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Abstract:

Chickpea or Bengal gram (Cicer arietinum L.) the oldest pulse crop has special
significance in the diet of the predominantly vegetarian population of India. Fusarium
oxysporum f.sp. ciceri is a very serious, destructive and wide spread disease on
chickpea. It has threatened the cultivation of this crop at many places causing poor
yield and caused a major economic loss in the affected areas. present investigation was
taken up with the evaluation of the response of two distinct varieties of Chickpea (Wilt
tolerant and wilt susceptible) to a non-pathogenic fungus, Fusarium oxysporum f.sp.
lycopersici(FOL) and a pathogenic fungus Fusarium oxysporum f. sp ciceris (FOC)
through Biochemical, Histochemical and Molecular parameters. Fusarium oxysporum
f.sp. ciceri- The mycelia appeared initially white and later turned into pink and finally
pigmentation was intensified throughout the plate. Fusarium oxysporum fsp.
lycopersici- The mycelia appeared white to pink initially which on later stages turned
into violet. The present investigation was directed towards testing the possibility of
using a non-pathogenic fungus induced resistance as a tool for building up Systemic
Acquired Resistance (SAR) against pathogen attack in a crop plant. Chickpea was
chosen as a model system along with two fungi viz: Fusarium oxysporum f.sp.
lycopersici a non-pathogenic organism to chick pea and Fusarium oxysporum f. sp. ciceri

the wilt pathogen of chickpea.
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Introduction:

India is the largest producer and consumer of pulses in the world
accounting for 33 percent of the world area and 22 percent of the world production of
pulses. The domestic demand and consumption, however, is much higher than
production mainly because pulses are a major source of protein for a large section of
the vegetarian population in the country. The cultivation of pulses also results in the
production of large quantity of nutritious green fodder, a food for the livestock. Besides
their high nutritional value, pulse crop has a unique characteristic of maintaining and
restoring soil fertility through biological nitrogen fixation. Their cultivation improves
the physical characteristics of the soil through their deep and well spread root system.
The pulse crops add more nitrogen to the soil than the nitrogen provided by chemical
fertilizers.

The major pulse crops grown in India are tur, gram, arhar, mungbean, urad
and beans. Gram, commonly known as chickpea or Bengal gram or garbanzo bean, is
an important pulse crop of India. It is world’s third food legume crop and fifteenth
grain crop (FAO, 1972). Chickpea or Bengal gram (Cicer arietinum L.) the oldest pulse
crop has special significance in the diet of the predominantly vegetarian population of
India. Chickpea belongs to family of Fabaceae and subfamily Papillionaceae. Different
pulses belong to different tribes. Cicer arietinum L. belongs to the tribe fabae (Vicieae).
Chickpea seeds are nutritionally rich in protein, phosphorus, calcium, and fiber and
relatively low in antinutritional factors such as trypsin inhibitors. Thus it holds good
promise for humans as protein source and as component of feed of ruminants and non
ruminants (Rathore and Sharma, 2003). There are two types of chickpea: 1) Desi-
With small, dark seeds and a rough coat (prevailing in the Indian subcontinent,
Ethiopia, Mexico, Iran). 2) Kabuli- With light-colored, larger seeds and a smoother coat
(mainly grown in Southern Europe, northern Africa, Afghanistan, Chile and introduced
in the 18t century to the Indian subcontinent). Desi type chickpeas are said to have a
very low glycemic index making them suitable for many people with blood sugar

problems.

FUSARIUM WILT IN CHICKPEA
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More than 50 pathogens have been reported to affect chickpea but only a
few devastate the crop. The most important are ascochyta blight (ascochyta rabiei),
Fusarium wilt (Fusarium oxysporum fsp. ciceri), dry root rot (Macrophomina
phaseolina), stunt (Bushystunt virus), botrytis grey mold (Botrytis cinerea) and black
root rot (Rhizoctonia solani). Fusarium oxysporum is a saprophytic fungus growing in
soil and organic matter. It can survive as mycelia and also in form of three different
spores namely micro conidia, macro conidia and chlamydospores. Fusarium belongs to
the group Hyphomycetes formely classified in Deutromycetes, sub group Hypocreales
(Ascomycetes).

Like various other plant pathogens, Fusarium oxysporum has several
specialized forms - known as formae specialis (f.sp.) — That infects a variety of hosts
causing various diseases. Fusarium oxysporum and its various formae speciales have
been characterized as causing the following symptoms; vascular wilt, yellow corm rot,
root rot and damping off. Browning of the vascular tissue is strong evidence of
fusarium wilt. These symptoms are generally more apparent during the period
between blossoming and fruit maturation.

Fusarium oxysporum f.sp. ciceri is a very serious, destructive and wide
spread disease on chickpea. It has threatened the cultivation of this crop at many
places causing poor yield and caused a major economic loss in the affected areas. Eight
distinct physiological races have been determined namely 0, 1A, 1B/C, 2, 3, 4, 5, 6.
Races 0 and 1B/C causes yellowing syndrome and 1A, 2, 3, 4, 5, 6 wilting syndrome.
Genetics of resistance to two races (1B/C and 6) is yet to be determined. However, for
other races resistance is governed either by monogenes or oligogenes. The individual

genes of oligogenic resistance mechanisms delay onset of disease.

The genus Fusarium is known to produce many mycotoxins that attack plant
cells. these are called phytotoxins (substance that are toxic to plants) and they may
break down the cell wall of the host plant or release nutrients. fusaric acid is a well
known phytotoxin that is produced by several fusarium species, particularly
pathogenic strains of Fusarium oxysporum causing wilt disease of a great variety of
plants. Fusaric acid (5-butylpicolinic acid) first discovered during the laboratory
culture of fusarium heterosporum, was one of the first fungal metabolites implicated in
the pathogenesis of wilt symptoms of plants especially under adverse conditions.
Fusaric acid considered as a wilt toxin has been examined for its production and role in

11
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the wilt of field maize (Bacon, 2006). Correlation between fusaric acid production and
virulence of isolates of Fusarium oxysporum species has been reported in Lily (Curir,

2000), date palm (Bouizgarne, 2004) and Arabidopsis thaliana (Bouizgarne, 2006).

Knowledge about the genetic and biochemical bases involved in the
pathogenesis of Fusarium oxysporum would be invaluable in getting clues helping to
discriminate between pathogenic and nonpathogenic strains and may lead to the
development of more effective long term and ecologically safe control against
Fusarium wilt. In general, it is now accepted that more than specialized resistance
genes, the timing, and rate of accumulation and relative amounts of secondary
metabolites synthesized in the plant play crucial roles in plant’s resistance to pathogen
invasion. Keeping these facts in mind the present investigation was taken up with the
evaluation of the response of two distinct varieties of Chickpea (Wilt tolerant and wilt
susceptible) to a non-pathogenic fungus, Fusarium oxysporum f.sp. lycopersici(FOL) and
a pathogenic fungus Fusarium oxysporum f. sp ciceris (FOC) through Biochemical,
Histochemical and Molecular parameters.

Materials and Methods:
Plant material:

Seeds of chickpea (Cicer arietinum L) variety JG-62 (susceptible) and JCP-27
(tolerant) were received from Junagadh agriculture university.

Fungal strains:

Non pathogenic fungal strain Fusarium oxysporum f.sp. lycopersici was collected
from ITCC. Pathogenic fungal strain Fusarium oxysporum f.sp. ciceri was obtained from
the sick plot of Junagadh Agricultural University.

Maintenance of fungal culture:

Isolated cultures of Fusarium oxysporum f.sp. lycopersici (causative organism of
wilt disease in tomato) and Fusarium oxysporum f. sp. ciceri (causative organism of wilt
disease in chickpea) were regularly sub cultured on potato dextrose agar and potato
dextrose broth (Hi media, India) at an interval of 10 days and incubated at 25°C + 2°C.
Identification of fungus
Macroscopic characters:

Change in the growth pattern of the mycelium i.e. size, colour and texture of
mycelia were observed. These were then recorded and photographed with Carl-Zeiss

Image Analyzer.
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Microscopic characters:

Purity of fungus was checked by using light microscope and was identified by its
specific sporulation and mycelial pattern. A small fragment of mycelia from PDA was
taken and kept on a clean glass slide. Later on it was stained with lacto phenol cotton
blue. Then the cover slip was placed and observed under light microscope.

Bioassay
Preparation of the plants for the experiment:

Seeds of both the varieties of chickpea were surface sterilized with 1% sodium
hypochlorite and rinsed thrice with sterile distilled water to remove the excess sterilant.
These seeds were soaked in distilled water and kept overnight. Next day seeds were
transferred to sterile Petri plates containing moistened Whatman No. 1 filter plate. The
seedlings were allowed to grow for 2 -3 days till a uniform root and shoot length was
obtained. Later on the seedlings were transferred to plastic cups containing garden soil.
Seedlings were grown till the plants were 8-9 days old. The 9 day old plants were used
for the bioassay.

Preparation of the fungal inoculum

A non-pathogenic (FOL) and a pathogenic (FOC) fungal strain were used for the
bioassay. Fungal inoculum for FOL and FOC was prepared by inoculating a loopful of 1-
week old PDA cultured fungal strain into 250 ml PDB flasks. The flasks were kept at 26°C
in an incubator. One week old cultured flasks were used for the experiment.
Experimental design
Two experimental designs were set up in the present study. Each design included 4 sets
of plants.

I. Experiment using non-pathogenic fungal strain Fusarium oxysporum f.sp.

Iycopersici (FOL)

S.NO. VARIETY INOCULATION CONDITION

1. JCP-27 (tolerant) Unautoclaved garden soil + distilled water
2. JCP-27 (tolerant) Unautoclaved garden soil + FOL

3. JG-62 (susceptible)| Unautoclaved garden soil + distilled water

13
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4. JG-62 (susceptible)| Unautoclaved garden soil + FOL

II. Experiment using pathogenic fungal strain Fusarium oxysporum f. sp. ciceri

(FOC)
S.NO. VARIETY INOCULATION CONDITION
1. JCP-27 (tolerant) | Unautoclaved garden soil + distilled water
2. JCP-27 (tolerant) | Unautoclaved garden soil + FOC
3. JG-62 (susceptible] Unautoclaved garden soil + distilled water
4, JG-62 (susceptible) | Unautoclaved garden soil + FOC

After the experiment was set up, plants were watered daily and weekly observed for
disease symptoms. Whole plants from 8 sets were harvested at regular time intervals
like 8 hrs, 16 hrs, 40 hrs, 48s, 7th day, 14t day and 21st day after infection. These
harvested plants were analysed for various biochemical and anatomical parameters.
RAPD Analysis:

Total genomic DNA was isolated from the two chickpea varieties and the isolated DNA
was subjected to RAPD analysis to confirm the presence of a marker linked to resistance
gene.

Biochemical assays:

Peroxidase assay was measured according to the method of Guilbault, (1976).
Catalase activity was measure according to the method of Beersand Sizer (1952). Total
phenols were estimated by following the method of Bray and Thorpe (1954). The total
soluble proteins were estimated according to the method of Folin and Lowry’s method.
Histopathological study:

Along with the biochemical studies, histochemical localization of peroxidase
activity and lignin in the root and shoot tissues were also studied. Localization of
Peroxidase was carried out by the the method of Dejong et al., (1967). Localization of
lignin was done as per the method of (Johansen, 1940; Gibbs, 1958)

Results and Discussion
The pathogen:
Pathogen of Fusarium wilt disease of chickpea has been characterized to be a

fungus, Fusarium oxysporum f.sp. ciceri while the non-pathogenic fungus used in the
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present study causes Fusarium wilt disease in Tomato (Fusarium oxysporum f.sp.

Iycopersici).

Macroscopic characters:

Fusarium oxysporum f.sp. ciceri- The mycelia appeared initially white and later
turned into pink and finally pigmentation was intensified throughout the plate (Fig.
1A). Fusarium oxysporum f.sp. lycopersici- The mycelia appeared white to pink initially

which on later stages turned into violet (Fig.1B).

Fig. 1A Fig. 1B

Microscopic characters:

Fusarium oxysporum produces three types of spores: microconidia,
macroconida and chlamydospores. Microconidia are two celled, oval and straight to
curved. Macroconidia are sparse to abundant, three to five celled, and chlamydospores

are round and thick walled (Fig. 2). Branching of mycelia is observed.

Fig. 2
Symptomatology:
No symptoms were observed in the control and treated plants when inoculated
with the non-pathogenic fungus. Whereas when the control and treated plants were
inoculated with the pathogenic fungus, symptoms were observed in the treated plants.

Initial wilting was observed in the topmost leaves during the pre-infectional stages and
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on further prolongation to the fungus, progressive yellowing symptoms were seen

throughout the plant and eventually the plants wilted (Fig. 3).

Symptomatology after inoculation with FOC

Tolerant control Tolerant treated

Fig. 3

Biochemical assays:
Peroxidase activity

An increase in activity was observed in all inoculation experiments in
comparison with control plants. On inoculation with the non-pathogenic fungus, total
peroxidase activity got highly increased in the treated plants within 48 hrs and
reached maximum levels on the 7th day and 21st day. On treatment with the pathogenic

fungus, a rapid oxidative burst was observed in both the treated plants within 48 hrs of

infection.
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g0 —~ 0.6 -
£ ® JG infected
S o 04 -
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E 502
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Catalase activity:

Catalase activity produced a significant 1-2-fold increase in the susceptible and
tolerant varieties within 48 hrs after infection with the non-pathogenic fungus which
attained maximum levels in resistant variety at 21 DAI. While after infection with the
pathogenic fungus an initial rapid oxidative burst was seen within 40 hrs for both the
varieties. The maximum activity for tolerant variety was recorded at 40 hrs time
interval with reference to control plants while for the susceptible variety the maximum

induction occurred on the 7th and 21st day of infection.
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Total Phenolics:

A rapid increase in total soluble phenolics was observed after inoculation with
the pathogenic and nonpathogenic fungi. A linear pattern of accumulation of phenolics
was observed in both the varieties after fungal treatment. In the case of infection with
the non-pathogenic and pathogenic fungus maximum phenolic activity was attained on
the 7t day and 14t day of the susceptible variety respectively, while the resistant

variety showed maximum activity on the 21st day of infection in both the cases.
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50_25 - H JG control
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0
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Total soluble proteins:

Relatively low levels of proteins were exhibited in the first 40 hrs of infection
with the non-pathogenic fungus as compared with its pathogenic counterpart which
was able to induce considerably higher levels of protein in the susceptible and tolerant
varieties. Protein expression exhibited in the tolerant variety showed similar levels at
the 7th, 14th and 21st day of infection with the two fungi, while in the case of the
susceptible variety maximum levels
of protein were attained on the 14t day and 21st day of infection with the non-

pathogenic fungus and pathogenic fungus respectively.
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Anatomical studies:
Peroxidase localization:

Significant changes were observed in the shoots of chickpea after the 21st day of
treatment with FOL and FOC. Higher POX activity in infected plants was also confirmed
by histochemical methods. An intensive brown to black precipitate located this enzyme
along the cell walls of shoot cells. A dark brown ring was observed in the sections of |G-
62 than in JCP-27 treated with the non-pathogenic fungus, while in the case of
treatment with the pathogenic fungus, the intensity of peroxidase was more in the
control varieties than in the treated. Furthermore, in the treated varieties, the resistant

variety showed dense brown color than the susceptible
Lignin localization

The results for lignin deposition and its localization were found to be in correlation

with the peroxidase activity and its histochemical localization.
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Discussion:

In the present study, Fusarium oxysporum f.sp. lycopersici which is pathogenic
to tomato but non-pathogenic to chickpea has been used to study various parameters
involved in plant defense. An attempt has been made in the present investigation to
provoke the defense response in chickpea by pre-inoculating the plant with a non-
pathogenic strain to induce mitigation of symptoms when the plant was later
inoculated with pathogenic Fusarium. To monitor the various defense responses in the
plant two separate experimental sets were designed and inoculations were done using
a pathogenic (FOC) and a non-pathogenic fungus (FOL). Biochemical and anatomical
parameters were studied at various time intervals.

Peroxidases are a large family of enzymes with very diverse functions in
plant systems. They often increase in response to stress. One of the principle roles of
peroxidases appears to be cellular protection from reactive oxygen species generated
by various stresses (Siegel, 1993). It has been reported that peroxidases have an
antifungal activity against various pathogens (Peng and Kuc, 1992). Increased catalase
and peroxidase activity in resistance response has been related to lignifications which
have an important role in the reduction and blockage of nutrient diffusion from
neighboring host cells to the haustoria (Kuc and Preisig, 1984). Increased activities of
the enzymes peroxidase and catalase and lignin deposition are thought to play a major
role in local and systemic disease resistance (He et al,, 2002). Lignifications also act as
physical barriers to prevent the entry of fungal toxin and enzymes in the host systems
(Conti et al.,, 1994).

Lignification is common in healthy plants. Lignin is formed by random
dehydrogenate polymerization of precursor produced in the phenylpropanoid
pathway. Phenylalanine ammonia lyase (PAL) provides precursor for lignin and for
several phenylpropanoid derived secondary metabolites in plants involved in
resistance. Several researchers have correlated lignifications with enhanced activities
of peroxidase (Bruce and Galstone: 1989). Enhanced lignifications are an induced

process which is elicited by release of fungal molecules.

Conclusion:
The macroscopic analysis showed specific cottony mycelial growth of
Fusarium oxysporum at 252+22C on PDA and PDB which changes from pink to violet

colour. Changes in media colour due to pigmentation have been observed. Microscopic
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analysis showed typical sickle shaped macroconidia of Fusarium oxysporum small and
oval microconidia, chlamydospores and branching of the mycelium. A time course
study of susceptible and tolerant varieties of chickpea after inoculating with the non-
pathogenic and pathogenic fungal treatment was studied with respect to enzymes
involved in the initial oxidative burst. Plant peroxidases were found to be released in
high amounts within 48 hours of infection with both the fungal treatments. Results
obtained with catalase activity highlight the importance of time regulated induction of
enzyme levels. After both the fungal treatments, it was observed that initial hours are
crucial for inducing maximum levels of enzyme, after which the peak levels are
reached at the last stages of infection. Anatomical studies could detect POX activity and
presence of lignin in the vascular tissues of shoots of susceptible and tolerant varieties

of chickpea after fungal infection.
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Curing diseases by Herbal therapy in the Rural area of the \

Banaskantha District, Gujarat, India
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Abstract:

Herbal therapy is one of the common practices used by local medicine men by rural
area of the BanaskanthaDistirct in Gujarat State. The paper deal with 10 plant species
which is used in herbal therapy, mainly in joint disorder, swollen, body pain, boils, insect

bite, headache and rheumatic pain.
Key Words: Herbal therapy; Banaskantha; Gujarat
Introduction

Banaskantha district situated in the north part of Gujarat, lies between 23033’ to 240
45'N Latitudes and 720 15 to 73987 E Longitudes. The district takes its name from the river
Banas that flows through the district. The Banaskantha district as its name indicates
consists of the territories situated on around the river Banas. About 80 percent of its
working population is engaged in agriculture and allied activities and they live in rural area.
Therefore, they possess rich traditional knowledge on the uses of various plants. They
always prefer to use available plants for the treatment of their disease, disorders and
ailments. Unfortunately, this valuable knowledge as well as plant species is getting depleted
leading to their extinction due to lake of interest among younger generation towards
traditional knowledge and urbanization. Through this district is ideal from ethnobotanical
study point of view, as rich in floristic as well as in ethnic diversity. The common diseases
for which hot fomentation therapy is practiced are contusion, chronic cold, joint disorder,

body pain, headache, toothache, back pain, rheumatic pain and insect bite etc.
Material and Methods

The present study was conducted during 2017-2022. Regularly field trips were
arranged in different places of the area. The ethnomedicinal information was gathered

through interviews and discussion with local informants, Bhagats and elder villagers of
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different localities of the area. Data were recorded on the plants part used, local name(s),
process of preparation and mode of administration and dosage. Indigenous traditional
practitioners and some knowledgeable local informants, who have knowledge about
therapeutic values of wild and domestic plant species in the treatment of common ailments,

were interviewed in the forest and in their homes.

The collected plant specimens were identified using ‘Flora of Gujarat State’ (Shah,
1978) and ‘A textbook of systematic Botany’ (Sutaria 1949). The data considered worth

mentioning only when at least 2 to 3 local healers gave similar answers for the same plant.
Enumeration

The botanical names of the plant species have been arranged alphabetically with
their family in parentheses, followed by habit, local name, along with ethno medicinal uses
are given in detail. Ethno medicinal uses of different plant parts, mode of preparation and

method of uses are given.
1. Curcuma longa L. (Zingiberaceae) ‘HALDAR'.

Turmeric powder and salt mixed with water and heating in a pan this warm paste is
applied externally to cure contusion, common swollen, body pain and remove thorn in the

body part.
2. Calotropisprocera R. Br. (Asclepiadaceae) ‘AAKDO’.

Apply castor oil on mature leaves slightly roasted on burning coal this warm leaves
bandaged to cure chronic cold, painful rheumatic joints, headache, and body pain. Root

branches foment on burning coals and chewed for relive toothache.
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3. Cassia auriculata Linn. (Caesalpiniaceae) ‘AAVAL'.

The hot poultice of fresh leave is applied to cure back pain and spinal cord disorder.

4. Citrulluscolocynthis (L.) Soland. (Cucurbitaceae) ‘KADVA KALINGDA'’.

The fruit is cut into two parts, the inner pulp is removed and then roasted in the

burning coals. This warm fruit is tied to the heel of the foot to cure heel pain.

5. Euphorbia neriifolia L. (Euphorbiaceae) ‘THOR’.

Prepare a shallow pipe of the stem and then cork the holes at both the ends with
cloth. Then foment it on burning coals. After that remove the cloth and finally blow through

the pipe on the body pain, contusion, and joint disorder for curing.
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6. Ephedra karumanchiana (Ephedraceae) ‘VADVEL/SOMVEL'’.

Fresh twig boiled with water in pot and inhale vapor to cures asthma and

respiratory diseases and allergies.

7.Madhukaindica ].F. Gmel. (Sapotaceae) ‘Mahudo’

Flowers boiled in water this warm flowers bandage to cure body injuries
and swelling.

8. Prosopisspicigera L. (Mimosaceae) ‘KHINJADO’.

The warm ash applies on the body to cure skin disease.
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9. Trachyspermumammi (L.) Sprague (Apiaceae) ‘AJAMO’.

Seeds boiled with water in pot and inhale vapor to cure blocked nose and this
warm seed apply externally on the nose for relive pain.

10. Vitexnegundo L. (Verbenaceae) ‘NAGOD’.

Fresh leaves boiled in water this warm leaves are bandage on rheumatic joints

and swelling for relief body pain.

RESULT AND DISCUSSION

In this paper there are 10 plants species belonging to 9 families of Angiosperms and
one family from Gymnosperm, used to cure various ailments such as contusion, chronic
cold, joint disorder, body pain, headache, toothache, back pain, rheumatic pain and

swelling.

These ethnomedicinal uses were compared with well-known Indian ethnobotanical
literatures and found that only 3 plant species have reported earlier. The people of area
have a vast wealth of plants, which are sources of medicinal compounds. Therefore, more
concerted efforts are needed for the documentation of all the local medicines and their
health practices useful in the treatment of different disorders. The above reported
ethnomedicinal plants also require a proper chemical, pharmacological experiments and

clinical trials for the validation of the traditional claims.
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Abstract

The present investigation was carried out to determine the bioactive
compounds present in twig of Ephedra karumanchiana. GC-MS analysis
in ethanolic extract of this twig bioactive 63 compound were identified.
The major bioactive compounds are 4H-pyran-4- one,2,3-dihydro-3,5-
dihydroxy-6-methyl-, 1,3- Dioxane, 2,4-dimethyl-, Pentanoic acid,2-
(Aminooxy)-, 1-octadecyne, Phytol, N-Hexadecanioc acid, Tridecanoic
acid, Octadecanoic acid, Cis-11-Hexadecanal. Further investigations are
necessary to isolate and characterize bioactive and to evolute its
therapeutical potential.

Key words: Ephedra karumanchiana, Ethanolic extracts, GC-MS Analysis.

INTRODUCTION

Ephedra genus contains bronchial dilator, ephedrine, and other
ephedrine alkaloids. It hasbeen also used for many years in traditional
medicine to treat allergies, bronchial asthma, chills, colds, coughs,
edema, fever, flu, headaches, and nasal congestion and has been a
natural source of alkaloids such as ephedrine, pseudoephedrine,
pseudoephedrine, and other related compounds (Parsaeimehr,
Sargsyan & Javidnia et al.,2010). Similarly, the extracts with various
chemicals from medicinal plants have been tested and showed the
effectiveness of traditional herbs against microorganisms; as a result,
plants are one of the bedrocks for modern medicine to attain new
principles (Evans & Banso et al,,2002). Thus, medicinal plants can offer
a wealth for their biological activities, such as antimicrobial,
antioxidants, antimalarial, and anticancer activities (Rahman et
al,,2016).

Gas Chromatography Mass Spectroscopy, a hyphenated system is a
very compatible technique and the most commonly used technique for
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the identification and quantification purpose. The unknown organic
compounds in a complex mixture can be determined by interpretation
and also by matching the spectra with reference spectra. There are at
least two significant advantages for using GC-MS in the analysis of
herbal medicines. First with the capillary column, GC-MS has in general
very good separation ability, which can produce a chemical fingerprint
of high quality and secondly with the coupled mass spectral database,
quantitative composition information of the herb investigated could be
provided by GC-MS, which will be extremely useful for the further
research for elucidating the relationship between chemical
constituents in the herbal medicine and its pharmacology in further
research. Hence the present study investigated that GC-MS analysis of
bioactive compounds in twig of Ethanoic extract of Ephedra
karumanchiana.

MATERIAL AND METHOD

Study area

Various species of Ephedra are wide spread in many arid and semi-arid
region of the world. Species grow on shores or in sandy soils with
direct sunlight exposure. Ephedra located in north Gujarat and widely
spread in some part of Banaskantha district for they specialty of our
area.

Collection and drying of plant Material

The plant material of Ephedra was collected from Different villages of
Dhanera and Deesa taluka of Banaskantha district in north Gujarat. It
was air dried in shape avoiding exposure to direct sunlight and
pulverized in grinder.

Plant extracts for GC-MS Analysis

The organic extraction was performed by Soxhlet extraction method.
This extraction was done by taking 20 gm of dried plant powder and was
placed into a glass thimble then extracted with 250 ml of ethanolic
solvents. The extraction processes carry on till the solvent in siphon
tube of Soxhlet apparatus become colorless. After that the extract was
heated on hot water bath at 35 2C until all the solvent evaporated. The

dried plant crude extract was kept in refrigerator at 2-8 2C for their
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future use. The ethanolic extraction wasdone by taking five grams of
the plant powder and mixed with 200 ml of distilled waterin a beaker.
The mixture was heated on a hot plate at 302-40 2C and mixed with
continuous stirring for 20 minutes. The mixture was filtered using
whatman filter paper filter and thefiltrate was used for the further GC-

MS analysis. (Mukherjee et al, 2002).

Gas Chromatography-Mass Spectrometry

Ephedra  karumanchiana extracts were analyzed by gas
chromatography (Agilent 7890A GC System). A Hp-5 ms fused silica
capillary column was used (5% phenyl/95% dimethyl siloxane 30 M x
0.25 mm film thickness 0.32 Lm). The oven temperature was 110° C
(isothermal for 2 minutes), with an increase to 200°C (10° C/min) and
then 280° C (5° C/ min), with final temperature (isothermal for 9
minutes). The carrier gas used washelium (flow rate of 1 mL/min). GC-
MS analyses were performed using an Agilent Technologies 7000
GC/MS Triple Quad coupled to an Agilent Technologies 7693 Auto
sampler. The capillary column and GC conditions were calculated as
described above. MS spectra were recorded at 70 eV, and the scanning
rate was 1 scan/s with a run time of 90 minutes (Shljooghianpour &
Javaran et.al,2013).
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RESULTS AND DISSCUSSION

Fig.1- GC-MS chromatograms of Ephedra karumanchiana twig Ethanolic extract

GC-MS Analysis of Bioactive Compounds in Ephedra
karumanchiana TwigEthanolic Extract

Sr. Molecula | Molecular Are
No Compound Name r Formula RT a
Weight %
4H-PYRAN-4-ONE,2,3-DIHYDRO-3,5-
1 DIHYDROXY-6-METHYL- 144 CeHs04 4.09 3.55
2 1,3-DIOXOLANE,2,4,5-TRIMETHYL- 116 CeH1202 4.32 0.87
3 gfggﬁ%&%ﬁ_‘éﬁ?IMETHYL' 144 CsHs04 481 | 1.32
4 1,3-DIOXANE, 2,4-DIMETHYL- 116 C6H1202 5.0 1.01
5 1,3-DIOXANE, 4-METHYL- 102 C5H1002 5.05 3.25
TRANS-4-NITROSO-2,3-
6 | MORPHOLINDIOL,3-ACETATE 190 CoH1005N2 | 5.62 | 2.36
7 2-DIHYDROXY-3-HEXANONE 116 C6H1202 5.94 0.32
8 SUCCINAMIC ACID 117 C4H703N 5.99 2.18
9 ?)—LPROPYL—TETRAHYDROPYRAN—B— 144 CgH1602 6.11 238
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10 | 4-ETHOXY-2-BUTANONE 116 C6H1202 | 6.23 | 3.15
11 | 1-BUTANOL4-(1-METHYLETHOXY)- | 123 C7H1602 | 6.91 | 6.20
12 | PENTANOIC ACID,2-(AMINOOXY)- 133 CsH1103N 754 | 1.21
13 i(TIEYDROXYMETHYL)PROPYLACET 130 CeH1203 | 806 | 038
14 | N,N-DIMETHYLLSUCCINAMIC ACID 145 CeH1103N 843 | 0.65
15 | 3-NITROPROPANOIC ACID 119 C3Hs04N 846 | 091
16 | NEOPHYTADIENE 278 C20H38 | 899 | 0.97
17 fl'g;(lgblscggﬁ‘gl\LAETHYL 2 296 C20H400 | 9.08 | 1.35
18 | 1-OCTADECYNE 250 C18H34 | 9.71 | 3.37
19 | PHYTOL, ACETATE 338 C22H4202 | 10.2 | 4.08
20 | PHYTOL 296 C20H400 | 1039 | 1.24
21 | 1-HEXADECYNE 222 C16H30 | 10.60 | 2.31
22 | 18-NONADECEN-1-OL 282 C19H380 | 10.69 | 1.58
23 | 1-PENTADECYNE 208 C15H28 | 11.25| 0.66
24 | Z-2-OCTADECEN-1-OL 268 C18H360 | 11.87 | 5.14
25 | 1-OCTADECYNE 250 C18H34 | 12.36| 0.24
26 | CYCLODODECANOL 184 C12H240 | 1248 108
8
27 | 1-HEPTADECYNE 236 C17H32 | 13.01| 1.33
28 | PENTADECANAL- 226 C15H300 | 13.96 | 0.37
29 | HEXADECANAL 240 C16H320 | 14.65| 1.84
30 igélTlAlT?s TETRAMETHYL-2-EN-1-YL [ o0 CroHaz02 | 1491 | 051
31 | 1-HEXADECYNE 222 C16H30 | 15.65| 0.17
32 | 1-TETRADECYNE 194 C14H26 | 15.79| 2.69
33 | CIS-9,10-EPOXYOCTADECAN-1-OL 284 C18H3602 | 16.27 | 0.20
34 | E-2-TETRADECEN-1-OL 212 C14H280 | 16.95]| 0.79
35 | 1-TRIDECYNE 180 C13H24 | 17.05| 236
36 | N-HEXADECANOIC ACID 256 C16H3202 | 17.60 | 1.04
37 | EICOSANOIC ACID 312 C20H4002 | 17.91 | 1.00
38 | PENTADECANOIC ACID 242 C15H3002 | 1825 | 2.16
39 | TERTADECANOIC ACID 228 C14H2802 | 19.65 | 4.31
40 | OCTADECANOIC ACID 284 C18H3602 | 20.10 | 0.78
41 | TRIDECANOIC ACID 214 C13H2602 | 20.26 | 0.62
42 | DODECANOIC ACID 200 C12H2402 | 21.03 | 115
43 | NONADECANOIC ACID 298 C19H3802 | 21.77 | 8.76
44 gﬁf&%gﬂ};%mmo“ 298 CisH310Cl | 21.98 | 1.36
45 | (2)6,(Z)9-PENTADECADIEN-1-OL 224 C15H280 | 22.65 | 1.01
46 | 7-TETRADECENAL,(Z)- 210 C14H260 | 22.78 | 0.96
2-METHYL-Z, Z-3,13-
47 | QCTADECADIENOL 280 C19H360 | 23.11 23.6
48 | CIS-9-HEXADECENAL 238 C16H300 | 23.58 | 0.65
49 | 9-TETRADECENAL,(Z)- 210 C14H260 | 24.69 | 2.23
50 | 9,12-OCTADECADIEN-1-OL,(ZZ)- 266 C18H340 | 24.96 | 30.1

225



Proceedings of National Seminar on “Emerging Trends in Life Sciences” ISBN: 978-81-966038-6-1

5
51 | CIS-11-HEXADECENAL 238 C16H300 25.15 | 1.18
52 | 13-TETRADECE-11-YN-1-OL 208 C14H240 28.65 | 0.21
53 | 9-OCTADECENAL,(Z)- 266 C18H340 28.96 | 1.33
Z,7-4,16-OCTADECADIEN-1-OL
54 ACETATE 308 C20H3602 29.03 | 0.27
55 | 1-HEXYL-2-NITROCYCLOHEXANE 213 C12H2302 29.36 | 047
N
56 | 3,11-TETRADECADIEN-1-OL 210 C14H260 29.48 | 0.68
57 | 9,12-OCTADECADIENOIC ACID (Z,Z)- 280 C18H3202 30.17 | 0.29
58 | Z,E-3,13-OCTADECADIEN-1-OL 266 C18H340 31.91 | 091
59 | 7,11-HEXADECADIENAL 236 C16H280 3211 | 7.77
60 | 13-OCTADECENAL,(Z)- 266 C18H340 32.67 | 1.39
61 | CIS,CIS-7,10,-HEXADECADIENAL 236 C16H280 33.12 | 1.06
62 | Z,E-2,13-OCTADECADIEN-1-OL 266 C18H340 33.65 | 0.14
63 gi)—(—)—14—METHYL—8—HEXADECYN—1— 259 C17H320 2405 | 073

Activity of major compound found in Ethanoic extract of Ephedra
karumanchianatwig by GC-MS

;Ié) COMPOUND NAME ACITIVITY
Larvicidal and repellent activity, antifungal,
. . antioxidant, cancer preventive, nematicide,
1 Tetradecanoic acid .
hypercholesterolemic
2 Pentadecanoic acid Antimicrobial
Antifungal, antibacterial, analgesic, anti-
3 | 6-octadecanoic acid infammatory and antipyre
Anti  -inflammatory, Hypocholesterolemic,
4 | Hexadecanoic acid Nematicide, Antioxidant.
Anti-inflammatory, Hypocholesterolenic, Cancer
preventive, Hepatoprotective, Nematicide,
Insectifuge, Antihistamininic, Antieczemic,
5 9,12,-Octadecatrienole acid, Anticancer, 5-alpha reductase inhibitor,
(Z,Z,) Antiandrogenic, anti-rthritic, Anti-coronary,
Insectifuge.
6 9-octadecanoic acid(Z)- Emulsifying agent
Antimicrobial; Anti-inflammatory, Anticancer;
7 Phytol, acetate diuretic
8 (2E)-3,7,11,15-Tetramethyl-2-| Cancer-Preventive Antimicrobial anti-
Hexadecene inflammatory anti-diuretic
9 4 Nonadecanoic acid Antioxidant
Antimicrobial, Anti-inflammatory, Anticancer,
Diuretic, Antifungal, resistant gonorrhea, joint
10 Phytol dislocation, headache, hernia, stimulant and
antimalarial.
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The GC-MS analysis of Ethanolic extract of Ephedra karumanchiana
twig revealed the presence of sixty-three constituents. The GC-MS
running time 42.05 minutes. The GC- MS chromatogram is presented in
fig.1.The active principles with their retention time (RT), molecular
weight, molecular formula and peak area are presented in the table 1.
Theactivity of phytoconstituents are presented in table 2.

The major phytoconstituents compounds and its pick area are 2-
Methyl-Z, Z-3,13- octadecadienol (33.68%); 9,12-Octadecadien-1-ol, (Z,
Z) -(30.15%); Cyclododecanol (10.88%); Nonadecanoic acid (8.76%);
7,11-Hexadecadienal (7.77%); 1-Butanol,4-(1-

methylethoxy)- (6.20%); Z-2-octadecen-1-o0l, (5.14%); Tertadecanoic
acid (4.31%); Phytol, Acetate (4.08%); 4H-pyran-4-one,2,3-dihydro-
3,5-dihydroxy-6-methyl- (3.55%);1-Octadecyne (3.37%); 1,3-Dioxane,
4-methyl-(3.25%); 4-Ethoxy-2-butanone (3.15%); 1-Tetradecyne
(2.69%);  2-Propyl-tetrahydropyran-3-ol  (2.38%);  1-Tridecyne
(2.36%);1-Hexadecyne (2.31%);9- Tetradecenal, (Z) 2.23%);
pentadecanoic acid (2.16%). Among the identified compound 9,12-
octadecadien-1-ol, (Z, Z)-, methyl ester which is a linoleic acid
coumpound and reported to have an Anti-inflammatory,
Hypocholesterolenic, Cancer preventive, Hepatoprotective, Nematicide,
Insectifuge, Antihistamininic, Antieczemic, Anticancer, 5-alpha
reductase inhibitor, Antiandrogenic, anti-rthritic, Anti-coronary and
Insectifuge properties (Ajayi et al.,2011). Hexadecanoic acid is also
known as palmatic acid ester in effective in the treatment of Anti -
inflammatory, Hypocholesterolemic, Nematicide, flavouring agent
(Pramitha et al, 2016). 9-octadecenoic acid(Z)- used in Emulsifying
agent.

CONCLUSION

The present study helps to predict the molecular formula and
molecular weight of biomolecules of Ephedra karumanchiana which
can be used as a drugs. It enhances the traditional usage of which
possesses some known and unknown bioactive compound.

However, isolation of individual Phytochemical compounds and
subjecting it to pharmacological activity will definitely give faithful
results.
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ABSTRACT:

The present work investigates the corrosion of copper in Trichloroacetic acid
containing leaves extract by mass loss measurement and electrochemical techniques.
The inhibitor efficiency of Papaya (Carica Papaya) extract was found to very with
concentration was kept uniform for 24 hours and temperatures was kept uniform for 2
hours. Experimental results revealed that inhibition efficiency (I.E %) increased with
increasing inhibitor concentration. As temperatures increased, percentage of inhibition
decreases. The value of free energy of adsorption (AG%gs), energy of activation (Ea),
enthalpy of adsorption (AH%gs) and entropy of adsorption (AS%qs) were calculated.
The result also showed that, adsorption of inhibitor molecules on the surface of
copper followed Temkin and Langmuir adsorption isotherm model.Potentiodynamic
study and Electrochemical Impedance Spectroscopy (EIS) implies that film developed
on copper using the both of Trichloroacetic acid exhibits good corrosion resistance.
Key word: Papaya (Carica Papaya), Copper, Trichloroacetic acid, Corrosion,
Inhibitor.

INTRODUCTION

Corrosion is defined as destruction of metals or detrition of its physical properties due
to chemical or electrochemical reaction with its surrounding atmosphere. Copper and
it’s alloy show high resistivity towards a wide variety of corrosive environments. This
is may be due to the formation as protective and at times invisible oxide film on the
metal surface. The film is generally stable in solution of pH 4.5-8 [,

Inhibitor are frequently used for controlling corrosion of metals and alloys in
acidic media for removing scales and rusts in metal finishing industries, cleaning of
boilers and heat exchangers. The use of inhibitors is one of the most practical methods
for protection against corrosion especially in acid solution to prevent metal
dissolution and acid consumption. The hazardous effect of most synthetic corrosion
inhibitors has motivated scientists to use naturally occurring product as corrosion
inhibitors as they are inexpensive, readily available and renewable sources of
materials, environmentally friendly and ecologically acceptable. Plant products are
organic in nature, and some of the constituents including tannins, organic and amino
acids, alkaloids and pigments are known to exhibit inhibiting action. Moreover, they
can be extracted by simple procedures with low cost [2].

Previous research showed the inhibition of corrosion with ethanolic extract of
African bush pepper (Piper guinensis) and neem leaves extract (Azadirachta indica)
on copper in H2SO4.

35|Page



Recent Trends in Chemical Sciences

The present work carried out to investigation the inhibition efficiency of an
extract of CPfor controlling corrosion of Copper in TCA solution by Mass loss,
Temperatures, Potentiodynamic polarization and Electrochemical impedance
spectroscopic (EIS) method.

MATERIAL AND METHOD
2.1Metal specimen and surface pretreatment

The Copper plate, which was used for the experiment having elemental
composition: Zn (0.69%)Specimens were prepared polished aluminum sheet by
cutting into rectangular shaped pieces having dimension of 5.13cm x 2.55cm x
0.094cm (Cu — 99.31%) with a small hole of 2mm diameter near the upper edge, were
used for the determination of the corrosion rate.

2.2 Preparation of test solution

All the chemicals and reagents used were of analytical grade and used as such
without further purification. The aggressive media were, respectively, 0.5M, 1M and
2M TCA with and without inhibitor solution. CP leaves extract was used as inhibitor
in 6, 8, 10, 12 mM concentration. Only one specimen was suspended by a V shaped
glass hook, in each beaker containing 230ml of the test solution and was open to air at
room temperature for 24 hours duration.

2.3 Preparation of inhibitor

Stock solution prepared by extraction of CP by refluxing 100 gm of dry
material in 500 ml distilled water for 2 hours. The refluxed solution was filtered to
remove any contaimination. The concentration of the stock solution was calucated in
terms of mM.

RESULT AND DISCUSSION
3.1 Mass loss measurement

The value of percentage inhibition efficiency (I.E. %) and corrosion rate (C.R)
obtained from mass loss method at different concentration.

The inhibition efficiency was determined using the below given relationship.

Inhibition efficiency(I. E%) = > x 100 (1)
The results of inhibition efficiency (1.E. %) were calculated and are presented
in Table—1
The inhibition efficiency decreases with the increase in 0.5M, 1M and 2M TCA.
Maximum inhibition efficiency of 12 ml CP inhibitor is 94.40, 88.42 and 72.31 %
with respect to 0.5M, 1M and 2M TCA after 24 hours exposure time. For example,
1M TCA the inhibition efficiency was found to be 69.11, 73.36, 81.85 and 88.42 %
with respect to 6, 8, 10 and 12 ml inhibitor concentration. (Figure-2). Mass loss Vs
Acid concentration of copper of TCA. (Figure-1).
Degree of Surface coverage (0) for different concentration of the inhibitor in acidic
media have been evaluated from mass loss experiments using this relation (Table-2).

6 = (=) @)

W,

TABLE-1
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Mass loss (mg/sgq.m?) and inhibition efficiency (I.E. %) for copper in TCA containing
with given inhibitor addition of CP.

Temperature 301£1K Immersion period: 24h  Effective specimen area: 0.2727
sq.m?
Acid concentration
Inhibitors Inhibitor 05M 1M 2M
Conc. (mM) Mass loss LLE. (%) Mass loss LE. (%) Mass loss LLE. (%)
(mg/sg.m?) (mg/sg.m?) (mg/sg.m?)

Blank - 458.38 - 949.76 - 1191.79 -
Papaya eml 69.67 84.80 293.36 69.11 469.38 60.61
(Carica 8ml 58.67 87.20 253.03 73.36 396.04 66.77
Papaya) 10ml 40.34 91.20 172.35 81.85 359.37 69.85

12mi 25.67 94.40 110.01 88.42 330.03 72.31

The plot of Cinn versus Cinh/6 (inhibitor concentration) shows straight line Figure-3,
which indicate that the inhibition action appears to be the chemisorption and
inhibitors cover both anodic and cathodic region through general adsorption following
Langmuir isotherm.

Cinh
0

— L4 Cinh

Kads

TABLE-2
Corrosion rate (Log p) of aluminum in 2M TCA in absence and presence of CPfor an
immersion period of 24 h.

©)

Inhibitor Conc.
(mM) CR Log p L.E (%) Surface 1-0 Log (6/1-6)
() coverage
(0)
Blank 1191.79 3.0762 - - - -
6mi 469.38 2.6715 60.61 0.6061 0.3939 0.1871
8ml 396.04 2.5977 66.77 0.6677 0.3323 0.3030
10ml 359.37 2.5555 69.85 0.6985 0.3015 0.3648
12ml 330.03 2.5186 72.31 0.7231 0.2769 0.4168

Figure 1 & 2: Corrosion rate in 0.5M, 1M and 2M TCA and I.E (%) of copper in presence of
different concentration of CP extract for an immersion period of 24 h.
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Figure 3: Langmuir adsorption isotherm for corrosion of copper in 0.5M TCA Solution
containing different concentration of CP extract for an immersion period of 24 h.
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Figure 4: Temkin adsorption isotherm for corrosion of copper in 0.5M TCA Solution
containing different concentration of CP extract for an immersion period of 24 h.
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3.2 Effect of temperature
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The study the effect of temperature on corrosion rate, the specimen were
immersed in 230 ml of 0.5 M TCA solution with CP inhibitor. Corrosion rate was
measured in 0.5 M TCA containing temperature of 313, 323 and 333 K at 6, 8, 10 and
12 ml inhibitor concentration for 2 hours exposure time. The effect of temperature
was used thermostat assembly with an accuracy of + 0.5.

P, Ea 1 1
lng_z ~ 2303R [(T_l) B (T_z)] )
Where P, and P, are corrosion rates at temperature T, and T, respectively.
TABLE -3

Effect of temperature on corrosion rate (C.R) inhibition efficiency (I.E. %) and
activation energy (Ea) for copper in 0.5 M TCA containing with given inhibitor

addition of CP.
Immersion period: 2h Effective specimen area: 0.2727 sq.m?
Temperature K Mean(Ea)
Inhibitor 313K 323K 333K from

Concentration CR lLE. CR lLE. CR I.E. eqation(4)

mg/sg.m2 % mg/sg.m2 % mg/sg.m2 % (kJ/Mol)

Blank 290.01 - 333.70 - 396.04 - 13.56
6 ml 77.00 73.45 106.34 68.13 146.68 62.96 27.09
8 ml 62.34 78.50 84.34 74.23 121.01 69.45 28.85
10 ml 40.34 86.09 55.01 83.52 91.68 76.84 32.86
12 mi 29.34 89.88 40.34 87.91 62.68 84.26 35.88

The effect of change in temperature on corrosion rate of copper in 0.5 M TCA.
Previous investigators showed that the corrosion rate increase with increase in
temperature X, Effect of inhibition efficiency and activation energy (Ea) were
calculated in (Table - 3) of CP extract for copper at 0.5 M acid and 6, 8, 10 and 12 ml
inhibitor concentration. (Figure-5 & 6).

Figure 5: Effect of temperature on I.E (%) for copper corrosion in 0.5 M TCA at

different inhibitor concentration of CP extract for immersion period of 2 h.

70

60

[Inhibitor efficiency], %

50

40

®313K
€ 323K
333K

8 10
[Inhibitor concentration], ml

12

Figure 6: Effect of Arrhenius plots for copper in 0.5 M TCAin
absence and presence of the different temperature of CP extract.
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3.4 Potentiodynamic study

Corrosion behavior of anodized copper sample were study as per standards in 12 ml
inhibitor and 0.5 M TCA solution using potentiostat Gamry reference 600. Corrosion
cell which consists of calomel electrode as reference electrode graphite rod as counter
electrode and test sample as working electrode. The important corrosion potential
(Ecorr), cathodic and anodic Tafel slop (Ba and Pc) value were obtained by
extrapolating the Tafel straight line on the Tafel plot.

n % = icorr—icorr(inh) % 100

(5)
Potentiodynamic curve of CP extract in 0.5 M solution with 12 ml of CP extract are
shown. (Figure-7). In anodic value of Ba decreases with presence of CPextract. The

inhibition efficiency (n %) increased with CP extract concentration reaching a
maximum value 94.40 % at 12 ml.

icorr

TABLE-4
Potentiodynamic data and inhibition efficiency I.E (%) for copper in 0.5 M TCA at 12
ml CP inhibitor.

Tafel Slop Inhibition efflc:;)r;cy (LE
Ecorr(mM leorr(M4
System V) A)
Anodic By By Mass Loss
‘pa Cathodic -Bc | B (mV) Polarization yMethod
Method
Blank -88.10 5.860 111.80 327.20 36.18 - -
CP -110.00 | 0.399 67.40 117.30 18.56 93.19 94.40

Figure 7: Potentiyodynamic polarization curve for copper in (a) 0.5 M TCA and (b)
0.5 M TCA in the presence of 12 ml CP extract.
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(=) -

3.5 Electrochemical Impedance spectroscopy measurement (EIS)
EIS were carried over the frequency range from 10 kHz to 0.01 Hz at open circuit
potential. The capacitive semicircle at higher frequencies is attributed to the redox Al-
Al reaction since it was assumed to be the rate determining step in the charge
transfer process [*31. Therefore, the resistance value obtained from intercept of the first
capacitive semicircle with real axis corresponds to the AI-AI*® charge transfer
resistance.

Nyquist plots of copper in 0.5 M TCA solution in the presence of 12 ml concentration
ofCP extract are given in (Figure-8), where it can be observed that the diameter of the
semicircles increase with increasing CP extract concentration. The increase capacitive
semicircles suggests that the inhibition action of these inhibitor is due to their
adsorption on the metal surface with altering the corrosion mechanism.

|.EY = R "Ret o 400 (6)

Rct(inh)
Al-Al"® + 3e” (anode)
H* + e — H (cathode)

Followed by the reaction,
H+H—-H
The following secondary reaction can also take place in TCA solution [81,
2M + 2H* — H; + 2M* (anode)
O2 + 4H" + 4e — 2H,0 (cathode)
Figure 8: Nyquist plot for copper in (a) 0.5 M TCA and (b) 0.5 M TCA in presence of
12 ml CP.

I | a z‘ b

APPLICATIONS
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This study is useful for prevention of corrosion of copper by Papaya (Carica
Papaya)leaves extract as green inhibitor in TCA media. The corrosion of copper is
mainly controlled by charge transfer process.

CONCLUSIONS

From the present study, it is concluded that CP extract can be used as an effective
inhibitor for copper corrosion in TCA medium. At all concentration of acid, as the
inhibitor concentration increases inhibition efficiency increases and corrosion rate
decreases.As the temperature increases corrosion rate increases in plain acid.It has
also been found that the inhibitive action of CP extract is basically controlled by
temperature and the concentration of the inhibitor.
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Photocatalytic Degradation of Acid brown
28 dye in wastewaters
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L. Shah Commerce College, Pilvai. 382850 Gujarat (India)

ABSTRACT

In this research work Titanium dioxide (TiO2) semiconductor is used for degradation
of Acid Brown 349 dye in presence of hydrogen peroxide (H202) under direct solar
light. The % degradation reaction is affected by many parameters such as
concentration of dye, pH of solution, amount of semiconductor, concentration of
hydrogen peroxide, and light intensity. Maximum solar light degradation was
observed at 60 ppm concentration of Acid Brown 349 dye solution, 5 mg of TiO2, 5
ml of H202, 2.0 pH, under 350 Lux after 180 minutes were found as optimal
conditions. After this experiment we perform the quencher effect in typical run. In the
quencher effect there is no effect on degradation of dye.

INTRODUCTION

Clean water is the important and valuable thing to every living creature but
pollutants are the major challenge to obtain clean water. Dyes are the major pollutants
of water of rivers, lake and underground water. Pollutants of waste water mainly
come from industries such as; textile, printing, painting, leather, agro allied
companies — pesticides, insecticides and fertilizers. [1,2] Water is the most important
natural resource for life on earth, and it is usually contaminated with materials
including organic pollutants. Some serious problems and diseases have been created
due to an inadequacy of clean water. [3,4] In recent years, Pollution of clean water has
become an alarming situation due to the discharge of industrial effluents, which
mostly includes non-degraded dyes, at an elevated rate. The annual production of dyes
is estimated to be 70,000 tons [5]. Dyes and coloured pigments are widely used in the
textiles, paper, plastics, leather, food and cosmetic industry to colour their
products.[6] Textile effluents can affect the ecosystem by decreasing water
transparency and sunlight penetration, thereby changing photosynthetic activity and
gas solubility of clean water [7]. Colour-containing wastewater originated from textile
industries is one of the most important sources of pollution that causes dangerous
effects on environment and human beings health [8,9]. “A dye is a coloured organic
compound that strongly absorbs light in the visible region.[10] Dye molecules
comprise of two key components Chromophores and Auxochromes. The
chromophores, responsible for producing colour, and the auxochromes, which cannot
only supplement the chromophore but also render the molecule soluble in water and
give enhanced affinity (to attach) toward the fibres [10]. Chromophores determine the
colour of the dye while the auxochromes determine the intensity of the colour [11].
Some common auxochrome groups include —NH3z, -COOH, —-SOzH, and —OH [12].
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Acid dyesare water-soluble anionic dyes that are applied to fibres such as silk, wool,
nylon and modified acrylic fibres using neutral to acid dye baths. Acid dye used in
present study is Acid Brown 349.

OH N=N N=N
No2 N=N oH

SO,H SO.H

Fig.1 Structure of Acid Brown349 dye
Molecular formula of this dye is C3H18015NsS, and molecular weight of this dye is
770 g/mol. This dye is supplied by Shree Balaji processor G.I.D.C, Ankleshwar,
Gujarat, India.

This is a trisazo dye because it is an azo dye containing three azo groups(-
N=N-), two nitro groups(-NO>-), five hydroxyl groups(-OH) and two sulphonic acid(-
SOsH) groups. Other name of this dye is Jotzadope Brown SG.

This dye is highly soluble in water and colour of dye is reddish light brown.
AmaxOf this dye is 438 nm. This is used for wool, dyeing and printing and leather
shading etc.

Many types of dye and textile industries are located in India, many of them
are present in Gujarat. Many companies are based in ankleshwar in Gujarat
manufacture different dyes and use them to dye fabrics. As the dye is dissolved in
water and then the fabrics are dried and washed in water. So, this washing water is
known as wastewater. This type of water will go into the river and pollute the water
as well as the land. So, this problem is a serious issue. So, it was dealed to find a
method for removing dye from wastewater.

In the late 90’s, dye removal methods include only preliminary water
purification method such as sedimentation and equalisation due to the fact that there
was no dye effluent discharge limit [13]. After permissible dye effluent release
standards were established, improvements were made by introducing more effective
dye removal methods such as dye degrading filter beds and activated sludge processes
[14] This system, known as the traditional dye removal method, was implemented by
the concerning industries for some time till it was stopped due to its high cost of
operation and maintenance [15].

Photochemical Method

Photocatalyst is explain as a species, which motivate photochemical reaction
and photocatalysis is used for those chemical reactions, which occur in the presence
of photocatalyst and light. In this photochemical reaction, light is never act as a
catalyst but act as reactant. Light is absorbed by a catalyst or substrate or
semiconductor. The energy of photon is used to generate electronically excited
molecule which never comes out in the same from after the reaction and further, it
cannot be used in photo assisted or photo induced reactions. The rate of reaction as
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per explanation of catalyst is enhanced by reducing activation energy (Ea) where the
light absorbed cannot alter the energy level of the product or reactant, or the free
energy change of overall reaction. So, the concept of photocatalyzed reaction seems to
be basically improper [16].
Photocatalysis

The word ‘Photocatalysis’ was originated from Greek word which is made up
of two parts. The first one is “photo” means (phos: light) and second one is “catalysis”
means (Katalyo: Decompose). It has been a widely studied technology since the
1970s [17], A Photocatalysis process need solid semiconductor which is activated
when absorbs near UV light or UV [18]. The role of semiconductor is as a sensitizer
for processes due to their electronic configurations or light- induced redox reactions,
which is characterized by an empty conduction band (CB) and a filled valence band
(VB) [19]. The band gap energy is the energy difference between the valence band
and conduction band [21]. In which, absorption of EMR by the semiconducting
materials can excites an electron (e”) from the valence band to the conduction band if
the photon energy, hv, vary close or equal to the threshold energy or band gap of
photocatalyst or semiconductor [22]. At the same time, an electron vacancy or a
positive charge r called a hole (h*) has also been generated in a valence band. The
lifetime of holes (h*) pair and an electron (e") is few nanoseconds but it is sufficient to
promote redox reactions in the gas or solution phase in presence of the semiconductor
[17-20].

Energy Level

Degradation
By-products

H,0 Oxidation

P
Fig. 2. The mechanism of photoinduced formation of an electron-hole pair in a
semiconductor TiO, particle in the presence of water pollutant (P).

1.Types of photocatalysis
Mainly two types of
photocatalysis are known.

(i) Homogenous photocatalysis

In homogeneous photocatalysis process, the photocatalysts and reactant are in
the same phase. The most commonly used homogeneous photocatalyst are the
transition metal oxide, ozone and the photo-Fenton system.

(ii) Heterogeneous photocatalysis
Heterogeneous photocatalysis can be defined as the reaction in which reactants
and products both are in a different phase. Heterogeneous reactions are two phase
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systems where the reactants are in liquid or gas phase and catalyst in the solid phase.
The initiation of the photocatalytic reaction it requires also the activation by photons,
the absorbance on the surface of the catalyst.[23]

Importance of work

Water pollution due to influence addition of dye effluents is a major problem
faced by India, in specially Gujrat is a big centre producing dye intermediates that
are banned various other countries of world.

Dyes are used in many types of industries such as plastic, food, cosmetics and
textile in order to colour their products. Among various industries, textile industry
ranks first in usage of dye where the main source of wastewater is generated from the
washing and bleaching of natural fibres and 100,000 different commercial dyes and
pigments; about 7x10° tons of dyestuff produced annually. It is estimated that 10-15%
of the overall production of dyes is released into the environment via waste water. So,
technology is needed where in dye bath effluents are treated before they are mixed
with other textiles effluents. Acid Brown 349 dye is used for wool dyeing, leather and
textile industry. In Gujarat GIDC Ankleshwar is synthesising and applying on to
textiles.

Plan of Work

From detailed literature survey it has been found that Acid Brown 349 textiles
dyes that are not studied for degradation process. So, it is planned to study this dye.
Since Solar energy is easily available throughout India. So, solar energy was
considered to degrade this dye.

The photocatalytic method will be used to optimization the photocatalytic
process effect of concentration, effect of TiO., effect of pH, effect of H.O2 will be
considered.

Considering the effect of various constraints, a tentative mechanism will be
proposed for this selected degradation method.

This developed method will be applied to hypothetical waste water containing
Acid brown 349 dye.

EXPERIMENTAL

In this experiment all reagents and chemicals used in present study were purchased
among the product of high purity (Analytical Grade). Deionized water was used
throughout the work.

Some chemicals and instruments are used in present study like Acid Brown 349 dye,
Titanium dioxide (TiO2), Hydrogen peroxide (H202), Sodium hydroxide (NaOH),
Hydrochloric acid (HCI), Methanol (CHsOH), Ethanol (CoHsOH) and Iso propyl
alcohol etc. and some instruments are weight machine, LUX meter, pH meter,
Centrifuge instrument, stop watch, UV-Vis Spectrophotometer and HPTLC
instrument.

Stock solution of Acid Brown 349 dye is 200 ppm and it was prepared in double
distilled water.

In this present work advance oxidation processes (AOPs) are applied for the study of
the photocatalytic degradation of Acid Brown - 349 dye, H>O. and TiO- are used as
oxidant. All the solutions were prepared in deionised water. The intensity of solar
light was measured with the help of a digital Lux meter in units of mWcm2. The pH
meter was used to measure the pH of dye solutions at specific values.
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ESTABLISHMENT OF PROTOCOLS

(i) Control Experiments

Beaker 1: - 60 ppm Acid Brown 349 dye solution was kept in visible light.

Beaker 2: - 60 ppm Acid Brown 349 dye solution and 5 ml of (30%) H2O, was kept
invisible light.

Beaker 3: - 60 ppm Acid Brown 349 dye solution and 5 mg TiO, was kept in visible
light.

Beaker 4: - 60 ppm Acid Brown 349 dye solution, 5 ml of (30%) H20zand 5 mg TiO>
was kept visible light.

Beaker 5: - 60 ppm Acid Brown 349 dye solution was kept in UV light.

Beaker 6: - 60 ppm Acid Brown 349 dye solution and 5 ml of (30%) H2O, was kept
inUV light.

Beaker 7: - 60 ppm Acid Brown 349 dye solution and 5 mg TiO> was kept in UV
light.

Beaker 8: - 60 ppm Acid Brown 349 dye solution, 5 ml of (30%) H2O2and 5 mg TiO>
was kept UV light.

Beaker 9: - 60 ppm Acid Brown 349 dye solution was kept in solar light.

Beaker 10: - 60 ppm Acid Brown 349 dye solution and 5 ml of (30%) H.O, was kept
insolar light.

Beaker 11: - 60 ppm Acid Brown 349 dye solution and 5 mg TiO2 was kept in solar
light.

Beaker 12: - 60 ppm Acid Brown 349 dye solution, 5 ml of (30%) H>O; and 5 mg
TiO2 was kept solar light.

All the beakers were checked for absorbance after 180 minutes with the help of UV-
visible spectrophotometer (Thermo scientific-evolution 201). There was no specific
change in absorbance of first eight beakers. But the 9 to 11 beakers were showed
nominal changes in absorbance and beaker 12 was showed remarkable changes in
absorbance at specific wavelength.

(i) Reaction mixture Preparation

20, 40, 60, 80, 100 ppm dye concentration is used in the present experiment. For each
sample preparation 60 ppm 20ml dye solution is added to H2O2 (30%) 5 ml and 5 mg
TiO2 in a 50 ml beaker.

(iii) Progress of Reaction

The progress of reaction was observed by measuring optical density of the reaction
mixture containing dye at different time intervals during exposure. A decrease in
optical density indicates that the dye was bleached during this photochemical process.
Amax for Acid Brown 349 dye is 438 nm.

RESULTS & DISCUSSION

In this experiment first we show the typical run and after show the different parameter
like effect of concentration, effect of pH, effect of TiO», effect of H20,, effect of
guencher and HPTLC analysis of degraded samples.

Preparation of Typical run;

To perform this photochemical reaction 20ml of dye solution of fixed concentration
(60 ppm), volume of H2O> (5 ml), amount of photocatalyst TiO, (5mg), pH was
maintained at 2 using pH meter and was taken in 50 ml beaker added to it. This
reaction mixture was put into sunlight using lux meter to measure the intensity of light
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provided energy to animated TiO> loading. At every 30 minutes time intervals,
solution was centrifuged for 5-7 min. From this centrifuged solution, about 5 ml of the
dye solution was take out after a specific 30 minutes interval and measured its
absorbance using UV-Vis Spectrophotometer at 438 nm. The rate of decreases of
colour with time was constantly monitored. The result of photocatalytic degradation
of Acid Brown 349 dye is graphically showed in Table 1. Control these experiments
confirm the required photocatalyst, oxygen and light to follow the photocatalytic path
for the degradation of dye. Photocatalytic degradation of Acid Brown 349 dye was
studied at 438 nm. The optimum condition for the removal of dye concentration = 60
ppm, pH = 2.0, Volume of H202 (30%) = 5 ml, Amount of TiO2 = 5 mg, Light
Intensity = 350x102 Lux.
Table 1
Volume of Dye = 60 ppm (20 ml), pH = 2, Volume of H20: (30%) =5 ml
Amount of TiO, = 5 mg, Light Intensity = 350x10? Lux.

Time 0.D. 2+log 0. D R2
0 1.284 2.1085
30 1.117 2.0480
60 0.971 1.9872
90 0.834 1.9212 0.9751
120 0.655 1.8162
150 0.576 1.7604
180 0.403 1.6053

Effect of concentration
In this effect | tried the different concentration of dye solution and other parameters
are same. In different concentration | tried 20 ppm to 80 ppm dye concentration and
H202 is 5 ml and TiO2 is 5 mg. The result shows the maximum degradation at30 ppm
and 60 ppm are 75.55 % and 68.61 % respectively after 180 min. But for optimal
condition we take 60 ppm dye concentration because | tried degrade this at higher
concentration.
Table 2
Volume of Dye = 20-80ppm, pH = 3.12,Volume of H202 (30%) =5 ml
Amount of TiO2= 5 mg, Light Intensity = 350x102Lux

Time | 20 ppm | 30 ppm | 40 ppm | 50 ppm | 60 ppm | 70 ppm | 80 ppm

0 0.487 0.716 0.988 1.043 1.284 2.026 2.443
30 0.425 0.591 0.895 0.918 1.117 1.965 2.440
60 0.358 0.429 0.725 0.803 0.971 1.891 2.247
90 0.300 0.337 0.611 0.695 0.834 1.549 1.843
120 0.215 0.238 0.490 0.571 0.655 1.450 1.781
150 0.185 0.178 0.397 0.498 0.576 1.291 1.542
180 0.159 0.175 0.300 0.404 0.403 1.060 1.377
Effect of pH
I have also studied the degradation of dye under different pH interval. In this study the
pH is measure by pH meter and pH interval is 2-10 pH. And other parameters are
same. The result obtained at maximum degradation of dye at 2.0 pH. The maximum
percentage of degradation is 88.07 %. Optimal condition for pH is 2.

Table 3

211 |Page




Recent Trends in Chemical Sciences

Volume of Dye = 60ppm, Amount of TiO2=5 mg, pH =2 - 10.
Volume of H202 (30%) = 5 ml, Light Intensity = 350x10?Lux.

Time 2 pH 4 pH 6 pH 8 pH 10 pH
0 1.510 1.428 1.546 1.205 0.470

30 0.744 1.183 1.256 0.765 0.176

60 0.340 1.055 1.194 0.709 0.177

90 0.184 0.419 0.816 0.522 0.113

120 0.182 0.417 0.810 0.510 0.108

150 0.181 0.415 0.807 0.506 0.106

180 0.180 0.414 0.805 0.504 0.105

Effect of TiO,

We have also studied the degradation of dye under different amount of TiO>. In this
study the different amount of TiO2is 3 mg to 15 mg. The result obtained at maximum
percentage of degradation 68.61 % at 5 mg. So, optimal condition for the degradation
of dye at 5 mg TiOs.
Table 4
Volume of Dye = 60ppm, Amount of TiO2= 3 -12 mg, pH = 3.12.
Volume of H202 (30%) = 5 ml, Light Intensity = 350x10?Lux.

Time 3 mg 5mg 7 mg 10 mg 12 mg 15 mg
0 1.380 1.284 1.482 1.741 1.681 1.840
30 1.176 1.117 1.176 1.527 1.611 1.761
60 1.139 0.971 1.110 1.460 1.601 1.743
90 1.050 0.834 1.068 1.304 1.576 1.683
120 0.909 0.655 0.916 1.298 1.328 1.463
150 0.678 0.576 0.622 0.945 1.057 1.168
180 0.641 0.403 0.582 0.940 1.043 1.156
Effect of H,0;

We have also studied the degradation of dye under different volume of H20-. In this
study the different amount of H202 is 3 ml to 13 ml. The result obtained that
maximum 68.61 % percentage of degradation at 5 ml H2O2. So, optimal condition for
the degradation of dye at 5 ml H20o.
Table 5
Volume of Dye = 60ppm, Amount of TiO2=5 mg, pH = 3.12
Volume of H202 (30%) = 3 - 13 ml, Light Intensity = 350x102Lux.

Time 3ml 5ml 7 ml 9 ml 11 ml 13 ml
0 1.746 1.284 1.598 1.522 1.378 1.330
30 1.506 1.117 1.336 1.241 1.185 1.127
60 1.355 0.971 1.230 1.186 1.015 1.032
90 1.179 0.834 1.062 1.048 0.958 0.924
120 1.025 0.655 0.956 0.974 0.828 0.811
150 0.964 0.576 0.796 0.800 0.661 0.765
180 0.892 0.403 0.790 0.795 0.656 0.760

Effect of radical Quencher
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We have also studied the quencher effect on typical run. So, we can used methanol,
ethanol and isopropanol are used to radical quenching. After this process we can
conclude that the not effect on degradation of quencher. Because dye sample is
sensitive.After effect of quencher, we have study the HPTLC analysis of the degraded
samples.After all this observation the degraded samples will be subjected to HPTLC
to find out the end product.This method can be applied to treatment of effluent
samples taken from dye industry.

Table 6

Volume of Dye = 60 ppm, Amount of TiO2 =5 mg, pH = 2.

Volume of H202 (30%) = 5 ml, Light Intensity = 350x10? Lux.
Ti_me 2ml 4 mi 2ml 4 mi 2ml 4 ml
" Methanol | Methanol | Ethanol | Ethanol Iso Iso
Min
Propanol Propanol
0 1.187 1.450 1.443 1.420 1.775 2.018
30 0.863 1.038 1.147 1.225 1.150 1.069
60 0.689 0.988 1.141 1.205 1.083 1.026
90 0.368 0.469 0.777 0.770 0.790 0.802
120 0.317 0.424 0.757 0.735 0.774 0.791
150 0.234 0.282 0.611 0.613 0.695 0.723
180 0.161 0.183 0.466 0.492 0.639 0.648
Mechanism

The results of above experiment, A mechanism have been progress further
degradation of dye using titanium dioxide as semiconductor. This mechanism is same
as proposed light absorbed by dye molecules and the photons gets excited to its first
singlet state [24]. This singlet state gets converted to triplet state via intercrossing.
Thesemiconductor also absorbs a light get in excited state.

1pyeo — Ipye1 (Singlet excited state)

1pye1 — 3pye1 (Triplet excited state)

SC — e"h" or SC*
h*+OH™ (fromacid) —» OH
3pye1 + OH — Products

An electron which excited from its valance bond jumps to conduction band, it leaves a
hole there this hole takes away an electron from OH™ ions generating OH free radical.
This is confirmed by the use of scavenger.
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CONCLUSION

Titanium dioxide (TiO2) semiconductor is used for degradation of Acid Brown 349 dye in
presence of hydrogen peroxide (H202) under direct solar light. The % of degradation
reaction is affected by may parameters such as concentration of dye, pH of
solution,amount of semiconductor, concentration of hydrogen peroxide, and light
intensity. Maximum solar degradation was observed at 60 ppmconcentration of Acid
Brown 349 dye solution,5 mg of TiO2, 5 mlof H202, 2.0 pH, under 350 Lux after180
minutes were found as optimal conditions. After this experiment we perform the quencher
effect and HPTLC analysis of the dye solution and typical run. In the quencher effect
there is no effect on degradation of dye.
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Synthetic Approach, Structural Investigation and
33 Antifungal Studies of 2-hydrazino Benzothiazole
containing Schiff Base derivatives
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ABSTRACT

The benzothiazole and Schiff base moieties are crucial functionalities due to their
wide variety of antimicrobial activities and have a wide range of therapeutic
properties. Keeping in view the importance of these organic moieties, Substituted 2-
hydrazino-1,3-benzothiazole was synthesized via bromination of substituted aniline
with ammonium thiocyanate and this product were refluxed with conc. HCI and
hydrazine hydrate in presence of ethylene glycol. This new heterocyclic Organo
substituted 2-hydrazino-1,3-benzothiazole derivative was a starting material, which
condensed and tethered with different aromatic aldehyde pendant arm in presence of
ethanol and glacial acetic acid isolating an interesting sequence of tridentate Schiff
bases. Structures of the all the synthesized Schiff bases were established basis on
melting point, TLC, FT-IR, 1H NMR, and MASS spectral data. Allthe synthesized
Schiff bases were examined for antifungal activity when tested against four fungal
strains: Candida albicans (MTCC 183), Aspergillus niger(MTCC 228), Candida
tropicalis (MTCC 6192), and Fusarium oxysporium (MTCC 3656).The results
obtained justify the importance of benzothiazole inthe field of therapeutics.

Keywords: Benzothiazole derivatives, Schiff base, antifungal studies

INTRODUCTION:

In recent years heterocyclic compounds and derivatives have fascinated strong interest
due to their effective biological and pharmacological assets. Benz-fused compounds
have been employed in the synthesis of number of pharmaceutical compounds
because of the significant activities possessed by them (Benzotriazole, Benzoxazoles,
Benzimidazole and benzothiazole etc.) Benzothiazole, a multifaceted nucleus, has
been under research for the last two decades. Being a heterocyclic compound,
benzothiazole finds use in research as a starting material for the synthesis of larger
bioactive structures. Its aromaticity makes it relatively stable, although as a
heterocycle, it has reactive sites which allow for functionalization [1]. Many dyes,
such as Thioflavin, and pharmaceutical drugs, such as Riluzole, Zolantidine have
benzothiazole analogs. From the literature survey, it has been found that extensive
work has been reported on 2- substituted benzothiazole derivatives in past and
evaluated for different activities like antibacterial[1], anticancer [2], antiviral [3],
antitumor [4], antifungal [5], anti-inflammatory[6] antioxidative and antidiabetic [7],
anticonvulsant [8]. Benzothiazole Schiff's base is a nitrogen analogue of an
aldehyde/ketone in which the carbonyl group has been switched by an imine or
azomethine group. They also have been used widely as antimicrobial activity. Taking
this into view, certain new derivatives were synthesized taking benzothiazole asthe
basic moiety.
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EXPERIMENTAL.

2.1 Material and methods

All the chemicals and solvents used during the experimental studies were of analytical
grade and commercially available reagents used without further purification. Melting
points of all synthesized compounds were determined using open capillary tube and
are uncorrected. The completion of the reaction and purity of the compounds were
checked by TLC. IR spectra were recorded in KBr pellets on Perkin Elmer IR
spectrophotometer (4000-400cm™) and*H NMR spectra were recorded with Bruker
300 MHz using DMSO-des as solvent and TMS as internal reference.Mass spectra
were recorded onMass spectrophotometer by LC- MS and the spectra were
interpreted.

2.2. Synthesis of 2-hydrazino benzothiazole derivative in following steps:

2.2.1 Synthesis of 6-chloro-2-benzothiazolamine (1)

P-Chloro aniline (0.01mol) and potassium thiocyanate (0.08mol) were dissolved in
glacial acetic acid (20 mL), cooled and stirred for 15 min at 2-4 °C. Cold bromine
solution (0.01mol, 1.6 mL in 6 mL acetic acid) was added drop wise. Stirring was
continued for 2 h and then at room temperature for 10 h. Separated hydrochloride salt
was filtered off, washed with acetic acid, dissolved in hot water and neutralized with
aqueous ammonia solution (25%) The resulting precipitate was filtered off, washed
with water and recrystallized from ethanol.

2.2.2. Synthesis of 6-chloro-2-benzothiazol-2-yl-hydrazine (2)

With stirring to hydrazine hydrate (99%, 6 mL) solution conc. HCI (6 mL) was added
drop wise at 5-10 °C temperature. To it ethylene glycol (24 mL) and compound (1)
(0.03 mol) were added in portion and refluxed for 3 h. Reaction mixture cooled to
room temperature and was poured to crushed ice to afford a solid which was filtered
and recrystallized from ethanol to yield compound 2.

2.2.3. Procedure for the synthesis of Schiff bases (3a-3b)
6-chloro-2-benzothiazol-2-yl-hydrazine(2) (1.5mmol) and 2,4-dihydroxy
benzaldehyde,  o-hydroxyacetophenone,  o-hydroxybenzophenone,  o-vanillin
(2.2mmol) and glacial acetic acid (2-3 drops) were taken in absolute ethanol (20ml)
and refluxed on water bath for 5-6 hours till a different spots on TLC may appears.
On cooling, solid get separated which was filtered and wash with little water and
recrystallized with absolute ethanol to get the pure final compound (3a-3d). Physical
and analytical data of synthesized compounds is given in Table 1. Synthetic pathway
for preparation of title compounds is shown in Scheme 1.

- -I\.,::-.. HiN i(\) i
Wi o £

Dt Ohahh

R {(Ja-3d)
1

e Scheme 1 Reagents and conditions: (i) CH3COOH, KSCN, BR2, stirring 10h; (ii)
NH2NH2.H20, ethylene glycol, reflux 3 h; (iii) ethanol, reflux 5 h.
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Table 1: Some Physical Characteristics of the Synthesized Compounds.

Yield Elemental analysis calcd. /found (%)
Comp. R’ R” M.P(°C) o Mol. form. & Wt.
(%) c H N 0 S cl
1 160-163 76 C7Hi‘8c£'1st 455 | 27 | 152 ; 174 | 192
2 220-223 80 C7H189C$N35 4211 | 303 | 211 ; 160 | 178
3a H p-OH 215-225 73 C“‘Hﬁgzocz"\bs 5250 | 315 | 1314 | 100 | 103 | 111
3b CHs - 225228 74 015'*31129%'\‘35 567 | 381 | 132 | 503 | 1009 | 111
3¢ CeHs - 192-195 78 CZ°H1§§’§'N35 632 | 372 | 111 | 421 | 844 | 933
3d H | m-OCHs | 230-235 70 C15H123C3’ZC'N35 5398 | 362 | 126 | 959 | 960 | 106

2.3. Spectral data

2.3.1. 6-Chloro-2-benzothiazolamine (1)

IR Imaxcm™(KBr): 3417 (NH), 3086 (CH-Ar), 1512 (C=N), 1263, 1280 (C-N), 1082 (C-ClI),
615 (C-S-C). H NMR (300 MHz, DMSO-d6, & ppm): 7.12 (m, 7H, Ar-H), 7.10 (s, 1H,
NHN-, DO exchangeable). Mass analysis MS (LC-MS) :(Calcd. For m/z[M+]183.99)
Found:184.

2.3.2. 6-Chloro-2-benzothiazol-2-yl-hydrazine (2)

IR Imaxcm(KBr): 3484 (NH), 3084 (CH-Ar), 1548 (C=N), 1257 (C-N), 1112 (C-Cl), 604
(C-S-C). 1H NMR (300 MHz, DMSO-d6, 6 ppm): 7.87 (m, 7H, Ar-H), 4.0 (s, 1H, NHN-,
D20 exchangeable). Mass analysis MS (LC-MS):(Calcd. For m/z [M+] 199) Found:199.
2.3.2. 4-[2-(6-chloro-1,3-benzothiazol-2-yl)hydrazin-1-ylidene]benzene-1,3-diol (3a)

IR 9max cm™ (KBr): 3309 (OH), 3042 (CH-Ar), 1604 (azomethine C=N), 1267 (C-N), 1114
(N-N), 1068 (C-Cl), 578 (C-S-C). *H NMR (300 MHz, DMSO-d6, § ppm): 8.34-7.45 (m,
7H, Ar-H), 8.027 (s, 1H, Ar-CH=N), 5.0 (s, 1H, Ar-OH), 7.12 (s, 1H, NHN-, D20
exchangeable).Mass analysis MS (LC-MS):(Calcd. For m/z [M+] 319.02) Found:319

2.3.3. 1-(2-Hydroxyphenyl)ethanone(6-chloro-1,3- benzothiazol-2-yl)hydrazine (3b)

IR 9max cm™* (KBr):3315 (OH), 3042 (CH-Ar), 2981, 2805 (CH Aliph.), 1558 (azomethine C=N),
1267 (C-N), 1114 (N-N), 1086 (C—Cl), 611 (C-S—C). 'H NMR (300 MHz, DMSO-d6, § ppm):
0.91 (s, 3H, CH3), 7.48 (m, 7H, Ar-H), 5.0 (s, 1H, Ar-OH), 7.12 (s, 1H, NHN—, D20
exchangeable). Mass analysis MS (LC-MS) :(Calcd. For m/z [M+] 317.04) Found: 317.

2.3.4. 2-[2-(6-chloro-1,3-benzothiazol-2-yl)hydrazine-1-ylidene](phenyl)methyl]phenol (3c)
IR Ymax cm™ (KBr): 3316 (OH), 3301 (N-H), 3016 (CH-Ar), 1494 (C=N), 1288 (C-N), 1016 (C-
Cl), 653 (C-S—C). *H NMR (300 MHz, DMSO-d6, § ppm): 8.17-6.7 (m, 7H, Ar-H), 5.0(s, 1H, Ar-
OH) 7.0 (s, 1H, NHN—, D20 exchangeable).Mass analysis MS (LC-MS) :(Calcd. For m/z [M+]
379) Found: 379

2.3.5. 2-[(1E)-[2-(6-chloro-1,3-benzothiazol-2-yl)hydrazine-1-ylidene]methyl]-6-
methoxyphenol (3d)

IR Omax cm™* (KBr):3433 (O-H and N-H), 3163 (Ar C-H), 1610 (C=N), 1415 (Ar C=C), 1540
(cyclic C=N),1068 (C-ClI), 578 (C-S-C).'H NMR (300 MHz, DMSO-d6, § ppm): 8.17-6.7 (m,
7H, Ar-H), 5.0(s, 1H, Ar-OH), 4.5(s, 3H, CH3), 7.28 (s, 1H, NHN—, D20 exchangeable).Mass
analysis MS (LC-MS) :(Calcd. For m/z [M+] 333) Found:333

Antifungal activity: For present work efficacy of four compounds (3a-3d) were detected
against four fungal strains Candida albicans (MTCC 183), Aspergillus niger (MTCC 228),
Candida tropicalis (MTCC 6192), and Fusarium oxysporium (MTCC 3656). The
concentration of the test compound used was 1mg/ml, Clotrimazole were taken as the
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standard drug and Acetone was used as solvent control. The zones of inhibition obtained in
different strains of fungi are shown in Table2.
Table 2: Comparison of Zone of Inhibition of various compounds derivatives

Antifungal activity in (mm)

Compound C.albicans A. niger F. oxysporium C. Tropicalis
(MTCC 183) (MTCC 228) (MTCC 3656) | (MTCC 6192)

STD 21 20 20 21

3a 17 18 15 14

3b 15 14 17 11

3c 17 13 15 14

3d 18 19 15 14

RESULTS AND CONCLUSION:

The efficient synthetic route for the synthesis of benzothiazole containing Schiff base
derivatives was shown in Fig 1. It involves the cyclization of aromatic amine and
formation of compound 1, through KSCN and Br in gl.Acetic acid then involves the
reaction of hydrazine hydrate with compound 1 in the presence of ethylene glycol and
finally formation of the compounds (3a—3d) through reaction of substituted ketones in
the presence of ethanol and compound 2 by refluxing for 5-6 h. The synthesized
compounds were evaluated for their antifungal activity against four fungal strains.
Compounds 3a,3d showed significant activity against Candida albicans (MTCC 183),
Aspergillus niger (MTCC 228), while 3b,3c showed comparable activity against
Candida albicans (MTCC 183), Fusarium oxysporium (MTCC 3656)when tested at
1mg/ml concentration taking Clotrimazole as the standard. The rest of the synthesized
derivatives showed low to moderate activity. From the above results, it may be
concluded that the derivatives of benzothiazole possess moderate to potent antifungal
activity[1,5] when compared to standard Clotrimazole. Therefore, the experimental
study justifies the therapeutic application of the benzothiazole moiety in the present
era.
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ABSTRACT

This review paper explores a sustainable approach for synthesizing magnetic
nanoparticles through the green methodology, utilizing Plant extract as a reducing and
stabilizing agent. The optimized synthesis conditions yield magnetite nanoparticles
with a nanoscale dimension, as confirmed by X-ray diffraction and transmission
electron microscopy. The nanoparticles exhibit superparamagnetic behavior,
rendering them suitable for various applications. Biocompatibility studies demonstrate
their potential for biomedical use, showcasing minimal cytotoxic effects. The eco-
friendly synthesis process significantly reduces energy consumption and waste
generation compared to conventional methods, aligning with principles of green
nanotechnology. Stability assessments in different media emphasize their practical
utility. Preliminary scalability investigations suggest the potential for large-scale
production. This study contributes to sustainable nanotechnology, offering a versatile
platform for environmental remediation and biomedical applications. The findings
underscore the importance of environmentally conscious practices in nanomaterial
synthesis, paving the way for the integration of green technologies into mainstream
applications.

INTRODUCTION:

Nanotechnology is the process of manipulating matter through specific
chemical or physical processes to produce materials with specific properties that can
be used in specific applications [1]. A nanoparticle is a microscopic particle with at
least one dimension smaller than 100 nanometers [2]. They differ from bulk materials
in terms of optical properties, thermal properties, electrical properties, chemical
properties, and physical properties[3]. As a result, they have a wide range of
applications in the fields of medicine, chemistry & environment, energy & agri-
culture, information & communication, heavy industry & consumer goods [4].
Traditional nanoparticle synthesis methods (attrition, pyrolysis) have drawbacks such
as poor surface formation, low manufacturing rate, highmanufacturing costs, and high
energy requirements [2]. Chemical synthesis (e.g., chemical reduction, solvent gel
technique) involve the use of toxic chemicals, the production of hazardous by-
products, and contamination by precursor chemicals. Therefore, the need for clean,
non-toxic, and environmentally friendly nanoparticle synthesis processes is
increasing.
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Green synthesis alludes to naturally inviting strategies of synthesizing
different materials, counting nanoparticles. Within the setting of nanoparticle union,
the green synthesis strategy has picked up noteworthy significance due to its various
focal points over routine strategies. Green synthesis strategies ordinarily utilize
generous and eco-friendly materials, diminishing the natural affect related with
dangerous chemicals and by-products. Green synthesis strategies regularly utilize
characteristic sources, such as plant extricates or microorganisms, which can lead to
the generation of nanoparticles with enhanced biocompatibility. This can be
especially imperative for applications in pharmaceutical, where biocompatible
nanoparticles are alluring for medicate conveyance and imaging purposes. Green
synthesis strategies can offer better control over the estimate, shape, and composition
of nanoparticles. This can be significant for fitting the properties of nanoparticles for
particular applications, such as catalysis, hardware, or biomedical employments.

A wide range of biological resources can be used for the synthesis of
nanoparticles, such as microorganisms (bacteria, yeast, fungi, algae and viruses) and
plants [5]. Although microbe-based protocols have been developed based on the
cumulative research of several authors, the importance of plant-mediated biological
synthesis of nanoparticles has only increased in recent years [6]. Plant extracts reduce
metal ions in a shorter time than microbes. Depending on the type of plant and
concentration of phytochemicals, nanoparticlesare synthesized in a few minutes or
hours, while methods based on microorganisms require a longer time [7]. The main
disadvantage of microbial-mediated nanoparticle synthesis is the mandatory limitation
of aseptic conditions, which requires trained personnel and increases the cost of scale-
up [8]. All these reasons, as well as the easy availability of plants in nature, make
them biologically cheaper than microbes.

Nanotechnology, particularly the synthesis of magnetic nanoparticles (MNPS),
has revolutionized diverse fields, ranging from biomedical sciences to environmental
remediation. The unique properties of MNPs, such as their magnetic responsiveness
and high surface area, make them valuable in applications like targeted drug delivery,
imaging, and pollutant removal. However, the conventional methodologies employed
in their synthesis often involve the use of hazardous reagents and energy-intensive
processes, raising concerns regarding the environmental impact and sustainability of
these practices. The exponential growth in the utilization of MNPs underscores the
urgency to develop eco-friendly synthesis methods that address the shortcomings of
traditional approaches. In this context, the current study delves into the prospect of
green synthesis as a sustainable alternative for the production of magnetic
nanoparticles. Green synthesis, characterized by its reliance on environmentally
benign precursors and energy-efficient processes, emerges as a promising strategy to
mitigate the ecological footprint associated with nanoparticle synthesis. The
motivation behind adopting green synthesis methods lies in the imperative to align
scientific advancements with sustainable practices. The synthesis of MNPs using
plant-mediated approaches, specifically, offers a holistic and eco-friendly route.
Plants, with their inherent richness in bioactive compounds, not only act as reducing
agents but also provide a biocompatible environment for nanoparticle stabilization.
This dual functionality of plant extracts positions them as ideal candidates for green
synthesis, ensuring that the production process is not only environmentally conscious
but also yields nanoparticles with desirable properties.

Till presently, iron nanoparticles have been generally synthesized utilizing
diverse plant extricates. Plant extricates act as low-cost decreasing and stabilizing
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specialists. Attractive nanoparticle mixture is carried out at room temperature or by
the aqueous course by blending plant extricate with metal salt arrangement in a settled
proportion.

The paradigm shift towards green synthesis methods for MNPs has gained
attraction due to their potential to overcome the limitations of conventional
approaches. Green synthesis involves the utilization of environmentally benign
precursors, often derived from natural sources, to create MNPs under mild reaction
conditions. Among the various green synthesis methods, plant-mediated synthesis has
emerged as a particularly promising avenue. Plants, with their diverse array of
bioactive compounds, offer an attractive alternative for green synthesis. Various
studies have explored the use of plant extracts rich in phytochemicals, such as
flavonoids and polyphenols, as both reducing and stabilizing agents in the synthesis of
MNPs. The dual functionality of these extracts not only facilitates the reduction of
metal ions but also imparts stability to the resulting nanoparticles. The versatility of
plant-mediated synthesis is evident across multiple plant species, including but not
limited to Aloe vera, green tea, and neem. The phytochemical composition of these
plants plays a crucial role in determining the properties of the synthesized MNPs. This
method not only ensures eco-friendliness but also offers the potential for large-scale,
cost-effective production.
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Figure: Green synthesis of iron oxide nanoparticles

Biosynthesis of magnetic nanoparticles using plants:

The most commonly used plant resource for the synthesis of iron nanoparticles
is tea extract. nZV1 was synthesized on the reaction of Camellia sinensis (green tea)
extract with 0.1 M FeClI3 soln. [9]. These nanoparticles were synthesized in minutes
at room temperature, where thepolyphenols act as a reducing and capping agent.
These nanoparticles were found to have a higher activity in degrading bromothymol
blue compared to two commonly used iron chelates.

synthesized polydisperse iron nanoparticles using eucalyptus leaf extract
obtained from its leaf litter[12]. nZVI, FesOs4 and Fe,Os were different forms of
nanoparticles synthesized during the process. Due to the presence of different
phytochemicals, each with a different reducing power in extract form, the
nanoparticles were polydisperse unlike nanoparticles synthesized by chemical
reducing agents. For the first time, biologically synthesized nanoparticles were used
to treat eutrophic wastewater. After 21 days, the total nitrogen removal percentage
was 71.7%, total P and COD percentage was 84.5%. The very low P removal was due
to the lack of calcium, magnesium or aluminum acting as precipitants.
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Huang et al. [11] used oolong tea extract to synthesize iron nanoparticles. The
polyphenol/caffeine content of the extract acted as a reducing and thickening agent.
XRD and FTIR characterization showed that valent iron, maghemite and magnetite
nanoparticles were not present. Thanks to the organic coating of biomolecules, the
synthesized nanoparticles remained dispersed and also showed good reactivity.
Interestingly,is mediated by an oolong extract.green tea Fe NPs at 50,000
magnificationiron nanoparticles effectively degraded (75.5% in 60 min, steady state)
an otherwise difficult to degrade dye, malachite green, with a degradation rate oft
0.045 min 1. Malachite green degradation followed pseudo-first-order Kinetics.

Shahwan et al. [10] synthesized iron nanoparticles, GT-Fe NPs (mainly
composed of iron oxide/oxohydroxide) using green tea extracts. These nanoparticles
act as a Fenton-like catalyst for the degradation of cationic dyes such as methylene
blue (MB) and anionic dyes such as methyl orange (MO). Almost complete removal
of both dyes was achieved for MB and MO at 200 and 350 min. For GT-Fe NPs,
almost 100% removal of MB and MO was observed at initial dye concentrations of 10
mg/L and 100 mg/L. Efficiency was slightly lower for MB (96.3% at 10 mg/L and
86.6% at 100 mg/L) and significantly lower for MO (61.6% at 10 mg/L and 47.1% at
100 mg/L). iron nanoparticles were synthesized by a conventional borohydride
reduction method.

In another work, the synthesis was carried out at room temperature using
different volumes of tea extract and Fe(NOz)s solution to check the effect of tea
extract concentration on the resulting nanoparticle size; it was observed that the
particle size decreased with increasing concentration. The size of the nanoparticles
synthesized by the borohydride reduction method was found to vary between 50 nm
and 500 nm. The biocompatibility of nZVIs synthesized using green tea and
borohydride as reductant was evaluated by methyl tetrazolium (MTS) and lactate
dehydrogenase (LDH) assay by exposing cell lines to nZVIs for 24-48 hours. LDH
leakage increased with increasing particle size, which stresses the cell membrane.
Thus, nZV1 synthesized by green tea, with a much smaller size, was shown to be non-
toxic to human Kkeratinocytes compared to nanoparticles synthesized by the
borohydride reduction process [13].

When navigating research into the green synthesis of magnetic nanoparticles,
it is important to assess the limitations of conventional methods. Commonly used
chemical routes often involve the use of toxic reagents, leading to dangerous
byproducts and challenging large-scale production. The move to green synthesis
solves these problems and envisions a future where nanotechnology not only
advances the frontiers of science but also adheres to the principles of environmental
responsibility. In the following sections of this paper, we present a comprehensive
study on the green synthesis of magnetic nanoparticles. Our methodology

TABLE: Size and morphology of iron nanoparticles synthesized by plant extracts.

PLANT MORPHOLOGY SIZE REFERENCE
Green Tea Spherical 5-17 [9]
Eucalyptus Spherical 10-20 [12]
Oolong Tea Spherical 40-50 [11]
Green tea Irregular clusters 40-60 [10]
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Tea powder Differs according to the quantity of tea extract [13]
Plantain peel Spherical Less than [67]

50 nm
Banana peel ND 10-25 (68]
Sorghum bran Spherical 40-50 [69]
Pomegranate ND 100-200 [70]

nm

Stevia rebaudiana Spherical 20 [71]
Punica granatum Spherical 25-55 [72]
Cynara cardunculus Semi-spherical 135 [73]
Tamarix aphylla Spherical [74]
K. alvarezii Hexagonal 10-30 [75]
Moringa oleifera Irregular spherical 18-20 [76]
Amaranthus dubius Oval 58-530 [77]
Rhamnella gilgitica Spherical 21-25 [78]

uses plant-mediated synthesis and we delve into the complexities of this process with
the aim of demonstrating its efficiency, reproducibility and potential for scalable
production. The study not only advances the expanding range of green synthetic
methods, but also heralds a paradigm shift in the synthesis of magnetic nanoparticles,
ushering in an era of sustainable nanotechnology.

In conclusion, the literature review highlights the transformative potential of
green synthesis methods for MNPs. The shift to environmentally friendly practices
not only addresses environmental problems associated with traditional methods, but
also opens up opportunities for innovative applications in medicine and environmental
science. As we delve into the experimental details and results in the following
sections, this study contributes to the growing body of knowledge supporting
sustainable nanotechnology practices.

Characterization technique:

A few methods have been utilized for the assessment of the properties of
incorporated IONPs. The affirmation of IONPs development is analyzed with UV
spectroscopy [14]. Fourier change infrared spectroscopy (FTIR) is utilized for the
useful gathering identification [15]. The morphological not entirely settled by
microscopy procedures like transmission electron microscopy instrument (TEM),
scanning electron microscopy (SEM), and atomic force microscopy (AFM) [16]. The
crystallinity of synthesized not entirely settled with X-ray diffraction [17] while the
purity and composition of component are estimated with EDX [18] and total
reflection X-ray fluorescence (TXRF) [19].
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Ultraviolet-visible (UV-Vis) spectroscopy serves as a valuable technique for
verifying the creation of metal nanoparticles (NPs) and metal oxide NPs, including
iron oxide nanoparticles (IONPs) [21]. This involves measurement of its surface
plasmon resonance and estimating the oscillations of conduction band electrons
induced by electromagnetic radiation.
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Figure: UV spectra of synthesized iron oxide nanoparticles

UV analysis has been instrumental in examining the stability, size, aggregation, and
structure of NPs, as emphasized in the work [20]. Each type of metal oxide and metal
NP possesses a distinctive absorbance wavelength discerned from the UV spectrum
when incident light interacts with conduction band electrons at the NP surface, a
phenomenon elucidated [22]. Specifically, the absorbance band indicative of IONPs
falls within the 280 to 450 nm range on the UV spectrum, as reported by [20].

Fourier transform infrared spectroscopy (FTIR) proves valuable in identifying
the functional groups within plant extracts and iron oxide nanoparticles (IONPs), as
highlighted in[23]. Additionally, it plays a crucial role in determining the functional
groups involved in the bio-reduction of iron precursors. FTIR analysis is versatile,
capable of generating absorption and infrared emission spectra for solids, liquids, and
gases. The distinctive combination of atoms in biomolecules enhances the
identification of functional groups in synthesized IONPs using FTIR spectra, as
elucidated in[24]. The spectra derived from FTIR analysis present a unique fingerprint
containing absorption peaks corresponding to the vibration wavelengths within the
bounds of the NP atoms, as noted in[25]. Researchers have extensively utilized FTIR
spectroscopy to confirm the presence of biomolecules such as flavonoids, tannins,
alkaloids, and saponins in plant extracts used for the bio-reduction of iron precursors
during IONP formation, as demonstrated in[26].

The transmission electron microscope (TEM) is a frequently employed tool for
characterizing the shape, size, and morphology of iron oxide nanoparticles (IONPs),
as highlighted in[27]. However, the preparation process for TEM analysis is intricate
due to the necessity for an extremely thin sample (IONPs) to facilitate electron
transmittance. The procedure involves encapsulating IONPs in thin films created on
carbon-coated copper grids. This is achieved by dispensing a small quantity of IONPs
solution onto the grid, followed by the removal of excess solution using blotting
papers, as explained in[28]. To enhance the penetration of a monochromatic electron
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beam through the sample, producing an image on the viewing screen, the prepared
samples are dried under a mercury lamp, as outlined in[29].Numerous researchers
have utilized TEM for morphological assessments of IONPs synthesized from various
plant materials.

Scanning electron microscopy (SEM) stands out as an electron microscopy-
based technique extensively employed for the direct visual assessment of various
nanoparticles (NPs), as discussed in[30]. This technique offers unique advantages in
morphological and size analysis compared to other available methods. In preparing
iron oxide nanoparticles (IONPs) for SEM analysis, the IONPs solution undergoes
evaporation to dryness. The resulting powder is then mounted on a sample holder
within the SEM machine and coated with a conductive metal using a sputter coater, as
detailed in[31]. Following this, a focused beam of high-energy electrons is directed
towards the IONPs, generating multiple signals on their surface, as explained in[32].
These signals are captured by electron beams and recorded by the detector, providing
information about the crystalline structure, external morphology, orientation, and
chemical composition of the IONPs. However, a limitation of SEM lies in its inability
to offer precise and sufficient details regarding the average size distribution of IONPs,
as noted in[33]. The collective findings concerning the morphological determination
of synthesized IONPs using various plant extracts through TEM analysis are
summarized in table.

Numerous studies have highlighted the utility of Atomic Force Microscopy
(AFM) in the morphological assessment of nanoparticles (NPs), as documented
in[34]. This technique involves scanning samples, such as iron oxide nanoparticles
(IONPs), with a submicron-level probe tip, aided by software-based image processing
[35]. AFM provides essential information about NP morphology, including surface
texture, length, width, and height, by analyzing forces between the sample surface and
the tip. For AFM sample preparation, a small quantity of IONPs solution is placed on
a glass slipcover attached to the AFM stub and dried over nitrogen gas at ambient
temperature. Multiple images are then recorded for comprehensive interpretation [36].
The instrument operates by utilizing forces between the surface and the tip to generate
a topographical map scanned in contact mode [37]. Notably, AFM offers advantages
such as not requiring sample pretreatment before image production, applicability for
evaluating the morphological features of nonconducting samples, and providing
information about the volume and height of NPs [38]. In addition to AFM, X-ray
Diffraction (XRD) has been recognized as a valuable technique for assessing the
crystallinity of synthesized NPs. This involves analyzing lattice and structure
parameters of diffracted IONPs powder, with the crystal size determined based on the
width of X-ray peaks using the Scherrer formula [39]. Moreover, the elemental
composition of IONPs can be determined through X-ray emission obtained after
bombarding the nanoparticles with an electron beam [40]. The use of an attached
Energy-Dispersive X-ray Spectroscopy (EDS) detector to Scanning Electron
Microscopy (SEM) has also been employed for elemental composition determination
by estimating the number of emitted X-rays, providing both quantitative and
qualitative analysis [41].

To assess the purity and elemental composition of nanoparticles (NPSs)
synthesized using plant extracts, researchers have employed the Energy-Dispersive X-
ray Spectroscopy (EDX) technique, as demonstrated in[35]. The elemental
composition analysis of iron oxide nanoparticles (IONPs) involves capturing X-ray
emissions emitted when the IONPs are subjected to an electron beam bombardment,
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as explained in[40]. Furthermore, the integration of an Energy-Dispersive X-ray
Spectroscopy (EDS) detector with Scanning Electron Microscopy (SEM) has been
utilized for determining the elemental composition of IONPs. This process estimates
the number of X-rays emitted, balancing the difference in energy of the two electrons,
as reported in[41]. The emitted X-ray energy serves as a distinctive identifier of the
element when subjected to both quantitative and qualitative analyses, highlighting the
attainability of comprehensive information about the composition of IONPs, as
discussed in[42].

X-ray Diffraction (XRD) has been acknowledged as a valuable technique for
the evaluation of crystallinity in synthesized nanoparticles (NPs). The assessment of
crystallinity involves the analysis of lattice and structural parameters of diffracted iron
oxide nanoparticles (IONPs) powder, accomplished by measuring the diffraction
angle when subjected to an incident X-ray beam. Utilizing the Scherrer formulathe
determination of crystal size is facilitated based on the width of X-ray peaks, as
explained in[39]. This approach enables a quantitative assessment of the crystal size
of the synthesized NPs through the analysis of their X-ray diffraction patterns.

Applications of MNPs synthesized from plant extract:

1. Antimicrobial Application

Numerous investigations have been conducted to augment the antimicrobial
efficiancy of existing antibiotic drugs and to develop novel antimicrobial agents
addressing microbial resistance to available antibiotics and antiseptics [43]. In vitro
antimicrobial studies of metal and metal oxide nanoparticles (NPs) against diverse
microbial species have revealed significant inhibitory effects compared to
conventional antibiotics and antiseptics [44]. The antimicrobial activities of iron oxide
nanoparticles (IONPs) and other NPs are predominantly influenced by particle size
and synthesis material. In recent decades, IONPs functionalized with therapeutic
agents, including antimicrobials, have garnered scientific and industrial interest due to
their notable antimicrobial and antibiofilm activities [45]. Agglomerated IONPs
surfaces are modified with essential biological molecules and polymers to prevent
agglomeration and enhance their utility in biomedical applications [46]. The use of
metal NPs is considered a promising strategy for mitigating microbial drug resistance
due to their diverse interaction mechanisms with microbial cells. These mechanisms
include generating pits in bacterial cells, causing fragmentation of the cell wall,
denaturation of microbial outer membranes, and reacting with enzymes' disulfide
groups to impede metabolic processes, leading to cell death [47]. Similarto other
metal and metal oxide NPs (e.g., silver, gold, zinc oxide, and copper oxide), IONPs
exhibit significant antimicrobial activities [48]. Studies have demonstrated synergistic
antibacterial effects of IONPs synthesized with plant extracts, such as those from corn
plants [49]. Bactericidal actions of IONPs synthesized using Couroupita guianensis
fruit extract and Argemone mexicana L. leaf extract have shown effectiveness against
various human pathogens [50,51]. IONPs synthesized with plant extracts, particularly
from Argemone mexicana L. leaf extract, have been reported to limit the growth of
Proteus mirabilis and Escherichia coli [51]. The potential of IONPs in combating both
gram-positive and gram-negative bacteria has been substantiated, prompting the
development of synergistic IONPs platforms as potential carrier systems for treating
microbial infections in the future [52].

2. Anticancer Application:
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The challenging issues of lack of selective targets and multidrug resistance
pose significant obstacles in the effective treatment of tumors and cancer [53].
Advances in nanotechnology and nanoscience have demonstrated the potential of
nanoparticles (NPs) in cancer treatment due to their unique features and interactions
with cancerous cells [54]. Among metal oxide NPs, iron oxide nanoparticles (IONPs)
are recommended for anticancer therapy due to their large surface area for grafting
targeting substrates and moieties, high resistance to in vivo degradation, and potential
synergistic activity influencing drug sensitivity in cancer treatment [55]. The
cytotoxicity effects of biosynthesized IONPs against human HepG2 liver cell lines
indicate the ability of IONPs to inhibit cancer cell growth with increasing
concentrations [56]. In a study evaluating the cytotoxicity efficiency of lead oxide
NPs and IONPs against HepG2 cells, IONPs exhibited higher cytotoxicity efficiency
(38.49%) compared to lead oxide NPs (20.88%), attributed to the smaller particle size
of IONPs [57]. In vitro cytotoxicity evaluation of IONPs synthesized using flaxseed
against MCF-7 cells demonstrated high toxicity efficacy at concentrations of 4.7 ug
mL-1 and above [26]. The heightened cytotoxicity efficiency of IONPs against MCF-
7 cells was linked to their ability to disrupt the cell membrane by interacting with
phospholipid molecules in the cell layer. Psoralea corylifolia-mediated 1ONPs
exhibited outstanding cytotoxicity against renal tumor cells, highlighting significant
anticancer activity [58]. These findings underscore the promising role of IONPs in
cancer therapy, leveraging their unique properties and interactions with cancer cells
for potential therapeutic applications.

3. Environmental applications:

The extensive utilization of anionic and cationic dyes in various industries,
including textiles, plastics, pharmaceuticals, leather, printing, and paper milling, has
resulted in a significant global demand and supply [59]. Studies indicate that more
than 20% of the total dyes used are wasted and discharged into the environment
following manufacturing processes in these industries, contributing to various forms
of environmental pollution [60]. The release of dyes and other toxic waste into
ecosystems has led to adverse effects such as the mortality of aquatic animals, water
turbidity, and various human health issues [61]. Managing and effectively controlling
effluents containing dyes pose significant challenges. In response to the
environmental issues associated with industrial effluents, investigations have focused
on the catalytic degradation and oxidation of dyes using metal and metal oxide
nanoparticles (NPs) [62]. Metal oxides, including zinc, copper, titanium, and iron
oxides, have demonstrated efficient dye degradation capabilities [63,64]. The
photodegradation of dyes by iron oxide nanoparticles (IONPs) is attributed to their
high surface area to mass ratio and many surfaces reactive sites facilitating easy dye
adsorption [65]. Parameters such as catalyst loading, pH, temperature, and time are
reported as major factors influencing the photocatalytic activities of IONPs [66].
providing valuable insights into the efficacy of IONPs in addressing environmental
pollution challenges associated with dye-containing effluents.

4. Other applications:

The intrinsic magnetic properties of nanoparticles render them excellent
candidates for biomedical imaging. Eco-friendly synthesized magnetic nanoparticles
exhibit high magnetic moments, enabling enhanced contrast in magnetic resonance
imaging (MRI). Their uniform size distribution and biocompatibility make them
valuable contrast agents, offering improved spatial resolution and signal sensitivity
for precise anatomical visualization. Functionalized magnetic nanoparticles play a
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pivotal role in targeted drug delivery. Surface modifications with bioactive molecules
enable site-specific drug delivery, enhancing therapeutic efficacy while minimizing
systemic side effects. The superparamagnetic behavior of these nanoparticles
facilitates controlled drug release under external magnetic fields, ensuring localized
treatment with increased precision. The unique magnetic properties of nanoparticles
find application in magnetic hyperthermia therapy for cancer treatment. Under the
influence of an alternating magnetic field, eco-friendly synthesized magnetic
nanoparticles generate localized heat, inducing hyperthermia in cancer cells. This
targeted thermal effect proves beneficial for controlled destruction of malignant cells,
presenting a promising avenue for cancer therapy. In industrial processes, magnetic
nanoparticles find application in magnetic separation techniques. Their magnetic
susceptibility allows for efficient separation and purification of target molecules or
substances from complex mixtures. This is particularly advantageous in fields such as
biotechnology, where precise separation is crucial for downstream processes. In
material science, incorporating eco-friendly magnetic nanoparticles into polymer
matrices leads to the development of advanced nanocomposites. The magnetic
nanoparticles act as reinforcing agents, imparting enhanced mechanical and thermal
properties to the resulting materials. This application broadens the scope of eco-
friendly synthesized nanoparticles in industries requiring lightweight, high-strength
materials. In agriculture, eco-friendly magnetic nanoparticles contribute to the
development of smart nano pesticides and nutrient delivery systems. Targeted
delivery of agrochemicals using magnetic nanoparticles enhances efficacy while
minimizing environmental impact. Additionally, these nanoparticles can facilitate soil
remediation and nutrient uptake in plants.

In summary, the diverse and evolving applications of eco-friendly synthesized
magnetic nanoparticles underscore their significance in various scientific and
technological domains. From biomedical applications to environmental remediation,
these nanoparticles continue to pave the way for sustainable and innovative solutions
in diverse fields.

CONCLUSION:

In this comprehensive review, various green synthesis methods for iron
nanoparticles derived from different plants and microorganisms were examined. A
comparative analysis revealed that the plant extract method is recommended due to its
ease, rapid reaction time, and safety, contrasting with microorganism-based synthesis
methods that may pose infection risks or yield products of high toxicity. The green
synthesis approaches demonstrated diverse shapes and morphologies of nanoparticles,
proving versatile for numerous applications. The highlighted green methods exhibited
enhanced stability compared to many chemical synthesis approaches. The widespread
adoption of green synthesis methods can be attributed to their simplicity, safety, cost-
effectiveness, and eco-friendliness. The synthesized iron nanoparticles have found
utility in diverse applications, including bioremediation, antibacterial effects, and dye
removal, contributing significantly to environmental preservation. Furthermore, the
review delved into the intricate methods and techniques involved in the synthesis and
characterization of iron oxide nanoparticles (IONPs). The bioactive constituents in
plant extracts used for IONP synthesis were identified not only as reducing and
stabilizing agents but also as contributors to improved biological activities and
prevention of agglomeration. Optimal conditions for synthesis and enhanced yields of
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IONPs with desirable properties were extensively discussed. Literature review
emphasized that plant-based synthesis is environmentally friendly, scalable for
industrial production, non-toxic, rapid, and energy-efficient. Despite the diverse
applications of biosynthesized IONPs in effluent treatment, catalysis, and
biomedicine, future studies should address the challenges in understanding subsurface
mechanistic pathways, transport of IONPs in environments, and their toxicological
consequences. This synthesis approach holds promising potential and warrants further
exploration for sustainable and safe applications in various fields. In conclusion, the
eco-friendly synthesis of magnetic nanoparticles presented in this study exemplifies
the potential of green nanotechnology. The integration of sustainable practices into
material synthesis not only addresses environmental concerns but also propels the
development of advanced materials with applications spanning across various
domains. As we navigate towards a future marked by sustainable technologies, this
research contributes to the ongoing discourse on responsible and eco-conscious
approaches in the field of nanotechnology.
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Synthesis, Characterisation And
40 Antibacterial Screeningof Gadolinium2-
Hydroxy 4-N- Butoxy 5-Bromo
Acetonhenone Thiosemicarbazone Comnblex

N.J.Shah?, K.N.Patel®*
*Department of Chemistry, Shri U. P. Arts, Smt. M. G. Panchal Science & Shri V. L. Shah
Commerce College, Pilvai, Gujarat, India

ABSTRACT

Complexes of La(lll), Pr(I1l), Gd(1I1), Nd(I11), Sm(I11), Tb(lll) and Dy(lll)have been
prepared by reacting metal Nitrate with 2-hydroxy 4-n-butoxy 5-bromo
acetophenoneThiosemicarbazone as a ligand. The Compounds were characterized by
elemental analysis (CHNS),Fourier Transform Infrared (FT-IR), Nuclear Magnetic
Resonance (NMR), Ultraviolet-Visible (UV-Vis). Metal complexes were screened
antibacterial activity against various bacteria like Escherichia coli,BacillusSubtilis.
The Result indicated that the complexes exhibited good antimicrobial activity.
Keywords: bromoacetophenone; thiosemicarbazone,spectralstudy,antimicrobial
screening.

INTRODUCTION

Thiosemicarbazones have been the subject of several studies because of their variable
bonding modes, encouraging biological implications andstructural variety [1,2]. The
preparation of thetransition metal complexes with thiosemicarbazone ligands has been
gainingsubstantial attention due to the potentially chemotherapeutic properties of both
ligands and complexes as antitumor and antibacterial agents [3]. It was reported that
their dibasic tridentate fashion with ONS donors are of enormous importance as they
own a wide spectrum of medicinal properties [4]. Thiosemicarbazone derivatives are
of specific chemical and medicinal importance for the possession of a number of
different biological activities: antiviral,anticancer, antibacterial, antifungal activity,
etc.[5,6]. Pharmacological activity studies of thiosemicarbazone as antitumor agent is
one of the most favorable areas of its research [7].A predominantly significant feature
is the reduction of the cytotoxic action of thiosemicarbazone, which may be reduced
by complexing to the metal cation [8].Preparation of transition metal complexes with
thiosemicarbazone ligands received considerable attention of researchers because of
the potentially valuable chemotherapeutic properties of thiosemicarbazone itself,
which may be possible by complexing in terms of anticancer and antibacterial
activity[1]

MATERIAL AND METHOD

Resacetophenone was prepared from resorcinol, glacial acetic acid and anhydrous
zinc chloride according to the method of Robinson and Shah [9]
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HO OH HO OH
\©/ Anhy ZnCI2

e p

CH3COOH ?4 -

HaC

Resorcinol
Reacetophenone

. 2-Hydroxy-4-n-butoxyacetophenone (HBA) was prepared by using resacetophenone,
n-butyl bromide and anhydrous potassium carbonate in acetone [10, 11].

HO OH
anhy K2CO3
. — -
=" n-Alkyl Bromide
3

Acetone

hg

Resacetophenone Res(Alkoxy/Phenoxy)Phenone

H4C

Its 2-hydroxy-4-n-butoxy-5- bromoacetophenone was prepared by bromination of
HBA.

o OH o OH
-~ KBr-KBrO; R
>»
fo) CH;COOH o
Br
CH, CH,

5-bromo Res(Alkoxy/Phenoxy)Phenone

Res(Alkoxy/Phenoxy)Phenone
Its thiosemicarbazone was prepared by refluxing its alcoholic solution with
thiosemicarbazide for about 4 hour [12]. It was crystallized from ethanol pale yellow
crystals were obtained [M.P. 129 0C]. The molecular weight determination was
carried out by Rast’s camphor method. The reagent HBBrAT is easily soluble in
ethanol, methanol, chloroform, carbon tetrachloride, benzene etc.

0 OH
R/ NH2
Thiosemicarbazide
0
Br in alcohol
CH,

5-Bromo Res(Alkox/Phenoxy)Phenone 5-Bromo Res(Alkoxy/Phenoxy)
316 | P PhenoneThiosemicarbazone derivative
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SYNTHESIS OF COMPLEX

A hot ethanolic (20 ml) solution of the HBBrAT (0.003 mol) and a hot ethanolic (20
ml) solution of the corresponding containingGadolinium(l11) nitrate (0.001 mol) was
mixed together with constant stirring. The reaction mixture was refluxed for 4 h at 80-
90°C.On cooling, a coloured precipitate was formed. It was filtered, washed with cold
EtOH and dried under vacuum over P4010 [13].m.p>400 °C

IR DATA OF LIGAND AND COMPLEX

The IR spectrum of the ligand is usually compared with that of the complex to know
changes during complexation is shown in Fig. 3. The spectrum of the ligand shows a
band at 3451 cm_1 indicating the presence of OH group, but it is absent in the spectra
of complex which confirms the deprotonation of ligand towards the central metal
atom.the ligand also shows strong band at 1200cm™* which may be attributedto the the
phenolic C-O vibration.A shift of this band to higher frequency 1260cm™ in the
coplex indicate chelation of the ligand to metal ion through phenlic oxygen.

. The strong band observed at 1695 cm™ in the spectra of the ligand is a characteristic
of the azomethine stretching vibrations. Upon complexation, this vibration shift to
lower frequency 1536 cmindicating the bonding in unsaturated nitrogen of the
azomethane group towards the metal ion.

The thiosemicarbazone ligand showed an intense band at 1257 cm_1 may be
assigned to C =S group and shows 1199cm™ downward shifting in metal complexs
indicating participation of this group in co-ordination and no peak was observed at
2500 cm_1 indicating that the ligand is present in thione form in the solid state

The absortion band at 3331 cm'1 due to N-H group in the free ligand remains
unaltrered in the complexes ,indicating non participating of this group in co-
ordination.

A band present at 1360 cm™1 assigned to C-N group due to nitro group and this band
remain unchanged in all complexes suggesting non-participating of nitro group.

some new bands have been observed at 535 due to M-N bond ,430cm™ due to M-O
band 327 due to M-S band, cm™ and[14,15]

w
—
—N ey
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BOF h - J’e h
. ety 1
.{f _‘|"f \ J{ 8
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4000 3000 2000 1000 400
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HBBRAT_GD-jws |

Fig. 2. IRspectra of ligand and its Gd complex.

Group OH NH2 |Ar-H |[C=N | C-O |v(- |La-N |La-O |La-S
N)

Ligand | 3451 |3338 |2954 |1695 |1200 | 1257

complex | ---- 3331 | 2957 |1536 | 1260 | 1199 |535 430 327

ANTI —MICROBIAL SCREENING

The data listed in Table 1 clearly illustrate that the free ligand and its complexes have
antibacterial potency against all tested organisms, whereas the antibacterial activity of
the complexes is higher than that of the ligand. It is thought that the increase in
activity may be due to the chelation of lanthanide(lll) ions and the presence of sulfur
atoms

Activity of ligand HBBrAT Activity Of Complex HBBrAT-Gd

Compound Concentration Diameter of the inhibition zone in mm
ug /disc area E.Coli.
HBBrAT 2 1
HBBrAT-Gd 2 4
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RESULT AND DISCUSSION

The ligand complexes with Thiosemicarbazone formed by the condensation of
HBBrAT ligand and their lanthanide metal complex displayed significant
antimicrobial activity against E.Coli.compared to ligand.

Br
RO
CH,
H2N c’
\C \\N/NH
/) s o) \
HN\ \ | / //c—NH2
N
HaC /) — Gd S
o OR
S
N=
Br \\ ¢ Br
RO /C\NH CH;
H,N

Suggested Structure of the HBBrAT-Gdcomplex
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A Facile And Approach For The Synthesis of
21 4-Thiazolidinones Derivatives with Microbial
Activity

Viralkumar Modi
Department of Chemistry, Shri U. P. Arts, Smt. M. G. Panchal Science &
Shri V. L. Shah Commerce College, Pilvai(India)

ABSTRACT

reaction of Amino-aryl 1,3,4-oxadiazole derivatives into heterocyclic ring like 4-
Thiazolidinone.All have studied the anti-inflammatory activity of 5-(6-methyl-2-
substituted-4-pyrimidinyloxymethyl)-2,3-dihydro-1,3,4-oxadiazole-2thiones relative
to that of acetylsalicylic acid. The highest activity compounds appeared to be 5-(6-
methyl-2morpholino-4-pyrimidinyloxymethyl)-2,3-dihydro-1,3,4-oxadiazole-2-
thione and 5-(6-methyl-2-methylthio-4pyrimidinyloxymethyl)-3-morpholinomethyl-
2,3-dihydro-1,3,4-oxadiazole-2-thione.

Keywords: -1,3,4-thiadiazole ring, Thiodiazole , thio azetidinone, cyclic ketone,
Schiff base, thiazolidinone, 4Thiazolidinones, Benzaldehyde derivates etc

INTRODUCTION

The compounds containing 1,3,4-oxadiazole ring have been known for about a
hundred years. Their synthesis was extensively studied at the beginning of the 20™"
century by stoll et al [1-5]. Since that time a vast amount of work devoted to these
compounds has been done [6-14]. An increase in number of publications devoted to
their biological activities observed recently is worth noting and their brief review is
given here.

Antimicrobial activities like, antibacterial activity against Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and antifungal activity against Candida
albicans were studied by Mohan and Kataria [15] for two imidazol[1,2-d]-s-
triazolo[3,4-b][1,3,4]oxadiazoles and by Rollas et al [16] for four 3-acetyl-5-(4-
flourophenyl)-2substituted-2,3-dihydro-1,3,4-oxadiazoles.2-amino-5-(1/2-
naphthyloxymethyl)-1,3,4-oxadiazole have been screened for their activity against the
above microbes and for other two fungi(C.krusei and C.parapsilosis) by Sachin et al
[17]., the compounds studied showed moderate activities.

Antiinflamatory activities of the series of 2-substituted-5-[3,5-bis(1,1-dimethylethyl)-
4-hydroxyphenyl]-1,3,4oxadiazoles have been studied by Mullican et all [25].
Jakubkiene et all [26] have studied the anti-inflammatory activity of 5-(6-methyl-2-
substituted-4-pyrimidinyloxymethyl)-2,3-dihydro-1,3,4-oxadiazole-2-thiones relative
to that of acetylsalicylic acid. The highest activity compounds appeared to be 5-(6-
methyl-2-morpholino-4pyrimidinyloxymethyl)-2,3-dihydro-1,3,4-oxadiazole-2-thione
and 5-(6-methyl-2-methylthio-4-pyrimidinyloxy methyl)-3-morpholinomethyl-2,3-
dihydro-1,3,4-oxadiazole-2-thione.
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MATERIALS AND MATHODS

The literature review pertaining to the Amino-aryl functionalized 1,3,4-oxadiazole
derivatives reveals that there are no reports have been found. While few reports about
Aryl-amino derivatives have been reported [27,28].

Hence, it was worthwhile to undertake the post reaction of Amino-aryl 1,3,4-
oxadiazole derivatives into heterocyclic ring like 4-Thiazolidinone. The work carried
is described in (Scheme 1).

N—N Hydrolysis N o
(- (] EICHLTIC] ’@/‘{\D)\@
D"LN o \ / > HoN
H 1
MN=M
M—M Ar-CHY }f '.II fs)
/I o EXCH/H .50,
U“ L/ - ””"“\‘NUD)\@
HaMN
| 2a-h
N—M
M—MN A 0
I Y\ o Ry \ /
ﬁrﬂN © \lll 'Illr S\/‘K
9]
Yol 4- Thivzolidinones
<dh Ja-h
MATERIALS

Furan-2-carbohydrazine and4-Acetamidobenzoicacid were purchased from local
market. N-(4-(5-(furan-2-yl)-1,3,4oxadiazol-2-yl)phenyl)acetamide(1)was prepared
by reported method[27,28]. The various benzaldehyde derivatives were used to
prepare Schiff bases. They were obtained from local market. All the other chemicals
used were of analytical grade.

(a)Synthesized compounds

Synthesis of 4-(5-furan-2-yl)-1,3,4-oxadiazol-2-yl)aniline (1):
4-(5-furan-2-yl)-1,3,4-oxadiazol-2-yl)anilinewas prepared by reportedmethod[27,28].
The resultant Schiff bases are designated as 1 and their details are shown as follows.

(1): 4-(5-furan-2-yl)-1,3,4-oxadiazol-2-yl)aniline Yield: 78% M.p.: 140°C Mol.Wt.:
227

Anal.Calcd.for C12HgN3O2(%): C, 63.43; H, 3.99; N, 18.49. Found: C,63.3;H,3.9; N,
18.4.1H NMR (DMSO-ds 400 MHz):6.60—7.58 (7H, m, aromatic protons), 6.30 (2H,
s,aromatic C-NH protons).13C NMR (DMSO-ds 100 MHz): 114-152(Ar-10C,),
158.5, 165.4 (N=CH). IR (KBr. cm™):1655 cm™*(C=N), 3030 cm™* (C-H, of Ar.), 1095
(C-0-C).
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Table:-1 Analytical Data and Elemental Analysis of Compounds (2a-h)

E | em e rta | A n a |
C%mp I\O/II ('I\;;:AT) i1a| Yield '(F:"O % CCI ; % H % CNI .
' o Found| “2'°% Found| calcd. Found| ~2'C
H1 3N 205-2
2a C19 "igg 302| 72 oy |72 .3]72.37 11 4 .16/ 13 .2| 13.33
H1 5N 211-2
2b C20 "3 30s| 75 1, 7|69 .5]69.56 304 .38 12 .1|12.17
H1 3N 216-2
2c C19 gy 30s| 78 17|68 .8]68.88 9/ 3.95 12 .6|12.68
H1 3N 204-2
2d C:9 gy 30:| 74 06 | 68 .8| 68.88 9/ 3.95 12 .6|12.68
H1 5N 218-2
2 C20 " (3g 302| 73 o | 72.9]72.94 5/ 4 .59 12 .7|12.76
H1 3N 221-2
2f C20 "3 304| 72 . | 66 .8|66.85 6/ 3.65 11.6|11.69
H1 5N 218-2
29 C20 "3 304| 75 1o | 66 .4]66.48 114 .18 11.5|11.63
H2 1N 222-2
2h C23 "y 30¢| 71 5 | 68 .4]68.47 2|5 .25 10 .3|10.42
Table:-2Spectral Data of Compounds (2a-h)
Com
nd. | R c m N M R p p
2a 3040 (Ar-H),1655(C=N),1110(C-0-C) gﬁlﬂ'sg_g\ll:é':')'m'm"*)'
6.6-7.9(11H, m,Ar-H),
2b 3045(Ar-H),1650(C=N),1095,1200(C-0-C) 8.4 (1H, s, -N=CH)
3.7 (3H, s, -OCHy)
6.6-7.9(L1H, m,Ar-H),
2c | 3450(OH),3030(Ar-H),1652(C=N),1112(C-0-C) | 84 (lH,s, -N=CH)
4.3 (1H, s, -OH)
6.6-7.9(L1H, m,Ar-H),
2d | 3430(0H),3030(Ar-H),1652(C=N),1114(C-0-C) | 84 (IH,s, -N=CH)
4.2 (1H, s, -OH)
6.6-7.9(11H, m,Ar-H),
2e 3032(Ar-H),1655(C=N),1110(C-0-C) 8.4 (1H, s, -N=CH)
2.3 (3H, s, -CHy)
6.3-7.9(10H, m,Ar-H),
of 3035(Ar-H),1655(C=N),1098(C-0-C) 8.4 (1H, s, -N=CH)
5.5 (2H, s, 0-CH,-0)
3444(0H),3030(Ar-H),1650(C=N), gAG(IJ.SQ_E\IlzgS),m,Ar-H),
2g 1095,1205 (C-O-C) 37 G o OCH)
43 (1H, s, -OH)
6.6-7.9(10H, m,Ar-H),
2h 3036(Ar-H),1655(C=N),1098,1202(C-0-C) g"i'((ls':iss'"\z‘zﬂ*))
. 39y T 3,
3.7 (4H.s, -2CH,)
Synthesis of Schiff bases of 4-(5-furan-2-yl)-1,3,4-oxadiazol-2-yl)aniline

(2):formationof (2a-h).
The Schiff bases of 4-(5-furan-2-yl)-1,3,4-oxadiazol-2-yl)aniline(1)were prepared by
reportedmethod [29]. Benzaldehyde derivative (a-h) (0.01lmole), oxadiazol (1)
(0.01mole) and ethanol (20ml) were taken in a beaker
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[100ml]. The mixture was heated until a clear solution was obtained. The clear
solution was kept overnight when respective Schiff base fall out which was filtered,
washed by petroleum ether and air dried. The resultant Schiff bases are designated as
2a-h and their details are shown in table 1, table 2.

Table:-3 Analytical Data and Elemental Analysis of Compounds (3a-h)

| m e n | A n a y
c. Mol.formula Yield M.P % c % H|% N | % $
(Mol.wt.)
Found Cal. Found Cal. Found Cal. Found Cal.
3a | C21H15N303S| 7 0| 221- 64.7 64.77 | 3 8 | 3.88 | 10.7 10.79 | 8 11 8.23
(389) 223
3b | C22H17N304S| 7 2 | 228- 62.9 63.00 | 4 0| 4.09p9 4 10.02 | 7 6| 7.64
(419) 230
3c | C21H15N304S| 7 4 | 226- 62.1 62.21 | 3 713.73| 10.3 10.36 | 7 8| 7.91
(405) 227
3d CMH&SS')“O“ 7 5 222; 62.1 62.21 | 3 7(3.73| 10.3 10.36 | 7 . 8] 7.91
3e CZZH(Z;)\‘SO” 72 23253 65.4 65.49 | 4 2| 4.25 | 10.3 10.42 |7 . 9 7.95
3f | C22H15N305S| 6 8 | 235- 60.9 60.96 | 3 4| 3.49 9 4 9.69 7 3| 7.40
(433) 237
3g | C22H17N305S| 7 0| 230- 60.6 60.68 | 3 9|3.93 9 4 9.65 7 3| 7.36
(435) 231
3h | C25H23N305S| 6 8 | 237- 62.8 62.88 | 4 8| 4.85 8 8.80 6 . 6| 6.71
(477) 238
Table:-4 Spectral Data of Compounds (3a-h)
Compd | R c m N M R p p
3a 3080 (CH: of thiazolidinone), 3032 (Ar-H), 1690 (C=0), 1654| 6.5-8.2(12 H, m,Ar-H),
(C=N), 1112 (C-0-C), 718 (C-S-C) 3.8(2H,s, -
CHa),
5.8 (1H, s, C2H)
3b 3085 (CH: of thiazolidinone), 3040 (Ar-H), 1695 (C=0), 6.5-8.2(11H,m,Ar-H),
1650 (C=N), 1105,1205 (C-0-C), 720 (C-S-C) 3.8(2H,s, -
CHa),
5.8 (1H, s, CoH)
3.9(3H,s, -
OCHs)
3c 3080 (CH2 of thiazolidinone), 3439 (OH), 3036 (Ar-H), 1692 | 6.5-8.2(11 H, m,Ar-H),
(C=0), 1648 (C=N), 1111 (C-0-C), 718 (C-S-C) 3.8(2H,s, -
CH>),
5.9 (1H, s, C2H)
4.4 (1H, s, -OH)
3d 3080 (CH: of thiazolidinone), 3428 (OH), 3035 (Ar-H), 1694 | 6.5-8.2(11 H, m,Ar-H),
(C=0), 1652 (C=N), 1113 (C-0-C), 718 (C-S-C) 3.8(2H,s, -
CH>),
5.9 (1H, s, CoH)
4.2 (1H, s, -OH)
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3e

3090(CHz2ofthiazolidinone),3040(Ar-H)

1690 (C=0), 1651 (C=N), 1115 (C-0-C), 718 (C-S-C)

6.5-8.2(11H,m,Ar-H),
3.9(2H,s, -

CH2),

5.8 (1H, s, C2H)

2.1 (3H,s, -

CHs)

3f

3080 (CH: of thiazolidinone), 3035 (Ar-H), 1688 (C=0), 1654
(C=N), 1110 (C-0-C), 720 (C-S-C)

6.5-8.2(10H,m,Ar-H),
3.8 (2H,s, -

CHa),

5.9 (1H, s, C2H),

5.4 (2H, s, O-

CH»-0)

3g

3085 (CH; of thiazolidinone), 3450 (OH), 3040 (Ar-H), 1680
(C=0), 1650 (C=N), 1107,1212 (C-0-C), 718 (C-S-C)

6.5-8.2(10H, m,Ar-H),
3.8 (2H, s, -

CH2),

5.9 (1H, s, C2H)

3.9(3H, s, -

OCHs)

4.3 (1H, s, -OH)

3h

3085(CHzofthiazolidinone),3038(Ar-H)

1690 (C=0),1655 (C=N), 1106,1207 (C-O-C), 720 (C-5-C)

6.5-8.2(10H, m,Ar-H),
3.8 (2H,s, -

CHy),

5.8 (1H, s, C2H)

2.2 (6H,s, -

2CHs)

3.4 (4H,s, -

2CH>)

Synthesis of 4-Thiazolidinones derivatives(3a-h).
The Schiff bases of 4-(5-furan-2-yl)-1,3,4-oxadiazol-2-yl)aniline (1)were prepared by
reportedmethod [30-32]. A mixture of Schiff bases (2a-h) (0.01 mole) in THF (30ml)
and mercapto acetic acid (thioglycolic acid) (0.01 mole) with a pinch of anhydrous
ZnCl, was refluxed for 12 hours. The solvent was then removed to get a residue,
which was dissolved in benzene and passed through column of silica gel using
benzene: chloroform (8:2; v/v) mixture as eluent. The eluate was concentrated and the
product crystallized from alcohol to give 4-thiazolidinones (3a-h).The analytical and

spectra data of compounds (3a-h) are described in Table-3

ANTIMICROBIAL ACTIVITY
The culture medium preparation
Nutrient agar medium was used. Chemical composition of the medium was,

Peptone 1.0gm
NaCl 0.5gm
Meat extract 0.3gm
Distilled water 100ml
pH 7.6

Agar 2.0gm
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The ingredient were weighed and dissolved in distilled water, pH was adjusted to 7.6
and then agar power was added to it. The medium was dispensed in 25 ml quantity in
different test-tubes. The test-tubes were plugged by cotton-wool and sterilized at
121.5°C and 15 pounds per square inch (psi) pressure for 15 minutes.

Antibacterial susceptibility testing

The study has been conducted according to the method adopted by Cruickshank et al
[33]. Nutrient agar broth was melted in a water bath and cooked to 45°C with gentle
shaking to bring about uniform cooling. It was inoculated with 0.5-0.6 ml of 24 hour
old culture especially and mixed well by gentle shaking before pouring on the
sterilized Petri dish (25 ml each). The poured material was allowed to set (1.5 hour)
and there after the “cups” were made by punching into the agar surface with a sterile
cork borer and sooping out the punched part of agar. Into this “cups” 0.1 ml of test
solution (prepared by dissolving 10gm of sample in 10ml DMF) was added by sterile
micropipette. The plates were noted.

Table:-5 Biological evaluation of Compounds

C omps Z one of inhi bition (in mm
G ram fo sit ivelGra m n egatiyv g
B.Subtilli|S.Au re us|E. C ol i |Ps.Aerugi
S nosa

D M i 5 5 5 5

Ampicillifl 9|1 5|2 012 1

n

Tetracycli| 2 11 9|1 512 4

n

Gentamyci| 2 0|1 8|1 912 2

n

2 all 5/1 411 3|1 4

2 b| 1 5(1 6|1 411 2

2 c|l1 411 411 5|1 3

2 d| 1 2|1 3|1 3|1 2

2 el 411 111 011 0

2 f| 2 1|2 0|1 8|2 2

2 gl 2 0|2 111 701 9

2 hi1 8|1 5/ 1 9|1 8

3 al 1l 0|1 3|0 910 8

3 bl 1 9|1 701 702 0

3 cll 2|1 110 810 7

3 d| 1 111 3|1 5|1 0

3 e| 1l 0|1 2|11 11 4

3 fl 1 0|1 2|1 111 3

3 gl1l 8|1 5|1 6|1 5

3 hil 8|1 711 9 |2 1
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CONCLUSION

schiff bases (2a-h) on cyclo-condensation reaction with thioglycolic acid (mercapto
acetic acid) in the presence of anhydrous ZnCl; yields 4-thiazolidinones (3a-h). Their
structures were confirmed by analytical and spectral data. The C, H, N and S contents
of the prepared compounds were consistent with their predicted structures as shown
in Scheme-1. The analytical and spectral data of the compounds (3a-h) are shown in
Table-4. The infrared spectra show the band in the region ~1690 cm™ for carbonyl
group of 4-thiazolidinone ring.

The NMR spectra (Table-4)show a signal at ~5.9 ppm for CH> protons at position-5
in the 4-thiazolidinone ring and a signal at ~3.8 ppm for CH protons at position-2 of
the 4-thiazolidinone ring. All other signals are at their respective positions for the
respective protons in the NMR spectra.

The Schiff bases (3a-h) on cyclocondensation reaction with chloroacetyl chloride in
the presence of triethylamine (TEA) affords the biologically active 4-thiazolidinones.

Activity of standards and inhibition due to DMF (solvent) are given in Table-5. The
results (Table-5)shown by compounds and standards are corrected for DMF.

Comparison of antimicrobial activity of produced compounds with that ofstandard
antimicrobial drugs reveals that the produce compounds (Schiff Bases, 4-
Thiazolidinones) shows moderate to good activity against all four bacterial strains.

Among3-(4-(5-(furan-2-yl)-1,3,4-oxidiazol-2-yl)phenyl)-2-phenylthiazolidin-4-
one(Table-5, 3a-h) compound 4c,4dand 4g show good antimicrobial activity.
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ABSTRACT

Pesticides are a mixture of substances and widely used for destroying or controlling
pests. Different technologies used to control pesticide concentration in nature include
photolysis, semiconductor-based photocatalysis and photoelectrocatalysis, etc. The
present work mainly focuses to discuss and summarize numerous characteristics of
photocatalytic elimination of pesticides. The discussion includes the mechanism of
semiconductor photocatalytic degradation of Quinalphose modifications over
semiconductors that are available in the literature to increase the efficiency of the
degradation process, and finally optimization of different parameters of a process for
enhancement in the degradation course. In this study various parameters like pH of
the system, amount of semiconductor catalyst, initial concentration of pesticides, and
wavelength as well as the intensity of light have been reported intensively.

Keywords: Photochemical, Photocatalytic, Quinalphose, Pesticides.

INTRODUCTION

Photocatalysis is a phenomenon, in which an electron-hole pair is generated on
exposing a semiconducting material. This electron can be used for reducing a
substrate whereas the hole may be utilized for oxidation. Thus, the chemical reactions
that occur in the presence of a semiconductor and light are collectively termed as
photocatalytic reactions. Although the term "Photocatalysis” has been debated for a
long, but it is still reserved for such reactions only.

Calvert et al.! reported that ZnO can be used as photocatalyst for photochemical
synthesis of hydrogen peroxide. Photoreduction of methylene blue on ZnO surface
has been investigated by Barschchevski 2. Morrison and Freund® studied some.
photocatalysed chemical reactions in the presence of ZnO suspensions. Dixon and
Healy* investigated some photochemical redox reactions at the ZnO-water interface in
additive free systems. Gerischer and Cammann® also observed some photocatalytic
and photoelectrochemical processes on ZnO surfaces. Micka® observed photo effects
in ZnO suspensions. Richard and Lemaire’. Investigated the analytical and Kinetic
study of the photo transformation of furfural alcohol in aqueous ZnO suspension.
Ciping et al.2 observed the formation of free radical intermediates in photoreaction of
ZnO dispersion. Claire et al.® reported the oxidising species involved in photocatalytic
transformation of ZnO. Wada et a1.%° carried out selective photooxidation of methane
and ethane with oxygen over ZnO and molybdenum loaded ZnO photocatalyst.
Sharma et al.'2 reported photocatalytic degradation of xylidine ponceau and
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orange-G whereas Chen and Chou'® observed photocatalytic bleaching of methyl
orange using ZnO.

EXPERIMENTAL.

MATHODS AND MATERIAL

Name And Properties Of Quinalphos:

Chemical Name Quinalphos

2. IUPAC Name O,0-Quinoxaline - 2 - yl phosphorothioate
3. Empirical Formulae

4. Structural Formulae: C12H1503N2PS

50

5. Molecular Wt. 298.3

6. max 237 and 320 nm.

7. Density 1.04

8. Solubility Insoluble in acetone. soluble in water, methanol etc ....
Materials used:
All the reagents used were purified thoroughly by distillation. The reagents used for
the preparation of solutions were dried cautiously. Methanol (BDH) was dried first by
keeping over sodium wire and then it was distilled over fractionating column. The
fraction, distilling at 65°C, was collected and used.
The rest of the reagents used for the preparation of the solutions were purified by
distillation.
0,0 - Quinoxaline - 2 - yl phosphorothioate [Quinalphos], DDVP (2,2' - Dichloro
dimethyl vinyl - Phosphate), Dichlorvos, Methanol, Distilled Water, NaOH (Sodium
hydroxide solution), Con. Hcl (Hydrochloric acid), Perchloric Acid, Zink Oxide
(Zn0), Titanium dioxide (Ti02), Cadmium Sulphide (CdS), Zink Sulphide (ZnS),
Methyl parathione, Chloropyrifos
Preparation of the solution:
101 M standard solution of Quinalphos was prepared in water/methanol solvent as a
stock solution. 50 ml 10?1 M solution was taken in measuring flask for each sample.
Sample was kept in visible light and UV chamber. All the samples were divided into
four/five different samples as under:
Sample-I : 50 ml 10"t M Solution of Quinalphos was kept in dark.
Sample-2 : 50 ml 10"t M Quinalphos was kept in visible light
Sample-3 : 50 ml 10"t M Quinalphos + 0.200 gm TiO, was kept in visible light
Sample-4 : 50 ml 10" M Quinalphos was kept in UV light
Sample-5 : 50 ml 10"* M Quinalphos + 0.200 gm TiO, was kept in UV light
It was observed that there is no reaction in case (1). The reaction was much slow in
(2) and (3), whereas it proceeds with a reasonable rate in (4) and (5). Observations of
photochemical and photocatalytic reactions are reported in Table 5.1 and 5.2
respectively. A typical run for photocatalytic reaction is graphically depicted in Figure
5.1and 5.2.

RESULTS AND DISCUSSION

=
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Table:1Photochemical Reaction Of Quinalphos In Visible Light.

of Q)

pH = 3.0
Wavel

Tempurature = 3085 K engtn *
Time (hour) Abs 2+ Log.
o 0189 1.2014
1 0.153 11847
2 0,148 1.19703
a3 0.142 1.1623
- 0.137 1.1366
5 0332 11165
6 o128 1.1072
7 0123 1.0000
o 0.118 1.0730
2 0,114 1.0668
10 o110 1.0514
" 0.104 1.0170
= 0. 100 1.0000
12 0.096 09823
14 o.0R2 0.98s1
15 0.0 O ana
" 008s 0.9200
"7 b oaz o.9130
"= o.07a 0.0020
1 0.074 O.e002
20 0.073 08633
Table:2
PHOTOCHEMICAL REACTION OF QUINALPHOS IN UV LK
C ration of Quinal =01M pH=30
Temperalure = 305 K =2)
Time (hour) Abs 24 Log Abs
o 0.207 13160
1 0197 1.2045
2 o187 1.27118
3 0178 1.2504
4 0188 1.2279
5 0.160 1.2041
-] 0% 11790
7 0.142 11553
1] 0133 11239
9 0125 1.0080
10 ons 1,0507
" 0108 1.0253
12 0.099 0.9956
13 0.093 0.0685
14 2.088 0.9245
15 0,079 0.897¢
18 0.074 08882
17 0.073 0,8833

2+ Log Abs

Absorbance
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FIGURE-1
PHOTOCHEMICAL REACTION OF QUINALPHOS IN VISIBLE
LIGHT(at 625 nm)
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FIGURE-2
PHOTOCHEMICAL REACTION OF QUINALPHOS IN
UV LIGHT(at 275 nm)
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CHANGE OF ABSORPTION WITH THE CHANGE OF pH OF THE SOLUTION
OF QUINALPHOS.
The effect of variation of pH of the medium was investigated by maintaining different
pH in acidic range only as the solution became turbid in basic medium. The results are
reported in table - 5.3 and graphically presented in Figure - 5.3. It has been observed
that the rate of photocatalytic reaction of Quinalphos decreases on increasing pH. This
behaviour can be explained on the basis that at higher pH values, more OH radicals

will be produced
Table:3:

CHANGE OF ABSORPTION IN THE SOLUTION OF QUINALPHOS WITH
DIFFERENT pH IN VISIBLE LIGHT

Concentration of Quinalphos = 0.1M CdS =0.200 gm
Temperature = 305 K Wavelength = 625 nm
(_ﬂ—n;JL pH=1.0 pH=20 pH=3.0
h::n Abs 2+logAbs | Abs | 2+logAbs | Abs | 2+logAbs
0 0.150 1.1761 0.155 1.1803 0.159 1.2014
1 0.143 1.1553 0.147 1.1673 0.152 1.1818
2 0.136 1.1335 0.140 1.1474 0.147 1.1670
3 0.128 1.1072 0.133 1.1239 0.138 1.1388
4 0.122 1.0853 0.127 1.1038 0.132 1.1206
5 0.115 1.0607 0.120 1.0792 0.126 1.1017
6 0.109 1.0378 0.114 1.0569 0.120 1.0792
7 0.102 1.0090 0.108 1.0322 0.114 1.0561
8 0.096 0.9805 0.102 1.0086 0.107 1.0306
9 0.090 0.9542 0.097 0.9868 0.103 1.0111
10 0.085 0.9294 0.091 0.9590 0.097 0.9868
1 0.079 0.8976 0.085 0.9294 0.091 0.9586
12 0.075 0.8751 0.080 0.9031 0.086 0.9360
13 0.074 0.8692 0.074 0.8692 0.080 0.9015
14 0.074 0.8692 0.074 0.8692 0.074 0.8675
15 0.074 0.8692 0.074 0.8692 0.074 0.8698
16 0.074 0.8692 0.074 0.8692 0.074 0.8698
17 0.074 0.8692 0.073 0.8633 0.074 0.8675
18 0.073 0.8633 0.073 0.8633 0.074 0.8698
19 0.073 0.8633 0.072 0.8573 0.074 0.8692
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Table:3

CHANGE OF ABSORPTION IN THE SOLUTION OF QUINALPHOS
WITH VARIOUS SEMICONDUCTOR IN VISIBLE LIGHT

Concentration of Quinalphos = 0.1 M Temp.=303K

Wi of semiconductor = 0.200 gm. pH=3.0
Time CdS TiO, Zn0 ZnS
(hour)

Abs | 2+LogAbs | Abs | 2+LogAbs | Abs | 2+LogAbs | Abs | 2+LogAbs

0 0159 | 12014 | 0.159 | 12014 | 0159 | 12014 | 0.159 | 1.2014

1 0.152| 1.1818 | 0.154 1.1875 | 0.155 1.1903 | 0.155 1.1903

2 0.147 | 1.1670 | 0.150 | 1.1761 0.150 1.1761 0.152 | 1.1818
3 0138 | 11386 | 0142 | 1.1523 | 0.143 | 1.1553 | 0.145 | 1.1614
- 0.132| 1.1206 | 0.136 11335 | 0.136 11335 | 0130 | 1.1430
5 0126 | 1.1017 | 0.128 | 1.1106 | 0.130 11139 | 0.134 | 1.1271

0120 | 1.0792 | 0423 | 1.0899 | 0.124 | 1.0934 | 0.129 | 1.1106

7 0.114 | 1.0561 0116 | 1.0645 | 0.119 1.0755 | 0.124 1.0934

8 0.107| 10306 | 0110 | 1.0414 | 01415 | 1.0807 | 0.119 | 1.0755

S 0.103 | 1.0111 0.106 1.0269 0.110 1.0414 | 0.114 1.0569

10 |0.097| 09868 | 0.101 1.0049 | 0.104 1.0170 | 0109 | 1.0374

1 0091 09586 | 0.09 | 09820 | 0.099 | 0.9956 | 0.104 1.0170

12 1008 | 09360 | 009 | 09542 | 0.095 | 09777 | 0099 | 0.9956

13 [0080| 09015 | 0085 | 09294 | 0.090 | 09542 | 0.085 | 08777

14 |0074| 08692 | 0079 | 08976 | 0.085 | 09204 | 0.090 | 0.9542

15 |0.074| 08692 | 0074 | 0.8692 | 0.080 | 0.9031 0.085 | 0.9294

16 |0.074| 08692 | 0074 | 08692 | 0.077 | 0.8865 | 0.081 0.9085

17 |0.074| 08692 | 0074 | 08692 | 0.074 0.8692 | 0.076 | 0.8808

18 |0.074| 08692 | 0073 | 0.8633 | 0073 | 08633 | 0074 | 0.8692

199 |0.074| 08892 | 0073 | 08633 | 0073 | 08633 | 0073 | 0.8633
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FIGURE : 4

CHANGE OF ABSORPTION IN THE SOLUTION OF QUINALPHOS
WITH VARIOUS SEMICONDUCTOR IN VISIBLE LIGHT(at 630

nm)
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FIGURE-5

CHANGE OF ABSORPTION IN THE SOLUTION OF
QUINALPHOS WITH VARIOUS SEMICONDUCTOR IN UV
LIGHT(at 275 nm)
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Table:4

CHANGE OF ABSORPTION IN THE SOLUTION OF QUINALPHOS
WITH VARIOUS SEMICONDUCTOR IN UV LIGHT

Concentration of Quinalphos =0.1 M Temp.= 303 K
WIL. of semiconductor = 0.200 gm. pH=3.0
Thie Cds TiO, Zn0 Zns
(houn) | aps [ 219985 | apg | 2¢109abs | Abs | 2+LogAbs | Abs | 2+LogAbs
0 0207 | 1.3160 | 0.207 1.3160 0.207 1.3160 0.207 1.3160
1 0.195 1.2900 0.196 1.2923 0.197 1.2945 0.198 1.2967
2 0.182 1.2601 0.185 1.2672 0.186 1.2695 0.188 1.2742
3 0.170 1.2304 0.171 1.2330 0.176 1.2455 0.178 1.2504
4 0.152 1.1818 0.162 1.2095 0.164 1.2148 0.169 1.2279
5 0.135 1.1303 0.152 1.1818 0.154 1.1875 0.163 1.2128
6 0.123 1.0898 0.139 1.1430 0.144 1.1584 0.151 1.1790
7 0.111 1.0453 0.127 1.1038 0.132 1.1206 0.143 1.15853
8 0.100 | 1.0000 | 0.116 1.0845 0.122 1.0880 0.132 1.1206
9 0092 | 09838 | 0.104 1.0170 0.111 1.0453 0.123 1.0899
10 0.081 0.9085 0.085 0.9777 0.102 1.0080 0.112 1.0492
1 0.074 | 0.8692 | 0.086 0.9345 0.093 0.9685 0.104 1.0170
12 0.074 0.8692 0.079 0.8976 0.084 0.9243 0.085 0.9777
13 0.074 | 0.8692 | 0.074 0.8692 0.076 0.8808 0.086 0.9345
14 0.073 | 0.8633 | 0.074 0.8692 0.074 0.8692 0.079 0.8976
15 0.073 | 0.8633 | 0.073 0.8633 0.074 0.8692 0.074 0.8692
16 0.073 | 0.8633 | 0.073 0.8633 0.073 0.8633 0.074 0.8692
17 0.073 | 08633 | 0.073 0.8633 0.073 0.8633 0.073 0.8633

CHANGE OF ABSORPTION IN THE SOLUTION OF QUINALPHOS WITH THE
CHANGE OF INTENSITY OF LIGHT.

The effect of light intensity on the. rate of photocatalytic. Reactions Quinalphos was
also observed. The light intensity was varied by changing the distance between the
light source and the exposed surface of semiconductor. The results are reported in
Table -5;7 and figure - 5.7.

It was observed that there is an increase in the rate of reaction as the intensity of
incident light was increased. This may be explained on the basis that with the increase
in light intensity, more photons will be available for excitation and therefore, more
electron-hole paris will be generated in the semiconductor resulting into enhanced rate
of reaction.
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Table:5
EFFECT OF INTENSITY OF LIGHT IN THE SOLUTION OF
QUINALPHOS
Concentration of Quinalphos=0.1 M Temp.=303 K
pH=23.0
Absorbance
Time Distance
(hour)
18 Inches 14 Inches 10 Inches

0 0.159 0.159 0.159

1 0.153 0.152 0.150

2 0.148 0.148 0.139

3 0.142 0.138 0.130

4 0.138 0.132 0.123

5 0.132 0.126 0.113

6 0.127 0.120 0.105

7 0.122 0.114 0.096

8 0.119 0.108 0.089

9 0.114 0.102 0.081

10 0.110 0.095 0.078

11 0.104 0.089 0.077

12 0.100 0.084 0.075

13 0.096 0.079 0.075

14 0.093 0.076 0.075

15 0.089 0.075 0.075

16 0.086 0.075 0.075

17 0.082 0.075 0.075

18 0.079 0.075 0.075

19 0.074 0.075 0.075
20 0.073 0.074 0.074
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—e— Absorbance(at 625 nm)
Distance 18 Inches
—e&— Absorbance(at 625 nm)
Distance 14 Inches

—a— Absorbance(at 625 nm)
Distance 10 Inches
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0.04
0.02 -
0.00
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Time
FIGURE -7
EFFECT OF INTENSITY OF LIGHT IN THE SOLUTION OF QUINALPHOS
(at 625 nm)
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ABSTRACT

In the present work we summarize the recent advances of green synthesised
plasmonic AgNPs with Curry leave extract and their applications, particularly
regarding the fundamentals and applications of surface plasmon resonance (SPR) in
Agnanoparticles. AgNPs have been characterized by SEM and TEM. The
spectroscopic data was reported by UV- Vis spectrquant pharo 300.The produced
AgNPs were mixed with the aqueous solution of toxic metal ions. It is reported that
these nano particles show good sensing with toxic metal ions.The research results
reveal an excellent sensing property that has important application value in medical
detection.

Keywords: Plasmonic nanoparticles, AgNPs, Green synthesis, Bio synthesis,Curry
leave extract.

INTRODUCTION

Many physical and chemical techniques, including chemical reduction and milling,
were used to create nanoparticles (NPs) and increase their efficiency at the start of the
20th century.l However, these traditional methods cannot be regarded as
environmentally friendly because they require expensive and hazardous chemicals.?
Considering this, researchers are currently very interested in the bio-genic production
of metal and metal oxide nanoparticles (NPs), which use microorganisms and agqueous
plant extract and are environmentally safe, stable, therapeutically adaptive, and
economical.X2 As a result, the production of nanoparticles using bioinspired
technology has grown in importance within the discipline of nanoscience and
nanotechnology.*>Up till now, a variety of plant extracts, microorganisms, and metal
oxide nanoparticles have been used in their synthesis.®’ In addition to their extensive
use in the synthesis of nanoparticles, plant biomass is widely available, renewable,
and environmentally friendly. As such, our group and others have focused on using it
as a catalyst for chemical synthesis®® as well as the generation of biodiesel.2%

The research community is becoming increasingly interested in silver nanoparticles
(silver NPs) among metal NPs because of their extensive applications in cell biology,
chemistry, microbiology, food technology, pharmacology, and parasitology.*%%3 The
physical and chemical properties of the silver nanoparticles are determined by their
shape.28 In general, a number of methods have been used to synthesize silver
nanoparticles, including the sol-gel method, the hydrothermal method, chemical
vapor deposition, thermal decomposition, the microwave-assisted combustion
method, etc.2*%° The antibacterial activity of silver nanoparticles (AgNPs) produced
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recently through biogenic synthesis using biomaterials like plant extract and
microorganisms as reducing agents has been extensively studied.!’® AgNPs are
created when various biomolecules, including flavonoids, ketones, aldehydes, tannins,
carboxylic acids, phenolic acids, and plant proteins, oxidize Ag+ to Ag0.

Using UV-visible spectroscopy is an easy and popular analytical method to track the
creation of AgNPs. Surface plasmon resonance (SPR) is the phenomenon whereby
conducting electrons in the outermost orbital of metal nanoparticles collectively
vibrate in resonance with specific wavelengths upon interaction with an
electromagnetic field. AgNPs dissolved in a colloidal solution take on color and
absorbance due to SPR excitation. Typically, the SPR peaks at 435 nm are used to
verify that silver nitrate has been reduced to AgNPs.® In absorbance spectra,
spherical NPs typically show only one SPR band, but depending on their form,
anisotropic particles might show two or more SPR bands.35 Sometimes, the lack of a
peak in the UV-Vis spectra in the 335-560 nm area is taken as a sign that NP
aggregation is absent.2/:2:

We have covered in detail the use of several plants in the biogenic synthesis of silver
nanoparticles and their application in antibacterial activity. We also talked about how
the size and structure of the produced silver nanoparticles affected their antibacterial
efficacy against different harmful microorganisms. When trying to create metal
nanoparticles (NPs), it's important to keep in mind that while NPs' size, shape, and
stability are important factors, their stability is even more important since NPs can
form huge aggregates that reduce their efficiency by causing precipitation.

METHOD AND MATERIAL

Preparation Of Plant Extract:

Curry tree (Fig. 1) (Murraya koenigii) leaf extract was used to create silver
nanoparticles due to its affordability, accessibility, and therapeutic qualities. In
January and February, fresh leaves were picked from college campuses. To get rid of
trash and other polluted substances, they were first surface cleaned with running tap
water and subsequently cleaned with distilled water. Next, the mixture was crushed
and air-dried at room temperature. A beaker with 500 mL of double-distilled water
and about 30 g of finely crushed leaves was brought to a boil for 30 minutes. After
cooling down, the extract was filtered using Whatman filter paper No. 42 and kept at
4.0° C for further use.

~ Fig. 1 Image of Curry (Murraya koenigii)leaves
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Preparation of AgNPs from Curry leaf extract:

As such, silver nitrate GR was utilized (bought from Merck, India). A 100 ml beaker
containing a 1 mM solution of silver nitrate was made. Then, 10 mL of AgNO3
solution with the con 1 mM was mixed with 1, 2, 3, 4, and 5 mL of extract added one
at a time. Additionally, different concentrations of AgNO3 (1-5 mM) were used to
create silver nanoparticles while maintaining a consistent extract content (5 mL). To
reduce the amount of silver nitrate photoreduction at room temperature, this setup was
stored in a dark cabinet. The solution's color shift indicated that the amount of Ag+
had decreased.

Binding of metal ions (Cd*?) with CLE-AgNPs :

The NLE-prepared silver nanoparticles are combined with one milliliter of each of the
solutions containing 0.1 millimeters of Cd+2. After keeping the solutions above in the
dark for an hour, AgNPs bound to the metal ions in them. The CLE-AgNPs' brown
color and the solution's reddish brown color now show a robust metal ion binding to
the CLE-AgNPs. TEM examination and UV-Vis spectrographs provide additional
confirmation of the production of CLE-AgNPs-Metal ions.

CHARACTERIZATION OF SILVER NANOPARTICLES:

UV-Vis Analysis:

The Department of Chemistry at R. R. Mehta College of Science, Palanpur, B. K.,
Guijarat, India, used a UV-Vis spectrophotometer (SpectroquantR Pharo 300: Merck)
to measure the optical properties of AgNPs. Following the addition of AgNO3 to the
plant extract, spectra were obtained between 350 and 500 nm at various intervals up
to a maximum of 24 hours. After adding the aforementioned metal ion solutions to the
previously generated CLE-AgNPs, respectively, the spectra of the CLE-AgNPs-
Metal ion (Cd+2and CLE-AgNPs-Metal ion (Cd+2) were also obtained.

=
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Fig. 2 Image of UV-Vis Spectrophotometer
218 |Page



Recent Trends in Chemical Sciences

SEM Analysis:

The Sophisticated Instrumentation Centre for Applied Research and Testing
(SICART), Vallabh Vidyanagar — 388120, Dist.: Anand, Gujarat, India, used a
scanning electron microscope (ESEM EDAX XL-30, Philips) to examine the
morphological characteristics of the produced silver nanoparticles from NLE. SEM
slides were produced by spreading the solutions onto them 24 hours after AQNO3 was
added. The samples were coated with a tiny layer of platinum to make them
conductive. After that, the samples underwent 30 KV of accelerating voltage for SEM
characterization.

TEM Analysis:

The Sophisticated Instrumentation Centre for Applied Research and Testing SICART,
Vallabh Vidyanagar — 388120, Dist: Anand, Gujarat, India, used a Transmission
Electron Microscope (Tecnai 20, PHILIPS) to study the morphological characteristics
of synthesized silver nanoparticles from extract (NLE and CLE), CLE-AgNPs-Metal
ion (Cd+2), and CLE-AgNPs-Metal ion (Cd+2). AgNPs TEM slides were generated
by smearing the solutions on slides 24 hours after AQNO3 was added to the extract
(NLE and CLE) separately. CLE-AgNPs-Metal ion (Cd+2) and CLE-AgNPs-Metal
ion (Cd+2) were the results. The samples were coated with a tiny layer of platinum to
make them conductive. After that, the samples underwent 200 KV of accelerating
voltage characterization in the TEM.

3.1 Uv-VIS SPECTROPHOTOMETER ANALYSIS:

10 ml of 0.1 M AgNO3 solution was taken in 5 distinct 100 ml beakers for the Amax
determination. Next, 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of NLE were gradually added to
each beaker to provide 5 sets of samples. The samples were then all held in the dark
for 30 minutes. Subsequently, it was seen that the solution's color changed from
yellow to brown. The plant extract of neem (Mirraya koenigii) was added to beakers
containing an aqueous solution of silver nitrate for each experiment. This caused the
solution’s color to change from yellowish to reddish brown over the course of the
reaction because the silver nanoparticles' surface plasmon vibrations were
excited244.The color of the aqueous silver nitrate solution changed from pale yellow
to brown upon the addition of various volumes (1-5 mL) of leaf extracts while
maintaining a constant volume of 5 mL (1 mM). This shift indicated the synthesis of
silver nanoparticles. Numerous parameters that had been found to affect the yields of
silver nanoparticles were optimized, including time, concentrations of silver nitrate
and Neem (Mirraya koenigii) leaf extract, and both. Utilizing 1 mM of silver nitrate,
silver nanoparticles were generated at varying leaf extract concentrations, ranging
from 1 to 5 mL. The Plasmon resonance band, which is visible at 436-446 nm, was
analysed using UV spectra, in accordance with previous research findings (245).
There is an increase in wavelength up to 448 nm if we increase the leaf extract content
to 3 mL. The small fluctuations in absorbance readings indicate that the changes are
related to particle size246. The intensity of absorption increases as extract
concentration rises. Examining the size and form of nanoparticles in aqueous
solutions is done by UV-Vis spectroscopy. When varying the concentration of
AgNO3, while maintaining a constant amount of Neem extract (1 mL), consistent
color variations were noted. The Surface Plasmon Resonance's activation caused the
brown color to develop, which is typical of AgNPs with absorbance values that have
previously been reported in the visible range of 446-448 nm247.The intensity of the
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absorption peaks increases at regular intervals, and the incubation period lengthens
the intensity of the color. Additionally, showed that when the concentration of the
silver nitrate salt increases, so does the intensity of the absorption peaks. The
literature has previously reported extremely similar results for the absorbance at 445
nm of silver nanoparticles generated by extracts from Cochlospermum religiosum
(248) and Pithophoraoe dogonia (249). The recorded UV-vis spectra suggested that
the most rapid bioreduction was accomplished with a reducing agent consisting of
Neem (Mirraya koenigii) leaf extract. Visual observation along with the UV-vis
spectra showed that the creation of silver nanoparticles happened quickly in less than
15 minutes. The produced Cd-AgNPs' plasmonic absorption bands are shown in
Figure 2. At 440 nm, the absorption bands overlap at the same intensity. This
validates our created probe's synthetic repeatability. TEM pictures of Cd-AgNPs
provided additional evidence of the synthetic reproducibility (Fig. 6). Verify the
produced NPs' high selectivity for the Cd(ll) ions in the aqueous solutions that cause
the Cd-Ag NPs to aggregate.

0.900 - 2 MM AgNO3 10 ml + 1 ml
NLE
0.800 - —ﬁlinEM AgNO3 10 ml + 2 ml
0.700 - ﬁ”inEM AgNO3 10 ml + 3 ml
=2 mM AgNO3 10 ml + 4 ml|
C0.600 . NLE
2
*é_O.SOO .
o
£0.400 -
<
0.300
0.200
0.100 T T T T T T 1
220 270 320 370 420 470 520
) Wave Length (nm) i
Fig.3 Apsorption spéectra of AgNPs with NLE
1.000 =0.1 MM AgNO3 10 ml + 2 ml
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0.900 1 mM AgNO3 10 ml + 1 mI NLE
0-800 ——2 mM AgNO3 10 ml + 1 mi NLE
0.700
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Fig.4 Apsorption spectra of AgNPs with 1 mM Cd*2 (1 ml)
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3.2 SEM and TEM ANALYSIS:

SEM shed more light on the silver nanoparticles' shape and size characteristics. The
produced nanoparticles were larger than the ideal range of sizes, which is between 1
and 100 nm. According to the results, the particles had a spherical shape when the
ratio was 30:1, 60:1, and 120:1, but a sheet shape when the ratio was 240:1. Because
of the concentration rise in a 240:1 ratio, the form changes.

It has become possible to determine the size, shape, and morphology of nanoparticles
using transmission electron microscopy (TEM). The results indicate that the silver
nanoparticles are primarily spherical and evenly distributed, however, some of the
NPs had irregularly shaped structures, as depicted in Figure 5. The uniform and
spherical nature of the nanoparticles complies with the UV-visible spectrum's SPR
band shape. These suggest that these silver nanoparticles range in size from 20 to 42
nm. A certain distribution within the smaller particle size range suggests that the
produced particles are likewise within that lower range.

The addition of Cd (1) resulted in a redshift of 404 to 432 nm and a decrease in the
plasmonic peak intensity of CLE-AgNPs, although no change of this kind was
detected with the addition of the other metal ions. The remarkable selectivity of the
produced NPs for Cd (1) ions over the other metal ions is confirmed by these results.
Since Cd(ll) is a hard acid, it prefers to bond with hard bases250 in accordance with
the HSAB principle. Because the Pilvai neem extract contains polyphenols, Cd (1)
binds to an oxygen atom in the extract.Consequently, the NPs aggregate due to the
metal-ligand interaction between the oxygen atom and Cd (II). TEM analysis was
used to validate this interaction. Following the addition of Cd (1) ions to the produced
NPs solution, Figure 6 displays the TEM images. In the presence of additional
reactive cations, the produced CLE-AgNPs' improved selectivity was further
investigated.

According to TEMstudies, when metal nanoparticles aggregate with metal ions, the
size of the particles increases. Therefore, heavy metals in water, like chromium, are
easily removed by nanoparticles. Given that the majority of heavy metals are known
to be dangerous for both humans and animals, it is possible to reduce pollution of
water and soil and remove heavy metals from it in order to protect both humans and
animals from fatal diseases. Silver nanoparticles can be used to do this.

"."
Fig. 5 SEM image of CLE-AgNPs Fig. 6 TEM image of CLE-AgNPs-Cd*?
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ABSTRACT

Surface plasmon resonance in noble metallic nanoparticles has been an important
research subject since last many years. Recent advances in the synthesis, assembly,
characterization, and theories of traditional and non-traditional metal nanostructures
open a new pathway to the many different applications of plasmonics. In the present
investigation we summarize the recent advances of bio synthesised plasmonic AgNPs
and their applications, particularly regarding the fundamentals and applications of
surface plasmon resonance (SPR) in Agnanoparticles, AgNPs have been characterized
by SEM and TEM. The spectroscopic data was reported by UV- Vis spectrquant
pharo 300.

Keywords: Plasmonic nanoparticles, AgNPs, Green synthesis, Bio
synthesis,Azadirachtaindica leave extract.

1. INTRODUCTION

Nanotechnology is gaining enormous attention as a new area of research dealing with
the development of nanomaterials and nanoparticles (NPs) for their utilization in
diverse fields such as catalysis, electrochemistry, biomedicines, pharmaceuticals,
sensors, food technology, cosmetics, etc.=2 Nanoparticles (NPs) are nanometer-sized
(<100 nm) atomic or molecular scale solid particles having some excellent physical
properties compared to the bulk molecules depending on their size and
morphology.*> Among all types of NPs, metal and metal oxide nanoparticles have
been thoroughly examined using science and technology due to their excellent
properties such as high surface to volume ratio, high dispersion in
solution, etc.®’ Owing to these, metal and metal oxide nanoparticles display enhanced
antimicrobial properties.&?

Owing to their wide availability, renewability and environment-friendly nature, in
addition to their vast applications in the synthesis of NPs, plant biomass are also
largely targeted by our group and others as a catalyst for chemical synthesis®! and
biodiesel productions.t22

Among metal NPs, silver NPs is gaining enormous interest in the research community
due to their wide scope of application in microbiology, chemistry, food technology,
cell biology, pharmacology and parasitology.'*> The morphology of the silver NPs is
the deciding factor of their physical and chemical properties.’® Recently, bio-genic
synthesis of silver NPs (AgNPs) using biomaterials such as plant extract and microbes
as reducing agent and their antimicrobial activity is widely investigated.’
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UV-visible spectroscopy is a simple and widely used analytical technique to monitor
the formation of AgNPs. Upon interaction with an electromagnetic field, the
conducting electrons present in the outermost orbital of metal NPs collectively
oscillate in resonance with certain wavelengths to exhibit a phenomenon called
surface plasmon resonance (SPR). The excitation of SPR is responsible for the
formation of color and absorbance in a colloidal solution of AgNPs. The SPR peaks at
around 435 nm are usually taken to confirm the reduction of silver nitrate into
AgNPs.28 In general, spherical NPs exhibit only a single SPR band in the absorbance
spectra, whereas two or more SPR bands were observed for anisotropic particles
depending on the shape.® The absence of peak in the region 335 and 560 nm in UV-
Vis spectra are sometime used as an indication of the absence of aggregation in NPs.%
We have comprehensively discussed the bio-genic synthesis and silver nanoparticles
using various plants and their application in antimicrobial activity.

PREPARATION OF PLANT EXTRACT:

Preparation of Neem leaf extract:

Silver nanoparticles were prepared by using Neem (Fig. 2) (A. Indica) leaf extract on
the basis of cost effectiveness, ease of availability and its medicinal property. Fresh
leaves were collected from college campus. They were surface cleaned with running
tap water and then washed with distilled water to remove debris and other
contaminated contents. Then air dried at room temperature crushed in Mixure. About
20 gm of finely crushed leaves were kept in a beaker containing 300 mL double
distilled water and boiled for 30 min. Then cooled down it and filtered with Whatman
filter paper no.42 and then extract was stored at 4° C for further use.

* -
" \"5‘1‘ e «Q\,&' \

<
.
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Fig. 1 Image of Neem (Azadirachta indica) leaves

Preparation of AgNPs from Neem leaf extract:

Silver nitrate GR used as such (purchased from Merck, India). 100 mL, 1 mM
solution of silver nitrate was prepared in 100 ml beaker. Then 1, 2, 3, 4 and 5 mL of
extract was added separately to 10 mL of AgNOs solution of containing the con 1
mM. Silver nanoparticles were also synthesized by varying concentration of AgNOs
(1-5 mM) keeping extract concentration constant (5 mL). This setup was kept in a
dark cupboard to minimize photoreduction of silver nitrate at room temperature.
Reduction of Ag* was confirmed by the colour change of solution.

Binding of metal ions (Cr*3) with NLE-AgNPs :

The silver nano-particles prepared from NLE is aggregated with 1 ml solutions of 0.1
mM Cr*3 separately. For binding of AgNPs with Metal ions above solutions kept it in
dark for one hour. The brown colour of the NLE-AgNPs solution now turns reddish
brown indicate strong binding of metal ion with NLE-AgNPs. The formation of NLE-
AgNPs-Metal ion is further confirmed by UV-Vis spectrographs and TEM analysis.

CHARACTERIZATION OF SILVER NANOPARTICLES:

UV-Vis Analysis:

The optical property of AgNPs was determined by UV-Vis spectrophotometer
(Spectroquant® Pharo 300: Merck) at Dept. of Chemistry, R. R. Mehta College of
Science, Palanpur, B. K., Gujarat, India. After the addition of AgNO3 to the plant
extract, the spectras were taken in different time intervals up to 24Hrs. between 350
nm to 500 nm. The spectras of NLE-AgNPs-Metal ion (Cr*®) was taken afteraddition
of above mentioned metal ions solutions into the above prepared NLE-AgNPs and
respectively.

Fig. 2 Image of UV-Vis Spectrophotometer
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SEM Analysis:

The morphological features of synthesized silver nanoparticles from NLE was studied
by Scanning Electron Microscope (ESEM EDAX XL-30, PHILIPS) at Sophisticated
Instrumentation Centre for Applied Research and Testing SICART, Vallabh
Vidyanagar — 388120, Dist: Anand, Gujarat, India. After 24Hrs. of the addition of
AgNOs the SEM slides were prepared by making a smear of the solutions on slides. A
thin layer of platinum was coated to make the samples conductive. Then the samples
were characterized in the SEM at an accelerating voltage of 30 KV.

TEM Analysis:

The morphological features of synthesized silver nanoparticles from extract (NLE)
and NLE-AgNPs-Metal ion (Cr*3) was studied by Transmission Electron Microscope
(Tecnai 20, PHILIPS) at Sophisticated Instrumentation Centre for Applied Research
and Testing SICART, Vallabh Vidyanagar — 388120, Dist: Anand, Gujarat, India. The
TEM slides of AgNPs after 24Hrs. of the addition of AgNO3 into extract (NLE and)
separately and NLE-AgNPs-Metal ion (Cr*®) was prepared by making a smear of the
solutions on slides. A thin layer of platinum was coated to make the samples
conductive. Then the samples were characterized in the TEM at an accelerating
voltage of 200 KV.

3.1 UV-Vis SPECTROPHOTOMETER ANALYSIS:

For the determination of Amax 10 ml of 0.1 M AgNOs solution were taken in 5
different 100 ml beaker then 1 ml, 2 ml, 3 ml, 4 ml and 5 ml of NLE was added in
each beaker gradually to make 5 sets of samples. Then kept all the samples in dark for
half hour. After that it was seen that the colour of the solution was turns yellow to
brown. All experiments were carried out by addition of plant extract of Neem
(Azadirachta indica) into the beakers containing aqueous solution of silver nitrate
resulting to the change in the colour of the solution to yellowish to reddish brown
within reaction duration due to excitation of surface plasmon vibrations in silver
nanoparticles?t. On addition of different volume (1-5 mL) of leaf extracts to aqueous
silver nitrate solution keeping its volume 5 mL (1 mM) constant, the colour of the
solution changed from light yellow to brown indicating formation of silver
nanoparticles. Different parameters were optimized including concentration of silver
nitrate and Neem (A. indica) leaf extract, and time which had been identified as
factors affecting the yields of silver nanoparticles. Silver nanoparticles were
synthesized at different concentrations of leaf extract such as 1-5 mL using 1 mM of
silver nitrate were analysed by UV spectra of Plasmon resonance band observed at
436-446 nm similar to those reported in literature?’. If we increase the leaf extract
concentration to 3 mL, there is increase in wavelength up to 448 nm as presented in
Fig. 6. The slight variations in the values of absorbance signifies that the changes are
the particle size?>. On increasing concentration of extract there is increase in intensity
of absorption. UV-Vis spectroscopy is used for examination of size and shape of
nanoparticles in aqueous solutions. Regular changes in colour was observed when
different concentrations of AgNOs was used by keeping Neem extract (1 mL)
constant. The brown colour appeared due to the excitation of the Surface Plasmon
Resonance, typical of AgNPs having absorbance values which were reported earlier in
the visible range of 446-448 nm?*. There is increase in intensity of absorption peaks
after regular intervals of time and the colour intensity increased with the duration of
incubation. It was also observed from Fig. 9 that the intensity of absorption peaks
increases with increase in the concentration of the silver nitrate salt. All the results are
very close already reported in literature showing absorbance at 445 nm of silver
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nanoparticles synthesized by Cochlospermum religiosum extract®®>. The UV-vis
spectra recorded, implied that most rapid bio reduction was achieved using Neem (A.
indica) leaf extract as reducing agent. The UV-vis spectra and visual observation
revealed that formation of silver nanoparticles occurred rapidly within 15 min. Fig.5
exhibits the plasmonic absorption bands of Cr-AgNPs synthesized. The absorption
bands overlap at 440 nm with the same intensities. This confirms the synthetic
reproducibility of our prepared probe. The synthetic reproducibility was further
confirmed by TEM images of Cr-AgNPs (Fig.8,9). Confirm the high selectivity of the
prepared NPs for the Cr(ll1) ions in the aqueous systems that lead to the aggregation

of Cr-Ag NPs.

1.000 =1 mM AgNO3 10 ml + 1 ml NLE
0.900 - w1 MM AgNO3 10 ml + 2 m|I NLE
0.800 - 1 mM AgNO3 10 ml + 3 mI NLE
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Fig.3 Apsorption spectra of AgNPs with NLE
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Fig.4 Apsorption spectra of AgNPs with NLE
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Fig.6 Apsorption spectra of AgNPs and AgNPs-Cr*3
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3.2 SEM and TEM ANALYSIS:

SEM provided further insight into the morphology and size details of the silver
nanoparticles. The size of the prepared nanoparticles was more than the size of
nanoparticle which should be; i.e.; between 1-100 nm. The result showed that the
particles were of spherical shape in case of 30:1, 60:1, and 120:1 ratios, but sheet
shape in case of 240:1 ratio. The shape varies due to the concentration increased in
240:1 ratio.

Transmission electron microscopy (TEM) has been used to identify the size, shape
and morphology of nanoparticles. It reveals that the silver nanoparticles are well
dispersed and predominantly spherical in shape, while some of the NPs were found to
be having structures of irregular shape as shown in Fig. 5. The nanoparticles are
homogeneous and spherical which conforms to the shape of SPR band in the UV-
visible spectrum. These indicates that the size of these silver nanoparticles is 20 to 42
nm. Some distribution at lower range of particle size indicates that the synthesized
particles are also in lower range of particle size.

After the addition of the Cr (I11), a redshift from 404 to 432 nm along with a decrease
in the plasmonic peak intensity of NLE—AgNPs was observed while the rest of the
metal ions did not induce any such change after the addition of NLE—AgNPs. These
results confirm the excellent selectivity of the prepared NPs for Cr (I11) ions over the
rest of the metal ions. Cr(lll) is a hard acid; therefore, according to HSAB principle,
it prefers to bind with hard base?®. The Neem extract of Pilvai has polyphenolic
contents, thus Cr (I1l) forms a bond with the oxygen atom present in the extract.
Therefore, metal-ligand interaction between the Cr (111) and oxygen atom causes the
aggregation of NPs. This interaction was confirmed with TEM, analysis. Figure 6
shows the TEM images after the addition of the Cr (I1l) ions onto prepared NPs
solution. The enhanced selectivity of the prepared NLE-AgNPs was further
determined in the presence of other reactive cations.

TEM analysis shows that the particles size of nanoparticles are increased when metal
nanoparticle aggregation with metal ions. Thus heavy metals such as chromium in
water can be easily removed by nanoparticles. As we know that most of heavy metals
are harmful for human beings and animals also, it can be removed from water and soil
by using silver nanoparticles and pollution of water and soil can be reduced to save
mankind and animals from deadly diseases.

Fig. 7 SEM image of NLE-AgNPs
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O M

Fig. 8 TEM image of NLE-AgNPs

200 nm

Fig. 9 TEM image of NLE-AgNPs-Cr*3
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ABSTRACT

Aromatic heteroatom bearing cyclic compound such as pyrimidine, benzimidazole,
benzoxazole etc. Triazoles is the heterocyclic compounds having five membered rings
with three nitrogen atoms in it. Chemistry of heterocyclic compounds plays an
important role in our daily lives. Food and drink have been made safe to consume; the
whole area of pharmaceuticals has allowed the development and synthesis of new
medicines for illnesses and diseases; In this context, a series of novel chalcones from
1-(4-aminophenyl)ethenone and 2-chloro-7H-pyrrolo[2,3-d]pyrimidine by
condensation reaction. Prepared chalcones on condensation reaction with guanidine to
produced various triazoles B1-B15. All prepared compounds were characterized by
'HNMR, ¥CNMR, IR and Mass spectroscopy.

Keywords: Heterocyclic compounds, Guanidine, Chalcones, 2-aminopyrimidine and
Spectral Characterization.

1. INTRODUCTION

Chalcones are one of the most important classes of natural products existing
in many plant species. In nature, they serve as precursors for flavonoids and
isoflavonoids biosynthesis. They are 1,3-diphenyl-2-propen- 1-ones (two aromatic
rings connected with a carbonyl moiety). According to Harborne and Mabry (1982),
chalcones are crucial flavonoid and isoflavonoid precursors. The preparation of many
chalcones by Claisen- Schmidt condensation of methyl ketones with aldehydes in a
basic environment Claisen and others, 1881. These substances exhibit antimalarial
action in vitro. against variants of Plasmodium that are both chloroquine-sensitive
and chloroquine-resistant falciparum[1]. Authors recently reported on the synthesis
of chalcones. utilizing acetic acid and perchloric acid as well under acidic conditions
[2]. Numerous chalcones have been identified as potent tyrosinases as new
depigmenting agents since they act as antioxidants and inhibitors [3].

A heterocyclic compound is one in which the ring structure contains at least
one atom other than carbon [4, 5]. Due to their enormous potential for processing
and synthesizing a broad range of pharmacological actions, heterocyclic compounds
have a significant role to play in medicinal chemistry and are currently the focus of a
lot of research. Heterocyclic compounds are often found in natural products and play
a significant role in the synthesis of biological molecules including deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA). In fact, DNA is the most important
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macromolecule in existence, and nucleotides, the units that make up our genes, are
derivatives of the purine and pyrimidine bases. Both heme, the non-protein
component of haemoglobin, which is generated from enormous porphyrin rings, and
chlorophyll, a green pigment that helps plants create oxygen by absorbing carbon
dioxide, are responsible for carrying oxygen in animals. Contrarily, synthetic
heterocyclic compounds have a variety of therapeutic uses, such as antibacterial [6],
antifungal [7], analgesic [8], anti-inflammatory [9], antimycobacterial [10],
antitubercular [11], antimalarial [12], trypanocidal [13], anti-HIV activity [14],
anticonvulsant [15], antitumoural [16], antileishmanial agents, and genotoxic [17].
They are also a key structural component of many synthetic drugs and compounds
derived from agriculture. For example, fluorescent sensors and dyes, brighteners,
polymers, information storage, and analytical reagents are only a few of the several
crucial material science uses of most heterocyclic compounds [18]. The creation of
organic conductors, semiconductors, photovoltaic cells, molecular wires, organic
light-emitting diodes (LED), light harvesting systems, optical data carriers, chemically
programmable switches, and liquid crystalline compounds can also make use of a
variety of heterocyclic compounds [19-22].

Pyrimidine was first isolated by Gabriel and Colman in 1899. The
chemistry of pyrimidine and its derivatives have been studied since the past
century due to their diverse pharmacological properties. Pyrimidine and purine,
the two-nitrogen containing heterocyclic aromatic compounds are the parents of
the “bases” that constitute a key structural unit of nucleic acids, even though
pyrimidine itself does not exist in nature. Both pyrimidine and purine are planar
and this flat shape is very important when we consider the structure of nucleic
acids. In the presence paper, we have synthesized novel pyrimidines B1-B15
from novel chalcones and guanidine.

2. METHODS AND MATERIALS

2.1  Chemicals and Reagents

All chemicals used were of laboratory reagent grade and used without further
purification.  Various aldehydes, 1-(4-aminophenyl)ethenone, 2-chloro-7H-
pyrrolo[2,3-d]pyrimidine, guanidine, KOH and ethanolwere used as received from
Merck, Mumbai, India.
2.2  Experimental

Bruker Avance-400 instrument was used for Proton NMR study and 100MHZ
frequency instrument was used for 3C NMR. Parts per million unit was used to
expressed chemical shift value. ABB Bomem Inc. FT-IR 3000 Spectrophotometer
was used for Infrared Spectral study. Data obtained was expressed in cm™ unit.
Shimadzu LCMS-2010 was used for MASS spectral analysis. Perkin Elmer-2400
Series I CHNS/O Elemental Analyzer was used for Composition measurement.

2.3 Method of Synthesis

2.3.1 Synthesis of various chalcones A1-A15

In a 250 ml round bottom flask, 2-chloro-7H-pyrrolo[2,3-d]pyrimidine (0.1 mol)
and1-(4-aminophenyl)ethenone (0.1 mol) dissolved in ethannol (50 ml) with constant
shaking maintaining the temperature below 25°C. After the completion of dissolution,
the mixture was refluxed for 1.5 hr. then it was cooled and poured into crushed ice.
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Solid was separated by filtration and crystalline from ethanol. To a well stirred
solution, add40% potassium hydroxide (40 ml) followed by addition of aromatic
aldehyde (0.01 mol) drop wise at 0°C). After the completion of addition, the mixture
was stirred for further 1-1.5 hours and left overnight. The contents were poured into
ice water and crystallized from ethanol (Scheme 1).

COCH;
H KOH/EtOH
+ Cl\ﬁb\/\N) (/TN COCH,
N. ./ Room Temp . \N/Ik Q
NH, N N

1-(4-aminophenyl)  2-Chloro-7H-pyrrolo cHO
_ . . g H
ethanone [2,3-d]pyrimidine KOH/EtOH @/
R

0
ﬁr\l\/’,\tNR
N

Scheme-1 Synthesis of Pyrimidine based Chalcones

2.3.2  Synthesis of 2-aminopyrimidines

Take chalcones (0.01 mol)in 250 ml RBF, add 0.01 molguanidine, 40 ml ethanol and
40 ml 40% KOH to this mixture solution. Reflux the entire mixture for 1-2 hr to
produced pyrimidine. Completion of reaction was monitored by TLC (Scheme 2).

0]
_ H2NJ\NH2 N7 N
(/f\ |N | o Guanidine % A |
. N
o A s COH TG
H EtOH/NaOH N
H NN R
Al-A15 1-2 hr.
B1-B15
Scheme-2 Synthesis of Pyrimidines B1-B15

3. CHARACTERIZATION

B1 compound of the series is taken as the representative compound. In the
!HNMR spectrum the characteristic signals due to each protons and functional groups
with protons are well described on the basis of shielding and deshielding effects. The
signal due to aromatic proton of compound was observed in more downfield region at
chemical shift value around 6 to 8ppm. *HNMR, *CNMR, IR, MASS spectroscopic
data of B1 compoundshown below.
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Compound code: B1

Molecular formula:
C2o2H17N7

M. P. (°C): 232

NH,

PN

N N

|
NN
ag
|
H\N*u

'H NMR (400 MHz, CDCls)
O ppm:

9.2 (NHy, s), 6.6-8.4 (13H, Ar-H, complex), 4.2
(1H, s, -NH), 3.8 (1H, s, -NH).

3C NMR (100 MHz, CDCls) &
ppm:

128.2, 129.4, 130.3, 131.6, 139.2, 143.6, 151.8,

153.6, 155.1, 156.8.

IR cm™ (KBr):

3510, 3442, 3320, 3029, 1660, 1592, 1569, 744.

Mass (M+1):

379.10

Elemental analysis:

Calculated (%): C: 69.64; H: 4.52; N:25.84.

Found (%)

1 C:69.32; H: 4.64;N: 25.72

aq. RESULT AND DISCUSSION

Table 1.1 Data showing synthesis of Pyrimidnes B1-B15.

Sr. No. Compounds R Reaction % Yiled®
Code Time?hr
1 Bl -H 3.5 75
2 B2 4-OH 4 73
3 B3 3-OH 4 70
4 B4 2-OH 4 70
5 B5 2- OCHs 4.5 70
6 B6 4-OCHs 4.5 69
7 B7 2-Cl 3.5 80
8 B8 4-Cl 3.5 81
9 B9 3-Cl 3.5 82
10 B10 2-NO> 3.5 83
11 B11 4-NO, 3.5 82
12 B12 3-NO> 3.5 83
13 B13 3-Br 3.5 78
14 B14 2- Br 3.5 80
15 B15 4- Br 3.5 80

From the Table 1.1 show the various condensation product of condensation
reaction between compounds Al-Al5 and guanidine. It clearly indicates that the
compounds bearing electron withdrawing group are synthesized in shorter reaction
time as compared to compounds bearing electron donating group. Compounds B10-
B12 bearing electron withdrawing were synthesized in 3.5 hr as shorter time as
compared to compound B5 and B6 bearing electron donating group in 4.5 hr.
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CONCLUSION

In conclusion the highly functionalized 2-aminopyrimidines derivatives (B1-

B15) were synthesized from various chalcones and guanidine by condensation
reaction. Chalcones used in the pyrimidine synthesis are synthesized from various
aromatic aldehydes, 1-(4-aminophenyl)ethenone and 2-chloro-7H-pyrrolo[2,3-
d]pyrimidine. All the compounds are well characterized by different spectroscopic
techniques.
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ABSTRACT

Nitrogen containing heterocyclic compound has been extensively studied and used in
certain specific biological activities. Phenazine and its derivative constitute an
important class of fused heterocycles that are found in more than 200 naturally
occurring alkaloids. With passage of time newer and more complex variants of
phenazine structure are being discovered. Novel scaffold of phenazine was
synthesized by the base catalysed cyclisation of 2-hydroxynaphthalene-1,4-dione with
Naphthalene-1,2-diaminefollowed by malononitrile and aromatic aldehyde in presence
of ethanol. The overall reaction was conventional multistep process. The structure of
synthesized compounds was confirmed on the basis of elemental analysis, IR, NMR
and mass spectra results. The pharmacological studies of title compounds were
screened for two gram positive bacteria Staphylococcus aureus ATCC 9144 and
Bacillus Subtilis ATCC 6633) and two gram negative bacteria(Escherichia coli ATCC
25922 and Proteus vulgaris ATCC 10271), whereas antifungal activity screened
against two plant pathogens Candida albicans ATCC 10231 and Aspergillus niger
ATCC 6275 in vitro by disc diffusion method. The strength of synthesized
compounds was compared with standard drug.

KEY WORDS: Pharmacological, Heterocycle, In Vitro, Phenazine.

INRODUCTION

Phenazine derivatives are the emerging pharmacophore, which has drawn a growing
interest in the area of drug designing. Phenazine and its nitrogen containing
precursors had diversified biological properties. One of the most frequently
encountered heterocycles in medicinal chemistry is phenazine with pyrazoline and its
analogs have widespread applications as a potential anti-inflammatory, anticancer and
analgesics agent [1, 2,3]in field of medicinal chemistry. Moreover, a large number of
phenazine derivatives have been reported as potential antifungal and antimicrobial
agents [4, 5, 6].

Pyrazoline derivatives of phenazine heerocycles have important therapeutic
properties,

among many derivatives are biologically active scaffold and important constituent of
many pharmaceutical product and used as a antibiotics [7,8] and bladder cancer cell
treatment[9]. The halogenated derivatives of phenazine possess potential
antihyperlipidemic activity and have no significant toxic side effect at the sub lethal
drop level 2 mg/kg [10]. In addition Endophenazine G and other phenazine
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derivatives reported to potential antimethicline resistant agent [11] and HIV-1
integrate inhibitors[12].

The exploration for new biologically active heterocyclic analogues and continues to
be an area of intention research in medicinal chemistry. In the light of these findings,
the synthesis of new chemical entities incorporating the quinoline and pyrazoles with
quinazolinones may prove to be useful frame of the biological activity point of view.
The targeted molecules screened for antibacterial and antifungal activities in vitro by
disc diffusion method.

MATERIAL AND METHOD

General Instrumentation

The reagent grade chemicals were purchased from commercial sources and further
purified before use. The melting points of all synthesized compounds were taken in
open capillary tube and are uncorrected. The purities of all synthesized compounds
were checked by TLC on Merck silica gel 60 F 254 using toluene: ethyl acetate (8:2)
as mobile phase, and spots were visualized under UV radiation. The IR spectra of the
synthesized compounds were recorded on Perkin-Elmer 1300 FTIR
spectrophotometer using KBr pellets and frequencies are recorded in cm™. *H NMR
and *C NMR spectra were recorded on Bruker Advance Il 400 NMR spectrometer
using CDCl3 as a solvent. The chemical shifts were reported in (& ppm) downfield
using tetra methyl silane as internal standard. Shimadzu LCMS-2010 was used for
Mass spectral analysis. Elemental analyses of newly synthesized compounds were
carried out on Carlo Ebra 1108 analyzer. Microanalysis of compounds was within
+0.4% of theoretical values and the spectral data (Elemental analysis, IR, NMR and
mass spectra) were compatible with the assigned structures. The compound 2-
hydroxynaphthalene-1,4-dioneandnaphthalene-1,2-diamine weresynthesized by literature
procedure [13].

Scheme | Synthetic Pathway for Target Molecule

hH2 HCl
o NH Reflux AN
+ —_— N|
ethanol N
2

(0]

I

O
1
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EXPERIMENTAL SECTION

B1 : 3-amino-1-phenyl-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-carbonitrile

Take 2-hydroxynaphthalene-1,4-dione(0.01mol, 1.58g) in 250 ml round bottom flask, to this
solution add Naphthalene-1,2-diamine (0.01 mol, 1.74 g)and 2-3 drops of conc HCI and 40 ml
ethanol, reflux the reaction mixture for 30-40 minutes. After completion of reaction (cheched
by TLC), addmalononitrile (0.01mol, 0.66g) and benzaldehyde (0.01mol, 1.06¢g) to it and add
further 40ml ethanol. Reflux the content mixture for again 30-40 minutes. After completion of
reaction (checked by TLC), cool the reaction mixture, solid thus obtained was novel
phenazine B;. Recrystallised the crude product from absolute ethanol.

Yeild: 80 % M.P.: 229-230 °C.IR(KBr):3317(C-N), 3062, 2860(C-H aromatic),
2127(C-N aliphatic), 1617,1591, 1568(C=C), 748 (C-H mono and disubstituted
benzene). tHNMR (400 MHz, CDCls): 2.4 (s,2H, -NHy), 3.2 (s,1H, pyrilium ring),
6.3-8.4 (m,15H,Ar-H). 13C NMR (100 MHz, CDCls): 61.4(CH2-C), 122.0-145.1(Ar-
28C), 160.2(CN-C).Mass spectrum: molecular ion peak found at M+ 450.0Anal; (%)
CaoH1sN4O Calcd; C, 80.61; H, 4.09; N,12.55; Found; C, 79.98; H, 4.03; N, 12.44.
Remaining compounds of the series B2-Biswere synthesized by similar prescribed above
method.

B2:3-amino-1-(4-hydroxyphenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 79 % M.P.: 249-250 °C.IR(KBr):3425(0-H),3319(C-N), 3063, 2865(C-H
aromatic), 2155(C-N aliphatic), 1617,1592, 1592(C=C), 749 (C-H mono and
disubstituted benzene). *THNMR (400 MHz, CDCls): 2.6 (s,2H, -NH2), 3.1 (s,1H,
pyrilium ring), 6.3-8.4 (m,14H,Ar-H), 9.9 (s,1H,-OH). **C NMR (100 MHz, CDCls):
63.3(CH.-C), 121.1-145.5(Ar-28C), 159.4(CN-C).Mass spectrum: molecular ion peak
found at M+ 466.1Anal; (%) CsoH1sN4O2 Calcd; C, 77.22; H, 4.01; N,12.20; Found,
C,77.24; H, 3.98; N, 12.19.
Bs:3-amino-1-(3-hydroxyphenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 79 % M.P.: 259-260 °C.IR(KBr):3429(0-H),3321(C-N), 3063, 2860(C-H
aromatic), 2158(C-N aliphatic), 1618,1593, 1591(C=C), 747 (C-H mono and
disubstituted benzene). HNMR (400 MHz, CDCIls): 2.5 (s,2H, -NH), 3.2 (s,1H,
pyrilium ring), 6.3-8.4 (m,14H,Ar-H), 9.7 (s,1H,-OH). 3C NMR (100 MHz, CDCls):
63.1(CH2-C), 121.3-145.4(Ar-28C), 160.0(CN-C).Mass spectrum: molecular ion peak
found at M+ 466.1Anal; (%) CsoH1sN4O> Calcd; C, 77.22; H, 4.01; N,12.20; Found;
C, 77.23; H, 3.98; N, 12.18.
B4:3-amino-1-(2-hydroxyphenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 81 % M.P.: 254-255°C.IR(KBr):3427(0-H),3318(C-N), 3061, 2864(C-H
aromatic), 2157(C-N aliphatic), 1619,1591, 1593(C=C), 750 (C-H mono and
disubstituted benzene). *THNMR (400 MHz, CDCls): 2.5 (s,2H, -NH2), 3.1 (s,1H,
pyrilium ring), 6.3-8.4 (m,14H,Ar-H), 9.8 (s,1H,-OH). *C NMR (100 MHz, CDCl3):
63.2(CH,-C), 121.1-145.5(Ar-28C), 160.4(CN-C).Mass spectrum: molecular ion peak
found at M+ 466.1Anal; (%) C3oH1sN4O2 Calcd; C, 77.22; H, 4.01; N,12.20; Found;
C, 77.23; H, 3.99; N, 12.18.
Bs:3-amino-1-(2-methoxyphenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 84 % M.P.: 233-234°C.IR(KBr):3329(C-N), 3062, 2860(C-H aromatic),
2125(C-N aliphatic), 1617,1591, 1569(C=C), 1242, 1107(C-0O), 746 (C-H mono and
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disubstituted benzene). HNMR (400 MHz, CDCIls): 2.6 (s,2H, -NH2), 3.2 (s,1H,
pyrilium ring), 3.8(s, 3H,-OCHs),6.4-8.7 (m,14H,Ar-H).23C NMR (100 MHz, CDCls):
39.3(OCHs-C), 63.7(CH-C), 121.6-145.6(Ar-28C), 160.4(CN-C).Mass spectrum:
molecular ion peak found at M+ 480.1Anal; (%) CziH20N4O2 Calcd; C, 77.49; H,
4.20; N,11.66; Found; C, 77.48; H, 4.18; N, 11.64.
Bs:3-amino-1-(4-methoxyphenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 78 % M.P.: 211-212°C.IR(KBr):3330(C-N), 3065, 2861(C-H aromatic),
2126(C-N aliphatic), 1618,1592, 1570(C=C), 1241, 1108(C-0O), 748 (C-H mono and
disubstituted benzene). 'THNMR (400 MHz, CDCls): 2.5 (s,2H, -NH2), 3.1 (s,1H,
pyrilium ring), 3.7(s, 3H,-OCHs),6.4-8.7 (m,14H,Ar-H).1*C NMR (100 MHz, CDCls):
39.2(0OCHs-C), 63.6(CH.-C), 121.5-145.7(Ar-28C), 160.1(CN-C).Mass spectrum:
molecular ion peak found at M+ 480.1Anal; (%) Cs1H20N4O> Calcd; C, 77.49; H,
4.20; N,11.66; Found; C, 77.47; H, 4.17; N, 11.65.
B7:3-amino-1-(2-chlorophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 87 % M.P.: 214-215°C.IR(KBr):3317(C-N), 3065, 2861(C-H aromatic),
2153(C-N aliphatic), 1617,1592, 1570(C=C), 778(C-Cl), 746(C-H mono and
disubstituted benzene). *THNMR (400 MHz, CDCls): 2.5 (s,2H, -NH2), 3.2 (s,1H,
pyrilium ring), 6.3-8.6 (m,14H,Ar-H). *C NMR (100 MHz, CDCls3): 63.3(CH2-C),
121.3-145.5(Ar-28C), 160.3(CN-C).Mass spectrum: molecular ion peak found at M+
484.0Anal; (%) C30H17CIN4O Calcd; C, 74.30; H, 3.53; N, 11.55; Found; C, 74.28; H,
3.51; N, 11.52.
Bs:3-amino-1-(4-chlorophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 88 % M.P.: 223-224°C.IR(KBr):3319(C-N), 3066, 2862(C-H aromatic),
2155(C-N aliphatic), 1618,1593, 1571(C=C), 780(C-Cl), 748(C-H mono and
disubstituted benzene). HNMR (400 MHz, CDCls): 2.6 (s,2H, -NH), 3.3 (s,1H,
pyrilium ring), 6.4-8.7 (m,14H,Ar-H). 3C NMR (100 MHz, CDCls): 63.4(CH,-C),
121.5-145.7(Ar-28C), 160.4(CN-C).Mass spectrum: molecular ion peak found at M+
484.1Anal; (%) C30H17CIN4O Calcd; C, 74.30; H, 3.53 ; N,11.55; Found; C, 74.29; H,
3.52; N, 11.53.
Bo:3-amino-1-(3-chlorophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 80 % M.P.: 234-235°C.IR(KBr):3320(C-N), 3064, 2862(C-H aromatic),
2151(C-N aliphatic), 1617,1591, 1571(C=C), 776(C-Cl), 747(C-H mono and
disubstituted benzene). *HNMR (400 MHz, CDCls): 2.4 (s,2H, -NH2), 3.3 (s,1H,
pyrilium ring), 6.4-8.7 (m,14H,Ar-H). 3C NMR (100 MHz, CDCls): 63.2(CH-C),
121.1-145.3(Ar-28C), 160.1(CN-C).Mass spectrum: molecular ion peak found at M+
484.0Anal; (%) C30H17CIN4O Calcd; C, 74.30; H, 3.53; N, 11.55; Found; C, 74.27; H,
3.52; N, 11.54.
B1o:3-amino-1-(2-nitrophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-carbonitrile
Yeild: 88 % M.P.: 239-240 °C.IR(KBr):3317(C-N), 3065, 2861(C-H aromatic),
2163(C-N aliphatic), 1617,1591, 1572(C=C), 1551, 1363(C-N), 749 (C-H mono and
disubstituted benzene). *THNMR (400 MHz, CDCls): 2.5 (s,2H, -NH2), 3.3 (s,1H,
pyrilium ring), 6.4-8.6 (m,14H,Ar-H). 3C NMR (100 MHz, CDCls): 63.7(CH-C),
121.3-145.7(Ar-28C), 160.4(CN-C).Mass spectrum: molecular ion peak found at M+
495.1Anal; (%) CsoH17NsO3 Calcd; C, 72.72; H, 3.46; N, 14.93; Found; C, 72.70; H,
3.44; N, 14.91.
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B11:3-amino-1-(4-nitrophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-carbonitrile
Yeild: 84 % M.P.: 244-245°C.IR(KBr):3319(C-N), 3063, 2860(C-H aromatic),
2161(C-N aliphatic), 1618,1592, 1572(C=C), 1552, 1362(C-N), 747 (C-H mono and
disubstituted benzene). 'THNMR (400 MHz, CDCls): 2.6 (s,2H, -NH2), 3.4 (s,1H,
pyrilium ring), 6.5-8.7 (m,14H,Ar-H). *C NMR (100 MHz, CDCls3): 63.6(CH-C),
121.5-145.9(Ar-28C), 160.1(CN-C).Mass spectrum: molecular ion peak found at M+
495.1Anal; (%) C3oH17NsO3 Calcd; C, 72.72; H, 3.46; N, 14.93; Found; C, 72.71; H,
3.45; N, 14.92.
B12:3-amino-1-(3-nitrophenyl)-1H-dibenzo[a,i]pyrano[2,3-a]phenazine-2-carbonitrile
Yeild: 84 % M.P.: 244-245°C.IR(KBr):3317(C-N), 3062, 2860(C-H aromatic),
2127(C-N aliphatic), 1617,1591, 1568(C=C), 748 (C-H mono and disubstituted
benzene). *THNMR (400 MHz, CDCls): 2.4 (s,2H, -NHy), 3.2 (s,1H, pyrilium ring),
6.3-8.4 (m,15H,Ar-H), 9.15 (d,1H,-NH). 3C NMR (100 MHz, CDCls): 61.4(CH-C),
122.0-145.1(Ar-28C), 160.2(CN-C).Mass spectrum: molecular ion peak found at M+
450.1Anal; (%) CsoH18N4O Calcd; C, 80.61; H, 4.09; N,12.55; Found; C, 79.98; H,
4.03; N, 12.44,
B13:3-amino-1-(3-bromophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 86 % M.P.: 242-243°C.IR(KBr):3323(C-N), 3063, 2862(C-H aromatic),
2165(C-N aliphatic), 1617,1592, 1572(C=C), 1553, 1361(C-N), 748 (C-H mono and
disubstituted benzene). *THNMR (400 MHz, CDCls): 2.4 (s,2H, -NH2), 3.4 (s,1H,
pyrilium ring), 6.4-8.6 (m,14H,Ar-H). *C NMR (100 MHz, CDCls3): 63.5(CH2-C),
121.1-145.4(Ar-28C), 160.1(CN-C).Mass spectrum: molecular ion peak found at M+
495.0Anal; (%) CaoH17Ns03 Calcd; C, 72.72; H, 3.46; N, 14.93; Found; C, 72.70; H,
3.45; N, 14.92.
B14:3-amino-1-(2-bromophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 86 % M.P.: 247-248°C.IR(KBr):3318(C-N), 3064, 2862(C-H aromatic),
2151(C-N aliphatic), 1617,1591, 1571(C=C), 746(C-H mono and disubstituted
benzene), 642(C-Br). *HNMR (400 MHz, CDCls): 2.5 (s,2H, -NH.), 3.3 (s,1H,
pyrilium ring), 6.3-8.6 (m,14H,Ar-H). 3C NMR (100 MHz, CDCls): 63.1(CH,-C),
121.5-145.7(Ar-28C), 160.1(CN-C).Mass spectrum: molecular ion peak found at M+
528.1Anal; (%) C30H17BrN4O Calcd; C, 68.06; H, 3.24; N, 10.58; Found; C, 68.04; H,
3.22; N, 10.56.
B1s:3-amino-1-(4-bromophenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 82 % M.P.: 235-236°C.IR(KBr):3321(C-N), 3065, 2861(C-H aromatic),
2155(C-N aliphatic), 1617,1593, 1570(C=C), 748(C-H mono and disubstituted
benzene), 645(C-Br). 'HNMR (400 MHz, CDCls): 2.6 (s,2H, -NH2), 3.2 (s,1H,
pyrilium ring), 6.4-8.7 (m,14H,Ar-H). 3C NMR (100 MHz, CDCls): 63.4(CH-C),
121.4-145.6(Ar-28C), 160.4(CN-C).Mass spectrum: molecular ion peak found at M+
528.0Anal; (%) C3oH17BrN4O Calcd; C, 68.06; H, 3.24 ; N,10.58; Found; C, 68.05; H,
3.23; N, 10.55.
B16:3-amino-1-(3,4-dimethoxyphenyl)-1H-dibenzo[c,h]pyrano[3,2-a]phenazine-2-
carbonitrile

Yeild: 78 % M.P.: 224-225°C.IR(KBr):3327(C-N), 3063, 2860(C-H aromatic),
2127(C-N aliphatic), 1617,1591, 1570(C=C), 1243, 1107(C-O), 748 (C-H mono and
disubstituted benzene). HNMR (400 MHz, CDCIls): 2.5 (s,2H, -NH), 3.1 (s,1H,
pyrilium ring), 3.7(s, 6H,-OCHs),6.4-8.7 (m,13H,Ar-H).13C NMR (100 MHz, CDCls):
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39.3(OCHs-C), 63.4(CH»-C), 121.6-145.9(Ar-28C), 160.2(CN-C).Mass spectrum:
molecular ion peak found at M+ 510.1Anal; (%) Cz2H22N4O3 Calcd; C, 75.28; H,
4.34; N,10.97; Found; C, 75.28; H, 4.33; N, 10.95.

DETERMINATION OF ANTIMICROBIAL ACTIVITY

Disc diffusion method

The in vitro antimicrobial activity of synthesized compounds was carried out by disc
diffusion method[14,15]. The cup was bore in to the inoculated Petri dish. The cups
were made (equidistance) by punching in to the agar surface with sterile cup
borer and scooping out the punch part of the agar. After punching a bore, in
to these cups were added 0. 01 ml portion of the test compound (0.01g
dissolved in 10 ml DMF solvent) in solvent with the help of sterile syringe.
The solution was allowed to defuse for about an hour in to the medium.
Bacterial and Plant Pathogenic Stains Used

The in vitro antimicrobial studies of target molecule was screened against two gram
positive bacteria(Staphylococcus aureus ATCC 9144 and Bacillus Subtilis ATCC
6633) and two gram negative bacteria(Escherichia coli ATCC 25922 and Proteus
vulgaris ATCC 10271), whereas antifungal activity screened against two plant
pathogens Candida albicans ATCC 10231 and Aspergillus niger ATCC 6275.
Measurement of the zone of Inhibition

After 2 h, for the diffusion of the substance in the agar medium and the
plates were incubated at 37 °C for 24 h. After incubation period observed the
plate for zone of inhibition around the cups. Measure the diameter of each zone
in mm.

A solvent control was also run to know the activity of the blank . This was
carried out in DMF at concentration of 0. 05 ml in similar manner and the
zone of the inhibition of the bacterial growth were measured in diameter and
it was 0.0 mm. The standard drugs were also screened under similar condition.

The zone of inhibition measured for antibacterial activity at concentrations 1 x
10*ug/ml,Penicillin-G and Streptomycin were used as standard and zone of inhibition
measured for anti fungal activity also at concentrations 1 x 10* pg/ml and Fluconazole
was used as a standard.

RESULT AND DISCUSSION

The target molecule phenazine heterocycles incorporating with heterocyclic moieties
B1.16 were synthesized and structure was confirmed by the spectral results.The IR
spectrum frequency found at 3317 cm™ indicates the N-H stretching. The frequency
found at 3128 cm™ indicates thearomatic C-H stretching. The frequency found at 2153
cm indicates aliphatic C-N stretching. The frequency found at 1617, 1592 and 1570
cm indicates the C=C stretching. The frequency found at 746 cm™ indicates mono
and disubstituted benzene C-H stretching.It was further confirming by *H NMR
spectra which showed signal of two singlet proton of the NH> found at 6 2.5 ppm in
downfield region. The signal of one singlet proton of CH of pyrilium ring found at &
3.2 ppm. The signal of multiplatate 14 aromatic protons was found in region between
§ 6.3 ppm to 8.6 ppm. In ¥C NMRspectrum the signal of methine carbon found at
63.5. The signal of aromatic carbons found at 121.3, 128.9, 129.4, 130.5, 131.6,
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140.2, 140.8, 142.1, 143.4, 145.5 The signal of CN carbon found in most downfield
region at 160.3.In the mass spectrum were molecular ion peak found at M+ 484.0
indicates the molecular weight of the compoundBj:.

Antimicrobial Assay

The in vitro antimicrobial screening results of synthesized compounds were recorded
in the table 1. The strength of synthesized compounds was compared with standard
drug.

Table: 1 Antimicrobial activity of new synthesized compounds against the bacterial strains
and plant pathogens tested based on disc diffusion techniques

Microorganism Sample(Zone of inhibition in mm)

ATCC code
B|B |B |B|B |B |B |B |Bo Ba1o Buu | Biz | Bizs | Bis | Bss Bis
1 2 3 4 5 6 7 8

S.aureus (9144) 1 (1|11 (1 |1 |11 |17 |21 |24 |23 |16 |17 |16 |10
0|2 (321|119 |8

B.subtilis(6633) |1 |1 |1 |1 (1 |1 |1 |1 |18 |20 |24 |22 |16 |18 |16 |10
0|12 (11|01 |87

E.coli(25922) 112121222 |1 1|14 |11 |12 |11 |16 |17 |16 |19
917 14|62 (1|3 |4

P.vulgaris(13315) |1 |2 |2 |2 (2 |2 |1 |1 |15 |12 |12 |11 |17 |17 |16 |18
9181|5532 (3|5

A.niger(6275) 2 /1 (1|12 (1|1 |1 |13 |11 |12 |12 |13 |12 |12 |21
2 716|619 |12

Calbicans(10271 |2 |1 (1 |1 |2 |1 |1 |1 |12 |12 |13 |11 |13 |12 |11 |22

) 1|54 |4]0 (813

Standard used for Gram positive bacteria: Penicillin G (Zone of inhibition in mm) : 25+0.58
Standard used for Gram negative bacteria: Streptomycin (Zone of inhibition in mm) : 29+1.10
Standard used for antifungal activity: Fluconazole (Zone of inhibition in mm) : 23+£0.58
Amount of sample: 80ul Concentration: 1 x 10* pug/ml

CONCLUSION

The title phenazine precursorBi-16 were synthesized by well-organized method. The
active pharmacophore Phenazine heterocycle present in a newly synthesized
compounds possessed good antibacterial and antifungal activity in vitro. The
compound Bi0,B11,B12 (R1= 2-NO2,4-NO2, 3-NOz) showed very good activity against
gram positive bacteria while compound B2,B3,B4(R1= 4-OH,3-OH,2-OH) displayed
very good activity against gram negative bacteria compared to standard. More over
compound B1 ((R= -H) and compound Bs, Big(R=2-OCH3 2,4-OCH3) showed very
good antifungal activities compared to standard. From these work, we were able to
identify a few active molecules which are capable to inhibiting the growth of some
bacteria and fungus species in vitro. Future investigation of quinazolinone structure
could give some hopeful results in the field of medicinal chemistry.
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ABSTRACT

Quinazoline shows wide range of application in the area such as antifungal, anti-
tumor, anti-malaria, anticonvulsant, anti-microbial, anti-inflammatory and
antihyperlipidemic activity because of these it shows great interest to study. As a
result, we were able to create substituted quinazoline-4-one derivatives, which were
then subjected to a further reaction with cyanuric chloride. *H NMR, *C NMR, IR,
and MASS spectroscopic techniques were used to characterized all synthesized
compound. The open disc method was used to test the synthetic compounds against
antimicrobial properties. Gram-negative bacteria Escherichia coli and Proteus vulgaris
and gram-positive bacteria Staphylococcus aureus and Bacillus megaterium were used
in the investigation.

KEYWORDS: Antimicrobial activities, Chalcone, Quinazolinone, Cyanuric Chloride.

1.INTRODUCTION

Heterocyclic compound such as quinazoline derivatives shows wide range of
medicinal application, these heterocycle groups are very significant [1]. Number of
substituted quinazolinone derivatives exhibit a broad range of microbial activities,
including acaricidal, weedicide, anticancer, antimalarial, antifungal, antimicrobial,
antiviral, antiprotozoan, anti-inflammatory, diuretic, muscle relaxant, antitubercular,
antidepressant, and antiviral properties. Quinazoline and quinazolinone chemicals are
also included in many pharmacological molecules and are utilized to prepare a variety
of functional materials for synthetic chemistry. emphasis on the diverse biological
actions of quinazolines and quinazolinones, which have enormous promise [2]. Based
on the ring system's substitution patterns, quinozolinones will be categorized into five
groups [3]. It consists of 2,3,2,4-disubstituted-4(3H)-quinazolinones, 2,3-
disubstituted-4(3H)-quinazolinones, 4substituted-quinazolines, and 5-substituted-
4(3H)-quinazolinones. These compounds can be categorized into three different
groups [4] based on where the keto or oxo group is located. Out of the three
quinazolinone  structures  (2(1H)quinazolinones,  4(3H)quinazolinones, and
2,4(1H,3H)quinazolinedione), 4(3H)quinazolinones are the most common, either as
natural products or as intermediates in numerous suggested biosynthetic pathways.
Due to its numerous pharmacological actions, the quinazolinone nucleus has drawn
considerable attention [5]. Many of them have therapeutic properties, including
anticancer [6-8], antiinflammatory [9-10], antimicrobial [11],antihypertensive [12],
and antifungal effects. According to reports, different substituents at the
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quinazolinone nucleus' 2/3 position have a significant impact on pharmacological
action [13].

In the presence research paper, we have synthesized novel substituted quinazoline 4-
one compounds A1-Al2 using alpha methyl ketone and a variety of aromatic
aldehydes to produced chalcones which upon condensation with urea followed by
treatment with cyanuric chloride. and these derivatives are then further processed
using cyanuric chloride. All the synthesized compounds were characterized using
spectroscopic techniques and tested for antimicrobial activity.

2. METHODS AND MATERIALS

2.1 Chemicals and Reagents

All the chemicals such as aromatic aldehyde, urea, cyanuric chloride, sodium
hydroxide, and ethanol etc. are laboratory reagent-grade and were used before
further purification as received from Merck, Mumbai, India
2.2 Experimental
For the tTHNMR investigation, a Bruker Avance-400 instrument was used and for the
13C NMR study, a 100MHZ frequency equipment. Chemical shift value was reported
in parts per million. The infrared spectrum analysis was conducted using FT-IR 3000
Spectrophotometer from ABB Bomem Inc. The measured data were expressed in cm™
units. For MASS spectrum analysis, a Shimadzu LCMS-2010 was used.
2.3 Method of Synthesis
2.3.1 Synthesis of substituted quinazoline 4--one derivatives Al-12,
To a solution of substituted aromatic compound contain heterocycle along with acetyl
group (5.79g, 0.01 mol) in absolute ethanol (40 ml), add substituted aromatic
aldehyde (0.01 mol) and 2% NaOH (0.01 mol) and refluxed the mixture for 10-12 hr,
cooled and poured into ice cold water. The solid thus obtained was filtered and
washed with water and recrystallized from ethanol. Take this prepared chalcone (6.67
gm 0.02 mol) and urea (1.0gm 0.02 mol) inethanolic sodium hydroxide solution
(25ml), stirred the mixture. The reaction mixture was refluxed for 8-10 hrs. on a water
bath and cooled. The separated solid was filtered, washed with water and
recrystallized from ethanol and the product is substituted quinazoline 4-one
derivative. Reflux the above prepared substituted quinazoline 4-one treated with 0.01
mol of cyanuric chloride using 40 ml of 40% sodium hydroxide in 40 ml of ethanol
for 30- to 40-minutes. TLC is used to verify the reaction's completion. After the
reaction was completed, the solution was cooled and put into crushed ice. Filtration
was used to separate the solid and crystals (Scheme- 2)

Ethanal
MagH r
R

1a Za 3a
Scheme 1Synthesis of substituted chalcone from Aromatic aldehyde
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Scheme 2Synthesis of substituted qumazollne 4-one derivatives Al1-12.
Table 1.1 Data showing synthesis of 6-substituted quinazoline 4-one derivatives Al-
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Al2.

Sr. Compounds ) Melting Point
No. Code R2 % Yield" o)
1 Al -H 80 210
2 A2 2-OH 78 240
3 A3 3-OH 76 250
4 A4 4- OH 78 230
5 A5 2-CL 74 235
6 Ab 3-ClI 80 232
7 A7 4-Cl 85 245
8 A8 2-NO2 85 220
9 A9 3-NO2 85 242
10 Al0 4-NO> 86 223
11 All 2-OCH3 80 225
12 Al2 4-OCH3 78 224

2 Isolated yield
3. RESULT AND DISCUSSION
3.1 Optimization of Reaction

A reaction between alpha methyl ketone 1a and benzaldehyde 2a in 40 ml ethanol
using different concentration of sodium hydroxide to produced 6,8-dibromo-2-[[2-
(2,6-dichloroanilino)phenyl]lmethyl]-3[[(~{E})-2-0x0-4-phenyl-but-3-
enyl]amino]quinazolin-4-one 3a was taken as the model reaction. Data obtained are
shown in the Table 1.2.
Table 1.2 Effect of different amount of catalyst on synthesis of chalcones

Entry % of NaOH Sol in Ethanol. Time? Yields®
(Hours) (%)
1 1 10 65
2 2 10 70
3 3 10 75
4 4 11 78
5 5 11 78
6 6 11 78
7 7 11 78
8 8 11 80
9 9 12 78
10 10 12 78
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4 Reaction was monitored by TLC,  Isolated yields.
It was found that best result was obtained by taking 8 mmol% amount of catalyst with
80% yield of product in 11 hours. So, this amount was taken as optimum amount and
a library of quinazoline-4 -one derivatives A1-Al12 were synthesized according
Scheme-2.
4. ANTIMICROBIAL ACTIVITY
4.1  Preparation of Media:
Nutrient agar is used to measure bacterial activity. These steps are used to create
nutrient agar: 15gm Agar-Agar, 5gm Peptone, 3gm Metal Extract, 5gm NaCl To
dissolve all the components, one liter of distilled water was mixed with peptone
before being boiled. The medium was stabilized in an autoclave for 20 minutes at
125°C and 15 pound pressure. A sterilized Petri plate was filled with 20 cc of the
medium after it had been cooled to 45°C. The medium's pH was changed to be in the
range of 7.0 and 7.5. The aforesaid organism's culture was created in nutrient broth
that had been dissolved in purified water. Nutritional broth contains the following.

1) Beef extract 10 gm,
2) Peptone ;10 gm
3) Sodium chloride :5gm

4.2 Experimental Data of Antimicrobial Study.
Table 1.3 Antibacterial Activities of COMPOUND A1-A12.

Samples S.aureus (+Ve) B.megaterium E.coli P.vulgaris
(+Ve) (-Ve) (-Ve)
Al 9 11 7 9
A2 4 9 8 7
A3 7 9 6 8
Ad 12 8 9 4
A5 8 6 7 6
A6 7 3 8 5
A7 4 7 4 10
A8 10 11 10 8
A9 6 5 12 9
Al10 7 4 6 8
All 4 9 8 10
Al2 10 10 5 12
Ampicillin 15 14 17 16
Gentamycin 16 15 14 16

ANTIMICROBIAL ACTIVITY OF A1-A12

]

=2
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g
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~

ireus (Ve F B.megaternum (+Ve) ; ol vVe) P.wvulgans

Figure 1 Antimicrobial activities of compounds A1-All.
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(1) Against Staphylococcus aureus:

Maximum activities were found in compound (A4, A8, A12, Al) zone of inhibition -
12.0 m.m (near to standard drug) and minimum activities were found in compounds
(A2, A7, Al11) zone of inhibition -4.0 m.m. (1) Against Bacillus megaterium:
Maximum activities were found in compounds (A1, A8, A12) zone of inhibition -11.0
m.m and minimum activities were found in compounds (A6, A9, Al0) zone of
inhibition -4.0 m.m.

(111 Against Escherichia coli:

Maximum activities were found in compounds (A9, A8, and A4) zone of inhibition -
11.0 m.m whereas minimum activities were found in compounds (A12,A10, A3) zone
of inhibition -3.0 m.m.

(V) Against Proteus vulgaris:

Maximum activities were found in compounds (Al12, A7) zone of inhibition-12.0
m.m. and minimum activities were found in compounds (A4, A6) zone of inhibition -
3.0m.m

5. CHARACTERIZATION

A2 & A1l compounds of the series is taken as the representative compound.
In the tHNMR spectrum the characteristic signals due to each protons and functional
groups with protons are well described on the basis of shielding and deshielding
effects. The signal due to aromatic proton of compound was observed in more
downfield region at chemical shift value around 6 to 8ppm. *HNMR, BCNMR, IR,
MASS spectroscopic data of A2 & A1l compounds shown below.
The A2 and A1l compounds from the series are used as examples. On the basis of
shielding and
deshielding actions, the characteristic signals owing to each proton and functional
groups with protons are well defined in the IHNMR spectrum. At a chemical shift
value of around 6 to 8 ppm, the signal resulting from the compound's aromatic proton
was detected in the region farther downfield. *HNMR, *CNMR, IR, and MASS
spectroscopic data of compounds A2 and All are displayed below.

Compound code: A2 6,8-dibromo-2-[[2-(2,6-
dichloroanilino)phenyl]methyl]-3-[[1-(4,6-
dichloro-1,3,5triazin-2-yl)-6-(2-hydroxyphenyl)-

2-0x0-pyrimidin-4-ylJamino] quinazolin-4-one
Molecular formula: ]
C 34H 15Br 3Cl 4N 5O 3

Molecular weight: - 903 )k /l\
i Y

fﬁ
\ )J
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M.P. (°C): 240

IHNMR (400 MHz, CDCl3) & 1.2 (1H, -OH group) 3.69 (2H, s),
6.32 (1H, ), 5 ppm: 6.51 (1H, ), 6.77-7.16 (4H, 6.82 (s), 7.16-7.36
(2H, 7.22 (t,), 7.46-7.67 (4H,), 7.75 (1H, ), 8.14 (1H), 8.4 (2H, s,
NH).

3CNMR (100 MHz, CDCI3) § ppm: & 33.0 (I1C, s), 112.8 (1C, s), 113.6 (IC, s),
116.8

(1C, s), 117.3 (1C, s), 119.6

(1C, s), 120.4 (1C, 5), 123.8

(1C, s), 125.5 (1C, s), 127.3

(1C, s), 1282 (IC, s),

128.3-128.5 (2C, 128.4 (s),

128.4 (s)), 128.9 (1C, s),

129.2 (2C, s), 129.3-129.5

(2C, 129.4 (s), 129.4 (5)),

130.2 (1C, ), 130.6 (2C, s),

134.5 (1C, s), 139.5 (1C, s),

139.6-139.8 (2C,

139.7 (s), 139.7 (s)), 144.3 (1C, s), 150.0

(1C,s),

150.8-151.0 (2C, 150.9 (s),
150.9 (s)), 153.9 (1C, s), 160.5
(1C, ), 165.2 (1C, s), 169.3

(2C, 9).

IR cm? (KBr): 3248, 1808, 1708, 1629, 1594, 1554, 1535, 1338,
1302, 1249, 1032, 1936, 539, 755, 834, 3105,
3089, 615.

Mass (M+1): 904

Elemental analysis: Calculated (%): C, 45.21; H, 2.12; N, 13.96

Found (%)  :C,45.11; H, 2.32; N,14.24

Compound code: All

6,8-dibromo-2-[[2-(2,6-dichloroanilino)phenyl]methyl]-3-[[1-(4,6-dichloro-
1,3,5triazin-2-yl)-6-(2-hydroxyphenyl)-2-oxo-pyrimidin-4-yllJamino]  quinazolin-4-
one

Molecular formula: P Lh
C35H21Br2CI4N903 “
Molecular weight: - 914 > H , -~ w*m.
M.P.(°C): 225 7 [ ~ N\ Kﬂ
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IHNMR (400 MHz, CDCls) § 1.2 (1H, -OH group) 3.69 (2H, s),
3.88 (3H, ), 5 ppm: 6.32 (1H,), 6.51 (1H,), 6.77-7.16 (4H, 6.82 (s),
7.16-7.36 (2H), 7.46-7.67 (4H), 7.74 (1H ), 8.4 (2H, s, NH).

BCNMR (100 MHz, CDCls) & ppm: 8 33.0 (1C, s), 56.0 (1C, s),
112.8 (1C, s), 113.6 (1C, s),
115.8 (1C, s), 117.3 (1C, s),
119.6 (1C, s), 120.4 (1C, s),
123.8 (1C, 5), 125.5 (1C, s),
127.3 (1C, 5), 128.2 (1C, s),
128.3-128.5 (2C, 128.4 (5),
128.4 (s)), 128.9 (1C, s),
129.2 (2C, s), 129.3-129.5
(2C, 129.4 (5), 129.4 (s)),
130.2 (1C, s), 130.6 (2C, s),
134.5 (1C, s), 139.5 (1C, s),
139.6-139.8 (2C, 139.7 (s),
139.7 (s)), 144.3 (1C, s),
150.8-151.0 (2C, 150.9 (s),
150.9 (s)), 153.9 (1C, s),
156.3 (1C, s), 160.5 (1C, s),
165.2 (1C, s), 169.3 (2C, s).

IR cmt (KBr): 3248, 1808, 1708, 1629, 1594, 1554, 1535, 1338,
1302, 1249, 1032, 1936, 539, 755, 834,
3105,3089,615

Mass (M+1): 915
Elemental analysis:  Calculated (%): C, 45.83; H, 2.31; N, 13.74.

Found (%) : C, 4551; H, 2.39; N,
13.93.

6. CONCLUSION

In conclusion the highly functionalized substituted quinazoline 4-one derivative Al-
A12 were synthesized from substituted chalcone and urea followed by further reaction
with Cyanuric Chloride using ethanol as the solvent. All produced compounds were
identified and tested for antimicrobial activity against gram +ve and gram -ve
bacteria. With the majority of the compounds, satisfactory antibacterial activity results
were attained.
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Synthesis and Characterization of Some
18 Novel heterocyclic Compounds
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Department of Chemistry, Shri U. P. Arts, Smt. M. G. Panchal Science &
Shri V. L. Shah Commerce College, Pilvai (India)

ABSTRACT

Oxazine derivatives has wide applications in Pharmaceutical and medicinal chemistry.
2-Amino-1-( 4-benzyloxy-2-hydroxy-3-iodophenyl )-6-( substituted aryl )-6H-1,3-
Oxazine ( Ci-10 ) were synthesized by condensation and cyclization with urea in
ethanolic sodium hydroxide solution. Compounds (Bi-10) were synthesized by
coupling with aromatic substituted aldehyde. All the synthesized compounds were
characterized by elemental analysis, IR, *H NMR, *C NMR spectra.

Keywords: Chalcones, phenone derivatives, oxazine.

Email: sipaisaddam2@gmai.com

INTRODUCTION

Heterocyclic derivatives of chalcones that have been prepared have made known
biological and pharmacological activities, resulting high-quality chemotherapeutics
compounds®. Oxazine derivatives are one among the heterocyclic compounds that
shows biological activities? similar to anti-hyperglycaemic?, anti-leishmanial®, anti-
tubercular®, anti-ulcer® and anti-cancer’. Oxazine are heterocyclic compounds
containing one oxygen and one nitrogen with three isomeric forms®. Anti-
inflammatory and Anti-oxidant based drugs are used for prevention and treatment of
complex diseases like atherosclerosis, stroke, diabetes, Alzheimer’s disease and
cancer®. The significance on 1, 3-oxazine derivatives has improved recently as
molecules containing dihydro-1, 3-oxazine ring system exhibited a large spectrum of
pharmacological activities such as anti-malarial'®, anti-tumor!!, anti-becterial*>4,
anti-oxidant'>’, anti-inflammatory activity'® and their flexibility because synthetic
intermediates'®. Particular attention has been paid to these compounds since the
discovery of the non-nucleoside reverse transcriptase inhibitor trifloromethyl-1, 3-
oxazine-2-one, which shows high activity against a variety of HIV-1 mutant strains?.
This has been the prime step for the synthesis of various compounds consolidating the
1, 3-oxazine moiety??.

Meterial And Methods

Melting point of the synthesized compounds was determined in electro thermal
apparatus using fused capillary tubes. Monitoring of the reaction and the purity of the
compounds was checked by thin-layer chromatography using silica gel G plates of 0.5
mm thickness as stationary phase in combination of n-hexane: ethyl acetate in
different ratios as mobile phase.

The Infrared (IR) spectra of the synthesized compounds were recorded on a Fourier
Transform IR spectrophotometer (model Shimadzu 8700) in the range of 4000-400
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cm-1 using KBr pellets and value of Amax are reported in cm-1 and the spectra were
interpreted. Proton Nuclear Magnetic Resonance (:NMR) and (**CNMR) Nuclear
Magnetic Resonance spectra were recorded on Bruker Avance Il 400 NMR
spectrometer using CDCls. Chemical shift (8) are reported in parts per million
downfield from internal reference, Tetramethylsilane (TMS) and the spectra were
interpreted.

Synthesis of 1-(4—benzyloxy-2-hydroxy phenyl) ethanone

General Procedure: 1—(2, 4 dihydroxyphenyl) ethanone (0.10 mol), Benzyl bromide
(0.1 mol) and Potassium carbonate (0.1 mol) were taken in 100ml of Acetone.
Reaction mixture was shake for 7 hrs at reflux 50-60°C temperature. Reaction mixture
was cooled to room temperature and quenched with 100ml cold water. The final
product 1- (2-hydroxy—4-benzyloxyphenyl) ethanone was passed through pass
through a filter and rinsed with water. Prepared product was recrystallized by ethanol.
Synthesis of 1-(4—benzyloxy-2-hydroxy—3-iodo phenyl) ethanone: (A)

1- (2-hydroxy—4-benzyloxyphenyl) ethanone (0.1 mol) was taken in 100ml of
ethanol. lodination method’ has been used. lodine granules (0.1 mol) and 300ml were
taken in 250ml R.B.F and stirred them till 15 minutes. lodic acid (0.1 mol) dilute in to
4ml of dist.water in a small beaker. Slowly add this iodic acid solution in to the
reaction mixture and stirred them continuously for 30 minutes at 35 — 40 C, the
reaction was monitored by TLC. Pour it in to ice. Excess iodine was removed by
adding fresh saturated sodium bisulphite solution. Formed material 1-(2-hydroxy—4—
benzyloxy-3-iodo phenyl) ethanone was passed through filter out and washes them
two to three times with distilled water. Synthesized material was recrystallized in
ethanol.

Synthesis of 1-(4-benzyloxy-2-hydroxy-3-iodo phenyl)-3-(substituted phenyl)
prop-2-en-1-one from 1—-(4-benzyloxy-2-hydroxy-3-iodo phenyl) ethanone :(B:-
B1o)

General procedure:1-(4-benzyloxy-2-hydroxy-3-iodophenyl) ethanone (0.01 mol) and
substituted aromatic  aldehydes (0.01 mol) were dissolved in ethanol (25 ml) was
added 10% sodium hydroxide solution, (25 ml) was added slowly and the mixture
stirred for 4 hrs, the reaction monitored by TLC. Then it was poured into 400 ml of
water with constant starring and neutralized with 10% hydrochloric acid solution and
left overnight in refrigerator. The precipitate obtained was filtrated, washed and
recrystallized from ethanol.

Synthesis of 2-Amino-1-(4-benzyloxy-3-iodo-2-hydroxy- phenyl)-6-(substituted
aryl)-6H-1, 3-Oxazine (Ci-Cio) from 1-(4-benzyloxy-2-hydroxy-3-iodo phenyl)-3-
(substituted phenyl) prop-2-en-1-one from 1-(4-benzyloxy-2-hydroxy-3-iodo phenyl)
ethanone.

General procedure:A mixture of 1-(4-benzyloxy-2-hydroxy-3-iodo phenyl)-3-
(substituted phenyl)prop-2-en-1-one (0.01 mol), Urea (0.01mol) were dissolved in
ethanolic sodium hydroxide solution (10 ml) was stirred for 3 hrs, the reaction was
monitored by TLC. Then it was poured into 400 ml of cold water with continuous
stirring for 1 hr then left overnight. The precipitate formed was filtered, washed and
recrystallized from ethanol.

RESULTS AND DISCUSSION

All the synthesis compounds were characterized by elemental analysis, IR, INMR,
and 13CNMR as following.
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1-(4-benzyloxy-2-hydroxy-3-iodophenyl) ethanone (A)

Mass;368.17 ; IR(KBr cm-1): 2870(C-H str. vib.) 3032(-Aromatic C-H),1573,1489,
(C=C str.Vib.),879(-C — H o0.0.p multi sub. benzene),1280, 1080(C-O-C str.vib),
3634(0-H str.vib), 1620(-C=0 str.vib),501(C-1 str.vib),;1H NMR 6.44 — 7.77 (s,7H,of
the Ar-H ) ,13.5 (s,1H, Ar-OH), 5.16 (2H,s, -CH2-O-), 2.5 (3H,s, O=CCH3),;Yield
64.30%;

1-(4-Benzyloxy-2-hydroxy- 3-iodophenyl )-3- phenylprop-2-en-1-one [B1]:
Mass;456.27 IR(KBr cm-1): 3063(-Aromatic C-H),1573, 1489,(C=C str. Vib.),817(-
C — H o.0.pmulti sub. benzene),1273, 1072(C-O-C str.vib), 3634(0O-H str.vib), 1627(-
C=0 str.vib),501(C-I str.vib),972(CH=CH bending),;1H NMR:8.0 -7.7 (m,12H, of the
Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0-), Yield 57.23%;

1-(4-benzyloxy -2-hydroxy-3-iodophenyl)-3-(4-chlorophenyl) prop-2-en-1-one [B2]:
Mass; 490.72 IR(KBr cm-1): 3032(Aromatic C-H),1573, 1489,(C=C str. Vib.),817(-
C — H 0.0.p multisub. benzene),1280, 1041(C-O-C str.vib), 3201(0O-H str.vib), 1627(-
C=0 str.vib), 786(C-Cl str.vib) 578(C-Istr.vib),972(CH=CH bending), 1H NMR:8.0 -
7.2 (m,12H, of the Ar-H) ,6.44-6.49 (m, 2H, -CH=CH- ), 5.16(d,2H, -CH2-0O-),; Yield
59.91%;

1-(4-benzyloxy-  2-hydroxy-3-iodophenyl)-3-(3-hydroxyphenyl)  prop-2-en-1-one
[B3]:

Mass;472.27 IR(KBr cm-1): 3050(Aromatic C-H),1489, 1404,(C=C str. Vib.),817(-C
— H 0.0.p multisub. benzene),1273, 1080(C-O-C str.vib), 3201(0-H str.vib), 1627(-
C=0 str.vib), 501(C-1 str.vib),964(CH=CHbending), 1H NMR:8.0 -7.7 (m,12H, of the
Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0-),; Yield 64.32%;

1-(4-benzyloxy- 2-hydroxy- 3-iodophenyl)-3-(4-methoxyphenyl) prop-2-en-1-one
[B4]:

Mass:486.3; IR(KBr cm-1): 3063(Aromatic C-H),1558, 1404,(C=C str. Vib.),825(-C
— H 0.0.p multisub. benzene),1280, 1072(C-O-C str.vib), 3194(0-H str.vib), 1627(-
C=0 str.vib), 540(C-1) str.vib),972(CH=CH)bending), 1H NMR:8.0 -7.2 (m,12H, of
the Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0-),; Yield 62.81%;

1-(4-benzyloxy -2-hydroxy-3-iodophenyl)-3-(2-chlorophenyl) prop-2-en-1-one [B5]:
Mass; 490.72 IR(KBr cm-1): 3063(Aromatic C-H),1573, 1450,(C=C str. Vib.),864(-
C — H 0.0.p multisub. benzene),1226, 1049(C-O-C str.vib), 3649(0O-H str.vib), 1627(-
C=0 str.vib), 732(C-Cl str.vib) 509(C-Istr.vib),972(CH=CH bending), 1H NMR:8.0 -
7.2 (m,12H, of the Ar-H) ,6.44-6.49 (m, 2H, -CH=CH- ), 5.16(d,2H, -CH2-0O-),; Yield
58.50%;

1-(4-benzyloxy-  2-hydroxy-3-iodophenyl)-3-(3-hydroxyphenyl)  prop-2-en-1-one
[B6]:

Mass;472.27 IR(KBr cm-1): 3032(Aromatic C-H),1489, 1404,(C=C str. Vib.),817(-C
— H o.0.p multisub. benzene),1219, 1080(C-O-C str.vib), 3518(0O-H str.vib), 1620(-
C=0 str.vib), 501(C-I str.vib),941(CH=CHbending), 1H NMR:8.0 -7.7 (m,12H, of the
Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0-),; Yield 59.37%;
1-(4-benzyloxy- 2-hydroxy- 3-iodophenyl)-3-(4-methoxyphenyl) prop-2-en-1-one
[B7]:

Mass:486.3; IR(KBr cm-1): 3063(Aromatic C-H),1573, 1489,(C=C str. Vib.),856(-C
— H o.0.p multisub. benzene),1280, 1072(C-O-C str.vib), 3194(0O-H str.vib), 1627(-
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C=0 str.vib), 509(C-1) str.vib),972(CH=CH)bending), 1H NMR:8.0 -7.2 (m,12H, of
the Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0-),; Yield 53.17%;

1-(4-benzyloxy -2-hydroxy-3-iodophenyl)-3-(4-chlorophenyl) prop-2-en-1-one [B8]:
Mass; 490.72 IR(KBr cm-1): 3032(Aromatic C-H),15723, 1492,(C=C str. Vib.),817(-
C — H 0.0.p multisub. benzene),1273, 1041(C-O-C str.vib), 3439(0O-H str.vib), 1620(-
C=0 str.vib), 786(C-Cl str.vib) 501(C-Istr.vib),972(CH=CH bending), 1H NMR:8.0 -
7.2 (m,12H, of the Ar-H) ,6.44-6.49 (m, 2H, -CH=CH- ), 5.16(d,2H, -CH2-0O-),; Yield
58.23%;

1-(4-benzyloxy-  2-hydroxy-3-iodophenyl)-3-(3-hydroxyphenyl)  prop-2-en-1-one
[B9]:

Mass;472.27 IR(KBr cm-1): 3032(Aromatic C-H),1489, 1404,(C=C str. Vib.),879(-C
— H 0.0.p multisub. benzene),1280, 1080(C-O-C str.vib), 3510(0-H str.vib), 1620(-
C=0 str.vib), 501(C-1 str.vib),966(CH=CHbending), 1H NMR:8.0 -7.7 (m,12H, of the
Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0-),; Yield 59.71%;

1-(4-benzyloxy- 2-hydroxy- 3-iodophenyl)-3-(4-methoxyphenyl) prop-2-en-1-one
[B10]:

Mass:486.3; IR(KBr cm-1): 3032(Aromatic C-H),1489, 1404,(C=C str. Vib.),815(-C
— H 0.0.p multisub. benzene),1280, 1041(C-O-C str.vib), 3510(0-H str.vib), 1627(-
C=0 str.vib), 501(C-I) ,648 (C-I) str.vib),966(CH=CH)bending), 1H NMR:8.0 -7.2
(m,12H, of the Ar-H) ,6.44-6.52 (m, 2H, -CH=CH- ), 5.17 (d,2H, -CH2-0O-),; Yield
54.33%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(phenyl)-6H-1, 3-Oxazine
[C1]:

Mass;500.23 IR(KBr cm-1): 3032(-Aromatic C-H),1573, 1489,(C=C str. Vib.),825(-
C - H o.o.pmulti sub. benzene),1234, 1041(C-O-C str.vib), 3580(0O-H
str.vib),3580(NHz(amine) (N-H straching ),1627(-N-H (Bending)),1280(-C-N str.vib),
563(C-Istr.vib), ,;AH NMR:7.9 -7.2 (m,12H, of the Ar-H) ,6.3-6.6 (s, CH), 5.2 (d,2H,
-CH2-0-),2.5(s, Ar-NH2) Yield 51.67%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(4-chlorophenyl)-6H-1,  3-
Oxazine [C2]:

Mass;534.77 IR(KBr cm-1): 3032(-Aromatic C-H),1573, 1489,(C=C str. Vib.),825(-C
— H o.o.pmulti sub. benzene), 1172, 1041(C-O-C str.vib), 3510(O-H
str.vib),3510(NHz(amine) (N-H straching ),1627(-N-H (Bending)) 1280(-C-N str.vib),
563(C-I str.vib) 786(C-Cl str.vib),1H NMR:7.8 -7.2 (m,12H, of the Ar-H) /5.2 (s,
CH), 5.3 (d,2H, -CH2-0-),2.5(s, Ar-NH2) Yield 56.33%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(3-hydroxyphenyl)-6H-1, 3-
Oxazine [C3]:

Mass;516.33 IR(KBr cm-1): 3032(-Aromatic C-H),1589, 1489,(C=C str. Vib.),828(-
C — H o.o.pmulti sub. benzene),1228, 1072(C-O-C str.vib), 3510(O-H str.vib),
3510(NH2(amine) (N-H straching ),1627(-N-H (Bending)),1273(-C-N str.vib), 563(C-
| str.vib),1H NMR:8.1 -7.2 (m,12H, of the Ar-H) ,6.3-6.6 (s, -CH ), 5.1 (d,2H, -CH2-
0-)2.5(s, Ar-NH2), Yield 81.33%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(4-methoxyphenyl)-6H-1, 3-

Oxazine [C4]:

Mass;530.35 IR(KBr cm-1): 3032(-Aromatic C-H),1550, 1489,(C=C str. Vib.),828(-

C — H o.o.pmulti sub. benzene), 1257, 1033(C-O-C str.vib), 3618(O-H
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str.vib),3618(NHz(amine) (N-H straching ),1627(-N-H (Bending)) 1257(-C-Nstr.vib),
563(C-Istr.vib)IH NMR:8.0 -7.2(m,12H, of the Ar-H) ,6.3-6.6 (m, 2H, -CH=CH- ),
3.8 (d,2H, -CH2-0-), 2.5(s, Ar-NH2) Yield 65.33%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(2-chloroyphenyl)-6H-1, 3-
Oxazine [C5]:

Mass;534.77 IR(KBr cm-1): 3032(-Aromatic C-H),1550, 1489,(C=C str. Vib.),825(-
C - H o.o.pmulti sub. benzene),1188, 1033(C-O-C str.vib), 3510(0-H
str.vib),3580(NHz2(amine) (N-H straching ),1627(-N-H (Bending)), 1273(-C-N
str.vib), 563(C-I str.vib), 740(C-Clstr.vib),1H NMR:7.8 -7.2 (m,12H, of the Ar-H)
,5.2 (s, CH), 5.3 (d,2H, -CH2-0-),2.5(s, Ar-NH2) Yield 56.33%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(2-hydroxyphenyl)-6H-1, 3-
Oxazine [C6]:

Mass;516.33 IR(KBr cm-1): 3047(-Aromatic C-H),1550, 1496,(C=C str. Vib.),810(-C
— H o.o.pmulti sub. benzene),1228, 1063(C-O-C str.vib), 3510(O-H
str.vib),3510(NHz2(amine) (N-H straching ),1627(-N-H (Bending)), 1265(-C-N
str.vib), 563(C-Istr.vib),1H NMR:8.1 -7.2 (m,12H, of the Ar-H) ,6.3-6.6 (s, CH ), 5.1
(d,2H, -CH2-0-),2.5(s, Ar-NH2) Yield 59.43%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(2-methoxyphenyl)-6H-1, 3-
Oxazine [CT]:

Mass;530.35 IR(KBr cm-1): 3047(-Aromatic C-H),1550, 1496,(C=C str. Vib.),810(-
C - H o.o.pmulti sub. benzene),1180, 1041(C-O-C str.vib), 3510(0-H
str.vib),3510(NHz2(amine) (N-H straching ),1627(-N-H (Bending)), 1265(-C-N
str.vib), 563(C-Istr.vib), 1H NMR:8.0 -7.2 (m,12H, of the Ar-H) ,6.3-6.6 (s, CH ),
5.2(d,2H, -CH2-0-),2.5(s, Ar-NH2) Yield 55.80%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(3-chlorophenyl)-6H-1,  3-
Oxazine [C8]:

Mass;534.77 IR(KBr cm-1): 3047(-Aromatic C-H),1550, 1489,(C=C str. Vib.),810(-C
— H o.o.pmulti sub. benzene),1228, 1049(C-O-C str.vib), 3201(O-H
str.vib),3580(NH2(amine) (N-H straching ),1627(-N-H (Bending)), 1273(-C-N
str.vib), 740(C-Cl str.vib),563(C-I str.vib),1H NMR:7.8 -7.2 (m,12H, of the Ar-H)
,5.2 (m, 2H, -CH=CH- ), 5.3 (d,2H, -CH2-0-), 2.5(s, Ar-NH2) Yield 57.53%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(4-hydroxyphenyl)-6H-1, 3-
Oxazine [C9]:

Mass;516.33IR(KBr cm-1): 3047(-Aromatic C-H),1550, 1489,(C=C str. Vib.),810(-C
— H o.0.pmulti sub. benzene),1188, 1041(C-O-C str.vib), 3510(0-H str.vib),
3510(NH2(amine) (N-H straching ),1627(-N-H (Bending)),1273(-C-Nstr.vib), 563(C-I
str.vib)1H NMR:8.1 -7.2 (m,12H, of the Ar-H) ,6.3-6.6 (s, CH ), 5.1 (d,2H, -CH2-0-),
2.5(s, Ar-NH2) Yield 58.30%;

2-Amino-1-(4-Benzyloxy-2-hydroxy -3-iodophenyl)-6-(3-methoxyphenyl)-6H-1, 3-
Oxazine [C10]:

Mass;530.35 IR(KBr cm-1): 3047(-Aromatic C-H),1550, 1496,(C=C str. Vib.),810(-
C — H o.o.pmulti sub. benzene),1180, 1041(C-O-C str.vib), 3510(O-H
str.vib),3510(NHz2(amine) (N-H straching ),1627(-N-H (Bending)), 1265(-C-N
str.vib), 563(C-Istr.vib),1H NMR:8.0 -7.2 (m,12H, of the Ar-H) ,6.3-6.6 (s, CH ), 5.2
(d,2H, -CH2-0-),2.5(s, Ar-NH2) Yield 56.33%j;
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ABSTRACT

Chalcones possess a diverse pharmacological profile, rendering them excellent structural
components for drug discovery and the production of bioactive chemicals.The new
substituted chalcone is prepared by the condensation of aromatic aldehydes and
aromatic  ketone usingClaisen-Schmidt reaction.The characterization of newly
synthesized chalcones were established on the basis of spectral data likeFourier transform
infrared(FT-IR) and Mass spectrometry.

Key words : Chalcone,pharmacological, condensation

INTRODUCTION

The term “Chalcone” was coined by Kostanecki and Tambor (1899). Chalcones,1,3-
diphenylprop-2-en-1-ones belong to the flavonoid family and consist of two aromatic
rings connected by an aliphatic three-carbon chain a,B-unsaturated carbonyl system.
The conjugate double bonds and zn-electron system on both benzene rings are present
in chalcone.The other names for chalkones are phenyl styryl ketone and
benzalacetophenone.The presence of the reactive keto-ethylenic group —CO-
CH=CH-, which contributes to their color and biological activity®2.

The substituted chalcones are prepared by condensation of aromatic aldehydes and
aromatic ketones by Claisen-Schmidt condensation reaction in the presence of aqueous
alkaline solutions.A chalcone is a straightforward chemical framework made up of numerous
substances that are found in nature.Chalcones are naturally abundant in edible plants,
including vegetables, fruits, spices, tea, and other food stuffs34,

In 21st century, natural and synthetic chalcones are significant part of medicinal chemistry
because of their various pharmacological activities and characteristics such as antibacterial,
anti-inflammatory, analgesic, anticholinergic, antiplatelet, antiulcer, antioxidant,antimalarial,
anticancer, antiviral, antileishmanial, antidiabetic, immunomodulatory, etc>®. Chalcones can
be used as precursors to obtain various heterocyclic rings through ring closure reactions>°,
Examples of heterocyclic compounds synthesized using chalcones include cyanopyridines,
pyrazolines, isoxazoles, and pyrimidines!*'2.Chalcone-based heterocycles are numerous,
many of which have been shown to be life saving medicinal agents***,

In this study we synthesis verious chalcone from 1-(2-(benzyloxy)-5-bromo-4-
methoxyphenyl)ethanone using Claisen-Schmidt condensation reaction. This synthesised
compounds were characterized by FT-IR and Mass spectrometry.Furthermore all
synthesised compounds will be given for investigating various biological
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activities.Also the compounds will be optimise DFT analysis. On an addition to this,
different heterocyclic compounds can be synthesized from these chalcones which may
give excellent biological activities.

MATERIAL AND METHOD

Analytical-grade chemicals were used in the experiment.The melting points were
determined using the open capillary method and were uncorrected. The purity was
assessed using thin layer chromatography (TLC). The structures of the obtained
compounds were confirmed by Fourier transform infrared (FTIR) and mass
spectroscopic methods.

Synthesis

Synthesis of 1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)ethanone (S-A)

A mixture of 0.1 mole of 1-(5-bromo-2-hydroxy-4-methoxyphenyl)ethanone (which
was synthesized from the resorcinol, step -01, scheme-01), 0.1 moles of benzyl
bromide, and 0.1 moles of potassium carbonate in 100 ml acetone was stirred at 50-
60°C temperature for 7 hours. Then the mixture was allowed to cool at room
temperature and quenched with 200ml water. The product was filtered and washed
with water. It was recrystallized by ethanol.

Synthesis of 1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)-3-phenylprop-2-en-1-one
(S1to S4)

0.01 moles of 1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)ethanone and0.01 moles
of substituted aromatic aldehydes were dissolved in 25 ml of ethanol. In this mixture
10% sodium hydroxide solution added dropwise with continuous stirring. The mixture
was stirried for 4 hour at room temperature using magnetic stirrer.The reaction was
monitored by TLC. After the 4 hour the reaction mixture was poured into 400 ml of
cold water and neutralised with 10% HCI. The product was filtered ,washed and
recrystallized by ethanol.

OH OH O Br
(i) ZnClI2, Glacial acetic acid
(ii) DMS,K2CO3,Acetone
HO (iii) Br2,Glacial Acetic Acid O *
I By b thyl
H 1-(5-bromo-2-hydroxy- romomethy!
resorcinol 4-methoxyphenyl)ethanone benzene
K2CO3,Acetone
(@)
o o N\ o o
10% NaOH
/ EtOH
([ [ J —=— *
o 7
| Br R R Br
1-(2-(benzyloxy)-5-bromo-
Slto sS4 4-methoxyphenyl)ethanone

(R= -H,4-F, 2-OCHs, 4-Cl ) S-A)

Scheme-01
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1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)ethanone (S-A)

M.p.: 124°C ; Yield:72.76%; Mass: m/z 335.3
IR:3059,3029(Aromatic C-H),2939(C-H str.vib.),1588(C=C str.vib), 1273,1054(C-O-
C str.vib), 1645(-C=0 str.vib),632(C-Br str.vib.)

1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)-3-phenylprop-2-en-1-one(S-1)

M.p. 98°C ; Yield: 65.89% ; Mass: m/z 423.4

IR: 3062,3025,(Aromatic C-H),2987,2922,2853(C-H str.vib.),1582(C=C str.vib),
1259,1055(C-O-C str.vib.),1648(-C=0 str.vib), 971(CH=CH bending),688(C-Br
str.vib)

1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)-3-(4-fluorophenyl)prop-2-en-1-one(S-
2)

M.p. 110°C : Yield: 58.95 % ; Mass: m/z 441.0

IR: 3032(Aromatic C-H),2915,2847(C-H str. vib.),1571(C=C str.vib.), 1259,1049(C-
O-C str.vib), 1643 (-C=0 str.vib), 979(CH=CH bending), 642 (C-Br str.vib)

1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)-3-(2-methoxyphenyl)prop-2-en-1-
one(S-3)

M.p. 115°C; Yield:58.98% ; Mass: m/z 453.3

IR: 3037 (Aromatic C-H),2846 (C-H str. vib.),1588(C=C strVib), 1242,1200(C-O-C
str.vib), 1639 (-C=0 str.vib), 993 (CH=CH bending), 681(C-Br str.vib)

1-(2-(benzyloxy)-5-bromo-4-methoxyphenyl)-3-(4-chlorophenyl)prop-2-en-1-one(S-
4)

M.p. 92°C; Yield: 68.86% ; Mass: m/z 457.3

IR: 3053 (Aromatic C-H),2913,2846 (C-H str. vib.),1582 (C=C str.vib), 1242,1201(C-
O-C str.vib), 1644(-C=0 str.vib), 995(CH=CH bending), 673(C-Br str.vib)

CONCLUSION:

The synthesized compounds were characterized by FT-IRspectroscopy and mass
spectroscopy. The results of this study confirmed the formation of the
product.Considering these properties, additional compounds can be synthesized and
subjected to pharmacological evaluation. These chalcone derivatives may have
various biological activities, such as anti-inflammatory,antiviral, antioxidant and
antibacterial activities, and may provide a way to synthesize and characterize some
new chalcone derivatives.
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ABSTRACT

In this ongoing research, our objective is to synthesize Oxazines and Thiazines by
employing Chalcones, providing an uncomplicated approach for generating diverse
heterocyclic derivatives. These substances show a wide spectrum of biological impact,
i.e. analgesic, anti-phlogistic, and anti-convulsant properties. To characterize these
newly synthesized compounds, we conducted comprehensive analyses employing
techniques such as infrared spectroscopy (IR), proton nuclear magnetic resonance (1H
NMR), carbon-13 nuclear magnetic resonance (13C NMR), and mass spectrometry.
Additionally, we evaluated the antimicrobial potential of these compounds.

Key Words: Chalcone, Antimicrobial, Oxazine, Thiaz

INTRODUCTION

Oxazines and Thiazines, two classes of organic compounds, exhibit a diverse array of
biological activities, making them subjects of significant interest in the field of
chemical and pharmaceutical research. In this comprehensive report, the researcher
provides an intricate account of the synthesis of a series of chalcones denoted as 1C1
to 1C4. These chalcones were meticulously crafted through Claisen-Schmidt
condensation reactions, wherein a variety of substituted benzaldehydes were skillfully
combined with acetophenone in the presence of an alkali catalyst, a well-established
methodology as outlined in previous scientific investigations -2.Following the
synthesis process, the chalcones underwent a rigorous purification regimen and a
thorough characterization that encompassed both physical and spectral analyses. This
multifaceted characterization was crucial in confirming the structural integrity and
purity of the chalcones.The next pivotal step in this research involved the
transformation of the synthesized chalcones into novel Oxazines®® and Thiazines®®),
denoted as 1C1OX to 1C40X and 1C1TH to 1CA4TH, respectively. These
transformations were achieved through distinct reactions with urea and thiourea,
resulting in the formation of compounds with significant pharmacological potential.
To elucidate the structures of these newly synthesized compounds, the research team
relied on a robust array of analytical techniques, including IR spectroscopy, *H NMR
spectroscopy, *C NMR spectroscopy, and mass spectrometry. These methods
provided invaluable insights into the molecular compositions and arrangements of the
Oxazines and Thiazines. Furthermore, the study encompassed antimicrobial screening
assays 19 to evaluate the potential bioactivity of these compounds. The screening
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assays were conducted with the use of DMSO as the solvent, and the results were
meticulously recorded. This phase of the research aimed to assess the compounds'
efficacy against various microbial strains, shedding light on their potential as
antimicrobial agents. Subsequently, the resulting product underwent a process of
recrystalization in ethanol, a crucial step in enhancing the purity and crystalline
structure of the synthesized compounds, thereby ensuring their suitability for further
studies and potential applications. This research represents a significant contribution
to the field, offering a comprehensive exploration of the synthesis, characterization,
and potential bioactivity of these newly developed Oxazines and Thiazines.

MATERIAL AND METHODS

In our experimental procedures, we employed analytical-grade chemicals exclusively.
The determination of uncorrected melting points was conducted using the open
capillary technique, and the assessment of purity was executed via thin-layer
chromatography (TLC). For spectroscopic analysis, Fourier-transform infrared (FTIR)
spectra and proton nuclear magnetic resonance (1H NMR) spectra were acquired
utilizing a Varian 400MHz spectrometer, with CDCI3 serving as the solvent and
tetramethylsilane (TMS) as the reference standard. Elemental analysis was carried out
using a Thermofinigan Flash EA instrument (ltaly), and the sulfur and halogen
content was calculated using the carious method. To evaluate antibacterial and
antifungal activity, our research team conducted Broth Dilution method tests against a
diverse spectrum of both Gram-positive and Gram-negative bacteria, as well as fungi,
as detailed in Table 1.

Synthesis of 1-(3-fluoro-4-hydroxyphenyl)ethanone (A)

In carbon di sulphide, a mixture of 2 fluro phenol (0.1mole) and Acetyl chloride
(0.1mole) reflux for 30 miniutes in presence of aluminium chloride and it was allowed
to stay for around 30 minutes until the hydrochloride gas solution stopped. The carbon
di sulphide was then distilled out. Thereafter, the whole Product was steam distilled.
The nonvolatile product was 3 fluro 4 hydroxyAcetophenone.

Synthesis of 1-[4-(benzyloxy)-3-fluorophenyl] ethanone(BFE)(1)

In a 100ml flask, we combined 1-(3-fluoro-4-hydroxyphenyl)ethanone (0.1 mol),

( bromo methyl) benzene (0.1 mol), and Di pottasium carbonate (0.1 mol) with
acetone as the solvent. The reaction mixture was vigorously agitated for 7 hours under
reflux conditions at a degree varying from 50°C to 60°C. After the reaction mixture
had cooled to room temperature, 100 ml of cold water was added to quench it. The
resulting 1-[4-(benzyloxy)-3-fluorophenyl]ethanone was then filtered and thoroughly
rinsed.

Synthesis of 1-(4-(benzyloxy)-3-florophenyl)-4-phenyl)-3-(sub.phenyl) prop-2-
en-1-one(1C1to 1C4)

General Procedure:

A solution was prepared by dissolving 1-[4-(benzyloxy)-3-fluorophenyl]ethanone
(0.01 mol) and replaced aromatic aldehydes (0.01 mol) in 30 mililiters of C2HsOH. In
this solution, a 10% caustic soda solution was steadily added. TLC was used to track
the reaction's development after the mixture was agitated for 4 hours. Subsequently,
the mixture was added into 400 mililitersof icy water were mixed consistently and
then counterbalanced using a 1:9 hydrochloric acid and water solution. The reaction
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mixture was left to stay as it is for a night in a freezer. The resulting expedite was
filtered, cleaned, and subjected to recrystallization via ethanol.

Synthesis of Oxazines and Thiazines ViaChalcones

A mixture containing 0.01 mol of 1-(4-(benzyloxy)-3-fluorophenyl)-4-phenyl)-3-(sub.
phenyl) prop-2-en-1-one, 1.0 gm of potassium hydroxide (KOH), and 0.01 mol of
either Urea or Thiourea was prepared and dissolved in 30 ml of ethanol. This mixture
was refluxed in a water bath at a temperature range of 70-80°C for 3 hours, with
continuous monitoring using thin-layer chromatography (TLC). Afterward, the solid
product that formed was left undisturbed overnight and then purified through
recrystallization using ethanol. Notably, The interaction between chalcone and urea
led to the production of Oxazine, while the reaction with thiourea produced Thiazine.
RESULTS AND DISCUSSION

Table 1- Result of Antimicrobial activity of oxazine and thiazine derevitives.

CONCENTRATION ON MINIMAL INHIBITION pg/ml]

Coding Escherichi | Staphylococcus Candida
acoli aureus albicans
NO No. MTCC MTCC 96 MTCC 227
443
1 1C10X 125 100 500
2 1C20X 250 125 1000
3 1C30X 250 100 >1000
4 1C40X 125 250 500
5 1C1TH 100 50 500
6 1C2TH 62.5 100 1000
7 1C3TH 100 62.5 >1000
8 1CATH 50 62.5 >1000
Stand CHLORAMPHENICOL 50 50
ard CIPROFLOXACIN 25 50
drug GRESEOFULVIN 500
Fig-1 Reaction Scheme
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Characterization of BFE and chalconederevatives
1-[4-(benzyloxy)-3-fluorophenyl]ethanone(BFE) (1)
Product-66.20%,M.P-103%-105°C, LC-MS: m/z244.27,

FT-IR(KBr Cm™: 2930 (C-H Str.Vib) 3047 (Aromatic C-H) 1511,1455 (C=C strVib),
1081 C-O-C str.vib, 1620 (-C=0 str.vib),611 (C-Fstr.vib)
'HNMR(400MHz,CDCls):5.314(s,2H,0-CH,-),2.539(s,3H,COCH5),
7.0-7.7(m,8H,Aromatic)
BCNMR(400MHz,CDCl3):26.50(1C,-COCHj3),71.30(1C,0-CH>),110-175(12C
Aeromatic),196.07(1C,-CO-)

Theoretical for C15sH13F02:C-73.36,H-5.36

Obtained:C-73.33,H-5.34

1-[4-(benzyloxy)-3-fluorophenyl]-4-phenylbut-2-en-1-one (1C1)

Product-61.33% ,M.P-111°-113°C, LC-MS: m/z332.37

FT-IR(KBr Cm™:3060(Aromatic C-H), 1593,1494(C=C strVib), 1043(C-O-C
str.vib), 1654(-C=0 str.vib), 982(CH=CH bending,761(C-F str.vib)
'HNMR:(400MHz,CDCls):5.217(s,2H,0-CH>-), 7.55-8.0(m,2H,CH=CH)
7.0-7.8(m,13H,Aromatic).
BCNMR:71.11(1C,0-CH>),110-175(18C,Aeromatic),187.758(1C,-CO-),100-
150(2C,CH=CH)

Theoretical for C22H17FO2: C-79.50,H-5.16

Obtained:C-79.48,H-5.15
(1-(4-(benzyloxy)-3-fluorophenyl)-3-(2-chlorophenyl)prop-2-en-1-one (1C2)
Product-60.37% ,M.P- 141°-143°C, LC-MS: m/z366.82

FT-IR(KBr Cm™:3028(Aromatic C-H), 1567,1517(C=C  strVib), 1655(-
C=0str.vib),972(CH=CHbending,624(C-F multi sub.Benzene),1039(C-O-
Cstr.vib),787(C-Clstr.vib).

'HNMR  (400MHz,CDCls):5.214(s,2H,0-CHz-),  7.55-8.0(m,2H,CH=CH),7.0-
7.8(m,12H,Aromatic).
1BCNMR:71.09(1C,0-CHy>),110-175(18C,Aeromatic),163.52(1C,-CO-),100-
150(2C,CH=CH).

Theoretical for C22H16CIFO2: C-72.04, H-4.40

Obtained C-72.02, H-4.42
1-[4-(benzyloxy)-3-fluorophenyl]-4-(3-hydroxyphenyl)but-2-en-1-one (1C3)
Product-58.22% ,M.P-160°-162°C ,LC-MS: m/z348.37

FT-IR(KBr Cm™:3056(Aromatic C-H), 1509,1455(C=C strVib), 1061(C-O-C
str.vib), 1667(-C=0 str.vib), 985(CH=CH bending,636(C-F str.vib),3554(C-OH
str.vib).

'HNMR(400MHz,CDCl3):5.219(s,2H,0-CH>-),7.55-8.0(m,2H,CH=CH),7.0-
7.8(m,12H,Aromatic),4.0-7.0(s,1H,Ar-OH)
13CNMR:71.10(1C,0-CH>),110-175(18C,Aeromatic),187.758(1C,-CO-),100-
150(2C,CH=CH).

Theoretical for C22H17FO3: C-75.85, H-4.92

Obtained C-75.83, H-4.93
1-[4-(benzyloxy)-3-fluorophenyl]-4-(4-methoxyphenyl)but-2-en-1-one (1C4)
Product-66.89% ,M.P- 118°-120°C, LC-MS: m/z362.40

FT-IR(KBr Cm™):3063(Aromatic C-H), 1573,1431(C=C strVib), 1021(C-O-C
str.vib), 3576(O-H str.vib), 1652(-C=0 str.vib), 978(CH=CH bending,728(C-F
str.vib)

'HNMR (400MHz,CDCl3:5.242(s,2H,0-CH;-), 7.55-8.0(m,2H,CH=CH)
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7.0-7.8(m,12H,Aromatic),3.859(s,3H,Ar-OCHy3).
BCNMR:71.06(1C,0-CH,),110-175(18C,Aeromatic),187.720(1C,-CO-),100-
150(2C,CH=CH),55.35(1C,0-CHa)

Theoretical for C22H19FO3: C-76.23, H-5.28. Obtained- C-76.22, H-5.30
Characterisation of Synthesized Oxazines

Synthesis of 4-(4-(benzyloxy)-3-fluorophenyl)-6-phenyl-6H-1,3-0xazin-2-amine (1-
C-10X)

Product-  55.33% ,M.P- 256°-258°C, LC-MS: m/z374FT-IR(KBrCm™:C-O-
C(symmetric)1230,C-O-C(asymmetric)1036,NH: (amine) (N-H
starching)3435,N-H (bending) 1596, C-N stretching1337
'HNMR(400MHz,CDCl3):2.544(s,2H,-NH>),5.219(s,2H,-O-CH?>,),7.0-
7.8(m,15H,Aromatic).
BCNMR:71.104(1C,—OCH3),157.601(1C,C-NH2),100-
160(18C,Aeromatic),115-125(1C,-C=N),115-140(2C,C=C).

Theoretical for C23H19FNO»:C-76.65,H-5.31,N-3.89

Obtained;C-76.62,H-5.28,N-3.88
4-(4-(benzyloxy)-3-fluorophenyl)-6-(2-chlorophenyl)-6H-1,3-0xazin-2-amine (1-C-2
0OX)

Product-61.11% ,M.P-233%-2355°C, LC-MS: m/z 409.58 FT-IR(KBrCm™:C-O-
C(symmetric)1227,C-O-C (asymmetric)1041,
,NH2(amine)(N-Hstarching)3435,N-H(bending)1528,C-N
stretching1337.
'HNMR(400MHz,CDCls):2.543(s,2H,NH?>),5.127-5.220(s,2H, -
OCHj,),7.07.7(m,14H,Aromatic).
1BCNMR(400MHz,CDCl3):71.073(1C,—OCH_),100-
160(18C,Aeromatic),115-125(1C,C=N)157.456(1C,C-NH2),115-
140(2C,C=0C).

Theoretical for C23H1sCIFNO2:C-69.96,H-4.59,N-3.55.
Obtained:C-69.93,H-4.56,N-3.58

Synthesis of 3-(2-amino-4-(4-(benzyloxy)-3-fluorophenyl)-6H-1,3-0xazin-6-
yl)phenol (1-C-3 OX)

Product-56.71%,M.P- 211°-213°C, LC-MS: m/z389.03

FT-IR(KBr Cm™:C-O-C (symmetric)1230, C-O-C (asymmetric)1052,NH:
(amine) (N-H starching)3435,N-H(bending)1528,C-Nstretching1337.
'HNMR(400MHz,CDCl3):2.543(s,2H,-NH>),5.235(s,2H,-O-CHj,),7.0-
8.0(m,15HAromatic),4.0-7.0(s,1H,Ar-OH)
13CNMR(400MHz,CDCl3):70.737(1C,—OCH3),100-
160(18C,Aeromatic),115-125(1C,-C=N),157.787(1C,C-NH>),115-
140(2C,C=0C).

Theoretical for C23sH19FN203:C-64.87,H-4.50,N-6.58
Obtained:C-64.88,H-4.52,N-6.55
4-(4-(benzyloxy)-3-fluorophenyl)-6-(4-methoxyphenyl)-6H-1,3-oxazin-2-amine (1-C-
4 OX)

Product- 66.33% ,M.P-266°-268°C,LC-MS: m/z405.1

FT-IR(KBr Cm™:C-O-C (symmetric)1230, C-O-C (asymmetric)1072,NH:
(amine) (N-H starching)3436,N-H (bending) 1596, C-N stretching1336
'HNMR(400MHz,CDCl3):2.544(s,2H,-NH>),5.220(s,2H,-O-CHz,),7.0-
7.8(m,14H Aromatic),3.864(s,3H,0-CH5)
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13CNMR(400MHz,CDCI3):70.102(1C,—OCH3),100-
160(18C,Aeromatic),115-125(1C,-C=N),157.913(1C,C-
NH2),55.334(1C,0-CHz3),115-140(2C,C=C)

Theoretical for C24H21FN203:C-71.27,H-5.23,N-6.93.

Obtained: C-71.24,H-5.21,N-6.91

Characterisation of Synthesized Thiazines
4-(4-(benzyloxy)-3-fluorophenyl)-6-phenyl-6H-1,3-thiazin-2-amine(1-C-1 TH)
Product- 63% ,M.P- 211°-213°C, LC-MS: m/z390.2
FT-IR(KBrCm™:C-O-C(symmetric)1275,C-O-C  (asymmetric)1018,NH:
(amine) (N-H starching)3435,N-H (bending) 1561, C-N stretching1327.
'HNMR(400MHz,CDCl3):2.547(s,2H,-NH3),5.220(s,2H,-O-CHj,),7.0-
7.9(m,15HAromatic)

13CNMR(400MHz,CDCI3):70.834(1C,—OCH3),100-
160(18C,Aeromatic),115-125(1C,-C=N)157.838(1C,C-NH2)115-
140(2C,C=0C).

Theoretical for :C23H10FN2OS: C-70.75,H-4.86,N-7.17,S-8.21
Obtained:C-70.73,H-4.84,N-7.15,S-8.21
4-(4-(benzyloxy)-3-fluorophenyl)-6-(2-chlorophenyl)-6H-1,3-thiazin-2-amine (1-C-2
TH)

Product-61.90% ,M.P- 2449-246°C, LC-MS: m/z425.2

FT-IR(KBr Cm™:C-O-C (symmetric)1248,C-O-C (asymmetric)1025,NH;
(amine) (N-H starching)3434,N-H (bending) 1607, C-N stretching1330
'HNMR(400MHz,CDCl3):2.543(s,2H,-NH>),5.220(s,2H,-O-CHj,),7.0-
7.7(m,14HAromatic).

1BCNMR(400MHz,CDCl3):71.073(1C,—OCH_),100-
160(18C,Aeromatic),115-125(1C,-C=N),115-140(2C,C=C),157.190
(1C,C-NH>).

Theoretical for :C23H18FN2OS: C-65.01,H-4.27,N-6.59,S-7.55

Obtained- C-65.00,H-4.25,N-6.56,5-7.53
3-(2-amino-4-(4-(benzyloxy)-3-fluorophenyl)-6H-1,3-thiazin-6-yl)phenol (1-C-3 TH)
Product-55.33 ,M.P- 267°-269°C, LC-MS: m/z406.3
FT-IR(KBrCm™:C-O-C(symmetric)1276,C-O-C  (asymmetric)1079,NH:
(amine) (N-H starching)3435,N-H (bending) 1667, C-N stretchingl1276
'HNMR(400MHz,CDCl3):2.544(s,2H,-NH3),5.220(s,2H,-O-CHjy,),7.0-
7.7(m,14H Aromatic),4.0-7.0(s,1H,Ar-OH)
B3CNMR(400MHz,CDCl3):71.401(1C,—OCH3),100-
160(18C,Aeromatic),115-125(1C,-C=N),115-140(2C,C=C),157.168
(1C,C-NH>)

Theoretical for :C23H19FN2OS: C-67.96,H-4.71,N-6.89,S-7.89
Obtained:C-67.98,H-4.73,N-6.90,S-7.91
4-(4-(benzyloxy)-3-fluorophenyl)-6-(4-methoxyphenyl)-6H-1,3-thiazin-2-amine (1-C-
4 TH)
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Product-68.66% ,M.P- 281°-283°C , LC-MS: m/z421.4

FT-IR(KBr Cm™:C-O-C (symmetric)1247,C-O-C (asymmetric)1037,NH:
(amine) (N-H starching)3435,N-H (bending) 1583, C-N stretching1269
'HNMR(400MHz,CDCl3):2.544(s,2H,-NH>),5.221(s,2H,-O-CHz,),7.0-
7.8(m,14HAromatic),3.865(s,3H,0-CHj5)
13CNMR(400MHz,CDCl3):71.064(1C,—OCH_),100-
160(18C,Aeromatic),115-125(1C,-C=N),157.890(1C,C-NH>)
55.304(1C,0-CHz3),115-140(2C,C=C)

Theoretical for C24H2:FN20O,S: C-68.55,H-5.03,N-4.52,S-7.63.
Obtained:C-68.56,H-5.04,N-4.54,S-7.64

ANTIMICROBIALACTIVITY

We conducted in vitro antimicrobial assessments of the synthesized compounds,
namely 1C10X, 1C20X, 1C30X, 1C40X, 1C1TH, 1C2TH, 1C3TH, and 1C4TH,
against bacterial strains S. aureus and E. coli, in addition to the fungal strain C.
albicans. Using the Broth Dilution Method, these compounds' antibacterial activity
was assessed. Chloramphenicol and Ciprofloxacin served as standard drugs for
bacterial strains, while Greseofulvin was used as a reference for fungi.

Fig- 2 Histogram of antimicrobial activity of derivatives
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Coding 1C10xX | 1C20% 1C30x | ICa0X 1C1TH 1CZTH | 1C3TH IC4ATH 0 0 0
& Excherichia col 125 50 250 125 0o 62.5 100 S0 50
Staphylococcus aureus 100 125 100 250 50 100 625 62.5 50 50
® Candida albicanm 500 1000 >1000 S00 500 1000 > 1000 » 1000 SO0

RESULTSANDDISCUSSION

In this article, we have outlined our preliminary endeavors aimed at uncovering novel
and potentially active oxazine and thiazine compounds derived from chalcones.
Notably, Compound 1C1TH exhibited the most significant inhibitory effect on the
growth of gram-positive S. aureus, with a Minimum Inhibitory Concentration (MIC)
value as low as 50 pg/mL.were compound 1C3TH and 1C4TH shows moderate MIC
value 62.5 pg/mL.The gram negative E.Coli bacterial growth is inhibited by
compound 1C1TH at A minimum inhibitory concentration (MIC) of 50 g/mL.were
compound 1C3TH,1C4TH shows moderate MIC value 62.5 pg/mL.Oxazines and
Thiazines exhibited potent antifungal activity.Among all the synthesized oxazine and
thiazine compounds, specifically 1C10X, 1C1TH, and 1C40X, these three
compounds demonstrated notable antifungal efficacy. They exhibited strong activity
against C. albicans fungi at a concentration of 500 pg/mL, comparable to
Griseofulvin'!.Newly discovered Oxazines and Thiazines are chemically active
components that readily undergo different types of substitutions on their heterocyclic
rings, enabling them to display various biological effects. These novel chemical
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compounds offer medicinal chemists an opportunity to create and advance Oxazine
and Thiazine derivatives as potential lead compounds in drug invention.
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Abstract

Water is one of the most important factors for all living beings. Only 3% of total
available water on earth is freshwater. Of this less than 1% is in the form which can
be utilized by living forms. Urbanization, Industrialization, increase in population
causes pollution which affects water bodies and their quality. Therefore, its
conservation is very much important. Water quality can be determined by
conducting study of physico-chemical and some biological properties. Plankton are
one of the pioneer sp. in aquatic food chain. They are very sensitive for their
environment hence is considered as an ecological indicator to predict water quality
and status of water body. They are indicative of eutrophication process of water
body also. Therefore, study of plankton diversity along with its physico-chemical
factors was carried out.

Keywords: Malav talav, Plankton, Physico-chemical factors.
INTRODUCTION

Freshwater is one of the basic necessities for the existence and sustenance of life.
Urbanization, Industrialization, Population growth is the key factors for over
exploitation which causes the water pollution.

Malav talav is located in south western side of Ahmedabad. Initially it was a
natural pond. But govt. authorities constructed the pond and made walkway
surrounding it inweding a garden on one side of the talav. There is a temple of
goddess amba near the pond; the waste water of the temple is discharge into the
talav. Some portion of the talav becomes dry during the summer season. The talav
covers an area of 16,196 m2. And its latitude and longitude are 23900°24.52” N and
72032’22.49” E respectively.

The present study involves effects of physico-chemical properties with reference
to plankton diversity and population.
MATERIALS AND METHODS
The present study was carried out to assess water quality by using physico-

chemical and biological parameters. The water samples were collected separately

137



Proceedings of National Seminar on “Emerging Trends in Life Sciences” ISBN: 978-81-966038-6-1

by applying standard methods suggested by APHA and other workers. The physico-
chemical parameters were estimated in the laboratory by applying standard
methods while plankton population was considered as biological parameter.
Plankton:

The total count per ml and per liter was recorded for the study. Plankton are
observed carefully under 4x, 10X or 45 X objective lens wherever required. Then
with the help of digital camera attached to the microscope, images of plankton
were captured. Identification of plankton was done by using various online
sources and print sources like book Fresh Water Algae-Prescott, Indian freshwater
microalgae -Dr.N. Anand (1998), “Freshwater Biology” by Ward & Whipple,
Freshwater zooplankton of India by Battish S. K. (1992).

RESULTS AND DISCUSSION

Physico-chemical parameters play an important role in the productivity of
plankton. Physico-chemical parameters are highly important with regard to the
occurrence and abundance of plankton species. (Koorosh Jalil Zadeh et al. (2009)
The consideration of physico-chemical parameters in the study of limnology is
basic in understanding the trophic dynamics of the water body. Each factor does
play its individual role but at the same time the final effect is really the result of
interaction of all the factors (Hulyal & Kalwal,2008).

In study area the water level was quite low and almost shallow during the winter
and summer hence such huge difference in physico-chemical factors was recorded.
The pH recorded indicates somewhat alkaline nature of water. There is a high
degree of temperature fluctuation is observed. The temperature is slightly towards
higher limit especially in winter and summer as water body turns into shallow
water body. Usually high value of EC is recorded during monsoon months. Because
of the decreasing level of water in summer months, life in water body is badly
affected. Most of them may die. Hence salts and ions in the water body are not
utilized that will lead to increase in their concentration in water which ultimately
responsible for high EC values. The result of the present study also shows that EC
recorded higher in monsoon. The decomposition of aquatic plants and animal’s ions
are released back in water after summer, Vora et al,, (1998), Ahluwalia, (1999) and
Solanki and Pandit, (2006). High turbidity of water body during monsoon season is

due to inflow of clay, silt, and various other pollutants along with rain water from
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the surroundings into lake. Similar results were noted by Ansari and Prakash

(2000); Solanki (2001); Dagaonkar and Saksena (1992); and Garg et al., (2006).

DO is vital parameter for aquatic organisms. Temperature plays an important role
in determining DO in aquatic body (Vasumathi Reddy et al. (2009). It is recorded
less in summer and monsoon, compared to winter. As new water enters into water
body it also increases the turbidity which reduces the DO in monsoon while, in
summer low water level were the main causes for decreasing DO level. BOD: A
requirement of oxygen needed for biochemical degradation of organic material. By

assessing BOD pollution level of water body can be determined.

Among biological parameters phytoplankton and zooplankton were counted by
using Sedwitch Rafter chamber. The total count per ml and per liter was recorded
for all the four sites. There are total 33plankton species were recorded. Out of this

27 were phytoplankton while rest zooplankton species. Among phytoplankton

Chlorophyceae was more abundant during monsoon season while

Bascillariophyceae were recorded maximum during the summer and winter season.

The physico-chemical factors and plankton species recorded during the study were

shown in Table 1, 2 and 3 respectively.

Table:1 Seasonal variations in physico-chemical parameters at Malav talav
Season
Sr.No. Parameters Monsoon Winter Summer
Mean +SE Mean +SE Mean +SE
1 Temperature °C 29.5+0.29 18.5+4.22 23.5+3.93
2 pH 7.60 £ 0.3 7.8+0.11 8.23 £0.07
3 Turbidity in NTU 4.1+1.89 0.67 £0.13 0.38£0.07
4 EC mhos/cm 1.28 + 0.34 0.99 £ 0.09 0.50+0.11
5 TDS 365 + 24.67 545+ 119.55 480 £ 21.22
6 TA 160 +17.80 220v 13.54 217.5+2.50
7 TH 155 +22.55 207.5 + 20.57 202.5+10.31
8 Mg 2+ hardness 14.03 £ 3.50 15.76 £ 3.74 19.38 £ 4.08
9 Ca2+ hardness 39+4.13 42.75 +4.27 50 + 5.04
10 Nitrate 0.84 £0.07 0.75 £ 0.09 0.77 £ 0.05
11 Phosphate 0.69 £ 0.04 0.7 £0.05 0.71 £0.06
12 DO 4+0.93 6.04 £ 0.39 5.82£0.90
13 BOD 6.5 +1.85 6.25+1.03 6.25+1.11
14 Chloride 68.75 + 18.97 100 +46.86 95 + 15.55
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Table: 2. Seasonal population of Phytoplankton at Malav talav

Plankton Seasonal population
Class Genera Monsoon Winter Summer
Cyanophyceae Oscillatoria sp. 10 12 08
Cylindrospermum 05 03 04
sp.
Gleocapsa sp. 05 12 28
Nostoc sp. 10 04 05
Anabaena sp. 08 04 03
Merismopedia sp. 03 08 02
Total 41 43 50
Bascillariophyceae | Gomphonema sp. 04 08 03
Cymbella sp. 08 04 03
Navicula Sp. 23 12 15
Nitzschia sp. 03 06 04
Synedra sp. 10 04 06
Cyclostella sp. 08 03 05
Total 56 37 36
Chlorophyceae Spirogyra sp. 15 10 02
Cosmarium sp. 04 06 10
Pediastrum sp. 06 05 08
Scenedesmus sp. 10 12 07
Closterium sp. 08 07 02
Ankistrodesmus sp. 08 03 00
Zygnema sp. 10 04 08
Total 61 47 37
Total plankton count/ml 158 127 123
Total plankton count/L 94800 76200 73800
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Table: 3. Seasonal population of Zooplankton at Malav talav
Plankton Seasonal population
Group Genera Monsoon Winter Summer
Flagellata Euglena sp. 06 08 09
Total 06 08 09
Copepoda Cyclops sp. 08 05 07
Diaptomus sp. 12 07 08
Total 20 12 15
Rotifera Brachionus sp. 14 05 07
Rotifera sp. 02 06 08
Total 16 11 15
Total plankton count/ ml 42 31 39
Total plankton count/L 25200 18600 23400
CONCLUSION

During study total 19 phytoplankton species were recorded which represented
three different groups. Of this, chlorophyceae and Bascillariophyceae were most
abundant during winter, while cyanophyceae is more abundant during summer.
Among 05 zooplankton species, copepods and rotifers were more recorded than
flagellates. It is indicated it may lead to organic evolution which may cause
eutrophication of water body.
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ABSTRACT:

The communal roosting of wetland birds is poorly known and even less is known
for many species. Roosting of family Phalacrocoracidae birds includes cormorants
and shags in whichLittle cormorants (Phalacrocorax niger), Great cormorants
(Phalacrocorax carbo) and Indian cormorants (Phalacrocorax fuscicollis) was
studied during last two years. We have studied selection of trees for roost, height
of trees, roosting population, flock size and arrival and departure time of birds.
The investigation found that little cormorants come in larger number in flocks at
roosting sites which is up to 15-17 in number. During departure flock size is
larger than the arrival time. It was also observed that departure time was
comparatively lesser than arrival time in almost all of three birds.

KEY-WORDS: Roosting, Cormorants, waterbirds, Phalacrocoracidae, India

INTRODUCTION

Communal roosting is defined as gathering of more than two species or
individuals during day or night time to take rest or sleep (Koli et al., 2019). Bird
who are individuals have the choices to use same roosting place repeatedly or live
in community, or roost individually while not mandatory to returning the same
place every time(Beauchamp, 1999). Roosting birds uses caves, climber plants or
trees as their roosting sites. Some use seasonally while others utilize them
throughout the year(Jayson, 2008).

A roosting site is a place where not only roosting took place but also contribute in
reduces predator attack, increased heat regulation and efficiency of
foraging(Beauchamp, 1999). The birds who roost in large number have higher
surveillance and reduce predatory pressure. Mixed species roost have higher
benefits in reduction from predation and higher feeding efficiency (Eiserer, 1984).
Geometry of roosting flocks provides a shielded place for individual in the inner
side of the flock while members on the periphery of roosting site act as buffer
zone from predation. Some scientists suggested that birds share body heat to
control thermoregulations. Apart from that they also used to share information
related to feeding places which makes the better feeding ability of individuals
(Beauchamp, 1999).
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The ecology of wetland birds is prejudice towards breeding and foraging studies
while roosting behavior is poorly known for many bird species. Roost sites can be
dissimilar from breeding sites (Ogden, 1990), suggesting that lack of information
about these create a gap in interpretation of ecology and conservation of wetland
birds. Communal roosting is not put to use in many bird groups but it is common
in waterbirds (Harrison & Whitehouse, 2011). Communal roosting of waterbirds
are documented in several parts of the world including USA (Beauchamp, 1999)
Canada (Harrison & Whitehouse, 2011) Sri Lanka (Wickramasinghe & Diwakara,
2017) and India (Jayson, 2008). Several studies were performed on the roosting
behavior of waterbirds in cities (Toloa et al., 2017) but due to habitat destruction
and loss, waterbirds use to be prone to urbanized area. Most of them are egrets,
herons and cormorants prefer to roost in mixed flocks. Roosting behavior has
been documented in several waterbirds species (Ali et al, 1987), but is very
poorly understood for cormorants.

Our objective was to document cormorants (Little, Great and Indian) roosting
ecology focusing on site and selection of trees, height of trees, accompany
roosting species, flock sizes and arrival and departure time in an urban area of
Hijadiya pond (District- Sabarkantha)

MATERIAL AND METHODS

Study Area

72°54'50"E 72°55'0"E
= E

23°38'30"N
T
23°38'30"N

Gujarat

| Sabarkantha District

.*‘.

00.0176035 007 0105 014
- — — Kilometers

72°54'50"E T2°55'0"E

Figure 1. Location and map of the study area of Hijadiya pond, Gujarat, India

The study was conducted near Hijadiya pond (District- Sabarkantha) located near
[lol village on Ilol-Himmatnagar road (Fig.1). The region gets exposure of strong
seasonality with distinct winter (Nov-Feb), Summer (March-June) and monsoon
(July-Oct). the highest temperature (~42 °C) was recorded in summer and lowest
temperature (~9 °C) in the winter season. The pond is covered from so many
trees in periphery. Roosting of these birds took place in these trees.
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Data collection and analysis

The study took place between January 2022 to December 2023. During field visits,
roosting birds were identified using Birds of the Indian Subcontinent (Grimmett
et al,, 2016) using direct observation. Through point count their abundance was
recorded using a tally counter. The counting of birds was performed after settled
of birds on the roosting trees to avoid counting error. Change in the abundance of
birds were noted. Census was conducted at evening time followed by next
morning for 2-6 consecutive days.

Tree species used for roosting were identified and height of tree and roosting
were measured using laser rangefinder. Number of trees for roosting were also
recorded. Sunset and sunrise time were recorded, to determine relationship with
peak arrival as well as departure timing of birds. The flock size and flight path
weredetermined by recording departing and arriving birds. All the observation
made only on clear weather day to avoid a bias. Observation was made from the
distance of about 40 m with the help of 10x50 binocular.

Results

Roosting population

Figure 2. Community roosting of cormorantsHijadiya pond, Gujarat, India

In the study area, month wise census conducted by direct count method. The
population size of the cormorants varied seasonally as well as annually between 5
to 125 individuals during the study area (Fig.2).

Selection of Roosting tree

Selection of roosting site was mainly dependent on tree species and safety. For
the purpose of study, it was observed that cormorants selected tall and bushy
trees. All these selected birds showed communal roosting pattern in which roost
with other species on same tree but at different canopy and height. Total five tree
species were recorded for roosting. Out of these Acacia nilotica (Desi baval) was
most favorable for cormorants. Cormorants have roosted in close proximity of
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aquatic foraging habitat and roosting of trees height ranging from 10.12 m to
19.14 m.

Table 1. Preference of roosting tree species and average height.

Name of tree Height of
tree (m)

Ficus benghalensis (Banyan 19.14
tree)
Acacia nilotica (Desi baval) 10.12
Ficus religiosa (Pipal tree) 13.18
Azadirecta indica (Limdo) 18.17
Peltrophorum pterocarpum 13.08
(Yellow gulmohar) '

Flock size

The flock size is one of the important parameters of roosting ecology. Flock size
varies from one to seventeen individuals per flock (table 2). Maximum flock
sizeup to seventeen was observed of little cormorant, while great cormorants
flock sizes were one to three. It was observed that departure flock sizes were
comparatively fewer that arrival flocks.

Table 2. Flock size in roosting species.

Species name No of individual /flock
Little cormorant 15-17

Great cormorant 1-3

Indian cormorant 2-6

Arrival and Departure time

Roosting of any living organism depend upon sunset and sunrise time.
Throughout the year, this times various because it depends on photoperiodism.
So, arrival and departure timing for roosting also do not remain constant. The
peak arrival time is determined by an average time. Cormorants arrived at
roosting place before sunset throughout the year. On an average, little cormorants
took 58 min, great cormorants took 55 min while Indian cormorants took 52 min
to enter in the roost. Departure time is comparatively lesser in all of three species
compare to arrival. Little cormorants took 36 min, great cormorants took 33 min
and Indian cormorants took 29 min to depart the roosting place. Month wise data
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of cormorants’ arrival and departure is described in table 3 and 4. The number of
birds recorded during evening were not exactly same as the number of birds
recorded in the morning. Average flock size of arrival and departure birds are not
corelated. Juveniles arrived early at roosting sites compared to adults. It was also
observed that juveniles follow the adults at the time of departure.

Table. 3 Monthly comparison of sunset with starting of arrival of cormorants.

Arrival rhythm of birds
Month | Sunset Little Great Indian
cormorant cormorant cormorant
Jan 18:13 17:33 17:36 17:39
Feb 18:33 18:06 18:10 18:13
Mar 18:47 18:39 18:42 18:45
Apr 19:03 18:53 18:56 18:59
May 19:13 18:45 18:47 18:50
Jun 19:26 18:24 18:26 18:29
Jul 19:27 17:52 17:55 17:58
Aug 19:11 17:10 17:13 17:16
Sep 18:41 16:49 16:52 16:56
Oct 18:12 16:48 16:51 16:53
Nov 17:53 16:43 16:46 16:48
Dec 17:54 17:15 17:17 17:21

Table. 4 Monthly comparison of sunrise with starting of departure of cormorants.

Departure rhythm of birds
Month | Sunrise Little Great Indian
cormorant cormorant cormorant
Jan 7:21 6:00 6:04 6:09
Feb 7:11 5:52 5:54 5:58
Mar 6:49 5:46 5:48 5:51
Apr 6:17 5:26 5:28 5:32
May 5:57 5:37 5:40 5:43
Jun 5:52 5:30 5:34 5:37
Jul 6:01 5:46 5:48 5:54
Aug 6:14 5:53 5:56 5:59
Sep 6:25 6:05 6:09 6:13
Oct 6:36 6:28 6:32 6:36
Nov 6:53 6:43 6:45 6:48
Dec 7:13 6:30 6:33 6:36

It was also recorded that roosting birds did not change its place during overnight,
as an individual seen during the evening at any particular spot was found on the
same spot next morning. Juveniles’ birds were seen in the lower canopy of the
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roost site while adults observed on different height of canopy. It was also
observed that first birds arrived took inside canopy and gradually birds took
outer canopy. All the birds taken two or three round of roosting place before
entering into roosting site.

Discussion

Cormorants have exclusively their dependency on aquatic foraging habitat all
over the world (Cramp et al, 1983). According to Senma (Senma & Acharya,
2010) black headed ibises prefer to roost on ground instead of tree, but in present
study cormorants prefer to roost on trees. The cormorants preferred live and
unbroken canopy of tall trees. Light duration most certainly influence the roosting
time (Vasundriya Ranjana & Shehla, 2019). Arrival and departure time vary
depending upon photoperiod (fig 2&3). During evening arrival of the cormorants
at intervals happened to take a longer period to fill the roost.
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Fig 2. Month wise time taken by cormorants before sunset to arrive at roosting
place.
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Fig 3. Month wise time taken by cormorants before sunriseto depart roosting
place.

158



Proceedings of National Seminar on “Emerging Trends in Life Sciences” ISBN: 978-81-966038-6-1

During the month of May and June arrival of birds was very late before sunset.
The conclusion may be because they spend more time on foraging ground to
intake energy to nourish young ones. Pre-roosting gathering has been seen
particularly among the species that feed together and roost communally, which
serves as a roosting advertisement and acts as an information centre related to
the potential food sources.
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Abstract:

The present study was conducted to evaluate the water quality of the Navdi ovara
site of Tapi river of Surat city, India. To evaluate the quality of water its physico-
chemical analysis is necessary so during the period of April - May-2009 to February
- March - 2010 to evaluate of water quality bimonthly water samples were taken.
The present study was undertaken to know the water pollution level at Navdi ovara
site of Tapi River, therefore some parameters like color, odour, temperature, pH,
electrical conductivity, turbidity, alkalinity, total hardness, TDS, dissolved oxygen,
nitrate, phosphate, chloride, sodium and potassium were analyzed at regular
bimonthly during study period. The result shows various seasonal effects as well as
influence of human at site.

Key words: Navdi ovara site, Physico-chemical parameters, Water pollution
Introduction:

The Present study was conducted to find out the variation in the physico -
chemical parameters of ‘Navdi ovara’ site of Tapi River in Surat city of Gujarat, India.
The objective of study was to determine physico - chemical properties of ‘Navdi
ovara’ site of Tapi river and to study the level of water pollution as well as seasonal
effects on water quality. Due to climate change and anthropogenic pressure the
quality of water is day by day much affected, so there is a need to find out what
change is occurred in the water quality so the present study was designed to
monitor the variations of water quality parameters.

As we know Water is the most precious gift to mankind. Life on earth is not
possible without water; it is the soul of nature. Water is a vital resource used for
various activities such as drinking, irrigation, fish production, industrial cooling,
power generation and many others (Sanjay. S. Sathe et al. 2001). Almost 70 % of the
earth surface area is covered by water. The available fresh water to man is hardly
0.3 % to 0.5 % of total water available on the earth and therefore its judicious use is
imperative. Without the knowledge of waters quality, it is difficult to understand the
biological phenomenon fully, because the increasing anthropogenic influence in
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recent years in and around aquatic system and their catchment area have attributed
to a large extent to deterioration of water quality and dwindling of water bodies
leading to their accelerated eutrophication (Bhatt et al. 1999). In today’s scenario,
unplanned urbanization, rapid industrialization and indiscriminate use of artificial
chemicals cause of heavy and varied pollution in aquatic environments leading to
deterioration of water quality and depletion of aquatic fauna including fish. Without
the knowledge of water chemistry, it is difficult to understand the biological
phenomenon fully, because the chemistry of water reveals much about metabolism
of the ecosystem and explains the general hydro biological interrelationship
(Deshmukh and Ambore, 2006). The quality of water can be assessed by studying by
its physical and chemical characteristics. Limnological studies provide a basic
understanding of nature and generally help to monitor the environment (forsberg,
1982)

Material and method:

The water samples were collected in glass bottles from each site. Water samples
were collected bimonthly during April - May - 2009 to February - Mar - 2010. Water
samples were collected during morning hours between 7:30 am to 8:30 am, during
study period. For dissolve oxygen water samples were collected in separate BOD
bottles and fixed on the spot, the other parameters like pH and temperature was
measured by pH meter and thermometer. Rest of the physico-chemical parameters
were analyzed according to the ‘Standard methods for the examination of water and
waste water (APHA-1998) and Environmental analysis of water, soil and air (M. M.
Saxena 1998).

Results and discussion:

The result of physico - chemical parameters of ‘Navdi ovara site of Tapi river’
during April-May-2009 to February - March -2010 are shown in table 01.

Pure water has no color. The presence of humic acids, fulvic acids,
metallic ions, suspended matter, phytoplankton, weeds and industrial effluents may
give color to natural water. At site the color unit was recorded which is shown in
below table 01. During the study period at all sites different odour was noted in
different seasons there is no any remarkable odour at site but mostly it was odorless
and unobjectionable and some time it was agreeable which is shown in below table
01.

The present study shows the highest water temperature was 319 during April -
May and Jun - July it means in summer and lowest was 30° in December - January
and in Feb. - March. The fluctuation in river water temperature usually depends on
the season, geographic location, sampling time and temperature of effluents
entering the stream (Ahipathy, 2006). The variation in water temperature found in
the present investigation may be due to the normal climatic fluctuation and effect of
seasons and different times of collection or may be due to the effects of atmospheric
temperature as reported by Jayaraman et al, (2003); Tiwari et al. (2004); and
Zingade (1981) respectively.
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pH is a measure of the acidity and alkalinity of water, expressed in terms of its
concentration of hydrogen ions. The pH scale ranges from 0 to 14. A pH, 7 is
considered to be neutral. Substances with pH less than 7 are acidic; substances with
pH greater than 7 are basic. The pH of water determines the solubility (amount that
can be dissolved in the water) and biological availability (amount that can be
utilized by aquatic life) of chemical constituents such as nutrients (phosphorus,
nitrogen, and carbon) and heavy metals (lead, copper, cadmium, etc.). In present
study pH range was 6.7 (December- January) to 7.7 (Oct. - Nov.)

pH was high during winter months and summer months this is because of high
photosynthetic activity similar result was noted by Vasumathi Reddy et al (2009)
and maximum pH in summer was reported in different water bodies by Kushwah
(1989), Ingole, S.B. et al. (2009). High pH value during summer could be due to the
uptake of CO2 by phytoplankton, Sanathanan, 1976. Abhaykumar et al. (1995) also
stated that pH profile altered with seasons. The pH of river water was usually
showing alkaline character throughout the study period.

Electrical conductivity usually used for indicating the total concentration of
ionized constituents of water (Huq and Alam, 2005). Electrical conductivity is the
measure of total concentration of dissolved salts in water. When salts dissolve in
water, they give off electrically charged ions that conduct electricity. Hard water
contains more salts, and therefore more ions, has a high electrical conductivity.
Electrical conductivity (EC) estimates the amount of total dissolved salts (TDS), or
the total amount of dissolved ions in the water.

Electrical conductivity was recorded between range 464 pmho/cm. (Aug. - Sep.)
to 42400 pmho/cm. (Jun- July). The higher conductivity was observed during
summer and monsoon season this may be due to the evaporation of water in
summer season similar result was noted by Vasumathi Reddy et al. 2009. While
several factors influence the conductivity including temperature, ionic mobility and
ionic valencies. The higher conductivity values may be due to more concentration of
organic matter and also due to human intervention (Claymo, 1983; Koshy and
Nayar, 2000; Dakshini and Soni, 1979; Madhavan and Krishnaswami, 1983; Datta et
al, 1988; Mathew Vergis, 1995; Mathew Koshy, 2005). The site is also near to
estuarine region so during high Electrical conductivity was very high.

Turbidity in water is caused by suspended matter like clay, silt, organic matter,
phytoplankton and other microscopic organisms. It is an expression of optical
property (Tyndall effect) in which light is scattered by the suspended particle
present in water. During the present study turbidity show range between 3.2 NTU
(Apr. - MaY) to 670 NTU (Dec- Jan). Turbidity is normally increased during and after
rainy season and in summer season similar result was reported by Jawale, C. A., et
al. (2009) Vol.24. Normally turbidity increases after heavy rain because the rain
runs along the ground picking up small particles of dirt before emptying into water
sources hence increasing turbidity level. Similar work reported by Patil, et al
(2009), Govind Balde, Vasumathi Reddy et al. (2009). In accordance with general
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observation turbidity was recorded high in rainy and after rainy season. The
turbidity also depends on the rainfall in monsoon period.

Usually, water shows alkalinity due to presence of salts of weak acids and strong
bases. Alkalinity in water is caused due to presence of Carbonates (COs’),
Bicarbonates (HCO3-) and Hydroxides (OH-). Alkalinity is the buffering capacity of a
water body. It measures the ability of water bodies to neutralize acids and bases
thereby maintaining a stable pH.

In present study the minimum alkalinity was recorded 110 mg/l in Aug. - Sep.
and highest was 544mg/l in February - March. As per the Bureau of Indian
standards the desirable level of total alkalinity for drinking water is below 200 mg/I
and permissible level in the absence of alternate source is 600 mg/1 (BIS, 1992). At
site total alkalinity was high values mostly during summer season while minimum
during monsoon season similar observation was recorded by Jawale C.A. (2009),
Patil (2009). However most of the water is rich in carbonate, bicarbonate with little
concentration of other alkalinity imparting ions (Trivedi and Goel 1984). In this
study low alkalinity was recorded in the rainy season this is because the inflow of
more rain water in to the river. Sometime high alkalinity was in winter and summer
months’ similar results were also reported by Mishra et al. (1989), Jain et al. (1996),
Vasumathi (2009); Furhan Igbal et al. (2006).

Hardness can also be defined as water that doesn’t produce lather with soap
solutions, but produces white precipitate. High levels of total hardness are not
considered a health concern. On the contrary, calcium is an important component of
cell walls of aquatic plants, and of the bones or shells of aquatic organisms.
Magnesium is an essential nutrient for plants, and is a component of chlorophyll. In
present study the highest total hardness was 3800 mg/I (Jun - July) and lowest 90
mg/l (August - September). In general, at site total hardness values were high
observed in summer and monsoon months and in winter values were low. The
monsoon value of hardness was in low level during August indicating influence of
dilution of water caused by monsoon water flow (Deka et al. 2001) similar
observation was made by Koorosh jalizadeh et al. 2009.

TDS refer to any minerals, salts, metals, cations or anions dissolved in water. Salts
like carbonate, bicarbonates, chlorides, sulphates, phosphates and nitrates of
calcium, magnesium, sodium, potassium, iron etc. are dissolved in natural water.
The high content of dissolved solids increases the density of water and influences
osmoregulation of fresh water organisms. They reduce solubility of gases (like
oxygen) and utility of water for drinking, irrigation and industrial purposes.

In the present study minimum TDS was 331 mg/l (August - September)) and
maximum 31400 mg/1 (Jun - July). TDS gradually increased after monsoon season
similar result was noted by Jawale A.K. et al. (2009), N. Vijay kumar (2009). The
observed variation could be attributed to dilution effect associated with rainy
season, while to high evaporation of water during summer (Sitaramassamy -1995).
The human interference also contributed to the enrichment of dissolved solids (Devi
1997).
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Dissolved oxygen in water is an index of physical and biological processes going
on, non- polluted surface water generally saturated with dissolved oxygen.
Dissolved oxygen is probably the most crucial and important water quality variable
in freshwater body. Dissolved oxygen analysis measures the amount of gaseous
oxygen (0O2) dissolved in an aqueous medium. During the study period minimum
dissolved oxygen was noted 1.2 mg/l (Apr. - May) and maximum 4.0 mg/1 (Feb. -
March). Study shows that minimum dissolved oxygen was noted in summer months
and usually maximum was noted during winter months, similar results were
observed by Patil, Anil R. (2009), Jindal, R et al. (2009). Dissolved oxygen also had
an inverse relationship with photoperiod. When the photoperiod was long, the
dissolve oxygen value was low and when photoperiod was short, dissolved oxygen
value was high. Ali et al. (2000) and Chaudhary et al. (1990) also arrived at the same
conclusion.

Nitrate is the highest oxidized form of nitrogen and in water its most important
source is biological oxidation of nitrogenous organic matter of both autochthonous
and allochthonous origin. Domestic sewage and agricultural runoff are the chief
source of allochthonous nitrogenous organic matter. Metabolic waste of aquatic
community and dead organisms add to the autochthonous nitrogenous organic
matter. The high concentration of nitrate in water is indicative of pollution.

The present study shows the range of nitrate 0.19 mg/1 (February - March) to 1.3
mg/l (Dec. - Jan.). At site the minimum nitrate was recorded in starting of summer
months (March) Similar data was recorded by Jawale A.K. et al. (2009)., however the
data revealed no significant seasonal changes during study period.

Chlorides are salts resulting from the combination of the gas chlorine with a
metal. Some common chlorides include sodium chloride (NaCl) and magnesium
chloride (MgClz). Chlorides are troublesome in irrigation water and also harmful to
aquatic life (Rajkumar, 2004). Chlorine alone as Clz is highly toxic and it is often
used as a disinfectant. In combination with a metal such as sodium it becomes
essential for life. Small amounts of chlorides are required for normal cell functions
in plant and animal life. During the study period range of chloride was between
140mg/1 (Aug. - Sep.) to 10997 mg/1 (Jun - July). Minimum chloride was noted
during rainy days of August and highest during the monsoon and mostly during
summer, during summer chloride values were high and during monsoon it were low
recorded it may be due to inflow of rain water and similar results were reported by
Koorosh Jalilzadeh et al. 2009, Jindal, R. et al., N. Vijaykumar et al. (2009). Higher
chloride content during summer could be due to continuous evaporation of water
especially during summer season (Nair et al.,, 1983, Harikantra and Paruleker 1990;
Sampathkumar and Kannan 1998; Borase and Bhave, 2001

Sodium compounds naturally end up in water. As was mentioned earlier, sodium
stems from rocks and soils. Not only seas, but also rivers and ponds contain
significant amounts of sodium. Concentrations however are much lower, depending
on geological conditions and wastewater contamination Sodium is a dietary mineral
for animals. Plants however hardly contain any sodium.
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During the present study minimum sodium was 16 mg/l (Aug. - Sep.) and
maximum 5100 mg/1 (Jun - July). Above results show minimum value of sodium
recorded in monsoon season and maximum during summer and early of monsoon
months it may be due to evaporation.

Potassium plays a central role in plant growth, and it often limits it.
Potassium from dead plant and animal material is often bound to clay minerals in
soils, before it dissolves in water. Potassium is weakly hazardous in water, but it
does spread pretty rapidly, because of its relatively high mobility and low
transformation potential. In present study lowest potassium was recorded 1.2 mg/1
in Oct. - Nov. and in Dec. - Jan. where highest was recorded 95 mg/l in in Feb. - Mar.
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Physico - Chemical Parameters of Tapi River - Navdi Ovara Site Apr.- May 2009 to Feb.-Mar. 2010

Sr. No. | Parameters April-May Jun.-July Aug.-Sep. | Oct.-Nov. | Dec.-]Jan. Feb.-Mar. Min. | Max. Avg.
1 Colour <5 0.7 <0.5 <0.5 <1.0 <1 - - -
2 Odour Agreeable | Unobjectional | Odorless | Odorless | Odorless | Unobjectional - - -
3 Temperature(2C) 31 31 30 31 30 30 30 31 30.5
4 pH 6.72 7.43 7.38 7.7 6.7 7.16 6.7 7.7 |7.18167
5 EC(pmho/cm) 21150 42400 464 920 6800 13722 464 | 42400 | 14242.7
6 Turbidity (NTU) 3.2 6.78 4.32 15.03 670 (not detected) | 3.2 670 | 139.866
7 Alkalinity (mg/1) 186 216 110 206 280 544 110 544 257
8 Total hardness(mg/1) 2740 3800 90 236 1102 1500 90 3800 1578
9 TDS(mg/1) 14700 31400 331 656 4700 9608 331 | 31400102325

Dissolved

10 | Oxygen(mg/1) 1.2 3.2 3.2 3.3 3.4 4 1.2 4 3.05
11 | Nitrate(mg/1) 1.2 1.19 0.283 0.944 1.3 0.193 0.193| 1.3 |0.85167
12 | Phosphate(mg/1) 1.1 3.41 2.73 4.84 1 6.68 1 6.68 | 3.29333
13 | Chloride(mg/1) 7397 10997 140 149 2900 3961 140 | 10997 | 4257.33
14 | Sodium(mg/1) 4086 5100 16 90 28 2600 16 5100 | 1986.67
15 | Potassium(mg/1) 20 90 3.4 12 1.2 95 1.2 95 [36.9333

(Table-01 Physico - Chemical Parameters of Tapi River - ‘Navdi Ovara’ Site Apr. - May 2009 to Feb.-Mar. 2010)
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Conclusion:

During the study period physico - chemical parameters shows vast variation in
salinity, DO, EC, Alklinity, Total hardness, TDS, Turbidity, Chloride, etc. Because
many reasons are responsible like, anthropogenic activities at site and it is near
to estuarine region so it is highly fluctuated site by every tide then once again it
become shallow and site with very complex environment during summer and
monsoon season.
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Abstract

Microplastics (MPs) pollution has been increased drastically worldwide, causing
harmful effects on biodiversity. In this study, occurrence of MP contamination in
the digestive tracts of four species of marine brachyuran crabs, Mutata victor (50
individuals), Scylla serrata (100 individuals), Dotilla blanfordi (50 individuals)
and Charybdis hellerii (50 individuals) collected from Sartanpar, Gopnath and
Zanzmer Gulf of Khambhat, Gujarat was carried out. The collected samples were
dissected, and guts were removed to check for MP contamination. Organic tissue
digestion was conducted using a 10% potassium hydroxide solution.
Subsequently, a density gradient was established using a supersaturated sodium
chloride solution to facilitate the flotation of MP. Filtration of the supernatant
was performed utilizing Ashless Whatman filter paper. Each filter paper was
scrutinized using a stereomicroscope to quantify the physical characteristics of
MPs, including their count, shape, size, and color. The average prevalence of MP
contamination was observed to be highest in Mutata victor crabs (8.42 * 3.78
MPs/individual), followed by Scylla serrata (5.86 * 3.23 MPs/individual), Dotilla
blanfordi (3.46 * 1.27 MPs/individual), and Charybdis hellerii (2.08 + 0.87
MPs/individual). The classification based on shape indicated a prevalence of MP
with a fiber-like structure across four species of crabs. In terms of colour-wise
MPs quantification, black coloured MPs were found dominantly than other

colours in four crab species. The size of MPs in the range of 1-Zmm were
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predominantly observed in all four species followed by 2-3mm, 3-4mm and 4-
5mm. The polymer composition analysis revealed that the MPs isolated
consisted primarily of PET (polyethylene terephthalate) and PU (polyurethane).
The results underscored the extent of MP contamination in invertebrates
inhabiting the Gulf of Khambhat, raising concerns about the environmental
impact. Furthermore, the results will serve as foundational data for designing

additional investigations into the eco-toxicological effects of MPs on marine taxa.

Keywords: brachyuran crabs, microplastic pollution, Gulf of Khambhat, KOH,

density gradient, Morphometric analysis

Introduction

Marine debris pollution has grown to be a severe issue that affects all members
of the global community, including other living things (Patria et al., 2020). The
term "plastic” has its roots in the Greek word "plastikos," which signifies its
ability to be shaped into various forms. (Rajmohan et al. 2019; Chia et al.,, 2021).
In aquatic ecosystems, plastic contamination was first noted in the 1970s
(Dusaucy et al., 2021). Plastic garbage makes up the majority of the waste found
in the water (Dias and Lovejoy 2012). Due to heightened plastic production,
disposal practices, and human-induced activities, the issue of plastic pollution
has evolved into a significant and escalating concern across global ecosystems.
(Horton and Barnes, 2020). According to Crawford and Quinn (2017), 90% of
marine trash is made of plastic, and 80% of that plastic comes from sources on
land. The correlation between land-based sources and both quickly expanding
populations and a lack of waste disposal infrastructure is the cause of the link.
(Jambeck et al., 2015; Sanchez et al., 2022). Plastic is regarded as having an
adverse effect on food security, socioeconomic well-being, and the environment

globally (Botterell et al.,, 2019; Walkinshaw et al., 2020; Sanchez et al., 2022).

Accumulated plastic in the marine environment undergoes degradation
and fragmentation processes, leading to its conversion into a variety of sizes. The
range of particles between 1um to 5 mm are classified as microplastics (MPs).
MPs can be generated at the microscale and are categorized as either primary or

secondary, depending on their origin and breakdown processes in the

204



Proceedings of National Seminar on “Emerging Trends in Life Sciences” ISBN: 978-81-966038-6-1

environment (Crawford and Quinn, 2017; Watts et al.,, 2014). MPs manifest in
various forms such as pellets, films, foam, fragments, and microfibers. (Lozano et
al, 2021; Rabari et al., 2023a). According to Rochman (2015), The physical and
chemical assessment of MPs, including parameters such as size, shape, color, and
polymer composition, is vital for promptly identifying the primary sources of
contamination, understanding wildlife exposure, and determining the eventual
fate of MPs in the environment. (Rodriguez-Seijo and Pereira, 2017; Sanchez et

al, 2022).

MP contamination has been observed in various marine organisms,
spanning amphipods (Iannilli et al, 2019), coral (Patterson et al.,, 2020), sea
cucumbers (Mohsen et al, 2019), mussels (Hariharan et al, 2021), prawns
(Daniel et al., 2021), crabs (Waddell et al., 2020), and fish (Munno et al., 2022).
MP contamination has been reported in various crab species, including Lithodes
santolla (Andrade and Ovando, 2017), Emerita analoga (Horn et al, 2019),
Pleuroncodes planipes (Choy et al.,, 2019), and Callinectes sapidus (Waddell et al.,
2020). MPs are known to negatively impact an organism's ability to grow and
develop in a number of ways. According to Wright and Kelly (2017), MPs could
induce oxidative stress and cellular damage in living organisms. Moreover,
several reports have underscored the function of MPs as carriers for diverse
harmful substances, such as infections, heavy metals, dyes, and pigments

naturally associated with the surface of the MPs.

Gujarat has a 1,600-kilometer coastline that hugs rich marine biodiversity
including crabs. The coastal regions of Gujarat have documented a total of 163
crab species, encompassing 93 genera and 29 families. (Trivedi et al.,, 2015,
2018; Gosavi et al, 2021). Nevertheless, there have been only two studies
conducted to assess the prevalence of MP contamination in commercially
significant crabs, namely P. segnis and P. sanguinolentus, sourced the Saurashtra
coast and Gulf of Kachchh (Rabari et al., 2023a; 2023c). Hence, there is a critical
need to evaluate the degree of MP contamination in marine crab species situated

in the Gulf of Khambhat. The main goal of this study was to evaluate the extent of
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MP contamination in four brachyuran crab species (Mutata victor, Scylla serrata,

Dotilla blanfordi, and Charybdis hellerii) along the Bhavnagar Coast.
2. Material and Methods
2.1 Study area and sample collection

The study was conducted at three main fishing harbors (Sartanpar, Gopnath, and
Zanzmer) along the Bhavnagar Coast, Gujarat, India, during from March 2023.
(Figure 1). Sartanpar is located at (21°17' 56.0904" N,72° 6' 22.3344" E)
Bhavnagar district of Gujarat State. Gopnath is situated at (21°14'52.4436" N,
72°04' 20.8272"E) Bhavnagar district of Gujrat State. Zanzmer is situated at
(21°10'59.3"N, 72°03'57.9"E) Bhavnagar district of Gujrat State. This led to the
establishment of multiple seafood companies and processing facilities, which
export a wide range of high-quality meals to Southeast Asia, Japan, Europe, and
the USA. A collective total of 250 crab specimens was obtained from each site,
including 25 males and 25 females of Mutata Victor (Fabricius, 1781), 50 males
and 50 females of Scylla serrata (Forsskal, 1775), 25 males and 25 females of
Charybdis hellerii (Milne-Edwards, 1867), and 25 males and 25 females of Dotilla
blanfordi (Alcock, 1900). The gathered samples were immediately placed in an
icebox to prevent any degradation of the tissues. (Daniel et al., 2021) (Figure 2).
The gender of a crab, whether male or female, can be distinguished by examining
the shape of its abdomen. Male abdomens are usually pointed and narrow, like a
"V" shape. In comparison to the male crab, the female crab's abdomen is rounder
and broader. It's commonly called the "U" shaped abdomen. Following collection,

the samples were promptly transported to a laboratory for further examination.
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Figure:1 Locations of Sampling stations (1. Sartanpar, 2. Gopnath, 3.

Zanzmer).

Figure:2 Collected crab species (A: Mutata victor (Fabricius,1781), B: Scylla

serrata (Forsskal, 1775), C: Charybdis hellerii (Milne-Edwards,1867), and D:
Dotilla blanfordi (Alcock,1900): i- dorsal view, ii- male ventral view, and iii-

female ventral view).
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2.2. Extraction, identification, and quantification of MP

The collected samples were prewashed in the laboratory using double-distilled
water to eliminate any potential contaminants from the crab surfaces. Later,
measurements of the crabs' morphological characteristics, such as their overall
weight, carapace width, and length, were made. Following that, the digestive
tracts of each crab were dissected, and they were individually placed into
distinct beakers. Each beaker was filled with a 10% KOH solution and exposed to
heating at 60 °C in a hot air oven until complete breakdown of all organic tissues
was accomplished. (Hara et al,, 2020). As per Rabari et al. (2023a), MPs were
isolated by buoying them in a hyper-saline NaCl solution (1.2 kg NaCl L-1).
Filtration of the supernatant solution was carried out using ashless Whatman
filter paper (Grade No. 41, pore size: 20um). Following the filtration, Petri dishes
were placed on top of the filter papers, and they were allowed to dry at room
temperature. The physical properties of MPs, such as size, colour, and shape,

were noted as each filter paper was examined under a zoom stereomicroscope.

Polymer identification of the extracted MPs was conducted at the CIMF
Laboratory, Department of Chemistry, HNGU, Patan, utilizing ATR-FTIR (Bruker-
Alpha). Polymer identification was conducted on 10% of the selected samples,
representing distinct classes of extracted MPs, following the protocols outlined
by Daniel et al. (2020) and Rabari et al. (2023b). The obtained spectra were
compared with known primary and secondary MP libraries (FLOPP and FLOPP-
e; n = 762 spectra) using the FTIR Essential software, which includes the library
developed by De Frond et al. (2021). According to Xu et al. (2020), Rabari et al.
(2022) have noticed that spectral matches with primary plastic polymers may be
influenced by fragmentation and biofouling. As a result, spectral matches more

than 70% were classified as MPs.

2.3. Contamination control
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Throughout the process of sample collection and laboratory analysis,
precautionary measures were implemented to prevent any potential
contamination. Prior to dissection, the collected samples were cleaned and
shielded with aluminum foil. Milli Q water was used to clean a metal tray and
stainless-steel utensils. For every set of sample analysis, three filter papers were
maintained as controls. The whole laboratory work was carried out in a secluded
location with little foot traffic in or der to further reduce environmental
contamination (Rabari et al., 2023a). To confirm that the retrieved MPs were
present, the hot needle method was used. Additionally, MPs were identified
through ATR-FTIR analysis. Concurrently, three salt-free blank samples were
analyzed to address potential MP contamination arising from sample

preparation. No MPs recorded in blanks.
3. Result and discussion
3.1. MPs abundance

In this research, the contamination of MPs was evaluated in the gut of four
brachyuran crab species, namely M. victor, S. serrata, D. blanfordi, and C. hellerti,
collected from three sample sites along the Bhavnagar Coast in Gujarat. A total of
421, 586, 173 ,104 MPs were found in the guts of Mutata victor, followed by
Scylla serrata, Dotilla blanfordi and Charybdis hellerii. Crabs M. victor (8.42 + 3.78
MPs/individual) had the highest average abundance of MP contamination,
followed by S. serrata (5.86 + 3.23 MPs/individual), D. blanfordi (3.46 + 1.27
MPs/individual), and C. hellerii (2.08 * 0.87 MPs/individual). (Figure 3). MPs
showed significant differences in average abundance between species (x2 =
47.49,p < 0.001, df = 169). Similarly, Watts et al. (2014) reported that in the crab
Carcinus maenas, the GIT was identified as the initial route of MP entrance.
Conversely, it was discovered that females were more likely to consume MPs
(Kleawkla, 2019). Males may be able to consume more MP than females because
they engage in more energy-intensive and demanding tasks, like reproduction.
Sartanpar had the highest average abundance of MP contamination (7.14 + 1.81
MPs/individual), followed by Gopnath (3.46 #* 1.27 MPs/individual) and
Zanzmer (2.08 * 0.87 MPs/individual). (Figure 4). MPs varied significantly in
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average abundance between study locations (x2 = 31.68, p < 0.001, df = 169).
According to Horn et al. (2019), Differences in anthropogenic activity levels at
the study sites could be a contributing factor to the variations in MP
contamination observed in crabs. MP pollution was found in higher
concentrations in urbanized areas that were marked by increased human
activities and poor management of plastic trash. (Vaid et al.,, 2021; Rabari et al.,

2022).
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Figure 4. Abundance of MPs (MPs/individual) between study sites.
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3.2. Physical characterization of microplastics
3.2.1. Shape of microplastics

MPs that were extracted were characterized by their physical attributes, such as
size, colour, and shape. Microfiber emerged as the predominant shape of MPs in
Mutata victor, Scylla serrata, Dotilla blanfordi, and Charybdis hellerii, as indicated
by the percentage composition analysis. A stereomicroscope was used to acquire
pictures of the retrieved MPs (Figure 5). Studies on MPs in Carcinus aestuarii
(Piarulli et al, 2019), Pachygrapsus transversus (de Barros and dos Santos
Calado, 2020), and Leptuca festae (Villegas et al.,, 2021) all showed consistent
results, emphasizing fibers as the most common shape. The introduction of fibers
into the marine environment may occur through sources such as fishing nets and
wastewater discharge. (Feng et al,, 2019). Additionally, investigations into both
terrestrial and marine activities along beaches have indicated potential

influences on the forms of MPs (Browne et al., 2008; Rabari et al., 2023b).

Figure 5: Representative photographs for microfiber.

3.2.2. Colour of MPs
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MPs were categorised according to colour, it was found that black-colored
particles predominated in every study site, followed by green, red, and blue.
(Figure 6). The maritime environment's prevalence of coloured MPs may be
caused by blue or black fishing nets. (Rabari et al., 2022). Wright et al. (2013)
discovered that MPs with blue and black colors can fool marine creatures into

mistakenly consuming them because they resemble their prey.
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Figure 6: Percentage Composition of MP colours found in four crab species.
3.2.3. Size of MPs

The size-based classification of MPs, the 1-2 mm size was found predominant
throughout the all study sites, followed by 2-3 mm, 3-4 mm, and 4-5 mm.
(Figure 7). D'Costa (2022) asserts that depending on a species' feeding habits,
level of MPs contamination can be varied. The identification of different-sized
MPs in crabs' gastrointestinal tracts (GITs) may be a sign that bigger plastic
items have fragmented in the marine environment. (Rabari et al, 2023a).
Smaller-sized MPs have the potential to cause detrimental effects on the biota
because of their greater surface area, which makes them more likely to acquire

sticky pollutants. (Robin et al,, 2020).
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3.2.4. Polymer composition of MPs

ATR-FTIR was used to determine the isolated MPs' polymer composition. Using
libraries of known plastic materials, obtained spectra were compared to estimate
the polymer compositions of MPs, which turned out to be polyethylene
tetrathionate (PET) and polyurethane (PU). (Figure 8). The sources of extracted
MPs in marine ecosystems can be predicted with the help of chemical
identification. (Rabari et al., 2023b). PET can be used to packaging materials,
plastics containers and fishing products (Rabari et al., 2023a). According to Zia et
al. (2007), PU is utilized in adhesives and marine equipment. The current study
emphasized the presence of MP contamination in four brachyuran crab species
along the Bhavnagar Coast in the state of Gujarat, India. According to Rabari et al.
(2022) and Song et al. (2023) MP buildup in the marine biota may have
detrimental impacts on species, including starvation, growth suppression,
aberrant reproduction, gastrointestinal tract blockage, and mortality.
Additionally, humans and higher taxa have the ability to biomagnified

accumulated MPs, indicating a concern to food safety.
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Figure 8: ATR-FTIR spectra of MPs: A) PET, and B) PU.

Conclusion

The current study examined the contamination of MPs in four brachyuran crab
species along the Bhavnagar Coast. The mean abundance of MP contamination
was higher in Mutata victor crab, followed by Scylla serrata, Dotilla blanfordi, and
Charybdis hellerii. Microfibers were the predominant form observed at each
research site. Shape, size, and colour polymorphism were discovered through
physical characterization of MPs. The polymer compositions of PET and PU were
identified by the chemical analysis of the isolated MPs. The current investigation
has offered initial insights into the concentration of MPs, providing foundational
knowledge that can be instrumental in designing studies to assess the
ecotoxicological effects of MPs on marine biota. Moreover, the study
recommended the need for effective plastic pollution mitigation action to achieve

the clean coast concept in marine eco-systems of India.
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Abstract

Micropropagation or clonal propagation is a specific aspect of plant tissue culture
dealing with the aseptic vegetative multiplication of plants in vitro. The application is to
produce large number of true to type aseptic plants in limited period of time and space.
Micropropagation of plants achieved by forced proliferation of shoots from axillary or
apical buds, production of adventitious buds and somatic embryogenesis. Establishment of
micropropagation protocol allows fast and continuous commercial propagation of valuable
medicinal plant and in vitro propagation ultimately protects this type of rare and
endangered plant by does not destroy the mother works. Established micropropagation
protocol serves as an indispensable tool to preserve medicinal plants and improve
secondary metabolite production.

Introduction

Medicinal plants play a vital role in the maintenance of human health throughout the world.
In fact, they are of critical importance in poor communities. Medicinal plants also play an
important cultural role as well as important economical role. Knowledge of their use is
wide spread and their efficacy is trusted, based on a long history of use (Chopra et al, 1956).
Medicines derived from plants include aspirin, taxol, morphine, reserpine, colchicine,
digitalis and vincristine. There are hundreds of herbal supplements such as Ginkgo,
Echinacea, Eucalyptus, Aloe, Withania etc (Kokate et al, 1997).

The World Health Organization (WHO) estimated that 80% of the population of developing
countries still relies on traditional medicines, mostly plant drugs, for their primary
healthcare needs. Also, modern pharmacopoeia contains at least 25% drugs derived from
plants. Demand for medicinal plants are increasing in both developing countries due to
growing recognition of natural products, being non-toxic, having no side-effects, easily
available and that too at affordable prices.

The cultivation of medicinal plants is necessary because of the following reasons (Kokate et
al, 1997)-

i.  In nature, there remains a wide variation among the plant with regards to their

active principle. As only the best among them are used for cultivation, it enables us
to obtain raw material of homogenous quality and high potency.
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ii. Itis easy to grow and fulfill the commitment of large-scale supply through cultivated
sources rather than from natural resources, which mainly depends on nature for
their regeneration and availability.

iii. In many cases, plant collectors are engaged in destructive collection/extractive
methods, which have resulted in many plants becoming extinct or being listed as
threatened.

iv.  The growing pressure of population/urbanization and the development of roads to
remote area have resulted in deforestation and loss of natural plant resources.

v.  Despite the fact that our forests are major resource base for medicinal plants, as
many of them appear in the wild, the importance of this has been government
agencies.

Tissue culture techniques are becoming more popular as an alternative means of plant
vegetative propagation. The idea of cell and tissue culture was coined by a German plant
physiologist Gattlieb Haberlandt (1854-1945), who is regarded as the father of plant tissue
culture (Chawla, 2002). Tissue culture is used in its broadest sense to include the aseptic
culture of plant parts of widely different organizational complexities including controlled
conditions (Gamborg and Phillips, 1996). The last three decades have seen a very rapid rise
in the number of plant scientists using the techniques of organ, tissue and cell culture for
plant improvement.

Tissue culture techniques have been exploited to increase the number of desirable stock of
germplasm available to the plant breeder, to create genetic variability for plant
improvement programmes and to improve the state of health of the planting materials
(Kannan, 1998).

Among the various applications of plant tissue culture, micropropagation of plant species
has attained the status of large plant based industry. The developments in the study of
various aspects of plant growth and differentiation were rapid during 1960s and 1970s
(Chand and Ramawat, 2000).

Micropropagation:

Clonal propagation in vitro is called micropropagation. Webber first used the word ‘clone’
for cultivated plants that were propagated vegetatively. Clone means twig, spray or a slip,
like those broken off as propagules for multiplication. It signifies that plants grown from
such vegetative parts are not individuals in the modernity sense, but are simply
transplanted parts of the same individual and such plants are identical. Thus, clonal
propagation is the multiplication of genetically identical individuals by asexual
reproduction. Murashige (1974) out lined three major stages involved in micropropagation

(Fig-1)-
Stage I: selection of suitable explants, their sterilization and

transfer to nutrient media for establishment. That means initiation of a sterile culture of the
selected explant.

Stage II: proliferation or multiplication of shoots from the explant on medium.
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Stage III: transfer of shoots to a rooting medium followed later by planting into soil.

Micropropagation and plant regeneration can be grouped into the following categories-

ii.

iii.

Enhanced release of axillary bud proliferation: i.e. by multiplication through growth
and proliferation of existing meristems through shoot tip culture, single node/axillary
bud culture.

Organogenesis: It is the formation of individual organ such as shoots and roots from
the explant directly or indirectly through callus.

Somatic embryogenesis: It is the formation of a bipolar structure containing both
shoot and root meristem either directly from the explant or de novo origin from the
explant.

Fig-1: Micropropagation steps as proposed by Murashige (1974)
Selection of mother plant

Explant

Establishment on growth medium

Proliferation

Rooting

l

Hardening

Transfer to the field

Various advantages of micropropagation:

i.

il.

iii.

iv.

Shoot multiplication can be achieved in small space because miniature plantlets are
produced.

Propagation is carried out under sterile conditions. No damage is caused due to
insects and disease, and plantlets produced are free from microbes.

Through virus elimination by meristem culture, a large number of virus-free plants
can be obtained.

Cultures are carried out under defined conditions of environmental, nutritional and
tissue system; therefore, it is a highly reproducible system under the defined set of
conditions.
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v.  This production is unaffected by seasonal variations as uniform conditions are
maintained.

vi. No care is requiring between two subcultures as compared to conventional
vegetative propagation system like watering, weeding.

vii.  Small greenhouse facilities are sufficient because of miniature size of plantlets.

viii.  Mother plant or genotype of stock plant can be stored and maintained in vitro
without damage through environmental factors and stock plants.

ix.  The plants that are difficult to propagate vegetatively (recalcitrants) by conventional
method can also be propagated by this method.

Various plant species (woody and herbaceous) have been successfully propagated through
micropropagation for example Bamboo (Raste and Bhojwani, 1998), Emblica officinalis
(Jasrai et al, 1998), Morus laevigata (Ahlawat et al, 1999), Azadericta indica (Sharma et al,
1999), Leucaena leucocephalla (Bhat et al, 2000), Courupita guianensis (Kathiravan et al,
2000), Acacia species (Beak and Dunlap, 2001), Lagerstomia parviflora (Tiwari et al, 2001),
Phyllanthus amarphus (Bhattacharya and Bhattacharya, 2001), Jatropha curcus (Rajor et al,
2002), Centella asiatica (Nath and Buragohain, 2003), Rose (Roy, 2004).
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Abstract

In Gujarat, potatoes are a major cash crop. Potato production has increased drastically
all over the states. The food processing field, home consumption, and potential for
export stimulate potato demand. While potato production in India has increased, the
business is infected by various difficulties. Post-harvested losses due to unsuitable
handling and storage. The availability of quality potato seeds is a major problem. This
study shows the impact of different culture systems and nutritional supplements on
developing and optimising an appropriate system for in vitro shoot development,
microtubers formation, and preservation conditions. Three distinct, primarily suited
potato cultivars were grown in vitro, and the shoot formation methodology was
standardized. The microtubers technique was adjusted using four-week-old shoots,
and a mean of four microtubers per shoot was seen on the Murashige and Skoog
medium supplemented with sucrose (8%). Harvested microtubers were used to test
storage conditions, and shoot development from microtubers was studied in vitro and
ex-vitro. After 18 days of storage at 4 °C in vitro and ex-vivo, all micro tubers grew
healthy shoots, and the resulting plantlets demonstrated >90% survival in the
greenhouse. A suitable microtubarization process may assist in the distribution of
high-quality potato seeds, which are in great demand in Gujarat. This study confirms
the viability of long-term germplasm preservation and micro tubers-based farming
strategies in Gujarat.

Key-Words: Micropropagation, liquid culture; sucrose; microtuber storage;
germplasm

Introduction

Potatoes serve as a versatile staple in the Indian diet, offering nutritional diversity and
playing a crucial role in ensuring a stable food supply for the country's growing
population. India is a significant contributor to global potato production, ranking
second worldwide. The cultivation of potatoes spans an extensive area of 2.13 million
hectares in the country, yielding a substantial production of 43.77 million metric
tonnes, as reported by Viswanath et al. in 2018.Gujarat, holding the fourth position in
the cultivation of potatoes, considers the potato as a crucial cash crop. The state leads
the nation in terms of productivity, cultivating the crop across 125,000 hectares of
land. The remarkable surge in potato productivity and production, referred to as the
"Brown Revolution,” positioned India as the second-largest potato producer globally.
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With a projected population increase of 19% by 2050, India faces a tremendous
challenge to increase its production of all food crops, including potatoes, to meet future
demands (Bamberg et al, 2005).

Potatoes are predominantly cultivated through vegetative propagation methods
(Srivastava et al,2012). Farmers primarily obtain seed tubers from the Central Potato
Research Institute (CPRI) located in Himachal Pradesh, India. Despite the availability of
cultivars with enhanced resistances and tolerances to abiotic and biotic stresses, the
challenges faced by potato farmers persist, indicating that these improved varieties
alone are insufficient to address the underlying issues. Nevertheless, potato farmers
continue to face challenges, as the issue persists despite the availability of cultivars
with enhanced resistance and tolerance to both abiotic and biotic stresses. Complete
fields being destroyed due to late blight epidemics are reported relatively frequently.
The extent of yield reduction caused by late blight in India fluctuates annually, ranging
from 20% to 75%. The pathogen induces water-soaked lesions surrounded by
chlorotic borders, initially small but rapidly expanding under humid conditions. This
leads to the swift blighting of the entire plant within a few days, followed by the decay
of developing tubers, ultimately resulting in substantial yield losses under favourable
conditions (Sundaresha et al, 2015) [10]. The cost of seed tubers constitutes
approximately 34% of the overall production expenses, along with additional costs
related to transportation and storage. Over the past 50 years, the production of
potatoes in the state of Gujarat has greatly increased. In terms of productivity in 2003-
04, Gujarat was the second-most productive state.

Plant tissue cultureor micropropagation, offers numerous benefits,
including the production of true-to-type plants that are clean, disease-free, can be
cultivated year-round, and are easily transportable. Microtubers, also known as "in
vitro" formed tubers, are tiny seed potatoes found in between "in vitro" plantlets and
minitubers (Nistor et al, 2010). The initial generation of potato seed from tissue
culture, known as microtubers, is utilized to address issues with transferring plantlets
from "in vitro" to "in vivo" environments. In vitro produced microtubers and plantlets
obtained through meristem culture can be used by farmers to obtain disease-free
plants, especially virus-free planting materials (Borna et al., 2019). Because of their
small size and low weight, microtubers have several benefits for mechanization,
storage, and transportation. Microtubers serve dual purposes in germplasm exchange
and conservation, as they can either be utilized in greenhouses to yield minitubers or
directly deployed in the field. They may be grown at any time of year and planted
directly in the ground. The in vitro production of microtubers plays a crucial role in
generating and preserving valuable seed potato stocks. Potato microtubers obtained
by “in vitro” culture from single-node cuttings are convenient for handling, storage and
exchange of a healthy germplasm, representing an important component, along with
plantlets and minitubers, for seed potato production programs (Rozu et al., 2004).

This study aimed to create an effective procedure for in vitro propagation of potato
cultivars and microtuber formation employing a liquid culture system. An evaluation of
the microtuber development process' performance was done by compared the semi-
solid and liquid culture systems. To produce the microtubers, different sucrose
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concentrations and plant growth regulators have been used. The effect of microtuber
storage conditions and size were also evaluated for plantlets’ development and
acclimatization.

Materials and Methods
Plant Materials and in Vitro Culture Initiation

Different types of potatoes (Solanum tuberosum L.) Varieties like- Kufri Pukhraj, Kufri
Badshah, and Kufri Leema - were collected from the Potato Research Station, Gujarat,
India (Fig. 1). Potatoes were refrigerated at 4°C for 6-8 weeks. In vitro cultures were
started using potato bud sprouts as explants (Figure 1B). Surface sterilization of bud
sprouts involved a 5-minute treatment with 0.1% HgCl2, followed by a 5-minute
exposure to 8% Sodium hypochlorite. Subsequently, the sprouts underwent a
thorough rinsing process with autoclaved deionized water, repeating the wash four
times, with each rinse lasting 3 minutes. The bud sprouts were grown on a semi-solid
MS (Murashige and Skoog) [8] basal medium supplemented with 0.8 g of Agar and 3%
sucrose after sterilization. Before the medium was autoclaved for 20 minutes, its pH
was adjusted to 5.70. at 118 kPa and 121 °C.

The in vitro cultures were sustained on MS (Murashige and Skoog, 1962)
medium with an addition of 3% sucrose, following standard culture conditions of a 16-
hour light and 8-hour dark photoperiod. The light was provided by cool white
fluorescent lamps with a light intensity of 40 pmolm-2s-1. The optimization of shoot
multiplication medium involved utilizing both liquid and semi-solid MS medium, with
the addition of varying concentrations of Benzyl aminopurine (0, 0.2, 0.5, 1.0 mg/L)
and Gibberellic acid (0, 0.1 mg/L). For the purpose of developing roots, micro shoots
that have been taken from the cultures used in shoot multiplication tests were placed
in basal media.

Microtubers formation and storage:

For the microtuberization experiments, four-week-old in vitro shoots
with five to six internodes were utilized. For the goal of developing microtubers,
different concentrations of sucrose (3, 6, 8, 10%) were utilized in both the liquid and
semi-solid media. The culture vessels containing liquid medium were consistently
placed on a rotary shaker at a constant speed of 100 rpm. After a 6-week cultivation
period, the total number of microtubers was noted. Microtubers measuring over 0.5
cm were collected and stored in a dark environment at a temperature of 4°C in the
refrigerator. The assessment of shoot development from microtubers was conducted
both in vitro and in greenhouse conditions following storage periods of 0, 1, and 2
weeks. Rooted shoots, originating from both microtubers and directly from nodal
explants, were transplanted into trays filled with a soil mixture and covered with
plastic for a duration of 10 days. Every experiment was run twice, requiring a
minimum of three replications. Tukey's test was used to compare the means, and
values with p < 0.05 were deemed statistically significant.
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Results and discussion

Potato cultivation faces significant challenges due to the limited accessibility of region-
specific potato varieties and their seed tubers, as well as issues related to
transportation and storage losses. The objective of this current research was to
develop an economical method for producing microtubers and to examine the impact
of liquid culture systems, nutrient mediums, plant growth regulators, and the number
of sub-culture cycles on plant quality, as well as the quantity and size of tubers during
the stages of potato shoot multiplication and tuber induction. Generally, protocol is
genotype specific, the optimized protocol will be evaluated based on three potato
cultivars to make the most common protocol.

A sterile culture of three diverse potato cultivars has been initiated using bud sprouts
as the explant (refer to Figure 1C, D). Every bud sprout exhibited a positive response to
the MS basal medium for shoot development; however, approximately 22%
experienced contamination within a 10-day period. Shoot multiplication and
development were carried out using individual nodal segments. The Kufri Badshah
cultivar demonstrated the greatest shoot height (8.6 cm) and number of internodes
per shoot (6) when grown in a semi-solid medium with MS supplemented with BA (1.0
mg/L) and GA3 (0.1 mg/L), outperforming other levels (Table: -1).

Table:1 Effect of different concentration of BAP+GA on shoot multiplication in
MS basal media

Name of | Hormones name and concentration (mg/1) (MeanSE)
Varietie
S
Control BAP(0.2)+GA(0.1 | BAP(0.5)+GA(0. | BAP(1.0)+GA(0.1)
) 1)
Shoot No. of | Shoot No. of | Shoot | No. of| Shoot | No. of
length | shoots | length | shoots |length | shoots |length | shoots
/node /node /node /node
S
Kllfri 1.73%0.2 3.86x0.2 5.9+0.1 | 3.33x0.3 | 7.6+0.2
Pukhraj 3 1+0.57 6 3+0.57 7 3 6 4.33%-.88
Kufri 194023 | 26%03 | 476202 |, o | 73¥03 | o | 86201 64057
Badshah | =~ 3 9 o 2 o 8 -
Kufri 1.73+0.2 | 2.6x0.8 | 4.23+x0.2 | 2.3320.3 | 6.7£0.2 | 2.66%0.3 | 7.4+0.2 44057
Leema 6 8 4 3 0 3 6 -

A higher number of microtubers (4 microtubers per shoot) was noted when the MS
medium was enriched with 8% sucrose, a significant increase compared to varying
sucrose concentrations in Kufri Badshah varieties. Sucrose, serving as the carbon

4
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source, plays a pivotal role in the medium for the development of microtubers (Kauri
and moorby, 1995, Yu. et al, 2000). One of the Higher numbers of microtubers (4)
were observed in liquid culture system. A liquid culture system based on temporary
immersion has been documented for the development of microtubers (Sarkar and naik
1998). The size and numbers of the tubers varied by cultivars; however, the cultivar
response was not significantly different. Similar observations were recorded in the
study conducted by Akita and Takayama 1994. In the present study, an average of 15
microtubers per flask was harvested after 6 weeks of culture. (Table:2)

Table:2Effect of different concentration of sucrose on microtuberization in MS
liquid media

Name of Sucrose concentration (%) (Mean=SE)
Varieties

No. of microtubers/Nodes

Control Sucrose (3%) Sucrose Sucrose Sucrose

(6%) (8%) (10%)
Rufri 1 334033 1.66+033 | 2.66+033 | 3057 2+0.57
Pukhraj
Kufri 1£0.57 2.66+0.33 23340.66 | 4+057 | 2.66%0.33
Badshah
Kufri
0.66+0.33 1.33+0.33 1.66+0.33 | 3.33+0.33 2+0.57

Leema

Microtubers with a size greater than 0.5 cm were collected and stored in a dark
environment at 4 °C in a refrigerator. Our observations revealed that all microtubers
successfully produced shoots both under in vitro conditions and in the greenhouse
following 18 days of storage. The uniformity of microtubers and size were important
factors for shoot development Donnelly et al, 2003. All shoots from in vitro
microtubers survived in the greenhouse conditions. In 10 days, rooting was observed
in all shoots from the microtubers and nodal explants when transferred to half
strength MS basal medium. Three-weeks-old rooted shoots from nodal explants and
microtubers acclimatized successfully, with a survival rate of more than 90%.
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The major issue of the lack of healthy seed tubers of tolerant cultivars can be resolved
by mass producing microtubers and supplying them at low cost. The optimized
protocol can be used to mass-produce disease-free microtubers at commercial scale.
Various potential germplasms, as well as their microtubers, can be maintained under
in vitro conditions using the standardized protocol, showing potential for farmers and

breeders.

Figure:l In vitro shoot multiplication and microtubers development in various potato cultivars. Potatoes of
various cultivars were collected from Potato Research Station, Gujarat, India (A) and bud sprouts (B) were used to
initiate the in vitro cultures (C,). In vitro shoots were multiplied on optimal Murashige and Skoog basal medium (D)
and individual shoots with 5-6 internodes were used for microtuber development on liquid (E) medium. The
microtubers were collected and stored in the refrigerator at 4 °C (F) and all microtubers developed healthy shoots
(G) after 18 days. All the shoots developed from microtubers were transferred to the greenhouse (H) with more
than 90% survival rate.

Conclusion

In conclusion, in vitro cultures of three different locally adapted potato cultivars were
established, and the shoot multiplication protocol was standardized. Shoot
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multiplication highest recorded in BAP (1.0) +GA (0.1) mg/l. The microtubers protocol
was optimized using four-week-old shoots, and a mean of four microtubers per shoot
was observed on the Murashige and Skoog medium supplemented with sucrose (8%).
Harvested microtubers were used to evaluate storage conditions and shoot growth
coming out from microtubers under in vitro as well as ex vitro conditions. This
optimized protocol emphasizes the importance of living germplasm conservation
under in vitro conditions
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