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Journal of
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Self-assembled vesicle and rod-like aggregates

of functionalized perylene diimide: reaction-based
near-IR intracellular fluorescent probe

for selective detection of palladiumt

@ ‘:_&:;mkla:k.

Cite this, J. Mater. Chem B 2015,
4. 3750

Prabhpreet Singh,*” Lalit Singh Mittal,” Vanita Vanita,” Kapil Kurmar,”
Amandeep Walla,” Gaurav Bhargava® and Subodh Kumar®

Herelrs we report design synthesis. and seif-assembly of penviene ditmide (P! based near-IR intraceliviar
probe (PS-PDI). PS-PDI molecules undergo aggregation to form self-assembied nanospheres and nanorods
morphotogy in THE { H;0 {123 and DMSO - H,0 1 9), respectively. The nanospheres have an open hiile on
surface reminiscent of vesicle structure lwith a diameter of intemat void in the range of 20-25 nm) whereas
tengths of the nanorods extended up to few pm range The Pd” based depropargyiation leads to
de-aggregation of these PS-PDI agaregates into smaller sphencal aggregates as evidenced by DLS SEM,
and TEM studies. Interestingly, these aggregates of PS-PDI i solution show highly sensitive behawer i the
presence of Pd® showing absorbance changes in NIR region (7, = 710 nmj and quenching of emission at
Ao B30 nen {OMSO0 - HO, 11 9] with a limnit of detection = 6.6 » 107 M or at .. 564 am [THF HO 18
witlt limit of detection = 21 « 107 M Time and concentration dependent Kinetics profiles of PS-PDI
sgoregetes revealed an impressive rate constabt value of 04 570 and 021 57 (DMSD-HO, 1:9%
respectively in fluorescence and UV-Vis spectroscopy wsing 2 = 107> M concentration of Pd” PS-PDI
undergoes rapid intemalization into Hela celis with low cytotoxicity and was successfully Used as an
Intracellular imaging reagent for Pd” in live Hela celis. For practical applications, we exploited these nano-
agaregates of PS-PDH for estimation of Pd™* in the presence of a NaBH,—PPrs misture, Pd” in drug and
emronmental samples, and Pd®* in urine samples with excelient selectinty and sensitivity
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| aggsegaiion i an agueous medium v o stacking, hvdrogen
bonding, clectrostatie, and solvation interactions. Many reporis

1. introduction

Perylene diimides (PDIs) are a well documented class of func-
tiomal organic dyes with excellent electronic, optieal, and redox
properties.' ™ Due to these properties, PDIs may find applica-
tions in dyves and pigments industries,® opmocecronic devices, ™
and supramolecular chemisuy.' ™ The agerepation and opto-
deceronic propesties of PDIs can be ailored through modification
of its smolecular structure with chemical grotps™™ = vither or
both at the imide or bay positions of the PDEs core. Due to the
presence of & planar xconjugated core, P81 has propensity for
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regarding modification of imide position of PDIs to generaie self-
assembled nanostructures are being published each year
However, linde attention has been paid to the selfassembly of
bay substituted PDIS®** probably, the substitutions at a bay
position drastieally increase the solubility of PDIs and if subst-
tents are bulky in nature, the perdens backbone deviates from
plararity to minimize the sraim and this hinders the possibility
of =7 stacking. Moreover, the application of self-assembled Pbis
fn molecudar reeognition of metal ions and anions in water v
argregation or de-aggregation of PDis has been scarcely reported
due 1o the puor solubility of PDIs in aguecus mediun, Eardier we
reporivd (ionic) selt-assembly of bowimidmolium, aming acids,
and nucleobuse-functionalized carbon nanotubes (CNTsE ™ and
now we envisage that ease in aggregation of pervlene chromophore
in agueous medium could be exploited for molecular recognition
by using simuli-based aggregation-disageresation of PPIS. In this
eongext, we recently synthesized a PDI-based probe and judiciously
utilized irs aggregation behavior for derection of perchlorate anion
in water and C6 glioma cefis,™
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CrossMark A facile and chemoselective synthesis of 1,4-
benzodiazepin-2-ones and dienyl thiazolidin-4-
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An efficient protocdi for chemoselective synthesis of praviously unknown L 4-benzodiazepin-2-ones and
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Plactams are one of the fascinating heterocyelic svstems in
organic synthesis, The Blactam unitis a fundamental seructural
characteristic in a significant class of antibiotes.! Numerous
Bactams based diugs are commemncially used for widespread
applicativas’. Literature survey clearly reveals that appropriate
functionality around lactams diversified their biological activi-
ties.® Apart from substitution dependent biological profile,
functionalized flactams have been extensively explored as
versatile synthons and precursors for various heterocvelic
systems.' The fHlactam synthon methodelogy has become an
important tool in organic synthesis.® The key step in B-lactam
synthon methodology involves the cleavage of the B-lactam ring.
O the four possible cleavage routes {Fig. 1}, the N'-¢* bond
deavage {route-A] has been extensively explored and explvited for
the synthesis of biologically relevant molecules such as amino
esters, hexahydroseganolines, hexahydmisoguinolones, hexahy-
droisochromones,™  thioko-imidazolickines, imidazolidin-2-ones,
piperazing-3,6-diones, dibydroimidazoles,® (£} endo-aldonitrones,
hexahvdroisoquinolin 1ylidene, and hvdantoins, dihvdroquing
line-4-ones, "

o the other hand, 1,4-beazodiazepin2-ones {BZD) are
a very successful class of drugs and have been extensively
employed as therpeuties since the early 19615.% BZD scaffolds
are recurrent templates in the context of their wide range of
binlogical activities such as sedatives, anxalytics, anticomal-
sants or muscle relaxants” antagonists of platelet activating
factor,™  anti-HIV,"®  antitumor,"™ ¢  and  andmalarialt
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dieryt thiazolidin-4-one carboxviates in excellent yields by ring transformation reactions of tunctionalty
decorated Z-azetidin-3-thiazolidin-4-ones is reported.

'l

activities. There have been significant reveladons in the
synthesis of C-3 functionalized BZD.'4? The substitutions at the
C-3 position of BZD are erucial to the possible sutcome for the
potential bivlogical activities. ™ ? Various BZD with methyl Mr
acetyl, naphthalyl ™ and hydrocinnamide ™ groups at its €3
position have been explored for their applications in many
areas of medicinal chemistry; therefore, underlying the impeor
tance for the cil:vequ)menl of new routes for the synthesis of
BZD with diverse functionalities st the G-3 posidon.

As o part of our ongoing interest in the synthesis of
a heterocyelic system wa lactam svathon methodology, we
earlier reported the synthesis and subseguent ransformation of
funeuonalized lactams for the synthesis of diaza-bicyelo[3.2.0]
heptan-7-vne,” amino-pyrrolidine esters® and {2oxe4-{stynvl)
agetidin-3-yljpyridine.® i contnuadon of this, we herein
document a conceprually simple approach that provides an
integrated  aceess 0 pharmacologically  wsefal  1.4-
benrodiazepin-2-one or dienyl thiazolidin-4-one frameworks by
vareful chemaoselective ransformation of a bifunetional hybrid,
viz., F{2-oxo-b{anyl istrylazetidin 3 yljthiazolidin4one by
ring opening of 2-azetidinones via {N'-C*] bond cleavage using
sodium  methoxide in methanol and  subsequent  trans-
farmarion reactions.

FAmino-2azetidinones (1aH) were prepared by reponed
methods™ The vanediy substituted I-amino-Z-ametidinones
1a-f used were characterized with the help of analvtical data
and spectral evidences, These J-amino-2-azelidinones 1a-fwere
explored in three component cyvelization reactions with vaticty

Fig. 1 Ring epening of the -lactam ring.
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Gyt Cull) mediated Kinugasa reactions of «,j-
unsaturated nitrones: a facile, diastereoselective
40, 8216 route to 3-(hydroxy/bromo)methyl-1-aryl-4-
Receives i Morpetier rncel (~Styryl)azetidin-2-onest
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Accepted 3ist August 206
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The manuscript describes a facile and highly d tive synit

of  cis-3-thydroxy/bromojmethyl-1-aryl-4-(-styrybazetidin-2-ones
via copperl) mediated Kinugasa reactions of previously unexplored
functionalized = fi-unsaturated nitrones. A variety of functicnalized
acetylenes and « f- unsaturated nitrones were studied to yield cis-3-
(hydroxy/broma)mettiyi-1-aryl-4-{-styryliazetidin-2-ones in good
yields (823},

friactams are widely revognized as one of the niost sigmificant
heterocvelic seaffolds’ and have maintined a high fovel of
curiosity, both in seademia and in industry. The Bdactam ring
Is the common structural characteristic of a number of broad
spectrum fHacm antibiotics, such as penicilling, cephalosporins,
carbapenems, nocardicins, monobactams, clavalanic acids as well
as inhibitors of HIV-1 protease.” In recent vears, renewed] interest
has twen paid to the synthesis and modification of the fHactam
fing o obeain compounds with different pharmacological activities
such as cholesteral absorption inhibitory activity, human toyp-
tase, thrombin and chymase inhibitory activity, VASOPTeSsin
Via antagonist activity, and antinsalarial, antidiabedo, antitg-
bereufar, anti-inflammatory, anti-parkinsonian and anti-Hiv
activity.” f-Lactams arc also inereasingly being used as useful
synthons for the synthesis of a variety of natural products vie
factam synthon methodology.” The Jactams have also heen
explored for synthesis of varicty of non-protein aming acids,
aligopeptides, peptidomimetics, and nitrogen-heterneyeles,”
as well as biologically active natural and unnatural products of
medicinal interese

The commeon methodologics for the synthesis of functionalized
fHacam include ketene-imine {2+2] eycloaddition reactions™® and
metallo-ester enolate-imine cvelocondensations,”! However, these

“1 K Gigral Pungab Techmes| Untversay, Kaperthils, Pampnh- 144603, Indio.
Email: purme@poner. iy Fax- +91-1802-355504; Tel: +91-1823- 255504

¥ epartment af chemisery, Gurw Nanak Dev University, Amritsar, Muojab 143005,
indi

 Electronic supplementary information (£51) mailable. Sve 001 10 H9AER 747a

Yogesh Kumar,” Prabhpreet Singh® and Gaurav Bhargava*”

traditional synthetic reutes are mostly intolerant m acid or base
sensitive moieties. After the advent of the Kinugasa reaction,
funetionalized lactams were synthesized which were previously
inuccessible using traditional synthetic methodologies.™ The
Kinugasa reactions use readily available substrates viz. nitrones
and acetylencs, and are mild and can tolerate different fune-
tional groups (Fig. 1)." The Kinugasa vascade prevides access
to nurmerous f-lactamt compounds with a distinet configuration
and potential biological activity,'*

An cary investigation by different research groups on Kinogasa
reactions examined the generation of funedonalized fHactams using
aliphatie or aromatie substituted nivones. These Kinugasa reactions
are initiated by [342] cycloadditions of nitrones with Cu acetylicle.
These [3+2] cycloadducts (1) usually follow two different pathways:
pathway A" and pathway B'* (Fig. 1). Both pathways A & K
have revealed the presence of int diates faminoketens (1} &
oxaziridinium (111} respectively, which, eventually, collapse 1o
tisltrans-flactams. The Kinugasa reactions generally affoed
fFlactams as mixtures of racemic diastercoisomers; however,

various stereoselective varlants of such transformations with
appropriate chiral auniliaries or chiral Cufyj ligands have been
reported (Fig. 235

Although, in principle, the Kinugasa reaction would provide
efficient aceess to styryl substinated lactam at the U-4 position, to
the best of our knowledge, no example of such a process has been

=
Ry 2.0 A By o
N |, N
A Moo ho S, %,
H Rz "y
Ry

Fig.1 (A} Previous work on Kinugasa reactions, (B) present work on
Kinugaca reactions of o §-unsaturasted nitrones

8216 | MewJ Chem 2016 40, B216-8218 Ttz joumal is 8 The Fows Saciety of Chemistiy and e Contre Maticnal 6o 1 Beckehe Soenshoue 2016
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Highly chemo- and diastereo-selective synthesis of
2,6-diazabicyclo[3.2.0] heptan-7-ones, pyrrolidines and
perhydroazirino[2,3-c]pyrroles

Yogesh Kumar." Bilash Kulia,* Prabhpreet Singh.,” and Gauray Bhargava**

“Department of Chemical Serences, I K. Gujral Punjab Technical University, Kapurthala,
Punjab 144 643, India
“Department of Chemistry, Gurit Nanak Dev Univessity, dmritsar, Punjob 143 005, India
E-mail: gawrav@phicec.in
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Abstract

The manuscript describes a stmple, convenient and metal-free diastereoselective synthesis of
4-halo-3-aryl alkyl-6-aryl-2 6-diazabieyelof 3.2 OJheptan-7-ones  vig  intramolecular endo-trig
haloaminatien of 3-amincazetidin-2-ones and its facile transformations to previously unknown
methyl 4-halo-3-arylaminopyrrolidine-2-carboxylates and N-deprotected diazabicyclo]3.1.0]-
hexane-2-carboxylic acids in good yields. The synthesis of such heterocyelic system is important
in terms of the usefulness as organic svithon as well as their diverse pharmacological profiles.

Keywards: Diazabicyclof3.2 OTheptanones. pyrrolidines. aziridinopvrrolidines. B-lactams, endo-
frig haloamination

Introduction

Over the past decades, B—lactams have emerged as a useful synthon in organic chemistry.!”
Numerous researchers have explored the synthesis of a variety of novel heteroeyelic svstems via
B-lactam synthon methodology.* Ojima and his co-workers have described the crucial role of
fi—lactam synthon methodology in the synthesis of paclitaxel. docetaxel and new-gencration
taxoids viz. C-2- and C-3"-modified taxeids, ete.** Alcaide er a/. have utilized a variety of lactams
as organic synthons for the construction of various alkaloid skeletons.”™ Mahajan er al. have
explored the B lactam synthon approach towards the diastereoselective synthesis of functionalized
octahydroisoquinolones.” pyrroloxazine.' tetra‘octahydro-isoquinoline!! and octabydroindole!”
ring systems. Literature survey clearly reveals that f-lactams are important synthons for the
synthesis of a variety of useful aza-heterocyclic systems.*'? Functionalized proline esters, the five-
membered azaheterocyelic systems, are important organocatalysts as well as having vital roles in

FPage 469 SARKAT-INA, Tnc
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Recent developments in the synthesis of
condensed f3-lactams

Yogesh Kumar.® Prabhpreet Singh® and Gaurav Bhargava*®

B-Lactams are mporant heterooycles with diverse pharmacological profiles and have emerged as useful
organid synthons. Different variants of P-lactams condensed with carba-fheterocycles, which have
a broad range of antimicrobial sctivities and other usefid pharmacciogaat actvities, justify a renewed

Recewed 20th August 2016
Accepted 28th September 2016

interest in their synthetic developments. This rewew embraces an amay of different reports on
condersed B-lactamy dating back to 2000, The aim of this review is to provide practicing and aspinng -

ctam chemists with 3 survey and flavor of the types of reactions used to prepars nonconventional

DO 101039/cbra20975d

WA TSC oY advances crCumsiantes

Throughout much of the 20th century, P-lactam antibiotics have
buren a bastion as therapeutics for treating a wide range of
bacterial infections."” f Lactams show a broad spectrum of
activities on a variety of pathogens and substantial research has
been carried oul on the synthesis of new potent Z-azetidinone
based antibiotics.™ The B-lactam ring is a common structural
characteristic of a number of broad spectrum fFlactam antibi-
ofivs, Le. penicillins, cephalosporins, carbapenems, nocardi-
monobactams, acid, sulbactams  and

citis, clavulanic

Teparement of Chemisiry, L K Gufral Putjeb Technical University, Rapasthals,
Foyad-1446035, Dudie. E-puul gusrsviipixar s For  +91-1423-2955%%; ek
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published five rescarch papers in intesnational peer reviewed
Joirnais.

99220 | ASC Agv. 2015: 6. 93220062

condensed-fi-lactams, and an insight into why certain methodalogies are advantageous under particutar

tazobactams, which have been extensively used as chemother-
apeutic agents for the reatment of bacterial infecoons and
microbial diseases.”™ Most research up to the early 99's was
focused on the synthesis and study of 2-azetidinones and their
atibacterial  activites. Plactam antibiotics have played
a fundamental rolg in the fight against pathogenic bacteria and
the subsequent rise in quality of life for the world population as
awhole.*** In recent years, there has been a renewed interest in
the synthesis and modification of flactam rings for their
different pharmaeological activitics, ke cholesterol absorption
inhibitory acuvity, human tryptase, thrombin and chymase
inhibitory activity, vasopressin Via antagonist actvity, antima-
larial, antidiabetic, antitubercular, antinflammatory, ant-
parkinsonian and anli-HIV activity, "

Dr Prabhpreet Singh receved his
PO in 2006 from Guni Nanak
Dev University, Amricsar, India.
He spent one year ot the Indian
Institite of Technolegy, Kanpur
and two years ac the University
of Strasbourg, France as post-
doctoral feliow. He was also an
1] e p von ,_[. boylAd {A"H)
Fellow at Friedrch-dlexander
Universitat Erlgmpen-Numberg,
Germany. Curremly, he is an
Assistant  Professor al Guru
Nanak Dev University, Amritsar, India. His research interests
fnciude Organic. Materials and Supramolecular Chemistry. He has
published 48 research papers in international peer reviewed
Jowrnals,
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This manuscript describes a study on relatively unexplored halogen
mediated T-exo-dig/itrig cyclization reactions of 2-{2-amino-aryl)-3-
prop-2-yrytially: -thiazolidin-4-ones for the formation of thiazole
condensed 14-benzodiazepines in good yields. The raactions are
facile, chemoselective and invoive the use of simple substrates leading
to synthesis of diversely functionalized 1 4-benzodiazepines. The
synthess of such condensed 1 d4-benzodiazepines s important in
terms of therr usefulness az biological active agents.

Halogen mediated eyclizations ate gaining increasing impor
tance for the construction of eyclic compounds having variable
complexity inchisding medivm and large ring sizes.® todovyeli-
zations have breen efficiently explored for the synthesis of bio
logically active heterocyelic molecules.? Significant progress has
been made in reeent years by application of 5-exo and 6-exo-dig/
g halocyclizations reactions for the synthesis of five or six
membered heterocveles.'™ There are very Hmited examples in
literature involving constructon of seven-membered ring
systems by F-endo digitrig cyclization™ reactions. Recently,
Miesch et al. explored a silver-cawalyzed 7-exe-dig eyclization.™
Hashmi ef ai. reported goid catalysed 7-exo-dig cyelizations
However, the synthesis of seven membered carbo/heterocyeles
mvolving 7-exo digitrig halocyclization received much less
attention in past.’* Moreover, the bromoamination reaction for
the synthesis of seven membered heterocyeles is searcely re-
ported in literacure. On the other hand, 14-benzodiazepine
based structure class holds an important phus in drug
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A facile and highly chemoselective synthesis of 1-
thia-3a,6-diaza-benzolelazulen-3-ones by 7-exo-
dig/trig halocyclizationst

Bilash Kuila,* Dinesh Mahajan,*® Prabhpreet Singh® and Gaurav Bhargava™

disvovery because of their diverse pharmacological profiles®
1 4-Benzodiazepines are widely used as analygesic® ant
depressive,®  anticonvulsant,®  and-anxiety,®  scdative  and
hypriotic agents.”® Olanzapine® {1) is an atypical 1,4-benzodiaz-
epines based anti-psychotic drug with a thieno-benzodiazepiny]
straciure. Olanzapine is approved for the treatment of schize
phrenia. It is a selective monoaminergic antagonist with high
affinity  binding to serotonin SHT2A/2C, dopamine D14,
muscarinic M1-5 and adrenerzic ol receprors. Alprazelam {11)
and estazolam (M) have found use as anxiolytie agents,™™ = and
mrigzokim (W} s known as an antidepressant™ {Fig. 1}, In view
of this diverse pharmacological profile of condensed 1.4
benzodiazepines, it was planned o explore a new synthetic
mute for the formation of 1,3-benzodiazepines having thiaznle-
benzodiarepinyl structure,

As a part of our onguing interest in heterocyclic chemisiry,

we already reported a Blactam mediated straepy for a facile,

chemnselective, economical, as well as short synthetic roate o
1,4 benzodiazepin-2-ones." The present manuscript indicares
a facile yet high vielding and chemoselective synthesis of
functionalized thisaole condensed benuo[t Aldiavepines hy
relatively unexplored F-exo-digitrig halocvelization reactions
of 2{2aminc-anvti-3-prop-2ymyliallyl-thiazolidin4-ones using
halogen and o mild base. The developed senihetic methodology
can potentially play an important role in synthesis of structur-
ally diverse fused benazofldkliazepines having  diverse

H,
i/HN" B
N-/ |\f:N}
LLEE
i A s
& N A M
B e e RN

| I R= Mez. Ar = Ph
WIR=H, Ar=Bh
IV R=Me, Ar= Ci-eHy

Fig. 1 Some chnically approved condensed 14-berzodazepine
based drugs.

HSC Ao 2008 6, 3NSS7-10159] | 101587
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Diphenylpyrimidinone—salicylideneamine — new
ESIPT based AlEgens with applications in latent
fingerprinting’

Cite thes. 2 Mater Chem T 2018
4, 11180

Prabhpreet Singh,*® Harminder Singh,” Rashmi Sharma,” Gaurav Bhargava® and
Subodh Kumar*”

Diphee myipyrirmidinone - salicytideneamine DPPS-1 undergoes concentration deperngent seli-assembly 1o
form aggregates with reds = mimicking 8 ‘coral reef superstructure and a sphencal momphoiogy svident
from dyrarnc Bght scatterng (DLSY scanring electron mecroscopy (5EM] and ransmission electron
ricroscopy (TEM) DPPS-1 and DFPS-2 exhitit weak excited state wiramotecutar proton transfer {ESIPT
based ersission in CHCN and thelr binary mifstures with water, but in solutions comtaining > 0% water
fraction DPPS-1 and DPPS-2 miacuies agoregate and ESIPT iv faciiiisted to give a strong green ESIET
emission al 526 nm (¢ = (273 0068 The ESIPT process remains actve in the sobid state and solid
DPPS-1 and DPPS-2 appear as flucrescent green under 365 nm fight iluminaton. The AE-active nature
of DPPS-1 and DPPS-2 frsis appdications in the visualization of laters fingerpdnts on aluminkiem, stesl and
glass surfaces Evers 24 b after the placernent of the fingemprints. up 1o e second level of miformation wiz

Feceived 26th August 2016,
Accegted 28th Cctober 2016

DO 16 4058/ebi2 05701

1. Introduction

Organic fluorophores p a high propensity for aggregation
in agqueous solution and in the solid state, which could lead to
cither ‘aggregation-caused quenching’ {AGQ)' or ‘aggregation
snduced emission’ {AIEF® phenomena. For practical applications
in opinelectronics, biomedical research, ecusystem monitoring
and environmental protection, the majonty of organic fluor-
phores are used as thin films or in the aggregate form, and
probably at this juncture, the AlE fluorophores provide an edze
over the ACQ fluorophores. * Fluorephores with AIE properties
remain non-flugrescent in the molecularly dissoived staie
owing to the dissipation of the absorbed energy through non-
radiative decav channels, whereas in the aggregated form close
packing imposes restrictions to non-radiative decay channels
and strong fluorescence is observed.®” In light of the bright
prospects of AIE fluorophores in various applications* s
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have ambarked apon the development of new AIE fluorophores
be included in the AIE family.

‘The excited staee intramolecular proton wansfer (ESIPT)
process is an intriguing phenomenon ™" which provides a large
Stoke's shift vig alteradon in the conjugadon through praton
transfer. ESIPT based fluorcphores can show owo emission
bands termed as normal emission from the enokform fhigh
energy and 3 low stokes shift) and BSIFT emission due o the
wern-form (low enetgy and a large stokes shift]. Howewer, if the
ESIFT process is allowed to happen, proton transfer usually
takes place from the hydiroxyl group {proton donor} to nitrogen
{protom aceeptor] through a cyclic ransition state resulting in
an energy gap much lower than that of a nen-ESIPT st and
conscguently redshifted emission is cbserved. Therefore, the
flucrescence of ESIFF flucrophores can be guenched in the
molecularly dissolved state {via biocking of the hydrowy! group}
or can become AlE-aetive in the aggregated state cither due to
restrietion in the motion process or through isclation from the
bulk soivent systemn duoe to aggregation {unblocking of the
hydroxyl group). In recent years, the combination of AIE and
ESIPT has provided new dimensions and functions o biclmaging,
seif-assembly and disassembly based on the detection of
analvtes'™ ** in water.

Thie development of LFPs with a high efficiency and sefectivity,
and with low background interference is one of the major
chailenges in the identification of an individual for security
and forensic reasons. Fingerprints conin a unique patters: of
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Nanomolar Cu®’* Detection in Water Based on Disassembly
of AlEgen: Applications in Blood Serum, Cell Imaging and

Complex Logic Circuits

Prabhpreet Singh,** Harminder Singh,™ Vanita Vanita,"” Rashmi Sharma,

Gaurav Bhargava® and Subodh Kumar®

Introduction

Aggregation induced emission [AIE} is a phenomenon which is
associated with abrupt increase in fluorescence intensity on
aggregation of organic molecules in water or in solid state and
has been exceedingly explored in last few years!™ Organic
muolecules which are non-emissive in the molecularly dissolved
state but strongly emit light in the aggregate form {achieved
by addition of poor solvent or analyte complexation), are
known as AlEgens, Up to now, AlEgens’ family indudes
sitoles,” ¥ tetraphenylethenes,” " salicylaldehyde azines™ ™
pyrrole and diketapyrrolopyrroles ™ ™ cyanostilbenes 7 pyr-
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azine"Ydiphenyldibenzofulvenes '™ and other derivatives™ ™
The AIE fluorophores are beneficial in the fields of organic light
emitting diode (OLED), cell staining and drug delivery by virtue
of high emission in the solid state and in agueous environ-
ment.™ For practical applications in the domain of molecular
recognition, AIE fluorophores provide the libenty of working in
solvent systems with water content as high as = 95% and allow
analyte dataction even in the solid state”!

Copper, an essential nutrient, is third most abundant
transition metal in the body. The deficiency of copper in diet
associated with neurodegenerative diseases viz Alzheimer's
Minke and Wilson's disease. On the other hand, the high
concentrations of copper prove to be toxic to the body and
have high emvironmental hazards**" Therefore, in omdar to
early diagnoss and treatment of these aforesaid diseaces, the
developrment of copper sensors with high sensitivities and low
detection limits with ability 10 work in agueous conditions is
crucial ™ The detection of copper in water using AIE based
chemosensors has been scarcely reported with only limited
Aumber of reports i literature® > with lowest detection limit
of 160 nM.

On the other hand molecular computing™ ™ or molecular
logic gates could provide altemate of silicon-based computer,
Molecular fogic gates provide possibility of reconfigurability
{wavelength-based) and superposition (functioning of different
logic simultaneously) of logic gates After pioneering work in
molecular logic gates by Aviram and then de Silva, researchers
are i progress of developing more organic molecule for
addressing complex molecular logic gates ™
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“To kill many birds with one stone’: Addressing half-adder, half-subtractor.
demultiplexer, 2-to-4 decoder. comparator, keypad lock with unimelecular system
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Informatiou techuology (TT) has helped the mankind in écvcéup—
img fasi computation :ccil,ulqn:s that could be nmd in canmmuz
acra l-space medical diagnosts ¢
and even mmﬂeﬂ sctivation of prodrag {1.2] Mpn::eni sy
fenas have kﬂ:mwmma topie gates devel d by

lengths (wavelength figurable lagic gate} amd also provide sp-

%mgzt}r to look into ﬁ.ux:t:numn of different logics simuliancoushy

itlt @ given ser of iputs {snper-position of logic) [18]. Also. with
molecular logic syst ltiple optical signals can be instaute-

~meously transmitted by nrm of an optical fibre cable with high m-

elling speeds [19]. In & the execution of complex mol
such a5 half-adder, half-subtractor, ﬁn!.l-ad:lw ﬁali—submr.—

means of b ieonductor matenals {31 H;W‘—""% W
are plagued with \z-.k of rcconfigurability. size =100 o, SRCEssIVE
heat penerstion and load of dais [4]. The molecular

vides promizsing aliernate to silicon computers dnefo T
wmaodification in the molecular structure. high i:vc}»ofmﬁ\m&w stor-
age and b hies tor i the dimetsions and proper-
nes of the mn!am%es ['v—w} The molecular éamputing or molecular
logic gates [7.8] can be elaborated at <1 nms.mk.

T parallel m!m.gcm} of binary log gmw%mhm apeTE-
nonal components in computer. Aviram [11] fu 1988 first proposed
modecular logic miimmdcsﬁvnxtmmkﬁikbastd‘ﬁm
logic gate [12} Tius was followed m of reports describ-
ing molecular lope systems by 2 the mput signals such as
laser at different wavelengths. al stimuli or proton concentra-
tion and receiving the outputs in terme of changes 1 w abtorption. smis-
ston and redox propertics {fﬁ-iﬁ}_ Molscular logic gates can be re-
confignred [17]. by using &mw\ﬂ sigmals at differemt wave-

* Correspondmy antlor
Emml adeesss: prablipreet chem@endu acin (P Singh)

hitp/idu dos org/10. 10167 sab 201 7 01204
092540050 2016 Publshed by Elsevier Lid

tor, cocoder, decoder, multiplexer, demultiplexer. molccular key pad
lock and other such complex systems are quite todious [20-29] and
involve simultancous wse of more than one molecule m the solotion
1o read differcnt logic gates or need great sttention o choose between
positive r:mi ncgamre logic ‘.om'enhm [30L S0, there is a nead to de-

velop ¥ 1 plex molecular Jogic gates
[26.27.30]

Dual <h bearing pockets for cation and amon separatehy
can perform sup lecul ion via colonmemeally or flo-
o hased resp ﬂrong].\ dulation of different signaling

mechanisms [31-34). Such dual chemosensors could be forescen as
potential candidates 1o develop unimolecular system to address mul-
tiple logic gates. In cur previous works, we have developed rewapo-
daf and dipodal systems based molecular switches and logic pates
[35,36] Recently, we designed perviensdiimide and diphenyvipynm-
idinone based chemosensor which shows scli-assembled nanorod
{37.38] and sanovesich [3;] phology and wtilized s Cs'/Pd’
based for i k»gu: gates [37]. We also re-
ported éﬁpod based dual chemosensor which offered posubility for
INH, IMP. AND logic gate via mple signalling mechanism [311
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lonic Self-Assembled Platform of Perylenediimide-Sodium
Dodecylsulfate for Detection of Spermine in Clinical Samples

Prabhpreet Singh,*™ Lafit Singh Mittal Gaurav Bhargava,™ and Subodh Kumar*®

Abstract: The detection and guantification of sperming in
chinical practice is important for early diagnosis of many dis-
exses, Chromatographic and immunnassay-based methods
are commonly used. However, a fluorescence-based assay
could provide real time detection. Herein, the syrthesis and
aggreqation propenies of a dicationic perylene probe (N
dodecyl-N'-{4-phenyliberzimidazolium-functionalized peryle-
nediimide [DAB-PDI)} used to develop a fluorescent “turn-
on” ensemble for the detection of spewmine are discussed.
The fuprescence of DAB-PDE 110 e, @ =055) i efficiently
guenched by negatively chamged sodium  dodecylsulfate
{505) through the formation of ionic self-assembled aggre
kgams lcharge ratio of pegative (N} in SD5 to positive (P] in

DAB-PDI (N/P = 3} This negatively charged fonic sei‘-.'—assem—\
Ly between DAB-PDI and SDS has been charactenized by
using photophysical, microscopic, dynamic fight scattering,
sothermal bBtration calorimetry, and HBMS technigues. The
addition of spemine to this ensemble solution results m the
breakdown of the DAB-PDI-SDS ensemble owing to strong
binding of spemine with SDS and, as a result, the fluones-
cence of DAB-PDI is recoveted. This ensemble exhibits high
sensitivity and selectivity for spermine detection in water,
wrine, and blood serum, The lowest limit of detection is
27.5 nise, which is at least about 36 times lower than that re-
quired for eady disgrosis of cancer {1 to 10 pa for urinary
spermine).

=

Introduction

Spermine, a biogenic aliphatic tetraamine, 15 found in eukary-
otic cells and body fluids, Owing to #s polycationic nature,
spermine plays an important rale in cell growth and prolifera
tion, and is involved in various stages of protein synthesis and
stabilization of nucleic acid vonformations” ™ Elevated sper
mine concentrations in urine and blood could be related to
the pressnce of malignant tumors or cancer. Thus, the detec-
tion of spermine in physiologicat samples can be regarded as
an excelient ool for early diagnosis and 10 assess the effective-
ness of cancer therapy*¥ Traditional methods, such as chro-
matographic techniques, immuncassays, and mass specirome-
try, are time consming, require tedious procedures, and ex-
pensive instrumentation™ On the contiary, fluorescence-based
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methods are mors selective, approach ultratrace-level sensitivi-
1y, and involve simple operation with real-time detaction. How
sver, to date, few reports on fluorescence-based assays with
“urn-on” responses in the nanomolar range for spermine awe
available in the Jiterature ™ Therefore, there 15 a need to devel-
op methods with satisfactory sensitivity and selectivity for the
detection of spermine,

Sodium  dodecydsuifate (SDSL, owing to its amphiphilic
nature, s known 1o form supramuolecular agaregates, such as
micelles and vesicles in agueous solution™ Cwing to extensive
industrial and domestic use of SDS, its presence in natural
waters has caused serious environmental problems by inhibit-
ing biological activity™ it also helps In the tansfer of other
pollutants, namely, petroleurn products, oil, and pesticides,
into water because of its foam formation property. Theretore,
apart from creating a supramolecular selfassembly, we alsc
need effective fluorescence-based methods that enable the
analysis of SDS from water because it can be used as a masking
agent in drug abuse and food preparations.

Perylene diimides (PDIs), which form an interesting class of
functional organic dyes, have been used as high-performance
pigrents, ™ supramolecular hosts.***" and in optoslectromic
devices."*™ The functionaiization of PDIs at bay-, peri-, ortho-,
and N-terminal positions 15 being performed to increase the
soiubility of PDs in organic solvents. However, the poor salu-
bility of PO derivatives in agueous media remains one of the
most detamental factors in the development of PDl-based re-
ceptors for the recogmition ol cations and anions in water. In
recant years, the groups of Hirsch and Warthner have used the
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Perylene diimide-based organic n-motif for
differentiating CN and F ions by electron-
transfer and desilylation mechanisms: applications
to complex logic circuitst

Prabhpreet Singh, €87 Laiit Singh Mittal.® Harminder Singh,* Gaurav Bhargava® and

in this work, we have designed and synithesized a perviene dilmide based derivative PDI-SIHQ having an
O-sliylated - 8-hydroxyguincline group at the bay position. PDI-SIHQ is able to detect and differentiate
CN™ from £~ in the presence of other anions. The electron transfer from cyanide lons to PDI-SIHG:
leads to the emergence of panchromatic and NIF absorption bands due 1o the formation of 3 PDI-SIHG'
radical anion. In contrast, fluoride induced desiylation of PDI-SIHQ coupled with m—n aggregation results
in & red-shifted absorption band at 730 nim. *H NMR and oyclic voltammetry combined with the reversal
of tre PDI-SIHG® radical anion to the PDI-SIHQ newtral form in the presence of NOBF, or Cu'' jons
corfirm the formation of the radica anjon in PDI-SIHQ. Multi-channel UV-Vis-NIR absception and
ernission bands and their reversibiity with NOBFJTU™ jons offer the possibiity for fabrication of complex
iogie crcuits such as complemerntary IMPANH logic orcuts. magnitude comparators and set-reset’ fip

rec lifne flop memory slements

1. Introduction

Perylene dilnsides (PDis)™ are a valued cluss of ntvpe dye
which are highly colored {with broad color range), Muorescent
fquantum vield is near unity) and possess a high sbsorption
eoefficient and good redox, electron acceptor and light harvest-
ing properties. Moregver, PDis offer wide freedom of function-
afization (at bay-, imide, peri- and ortho-positions” ™ of their
r-backbones for modulation of aptical and electronic propenies
for possible applications in photonic materials® (as chemo-
sensors and molecular logic gates) and opoelectionie materials
{as field effect tmnsistors, erganic light emitting diodes and dye
sensitizers in solar cells)”™® In our endeavor towards exploiting
seif-assembled materials™™ ™" for applications in binsensing and
bivimaging, we have reported a libraw of PDI based derivatives
for molecular recognition of metal jong, anions and biogenic
amines in agqueous/organic-aqucous solvents. '™ Within this
framework, we recently reported a PDI dervative for the
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detection of CIDy  vig encapsulation in the cavity’ " and sodiun
dodeey! sulphate (SDS] anion via jonic selfassembly™ in water
and live cells. In these eases, the binding between the anion and
PO based recepror relies on non-covalent forees such as hvdro-
gen bonding and hydrophobice and electrostatic interactions.

In recent years, the coneept of anion-n interactions,'* '
s called eleerronic interactions hetween electron-rich anions
and electron-deficient = sysiems, began 0 emenge as o novel
method to gencrace radical anions which offer applications in
supramolecular and material chemistry combined with multi-
channel and panchromatic-NIR detection of anions,"™ From
a series of recent Heerature, it is clear that the position of
charge-transter bands varicd with the nature of electron-donors
iviz. nature of the anion and use of reducing agents such
as dithionite and ascorbate ionsf'™* and electron-accepors
{anvienediimide, HAT{CN],, binary complex of arylenediimide
and macrocyclic supramokecular host vz cucmbit:[ﬁurﬁ].“'m‘z"
Mechanistically, when an acceptor molecule {such as PP, NDI
and HAT{CNL] having a low lying LUMO level comes in contact
with the HOMO of CN L, F or OH (strong basic anions |, a facile
single elecrron-transfer {SET) mechanism involving HOMO- LUMO
rapidly forms a stable radical avion wa smgle clectron mansfer.
Ustabiy, all strong Lewis basic anions (N, F and OH ) migver
thermal electron transfer (K1} processes and thus it is difficult o
differenstinge between these basic anions. In this context, many
efforts are ondenaken to develop andenediimide based derivatives
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Copper(l)-Catalyzed Regioselective C-H Amination of
N-Pyridyl Imines Using Azidotrimethylsilane and TBHP: A
One-Pot, Domino Approach to Substituted Imidazo[4, 5-b]
pyridines

Nisha,** Gaurav Bhargava,™ and Yogesh Kumar*® ¢

Dedicated to Prof. M. . Mahajon on the occasion of his 707 birthday

Advances in transition-metal catalysis have led 1o the progress
of valuable methads for regioselective carbon-carbon, carbon-
nitrogen, carbon-oxygen, and carbon-sulfur bond forma-
tions.’ The carbon-nitrogen bond formation has artracted
significant Interest since nitrogen-containing heterocycles have
extensive applications in the biological and medicinal
chemistry.** Among first-row transition metals (Mn, Fe, Co and
Cul, copper Is well considered as a catalyst with various amine
ligands, additives, and under various conditions for coupling
reactions. But, there are very few reports on the copper-
catatyzed systems, which are particularly stnking because of its
high abundance and low toxicity'™ Coppercatalyzed C-H
amination is one of the most fundamental and significamt
reactions as it provide a straightforward and inexpensive
protocol to synthesize a wide range of nitrogen heterocycles.
On the other hand, imidazol4, 5-bipyridines scafold repre-
sent a nucleus skeleton of vadous heterocyclic analogues of
purine with biclogical activities™ which depend on the
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substituents on the pyndine rng. These medicinal important
Imidazold, 5-bipyridines™ has been evaluated as an antagonist
of different biclogical receptors, induding platelet-activating
factor (PAF)" angiotensin-If* and metabotropic glutamate
subtype V¥ Recently, these are also reported as anticancer,™
inotropic,”™ and selective antihistamine {H1) agents™ aurora
kinases''™ and cyclic phasphodiesterase inhibitors.™ But only a
few approaches were reportad for the regioselective synthesis
of imidazol4,5-bipyridines via metal-catalyzed cascade reac
tions and C-H functionalization/activation reactions. An at-
tempt has been recently made on the expansion of new
strategies to build the imidazol4, 5-blpwidine structural motifs
using Pd-catalyzed amide coupling reaction of chioro-amino-
pyridines {Scheme 1, aj, acid catalyzed cydization of diamino
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Herein, we have designed and synthesized pyrimidi based dual ch {DIPPA) containing

Recerved in revised fom § Movember 26517 picolyiamine molety a5 hinding uni. Investigation on the optical property of DPPA revealed Hoorescence

Accepted 14 November 2047 enhancement at 435 nmwith Zn” ton through binding with picolylamine and carbony! moieties, while
Cu™ jon was detected through fluorescence quenching at 425 nm and colorimetric changes at 350 nm
Keywards: due o comaplexation with picolyiamine and deprotonation of amide —NH group. The detection fimit of
Pyshmidinone Z5** and Cu™ was calculated to be 10.04 oM and 34.1 oM, respecrively. The job’s plot showed formation of
Dual themoseasor 1:2 and 2:1 bindin g stoichiometry of DPPA with Cu™ and Zn”", respectively, 'H NMR Stvation m (D2ON
'J'“J_""" revealed downfield shift in methyl groups of N{CH, %L and methyiene { — CH, ) protons of picolylamine
mﬁ::m chain due to formation of coordinate bonds between Cu®” and DPPA, whereas only downficld shift of
methylene (—CHg) 1 of picaivl were fesponsible for complexation with 2i°* ions. The
complexation mechanisms of DPPA with Cu®* and Zn? were also supported by detailed theoretizal

caiculations,
£ 2017 Eisevier BV, All rights reserved.
1. Imtroduction via strong binding of these metals with target anions. However,

Dual chemosensors | -3 are capable of detecting two analytes
simultanegusty and thus provide an edge over the chemosensors
(which can detect only one analyte) in terms of cost-effectiveness
and efficient analysis in fields and contaminated sites (4], Among
the different detection approaches reported so far for analyte using
dual chemosensors includes either simultaneous detection of two
analytes at the same rime independent of each other (simultanecus
approadt) 151; or detection of second anaiyte achieved through
breaking of complex berween cheme and first analyte in a
sequential manner (displacement approach) [6). The sequential
detection of two metal ions or metal ion and anion can be easily
achieved using metal (Zn”", Cu™, Hg™") bound receptor followed by
displacement of either metal ion with another metal ion due 10
higher binding constant or displacement of metal ion with anion

* Corresponding sulhor.
£l addres. prabbp et chemiend vac i (P Singh)

Fireps ok el I0AGE /i jphotec iem 20171 1024
- OIGIE 2017 Elsevier BNV, All rights reserved.

design strategy of dual chemosensor for simultaneous detection of
two metal ions or meral ton and anion required incorporation of
differential binding domain for both analytes in unimolecular
system {78 The binding of these analytes ar thetr respective
binding dumain would produce differential color or fluorescence
response due to change in signalling mechanism such as CHEF
(chelarion induced fluorescence enhancemeent), ESIPT [excited
state intramolecular proton transfer), CHEQ {chelation induced
fluorescence guenching ), PET {photoinduced electron rransfer |, ICT
{ internal charge transfer}, PCT {photoinduced charge transfer) and
FRET (fluorescence resonance energy transfer) [9]. Moreover, in
last few years we have witnessed that organic molecules, having
dimension in nanometerscale and variability in properties through
chemical funcrionalization, are extensively employed for mimick-
ing logic gates and cirquits, In this context, dual chemosensor
showing multiple outputs in absorbance or flusrescence mode
couild be used to fabricate logic gates and civcaits {117

Zi?* is the second most abundant transitica metal ion and plays
an important role in many biological processes such as apoptosis,
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Self-assembled small molecule based fluorescent detection of serum
albumin proteins: Clinical detection and cell imaging
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ARTICLE INEQD ABSTRACT

Article history: We report peryl

id azolium based f cent 'turn-on’ probe BIM-PDI for selective

Received 15 June 2017 detection of human serum albumin (HSA} and bovine serum albumin (BSA) proteins. In HEPES bulfer
Receivad in revised form 5 August 2047 {0.1% DMSO), BIM-PDI seif. bles into aggreg and shows absorption maxima at 500 nm and

N wesk Auorescence centered at 577 nm. The addition oF HSA or BSA {1 x 10-_5 = 10-% M} to the solution
= of BIM-PDI resulrs in decrease in the emission intensity at 577 nm. However, fuither increase in concen-
e sration of HSA/BSA results in appearance of new blue shifted emission band 31 540 nm. The minimam
Frdaiiines detection finvit for HSA/BSA is 3.01 = 10 "M 31 577 nim and 4.2 = 10 M at 540 nm. On addition of B5A
Hosmutziites zo the solution of BIM-PTN. the size of the aggregates decreased from 100 re 250 am to <10nm assigned
Proteing to microencapsulation driven di bly of BiM-PDI aggregates responsible for ‘tum-on' response in
Perylenediimides funrescence spoctTum. Site-selective experiments using warfarin and diazepam drugs show that BIM-
Mercury ions PN preferably binds ar site-] of HSA/BSA proteins. in clinical application of BIM-POIL, we estimated HSA
coftent in blood serum and urine samples. BIM-PDI showed potential application in serum albumin

protein eracking and imaging
© 2017 Elsevier BV, All rights reserved.
1. Introduction However, if the interaction of a specific stimulant with these

Perylenediimide (PN} s an important scaffold and well
documented class of functional organic dyes for developing
supramolecalar nanostructures for applications i molecular
recognition |1-8] The perylenediimide core can be muodified
through functionalization at —buy, —peri, —ortho and N-terminal
positions [1,9,101 The functionalization of PDis at N-terminal
positions are being done to increase the solubility of the PDIs
in organic solvents wirthout affecting the oprical properties of
PDls, whereas bay functonalization dramatically changes the pho-
tophysical properties of PDIs. The poor solubility of —bay and
M-terminal functionalized PDIs in aqueous medium results in seif-
aggregation of PDIs through short-range non-covalent forces such
as - stacking, H-bonding or van der Waal's forces o produce
either H-aggregates {1i] or J-aggregates |12] and thus greatly
hampers the exploitation of PDis in supramelecular chemistry.

& prabb hem@gnduacin {P. Singh),
sehocdivchem@gnde zcin (S Kumarl

oo 1610161k soh 201 70812
TOI5-3005/C 2017 Elsevier BY. All rights reserved.

aggregates of PDIs in water occurs, it would result in change of
fluorescence and morphology of the aggregates to mark the motec-
ular recognition process in real rime. In this context, recently we
have reported library of 1- or 1,7- substitured perylenediimide
derivarives to achieve self-assembled morphology of nano-spheres,
vesicles o rods and utilized these supramolecular aggregates to
deveiop flusrescent probes for Ci0,—, Pd?/Pd**, sedium dodecyl-
sutfate (SDS), spermine, trivalent metal ions in water and live cells:
detection of Cu®* and CN™ in organic media {3-51

Concept of using seli-assembled aggregates of small molecules
as fluorescent bio-probes for the detection and imaging of protein
has atrracted much attention in recentyears [ 13-25]. Amongst dif-
ferent thiol-containing proteins, the serum albumins (SA) - human
serum altbumin (HSA) in human and bovise serum albumin {BSA}
in animals, play important roles in maintaining oncotic pressure
of the blood. transporting and deposition of various endogenous
and exogenous molecules to specific sites, scavenging free radi-
cals and in preventing protein aggregation | 26-25]. HSA and BSA
are structurally similar and have rwo major sites for non-covalent
binding of ligands namely site-], where binding is primarily driven
by hydrophobic interactions, and site-il, where berh hydrophobic
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Controllable supramolecular self-assemblies
(rods—wires—spheres) and ICT/PET based perylene
probes for palladium detection in solution and the
solid statet

Kapil Kumar,” Gaurav Bhargava,” Subodh Kumari®® and Prabhpreet Singhis*

Control over the self-assembly of bay functionalzed perylene ditmides and the response of these
self-assembled materals towards analytes in mned aqueous—organic media is important to consider the
potental of this intnguing dye family in stpramalecutar chemistry. Herein, we have designed and synthe-
sized atlylcarbonate-funchionalized perylene diimide AC-PDN which shows solvent dependent supra-
motecular nanostructures and could readdy self-assemible mto nanorods of tens of um in length in CHCN,
but the fength of the rods drammabcally decreased to 08-12 prnin a HaO0  CHECN {1 L wiv) misture.
Interestingly, AC-PDI self-assembles into nanowires of several tens of pm in {ength in a 303 H0:DMSO
mixture and forms only nancspheres in ethyl acetate. AC-PDI can be used as & near-infrared (NIR)
colonmetric {1, 685 nml and fluorescant (4., 530/570 rm) probe for selective datection of Pd®
HOR = 39 nM LV 45 nM (Y] Furthemare TLC strips coated with the AC-PDI probe could detect
058 pg em % of Ad” in the soiid state The mechanism of interaction of AC-PDI with Pd” hes beerr confirmed

introduction

Controlled self-assemblies of mconjugaed molecules have drawn
much attention in the last decade due to their potental appli-
cations in photovoltaic and optoelevtronic devices."™ Among
various w-conjugated molecules, perylene diimides (PDIs) are
one of the most studied classes of lunctional dyes with excellent
electronic, optical and redox properties.™ PDIs have been widely
utilized as an setive component of organie field-effect transistors
[n-type], light emitting diodes, solar cells and sensors®™" because
of their strong absorption combined with high fluorescence
quantum yield, low reduction potential, good eledvon acceptor
properties and broad colour range properties.™ The ageregation
{scif-assembly] and eptoclecitonic properties of PDIs primarily
depend on the jocal arrangement of their nstacked amay, which
can be tuned through modification of their rmolecular stroctore
at the bay., peri, ortho- and Nimide positions with organic
chemical groups.™™ Many reports regarding modification of the
" Doparanent of Chemistry, UOC Centré for Advanced Studies, Gury Nomak Dev

University, Amritsar 143 005, Punfah, tndic P-mail: prabipreet.chemgbgndecacin

Fek $91-54271-01534
® Doparcment of Chemsical Sciences, G Puyjab Techwical University,

Kopurthalu- 144601, Punjob india
i #lecionic supplementary Information (ES1) avaflable: Sxperimental desnils,
and additional photophysical, spectroseopic and microseopic characisr fuation
of AC-PIH and AC-PIH = Pd”. See DOL 10.139/c7 0057518

1010 | vewd Chem, 2018 42 10101025

oy 'H NMR titration, Iiinetic and morphological studies

N-imide position of PDIs to generate self-assembled nano-
structures including fibers, ribbons, rods, mbes et are being
published each year. Howewer, little antention has been paid
to the sclf-assembly of bay substituted PDIs in an agucous
medipm.' ' Probably, substitutions at a bay position drastically
mcrease the solubiliny of PDis and if the substituents are bulky
in nature, the perylene backbone deviates from planarity to
minimize the strain and this bhinders the possibility of 7 7
stacking and so the examples of selffassembied bay Tunction-
alized PDIs are less known.

Palladium is one of the most important transition metals,
extensively exploited in moderm organic chemistry and industrial
production. Moreover, the high affinity of Pd species towarnds
thiol centaining biomolecules such as amino acids and proteins
may cause their denaturation and Pd can also bind effectively to
DNA which may disrupt a number of cellular processes in the
human bady."* ™ Heneeforth, itis prerequisite to establish fast
and cffective wehnigues for the detectdon of palladium with
high sensitivity and selectivity. Due to the heaw cost factor
and tedious operational procedures involved in comventional
analvtical methods, appreciable attention has been paid to the
establishment of Auorescent probes for the detection of Pd
species (PA° or pd? 77

in the last decade, successful offorts have beem made to
explore N-imide funcdonalized PDIs as photodnduced clectron-
transfer {PET} based chemosensors for metal fons in nuxed

This jonsl i 9 The Roysl Sodety of Chernising and the Cenfie Tdstional de & Rachesche Scenifigee 2318
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# Cycloadditions

Transition-Metal-Catalyzed [3+2+2] Cycloaddition Reactions

Bilash Kuila,™ Maninderjeet Kaur,® Prabhpreet Singh,™ and Gaurav Bhargava*™®!

Abstract: [3:2+2! Cycloaddition reactions are of key impor-
tance in organic chemistry for the synthesis of seven-mem-
bered mono- and condensed carbocycles This review article
summarises the different reports on transition-metal-catalysed
[3+2+2] cycloaddition reactions since 2000 Different transition-
metals, such as Ni, Rh, Pd. To, or Ru, which have been earier
reported for higher order [3+2+2) cydoaddition reactions are

summarized in this article. The 13+2+2) cycloadditions of differ-
et functionalized substrates afford cycloheptans derivatives,
6-7,5-7 condensed bicyclic carbocycles, or 5-7-5 ar 6-7-5 con-
densed tneyclic carbocydes. These higher order cycloaddition
resctions may provide an easy roufe for the total synthesks of
natural products, or as a preferable key synthetic step leading
to final structure.

1. Introduction

Cycloaddition reactions are the most powerful method for the
construction of a complex structure in a single stept’ Although
two component {442 and [3+2] cydoaddition reactions ane
symthetically the most explored reactions for the synthesis of
six- and five-membered carbo-/heterocycies, respectively, but
the comparable methodology for higher-membered carbo./
heteracycles are still in the process of development. The higher-
order {m+n+o] tycloaddition reactions are emerging as useful
synthetic tools for the synthesis of higher order mono or con-
densed carbo/heterocyclic ring systemsP The transition-
metal-catalyzed [n+n+o] reactions provide useful carbo-/
heteracycies from relatively inactive substrates, such as alkenes
and alkynes 7

Of different variants of [m+nio} cycloadditions reactions,
[3+2+2] is an important synthetic tool for the synthesis of func
tionalized mono- or condensed cycloheptanes. The importance
of atom-economical [3+2+2] cycloadditions Bes in the fact that
cycloheptanes and their analogues have played vital role as
functionalized biomolecules in food, pharmaceuticsl, and natu-
ral products 8 Methylenecydopropanes as a 35 component
has been utilized as an Important synthon in organic synthe
sis.*"¥ Methylene- and vinyl-cyclopropane as organic synthons
have been successfully explored for [m+n] and [m+n+ol cyclo-
addition reactions with a varety of alkenes and alkynes using
different metal complexes as catalysts™ For example, cyclo-
propyl ketones, alkylidenecyclopropanes {ACP) and vinylcyclo-
propanes (VCF} have been shown to participate in several tran-
sition-metal-catalyzed {3+2), 14431 [342+2] and [5+2} cyclo-
addition reactiong 1e-19

jal Deportment of Chentcal Sciences, IKG Punjob Techiicai Uriiversity,
Kapurthala 184603, Punjab, india '
E-maii: gouravaptu.acin
hitps//mamncomps piuacin/faculty dr-g Hhorg

|6} Deportment of Chernistry, Gura Nanak Dey University,
Amritsay, 183005, Punjab, India

Fur I Org Chem. 2018, 853-888 Wiley Oniine Library
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Different researchers have successfully explored functional-
lzed cyclopropanes as 31 components with various alkenes, alk-
ynes, divees, among others, a5 27 components in [3+2+2]
cycloaddition reactions using NE Pd, Rh anc Ru metal com-
plexes as catalysts 7™ The present review summarizes various
reports on [3+2+2] cycloaddition reactions with not only prod-
ucts arising from the activity of the key players {different metal
complexes) but also those from proton-based chemistry for the
synthesls of mone-and/or <ondensed cyclcheptadiene deriva-
tives, since 2000.

2. Nickei-Catalyzed [3+2+2] Cycloaddition
Reactions

In this section, we have summarized the various nickei-cata-
lysed inter-and intramolecular [3+2+2] cvdloaddition reactions.
A majority of the reports on {34242] cycloaddtions invelve the
use of functionalized cyclopropanes as 3x-components in
cycloadditions with a variety of alkenes and alkynes as 2a-com-
ponents,

2.1 Nickel-Medlated [3+2+2] Cycloadditions of Alkenvi
Fischer Carbene Complexes

Cne of the first reports on {3+2+2] cycloaddition reactions was
deseribed by Barluengs et al it involves the nickelmediated
[3+2+3 owcloaddition reaction of chromium carbene com-
plexes 1 with varlous terminal alkynes 3 {Scheme 1} to afford &
variety of cylcoheptatrienes in fair yields 28

Nickel-mediated [3+2+42] cyclizations of Fscher-carbene
complexes and alkynes take place with comgplete reglo- and
stereoselectivity, with the formation of an endo Isomer, Elec-
tron-poor alkynes such as methyl proplolate also undergo
[3+2+2] cyclizations to afford functionalized cycioheptatrienas
in good yields.2®

A pathway for the formation of 6 and 7 involves the initial
chremium-nickel exchange to yield the nickel species 2 iwhere

2018 Wiley-VCH Verlag GmbH & To. KGaA, Weinheim
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Synthesis of Functionalized Pyridine-2-carboxylates
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Functionalized pyridines having ester substifuents at
thew 2-position 1.¢., pyridine-2-carboxylates, are prominent
in bioklogically active molecules.' Functionalized pyridine-
2-carboxylates have been identified as cholecystokinin
|CCK1} receptars, cannabinoid receptor type 1 {CB1), and
telomerase inhibitors® Similarly, 5.6-diaryl-2-pyridine-
carboxamides have been used as urotensin Il receptor anta-
gonists and sphingosine- 1-phosphate {S1P} receptor ago-
nists.>®

Traditionally, [442] cycloadditions of acyclic 2-aza-
dienes have been used as a versatile method for the forma-
tion of functionalized pyridines, dihydropyridines, and
tetrahvdropyridines.” "’ Barluenga et al. have explored the
synthesis of functionalized pyridines utilizing ethoxycar-
bonyl 2-aza-1,3-butadienes as starting materials.* Meurer
et al. have reported the synthesis of different 5.6-diarylpyr-
idine carboxylates and carboxanudes via cycloaddirion of
azadiene phosphazene moieties and subsequently studied
their muman CB1 mnverse agonist activity.® However, most
2-azadienes are found to be quite unstable and their syn-
thesis requires cumbersome experhimental procedures.
Moreover, synthesis and cycloadditions of confugated 2-
azadienes have been little explored.

Thiazolidin-4-ones represent an important class of
heterocyclic compounds due to their diverse biological ac-
tivities.'* Thiazolidin-4-ones have activity profiles, acting

A= ie Bt
Raa

WS Pl

as inhibitors of COX-1."" HIV-RT,'® aldose reductase,’ " bac-
terial enzyme MurB and YycG histidine kinase,'®2% as well
as having antidiabetic activity,?' antitubercular, antifungal,
and antihelmintic activities.”’ Thiazolidin-4-ones have also
been explored as wseful organic synthons of different
lieterocycles.®

There are numerous reporis on the acetylenic ester-
mediated synthesis of thiazolidin-4-ones using a variety of
thioamides and thioureas.® However, there are few reports
exploring acetylenic ester mediated ring opening/transfor-
mations of 4-thiazolidinones. The present manuscript
demonstrates acetylenic ester mediated synthetic transfor-

'mations of dienyl-thiazolidinones™ leading to a facile syn-

thesis of functionalized pyrdine-2-carboxylates. In this
transformation, the dienyl-thiazolidinones Ta-h behave as
masked coniugated 2-azadienes and afford a facile and
chemoselective formation of pyridine-2-carboxylates medi-
ated by acetylenic esters in good to excellent yields,

The dienyl thiazolidin-4-ones 1a-h were prepared by
amidiolytic ring opening of 2-azetidinones-3-thiazolidin-4-
ones with sodium alkexide in the correspending alcohols
i{Scheme 1).2 Crystailography data for t1a established the
trans conformation of the dienyl thiazolidin-4-one moi-
GIY“Z}

We started our investigations by attempting Diels-Alder
reactions of dienyl thiazelidin-4-one 1a with electron-defi-
cient dienophiles {such as methyl acrylate, methyl vinyl

% Georg Thieme Verlag Shuttgart - New York — Synleft 2018, 29, 509-512
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Quadruple-signaling (PET, ICT, ESIPT, —C=N — rotation)
mechanism-based dual chemosensor for detection of

Cu®* and Zn?" jons: TRANSFER, INH and complimentary
OR/NOR logic circuits
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Herein, we havedesigned and synthesized o-phenyienediamine based 4-in- 1 dual chemosensor DAU, for
simultaneous detection of Cu®* and Zr”" through modulation of PET, ICT, ESIPT and —CoN— rotation
mechanisms. The binding of first Cu™ ion with —NE, group causes red shuft of absorption band from
37knm 1 420nm and fluoresconce enhancement due to keto- form ac 480 nm {~20 fold). When
concentration of Cu™ further increased from | fo 10 equivalenss. it results in decrease in absorpion
intensity at 420 nm and increase in absorption intensityat 206 nmand fluorescence quenching at 480 nm
followed by enhancement due to easl- form at 413 nm. i contrary higher concentrations of Zn?" causes
anly red shift from 372 t2 €20 nm however llucrescence remained low due to PET quenching effect.
Significantly, when €™ 15 added to DAU-Zn?" { 1:5  compilex, it results in decrease ofabsorptionintensity
at 420 nm and increase in Suorescence atr 486 nm followed by a 7-fold increase of the emission intensity
at 41 nm. The maltiple outputs of DAL can be used for Tabrication of INHIBIT, TRANSFER logic devices

and complementary OR/NOR logic circuit,

© 2018 Fisevier BV. All rights reserved.

1. Introduction

Dual chemosensors |1 -1]. which may or may not possess two
separate binding siges, can be useful for detection of two or more
analytes through modulation of different signaling mechanisms
such as PET {photo-induced electron transfer), ICT {intramsolecular
charge transfer), FRET (fluorescence resonance energy transfer),
AIE {aggregation induced emission), ESIFT {excited state intramo-
lecular proton transfer), blocking of —CH--N - rotation, excimer
or exciplex formation, CHEF (chelation enhanced fluorescence
effect), TBET {through bond electron transfer jand CHEG (chelation
enhancement quenching effect) [4-9]. In literature, the design of
dual chemosensor allows the detection of two analytes at the same
timee independent of each other (simultanesus approach) |10} or
detection of second analyte achieved afier breaking of complex
between chemosensor and first analyte {dispiacement approach)
[i1] {Fig 1). However. currently the majority of literature reports

® Cormesponding authos
E-moil eddiess: prabhprest chemigndu acin {8 Singhi

ripsfjdon oraf 101080 /i photoc hem 2052030
FOHO-6030/0 2018 Elsevier BV, Al righis resersed.

are on the dual chemosensors which shows modulation in single-
signailing mechanism for binding of one or two analytes and
perhaps, this limits the use of such chemosensors in the fields of
multiple jon sensing and meolecular computing {fabrication of
maolecular scale logic devices) 12,131

in this context, multiple-signaling mechanisms-based dual
chemosensor would definitely provide an edge over the single-
signaling mechanism-based dual chemosensor in terms of cost
effectiveness, efficient analysis in contaminated sites and appfica-
tion in molecular computing | 14-16]. Therefore, the control and
understanding of relationship b different signaling mecha-
nisms, which are responsible for change in absorbance/emission
intensites and wavelengths on coordination with the analyte,
would be important in designing the multiple-signaling mecha-
nisms-based dual chemosensor for one or two analytes. Some
examples are known where dual signaling mechanism-based
chemosensor are used for sensitive and selective detection of one
or two analytes [17-23] These dual-signaling mechanism-based
chemwo-sensors can be grouped based on rhe combination of
signaling mechanism such as ICT-FRET, PET-FRET, TBET-PET. ICT-
PET, ESIPT-AIE or ESIPT-PET. through which they respond to the

_//(L
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Microstructural {self-assembly) and optical based discrimination of Hg**
CN~ and Hg(CN); ion-pair; Hg® " promoted-ESIPT assisted guanylation of

thiourea
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ARTICLEINEO ABSTRACT

Keyworids: Ayl ioaal self ried dual-ch DTS was synthesived and wsed for optice! and micre
Pual chemusenssr structums! based dsscnmination of He'', ON fons and Hg{CN), loo-pair. The addigon of Hg®' mas o the
Ioa puir CHON solation of DTS promotes the ESTPT phenomena (emission peak ai 458 nm red shified 1o 5108m; (0
kil cresse in absorption between 400 and 480 nm), Toliowed by cyclization (guanylation) reaction with concamitant

Inuamiecular guanyiation
Sellasmmbly

desul lerization (decrease of emvission intensity at 31 0am and minos increase st 410 nm: increase snd decreasein

sheorhance intensity al 270 and 125 am, respectively}. In contrast, TN induced deprotoration in IS results in

simultanesus decrease in sbsorbance st 310 nm and increase in absorbance at 385 nm and 425475 nm and

fhuprescence enhancement af A,,, 452 am. On the pddition of HEICN), ion pair, DTS shows apparent effect of
both Hg™* and UN jons The mechanism of interaction of DTS with Hg', ON and Hg(CNh hasheen o5

wblished by detailed "H NMR and ESH-MS studies. DTS in CHLCN shows Hake like hology which

analyte induced selfasembly 10 form a bunch of nanorods with Hg® ', mawdmodswiﬂ&:wvym

with N and spherical stroctures with Hg{ON)2 jon pair.

1. Introduction

Molecular recognition of toxic metal ions and anions wsing chro-
mofluorescent methods hasmcewedgrma@eﬁxm&wﬂtem:dmﬂe

have been developed based on the mechanisms which include Hg®*-
induced desulfurization followed by guanylagon, hydrolysis. nng
opening reactions and chelation via S atoms [15-22],

The majority of camrent Hierature reports are based on single target

because of thewr wnvolve in biological, envi 1 and chem

pracesses 13.2]. Hg' " is considered as significant poliutant dus o its
toxic nature to both animals and plants {3]. The most devastating effect
of mercury on aquatic life is due to bacteria mediated conversion of
inorganic Hg ' into methylmercury (ID which has neurotoxic and
neurodegenerative effecss on homan health [45]. The Hg' ¥ con-
tamination in water and soil even st low concentrations, can lead
problems in digestive system, central nervous system, brain and kidneys
{68, Cyanide i a highly foxic anion as its 0.5-35 mg kg body weight
15 sufficient 1o cause death mn human due to s strong interacrion with a
heme unit at the active site of cviochrome C and this, interferes with the
oxygen supply in the body {9105 In recent years, many different
strategies for detechion of (:N havz been developed in the Hteramre
which include hydrogen b iseractions, metal coordination (due

to strong affinity of CN to\mds[-[gz‘ and(‘.‘u“ ete.} and nucleophilic

of § such as Hg™* or €N ions {11-22]. However, simultaneous
datection of multiple rgets such as Hg" " and N ions using chro-
mofluorescent probe is of prime importance in supramolecular chem-
istry. I this context, dual chemosensars, which possess twa different
binding sites, could be ased for individual or simultaneous detection of
twe analytes at the same time independent of each other [3-25]. Dual
chemosensors, which show responses for multiple tmxds at different
wavelengths ;hmu,gh the modulation of multiple-sig g mechanisms
are still in & d { P30 M er, if the interaction of 3 specific
singie or muitiple analyte with self-assembled aggregates of dual che-
mosensar pocurs, i would also result in change of microstruchsral
features (morphology) of the aggregates to mark the molecular re-
cognificn process §31-33],

Recently, owmmmed ﬁmrepm'l ofmpkﬁgnnlingm

chani based 3-in-1 of

addition of CN ™ towsrds ~C=C—, ~C=N- and ~C=0 [1i-14}. On
the other hand, many fluorescent chiemosensors that bind He™* ions

= Porrespenaling sathor.
Eomu] addresy praidpean chemdman acie (P Sagho,

Bt Sliloag 10004, H1A N5 164
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Cux ', AcD” and CulOAc): fon pair Ejdi, imhvidua! and simtﬁmms
de(emm of Cu®* and B~ lons [25] The muld outputs were further
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Perylenedinmide™ (PD1), an important member of the
rylene family, is & promising scaffold owing to the promi-
nent features of PBis such as their excellent optical, chemi-
cal, and thermal robustness; high [luorescence quantum
yield: high electron mobility; and high molar absorptivity.
Moreover, the optical, electronic. and aggregation proper-
ties of PDIs can be modified by judicicus selection of func-
tional groups at the N-imide, bay. orthe, or peri positions of
the PDI core.”~ Therefore, PEis have been explored for vari-
ous applications in the dye and pigment industries® and in
optoelectronic devices®'® Recently. bay- and N-terminal-
functionalized PDis have been explored in supramelecular
chemistry.’-' In this context, PDi-based chromaophores
with artached donor and acceptor substituents {D-A hy-
brids) might be potential candidate for use as reaction-
based probes for producing long-wavelength-absorbing
dyes'® and in the field of organic photovoltaic devices."?

In literature reports, basically, either two {1.7-) or four
(1.6,7,12-) positions of the bay area of PDIs (A, Scheme 1)
have been extensively used for homogeneous functionaliza-
tion through nucleophilic substitution or SuzukifSonogas-

hira coupling reactions of di- or tetrahalogenated deriva-
tives in the presence or absence of a catalyst, to attach vari-
ous aryl or alky!l groups to the PDI core (B and C; Scheme
1).1°F PDis with two different functional groups in the bay
positions can be prepared by muitiple stepwise substitu-
tion reactions of halogenated PDIs. but these syntheses in-
volve cumbersome purification procedures and give the de-
sired product in low to moderate yield {D; Scheme 11.7° Few
repoarts have appeared that discusses halogenated or non-
halogenated routes for the synthesis of dissymmetric bay-
functionalized di- or trisubstituted PDIs (E; Scheme 1) We
therefore proposed that PDI-based D-A hybrids might be
synthesized by dissymumnetric bay functionalization of the
PDI core.*!

& Geowg Thieme Verlag Stuttgart - New York — Synlett 2018, 29, 16%3-1699

P



Journal Name

AIE+ESIPT based red fluorescent aggregates for visualization of

latent fingerprints

Hecaived 00th ianuary 20w, X 5 . ® e P . 3

Atcepted 00th lenuary 20ms Harminder Singh’, Rashmi Sharma , Gaurav Bhargava, Subodh Kumar® and Prabhprest Singh

DO 18,1039/ i molerules are extensivel ioyed in {b iy and bioimaging but their appiications in visualization of
fingerpnnts afe fess reporfed due o their inherited aggregationcaused quenching IACCY hanism in solid siate

WK, {aggregated form). DPSA undengoes seif. biy 10 farm aggregates with rod-like structures i 90% Hy0-CHON mbure
i fram dynamic kight E {DL5) and scarming electron microscopic (SEM) techmiques. Self-assembled
1 ‘ 3 derivative {DPSA] shows aggregation-induced ermission [~24 fold] in »S0% HiO:CHON misture with
mrge-feﬂimwmnfe {Rsen 564 nimn} Theredemasamgalesosthme visualization of latern
Tusgerprings on aluminiuin, staintess stesl and metal currency coin snhsu:ﬂes I audilion. we establishes the individuality
of three subjects hased on mformation gathered a3t level one (patiern of arch, loop or wherd) and level bwo {minutas
details of dots, bifurcation, ridge ending, core and delta).

Introduction using powder dusting is widely used methed in forensic

The papillary ridges and furrows present on fingers and palms
offer s unigue identity to every individual. The papiflary ridges
are a fine network of minute ridges formed by skin folding
whereas depression between adiscent ndges is known as
furrow. These papillary ridges have small apertures at their
surface whick are connected to sweat glands existing
underneath the skin and these glands persistently secrete
sweat with 99.5% of its volume being water and rest {0.5%)
be-ng organie: {mainiy cons:sts of sebum) and inorganic

es.” H , the conk of these papiliary
ridges is escalatec if we make contact of fingers on face, neck
and hair follicles. Afterwards, if contact of these sebum rich
papiiiary ridges be made with any surface {aluminium, mica,
ceins, tiles etc |, It could ieave 3 pattern {mirror image) of fine
ridges of fingers on that surface. This pattern of fine rdges is
called latent {invisible) fingerprints.

Latent fingerprints {LFPs} collected from crime scenes are
considered 35 very useful evidence in forensic investigations.
The routinely used provedures for the visuslization of latent
fingerprints  includes powder dusting®, vacuum metal
deposition”, dye adsorption on nanoparticles™, quantum dots
{abs)’ and staining using chemicals such as lodine, ninhydrin
and cyanoacrylate® Presently, development of fingerprints

* Degariment of Chemistry, UGE Centre for Advanced Stufies I, Guris Nanuk Dev
University, Ameitsor 143 005, Indio. e-meil: prutiipreet.chem fanidys acin 7.
SW Tii: +81-84221-01334 e-moi: subouh chemEBgndu ac in {5, Kemer),
M«mﬁmmrm Trinity College, faiondhor- 144005, Punjols, ind.

“ Department of Chiermicnl Sciences, 1K Gujred Punjab Technial Universing,
Kapurthalo- 144501, Punjob, india.
; Py & Tvnth -

Photophysical properties of DPSA] See DOI- 16, T039/A0a D000

This journal is £ The Hoya! Society of Chemistry 20

analysis. However, these technigues hawe limitations such as
destruction of iFPs during washing or cleaping of LFP
impressed surfaces. high toxicity of used chemicals and low
resolution of the dewveloped LFPs. Recently, spectroscopic
techmigues such as Raman® %, ET-4R™™ and mass™ are akso
used for visualisation of fingerprints but reguirement of heavy
instrumentation imits the scope of theiruse.

In recent years, combination of aggregation induced
emission (AIL) and excited state intramolecular proton transfer
{ESIPT} mechanisms provided 3 new paradigm for developing

+application based fluorescent materiais. Both AIE and ESIPT
process are important phenomena and the participation of
both in a molecule can provide high fuorescence in
solid/aggregate state Therefore, fllorescence based methods
involving use of molecules possessing AIE*ESIPT could be more
usefut for visualisation of LEPs on wet non-porous surfaces.
Probably, these hydrophobic aggregates of AE-ESIPT
fluorophores couid bind preferentially te the sebum rich
paptllary ridges of fingerprinte by virtise of hydrophobic
interactions. On ilumination with 365 nm UV jamp, the
hydrophobic aggregates would light up and minute details of
papillary ridges can be visualised " However, this field is still
Browing and to the best of our knowledge, only few reports
are available in the terature™ =+

In last few years, we explored pery diimide, peptide

and CNTs based seif bled materials for application in
biosensing, bioimaging, molecular computing and catalysis **
3 pacently, we have shown that the attachment of
salicylideneamine can make the diphenyipyrimidinone {an
interesting class of heterocyclic derivative based on pyrimidine
nuclecbase} be AlE-active, for example, DPPS-1 (Fig. 1) 1

I Nome., 2013,00,1.3 )1
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ESIPT-Based Dual Chemosensor for Sequential Detection of
Cd**/Zn** and Nucleoside Triphosphates in Water:

Application in Logic Gates

Harminder Singh,” Rashmi Sharma,” Gaurav
Prabhpreet Singh*?

Bhargava, Subodh Kumar® and

introduction

Transition metal ions have persistent, non-biodegradable
nature and become toxic if accumulated into a living system
aver the permissibile limits!” Cd*' metal jon is carcinogenic in
nature and its over-exposure results i renal and respiratory
disorders such as reduced lung capacity, emphysema, bone
disease, heart disease™™ Zn’ " jons function as a cofactor for
several metallo-proteins which are vital for immune response,
newrotransmission and apoptosis suppression processes.”
However, excess amounts of Zn'" ions in the body disrupt the
body homeostasis due to the suppression of copper and iran
intake in conjunction with other disorders such as Alzheimer's
disease and diabetes ™ So, it is important to detect and monitor
the concentration of these toxic metal ions in the environment.

Phosphates are ubiguitously present in living cells and
perform vital functions for efficient weorking of biological
processes in the body™ such as DNA replication and tan-
scription essential for cell division” ™ Nucleoside polyphos-
phates (NPPs) e, mono-, di- and triphosphates of adenasine,
guanosing, thymidine, uridine and cytidine constitute a class of
biological phosphates which are compulsory for the normai
functioning of cellular system ™ Nucleoside triphosphates have

fal Dr. H Singh, Prof Or S. Kumar, Dx. P Singh
Department of Chermistry, UGT Centre for advenced studies -8, Guru
Nanak Dev Ursversing, Amwitsar 143005, India
E-mad: prabhpreet.chem@gnduatm
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Department of Chemistry, Trinity Coliege, Jalandhar 144006, indiz

fe] Or, G, Bhargava
Depantment of Chemvical Sciences, 1K Gujral Punjab Techrical University,
Kapurthals 144601, india
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fundamental role in cellular respiration induding glycolysis™

and Kreb's cyclel and it is also involved in other important
processes such as ion channel modulation™ and signal trans-
duction'® The deficiency of nudeoside triphosphates can
cause critical illness such as ischemia, hypoglycaemia and
Parkinson’s disease and thus the monitoring of the nucleoside
triphosphates becomes paramount importance™ The com-
manly employed technigues for determination of Nuclepside
tiiphosphates such as adenosing triphosphate (ATP} include
{uciferin-tuciferase bioluminescence assay and sequential en-
zyme reactions coupled with an electrochemical sensor.
However fluorescence based methods utifizing small organic
molecules for detection of nudeoside triphosphates can
provide advantage of fast response and real-time detection,

Many chemosensors based on pyrene, naphthalimide,
anthracens, coumarin and other moieties™ " with colorimetric
and fluorimetric response have been designed up to now for
the recognition of phosphate using anion  coordination
chemistry involving H-bonding and electrostatic interactions,
However, the workability of such receptors in the highly
competent aqueous medium is difficult due to the strong H
bonding ability of these receptors with water molecules which
sometimes supersedes the ability of phosphate to bind to
receptor site™ Alternatively, in recent years, the use of metal -
receptor ensemble as a platform for detection of anions has
become impornant paradigrm where target anion displaces the
metal ion from the recepror pockst due to higher metal -
anion affinity. Since nucleoside triphosphates show strong
binding preference with metal ions such as Zn’ ' and Cd*~ ions
therefore, metalligand ensembles incorporating these ions
could be used as tailer made receptors for the detaction of
nudeoside triphosphates. "1

]
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Multifunctional metallo-supramolecular
interlocked hexagonal microstructures for the

54 3487 - detection of lead and thiols in watert
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We report Pb?*-mediated interlocked hexagonal self y
associated with the near-1% {660 nm) ‘turn-on’ detection of Pb™
fons (LOD = 25 nM) in water using & perylene diimide derivative
POE-HGL. The PDI-HO-PR® complex was further used to developa

fluorescent NIR ensembile for the detection of thiols

Metallo-supramolecular self assembly is a term zsed to deseribe
merabmediated seif-assembly.’ In this area, the emphasis is on
the design and synthesis of receptors which g the correct
number and spatial o of dination (donor) sites,
whereas the metal ions which are being used as a template must
have the correst coordination number and stereochemical pre-
ference. This metal directed seif-assembly has led to the develop-
ment of fascinating architectures of boxes, triangles, grids and
ixclicates.” 'The metat disected seif-assembly of bay functionalized
peryiene diimide {PDN} dyes has been only recently investigated,
PDis and their denvatives have been valued for a long time due o
their unique properties and casc of functionalization at the so
called bay, N-terminal- arthe- and peri- positions.” Casrrent avail

have adh effects on human organs. Thiol-containing amino
acids such as cysteine (Cys] and homocysteine {(HCy) play
impeortant rofes in binlogical processes such as protein synchesis,
metabolism and growth of cells and tissues. ‘the akieration of
Cys levels m living systems can cause hair de-pigmentation,
weakness, lethargy, skin lesions and slow grosth mws.!® ™
Traditional methods™ ™ invole the ssage of ionic solvents,
heavy inst ion, trained op and lack of portability.
‘Therefore, fiuorescence based methods for the detection of PhY
ions and thiols are highly demanded ™

Herein, we have desipned and synthesized PDI-HQ (Scheme 1)
and Fig. 1 shows the overall detection strategy of Pb™ and thiols
using PDI-HQ. {1) In an aqueous solution, PDLHQ forms
H-aggregstes of diameter 50-160 nm and these aggregates are
nan-fluorescent due to the combined effect of H-ageregation
and PET from the 8-hydroxyquinoli iety. {2) When the
Pb* iens are added o the agueous solution of PDEHQ, strong
interaction between 8-H(} and Pb™ results in the formation of
nmal}rrﬁupemm%euﬂarw having interlocked hexagonal
seif-

able Hiterature has shown that N-terminal substituted PDIs fred

in the formation of selfassembled nanostructures® including
fibers, ribbons, rods and tubes. However, the main challenge
is o control the selfassemnbly of bay substituted PDIs and
exploraton of the molecular recognition praperties of these
self-assembiled PDIs in water.™™

Heavy metel ions (P67, Hg'" and G&™') have non-degradable
nature and possess detrimental effects and become a threat to
zlobal sustainability if accumulated in the ccosphere fair, water
and sail) over the permissible limits. '™ Lead (PB*) is an
environmental pollutant and can cause physics! growth impair
ments, irritability in children and reduced 1 levels™ P and ean

De;wxmf i Chemiziry, TGO Frnﬁrjar Advanied Sudies-1L
Fary Numek Dey Untversity, Amvdtser 143 0035, India.
Eomail prihpres chemghendu sty Yol 197 S4Z71-01534
* Departmuan: of Chermicel Soienies, IE Gyral Mumal Techmicl Univer ity
w«m;«a&:. Funjad fmiic
T i § sy (8] avaitable: Synchesia, spereral dat,
st photophasical s of ml-m with Pb*" and Cys. See 10T 1010084 St

S4B2 | Chom Commaun. 78 54 G450 G4Rs

bly with di in the range of 0.5-1.7 ym and
thickness ~ 250 nm. As & resuit of binding of Ph*° with PDEHG,
the PET process is effectively inhibited and a g merease
in the Suorescence intensity of aggregated species is ohserved at
660 nm, (3} When a thial is added to the PDI-HO-Pb*" ensemble,

Scheme 1 Synthesis and chemical structure of PDI-HQ false showsng the
atutrary designation of protonsh: Reagents amt conditions: lal PdPPhd,
MN&:C0:, Toluene ‘HD {2:1 vivl 70 °C 10 by tbi 10 M solution of tetra-
butylammoneum fluornde (TBAF. THE BT, 24 .

Fres joumial &8 The Roval Sooely of Chermsing 218
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[2 4 2] Cycloadditions of Sorbyl Tosylate with
Imines/1-Azadienes: A One-Pot Domino Approach for
a-Alkylidene-f-lactams and Their Computational Studies

and Antimicrobial Evaluation

Yogesh Kumar,™ ™ Preet Mohinder Si

h Bedi ™ Prabhpreet Singh, ¥ Adebayo A. Adeniyi®

Ashona Singh-Pillay,” Parvesh Singh,” and Gaurav Bhargava*®

{Dedicated to Prof. M. P. Mahajan on the occasion of his 71* Birthdoy}

introduction

Ketenes are versatile intermediates in organic synthesis!" There
are numercus reparts on synthesis and coycloadditions of
functionalized ketenes for the synthesis of heterocyclic systems
of biclogical relevance ® ™ The [2+ 2] cycloadditions of ketenes
with afk or iminic systems hawe widespread been utilized
for the synthesis of carbo- and heterocydic systems respec
tively™ There has been significant interest and controversies
over the mechanism of ketene-imines cydoadditions. Exper-
imental work as well as theoretical studies have been made on
the reactions of the imines with simple ketenes™ ft is well
understood that the Staudinger reactions involving {2-+-2]

[al Or. Y. Kumar, Or. G. Bhargava
Cepastment of Chemical Sciences, L ¥, Gujral Punjab Technical Uni

cycloadditions of ketene and imines are pmgedmd vig
zwitterionic intermediates as shown in the Figure 1.5
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Figura §. (A} Orbital Interactions in concened cycdoaddition. (B) Stepwise
mechani
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However, the comesponding studies on [2+ 7] cycloaddi-
tion reactions involving conjugated ketene such as butadienyl-
ketene still need to be sxplored. Earlier Mahajan et ol have
explored the 12427 and [342] cycloaddition reactions of
butadienylketene generated in situ from sorbyi chicside and
triethylamine, with imines and 1,3-diazabuta-1,3-dienes respec-
tively® The reaction resulted in the formation of cis- and trans-
butadienyl-azetidin-2-ones. However, studies on cycloaddition
reactions involving butadienylketene with iminic systems at
high temperature and using alternative methods for in site
generation of butadiersyfketene still need to be studied. On the
ather hand, a-alkylidene-fS-lactams are known structural units
found In several potent §-lactamase inhibitors such as Ro 15—
1903, asparenomycins, 62 pyndylimethylene penem sulfone,

o = =
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Coronene diimide-based self-assembled (fibre-to-disc) fluorescent
aggregates for visualization of latent fingerprints
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ARTICLE INFO ABSTRACTY
Keywaords: Coronenadiiride (CDI 2) forms Jong fibrillar nanestructire when dissclved in DMF On sddition of > 70% water
Comsnenediimides in DMF, CIH 3 undergo fhre-to-disc mcrp]msogmad erﬁmmthn alomgside onset of different emision colors in
Fibuillar seif- suseadily water IMF binary mi Thee sl hiad red £ CD1 3 spplied for visuslization of
::m"‘mm latent fingerpring: wusing soltion spray and powder dusting e!edmdt oan porous and non-parous surfaces com-
e " wimly fowad Tn home such as sluminium, stainless stee!, gmmmmmmmmm#m
; ceramic tiles and papersheots. fnan i 10 explores th lication of CTH 3 in the foransic cases, 2 lovel of
infurmation was used for distinguishing differen fi i fmmdiﬁammbjm These disclike fuorescent

mwﬁmamammmm&mm

1. Introduction

Many s-conjugated molecules with extended polyoyclic framework
have been developed by research groups {141, Among them, coronene
diimides {CDls}, [5] which can be considered as bay-extended pesylens
ditmides (PDls}, {3 4] have gained interest due to their excelient
thermal and oxidative stabilities, high molar extinction coefficient,
flusrescence quantum yields and self.organization properties [6-13]
The benzene and heterocycle ring annulation ar the bay-region of the
perylene core leads to coronenediimide derivatives which offers ap-
plications in opioelectronics such as organic field effect transistors
(OPETs). fluorescent solar collectors, organic light emiténg diodes
(OLEDs) and optical lasers [6-13]. Despite many syntheric efforts of
modification in €Dis, ligle progress has been made in making CDis
water soiuble [1-2] and preserving its flucrescence (far-red to acar-

infrared region] {1-2] in solid and solution state for application in the
fields of designing AlEgens, visualization of laten! fingerprints and
biplabeling.

Latent (invisible) finger prints (LFPs}, which are made up of papil-
lary rdges and fumrows present on fingers and palm offer a unigue
identity to each individual [14-15]. Such LFPs wmllected from crime
scenves are considered as useful physical evidence and 1]

identify individuals. Currently, powder dusting method, qum.tum dots,
nanoparticles and chemical methods were iied in of
LEPs, however potential toxicity and denructlve nature, short pre-
servation time, low resolution and expensive procedures limit their
wider applications [16-17],

In continvation of cur inferest in PDIs, [18.27] herein, we teport
CDE 2 and CDI 3 as new addizicns in the rylene family, Due to onset of
aggregation of molecules of CDU 3 with increasing water fraction (f),
the nano-fibres of CDI 3 tn DIMF are eventually transformed into disc-
like aggregates in > 70% water-DMF mixtures. These disc-like ag-
gregates of CDI 3 both in water-dispersed and solid-state are fluorescent
red and were used for visualization of LFPs imprinted on common
househiold ltems and for smining Hela celis.

2. Experimental section
2.1. Materiais and methods
Chemicals and solvents were of magent grade and nsed without

further purification unless otherwise stated. Chromatographic pur-
|ﬁcmwdonemms!hmgdm-lmm TLC was performed on

* Correspoading author,
E-mgil addresy prabbprest deangigndy s i (P, Singh).

g/ rdolag 10,1086, Janh 018 11054

iniim sheets coated with silica gel 60 F254 (Merck, Darmstadt).
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Transition metal catalyzed [6 + 2] cycloadditions

Amit Anand,*? Prabhpreet Singh, &

% yipan Kumar @ ** and Gaurav Bhargava i *¢

The [6 + 2| cycloaddition reactions are one of the Important synthetic transfonmations to construct eight
memberad carbo-/heterocyciic systemms. The present review 15 an attempt to update readers on
transition metal catalyzed {6 + 2] cycloaddition reactions of various 6m-contributing substrates such as
cyctoheptatnienes {CHT], cyciooctatetrenes (COTT), allenals, vinylcyclobutanones, fulvene etc. smploying
rhodium, cobalt, titanium, copper, platinum, ruthenium, rhenium and diphenyiprolincisiyl ethers etc as
catalysts. The transition metal catalyzed {6 + 2] cycloaddition reactions with 3 vanety of functionalized
substrates provide straightforward access o eight membered cyclic andfor 5/8. 6/8 efc. condensed

rsciifrsc-advances carbo-theterocyrlic molecules in moderate 10 good yieldss

introduction

Cycloaddition reactions are considered 1o be one of the most
powerful methods for the construction of eyelic skeletons® with
atom economy. There are ample reports on different variants of
{4 + 2} and {3 + 2] ewcloadditions which provide an easy access o
a variety of five or six membered carbo-‘thetrrogyeles.”
However, the paraliel methodologies suchasfs + 2} [6 + 2),7 {8 +
2% ete. for the synthesis of seven, eight or ten membered
carbo-theterocycles are stilt uncomsmon in the hiterature, Eight-
membered rings ate found in a wide variety of natural products
and are useful ring systems gvailabie in variety of drugs, drug
leads, or bivlogical probes® Taxol, the well-known natural
product in this family, 1s now among the most potent anticancer
drug in clinical use. In 2008, another member of this family,
pleuromuilin was approved for use as an antibiotic by Food
and Prug Administration (FDAY {Fig. 1). Several methods™®
including ring-closing metathesis and Cope rearrangement
have been reported for the synthesis of cighi-membered car-
bocycles,” However, the indolerance to subsirate substituent in
conventional provedures along with complesities observed in
natural products makes these technigues ineffective and insti-
gated the development of alternate protocols. Recent years have
secn a significant upsurge in this direction with refatively few
repoits appearing on the synthesis of eight membered carbo-
cycles using 16 + 2P and [4 + 2 + 2] cyvcloaddition reactions.
Coneerted [6 ¢ 2] cvcloaddition reactions are forbidden ther
matly as per Woodward-Hoffimann rales, when the two reacting
-systems add in a suprafacial fashion. However, transition
mietal-catalyzed [6 + 2] cveloadditons constitute one such

“Department of Chemistry, Kiaisa College, Ameitsar, 143063, Punjah, Tndsa. F-muail:
e, W Ao cam
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protocod for the synthesis of menoevelic or condensed fune
tionafized eyclooctadienes. The present review summusiies
various repons on the oransition metal catalyzed inter- and
intra-molecular {6 ¢ 2] eycloaddition resctions appeared in
literature since 2000.*

Rhodium vatalyzed [6 + 2] cyeloadditions

Rhod ium complexes plays a pivotal role in organic synthesis as
major catalyiic coniributors te C-C bond formation reactions.™
A number of carbe-heterveyelic systems have been generated
emploving rhodium eomplexes as efficient catalyst in a vanety
of ¢ycloadditionjeyelization  reaction™  Litevature  rationale
sugeests an inspiring advancement in this field and many
research groups are extensively using rhodium complexes to
efficiently conceive these reactions.” Considering the impor-
tance of rhodium catalysed cyeloadditions, there should have
been @ number of reports on generation of eirht membered
carhorheterocycles engaging rhodium complexes in {6 ¢ 2]
cyeloadditions, however only a few reports are available which
successfully comprehends {6 + 2} cycloadditions. Till now,
differenl  substrates such as  oycloheptairiene,  2winy
cyclobutanones, allenals, allenyleyclobmanes, eyelooctatrienes
etc, ave been reported as 6r-compenents in Rhis caalvsed [6 4

2 r )
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Fg 1 Carbocycles in natural produdcts.
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Direct Conversion of Carboexylic Acids to Various
Nitrogen Containing Compounds in One-Pot
Exploiting Curtius Rearrangement

Arin Kumar', Naveen Kamar', Ritika Shanms®, Gaurav
Bhargava® and Dinesh Mahajan'*
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ABSTRACT: Heremn we report. a smgle pot multi-step
conversion of inactivated carboxvlic acids to various N-
contaiming  compounds wusing a common  synthetic
methodology  The developed methodolozy rendered the
use of carboxyvhe acids as direct smirogate of pnmary
ammes, for the synthesss of prmary  ureas,
secondary/tertiary weas, O/S-carbamates. benzoyl ureas,
amides and M-fonnyls, exploiting Curtins reaction. This
approach has a potential to provide a diversified library of
N-voniamng compounds staring form a single carboxyhe
acid, based on selection of the mcleophile.

The Journal of Organic Chemistry

to mifse e and envig tal efficiencies because
several syathetic transformations and bond-forming steps can
be carmied out in a single pot * Yamada et al . reported the first
ome-pol  comverston of mactivated earboxylic acds to
wethanes mrvolvmg Curtins reaction usmag DPPA (diphenyl
phospborie azide). The generatton of DPPA needs an
additional step 10 3 different pot mvolving sodinm ansde and
diplhenyi phosphorvl chionde ” Receatly. Lebel ot al ® reported
one-pot conversion of carboxvhc acids emploving. esther
chloroformate or di-fert-butyl dicarbonate along with sodinm
azide as a replacement of DPPA. However, these
methodologies are confined to conversion of carboxylic acids
o coresponding weas or carb only.

Herewn. we want to repori 3 doect. mmifi-step. smgle pot
conversion of carboxvlic scids to corresponding primary
wreas, mixed ureas (secondary/fertiary), O-carbamates, S-
carbamates, acyl wreas, N-formyls and amides exploihng a
single methodology.

Tmitial optimization efforts were focnsed on couversion of
benzore acd to comesponding |-phenviurea (Table 1), Prwary
ureas are not only found to be bioactive molecules but they
also serve as starting watenals for molecules of hiological and
commertial mterests’® Often, primary wreas sre synthesized
froma corresponding organic amines and ammonia mvelving
phosgene, carbamoyl chioride or isocvanates.? Interestingly,
there is no report for direct conversion of carboxylie acids to
comesponding prunary weas in one pot. This mstigated us 1o
start owr optinnzabon efforts for synthesis of [-pheuvlurea
(1} a=s a model reachon from corresponding benzoie acid (1)
in a typical procedurs. benzowc actd was mmed with DPPA
fentrv 1, Table 1} at 0°C, using toluene 23 a solvemt. An
equivalent  Smount  of 1 S-diazebicyclo[s 4.0)mdec-T-en=
(DB} was added and ieacnion was stined for 30 minutes at
oom temperaiie to facibiate the formation of acyl azide. The
conversion of the acyl azmde was momitored as well as
guantified, before heating the reaction to 90°C Agueons
anmtonmm hydroxide was added to this heated solution and
reaciion was momtored by TLC and "H NMR for the
formation of -phenylurea as a final product. Use of DPPA as

Nitrogen comtamminz compounds such as mnines, amides,
ureas, acyl wreas, and card s are ubuguitous 1 nateal
products. agrochemicals as well as pharmacentical agents or
molecules of bwlogical and commercial interests. Hence.
synthesis of these vanons N-comtaining compounds is an
important objective in orgame synthesis, Carboxylic acids are
faverable substrates becanse of their broad stmctaral diversity,
ease in availability, high stability. low toxicily along with ease
m storage and handling.! Custius rearrangement of acyl azdes
15 & powerful method for construction of a new C-N {spC-N
or sp'C-N} bond using azide as a sowrce of mibrogen and
carboxvhie acid as sowce of carbon’® The comverson of
carboxvlic acids to nitrogen containing compounds. aveiding
use of any orgamc amme s 3 prunary source of nitrogen is
very alluring I ¢ typieal Custins reaction. an acyl azide is
thermally degraded to reamange as an isocyanate® The acy!
azide 1s ofien synthesized m a different pot as a separate step
from a pre-activated carboxylic scid and sedinm azide ** The
socyanate thus fornmed can be reacted with water. alcohol or
amne as one of the nncleophile to yield corresponding amime.
carbamate o urea as a final product. This wwkes whole
process multi-pot and practically cambersome, if one aims for
conversion of carboxylic acids fo N-confanung compounds.
Ome pot multi-step conversion provides an effective approach

a t of choie provided 32%: isolated wield of 1-

" phenylurea, albeit correspondmg benzoy! azide mtermediate

was formed in reasonably good amount {Eotry |, Table |}
DPPA 15 a commercial grade reagent which 15 genemlly
obtaed by vacunm distillation of the crude product obtained
afier a reaction of diphenyl phosphoryl chiloride with sodimu
azide.” We tried fo replace DPPA by in siru use of diphenyl
phosphory] chiloride and sodiim azide (emtry 2). The reaction
of benzowc acid was repeated and replacement of DPPA was
compensated by in sitn addiion of diphenyl phosphoryl
chlonde, sodium azide {as & solution wm dry DMF) and
catalvhic amount of DMAP. In new reachon mvolving sodmm
azide. the conversion to correspondime benzoyl azide was ess,
however it was pleased to see stmilar isolated vield for final
product Ib (entry 2 vs eatry 1). As cleai from data tabulated i
table 1, a gquick screemng of few other simular reagents
comcloded, diphbenvl phosphimic chlonde (PhPOCI) as a
reagent of choice for better vields of benzoyl azide as well as
{-phenylwea (entry 3). Decemt success i overall conversion
with h ffonyl chlonde (entry 3) and reaction
feasabality with POCL, {entry 4} needs special mention as these
two are common reagents in organic chemisiry laboratories.
Aswmonimn. chloride or ammoniom formate {enfry 6 and 7)
were aiso found 1o be two other potential sowrces of ammonia
tor the desired conversion. Influenced by the ontcome of tlos
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Transition metal catalyzed [6 + 2] cycloadditions

Amit Anand,*? Prabhpreet Singh, ©° Vipan Kumar 8*® and Gaurav Bhargava i **

The 16 + 2 cycloaddition reactions are one of the important synthetic transformations to constrisct eight
membered carbo-fheterocyciic systerns. The present review 5 an attempt to update readers on
transtion metal catatized 16 + 2} cycioaddition reactions of various Sm-contributing substrates such as

Recensd 15th Aprit 2019
Accepted 2nd August 2019

cycloheptatrienes {CHT), cycipoctatetrenes (COTT, alienals. vinyicyclobutanones, fulvene etc. employing
rhodium, cobsit, thanium, copper, platinum, rutheniim, rhenium and diphenyliprotinolsid ethers efc as

catatysts The transition metal catalyzed {6 + 2i cycloaddition reactions with a varisty of functionalized

OO 10.103%4c9ra02839%
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Introduction

Cycloaddition reactions are considered to be one of the maost
powerfiz! methods for the construction of cyelic skeletons’ with
atom cennomy. There are ample reports on different variants of
{1+ 2] and [3 + 2] evcloadditions which provide an easy access
a wvariety of five or six membered carbojheterooyeles.®
However, the parallel methodelngies such as {54 2] [6 + 2] 5[0 4
2J* efe. for the synthesis of seven, vight or ten membered
carbo-heterocycles are still incommeon in the literature. Eight-
membered rings are found in a wide variety of natyral products
and are useful ring systems available in variety of drugs, drug
leads, or biological probes® Taxel, the well-mown natural
product in this Family, is now amung the most potent anticancer
drug in clincal use, In 2008, another member of this family,
plewromutilin was approved for use as an antibiotic by Food
and Drug Administraton [FDA)P {Fig. 1} Several methods®*®
including ring-closing metathesis and Cope rearrangement
have been reporned for the synthesis of eight-membered car-
boeveles.™ However, the inolerance to substeate substituent in
conventional provedures along with complexities observed in
natural products makes these technigues ineffective and inst-
gated the development of aliernate protovels. Recent years have
seen a significant upsurge in this direction with relatively few
reporns appearing on the syathesis of eight membered carbo-
eveles using [6 4 21" and {4 + 2 ¢ 2]F evcloaddition reactions.
Concerted (6 = 2] cyeloaddition reactions are forbidden ther-
matly as per Woodward-Hoffmann rules, when the two reacting
systems add in a suprafacial fashion, However, transition
metab-catalyzed [6 1 2] cycloadditions constitute one such

Depariment of Chemibsiry, Khalsa College, Amnitsar, 193005, fujal, indie. F-mail:
ad_wizi@yaheo. com

Deparmiens of Cheristry, Gurn Nenak Dev Lafversity, Amritsar-1 43065, India
‘Department of Chemical Scicnces, IKG Pujeb Technica! University, Kupurthals,
144603, Punjab, India. F-mail: gauravibpeu. oo gaeoverganicgymoil com
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substrates provide straghtforward access to eight membered cyclic and/or 5/8, 6/8 etc. condensed
carbo-fheterocyciic molecules in moderate to good yields.

protwcol for the synthesis of monocyelic or condensed func-
tonalized cyclooctadienes. The present review summarizes
various repors on the transition metal catabzed inter and
intra-moleeular (b + 2] eycloaddition reactions appeared in
literature since 2000.""

Rhodium catalyzed [6 + 2] evcloadditions

Rhodium complexes plays a pivotal role in organic synthesis as
major catalytic contributors to C-C bond formation reactions.™
A number of carbo-thetemevelic systems have been generated
employing rhodium complexes as efficient catalyst in a variety
of  eycdloadditionfoyelization  reaction™  Literature rationale
sugpests an inspiring advancement in this field and many
research groups are extensively using rhodinm complexes to
cfficiently conceive these reactions.” Considering the inipor
wnce of rhodium camlysed cycloaddidons, there should have
been a number of reports on generation of cight membered
carbo-fheterocyeles engaging rhodium complexes in {6 1+ 2]
cycloadditions, however only a few reports are available which
sucvessfully comprehends [6 + 2] eveloadditions. Till now,
different  substrates such  as  eveloheptainene, 2wvinyl
cyclobutanones, allenals, allenvleyelobutanes, oyelooctatrienes
etc. have been reported as 6m-components in Rhir} catalysed {6+

Fig. 1 Carbocycies in natural products.
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Perylene diimide—Cu®* based fluorescent

nanoparticles for the detection of spermine in
TP clinical and food samples: a step toward the
development of a diagnostic kit as a POCT tool
for sperminef

Kapit Kumar,” Sandeep Kaur,” Satwinderjeet Kaur,” Gaurav Bhargava,~
Subodh Kumar 82 and Prabhpreet Singh @8+

The sustainabie development of point-of-care testing (POCT) for spermine detection is important to
check for food spalane, early diagnosis of vanous malignancies and diminished anticonvulsant drug
Carbamazepine response in chronk; epilepsy Herein, the syrithesis, characterization and spectroscopic
properties of peryiene dilmide EA-PDI-Cu™" complex based nancparticles fowards Spermine were
studied in detail. This EA-PDI~.Ci®® complex can be used for the ulitrasensitive detection of spermine as
low as 863 nM [UV-wis} and 90 pM (fluorescence) in agqueous medium, i urine and blood serum
Received 18th September 2019, samples {recovery 99 = 3) and in the solid state (0.1 g LY, and EA-PDI shows minimal cytotoxicity to
Accepted Zist Cotober 2019 cells and can easiy enter into Human Ostecsarcoma MG-63 cells for bio-imaging of Cu° and
spermine. This EA-PDIACu™" complex can be establidhed as a cost-effective method to develop a
diagnostc kit for POCT of spermine in terms of a solution-based test kit for real time detection of

DO 10:1039/c9t002035)

rsclifmaterials-b spermine in vapor and solution form released from fermented food samples.

Introduction

Supramolecular syathetic receptors  having molecular bio-
recognition properties are important in biology for monitoring
enzymatic activity, signaling and regulation.'” in this context,
perylenediimide {PB1L*" which was first synthesized in 1913
by Kardos® as an industrial colorant, ® now-a-days atteacting
increasing rescarch attention as a key chromophore for appli-
cations in the field of fluorescent sensors and bio-imaging® 12
besides its application in organie electronie devices.'™ The
wide spread spplications of PRIs may be attributed o their
strong absorption and fluorescence properties, and chemical,
thermal and photochemical stability. One of the main obstacles
in exploring PDis for sensing applications seems to be poor
solubility, however their optical propertics and solubility can be
readily tuned through functionalization at the hay-, N-terminal-,
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ortho- and pere-positions™ ' To circumvent the solubilite

issues, ionic PDIs were studied as fluorescent sensors, whereas
to achieve seasing properties wsing neutral PDI dervatives
in > 50% water is still a challenging task ™™

Biogenic polvamines such as putrescine, spermidine and
spermine, essentially found in all eskarvotic eelly, play many
crucial roles in cellular growth and profiferation, transcription,
transtation and modulation of gene expression.'™'” Spermine
detection in biofluids such as urine and blood serum is
clinically ased for diagnosis of early stages of various types of
malignancies, to determine the efficiency of long term cancer
chemaotherapy and to check the development of anticonvalsant
carbamazepine {CBZ)-resistant Na'© currents in chronic opilepsy.'®™
Biogenic polamines have also been produced as a physiological
component i many protein rich food products by microbial
proteolysis followed by decarboxylation of amine acids.” ™" They
can lead o production of nitrosoamines in meat products by
reacting with nitrites™ and high levels of biogenic amines in
spoiled foed can cause headaches, nausea and changes in bloed
pressure . ‘therefore, the detection of spermine has become
highly paramount as it is directly linked with food safety and
human health.

Now-a-days, point of caze testing (POCT), which involves
diagnustic testing at the time and place of patient care, is in

bis solirsat i @ The Rowst Seviety of Chemistny 2013
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Near-IR discriminative detection of H;S and Cysteine with 7-nitro-2.1.3-
benzoxadiazole-perylenediimide conjugate in water, live cells and solid state:

Mimicking IMP, INH and NOR/OR complimentary logic
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Graphical abstract

Near-1R ratiometric chromo-fluorescent probe for detection of HsS and Cys was developed based

on differential optical response in water and live cells.
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A multifunctional perylenediimide-based dual-analyte
chemodosimeter for specific and rapid detection of H;S and Pd’ in
water, biofluids, live cells and solid state

Kapil Kumar®, Sandeep Kaur®, Satwinderjeet Kaw®. Gaurav Bhargava®, Subodh Kumar®,
Prabhpreet Singh**
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Graphical abstract

o

A fasi-responsive. near-IR colorimetric fluorescent chemodosimeter for individual and simultaneous
detection of HoS and Pd® at nanomolar level in water, biofluids and A549 cells is reporied.

i
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Highlights

* A novel perylenediimide-based dual-analyte chemodosimeter PN-PDI have been

synthesized.
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Rhodium-catalysed chemo- and regio-selective [3 +2+2]
cycloadditions of bis(methylenecyclopropanes) and alkynes:
Synthesis of spirocyclic 5-7 condensed cycloheptenes
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introduction

Transition metal-catalyzed cycloaddition reactions are one of the few sustaimable meth-
ods which lead to synthesis of complex molecules with high atom economy exploiting
simple synthetic precursors,’” The two-component cycloadditions such as [4+2] or
[3+ 2| transformations are synthetically most explored reactions for the synthesis of six
and five-membered carbo-/heterocycles.” Contrary to this, synthesis of higher-mem-
bered carbo-/heterocycles using [+ n+o} cycdeadditions still is infancy and needs the
attention of synthetic chemists.®™ The {3+ 242] cycloadditions of functionalized meth-
ylenecyclopropanes and alkenes and/or alkynes provide an easy access to functionalized
cydoheptanes and their analogs.”’' Functionalized cycloheptanes are key structural
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Self-assembled nanofibers of perylene diimide for
the detection of hypochlorite in water, bio-fluids
and solid-state: exogenous and endogenous
bioimaging of hypochlorite in cellst

Kapil Kumar.” Sandeep Kaur” Satwinderjeet Kaur,” Gaurav Bhargava,®
Subodh Kumar 1 and Prabhpreet Singh 5=

A fluorescent probe PDI-DAMN based on perylenedimide containing disminomalecnitrite at the
hay-pasition was designed and symthesized for the detection of CIO™. PDI-DAMN self-assembied as
nanoficers with dismeters in the range of 200-200 nm in H:O CHCN (118 The addition of ClO into
PDI-DAMN resulted jn the disintegration of nanofibers into flake-lke aagregates of smaller size
15080 nmi as supported by SEM and DLS data. The addifion of 10~ to HEPES buffer - CHLCN solutian
1.1 vy, pH 7.4} of PDI-DAMN caused a hypochromic effect on the ICT band at 528 nm and turn-on
fuorescence enhancement at 508/554 nm due to the oxdatve cleavage of ~C—=N- bord. A linear
comreiastion plot between the concentration of CIO™ versus fluorescence intensity (82 = 059681/
absorbance {R° = 09988 in the concentration range 0-7 nM {fluorescencel/D-50 1M {absorbance)
could determine CIO™ wath the detection limits of 1 and 10 nM. respectively. Optical studies performed
o spiked wrine and blood serum samples showed good estimation and recovery of CIO- (100 + 5%
TLC-based test-strips coated with PDI—DAMN changad colour upan the addition of CIO™ with detection
a5 low as 744 ng cm °. The application of PDI-DAMN for the bic-imaging of both excgenous and
endogenous ClO™ in MG-63 cells with good biocompatibility has also been demanstrated. The detaifed
mechanism of the interactions of Ci0° with PDI-DAMN using 'H NMR ttration, DFT studies and
response mechanism of pH are also discussed

cells, resulting in pathologdcal diseases such as atherosclerosis,
cardiovascalar disease, vsteoarthritis, gestic fibrosis cancers and

Hypochlorous (HOCH or hypochlorite {C107; conjugate hase],
besides bring a bicactive molecule, is an important reactive
oxygen species [ROS), which can be endogenously generated by
the reaction of Hy0; and chioride ion catalyzed by myelo-
peroxidase (MPO) enzyme in feukooytes.,” Hypochlorous acid
helps the human immune system by killing the invading
bacteria and pathogens.” At physiofogical pH, HOC could
partially dissociate to hypochlonile (€107 ] in water und can be used
a5 a hleaching agent and as a disinfectant for deinking water,” The
uncontiofled level of hypochlorous acid {osddative agent] can lead
to the oxidaton of proteins, cholesterol, DNA and RNA in living
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pulmonary lesions.” Therefore, reabiime direct visualization or
in situ collular imaging of IO~ in a fiving system is highly desirable
to better understand its role in the biological system.

Many detection techniques such as eleerrochemical, eleetron
paramagnetic resonance {EPR) chromatographic methods,” and
chemilumincsccnce,’ arc available in the literature. However,
fluorescence and colorimetty-based methods offer several
advantages in comparison (o other analvtical techniques such
a8 non-testructive narure, sensitivity, aeclectivity, chemieal
mudification and spatintemporal resolubion in living vells.
in recent years, many fluorescent probes have been designed
for the detection of CIO” with an underving mechanism
involving the exidation of oxime,” acyl nitroso group,” p-methoxy-
phenol," selenide,” arvlboronate,” thioester/thioether™ and
~C=N- bond." In this context, fluorescent probes based on a
red-to-NIR dye such as cyanine,’” rhodamine,”® BODIPY,"
porphyrin'™ have been reported. However, their use is often
limited due to fast photobleaching, low quantun yield, inter
ference from other ROS, incompetency in detecting of ClO in

o Marer. Chem 8 2020, 8, 125-135 | 125
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Nickel(0)-Catalyzed [3+2] Cycloadditions of Bis(alkylidenecyclo-
propanes) with Diazenes: A Facile Synthesis of Functionalized

Pyrazolidine-1,2-dicarboxylates

BHlash Kuka*
Rayees Naitkoo™
Dinesh Mahajan®
Prabhpreet Singh*

Gaurav Bhargava“*

“Oepartment of Chemical Sclences. | K, Gujral Ponjab Technical
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. [3+2] cyctoaddition, nicke! catalysis

Metal-catalyzed [m+n] cycloaddition reactions are ef-
fective tools for the synthesis of carbo- and heterocyelic
systems.' Functionalized cyclopropanes have been exploit-
ed in metal-catalyzed [m+n] cycloadditions for the synthe-
sis of monocyclic or condensed carbocycles.* There are
also reports on cycloadditions of activated tyclopropanes
with heterodienophiles for the synthesis of monocyclic or
condensed carbo- and heterocycles?-¢ De Meijere and co-
workers explored the Lewis acid-catalyzed [3+2] cycloaddi-
tions of 2-arylcyclopropane-1.1-dicarboxylates with di-
azenes to afford functionalized pyrazolidines® However,
[m+n] cycloadditions of functionalized nonactivated cyclo-
propanes, especially with heterodienophiles, have rarely
been reported in the literature 457

Pyrazolidines have been evaluated as antibacterial, anti-
fungal, anticancer, antidepressant, antiinflammatory, anti-
tuberculosis, antioxidant, and antiviral agents in various
pharmacological studies.” Several pyrazolidine-based drues
have been marketed, including the antiinflammatory drug
celecoxib, rimonabant for the treatment of obesity, fomepi-
zole as an effective alcohol dehydrogenase inhibitor, and
sildenafil as & phosphodiesterase inhibitor.? Pyrazolidines
are also wvseful as chiral auxiliaries and as synthetic re-

/=B P

NGO
inluane. 30 °C

hettls 8472

agents 1n multicomponent reactions.'® In addition, natoral
products containing pyrazolidine moieties have been
shown o have pharmacological properties.®!

Conventional' approaches, such as the condensation of
1.3-dicarbonyl compounds with hydrazines or [3+2] cve-
loadditions of 1,3-dipoles have heen used in syntheses of
simple pyrazolines.'! However, there are few reports on
synthesis of functionalized pyrazolidines. Chaudhry et al.
recently reported acid-catalyzed cyclizations using aliyiic
liydrazines for the synthesis of pyrazolidines.”

In view of these results and our ongoing intcrest in the
cycloaddition chemistry of functionalized cyclopropanes,
we wish to report an extension of our nickel{0}-catalyzed
{3+2]-cycloadditions of bis{alkylidenecyclopropanes) to the
preparation of pyrazolidines by using diazenes (Scheme 1)
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In the present work, we examined the {3+2] cycloaddi-
tions of bis(alkylidenecyclopropanes) with diazenes such as
diethyl azodicarboxylate {DEAD} or diisopropyl azodicar-
boxylate (DIAD] as dienophiles (Scheme 1). The reaction

© 2020, Thieme. All ights reserved. Synlett 2020, 31, 65-58
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3-Butadienyl-g-lactams: A useful synthon for functionalized
heterocycles

Gaurav Bhargava, Maninderjeet K. Mann, and Rayees Ahmad Naikoo
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introduction

f-Lactams are versatile synthons in organic synthesis.”" ™ Functiomalized lactams have
also been explored as important pharmacophore having plethora of biological
applications’"“'f-lactam based antibiotics, such aspenicillin, cephalosporins, carbape-
nems, nocardicins, monobactams, clavulanic acid are used therapeutically for controlling
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7-Endo-trig Pictet-Spengler type cyclization of
5-alkylidene/arylidene-amino-3H-pyrimidin-4-ones: An
efficient and diastereoselective synthesis of pyrimido[4,5-b]
[1,4lbenzodiazepines
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. pyrimidinones

Introduction

Pictet-Spengler cyclizations are among the useful synthetic methodologies for the syn-
thesis of a variety of heterocycles.'!! There are ample reports on the synthesis of bio-
logically relevant heterocycles using 5/6-endo-dig Picter-Spengler  cyclisations."!
However, the reports on the synthesis of corresponding seven-membered heterocycles
via 7-endo-trig Pictet-Spengler cyclizations ate still scarce in the literature.’”! Hence,
exploration on atom economical Pictet-Spengler cyclizations using appropriately
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Abstract: Pyrrolin-4-onesPyrrolin-3-ones and its derivatives are important heterocyelic systems
which are observed in vast variety of natural products, pharmaceuticals and biologically
important compounds. Different rescarchers all across the werlfl have developed different
synthetic methodologies for the construction of functionalized pyrrofin-4-ones Pyrrolin-3-one
scaffolds such as the transition-metal catalvzed/mediated cycloisomerizations of 1-amino ynones
and dimerization of enaminones or e-diazo-S-oxoamidesetc, The present review article
suminarizes the various reports on the synthesis of various stmple and functionalized pyrrolin-4-

ones’ pyrrolin-3-ones from 2000 onwards.

Keywords: Pyrrolin-4-ones, Pyrrolin-3-ones, Enaminones. Ynones, Diketones. Acetylenic

esters.Diazadienes, Formyl-2 H-azirines.

1. INTRODUCTION

Pyrrolin-4-ones/Pyrrol-3-ones are prevalent in a vast variety of pharmaceutical active molecules,
biologically important natural products, and a varicty of vital materials having immense
applications.” Functicnalized pyrrolin-3/4-oneshave received incredible attention, as privileged
AN-heterocycles, in the development of various molecules having anticancer, antithrombotic, and
antimalarial activities.”"*'The pymrolin-4-ones are alsovaluable intermediates in the development
of functionalized pyrrolidines and other natural products. Pyrrol-3/4-ones occur extensively in

natural products as fundamental units with useful biological activities (Figure-1) !*
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condensed pyrimidinones
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| KEYWORDS

_ Condensed pyrimidinones;
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introduction

Pyrimidinones are important heterocyclic compounds which are predominant innumer-
ous biologically active molecules. Functionalized pyrimidinones have been emploved as
a useful template in the exploration of therapeutically active molecules.!™ The synthetic
explorations for devising new routes for the formation of condensed pyrimidinones
have been made comprehensively due to their wide spectrum of biological activit}"m
Pyrimidinones and its derivatives are prevalent in DNA, RNA, vitamins, coenzymes and
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Introduction

The exploration of atom economical greener protocols with easily accessible final products
without any additional extraction or chromatographic procedures is among the significant
aims 1 organic chemistry. Solvent-free mechanochemical strategies for synthetic transfor-
mations have created a niche at the forefront of sustainable green chemistry. These strategic
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Oxa-Michael Addition Reactions of 3-hydroxy-2-azetidinones: Svnthesis of
1, 3, 4-Trisubstituted-2-Azetidinones
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Abstract: The mamuserpt describes 8 facile and an efficieat methodology for the syn-
thesie of 1. 3. 4 misubstitured-f-laciams by base mediated oxa-Michael addition reac-
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Keywords: Lactams. Oxa-Michacl reaction. 3-FHydroxy lactams, Acetvlanic esier.

L INTRODUCTION

The reactions of Michael addition and its modified forms
are versatile methods in organic synthesis [1-3]. Mgl
addifion reactions offer remendous synthetic pofental
the products available are valuable internuediates in
synthesis [4-10]. Exfensive progress has been
field over the last decades. However, heterg:vi
tion, such as aza- Michael [11, 12], sulfa-M
phospha-Michael [15] and oxa-Mich
gained cousiderably less atiention
reactions are efficient tools, whi

risubstituted-azetidin-2 5
antibacterial, anﬁ-hd:era;?:d-h
anti-HIV, anti-parkinson {$#9-21
elastase activity and choles:
{22, 23] As a part of our ongoing interest in heterocyelic
synthesis. we have earlier reported the synthesis of function-
alized 1, 3, 4-tmsubstitated azetidinones and their mansfor-
mations to a vauety of heterocyelic systems [24-26], such as
proline esters {27, 28], benzodiazepinones and thiazeli-
dimones {29], and pyrrolidnes [30]. In continuation of this
mterest, we have recently studied aza-Michael addition reac-
tions of 3-amino-2-azetidinones with different acetylenic
esters for the formation of 4-oxo-dihydro-1H-pyrroles via
tandem aza-Michae! additions and intramolecular amulic
ring-opening reactions {Fig: 1) [31]. Smce Michael additions
of functionalized azendin-2-ones. such as cis-3-hydroxy-

*Address comespondence to this author ar the Depastment of Chensical
Sciences. [ K Guyral Punjab Technical Unaversity. Kapurthale, Puajab,. 144
603, India; E-mil: ganwan@ phcac i

1570-1786/XX $65.00--.00

tious of 3-hydrony-2-azetidinones with acetylenic esters under different reaction cou-
i These limctenalized 1. 3, 4-msubstituied-arctidin-2-ones are useful
synthons for the synthesis of vanous heterocyclic compounds having diverse phasma-

organic
&
%‘
&

azetidin-2-cne®f32] with different Michael acceptors. can
provide access to 1, 3, 4-msubstit tidinone

b thonght worthwhile 1o explore the oxa-Michael
addds actions of ofs-3-hydroxy-1-arvi-4-styrylazetidin-2-

2

%gripi describes a simple methodology for the preparation of

\?; ith a vanety of acetylenic esters. The present manu-

metionalized 1. 3, 4 trisubstituted azefidin-2-ones vig oxa-

Michael addition reactions of functionalized 3-hydroxy-
azetidin-2-cnes with acetylenic esters,

2. RESULTS AND DISCUSSION

The starting cis-3-hydroxy-2-azeiidinones were synthe-
sized by [2+2] cycloaddition reactions of functionalized 1-
azadienes with scetoxyacetic acid in the presence of triethyi-
amne and p-TsCl (Scheme 1) according to the

Reported procedure [33-35]. foilowed by the hydrolysis
of crs-3-acetony-2-azetidivones using lithwin hydroxide m
THF/water {Scheme 1) [35] Then. oxa-Michael additon
reachvns of the cis-3-hvdroxy-2-azetidinonss {Ia-c) were
explored for the svnthesis of funclionalized !, 3, 4-
risubstituted-2-azetidinones. Tmtinlly, oxa-Michael addition
reactions with acetylenic esters, such as DMAD and methyl
propiolate. were optimized for best yields and selechivify,
The resuifs are presented m Table 1

The reactions of 1a-¢ with acetylenic esters 2 resulted in
the formation of oxa-Michael adducts 3, and the correspond-
mg  4-omo-5-(3-aryl-l-arvlaminoaliviid,  S-dibydro-1H-
furan-2, 3-dicarboxvlate esters (1) weie nol observed
(Scheme 2} The reaction of 1b with 2a gave better yields of
oxa-Michael adducts usmg NaH as a base The reaction did
not oecur i the absence of any base or by using weak bases,
such as K5C0;, NayCOs, efe. (Table 1, Entries 5-14). The

© XAXX Beathan Science Publishers
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bstract

e~ ewable concentrated solar-radiation (CSR) offered a promising en route for the development of practic

ighly efficient, scalable, catalyst free and solvent-free clean process leading to the synthesis of functionaliz
enz midazoles. Developed protocol has a very good substrate scope, involves mil

roducts obtained in good to excellent yields. Method presented the observations in Wh?Ch h‘ght‘ alodne i
fact tne remarkable changes with more than 85% energy saving and 75% less e e
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d reaction conditions a
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REYWORDS Abstract  The photocatalytic potential of chlorophyll has been investigated for the facile synthesis
Chiotophyll: of dihydropyrimidinanes ulilizing concentrated solar irradiation towards sustaim.lbic energy solu-
._.\Aﬁﬁllhydf-npyﬁmld;n-:i”ﬂ_ tions. This, one-pot, multicomponent Biginelli reaction. which involves a photoinduced electron
A transfer (PET) mechanism, affords 4 green and efficient approach for the transformation of the
Photochemscal reaction, commercial aldehydes, fi-keto ester and urea into valuabl

e J.4—dih-_vdmpyrimidin~3[IHHanca wit
improved reaction conditions allow the formution of 4
s with high vields and purity n a short duration of tim

Bizinelli reacton;
Concentrated solar radia-

ELERE

wide substrate scope and diversity. These
variety of substitnted dihydropyrimidinone
and mild reaction conditions.

2019 The Author(s). Published by Elsevier B.V. on behaif of King Saud University. This
aceess article under the CC BY-NC-ND hcense b o

?’%.;::1-1;:\;;;,_:.[4 clevtron 15 3% upen
LT 1) .

(hilp,  Cremivesomam s i | E S

¥ hodives T

———e el
i, istroduction Lnergy to the reaction centres 1o form bigger sugar molegyjes
from simple carbon dioxide and water through the

Mitiition
PRSI b compher migiral and abundant organic P of photoinduced electron transfer (PET) (Budin
Cas photostilys i green plams. 1t behaves s PR Hluminating photochemical svnthesis s greath mogy.
AT PRI E Pt 10y 1 preen plants thist transfers vitled by photosynthesis, one of the muost Gaptivating Nebairgpd
phenomena (a1 0 o0y Nei o b 2019) The Pertegy
harvesting of the soly heht and photoelectron tranter throg ey
“ i series of steps to the redox cemtres is the theme ol iy, phate.
i Rt synthesis (Dccnbioed iid Machied 19w g feimae o 4 i)
e K NG e o) bautading ol 1he photosyithesss gy the siulating ens O
: fothe key adea belinnd the e ok salar ey tor chemy
_ i tesesach i the photocitalyais {Hinam
Cha N i

i N
b Somwe ol the opeani vhe.
oviseble Bl for o ey

1 Pt bnie . X ///lgi—_
i T PAET L ST P TR Eiag S Elaghepagly.  «
= 4 4 “' e | £ HEE '

LR T2

y ) P i M Ham v 4!
bt Yy =
e ‘*ff%?mg by 1 bamvies

st dbed prlioton et vabaly s

" ) i 1 i_i;u}



Revised' 200 Avgast 2070 i Accepted. 27 Aupgust 2020

REVIEW
s bt—

$k
e

Wi LEY

Recent development in the synthesis of pyrrolin-4-ones/

Pyrrolin-3-ones
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Pyrrolin-4-ones/pyrrolin-3-ones and its derivatives are important heterocyclic
systems which are observed in vast variety of natural products, pharmaceuti-
cals, and biologically important compounds. Different researchers all across
the world have developed different synthetic methodologies for the construc-

tion of functionalized pyrrolin-4-ones/pyrrolin-3-one scaffolds such as the

verganiigrusd com

1 INTRODUCTION

Porrolin<d-ones pyrroi-3-ones are prevalent in a vast
arery of pharmaceutical active molecules, biologically

remcriant natural products. and a variety of vilal mate-

sale having immense applications.'” Functionalized
morroln 3 4-ones have received incredible attention, as
arieped Noheterocycles, in the development of various
wsecules having anticancer, antithrombotic, and anti-
. arial activiies© " The pyrrolin-d-ones are also valu-

mermediates in the development of functionalized

e 2re and other natural products. Pyrrol-3/4-ones

ot eeteruvely in natural products as fundamental

cpt ot wwrtul peslopical actvities (Figure 1).°"
Colterent  methads are reported in the literature
sisese 2y B vt conwenient synthesis of functionalized

CITeafn SO pYITGE S aanes guch as condensation of

ctionalized  amidines and 14 dazabutadiencs with

erlorn earers gnd diazo composnds, oy hzastion read

svatlable cranones, and metal catalyzed
Cycizatiun sl ammnoynones. which are

tass O fLaGEi
ftvamniesular

st tatet n the different sections of this review
Other diverss methods fur the synthesis of siuthstitutes
pyroits-bones are als Arsssed thoroughly in the pre
ahichs invslves dimerization ol enamudes,
pnpding ol a atkenoyl ketent

el revViIeA

ondanve L0 H 1t

transition-metal catalyzed/mediated cycloisomerizations of 1-aminoynones
and dimerization of enaminones or a-diazo-f-oxcamides etc. The present
review article summarizes various reports on the synthesis of various simple
| and functionalized pyrrolin-4-ones/pyrrolin-3-ones from 2000 onward.

N,S-acetals, reactions involving formyl-2H-azirines and
3-amino-2-azetidinones highlighting their various impor-
tant aspects of these reported protocols. As a whole, the
present review summarizes all such reports associated
with the developments pertaining to the synthesis of
functionalized pyrrolin-4-ones/pyrrol-3-ones, since 2000.

2 | CONDENSATION OF a-AMINO
ACID ESTERS WITH ALDEHYDES
L]

Smith IT et al have disclosed an effective, three-step iter-
ative solid support-based synthesis of polypyrrolinones
tor the formation of a wide variety of pyrroi'imme scaf-
folds such as monopyrrolinone [—-.]6 and bispyrrolinone
(=)-10 (Scheme 1™ The above methodology involves the
ir‘liliéll synthesis of Wang resin-bound amino ester 3 using
'Imc-nmtec.lcd AMINo acid {+)-2 via Mitsunobu reaction
Removal of the 'l"cm‘-pmlt*ctizm group (TBAF) followed
by condensation  of amino ‘cstcr obtained 4 Wwith
hydwocinnamaldehyde — (pheiy,op cpo)  providing
:’t::-lltlll:nm%md' llemnes;. lmines 5 un&ergn eyclization [©

wnetionalized pyrrolinones (Scheme 1), The above

synthetic me .
six G i"lal‘i:::tllmliqulug-" s further extended for the synthe
' yitolinane (- 07
e and retrapyerolinong (=
usttig o ifieg resim-houng . eirapyanlinG

mino esters. The vzonely™
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photodegradation of Rhodamine B under solar irradiation:
kinetic and mechanistic studies
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In this study, a novel sunlight-active ternary rnagnetic nano- Received 27 October 2020
photocatalyst GCNI (Nanozero valent Iron @ Graphene oxide and Accepted 6 January 2021
Chitosan support) was fabricated. This easily retrievable magnetic
nanocomposite was prepared by depositing NZVI (Nano Zero Valent
Iron, Fe®) over binary GO-CS in seven different compositions for its  photodegradation; ternary
best optimisation in the solar-light-promoted degradation of RhB. NC nanocomposite; Rhodamine
(Nano Composite) was characterised by SEM demonstrating their B; water remediation
surface morphology. Further characterisation and properties of NC

were also studied using XRD, FT-R, VSM and BET and EDS techni-

ques. The efficacy of the NC was investigated for the removal of RhB

in comparison to binary GO-CS and bare NZVI. GCNI 1:1:3 was found

to be the best suitable photocatalyst showing synergistic effect in

the photodegradation of RhB under given conditions of pH, concen-

tration and time. The mechanism of dye removal and degradation

was further discovered by UV-VIS and mass spectroscopy techniques.

FT-IR and XRD results of fresh and treated GCN! successively corro-

borated the mechanism. The sorption kinetics of RhB on to GCNI was

found to be described by the pseudo-second-order kinetic equation.

The parameters such as dye concentration, pH and the reaction time

are varied to understand the effective removal of RhB in wastewater.

The outcomes exhibited the highly efficient; up to 99.4% of dye ’
removal, easy magnetic separation of photocatalyst, excellent reusa-

bility up-to 87.5% till six consecutive cycles, synergistic effect in
aasorption and photo-degradation of dye. "’A\\

KEYWORDS
Magnetic nanocomposite;

1. Introduction

Organic synthertic dyes are well-known water pollutants,
plastic, leather tanning and food processing industry.
effluents from such industries causes water poliution [1
and carcinogenic in nature which also prove to be toxic t
Also undesitable change in the colour of water causes 3

as‘these dyes are used in textile,
Discharge of huge amount of
2]. These dyes are mutagenic
0 both human and aquatic life.
esthetic problem [3,4]. Various
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ABSTRACY

The manuscript describes an efficient, atom economical synthesis of
pynimidol4, 5-bl{1 Albenzodiazepin-4-ones by relatively unexplored
T-endo-tng Pictet-Spengler type cyclisations. The synthetic methdodl-
oav involves the svnthesis of different variants of S-arylidene-amino-
IH-pynmudines and therr p-toluene sulfonic acid mediated 7-endo-trig
Puctet-Spengler type cydlisations to afford biologically relavent func-
tenalized benzodiazepine condensed pyrimidinones such as pyri-
midoid,5-bil! dibenzodiazepines in good to excellent yields (82-94%).
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Picter-Spengler cvclizations are among the useful synthetic methodologies for the syn-
e of a variety of heterocycles.!"! There are ample reports on the synthesis of bio-

logscally  relevant

L4

heterocycles  using 5/6-endo-dig Pictet-Spengler
However, the reports on the synthesis of corresponding seven-membered heterocycles
“endo trig Pictet-Spengler cyclizations are still scarce in the literature.l”! Hence,

cyclisations.!"!

cploretion on atem economical  Pictet-Spengler cyclizations using appropriately

ANAL Y ey Whiateva Q (P RELE B FLEFR A R i}ciwd‘wﬁ!j-lf‘ﬂ(-mql'llnll COm
Sl bt Dwect oty Kapusttuda, Punpah 144604 vk

0 PPy g g8 o A Wl Ity

Weocan e o tegedd on the [‘}5!"']"-"1"[“1 website
1 w5,

Department of Chemical Huvn(é{fl K



YNTHETIC COMMUNICATIONS* Taylor & Francis
hittps://doi.org/10.1080/0039791 1.2021.1885718 Tavlor & Francis Group

SYNTHETIC COMMUNICATIONS REVIEWS iz

Recent developments in the synthesis of tricyclic
condensed pyrimidinones

Rayees Ahmad Naikoo®, Rupesh Kumar® @, Vipan Kumar®, and Gaurav Bhargava®

*Department of Chemical Sciences, IKG Punjab Technical University, Kapurthala, Punjab, India;
®Department of Chemistry, Guru Nanak Dev University, Amritsar, Punjab, India

 ARTICLE HISTORY
Received 7 January 2021

ionalized tricydlicpyrimidinones, a ¢ f condensed hetero
Fugfcﬁ systems, are found ;I"I niumer . ten fy active m i cul
?;vsng both innate as well as synthetic origin. Different researchers

world i m for t KEYWORDS

have explored different Wnﬂle?ic method§ for the -
across the of a iately functionalized tricyclicpyrimidinones. fondensgd pyrimidinones;
construction O iow article recapitulates various reports pertaining to t;segﬁpyr@.dingne&_
e Qreszgt f§; functionalized tricyclic pyrimidinones reported since cyclic pyrimidinones
substituted 3
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Characterization of minerals present in the agricultural Soil

[Vol. 15 (3), September-December, 2017]
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ABSTRACT : Clay samples separated from agricultural soil of Ahmadgarh, Faridkot and Zira of Punjab, India were selected for
systematic study. In this paper three samples of clay which were separated from soil of Punjab, India. Clay samples were
characterized by XRD to know different minerals present in them. Kaolinite. smectite. montmorillonite, illite were analyzed by XRD
which were further substantiated by FTTR and TG/DTA/TG A analysis.

Key words: Clay, FTIR, illite, Kaolinite, montomorillonite, texture, TG/DTA/TGA,, smectite, XRD, whole soil

Clay is an important component of soil system. The
tormation of clay minerals in the soil involves slow
processes which depend upon the weathering
environment and that is mainly controlled by climate and
drainage conditions of the landscape (konta 2005;
Emadadul, 2013). Depending upon the structure
developed in the course of soil formation different clay
minerals will exhibit different physical, chemical and
mechanical behaviors. Study of the clay minerals present
in soils is very important to know the role of clay minerals
in various soil processes. Due to their physical and
chemical properties like abundance, high specific surface
area, high layer charge, laminar morphology and
chemical reactivity with both neutral and charge species,
these are of greal importance to industry, agriculture and
the environment (Murray 1999; Hoidy et al., 2009; Njoka
et al., 2015). They are hydrated aluminum silicates with
very fine particle size. usually <2 mm (Moore and
Reynolds, 1989). Structurally, clay minerals consists of
two basic units, an octahedral sheet and a tetrahedral
sheet which is joined by sharing the apical oxygens or
hydroxyls to form the l:1 clay mineral layer e.g.,
kaolinite or the 2:1 clay mineral layer e.g. illite, smectite.
chlorite, vermiculite, gibbsite. The structure and
composition of the major clays. i.e. kaolins, smectites and
palygorskite-sepolite. are very different even though
they are each comprised of octahedral and tetrahedral
sheets as their basic building blocks. In this study. three
regions of Punjab namely Ahmadgarh, Faridkot and Zira
which are situated in different region of Punjab were
selected. Samples of soil from these three regions were

collected from agricultural ficlds. In the present
communication the clays have been separated from soil
collected from agriculture fields which has both organic
and inorganic components. These have been studied by
XRD, FTIR and TG/DTA/TGA. Clay samples used were
not commercial and were separated from soil of
agricultural fields of Punjab, India. Analytical studies of
clays of soil of Punjab have not been done earlier. The
objective of the present study is to identify the mineralogy
in samples of clay separated from agricultural soils of
different texture. This study will helpin identification of
clays and understanding of their interaction behaviour
with different chemicals used in agriculture.

MATERIALSAND METHODS

Three samples of whole soil were collected from
different agricultural fields of Ahmadgarh, Faridkot and
Zira. The soil samples were taken from the upper horizons
0-20 cm, air dried, crushed and passed through 2 mm
sieve and stored in plastic bags for analysis and lurther
treatment. The soil samples collected from Ahmadgarh,
Faridkot and Zira were designated code as AHM-S, FDK-
S and ZRA-S respectively. Texture analyses of the two
soil samples were done by Bouyoucos hydrometer
method (Bouyoucos, 1962). Clay was separated from
these three samples of whole soil by centrifugation
method (Tan, 1996) and was designated as AHM-C,
FDK-C and ZRA-C respectively. In order to identify the
minerals from clays after separation, different samples of
clay were analyzed by X-ray diffraction (X-ray
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Spectroscopic Characterization of Humic Acids Extracted From
Different Type of Soils of Punjab

Vandana Naithani*, Anirudh P. Singh and M.K. Nautiyal’
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The humic acids isolated from soils of different places of Punjab have been characterized by ultraviolet
visible (UV-VIS) and Fourier transforms infrared (FTIR) spectrophotometers. The texture and chemical
analyses of the whole soils were also carried out by X-ray fluorescence (XRF) spectroscopy. The molecular
weight of extracted humic acids was determined by colour ratio (E,,s/E.q) from absorbance values recorded
in UV-VIS region. The FTIR spectra revealed the presence of different functional groups of -COOH, -OH,
C-0. C=N, C-OH, erc. The texture and the chemical characteristics of the whole soils have been correlated
with their humic acids. It was observed that humic acids and soils of similar textures have almost identical

characteristics and molecular weights.

Key words: Humic acid. FTIR, UV-VIS. soil texture

Soil consists of inorganic components, organic matter
and living organisms. The inorganic components
consist of the minerals and clay. The organic matter
(OM) present in soils 1s a mixture of products formed
at decomposition stages, resulting from chemical and
biological degradation of plant and animal residues
and synthetic activity of microorganisms. The soil
organic matter has two components, humified (humic
acid, fulvic acid and humin) and non-humified
(carbohydrates, lipids, amino acids, nucleic acids and
lignin). Humic substances are the major constituents
of soils, and generally known as biclogically
refractory degradation components (Chefetz er al.
2002). The humic substances are dark-coloured
amorphous polymers. They are formed in the
environment with biomass constituents (Stevenson
1982). It is considered that humic substances initially
lose those components which are casily decomposed,
and thereafter condensation—polymerisation and
oxidative reactions take place which results in a more
stable structure (Kumada 1987). This process
corresponds to the progression of humification. and it
is identified on the basis of the degree of darkening
of colour of humic acids, alkali-soluble and acid-

*Corresponding author (Email: naithanivandana@email.com)
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insoluble fragtion (Watanabe and Takada 2006). These
substances are usually fractionated on the basis of
their solubility characteristics and the pH value of
solvents as well. The humic substances are non-
crystalline organic elements. They are composed with
40-60% carbon, 30-50% oxygen, 3-7% hydrogen, and
1-5% mitrogen. They consist of a very complex series
of carbon chains and ring structures, with numerous
chemically active functional groups like phenolic,
carboxylic and alcoholic hydroxyl. Martin et al.
(1998) characterized the humic substances extracted
from soils of varying climate and altitude. They found
the chemical and structural composition of humic
acids (HAs) and fulvic acids (FAs) are influenced by
climate and altitude of the region. The dominant effect
of annual rainfall and vegetation on the composition
of HAs and FAs has also been reported by Arshad
and Schnitzer (1989). They found that humic
substances of higher, wetter and cooler altitudes were
lesser humified than those extracted from lower, warm
and drier sites. At highest altitude, the nitrogen
contents in HAs from both cultivated and natural
forest soils were lowest perhaps due to accelerated
leaching during the rainy period (1417 cm annual
rainfall). Studies revealed that the characteristics of
humic substances like functional group, molecular
weights (Mukhopadhyay and Banerjee 1985) are too
influenced by cultivation and vegetation type.

Clay and sand sediments have many differing
physical and chemical characteristies,~and

T L g



Materials Chemistry and Physics 223 (2019) 319-324

Influence of microwave processing and sintering temperature on the
structure and properties of Sr/Zr doped hydroxyapatite
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HIGHLIGHTS

® Sr-Zr hydroxyapatite has been sintered by microwave and conventional methods.
® The lattice parameters increase with temperature during conventional sintering.
® Reverse trend for lattice parameters is observed during microwave sintering.

® Microwave sintered produets have higher density and hardness.

® Microwave sintered product at 1100 °C has a less percentage of secondary phase.

ARTICLE INFO ABSTRACT

Among the different cations that are substituted to modify the properties of calcium hydroxyapatite, Sr and Zr
have gained interest because of their effect on bone formation and mechanical properties, respectively. In the
present work, Sr and Zr substituted hydroxyapatite, CaazoZry1156y5(PO;)5(OH), are synthesized by conventional
and microwave sintering at different temperatures, The effect of different sintering techniques and temperatures
are investigated on the structural and morphological properties of as-synthesized samples. The X-ray diffraction
(XRD) and Fourler transform infrared spectroscopy (FT-IR) is used to study the variation in structural properties
and scanning electron microscopy (SEM) is used to investigate the morphology with the variation in sintering
conditions. The changes in lattice parameters clearly show that Sr and Zr are incorporated into hydroxyapatite
lattice. Microwave sintered samples retain the higher amount of hydroxyapatite and experience higher density
levels as compared to conventional sintering. As compared to conventional sintering, the grain size is more
uniform and low percentage of secondary phase is observed in microwave sintered sample.

Keywords:

Calcium hydroxyapatite
Microwave sintering
Conventional sintering
H-ray diffraction

1. Introduction

Increasing number of accidents, trauma, arthritis, and tumors have
increased the interest of the scientific community to find new bioma-
terials [1--3]. Many research groups are working for the development
and evaluation of new synthetic biomaterials for bone grafting. The
main challenge in biomaterial engineering is the quest to find a material
which has good biocompatibility, resorbability and mechanical strength
[4-6]. Many materials are tried and tested, but they are found in-
appropriate regarding the above-mentioned properties. The most ap-
propriate material to date is calcium hydroxyapatite (HA) [7-2]. HA is
considered as a better option as compared to other calcium phosphates

* Corresponding author.
** Corresponding author.
E-mail address: deanricptui@y

ail.com (AP, Singh).

hitps://doi.org/10,1016/j.matchemphys. 2018.09.086

due to its biocompatibility and osteoconductive properties. It also ex-
hibits excellent chemical and biclogical affinity with the bone tissue
[10]. HA is basically caleium hydroxyapatite which makes most’of the
mineral part of bone and tooth enamel. But its stability in vivo and low
mechanical strength as compared to bone has limited its use in load-
bearing applications [11,12]. To improve its mechanical properties,
many approaches like the addition of dopants and different synthe-
sizing routes have been investigated [13]. The best structural aspect of
HA is its ability to accommodate a great variety of cations and anions
while retaining its hexagonal structure. These substitutions can alter the
thermal stability, surface reactivity and biological properties of HA
[14-16].

=%
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Comparison of microwave and conventionally sintered manganese and
niobium doped lanthanum germanate based apatites by micro

Raman Spectroscopy
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HIGHLIGHTS

= Sintering of apatites have been done by conventional and microwave processing.

# The XRD revealed that the sintered products had single Phase hexagonal oxy apatite.
¢ Raman Spectroscopy revealed that monoclinic phase was also present in the apatites.

= Microwave sintered products had uniform grain growth and higher density.
» Microwave sintered products had higher hardness and conductivity value.

ARTICLE INFO ABSTRACT

Keywords:
Micro Raman spectroscopy
XRD

SEM and hardness

In this paper, the effect of microwave and conventional sintering on doping behaviour of Mn?* and Nb®* in
lanthanum germanate based apatite have been compared. The precursor of apatite has been prepared by mixed
oxide method and conventionally calcined at 1100°C for 6h. The resulting powders have been sintered by

microwave energy at 1400 °C for 30 min and by conventional heating 1400 °C for 4h. The products prepared
have been characterized by X-ray diffraction, scanning electron microscope, Micro Raman spectroscopy, and
Vicker's hardness and the results are compared. The apatites of similar compositions sintered by microwave
energy have higher density and hardness than the apatites sintered by electric heating.

1. Introduction

The ideal general formula of apatite is AjpMgO24Xo (A = alkaline
earth, rare earth; M — P, Si Ge) and (3 =OH, O and halide). Its appli-
cations ranging from biomaterial to electrolytes have been of interest
and therefore highly researched [1]. Hassan et al. have written a review
on microwave-assisted techniques for the synthesis of nano hydroxyl
apatite but they did not cover the sintering of hydroxyapatite [2].
Transparent hydroxyapatite was prepared first time in the Microwave
Processing & Engineering Center of Material Research Institute, Penn
State by the group of Agrawal. They had used fine crystalline material
prepared by hydrothermal process and microwave sintering of the fine
powder at 1150 °C within 5 min of soaking time [2--5]. In another work,

* Corresponding author.
** Corresponding author.
E-mail address: desnricéptu ac.in (AP, Singh).

hitepsy/ Sdororg/10.1016/. matchempliys.2019:122040

the group used microwave processing in the preparation of HAP/ZrO,
composites to avoid loss of calcium phosphate. They could prepare
HAP/ZrO, by microwave processing at the lemperature as low as
1200 “C within 20 min of sintering time. Conventionally HAP/ZrO, was
prepared at 1200 °C in 240 min which led to the loss of calcium phos-
phate [6]. The sintering of hydroxyapatite to be used as a biomaterial
has been reported by the group of Singh [7].

In the year 1995, Nakayama et al. investigated lanthanum silicate-
based apatites La;g(Si04)03, (Ln = La, Nd, Sm, Gd, Dy, Y, Ho, Er and
¥b) for its applications as an ionic conductor [8] and later lanthanum
germanates was also studied for the applications as ionie conductors [9]
to be used at intermediate temperature in the solid oxide fuel cells
(SOFC). Since the Lag 33..2./(5i/Ge)gO25 -« apatites have a conductivity

— Ll
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Abstract

Due to industrialization, there is increased disposal of pollutants such as heavy metals, various types
of organic and inorganic compounds into the environment. These toXic pollutants affect soil, surface
water, and ground water which can cause serious risks to health of human beings. Many physico-
chemical processes such as screening, coagulation, activated carbon treatment, ion-exchange,
electrodialysis, trickling filteration, reverse osmosis and activated sludge digestion have been used
for the treatment of polluted water. But all these methods involve high energy and large capital
investments. Therefore, phytoremediation has been employed successfully to clean up pollution
which is emerging technology. In this paper, the Phytoremediation of Pulp and Paper Mill Effluent
using Salvinia molesta has been assessed in terms of reduction in pH, EC,BOD, COD, TS,TSS and TDS
and compared the results with nanoparticles inclusive phytoremediation. The effluent has been
treated for 45 days. All parameters exhibited exponential decrease from the start up to 45 days and
thereafter showed negligible decrease till the termination of the experiment. The proposed
nanoparticles inclusive phytoremediation 1aethod can be profitably employed for the abatement of
pollution from industrial waste water.

Keywords: Phytoremediation, Pulp And Paper Mill Effluent, Salvinia molesta, Silver Nanoparticles.
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Introduction
Pulp and paper industry is the major industry of our country. It cosumes a large amount of water [1].
The ministry of environment and forest,Government of India has categorized the pulp and paper
industry as one of the twenty most polluting industries[2]. Approximately 75 to 95% of total pollution
load is contributed by small paper mills. The discharged effluents contain organic, inorganic
pollutants and colouring materials. These chemicals may affect soil and in turn the growth and
development of plants[3]. Marwaha et al reported that the pulp and paper industry waste water
might cause oxygen deficiency, acute toxicity, eutrophication in recipient waste water bodies[4].
Various investigators had studied the effect of paper mill effluent on various crops [5-8]. There is
decline in germination of rice seeds and seedling growth with paper mill effluent treatment in
comparison to control[10]. Rajannan and Oblismai [11] reported that the germination of rice, black
gram and tomato seeds was effected by paper mill effluent. However, the diluted form of effluent (25
and 50%) enhance the growth.

Pulp and paper mill effluents contain heavy metals and other organic
toxicants which are hazardous to the environment[12]. Studies on assessment of Phytoremediation
potential of water hyacinth and Trapa bispinosk of pulp and paper mill waste water have been carried

338 | Received: 5 July Revised: 13 July Accepted: 22 July
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Effect of microwave and conventional processing techniques on mechanical
properties of Strontium substituted hydroxyapatite
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ARTICLEINFO ABSTRACT

Keywords:
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The effect of different sintering routes: conventional and microwave sintering along with different sinteri
temperatures has been studied on Sr-doped hydroxyapatite bioceramics. The physical and mechanical properties
of different samples synthesized at different sintering temperatures and sintering techniques have been eval-
uated by X-ray diffraction (XRD), Raman spectroscopy, Fourier transform infrared spectroscopy (FT-IR), scan-
ning electron microscopy and microhardness. X-ray diffraction studies showed that microwave sintering sup-

presses the formation of secondary phases. The density, grain size along with microhardness was higher for
samples sintered by microwave processing as compared to samples sintered by conventional technigue. The
results from different characterization techniques show that microwave sintering technique is not only efficient
in terms of energy-saving and time reduction but also improves the formation of phases and mechanical

properties.

1. Introduction

Biomaterials are those materials which are meant to interact with
biological systems and are used in medical devices [1]. Advancements
in biomaterials have significantly increased the lifetime of patients
suffering from trauma, injuries, large bone defects, and osteoporosis.
But, still, enhancements are required to improve the physicochemical
and biological properties of biomaterials to mimic the natural bone
[2,3].

For implantation and other orthopedic issues, Bioceramics are
widely accepted due to their useful properties like non-toxicity and
excellent biocompatibility [4]. Among different bioceramics, calcium
phosphate-based bioceramics constitute a great promise for bone tissue
engineering as they resemble the mammalian bone and teeth [3].
Single-phase hydroxyapatite (HA) or biphasic calcium phosphate (BCP)
comprising B-tricalcium phosphate (TCP) is an interesting candidate for
synthetic bone substitution applications [6,7]. Hydroxyapatite provides
a scaffold for osteoconduction and B- TCP oversaturates the local en-
wironment with Ca®" and POs*~ ions to speed up the new bone for-
mation [8]. HA/B-TCP ratio predicts the extent and rate in vivo re-
sorption of biphasic calcium phosphate, higher B-TCP content allows
rapid and substantial resorption [9]. However, the solubility of HAp is

* Corresponding author.
E-mail address: deannicptu@smaib.oom (A.P. Singh),
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0272-8842/ © 2019 Published by Elsevier Ltd.

poor as compared to other bioceramics which affect the rate of biode-
gradation in vivo and increases patient’s rehabilitation time [10]. The
solubility of bioceramies is affected by chemical compesition, crystal-
linity, particle size, surface area, pore size, density/porosity and extent
of ionic substitution in HAp lattice [11-13], To improve the mentioned
properties, several methods like variation of sintering techniques and
temperature, granule size, and electrical polarity have been proposed
[14]. Besides these methods, ionic substitution is also considered to
improve the solubility of HAp and hence osteoconductivity [15].

The biological apatite contains trace ions like Na*, sr**, Mg?",
Zn**, 8i04*~, SO,%~, F ete. and is non -stoichiometric [16]. These
ions play a vital role in bone metabolism. But, synthetic hydroxyapatite
is stoichiometric and deficient of these ions which make it a poor bone
repair material [17]. But, the properties of synthetic hydroxyapatite can
be improved by ionic substitution. After ionic substitution, HAp more
closely mimics the biological HAp [£8]. From the above-mentioned
ions, Sr** ion helps to maintain the balance between the bone forma-
tion and resorption process in vive and low dosage of Sr°* helps in
increasing bone mass and volume. It also accelerates the osteogenic
differentiation of mesenchymal stem cells and enhances the function-
ality of osteoblasts [19].

Synthesis of hydroxyapatite has been reported by several different
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Twenty five Jatropha curcas genotypes coil ﬁmn the footlulls of Selection fﬂf Number of Primary
the Shivalik range of the Himala elt ¢ Ta ant, Number of Secondary
grown in Ragdomized BI __Destgn with thref; rc;w tions at .bramhc#?m ------ collar  diameter,
Medicinal Plant Research and Development Centre, G. B. F seeds/fruit and __10(!\_..\56%1-- weight would
University of Agriculture and Technology, Pantnagar, Umkmné and result in some improvement in yield.
evaluated for 8 characters. The genotypes showed significant Thus,: the ideotype to achieve high yield
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Introduction

Jatropha curcas Linn. (Physic nut or Ratanjot) is a crop tree-borne oil seed crop. It is native to Tropical America and
belongs to family Euphorbiaceae. Global increase in demand for renewable energy to combat the greenhouse effect
and rapid depletion of ozone layer as a result of discharge of harmful gases into the environment, couple with the
depletion of reserved fossil fuel has mandated the use of biomass energy feedstock for sustainable production of
biofuel. Biofuel has been known to be a good alternative to fossil fuel due to its cheap, sustainable and environmental
friendly properties [ 1]. This newly introduced crop which grows abundantly in wild and abandoned land has its seed
and oil yield unpredictable especially in tropical climate. Favorable environmental conditions that affectsits
production has yet to be known [2] and [3]. In spite of the great potentials and attributes of Jatropha as a biodiesel
crop, the full potentials of Jatropha have not been realized. One of the reasons for this, apart from the agronomic,
social economic and institutional constraints is the facts that there is presently no planned rational conventional
breeding and genetic programs. [4] reported that, for the fact that Jatropha has adapted itself to wide range of
environmental and ecological conditions suggests that, there exists considerable amount of genetic diversity yet to be
detected for potential realization. [5] reported variability observed in J. curcas in Central India which was mainly
limited to seed source variation in morphology, germination and seedling growth. [6] have reported divergence in
seed oil traits of J. curcas from a limited number of locally collected accessions. Since heritability estimate in
perennial plants decrease with age because of compounded environmental effects masking genotypic differences,
there is an urgent need for the knowledge of these estimates in the progenies.

However, one of the limitations to this conventional breeding programme work is the wide genetic diversity,
which has to be evaluated before selection of suitable accessions could be possible. Also breeding of high yielding
variety is not possible without knowing the extent of variation that exists among the available germplasm in India, the
growth, yield and extent of environmental influence on these factors, heritability and genetic gain of the material.

Chem Sci Rev Lett 2019, 8(29), 11-15 //5/_' Article CS042049082 L1
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HIGHLIGHTS

® In this paper, apatites have been prepared by microwave heating as well as conventional heating.

® The single phase of the apatite could be prepared at 1100 °C within 1 h by microwave heating,

® By the conventional heating, the single phase of the apatite could not be prepared at 1100 °C within 1 h,

® The grain growth in the microwave sintered products was more uniform than the conventionally sintered products.
® The density of the sintered products was as high as 96% of the theoretical density.
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The paper reported calcination and sintering of apatites of compesitions LagGe; <Nby=0s65 and
Lag sGes sMng 5026 using microwave energy for the first time from the precursor prepared by the mixed oxide
method. The calcination was done conventionally under an identical condition to compare the results. The single
phase of Lag sGes sNby 5026 5 and Lag sGes sMng <044 could be obtained by microwave processing at temperature
1100°C within 1h. But the single phase of aprites could not be prepared by conventional heating under the

identical conditions. The calcined powder obtained by microwave heating was sintered by microwave heating as
well as conventional heating. The products obrained were characterized by XRD and SEM. It was observed that
the microwave sintered products had higher density and uniform microstructure eompared to the sintered
products obtained by the conventional heating,

1. Introduction

Yttria-stabilized zirconia (YSZ) exhibits high oxygen ion con-
ductivity at high temperatures in the range of 8501000 °C. Therefore,
YSZ is used as an electrolyte in SOFC. Since YSZ shows appreciable
conductivity only at elevated temperature consequently, the operation
of SOFC causes problems related to the degradation of materials and
mechanical and chemical compatibility in oxidizing and reducing at-
mospheres [1]. Many other oxide electrolytes are heing studied to lower
the operating temperature of the SOFC. Some of the oxide ion con-
ductors are fluorite, perovskite, pyrochlore, brownmillerite, and apatite
[2-7]. Lanthanum oxide, due to its multivalent valence state, is used as
a catalyst, photocatalyst [5,9], and in the fabrication of supercapacitor
[19]. Lanthanum has also attracted attention because lanthanum doped
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hydroxyapatite has improved performance as dental implants in os-
teoporotic cases [11]. Further, lanthanum-based apatite, Lnjo.
x815026 = y (Ln = La) (LSA), has found its application as an electro-
lyte in the intermediate temperature solid oxide fuel cell (IT-SGFC)
because of its higher conductivity (of the order of 107 % Sem ™) at
5007C which is higher than that of YSZ at an intermediate temperature
[12-16]. Lanthanum silicate based apatite requires higher sintering
temperature which is usually higher than 1700 °C and a long soaking
time of more than 4 h before they can be used as an electrolyte in SOFCs
[17]. The substitution of Si ions by Ge ions has been found to decrease
sintering temperature and improve electrical conductivity [18,19] at
the intermediate temperature. But during the preparation of lanthanum
germanate based electrolyte, the GeO, gets evaporated at a higher
temperature which changes the La/Ge stoichiometric ratio resulting in
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such as norepinephrine hydrochloride (NE) and serotonin hydrochloride (5-HT) with twin tailed sutfac-
tant sodium bis(2-ethylhexyl}sulfosuccinate (AOT). Spectroscopic and electrochemical measurements
combined with microcalorimetric measurements were used to characterize the interactions between
AOT and NTs. Meteoric modifications to emission profile and absorption spectra of NTs upon addition
of AOT are indicative of the binding of NTs with AOT. Distinct interactional states such as formation of
ion-pairs, induced and regular micelles with adsorbed NTs molecules have been observed in different
concentration regimes of AOT. The formation of jon-pairs {rom oppositely charged NTs and AQT is con-
firmed by the reduced absorbance, quenched fluorescence intensity and decrease in peak current (1pa) as
well as shifts in peak potential (Eg,) values. The stoichiometry and formation of the NTs—AOT complexes
has been judged and the extent of interactions is quantitatively discussed in terms of binding constant (K}
and free energy of binding (AG®). The enthalpy (AH® i) and free energy of micellization { AG® ;) for AOT
in presence and absence of NTs are determined from the enthalpy curves.

@ 2016 Elsevier Inc. All rights reserved.
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Mental health issues are now more common in our society and
is in the throes of a virtual epidemic of depression whose numbers

Eoniotl adaets rakust ] are quite staggering. Major depressive disorder (MDD) is a
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Biamphiphilic lonic Liquids-Drug Mixtures: Interactional

and Morphological Aspects
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Introduction

Chlorpromazine hydrochloride (CPZ) the nitrogen-containing
heterocyclic drug, belongs to phenothiazine family. The CPZ
widely used as psychopharmacological agent, as a peripheral
vasodilator, tranquilizer, to control aggression, anxiety, tension,
excitement and psychometor disturbances in patients suffering
from schizophrenia."* However, CPZ has some minor side
effects such as movement problems, sleepiness, and low blood
pressure upon standing and dry mouth. Along with minor side
effects, the major side effects of CPZ are, permanent movement
disorder, neuroleptic malignant syndrome and low level of
white blood cells.*” The amphiphilicity of CPZ is essentially
governed by hydrophobic tricyclic ring linked to hydrophilic
portion propyl chain having charged amino group which make
them good enough molecules to bind membrane systems
causing disruption and solubilization, similar to surfactants.®”
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Due to its amphiphilicity, CPZ forms micelles in solution which
would have an effect on the nature of its interactions in
biological systems, A delicate balance lies between the
stabilization of amphiphiles by micelle formation and the
degree of steric. repulsion that is encountered.®” This balance
manifests itself in the size and shape of the micelle. CPZ is
often regarded as a model drug for the investigation of
interactions between drugs and biological or model mem-
branes. Phenothiazine drugs aggregate in a micelle-like manner
with the value of N, (aggregation number) being of the order
of 6 to 157" The binding of CPZ with membranes is an issue
of major concern because it depicts the mechanism of drug
action. In organisms the pharmacodynamics mechanism in-
volves the interactions of small amount of drug with large
amount of biomacromolecules or biomembranes. Thus, the
amphiphilic drugs are beneficial for understanding the associa-
tion between molecular architecture and the physicochemical
properties. The biological activity of CPZ is the consequence of
its binding with biological molecules, > =

In pharmacy, the interactions between drugs and surfac-
tants are important as the undesirable side effects of drugs can
be eliminated when the drugs are used along with surfactants
as mixed micelles."* Surfactants molecules mimic the complex
biomembrane environments due to their surface and structural
properties. The importance of drug + surfactant interactions
based on the fact that an extreme amount of medication
causes excess stimulation and psychotic illness.”'™ Conse-
quently, targeted drug delivery in body organs is compulsory,
Moreover the oppositely charged drug + surfactant mixed
system possess great synergism and have been shown to form
various molecular assemblies such as, spherical micelles, rods,
worm like micelles, bilayer, vesicles, ribbons disks etc."”-'®

There are number of reports published based on the
interactions of drugs with surfactants.”"*** Ghosh et dl have
investigated the interactions of common nonsteroidal anti-
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