmissioning of stearm explosion digester.  Continuous
support for the modification of reformer  for hydrogen
generation was provided,

The ESU handled work and services worth Rs 4,45 Crores during
theyear 2003-04. The distribution of activities was as under:

Staff
welfare
9% \
R&D
areds
49%

Break-up of Works & Services expenditure for 2003-04 in ferms of end users

« T SUPPORT SERVICES

ENGINEERING SERVICES

Renovated Laboratories

Conference Hall
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Administration

The Administration Department has taken several new initiatives
to enhance the efficiency of the organisation and to provide
prompt support to the scientific staff in pursuit of thelr
endeavours, The following new initictives were implemented:

 All activities of the administration were suitably categorized and
minimum / maximum fime for processing the papers were
prescribed depending on the nature of activity. These were
widely publicized to all staff. Quarterly complicnce reports were
rade available to the Director,

' The delegation of powers were reexamined, clarified where
necessary, and widely circulated amongst staff,

' Increasing applications of IT In administrative functions were.
infroduced. Guest house bookings and staff car requisition were
made online.

i Smart card based attendance marking as well as building entry
system was made operational,

1 Acomprehensive employee database was created.
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T SUPPORT SERVICES

ADMINISTRATION

Finance and Accounts.
Online submission of Fully Vouchered Contingent Bills

Online monihly GPF balance of each employee on the infranet,
Opening and maintenance of separate account of CSE Unit
OB clecrance : 1628

Settlernent of audit paras : 41 out of 66 up to 2002-03

Budget utilization during 2003-04

Online information about the details of payments credited to the Bank account of each employee.

Vouchers created during 2003-04

& T SUPPORT SERVICES

FINANCE AND ACCOUNTS

Rs. in lakh
¥ NMITLI Exp. 452.012 u
¥ Remittance Expenditure 351.082 I
¥ Recoupment Expenditure 378.045 E
¥ [nvestment 800.000 L
¥ GPF/ CPF 475.337 ¥
¥ Sci, Pool 4,834
| ¥ Conv. Adv./Computer Adv, 7.985
Total @284.608

Payment (P)
Receipt (R)
Transfer Entry ( T/E)
Capifal (C)
Cutstanding:

- Income

- Expenditure

Total

Nos.
20,456
5,043
770

13

4
151

26,437

3 F&A - Microsoft Internet Explorer

File REM view Favorites Tooks Help

Q- =N E el @ o~ ,=m-
S - Eao
Finance & Accounts
H -' P
®
-
)
« Hews snd ncumcements
1 » Contact Hos,
« Cther hinks Projest misrmahion 5y i
& Done @ Intemet
#Start]|#1F&A - Mi... SMicrosoft... 5:08 PM
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= S & T SUPPORT SERVICES

STORES AND PURCHASE

Stores and Purchase
Inifictives adopted in Stores and Purchase

¥ Online submission of purchase incent

E Request for Rate Contract items up to Rs. 10,000/- being processed online with assured delivery fo
Sclentist's desk within forty eight hours

¥ All stationary as well as consurmables for PCs and peripherals available in general stock
Steps taken fo minimize stores inventory to essentials

B Cash purchase bills cerfified within twenty four hours of receipt

® Online indenting system operational since November 2002 through the NCL intranet systemn

¥ Multitasking amongst Stores and Purchase staff implemented; A team of Stores and Purchase staff handle a basket of
Services

Stores and Purchase: Accomplishments

APPETIDIX

ltem Numbers Value (Rs. In crores)
2002-03 2003-04 2002-03 2003-04

Total indents received and
processed

Total orders placed
(indigencus)

Total consignment received
(imported)

Total consignment received
(indigencus)

!
®
™
B
L3
L
-
B
&
b
.
.
W
.
-
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TOP F'AF'EI;S PUBLIS?ED ‘ TOP PARERE Ea—
Top papers published (2003) ‘
i I
Title / author Journal affiliation IF Title / author Journal affiliation F
Regioselective protection and deprotection of inositol hydroxy! groups: Chemical Reviews, 2003, 21,036 Direct assembly of gold nanopariicle "shells" _ cr Chemiszr\é ﬂ Materials, 2003, %
sureshan, K.M.; Shashidhar, M.S.; Praveen, T.; Daos, T. 103(11). 4477 on polyurethanemicrosphere "cores" and their application as 15(10), ‘

Enzyme immobilization templates:

Terpenold Metabolism in Wild-Type and Transgenic Arabidopsis Plants. The Plant cell, 2003, 10.679 Phadtare, S.; Kumar, A.; Vinod, V.P; Dash, C.; Palaskar, D.V.;

Aharoni, A; Girl, A.R; Deuerlein, S.; Griepink, F.; Kogel, W.; a0, M.: Shukla, PG.: Sivaram, S.; Sastry, M.

Verstappen, FW.A.; 15(12), 2866 ) ;

Verhoeven, HA.; Jongsma, M.A.; Schwab, W.; Bouwmeester, H.J. Thermally Evaporated Aerosol OT Thin-Films as Templates for Chernistry of Materials, 2003, 4.049

e Room-Temperature Synthesis of Aragonite Crystals: 15(14), 2809 '
Single-strand-specific nucleases: FEMS Microbiol Reviews, 2003, 10.160 Rautaray, D.; Sainkar, S.R.; Sasiry, M.

Desal, N.A.; Shankar, V. 26(8), 457 g .

Seli-Assembled Subnanolayers as Interfacial Adhesion Applied Physics Lefters , 2003, e
strategic developments in living anionic-polyrnerization of Progress in Polymer Science, 2003 1759 Enhancers and Diffusion-Barriers for Integroted-CirQUHSL 83(2), 383 :
Alkyl(methyl) acrylates: 28(4), 521 Ramanath, G.; Cul, G.; Ganesan, PG.; Guo, X.: Elis, AV,

Baskaran, D, Stukowski, M.: Viiayamohanan, K.; Doppelt, P; Lane, M.

Room-temperature synthesis of aragonite crystals Advanced Materials, 2003, 7.305 Influence of various donors on nonlinear |-V characteristics of Aggii;ddlzh;/;ics Lefters, 2003, T
at an expanding liquid-liquid interface in a radial Hele-Shaw cell: 15(18), 1273 fin dioxide ceramics: 65(22), 293

Rautaray, D.; Banpurkar, A.; Sainkar, S.R.: Limaye, AV, Dhage, S.R.; Ravi, V.

Pavaskar, N.R.; Ogale, 5.B.; Sastry, M. ; S

Towards "designer’ surfaces: funclionalisation of self- Chemical Communication, 2003, s
Keggin lons as UV-Switchable Reducing Agents in the J American Chemical Society, 2003,  6.516 assembled monolayer (SAM) on colloidal gold by alkene (10). 1186 i
Synthesis of Au Core-Ag Shell Nanoparticles: 125(28), 8440 metathesis:

Mandal, S.; Selvakannan, PR.; Pasicha, R.. Sastry, M.
Samanta, D,; Faure, N.; Rondelez, F.; Sarkar, A.
Biosynthesis of CaCO, crystals of complex morphology using J American Chemical Society, 2003, 6.516 . : s 3
a fungus and an actinomycete: 125(48), 14656 Gold nanosheets via reduction of agueous chioroaurate ions C]:I;en]'\lzcscg Commuieandn, & 4.031
Rautaray, D.; Ahmad, A.; Sastry, M. by anthracene anions bound to a liguid-liquid interface: (11).
Sanyal, A.; Sasiry, M.
Slow fight binding inhibition of proteinase K by a proteinaceous J Biological Chemistry, 2003, 6.482 . : ication. 2003
inhibitor - Conformational alterations responsible for conferring 278(49), 48735 Barium Hexaaluminate Nanowhiskers SVh’fheSIZed by Novel C}gen]’ngc;:él) Semiioien, ¢ 4.031
ireversioility to the enzyme- inhibitor complex: Sol-Gel Process In Reverse Micellar Media: (15),
Pandhare, J.; Dash, C.; Rac, M.; Deshpande, V. Sahu, PK.; Kulkamni, B.D.; Khomane, R.B.; Pardhy, S.A.;

Phalgune, U.D.; Rajmohanan, P
Essential polyunsaturated fatty-acid and lipid peroxide levels in Biological Psychiatry, 2003 6.039 a2 : ication. 2003 4.031
never-medicated and medicated schizophrenia patients: 53(1), 86 Catalytic ring hydrogenation of phenol under supercritical C[r;rqiggloCZommunICG ion,

Arvindakhan, M.; Sitasawad, S.; Debsikdar, V.; Ghate, M.: carbon dioxide: : 2
Evans, D.; Horrobin, D.F.; Bennett, C.; Ranjekar, PK.; Mahadik, S.P, Rode, C.V.; Joshi, U.D.; Sato, O.; Masayuld, §.
4,031 i ;
o idic SHes | - unication, 2003,
Aspartic peptidase inhibitors: Implications in drug Critical Reviews in Blochemistry 5318 Identification of Distinct Bronsted Acidic Sites in Zeolite . C]zerg'c‘]:% Comm 4.031
Development: & Molecular Biology, 2003, Mordenite by Proton Localization and (Al-27)-H-1 Reapdor NMR: (16).
Dash, C.; Kulkarni, A.; Dunn, B.; Rao, M, 38(2), 89 Ganapathy, S.; Kumar, R.; Delevoye, L.; Amoureux, J.R
Novel Culftributyl phosphine catalyst systern for aminatfion of C]:r;er;li;:f[; Communication, 2003, i
Highly oriented gold nanoribbons by the reduction of agueous Chemistry of Materials, 2003, 4.374 aryl chlorides: : . (19).
chioroaurate ions by hexadecylaniline Langmuir monolayers: 15(1), 17 Patil, N.M.; Kelkar, A.A.; Nabi, Z.; Chaudhari, RV,
Swami, A;; Kumar, A.; Selvakannan, PR.; Manddal, §.: ‘ . e
Pasticha, R.; Sastry, M, Expanding the repertolre of pyrolidyl PNA analogues for Cher‘gfﬂ Cormmunication, 2003, g7
DNA/RNA hybridization selectivity: aminoethylpyrrolidinone (19).
Encapsulated HRA(CO)(PPh3)(3) in microporous and Mesoporous Chemisiry of Materials, 2003, 4.374 PNA (Aepone-PNA):
supports: Novel heterogeneous catalysts for hydroformylation: 15(9). 1766 Sharma, N.K.; Ganesh, K.N.
Mukhopadhyay, K.; Mandale, A.B.; Chaudhari, R.V. i ; icati
Two prolines with a difference: contrasting sterecelectronic %Een;g:oc}é: Communication, 2003, i
Encapsulated HRh(CO)(PPh3)(3) in microporous and MEsopOorous Chemistry of Materials, 2003, 4.374 effects of 4R/S-aminoproline on triplex stability in collagen (20),

supports: Novel heterogeneous catalysts for hydroformylation:
Mukhopadhyay, K.; Mandale, A.B.; Chaudhari, RV

15(9), 1766
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peptides [Pro(X)-Pro(Y)-Gly](N):
Umashankara, M.; Babu, L.R.; Ganesh, K.N.
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RESEARCH PAPERS PUBLISHED

Research papers published (2003)

Biochemical sciences

pH-Dependent aggregation of oligomeric
Arfocarpus hirsuta lectin on thermail denaturartion,
Gaikwad, $.M.; Khan, M.l

Biochem Biophys Res Commun, 2003, 31 1(2), 254

Detection of genetic variability in pearl millet downy
mildew (Sclerospora graminicola) by AFLP

Singru, R.; Sivaramakrishnan, S.: Thakur, R.P: Gupta, V.S.;
Ranjekar, PK,

Biochem Genet, 2003, 41(1 1-12), 361

Equiliorium unfolding of RNase RS from Rhizopus-
stolonifer-pHdependeance of chemical and thermal
denaturation,

Deshpande, R.A.; Khan, M.).: Shankar, V.

Biochim Biophys Acta -Proteins and Proteomics, 2003,
1648(1-2), 184

Structural changes enhance the acftivity of Chainig
xylanase in low urea concentrations,

Kumar, AR.; Hegde, $.5.; Ganesh, K.N.: Khan, M.,
Biochim Biophys Acta -Proteins Proteomics, 2003,
1645(2), 164 -

Influence of boron on sormatic embrycgenesis in
papaya,

Renukdas, N.; Mohan, M.L.: Khuspe, S.5.; Rawal, S.K.
Biol Plant, 2003, 47(1), 129

Responses of peanut somatic embpryos To thidiazuron,
Joshi, M.V.; Sahasrabudhe, N.A.; Hazra, S.
Biol Plant, 2003, 46(2), 187

Cryopreservation of embryogenic culture of Pinus-
roxlourghii,

Mathur, G.; Alkutkar, V.A.; Nadgauda, R.S.

Biol Plant, 2003, 44(2), 205

Multiple shoot regeneration from immature embryo
explants of papayaq,

Bhattacharya, J.; Renukadas, N.N.; Khuspe, S8.5.; Rawall,
5K,

Biol Plant, 2003, 47(3), 327

Mulfiple shoot induction and plant regeneration from
embryo axes of six cultivars of cotton (Gossypium
hirsutum L),

Banerjes, AK.; Agrawal, D.C.; Nalawade, S.M.; Hazra, S,
Krishnamurthy, K.V,

Biol Plant, 2003, 47(3), 433

10.

12

13.

14,

16.

18.

Essential polyunsaturated fatty-acid and lipid
peroxide levels in never-medicated and medicated
schizophrenia patients,

Arvindakhan, M.; Sitasawad, S.: Debsikdar, V.; Ghate,
M.; Evans, D.; Horobin, D.F.; Bennett, C.: Ranjekar,
PK.; Mahadik, S.P

Biological Psychiatfry, 2003, 53(1), b6

Geranium leaf assisted biosynthesis of silver
nanopdrticles,

Shankar, 8.5.; Anmad, A.: Sastry, M.
Biotechnol Progress, 2003, 19(6), 1627

Candida bombicola cells immobilized on paitermned
lipid films asenzyme sources for the fransformation of
arachidonic acid to 20-HETE,

Phaditare, S.; Parekh, P; Shah, S.: Tambe, A.; Joshi, R.;
Sainkar, S.R.; Prabhune, A.: Sastry, M.

Biotechnol Progress, 2003, 19(6), 1659

Optimization of cyclodaxtrin glycosyltransferase
production from kiebsiella-pneumoniae as-22 in batch,
fed-batch, and continuous cultures,

Gawande, B.N.; Scnoawane, AM.: Jogdand, V.V.; Patkar,
AY.

Biotechnol Progress, 2003, 19(6), 1697

Aspartic peptidase inhiitors: Implications in drug
development,

Dash, C.; Kulkarni, A.; Dunn, B.; Rao, M.

Crit Rev Blochermn Molec Biol, 2003, 38(2), 89

Natural history collections; A call for national information
infrastructure,

Chavan, V.; Kiishnan, .

Curr Sci, 2003, 84(1), 34

Biosynthesis of metal nanoparticles using fungi and
actinomycete,

Sastry, M.; Ahmad, A.; Khan, M.l.; Kumar, R,

Curr Sci, 2003, 85(2), 162

Bud break and plantiet regeneration in vitro from -
mature frees of Pinus roxburghi Sarg.,
Parasharami, V.A.; Poonawala, 1.S.; Nadgauda, R.S.
Curr Sci, 2003, 84(2), 203

Genetic engineering of crop plants for Insect resistence,
Ranjekar, PK.; Patankar, A.; Gupta, V.; Bhatnagar, R;
Bentur, J.; Kumnar, PA.

Curr Sci, 2003, 84(3), 321
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20.

22,

23.

24,

25,

26,

27,

28,

Flectronic catalogue of known Indian founa,
Chavan, V.; Watve, A.; Krishnan, S.
Curr Sci, 2003, 85(11), 1515

Genetic diversitat in Vitiaestivati Nachkormmen,
sgarwal, D.C.; Elbach, Rudalf; Zyprian, Eva
Deulsches Weinbau-Jahrouch, 2003, 54, 79

Biosynthesis of cholesterol oxidase by sfreptomyces-
lavendulae NCIM-2421,

varmd, R.; Nene, 5.

Enzyme Microb Technol, 2003, 33(2-3), 286

Biodelnking of mixed office waste paper by alkaline
active cellulases from alkalotolerant Fusarium sp.,
Was, S.; Lachke, A.

Enzyme Microb Technol, 2003, 32(2), 236

Purification, characterization and mode of action of an
endo-polygalacturonase from the psychrophilic fungus
rmucor flavus,

Gadre, R.V,; Gonzalez, V.D.; Josef, V.B.; Bhat, M.K.
Enzyme Microb Technol, 2003, 32, 321

Genetic relationships among annual and perennial wild
specles of Cicer using inter simple sequence repeat
[I55R) polymorphism,

Rajesh, PN.; Sant, V.J.; Gupta, V.S.; Muehlbauer, FJ.;
Ranjekar, PK. -
Euphyfica, 2003, 129(1), 15

Single-strand-specific nucleases,
Desai, NA.; Shankar, V.
Femns Microbiol Rev, 2003, 26(5), 457

Fabrication of a laberatory scale flotation cell device for
bio-deinking of waste papers,

Vyas, S.; Sainkar, S.R.; Lachke, A.

Inclian J Chem Technology, 2003, 10(6), 593

Influence of plant allelochemicals on growth-rate,
nutitional physiclogy and midgut esterase-activity in 5th
Instar larvae of spodoptera-litura (f) (lepidoptera-
noctuidae),

Viukherjee, S.

inverteb Reprod Development, 2003, 43(2), 125

Effect of sublethal concentrations of flufenoxuron on
growth, development and reproductive-
serformance of fribolium-castaneumn (Herbst)
(Coleoptera-tenebrionidae),

Sclokhe, $.G.; Pal, J.K.; Mukherjee, SN,

nverteb Reprod Development, 2003, 43(2), 141

29,

30.

31.

32.

33.

34.

35.

36,

37.

__AP|

RESEARCH PAPERS PUBLISHED

Stability of B-carotene in spray-dried preparation of
rhodotorulo-glutinis mutant-32,

Bhosale, P; Jogdand, V.V.; Gadre, R.V.

J Appl Microbiol, 2003, 95(3), 584

Slow fight binding Inhibition of proteinase K by a
profeinaceous inhibifor -conformational alterations
responsible for confering ireversibility to the enzyme-
inhibitor complex,

Pandhare, J.; Dash, C.; Rao, M.; Deshpande, V.

J Biol Chem, 2003, 278(49), 48735

Tailor made functional surfaces: Potential elastormeric
biomaterials I,

Desai, S.M.; Bodas, D.; Pafil, K.R.; Patole, M.; Singh, R.P
J Biomat Sci : Polym Ed, 2003, 14, 1323

Bioprospecting the laf gene in soil samples,
Dharwadkar, A.; Gupta, V., Pant, A,
J Biosciences, 2003, 28(5), 597

Poly(3-hydroxybutyrate) (PHB) synthesis by recombinant
Escherichia coli harbouring Streptoryces aureofaciens
PHB biosynthesis genes: Effect of various carbon and
nifrogen sources,

Mahishi, L.H.; Tipathi, G.; Rawal, S.K.

Microbiol Res, 2003, 158(1), 19

Identification of potent inhibitors of helicoverpa-
armigera gut proteinases from winged bean-seads,
Girl, A.R; Harsulkar, A.M.; Ku, M.S.B.; Gupta, V.S.;
Deshpande, V.V.; Ranjekar, PK.; Franceschi, V.R,
Phytochemistry, 2003, 63(5), 523

Bitter gourd proteinase-Inhibitors -potential growth-
Inhibitors of helicoverpa-amigera and spodoptera-
litura,

Telang, M.; Srinivasan, A.; Patankar, A.; Harsulkar, A.;
Joshi, V.; Damle, A.; Deshpande, V., Sainani, M.;
Ranjekar, P

Phytochemistry, 2003, 63(6), 643

Differential inhibition of helicoverpa-armigera gut
proteinases by profeinase-inhibitors of pigeonpea
(caojanus-cajan) and its wild relatives, -
Chougule, N.P; Hivrale, V.K.; Chhabda, RJ.; Gin, A.R;
Kachole, M.S.

Phytochemistry, 2003, é4(3), 681

Molecular marker analysis of kemel size and shape in
bread wheat,

Dholakia, B.B.; Ammiraju, J.S.; Singh, H.;

Lagu, M.D.; Reder, M.S.; Rao, V.S.; Dhaliwal, H.S.;
Ranjekar, PK.; Gupta, V.S,

Plant Breed, 2003, 122(5), 392
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38.

39.

40,

Influence of mediurmn composition on callus induction
and camptothecin(S) accumulation in Nothapodytes
foetida,

Thengane, S.R.; Kulkami, D.K.; Shrikhande, V.A.; Joshi, S.P:

sonawane, K.B.; Krishnarmurthy, K.V,
Plant Cell Tissue Organ Cult, 2003, 72(3), 247

Supplementation with a combination of o-3-fotty-acids
and antioxidants (vitamins-e and vitamins-c) improves
the cufcome of schizophrenia,

Arvindakshan, M.; Ghate, M.; Ranjekar, PK.: Evans, DR,
Mahadik, S.P

Schizophr Res, 2003, 62(3), 195

Direct induction of somatic embryogenesis from
immature zygotic embryo of cashewnut (Anacardium
occidentale L),

Gogate, S.5.; Nadgauda, R.S.

Sci Hort Amsterdam, 2003, 97(1), 75

41.

42,

43,

Catalysis

Effect of nonframework cations and crystallinity on
the Basicityof Nax Zeolites,

Joshi, U.D.;Joshi, PN.;Tamhankar, $.5.;Joshi, V.V.:Rode,
C.V.;Shiralkar, V.P

Appl Catal A Gen, 2003, 239(1-2), 209

Preparation of iscbutylcumenes by liquid-phase
Isopropylation of isobutylbenzene with 2-propanol using
zeolite H-B,

Venkatesan, C.; Chidambaram, M.; Kamble, K.R.: Singh,
AP

Catal Left, 2003, 85(3-4), 171

New dliphatic C-Metalated palladacycle in the pores of
3-Hvdroxypropyl fiethoxysilane functionalized Mcm-41,
Venkatsan, C.; Singh, AP

Cartal Lett, 2003, 88(3-4), 193

Epoxidation of styrene by anhydrous H,O, over T5-1 and
Gamma-Al,O, catalysts -effect of reaction water,
poisoning of acid sites and presence of base in the
reaction mixture ,

Cheudhary, V.R.; Patil, N.S.; Bhargava, S.K.

Catal Left, 2003, 89(1-2), 55

Synthesis of cyclic carbonates from olefins and
CO, over zeolite-based catalysts,

Srivastava, R.; Srinivas, D.; Ratnasamy, P

Catal Left, 2003, 89(1-2), 81

Synthesis of polycaroonare precursors over
fitanosilicate molecular sieves,

Srivastava, R.; Srinivas, D.; Ratnasamy, P
Catal Left, 2003, 91(1-2), 133

7

10.

11.

12.

Direct induction of somatic embryogenesis from
immature zygotic embryo of cashewnut (Anacardium
occidentale L,),

Gogate, S.S.; Nadgauda, R.S.

Sclentia Horticulturae, 2003, 97(1), 75

Terpanoid metabolism in wild-type and transgenic
arabidopsis plants,

Aharoni, A.; Girl, AP; Deuerlein, S.; Griepink, F.; Kogel,
W.; Verstappen, EW.A.; Verhoeven, H.A.: Jongsma,
M.A.; Schwab, W.; Bouwrneester, H.J.

The Plant cell, 2003, 15(12), 2866

Influence of pre-bloom sprays of benzyiadenine on In
vitro recovery of hybrid embryos from crosses of
thompson seedless and 8 seeded variaties of grape
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A simple and efficient methed for fransesterification of
p-ketoesters catalysed by iodine,

Chavan, S.P: Kale, RR.; Shivasankar, K.; Chandake, S.1.;
Benjamin, S.B.

Synthesis Stutt, 2003, (17), 2695

An easy access 1o (E)-alkyldenesuccinic acids,

Mangaleswaran, S.; Argade, N.R
Synthesis Stutf, 2003, (3), 343
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43,

44,

45,

46,

47.

48,

49,

30,

51,

52,

83,

Facile routes fo akoxymaleimides / maleic anhydrides,
sahoo, M.K.; Mhaske, S.B.; Argade, N.F
synthesls Stuth, 2003, (3), 346

New route for the synthesis of (228, 235)-28-
romaobrassinolide,

Massey, AR, Pore, V.S.; Hazra, B.G.

syninesis Stutt, 2003, (3), 426

Rase-induced alcoholysis of N-arylmaleimides: Facile in
situ oxa-michael addifion to alkyl maleanilates: Two-
step one-pot rapid access fo alkoxysuccinic acids,
Mhaske, S.B.; Argade, N.P

synthesis Stutt, 2003, (&), 863

simple synthesis of two naphthogquinone antibiotics
psychorubrinand pentalongin,

Bulbule, V.J.; Koranne, PS.; Munot, Y.S.; Borate, H.B.;
Deshpande, V.H,

Synthetic Commun, 2003, 33(4), 587

Synihesis of a few bis-binaphihol derivatives,
Jho, S.C.; Joshi, N.N.
syrithetic Commun, 2003, 33(6), 1005

A facile deprotection of dithioacetals by FeClI3/Kl,
Chavan, S.P; Soni, PB.; Kale, R.R.; Pasupathy, K.
Synthetic Commun, 2003, 33(6), 879

Regio-selective mono nitration of phenols with femic
nitrate in room temperature ionic liguid,

Rojogopal, R.; Srinivasan, K.V,

Synthetic Commun, 2003, 33(6), 261

An efficient Colll) catalyzed auto oxidation of 1,4-
dihydropyridines,

Chavan, S,P; Kharul, R.K.; Kalkote, U.R.; Shivakumar, |,
Synthetic Cormmun, 2003, 33(8), 1333

Studies on bromination of active methylene by a
mixture of hydrobromic acid and hydrogen peroxide
(Or TBHP),

Tillu, V.H.; Shinde, PD.; Bedekar, AV.; Wakharkar, R.D.
Synthetic Commun, 2003, 33(8), 1399

4-Formylazetidin-2-ones, synthon for the facile synthesis
of enanfiopure 4-aminopiperidin-2-ones,
Krishnaswamy, D.; Govande, V.V.; Rakeeb, A.;
Deshmukh, A.S,

Synih-Stutt, 2003, (12), 1903

Anovel and simple asymmetric synthesis of CMI-977
(LDP-977): a potent anti-asthmatic drug lead,

Gurjar, M.K,; Murugaiah, A.M.; Radhakrishna, P;
Ramana, C.V.; Chorghade, M.S.

Tefrahedron Asymmetry, 2003, 14(10), 1363

54,

55.

b6,

57.

58.

59,

60.

61,

62,

63.

64,
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RESEARCH PAPERS PUBLISHED

Amano PS-catalysed enantioselective acylation of (+/-)-
a-methyl-1,3-benzodioxole-5-ethanol: an efficient
resolution of chiral intermediates of the remarkable
antiepileptic drug candidate,

Easwar, S.; Argade, N.P

Tetrahedron Asymmetry, 2003, 14(3), 333

WO3-30% H202-Cinchona alkaloids: A new
heterogenecus catalylic system for the asymmetric
oxidation of sulfides and the kinetic resolution of
racemic sulfexides,

Thakur, V.V.; Sudalai, A.

Tetrahedron Asymmmetry, 2003, 14(4), 407

Ephedrine derived reusable chiral auxiliary for the
synthesis of optically pure 3-hydroxy-4-aryl-p-lactams,
Shinkre, B.A.; Puranik, V.G.; Bhawal, B.M.; Deshmukh, AR,
Tetrahedron Asymmetry, 2003, 14(4), 453

Enantioselective synthesis of (R)-(-)-baclofen via Ru(ll)-
BINAP catalyzed asymmetric hydrogenation,

Thakur, V.V.; Nikalie, M.D.; Sudalai, A.

Tetrahedron Asymmetry, 2003, 14(5), 581

Total synthesis of microcarpalide,
Gurjar, M.K.; Nagaprasad, R.; Ramana, C.V.
Tetrahedron Letft, 2003, 44(14), 2873

I-2 As an efficient catfalyst in ionic Diels-Alder reactions
of o, p- unsaturated acetdls,

Chavan, S.P; Sharma, B; Krishna, G.R.; Thakkar, M.
Tetrahedron Left, 2003, 44(14), 3001

Cu(OTh(2): a reusable catalyst for high-yield synthesis of
3,4- dihydropyrimidin-2(1H)-ones,

Paraskar, A.S.; Dewkar, G.K.; Sudalai, A.

Tefrahedron Lett, 2003, 44(16), 3305

A novel inframolecular arene-alkene
photocyclooddition in 2- alkenyl naphtha-4-
chromanones -a short route to functionalized
rmulticyclic systems,

Kalena, G.P; Pradhan, P; Puranik, V.5.; Banerji, A,
Tetrahedron Left, 2003, 44(19), 2011

An asymmetric dihydroxylation route to (S)-oxybutynin,
Gupfa, P; Femandes, R.A.; Kumar, P
Tetrahedron Left, 2003, 44(22), 4231

Total-synthesis of cis and frans-hydroxyglimepiride -
active metabolite of glimepiride,

Gurjar, M.K.; Joshi, RA.; Chaudhuri, S.R.; Joshi, S.V.;
Barde, A.: Gediva, LK.; Ranade, PV.; Kadam, §.M.; Naik,
S.J.

Tetrahedron Left, 2003, 44(26), 4853

A novel additive organic supramolecular assembly -
molecular-complex of 3,5-dinitrobenzamide and 3,5-
dinifrobenzonitrile,

Pedireddi, V.R.; Prakashareddy, J.; Arora, K.K,
Tetrahedron Left, 2003, 44(26), 4857
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65.

66.

67,

68.

69,

70.

71.

72,

73.

74,

75.

Synthesis of novel chiral spirodione, (61, 7n-7-phenyl-1
oxaspiro(5.5)undec-3-ene-2,5-dione -application 1o
the asymmetric diels-alder reaction with high pi-
facial selectivity,

Kandula, S.V.; Puranik, V.G.: Kumar, P

Tetrahedron Left, 2003, 44(27), 5015

Carbohydrate-based synthesis of crocacin -
sterecselective heck reaction of carbohydrate 5,6-
ene-derivative and 5,46-yne-derivative with aromatic
halides,

CGurjar, M.K.; Khaladkar, T.P; Borhade, R.G.;
Murugan, A,

Tetrahedron Left, 2003, 44(28), 5183

Asymmetric-synthesis of (-)-acaterin,
Kandula; S.R.V.; Kumar, P
Tefrahedron Left, 2003, 44(32), 6149

Stucly of the reactivity profile of glycine schiffs bases
with dipolarophiles -opplication towards a concise
synthesis of CCG-Il (Vol 37, Pg 2857, 1996),
Chavan, 5.P; Venkatraman, M.S.; Sharma, AK.:
Chittiboyina, A.G.

_ Tefrahedron Lett, 2003, 44(32), 6173

Enantioselective synthesis of (r)-phenylephring
hydrochloride,

Pandey, RK.; Upadhyay, PK; Kumar, P
Tefrahedron Left, 2003, 44(33), 6245

Supramolecular Pseudopolymorphs -Double Helix and
Planar Structures with Channels,

Pedireddi, V.R.; Prakashareddy, J.

Tefrahedron Lett, 2003, 44(35), 6679

Enanfioselective synthesis of D-ribo-(25,35,4R)-C-18-
phytosphingesine using double stereadifferentiation,
Naidu, S.V.; Kumar, P

Tetrahedron Letft, 2003, 44(5), 1035

N-bromoamides as versatile catalysts for aziidination of
olefins using chloramine-T,

Thakur, V.V.; Sudalai, A,

Tetrahedron Lett, 2003, 44(5), 989

PCC-mediated novel oxidation reactions of
homobenzylic and homaodllylic alcohols,
Femandes, RA.; Kumar, P

Tetrahedron Left, 2003, 44(6), 1275

Lioase catalyzed polyster synthesis in 1-butyl-3-
methylimidazolium hexafluorophosphate ionic liquid,
Nara, §.J.; Harjani, J.R.; Salunkhe, M.M.; Mane, A.T.:

- Wadgaonkar, PP

Tefrahedron Left, 2003, 44(7), 1371

lonic liquid promoted regioselective
monobromination of aromatic substrates with
N-bromosuccinimide,

Rajagopal, R.; Jarikote, D.V.; Lahoti, R.J.; Daniel, T;
Srinlvasan, KV,

Tetrahedron Left, 2003, 44(9), 1815

76,

7y

78.

79.

80,

81.

82,

83,

84,

85.

86.
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RESEARCH PAPERS PUBLISHED

Diastereospecific synthesis of novel [3.6.6.4.7]-fused
penfacyclic -lactams by é-exo-tig, 7-endo-dig
fandem radical cyclization,

Joshi, S.N.; Phalgune, U.D.; Bhawal, B.M.; Dashrmukh, AR,
Tetrahedron Left, 2003, 44(9), 1827

Room femperature ionic liquid promoted synthesis of
1.5-benzodiczepine derivatives under ambient
conditions,

Jarikote, D.V.; Siddiqui, S.A.; Rajagopal, R.;

Daniel, T.; Lahoti, R.J.; Srinivasan, K.V,

Tetrahedron Left, 2003, 44(9), 1835

Enantioselective synthesis of () -a-conhydrine via cyclic
sulfate methodology,

Kandula, S.V.; Kumar, P

Tetrahedron Lett, 2003, 44(9), 1957

1st Synthesis of Aza-calanolides -A new class anti-HIV
active compounds,

Shama, G.V.M.; liagovan, A.; Narayanan, V.L.; Gurjar,
M.K.

Tetrchedron, 2003, 59(1), 95

Facile synthesis of meso-substituted dipyromethanes
and porphyrins using cation exchange resins,

Naik, R.; Joshi, P; Kaiwar, S.P; Deshpande, R.K,
Tetrahedron, 2003, 59(13), 2207

Asyrmetric synthesis of azetidin-2-ones by [2 +2]
cycloaddition using chiral imines derived from D-(+)-
glucose,

Arun, M.; Joshi, S.N.; Puranik, V.G.; Bhawal, B.M.:
Deshmukh, A.R.

Tefrahedron, 2003, 59(13), 2309

An efficient synthesis of (+/-)-B-herbertencl by a 1,3-
cyclopentadione annelation strategy,

Chavan, $.P; Kharul, RK.; Kale, RR.; Khobragade,
D.A,

Tetrchedron, 2003, 59(15), 2737

A facile access to natural and unnatural dialky!
substituted maleic anhydrides,

Kar, A.; Argade, NP

Tetrahedron, 2003, 59(17), 2991

Enantioselective synthesis of pantolactone analogues
from an ephedrine-derived morpholine-dione,
Pansare, S.V.; Bhattacharyya, A.

Tetrahedron, 2003, 59(18), 3275

Sdit effects on the Baylis-Hillman reaction,
Kumar, A.; Pawar, S.S.

Tefrahedron, 2003, 59(27), 5019

N-Bromosuccinimide-dibenzoyl peroxide/
azabisisobutyronitrile -A reagent for Z-alkene to
E-alkene isomerization,

Baag. M.; Kar, A.; Argade, N.P

Tefrahedron, 2003, 59(34), 6489
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88.
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Synthesis of anomerically pure vinyl suifone—mgd‘n‘ied
pent-2-enofuranosides and hex-2-enopyranosides -a
group of highly reactive michael ccceptors for
accessing carbohydrate-based synthons,

Sanki, AK.; Pathak, T,

Tetrahedron, 2003, 59(36), 7203

Utrasound promoted para-selective nitrafion of phenols
in ionic liquid,.

Rajagopal, R.; Srinivasan, K.V,

Ultrason Scnochemistry, 2003, 10(1), 41

89.

RESEARCH PAPERS PUBLISHED

Ultrasound promoted facile synthesis of arylhydrazones
at amblent conditions,

Jarikote, D.V.; Deshmukh, R.R.; Rojagepal, R.; Lahoti, R.J.;
Daniel, T.; Srinivasan, K.V.

Ultrason Sonochemisfry, 2003, 10(1), 45

Polymer sciences

Biodegradation of poly(s-caprolactone)/starch blends
and composites in composting and culfure
environments: the effect of compatibilization on the
inherent biodegradability of the host polymer, .
Singh, R.P; Pandey, JKX.; Rutof, D.; Degee, R; Dubois, P
Carbohyd Res, 2003, 338(17), 1759

Sensitizarion effect in doped and undoped state of
polypyrrole by methylene blue in solid state
electrochemical cells,

Somani, PR.; Radhakrishnan, S.

Chem Phys Lett, 2003, 379, 401

Telechelic cis-1,4-oligoisoprene through the selective
oxidolysis of epoxidized monomer units and _
polyisoprenic monomer unifs in cis-1,4-polyisoprenes,
Gillier-Ritolt, S.; Reyx, D.; Campistron, |.; Laguerre, A.;
Singh, R.P

J Appl Polym Sci, 2003, 87(1), 42

Thermnal decomposition kinetics of photooxidized nylon
66,.

Singh, R.P; Desai, S.M.; Pathak, G.

J Appl Polym Sci, 2003, 87(13), 2146

Preparation and characterization of poly (methyl
methacrylate) clay nanocomposites via melt
intercalation -The effect of organoclay on the struciure
and thermal properties,

- Kumar, S.; Jog, J.R; Natargjan, U.

J Appl Polym Sci, 2003, 89(5), 1186

Polymorphism in Intercalated poly(vinylidene
fluoride)/clay nanocomposites,

Priva, C.; Jog.J.R

J Appl Polym Sci, 2003, 89(8), 2036

Effect of modified layered silicates and compatibilizer
on properties of PMP/clay nanocompaosites,

Wanjale, 5.0.; Jog, J.P

J Appl Polym Sci, 2003, 90(12), 3233

Ecofriendly behavior of host matrix in composites
prepared from agro-waste and polypropylene,
Pandey, J.K.; Ahmad, A.; Singh, RR

J Appl Polym Sci, 2003, 90(4), 1009

2

12,

13.

14.

15.

17.

Synthesis of new polymeric hindered amine light
stabilizers -performance evaluation in styrenic polymers,
Singh, R.P; Patwa, AN.; Desai, S.M.; Pandey, J.K.;
Solanky, $.S.; Prasad, AV,

J Appl Polym Sci, 2003, 90(4), 1126

Revisiting emulsion polymerization to produce stable,
translucent, nanolatex of partially water soluble
monomers, ethylacrylate -methacrylate,

Bhawal, S.; Dhoble, D.; Surekha, D.

J Appl Polym Sci, 2003, 90, 2593

Paly (1-butene)/clay nanocomposites: A crystallization
study,

Wanjale, 5.D.; Jog, J.P

J Macromol Sci Phys, 2003, B42(6), 1141

Crystallization and meliing behavior of polyprlopvlene
in presence of hydrogenated dicyclopentadiene,
Wanijale, $.D.; Priva, L.; Jog, J.R

J Macromol Sci-Phys, 2003, B42(5), 1007

Preparation and characterization of polyketone/clay
nanocomposites,

Bulakh, N.; Kulkarni, $.M.; Jog, J.P; Chaudhari, RV.;

J Macromol Sci-Phys, 2003, B42(5), 963

Theoretical calculation of the opfical anisotropy of
substituted cyclohexanes and associated bisphenyl
molecules using experimentally derived group
polarizabilities,

Sulatha, M.S.; Sivaram, S.; Nataragjan, U,

J Phys Chem A, 2003, 107(1), 97

structural changes in semicrystaline poly(ether ester) on
UV iradiation,

Sarwade, B.D.; Singh, R.P

J Polym Eng, 2003, 23(1), 43

Intercalated poly(vinylidene fluoride]/clqv
nanocomposites: structure and properties,

Priva, L.; Jog, J.R
J Polym Sci B -Polym Phys, 2003, 41(1), 31

Poly(1-butene)/clay nanocomposites: Preparation and
properties,

Wanjale, $.D.; Jog, J.P

J Polym Sci B -Polym Phys, 2003, 41(10), 1014
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18.

20,

21,

22,

23.

24,

25,

26.

27.

roreign patents granted (2003)

1 Country
‘ Title Inventor (s) (Patent No.)
New interpretation of progression bands observed in 28.  Transport of aromatic sclvents through nifrile rubbet/
Infrared spectra of nylon -M/N, epoxidized natural rubber blend membranes, An improved process for the preparation of thiourea | Balokiishnan, S, Mahajan, $.5., Us 6,657,082
Yoshioka, Y.; Tashiro, K.; Ramesh, C. Mathai, A.E.; Singh, R.R; Thomas, S. ‘ Chaphekar, G.M., Gupte, M.Y.,
J Polym Sci B -Polym Phys, 2003, 41(12), 1294 Polym Engg and Sci, 2003, 43(3), 704 . Kulkarni, M.R, Krishnamurthy, B.P.R,
\
Copolyester/layered silicate nanocomposites: The 29, Effect of fluorene-bisphenal ring substitution and bridge 1 " . ;
effect of the molecular size and molecular structure of rigidity on physical and gas permeation properties of A process for the preparation of poly i, 8.5, SHIBIAN & SpripBies
the intercalant on the structure and viscoelastic resuliing polyarylares, (ester-carbonate)s
B o Nenacompastes pnole, v ;gggu";sgg'] L Strain of streptornyces for the preparation of an Vernekar, JV., Ghatge, M.S., US 6,514,748
algaonkar, RA.; Jog, J.P clym Int, ; ; : E
J Pebyri Soi B —PolymgPhys, 2003, 41(23), 3102 alkaline protease inhibitor Raoo, M.B., Deshpande, V.V,
30, Sfructurai-chang in he orl ransifion of nvion M/ (2) Low temperature process for the preduction of Choudhary, V.R., Rajput, A.M., US 6,509,000
Functional group determination in controlled chain- conformational disordering as viewed from the P Banerjee, S.
cleaved natural rubber, temperature-dependent infrared spectral i :
SOENRY SeNDE ST Lt BEe b vt § Mifepristone analogue, process for the preparation Hazra, B.G., Pore, V.S., Joshi, PL., Us 6,512,130
Runbares S, 1 Yosnioka, ¥.; Tasfiro, K.; Ramesh, C. thereof and use thereof (NCL-CDRI, Lucknow) Basu, S., Singh, J., Dwivedi, A.
Polymer, 2003, 44(20), 6407 )
Effect of LICIC4 and LICI additives on the kinetics of
anionic- polymerization of methyl-methacrylare in 31. Controlled grafting of N-isoproply acrylamide brushes A process for the preparation Of subsfﬁu‘red Choudhary, V.R., Jana, S.K. US 6,548,722
foluene- fetrahydrofuran mixed-solvent, onto self-standing isotactic polypropylene thin films: aromatic compound employing Friedel-
Dhara, M.G.: Baskaran, D.; Sivaram, S. surface inifiated atom transfer radical polymerization, Crafts reaction using a reusable basic anionic
Macromol Chem Phys, 2003, 204(12), 1567 Desai, $.M.; Solanky, 5.5.; Mandale, A.B.; Rathore, K.; clay catalyst
Singh, R.P. ) ;
Blodegradation of packaging materials : Composting Polymer, 2003, 44(25), 7645 Thermoprecipitating polymer confaining enzyme | Vaidya, AA., Lele, B.S., Kulkarni, US 6,605,714
of polyolefins, specific ligands, process for the preparation M.G.. Mashelkar, R.A.
Singh, R.P: Pandey, J.K.; Pratheepkumar, A. 32.  Hyperbranched polymers from divinylbenzene and 1,3- thereof, and process for the separation of enzymes
Macromol Symposia, 2003, 197, 411 diisopropenyloenzene through anionic self condensing using such pelymers
vinyl polymerization,
Copolyesters based on poly(Butylene terephthalate)s Baskaran, D. Process for the activation of a metallic palladium Choudhary, V.R., Gaikwad, US 6,534,440
containing cyclohexyl groups: Synthesis, structure and Polymer, 2003, 44(8), 2213 based catalyst useful for the direct oxidation of AG., Sansare, S.D.
crystallization, hydrogen fo hydrogen peroxide
Sandhya, T.E.; Ramesh, C.; Sivaram, S. 33. Stategic developments in living anionic-polymerization
Macromol Symposia, 2003, 199, 467 of alkyl(methyl) acrylates, Noble metal containing hydrogenation catalyst Chaudhari, R.V., Rode, C.V., US 6,660,675
Baskaran, D. for the selective hydrogenation of 1,4 butynediol to Jaganathan, R., Telkar, M.M.,
RIS models and unperturbed chain properties of Progress in Polym Sci, 2003, 28(4), 521 1,4 butenediol and a process for the preparation Rane, V.H.
polyesters confaining 1,3-cyclobutylene and 1,4- thereof
cyclohexylene linkages, 34, A study of the utilization of recldimed natural rutber
Sulatha, M.5.; NOTC"QJO”’ . prophy[oc‘nc In blend with epoxidized natural ubber Process for freatment of mixture of spent wash from Moghe, PR, Panchanadikar, V.V., US 6,589,427
WENe! TGRS 203, TeLL) 2] Spadles , distilery and black liquor from pulp and | Pol, AV., Joshi, AR., Bahirat, PK.,
Wlattivew, & Singh, kGR; Graenineles, paper Industry Kudlu, P, Bahirat, S.P |
Optical anisotropy of structurally modified Thomas, S.
polycarbonates having cyclohexylidene and methyl Progress in Rubber, plastics Recycl Technol, 2003, 205 Process for the preparation of acetic acid Kelkar, AA., Tonde, §.5., Divekar, Us 6,521,784
substituents using the rotational isomeric state method, or methyl acetate $.S., Chaudhari, RV,
Sulatha, M.S.; Sivaram, S.; Natargjan, U. 35, Study of heavy-ion maodified Cr-39 (diethyleneglycol
Macromolecules, 2003, 36(8), 2944 bisallyl carbonate), Process for the preparation of acidic lipase Mahadik, N.D., Gokhale, D.V., US 6,534,303
Srivastava, A.; Singh, T Sharma, AL Jain, PK.; Bastawde, K.B., Khire, J.M.,
Studies on the Clathrate (8) form of syndiotactic Ponrathnam, 5.; Rajan, C.R. Puntambbekar, U.S.
polystyrena crystallized by different solvents using Fourier Radiat Eff Defect Solids, 2003, 158(8), 561
fransform infrared spectroscopy, . Mukherjee, B, Mandal, D., US 6 537 344
BhojeGowd, E.; Nair, §.5.; Ramesh, C.; Tashiro, K. 36.  The Mukaiyama-Michael addition of a B.3-dimethy Process for the preparation of a nancsized Ahrmad, A., Murali Sastry,Rajiv il
Macromolecules, 2003, 36, 7388 substituted siyl ketene acetal 1o a,B-unsaturated colloidal metal particle Kumnar,
ketones using tefra-N-butylammoniurm bibenzoate as d
Solid pelymer electolyte with methylene blue and its nucleophilic catalyst, | Process for the preparation of 1-lcyano (aryl) Chavan, S.P, Kamat, S.K., US 6,504,044
thermal properties, Gnaneshwar, R.; Wadgaonkar, PR;  Sivaram, 5. ‘ methyl] cyclohexanol Sivadasan, L., Balakishnan,
Somani, PS.; Radhakrishnan, S. Tetrahedron Lett, 2003, 44(32), 6047 K., Khobragade, DA.,
Polym Degrad Stab, 20083, 79, 77 ‘ Rewvindranathan, T., Gurar M.,
i Kalkote, U.R.
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Title

Inventor (s)

Country
(Patent No.)

Process for the preparation of an aromatic srinivas, D., Chavan, S.A., US 6,649,791
carboxylic acid Ratnasamy, P ’
A process for the preparation of phenyl ketones Chidambaram, M., Venkatesan, US 6,593,499
C., Singh, AR, Ramaswamy, A.V.
Tinuvin P-hindred amine light stabilizer and Singn, R.P, Desai, S.M, US 6,610,856
derivatives thereof (Divisional of
6,492,518)
Noble metal containing hydrogenation catalyst Chaudhari, RV,, Rode, C.V,, US 6,528,689
for selective hydrogenation of 1,4-butynediol fo Jaganathan, R., Telkar, M.M,,
1.4 bufenediol, and a process for the preparation | Rane, V.H.
thereof
Process for the synthesis of a photo-stabilizer Desai, $.M.; Singh, R.P UsS 6,559,311
Process for preparation of a lactene from Mandal, D., Ahmad, A., Khan, Us 6,559,322
a cyclic ketone M.I., Raijiv Kumar,
Process for the preparation of adipic acid Srinivas, D., Chavan, S.A., US 6,521,789
Ratnasamy, P
Pro_cess for the preparation of 2-aryl propionic Chaudhari, RV., Seayad, J., US 6,660,883
acids Seayad, A.
Composition for hybrid seed production, process Mahajan, V., Nagarajan, S, US 6,645,917
for the preparation of such composition Deshpande, V.H., Kelkar, R.G., Lahoti,
and use thereof R.J., Ramlingam, S., Bulbule, V.J.
Process for the preparation of alkyl 4[2- Joshi, RR., Joshi, RA., US 6,562,983
(phthalimido)ethoxy]-acetoacetate Ravindranathan, T.
Process for the preparation of 2-acrylamido- Barve, PR, Joshi, §.5., Shinde, RW.,, US 6,504,050
2-methyl-1-propanesulfonic acid ' Gupte, M.Y., Joshi, C.N., Ghike, S.M.,
Naik, R.V., Kulkarni, R.A., Bote, AN,
Process for the preparation of 2-Methyl- Barve, PP, Joshi, $.S., Shinde, RW., US 6,660,882
2-Propene-1-Sulfonic acid, Sodium salt Ghike, 5.M., Gupte, M.Y., Joshi,
C.N,, Naik, R.V.
Process for making S(-) Amlodipine salts Joshi, R.R., Joshi, RA., Gurjar, M.K. US 6,608,206
Process for preparation of substituted aromatic Choudhary, V.R., Jana, S.K, US 6,525,226

compound employing Friedel-Crafts reaction
using a reusable basic anionic clay catalyst
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Title Inventor Patent No.

A process for the preparation of Ankle Block Nadkami, V.M., Pandit, 5.B., Patil, 187915
component useful for artificial foot PS., Rajan, C.R.
An improved process for the preparation of polyester Nadkarmi, V.M., Vaidya, U.R., 187914
polyol useful for the preparation of the ankle block Pandit, $.B., Patil, BS., Rajan, C.R.
component of the arificlal foot
An improved process for the preparation of grinding Nadkarmi, V.M., Ayodhya, S.R., 188035
wheels made thereby Rajon, C.R.
An improved process for the separation of Moghe, PRBahirat, PK., Joshi, 188181
Dihydroxybenzene isomers using zeolite LTL PN., Shiralkar, V.R, Biswas, S.S.
A process for the preparation of polyalkylene Sivaram, S., Avadhani, C.V. 187889
terephtnalate containing at least 3 carbon cfoms
from polyethylene terephthalale (PET) waste useful as
an engineering thermoplasfic
An improved process for the preparation of Jha, BK., Chhatre, A.S,, Kulkarni, 189045
Caprolactam B.D., Shi\{osonker, S
An improved process for the preparation of polymer Nadkarmi, V.M., Rajan, C.R., 188894
containing metfal composite materials Ayodhya, S.R.
An improved process for the preparation of polymer Nadkarni, V.M., Ayodhya, S.R., 189146
containing ceramic composites materials Rajan, C.R.
An improved process for the preparation of Esters Bhawal, B.M., Deshmukh, 188532
fromn carboxylic acids and alcohols using Zeolite ARAS., Gumaste, V.K., Shiralkar,
catalyst V.P, Rac, B.S.
An improved process for the preparation of N-Acetyl Gopinathan, C., Gopinathan, 3., 189140
amino phenal Kuruvilla, J., Pardhy, S.A.,

Ratnasamy,
An improved process for the preparation of an Uphade, B.S., Mamman, A.S., 189145
improved supported catalyst useful for oxidative Rajput, AM., Choudnhary, V.R.
conversion of methane, natural gas and blogas fo
synthetic gas
A process for the preparation of a compound Srinivasan, S.R., Rautf, K.C., 188825
containing urethane linkage useful as plasticizer for Saxena, PK., Sivaram,
polyvinylchloride (PVC)
A process for the preparation of improved Srinivasan, S.R., Raut, K.G., 188046
compounded poly(vinylchloride) (PVC) Saxena PK., Sivardm,
An improved process for the preparation of Kuruvilla, J., Gopinathan, C., 188690
Monochlorophthalic anhydride Gopinathan, S., Pardhy, S.A.,

Rotnasamy, p..
An improved process for the preparation of aromatic Kuruvilla, J., Gopinathan, C., 189161
aldehydes Gopinathan, S., Ratnasamy, B,
A process for the preparation of syngas Uphade, B.S., Mamman, A.S., 188329
An improved process for the preparation of surface Rajout, AM., Choudhary, V.R.
modified semiconducting metal oxides
A process for the preparation of high silica sodium Keshavaraja, A., Ramaswarny, 187997
aluminosilicate AV, Vijayamohanan, K.R,
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INDIAN PATENTS GRAN

TED

unsaturated hydroxy lactones

Ravindranathan, T., Rajiv Kumar

Title Inventor Patent No.

A process for the preparation of high silica sodium Shiralkar, V.R, Eapen, M.J., Joshi, 188874
alumincsilicate PN., Kotasthane, AN., Agashe,

M.S.
An Improved process for the preparation of ethylene Uphade, B.S., Mullg, S.AR., 188871

| and higher olefins, using the improved supported Choudnary, VIR,

catalyst
An improved process for the catalytic Bhanage, B.M., Divekar, S.5., 188332
hydrofermylation of alkanes Deshpande, R.M., Chaudharl,

RV,
An improved process for the production of ethylene Rajpout, A.M., Mulla, S.AR., 188334
by non-catalytic oxidative cracking of ethane or Choudhary, V.R.
ethane rich C2-C4 Paraffing
A process for the preparation of improved supported Uphade, B.S., Mulla, SAR., 188538
catalyst useful for the oxidative coupling of methane Choudhary, V.R.
o higher hydrocartbons, oxidative conversion of
natural gas fo ethylene and lower olefing
An improved process for the preparation of Uphade, B.S., Mulla, SAR., 188872
ethylene, ethane and higher hydrocarbon Choudhary, V.R.
A process for the preparation of an improved Thomas, PA., Turumella, P, 189033
polymetric device Kulkarnl, M.G.
An improved process for the production of THPE Sivaram, S., Ranade, V.R,, 187237
[1,1%,1" s (4-hydroxyphenyl) ethane] Chakrapani, S., Wadgaonkar, PP
An Improved process for the preparation of Singh, AP, Kale, S.M. 188375
halocumenes
An improved process for the preparation of (1R,cis)-(- Ravindranathan, T., Hiremath, 188978
)-caronaldehydic acid hemiacetal SV, Sahasrabudhe, A B.,

Kulkamni, V.R., Borate, H.B.
An improved process for the preparation of alpha- Patkar, AY., Gawande, B.N. 188412
cyclodextrin glycosyliransferase enzyme
A process for the preparation of sulphonate esters of Shashidhar, M.S., Das, T., 188417
2,4(6)-di-O-aeyl-mye-inositol-1,3,5-orthoformates
A process for the preparation of an improved Agrawal, D.C., Banerjee, AK., 189032
composition useful for promoting development of Kedari, PH., Jacob, S., Hazra, §.,
shoots from the excised embryo-axis of cotton Krishnamurthy, K.V.
An improved process for the preparation of Pais, G.C.G., Pradeep Kumar, 182048

ANNUAL REPORT 2003 - 2004

Books/chapters in books

Book edited

Recent Trends in Oplimisation of Chemical Engineering Sysfems
[Proceedings of Indian National Science Academy  Part Al
physical Sciences, Vol. 69, 3-4], Sp. Editors  V.K.Jayaraman,
B.D.Kulkarni, INSA, New Delhi,

Chapters in books

Azifidination, Renu Vyas and Bhanu M. Chanda in
'Encyclopaedia of Catalysis', Wiley Inferscience (USA).

Combinatorial chemistry and high throughput screening: a tool
sor the faster discovery of fungicides, Natu A.A. and Deshpande
M.V.. Proceedings of the IV Asia Pacific Crop Profection
Conference-2003. Pesticides Manufacturers & Formulators
Association of India, Mumbai.

Fungal cellulases for novel industrial applications, Santosh Vyas,
Anil Lachke and Absar Ahmad, in "Frontlers of Fungal Diversity in
India", Eds, G.PRao, C.Manoharachari, D.J.Bhat, R.C.Rajak and
T.N.Laknanpal, Infemnational Book Distriouting Co., Lucknow.

Gold nanoparticles formed within ordered mesoparous slica
and on amorphous slica, RKumar, AGhosh, C.RPatra,
PMukheriee and Murali Sastry, in "Nanotechnology in Catalysis,
Vol 1", Eds. B.Zhou, S.Heman and A.Somorjai, Kluwer
Academic/Plenum Press,

Hurnan immunodeficiency virus 1 retropepsin, B.M.Dunn and
M.B.Rao, in "Handbook of Proteolytic Enzymes', Eds. A.J.Barett,
N.D.Rawlings and J.FWoessner, Academic Press (United States of
Ametrica).

In vitro regeneration and genetic transformation of Cashewnut
(Anacardium occidentale L.) in Plant Genetic Engineering vol 6.
Improvermnent of Fruit Crops, Nadgauda Rajani and Gogte S, 5,
(2003), (Eds Jaiswal P K. and Singh R. A) Sci Tech Publishing LLC,
USA.

Nanoparticle assernbly through electrostatic interactions, Murali
Sastry, in 'Nanopariicles Synthesis, Modification and
Applications", Ed. V.Rotelle, Kluwer Scientific Publishers, New York,

Nanoparticle organization at the air-water interface and in
Langmuir-Blodgett films, Murali Sastry, in "Calloids and Colloid
Assemblies: Synthesls, Modification, Organization and Utilization
of Colloid Particles', Ed. F. Caruso, Wiley-¥CH, Berlin.

Thernophilic  Xylanases- Molecular and  Biofechnological
Perspectives, $.PGeorge, D.5.Nath and M.B.Rao, In "Advances in
Microbiology", Ed. PC.Trivedi, Scientific Publishers (India).

Vanaspati Jeev Tanitradyan, R.S.Nadgauda, in "Sahastrakatil
Vidnyan', Bombay University.

PC. Trivedi
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INTERNATIONAL RESEARCH COLLABORATIONS INTERNATIONAL RESEARCH COLLABORATIONS
T
i : ‘ Microbial Control of pest: Dr. MV, Dr. Mounir Hassani
International research collaborations Entomopathogenic fungl as Deshpande Directeur general
NCL and its scientists have many collaborative projects with leading academic and scientific institutes and also with individual mycoinsecticides ATLAS AGRO, Zurich, Switzerand
resecrrchers. NCL as an institute has entered info Memorandum of Understandings with University of Science and Technology, Lille o G
(USTL) and the National Institute for Applied Sciences, Lyon (INSA, Lyon), both from France, National Center for Cell Science and Dr.‘KeHer siegfried, .
Vasantdada Sugar Institute, both from Pune. NCL scientists individually or as a teamn also have many collaborative programmes Swiss Federal Reseorc.h Statlor for
with various leading research groups from India and abroad. AgIEcaingy.ard RGeS,
| Zurich-Reckenholz, Switzerland
|
Institute to institute collaborations: ‘ Mixing in Opague Muftiphase Systems Dr. V.V. Ranade Prof, M.P Dudukovic
Chemlcal Reaction Engineering
2 ; s o Laboratory,
External Institut Field(s) of Collaboration
e (s) NCL Noadal Sclentist (S) Washington University at St. Louis,
National Center for Cell Exploitation of biomedical potentials of fungal extracts | Dr Islkam Khan Washington, USA
Science, Pune of specific tissues relatd fo hitherto unattained aspects of
epfide/ protein fractionation, ificcti d bi fivi ' : - ; :
el s . RUtiesticn ana plastiuly Modeling of zeolite framework relaxation Dr. Sourav Pall Dr. Francols Fajula (P1)
testing from fungi ,
Dr. Annick Goursot (Co-Pl),
Naticnal Institute for Applied Biochernistry, Polymer and Materials Science Mr Sanjay Nene ENSCM, Montpeliier, France
Sciences, Lyon (INSA, Lyon), Engineering, Chemical and Process Engineering
France (Design and Development) Nanoparticle assembly at the Dr. Murali Sasfry Prof. D. Langevin,
University of Science and High Field Solid State NMR Studies, Catalysis, Dr Rojiv Kumar/ qretet Inferace. ONRG, Orsdy, France
Technolegy, Lile (USTL), Biochemistry, Polymer and Materials Science
France ‘ i | i i
[Eggginenegr;%, ggferlrgcg' S:T:]:I Process Engineering Dr S Ganapaty New thermotropic liguid crystalline Dr. C. Ramesh Prof. Anil Kumar,
9 P polyurethanes Department of Chemistry, IIT Bombay
Vasantdada Sugar Institute, Pune Zeolite assisted Ethanolic Fermentation Dr Archana Pundle
Selective oxidation and aziridination of Dr. S.B. Halligudi Prof. Stefan Emst,
aromatic hydrocarbons by metal University of Kaiserslautern,
Scientist to scientist collaborations: complexes encapsuiated in micro Kelsersiowtanm. Cernany
and mesoporous solid supports
Project Title NCL Partner(s) External Parfner(s) ‘ Somatic hybridization of peanut Dr. Sulekha Hazra Dr. Maria-Teresa Scarano,
(Arachis hypogaea L) by Instituto di Genetica Vegetale -
Design of bifunctional supported non- Dr. S.B. Halligudl Prof. V.A. Likholobov, profoplast fusion ‘ Sezione di Palerrmo Consiglio
iron catalysts for low temperature Boreskov Institute of Catalysis Nazionale delle Ricerche,
ammonia synthesis Novosibirsk, Russia Palermo, italy
Development of novel biopesticides Cr. MV, Deshpande Prof. A, Lobanok ;
based on fungi/ bacteria exhibiting dual Director Structure and morphology of PET fibers Dr. C. Ramesh Dr. N. Slonjee\{o MlurThy, Department
antagonistic activity against plant Institute of Microbiology, of Physics, University of Viermont, USA
pathogenic fungal and insect pests Belarus Academy of Sciences,
Minsk, Belarus )
. . - Studles on the structure and function Dr. (Mrs) Veda Dr. Zdenek Sobalik,
Evaluation and improverment of the Dr. R.R Singh Prof. J.L. Gardette of metal in mesoporous materials Ramaswarmy J. Heyrovsky Institute of
durability in a composite insulator: studly Laboratoire De PhofochimieMoleculaire et Physical Chemistry,
of the degradation/stabilization of epoxy Macromoleculaire (LPMM) Dolejskova, Czech Republic
ficer glass composites coated with Universite Blaise Pascal,
clastomers e, Fang study on Crystaline tansition Dr. C. Ramesh Prof. K. Tashiro,
in Nylons using HTFTIR Department of Macromolecular
Prof. J.Lacoste, ENSCCF, France Science, Graduate School of
Science, Osaka University, Japan
Dr. Emmanuel Brocard =
Beshien S Panee Synthesis of Functionalized Polyolefins Dr. RP Singh Dr. Maria das Merces Margues,
Improvernent of tropical fruit frees Dr. Rajani Nadgauda Cr Mohan Jain and its Durability Improvernents: Novel Instituto Superior Technico,
Cashew and Mango International Afornic Energy Agency, - approach to stabilization against ' Cenlie de QUG Ennatie ).
Vienna, Austrio photochemical degradation Lisboa Cedex, Portugal
Mlog}jneﬁc Sf:ogerﬁes using coupled- Dr. Sourav Pal Dr, lJozef Noga, . . The mechanism and kinefics of Dr, C.S. Gopinatn (PI) Prof. H.J. Freund, ‘
cluster methods Institute of Inorganic Chemls‘rry NO reduction reactions on noble : Dept, Of Chem\col Physics
;Fmﬁk Acos?em?/l of Sciences | surfaces from single crystal surfaces Ms Neelima lyer (Co-Pl) Frtiz-Haber ]nsTwTuTe of Max
rafisiava, slovakia fo supported model catalysts Planck Society,
. Berlin, Germany
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DEPUTATIONS ABROAD DEPUTATIONS ABROAD

Conferences/ seminars/ symposia/ workshops

Dr. N.B Argade (Ching) fo aftend the Intemnational Symposium on Bioprocess and Biomolecular Engg. , 15-17 Dec,
2003

Mr. .M. Chapekar (Taiwan) to attend pre-conference school on "Advanced methods in characterisation of catalysts

Deputations abroad

Business development

Dr. AK. Lele (USA) to meet representative & from Invista and Honeywell for discussion on project &
o be undartaken at NCL, 10-18 Feb, 2004

Dr. M.K. Gurjar (Germany) to attend Chemical Pharmaceutical Industrial Exhibiion, 27-30 Oct, 2003
Dr. M.K. Gurjar (USA) to visit various pharmaceuticals companies In USA, 30 Nov-13 Dec, 2003

Dr. R.V. Chaudhari (USA) fo participate as member of feam for process evaluation of a process for isoporopanol by direct
hydration, 10-15 Aug, 2003

Dr. R.V. Chaudhari (France & UK) fo visit Dupont Textiles and Inferiors UK and Enki Sustainable Technologies Sainfe-Foy,
France for review of ongoing collaborative projects as well as a new project on hydrogenation of oligometric material,
16-29 July, 2003

Dr. Upendra Natarajan (Japan) fo aftend special discussion sessicns which include cationic Surfactant Aliance
Symposiurm af P&G in order to discuss technical issues and finalise new business opportunifies, 1 9-22 Jan, 2004

Bilateral /collaborative/exchange programmes

Dr. M.V. Badiger (France) for camying out research work under the IFCPAR funded project ' Novel
Hydrephobically Modified Polymers: Synthesis Characterisation and Rheclogy, 15 Feb - 14 March, 2004

Mr. V. Chavan (Jopan and China) fo participate in the Joint Intemational Forum on Biodiversity Information and later to
participate in "Species 2000 Asia Oceania Forum®, 02-16 Oct, 2003

Dr. M.V. Deshpande (Switzerland, Germany and UK) INDO-SWISS collaboration in Biotechnology, 10-21 June, 2003

Dr. 8. Ganapathy (France) to carry out research work on the project "New Solid state NMR fechnigues and elucidation of
the structure of molecular sieves of catalviic Importance” funded by ICPAR, 01- 30 Nov, 2003

Dr. I.N. Ganesh (UK) to visit under the INSA-The Royal Society Acadermic Exchange Pregramme, 26 Aug - 07 Sep, 2003

Dr. $.B. Halligudi (Russic) to work at the Instifute of Catalysis Novaosibirsk on the ILTP Project entitled "Design of Biofunctional
supported Non-Iron Catalysts for Low-Temperature Ammenia Synthesis', 24 Aug - 08 Sept, 2003

Dr. $.B. Halligudi (Germany) to visit under DST-DAAD PPP Project entifled "Selective Oxidation and Aziridination of Aromatic
Hydrocarons by Metal Complexes encapsulated in micro and mesoporous solid supports', 01-31 Oct, 2003

Dr. (Mrs) U.J. Mehta (Italy) fo carry outresearch work on the project under CSIR-CNR Prograrmme, 15-30 Nov, 2003

Dr. Sourav Pal (France) fo carry out research work on the project "modelling zeolite framework relaxation" funded by
IFCPAR, 12 Nov- 11 Dec, 2003

Dr. R.P Singh [France) fo carry out research work under the IFCPAR funded, fo visit LCOM-Chirnie Des Polymer, 10 March -
16 April, 2004

Dr. R.P Singh (Portugal) to carry out research work on the project under Indo-Portugal InferGovernmental programme, 08-
22Dec, 2003

Dr. PP Wadgaonkar (France) to carry out research work under the IFCPAR funded project "Novel Hydrophebically
Modlified Polymers: Synthesis Characterisation and Rheology, 15 Feb - 14 March, 2004
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and Materials", 13-18 Nov, 2003

Dr. R.V. Chaudhari (Australic) fo deliver keynote speech at the CHEMECA-2003 in the field of Chemical Engg. and
Catalysis ; to visit RMIT to explore the possibility of establishing future collaboration between RMIT & NCL, 28 Sep - 04 Oct,
2003

Dr. (Mrs) V.V. Deshpande (China) to attend the Infernational Symposium on Bioprocess and Biomolecular Engg., 15-17
Dec, 2003

Dr. K.N. Ganesh (Japan) fo attend the Indo-Japan Workshop on Advanced Molecular Electronics and Bionics, 11-13 Dec,
2003

Dr. K.N. Ganesh (Canada) to participate in the 39th IUPAC Congress and 86th Conference of the Canadian Society for
Chemistry, 10-17 Aug, 2003

Dr. (Mrs) V.5. Gupta (italy & Switzerland) to attend 10th Infemational Wheat Genetics Symposium at ltaly and attend the
8th Wheat Gluten Workshop af ltaly and visit University of Zurich, Switzerland o discuss project results and research plans
with the collaborators, 01-17 Sep, 2003

Dr. M.IC. Gurjar (Seoul, Koreag) fo attend KOSEF-INSA Joint Seminar on Qrganic synthesis under the sponsorship of INSA and
KOSEF, 27-30 July, 2003

Dr. K. Guruswamy (USA) to atfend Gordon Research Conference on Colloidal Macromolecular and Polyelectrolyte
solution, Business Development trip to discuss possibility of Indo-US project on crystallization, 01-14 Feb, 2004

Dr. JP Jog (Canada) to aftend the Second Intematfional Symposium on Polymer nanccomposites Science and
Technology, 06-08 Oct, 2003

Dr. PN. Joshi (Taiwan) to attend pre-conference school on "Advanced methods in characterisation of catalysts and
Materials", 13-18 Nov, 2003

Dr. Rajiv Kumar (Taiwan) to attend the 3rd Indo-Pacific Catalysis conference o be held jointly with 21 st Taiwan Symposium
on Catalysis and Reaction Engineering (TSCRE-2003) , 16-18 Nov, 2003

Dr. (Mrs) V.A Kumar (Canada) fo parficipate in the 39th IUPAC Congress and 86th Conference of the Canadian Society for
Chemistry, 10-15 Aug, 2003

Dr. (Mrs) S. Laxman (China) to attend the Intfemnational Sympesium on Bioprocess and Biomolecular Engg. . 15-17 Dec,
2003

Dr. (Mrs) Mala Rao (China) fo aftend the Infemational Symposium on Bioprocess and Biomolecular Engg. , 15-17 Dec,
2003

Dr. (Mrs) Mayadevi § (USA) fo parficipate in the First Interdisciplinary Conference on Green Engineering entifled "Green
Engineering: Defining the principles", 14-22 May, 2003

Dr. V.V. Ranade (Canada and USA) to present papers atf 6th Infemational conference at Vancouver, BC and instifutional
visits at Canada, St. Louis, USA, 17-Aug-06 Sep, 2003

Dr. Murali Sastry (Australia) to attend o day's symiposium on "Sorme Emerging Trends in Chemistry” and associated visit fo
carry out discussion with the staff ot RMIT, 12-15 March, 2004

Dr. Murali Sastry (Japan) fo aftend the Indo-Japan Workshop on Advanced Melecular Electronics and Bionics, 11-13 Dec,
2003

Dr. A.P. Singh (Taiwan) to attend the 3rd Indo-Pacific Catalysis conference to be held jointly with 21sf Taiwan Symposium
on Catalysis and Reaction Engineering (TSCRE-2003) , 16-18 Nov, 2003

Dr. §. Sivaram (Canada & USA) fo participate in Hydrogen and Fuel Cells Conference, Vancouver, o aftend two day
workshop to accelerate collaboration between Canadion and Indian Counterparts, Vancouver, fo aftend GRA
Technology Fusion Workshop on Energy, Columbus, Ohio, 8-19 June, 2003

Dr. §. Sivaram (USA) to deliver an invited talk af Infernational Union of Pure and Applied Chemistry (IUPAC, USA);
International Symposium on lonic Polymerization, Baston, to deliver an invited talkin a symposium in honour of Professor
J.P Kennedy, The University of Akron, 2-9 July, 2003

Dr. $. Sivaram (Korea) to deliver an invited lecture in the Intermational Syrmposium on "NT-IT-BT and Polymer” (Nano
Technology Information Technology Bio Technology and Polymers) atf Department of Materials Science & Engineering,
KJIST, Kwangiu, fo deliver an invited lecture at Korea Research Institute for Chemical Technology (KRICT), Daejon 1-5,
March, 2004
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Fellowships ' It
Dr. D.C. Agrawal (Germany) to avail resumption of Alexander Von Humboldt Fellowship, 15 Sep - 15 Dec, 2003 Student participation in conference/ research projects

Dr. V. R. Choudhary (Japan) to avail JSPS Fellowship 1o conduct research under the leadership of Prof. M. Ichikawa,
Kokkalda University, 31 July - 28 Sep, 2003

Mr. D.M.R.S. Reddy (Switzerland) to visit University of Zurich under the Indo-Swiss collaboration in blotechnology, Aug-
Nov. 2003

Dr M. Karthikeyan (USA) fo avail BOYCAST fellowship to conduct research under the guidance of Prof Alex Tropsha, School l Ms. D.P. Sawant (Gerrnany) to visit University of Kalsersiauten under Indo-German DSFRAAD Project, Oct.- Dec. 2003

of Pharmacy, University of Nerth Carolina at Chapel Hill, March 2003- March 2004 | Mr. Ajay Srinivasan (UK) fo visit University of Dutharm under the McKnight Foundation, May - Dec. 2003

Ms. Manasi Telang (USA) fo visit Washington State University, Pullman under the Mcknight Foundation, Aug.-
2003 - Aprll 2004 ‘

Ms. Trupti M. Maddanimath (USA) Rensselaer Polytechnic Institute, New York as visiting scholar, April 2003 - March
2004 :

Mr. Niranjan Ramgir (Canada) to attend the second IEE intemnational conference on sensors, Torontfo,
Oct 22-24, 2003

Dr. Pradeep Kumar (Gerrmany) to avail resumption of Alexander Von Humboldt Fellowship, 01 - 31 Dec, 2003
Dr. $.A.R. Mulla (Japan) to avall Post-Doctoral Fellowship for Foreign Researchers, Two years from 01 Nov 2003

Dr. Paul Ratnasamy (Germany) to avail the Alexander Von Humboldt Fellowship at the University of Munich, 01 Sep - 30
Nov, 2003

Meetings

Dr. N.P Argade (taly) to attend Expert Group Meefing (EGM) on "Combinational Chemistry, Molecular Design and
Prormaotion of Related Projects’, 03-4 July, 2003

Mr V.5. Chavan (USA) fo attend the meeting of the ocean Biogeographic Information system, International Committee
and Regional Nodes Meeting, 12 March - 8 April, 2004

Mr V. Chavan (Bangladesh) to parficipate in the meeting of Global Biodiversity Forum - South Asia, 15-19 June, 2003

Dr. §. Devotta (Canada) to participate Inthe 23rd Meeting of the Open Ended working group of the parties fo the Montreal .
Protocol on an invitation from UNEP to represent TEDT/TEAR 07-11 July, 2003

Dr. V.R. Pedireddi (Singapore) fo attend the ICMAT 2003, 07 - 12 Dec, 2003

Dr. §. Sivaram (Germany) nominated by DGCSIR as a member of the fourmember Indian delegation fo CSIR - FzJ
Cooperative Science Programme, Intemnational Bureau of the German Ministry of Education and Research (BMBF), 14-20
Sepfember, 2003

Dr. $. Sivaram (Germany) fo represent DGCSIR in the 3 Annual Mesting of the Global Research Alliance Principals, Nerve
Centre, Bonn, 25-29 January, 2004

EOL/sabbatical leave

Dr. $.K. Chaudhari (3pain) fo visit Department of DEntinginyeric Marcanica, Universitat Rovira | Virgili, Taragona
Spain, one yearfrom 01 Aug 2003

Dr. 5.D. Deshpande (Scuth Koreq) for Post Doctoral Fellowship in the Creative Research Centre for EAPap Actuator, Inha
University, South Korea., fen months frorm 13 Aug 2003

Dr. A.P. Giri (USA) to carry out specific work at Washington State University sponsored by Mcknight Foundation, USA, 01 Sep-
30Nov, 2003

Dr. LS. Mulla (South Korea) as Intemnational fellow ar Chemical fechnology Division of Korea Research Institute of
ChemicalTechnology, one yearform 16 Jan 2004

Mr M. Muthukrishnan (Japan) for Post Docloral Fellowship at Kyushu Institute of Technology, Kyushu, Japan under Prof,
Norlkazu Nishino, one year from 01 Oct 2003
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LECTURES /SEMINARS DELIVERED BY VISITORS

Lectures /seminars delivered by visitors

Speaker

Dr, JUrg Enkerli
Agroscope FAL-Reckenholz,
Zurich, Switzerland

Dr. Klaus Weishaupt
Managing Director, Wilec Germany

Dr. Krishnanand Chattopadhyay

Washington University, School of Medicine,

St. Louis, USA

Dr. Lubos Homy
Centre for Computational Chemistry, .
University of Georgia, USA

Dr. Lynne B. McCusker
ETH, Zurich, Switzerland

Dr. M. Eswaramoorthy
National Institute of Advanced Industrial
Science and Technology, Tsukuba, Japan

Dr. Martin Hartmann
Universitat Kaiserslautern, Germany

Dr. N. Dastagir Reddy
Univ. of Calgery, Alberta, Canada

Dr. Nilashis Nandi
Birlar Institute of Technology
and Science. Pilani, Rajasthan

Dr. R C. Ghosh
Institute for Materials and Process
in Energy Systfem (IWV-3), Julich, Germnany

Dr. R K. Madhu
Tata Institute of Fundamental Research,
Mumbai

Dr. Pankaj Poddar
Department of Physics, University
of South Florida, Tampa, USA

Dr. Parasu Veera
University of Twente, The Netherlands

Dr. Prasanna V. Joshi
Senior Scientist,
BxxonMobil Process Research

Dr. Pratibha Srivastava
National Cancer Institute, Bethesda, USA

Dr. R. P Iyer
Vice President and Chief Scientific Officer,
Spring Bank Technologies, Inc. MA, USA

Dr. Robert Jones Jr.

Basell Polyolefine GmibH,
Ludwigshafen, Germany 67056

138

Title (S)

Validation of biological pest control strategies: Microsatellite markers as a powérfu:
ool

Confocal Raman microscope as a fool of research in physical, chemical and Life
sclence applications
Protein folding and fluorescence comelation spectroscopy: Studies with intestingl

fatty acid binding protfein

Brillouin-Wigner approach mulli-reference coupled-cluster theories

Solving zeolite framework structures with FOCUS

Organoclays with organized structures- A moderm morphology?

Mesoporous molecular sisves in separation and caralysis - Concepts and
perspectives

Synthesis of scme Dirhenium complexes, aluminum nitrogen clusters and
catalysts for copolymerization of polar and non polar monemers

Theoretical study of complex chemical and biomimetic systems

Measurement of current density distribution in fuel cell

Spinning rotors and rofating spins in the NMR of solid-state

Transport. magnetic and magnetocaloric properties of arays of nanoparticles

Hydrogen response of industrial metalliocene catalyst for the production of
polypropylene

Compositional based models for refinery processes

Expedient syntheses of arenes and heteroarenes leading o potentially useful
pharmacophore

Design, synthesis and application of reagents for gene synthesis on solid

support

New catalysts for polyolefins
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| speaker

pr. Sachin Borkar
technical University of
penmark, Lyngby, Denmark

Dr. Sailesh Kurmnar
UOP Des Plaines, USA

Dr, Sanjoy Mullick
philips Electronics, Singapore

Dr. Scpna Ravindranathan
Ecole Polytechnique Ferderale,
1015 Lausanne, Switzerland

Dr. Simoni Arizzl
Technical Director for Nylon and
Spandex (Lycra) InVista, USA

Dr. Suneel Kunamaneni
Dept of Physics & Asironomy,
University of Leeds, UK

Dr. Swapan K. Ghosh
Chemistry Division, BARC, Mumbai

Dr. T.G. Ajithkumar
Department of Physical Chemistry,
University of Nijmegen, The Netherlands

Dr. T. Rojgopal

Hindustan Lever Research Centre, Mumbai

Dr. V. Thangadurai
Uriversity of Kiel, Germany

Dr. Vaishali Shah

Cr. Venkatesan V. Krishnan
Department of Chemical Engineering,

Dr. Y.R. Mahajan
Defence Metdllurgical
Research Laboratory, Hyderabad

M. Alberto Araoz
Former UNIDO Deputy Director-General
for Technology and Foreign Investment

Ms. Payel Das
Rize University, USA

Prof. ALK, Shukla

Central Electrochemical Research
Institute, Karaikudi

Prof, Andrea Vasella

ETH, Zurich, Switzerland

Prof. D. K. Chattorgj
Jadavpur University, Kolkata

h o

u

Carmnegie Mellon University, Pittsburgh, USA

University of Pennsylvania, Philadelphia, USA

LECTURES /SEMINARS DELIVERED BY VISITORS

Title (S)

Synthesis and characterization of functional Di-block copolyrmers

Modeling of multiphase systems
Selected research projects presentation

Cross-corelated relaxation in biomolecular systems
Future R&D directions at InVista
Rheology of hyperbranched polyrmers

Concept of density in chemisiry and materidls modeling

Homonuclear corelation experiments of Half-Integer

Occupational health. safety & environment in a chemical laboratory
Materials aspects of solid state ionic devices
Modeling of materials

Development of novel copper-ceria (CeQ,)
Anodes for direct hydrocarbon conversion solid oxide fuel cells (SOFC's)

Nature inspired innovation: Ceramic honeycomb structure and its technological
potential

Using sclence for development: some current ideas

A Combined approach of theory and experiment to characterize protein
folding

Mixed-reactants direct methanol fuel cells

1. Glycosidase Inhibitors and the rmechanism of Action of glycosidase

enzymes _
2. Towards new oligonucleofide anclogues

Interaction of water vapour with biocolloids and some monolayer properties of
model biosurfaces
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Speaker

Prof. Frederick J. Krambeck
Johns Hopkins University,
Whiting School of Engineering, USA

Prof. G, Ramanath
RPI, Troy, NY, USA

Prof. Gautam Desiraju
School of Chemistry, Central University,
Hyderabad.

Prof. Goverdhan Mehta
Director, Indian Institute of Science, Bangalore

Prof. J. Gopalakrishnan
Indian Institute of Science, Bangalore

Prof. Jacques Mortier
Universite du Maine, Le Mans, France

Prof. K. V. Rao
Department of Matericls Science,
Royal Institute of Technology, Sweden

Prof. Kenneth J. Klabunde
Department of Chemistry,
Kansas State University, Manhattan, USA

Prof, LM. Harwood
School of Chemistry, Whiteknights,
Reading, RG6 6AD, UK

Prof. Ludmila Audouin
Institute of Engineering Technology,
Paris, France

Prof, M, Anpo
Osaka Prefecture University, Osaka, Japan

Prof. M. Ghafari
Institute of marterials science,
Darmstadt University of Technology, Germany

Prof. M.P. Dudukovic
Director, Washington University at St. Louis,
Missouri 63130, USA

Prof, M.S. Swaminathan
Swaminathan Research Foundation, Chennai

Prof. Mahendra K. Sunkara
University of Louisville, USA

Prof. Mangala Sunder Krishnan
IIT, Chennai

Prof, Moti Lal
University of Liverpool, UK

Prof. Patrick Metzner
ENSICAEN University, France

L J—
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LECTURES /SEMINARS DELIVERED BY VISITORS

Title (8)
Glycosylation reaction kinetics
Cool nano structures: Directed assembly and new applications

The hydrogen bridge: Interaction without borders

Design of new molecular objects : A and logic in organic synthesis
Turning solids info materials : Chemistry plays a key role
The carboxylic acid as an effective director of ortholithiation

Above room temperature ferromagnetism in Mn doped ZnO

Nanomaterials for environmental remediation: Protection from toxic chemicals
and weapons of mass destruction

Ultra-high pressure as a mild synthetic tool: The IMDAF approach to phorbol
Ageing of polyethylene cables used in nuclear environment

New trends in the science and fechnology in TIO2 photocatalysis

Magnefism of iron nanoparticles
Advances in multiphase reaction engineering

Science and sustained agriculture

Bulk synthesis strategies for Inorganic nanowires, nanotubes and nanowire
Networks .

Quantum teleportation : A statistical model for EPR correlation

Molecular simulation dynamics of the solvation processes of nanoparticles in

supercrifical fluids

Chiral sulfoxides as efficient fools for the stereoccontrol of [3.3] sigmatropic
reanangements
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Speaker

Dr. Amish Joshi
National Physical Laboratory, New Delhi

Dr. Anand Bachhawat
Institute of Microblal Technology, Chandigarh

Dr. Anant Patel
Federal Agricultural Research Centre,
Brounschweig, Germany

Dr. Anthony D. William
University of Geneva, Switzerland

Dr. Anuradha Moulee
Tidinee Attomey, Baldwin Shelston Waters,
Australia

Dr. Atul D. Dhale
Michigan State University,
East Lansing MI, USA

Dr. Atul Deshmane
Chief Engineer, eTrans!T Solutions Inc.,
Bellingham, USA

Dr, Ayusman Sen
Department of Chemistry,
The Pennsylvania State Univ., USA

Dr. Chandrashekhar Verma
University of York, UK

Dr. Christophe Chassenielx
ESPCI, Parls, France

Dr. D. Ajitha
Department of Chemistry,
University of Lund, Sweden

Dr. Fabrice Odobel
Loboratfoire de synthese organigue,
Cedex 3, France

Dr. George Frater
Director, Research Centre,
Givaudan, Switzerland

Dr. Gopinathan Sankar
Royal Institution of Great Britain, U.K.

Dr. Jean Jenck
Rhodia, France

Dr. Jeevanandam Pethaiyan
Department of Chemistry,
Kansas State University, Manhattan, USA

Title (S)

Structure and superconductivity of R123 [R = Ho, Dy] and binary 1:2
compound

Glutathione transporters, drugs, and drug resistance: tapping the power of yeast
genetics

Formulation of biocontrol agents

Crganophosphorus compounds-versatile substrates in transifion metal-catalyzed
cross-coupling reactions and natural product synthesis

Validity and Interpretation of patent specifications

Recovery of glycols from agueous solufion via reactive distillation
Fuel cell applications engineering for cell phone

Polymer synthesis: From macro to nano

Computer simulation in modem molecular biclogy
Shear Induced gellification in amphiphilic polymers

Photodisscciation dynamics of alkyl halides
Electronically coupled porphyrin systems
Fragrant molecules related research chemistry

1. Spectioscopic charactenzation of heterogeneous catalysis: Fundamentals of
X- rays .

2. Spectroscopic characterization of heterogeneous catalysis: X-ray diffraction
and Scattering Techniques

3. ¥-ray absorption and X-ray photoelectron spectioscopy for catalytic
materials

4. Spectioscopic characterization of heterogeneous catalysis: X-ray absorption

Spectroscopy

Integrated multi-scale process design for sustainable chemical
technologies

surfactant coated magnesium oxide nanoparticles: Properties and applications
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Speaker

Dr, Jeff Kenvin
Scientist, Micromeritics Instruments Corpn., USA

Prof. Philip Cohen
Royal Society Research Professor,
University of Dundee, UK

Prof, Pramod Kale
Former Director. VSSC. ISRO

Prof, Pushan Ayyub
TIFR, Homi Bhabha Road, Mumbai

Prof. R. Dhamodharan
IIT, Chennai

Prof. R, Ramaswamy
Jawaharlal Nehru University, New Delhi

Prof, Rajendra Prasad
Jawaharlal Nehru University, New Delhi

Prof. 5. Ramakrishnan
Indian Institute of Science, Bangalore

Prof, Simeon Arseniyadis
Centre National De La Recherche
Scientifique, Gif Sur Yvette Cedea- France

Prof, Sudipta Seall,
| University of Ceniral Florida, Crlando, USA

1 Prof, Suresh C. Mehrotra
| Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad

Prof. Thomas Wirth
Cardiff University, U. K.

Prof. Vasundhara Singh
Thapar School of Engineering and Technology

Prof. W. Hoelderich

Dept of Chemical Technology

& Heterogeneous Catalysis, RWTH
Aachen, Germany

Prof. Y. Gnanou
Univ. of Bordeauyx, France

f Dr. M.K. Bhat, Scientist, Institute of
, Food Research, Norwich Research
|* Park, Norwich, UK

'\ v
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LECTURES /SEMINARS DELIVERED BY VISITORS

Title (S)

Catalysis, characterization using sorption and temperature programmed
fechnigues

Kinase Inhibitors : Drugs for 21st Century

Water

Understanding the size dependence of physical properties
Surface-Initiated living polymerizations under mild condifions

The dynamics and structures of finite atomic clusters

Mulfidrug resistance : an emerging threat

Melt transetherification polycondensation - A novel route o polyethers

Serendipity and farget driven methodologies: Synthefic strafegies towards selected
targets

Role of organics in nanomaterial synthesis and

Microwave induced polarsation In polar liquids and their mixtures

New chiral electrophiles: Challenges from selenium and lodine
Heterogeneously catalyzed reactions using US and MW

1. Fine chemical fransformation using heterogeneous catalysis: on the examples
of fragrances and. flavours

2. Development of a new caprolactam-process: catalyst design and process
engineering

3. Immobilization of chiral hormogeneous catalysts and their use for oxidation and
hydrogenation reactions

4. Oxidation reactions in the synthesis of infermediate chemicals using
Environmentally benign oxidants and the right reactor system

5. New heterogeneously catalyzed processes for environmentally benign and
sustainable chemical production

Polymer-based supramolecular structures for nancscale applications

Plant cell wall degrading esnzymes

ANNUAL REPORT 2003 - 2004

INVITED TALKS / LECTURES DELIVERED BY NCL SCIENTISTS

Invited talks / lectures delivered by NCL scientists

Fir. Vishwas Chavan

Biodiversity Informatics: A Quite Revolution,
International Workshop on Bioinformatics at
Karpagam Ars & Science College, Coimbatore,
March 18-20, 2004,

['r. M.V. Deshpande

Chitin  metabolising enzymes as a target for
fungicides, Brain storming session of CSIR NMITLI
programme, Bangalore, April 2003,

Novel approaches for the control of plant pathogenic
fungl and insects in agriculfure: entomopathogenic
fungi as mycoinsecticides, Instifute of Biological
control, Darmstadt, Germany, June 2003,

Dimorphism in fungl, Cardiff University, Cardiff, UK, June
2003.

Biochemical and molecular aspects of fungal cell wall
synthesis and dimorphic fransition in Benjaminielia
poftrasii. ISMPP. Jaipur, October 2003,

Biopesticides: a viable alternative for the
management of pests, NMU, Jalgaon, November
2003.

. K.N. Ganesh

DNA - Amine interacfions: From dendimers to
monolayers and nanoparicles, at IUPAC meeting on
Chemistry, Oftawa, Canada, August 13, 2003.
Conformationally Constrained PNA Analogues:
Design, Synthesis and Biological Evaluation, at
Department of Chemistry, University of Sheffield, UK,
August 29, 2003.

Direct binding of HIV-1 Tat to NFEB enhancer
sequence: Role in viral and cellular gene expression,
at Krebs Institute of Molecular Biology, University of
Sheffield, UK August 30, 2003,

DNA - Amine inferactions: From dendrimers tfo
monolayers and nanoparticles at 5" Cambridge
Symposium on Chemistry and Biology of Nucleic
Aclds, Queen's College, Cambridge, September 3,
2003.

Conformationally Constrained PNA  Analogues:
Design, Synthesis and Biological Evaluation, Royal
Society Discussion meeting on bioorganic chemistry,
September 5, 2003.

Collagen Structure and the tale of two prolines: 4-
Aminoproline Collagen, at Department of Chemisiry
and biomolecular crystallography, University of York,
UK, September 7, 2003.

Designed DNA and PNA analogues as building blocks
for functional nanopariicles Indo-Japan workshop on
Advanced Molecular Electronics and Bionics, held at

. 1 EN l)f

SELEX as a powerful tool to explore DNA-profein
inferactions: Applicafion to HIV tat interactions,
Intermational Conference on Emerging Frontiers at the
Interface of Chemistry and Biolcgy, Regional Research
Laboratory, Tivandrum, April 28-30, 2003.

DNA as o femplate receptor for organizing cationic
ligands: From monolayers o Nanoparticles & The tole
of two pralines and collagen structure: 4 Aminoproline
collagen, Deparment of Chemistry, IIT, Madras July 7,
2003.

Conformationally consfrained pyrroliodine PNA
analogs Lecture af Aurigene, Bangalore, July 9, 2003.
Genomics and Drug development, ICMR workshop on
Human Genetics for Students, LTM Medical College,
Sion, Mumbai, July 12, 2003,

DNA - Gold Composite Nanoparticles: Fabrication and
Potential Applications in Diagnostics, Nanotechnology
workshop, DelhiUniversity, Octolber 11, 2004,

DNA sfructure based drug design: (1) DNA sfructure
and Interactions with drugs and proteins and (2) DNA
andlogues and Antisense Chemotherapeutics
Workshop for College Teachers, JNCASR Bangalore
and FCBS, Trivandrum, Kottayam, November 17-18,
2003.

4-Aminoproline collagen: Synthesis and friplex
stabilities Lecture at Aurigene, Bangalore, November,
20, 2003.

Novel PNA analogues: Towards DNA/RNA hybridization
selectivity, Emerging Directions in Chemical Sciences:
JNCASR, Bangalore, November 26, 2003.

Dr. (Mrs) Vidya Gupta

Plant profeinase inhibitors and amylase inhibitors to
combat insect aftack on crop plants, Brain storming
session on Bioprospecting of genes, enzymes and
molecules af Department of Biotechnology, New
Delhi, June 12, 2003.

Molecular markers for conservation of biodiversity,
Refresher's course on medicinal plants, their
conservation and utilization at Botany Department,
University of Pune, November 17, 2003.

Molecular markers: A concept, Series of Lectures in
Biotechnology and Bioinformatics organized at
Bioinformatics Centre, University of Pune, December
10,2003,

Non-host plant proteinase inhibitors for acguiing
insect resistance in host plants, Lead lecture at XXVII
All India Cell Biology Conference and International
Symposium-Frontiers In Biomedical Research and
Technologles at University of Pune, January ¢, 2004
Increasing efficiency of chickpea productivity,

Invited lecture at University of Agricultural Sclences,
Dharwad, February 17, 2004,
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INVITED TALKS / LECTURES DELIVERED BY NCL SCIENTISTS

Potential of molecular marker tfechnology in wheat
improvement invited lecture ot Punjab Agricultural
University, Ludhiana during workshop on integrating
molecular markers technology with wheat
improvernent, March 13, 2004,

Dr. M.K. Gurjar

Can Chiral Drug Development Improve Indian
Phamaceuticals Performance at IDMA- TIA Seminar
on "Role of Technology 1o meet WIC Challenges”,
Murmbai, August 30, 2003.

Chiral Drug and fis benefits in Seminar on Emerging
Trends in Organic Synthesis at MS University Baroda,
October 12, 2003,

Emerging Trends in Chemical Sciences in New
Milleniurmn at Symposium on, Shivaji College, Amravati,
February 5-6, 2004,

Dr. (Mrs) S.F. Joshi
Metnods in Extraction, Isolation, Separation and
Identification at UGC sponsored Refresher Course In
Life Sciences for feachers in College and University

Departments with the theme Medicinal Planfs their '

Conservation and Utilization; at Botany Department,
Pune University, Novernber 11, 2003.

Dr. F.A. Joy

Two lectures on Recent Trends in Applied Physics, af
the ISTE-AICTE Short Term National Level Training
Programme af Vishwakarma Institute of Technology,
pune, forengineering college teachers, May 2003,
Current frends in magnetic materials, in the national
symposium on current frends in chemical research,
Guwahati University, February 27-28, 2004,

Dr. S. Krishnan
Biodiversity Informatics; Challenges and Potential at
the regional head's meel, Zoological Survey of India,
Pune, December 2003,

Dr. B.D. Kulkarni
Chemical engineering education and research: new
challenges HL Roy Memorial lecture, at IChE annual
congress in Bhubaneswar, December 19, 2003.
Process infensification strategies R Tripathi Memorial
lecture at Chemn Engg Dept at Banaras Hindu University,
August 8, 2003, ‘
Global challenge in Chemical engineering PS Murthy
Memorial lecture at ICT, Hyderabad, January 10,
2004.

Dr. (Mrs) R.S. Nadgauda

Tissue Culture of Medicinal Plants, aof Sinhagad
College of Pharmacy., Pune, November T8;
2003.

Tissue Culture Techniques, in o programme’Face 1o
Face with Scientists' organised by Maharashtra
Academy of Sciences and Bal Vidnyan Chalwal,
Pune, December &, 2003,

1Y

Dr. A.A. Natu
Applications of GC MS, S.D. R & D center Tarapur,
Mumbai, August, 2003,
Fundamentals of Combinatorial chemistry, Ruia
College, Mumbai, September, 2003.
Application of hyphenated tfechnigues Ananalysis
HEMRL, Pune September, 2003.
High through put screening and natfural product
processing, IHBT, Palampur, Septermber, 2003.
Combinatorial Chemistry present and future
perspectives, Reliance Life sciences, Mumbai,
September, 2003,
Leadership in Phama R&D. CDRI, Lucknow, December,
2003.

Mrs. V. A. Parasharami
Plant Tissue Culture Technigues in a programme "Face
io Face with Scientists' organized by Maharashira
Academy of Sciences, at Dnyan Prabodhini, Pune,
December 13, 2003,

Dr. V.R. Pedireddi
The Hydrogen Bond: Wonders and Miracles in
Chermistry and Biclogy, RSC-West India Section- Young
Scientist Cologuium: Mumibai, October, 30, 2003,

Dr. Pradeep Kumar
Enantioselective synthesis of bioactive molecules af
institute of organic Chemistry, University of Tuebingen,
Germany, Novermber 4, 2003,

Dr. Rajiv Kumar :
The “Prof. Rajadhyaksha lecture” at University Institute
of Chemical Technology, Mumbai, August 22, 2003,

Dr. C.V. Rode
Two lectures on Nanoparticles in cotalysls: Activity
enhancement and selectivity tuning and Supercritical
carbon dioxide: Altemative medium for sustainable
technologles at Ruia College, Mumbal, October,
2003.

Dr. S. Sivaram
Building Industry R&D Relationships: Perspectives from
NCL, BASF R&D Siver Jubilee Celebration, Mumbdi,
April 2, 2003.
Towards a Sustainable World of Materials @ Leaming
from Nature, Invited Lecture, Technology Day Function,
My/s. Pidilite Industries Lid., Murmbai, May 12, 2003.
Terminal Hydroxyl Functionalized Poly(Methyl
Methacrylate)s By Living Anlonic Polymerization !
Synthesis And Applications, Invited Lecture In
Infernational Symposium “lonic Polymerization '03"
Boston, USA, July 3, 2003.

Self Assernbly in Macromolecular Systems: Functional
Polymers and Polymer Surfaces. Invited Lecture,
Infemnational Symposium, “Visions in Macromolecular
Engineering: The Akron Legacy”, University of Akron,
USA, July 7, 2003.

ANNUAL REPORT 2003 - 2004

The Impact of Nanofechnology in Macromolecules:
Approach to Novel Functional Materials, Professor N.R.
Kamath Memorial Lecture, University of Mumbai,
September 8, 2003,

Chemical Sciences Group of Laboratories in CSIR: An
Overview, Julich, Germany, September 16, 2003,
Chemical Sciences Group of Laboeratories in CSIR : An
Overview, Berlin, Germany, September 19, 2003.
Paolymer Chemistry for the Design Of New Materials,
Invited Speaker, International Symposium on
"Emerging Directions in Chemical Sciences”, ISc.,
Bangalore, Novermnber 26, 2003,

Novel Metals And Ligands, Inde-US Conference on
Recent Advances in Organo-metallic Catalysis and
Olefln Polymerization, Chennai, December 12, 2003,
Preparation of Polymer-Layered Silicate (PLS)
Nanocomposites by in-sifu infercalative
polymerization, Asian Paints Pagma Bhushan Dr. RA.
Mashelkar Medal and Distinguished Speakership
Award Endowment for Innovators and Science
Leaders, IIChE, Bhubaneshwar, December 20, 2003.

Chemical Sciences: Opportunities and Shategies,
Lecture delivered at CSIR Annual Business Meet 2004,
NCL, Pune, February 20, 2004.

Towards A Sustcinable World of Materials: Leaming
From Nature, Science Day Lecture delivered at High
Energy Materials Research Laboratory, Pune, February
28, 2004.

Terminal Hydroxyl Functional Poly(methyl
methacrylate)s by Living Anionic Polymerization
Synthesis and Applications, Invited Lecture in the
Internatfional Symposium on “NT-IT-BT and Polymer”
(Nano Technology Information Technology  Bio
Technology and Polymers), Depariment of Materials
Science & Engineering, KJIST, Kwangju, Korea, March
3-4,2004.

' Dr. S. Sivasanker
A plenary lecture at National Environmental

Engineering Research Instifute, Nagpur, August 22,
2003,

| Dr. C.G. Suresh

The catalytic diad, self-proteolysis and other features
of astructural superfamily of proteins called - tferminal
nucleophile hydrolases in “"National
Symposium on Emerging Trends in Bioinformatics”
held at University of Pune, December 18, 2003

| Dr. A.J. Varma

Green Polymers for Future Generations organized by
All-India Plastic Manufacturers Association and MIT
Pune, March 4, 2004

Jhe.
W PIVELSIty S
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__ APPENDIX

CONFERENCES/ SEMINARS/ WORKSHOPS ORGANISED MAJOR AWARDS

Major awards

Conferences / seminars / workshops organised

CSIR Technology award (2003)

30-04-2003: Symposium on "Advances in Polymer
Sclence” in honour of Dr, S.F Vernekar, Head, Polymer
Chemistry Division on the eve of his superannuatio

30-05-2003: Symposium-on “Cafalysis Research
in India: some highlights® in honour of Dr AV.
Ramaswamy, Head, Inorganic & Catalysis Division

onthe eve of his superannudtion
XXXANE

4 ey nal §
18 & 19-07-2003: Combinatforial Technigues in " ' I .mcmi“ar

Drug Discovery w 51 ““‘Jrﬂphy

19 & 20-09-2003: Royal Sociely of Chemistry
Students Symposium

3-11-2003: POST NOST Infematfional Sympaosium in
Organic on “Recent Developments in Organic
Chermistry Dr P.P. Wadgaonkar receiving the award on behalf of the team
8-10 Jan 2004: XA National  Seminar on

Crystallography Aprocess for manufacture of 1,1',1"-Tris(4-hydroxyphenyl) ethane (THPE) ) developed by Polymer Chemistry and Process Development

Divisions of National Chemical Laboratory, Pune bagged ihe CSIR Technclogy Award. The project team includes: Dr. S. Sivaram, D,
C.V. Avadhani, Dr. S. Chakrapani, and Dr, PP Wadgaonkar from Polymer Chemiistry Division and Dr. 8. Devotta, Dr. V.R. Ranade, Dr. G.R.
Venkitakishnan, Mr. S. Gopichand, Mr. H.G. Jogelkar, Mr. AR, Joshi, Mr. R.S. Kamik, Mr. V.G. Kulkami, Mr. Nandkishore, Mr. A V.,
Palghadmal, Dr. M.G. Parande, Dr. M.S, Qureshi, Mr. M.B. Unde and Dr. J.G. Wadkar from Process Development Division,

19-22 Jan, 2004: Science & Engineering Research
Council School ot NCL

2 & 3 Feb 2004: Workshop on Organic Synthesis
Directed towards Chemical Biology & Chemical
Genetics

CSIR Young scientist award (2003)
15-3-2004: InnoCenfive Annual Conference on
“Innovation in Chemical & Biological Sciences”

Conference on

Innovation in Chemical and Biologicz
15 March 2004 WL PN

Dr. CV Ramana of Organic Chemistry (Technology) Division of Dr. Upendra Natarajan of Polymer Chemistry Division of National
National Chemical Laboratory, Pune received the CSIR Young Chemical Laboratory, Pune received the CSIR Young Scientist
Scientist Award in Chemical Sciences for his work on “The Award in Engineering Sciences for his work on “Molecular
studies of the synthesis of natural products important to simulation and modeling studies to understand the
medicine and synthesis of daesigner molecules”. conformational properties and chemical structure-property

relationships in industrially relevant synthetic pol\/mers".
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OTHER AWARDS/ RECOGNITIONS | MEMBERS OF BOARD OF DIRECTORS OF INDUSTRIES

. Members of board of directors of industries
|

Other awards/ recognitions

OF PHARMACEUTICAL PRODUCERS OF

IUAL

Dr S Sivaram
B Asjan Paints Ltd., Mumbai
¥ GMM Pfaudler Ltd., Mumbai

Vishwakarma Medal (INSA)

Vice-President of the Indian National Science

Academy
Chemcon Distinguished Speaker Dr. S. Sivaram Dr Paul Ratnasamy
Asian Paints Dr. RA. Mashelkar Medal and ¥ Hindustan Organic Chemicals Ltd., Mumbai

Distinguished Speakership Award for

Innovators and Science Leaders, IICHE %
Dr MK Gurjar

Dr. Paul Ratnasarmy ¥ Emcure Pharmaceuticals, Pune

Srinivasa Ramanujon Research Professorship
by the Indian Natfional Science Academy

. ¥ Cipla, Mumbai

CSIR Bronze Medal Dr. K. Vijayarnohanan
Organisation of Pharmaceutical Producers of Dr. S.P Chavan Dr RV Chaudhari
Indici (OPPI) Scientist Award | ¥ Bilcare Ltd, Pune

| ;
Plastic Udyog Ratna Award Dr. R.P Singh |

Dr AA Natu

INSA Medal for Prof. T.R. Seshadri 70" Birth A .
Annivetsary Commenmoration Meda Dr. Ganesh Pandey ¥  Tonira Pharma, Vadodara

Vasantroo Naik Sccial Forestry Award Dr. (Mrs) Rajani Nadgauda Dr. (Mrs.) R.D. Wakharkar

Associate Member of IUPAC Division of Dr. KN, Ganesh ¥ Bakul Finechem Research Centre, Mumbai
Organic and Biomolecular Chemistry l

IUPAC National Committee Dr. Murcli Sastry

. 7 2003 - 2004
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Editor/ editorial board members of journals

Dr. Anil Kumar

* Indian Journal of Chemistry Section A, NISCAIR (CSIR), New Delhi
Editor (Chemistry), Proceedings of The National Academy of
Sclences (India), Alahabad

Dr. M.V. Deshpande
' Indian Jourmnal of Mycology and Plant Pathology, Ingian Society
of Mycology and Plant Pathology, Udaipur

Dr. K.N. Ganesh
Indian Journal of Chemisiry Section B, NISCAIR (CSIR), New Delhi

Dr. (Mrs) Vidya Gupta
* Plant Cell Biotechnclogy & Molecular Biology, Society for Biology
and Biotechnology, Salem

Dr. M.K. Gurjar

I Associate Editor, Synthetic Communications, Marcel Dekker, USA
Carbohydrate Letters, Harwood Academic Publishers, Paris,
France

Organic Process Research & Development, American
Chemical Society, USA

Dr. B.D. Kulkarni

Chemical Engineering Sclence, Pergamorny Elsevier, UK

7 Industricl and Engineering Chemical Research, American
Chemical Society, USA

Dr. (Mrs) Rajani Nadgauda

Plant Cell Biotechnology & Molecular Biology, Society for Biology
and Biofechnology, Salem

Physiology & Molecular Biology of Planfs, Lucknow

Dr. S. Pal

Bocard of Advisors, Springboard, Inc. (Engineering education),
USA

International Joumnal of Molecular Sciences, MDP International,
Switzerland

Joumnal of Chemical Sciences, The Indian Acodemy of
Sciences, Bangalore

Dr. Rajiv Kumar
Applied Catalysis A: General, Elsevier, The Netherlands
Bulletin of Catalysis Society of India, Chennai

1 i

END .

EDITOR/ EDITORIAL BOARD MEMBERS OF JOURNALS :

Dr. Paul Ratnasamy
Applied Cafalysis, Elsevier, The Netherlands

1 Catalysis lefters, Kluwer, USA

Catalysis Surveys from Asia, Kluwer, USA

1 CATTECH, Kluwer/ Plenum, USA

Journal of Catalysis, Elsevier, The Netherlands

' Microporous and Mesoporous Materials, Elsevier, The

Netherlands
Topics in Catalysis, Kluwer, USA

Dr. Murali Sastry

! Associate Editor (Asia), Applied Nanoscience, Open Mind

Journals, Auckland, New Zealand

i Joumnal of Biomedical Nanotechnology, American Sclenfific

Publishers, USA
Joumal of Colloid and Inferface Science, Elsevier, The
Netherlands

Dr. 8. Sivaram
Bulletin of Materials Science, The Indian Academy of Sciences,
Bangalore '

* Designed Monomers and Polymers, VSP Infernational Science

Publishers, The Netherlands
Indian Journal of Chemical Technology, NISCAIR (CSIR), New
Delhi

- Journal of Scientific and Industrial Research, NISCAIR (CSIR), New

Delhi

International Journal of Polymeric Materials, Gordon and Breach
Publishers, New York, USA

Journal of Polymer Materials, Oxford and IBH Publishers, New
Delhi

Journal of Chemical Sciences, The Indian Academy of
Sciences, Bangalore

* Regional Editor for India, Polymer Intemational, Soclety of

Chemicallndustry, UK

Dr S. Sivasanker
Catalysis Surveys from Asla, Kluwer, USA

Dr. (Mrs) V.S. Tare
Joumal of Environmental Biology, Triveni Publishers, Lucknow
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NCL research foundation

ne Nafional Chemical Laboratory Resecrch Foundation (NCL
RF), a non-profit organization was established in 1991 with @
rnission to promote excellence in science and technology and
oulld an environment in which everyone in NCL strives 1o
improve thelr scientific, fechnical and R&D support skills and
raach higher goals in R&D activity. It cims of bringing creative
research, knowledgebase cnd innovative fechnologies info
clear focus that NCL considers important for the furtherance of
the goals in science andtechnology.

NCL-RF has the primary aim fo mofivate and recognize the high
level of tfeam and individual efforls of scienfists, engineers,
technologists, research students and support staff af NCL for
their contributions in “advancement of knowledge and in
applying chemical science for good of the people” by way of
sclentific research and innovations.

A corpus fund made up of confributions from  private
organizations and individuals interested in NCL's progress and
welfare has been created and the eamings from the fund are
used to further the objectives of the Foundation. The The NCL RF
recognises the contribufion of NCL scientists through institution of
various awards such as, NCL Foundation Day awards, National
Science Day awards and National Technology Day awards fo
promote excellence in basic science, applied researchleading
to commerclalisation of technology, new initiatives in the R&D
support systems, fo recognize unusual mertt in individuals from
the scientific and supporting staff and fo promote the safety
culture in the laboratory. Besides, it also organises various
speciallectures in memory/ honour of former NCL Directors.

The NCL Research Foundation has been registered as a public
frust and is managed by a Board of Trusteas. This Trust has been
granted an exermplion under the U/S 80G of the Income tax act
1961 toenable it o receive donations.

NCL RF is ¢ unigue experiment in public private parinership fo
encourage all round excellence in all endeavours in the
loboratory. It is managed through an independent Board of
frustees as a private fund within a public body. It brings fo its
activities a high level of fransparency and accomplishments as
well as peer-groups participation in all decision making.

Objectives of the foundation

' To give awards to fthe teams of NCL scientists,
engineers and technologists for scientific  Innovations
or development of commercial technologies of
international class. The work must representa high  level  of
eam effort.

To give awards, institute fellowships or scholarships,
stipends, remuneration and/or other similar payments
to NCL sclentists and research scholarsfo facilitate t h e i r
undertaking a high level of scientific and
technological research in the area of Interest to
NCL.

To establish and support professions, fellowships,
lectureships, scholarships and prizes.

To award scholarships and fellowships and grants to NCL
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scientists and research scholars by way of loan and
otherwise and on such terms and conditions, as the trustees
may think fit for the purpose of undertaking, prosecuting
and encouraging research work in Chemistry, Chemical
technology, Chemical engineering, Biclogical sciences
And other branches of sciences of interest to NCL,

To encourage and support parficipation by NCL scientists
and research scholars in the conferences and seminars
abroad for activities relating to the research areas of interest
ToNCL

To print, publish and exhibit or subsidies the publication of
any pamphlets, or posters relating to the research done by
NCL scientists and research scholars.

To provide for, educate and frain NCL staff or other institutes
in India or abroad fo enable them to Manage research
and otherinfrastructural groups effectively.

! To devise incentive schemes, or reward systems for the

supporting staff belonging fo administration, finance,
purchase, marketing and other related sections, so that
they can effectively confribute towards the attainment of
laboratory's R&D godails.

 To promote, develop and improve scientific exchange of

knowledge as well as fechnical cooperation between
research institutions having objects similar fo that of the
foundation.

I To do all acts, matters and things as are incidental or

conducive 1o the affainment of the above aims and
objects orany one ormore of them.

To takeover or amalgamate with other charnitable society or
frust with similar objects.

Board of trustees

The Board of Trustees consists of members as given below
and such other persons as may be appoinfed from time 1o
fime.,

Director, NCL - Ex-officic member &
Chairman

Chairnan, Research Council, NCL - Ex-Officic
member

¢ Director, MUDCT - Ex-Officio memiber

f Two senior most divisional Heads, NCL - Ex-Officio

members

Coniroller of Administration / AQ, NCL - Ex- Officio
member.

! Senior Finance & Accounts officer / F&AO, NCL - Ex-Officio

member
One Research Council member

One representative from industry
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For enhonclng the prestige of NCL through a paper "Cao™ -Keggin
colloidal particles as templates for the growth of star-shaped
calcite crystal assemblies” which was highlighted in the cover

page of “Langmuir”

Dr. Murali Sasiry
Dr. 5. R. Sainkar

Rs. 5,000/-

+ Certificate of

Mr. D. Rautaray

Commendation

For enhancing the prestige of NCL through a paper

A raticnal study of crystal engineering of

Dr. V. R. Pedireddi
Mr. K. . Arora

Rs. 5,000/-

+ Cerlificate of

Director's Commendation Award

Director's Commendation Award

For his intiative towards developing conductivity prolbes

and associated signal conditioning unit which has
resulted in the development of two professional

grade V-probe units for NCL

— —— P————
. | =
> gl
8E ES
=2 £
L2 = e
oE o*
- =
5§ 62
BG | ot
29| £3
Ue =
bH =0 E-B‘cr:
e | O-go
o
a0 =N
il G [G1 = e
'_;O|CEZ‘
55T 8063
T3E| 255
=T 3 D
8,598 322
E=s'| 0O~
6= | o0
200 cobl
oL o e
= 0=
SgQ ©¢
3882 567}
U*—ﬁ.c}@
05 =£05
ool 890
E%O .CC'U
ONQ Fg5°
5CE| .5
5@ o Qg
a0 £ | L O+
| &
| Q
£ ”
o] c [}
| E'gg.g.: =
" oo0loEcsTO._28L
w>'>'_ECUU|:-I=CE:_°--c
‘EgogccooﬁgggE
>0f =582 5925%
By = ed ; : :
| BaEE LB RS
SOHESEadd S d 4>
| oad s et am oAt e o at oAl gnoad Al ot
SE0O=SAO=Z=0===0=2=22
c iy ©
O 0T O
= o} 5=
9] Lo
i} D ©
=y ‘-—oC
@ S=0
£ 8E £
- @
£ ~ O E
O - (@]
Q o + 0

Director's Commendation Award

Mr. V. V. Borkar
(PSE Group)

Rs. 5,000/-

Individual Merit Award

+ Cerlificate of Merit

For his intiative towards follow up with the MSEB to get

electricity metering as per power consumption in

Mr. R. P Purandare

Rs. 5,000/-

Individual Merit Award

+ Cerlificate of Merit |

MERADO & thereby improving the power factor from
0.9 1o 0.95. He was ably assisted in this fask by

(Engineering Service Unit)
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For his inifiafive in planning and execution of activities

Mr. A. V. Mahajan

.
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related to civil and interior work and thereby completing

the renovation of NCL Guest House in g

record time. He was ably assisted in this task by
Mr. S, M. Mane & Mr. Jaipal Singh

(Engineering Services Unit)
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Keerthi Sangoram Memorial Endowment Award for Best Research Fellows

I. Best Papers

Area Best Research Scholar Guide Award
of the Year-2003

Physical/Material Mr. Joseph Joly V.L. Dr. P A Joy Rs. 1,250/~ +

Sciences Citation

(Shared Jointly) Mr. Saikat Mandall Dr. Mural Sastry Rs. 1,250/~ +
Citation

Chemical Sclences Mr, Anirban Kar Dr. Narshinha P Argade Rs, 2,500/ +
Citatfion

; ; i Rs. 2,500/- +

qutogwal santosh Ramvilas Viyas Dr. Anil H, Lachke Chiation /

Sciences

Engineering : Rs. 2,500/- +

oAk o Mr. Prakash S, Shelokar Dr. B. D. Kulkarni Caion

I1. Dr. Rajappa Prize Award for the Research Students

For the research Rs. 1.000/- +

paper in Organic Ci;rofli P

Chemistry with the Mr. Nagendra K. Sharmma Dr. K. N. Ganesh

highest impact

factor

III. Best posters
Biochemical sciences

Biosynthesis of polyhydrosybutyrate and its copolymer by
Bacillus Sp., D. Rehiniand S.K. Rawal

HIV-1 Is a DNA binding transcription factor: role in viral and
cellular gene expression, Dineshkumar H. Dandelkar

Catalysis

Synthesis of silica functionalised sulphenic acid-groups for acld

catalyzed reactions, S. Shylesh. Surendran Parambadath,
Shrikant S, Bhoware and AP Singh

Chemical engineering & process development

Optimization of bilayer polymeric actuator design, S.
Radhakrishnan and Swarmendu B. Kar

Small world behaviour of complex reaction networks, Jainy
Kurickose, Anandarmohan Ghosh, V. Ravi Kumar and B.D.
Kulkarmi

Organic chemistry

Towards the design of a perfect catalyst for Pinacol coupling of
Ketones, Anamitra Chatterjee

Total synthesis of LG-2/LG-20: A Galactosyimaltotisaccharides,
Mukund K. Gurjar, Bhargava Kand C.V. Ramanad

Enantioselective tofal synthesis of (-)-Galantinic acid, Safyendra
Kumar Pandey and Pradeep Kurnar

Physical & materials chemistry

Electrochemical detection of 14 consecutive Single Electron
Charging Steps of 4mm sized Au nanoclusters: Experimental
verification of size dependent Kubo Gap, Nirmalya Kumar
Chaki, Bhalchandra Kakade, S. Mahima, Jadab Sharma, 1.S.
Mulla, Renu Pasricha and K. Vijayamohanan

Polymer science
Nifrogen- and Oxygen-containing ansa-Fluorenyl Group IV
Metal Complexes: Synthesis and Application as Efhylene

Polymerization Catalysts, A. Rajesh, TP Mohandas and S.
Sivaram
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Dateline NCL
The national technology day

(11 May, 2003): NCL celebrated The Natfional Technology
Day by organizing Prof. B.D. Tilak memmorial lecture. Prof. M.S,
swaminathan, FRS, UNESCO Cousteau Chair in
Ecotechnology & Chairman, M.S. Swaminathan Resedrch
Foundation, Chennai deliverad the Prof. B.D. Tilak memorial
lecture on 41h August 2003. In his speech on “science and
Sustained Agriculture Progress” Prof. Swaminathan urged 1o
foster an ever-green revolution bosed on principles of
ecology, gender and social equity, ecocnomics,
employment generation, and enetgy conservation,

Prof. K. Venkataraman memorial lecture

(19 August, 2003): Prof. Goverdhan Mehta, Director, Indian
Institute of Science, Bangalore delivered the second Prof, K.
Venkataraman Memorial Lecture on “Design of new
molecular objects: art & logic in organic synthesis”.

Hindi week

(8-15 September, 2003): NCL observed “Hindl week” by
ofganising vdricus competitions for staff members, fo
promote the use of Hindi in their day-fo-day work, were
organized during the week. “NCL Alok’, a Hindi Annual
Bulletin was also released.

CSIR foundation day

(27 September, 20083); Prof. SK. Joshi, former Director
Generdl, CSIR delivered CSIR Foundation Day lecture on
*CSIR: 60 Years Behind and 60 Years Anead”. Looking atthe
past of CSIR, Prof. Joshi said these sixty years had been very
eventful and turoulent for CSIR. Prof Joshi also eloborated on
his perspectives of CSIR forthe nexi 15 years.
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DATELINE NCL

Prof. J.W. McBain memorial lecture

(7 October, 2003): Prof. Ajay Sood, Department of Physics,
Indian Institute of Science, Bangalore delivered the third Prof
JW McBain memorial lecture on “Carbon Nanotubes:
Paradigm for New Science and Technology”.

A
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Vigilance week

3-8 October, 2003): NCL observed vigillance weekto create
awareness among the staff members. The events like essay
writing and debate contest on "Advantages of fransparency
in official dealings” and “Whether anfi-coruption measures
adopted by Government machinery are adequate fo dedl
with unethical activities by anfi-social elements”,
respectively, were organized fo make members of the sfaff
aware about the rules and regulations which required
attention as also the transparency in day-to-day work. The
programmes were well attended. Shii V.M. Bhandari, Supdt.
Engineer, Vigilance & Quality Control, PWD Office addressed
the staff members. The falk was informative and well

appreciated.

VIGILANCE AWARENESS WEEK

3 B WOV T3

T T T AN MK LARAATORT, i

Nobel evening 2003

(16 October, 2003): CRSI (Pune Chapter) organized a Nobe!
Evening 2003 at NCL. Presentations were given by NCL
scientlsts on the Nobel Prizes winning work in Chemistry,
Physics and Physiology & Medicine,

CPYLS

(13-14 November, 2003): NCL being a coordinoﬂn_g
laboratory fo implement CSIR Prograrmme 0N CPYLSl in
Mcharashtra organised a two-day d counseling session
and lectures.  About 100 meritorious students

accompanied
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with  their feachers and parents parficipated in the
programme, Besides, about 300 invited students of class Xl
and Xl from local schools also affended the inaugural
session of the function, Prof. Arvind Gupta from Inter-
University Centre for Asfronomy and Astrophysics (IUCAA),
Mukiangan Science Centre, Pune delivered a keyncte
address on “fun of science”. Ms. Gayatri Natu and, Mr. Nirgj
Deosthali, who are pursuing their career in natural science ot
IIT Kanpur and Ruparel College, Mumbai, respectively, and
were participants of CPYLS counseling programme at NCL
held in 2000, were conferred under-graduation level CSIR
Student Associateship.

INSAAGM

(27-28 December, 2003): NCL organized 6%9th Anniversary
General Meeting of Indian National Science Academy
(INSA). DrR.A. Mashelkar, Director General, CSIR launched e-
Journal portal of the INSA.

NCL foundation day

(3 January, 2004): Professor Madhav Gadgil, Centre for
Ecological Sciences, Indian Instifute of Science, Bangalore
delivered the NCL foundation day lecture on "Engaging
people in conserving nature”. NCL celebrated ifs fifty-fourth
foundation day on 3rd January, 2004, Several NCL Research
Foundation awards including scientist of the year award,
technology of the year award, highest industrial eaming
award and individual merit award were given away by Prof,
Gadagil.

Invited lecturer

(27 January, 2004): Prof. Philip Cehen, FRS, FRSE, Director of
Medical Research Council Protein Phosphorylation Unif,
Director of the Wellcome Trust Biocentre and Director of
Research at School of Life Sciences, University of Dundee,
Scotland (UK) delivered a talk on “Kinase inhibitors: Drugs for
21stCentury”.

Dr. L.K. Doraiswamy lecture
(17 February 2004); Professor Frederick J. Krambeck, Johns
Hopkins University, Whiting School of Engineering. USA

delivered Dr. LK. Doraiswamy Lecture in Chemical
Engineering on "Glycosylation Reaction Kinetics”,
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DATELINE NCL

National science day

(27-28 February, 2004): The student community of NCL
organised a two-day programme fo celebrate the Natfional
Sclence Day. The programme included poster
presentations by Research Students, Presentations by CSIR
Young Scientist awardees, Keerfi Sangoram Awardees in
Chemical Sciences, engineering sciences, physical &
Material Science and Biological Sciences, and by Dr.
Rojappa awardee for Research Paper in Organic Chemisiry.
About 150 posters were displayed by the research students
covering the chemistry, and dllied sciences. Prof Ashoke
Sen, FRS, Harsh Chandra Research Institute, Allahckcad
delivered ¢ Science Day Lecture on “Search for a Unified
Theory”.

National safety day

(10 March, 2004): Varlous programmes like fire-fighting
demonstration, presentation of safety plan for 2004-05 by
Chairman, Safety Committee, film-show on Chemical & Fire
Safety were organised. A special talk by Dr. T. Rojgopal,
Corporate  Medical Advisor, Hindustan Lever Limited,
Mumbai on "Occupational Health, Safety & Environment
Managemeni in a chemical laboratory” was dlso
organised. Safety conveners of various Divisions presenfed
their divisioncl safety reports.

Dow endowment lecture in honour of Dr Paul

Ratnasamy
(11 March 2004): Prof Wolfgang F. Holderich, Director,
Chemical Technology and Heferogeneous Catalysis,
University of Technology, RWTH Aachen, Germany
delivered the first Dow Endowment lecture in honour
of Dr Paul Ratnasamy, former Director of NCL  Prof.
Holderich spoke on "New Heterogeneously
Catalyzed Processes for Envionmentally Benign and
Sustainable Chemical Production'.
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Committees

Scientists, in addition to their researeh and development functions, also give their valuable time for effectivly managing
various activities in the laboratory. The commitlees are charged with the responsibility of effective utilisation and
management of available resources and to ensure wider participation of scientists and staff in decision making in the

laboratory.

Statutory cormmittees

Commitiee

Building and construction commiftee

Canteen affalrs commitiee

Colony affairs committee

Compassionafe appointment committee

Confirmation and probation committee

Grievance commiftee

Information and library commitiee

ISTAG committee

Medical services committee

Normalisation committee for APAR grading
for technical officers in group 1il)

Official language implementation commiftee

Patents committee

Staff quarter allotment committee

Standing committee for recommending
distribution of income from infellectual property,
fee for contract R&D and S&T

Standing commitiee on laboratory safety

Standing disposal committee

Standing purchase committee - |

Standing purchase commiftee - I and

sub-committees of standing purchase committee
Wirite-off committee

Institutional/ ad-hoc committees

Committee

Acvisory committee for center for matericls
characterisation
Committee to advise the director on the aspects

relating fo upkeep, maintenance and upgradation

of NCL guest house
Committee to examine comprehensively the

future communications and conferencing needs of NCL

Commiftee to examine holistically the curent

and future needs of NCL's informatien fechnology resources

Committee to priortise major equipment
purchase from CSIR/ laboratory reserve funds
Coordinating cormmittee for central NMR facliity

Human resource development and
management committee

Monitoring committee on stores management

Student affairs committee

.

Chairperson

Dr. PV. Roo

Dr. C.R. Rajan

Dr. M.K. Gurjar

Dr, B.D. Kulkami

Dr. R.V. Chaudhari
Dr. K.N. Ganesh

Dr. M.G. Kulkarmi

Dr. RV. Chaudhari
Dr. (Mrs) Vidya Gupta
Dr. B.D. Kulkarni

Dr, S. Sivaram

Dr. RV. Chaudhari
Dr, B.D. Kulkamni
Dr. B.D. Kulkarni

Dr. 8. Sivaram

Dr. RV, Chaudhari
CoA

Dr. Ganesh Pandey/

Dr. D.V. Gokhale
Dr. R.A, Joshi

Chairperson
Dr. RV. Chaudhar

Dr. § Devotta

Ms. Neelima lyer
Dr. V. Premnath
Dr, K.N. Ganesh

Dr. K.N. Ganesh
Dr. S. Sivaram

Dr. M.G. Kulkarni
Dr. K.N. Ganesh
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Research council

~ APPENDIX

RESEARCH COUNCIL

up to 31" December, 2003

Chairman

Prof. M.M. Sharma,

Kothari Research Professor,
Former Director, UDCT,
Mumbai 400 071,

Members

Dr. Joseph Thomas,
Director,

SPIC Science Foundation,
Chennai 600 032.

Prof. B. Viswanathan,
Department of Chemistry,
Indian Institute of Technology,
Chennai 600 036.

Dr. Biman Bagchi,

Solid State & Structural
Chemistry Unit,

Indian Institute of Science,
Bangalore 560 012.

Mr. C.N. Trivedi,
Executive Director,
Gas Authority of
India Limited,

New Delhi 110 016.

President,

Indian Chemical
Manufacturers Association,
Mumbai.

Director,
Central Salt & Marine
Chemicals Research Institute,

Dr. Animesh Chakravorty, Bhavnagar 364 002,
INSA Research Professor,
Department of Inorganic Dr. S. Sivaram,
Chemistry, Director,
Indian Associate for NCL
Cultivation of Science,
Kolkatta 700 032. DG's Nominee
Director,
Dr. M. Gunapaihi. Cenire for Biochemical
Incharge Atomic Plant, Technology,
Reliance Petroleum Lid., Delhi 110 007.
Jamnagar 361140.
- 4
Member Secretary
Dr. K.N, Ganesh,
Head, :
Organic Chemistry (Synthesis) Division,
NCL

N
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_APPENDIX

RESEARCH COUNCIL

~ APPENDIX

MANAGEMENT COUNCIL

(1.1.2004 to 31.12.2006) Management council

Chairman

Prof. M.M. Sharma

2/3, Juoswant Baug, Behind Akbarallys,

VN Purav Marg, Chemibour, Mumbai 400071.

Indian Institute of Science,
Bangalore 560 012.

. Prof. Ajay Kumar Sood
Chairman,
Department of Physics,
Indian Institute of Science,
Bangalore 560 012,

Prof. M.S. Ananth,

Director,

Indian Institute of Technology,
Chennai 600 036.

Dr. K.V.S. Rao

Head, Immunology Group,
International Centre for Genetic
Engg. & Biotechnology,

ICGEB Campus, Aruna Asaf Ali Marg,
New Delhi 110 067.

Shri Sujit Banerjee,

Senior Vice President, (Polymer)
Planning Research and Business
Development, RIL, Reliance Centre,
19, Walchand Hirachand Marg,
Ballard Estate, Mumibai 400 038.

Jubilant Organo Systems Lid.,
1-A, Sector 16-A, Institutional Areq,
Noida 201 301.

Dr. G.N. Qazi,

Director,

Regional Research Laboratory,
Canal Road, Jammu 181 001

Dr. S. Sivaram,
Director,
NCL

DG's Nominee

Dr. J.S. Yadav,

Director, Indian Institute of Chemical
Technology, Uppal Road,
Hyderabad 500 007,

Permanent Invitee, President of ICMA
Mr. Deepak Mehiaq,

Managing Director,

Deepak Nitrite,

National Games Road,

Shastri Nagar, Yerawada, Pune

Permanent Invitee, CSIR

Dr. O. P Agarwal

Head, R&D Planning Division,
CSIR, Anusandhan Bhawan,

2, Rafi Marg, New Delhi 110 001.

Member Secretary

Dr. G.S, Grover,

Head, Research Planning & Audit Unit,
NCL

b -
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MANAGEMENT COUNCIL

Member-Secretary:

Mr. M.S. Vidyanathan,
Controller of
Administration, NCL

MANAGEMENT COUNCIL
[1.7.2003 to 30.6.2005]

Chairman:
Dr. S. Sivaram, Direcfor,
NCL

Member-Secretary:
Mr. M.S. Vidyanathan,
Controller of
Administration, NCL

Dr. B.D. Kulkarni,

Dr. R.R. Hirwani,
Head, RPBD, NCL

Dr. (Mrs.) Mala Rao,
Scientist, NCL

Members

Dr. Murli Sastry,

Members 1.7.2001 1
[1.7.2001 TO 30.6.2003] Deputy Director, NCL Scientist, NCL
Chairman:
Prof. S. Chandrasekaran Dr. J.M. Khanna, DI S, S Dr. S. Devottaq, Dr. A.A. Kelkar,
Department of Organic Chemistry, Executive Director and President, bicsdi BCICITA, Ll -
Director, NCL Scientfist, NCL Scientist, NCL

Mr. R.P. Purandare,
Technical Officer 'B!, NCL

Mr. S. Chandrahas,
Senior F & A O, NCL

Dr. B.D. Kulkarni,
Deputy Director, NCL

Dr. R.V. Chaudhari,
Scientist, NCL

Dr. (Mrs.) V.V. Deshpande,
Scientist, NCL

Dr. V.V. Ranade,
Scientist, NCL

Members

Dr. K. Vijaymohanan,
Scientist, NCL

Mr. G. Prabhakaran,
Scientist, NCL

Mr. D.B. Pradhan,
Technical Officer, NCL

Mr. S. Chandrahas,
Senior F&AO, NCL
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