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ABSTRACT

In this paper 28 amphibian species are reported from Chandgad taluka in Kolhapur district of Southern
Mabharashtra in Northern Western Ghats. This contributes 6.26 % of amphibians reported from Indian
Subcontinent and 52.83 % of amphibians recorded from Maharashtra. The documented amphibians representing
07 families and 16 genera. Among the amphibians recorded 03 species belongs to near threatened and 01 species
belongs to each of endangered, vulnerable and critical category of ITUCN.
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INTRODUCTION

The Indian subcontinent represents 447 amphibians of
which 406 are anurans, two species are of Salamanders
and 39 species of caecilians (Dinesh et al., 2020).
Among these 239 are found in the Western Ghats
(Dinesh et al., 2017a). Recent studies (Biju & Bossuyt,
2005ab, 2006; Gururaja et al., 2007; Giri et al., 2003;
Gower et al., 2008; Howlader et al., 2015; Biju et al.,
2011, 2014; Zachariah et al., 2011ab; Garga et al,
2018; Dinesh et al., 2017b) show that, there are still
several new species waiting to be discovered. Kulkarni
et al., (2013) documented 36 amphibians from our
neighboring state Goa. Whereas, Maharashtra state har-
bours 53 amphibians (Padhye & Ghate, 2012) contrib-
uting 11.86 % of amphibians found in India. Recently,
22 amphibians documented from Rahdhanagari Wild-
life Sanctuary Kolhapur (Yadav & Yanckanchi, 2014)
and 14 amphibians recorded from Shivaji University
Campus Kolhapur (Yadav ef al., 2014). Chandgad talu-
ka in Kolhapur district of Southern Maharashtra is a
part of the Northern Western Ghats. It is the border area
between Karnataka and Goa. Since, - there are no pub-
lished data on amphibian diversity from Chandgad, - an
attempt is made to record the amphibian diversity.

Study Area:

The study area Chandgad taluka (15° 55' 60 N, 74° 23'
0 E) is located around 800 m asl. and temperature rang-
es from 14.75° C to 36.10° C. The annual rain fall rang-
es from 3000 to 5000 mm/year. Chandgad taluka con-
sists of several temporary ponds, puddles, lakes, irriga-
tion canals, paddy fields and agricultural fields. Habitat
consists of moist mixed deciduous forest and semi ever-
green mixed forest with acacia plantation, bamboo
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forest, open land, grass land. It is also traversed by sev-
eral temporary streams and perennial Rivers such as
Hiranykeshi, Ghathaprabha and Tamrapani.

MATERIAL AND METHODS

Regular field visits are made to different parts of the
study area for documentation of amphibians from June
2017 to February 2019. We also added some field ob-
servation data made during June 2021 to September
2021. Surveys are made during early morning and in
late evening by visual encounters survey method. Am-
phibians are intensively searched along the edges of
streams, temporary water bodies, puddles, ditches, agri-
cultural fields, grasslands, under leaf litter, in forest
floors, on tree trunks, under stones, logs, rock crevices,
decaying vegetation etc. We tried to identify the egg
mass, tadpoles, froglet and adult amphibians in the field.
The amphibians identified in the field were released
after taking some images with mobiles, D5300 and
D7200 Nikon Camera. The unidentified tadpoles and
amphibians in the field were brought to the laboratory
and their identification was made by referring the books
and research articles (McDiarmid & Altig, 1999; Hira-
gond & Saidapur, 1999; Hiragond et al., 2001; Sai-
dapur, 2001; Altig & McDiarmid, 2015; Daniels,
1997abce, 2011; Gururaja, 2012; Daniel, 1963ab, 1975;
Bhatta, 1998). Later they were released to the nature.
We also identified some of the frogs based on their calls
during the breeding season in late evening. Stereo zoom
dissecting microscope was used for the observation of
morphological details of tadpole and caecilian for their
identity. The status of threatened category of amphibi-
ans is adopted from IUCN Red List of Threatened Spe-
cies (2022).
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RESULTS AND DISCUSSION

During regular field visits to different parts of the study
area we found egg clutches of Microhyla nilphamari-
ensis, Clinotarsus curtipes, Indosylvirana caesari, Dut-
taphrynus melanostictus, Hoplobatrachus tigerinus,
Polypedates maculatus, Nyctibatrachus petraeus and
some unidentified egg masses. We also observed the
tadpoles of H. tigerinus, D. melanostictus, C. curtipes,
M. nilphamariensis, E. cynophlyctis, P. maculatus, N.
petraeus and some unidentified tadpoles in their natural
habitat like ponds, puddles, streams etc. We have sight-
ed several adult frogs in their natural habitats namely /.
caesari, D. melanostictus, Sphaerotheca breviceps, Hy-
drophylax malabaricus, Minervarya goemchi, H. tigeri-
nus, Duttaphrynus scaber, M. nilphamariensis, Micro-
hyla rubra, Rhacophorus malabaricus etc enlisted in
table 1. During the rainy season we encountered several
calling males (Images 4, 13, 15a, 16b) and newly meta-
morphosed frogs (froglets) of 1. caesari, D. melanos-
tictus, H. tigerinus, E. cynophhlyctis, M. nilphamari-
ensis. We also encountered three individuals of a caecil-
ian from Patne phata, Halkarni and along the mining
road in Chandgad which were brought to the laboratory
for further observation. We identified the said caecilian
up to the genus level and confirmed that, it belongs to
Gegenophis genus following Bhatta (1998). The mor-
phological details of the said caecilian compared with
congeners of the known Gegenophis genus. We are
working on molecular analysis of the said caecilian. As
per our best of knowledge we are first time reporting the
above said caecilian. We also observed lot of morpho-
logical variations in Pseudophilautus amboli (Image
10abc) and Minervarya syhadrensis (Imagel5Sabc) frogs
in nature.

We recorded 28 amphibians (Table 1) from the
study area representing seven families (Figure 1) and 16
genera (Figure 2) that contribute 6.26% of Indian
amphibians (Dinesh et al., 2020), 52.83% of amphibians
recorded in Maharashtra (Padhye & Ghate, 2012) and
77.78% of amphibians documented in Goa state
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(Kulkarni et al., 2013). Our findings show that,
Chandgad taluka is rich in amphibian diversity. We
recorded 93.33% of amphibians documented in Sangli
district (Sajjan et al., 2017) and 90.32% of amphibians
reported from Pune district (Padhye et al., 2002) in Ma-
harashtra. Sajjan ef al., (2018) recorded 17 anuran spe-
cies from Solapur district. Whereas, this paper reports
27 anurans from study area which shows the richness of
amphibians in Chandgad taluka. Microhylidae dominate
the study area followed by Dicroglossidac and,
Bufonidae and Rhacophoridae (Figure 1). Among the
genera Uperodon represents the maximum number of
species followed by Duttaphrynus (Figure 2). During
rainy season in Tillari at late night we found adult D.
melanostictus with a leech attached on its ventral sur-
face. We removed the leach from its body and released
in its natural habitat (Image 17bc). Photo plate 1
(Images 1 to 20) shows some of the anurans, caecilian
and egg mass recorded during the field work.

Among the amphibians documented Pseudophi-
lautus amboli belongs to Critically Endangered catego-
ry; Raorchestes bombayensis belongs to vulnerable
category; Uperodon mormoratus belongs to Enden-
gered category, Duttaphrynus parietalis, Uperodon
montanus and Clinotarsus curtipes belongs to Near
Threatened category and, 19 anuran species belong to
Least Concern category (Table 1, Figure 3) of IUCN
conservation status (IUCN, 2022). Most of the times
we found difficulty in identification of egg masses and
tadpoles in the field. Studies are needed on develop-
mental stages of anuran larvae, identification of egg
clutches and tadpoles. Since, - caecilians are very rare
and burrowing in habitat, it is difficult to find them in
their natural habitat. Hence, studies are needed to con-
centrate on habitat, diversity and biology of caecilians
in the study area which could open a window for re-
searchers to continue further research on amphibian
developmental biology and behavioral studies. It is also
necessary to take up some conservation aspect projects
to conserve critically endangered species P. amboli and
vulnerable species R. bombayensis.
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Figure 1. Shows Family wise number of Amphibian Species Recorded in Chandgad Taluka of Kolhapur
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Table 1. Showing Amphibian Diversity Recorded in Chandgad Taluka of Kolhapur

S1 TUCN Con-
No. Order/Family Common Name Scientific Name servation
) Status
1. Order Anura
1 Bufonidae Ferguson’s Toad (Dsléﬁi{; ih(grnuls7sgcga)ber LC
2 Bufonidae Asian Common Toad (Dslélﬁi{c} ih(grnuls7r9rlge)lanoslictus LC
3 Bufonidae Ridged Toad o ket NT
4 Bufonidae Marbled Toad (Dﬁfttf{lg r}f?’g&; tomaticus LC
5 Dicroglossidae Indian Bull Frog g;)f égﬁfni%}(l)%s tigerinus LC
6 Dicroglossidae Jerdon’s Bull Frog ggf dlgﬁatlrél chl)u § crassus LC
7 Dicroglossidae Skittering Frog g’gﬁg fcﬁesr c)f 67119181)7 hiyctis LC
8 Dicroglossidae Bombay Wart Frog ?ﬁgﬁ?;ﬁg{g Sf} ;l {1 9d)rensis LC
Minervarya goemchi
9 Dicroglossidae Goan large fejervarya (Dinesh, Kulkarni, Swamy and Deepak, NA
2018)
. . Indian Sphaerotheca breviceps
g . .
10 Dicroglossidae Burrowing Frog (Schneider, 1799) LC
11 Dicroglossidae Roland's Burrowing Frog f}gﬁﬁzgt}ig%%;alandae LC
12 Microhylidae I(\)Ig}?é:v-Mouthed Microhyla nilphamariensis NA
HAICTonylcae Frog (Howlader, Nair, Gopalan and Merild, 2015)
13 Microhylidae Guangdong Rice Frog ?ﬁ%ﬁﬁy lla nggl;ra LC
14 Microhylidae Indian Dot Frog g{):gofg; 7;;10rmoratus EN
15 Microhylidae Marbled Globular Frog (lgz i};fea{gzrsylséggl)a LC
16 Microhylidae Indian Globular Frog (lé?i.i};f}i orn igégiz)tlosus LC
17 Microhylidae Sri Lankan Bullfrog (l{)l; iI};ZfO? 9?5; obanicus LC
18 Microhylidae Jerdon's Ramanella (lfc? reggrollo?sn;g; tanus NT
19 Microhylidae Eluru Dot Frog gﬁgﬁiﬁi’; vla Sréez(%atus LC
20 Nyctibatrachidae Castle Rock Night Frog é\g;;iiggifflﬁip gg(;lse)u § LC
Indosylvirana caesari
21 Ranidae Bronzed Frog (Biju, Garg, Mahony, Wijayathilaka, Sen- NA
evirathne and Meegaskumbura, 2014)
22 Ranidae Malabar Fungoid Frog {%ﬁﬁﬁﬁy lla éc;g)a labaricus LC
23 Ranidae Bicoloured Frog (C“Iéi;a(i)ézrs]zéssgt)trtmes NT
. Malabar Gliding Rhacophorus malabaricus
24 Rhacophoridae Frog (Jerdon, 1870) LC
25 Rhacophoridae Indian Tree Frog fé)g 5 ’ecfggeg)maculatus LC
. . Pseudophilautus amboli
Rhacophoridae Ambolt e
26 Rhacophoridae Amboli Bush Frog (Biju and Bossuyt, 2009) CE
27 Rhacophoridae Bombay Bush Frog Raorchestes bombayensis VU

(Annandale, 1919)

2. Order Gym-
nophiona (Apoda)

28 Indotyphlidae

Gegenophis sp.

Abbreviations used: NT- Near Threatened, CR- Critically Endangered, EN- Endangered, NA — Not Assessed, VU — Vulnerable,

LC- Least concerned.
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Photo plate 1.

4. Durntaplrynns scaber 5. Sphaerotheca breviceps 6. Hudroplndax malabaricus

10¢. Pseudophiiautis amboli 11. Evglidvetts cyanoplihvetis 12, Uperadon mormorants
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19, Egg mass of Clinorirsns cnrfipes

Photo plate 1. Images 1 to 20 shows some of the Amphibians
and Egg mass Recorded in Chandgad Taluka of Kolhapur
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Figure 2. Shows Genera wise number of Amphibian Species Recorded in Chandgad
Taluka of Kolhapur

m Mear Threatened

Vulmerable

# Endargered

m Loast Concemnead

& Critical

® Mot Assossed

Figure 3. Showing IUCN Conservation Status of Anurans Recorded in Chandgad Taluka of Kolhapur
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Editorial

It is very pleasurable thing that Shripatrao Chougule Arts and Scicnce
College Malwadi-Kotoli dated 7 February 2023 orgranised one day MNational
Seminar on the theme of "Human Life and Techonolgy' with the collaboration of
Shivaji University and Global Foundation, Solapur dated 7 February 2023,

The scholars of different faculties presented their papers on different sub-
themes and contribute in the ideology of Multidisciplinary education expressed
by NEP 2020. The College requested to publish the selected papers in our journal
that presented in the seminar. 50, we decided to publish all the artilcles in our
journal for the convenience of the new-comerce scholars,

Dr. Praveen G. Saptarshi, Visiting Professor, Salisbury University, USA,
Dr. F. M. Nadaf, Deputy Director. Directorate of Higher Education, Government
of Goa, and Dr. Babalola Ayodele Samuel, Dept. of Pure and Applied Zoology, |
Federal University of Agriculture, Ogun State, Nigeria, Africa have contributed as
keypersons in the conference.

Dr. B. N. Ravan, 1QAC Co-Ordinator and Smt. Dr. V. P. Patil, 1fC Principal
have greately taken efforts to success in this conference that | realised while
averview of the presented research papers and articles. Our best wishesh will be

there for the academicians and research scholars to implement the varieties af

extra-curricular, extra-ardinary state, national and international level academic

sctivities like seminar, workshops, conferences ete. The edueation is not only

happening in the class. It is eternal process of life long learning and it is flowing,

Therefore, we are always with the striving people into achieving the goal of

x

}\miqr:\ '

Dir. Prakash B, Salavi

Executive Editor,

‘Education and Saciety’,

Indian Institute of Education, Pune

success of education to all,

e T = I L ST —
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Representation of Detection and Police Procedure jn
Louise Penny’s novel *Still Life?

Mrs, Megha Lakshman Dhanawg,y,
Research & beerl g
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IPraf, Meyr Jaral|

Provfessor, 1 LY 8 O T RS
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Abstract:

The present sticly tes o analyse and represent the detection and police proeeg, ..
n Lovise penny's novel, *Soll 1 e m whaeh wreiter eeveals a tholling s cien, that iy 5ot
in A remote arca of Guchee The Chiel Inspector Armaned Camache and b lestm of
mvestigatons are called to iy estizate the susperaus death of Jane Meal (8 depcr 4 ltieal
fisture in Three Pines et north of the U, 5. Boarder. A chiel Inspector Armang Ciamache
of the Suretedu Guebee afficial mvestigation the death ol Jane Neal, a 76 -y ears ald reripg
schoolteacher who lived in the small town of Three Pines in Quebee, Canada 1t Creates
shock waves throuzhout the close-knit compiunity to help solve the mystery of her deark

Chiel Inspector Gamache and liis 1eam are called 10 solve the mystery and crime and hegan
their investization,

The novel “Sull Life" is compelling central mystery which is a major thread of
Penny s novel. Tt provides tsightful commentary to the readers on country life where the
tension between the individual and the eollective. The novel, *Still Life" introduces no
only an engaging series hera of Inspector Gamache, who commands his forces and this
series with integrity and quite courage, but also winning and talented new writer traditional
mysterics,

Penny introduces readers to the captivating Inspector Gamache and his
unwavering commitment to justice through this story. The novel offers readers an exciling
joumey as they follow Gamache in his pursuit of truth and a killer. It explores the mysien,
of lane Neal's death with its intriguing plot and characters. Louise Penny's 'Suill Life' is
sure to be a great example of crime, mystery, and detection, It creates a pictorial history of
three pines and its residents.

mm e -

Keywards: Crime, Detection, Police Procedure, Investigation, Mystery, Communirty

= ——

Introduction:

*Still Life” is the debut novel written by renowned mystery writer Louise Penny.
It is published by St Martin's dated on st January 2005.The navel provides rich
recognition to the writer in the tradition of erime and mystery fiction,

Louise Penny introduces major character and investigator Monsieur L Inspector
Armand Gamache of the Surete du Quebec, 3 madem Poirot who anchors this beloved
traditional mystery series. The story was adapted into a film called the Sil] life: A Three

= e e e T S W R oL S -
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ystery in 2013 which latter won the prestigious Anthony Award for Best first novel
pines! 2007, 2150 the novel waon various awards the New Blood Daggar, Anthur E|js, Barry,
inthe v and Dilys awards. At the beginning of Still Life. it is stated that “violent deah
qihon} d" Chiel Inspector Armand Gamache. Why is that odd for 2 homicide

1=
1 surprt
gt and how does it influence his work? What are his strengths and his weaknesseg?

dﬂgnu'ﬂ-‘
(43) «gtill Life” means drawing is literally drawing things that are still in Jife. The

ovel s ¢et in the small village of the Three Pines, Quebec Canada, The plot of the novel
: |;whl on the official investigation following the death of Jane Neal, who is 76 vears old
etired school tencher. The victim Jane Neal lived in the small town of Three pines in

sebec Canada. Jane is found dead in the wood, just two days afler deciding to submit her
art work for a1 exhibition for the first time ever. Chief Inspector Armand Gamache call 1o
vestigate the mysterious death of Jane Neal and he started homicide Investigation. He
peenls examining the crime scene, he and his team found evidence that Jane was killsd by
< tacal Bumicr.

The life journey and the investigation process, consider Gamache’s advice 1o
Nichol: “Life is choice. All day, every day. Who we talk to, where we sit, what we say,
pow we say it. And our lives become defined by our choices. It's as simple and as
complex as that and as powerful.” Similarly, Myrna stopped practicing psychology
because she lost patience with people wha lead “still™ lives, “waiting for someone to save
them..... The fault lies with us, and only us. It's not fate, not zenetics, not bad luck, and
it's not Mom and Dad. Ultimately, it’s us and our choices.” How do their choices affect
the principal characters in the novel? Do any of their choices remind you of ones yvou have
made in vour own life? (124)

When tracers of Jane’s biood are found evidence which is collected at the Crofi's
home by Gamache confronts Mr. and Mrs. Croft. However, he becomes ensure what to do
when the evidence point to Philippe croft Matthew's Sun, while Mathew confesses the
crime. when he disobeys an order from his superior officer to arrest Mathew croft,
Gamache is suspended a few days later, one of the Crofis arrows is found in the wood,
officially elearing them Philippe through the accidently killed Jane and his father confessed
to protect him,

Gamache has reinstated the investigation process of the death of Jane. He obtains
awarrant 1o enter Jane's house and found tacky wallpaper covering the walls, He discovers
that Yelande put up the wallpaper to cover Jane's art, which she drew all over the walls,
creating a pictorial history of the three pines and its residents. He also uncovers a
previously unknown Will leaving Jane's house, Clara, and Ben work to remove Yolande's
Wallpaper and reveal Jane’s Art. The art exhibits that day examine Jane's painting of the
art exhibition arrives. Fairday, which depicts the closing parade of the country fair, held
on the day Ben's mother died. Clara notices that one face-Ben’s has been removed and
painted over. She doesn’t tell anyone but realizes that Ben must nave killed Jfane. She
confronts Ben, who takes her into the basement of his mother's House to kill her Gamache
pieces together what happened & arrives on the scene but in his injured in the process
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Chicl Inspector Armand Gamache of the Surcle :'.!IIE ﬂu';‘-h'c':_: and his I'“"m of
investigators are called into the scene of suspicious d“"?m i ﬂinm']_ village of South of
Montreal. J ane Neal a local fixture in the tiny hamlet of Three P'"“JH?I north of the LS,
border, has been found dead in the woods the locals are certain, 1L is a tragic hunting
accident and nothing more but is soon certain that Jane Neal died at the hands of someone
much mare sinister than a careless bow-hunter.

The novel introduces not anky an eagaging series hero in Inspector Gamache, who
command his forces and this series with integrity and quite courage but also a winning and
talenied new writer a traditional mystery. It is rightly said that, “Life Is change. IT you
aren't growing and involving, you're standing still and the rest of the world is surging
ahiead. Most of these people are very immature, They lead “still” lives waiting,” (167)

Penny introduces readers ta the captivating Inspector Gamache and his
un avering commitment to justice through this story. The novel offers readers an exciting
journey as they follow Gamache in his pursuit of truth and a killer, Gamache is convinced,
“there is a darker force at play still life is sure 10 keep you on the edge of your seat as it
explorers the mystery of Jane Neal's death with it intrizuing plot and characters Lowise
penny's still life.’ The village of Three Pines is nol on any map and Chief Inspector
Armand Gamache is the homicide detective at the beginning of still life,

There are three main couples in the present story Clara and Peter, Oliver and
Gahri and Reine-Marie. There’s huge clug to the murder early in the book when Jane gives
Ben a meaningful look and then quotes from W. H. Auden’s book, “Evil is inspector
unspectacular and always human and shares our bed and eats at our own table.” Clara has
“Very specific tests” in murder my stories: most of them were British and all the village
cozy variety,

In *Still Life" is not only everything idyllic, but of course - we get a little mild
hemophobia. The main characters are all totally non- homophobic, non-racist, non-greedy,
non-selfish and non-everything that makes fictional people generally repugnant but
interesting. Hence, the story captured the mind of the readers, and tries to over think about
the murderer. It follows the rich tradition of crime and mystery fiction along with detection
and police procedure.

Reference:

I. Penny, Louise Still Life Sr. Martin Paperback: New York, 2005

2. Wagner, But. “What Let Them to a Life of Crime™, Toronto Star, Torontoe on Canada:
2010, Print

3. Kelly, Brendan. Louise Penny's Detective Novels Get Small Sereen Treatment CBC-
TV: Montreal Gazete

4. Retrieved 2012, Print
3. Seagps John, Crime Fietion (The New Critical Idioms) Routledge, 2005: Print
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Tropylium-BF, as Organocatalyst for Efficient Synthesis of
Nitriles from Aldoximes; Synthetic Scope and Mechanistic

Insights

Athmanand Anchi,”” Suraj M. Sutar,” Rajesh G. Kalkhambkar,*® Gabriela L. Borosky,*™ and

Kenneth K. Laali*¥

Structurally diverse aldoximes were conveniently transformed
within minutes to the corresponding nitriles by using tropylium
BF, as organocatalyst, in 1-butyl-3-methylimidazolium ionic
liquids (BMIM-ILs) as solvent, under microwave irradiation. The

Introduction

Nitrile groups are widely present in natural products, pharma-
ceuticals, dyes, and polymers. Moreover, the -CN group is a
highly versatile synthon that can be converted to a number of
other significant functional groups such as amides, amines,
aldehydes, and ketones.' Whereas numerous methods for the
synthesis of aromatic and aliphatic nitriles have been devel-
oped over the years,"™ the quest for the development of new,
environmentally more acceptable, cyanide free methods con-
tinues. To this end, nitrile synthesis by dehydration of
aldoximes has received considerable attention. Some of the
more recently reported reagents for the preparation of nitriles
from aldoximes are acetic anhydride/acetic acid,® triflic
anhydride,”’ trichloroacetonitrile,® SO,F,® and 4-nitro-triflyl-
imidazole."® The latter reagent is closely related to triflyl-
imidazole reported by us for aldoxime to nitrile conversion
almost a decade earlier."” Complementing these dehydration
routes are chemoenzymatic methods developed for enantiose-
lective synthesis of chiral nitriles.'*"®

A recent study reported on the use of in-situ generated
chlorotropylium chloride as catalyst for conversion of oximes to
amides and nitriles." The onium salt was generated from
tropone and oxalyl chloride (loss of CO and CO,) in MeCN

[a] A. Anchi, S. M. Sutar, Dr. R. G. Kalkhambkar
Department of Chemistry,
Karnatak University’s Karnatak Science College, Dharwad
Karnatak 580001, India
E-mail: rgkalkhambkar@gmail.com
[b] Dr. G. L. Borosky
INFIQC, CONICET and Departamento de Quimica Tedrica
y Computacional, Facultad de Ciencias Quimicas,
Universidad Nacional de Cérdoba, Ciudad Universitaria,
Cérdoba 5000, Argentina
E-mail: gborosky@fcq.unc.edu.ar
Prof. Dr. K. K. Laali
Department of Chemistry, University of North Florida, 1,
UNF Drive, Jacksonville, Florida
32224, USA
E-mail: Kenneth.Laali@UNF.edu
Supporting information for this article is available on the WWW under
* https://doi.org/10.1002/slct.202202791
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scope of this convenient, cyanide free, process for nitrile
synthesis was explored, and DFT computations were employed
to shed light on the mechanistic steps of this catalytic reaction
leading to dehydration.

solvent using syringe pump, followed by addition of DBU to
effect deprotonation of the aldoxime-tropylium adduct to form
nitrile." In relation to our long-standing interest in preparation
and synthetic application of carbocation and onium salts,!>™"”
and encouraged by the recently reported efforts to repurpose/
utilize some of these compounds as organocatalysts in
synthesis,"®'? we report here on the efficacy of the readily
available tropylium-BF, as organocatalyst for aldoxime to nitrile
conversion, using a very simple set up, employing BMIM-ILs as
solvent.

The BMIM-ILs are ideal solvents for synthetic method
development involving carbocation and onium salts,"*'® while
also providing the opportunity for recycling and reuse. In an
effort to shed light on the mechanistic steps of this catalytic
reaction leading to dehydration, a DFT computational study
was performed.

Results and Discussion
Synthetic Aspects

At the onset, benzaldoxime was selected as model to
determine efficacy. Working in conventional solvents, low
yields of PhCN were obtained by heating in DCE and DMF for
extended periods (entries 2-3, Table 1). Improved yields were
realized at lower temperatures and shorter reactions times by
using MeCN (entry 4, Table 1). These observations correlate
with the relative solubility of tropylium salt in these solvents
(Table S1). By switching to [BMIM][BF,] better conversions were
reached in relatively short times (entries 5-6, Table 1). By
applying microwave (MW), a 90% yield could be reached after
10 minutes (entry 8, Table 1). Employing [BMIM][PF,] as solvent
resulted in 83% isolated yield after 10 minutes under MW
irradiation. Based on these initial studies, [BMIM][BF,] was
selected as solvent of choice for the study of the scope of this
transformation.

A library of benzonitriles bearing diverse substituents were
synthesized in respectable isolated yields by using 10 mol% of
tropylium-BF, in [BMIM][BF,] as solvent under MW (entries 1-
11, Table 2). Reactions could also be performed in the recycled

© 2022 Wiley-VCH GmbH
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Table 1. Optimization of reaction conditions for synthesis of PhCN.?!
Entry Solvent Temperature(°C) Time Yield® (%)
1 DCM 50 12h Trace
2 DCE 80 5h 22
3 DMF 100 3h 47
4 MeCN 80 3h 64
5 50 3h 61
6 80 2h 78
7 [BMIMI[BF,] 5 min 87
8 Mw 10 min 920
9 50 3h 60
10 80 2h 72
1 [BMIMI][PF,] 5 min 81
12 Mw 10 min 83
[a] Reaction condition: Benzaldoxime (1 mmol), Tropylium-BF, (10 mol %), Conventional Solvents (5-15 mL), [BMIMI][X] (2-3 mL). [b] Isolated yield of the
nitrile product.
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Figure 1. Free energy (energy) profile for the dehydration reaction of (E)-benzaldoxime (gas phase values in black, results in MeCN solvent in green). Figure 1 is
inserted too early. It should be inserted after Table 2, in the Computational Study section.

IL, without a significant impact on isolated yields (entries 2 and  were extended to polycyclic (entries 12, 13) and heterocyclic
7, Table 2). Efficacy of the recycling/reuse of the IL solvent was  aromatic aldoximes (entries 14-16). In entry 12 an isolated yield
independently checked by using benzaldoxime as model and  of 68% was reached by using a recycled IL for the 4™ time.
repeating the reaction up to four cycles (Figure S1). Reactions  Representative aliphatic aldoximes were also converted to the
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: BF
R - - | B3
[BMIM[EF,] MW
= durpde; Hetero-Aryl; Alkyl
Entry Aldoxime Product Time(min) Yield™®(%)
N. N
r’* OH Il
o
13 |.|-' Ixﬂ] i___. b‘I 10 71
'-""‘-a_\_,_. -'5- ""'\-\.__'_'-"-. "-\-..":"-:-I
=N
A, 5, OH o
14 L| T | 9 75
W | ]
M
H
s | N=-0OH M . s
* —
|___..},-'.-' [l__.-'._:-"b =
~S.  N-OH -
16 J_h_;r:'_ |,:|,5—-- M 9 76
17 ..I:.'N ~OH =N 6 86
18 N, .ﬁ"N “oH H“‘—_ M 7 83
[a] Reaction condition: Aldoxime (1 mmol), Tropylium-BF, (10 mol %), [BMIM][BF,] (3—4 mL). [b] Isolated yield. [c] Yield using recycled IL (2m cycle). [d] Yield
using recycled IL (3 cycle). [e] Yield using recycled IL (4t cycle).

nitriles in good vyields (entries 17-18). The crucial role of
tropylium as organocatalyst for this reaction was underscored
in control experiments, by heating benzaldoxime in BMIM-IL in
the absence of tropylium, where no conversion was observed
even after prolonged heating.

Computational Study

With the aim of unveiling the catalytic role of the tropylium salt
in the dehydration reaction of aldoximes to yield nitriles, DFT
calculations were performed for (E)-benzaldoxime as a model
compound (Figure 1). The computed path revealed the gen-
eration of an intermediate via covalent bond formation
between the hydroxyl anion and tropylium cation Tr*. Accord-
ing to the observed mechanism, coupling of the HO™ anion to
Tr* took place early on the reaction coordinate, but in concert
with the proton transfer from C to BF,”; that is, both transfer
processes were concerted but asynchronous. In this way, the
HO™ migration occurred while the energy was increasing,
whereas the proton was transferred at the transition state (TS)
of the first reaction step. This proton transfer was achieved
through an initial hydrogen bonding to BF,”, yielding nitrile
and complexed BF; - HF. In the second step, OH protonation by
HF took place without activation energy, leading to sponta-

ChemistrySelect 2022, 7, €202202791 (4 of 9)

neous release of H,0, regenerating the tropylium. Although the
observed activation barrier was high (AG” =37.3 kcal/mol, gas
phase value), the overall reaction path was very exoergic
(AG,= —42.6 kcal/mol, gas phase result).

In comparison, with MeCN as solvent, the first step afforded
a protonated nitrile (nitrilium ion), which in the second step
transferred this proton to the OH group (Figure 1). This
mechanistic change stems from the favored stabilization of
ionic species by a polar solvent, in contrast to the neutral
system generated in the gas phase. Because charge separation
decreased in the TS, solvation by MeCN increased the energy
barrier to AG” =48.8 kcal/mol, while the total exoergicity of
the reaction was retained (AG,=—41.9 kcal/mol).

For comparison, the same mechanistic path was also
evaluated for (2)-benzaldoxime. The DFT energies observed for
the Z-isomer were more favorable, with a decrease in the
barrier of ca. 5 kcal/mol, and an increment of about 7 kcal/mol
in the exoergicity for the whole process (Figure 2). This can be
ascribed to a deformed and, consequently, higher-energy Z-
aldoxime structure in the initial noncovalent complex formed
by the reactants, in which the HC=NOH group is rotated by 49
degrees out of the plane of the phenyl ring, while this
deviation is only 14 degrees in case of the E-isomer.
Accordingly, in this complex the Z-isomer exhibited longer Ph-
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Figure 2. Dehydration reaction of (2)-benzaldoxime (gas phase values in black, results in MeCN in green).

CH and N-OH bond distances (Figure 3). While both transition
states presented similar energies, for the Z-isomer the initial
complex was around 7 kcal/mol less stable than the corre-
sponding E-aldoxime complex. In MeCN as solvent, the
activation barrier for (Z)-benzaldoxime was lowered by about
13 kcal/mol as compared to the E-isomer, whereas the general
exoergicity increased by ca. 7 kcal/mol.

Bearing in mind the positive role of [BMIM][BF,] as solvent
for Tr* catalyzed dehydration, we set out to evaluate the
mechanism for a ternary system consisting of (E)-benzaldoxime,
Tr salt, and [BMIM][BF,]. In this model, [BMIM][BF,] interacted
with the aldoxime and tropylium by forming several hydrogen
bonds (Figure 4), while at the same time the activation energy
increased by around 10 kcal/mol, and the exoergicity decreased
by ca. 20 kcal/mol in the gas phase (Figure 5). Solvation with
MeCN further increased the barrier by 5 kcal/mol, while
improving the exoergicity by 16 kcal/mol. Unfortunately, due to
absence of the needed parameters in Gaussian 16, this model
study could not implement solvation effects due to
[BMIM][BF,], nor the effect of microwave irradiation. Interest-
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ingly, in MeCN as solvent the energies evaluated with and
without the presence of IL were similar, suggesting that
[BMIM][BF,] may not have a significant role in solvation effects
governing the general energetics of the mechanism, and that
its primary function may be to improve the solubility of
tropylium salt. The computed high activation energies, along
with the expected rise in energy barriers by polar solvents,
could rationalize the experimentally observed positive effect of
microwave irradiation to enhance the reactivity.

Finally, in order to ascertain if [BMIM][BF,] could itself act as
an organocatalyst via complexation to the aldoxime, the same
reaction path was computed for the aldoxime/IL system
(Figure 6). This assumption was discarded on the basis of the
endoergicity found for the first reaction step; moreover, the
corresponding TS could not be located, implying that this
process would present a particularly high energy barrier. This
finding is in concert with the experimental observation.

© 2022 Wiley-VCH GmbH

85U8017 SUOLIIOD BAEa.D 3|t (dde au Aq peusenob ae S9pile YO ‘SN JO S3|nJ o A%eiq1T8UlUO AB|1/W UO (SUOIPUOD-PUR-SLUB)L0D A8 | AfeIq 1 jeut|uo//SdnL) SUONIPUOD Pue swie 1 8y} 88S ‘[220z/2T/50] uo Areiqi auliuo 1M ‘ebeyd-uj ueleidi Aq 16£202202 P 8/200T 0T/I0p/wod A8 1M A g 1 puluoadoine-Alis iwsyd//Sdny wolj pepeojumod ‘Se ‘2q0Z ‘6759S9E2



Chemistry
Research Article Europe

doi.org/10.1002/slct.202202791

European Chemical
Societies Publishing

ChemistrySelect

Figure 3. Initial noncovalent complexes for benzaldoxime isomers: (a) (E)-
benzaldoxime; (b) (2)-benzaldoxime.

Conclusions

We have reported a convenient, cyanide free, process for nitrile
synthesis by dehydration of aldoximes employing Tr*BF,” as
organocatalyst and BMIM-BF, as solvent under MW irradiation
and examined the scope of the reaction. To shed light on the
mechanistic steps leading to dehydration, a DFT model study
was performed. A two-step pathway was computationally
determined, which involved the coupling between hydroxyl
anion and tropylium cation to form a covalent intermediate,
and water release that regenerated the tropylium salt.
Although the overall reaction path was very exoergic, the
calculated high activation barrier explains the enhancement in
the experimentally observed reactivity under MW irradiation. In
concert with DFT computed energetics, control experiments
showed that the reaction does not proceed in BMIM-IL alone
without tropylium.

ChemistrySelect 2022, 7, €202202791 (6 of 9)

Figure 4. Transition states for the: (a) binary system ((E)-benzaldoxime/
tropylium salt); (b) Ternary system ((E)-benzaldoxime/tropylium salt/
[BMIM][BF,]). Forming/breaking bonds are displayed as dashed black lines,
and hydrogen bonds are shown as dotted green lines.

Experimental Section

The reagents and solvents employed were high purity commercial
samples (Fischer, Merck and Sigma-Aldrich), which unless otherwise
stated were used as received. Reactions were carried out in oven-
dried RB flasks. Thin-layer chromatography (TLC) was performed on
Merck silica gel 60F254 (0.25 mm thickness) plates detected by UV
light (254 nm) and iodine vapors. Purification of the crude products
was carried out by flash column chromatography using silica gel
(100-200 mesh). Melting points were determined on electro
thermal apparatus and are uncorrected. Microwave (MW) assisted
reactions were carried out in a Biotage Microwave reactor. The IR
spectra were recorded on a Nicolet-Impact-410 FT-IR spectrometer.
NMR spectra ('H/"C) were recorded on DELTA2 400 MHz and
Bruker DRX 400 MHz spectrometers using CDCl; and calibrated
using internal standard ('"HNMR at 400 MHz and fully decoupled
BCNMR at 100 MHz with & values reported in ppm). GC-MS
analyses were performed on a Shimadzu 2010 series mass selective
detector instrument. Elemental analysis was carried out by using
Heraus CHN rapid analyser.
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Figure 5. Dehydration reaction of (E)-benzaldoxime in presence of [BMIM][BF,] (gas phase values in black, results in MeCN in green).
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Figure 6. Formation of nitrile from (E)-benzaldoxime in presence of [BMIM][BF,].

General procedure for the synthesis of aldoximes (for a slightly
different procedure see Ref. 9). The selected aldehyde (87 mmol)
was dissolved in water (45mL) at 40°C. A solution of the
corresponding hydroxylamine hydrochloride (90 mmol) and sodium

ChemistrySelect 2022, 7, €202202791 (7 of 9)

(MG, = 8.1 keal'mal)

acetate (87 mmol) in water (25 mL) was added, and the reaction
mixture was stirred at about 80°C under nitrogen for 2 h. The
mixture was cooled and extracted with diethyl ether, the organic
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phase was washed with brine, dried over Na,SO,, filtered, and the
filtrate was evaporated to dryness in vacuum.

General procedure for the synthesis of nitriles from aldoximes:
An oven dried 25 mL RB flask equipped with magnetic stir bar was
charged with [BMIMI][BF,] (3-4 mL), Aldoxime (1 mmol), tropylium
tetrafluoroborate (10 mol%), and the resulting mixture was irradi-
ated in the microwave reactor at 90°C for a specified time, while
monitoring the progress of the reaction by TLC. Upon completion,
the reaction mixture was extracted with ether (3 times). The
combined organic phase was washed with brine, dried over
anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The resulting crude product was purified by silica gel
column chromatography (100-200 mesh) using n-hexane and ethyl
acetate (95:05).

General procedure for recycling and re-use of [BMIMI[BF,]: The
brown-colored IL after each run was dried overnight under vacuum
at 60°C and reused directly in subsequent runs (up to 4 cycles),
after which it was set aside for recovery as follows: the combined
brown-colored IL recovered from several experiments were dis-
solved in dry acetonitrile and filtered through celite to remove
insoluble brown particles. After removal of solvent from filtrate, the
recycled IL was dried overnight under vacuum at 60 °C and reused
in subsequent runs.

Computational Procedures

Density functional thery (DFT) calculations at the B3LYP?*-D3%"/6-
3114 G(d,p) level were performed with the Gaussian 16 package of
programs.”? Harmonic vibrational frequency computations were
carried out at the same level of theory in order to characterize the
optimized stationary point as minima (no imaginary frequencies) or
transition states (TSs, one imaginary frequency). Intrinsic reaction
coordinate (IRC)™ calculations were performed to confirm that the
located TSs connected the correct reactants and products.
Solvation effects were taken into account by geometry optimiza-
tions with the polarized continuum model using the integral
equation formalism variant (IEFPCM).?

Supporting Information Summary

Analytical and spectral data as well as Table S1 (solubility) and
Figure S1 (recycling), are gathered in the supporting informa-
tion file.
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Second sighting record of King Cobra in
Kolhapur Western Ghats, India

King Cobra Ophiophagus hannah is the

longest venomous snake that measures

up to 5.5 m (18 ft) in length (Wallach et al.
2014). This rare species belongs to the
‘Vulnerable’ category of the IUCN (Stuart et
al. 2012). It is widely distributed in southern
and southeastern Asia up to 2,000 m (Stuart
et al. 2012). King Cobra inhabits a variety of
habitats from degraded forests, mangrove
swamps, agricultural fields, plantations,
grasslands, wetlands, dense forests, primary

Zo0’s Print

The second
sighting
record of
King Cobra
in Kolhapur,
Maharastra,
Western
Ghats, India.

forests, and secondary forests nearby human
habitats and streams (Daniel 2002; Stuart

et al. 2012; Whitaker & Captain 2015). In

the Indian subcontinent it occurs in dense
forest and hilly areas of tea/coffee estates

in the Western Ghats of southern India,

the Himalayan slopes, parts of central and
northeastern India, and the Andaman Islands
(Sangha et al. 2011; Murthy & Murthy 2012;
Chandra et al. 2014).
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In the Western Ghats, King Cobra is reported
up to Goa from Tamil Nadu, Kerala, and
Karnataka (Whitaker & Captain 2015). Off
late, many studies have been done on King
Cobras in the Western Ghats (Bhaisare et

al. 2010; Barve et al. 2013; Gowrishankar et
al. 2013; Rao et al. 2013); yet, until recently,
its presence in Maharashtra state was
unknown. Yadav & Yankanchi (2015) reported
it from Tillari forest in Kolhapur of southern
Maharashtra. In this note, we report another
sighting record of King Cobra from a nearby
locality in Maharashtra.

We were visiting Kalanadigad (15.856 N
74.252 E; 316 m) in Chandgad taluk of
Kolhapur district for bird watching field trip
on 01 January 2020. The second author,
SMH, sighted a King Cobra (Video 1) around
1520 h in dry grass. The snake was there for
about five minutes before it slithered off into
the nearby forest. It was a large, adult snake.
The snake was confirmed as a King Cobra by
referring the descriptions given in books by
Daniel (2002) and Whitaker & Captain (2015).
The present sighting record of King Cobra in
Kalanadigad is located around 15 km east
from Tillari Village.
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where, M , & and Ny are the molecubar welght, density aod Avogadro
iminiler, respertively,

Bakhshdey [52] egmacion (Eqg. (4]} gives the dependency of the Sokes
ehift of saliite oi e aned & of salvent as

Ba — B = o3 (2, 0] 4 constuil [}

where, I and by are the sheorpeion and Auarescence ensision maxima
wave numbers {om "]: my = 2, p_‘!l'z.l'flm"' ard Feliomj is the Bakh.
shier solvend podarity fonction (Eg. (55,
Ind 4 1 -1 o |

=+ {r y i 1} 15}

.F_.-;.r-.n|=n:|3 g+ nfol

arpd aill ofler spmbsols have their usial meanings.

Kawskl-Clheamma-Viadlor (23] aquatson relates the average of ab.
sorptiom aned eiaission mazinin of solaie with e and oof solvenn as,
Eq 1 Er

= — e Fyld i)+ el =)
wliere, my — :{#-'.F;lu._.ul I= shye Kaowski-Chanmue-Vinller sodvens po-
lariny funerlon as given in Eg. 07,

41 {r--1 - I:I" An' —1)

A= st o SR 7
= etz W2 R =

and &ll ether symbals hanre their tsual meandngs.
Agsuming & @able sydanuery of molecole spon eXcitation aodd por-
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allel anentation of the dipole nsonens, g P ned Hy can L

caleulated frem the slopes fme nnd mad of e plots of L - L versus
Fole,n) And (5 0| S wersns Fale, 01} A&
iy = iy e o
m="(5) (k)
i 4 g ™y
My = 3 J:H,-) [ %)
':!':__"l-"_lﬂ ﬁtml e El[ﬂ

W —

01, amd i, suibeend am angle o,
-unt"#:‘p l{yi bt} o2 (e ni]l {11

i, rom also be derermined vsing e enmpirical reladon [04.55],

i 4
g — ¥ = 113078 (:F—t] (=) &£ + commms ()

where, (E7) is fhse mmosapxc solvent pobarity functson, Ay aind Ay, are
the chnmges gl dipole momments of sangpse and reference [Beiadie
ey grclecnbes coyexeitATo. dg b8 the Oumapger eavity sading of refersyes
imdectile Mg can b detennined ising e slupe of By - T versus BF plar
arnl the reparted valises of A, and ag 09 [ and 6.3 &, iespectively) for
Betaive dye [24]. Farther, using Ay and @ from Eo. (85 @, can be
detemmined. Bg (10, which accouns for more meermalecular in-

reractions, heroer coaredares the Scobes shift and sobvens podarny funetion
thian Tk oflser relations,

Thaugh Lipperr-paragn relsrion shavs the sebvene polarine eifect an
obseryed ook AlifL oo mose precise comelation on solvent paraisees
affecring specieal shift was glven by the muleilinsar approach proposed
by Kamdler-Abbond-Tah (250 and Caralan [35), Cacalan equarion se-
rotings for solvent poladzahilicy and solvenr dipodarcy  parameters
separately (0 #dditien m solvenr acidicy and basieioy parametars pra-
s I Ko bed-Abdwonl-Tafe. A¥ on be cormdated with sedvent prop-
ervfes Jiks polarizabllicy (57, dipolarire (S060), acldicy (540 wnd basiciny
[HY iising Caralan squation (Eq. (1530 [36R],

W=y AP bepSall + oS 5 oS (1%

where, ¥ and yy denote &y o selvent and gaseous phase (when salveni
P HIbElers e el 0 Zera), pespertivedy, dep, boge, gy and dog are the
regression coefficiens that deserthe the sensiiviey of ¥ 1o the different
solure-sndvent fnmeraciion mechanismes

Fluorescences guaniom yield is experimentmlly deremmined using Eq.

Tahle 1
Moty W st A of JEM0 Al SEROL

Flusmgplom:  #¢ -5 S ()

i
e Sobvwicchmmic Snbremi palursy
methad pararete
FHM 184 & L2 1.13&
ABF JdaE O 480 1771

Tahle &
[Hple mioments of 2EMO snd S0P,
Flupsaphere 4 0h) @, (00 g, (0}
Lzpe (Eg. Hakbshsrr [Eg Eareski-Chamma-Vislle (By. Spdvamchromoe methed (Ex Ealvent palacny pummane (B
(kT Tk [ ] £0K) TR
PILLIEH 217 LWa Bl0F 3715 oy LTIA 3037
THFCE 4173 L35 A. %11 Al w2 TR 440
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Fig. & aBmsonmamee sruces of 2EM0
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Tahle 4
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LEAF [],
R ) S
B L T (HE
* fa = Mk = 2

where, ¢y 5, QLN snd ay 0 = 5 RB) pepresent e qusninm :n'lr]d- inre-
grated Auorescence peak aren, optical density aed refractive mdex, The
sl ript ¢ il p tepresent te sanple and moferenee, eepecively

& Resulis and disrusslon
A1 sperimf shidies

Ahsorprion and fluorese enee specira {Figs. 2 oand 3 of MO and
SIFO wene pecorded i Ehiirrsa solvenrs with varsing e aod 0 10 sy
the chamge in dipale momenis of the fluomphores due o =ffect af salvent
sivinonment, sectrenics rransition ee, Speettal daca fike shaomrion
mnximnam {Fy ), fluorescence smission meacimom 8p) and Siokes shift
(AF) oboaiied are given B Sugpsvnemary Taliles 5] aed S5 Thae
maxmmnn shifis [Ad,) in nbsorptine marcima for 2B80 and SHEC in
different salvents (n-FHaxame m DMSO) s BLZ cm-? (ZR90E— 28000
[NIVE ':l ad 759 e ! (20413 - AB6ST oo ! 1, respectivel y. whenens e
emlssion maxima shifts (A4eh are observed ro be 1458 em ! (25391 —
2928 em 1 for 2EME and 3555 e ] 26506 - 2081 cm 1Y for
SRFO, While borh the molecules show very lew absorprion specmmal shif,
alFo Tnoeophoere sl lnnger flucresosies specinad slulfs companed oo
ZBMO. These resyls suggest char both che fluorophbores are less palar in
graiimd A8 compared 1o st stare. Tlie abeorplion and emision
mingtma of baohy the Quarephores exhibin babocheonsie shift, T in-
crepse i Stokes shift (3521 -4166 cm " and 2816-5612 e hor 2BAMO
and SREG), respectively ) with increase in the solvent polaciny may he due
i thee (icreased soluce-solvenr interacclons in the excired stare sffecring
the charge distribusion in excited stade md hece the malecudar geom
orry [A9,40], The pronouneed slifrs in vhe enisskon specits |pdbosm che
inereased exciled srafe dipale inmment, where he rebaied fret sngher
excired suase will be ensrgenienlly moere stable than gronsd sare, The
rernarkable specteal band slifes and Stokes shifts ndicare imeinekecalar
charge rransfer (1CT) die 1o g—2* mansidon ooearring in the sngle
BXciTe] Srple

22 Dipofe naowsemis

The singlet excited smte dipole momens of 2E80 and SHPG were
determilned by commelasing their speciroseople propeniss with solvenn
polarity hmerioms. The walses of solvemt polasity functions were
comnpnred using Eqs. (21, (51 and (7) fer thireesn solvenis using ol
valives of £ aipd i from |:'I:|.!‘|:-HII:|-'J' efal [41], The {‘UIIIPI.LIEﬂ vakues of
Fylenl, Fofeoa) med Fale, m) onlong with the valoes uFE':i.' Are given in
sapplereniuey Tahle 53, The salvainchironile plos for 2BMO and 58P
are pressmied in FigoAnoe nnd S oand the zlepes, intercepes and eooeds.
tlon enedficients are wives in Tabile 1,

The values of . g f, /iy nod Ap of ZBMO and SHFO determined
uslng Egs, 8-12 and the sbopes froen Flg 4in o and & are glven in Ta
olers 8 el 3 A podabde difference obssarved berwesn o, Aiwdl Hy alues
(Tubke 23 for Bodls e Auaroghores sugeest appreciable charge disiri-
butiom in singlet excited state following ICT process. Hesomance stouc-
togem - of FRMO apd SBEO maolecules [Fhe Gaoand B supparr this
passihility. The higher u, vales mdicates a more palar sxcivsd state
whery pokeciles are very sensitlve o thie sulvenits: The varlatians in "y
vadipes obwalned from differens sobvarochromic mechods (Table 21 can b=
arcritmred o the vadous assingprions in the meghods [42,45],

while Lippert merhod which does not sccounn for polarizabiling
yiglds the highest valoe of g, the solvenl pobarity paranster metlod
(Eq. [ 121 whicls corsiders the specific salare-solvent finmracdeos gives
the: least walue [ 447, Ir |5 also abservad thar &g of SBFO are higher than
that of ZBRICY, which shows that 5B s more sepsitive o solyvem
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Talile 5 ot

Theneecical ground staie Syouc: G AF gy in gee phaze and expermentaliy
eativisaned oprieal svsgy Dol gap Iﬁj"l

Fuarvphore & [§ 1] | — ] gy (W af e} q' Vi
2BM0O 218 5 TEA 214 Fairdd AA0T 8L 3AH
A B R 2330 1759 ASTLdar BT pmi

ervironment. Friin the angle betwesn dipoles in Table 5, we see thad g,
A iy AT aligned paratlel amd the modecular svnumierry is noaffecned by
ehectronic tramslrian [45].

&4 Mulipie parametrc correlomons

The Catalan paramierers of diffetenn solvents vsed oo deternrioe e
Catalan coefflelenes Tor 2EMO and SBFCH Teble 4 are given In Tabis 54,
While the sedvent parsmerers SP and SlP deseribe the non-specific in-
reractings which szabdlize the meolecular dipole. 54 and S8 measore the
laydtpagen boad doaor aod accepror capabilities, respectively, in specific
Inreractioes. Fromi Talilo 4 we sbhearve that SP and S4P donulnses 54 and
SH for wth the flooraphores. However, the inflience of specific In-
ternciimgs between scle snd salveniz on Stobes shifis connet b

The experimental orescence qeanium vields for 2BMO and S5EF0,
detemmined in erhsoed a1 room emperature cansidering 1,4-his(s
phenyl-2-oxazolvl} benzene as sandard ffooeesscent dye fguanium
wield of 0,97, were found o e 0.68 and 1071, respectively.

A4 et chemekend ceberaationes

A4 1. Frortier molerrabar antsdnls

Thearerical photuphys=ical parameters were also estmated tsing DET
with BOLYP/G-3114GMdY basis sets in Gaussen B9, The opimmised
gronem stare moleruiar simemires showing the dipole maneent vecors of
taarh the fluoroploores are degiered ln Flu. 7, The elecanie simemres
and electron domorsaceeptar capabilities of the maleodes were et
mared from frontler molecular orbleals, EOME and UMD (Fiz. 8], and
muolecular elecmosiatic potential (MESP) map. The theareiical gpround
RS OrRTEIes Eyoar, Ecars. A mnd g i oges and solvenr phases
compabed using BELYPAG-31 106(d)-1EF - FCM sodvntion mode] pre given
| Tahds: 5 and Takblen, rn:-q'refrrl.wl'_g:.'l'l'mlui valugs af PEMO ane SRR
solvent emvironmems are found o be higleer than in gas phese, which
Ay b dls 1o salvarion effes) of differeir solvents,

HOMO-LUBMO ppergy band gop (A vaknes (Table 55 are in clowoe

apreement with the optical band gap values (E7 ) estimaied froan



[. Mok er il davrani af Molecuder Grophicr sosd WodsTiag | T8 {20231 108367
Tahle B
Teeoterical p, Epemc, Flowo and AF of 2500 and BEFOD in solvemis.
Ealvami B0 = 4
Fp L0} J- B [wV AR (V] PRI y ——T T AF [w\')
ii-Heganie w671 5831 1.318 2,603 7843 &1 2597 25
Dmeers EOEL LRI B L R 56 &1 251w 35
Tihieiss T.012 N R 2213 1802 Ty a0l 2.34T7 XL
Ethrl acwion T -5 A 136 JE2E R &1 2750 A4
THF T.HE -9 1,253 3430 =0kg &3 PRSI e Re I F)
Dichloanansthang G| B 2,230 A8 113 £.043 a7 A7
baopruparal E A4l E R L2050 436 2459 &1 L 3.5
Acenne RAT] LAsE T ) A4an 451 £ 2397 a7
Eihar=| E.SEs LR o T JE08 Las £H5 234 50
Wiethanod ozl =R 2.Ar AL0r I 45 i )
CibiP BHES GBI LT 1407 w557 & 01 2427 534
Mommnindc R L HD 2247 J407F oEh &5 250 £
[Tl R L ] 249 34T ] & HG Dri 2.7
bemzena, athansd amd DNEG were aleerved ar 503, 413 and 415 nni.
Table ¥ cespectively, and for SBPCG ar 362, 81 and HE mn (Talls S50 The
GERTY pusaiitizs oF SEMO and S8R, experimental values of absorpeion maxtma in benzere ethanal and
Paiamets SEMO 5HFO DIMED o 2BMT and SBFD sene aobsorved ar 347, 348, 356 jin aid 344,
WP W) e G F47, 34% nm, respectively. The absorption nuexima decived from theo.
A FeV) J.4n 2330 refical and expetinenral meghods difer by =50 nm (Talde 51, 52 aml
¥ Fe¥l A467T i.184 £4] and this deviaton can be reduced by modifying the basis seq m T
B eV AT AT OIFT,
i fe¥l ; LA2% (BT
il;-:vp_; ] Eji: Eﬁ ol Glahal eleniie) reacdiviny descrijme POGRIDD prirsvsters
To gain insight an the chiemical reactiviry and stahilizy of 2BMYO and
SREFO, global reactivity paranoerers, chembeal bardmess (o = (1P -
EAS 2, electroneganvity (p = ({F + EA) 2 chentical porentinl (g =
—GAmig? T r r r v T r i chemical saftress (5 = 1/2¢) and secrophiliciny index (o = @ /200
=t b b E e calewlated From Fupegre #0d Fppagn vabies [40], wilwra, iomizarioi
At b i patentinl, I = — Epegyy and slectron affingty, £4 = - Epypee The GERD
paranmmers of ZEMO aed SEFO s given in Talde 7, Wihile & wider
- L ) T HOMUO-LUMO gap is comnect=d with stabdlity nnd hardness, a lesser
.,'E o=t b - HORD--LEMD gap signifies 8 mome reactlve safl molkssle whicl (s
*E saxint b i highly polarizable. 2BMAF i cheerved o be zofter compared to S8FO
=] - i [Tabda 71, probably serlbnred o the eleciron withdrawing 1.3, 4 cxadia-
E zode moiety with asymmeirically linked misod= The presence of anizole=
a—mqu—' | 3 wranip [elerrron acceprar) (n 2BMO medernle lesds 1o expunsion of
~2E=H F LU electrom chved and in oase of GHFC. the presence of electron
o 3 9 darating secondary amipe devarve (elecrron dopess compresses the
=107 F E LUl edecrrom clond thaonigloar the modecuks wiiich clearly displayed
43=10-" b - In Fig. A, These resulis sngaesr fhar 2BEMO s more reactive and kess siahle
B OeiE i i i i i i i than S8FO, Elecrrophiliciny isdes assesses the cliemionl reacriviy of
=15 10 -0§8 DO 0% 1.0 L& 20 misdeciiles [47 ], Siooe an the s scabe organde malecules with o = 1.5 07
are classified as ooy elecoophiles, by ZEMO and SBED may =
\-’ultlge m considered as good electrophiles [48]. The negative chemical potegatals
Fig: 9. OV euive of [£) 2AM0 s (h) SBFC [=3.967 oy amd —4.194 o300 show tliar the spnihestssd floropliims are
sable. The chensicnl bardoess values {1,822 and 1869 2V ndicaie
lessor defeamation of electran choad of 2EMDT and SRF0 umder sniall
Tahls & S RTT B TN
Flersrea haraaien ] proogee Ties of 200 sl SRF, L
K A Elvctrochenhenl progerties
— L = —— - mian Elecrrachegnleal prllnpuu'rlu id ZAMDD amd SRFO wers sdied asing
ZEHO 3,553 {ur 88 ) i BB 04 cyclic veltAimetry (O] emploving  reerbutylamswnian  bexa:
AHFD HERH W) pas i S Anoplaosphase o ethamol s supportng elecmoalyie aca scan rare of
g 13 2 ¥
100 s~ [Feg. 91 Egpan and Epoge valnes for 2EMO and SRFO wisne
nbsorpros specirs using Eq. (1%L determmined {Table 8 using Egs. (160 and (17}, with the onset oxidation
|34 : patential valnes (FE2) ohtalnsd from O graph [29].
= the B i = = (16
Futther, UV-Visibie absorpricn specirs of 2BMO apd SHFO wers B B . K (17

thesaredeally compni=d using TDODFT-BILYPAA-31G0A1IEF-PCM salva.
rican fendad for all sulvenes {Fir 511, For ZEMO, aliosprion nAxinis in

Experiniental Epnn A Epyan values (Tahle By closely agree with che
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> Gwe

Fig: 10, MESY plu-r.': ot U ZBMED s (b)) BEC

wadues abtnined from DFT computations (Talble S 28M0 i= foued
hinve skightly higher valnes of Foowo amd Evso convpared o SHFOL, in
Eath clee erses. This may be die o the pressvee of the elecren with
itrawing Fiorolssn@ene group in SO (Fig. 10 MESPY which pessies i
the |wering of she reduerion poteminl (CW] and LUMO energy lovel
[EFT-savudles) 0],

244 Malecraler elecrastatlc potarial (MESP) niines

MESP maps comsrmsoted for 2RO and SEFD via DFT-BALYFGCA1 10
Cil) moded are shown i P, 140, The MESP maps show a mnge of colours
ired o dark blue} represenring extreme pegaive (mecheophilicd 1o pos-
irive {elemraphdlic) lecaricns on the molecule. In case of 5BFOG, the
ERro g i ve pliass [lark Dlve récion ) appears ofl nilrogen among linked
Lerween naadiazode and fluiorobenzens and moderare negarive [yellvw)
resring arovnd niragen stones of oxadiazale dog. Tn 2EMO, noderans
posiive phase [k hlue region) & spread over erthoxy grang and
egarive phase aroied the nitrogen smoms of caesdissde ooy, The
wiallabily of sives for nueleaphibic and olecrephilie arrecks in ZENG
arul SRFC cngrects That thess nrdeciales nsay be inmrodueed a3 bole oo
elecron ramsporter in CLEDs and wsed for developneent of highly se.
lective and semsitive chemosensos,

4. Conelusdsns

In this smdy, the solvsmochromie and DFT stiudies o pao bremofurnn
b3 A-oxadinzole derivatives, namely 2EMO and SBEO, were carried o
The photaphvsical properves of these flunrophores wers investigated by
anAlysing their absorpion and Qesarescence specira il VArious SEvenis.
The= hatleochromic shift of flnoreerences maxima witly inoressing solveni
polariry sapgests charge rediscriboelan i the excieed stans Wik iy
wvahees were determined by solvatochromic method and theoretical
eompsta rhord using Ganssian 00 sofware, Lippart-Matnga, Bakbishiey,
Eawiki-Cliamana-VEaller, A solveir polarity parmmmsier sguations were
wsed o estimeee 1the M values, The higher valoe of g, compared o H,
sggests A maore peder excited state for the fluoroplsores, The synmmietry
i the nealecules remnins imehanged npan excltarion, The aprical ssergy
bsnd gaps of ZBMO and 5BF0 were found do be 3565 and 1575 e,
respectively. The GURD paramerers indicae bath the fluormphares ta b
goud elecimophibes with 26O being more reaciive and Jess siahle taan
SBFC. DFT eompurarionsd smidies revealed borh alectran-deficient and
ebectron rich sires of e modeoalis. Both 26RO asd SERO howed very
o fluareseenee quannim yieldds. The presonr soidy reveals ibe po-
rential of 2EMO arel SBFO a2 candidaies for oproelectronic and chie
IminsEnEoT Applearans.
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