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ABSTRACT: A novel KPFg-promoted green method has been o RINH, o Rl

developed for the synthesis of esters and amides. A wide range of RJ‘NHR' e — HJ'LQH-
5 a 5 KPFg (0.5 equiv) R H  KPFg (0.5 equiv)

carboxylic acids and alcohols or amines worked well under the 14 yampies 130°C. 12 h 130°C,12h 34 sxamples

developed reaction conditions, thus providing good to excellent  ield up to 88%
(61—-98%) yields of the corresponding esters and amides. The
method worked well with bicactive substrates such as cholesterol,
levulinic acid, and linoleic acid. Wide substrate scope, operational simplicity, scalability, and sustainability make this protocol a

practical and economically attractive approach for the preparation of ester and amides.

Yield up to 98%,
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Bulky Selenium Ligand Stabilized Trans-Palladium Dichloride
Complexes as Catalyst for Silver-Free Decarboxylative Coupling of
Coumarin-3-Carboxylic Acids

Neha Meena,® Sunil Kumar,® Vikki N. Shinde,” S. Rajagopala Reddy,® Himanshi,™’
Nattamai Bhuvanesh,” Anil Kumar,*® and Hemant Joshi*™’

-

Abstract: This report describes the synthesis of three new
trans-palladium dichloride complexes of bulky selenium
ligands. These complexes possess a CHPd—Cl rotor spoke

through CHPd-Cl rotor. The complex C3 possesses dual
intramolecular secondary interactions (OCH~Cl and
SeCH,—Cl) with stator ligand. Molecular rotor C2 was found

attached to a Se—Pd—>5e axle. The new ligands and palladium
complexes (C1-C3) were characterized with the help of NMR,
HRMS, UV-Vis., IR, and elemental analysis. The single-crystal
structure of metal complex C2 confirmed a square planar
geometry of complex with frans-orientation. The X-ray
structure revealed intramolecular secondary interactions
(SeCH-CI) between chlorine of PdCl, and CH, proton of
selenium ligand. Variable-temperature NMR data shows
coalescence of diastereotopic protons, which indicates pyr-
amidal inversion of selenium atom at elevated temperature.
The relaxed potential energy scan of C2 suggests a rotational
barrier of ~12.5 kcal/mol for rotation of chlorine atom

N

to be a most efficient catalyst for the decarboxylative Heck-
coupling under mild reaction conditions. The protocol is
applicable to a broad range of substrates with large func-
tional group tolerance and low catalyst loading (2.5 mol%).
The mechanism of decarboxylative Heck-coupling reaction
was investigated through experimental and computational
studies. Importantly the reaction works under silver-free
conditions which reduces the cost of overall protocol
Further, the catalyst also worked for decarboxylative arylation
and decarboxylative Suzuki-Miyaura coupling reactions with
good yields of the coupled products.
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Copper-Catalyzed One-Pot, Three-Component Synthesis of

Imidazo[1,2-clquinazolines and Benzimidazo[1,2-c]

quinazolines

Nitesh K. Nandwana,™ ® Bhawani,” Vikki N. Shinde,”™ and Anil Kumar*®

Dedicated to Prof. SMS Chauhan on his 70" birthday.

A highly efficient copper-catalyzed three component, one-pot
reaction has been described for the synthesis of imidazo[1,2c]
guinazolines and benzimidozo[1,2-cJquinazolines from 2-(2-
bromophenyl)-1H-imidazoles/benzimidazoles using benzyl al-
cohol or benzylamine as benzaldehyde surrogate and sodium
azide as nitrogen source. Various functional groups were well
tolerated and desired products were obtained in moderate to

]O (]'mr Joiernal of Ovgasiic Chesnistry

good yields. The reaction involves copper-catalyzed sequential
azidation of 2-(2-bromophenyl}-1H-imidazoles/benzimidazoles
through 5,Ar reaction and reductive amination followed by
oxidative condensation with benzyl alcohols or benzylamines.
The significant practical advantages of the protocol are
utilization of the readily accessible simple substrates, broad
substrate scope, and ligand-free reaction conditions.
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TEMPO-Mediated Synthesis of Indolyl/Imidazo[1,2-a]pyridinyl-
Substituted para-Quinone Methides from Butylated Hydroxytoluene
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» Acidibase-free and metal-free conditions
= High yield and good functional group talerance

Yiald upto 85%

Yield upte B1%

ABSTRACT: A series of indolyl or imidazo[1,2-a]pyridingl-substituted pani-quinone methides (p-QMs) is prepared by a metal-
free, TEMPO-mediated oss-dehydrogenative coupling of butylated hydroxytoluene (BHT) with indoles or imidazof 1,2-
apyridines in good to high yvields Broad substrate scope with respedt to indoles and imidaza[1,2-a]pyridines, good functona group
tolerance, and add/base-free conditions are advantageous feature of the developed protoool. The method was amenable for scale-up
on the gram scale. Based on control experiments, a reaction mechanism is proposed to describe this tramsformation
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Bond Functionalization of 3-Arylcoumarins: Synthesis of Bioactive
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ABSTRACT: A palladium-catalyzed highly regioselective orthe- :
selective C—H functionalization of 3-arylcoumarins has been PﬂfOAJ:]zﬁUml%] R R‘ :
developed. The method utilizes the weakly coordinating lactone as TKS,05 (2equ] 0 i

a directing group. The versatility of the strategy is highlighted by FCORECLE,  55examples Coumestan derivalives
developing methodologies for alkenylation, halogenation, fluo- €8 = OH OCHCF,  upto96% yield Uag;sn;?y?ud
roalkoxylation, and hydroxylation. Different functional groups were Broad subsirate scope  ® Excellent functional group lolerance d

well tolerated, and functionalized coumarins were obtained in

moderate to high yields. The method also showed good selectivity for monofunctionalization versus difunctionalization. The
generated ortho-hydroxy derivatives were cyclized in the presence of DDQ, thus developing a simple and fast method for the
synthesis of bioactive coumestan from 3-arylcoumarins.
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M) Check for updates | Switchable regioselective hydroalkylation of
i . . ..
2-arylindoles with maleimidest

Cite this: Org. Biomol Chem, 2021,

e Dhananjay S. Nipate, 1 Vikki N. Shinde,1* Krishnan Rangan® and Anil Kumar @+
A condition-based switchable regioselective hydroalkylation of 2-arylindoles with maleimides has been
developed. The reaction in the presence of a Ruli)-catalyst resulted in hydroalkylation at the ortho-
Received 8th April 2021, position of the C2-aryl ring wa C—H activation whereas the reaction inthe absence of the catalyst in TFE
Accepted 4th May 2021 resulted in C3-hydroalkylation. Various functional groups both on the indole ring and on the 2-phenyl
DOI: 10.1033/d10500630h ring were tolerated and a wide range of hydroalkylated products were obtained in moderate to high

rcliobe (37-88%) yields.
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TEMPO-Mediated Cross-Dehydrogenative Coupling of Indoles and
Imidazo[1,2-a]pyridines with Fluorinated Alcohols

Dhananjay S. Nipate,§ Sonam Jaspal,§ Vikki N. Shinde, Krishnan Rangan, and Anil Kumar*

Cite This: Org. Lett. 2021, 23, 1373-1377 I: IRead Online

ACCESS I [ihl Metrics & More I Article Recommendations | @ supporting Information

HO, FF3 m_ R HO, GF3

ROR | R DEN r!
S = “
“"@:é? % T = :rP_N "o
= N - C—FS/L‘R" —_— sy Ar
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30 examples 150%C, 24 h 120°C, 36 h 20 examples
Yield: 49-91% Cross-dehydrogenalive coupling (COC) Yield: 47-81%

Through alpha C-centered radical
Mefal frrn, radical mechanism

ABSTRACT: A simple and highly efficient metal-free method has been developed for hydroxyfluorcalkylation of indoles and
imidazo[1,2-a]pyridines via TEMPO-mediated C(sp*)—H and C(sp®)—H bond cross-dehydrogenative coupling of fluorinated
alcohols and indoles. The protocol showed broad substrate scope, afforded good yields of hydroxyfluoroalkylated products, and was
amenable for scale-up. Mechanistic investigation indicated involvement of the radical pathway.
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Rhodium(lll)-Catalyzed Dehydrogenative Annulation and
Spirocyclization of 2-Arylindoles and 2-(1H-Pyrazol-1-yl)-1H-indoles
with Maleimides: A Facile Access to Isogranulatimide Alkaloid
Analogues

Vikki N. Shinde, Krishnan Rangan, Dalip Kumar, and Anil Kumar®
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ABSTRACT: A Rh(Ill)-catalyzed dehydrogenative annulation e P 5
and spirocyclization of 2-arylindoles and 2-(1H-pyrazol-1-yl)-1H- m m—@ Oy M0
indole with maleimides is described. The cascade protocol r;h A & o

provided highly functionalized benzo[a]pyrrolo[3,4-c]carbazole- s —a— Oﬁ?"a &

H
H

1,3(2H,8H)-diones and spiro[isoindolo(2,1-a]indole-6,3"-pyrroli- — @n—’“’j ¢ A
dine]-2',5'-diones in good to excellent. The developed reaction B1.81% yinlds §ow B £3.07% yiolda
methodology exhibited broad substrate scope with good functional E R " :::;:;«::::;ﬂs;:::llm
group tolerance and is operationally simple and scalable. e o % _h_ a ;umefun::nn:lqrwp:ularanca
Photophysical properties of the annulated products were f‘ﬂ%ut“ﬁ ﬁrztj n.":ii'.”.'_f‘l’":ﬂf::f..h...d.
investigated. The annulated product of 2-(1H-pyrazol-1-yl)-1H- Sy N l\ﬁ“‘ﬂ o R ERc sy Sl e S

indole showed high absorption and emission values with a large Eogranulitimide snalogue T SRAME IS, 4TEE% yields

red-shift as compared to that of 2-phenylindole.
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Abstract: Rhodasm{lll}-catalyzed dehydrogenative annulation of 2-
aryl-imidazof1_2-aJpyridines  with maleimides is described. The
reaction afforded 1H-benzole]pyrido[1°.2":1,2lmidazc{4, S-gisoindoks-
1.3(2H}-diones in high yields with wide range of functional group
tolerance. The reaction procaeds throwgh Rh(lll}-catalyzed C-H bond
activation, followed by maleimide insertion and inbremolscular
cyclization. P hotophysical properties of iH-
benzo[elpyridof1°,2™1,2limidazof4.5-gjisoindole-1_3(2H-dicnes were
stwdied with LI'V-wisible and flucrescence spectroscopy and validated
by quantum chemical calculations. All the annulated products showed
large Stokes shift values with emission in the range of 530-818 nm,
and moderate to high guarmtum yields_

Keywords: Imidazo[ 1. 2-3)pyridine, amnulation, rhodium. DFT,
photophysical property
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amnulative coupling of 2-arylimidazol1.2-ajpyridines  with
diarylslkymes S Later, Fan group reported palladium catalyzed
amnulaticn of Z-arylimidazol 1, 2-alpyridines with diandalkynes to
chiain a mixture of 5S.68-diaryinaphtfeo]1”.2%4 5limidazof1,2-
Slpyridines and 2.3 4-triarylimida=o[5. 1. 2-cd]indolizines (Scheme
1a).2 Cheng and Song groups independently developed the
protocol o aoccess naphtho]1',2%4, 5)-imidazo] 1, 2-a]pyridines.
invohdng Rhilll-cataly=ed oeddative anmulaticn aof 2-
arylimidazo[1, 2-slpyridines and alkynes £ Li group developed a
condition controlled synthesis of maphtho17.2%4, 5]imida=zc{1,2-
glpyridimes and fused isoquinolimium derivatives by Rh(lll)-
catalyze=d annulation of 2-ardimidazo[ 1, 2-a]pyridines with alkynes
{Scheme 1b).2L Zheng and coworkers utilized a Rhilll}-cataly=ed
[+ + 2] type cxidative coupling between sulfomonium ylides and 2-
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Metal-free benzoylation of imidazoheterocycles
by oxidative decarboxylation of arylglyoxylic

Sonam Jaspal,” Vikki N. Shinde,” Neha Meena® Dhananjay S. Nipate,®
Krishnan Rangan® and Anil Kumar @ *

A simple and straightforward approach has been realized for the direct benzoylation of imidazohetero-

cycles by oxidative decarboxylation of arylglyoxylic acids in the presence of K505 as an oxidant. Various

Received Gth September 2020,
Accepted 15th October 2020

DOI: 10.1035/d0ob01842b

rselifobe scale-up reaction.

functional groups were tolerated on both imidazoheterocycles and arylglyoxylic acids and a wide range of
C5-benzoyl-imidazoheterocycles were obtained in good to high yields (50-84%). Radical trapping
experiments confirmed the involvernent of the radical pathway. The developed protocol is amenable for a
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KOH-mediated intramolecular amidation and sulfenylation: A direct
approach to access 3-(arylthio)imidazo[1,2-a]pyridin-2-ols
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A simple and facile method for the syathesis of 34 arylthiolimidazo[1,2-a|pyridin-2-o0ls has been
developed by a KOH-mediated reaction of 2-aminopyridinium bromides with aryl thiols. The method
afforded a wide range of 3-{arylthio}imidazo| 12-a|pyridin-2-0k in moderate to excellent (56-95%)
yiclds with excellent functional group tolerance, Synthetic utility of the protocol was demonstrated by
gram-scale reaction and preparation of 2-aryl-3-{p-tolylthio)imidazo[1,2-a jpyridines from 3-p-tolylthio)
imidazo| 1.2-a]pyridin-2-ol.

© 2020 Elsevier Ltd. All rights reserved.
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This report describes the synthesis of a new class of secondary
interaction (SeCH. - -Cll-controlled molecular rotor having a Cl-Pd—Cl
rotor spoke attached onto a Se—Pd—Se axle. NMR data acquired at
various temperatures established AGhogw/AGEsok values of 15.5 and
17.2 keal mol * for a roughly 4.5 A-long rotor. The molecular rotor
showed excellent catalytic activity with reverse regioselectivity for
annulation of 2-arylimidazoll,2-alpyridines (yields: ~53-78%) with
only 1.5 mol¥% catalyst loading.

A selenium-coordinated palladium(i)
trans-dichloride molecular rotor as a catalyst for
site-selective annulation of 2-arylimidazol[1,2-

Neha Meena,” Shobha Sharma,” Ramprasad Bhatt,” Vikki N. Shinde,”
Anurag Prakash Sunr:!a,'.’.":.'C Nattamai Bhuvanesh,® Anil Kumar@*‘a and

molecules.” The Garcia-Garibay, Setaka, and Gladysz groups
have explored molecular rotors in depth.

Triptycene rotors are among the very first extensively studied
solution-state molecular rotors.” The shape, size and symmetry
of the rotor unit significantly influence the rotor movement.
Modern molecular machines have undergone careful design
modifications to achieve rotor mobility in the solid state.” With
respect to design, mostly all of the stator units are large organic
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ABSTRACT: Phenyliodine(lll) diacetate -mediated 1,2-ipso-migration of an imidazo[1,2-a]pyridine ring via the formation of an
aziridine intermediate in Mannich bases derived from imidazo[1,2-a] pyridines 2-pyridylamines or arylamines, and formaldehyde is
reported The imidazo| 1,2-a]pyridines bearing different substituents showed excellent migratory aptitnde and resulted in
corresponding  N-acetcymethyl-, N-alkoxymethyl, and N-hydroxymethyl N-arplimidazo 1,22 |pyridine-3-amine  derivatives in
moderate to excellent (42 examples; 35—93%) yields. Radical trapping experiments confimned the involvement of a non-radical
intermediate. The developed protocol is amenable for a scale-up reaction, and synthetic utility of N-acetoxymethyl products was
demonstrated by tmnsforming them to corresponding W-(pyridin-2-yl)imidazo] 1,2-a) pyridin-3-amines.
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[ n-Expanded Heterocycles

Synthesis of m-Expanded Azole-Fused Imidazo[1,2-a]lpyridine
Derivatives and their Photophysical Properties

Nitesh Kumar Nandwana,™@ Shiv Dhiman,@! Vikki N. Shinde,?! Uwe Beifuss,®’ and
Anil Kumar*®!

Abstract: A Highly efficient copper-catalyzed one-pot sequen-
tial approach has been developed for the synthesis of azole-
fused imidazo[1,2-a]pyridines with 2-(2-bromophenyl)imidazo-
[1,2-a]pyridine-3-carbaldehydes as substrates. The one-pot ap-
proach involved a sequential imidazole/benzimidazole forma-
tion followed by a copper-catalyzed intramolecular Ullmann
type C-N coupling. The method tolerated a variety of functional
groups and offered the desired products in good to excellent
(50-85 %) yields. The photophysical properties of the com-

\

pounds synthesized were evaluated by UV/Vis and fluorescence
spectroscopy in CH:CN. The m-expanded azole-fused imid-
azo[1,2-a]pyridines displayed high fluorescence emission with
large Stokes shifts and moderate to good quantum yields. A
pronounced positive solvatochromism and aggregation caused
quenching (ACQ) was observed for 2,3-bis(4-methoxyphenyl)-
12-methylimidazo[1,2-a]pyrido[2’,1":2,3]imidazo[4,5-c]quin-
oline.
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Design and Syntheses of Palladium Complexes of NNN/CNN Pincer
Ligands: Catalyst for Cross Dehydrogenative Coupling Reaction of
Heteroarenes
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ABSTRACT: This repont describes simple syntheses of a new
class of pallhdinm(I1) pincer complexes having NNN and CMNN
coordination modes The new ccth:e-s were fully chamcterized
with the help of 'H and BC{'H}] NMR, HREMS, and IR
spectroscopy. The structure and bonding modes of complexes
were further awhenticated with the help of single-crystal X-ray
diffraction. Thermally robust and moisture-/air-insensitive palla-
dinm pincer complexes C1=C4 have been used as catalystiz for
cross  dehydrogenative coupling (CIMC) reactions of two

hﬁeeﬂdmm and fumdﬂ:‘;a- be ;::de?iciem_ TEhiii:lygt was l rﬁtmm !
F1LOC in activating C=-H of a variety TOATETIES,

including 'I:en:.r;i.mj.da:gah_. imidazole, benzothiazole, IMIAZOPYI- | 1 arae fanctioenl aoun s © Ruomstin ettt & Moshtote
idine, thiophene, and furan, with only 1.0 mol % of ctalys,

achieving excellent yields of the coupled products. The catalyst showed excellent tolerance toward functional groups sudch as CHO,
COMe, COOMe, COOEL, CONHFh, Me, CN, Br, and CL Further, the catalyst is rensable up to four reaction cycles with only a
minor loss in its efficiency. The mechanism of the CIMC reacton was investigated through control experiments, and it has been
suggested that a palladium acetate analogue of the NMNMN pincer ligand (C5) is the active catalyst
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_ 2-amidobenzoic acids from 2-arylindoles and
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17, 5962 their antimicrobial activityy

Om P. S. Patel,1* Shiv Dhiman, 1 Shahid Khan,” Vikki N. Shinde,® Sonam Jaspal,®
Manu R. Srivathsa,® Prabhat N. Jha” and Anil h(umar'-’.:)"|ra

A simple and highly efficient strategy has been developed for the synthesis of 2-amidobenzoic acids

through the tert-butyl hydroperoxide (TBHP)-mediated oxygenation and sequential ring opening of

2-arylindoles in a one-pot fashion under metal-free aerobic conditions. The developed synthetic proto-

col is operationally simple, tolerates a wide range of functional groups, and is amenable to the gram-

scale. Radical trapping experiments revealed that the reaction involves a radical pathway. The syn-
Received 7th April 2018, thesized compounds (2a—s) were tested for in vitro antimicrobial activity. Among all screened com-
Accepted 20th May 2019 pounds, 2d showed the maximum antibacterial activity against P. aerugunosa (ZOl = 17 mm, MIC =
DO!: 10.1035/c80b 00797k 32 ug mL™Y) and compounds 2d and 2p showed the maximum (32 pg mL™Y) antifungal activity against
rclifobe A flavus and C. albicans.



Organic &
Biomolecular Chemistry

ROYAL SOCIETY
OF CHEMISTRY

View Article Online

View lounal | View lssue

I M) Check for updates |

Cite this: Org. Biomol Chem., 2018,

16, 6123

Received 20th June 2018,
Accepted 3rd August 2018

DOI: 10.1039/cBob01449¢
meliobe

|® ChemPubSoc
'H* Europe

Il Domino Reactions

Synthesis of imidazopyridine-fused indoles via
one-pot sequential Knoevenagel condensation
and cross dehydrogenative coupling+

Vikki N. Shinde,* Shiv Dhiman,1® Rangan Krishnan,” Dalip Kumar 2 and
Anil Kumar (22

A simple and efficient strategy for the synthesis of imidazopyridine-fused indoles has been developed that
involves one-pot sequential Knoevenagel condensation of readily available active methylene azoles with
N-substituted-1H-indole-3-carboxaldehydes or N-substituted-1H-indole-2-carboxaldehydes followed
by palladium-catalyzed intramolecular cross dehydrogenative coupling reaction. A series of 36 derivatives
was prepared by using this strategy. The products were obtained in moderate to excellent (32-94%) yields
and showed broad substrate scope with tolerance of various functional groups and was amiable for gram
scale preparation without problems.
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Copper-Catalyzed One-Pot Tandem Reaction for the Synthesis
of Imidazo[1,2-c][1,2,3]triazolo[1,5-a]quinazolines

Nitesh K. Nandwana,®! Vikki N. Shinde,®! Hitesh K. Saini,?! and Anil Kumar*(!

Abstract: A copper-catalyzed tandem reaction of 2-(2-bromo-  dehydrogenative C-N bond formation, and Ullmann-type C-N
aryllimidazoles/2-(2-bromoaryl)benzimidazoles, alkynes, and coupling. This protocol involves the use of air as the oxidant
sodium azide was developed for the synthesis of imidazo- under mild and ligand-free reaction conditions, and the reac-
[1,2-c][1,2 3]triazolo[1,5-a]quinazolines in moderate to excellent  tion can be performed with a broad range of substrates with
yields (50-85%). The one-pot method involves copper-cata-  high efficiency.
lyzed azide-alkyne cycloaddition (CuAAC), intramolecular cross-

J




List of Presentations in Conferences [A-3]

1.

Vikki N. Shinde, Pinku kaswan, Dalip Kumar, Anil Kumar, Copper-catalyzed

deformylative coupling of cinnamaldehydes derivatives and naphthols, 23" ISCB
International Conference on Interface of Chemical Biology in Drug Research, SRM
University, Chennai, February 8-10, 2017.

Vikki N. Shinde, Shiv Dhiman, Dalip Kumar, Anil Kumar, One-pot sequential

Knoevenagel condensation followed by Pd(ll)-catalyzed intramolecular oxidative C(sp?)—
H/C(sp?)-H cross coupling reactions: Direct access to annulated indole fused aza-
heterocycles, 24" ISCB International Conference on Frontier Research in Chemistry &
Biology Interface, Manipal University, Jaipur, January 11-13, 2018.

Vikki N. Shinde, Shiv Dhiman, Dalip Kumar, Anil Kumar, One-pot sequential

Knoevenagel condensation and oxidative cross coupling reactions: Direct access of
imidazopyridine fused indoles, 25" ISCB International Conference on Trends in Chemical
and Biological Sciences: Impact on Health and Environment, Hotel Golden Tulip,
Lucknow, January 12-14, 2019.

Vikki N. Shinde, Nattamai Bhuvanesh, Anil Kumar, Hemant Joshi, Design and syntheses

of palladium complexes of NNN/CNN pincer ligands for catalytic dehydrogenative cross-
coupling of heteroarenes, 26" ISCB International Conference on Integrating Chemical,
Biological and Pharmaceutical Sciences for Innovations in Health Care, Nirma University,
Gujrat, January 22-24, 2020.

Vikki N. Shinde, Dalip Kumar, Anil Kumar, “Palladium-Catalyzed C-H Bond

Functionalization of 3-Arylcoumarins: Synthesis of Coumestan Derivatives” at JNOST
2022, School of Chemistry, University of Hyderabad, January 06 — 09, 2022.



