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Abstract:

Amitav Ghosh is the historical novelist who represents the past, present and future of mankind
with the help of historical phenomena. This representation of history is scattered in fiction with
the help of characters. Characters life plays vital role in depiction of history. Hence, the
characters of his novel becomes the object of study. The narration of the life of the characters
focuses on the historical events of specific period. In Ghosh’s novel, the characterization of the
female characters accentuates to the historical incident. The female characters are engaged with
the social, political and economic facts which is the basic facts of representation of history. In
this context, this paper presents the role of female characters in the historical novel Sea of
Poppies.

Introduction: .

The historical novel Sea of Poppies is the first piece of Ibis trilogy. It is published in 2008 and is
nominated for Man Booker Prize of 2008. It is set in 1838. The story of the novel unfolds in the
north India and the Bay of Bengal, first Opium War. it gives the details of three years opium war
between British and China. The epic novel compounds the several characters to perform
novelistic action, for intended purpose of the author. Amitav Ghosh sketches the gallery of the
characters who are belong from different caste, gender, creed, religion, race and nationality etc.
These characters gathered at Ibis ship because of the opium farming, trade and slavery. The story
of the novel revolves around the characters who are belong to the different layers of the society.
They are representatives of the society of the 19" century. It is the novel of the characters, rather
than incidents. The incidents of the novel plays minor role in the novel because incidents and
characterization ot the novel is belong to the characters who are subaltern. They are neglected
from the society. Ghosh projects the neglected persons, things, incidents and events of history. e
Hence, along with the subaltern, women are projected in his novel as the point of discussion.
Where new feminists criticized the historians for negligence towards women. In this concern,
Buhle noted that: “Feminists observed that the new social historians continued to make men and
men’s affairs component of their analyses” (Buhle:1993:320). Even turther, he noted that: “As
feminist scholars began to demonstrate the vitality of sex as a category of historical analysis,
they surpasses other social historians in grappling with the theoretical subtext of their own
enterprise: the grounds for considering women a discrete group™ {Buhle: 1993:321), Ghosh has
paved the way to the women in representation of history as prominent factor.

The Ibis was carrying the opium, ¢riminals and indentured labors towards the Mauritius.
These people were leaving behind their well-unwell life, expecting the life bestowed upon them
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by destiny. Every character is having their own past; this past of character contains the story of
social strata of the 18" century’s society. This panorama of the characters fulfills the novelistic
accomplishment. The novel is divided into three main parts: Land River and Sea. These parts
include subparts which contain the story of characters. The novel begins in eastern Bihar's
village where protagonist character Deeti was living. The other character’s characterization and

development in the novel passed through her characterization. Ghosh writes very beginning of
the novel about the Ibis ship with the help of her as:
aii on the ocean, came to Deeti on an

otherwise ordinary day. but she knew instantlv tht the apparition was a sign of
destiny for she had never seen such a vessel before, not even in a dream: how
could she have, living as she did in northern Bihar, four hundred miles from the

coast? {3).

The vision of a tall-masted ship, at s

Deeti is the ordinary village woman who was suffering from the gender biased {ndian society.

Her appearance in the novel described by the author as ‘Chudaliya, dainiya’ {witch) because of
colour of her eyes.She is the mother of six year old child Kabutari. She matrried to afeemkhor
Hukum Singh who was serving in the British Army, with his brother Kesari Singh. This marriage
took place without her consent, which was ordinary in those days. Hukum Singh was lame by
injury of one leg. This lameness was the outcome of shot in leg while serving in the British
Army. But this would not become obstacle in the marriage. After this injury, Hukum Singh
started to work in the opium factory of Gazipur.He was belong to the high caste Rajput. Deeti
was drugged by her mother-in-law to rape her by her brother-in-law Chandan Singh, on wedding
night. She realized all reality after some period. -

ng weeks, when Hukum Singh showed no
in a state of torpid, opium-induced
ed a few stratagems to break
it was pointless to withhold

Her suspicions deepened in the followi
further interest in her, being usually
somnelence by the time he fell on his bed. Deeti tri
him from the spell of his pipe, but all to no avail:
opium from a man who worked in thevery factory where it was processed; and
when she tried hiding his pipe, he guickly fashioned another. Nor did the effects
of temporary deprivation make him desire her any more: on the contrary, it
seemed only to make him angry and withdrawn. At length, Deeti was forced to
conclude that he could never be a husband to her, in the full sense, either because,
his injury had rendered him incapable, or because opium had removed the
‘nclination. But then her belly began to swell with the weight of a child and her
suspicions acquired an added edge: who could have impregnated her if not her

husband? What exactly had happened that night? (36)

Her mother in law tells her that she is like Draupadi of Mahabharata. She knew that her mother
er pregnancy and father of her child. The opium’s influence on mother m
admitted that the child’s father is not Hukum Singh but her brother in
hrough ber words as:

in law knows about h

faw revealed truth. She
law. Deeti’s roar of chastity of the Indian woman is expressed ¢
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“Listen to me: I will bum on my husband’s pyre rather than given myself to you” (154). The
Indian society exploits the woman in the name of the honor and respect. Afrer the death of her
husband people inhale her opium to sit on pvre of her husband. The brother in law of Deeti
Says: “To have a sati in family will make us famous. We’ll build a temple for you and grow rich
on the offerings™ (130). The custom of sati is discussed by Ghosh as the historical truth related
with the Indian woman. Ghosh has put forth the idea of sexual exploitation of women in the great
family in the name of clan and family reputation. He uses the female character like mother-in-
taw of the Deeti as viilainous character against woman to show that women never know the fact
what are they doing in the name of reputatiorn. The right of liberty is totally demolished in the
[ndian society of the 19" century. The character of Kalua raises against society to help the
exploited woman. As being ox-cart driver, from the lower caste Chamar, he saves the Deeti from
the funeral pyre. And elopes with her.Ghosh forms the unification of exploited Deeti and Kalua
to show the strong reaction against the traditional Indian society. Even, the change in the
behavior of the Deeti focuses the revolutionary attitude of woman. The suppression of women in
Indian society came to the edge where all things, customs came to shattert Even, the identities of
woman were changed in the 19™ century, due to the social, political suppression. These
suppression gives birth to the new identity. Deeti’s migration changed her name. At the
beginning, Deeti changed to ‘Kabutari ki Ma’. After elopement with the Kalua, she became Adit
and Kalua as Madhu. Liberty of the woman brutally crushed into the patriarchy of the Indian
society.
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On Ibis she became the girimityas with new name Madhu. Girmityas called her bhaugi. She was
) the feader of them. She prepared herself for the help of everyone. She intervened in the matter of
Jodu and Muniah. When Jodu was beaten and Muniah was locked in room because she had a
relationship with the Muslim boy. Indian society is engrossed by communalism whose victim
) was always a woman. Even Muniah was expelled by parents from village when she became
pregnant by illicit relationship with the man who was working in opium factory.

Another female character Heeru represents the historical truth of the society. The women like
Heeru was left by the husband for impotency or not giving birth to male heir.

The characters of Ratna and Champa are represent the life of women who were suffering with
. . . s } ) .
thetr husband after land confiscation. Ghosh has shown the social strata of 19" century Indian
women. .

Sarju is the woman character who came to Ibis as punishment for his mistake in delivery of
Thakur’s son. This old lady gave the seeds of different crops to the Decti. She died on the Ibis
due to her health condition. Ghosh depicted the social custom of suppression of woman of lower
class from the upper class. They were treated like the slave or animal. The women who were
farmers in this period. kept seeds for future use.

Raja Neel Ratan Haldar is a bankrupt landowner of Rashkali estate. He had eight vears oid son
and a mistress named Elokeshi. She was once famous dancer. Malti is the wife of the Neel who
represents the passiveness of Indian woman. She watches the illicit relationship of Elokeshi and .
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Neel. When all the property of Neel were confiscated and sent him to Ibis for Mauritius. His wife
tells him to take care. She has to live in small house but she never complains about it.

Another female character is Jodu’s mother. She was the Ayah of the Lambart Sahib’s daughter
Miss Paulette. Paulette bom on the boat of Jodu’s father, Jodu’s mother nourishes her like her
own child after the death of her mother. She learned Bengali and ate Indian food like, Khichadi.
She speaks English and Bengali. She is the woman who tolerate all things to achieve her goal.
She became the girmityas with Baboo Nob Kissin on Ibis to reach Mauritius. M. Pierrre
Lambert serves as the assistant curator of Calcuita Botanical garden. Jodu was in search of Miss
Paulette, loads his boat with remaining after the burial of his mother.

Taramony is the guru ma of the Baboo Nob Kissin. Baboo Nob Kissin’s uncle married to the
Taramony six years before to get male heir but unfortunately it would not came into reality, Her
husband was much older than her. Her husband’s wish was to leave her Brindavan to lead her
widowhood life. Baboo Nob Kissin surprised by her spiritual knowledge. He considered her as
guru ma. After the death of Taramony due to the fever, he became sensitive towards women. He
thinks that she would come to back to fulfill their goal of spiritua! life as per her opinion. Ghosh
focused on the spiritualism related with woman. Women like, Taramony had to live with

spiritualism to lead their widowhood.

Mrs. Burnham and their daughters are example of the women who were influenced by the
British. The supremacy of the language, culture and attire of the British influenced to them.
Through, these character Ghosh shows the attraction of women towards British culture in the 1o
century.

In short, Ghosh has caricatured the social strata of the 19" century through the women
characters. Women are tool to the author to depict historical reality. Subaltern and ignored
women become the center of this novel. The novel revolves around the female characters. These
characters influences to the historical incidents, even it clarifies several ambiguities and depth of
the issues. Ghosh has only ‘women charactersto present historical reality because male
characters never performs any dominant action in the novel. The women characters like, Mrs.
Paylette, Taramony, Heeru, Muniah, Ratna, Champa, Deeti, Mrs Burnham and her daughters,
Elokeshi, and Malati are dealt with the anyhow prominent history, without them social history of

19" century cannot be completed in Ghosh’s novel. ,
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As the geographical vision Dhadgaon
tahsil is the important for satpura mountain and
Narmada river. Dense forest, hills, vatley
catchment area and plateau etc. chandsaili is
about 1100 meter and forest villages like fuali,
Zapi and old Toranmal are the important villages
of Toranmal plateau on the bank of Narmada
river. There forest village Bilgaon has great
waterfall and contains beautiful sight scenary
and envircnment

in Dhadgaon tahsit the tribal handicraft
artisan are backwards in education, because of
natural, eocnamical and social factors.

1. The Dhadgaon tahsil is the remote
area, hilly valley, plateau catchment in lack
communication lacking and lack of freight are
the major factor for lack the education of tribal
handicrafts artisan.

2. in dhadgaon tahsil the zapi, fali, and
shindidigar are located at Narmada river edge.
They are lack of primary education. Schoois are
openor run for 2/3 months only inyear. Therefore
the children of this handicraft artisan are lack
of education,

3. Lack of education in forest viitages is
responsible to low moderate literacy.

4. 1n these forest viliages every year’s
rainfalls occurred about 100 to 200 meters. These
are the factor of Narmada reviver floods. Because
the children are pedestrian crossing the rivers, in
rainy session school 1 to 2 months prohibited.
These are back of the triba! children education.

5. This is the important to government
should concentrates these area with political
members and rating of education will grow.
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INDIAN ENGLISH FICTION
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ABSTRACT
Women have made remarkable

contribution to Indian English Literature. in
fiction, there is ample scope for the expression
of feminine sensibility. Woman is herself a

creator of literature and is all pervading. Woman h

is the cause of all actien. if woman is ahsent,
there is no poetry, nc s0Ng, no drama, no tears,
no laughter and ultimately no life in this world.
But they are still walking on a tight rope to
schieve their human rights and social justice.
Indian woman at the turn of century are in a
transitional phase via- a- vis the interface of
tradition and modernity. The different aspects
of feminism are stressed through the Indian
English fiction. The Women novelists like Anita
Desai, Shashi Deshpénde and Bharati Mukherjee
have made remarkable contribution to fiction in
indian English Literature. They have projected
the various images of women In society. This

study attempts to present various perceptions

and images of women projected by Indian
women English novelists.

KEYWORDS: feminism, women writers, Indian,
image elc.

The perception of women in indian
women novelists hasundergone a change during
the last four decades. Female characters from
1980s onwards assert themselves portrayed by
them defy marriage and motherhood. Theyhave
moved away from traditional portrayals of

som): Interdisciplinary Muitilingual Refereed Journal fil i

cor 7.840(LIEY

I8



MAH MULD3051,/2012
ISSN: 2319 9318 Peer-Reviewed

nternational Journal

April To June 2021

Issue-38, Vol-06 078

enduring, setf-sacrificing fernale characters to
more dynamic, ready to unyoke the barriers of
tradition, and to spend their lives in search for
identity within and outside the social system.
The works of some recent well known Indian
English women writers like Shashi Deshpande,
Anita Desai, Bhartl Mukherjee, Kiran Desai and
others offer full range of experience of the
emerging indian woman who rooted in
traditions. It is firmly committed to redefining
her role relatedness to various institutions of
the society in the light of modern thought and
cansciousness. They have also anaiysed the
socio-cultural modes and values that have given
Indian new roles and images as their well-
argued motives and efforts to achieve a
harmonious relationship with their surroundings.

Feminist approach is the prominent in
modern and post-modern literature, The modern
and post-modern women writers advocated
feminist approach in their writings. Feminist
literature in English is not a recent innovation.
It is a product of the western liberatization in
general and feminist thought in particular. The
feminism’ is World-wide movament to secure
equality of women with men with all human
rights — social, political, economic, moral,
religious, education and soon. Feminism argues
that woman should be left alone to live on her
own strength and means to fight against the
unjust system and obtain her won subsistence
and thereby remove her dependent status. itis
an assertion of the value of woman as woman,
and expression of struggle to establish a
woman’s identity. it is global and revolutionary
ideology. It signifies the emergence of female
power in arder to get rid of their excessive and
undue dependence on men. It is socio-cultural
moverment that aims at the freedom women from
male domination in the patriarchal society. In
patriarchal culture, woman s a social construct.
Feminism is generally seen as a struggle against
all patriarchal and sexist oppression. It is
concerned with the emancipation of women by

liberating them from man’s domination. It
demands that women should be treated as
autonoemous individuals and not as passive
objects; that equal attention and opportunities
should be given to women for education and
employment for their economic independence.
What particularly signifies the situation of
women is that she finds herself living in a world
where she is compelled to assume the status of
the ‘other’. Society decrees that womapn is
inferiorto man. Legally she has been given equal
rights with man, but the submissive and gentle
nature of women embedded deeply into their
psyche which did not disturb the maie-
dominance in the family. The issues regarding
ferninism have been keenly handled in the works
of indian English fiction writers like Anita Desai,
Shashi Deshpande, Bharti Mukherjee, Gita
Hariharan, Kamala Markandaya, Shobha De,
Arundhati Roy, Mahashewta Devi, and
Nayantara Sahgal etc. These Indian women
novelists have presented women’s issues
realistically both. psychologically and physically
in their novels. They have broken the literary
and social norms of the past. They studied deep
into psyche of their characters and projected
various images of women and their status in
society. The present research article deals with
the feministic aspects and image of women in
Indian English fiction with speciat reference to
the select novels of some Indian women writers.

Anita Desai, one of the promifient Indian
wormen English novelists, was born on June 24,
1937 in Delhito a German mother and a Bengali
father. She grew up speaking German at home
and Bengali, Urdu, Hindi and English at school
and inthe city streets. She married with Ashwin
Desai, businessman. They have four children
including Booker Prize winning novelist, Kiran
Desai. Her first book, Cry, the Peacock, was
published in England in 1963, and other noveis
include In Custody (1984) and Baumgartner’s
Bombay (1988). She is a very distinguished
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both in india and abroad. Woman writers of alf
ages have a natural preference for writing about
women characters. Anita Desaij is no exception
in so far as, She has written by and large about
women characters through her fiction. Her
femaie characters go through psychological
turning point. She herself has admitted that she
is a painter of the inner world of her
protagonists. Being a woman writer she s mare
aware of the pains and pangs of the woman.
She triesto present a psychological world of the
woman through her fictions. She throws fight
on the psyche tortures, familial troubies, partial
social treatment, and marital malfadjustment,
outdated social and cultural traditions which
affect the psychological life of the woman,

Throughout her novels and short stories,
Desai focuses on the personal struggles of
anglicized, middle class women in contempaorary
India as they attempt to overcome the societal
limitations imposed by a tradition bound
patriarchal culture. Her novels move around
women characters although she is precccupied
with the theme of incompatible marital couplets,
Most of Desai’s works engage the complexities
of modern Indian culture far from feminine
perspective while highlighting the female Indian
predicament of maintaining a self identity as
an Individual,

Cry, the Peacock is a novel mainly
cancerned with the theme of disharmaony
between husband and wife relation ship. It deals
with the psychological consciousness of the
female protagonists and is aptly illustrated
amidst detail images, manologues and
flashbacks. The female character Maya, in the
novel, envelopes the reader as she unfolds the
growth, development and climax of her neurosis.
Maya is a young girl obsessed by a childhood
prediction of disaster. The story unfolds that
Maya’s father without thinking much married her
off to his own lawyer friend - Gautam who was
middle aged man. The marriage was never
fruitful and slowly Maya turns into a psychapath

whose emational needs were seen to be collided
with that of the extremely practical outlook of
her husband. The climax of the story lies when
Maya’s attachment with her father further
develops into and ‘Electra Complex’ which again
acts as the catalyst in the deflowering of her
mariftal reiationship with her husband. Extremely
frustrated Maya then looks back to the class of
her childhood spent with her father. This
reminiscence of those long lost days serves as

the defense mechanism to set her free from her

inner frustration and conflict. This dark state of
affair is again unacceptable by the conscious
mind of Maya. She relaxes her tension by
pondering unconsciously on how “Peacock
breaks their bodies” in order to receive their own
pain. Here comes the sense of violence, the
feeling of killing or get killed which enguifs
Mavya. The violent desire of killing her husband
awakening from her own frustration as revenge
against his icy cold impressiveness and
indifferences weaves the story Cry, The Peacock.
The very concept that woman needs something
more than just food, clothes and accommodation
are aptly illustrated in this novel, The hyper
sensitive mind of the womenisillustrated by Anita
Desaiin the tender way where the atmosphere of
tension is set ideally against the backdrop.

In Anita Desai’s novels Cry the Peacock,
Voicesin the City, Fire onthe Mountain, She has
explored the psyche of both Childless woman
and women with Children. She has covered
women of all age groups and types. Anita Desai’s
work represents a unigue blending of the Indian
and the western, Her novels catch the
bewilderment of the individual psyche
confronted with the overbearing socio- cultural
environment and the ever- beckoning moadern
promise of self —gratification and self- fulfillment.

Shashi Deshpande (1938) is one of the
postindependence Indian woman fiction writers.
She is known for her sincerity and abitity in
voicing the concerns of the urban educated
middle class women. Her novels reflect the

[i): Interdisciplinary Multilingual Refereed Journal ImpactFactor 7.940 (LJIF}

20



WA e

BT s L e e, g e

L

ISSN: 2319 9318 Peer-Reviewed

MAH MULD3051/2012 ' 'M,;,{zﬁw ar®a®

nternational tournal

April To June 2021
Issue-38, Vol-06 080

- gamut of Indian cultural issues. Sheistheliving

dynamic woman writer on indian English literary
harizon with seven novels and four collections
of short stories to her credit. She has been
awarded with prestigious Sahitya Academy
Award for her novel That Long Silence {1989}
Her novels like The Dark Holds No Terrors {1980}
, Roots and Shadows{1982), That Long
Silence{1988), The Binding Vine(1993) A Matter
Of Time(1996) Small Remedies{2000)etc. reflect
image of women and feminine consciousness.
The protagonists of her novels are traditional
bound women who stand cn the threshold of
modernity, the new vistas offering them new
opportunities but the old values holding them
back. Through her work, she tries to depict the
struggle of a contemporary Indian woman who
is educated and economically strong, but yet
succumbs to the pressures of marriage and
society, and turns into ancther submissive one.
For her, her novels are about the women trying
to understand themselves, their history, their
roles and their place in the society.

Her novel, That Long Silence, telis us the
story of man and woman from woman's point of
view and of wife and husband from the wife’s
point of view. She expresses the silence of the
women protagonists Jaya as expression of the
silence of the modern Indian housewife.
Although modern women writers tried to
express the silence that had turned women into
non- entities; they could only provide
psychological depth to their characters. They
either created unreal sentimental romances or
succumbed to the temptation of mounting
faminist ideology. But Shashi Deshpande’s
success lies in her representation of real life
experience. She realistically depicts the inner
conflict of Jaya and her guest for the self identity.
The navel sustains its credibility from the fact
that Jaya is a convent educated — English —
speaking lady with a literary taste. It portrays
the conflict raging between the narrators split
self and the housewife. Jaya represents urban

and middle class woman. Her upbringing
demands the suppression of the self. Her paint
up feelings makes her neurotic she is content
to play the role of a caring wife, But like Seeta,
She fails to accompany her husband in exile. To
laya the experience turns out to be traumatic.

“She jives several days in a traumatic state. That

Long Silence is the masterplece of feminist
writing in Indo- Anglican fiction raises the status
of Shashi Deshpande among the writers of the
present day. The novel highlights the image of
middle class women sandwiched between
tradition and modernity. The novel is about

gender discrimination and inequality prevalent N

in society. Here the protagonists raised voice
against the role models of the age old patriarcha
set up. Herromantic appearance is the feminist
mark of the new woman. But she concludes that
a husband is a sheltering tree and she plays
again the role of an orthodox Hindu Wife, Shashi
Deshpande’s protagonists look silent and thelr
silence becomes their destiny. But their silence
is self imposed one. For P.G. Joshi, “Shashi
Deshpande suggests that because women prefer
to remain silent about their condition, men begin
to assume the dominative mode, which finally
results in the domination of women. Women
refuse to react to this domination, either through
speech or action, and this makes them silent

forever. In Shashi Deshpande’s novels, silence

has negative connotations. 1t stands for
passivity, inactivity, fear, escapism, the inability
to communicate and so on” (2003, 71), Though
her women seem silent, meek and docile
initially, they emerge as also strong individuals
as we reach the climax of the story in some
novels. Her female characters are close to life
with real joys, woes, desires and aspirations.
They seem to fight the male dominance in their
own way, not by over throwing their marriage or
discarding their home and children, but by
balancing their new found individuality with their
traditional roles of mother and wife.

Bharati Mukherjee, an Indfan immigrant
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"~ the USA, is one of the major novelists of Indian
Jiaspora. She contributed to the field of fiction

»riting with a special focus on diasporic

2xperience. She was educated in India, England,

Zanada and America. When shewas in Canada,

sne married a Canadian novelistin America. She

mmigrated to Canada with her husband and
secame a naturalized citizen. Herlife in Canada
~asvery hard as she found herself discriminated
zd treated as a member of the ‘visible minority”.
sne stated in her many interviews about her
~fficult life in Canada; a country that she sees
35 hostile to its immigrants. Bharati Mukherjee
-3s gone through different cultures and citizen.
—er experience as an expatriate in America and
Zanada forms the main source of her creative
~riting. Her works focus on the status of new
mmigrants and the feelings of alienation often
=xperienced by expatriates. Her biography and
~ar works have a close connection.

The novel Jasmine is a story of Jyoti, an
~nocent Hindu girl, begins her life in a small
.llage of Hasnapur, Punjab and ends in lowa.
Sne is a protagonist of the novel. She undergoes
-qe experiences of expatriates in the new fand
-f multicultural society. She marriedin herteen
: g2 with Prakash, a young engineer, ‘a modarn
~an, a city man’ (76) who always thinks of
~aking India new and modern. He refuses
-indu traditions, hates feudalism in Indian
society. Her marriage with Prakash brings
~'ffarent change in her life. Prakash changed
ioti’s name as Jasmine’. He wants to modify
~ar life style according to his own thoughts. He
zncourages her to study. Usually in Indian
:ociety, women are not allowed to address their
-usbands by their names directly. However,
>-akash wants lasmine to call him by his first
-ame. She was happy with Prakash. For her,
>rakash was like an ‘idealist’ and a man of
~ynamic vision. But unfortunately, her married

“a became short-lived as Prakash died in the
zombexplosion. Afterthe death of herhusband,
:he was not ready to go with her mother having

widowhood. She wants to complete the
incomplete mission of her husband. Jyoti dies
with the death of Prakash and Jasmine, who is
the product of the new life created by Prakash,
starts new life. She decides to fulfill the plans
of her hushand. Her brothers made illegal
documents and for convenience her age was
made nineteen years. A lonely girl Jyoti turned
towards the USA in search of her destiny.
Throughout the novel, the protagonist
Jasmine seems ta disiocate and again relocates
during her journey. Her journey developed in the
different stages like — Jyoti. lasmine, Kali, Jase
and lane. Each stage provides new experiences
to her. She is transformed in varicus images or
stages. Her transformation is full of risk,
violence, fear and terror. Each stage of her life
ends in fear and terror. fasmine undergoes
several transformations during her journey of
life in America, from lyoti to Jasming, Jasmine
to Jase, Jase to Jane, and often experiences a
deep sense of estrangement resulting in a fluid
state of identity. This journey becomes a tale
of moral courage, a search for self-awareness
and self-assertion. Uprooted from her native fand
India, Jyoti does her best to introduce herself
into the new and alien culture as an immigrant.
Throughout her life, Jasmine has created many
selves, and she is aware of the fact that she
has now the power to continue and create more
new identity. It also indicates the idea of the
humanitarian approach. Her journey from
Hasnapur to the USA is not geographical onbyg but
it is from Indian feudalism to modern liberalism.
In nutshell, many Indian Women
novelists have explored female subjectivity in
orderto establish an identity thatis notimposed
by a patriarchal society. The image of the New
Woman and her struggle for an identity of her
own also emerges in the Indian English Novel.
Such a struggle needs support structures outside
the family to enabie to survive. Anita Desali,
Shashi Deshpande, Bharati Mukherjee have
presented the image of a suffering woman
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preoccupied with her inner world, her sulking c

frustration and the storm within ; the existential
predicament of a woman in a male dominated
society. Through women characters they have
portrayed Indian women and other suffering
wives, and mothers silenced by patriarchy.
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ABSTRACT

The present research study was almecp
to assess the personal values profile of Colleg
students of Gurukul system and Gener?
Education system. Personalvalues profile efthé.
respondents was assessed by employin
Personal Values Questionnaire by Sherry ani:
Verma (2010). The results revealed tha
significant differences were found between
Gurukul students and General system student{*
on the dimensions of 'Democratic’ 'Hedonistic,
‘Power’ and ‘Social’ values whereas n '
significant differences were observed on th&
dimensions of ‘Religious’, ‘Aesthetic}
‘Economic’, ‘Knowledge’, ‘Family prestige’ an,t
‘Health’ values. Gurukul students gave more
value to power and desired ta rule orlead othel®;
and preferred a job where they could gel
opportunity to exercise authoritytover other¥
wheraas General System students giv
preference to Democratic values. The results
further depicted that there are no significane
differences in intelligence level of both the
groups. However, significant differences wel
found to exist between students with Hi
Intelligence and Low Intelligence on the
dimensions of ‘Knowledge’, ‘Power’, ‘Hedonistg.

and ‘Social’ values.
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pacts Of Covid 19 On Various Sectors And Rebooting The Economy Post-Lockdown

' Dr. R. S. Salunkhe
_ Acting Principal

Arts, Commerce and Science College, Patus Dist: Sangli (Maharashtra)

COVID-19 Corona-Virus is very dangerous for everyone. Spreading of this virus
dsvery high due to this all over world is facing so many troubles. The world is becoming
very dynamic in every sector but Corona-Virus has stopped all activities and also
decreasing the speed of changing. No one can imagine what will happen in a coming
ftuation. We can't plan for work. Manufacturing, services, and all sectors are stopped
heir all type of activities, therefore, income source of everyone is also stopped. A restart

ment and

ur in all
gdevelop of all these activities is now taking place but the speed of restarting is very low. In about
Wntribute ®eone vear we are facing such a problem. The income of all companies, peoples, and
’7311 help dnstitutions is highly decreased that's why the economy comes in trouble. The impacts of
nirbhar)to COVID on the economy are short-term, many can have lasting effects. The lockdowns
) tremendously impacted the supply-chain management and sent the GDP and import-
Yo #xport cycle reducing. There are three major sectors of impact for Indian businesses
which are linkages, supply chain, and macroeconomic factors. In this paper, the researcher
Q’ Serials isan attempt to understand the impact of Corona-Virus on various sectors and rebooring
the Indian economy post lockdown.
icatlon Keywords: Corona, impaci, economy, sectors
Thi.
", New _ The COVI)-19 pandemic, conjointly called the corona virus pandemic, is associated
% current pandemic of corona virus unwellness a pair of 01 9 (COVID-19) caused by severe
e metastasis syndrome corona virus 2 (SARS-CoV-2). It had been 1stknown in December
) o7 B 2019inWuhan, China. The globe Health Organization declared the bappeninga Public Health
’em}; Emergency of International Concern in Jan 2020 and a scourge in March 2020. As of twenty
¥ebruary 2021, over one hundred ten million cases are confirmed, with over a pair 0f.45
dshetra” million deaths attributed to COVID-19. Symptoms of COVID-19 square measure extremely
3 variable, starting from none to critical diseases. The virus spreads chiefly through the air once

individuals square measure close to one another. It leaves an associate infected person as they
Breathe, cough, sneeze, or speak and enters another person via their mouth, nose, or eyes. it
should conjointly unfold via contaminated surfaces. Individuals stay infectious for up to 2
weeks and might unfold the virus notwithstanding they are doing not show symptoms
)bjectives of the Study:

~ To know the worldwide situation of COVID-19 Cases

To Understand the impact of COVID-19 on Indian economy

To suggest the rebooting measure towards economy
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ABSTRACT

A study of crabs was conducted at eight different localities in two districts of Maharashtra, during january to
December, 2019 with a view to assess the availability and to study taxonomic description of freshwater crabs. The
study investigated species diversity which includes their taxonomic description, habitat, distribution and ecological
role. The specimens were collected in different times covering the major seasons rounded the year by hand picking
method and also coilected from market, A total 3 species of freshwater crabs under single family were recorded. The
identified 3 species of crabs were Barytelphusa cunicularis, Barytelphusa guerini and Oziotelphusa wagrgkarowensis all
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Key wards: Freshwater crabs, Diversity, Abundance, Sangli, Kolhapur

Sangli and Kolhapur districts of Mabarashtra state are
muostly composed of hill ranges of Sahyadri with flat tops and
plains. These regions include areas of rivers, lakes, streams,
ponds and waterfalls that are excellent ground for biodiversity,
Various small and moderate water bodies and tributaries of
river in Sangli district have been found as 2 source of water.
Crabs are very ecologically important species. These water
bodies contain diversity of crab species that have yet to
discover. Freshwater crabs are mostly distributed throughout
the tropical and sub-tropical regions of the world. They live in
a wide range of water bodies, from fast- flowing rivers to
swamps, the majority of species are endemics, occurring only
tn a small geegraphical area. This is due to their poor dispersal
ability and Jow fecundity [t] and due to habitat fragmentation
caused by the world’s human population [2].

Freshwater crabs prefer live or dead animal as food.
They are the chief source of food for fishes, birds and
mammals. Freshwater crabs also serve as a cheap and
important source of protein to human being particularly tribal
and poor people. Freshwater crabs are highly endemic due to
their limited dispersal ability, low fecundity and selected
habirat preferences [3].

tr muost of decapods, the gonopores {sexual openings)
are found on the legs. However, crabs use the first two pairs of
pleopods (abdominal appendages) for sperm transfer, these
arrangements has changed. As the male abdomen evolved imo

¥ Satyawan S. Patii

= sspatizoology@gmail.cam

Department of Zoology, Arts, Commerce and Science
Coliege, Palus Dist. Sangli - 416 310, Maharashtra, india

4 narrow shape, the gonopores have moved towards the
midline; away from the legs, and onto the sternum [4], The
Freshwater crab fauna of Sangli and Kolhapur districts of
Maharashtra state have been broadly surveyed by researchers.
[t is necessary to know the biodiversity of freshwater crabs in
Sangli and Kolhapur districts of Maharashira state for the
conservation purpuse. Se, the present study was focused to
identify the crab speciss in the study area and also to study the
species abundance.

MATERIALS AND METHODS

The study was conducted in eight selected sites, four
sites from Sangli district are Takar, Sagareshwar wildlife
Sanctuary, Bhilwadi and Kokrud while other four sites are
from Kolhapur district are Panchganga Ghat, Kagal, Amba
Ghat and Barki (Fig [}). The study was conducted from
January 2019 to December 2019 in the different seasons with
four times of crab collection,

Collcetion and preservation af specimens

Crab specimens were collected from above mentioned
areas. After collecting the crabs, were photographed and
preserved in plastic container with 70% alcohol. The
Specimens were permanently preserved in 5-10% formalin,
About 120 specimens were collected from ali the areas and 25
aduit specimens were chosen for morphometnic study.

Crab identification

The specimens were identified by using crab
identification key by Alcock [5] and Cumberlidge and Sachs
[6] (1989). Identified species are confirmed by ZSI Pune.
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Fig 1 Map showing the gecgraphical location of study sites
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Fig 2 Barytelphusa guerini

Measuremens

Marphometrie Measurements were  taken by using
scale, tape and Vernier Caliper’. The colour noted in live
condition. Body fength, widih, depth was measured by scale,
The wunit of measurement  was in cm, The selected
morphometric o marphological  characteristic for

identification of specimen were taken from the fresh and
preserved specimens.

Statistical analvsis

The data were analyzed by estimating the mean valye
and - standard  devigtion o determine correlation among
carapace length {CL) and carapace width (CW). Correlation
was calculated by using Pearson Correlation Equation;

1 Led~%) (3T
-r'=——Z[*—~——' P @it ]
n=1 £x sy

Where, the carapace length x Iepresents the values of
tdepenlent variable and carapuce width ¥ represents the

- values of dependent variables. X and Y denote the average
- vilues,

- The value of ¢ ranges between =1 and -j

} £ = 0 indicares a positive relationship of X and Y: as one gets
: targer.

y 0= 0 fndigates g negative relationship: as one gets lurger the

Fig 4 Oziotelphusg wagrakarowensis

other gets smaller,
r =0 indicates no relationship
If two varizbles are pusitively associated, then positive
values of ( (% = &) will match up with positive vatues os - ), and
negative values with the negative values. The sum of (t-%)
1 =% will preduce 4 positive correlation.  [n a negative
relationship, positive values of (%) with match up with
acgative values of U1 -% and vice versa Then the sum of
(tH—3) -7 gy r, will be negative. If we calouiate the
Pearson correlation of X with itself, the result wili be 1. If
there is no association between X and Y, there will be no
Systemic relationship between (=9 and 1 -1, Therefore, the
positive value of one match up with positive and negative
values of the first variable,

RESULTS AND DISCUSSION

{n the present study 3 species of craby recorded from
the selected sites of Sangli and Kolhapur districts. These are
Barvtelphusa  cunicularis (Westwood  in Sykes 1838),
Baryieiphusa guerini {H. Milne Edwards 1853} and
Ozivtelphusa wagrakarowensis (Rathbun 1904} belongs to
family Gecarcinucidae, The percentage of crabs found in
Sangli and Kolhapur districts was 48% dominant species
Barytelphusa cunicularis, The {owest abundance recorded was
12% Ziotelphusa  wagrakarowensis [7].  Also, the

Barytelphusa guerini was 40% of the studied specimens (Fig
2-4).
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Family Species
Takari
8. guerini + +
Gecarcinueidae 3, cunicnloris + +

O wy wakarowensis

Study sires

U} Takari
2} Sagareshw ar
3 Bhilawadi

Measurement
Carapace lengih

Carapace widih 2.69
Abdominal iength 210
Telson tength 0.57
Merus length 1.59
Carpel lenyth 1.96
_Palm lengih 0.98

Measurement
Carapucy lenyth .
Carapace width 245

Abdominal length .58
Telsun length 0.37
Merus length 1.22

Carpel length 1.1g
Palm length

Measurement

Min ¢m
Carapace length

MR AR AR R R A N N NN R R

3.29

Cuarapace width 2.38
Abdominal tength .52
Telson length 0.52

) Merus length .12
Carpel leigth Ly

Y Paim fength .80

) Bervtelphus cunicuifaris ang Baryielphysq guerini are
closely related species under the same genus, There are some
dissimilariticg present in their morphology. Barvielphusa
CHmicularts s more robugt than Barytelphusy cunicuilariy
Srerind and carapace of Burvtelphusa cumicnduris is slightly
convex and gradually sloped posteriotly which is wider and
more convex in Barvtelphusa ] i

His distinet, blunt or sometimes slig
above the [evel of postorbital crisige in Barvtelphusqg guering

,Sixth male abdominal somiie broader hearly equal in length to
telson jn 8 cunfcrdaris wiich | trapezoidal with straight
latera| Marging broader thay long nearly equai in length to
telson in 3, guerini. Ociotelphusy wagrakarowensis is clearly

Femarked by having carapace broader and long, highty convex

Sangl;
Sagareshwar Bhitwad] Kokrug Panchaganga Ghar Kagat

GPS coordinargr
12149257 N 74.355613 E

17.146927 N 74 367094 E
16.99348% N 74470617 £

4) Kokrud i 7.008502 N 73978223 F
31 Panchagunga Ghat 16.706425 N 7421 7491 E
G} Kagal 16.354474 N 74.318877 E
7) Amba Gha 17.000743 N 73.777234 E
8) Barki

16768539 N 73.84] 161 E

Table 5 Biometcic measurements of O

Res. Jr. of Agril. Sci (May-Jun) 12

Sites of occurrence
Koihapur

(3): 903-906
: ) Table | Observed €rab species in the study areas

Amba Ghat Barkg

of the study siteg

Krishna river bank
Wildlife sanctuary, Hill streamsg
Paddy Field

Warana river bank

Panchganga river bank
Dudhgangs river bank

Hill streams

Waterfal] and lake

3.58 0.66
4.13 340 0.43
3.23 2.63 0.34
0.94 0.75 0.1!
2.57 2.07 0.29
292 241 0.32
1.69 1.36 0.19

telphtsa euering

4.3§ .67
3.73 2.99 0.45
2.43 1.95 0.30
0.61 0.49 0.08
191 [.52 0.22
.89 [.52

0.23

iotelphusa wagrakarowensis
Max em

426 3.66 0.52
37 2.7¢ 0.41
1.78 1.65 0.13
0.74 0.61 0.11
1.49 1.26 0.20
.51 1.31 0.7

1.08

in frontal view, epibranchial tooth moderate in size, male
abdominal somite trapezoidal, wider than long, sub equal in
length 10 telson with distinctly concave lateral margins [8-9].

The study habitats of the crabs are greatly varied. Crab
species lives in a wide variety of habitars like mudflats, under
stones, in the gravel, in the crevices of rocks and freshwater
crabs are found in all important habitats types, including flood
plans, swamps, lakes, streams, constructed burrows, tunne
like burrows in river bed, river bank with trees, river bank
near agricultural field { Table [-2).

In the biometrical study carapace length and width,
abdominal length, merus fength, carpal length any palm length
of 3 studies crabs were measured [10]. Correlation of carapace
length and vdrapace width were measured (Table 2-5). The
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Fig & Borytelphusy cunicularis

s T N :

| value of correlation coefficient (r) is 0.965 For Barprelphusa

Fig 7 Barytelphusy quarinf

w W W W W e W W W W W w

. ! curicularis, 0.972 for Barytelphusa guerini and 0997 for

K : Oziothelphusa wagrakarowensis which implies that there s

3. || strong  positive linear association  between the variables
/ ; carapace length and carapace width (Fig 6-3).

CONCLUSION

Carapace Width
rJ

| Previous information of freshwater crabs Was not
adequate in Sangli and Kolhapur districts of Maharashtra, and

- - -
[w]

0 2 4 € thus the comparisan of the present findings with previous one
Carapace Length ! was not possible, Total 3 Species of_ crabs found in this study.
"_' T ] Among the three Spectes and this Species is under daty
) Fig 8 Qzitelphysa wagrakarowensis deficiency conservation rank. The present study mainly
y y tocused on morphological characteristic and habitats of crab

Tk itonwted e ; ) A
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On the freshwater fish fauna of Krishna River, Sangli District,
Maharashtra, india

Suresh M. Kumbar (), Shrikant s. Jadhav?@®, Swapnali B. Lad*Q), Abhijit B. Ghadage*(®,
Satyawan S. Patil>) & C. Shiva Shankar5¢

1442 Department of Zoology, Arts, Commerce and Science College, Vidyanagar, Tal. Palus, District Sangli, Maharashtra 416310, India.
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*abghadage82@gmail.com, *sspatilzoology@gmail.com, *cshivashankarchinna@gmail.com

Ahbstract: Freshwater fish fauna of Krishna River, Sangli district was
studied from 2013 to 2017. A total of 73 species belonging to 10
orders, 22 families, and 49 geners were recorded, of which, 29
species are endemic to the Westarn Ghats and 11 species endemic
to the Krishna River system. lobeo kontius, an endemic barb of
the Cauvery River System was recorded for the first Bme from tha
Krishna River, Maharashtra. As per the IUCN Red List of Threatened
Species, 54 species are assessed as ‘Least Concerr!, four species as
‘Near Threatened’, three species as “Vulnerable', five as "Endangered’,
and two as 'Data Deficient’. The conservation status of two species
has not yet been assessed. Fish fauna of the Krishna River within
the study area is threatened as a result of alien species, and several
anthropogenic stressors such as pollution from industrial as well as
agricuftural sources, human settlements, and overfishing. Since, this
small study area barbours 28 endemic and eight threatened species,
their conservation should be given high pricrity.

Keywards: Conservation, endemic species, fish diversity, threats,
Western Ghats,

The Western Ghats of India is global biodiversity
hotspot (Myers et al. 2000), known for its high level of
endemism of taxonomic groups such as amphibians and
freshwater fish. Around 320 species belonging to 11
orders, 35 familles, and 112 genera are known frorn this

Edltor: Rajeev Raghiavan, Keiala University of Fisheriés ard Océirt Studies (KUFOS), Kochi, Tada.

Citation: Kumbar;S M, $.5. Jadhav, 5.8, Lad, A8 Ghadage, 5.5. Patil & C.5. Shankar

region {Dahanukar & Raghavan 2013) and this number
is certain to increase given the high number of species
being discovered on a yearly basis, Krishna is one of the
majer perennial rivers of the northern Western Ghats.
The river originates at Mahabaleshwar {17.988°N;
73.637°E), Satara District, Maharashtra, and traverses 2
distance of 290 km through Satara, Sangl}, and Kolhapur
districts in Maharashtra, thereafter flowing through the
states of Karnataka and Telangana before emptying into
the Bay of Bengal at Hamasaladeevi in Andhra Pradesh.

Earliest studies on the fish fauna of Deccan was
carried out by Sykes (1839). Specific studies on the fish
fauna of the Krishna River {in addition to the Godavari)
were carried out by David {1963), but no separate ‘“river-
wise” locations for the species collected, were provided.
A major study on the fish fauna of Krishna River was also
carried out by Jayaram (1995), but no separate list of
fishes collected specifically from the tributaries in Sangii
District was provided.

Previous studies on the fish fauna of Krishna River
has largely focused on the tributaries in Satara District,

" Diteof pﬁblicatiun‘:_ZGJuly 2021 {onlide % print}
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Figure 1, Sampling sites in the Krishna River surveyed as part of the study

Annandale (1919) reported 18 species from the Yenna
River at Medha, followed by Silas {1953) who studied the
fish fauna of Mahabaleshwar and Wai and recorded 14
species. Arunachalam et al. {2002) recorded 14 species
from Dhom reservoir, and subsequently tadhav et al.
(2011) reported 58 species from the Koyna tributary.
More recently, Kharat et al. (2012) provided an updated
checklist of the fish fauna of Krishna River at Wai and
Dhom reservoir, and reported the presence of 31 species.
The only published work on the freshwater fishes of the
Krishna River in Sangli District is by Kumbar & Lad {2014)
who recorded 13 species of catfishes. In the present
paper, we provide 3 camprehensive checklist of the
freshwater fishes of the Krishna River flowing through
Sangli district in Maharashtra and identify possible
threats so as build baseline data for future conservation

action.

sournal of Threatened Taxa | www threatenediaxa.org 1

METHODS
Field surveys were undertaken in the Krishna River,

Sangli district, Western Maharashtra from the year
2013 to 2017. Fish specimens were collected from
Bahe (17.1138°N & 74.2811°E), Borgaon (17.0808°N
g 74.3691°F), Sangli {16.8591°N 8 74.5577°€), Miraj
(16.7877°N & 74.6291°E), and Mhaisal (16.7358°N &
74.6986°E) (Figure 1), with the help of local fishers using
different mesh-sized gill nets and cast nets. Alternatively,
fish samples were also procured from 1ocal fish markets.

Assuming that the fishing effort for a given type of
net was constant, the relative abundance of the fish
was grossly categorized following Dahanukar et al,
{2012), namely abundant (76-100 % of total catch},
common (51-75 % of total cateh), moderate {26-50 %
of total catch), and rare {1-25 % of total catch). Samples
were preserved in 10% formalin and identdfied using
the available literature {Menon 1987, 1992; Talwar
& Jhingran 1891; Jayaram & Dhas 2000; Jayaram &

26 July 2021 § 13{8): 130
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Fishes of Krishna River

Sanyal 2003; jayaram 1991, 2006, 2010) and relevant
recent taxonomic literature related to different groups
{Dahanukar et al. 2011; Keskar et ai. 2015; Katawate et
al. 2016; Lavoué et al. 2020; Sudasinghe et al. 2020). All
identified specimens are deposited at the Department
of Zoology, Arts, Commerce and Science College, Palus,
Sangli District, Maharashtra, with accession numbers
from ZID 01-73.

REsSULTS

We recorded a total 73 species of freshwater fish
belonging to 10 orders, 22 families and 49 genera
fram the Krishna River in Sangli district (Table 1). Order
Cypriniformes dominated with 42 species, followed by
Siluriformes[185pecie5},Anabanriformes[threespecies},
Synbranchiformes, Perciformes, & Beloniformes {two
species each), and Cyprinodontiformes, Gobiiformes,
Osteoglossiformes, & Cichlifarmes {one species each).
Representative species of fish collected from Krishna
River are shown in {Images 1, 2, 3 & 4). As per the IUCN
Red List of Threatened Species, 54 species are assessed
as 'Least Concern’, four species as ‘Near Threatened',
three species as "Vulnerable’, five as ‘Endangered’, two
as ‘Data Deficient’, and the conservation status of two
species has not yet been assessed, Of the 73 species, 29
are endemic to the Western Ghats, and 11 are endermnic
to the Krishna River System (Table 1). Microlevel
distribution of species along the upstream-downstream
gradient showed that 56 species occurred in upper
reaches, 28 species in middle stream, and 37 species
in downstream respectively {Figure 1). Of the total fish
collected, 15 species were found to be common, six
abundant, 28 moderate and 24 rare.

Fish fauna of Krishna River is severely threatened
by pollution from crganic wastes particularly around

Kumbar et af.

the towns of Sangli and Miraj as well as from pollution
due to agricultural runoff and sewage. Recently, sand
mining has also increased significantly along the stretch
of the river near Bahe and Borgaon, resulting in the loss
of available habitats to the fish fauna of these areas.
Similarly, overfishing, indiscriminate use of poison to
coitect fish in large numbers and using fine-meshed
gill-nets, is a specific threat to species of the genera
Bongong, Tor, Hypselobarbus, Labeo, Cirrhinus, Opsarius,
Salmostoma, Botia, Mystus, Cirrhinus, and Puntius.

We also recorded seven non-native species—four
transplanted: Cirrhinus mrigala, Labeo rohita, Labeo
catla, Labeo calbasu in all sites and three alien invasive
species: Oreochromis mossambicus, Cyprinus carpio
and Clerias gariepinus at Sangli and Miraj. Studies in
their entirety of Krishna River by Jayaram {1995) have
recorded 10 invasive alien species, but interestingly
Jadhav et al. {2011} could not record any alien species
from Koyna tributary, However, Dahanukar et af. (2012)
recoded seven introduced species from Indrayani River
near Pune, and four species from Hiranyekeshi River by
Kurmkar et al. {2017).

DiSCUSSION

Krishna River harbours a number of endemic and
threatened species. We collected Giyptothorax cf.
poonaensis from Bahe near Islampur in moderate
numbers. These specimens resemble G. poonagensis
(Hora 1938}, but differs considerably with the description
provided in Dahanukar et al. {2011). It is therefore
possible that this species might comprise a ‘complex’.
The population of Endangered and endemic Bangana
nukta is declining drastically in the study area as per the
local knowledge of fishers. Pollution, overfishing and
the competition created by transplanted carps such as

@ 5.5 Jadhay

Image 1. Lobeo kontius collected fram Krishna River near Miraj . Lateral view. After praservation. Scale= 10 mm. [Voucher No, ZiD 26]

Journal of Threatened ¥axa | wwwi.threatenedtaxa.org | 26 luly 2021 |
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& Fishes of Krishna River Kumbar et al.
Table 1. List of Freshwatar Fishes collected from the Krishna River, Sangli District, Maharashtra
Qrder Family Species Status WGE KRE R:;cl.:‘ st

1 Channa gachua {Hamilton, 1822) M - - Lc
7 | Anebentiformes Channidae Channa punctata [Bloch, 1793) M ; . i
3 Channa strigta (Rloch, 1793} R - - L
4 Beloniformes Belonidae Xenentodon roncila {Hamilton, 1822) R - - 1
5 Hemiramphidae Hyporhamphus limbatus (Valenciennes, 1847) R - LC
[ Cichhformes Cichlidae QOreochriomis mossombicus [Peters, 1852) C - -

? Batiidae Batia striata Rao, 1920 A + + EN
g Cobitidae li;ir':}(:lcephaﬁchrhys thermalis (Valenciennes, A A . \C
9 Bangano nukta [Sykes, 1839) R + - EN
10 Cirrhinus reba (Hamilton, 1822) M - - L
11 Cyprinus cargio Linnaeus, 1758 [ - -

12 Garra hiearnuta Ran, 1920 C + + NT
13 Garra mullye (Sykes, 1839) A - LC
14 Gymnos:amm'an'm {Hamiltan, 1807} R - L
15 Gyrastonus fulungee [Sykes, 1833] M * + L
16 Hypsefobarbus jerdoni [Day, 18700 M + - LC
17 Hypselaborbus kolus (Svkes, 1839} M + - Vit
13 Hypsefoberbus mussufiah [Sykes, 1339) M + - EN
13 Lakeo catbasu (Hamiltan, 1822} M - Lc
20 tobea catlag (Hamiltan, 1822) R - - LC
21 . tabao fimbriatus (Bloch, 1795) R - - LC

Cyprinidaa
22 Labeo konGus (Jerdan, 1849) R + - LC
23 Lobeo porcelius [Heckel, 1844) R S . e
24 Labeo potoif [Sykes, 1839} R + B EN
25 tobeo rohita {Hamilton, 1822) R - - Lc
6 Ostenbroma neilli {Day, 1873) R + + LC
27 | Cvpriniformes Ostobrama peninsularis Silas, 1952 M + - oo
22 Osteabrama vigorsii (Sykes, 1839) C - - L
29 Porapsilarhynchus discophorus Hora, 1921 R + - Vil
0 Raghaven & panamkar 2016 | ' ' e
31 Puntius cholo (Hamilton, 1822) M - i
32 Puntius saphore (Hamiltan, 1822) C - - Lc
33 Rohtee ogifbii Sykes, 1935 M + + L
34 Systamus sarona {Hamilton, 1822} C +* - L
35 Amblypharyngodon matg {Hamillon, 1822} R - - NE
16 Devario aagquipinnatus (McClelland, 1839) T - - L
37 Opsarius bendefisis (Hamilton, 1807) Wt - - LC
3B ) Rasborg daniconius (Hamilton, 1822) C - - LC
39 Danionidae Salmostoma ocinoces {Valenciennes, 1844) C * - L
a0 Salmostoma baloakes {Sykes, 1839) C - - LC
41 Solmostema bacoile {Hamiltan, 1823) M - - LC
42 Saimostoma boocpis {Day, 1874} A + - Lc
43 Salmastarng noveculg (Valenciennes, 1838) M + - Lc
44 indoreanectes of evezardi {Day, 1872} K - - ic
45 Nemacheilus anguilla Annandale, 1915 M + + L
15 Nemacheilida Nemachifichthys ruepgeli {Sykes, 1839) M . . L
47 Pgraconthocobitis mooreh [Sykes, 1839} A L
a8 Schisturo demsam [Day, 1867) R - &
49 Cyprinodontiformes Aplocheilidae ’:'c:::::ifni:fz;fﬁ] R - - s
50 Gobiiformes Gobiidae Glpssogobius grurls (Hamilton, 1822) C - L
51 Ostenglossiformes Notopteridas Notopterus sypurus (Bloch & Schreider, 1801} C - - Lc
52 . Chanda nae Hamiltan, 1822 M - - W
Perciformes Armbassidae
53 Pararbassis rango (Hamilton, 1333) M - Lc
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Order Family Spedies Status WGE KRE RL:CL?R

54 Ajliidae Progutroplichthys taokree (Sykes, 1839) M - Lc
55 Hemibagrus maydelli (Rossel, 1964) M + + LC
56 Mystus bleekeri (Day, 1377) M L
57 Mystus malabaricus {lerdan, 1849) M * NT
58 Mystus seengtes {Sykes, 1835) M + L
59 Bagridae Mystus vittatus (Bioch, 1794) R I
60 Rita gagro (Sykes, 1839) M + L
61 Rito kuturnee {Sykas, 1839) i + - LC
62 Siluriformes Sperata of. gor {Hamilton, 1823) C i€
63 Sperota seenghala {Sykes, 1839) M - LC
&4 Clariidas Cigrios gariepinus (Burchell, 1822) ¢

65 Heteropneystidae Heteropneustes fossilis {Block, 1794) M L
&6 Horabagridaa Pochypterus khavalchor (Kulkarni, 1552) R + + 2103
67 Pangasiidae Fongasius pangasivs (Hamilton, 1822) R LC
B2 siluridae Ompok bimaculatus (Bloch, 1794} 9 - NT
3] Waollego artu {Blech & Schneider, 1801} R - NT
Fi| Sisaridas Giyptotharax cf poongensis Hova, 1938 R + + EN
71 Gagola ftchkees [Sykes, 1339) R * vu
72 Mastacembelidae | Macrognathus pancalus [Hamiltan, 1822) M LC

Synbranchiformes
73 Mastocembelus ormatus [Lacepede, 1800) C - - Lc

A—Abundant | C—Common | M—Maderate | R—Rare | EN—Endangered | WU—Yulnerable | NT—Near Threatened { DD—Data Deficient [ LC—Least Concern.
Taxonamic status as per Fricke et al. [2020]. Status for invasive alien species are not provided.

Cirrhinus mrigala, lobee rohita, and Labeo catia may
also be contributing to the population decline of 8,
nukta {Ghate et al. 2002; Kharat et al. 2003: Dahanukar
etal, 2012). Similarly, Hypselobarbus mussulloh assessed
as ‘Endangered’ as per IUCN criteria {Dahanukar &
Raghavan 2011} was collected in low numbers at Bahe.
lobeo potail, a species that has been assessed as
‘Endangered’ due to population decline of 50-60 % in
the last 10 years due to organic and inorganic poliution,
exploitation and competition created by transplanted
carps (Dahanukar 2011) was collected near Palus and
Sangli. However, their numbers are declining rapidly due
to pallution from domestic organic waste and effluents
refeased heavily from industries situated on the river-
bark. Anather Krishna River endemic and threatened
species, Botig striato (locally called ‘waghmasa’) {image
3-22) was recorded from Bahe, Borgaon and Islampur.
At Bahe and Borgaon, indiscriminate collection of this
species by aguarium traders in the summer months is
a major threat to the species. The species is however
relatively abundant In the study area, and also in Koyna
River {Jadhav et af. 2011).

Gagata itchkeeg (Image 3-25} a species recorded
previously from the Krishna River system {Kalwar & Kelkar
1856; layaram 1995: Kharat et of. 2003; Wagh & Ghate
2003; Chandanshive et g/, 2007) was collected from Bahe
in very low numbers, Other important endemic species
such as Garra bicornuta, Parapsilorhynchus discophorus,

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2021 | 13{8): 19093-19101

Pachypterus khavalchor were also collected from various
sampling sites,

We recorded Labeo kontius (Image 1} for the first
time from the Krishna River system in, Maharashtra
State, through samples from Miraj, thus extending its
range to the northern part of the Western Ghats. Labeo
kontius was described by Jerdon {1849) from Cauvery
River and its tributaries. Currently, the species is also
known to occur in the Bhavani and Moyar rivers and
their tributaries (Rajan 1955; Manimekalan 1598}, as
well as in the main stretch of the Cauvery River (Jayaram
et al. 1982; Jayaram & Dhas 2000).

Krishna River harbours a rich diversity of endemic and
threatened fishes of Western Ghats. However, this fauna
Is threatened due to everfishing, introduced species,
sand mining and organic and inarganic pollution. !f the
present anthropogenic impact continues, this might lead
to a drastic decline of habitats and populations of fish
species available in this region. it is therefore essential
to declare some stretch of rivers as aquatic sanctuaries,
particularly near Bahe and Miraj for protection and
preservation of endemic and threatened species and
mitigation of anthropogenic stress.
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Image 2. 1—Systomus sarang [Hamilton) | 2—Pethio sanjoymoluri Katwate, Jadhay, Kumkar, Raghavan & Cahanukar | 3—Hypselobarbus [
jerdoni {Day) | 4—Puntius chola |Hamilton) | 5—Bangang nukta {Sykes] | 6 —Hypselobarbus kolus (Sykes) | 7—Devario aequipinnotus -
{McClelland] | 8-—Saimostama bacaila (Hamilton) | 9—Solmostoma novocila {Valenciennes) | 10—Opsarius bendelisis [Hamilton] | 11— -
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Image 3. 16—Labeg fimbriatus [Bloch) | 17--Labsa rohita [Hamilton) | 18—
Dsteobrama peninsulgris Silas | 21—Poraconthocobitis mooreh [Sykes} | 22
Mystus vittatus [Bloch) | 25—Gagate itchkeen |Sykes) | 26—

| 28—Macrognathus pancalus {Hamilton) | 29—Hyporhamph
Parsmbassis rango {Hamilton) | 32—Chonng punctata {Eloch).

Cirrhinus reba (Hamilton) | 19—Garra bicormuta Rao | 20—
—Botia strigta Rao | 23—Sperata seenghula [Sykes) | 24—
Pangasius pangasius {Hamilton) } 27—Mastecembetus ermatus {Lacepede)
us limbatus (Valenciennes) | 30—oOreachromis mossambicus {Peters) | 31—
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Image 4. 33—Channa striata {(8lach) | 3d—Channa gochuo {Hamilton) | 35—Ambiypbaryngodon mofa (Hamilton) | 36—0mpak bimocuiatus

{Bloch).
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Phalanges of the Indian Black Rat,
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ABSTRACT

Generally vertebrate age was determined by growth layers found in
the cementum in the dentine. Age was determined for the first time
by enumerating the number of growth marks present in the cross
sections of phalanges of the Indian black ra {Rattusrattus) inbhab-
iting southern India. Mid diaphyseal sections of phalanges exbibited
growth rings, each ring consisting of a broader growth zone and a
chromophilic line of arrested growth {LAG). One to five growth
marks were observed in specimens with different body sizes. There
is a strong positive correlation between body size and LAGs,
indicating that larger individuals have experienced greater
number of growth cycles and bence may be older.

Key words: Rat, age, Skeletochronology, Tropics

Age composition study is one of the life history parameters
needed 1o assess the dynamics of wild mammalian species populations
(Klevezal, 1996). Different criteria have been practiced to estimate
physiological age in some mammalian species such as, eye lens weight,
degree of closure of cranial sutures; 10oth wear and the number of
corpora albicantia (Scheffer and Myrick, 1980). Majority of marine
mammals’ age has been determined on the basis of presence of growth
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microtome (Model GE-70) and stained with Harris haematoxylin.
The sections were observed under a compound microscope (Olympus
CX-41) for the presence of growth rings, which were enumerated
when present.

Results

The hematoxyl in stained sections of the phalanges showed
central bone marrow cavity surrounded by an inner narrow end steal
layer and outer relatively broad periosteal bone layer (Fig. 1A-D). In
the periosteal layer a series of thin darkly stained chromophilic lines
separated by wider light purple rings with sparsely distributed
osteocytes were seen; the former were interpreted as lines of arrested
growth (LAGs) and the latter as growth rings in the phalanges of R.
rateus. One to four LAGs were equally distributed in the periosteal
layer (Fig. 1B-D). Correlation coefficient analysis showed a positive
correlation between body mass and body size (r = 0.87) as well as body
size and the number of LAGs (r = 0.70).

Explanations to Figure

PLATE 1

Fig. 1A - D: Mid-diaphyseal cross sections of right phalanges of Rattusrateus {Hematoxyli). A,
Showing the absence of LAG in the rat with SVL 7.5 cm; B, one LAG in the phalange of rat with
SVL 4 cm; C, two LAGs in the phalanges of rar with $VL 28.2 eon; D, four LAGs {arrows) in
the rat with SVL 30.2 em; Scale line = 100 Fm, :

Abbreviations: MC = Marrow Cavity; PL = Periosteal Layer; Arrows = Lines of Arrested
Growth (LAGs).
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Discussion

Srudies on age, longevity and reproduction of the wild mammals
are most essential for knowing the population dynamics and their
proper management i the field. Among the various techniques, the
use of lines of arrested growth (LAGS), periodically laid down in teeth
and skeletal tissues (long tubular bones) is one of the best ways 1o

obtain the age of individuals. Experimental evidence indicates that the

formation of growth marks in the teeth and skeletal tissues in the

different regions is controlled by different physiological factors such as
nutrition, breeding activity, intrinsic rhythms and photoperiod
(Castanet ¢ al., 2004; Klevezal and Kleinenberg, 1969). In maay
tropical and temperate amphibians and reptiles, cyclical pattern of
bone growth has been well established (Smirina, 1994; Pancharatna,
2002; Kumbar and Pancharatna, 2001b). Although, formation of bone
growth marks in temperate species is a result of annual temperature
fluctuations (Castanet and Smirina, 1990; Esteban et al., 1996; Smirina,
1994), in tropics LAGs are laid down during rainy months that
coincide with the breeding activity (Castanet and Smirina, 1990
Kumbar and Pancharamna, 2001a; Kumbar and Pancharatna, 2001b;
Kumbar and Pancharatna, 2004). However, both male and female of
this species are strictly seasonal breeders and show breeding activity
for a greater part of the year from March to October with peaks
during June to Seprember (Chauhan and Saxena, 1985a & b). The
results of the present study demonstrate that growth marks compa-
rable to those found in amphibians and reptiles, are also detectable in
the phalanges of 1ndian black rat, R. raitus. Although, environmental
factors are believed to favour continuous growth, many rodents inhab-
iting the Indian peninsula exhibit marked seasonality in the
gametogenetic, reproductive and breeding activity {Chauhan and
Saxena, 1985a; Chauhan and Saxena 1985b; Vadell et al., 2010},
suggesting that the bone growth is a cyclical phenomenon leading to
the formation of LAGs even in tropical species. Further, the positive

body sizevs LAGs in R. rattus indicate that lasger

correlation between
h cycles and

individuals have experienced greater number of growt
hence, may be older. Further, detailed study is essential to confirm
whether the growth marks are formed annually or not and hence can
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be used as ‘year rings’ for estimating age and longevity in tropical
mammalian species.
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Chromene skeletons are crucial structural motifs existing in abundant natural products
and drug molecules.' These oxygen-containing heterocyclic compounds have a broad
range of biological properties such as antimicrobial,® anti-HIV ? anti-inflammatory,* and
cytotoxic activities.” They are being investigated in neurodegenerative disorders such s
Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease.®"® Notably, several
drug molecules possessing 4H-chromene moieties are currently in use for the treatment
of such ailments as asthma, hypertension, ischemia and urinary incontinence,”™""

The synthesis of these O-heterocycles involves the three-component coupling of ¢-}1
activated acids with malononitrile and aromatic aldehydes in the presence of homoye-
neous and heterogeneous catalysts such as piperidine,'? triethylamine,'*  DBU,"
(NH,),HPO,,”> POPINO,' piperazine,"” aqueous K;CO3,' hydrotalcite (HT)." Ti0,
nanowire,” MgQ,”" mesolite,”? nanozeolite clinoptilolite,*® trichloroisocyanuric acid®*
and 2-aminopyridine >* In no denial of fact, the reported methods are creditable; how-
ever, the implication of hazardous reagents and solvents, lengthy processes, energy
investment for heating purposes and complications in the separation of products are
realistic problems associated with these methods. Considering the diverse functionality
of 2-amino-4H-chromenes, it was deemed worthwhile to explore a convenient protocol
for the synthesis of these heterocycles.

Waste biomass has been increasingly targeted as a renewable feedstock for the pro-
duction of high energy-density fuels, construction materials and, more recently, plat-
form chemicals and high-value functional products. Using waste material to develop
promising heterogeneous catalysts in addition to the targef product makes the system
more cost-effective and environmentally benign.?**" The functionalized heterogeneous
catalysts evaluated from waste biomass are mainly composed of metal oxides and pos-
sess high surface area and significant pore volume with high thermal stability.*® The
basic active sites of the heterogencous ash catalyst may be responsible for the acceler-
ation of the rate of reactions.

CONTACT U P. Patil @ uppatil4 143@rediffmait corn e Department aof Chemistry, ACS College, Palus-416310, Dist:
Sangii, affiliated to Shivaji University Kolhapur-4 15004, Mahatashtra, India
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Scheme 1. Sugar apple peel ash catalyzed one-pot three-component synthesis of 2-amino-4H-chro-
mene derivatives.

Table 1. Screening of reaction conditions.®

Entry Catalyst Solvent Temp. (°C} Time (min) Yield® (%)
1 - - ri 120 -

2 - - 100 120 -

3 - Water rt. 120 Trace
4 - Water Reflux 120 35
5 Sugar apple peel ash (25 mg) Water rL 80 69
a Sugar apple pee} ash (30 mg) Water Tt 60 81
7 Sugar apple peel ash {75 mg} Water . 60 92
8 Sugar apple peel ash (100 mg) Water rl 60 92
9 Sugar apple peel ash {75 mg) - rt 50 Trace
0 Sugar apple peel ash (75mg) EtOH re. 60 84
n Sugar apple peel ash [75mg] MeOH rt. 60 69
12 Sugar apple peel ash {75 mg} CH.CN ri. 6 29

*Reaction conditions: 4-hydroxycoumarin 1 (1 mmol}, 4-chlorobenzaldshyde 3 (1 mmal), malononitrile 4 (1.2 mmol},
solvent {3 mL}).
Fisulated yield.

With our current interest in the application of waste biomass as a catalyst,” we
turned our attention towards industrial waste fruit peels of sugar apple. We believed
that sugar apple peel ash could be a promising catalyst for the synthesis of 2-amino-4H-
chromenes. The sugar apple (Annona squamosa) species are distributed in the US,
Brazil, Mexico, Jamaica, Australia, Hawaii, India, Egypt, Africa, the Philippines, and
many other countries.™ The fruit processing industries produce a large amount of bio-
waste, which is dumped near the production site, incinerated or burned, and that can
cause environmental pollution. Continuing our research with the aim to develop envir-
onmentally benign synthetic routes,”** we used this bio-waste material as a catalyst for
the one-pot three-component synthesis of highly functional 2-amino-4H-chromenes in
water at room temperature (Scheme 1). To our knowledge, this would be the first report
for the synthesis of these bioactive heterocycles employing sugar apple peel ash as a
catalyst in water without an external base, hazardous reagents, or organic solvents.

Initially, to examine the catalytic efficiency of the sugar apple peel ash and for the
optimization of the reaction conditions, we carried out a series of trial reactions using
1-hydroxycoumarin 1 (1 mmol), 4-chlorobenzaldehiyde 3 (1 mmol), and malononitrile 4
(1.2 mmol). In the absence of the catalyst, under various reaction conditions, the desired
product was formed in low amounts at best (Table 1, entries 1-4). For further investiga-
tionn, we introduced the catalyst, and the model reaction was carried out in water at
room temperature. Surprisingly, a moderate amount of the desired product was
detected. Excited by the result, we used variable amounts of the catalyst, and the reac-
tion was performed in water at room temperature. From these preliminary exercises,
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Table 2. Synthesis of 2-amino-4H,5H-pyrano(3,2-c[chromene derivatives.?

WH;
. o k\ LON
Sugar apple L
" “H i peel ash L T =
s ), KT A e
, 1 P 3a-5j

Sa, R = Ph (75 min. 8% %%); 3b. R = 3-NO,Ph (90 min. 86 %); 5c. R = 4-001Ph {95 min. 41 %): 3d, R = 10MeFh (80 min. 83 v
S¢, R= 2-NO,Ph (%0 min. 84 %); 5f. R = 4-NOLPh (85 min. B6 %); g, R 2 4-CIPR (60 min. 92 %4); Sh, ® = 2-ODHPh (95 min. ¥1 ")
5i. R = 2-CIPh (60 min. 8% %4); 5j, R = 1-FPh (65 min. 88 %2).

*Reaction conditions: 4-hydroxycoumarin 1 {1 mmol), aromatic aldehydes 3 (1 mmol}, malononitrile 4 {7.2 mmol}, water
{3 mL), sugar apple peel ash catalyst {75 mg).

Table 3. Synthesis of 2-amino-4H-chromene derivatives.?

/ A
ol "< =
i Sugar apple )
ﬂ/‘QT)'kH peel ash e =N

v R e P
o 150,81
3

4 Ga-6h
Ga. R = Ph (20 min. 89 %) 6b, R = 3-NO,Ph (35 min. 83 %,); 6¢, R = 4-OHPh {45 min. 84 %); 6, B = Tuean-2-1 |50 min. 85 25);
6, B = 3-CIPh (20 min. % %): 6, K = 4-EPh (25 min. §9 °5): B, W= 4-CIPh (20 min. 41 %); 6h, B = 4-0Od1ePh (35 min. 86 94).

2

*Reaction conditions: resorcinol 2 () mmol}, aromatic aldehydes 3 {1 mmol), malononitrile 4 (1.2 mmol}, water (3mL),
sugar apple peel ash catalyst (75 mg),

75mg of the ash catalyst in water (3mL) at room temperature came out as optimal for
the reaction in terms of yield and time (Table 1, entry 7) for the desired product 5g
(92%). In the presence of the catalyst, under solvent-free conditions, the model reaction
gave only a trace yield of the product. Solvent effects were then explored; compared to
other industrial solvents, ethanol afforded a good yield {Table 1, entry 10).

For comparative study, the model reaction was carried out using other biowaste-
derived catalysts such as banana peel ash, papaya tree bark ash, and bael fruit rind ash.
The yields obtained were 87%, 84%, and 59%, respectively. The model reaction was also
performed using base catalysts such as K,COs, Ca(), Na,CO;, and CaCOj, which gave
the desired product in 67%, 57%, 48%, and 31% yields, respectively. Comparatively, in
terms of the yield and time, sugar apple peel ash was found to be a promising catalyst
for efficient synthesis of 2-amino-4H-chromenes.

For the investigation of the scope and generality of the protocol, the reaction of
4-hydroxycoumarin 1 with aromatic aldehydes 3 and malononitrile 4 was performed
under optimized reaction conditions (Table 2). Yields were uniformly very good to
excellent for aldehydes with electron-withdrawing or electron-donating substituents.

Further, to expand the applicability of the catalyst to the other reactions of these cate-
gories, a series of 2-amino-4H-chromene derivatives (6a-6h) were prepared using resor-
cinol 2, aromatic aldehydes 3, and malononitrile 4 under optimized reaction conditions
(Table 3). Resorcinol reacted at position-6, probably because of the steric hindrance
between hydroxyl groups.

Fortunately, all the reactions described for the synthesis of 2-amino-4H-chromenes
were straightforward single-pot three-component reactions, and the desired products
(5a-5j, and 6a-6h) precipitated out from the reaction mixture without any undesired

&
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~nle products, The crude products were recrystallized from ethanol without chromato-
sapiie separation.

Erom the viewpoint of green chemistry, it is crucial to examine the reusability of the
ol Catalvst, After the first run, the ash catalyst was separated from the reaction mixture
st ledroxveoumarin 1, 4-chlorebenzaldehyde 3 and malononitrile 4 by filtration. It
v washed with hot ethanol and dried at 70°C tor one hour. The recovered catalyst

cubd be reused at feast five times with only a slight reduction in the catalytic activity.

Phe vield of 5g in five consecutive cycles was 92, 90, 88, 87, and 85% respectively.

iosummary, we have developed a novel, practical approach for the synthesis of bio-
cotnve Danuno-4H-chromene derivatives using cost-free, innocuous, biowaste-derived
nrar apple peel ash as a heterogeneous catalyst. In view of the current high prices of
veasents and organic solvents and their environmental impact, the unprecedented activ-
v ol this ash catalyst makes the process described here more economical and an
attractive alternative to conventional methods.

Experimental section

‘Fhe waste peels of sugar apple (Annona squamosa L) were collected from the industrial
arca of Aask Food Products, Tasgaon, M.S., India. The collected peels were washed with
distilled water, dried in the sun, cut into small pieces, and completely burnt in the open
air. The obtained ash was ground 1o fine powder, and it was used as a catalyst. Dry peels
calcined {400 °C) in o muffle furnace exhibited almost the same catalytic activity. The cata-
Ivst was characterized by FT-1R, XRD, SEM, EDS, BET technique, XRF, ICP-AES, and
DSC-TGA and the surface basic strength was determined by the Hammett indicator test.™
These analytical tools prominently highlighted the presence of basic active sites in the cata-
lyst. The characterization data were submitted for editorial review, They are available from
the corresponding author upon request. All essential reagents were purchased from
Stgma-Aldrich and used as received without further purification. FT-IR spectra were
recorded on a Bruker (Alpha 100508, USA) instrument and wavenumbers were reported
' "H and 'C NMR spectra of compounds were recorded on an AVANCE-300
spectrometer (Bruker, USA). Chemical shifts (d) are given in parts per million (ppm}
using the residue solvent peaks as references relative to TMS. Pre-coated plates of silica gel
60 12259 were used for thin-layer chromatography (TLC).

in om’

General procedure for the synthesis of 2-amino-4H-chromene derivatives

In o 25mL round bottom flask, a mixture of C-H activated acid (1 mmol}, aromatic
aldehvde {1 mmol), matononitrite {1.2 mmol), and sugar apple peel ash (75mg) in water
(3ml.) was stirred al room temperature. After completion of the reaction, as evident by
T'1.C (n-hexane:ethyl acetate, 4:1), the reaction mixture was filtered. The residual mass
was mixed with hot ethanol; and, to recover the catalyst, the reaction mixture was fil-
tered. Then, the isolated reaction mixture was cooled to room temperature. After pre-
ciptation of the crude product, it was filtered. The crude product was then

recrvstallized from ethanol to get the analvtical sample.
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2-Amino-5-oxo-4-phenyi-4H, 5H-pyrano(3,2-cichromene-3 -carbonitrile (5q)

Mp 257°C, lit mp 258-259 °C;"® FT-IR (cm™'): 3492, 3154, 2224, 1679, 1391, 1286 'H
NMR {300 MHz, DMSO-dg): & (ppm) 7.90 (d, 1H, j=7.6Hz), 7.69 (t, 1H, ] =7.5 Hz),

7.39 (m, 4H), 7.25 (m, 5H), 443 (s, 1H); ""C-NMR (75.46 MHz, DMSO-d,): (ppm)
159.49, 157.94, 153.38, 152.10, 143.29, 132.89, 128.47, 127.58, 127.07, 124.63, 122.43,
119.17, 11653, 11293, 10393, 57.96, 3693 MS: m/z 316.0848 (100.0%);
found: 316.1168.

Anal, Caled for CgH5N,04: C, 72.15; H, 3.82; N, 8.86. Found: C, 72.16; H, 3.81;
N, 885.

2-Amino-4-(3-nitrophenyl)-5-oxo-4H,5H-pyrano|3,2-cjchromene-3-carbonitrile (56}

Mp 259°C, lit mp 260-262°C;'? FI-IR (cm ') 3502, 3164, 2226, 1669, 1345, 1278, 'H
NMR (300 MHz, DMSO-de): ¢ (ppm) 8.12 (d, 2H, J=7.6Hz), 7.54 (m, 8H), 4.71
(s, 1H); “C-NMR (7546 MHz, DMSO-dg): & (ppm) 159.56, 158.13, 153.85, 152.24,
147.82, 145.45, 134.73, 133.06, 130.02, 124.65, 122.56, 122.42, 122.23, 11891, 116.55,
112.91, 102.84, 56.93, 39.59; MS: mu 361.0699 (100.0%); found: 362.0754.

Anal. Caled for C 1wHNN3Os: €, 63.16; H, 3.07; N, 11.63. Found: C, 63.17; H, 3.08;
N, 11.65.

2-Amino-4-(4-hydroxyphenyl)-5-oxo-4H,5H-pyrano{3,2-cjchromene-3-
carbonitrile (5¢)

Mp 259°C, lit mp 260-2637C;'* FT-IR {cm™ '): 3380, 3150, 2243, 1642, 1321, 1211, 734:
'H NMR (300 MHz, DMSO-d,): & (ppm) 9.33 (s, 1H), 7.88 (d, 1H, J—8.7 Hz), 7.69
(t. IH, J=82Hz), 745 (m, 2H), 7.32 (s, 2H), 701 (d, 2H, J=8.3Hz), 6.68 (d, 2H,
J=83Hz), 431 (s, 1H); “C-NMR (75.46 MHz, DMSO-d): § (ppm) 159.89, 159.54,
157.49, 154.78, 151.66, 134.42, 129.63, 129.09, 127.41, 124.12, 122.89, 11831, 115.41,
11491, 11474, 11442, 10422, 5541, 3517, MS: m/z  332.0797  (100.0%):
found: 332.4952,

Anal. Caled for CoH,,NLQ 0 C, 68.67; H, 3.64: N, 8.43. Found: C, 68.64; H, 3.65;

N, 8.41.

2-Amino—4-(4-methoxyphenyU-S—oxo—4H,5H-pyrano{3,2-c}chromene-3~
carbonitrite (5d)

Mp 234°C, lit mp 235-237°G;"* FT-IR (am™'): 3362, 3286, 3176, 2185, 1664, 1598,

(BOOMH? DMSO-dek: o (ppm) 7.86 (d, 1H,
J=73Hz), 769 (4 IH, /=7.0Hz), 7.35 (m, 4H), 7.14 (d. 2H, J =74 Hz), 6.86 (d, 2H),
4.38 (s, 1H), 333 (s, 3H): “C-NMR (75. 46 MHz, DMSO-dg): & (ppm) 160.07, 159.89,
32, 11881, 115.67, 11491,

1377, 1246, 1170, 836, 750; 'H NMR

15942, 156,52, 151.78, 13543, 12931, 12909, 12753, 122
114,32, 104.22, 57.59, 54 24, 36.04: MS: m/z 346.0954 (100.0%); found: 346.2762.

Anal. Caled for CooH | N.Op €L 69.36; H, 4.07; N, 8.09. Found: C, 69.34; H, 1.05;

N, 8.07.
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2-Amino-4—{2—nitrophenyl)-5-oxo-4H,5H-pyrano[3,2-c}chromene-3-carbonitri;'e {5e}

Mp 254 °C, lit mp 255-257°C:* FT-IR (cm™'): 3386, 3293, 3179, 2186,1664, 1521, 1373,
1258, 859, 748; 'H NMR (300 MHz, DMSO-d¢): & (ppm) 7.90 (d, 2H, J=8.2Hz), 7.55
(m, 8H), 5.23 (s, 1H); "*C-NMR (75.46 MHz, DMSO-d,): & (ppm) 160.61, 160.34, 159.23,

116.31, 115.55, 105.51, 58.43, 33.5}; MS: m/z 361.0699 (100.0%); found: 361.1275.
Anal. Caled for C,oH,,N;O5: C, 63.16; H, 3.07: N, 11.63. Found: €, 63.17; H, 3.08;
N, 11.65.

2-Am;’no-4-(4-nitrophenyf}—S—oxo-4H,5H~pyrano{3,2-c]chromene-3—carbonitrﬂe (5f)

Mp 255°C, lit mp 255-257°C;"* FT-IR (cm™'): 3456, 3102, 2234, 1702, 1654, 1321,
1289, 822, 716; 'H NMR (300 MHz, DMSO-dg): & (ppm) 8.18 (d, 2H, J=28.4Hz), 791
(d, 1H, J=86Hz), 7.72 (t, 1H, J=77Hz), 7.54 (m, 6H), 466 (s, 1H) PC-NMR
(75.46 MHz, DMSO-dg): & (ppm) 160.51, 160.45, 160.12, 153.21, 152.34, 146.81, 130.02,
128.95. 128.67, 126.34, 125.56, 124.41, 123.20, 119.91, 116,53, 115.90, 106.82, 58.91,
36.35: MS: m/z 361.0699 (100.0%); found: 361.1189.

Anal. Caled for CoH,N3Os: C, 63.16; H, 3.07; N, 11.63. Found: C, 63.14; H, 3.09;
N, 11.64.

2-Amino-4-{4-chlorophenyl)-5-oxo-4H,5H-pyrano[3,2-cJchromene-3-
carbonitrile {5g)

Mp 264°C, lit mp 263-265°C;"" FT-IR (cm™'): 3409, 3161, 2227, 1728, 1669, 1317,
1259, 824, 766; '"H NMR (300 MHz, DMSO-d,): ¢ (ppm) 7.87 (d, 1H, J=8.6Hz), 7.63
(t, 1H, J=7.2Hz), 7.44 (m, 4H), 7.34 (m, 4H), 4.47 (s, 1H); BC.NMR (75.46 MHz,
DMSO-do): & (ppm) 15948, 157.94, 15351, 152.14, 142.28, 132.94, 131.67, 129.60,
12839, 124.62, 122.47, 119.04, 11652, 112.90, 103.45, 57.5], 39.50; MS: m/z 350.0458
(100.0%); found: 350.1274.

Anal. Caled for C,sH,,CIN,O5: C, 65.06; H, 3.16; N, 7.99. Found: C, 65.09; H, 3.11;
N, 7.95.

2-Amino-4-{2-hydroxyphenyl)-5-oxo-4H,5H-pyrano| 3,2-cJchromene-3-
carbonitrife (5h)

Mp 272°C, lit mp 271-273°C%* FT-IR (cm™'): 3456, 3255, 2885, 2193, 1670, 1576,
1397, 1215, 860, 746; '"H NMR (300 MHz, DMSO-d¢): 6 (ppm) 11.88 (s, 1H), 8.02

" (d, 1H), 7.60 (t, 1H, f=72Hz),7.35 (d, 2H, J=72Hz), 7.18 (s, 1H), 7.01 (t, 3H,

J=7.4Hz), 678 (s, 2H), 531 (5, 1H) "C-NMR (7546 MHz, DMSO-de): ¢ (ppm)
162.12, 160.23, 159.24, 157.22, 153.45, 130.09, 128.96, 127.98, 126.23, 123.45, 12291,
121.78, 116.38, 11596, 114.78, 106.23, 58.72, 32.12; MS: mfz 332.0797 (100.0%);
found: 332.1856. .

Anal. Caled for C4H,-N.O,: C, 68.67; H, 3.64; N, 8.43. Found: C, 68.62; H, 3.61;
N, 8.40.

g)



ORGANIC PREPARATIONS AND PROCEDURES INTERNATIONAL @ 7

2-Amfno-4-(2-chs'oropheny:')-5-oxo-4H,SH-pyran0{3,2-c}chromene-3-carbonitrh‘e (5i)

Mp 275°C, lit mp 275-277°C;'* FT-IR (em™'): 3490, 3187, 2232, 1781, 1640, 1340,
1234, 834, 751; 'H NMR (300 MHz, DMSO-d,): § (ppm) 7.90-7.87 (g, IH J=8.2Hz),
7.72-7.66 (m, 1H), 7.50-7.41 {m, 4H), 7.33-7.28 (m, 2H), 7.14 (s, 2H), 447 (s, 1H); 1°C-
NMR (75.46 MHz, DMSO-dy): & (ppm) 160.68, 159.91, 159.35, 15242, 143.76, 132.34,
128.93, 128.65, 127.44, 126.89, 126.34, 12533, 124.09, 119.86, 116.76, 115.07, 106.21,
58.91, 33.78; MS: m/z 350.0458 (100.0%); found: 350.0719.

Anal. Caled for CigH,,CIN,O;: C, 65.06; H, 3.16; N, 7.99. Found: C, 65.07; H, 3.14;
N, 7.99. .

2-Amino-4-{4-ﬂuorophenyf)-5-oxo-4H,5H-pyrano[3,2-c}chromene—3-carbonitn':‘e (5j)

Mp 258°C, lit mp 256-258°C;'* FT-IR (cm™'): 3321, 3082, 2201, 1745, 1658, 1365,
1211, 845, 730; "H NMR (300 MHz, DMSO-dg): & (ppm) 7.91 (d, 1H J= 7.6 Hz), 7.73-
7.68 (t, IH J=7.5Hz), 7.51-7.38 (m, 5H), 7.32-7.22 (m, 3H), 4.92 (s, 1H): *C-NMR
(7546 MHz, DMSO-d;): & (ppm) 160.22, 160.12, 159.87 (d, J=272.5Hz, C-F), 159.46
(d, /=68Hz, C-F), 153.01, 139.93, 12034 (d, J=8.2Hz, C-F), 128.38, 12572, 123.51,
11941, 116.72, 115.98 (d, J=21.7 Hz, C-F), 115.78 (d, /=21.7 Hz, C-F), 112.35, 105.69,
59.11, 33.76; MS: m/z 334.0754 (100.0%); found: 335.1341.

Anal. Caled for CioHy FN2Oy: C, 68.26; H, 332 N, 8.38. Found: G, 68.25; H, 3.30:
N, 8.37.

2-Amino-7-hydroxy-4-phenyl-4H-chromene-3-carbonitrile {6a)

Mp 233°C, lit mp 234-236°C;" FT-IR (em™'): 3471, 3328, 3210, 2971, 2190, 1642,
1506, 1399, 1144, 847, 752; '"H NMR (300 MHz, DMSO-d,): & {ppm) 9.69 (s, 1H}, 7.30
(t, 2H, J=7.1Hz), 7.17 (m, 3H), 6.87 (s, 2H), 6.49 (d, IH, J=7.6Hz), 6.47 (d, 1H,
J=7.2Hz), 641 (s, IH), 461 (s, IH); "C-NMR (75.46 MHz, DMSQ-dy): {ppm)
160.29, 157.12, 148.90, 146.38, 129.95, 128.61, 127.40, 126.66, 120.71, 113.76, 112.43,
102.23, 56.36; MS: m/z 264.0899 (100.0%); found: 265.1308.

Anal. Calcd for CH ,N,0,: C, 72.72: H, 4.58; N, 10.60. Found: C, 72.71; H, 4.55;
N, 10.57.

2-Amino-7-hydroxy-4-(3-nitrophenyl)-4H-chromene-3-carbonitrile {6b)

Mp 188°C, lit mp 188-190°C:"® FT-IR (cm™'): 3476, 3391, 3254, 2986, 2192, 1677,
1567, 1450, 1389, 1167, 878, 734; 'H NMR (300 MHz, DMSO-dg): & (ppm) 9.77 (1H),
8.02 (t, 2H, J=7.6Hz), 7.64 (d, 2H, J=7.3Hz), 7.01 (s, 2H), 6.84 (d, 1H, j = 8.4 Hz),
6.45 (t, 2H, ]=8.2Hz), 4.90 (s, 1H); ">C-NMR (75.46 MHz, DMSO-d,): & (ppm) 160,51,
157.50, 148.94, 148.58, 14797, 134.30, 130.32, 129.98, 121.85, 121.77, 120.38, 112.70,
112.55, 102.42, 56.07; MS: m/z 309.0750 {100.0%): found: 309.9762.

Anal. Caled for C,(H, \N;0,: C, 62.14: H, 3.59; N, 13.59. Found: C, 62.12; H, 355;
N, 13.57.
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2-Amino-7-hydroxy-4-(4-hydroxyphenyl}-4H-chromene-3-carbonitrile (6c)

Mp 242°C, hit mp 248-250°C)" FT-IR (cm ') 3492, 3347, 2968, 2197, 1643, 1506,
1356, 1267, 816, 735% 'H NMR (300 MHz, DMSO-A) & (ppm) 9.63 (s, 1H), 9.26
fo, 1HD), 6.92 (d, 2H, J—8.112), 677 (m, 3H), 667 (J 21 f=84Hz), 646 (d, 1H,
- 83 H2), 644 (dy TH, J— 7.6 Hz) 447 (s, 1HE UC-NMR (7546 MHz, DMSO-dg): 6
(ppm) 160.02, 136,85, 156.01, 14874, 136.77, 129.86. 12833, 120.73, 11520, 114.30,
[12.25, 102.05, 56.79; MS: m/z 280.0848 (100.0%); found: 281.0158.

Anal. Caled for C(H:N.O+ €, 68.56; H, 4.32; N, 999 Found: C, 68.54; H, 4.30;
N, 9.99.

2-Amino-4-(furan-2-yl}-7-hydroxy-4H-chromene-3-carbonitrile (6d)

Mp 209°C, Nt mp 185-187 'Ci'" FT-IR (cm ') 3471, 3328, 3210, 2968, 2191, 1647,
1406, 1329, 1294, 855, 763 'H NMR (300 MHz, DMSO-d,): & (ppm) 9.72 (s, 1H), 749
(s, 1H), 6.92 (d, 3H, j=74Hz). 659 (d, 1H, [=7.6Hz), 6.38 (d, 2H, J=84Hz), 6.12
(s, TH}, 4.74 (s, 1H) ""C-NMR {75.46 MHz, DMSO-ds): d (ppm) 160.06, 15411, 153,98,
148 34, 13567, 129.03, 12812, 119.44, 114.65, 108.23, 102.43, 56.21: M$: m/z 254.0691
(100.0%); found: 255.0142.

Anal. Caled for C H,N,O5; C, 66.14; H, 3.96; N, 11.02. Found: C, 66.10; H, 3.93;
N, 11.01.

2-Amino-7-hydroxy-4-{3-chlorophenyl)-4H-chromene-3-carbonitrile (6e)

Mp 162°C, lit mp 176-178 C.'7 FT-IR (am ') 3394, 3208, 2968, 2192, 1642, 1504,
1367, 1150, 850, 728; '"H NMR (300 MHz, DMSO-d,): & {(ppm) 9.73 (s, 1H), 7.35 (m,
2H), 7.29 (m, 1H), 7.15 {d, 1H, J=7.4Hz), 6.95 (s, 2H}, 6.84 (d, 1H, }=8.4Hz), 6.52
(d, 1H, f==8.3Hz), 6.42 (d, 1H, [ = 8.2 Hz), 4.6% (s, IH); ’C-NMR (75.46 MHz, DMSO-
de: @ (ppm) 160.36, 157.67, 14932, 133.78, 131.89, 130.09, 127.45, 126.81, 120.89,
113.09, 10245, 62.34; MS: m/z 298.0509 {100.0%}); found: 299.0912.

Anal. Caled for C\H; CIN-O-: C, 64.33; H, 3.71; N, 9.38. Found: C, 64.31; H, 3.69;
N, 9.35.

2-Amino-7-hydroxy-4-(4-flurophenyl})-4H-chromene-3-carbonitrile (6f)

Mp 186°C, lit mp 186-188°C;'” FT-IR (ecm™'): 3394, 3328, 2965, 2189, 1642, 1501,
1368, 1147, 856, 777 'H NMR (300 MHz, DMSO-dg): & (ppm) 9.70 (s, 1H), 7.11
(m, 4H), 6.87 (s, 2H), 6.75 (d, 1H, /= 8.6 Hz), 6.48 {d, 1H, ] = 8.4Hz), 6.39 (s, LH), 4.64
(s, 1H); '"*C-NMR (7546 MHz, DMSO-de): o (ppm) 160.54 (d, f=232.0Hz, C-F),
157.09, 149.28, 142.11, 12961 (d, J=7.6Hz, C-F), 129.55 (d, J=7.6Hz, C-F), 120.78,
115.89 (d, j =242 Hz, C-F), 11545 (d, J=24.2Hz, C-F), 113.12, 11243, 102.22, 56.91;
MS: m/z 282.0805 (100.0%); found: 283 0741, _

Anal. Caled for C H. FN.O- €, 68.08; F, 393 N, 992, Found: €, 68.06; H, 3.90;
N, 9.90.

832
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2-Amino-7-hydroxy-4-{4-chlorophenyl)-4H-chromene-3-carbonitrile {6g)

Mp 160°C, lit mp 159-161°C;" FT-IR (em™'): 3501, 3412, 2991, 2196, 1644, 1543,
1489, 1191, 1135, 825, 731; 'H NMR (300 MHz, DMSO-d,): & (ppm) 9.76 (s, 1H), 7.34
(d, 2H, J=7.4Hz), 7.19 (d, 2H, J=8.2Hz), 691 (s, 2H), 6.78 (d, 1H, = 7.4 Hz), 651
(d, 1H, /=8.2Hz), 643 (s, IH), 471 (s, 1H); “C-NMR (75.46 MHz, DMSQ-dg): &
(ppm) 160.67, 157.56, 149.22, 144.99, 131.42, 130.67, 129.88, 129.68, 121.33, 113.90,
113.09, 102.66, 56.29; MS: m/z 298.0509 (100.0%); found: 299.0783.

Anal. Calcd for C,4H,,CIN,0,: C, 64.33; H, 3.71: N, 9.38. Found: C, 64.30; H, 3.70;
N, 9.37.

2-Amino-7-hydroxy-4-(4-methoxyphenyl)-4H-chromene-3-carbonitrile (6h)

Mp 111°C, lit mp 112-114°C;'” FT-IR {cm™'): 3454, 3387, 2945, 2206, 1679, 1520,
1132, 1268, 1227, 832, 734; '"H NMR (300 MHz, DMSO-d,}: & (ppm) 9.74 (s, 1H), 7.04
(m, 4H), 6.92 (s, 2H), 6.67 (d, 2H, J=8.1Hz), 641 (d, 1H, J=8.2Hz), 478 (s, 1H),
3.82 (s, 3H); "C-NMR (75.46 MHz, DMSO-ds}: § (ppm) 161.02, 157.32, 153.45, 151.78,
149,12, 134.89, 130.02, 121.22, 11552, 114.11, 11321, 11242, 112.11, 102.31, 68.09,
56.17; MS&: m/z 294.1004 (100.0%); found: 295.0157.

Anal. Caled for C;H | ,N,Oy: C, 69.38; H, 4.79; N, 9.52. Found: C, 69.37; H, 4.75;
N, 9.51.
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Abstract
A dry rind of Aegle marmelos (bael) fruit ash as a synergetic alternative material

to an expensive, toxic and corrosive catalysts for the synthesis of biscoumarins and
2-amino-4H-chromenes at ambient temperature in water is reported. The spectro-
scopic evidence from EDX, FTIR, XRD and SEM analysis of bael fruit ash supports
the presence of metal oxides, carbonates and hydroxides which are intensely respon-
sible for the acceleration of the reactions. The striking features of this protocol are
utilization of bio-waste, cost-effective, recyclable and biodegradable catalytic sys-
tem, which provide good to excellent yields in a short reaction time.

Graphic abstract

Bael Fruit Ash (10 wis]
H,0, RT/Stirr
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Introduction

Onc-pot multi-component reaction strategics ofler cco-Iricndly and significant
advantages over conventional linear-type syntheses by virtue of their convergence,
productivily, reduction in work-up and purification steps, facile execution and high
yield [1]. Because of these versatile advantages, recently, multi-component reac-
tions have been widely used in the field of organic, medicinal and combinatorial
chemistry.

The attractive features of 4H-chromenes motivated scientific community to design
and develop natural product-derived analog of alkaloids, for example, Arisugacin A
(2], Ophioglonin [3} and Hyperxanthone [4]. Similarly, some biscoumarin moieties
have been found in nature including Bisosthenon (Citrus funadocao), Ismailin (Dio-
spyras ismaili}, Dicoumarol (Melilotus alba) and Gerberinol (Gerbera lanuginose)
as shown in Fig. 1 {5].

Nowadays, the development of biscoumarins has received significant attention
because they have potent biological [6, 7] and many pharmacological activities, such

as antitumor [8], antioxidant [9], anti-inflammatory [10], cytotoxicity [11], antican-

cer [12], antiviral [13], antipyretic [14] and antimicrobial [15] properties. Some of
the applied methodologies with the use of various catalysts such as water extract ol
waste onion peel ash [16], FeNi,—ILs [[7], CuO-CeO, [i8], DBSA {19], molecu-
lar iodine [20], Zn(proline), [21], sodium dodecyl sulfate [22), W-doped ZnO nano-
composite [23], DBU [24], [bmim] [BF,} [25], ruthenium(IiT) chioride hydrate [26],
§10,Cl1 [27}, TBAB {28] and Fe(SD), [29, 30] have been reported.
2-Amino-4H-chromenes and their derivatives exhibit a broad spectrum of biolog-
ical and pharmaceutical activities such as antioxidant [31], anticancer [32], anti-HIV
[33], anti-dyslipidemic [34], anti-hyperglycemic [35], xanthine oxidase inhibitory
[36], antimicrobial [37], antiallergic [38], acetylcholinesterase, butyrylcholinest-
erase inhibitory [39] and Src¢ kinase inhibitory activities [40]. For the synthesis of
2-amino-4H-chromenes [rom aryl aldehydes, 4-hydroxycoumarin and malononi-
trile with various catalysts such as polymer-supported sulfanilic acid [41], sodium
dodecyl sulfate |42], ionic Hquid [43], Fe;0,@Si0,—imid-PMAn (44}, ammonium

o
f\f‘t@
oH Mo o} oH

Hyperxanthone E

LT B = H, Dicoumaral
CH4, Gerberingl
Bisosthenon B fag i H e ¥

Fig. 1 Nuturally found some bioactive compounds bearing 4H-chromenes scaffolds and biscoumaring
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metavanadate [45], DBU [46], TBAB [47], N(Et), {48]. MgO [49], starch [50],
aqueous K,CO4 [51], HeP-W ,0,.18H,0 [52] und piperidine [53] have been used.

Water is the universal solvent that plays a significant roie 1n all chemical reac-
tions of life [54, 55). Water as a reaclion media came from (he studies on ‘Hydro-
phobic effects on simple organic reactions in the water’ by Ronald Breslow in the
1980s [56). Recenuly, Sharpless and co-workers have defined ‘on water’ conditions
using water as a solvent for the reaction of water-insoluble reactants without the
use of organic cosolvent [57]. Another study done by Engberts has shown that the
Diels—Alder cycloaddition reaction accelerated very rapidly in water {58]. Notably,
the use of waler as a solvent has attracted much interest in recent years. Indeed,
water offers many advantages because it is a cheap, readily available, non-toxic and
nonllammable solvent, thus being very attractive [rom both an economic and envi-
ronmental point of view [59].

Sustainability is a broad discipline which has become & walchword and guiding
principle for modern society, and a growing appreciation is that the anthropogenic
‘bio-waste,’ in all its manifold forms can offer a valuable source of energy, chem-
icals, construction materials and high-value functional products. In the context of
organic transformations, the waste material provides an alternative renewable nat-
ural feedstock as well as a good resource to create catalysts. The catalytic system
developed Irom wasle material serves (o improve the overall energy and atom elli-
ciency of existing as well as novel chemical processes [60].

In view ol these dala and in continuation ol our research program concerning the
development of catalyst from natural feedstock [61-64], herein, we report first time
bio-waste-derived rind of bael fruit ash (BFA) as a green catalyst for the facile syn-
thesis of biscoumarins and 2-amino-4H-chromenes using aryl aldehyde, 4-hydrox-
ycoumarin and malononitrile via a tandem Knoevenagel-Michael reaction under
aqueous medium (Scheme 1). Bael (Aegle marmelos) is a sacred tree of the Hindus,
ovigin from India and known from ancient times. It is lound growing along foothills
of Himalaya in India. It is also grown in Egyptian gardens in Trinidad and Surinam
as well as other countries [63, 66]. All parts ol bael tree are medicinally useful, like
leaves. flower, stem bark, roots, fruits, seeds, etc., and are used extensively in the
Indian traditional system ol medicine, the Ayurved (67, 68]. In the lilerature, it has
heen well studied and reported [69] that bael fruit ash contains K and Ca as major
constituents along with host of other trace elements like Mn, Fe, Cu, Zn, Na and

a5

- aH
3
A])LH '
R m P
G 8] I ;R
Tant 2 o 7 on
i
Bael Fruit Ash (BFA} 2 - = -4
{10 wi%) —| I
HZ0, AT/ Stirr ls] o o O
Ja-l

Scheme 1 Synthesis of biscoumuarin and 2-amino-d H-chromene derivatives using BEA catalyst
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Mg. It is believed that metal oxides, carbonates and hydroxides may act as a pro-
moter to calalyze Lhe reaction.

The BFA catalyst was found to be cost-effective, highly efficient, innocuous, bio-

degradable and renewable resource material, which is an allraclive allernative (o

other conventional reagents. Recently, bio-waste has been successfully employed
as a catalyst by many researchers in organic transformation [7(0-72). Therefore, we
strongly believed that our developed catalytic system is the best and accomplished
with excellent yield for a broad range of substrates that are highly attractive for
industrial applications in the near future.

Experimental
Materials and methods

Except bael fruit rinds, all other chemicals used in the study were purchased from
Sigma-Aldrich and used without any purification. The completion of reaction and
purity of products were checked by TLC on Merck silica gel (60 F254) plates. The
meliing points were recorded using DBK programrable melting point apparatus by
capillary methods and uncorrected. FTIR spectrum was recorded in ATR technique
on a Bruker ALPHA FTIR spectrometer. Powder XRD patterns were collected on
the Bruker AXS Analytical Instruments Pvt. Lid. Germany (Model: D2 phaser

diffractometer) by using Cu Ko radiation (A1=1.5406 A) at 10 mA, 30 kV, a scan

step time 0.5 per sec, and a start position 10.0184 and end position 90.00 [2° Th.].
Scanning electron microscope images were obtained on FEI, NOVA, NanoSem 450
equipment. Quanta 200 3D FEI scanning electron microscope was used for energy-
dispersive X-ray spectroscopy analysis. 'H and *C NMR spectra were recorded
with an Avance 300 instrument in CDCI13 and DMSO as a solvent with TMS as an
internal standard. Chemical shifts (8) are expressed in ppm.

Preparation of BFA catalyst
The dry rinds of bael fruits (Fig. 2a) were obtained from the local area, and species

were authenticated by the department of botany. The collected dry rinds of bael fruit
were washed with distilled water and then dried in the oven at 100 °C. The dried

{b)

Fig.2 a Dry bael fruit rinds. b Small pieces of bael. ¢ BFA catalyst
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rinds were manually broken into smaller pieces (Fig. 2b) and then thermally treated
lor 2 h at 900 °C in a muflle furnace at a heating rate of 2 °C/min, and this lempera-
ture was maintained till no evolution of smoke, which resulted in fine soft ash. The
resulting solid ash (Fig. 2¢) was denominated as bael [ruit ash (BFA) catalyst.

Typical procedure for the synthesis of 4-hydroxy-3-{{4-hydroxy-2-oxo-2H-chrome _

n-3-yl}{4-methoxyphenylimethyl)-2H-chromen-2-one (3a}

In a 25-mL reaction flask. 4-methoxybenzaldehyde (1.0 mmol. 136 mg), 4-hydrox-
ycoumarin (2.0 mmol, 324 mg), BFA (10 wt%, 13.6 mg) and H,O (3 mL) were
placed. A resulting reaction mixture was stirred at ambient temperature for 15 min.
The progress of the reaction was monitored by TLC (n-hexane/EtOAc, 7:3). After
completion of the reaction, the product 3a was extracted with EtOAc (2% 10 mL)
from the reaction mixture. The combined organic phase was washed with H,0 and
dried {Na,SO,), and the solvent was removed under reduced pressure to afford a
crude product. The pure product was obtained in a quantitative yield by recrystal-
lization from 96% EtOH. All other derivatives were synthesized by employing the
same procedure, and their structures Were confirmed oin the basis of spectral tech-
niques (ESI). The physical and spectroscopic data are in consistent with the pro-
posed structures and are in harmony with the literature values.

Typical procedure for the synthesis
of 2-amino-4,5-dihydro-4-{4-methoxyphenyl)-5-oxopyrano[3,2-<]
chromene-3-carbonitrile (5¢)

In a 25-mL reaction flask, 4-methoxybenzaldehyde (1.0 mmol, 136 mg), 4-hydrox-

ycoumarin (1.0 mmeol, 162 mg), malononitrile (1.0 mmel. 66 mg), BFA (10 wt%,
13.6 mg) and H,O (3 mL) were placed. A resulting reaction mixture was stirred
at ambient temperature for 10 min. The progress of the reaction was monitored by
TLC (n-hexane/EtOAc 7:3). After completion of the reaction, the product 5¢ was
extracted with EtOAc (2x10 mL) from the reaction mixture. The combined organic
phase was washed with H,O and dried (Na,SQ,), and the solvent was removed
under reduced pressure to afford a crude product. The pure product was obtained in
a quantitative yield by recrystallization from 96% EtOH. All other derivatives were
synthesized by employing the same procedure, and their structures were contirmed
on the basis of spectral techniques (ESI). The physical and spectroscopic data are
in consistent with the proposed structures and are in harmony with the literature
values. -
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Results and discussion
Catalyst characterization

The literature reports of BFA reveal thal the presence of metal oxides, carbonates
and hydroxides along with transition elements has been studied and characterized
by using various analytical techniques like EDX, FTIR, XRD and SEM analyses.

Energy—dispérsive X-ray spectroscopy (EDX)

The distribution of elements as hased on the EDX analysis of the BFA is shown
in Fig. 3. The reporl reveuls the distribution of the oxides of K, Ca, Mn, Fe, Cu,
Zn, Na and Mg. It is believed that oxides of these meltals react with reaction
medium water to produce hydroxides, which provides basic sites {or tandem Kno-
evenagel-Michael reaction pathway.

T

R I RV W Y S ST WY N S S

v

X-ray diffraction pattern {XRD}

The X-ray diffraction analysis of the BFA catalyst (Fig. 4) showed the character-
istic peaks of metal oxides and carbonates present in the catalyst. The peaks at
20=26.35, 28.37, 29.70, 30.68, 31.86, 32.99, 33.39, 35.81, 40.55, 41.80, 43.18,
50.17 62.31, 66.23 and 73.75 attributed to metal oxides and carbonates. Another
peaks were also observed at 20 =13.38 and 19.40 due to metal hydroxides. The
crystallite size of BFA was found to be 58 nm calculated using the Scherrer equa-
tion. Therefore, this active phase of the BFA catalyst was utilized for the conver-
ston of reactants into the desired products.

e

CoL 0K 47.11 6% 85
7 9k NakK 0.03 0.03
: MgK 1.50 173

RYATS
: KK 3867 2311
07K CaK 779 449
036 fnk 0.76 631
ek 0.87 037
[z e 1.52 0.56
sisk 7oK 1.52 0.54

1)

oo rEn 150 N EE 18 ez : ;
tepg 300 158 Cmis 3630 cay et Tetane Se Pos Dt

Fig.3 EDX spectrum ol the BEA cutuyst
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Fig.4 X-ray diffraction pauerns of BFA catalyst

Fourier transform infrared (FTIR) spectroscopy

The FTIR analysis was performed to investigate the functional groups present
in BFA catalyst (Fig. 5). The characteristics absorption bands at 602, 1006, 1499
and 1660 cm™ provide strong revelations about the presence of potassium oxides
{(K-O—K stretching), other metal oxides (Ca0, MgQ) and metal carbonates (C=0
stretching). respectively. Also, the observation of broad and sharp absorption
bands at 3336 em™! and 3740 cm™! due (o the small concentration of the hydroxyl
group (-OH) in the spectrum supports the formation of metal hydroxides due to the
absorption of moisture [rom the environment.

Scanning electron microscope (SEM)

The apparent morphology of BFA catalyst was examined by SEM anafysis and (s
shown in Fig. 6. As observed from SEM micrographs, BFA appears porous in nalure
which provides a smooth and soft surface area for catalyzing the reaction.

Catalytic performance of BFA catalyst

The catalytic efficiency of BFA was explored in the one-pot three-component reac-
tion. which involves 4-methoxybenzaldehyde and 4-hydroxycoumarin as a model
precursor under different reaction conditions to afford 4-hydroxy-3-((4-hydroxy-

2-oxo—ZH-chmmcn-3-y1}(4-methoxyphenyl}mcthyl)—EH-chromen—?-or:e 3a. The
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Fig.6 SEM images of BFA catalyst: a normal view, b magnificd view

success of the model reaction was examined in various reaction parameters with
BFA (wt%) as a catalyst (Table 1). Tnitially, the model reaction was examined under
catalyst-free and solvent-free conditions, and after 2 h, the formation of correspond-
ing product was not observed on TLC (Table I, entry 1).
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Table 1 Optimization of reaction condition for the synthesis of 3a

E)Me
O
OH OH o
i :J Hop o m Reaction conditions . ‘ 2 e O
MeQ ™ 0" "0 0 0
1a 2 00
3a
Entry Catalyst (wl%) Solvent (3 mL) Time {min) Yicld™ (%)
! - - 120 Nt
2 BFA (2) H,0 120 39
3 BFA (5) H,0 60 0 {76)°
4 BFA (10) H,0 L5 94
5 BFA (15) H,0 15 94 (94
6 BFA (10) EwQOH, 15 94 (93)°
7 BFA (10) THF 60 56 (55, 68)
3 BEA (1) CHCl, 6l 60 (62)*
9 BFA (10) H,0: FIOH (1:1) 15 94
10 WEBFA (3 mL) - 15 94
[ PBF (5) H,0 120 Ng®

Reaction conditions: 4-methoxybenzaldehyde 1a(1 mmol), 4-hydroxycoumarin 2(2 mmol), BFA (wi%}
and H,O (3 mL}at RT

WEBFA water extract of bael fruit ash (pH=12.6)
*Isolated yield

"Nu reaction

“Catalyst amount 7 (wt%)

dCatalyst amount 20 (wi%)

%iso-PrOH

fDCM, CH,CN

fToluene

As the reaction requires a catalyst, we examine the effect of BFA catalyst on

this transformation; the model reaction was performed using varicus amounts -

of BFA catalyst (1-20 wt%) in HyQ (3 mL) (Table [, entries 2-5). The results
show that excellent yield (94%) of desired product.was obtained in 15 min when

& Sprinue:

w5 94
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10 wt% of BFA was employed in 3 mL H,0 as a solvent (Table 1, entry 4). As
reaction requires solvent, we also examined model recaction in dillerent conven-
tional organic solvents like EtOH, ise-PrOH, THF, DCM, CH,CN CHCI; and tol--
uene. The results reveal that polar protic and nonpolar soivent alTorded moderate
yields (Table 1. entries 6-8), while pure EtOH and H,O/EtOH (1:1) solvent sys-
tem shows equally good results for the present synthesis (Table 1, entry 6 and 9).
Also, we perform mode] reaction in water extract of bael fruit ash (3 mL) which
shows equally good results after 15 min (Table 1, entry 10). For comparison pur-
poses, we also performed the model reaction in the presence of pareat bael fruit
(PBF) powder and 11 was observed that no product was obtained (Table |, eniry
11) even after 2 h.

To determine the influence ol the ashing temperature for preparation of BFA, bael
fruit rinds were thermally treated at different temperatures between 200 and 900 °C
and the resulted ash was tested for the model reaction to produce desired product
(Table 2). The results show that BFA obtained after 900 °C temperature gave better
result than BFA obtained at lower temperatures of thermal treatment (Table 2 entry
3).

By reacting a variety of differently substituted aryl aldehydes (la-1) with
4-hydroxycoumarin {2) under optimized reaction conditions, we managed to pre-
pare a range of biscoumarin derivatives (3a-l) and the results are shown in Table 3.
As shown, aryl aldehydes with substituents carrying either electron-withdrawing
or electron-donating groups reacted successfully and gave the expected products in -
stipulated time period.

Although we did not investigate reaction mechanism, the proposed mechanism
for the biscoumarins formation is depicted in Scheme 2. The BFA catalyst contain-
ing the mixture of active metal oxides and carbonates along with transition met-
als is responsible for its basicity, which is soluble to some extent in H,O which
provides a number of Lewis basic sites (O,”and OH) along with Lewis acid sites
(M?*) for the activation of reactants in the proper direction. At first, the aryl alde-
hyde 1 is activated by Lewis acidic sites of catalyst. The nucleophilic attack of

Table 2 Optimization Ot: ashing Entry Ashing temp. (°C) Time (min} Yield (%)
temperatute for preparation of
catalyst 1 Without ashing 120 N

2 200 120 Nr®

3 4060 120 15

4 600 120 27

5 900 15 94

Reaction conditions: 4-methoxybenzaldehyde 1la (1 mmol),
4-hydroxycoumarin 2 (2 mmol). bact fruit (13 wi%) and H,O (3 mL)

at RT
sotated yield
*No reaction

@__ Springer
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Table 3 BFA-catalyzed synthesis of biscoumarin derivatives (3a—1)

o3 OH
e e X BFA (10 wt%)
R + 2
0" o H,0 (3 mL), RT/ Stirr
1a-1 2

co
3a €157, 94 3b (20, 89)
0'“\_
/g_?i/o
o

o
OH OH

T LI
o

oo

3e (20.87)

3h (17,89) 3i (15.90)
O

3j (15.88) 3k (20, 88) - (15, 93)

Reaction conditions: aryl aldchyde 1a-l (1 mmol}, 4-hydroxycoumarin 2 (2 mmol), BFA {10 w1%), H;0
(3mL)yatRT

Time in min
*1solared vield in %

- .
il Sprmgtr
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H,C

Scheme 2 Postulated rolc of BEA catalyst in the formation of biscournarins {3}

4-hydroxycoumarin 2 on activated aldehyde is followed by elimination of water
molecules to generate Knocevenagel intermediate (I). which is further activated by
Lewis basic and acidic sites of catalyst. The activated intermediate (I) undergoes
Michael addition with second molecule of 4-hydroxycoumarin to afford the targeted
biscoumarin product 3 through tautomerism of intermediate (IT). As a result, the
overall effect of our catalyst is a rate enhancement of the reaction.

Next, we identified the recovery and reusability of catalyst which is important for
scaling up practical and industrial applications. A recycling cxperiment was con-
ducted using the model reaction. After completion of the reaction, the product 3a
was cxtracted with EtOAc¢ (2% 10 mL) from the rcaction mixturc. The combined
organic phase was washed with H,O and dried (Na,S0O,), as well as the solvent was
removed under reduced pressure to afford a crude product. The recovercd aqueous
layer containing BFA catalyst was dried under vacuum and directly used for the next
cycle with fresh reactants in H,O. The result obtained in our experiment (Fig. 7)

Ole

n

Reactien Mixture
{Product - BIFA ¢ 11.(0

L0 e»\(\ Product extracied P
é with F10Ac 0H\i¢ oH .
CHO O .
H 2 =
® N A
T2 S oY, & o
O o} Aqueous layer
OTH; comtaining BFA Product {3a}
) 2
1a Next run

Yiruum

Run lls' lnd 3 4[}\ b \ elrigmd
\’icld"M 93 92 92 90 BEA Calabyst

Fig. 7 Reusability of BFA catalyst
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Fig. 8 EDX spectrum of recovered BFA catalyst

was confirmed that the BFA could be reuscd up to fifth run with only negligible loss
of activity. The presence of active metal oxides responsible for its basicity in recy-
cled catalytic system was evidenced by the EDX analysis (Fig. 8), which revealed no
appreciable change in the chemical composition of catalyst even after the fifth cycle.

The successful application of BFA as catalyst in the synthesis of biscoumarins
encouraged us to explore its compatibility in synthesis for 2-amino-44-chromene
derivatives under optimized reaction conditions, and the results are summa-
rized in Table 4. The results indicate that aldehydes with electron-withdrawing
substituent werc found to be suitable for this transformation as the correspond-
ing products were obtained in high yields than aldehyde with electron-donating

substitucnt.

We compared the efficiency of our method for the synthesis of biscoumarin

3a with other reported works (Table 5, entry 1-6). Each of these methods has
its own advantages, but some of them suffer from disadvantages such as the
employment of expensive catalysts, long reaction time, poor yield and none
from natural sources. So the present method (Table 5, entry 7) furnishes the use
of renewable feedstock, a green reaction medium, biodegradable and reusabil-
ity of catalyst, with a shorter reaction time, while a small quantity of this inex-
pensive and readily available catalyst is sufficient to obtain good yicld of the
expected product.
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Table 4 BFA-catulyzed synthesis of 2-amino-4H-chromene derivatives (5a—1)

CN BFA (10 wt%)
P

CN H,0Q {3 mL), RT/ Stirr

“OH
Sh {10, 8%¥)
NH, NH;
0 CN 07X CN
o WN ' e “\\‘.
0”0 M 0™ Yo U\N/
]
5d (15, 88} 5¢(25,85) 5f(15,90)
NH, NH, NH,
Lo en Cie oM e o7 eN Me
S e o R
¢’ o = 0" o J O 0" o O Me
_ OMe te
5¢ (10, 95) Sh{15.8%) 51 (30. 80)
NH,
o CN
= \[/%*
E/ 0" "o 1} NG
5 (25. 90) 5k (15.92) 51 (20, 95)

Reaction conditions: aryl aldehyde (i mmolila-l, 4-hydroxycoumarin( | mmel)2, malononitrile
(1 mmol}d, BFA (10 wi%), H,0 3mLyat RT .

Time in min
solated yicld in %
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Table 5 Comparison of BFA catalyst with some previously reported catalyst for the synthesis of 3a

Entry Catalyst Reactton condition Time (min} Yield (%) References
1 Ash water extract ! mL, 80 °C 40 67 116]

2 FeNi—ILs 0.003 g, EIOH, reflux 26 73 [17)

3 CuG-Ce0, H,0, reflux 25 20 {18]

4 DBSA 13 wi%, HyQ, 40 °C 60 82 [19]

5 Visible light CFL bultb (22 W) i56 89 173]

6 OBS H.0, reflux 25 88 [74]

7 BFA 10 wt%, H,O, RT 5 94 [*1

*Present work

Conclusion

In conclusion, we have demonstrated an efficient and green method for the syn-
thesis of biscoumarin and 2-amino-4H-chromene derivatives using BFA in water

under air atmosphere at RT. We utilized bio-waste-derived catalyst that acts as -

synergetic material for the tandem Knoevenagel-Michael reaction. This proto-
col avoids chromatographic separation, use of expensive base, toxic solvents and
high temperature. BFA catalyst is ecologically benign which excludes the pos-
sibility of any imminent disposal problem. The ability to scale up the protocol
also makes it a competitive and convenient catalyst for industrially important
organic transformations.
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Abstract

We converted agro-waste Custard Apple Pecls {CAP) 1o ash via thermal treatment, on which Pd{QAC)2 was immaobilized
easily that produced a low-cost, highly efficient Pd/CAP-ash catalyst. The prepared catalyst was fully characterized by using
FT-IR. SEM, EDX. XRF. DSC-TGA. BET, HR-TEM, and XPS techniques. The Pa/CAP-ash catalyst was conveniently
applied for the Suzuki-Miyaura coupling reaction under external base free and ligand-free conditions in an aqueous-organic
solvent to produce biphenyls in good 10 excellent yields. The main attraction of our protacal an application of palladium-
supported agro-waste material which is eusily recoverable and recyclable provides mone and bis-coupled derivatives in a

short reaction time.
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1 Introduction

Palladium being the most specific transition metal has one
of the most versatile catalytic properties. Salts of Pd have
alrcady proved that they arc highiy cliicient catalysts in mak-
ing mew carhon—carbon (CspE—Cspl) honds. which seemed
to be very challenging scenatio in the past. Eventually it was
discovered that Pd salts have tremendous scope in synthetic
chemistry as its advantages were revealed one by ane. In
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vombination with organoborancs, organostanaanes, alkenes,
wrylates Pd salts have succeeded in designing many of the
Vil arganic molecules. 1t was observed that almost any (wo
orginic molecules can be coupled by Pd (salts) with the help
af uppropriale ligands. So it can be said that Jigand help o
enhunce aetivity of Pd (salts) to great extent. This has lead to
vstablesh coupling reactions like Suzuki, Heck, Sonogashiry
vleas milestones in the field of syathetic organic chemistry
[, 2]

In the late of 20th century it was realized that the ligands
used i combination with Pd salts have many disadvanty-
peous churacteristics like toxicity, highly expensive, avail-
ahality, <tabilily and tedious preparation methods and also
the contamination of metal and ligands in the final products.
Therefore it seemed to be an urgent need to develop Jigand
free methodologies in order to cut short human impact on
ceology [3-5).

In 1989, Bumagin and et al. for the first time realized
« palladiom catalyzed ligand free Suzuki reaction of aryl
haludes in aqueous condition under an argon atmosphere [6].
During the tast decade several groups described biphasic
jrotocols for SM couplings commaoaly based on water solu-
ble catulysts, including contributions by Beller [7], Plenio
[8]. Miyaura [3], Shaughnessy {10}, Genet [11], Leadbeater
[ 12] and Buchwalkd [ 13]. Lipshutz ¢t al. demonsirawcd ambi-
eni lemperature couplings in water utilizing nonionic micelle
lerming additives [14], phasc-transfer catalysis |15] or
waler:organic solvents have been employed [ 16, 17]. Alter-
nalnve approaches include heating by microwave irradiation
{ 1%, 19], or utilization of supported catalysts [20-23]. Yet,
despite u variety of advantageous features, water mediated
cross-coupling protocols typically necessitate co-solvents.,
lieh calalyst toading §24-26]. elevated temperaturey [27]
snd/or tedious product work-up by column chromatography
|.MR 1

Thus, with simple and economical methodelogies, the
ewercise of “ligand-ree” catalylic syslem, moderate basic-
ity anid wide compatibility has beceme the need of current
munuflacturing process o establish greener and sustainable
stiategy [29-32]. In fulfillment to the green chemistry prin-
veples, we decided to study in detail the use of an agro-waste
~tndt that significantly fulfills the desired expectation of safe
+eacuon strategy. The Suzuki-Miyaura coupling reaction is
hiyplily dependent un the presence of external base and sol-
wenl | 33354

I present-scenario researchers are interested in develop-
ihenl of green prolocols as sustainability has become a prior
e i every area of human activity |36, 37]. Among the prin-
viples of Green Chemisiry, the use of naturally sourced green
vatalyst is a key aspect since it minimizes toxicity, hazard,
poltation and waste treatment issucs {28421, Suzuki-Miyaur
ronpling reaction invelves the selective cross-coupling
Iwtween aryl halide and aryl boronic acids to give symmetrical

-

REEARTRL inger

and unsymmetrical biaryls tn high yiclds. Synthesis of biuryt
motifs has attracted considerable interest. as they are ithportant
building blocks for various naiural products, herbicides, phar-
maceuticals including antibiotic vancomycin and anticancer
drug gossypol {43451

The survey of literature reveals that the careful selection
of ligand can promotc both first and Jast sieps of the caw-
Iytic cycle {46]. Numerous electron-rich phosphine-based
ligands [47-50], sterically crowded NHC (51], oximes (52,
53], umines (54], and palladacycles {35, 36) were developed
and employed as catalyst precursers under bath conventional
organic or biphasic media. Although, these ligand assisting
systerns bear excellent activity, the principle drawbacks associ-
ated with them are availability, stubility. air/moisture sensitiv-
ity and 1edious preparation steps. In the most crucial stage of
the mechanism, rhe transmetailation, transfer of the organo
boron species Lo the patiadium in the presence of external
hase occurs. However, added base often compeles with ma:.
functional groups, and also causes protodeboronation wi..
electron-deticient aryl horonic acids [57—59].

The immobilization methods to deposit the palladium metal
o suitable solid supports [60], polymers [61]. metal oxides
(62. 63], clay [64]) carbon nanofiber [65], montmorilionile [66]
magnetic mesoporous silica |67, 68], and zeolite {69] have
been reported for coupling reactions, However, as most ol
the aryl hatides are hydrophobic in nature, the use of pure
waler medium for Suzuki-Miyaura coupling reaction oficn
tails to turnish utrmost etficiency [70). Indeed. several FCPOTts
mentioned the use of organic-water system, which aids in the
complete dissolution of the vrganic substrates, and also in the
stabilization of the metal. As a part of our ongoing eflorts to
develop sustainable protocols [71-73). we decided to revisit
the Suzuki-Miyaura coupling reaction with the aim 10 make
a protocol envirommentally benign with eco-friendly catalytic
syslem.

Herewith. we present a novel and highly green
Suzuki-Miyaura coupling reactions using P&/CAP-ash which
was prepared from PdiOAc), and dead Custard apple peels
that is ithrown to rol/deteriorate/decay. CAP-ash obtained from
agro-wastes is a betler choice in certain conditions hecause
of characteristics: they are low-cost materials and obtained
from renewable resources. A larce amount of solid wastes of
peel, stanexs or seeds are formed in the processing of fruits like
Custard apple which can be applied in orzanic transforma-
ton. CAP is a ighly abundant agro-waste nwterials across the
world and therefore its application in synthetic chemistry will
attract lremendous interest from the peint of environmental
issues.
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2. Experimental Section
2.1 General

Except CAP-ash, all chemicals used in study were pur-
chased from Srgnur-Aldrich and used without additional
drying and purification. Protos and carbon-13 NMR spectra
were recorded with a Avance-300 instrument in CDCI; and
DMSO-d6 as a solvent with tetramethylsilane (TMS) as an
internal standard. Chemicul shifts (§) are teported in ppm
and coupling constants (/) are expressed in Hz. Mass specira
analyses were recorded on Agilent gus chromatograph imass
spectrometer. Fourier ransform infrared (FT-IR) speclra
were recorded on a Perkin-Elmer-Spectrum- 1(X} spectropho-
tometer (KBr), Scanning clectron microscope (SEM) images
were obtained on FEL, NOVA, NanoSem 450 equipment.
Energy dispersive X-ray spectroscopy (EDX) analysis was
carried on Quanta 200 3D, FEI Scanning electron micro-
scope. Measurement temp. 25 °C with step size G.0170 [2°
Th] and Differential Scanning Calorimetry-Thermogravimet-
ric analysis (DSC-TGA} was performed on TA SDT Q600
V20.9 Build 20 insteument in nitrogen and at a heating rate
of 10 °C min~". X-ray fuorescence (XRF} analysts was per-
formed on X-ray fluorescence spectrometer (Pananiytical,
USA). Ny-adsorplion-desorption isotherms were obtained
with a BELSORP surfuce area and porosity analyzer, High
rcsolution Lransmission clectron microscopy (HRTEM)
images and selected area electron diffraction (SAED) pattern
were obtained by TECNAI F20 Philips operated at 200 KV,
The surface elemental studies were analyzed using an X-ray
photoelectron spectrometer (XPS) (VG Multilab 2000-SSK.
USA, Ka} measurement were reported with a multi-channel
detector, which can endure high photonic ¢nergies from 0.1
to 3 KeV. The progress as well as completion of reaction
wus monilored by TLC on Merck silica gel (60 F254) plates,

2.2 Preparation of CAP-Ash

During this siudy, Custard apple (Annona squamosa)
peels were obtained from nearby agriculturai farm. Ini-
tially agro-waste fruit peels (Fig. 1a) were washed with
distilled water and sun-dried. They were manually broken

into small pieces (Fig. 1b) and crushed using rnortar and
pestle. After crushing, the raw powder {100 g3 was heated
at the rate 5 °C/min in Muffle furnace up to 900 °C und
this temperature was maintained for | h, Afler Muffle fur-
ndace treatment, most of the organic materials were hurnt
oul and got transformed into white soft ash (8.5 g) denomi-
nated as CAP-ash. This CAP-ash (Fig. ic) obtained was
further vtilized as a support for Pd metal 1o produce a low
cost catalyst.

2.3 Palladium Support in the CAP-Ash

To the 1} mL of Pd{OAc), solution in acetone ({).1 g/Ly,
300 mg of CAP-ash was added and the resulting mix-
lure was stirred constantly at room lemperature for 24 h,
Finally, the resulting mixture was filtered and oven dried
at &0 °C for 2 h and stored in a desiccator. The resulli -
catalyst (Fig. 1d) so obtained was nominated as Pd/Ce -
ash and utilized for Suzuki-Miyaura coupling reaction.

2.4 General Experimental Procedure for Suzuki-
Miyaura Coupling Reaction

All the Suzuki-Miyaura coupling reactions were carried
out under air atmosphere in dried glassware. In a 25 mL
round bottom Nask equipped with a magnetic stirrer, aryl
bromides (1.0 mmol), arylboronic acids (1.2 mmaol), Pd/
CAP-ash (5 wt%) and water-ethanol (3 mL) were placed.
The resulting reaction mixtures were stirred at room tem-
perature for appropriate time. The progress of reactions
was monitored by TLC. After completion of reactions,
the reaction mixtures were extracled with ethyl acelate
(2 X 10 mL). The organic layers were washed with brine
{2 x 10 mL). The combined organic layer was collected.
dried over Na,8O, and concentrated in vacuo. The residue
was purified by silica gel column chromatography using
n-hexane:EtOAc (9:1 v/v) to pive the corresponding biaryl
compound. The desired products were characterized by
comparing 'H, *C NMR spectral data with authentic
samples.

pdacy, @
Imprepnation

Fig.1 Preparation of Pd/CAP-ash a dry custard apple peels. b smalf spices. ¢ CAP-ysh, d Pd/CAP-ash
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25 .General Experimental Procedure for Double
Suzuki-Miyaura Coupling Reaction

In a 25 mL round bottom Nask cquipped with a magnetic
stirrer, aryl dibromides (1.0 mmal). wrythboranic acids (2.4
mmol), PA/CAP-ash (5 wi%) and H.O0:DMF (3 mL}) were
placed. The resulting reaction mixtures were stirred at room
temperalure for appropriate time. The progress of reactions
was monitored by TLC. After completion of reactions, the
reaction mixiures were extracted with cthyl acetate (2 x 14
mL} The organic layers were washed with brine (2x 10
mL} The combined organic layer was coilected. dricd over
Nat,SO, and concentrared in vacuo, The residue way purified
by silica gel column chromatography using n-hexane:ElOAc
(9:1 ¥/v) o pive the corresponding biaryl compound,

3 Results and Discussion
3.1 Characterization of Pd/CAP-Ash

Herein, we report our preliminaey rescarch on the combus-
tion of agro-waste CAP te ash, which can be used as pal-
ladium support CAP-ash to producc good calalylic sysiem,
The PA/ACAP-ash was analyzed by FI-IR, SEM, EDX, XRF,
DSC-TGA, BET, HR-TEM and XPS icchnique, Morcover,
an atempt was also made 1o investigate the catalytic prop-
crty ol the Pd/CAP-ash cmploying Suzuki-Miyaura cou-
pling reaction.

3.1.1 FY-[R Analysis

FT-IR analysis performed as preliminary tool {Fig. 2) to
ohtain information ahout the existence of [unctional groups
m PA/CAP-ash, It shows that both CAP-ash and PA/C AP ash
have bands atributed a1 618, 1058, 1443, 1612, 2927, 338
cm™' and 616, 1047, 1392, 2357, 2924 cm-= respectively.
A sharp stretching band is observed at 32381 em™ in CAP-
ash indicates the presence of hydroxyl group (-OH) due to
trapping of moisture, which is not observed in IR speciium
of Pd/CAP-ash indicates the formation of metal oxides. The
observation of absorption band at 1392, 1047, 616 em™' are
characteristic peaks of metal oxides in Pd/C AP-ash supports
mctal oxides formation.

3.1.2 SEM Analysis

SEM micrographs (Fig. 3) of CAP-ash (Fig. 3a and
observed the porous nature of catalyst, with the smai
particie size, smooth and soft surface ares which upon Pd
loading effectively applied for catalyzing the reaction. Pd
metal can easily be spotted on the ash surface, (Fig. 3¢ and
d) Impregnation of Pd on porous surface of the CAP-ash is
confirmed by following SEM analysis.

3.1.3 EDX Analysis

The presence of clemems as based on the EDX analvsis
of the CAP-ash is shawn in Fig. 4a. The report reveals a

2927 1612

”

1058

Fig.2 FT-IR of a CAP-ush, b
PW/CaP-ash
X
=]
-
=
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o
=
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Fig. 3 SEM imuges for CAP-ush (a). (b} and PA/CAP-ash (). (d)

distribution of the oxides of K, Ca. Na, Al and Meg. This
distribution is comparably higher than that of the waste bio-
mass such as banana peels [74], rice straw [75]. wheat straw
(76} and Eichhornia crassipes [77]. EDX spectrum of Pdf
CAP-ash (Fig. 4b) distinctively shows presence of Pd metal
which supports the distribution of Pd metal on ash surface.

3.1.4 XRF Analysis

‘T investigate the particular chemical compositions of the
inorganic phase of fresh CAP-ash, XRF analysis was per-

formed and it presented that K,0 as the predominant com-
nent {% mass fraction 40.5%) while Ca0Q, Mg0, ALLO,.
105, 810, have mass fractions 4.35%, 6.73%, 0.53%.

lI 1.62%. 0.0011% respectively. Fe,O,, N1,O constituted the

temaining ash.

l1,1.5 DSC-TGA Analysis

)

The thermogravimetric analysis (TGA) of custard apple

beclq powder and newly synthesized PA/CAP.ash catalyst
s carried out over the temperature range of 0-1000 °C

l’l 4 heating rate of 1) “C/min under nitrogen atmosphere.
e investigated the suitable ashing temperature with weight

Kﬂﬂge of parent custard apple peels powder by DSC-TGA.

W W W

Three distinct stages of weight Joss were observed in custard
apple peeis powder (Fig. Sa), initially weight percent loss of
F2.05% below 184.73 °C that can be attributed to the evolu-
tion of moisture. The key weight loss of 37.50% up te 362.29
“C s attributed to combined weight loss for decomposition
of vrganic compounds. The sharp exothermic peak exhibited
by DSC at the temperature 508.58 “C could be assigned to
the decomposition of carbohydrates. The third weight loss
of 42.67% corresponds to the decomposition of metal car-
bunates up to 536.82 °C. Last two combined weight loss of
around B2.17% at a temperature between 184,73 1o 536.82
“C is due to hemicellulose, cellulosc. and pectin degradation.
Atthe end 4.79% weight of residue remains after 988,79 °C
was due to the metal oxides. As the weight remains constant
after 900 “C. this temperature suitable for complete conver-
ston of peels powder to ash. TGA profile of Pd/CAP-ash
shows that the catalyst is stable up to 399.73 °C (Fig. 5b).

3.1.6 BET Analysis

The catalytic activity of Pd/CAP-ash was determined by
using BET surface area analysis. The surface area, pore vol-
ume and average particle size of prepared Pd/CAP-ash cata-
lyst was determined using Brunauer-Emmeit—Teller (BET)
method. The surface area of the catalyst was found 10 be 4.04

@ Springer
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b EDX spectrum ol PA/CAP-ash

Fig. 4 a EDNX spectrum ol the fresh CAP-ash. b EDX spectrum of PdfCAP-ash

m*g~! while the pore volume and the pore radius are 0.044
ccg™! and 29.05 nm respectively which is presented in Fig. 6
The pore-size distribution curve depicts mesopores of very
uniform sizes. The isotherms of prepared Pd/CAP-ash were
type 11 isotherm with a Hd-type hysteresis loop.

3.1.7 HR-TEM

The structure of the prepared catalyst was also inspected
by high resolution transmisston etectron microscopy (HR-
T1:M3}. TEM images (Fig. Ta—c) disclosed the uniform
distribution of Pd nanoparticles on CAP-ash. The roughly

”~ . .
'\" Springer

sphertcal Pd nanoparticles exhibit dimensions from 24 1o 31
nm. The selected area electron diffraction (SAED) (Fig. 7d)
pattern of the same confirms the crystallinity which was
revealed from the presence of diffraction rings.

3.1.8 XPS Analysis

Chemical oxidation states of prepared catalyst was deter-
mined by X.ray photoelectron spectroscopy {XPS) tech-
nique. From XPS spectra (Fig. %2} it 15 observed that peaks
due to K. Ca. Mg, Na. C. O, and Pd displayed in the bind-
ing energy region from 0 o ! 180 eV which confirms the



Agro-Waste Generated Pd/CAP-Ash Catalyzed Ligand-Free Approach for Suzuki-Miyaura Coupling. ..

Fig.5 DSC-TGA curves of (a)y -~ - S e @0
d parent custard apple peels —Ir
powder, h Pd/CAP-ash i
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Dauceessul artachment of Pd on the surface of CAP-ash.
Anuother interesting observation deriving from the XPS data

’tl-lg. ¥b) was the determination of the oxidation state of the
‘stadytic activity site and the high-resolution Pd 3d XPS
signals.

Temperature ()

The characteristic peaks at 336.96 and 340.70 eV can
be indexed to the Pd” state and the other set of peaks at
337.95 and 342.02 eV are related to the Pd*? oxidation
state {78, 79]. The XPS spectrum clearly shows that Pg°
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v adso present along with Pd*? oxidation state supports
P reduction of Pd* to PdY by metal oxides of CAP-ash.

®.2 Optimization of Reaction

3. pprtimive the reaction conditions 4-bromobenrophenone
i+ lirred with phenylboronic acid in presence of Pd/CAP-
vhas o ntoded reaction (Scheme 1) and results of the study

b &

e T
A P Y LY Wiy wer——y E———

el EEDTEEE DS E——" p— A

1 Y P Eeewy  —

are summarized in table | Various solvents, catalyst amount
and temperature conditions were screened in order to estab-
lish ideal coupling paramelers.

Initially. 25 mL round bottom fask charged with 4-bro-
mobenzophenone (1 mmol), phenyl boronic acid (1.2
mmol), PA/CAP-ash (1 wt'4} in water (2 mL) and the reac-
tion mixture was stirred at oom temperature. after 2 b fow
vield (30%) of corresponding product was observed on TLC
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* Scheme 1 Suzuki-Miyaury
reaction ol $-bromubencophe- Q

none and phenylboronic acid 0
|O +

Br

tm 2a

{OH},

9]

Reaction Conditions
= (J T
3q O

Table 1 Screening of amount

of PA/CAP-ash. solvent and Entry PA/CAP-asht (w1 ) Solvent t3 mi ) Temp. (°Cj Time (min} Yield" (};}_
l::rppcrmurc ﬂ)J_‘ Suzukif | I H.0 Ri 120 30
Mivaura coupling reaction” . A N )
2 2 H,0 Rt 120 6
3 3 H.C RI 60 41
4 5 H.0 Rt 30 13
5 10 H,O Rt 30 43
6 5 H.0 80 30 87 (77. B3V
7 5 MeOH Rt ) K7
3 ] EwOnl K1 3 g
9 5 DMT Ri 30 &8
10 5 DCM Rt il 43
11 5 THF Rt 3t 42
12 5 H.:EtOH (1:1) Ri 0 9%
13 Extract EtOH Rt 10 ggd
14 - H,O:F1OH (1:1) Ri 60 Nr
15 3 - Ri1 60 Nr

*Regction conditions: 4-bromoben sophenone (I mmol), phenylboronic acid {1.2 mmol), PAACAP-ash (W1%)
angd solvent (ml.y 4t rowom emperalure

Plsolated yields

TYields of product at 60 and 100 °C lesip
"Yields of produet using CAP-ash water extract (3 mL) and PA(OAC (0.5 mol%)

(Table I, entcy 1). On increasing catalytic amount (1 te 5
wt% ). no significant improvement in the resuit was obtained
after prelonged reaction time (Table 1, entries 2 to 5.

We continued our efforts for improvement in the result
when model reactants were allowed to react at elevated tem-
perature (80 °C), in presence of 3 mL water, after 30 min,
surprisingly the product was ohtained in 87% vield (Table 1,
cntry 6). Again, we were not satisfied with these results;
therefore, we continued our efforts for better conversion of
reactant into product. For this, we decided to examine the
solvent system for improvement in the yield of the product.
At first, to optimize a suitable reaction medium. the model
reaction was performed in presence of different organic sol-
vents such as MeOIT EtOH., DMF, DCM and THF as well
s it HyOrEtOH using catalytic amount of PU/CAP-ash (5
wi'4) at ambient temperature. To our outmost satisfaction,
when H,O:EOH (3 mL. 1, viv) was used as a solvent, a
vonsiderabie enhancement in the conversion of reactants into
the product was observed after 10 min with 98% product
yield (Table 1, entry 12}

Moreover, when THF and DCM were used as sohents,
product formation started but the reaction could not proceed

o .
o \prmger

satisfactorily and it resulted into lower yield even after 30
min. (Table I, entries 10-11). Furthermore, we also per-
tormed the mode] reaction directly in presence of water
extract of CAP-ash (3 mi.}in ethanal {3 mL}, the result was
equally guod (Table L. entry 131, but separation of catalvtic
residue from the product became a tedious, However, reac-
tions were not performed at room temperature as weli as
at elevated temperature under catalyst-free and solvent-free
conditions may be due to loss of homogeneity of reactant
and catalyst (Table 1. entry 14, 15),

Furthermore, to investigate the scope and limitation of
the current protocol. with ligh yielding conditions in hand,
several test reactions were carried out using electronically
diverse ary! bromide and boronic acid under the optimized
reaction conditions {Table 2).

It was noticed that aryl bromides with electron-with-
drawing substituents, like nitvo, cyano, carbonyt groups at
para-position, (Table 2, entry 3c—i) afforded the correspond-
ing coupled products in excellent yield while in the case of
meta-substituted electron-withdrawing groups the yield was
very moderate (Table 2, entry 34). It is tmportant to men-
tion that, generally, aryl bromides with electron withdrawing

2-
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labl 2 Susuki-Miyaura

cenp b ol any ! bromides and
b ucads in PIFCAR-
vl d eyt

- 7
1a-n 2z :

Pd/CAP-ash, water: ethanol

RT/ Stirr open air

3ab (107 min, 96146

3b (i 0 min, 99 %4

3d (5 min, 94 %)

O RS O
00 O DO O
. — —

Je (S min. 95 %) 3f(5 min, 92 %) Ag (10 min. 93 %) 3h (i oun, 90 %0

345 min, 95 %)

3m (10 min, 92 %)

3q (10 min. 9K %)

3 (15 min, 88 %)

3n (15 min, 8BS %)
o)

3r{l5 min, 96 %)

H;CO

9

3 (5 mun, 94 9%)

OO

Ip (20 min, 78 %)

3k (5 min, 93 %

Ty

3

30 (10 min. 82 %)

O~

7\

:

AW

3s (10 min_ 90 %) 3t (15 min, K8 %)

“Reaction conditions: aryl bromide (1.0t mmot), arylboronic acid (1.2 mmol), Pd‘CAP-ash {5 wi

%), HyO: EtOH (3 mL), roum temperature in air, *entry, < tine, “isolated yields

rroups at the para position are much more reactive than arv
hromides bearing electron-donating groups. However, the
reaction of aryl bromides with electron-denating groups.
~uch as methoxy and amine, gave the coupling products with
shightly lower yields (Table 2. entry 3k-1}. No significant
dilferences were observed in the yield with para as well as
muta substituted electron-rick ary! bromides (Table 2, entry
Yy, Further, to investigate the effects of the new catalytic
wvstem with sterically hindered substrate, we performed the
reaction between Y-bromoanthracene and phenylboronic
word under similar reaction conditions. [t was observed that
" -bromoanthracene gave superior product formation within

S“heme 2 Double Suspki-
Avara reaction of 4, 4'-dibra-
muliphenyl and phenylbaronic
bl

Br/\ Br o4+ 2

1

shorter reaction time (Table 2, entry 3n). No significant dit-
ferences were observed in the yield when phenylboronic
acid was replaced by naphthylboronic acid and 4-ethylphe-
nythorenic acid (Table 2. entry 3a-b. 3g-1). The coupling
with 5-bromo-1H-indole and pheny] boronic acid also oceurs
efficiently with low yield (Table 2, entry 3p).

Encouraged by these tempting results for coupling of
aryl bromides with boronic acids for making biphenyls. we
then decided to check the efficiency of Pd/CAP-ash cata-
Iytic system for double Surzuki-Miyaura coupling reaction
under optimized reaction conditions (Scheme 2). Unfortu-
nately after Ih very poor yield of the product was observed

B(OH);

Reaction Conditions

-

v
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s T when 12 molar quantities of 3. 4'-dibromobiphe-
mybreacted with phenst boronic acid 1 Table 3, entry 11 A
vl omethods are reported in the literature for double
mnsnka-Niyaura reaction by the coupling ol aryl dibromides
sehheronic setds emploving vartous sofvent systems such
co DRSO DMEO 891, 1.4-Dioxane {321 and THF [x3].
Phoredore. we decided to optimize another solvent systam
fondaebte Suzuki-Mivaura coupling reaction by keeping the
Stne amount of catalyst.
Foroptimization study. the reaction between 4. +'-dibro-
abuphenyl (1O mmol). phenyi boronic acid (2.4 nunal; in

was observed ina H,O:DMF (4:1} (Table 3, entry 3), it was
chiosen as reaction sulvent for further study.

From results demonstrated in Table 4 (entry 3u—w). it was
observed that the double coupling also worked efficiently
under this catalytic system with quantitative vields within
stipulated time period.

3.3 Reusability of Catalyst

For any catalvtic process. the reusability of catalyst is one
b the most iniportant aspects for possible application vn

presenee of PA/CAP-ash (5 wii ) was performed in differ
- nboreanic solvents such as EtOH. CH.CN. Toluene, DME
and resalts are summarized in Table 3. In case of FtOH.
CILON. and Toluene good to moderate yiclds of products
were recorded (Table 3. entries 243 while DMF as a sol-
Vent pave quantitalive vield after 60 min. Furthermore., i
was ohserved that addition of water in DMTF had 2 dramatic
cllect vn reaction. When the reaction was carried out in
HLO:DME solvent, the time required for reaction was dras-
teally reduced to 1S min with excellent yield of the product
able 3. eatries 6-8). This eflect is probably due to the fine
dispersibility of CAP-ash in water and more solubility of
vrpinnic substrates in DMF. As the drastic rate enhancement

commercial and indusirial scale. In order 10 check recycla-
bility of the catalytic system investigation uf the reaction of
4-tromobenzophenone with phenyl boronic acid in presence
of PA/CAP-ash was dune. Afler the first cycle, the reaction
mixiure was extracled with ethyl acetate (2 x 10 mL). The
clearly separated organic fraction containing product has
been removed from the system and the Pd/CAP-ash an”
2queocus layer rematning in the reactor were directly used fi.
the next reaction run loliowed by addition of fresh reactants
and ethanol. After 3 consecutive run the catalytic activity
signiticantly decreases with a lower yield of crass-coupled
product (Fig 9). The decrease in the yield of the model reac-
tion on recycling was accounted ta (he lair dispersion of fine
palladiun particles intw organic portion during the work-up
process.

PP S S L

loble3 Ellcer of solvent on double Susuki—Miyaura coupling

TR The catalytic aclivity of PA/CAP-ash is currently not well
- Solvent (3 mL) e (min Yiel (s underleOd, Although we did go_{ in\'z_estigale the re‘aclion
: mechanism, a probable mechanistic rationale portraving the
) H.O:FiOH 610} 41 sequence of events for this cross coupling reaction is sche-
EiOH 60 i matically shown by a conceptual picture (Scheme 3).
. ! CH,CN 6(} ] A carbon-carbon bond formation mechanism is very
' [ Toluene 6y 75 straight torward. The tirst step being oxidative addition of
DME 60 9} aryl hulides 10 putladium metal which is supported on CAP-
f HO:DMI(L 1 15 92 ash. This results in the formation of first organopalladium
. ' H,ODMF(2: 1 N 93 species. The organopalladium species on reaction with metal
: H.0:DMI7(4:1) 15 96

hydroxides present in CAP-ash are subjected to transmetal-
lation with boronate complex. This ieads lo formation of
secand organopaliadinm species where hoth the arvl Fings
are atlached 10 same melal. Finally this organopalladium

Feacnen conditions: 4, 4" dibrowwbiphenyl (10 nmal). phenylho-
et il (2.4 mmeby, PACAP-ash (5 wi 500 amd sobvent (3 ml at
ey I MPETatuee

"l ned yiclds

YV eV

latle 4 The Suzuki=Miyadra
s af sarious dryl |
dilorudes and arylboronic N
vl PAACAP-ash (3o-wi

¢ (2
OO0 OO0+

v (10 min. 96 ™)

v a— s o

3uP (15 min. 9242 Jw (10 min, 90 %)

¥ I RV

“Reaction conditiona: arvl dibroniide (1.0 mmol). arviboronic acid (2.4 nuwel). PATAP-ash (5

wi %] M DMFE (3 mbiy. reom wmperature in air. Pentrv. tume. Y isalited vields

'-prlll;;t_‘['
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Reaction Mixture
(Reactants —Pd CAP-ash — wawer cthanel)

I'nt
B,
Next run
Pd CAPash — water
2a

Fig.9 Praccdure for reusability of catalylic sysiem

Recycelability of catalyst

BO11),

Transmetalation

Stirred at RT

Run ey 04
fmang o
| it [T}
i 2 iy [N
Reaction Mixture T
iProduct -Pd CAP-ash - waer: cthanoli < 'i':; o
. - NN

Extracted with
ethy] acetale

Pd gt

P P4 Py

Scheme 3 Plausible mechanism of Susuki-Miyuura coupling reactions in the presence of PUCAP-ush

species upon reductive elimination gives the desired biary!
derivatives,

The catalytic activity of Pd/CAP-ash was examined
by comparing it with several reported catalysts (Tabie 5.
entrey 1=7) for Suzuki-Miyaura coupling reaction between
4-bromoanisole and phenyihoronic acid. The comparison
reveals that the most of the reported Pd catalysts acquired

high Pd loading. longer reaction time, use of base for the
reaction. Pd/CAP-ash (Tabie 3, entry 8) is superior in
terms of,external base-free, significantly avoids the neces-
gity of an added ligand. non-toxicity, the low cost and eco-
friendly reaction protocel that generates the product in
very good vields.
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Table 5 Compartsun of PUCAP-ush catalyst with sonke previously reported catalysts for symhesis o 3k

Lntry

Catalyst Water extract of agro Co-solvent (mlL} Temp. .I.‘_"C'| Time -Yield (%4 Re¥
waste ash (mLg

| Pd{0AC). Rice Straw (3 mi s - RT 2h Rt [%1]
£ 1 maal T

a MO, Buanuniu peels — BT 5 mu oy BN
(0.5 mod % {3l

3 Pd (QAct, Wier Hyvacinth - KT ih 48 [50]
o mol (Hml)

4 Pd (0L ), (8.5 mol %) Puapaya bark (2 mL) EOH (2 mL) RT 5 min 97 {%7]

5 PUiGAC) 1.0 mol 4 WEPA (3 m]) Ei(H KRl 3 un w4y [®5j

0.5 mly

f1 Pd/RHA K.CO, FtOH 3 mL) 100 Tih 70 189
{{1.5 mol% ol Pd)

7 PUACCSF (L5 mol 4 K:C()s Fi3H F(H3 ih Dy |0

3 PYW/CAP- ash - H.OFEWGH (3 mL) RT 5 min 93 Present work
(3wl

4 Conclusion Declarations

In venclusion, we have developed cost-effective and u
convenicnt greence protocol for Pd/CAP-ash catalyred
Suzuki-Miyaura coupling reactions under ligund tree
conditions in open air at room temperature. The absence
of any additive/promoter. use ot CAP-ash in aqueous
organic solvent, wider substrate scopc makes this proto-
<ol aftractive pathway for Suzuki-Miyaura coupling reac-
tions. The prolocol greatly enhances the synthetic utility
ol braryl products und adds a new dimension to chemistry
of cross coupling reaction. The present protoco! offers
imany advantages including high conversion in short reac-
lion time. avoiding use of cxpensive and envirenmentally
unfavorable organic Ngands and external base. wasteful
proccdure using waste bio-muass for catalyst preparation,
casily separated from organic product and recycling of
catalyst system which carries a dramatic impact on the
sustainability of the process. Further efforts to uttlize pre-
senl catalylic systems in other synthelic rcaclions are in
progress in our laboratory, and we expect the methodology
presented will find great atility in academic. research and
industrial applications in the near future.
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Ly malerial available at Biips Adoiong/ TEA 00T/ 1656202 1-03397-6.
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Abstract: The present pPaper reports the diwrnal variation in —ve and —ve air ion
concentration and poliution index in 4 sugarcance ficld [genus: Saccharum spp..
vartety: COS6032 {NAYANAJ] in the vegetation area situated at rural station
Bhilawadi (16.5°N, 74.2°F), India. It is a hybrid variety of CO62108 and
CO671. The outcomes introduced in this investigation propose that the open
ecological air or particularly the sugarcane zone shows ENOrnIous convergence
of —ve air 1ons which are basic for human weflbeing. It is due to tonisation,
photosvnthesis, transpiration and radon cxhalation process by sugarcanc, The
results presented in (his study suggest that the open environmenial air or
especially the sugarcanc area exhibits large concentrations of —ve aiy iong
which ure essential for human healdh, Though all living beings interact with the
environment. only human beings have less interaction with the environment, so
attempts should be made to use naturgl resources to have better healrh.

Keywords: air ions: sugarcane: radon: ionisation: transpiration; environment:
poliution index,
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1 Introduction

Allairborne particles in the environment with clectrical conductivity and charge (+ve and
—ve) are known as air ions. Air is a mixture of different gases. Naryral air ions are
generally produced in maily ways such as garima rays. natural radioactivity, cosmic rays.
waterfalls and wind motions (Krueger and Reed, 1976). lonisation. attachment and
clustering are three phases for stable formis of fons. When an atom loses or gains
clectrons then it is said to be positively or negatively charged ion. respectively. This
process is called ionisation. For an atom or molecule which is electrically neutral and
balanced. it is said to have an cqual number of protons and electrons. Losing an electron,
atom or molecule becomes +ve ion whereas gaining becomes —ve ion. The concentration
of such air ions {both +ve and ~ve) in the atmosphere affects human health. Depending
upon their proportion and concentration, they may be beneficial ag well as harmful for
humans. The discomforts {ike headache, fatigue, nervousness, high blood pressure, joint
aches and decrease in work productivity are due to the presence of higher “ve jons in the
air. On the other hand, —ve air lons have +ve effects on human health, The negative air
lons are beneficial for human health in the context of their mind as well ag Immunity
level. We feel happy, relaxed and breathe casy in the presence of —ve air ions. The

chemtical called serotonin present in the blood may get reduced under the exposures of

negatively charged atmospheric air ions (Diamond, 1988). Tons have antibacterial effects
which decrease allergens and a number of microorganisms in the air,

Several researchers in the past have studied the air ion concentrations, their variability
and production rate. The diurnal air jon concentrations in the atmosphere, aerosols,
ozone, eic. have been measured trom Belgrade (44°507N. 20°37'E) by Kolarz and
Filipovi (2008). Their analysis shows that the air ions both +ve and —ve as well as ozone
concentrations are directly proportional to each other. On the other hand. the aerosols
have a strong opposite correlation with that of air ions. Pawar et al. (2010) studied the
season wise as well as day wise variations in air ions using a Gerdien condenser during
June 2007 to May 2008 ar one of the rural places Ramanandnagar which js located in
Sangli District and at urban place Pune which 1S a tropical region. Their study suggests
that, the air ion concentrations measured at Pune station found to be increased from
night time and reached maximum in the early morning. Pawar (2013} utilised
Gerdien condenser air jon counter for measurement of air jons variation according to
meteorological parameters such as temperature, relative humidity, etc. The ajr ions in the
atmosphere can alsg be generated due to lightning during thunderstorms. Subramanian
and Jagadesan (2014) measured alr 1on' concentrations produced in Pudukkotta; district
(10.23°N, 78.52°E) of Tamil Nadu, India and found that the production of air ions during
the occurrence of hghtning and thunder has enhanced the process of photosynthesis (i.e..
production of starch) by green plants angd crops. The radon concentration 15 found to be
Maximum in the lower portion of the troposphere (0-5 km). The daily cycle of air jon
variation is owing 1o the lonisation provess triggered through cosmic waves s well as
energetic minerals present in the atmosphere. However, some changes can also oceur duc
to changes in radon concentrations. Sugarcane is the crop which needs more water for 1y
cuitivation. The radioactive 2as which ig naturally present or produced in air is nothing
but ***Ra. It is a daughter nuclide of ***Ra. This radon can be drawn out through smaller
pores of soil and ultimately exposed into the atmosphere.
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The aim of the present paper is to measure air ion concentration in the sugarcane area
at rural station Bhilawadi and study the effeet of sugarcane ficld on the air ion production
rate as well as pollution index.
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2 Instrumental description

The air ion counter used in the present study is indigenously developed at A.C.S. College.
Palus by Patil et al. (2019). A small air ions present in the atmosphere have been
measured by Gerdien condenser during carpaign observations. 1t is shielded from
outside using a coaxial cylinder fixed with bakelite spacers. A brass sheet as well as
chrome plate is used to make this condenser. A suction pump 1s fitted to a condenser via
coaxial cylinder which sucks up the air particles in the atmosphere (Harrison, 1992). The
rate of the air flow in the condenser is casy to vary by just adjusting the voltage of the
suction pump. Anemometer {AM-4201}) is a device used for the measurement of velocity
of air molecules. This Anemometer is sensitive and has accuracy of 0.005 mfs. An
operational amplifier (AD349JH) is utilised to transform current measured in the data
logger (ref. Figure 2). |

Now. the flow rate () can be given as, i

B RN ot e ST e 7

1 |
@ =vm(r?—r?) '

!

" where r, 1s the radius of the external cylinder and r; is the radius of the internal cylinder.

b Now, air ion concentration denoted by N can be written as,

! N =11 (D)

In the above equation, / depicts the initial current given and e depicts the ion charge

traffic of 2 to 4 motor vehicles in half an hour were there. The variety of sugarcane ficld ;
m which the measurement is carried out is CO86032 (NAYANA) which iy mostly |
] cultivated in rural areas in Maharashtra (refer Figure | for sugarcane field). It is a hvbrid .
‘ mvolving CO62 (98 as female parent and CO671 as male parent. The expernmental setup b
(explained in the next section) is kept in the middle of the sugarcane field for the
measurement of air ion concentration. The +ve and —ve air ions have been measured

during the period from 15 Oct. 2018 to 29 Oct. 2018 with time resolution of 30 seconds.

: which is 1.6 x |0-1°C. : |
g To measure air 1on concentrations of the atmospheric species such as +ve and —ve ‘
g 1ons, the polarity of the circuit can be changed. A personal computer with voltmeter and |
' data logger is used to store the continuous data. Also, Rishcom software is used for data =
b acquisition. ‘
i

; |
!

3 Measurement and methods

The campaign observations were carried out in a sugarcane field at Bhilawadi (16.5°N,

; 74.2°E) which is located in the rural area of Palus Tehsil and Sangli District in :
Maharashtra State. There is a river named *Krishna® which flows ~3.5 km away towards :
i the northwest side from the location. There is a 90 feet high mobile tower stationed at a
! distance of 0.5 km from the observation location. Also, 10 feet road having average
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The average ions on a daily basis were estimated from collected data. The soil at the
observatory is a complete black soil. It has an arrangement of supply of river water
through irrigation systems, The unipolarity factor viz. the pollution index is also
calculated for the sugarcane field. The pollution index can be defined as the ratio of
average fve air ions to the average —ve air jons. If this index is higher than unity, then it
i1s risky and the density of aerosol will be higher in the atmosphere. For healthy human
lite poliution index should he less than I (Grinshpun et ai., 2005). !

g L i

Figure | The photograph of sugarcane ficld ¢ variety: CO86032} in Bhilawadi (sce online version
tor calours)

2L i

1
:
i
j
{
;
|

Figure 2 Experimental setep installed in the Sugarcane field during campaign observations in
Bhiluwadi (see oniine version for colours)

4  Result and discussion

The air ion concentration of sugarcane CO86032 |s measured conlinuously during
IS October 2018 15 29 October 2018, The air 100 variation and pollution index of +ve and

—ve alr 1ons have been measurcd. Figure 3(a) shows the average +ve (blue bars) and —ve

122
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(red bars) air tons during 24 hours of each day of observations. It is seen that the average
numbers of —ve as well as —-ve ions are in the same proportion. The concentration of -ve
air ion is more than that of +ve air ion. This can be attributed to the sugarcane field
wheretn —ve air jons are dominant, We have also calculated the pereentage increase in
—Ve ar lons W.rt. —ve air ions as depicted in Figure 3(b). The formula for percentage
INCrease is. percent increase = [(—ve air ions — +ve air ions) £ +ve air jons] > 100. This
shows how —ve fons are varyling w.rt. +ve dir jons in percent. It is seen that the
percentage increase is dominant on 2ist October 2018.

Figure 3 (a) Average 4ve (biuc bars) and average —ve (red bars) air ions during 24 hours of cach
day of observation () The green bars indicate the percentage in increase of the —ve air
IONS W.LL V¢ air jons {sce online version for colours)
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(b)

The average +ve and —ve ajp lons during 06:00 1o 08:00 IST period are depieted in
Figure 4 which also shows nearly the same increase in both the species. Actually, there is
equivalence between +ve as well as —ve air 1ons throughout the day. Further, it shows that
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numbers of +ve ions seem to be jeys with respect 1o the number of —ve 1ons. It also shows
that the number of —ve jons increases with increase in tve lons. In Figure 4, on
26 Oct. 2018, we can sec the drastic increase in —ve ions unlike other days. This is due to
the thunderstorms and smali raining persisted on that day which results into the -V amr
ion formation accompanied by corona effect. The strong electric field can be produced by
applying voltage to a sharp ionising point to electrons which 15 used in corona lonisers.
The +ve electric vollage accelerates free electrons towards a sharp ionising point {leafler
of sugurcane) in the atmosphere. These electrons are produced by decay of radicactive
clements in air and soil. Dye 10 collision between air molecules and clectrons, number air
10ns were produced. When they lose electrons become +ve fons and by gaining electrons
become -ve air ion, This is the corona effect which is dominant during thunderstorms.
The daily maximum values of *tve and ~ve air ions are piotted in Figure 5. It also shows a
maximum peak of —ve air ion on 26 Oct. 2018. On the other hand. the minimum valye of
Ve air ions was noted on 17 Oct. 2018

Figure 4 Average ryve and —ve air ions during 06:00 1 08:00 IST of cach day of observation
{(sce online version for colours)
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Radon gas gathers nearer to ground in a quiet atmospheric condition such as night time
and also it is heavier than air (Jayaratne et al., 2011). The (-particle generated from Ra®>?
decay has energy of 5.4 MeV. This energy 1s adequate 1o generate 10° pairs of
atmospheric air ions {Burcham, 1973). Thus, we can say that air ion density is directly
related 10 the radon level, During dawn hours, the radon release CXpectancy Is maximum
i sugarcane vegetation. Due to which there is an increase in air ion concentrations in the
Sugarcane field.

In Figure 6, it is scen that the pollution index is below one which iy best for humuan
Realth and this indicates that the atmosphere in the sugarcane field is good for human
health. In the mormmg period, we always see that workers, farmers and other field work
labours have been working properly with energetic mood and freshness, The scientific
reason behind this is that there are maximum numbers of —ve ajy I0NS are present during
the morning period. This —Ve alr ions have +ve effects on tuman health such ay delighifui
mood, peaceful sleep. more work productivity, ete. Also, it ig beneticial 1o animals and

(2}
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all living beings. The strong energy level as well as positive mood is

accompanied by
maximum concentrations of —ye air ions present in the

atmosphere we breathe (Thayer,
1989). On the other hand, +ve air ions are responsible for discomfort, headache, high
blood pressure. fiervousness, cte. in human life, From analysis, the average pollution
ndex for October month is found to be 0.59. The average count of +ve ajr jons was
845 ions per cubic centimerre and that of —ve jons was 1,505 ions per cubic centimetre,
The upsurge in air ion concentration is associated with the plant transpiration of
stgarcane area and also due to radon exhalation. From the present investigations, the
sugarcane ficld is indeed found to be rich in —ve air ion concentration. During morning in
most of the farms in rural area, we feel good and happy due to the large density of
—Ye atmospheric ions in the sugarcane field. They act gg vitamins  for humans,
Photosynthesis is g process during which food material is synthesised from carbon
dioxide and water in green plants with the help of chiorophyll in the presence of sunlight.
CO: and H.O act as Faw materials. It is thys an oxidation-reduction process. This process
involves many chemical and photochemical reactions. In this process, Os is given out.

Figure 5 Dajly maxunum and minimum +ve and —ve air jons during 24 hours of'each day of
-] B A ) . = J
observation (sce online version for colours)
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A simplified overall formul

a for photosynihesis s given by Brown et al. (1977) as
tollows:

Chlorophyii

6C03 +12H30 — C(1H|3O(, +6H30+‘60g
Light energy

In the respiration process. O is taken in and CcO
transpiration process, water is released in the
also. Due 10 the release of radop throug
production of ajr ions in
transpiration and photosynth

118 released in the air. But in the
form of water vapour which inclydes radon
b stomatal or cuticle franspiration, there i a
the vicinity of plants (e.g. sugarcane). The process of
esis increases with temperature. So it obgerved an increase in
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the ions formation afler 7:00 hours and 80 on. The effectiveness of plant transpiration of
*“Rn and 2Rn is due 10 its coneentration in the soil, gas and solubility in water. The
water solubiinty of radon is higher at low temperature. 222 Ra exhalation from soil and
leaves of sugarcane fields have cxponential growth. The radioactive decay scquence of
222 Ra is given by Martell ( 1985} as follows:
o o By
223Rn — Erxpo — 2I4Pb
(3.8 days¥3.5 min)(27 min)

ﬁ_, VY ﬁ"“ }r
EE:Bi - JHPO — 3Iwa

(19.7 min){0.0016 5¢C)(22 years)

Figure 6  Pollution index calculated on each day of observation (see online version for colours)
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Jesse and Sadaukis (1957) reported that the average encrgy necessary to generate one air
lon pair for alpha particles is nearly 35 eV, And for beta particles, X-rays and y-rays thig
cnergy is 33.8 eV. [n 2R, disintegration. 6.4 x 105 4 lons are produced. The
radioactive decay sequence of 2°Ra is given by Martel| (1985) as follows:
o o fy
222Rn - 2”‘P0 — ZIUPb - EIEBi
(56 sec)(0.15 secH( 10 hry60 min)

gy o
ZI:Bi—)EfJPOﬂ j{}NPb
{64761 0.30 s
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““Rn and *1*Pg undergo (“particle and F-particle emission tiil complete decay within the
vegetation canopy. This is due to their very short haif-lives. This production of air ions
due to transpired radioisotopes is ten times more than the rate of air ion production by
COSIMIC rays.

From this, it is clear that plant transpiration including stomatal as well as cuticle plays
an important role in the increased valuc of air ion concentration. Also, radon generated in
the Earth’s crust produces air ions due to the radon exhalation process. In the
photosynthesis process, sugarcane crops with increuase in temperature produce air jons.

5 Conclusions

As air ions in the environment play an important role in human life so it js necessary to
study air ion concentrations for different crops. We have measured +ve and —ve air jons
by using indigenous ion counters. The average pollution index for the sugarcane field was
found to be 0.59 at Bhilawadi during morning period 6:00 to 8:00 hours which indicates
non-hazardous atmosphere. In sugarcane vegetation area, stomatal and cuticle plant
transpiration plays vital roles for generation of air ions. Sugarcane area is a natural
shower of —ve air ions. Hence, instead of using artificial air fonisers, it is always better to
£0 In nature. We have observed remarkable enhancement in the air ion concentration in
the sugarcane ficld in morning hours. Apart from devclopment in numerous arcas which
1S called as globalisation, the conservation of nature must be our moral obligation which
will be beneficial to al] living beings including humans and for future generations as well
The present study shows that the concentration of —ve atmospheric air jons in the
sugarcane field is high during 06:00 to 08:00 in earlty morning hours. Generally, in the
environment, sugarcane is an opportunity for air quality improvement and acts as a cash
crop for farmers which are also usetul for sustainable development. Basically, we observe
that the tarmers or workers arc healthier than professionals and employers in urban or
Metro areas because farmers are in the vicinity of nature. They get fresh air which
contamns more —ve air jons. [ndirectly. nature provides us healthy air ful] of —ve air ions
associated with different vegetation. Thus, nature is a natural shower of air jons, Different
CTOPS give rise to different numbers of air ions at different time instances depending upon
other meteorological conditions. Our future study 1s to measure air ion concentration in
different vegetation areas and 1o find out which Crop at what time exhibits heaithier
atmosphere for humans in the rural arcas.
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ABSTRACT

The upper Gondwana palaeofloristic deposits were found in the form of detached out crops in the
coastal regions of Andhra Pradesh. Plant remains were richly fossiliferous made by the palaeofloristics
floral evidences in the west Godavari district. Baksi, S. K. (1968) reported and identified the
Preridophyte members of Cladophlebis sp. The Gymnosperms were dominant, including orders of
Bennittitales, Cycadales, Coniferales and Ginkgoales in the Raghavapuram Formation. Seward, A. C.
(1919) reported Ginkgoites crassipes (Feistmantel) and Baksi, (1967) described Ginkgoites
feistmantelii (Bose and Sukh-dev) in the Raghavapuram Formation of Godavari region. Sahni, B.
{1928) described and published the palaeofloristics plant taxa of west Godavari district. Baksi, (1968)
described Dicroidium sp. and Bennittitales members of Ptilophylium flora from the region of
Raghavapuram Formation. It suggests the palaeoflorisric-climate and palaco-environment by
considering the dominance of this flora. Recently several plant impressions were collected from the
localities in Raghavapuram area of west Godavari district of Andhra Pradesh. One of the promising
specimens is described below as Ginkgoites sp.

Keywords: Ginkgoales, Impressions, Raghavapuram, West Godavari, Andhra Pradesh.
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INTRODUCTION

Along the East Coast of India Upper Gondwana plant fossils are found in the form of series of detached
out crops. In Andhra Pradesh, they are found in Raghavapuram Formation of West Godavari regions.
The present work deals with the leaf impressions found at Raghavapuram in West Godavari district of
Andhra Pradesh. Baksi (1967 & 1968) visited this locality and described the Palaeofloristic data of
the area. We made an attempt to investigate the plant fossils impressions of this area and added some
important members belonging to Pteridophyte and Gymnosperms. In this paper the Ginkgoales plant
impressions found at the locations of Eddla Gattu near Raghavapuram have been described. Hence a
lone member of Ginkgoales which was not described earlier (MAPNo - 1)

MAP No - |: Showing Fossiliferous locality Raghavapuram.
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L. Ginkgoites sp. X 2

DESCRIPTION
GINKGOALES
Genus - Ginkgoites Seward 1919
Ginkgoites sp.
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It is a young leaf oval-elongate in shape and measures 1.2 ¢m in length and 0.8 cm in width, petiole
not seen, number of veins 8, there is a notch on the upper margin. The veins show single dichotomy
on upper part.

IDENTIFICATION AND COMPARISON

[t is identified as Ginkgoites due to its venation pattern. It is compared with Ginkgoites sp. described
by Baksi {1968) from Narsimha Meta near Raghavapuram. Present specimen is collected from Eddla
Gattu in the nearby region. This supports the occurrence of Ginkgoites in this area.

Type - EDG/6/2013

Locality - Eddla Gattu, Raghavapuram Formation, West Godavari District, Andhra Pradesh Horizon
& Age - Raghavapuram Formation, Early Cretaceous

DISCUSSION AND CONCLUSION

The paper deals with Palaeofloristic flora developed along the coastal regions of Andhra Pradesh, Here
is a Ginkgoales plant fossil impressions found in the Raghavapuram region of west Godavari district.
[t is found that the upper gondwana flora of east-coast is somewhat distinct. We have been attempting
to rediscover the fossil flora of Raghavapuram Formation. The flora is meagerly studied by previous
workers. Hence, we have to study the different locations and describe the plant fossil impressions
found there in. We have limited the observations for Cycadophytes and Ginkgoales members. A lone
prominent member of Ginkgoales described here, these are indicators of palago-environment existed
in the Mesozoic eras. [t suggests that the warm and humid climate was prevalent as evidenced by the
palagofloristic vegetation that was growing on hilly places near the east-coast regions of Andhra
Pradesh.
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ABSTRACT

The Mesozoic assemblage of plant fossils signifies the luxuriant growth of Gymnosperms that have
an impact on origin of Angiospermic vegetation. The diversification of gymnosperms along with
emergence of angiospermic floral plant remains also helps in deciphering the palaeoecological
conditions prevalent in the area,

The Upper Gondwana deposits are exposed in Krishna- Godavari, Cauvery and Mahanadi basins. They
are specially found in East Godavari, West Godavari, Prakasam and Mahanadi basins. They are well
represented in East Godavari and West Godavari, Prakasam and Vishakhapattanam districts, The plant
remains were collected from Vemavarum, Ommevarum, Uppugunduru, Prakasam and other adjoining
localities from Andhra Pradesh, India.

The detailed investigation revealed the occurrence of Cycadophytes, Coniferophytes, and Ginkgoales
with predominance of Bennettitales and Coniferous assemblage. All the megafossils are preserved in
the form of impressions on yellow and reddish white coloured sandstones and shales.

The floristic composition of the various geological formations can be assessed with respect to their
dominance, similarities and diversity pattern. Thus, it is also important to know about the ecological
conditions as evidenced by preservation of plant assemblages in various localities.

The plant fossils recovered from the new locality viz. Errayagudem preserved in white-grey coloured
sandstones revealed the dominance of Ptilophyllum flora along with well preserved coniferous
remains. Similarly, plant assemblage from Raghudevapuram and Kurukuru represented dominance of
gymnosperms along with few members of pteridophytes.

The palaeofloristic composition of Godavari districts in Andhra Pradesh represents an occurrence of
distinet floral elements with impact on determining the age and palaeoclimate during upper Jurassic-
early Cretaceous period. Particularly, the locality Raghudevapurum in east Godavari district can be
regarded as unique due to presence of angiospermic  remains in intertrappean beds around
Rajahmundry.  The plant assemblages suggest the warm and humid climate on account of
cycadophytes along with smal| patches of high-altitude harbouring conifers. The pteridophytes though
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rare ar¢ indicative of moderate climate with good rainfall in East and West Godavari districts of
Andhra Pradesh during upper Jurassic-early Cretaceous period.
Key words: Godavari district, plant assemblage, gymnosperms, early Cretaceous,
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INTRODUCTION
The Gondwana flora offers large scope due to its  palaeofloristic diversity and rich components found
in it, Hence in last 125 years several workers began studies on the flora. Fox {(1931) used the term
Gondwana system for the rock types. The system resumes from middle Carboniferous and last up to
early Cretaceous covering the period of 120 million years. The gondwana rocks are present in
peninsular India. Gondwana system is classified as — i) Lower Gondwana ii) Middle Gondwana and
i) Upper Gondwana. Each division is represented by a characteristic flora, - 1) Glossopteris flora in
Lower Gondwana, 2) Dicroidium flora in Middle Gondwana, and 3) Ptilophy!lum flora in Upper
Gondwana. The present paper deals with studies on Upper Gondwana beds, the palaeo-flora present
on the east coast of India in Andhra Pradesh.
Along east coast the Upper gondwana flora is exposed in Andhra Pradesh at Ommevaram in Prakasam
district, Raghavapuram in West Godavari district and Raghudevapuram in East Godavari district.
Among all these floral diversity Ommevaram shows rich contents and studied by several workers,
namely Sahni (1928), Bose and Kasat (1972), Bose (1974), etc. As compared to these Raghavapuram
flora is meagerly studied. Feistmantel {1879) made primary studies on the Raghavapuram Plant fossils.
Later on, Baksi (1968) extensively studied it.
Hence, we have to study the Raghavapuram fossil flora to assess the richness. While studying the plant
fossils a new locality was found at Errayagudem and its palacofloristic diversity were studied. The
work deals with palacofloral diversity of Godavari region. The two localities are selected for the
palacofloristic diversity studics. Out of these, Raghavapuram is known earlier while another new
locality 1s Errayagudem.

GEOLOGY AND TOPOGRAPHY OF THE AREA

The sequence of rock formation is given in Table — 1,
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: King (1880) and Baksi (1972)
GROUP FORMATION AGE

G TIRUPATI CENOMANIAN

0 UPPER SANDSTONE PRE-DANIAN

N GONDWANA | RAGHAVAPURAM NEOCOMIAN
. D GROUP SANDSTONE CENOMANIAN
| W GOLLAPALLI PRE-BARREMIAN
| A " SANDSTONE LR. CRETACEOUS
‘ N LOWER UPPER PERMIAN
‘ A GONDWANA CHINTALAPUDI TO
i 1 GROUP SANDSTONE LOWER TRIASSIC

MATERIAL AND METHODS

The field trips to the localities were made in several years, during these field trips the fossiliferous
areas were carefully selected and plant impressions were collected from them. The impressions were
exposed by breaking the shales along the bedding plane. Some impressions are already exposed due
to weathering and erosion. The selected impressions were photographed and their habit sketches were
drawn. Finally the magnifications of specimens were introduced in the Text.

Locality 1 - Raghavapuram

The fossiliferous area of Raghavapuram is present in the form of flat topped hills. The formation is
thick and consists of three parts. The basal is called as Dwarka Thirumala region, the middle part is
called as Eddla Gatru and the upper part is Mosel Meta Sandstones. The impressions were collected
from Barakonda which forms upper layer of the middle part, The formation of Eddla Gattu is rich in
the fossils (Baksi 1967a, 1967b, &1968). The plant fossils of Raghavapuram, the rock types and their
proximity with the present shoreline suggest that in the Neocomian there was a longitudinal belt of
marine area. Later on the bay evolved from coastal lagoon to open sea. Present situation resembles
this pattern and show number of coastal lakes in this area. Map - |;

Locality 2 - Errayagudem

The locality Errayagudem is present near Kannapuram; Plant fossils were collected from the material
of canal excavation in this area. The fossiliferous rocks are white to gray coloured sandstones. The
plant impressions were collected from this material, The preservation is ot better quality and usetul
for identification.

Plate 1: Plant Fossils from Raghavapuram
(Plate I, figures [ — 7)
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Cycadophyta
Cycadeoidales: {Bennettitales)
Cycadeoidaceae
Genus Ptilophyllum Morris 1840
L. Piilophyllum raghudevapurense Mahabale & Satyanarayana 1979
2, Ptilophyllum sp. ¢f. P. amarjolense Bose 1953
Cycadales
Cycadaceae
Genus Taeniopteris Brongniart 1832
3. Taeniopteris spatulata McClelland 1850

Coniferophyta
Coniferales
Podocarpaceae
Genus Elatocladus Halle 1913
4. Elatocladus plana (Feistmantel) Seward 1919
Araucariaceae
Genus Brachyphyllum Brongniart 1828
5. Brachyphylium mamillare Brongniart 1828
Araucariaceae
Genus Pagiophyilum Heer 1881
6. Pagiophyllum spinosum Sukh-Dev & Rajanikanth 1988
Genus Conites Sternberg 1833
7. Conites sp.

Plate 2 : Plant Fossils from Errayagudem
(Plate 2, Figures 1 — 15)
Cycadophyta
Cycadeoidales: (Bennettitales)
Cycadeocidaceae
Genus Ptilophyllum Morris 1840
L. Prilophyilum sahnii Gupta & Sharma 1968b
2. Ptilophyllum cutchense Morris 1840
3. Prilophyllum rarinervis {Feistmantel) Bose & Kasat 1972
Genus Prerophylium Brongniart 1828
4. Prerophylium sp.
Genus Prerophyllum Brongniart 1828
4A. Pterophyllum sp.
Genus Dictyozamites Oldham 1863
5. Dictyozamites sahnii Gupta & Sharma 1963a
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Cycadales
Cycadaceae
Genus Zaeniopteris Brongniart 1832
6-6A. Taeniopteris spatulata McClelland 1850

Coniferophyta
Coniferales
Podocarpaceae
Genus Elatocladus Halle 1913
7. Elatocladus conferta Sahni 1928
Araucariaceae
Genus Brachyphyllum Brongniart 1828
8. Brachyphyllum rhombicum (Feistmantel) Sahni 1928
Genus Desmiophy!lum Lesquereux 1878
9. Desmiophyllum indicum Sahni 1928
Genus 4raucarites Presl
1. Araucarites minutes Bose & Maheshwari 1973b
Genus Conites Sternberg 1833
12. Conites sp. cf. C. verticillatus Sahni 1928
Genus Elatocladus Halle 1913
15. Elatocladus jabalpurense (Feistmantel) Sahni 1928

Pteridospermophyta
Pteridospermales
Corystospermaceae
Genus Pachypteris Brongniart
I3. Pachypteris indica (Qldham & Morris) Bose & Roy 1968

Pteridophyta
Equisetales
Equisetaceae
Genus Equisetites Sternberg 1833
14, Equisetites sp.

Palaeofloristic diversity of Upper Gondwana flora showing Table — 1
(Locality : |- Raghavapuram and 2- Errayagudem)
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rSr. : Type Order Genus Species | Locality- | Locality |
No. | i 1 -2
[ Cycadophyte
.! ' Bennettitales Ptilophvitum 5 2 3
i Prerophylium l 0 1
' Dictvozamites ] 0 !
i Cycudales Taeniopteris ! 1 ]
2 Coniferophytes
_' Conicrals | Elatocludus | 3 } 2
| Brachvphyiium 2 ] l
Pagiophyiium 2 ! |
| Desmiophyilim I 0 !
Aravicarites ] 0 1
Conites 2 1 1
Coniferocaulon { ] ¢
[ Ginkgoales Ginkvites ! ! 0
3 Pteridospermophyta
Pteridospemales } Pachypteris 2 ! 1
4 Pteridophytes
Osmundales ' Cladophlebis [ ][ I 0
Equestales Equisetites 1 ' 0 1
Unclassified fern Shenoprieris ! l ¢
Palacotloristic species diversity 26 12 15
DISCRIPTION

The Present work deals with study of Upper Gondwana beds developed along the Coastal part of
Andhra Pradesh. Upper Gendwana flora of India is studied by several workers earlier namely Sahni,
Bose, Bose and Banerji, and others. Extensive work is made on the floras of Rajmabhal, Jabalpur and
Cutch. Comparing to these floras Coastal Gondwana palaeofloristic diversity shows some distinct
features.

Hence, the present work focused on the Upper Gondwana beds of the Andhra Pradesh. Tt is developed
on the coastal part, among the coastal flora of Andhra Pradesh. Ommevarum palaeofloristic diversity
are studied in details while the flora of Raghavapuram and Raghudevapuram are studied by few
workers. Hence the present study is focused on Upper Gondwana flora of Godavari region in Andhra
Pradesh.

Present work includes study of plant fossils found in two localities namely-

I.Raghavapuram, 2. Errayagudem, in West Godavari district.
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1} FLORA OF RAGHAVAPURAM
Baksi (1967a, 1967b, 1968) studied it extensively and found the elements of Cycadophytes, Conifers,
‘Ginkgoales, Pieridosperms and pteridophytes.
Cycadophytes are known by three species of Prilophyllum and one of Taeniopteris. The interesting
tinding of P. raghudevapurense a new species described by Mahabale and Satyanarayana (1979) from
East Godavari district is reported by us at Raghavapuram. It is a new addition to the earlier work and
suggests wider distribution of the species in Godavari region. Secondly Taeniopteris spatulata of
Cycadales here suggest close relation to Rajmahal flora, this is helpful in assigning Early Cretaceous
age to Raghavapuram flora.
Conifers are represented by five members, Elarociadus representing Podocarpaceae, Brachyphyilum
and Pagiophyllum representing Araucariaceae and the Conites is a fructification. Another member
Coniferocaulon rajmahalense described by Gupta (1984) from Rajmahal hills shows close relation
with the Rajmahal flora. Presence of Ginkgoites is somewhat rare and not found in other places of our
studies. Conites is found in floras of Raghavapuram and Errayagudem while Coniferocaulon is present
in Raghavapuram only.
Pteridosperms are present in both the floras tepresented by Pachypteris indica. The Pteridophytes are
somewhatrare in Raghavapuram and represented by Cladophiebis srivastavae Gupta and Sphenopteris
raghavapurense sp. nov.,

2) FLORA OF ERRAYAGUDEM

It includes 15 plant impressions belonging to Cycadophytes, Conifers, Pteridosperms and
Pteridophytes.

Cycadophytes represents six members namely,

Ptilophyllum -3 species, Pterophylium — | sp, Dictyozamites — 1 sp, and Taeniopteris — 1 sp.
Conifers are richer than Cycadophytes represented by 7 members as,

Elatocladus — 2 species, Brachyphvilum — 1 sp, Pagiophvilum - 1 sp, Desmiophyllum — 1 sp,
Araucarites — 1 sp, and Conites — | sp.

Presence of Ginkgoites is quite notable because it is absent in other floras except Raghavapuram.
Finally it appears that the Raghavapuram flora is closely related to Rajmahal flora indicating the Early
Cretaceous age.

Comparing to these groups, other groups shows scanty presence namely,

Preridosperms representing a single member of Pachypteris Brongniart

Pteridophytes representing a single element Equisetites Sternberg

DISCUSSION .
The present work focuses on the reassessment of previous flora by earlier workers and found the
addrtion of new palaeofloristic evidences from Upper Gondwana floras in Andhra Pradesh, While
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studying Raghavapuram area the new locality namely Errayagudem in west Godavari district was
sighted by us. The palacofloristic diversity from Errayagudem was studied and compared with other
localities in this area. This has resulted in understanding the overall scenario of Palacofloristic diversity
of the area under investigation.

The palaeofloral plant diversity shows that Cycadophytes and Conifers form the major chunk while
the Pteridosperms and pteridophytes are quite meager.

The overall findings suggests dominance of Gymnosperms whereas Ginkgoales and Pteridosperms are
rare. The Pteridophytes represent a minor part of the floras. Finally, it appears that the floras of two
localities representing 27 plant impressions belonging to Gymnosperms, Pteridosperms and
Pteridophytes. The studies include 17 genera and 26 species in this palacofloristic diversity.

The data suggest warm and humid climate, on account of Cycadophytes having smal! patches of high
altitude, harbouring Conifers. Preridophytes though rare indicate good rainfall and moderate climate,
The Raghavapuram and Errayagudem floras suggest the neighborhood of the sea. Finally it is proposed
that palacotloristic assemblage in these beds suggest the age ranging between Upper Jurassic to Early
Cretaceous.

CONCLUSION

The locality Raghavapuram is earlier studied by King (1880), Feistmantel (1877a) and Baksi (1968).
After this there is a hiatus of floristic work on Raghavapuram hence revisiting and finding out
additional data resulted in the occurrence of 12 plant fossil species belonging to Gymnosperms and
Preridophytes. The area is rich in plant remains of leaf impressions but devoid of petrified woods
except a single account of Dadoxyion agathioides by Baksi (1967b ). This may be due to
environmental changes occurring in that period.

Our work on a new locality Errayagudem is quite important because it is in the same area of
Raghavapuram and yielded palaeofloristic assemblage. The present investigation described 15 species
belonging to Preridosperms, Pteridophytes, Cycadophytes and Conifers. Hence, work on Errayagudem
extends the limits of fossil flora of Raghavapuram in West Godavari district.

Finally, these localities and their floristic diversity suggest that the area is near the sea shore and
suggest marine environment determining the Upper Jurassic to Early Cretaceous period.
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Plate 1 Plant fossils from Raghavapuram
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Plate 2: Plant fossils from Errayagudem
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