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Research Interest:

At my early research work | mainly focused on ‘‘borrowing hydrogen’’ (BH) catalysis to
construct C-C bond. Here our primary goal was the replacement of precious metals by earth-
abundant metals for this type of catalytic transformations. In this regard, lately, well-defined
manganese(l) complexes have emerged as an attractive noble metal replacer in sustainable
(de)hydrogenation reactions and other organic transformations.
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e Earth abundant base metal catalysis
« Readily available alcohols Mn(l)
e >25 examples, upto 93% yields

At present I'm working on ‘Visible-Light-Mediated C-C Bond Formation Reaction via
Transition Metal/Photoredox Dual Catalysis’. Here also the formation of the C—C bond is one
of the central goal and photoredox/transition metal catalysis is an alternative to the traditional
methods. We wish to use visible light as the sole energy source to drive these reactions.
Abundant and less toxic organic reductants will be utilized as the sacrificial reductant. The
method will be applied for making Csps-Cspz, Csp2-Cspz, and Csps-Csps bonds and other reductive
functionalization reactions. We envisioned that the mildness of the developed protocol would
accommodate larger functional groups. It will also enable the synthesis and late-stage
functionalization of targeted bioactive molecules. Transition-metal-catalyzed cross-coupling
reaction between C—X electrophiles (X = CI, Br, OTTf, etc.) and C—M nucleophiles (M = Mg,
Zn, B, Si, Sn) is one of the most powerful tools in organic synthesis. It played a vital role in
the preparation of complex medicinal drugs, designing functional ligands, molecular materials,
including industrial applications. However, unavailability of the organometallic C-M
nucleophiles, their cost, handling issues under ambient conditions, and generation of copious
waste demanded an alternative of traditional cross-coupling reaction. In recent years, a
conceptually different approach that is the reductive cross-coupling reaction between two
electrophiles has emerged. The method utilizes bench-stable high-valent late-transition metal
salts (such as Pd, Ni, Co, Fe, Cr) as a catalyst and excess amount metallic terminal reductants
(such as Zn, Mn, In, Sm, Mg). Importantly, these protocols avoid the individual preparation of
hazardous organometallics reagents and offered wide availability of diverse electrophiles for



coupling. However, the use of an excessive amount of metallic powder as a reductant generates
an over-stoichiometric amount of metal salts as waste that not only complicates the work-up
and purification procedure but also creates environmental concern over waste disposal. Not
only that, reductant-derived metal salts often reduce the catalytic performance of the low-valent
catalysts by coordination to the active sites. Additionally, functional group tolerance is not too
much due to the presence of an external metal reductant. To overcome these concerns, an
alternative catalytic method of activation is in high demand.

Visible light photoredox catalysis has emerged as a powerful arsenal in organic synthesis. It
leverages abundant visible light for the bond activation process in a controlled manner without
the need for toxic and hazardous reagents. Upon excitation with visible light, a photoredox
catalyst can simultaneously act as a powerful oxidant and reductant. We envision that merging
photoredox catalysis with transition metal catalysis in a dual-catalysis fashion might address
the challenges of the classical cross-coupling reaction and might pave the way for the
development of the novel bond formation reactions.

-~

i,
R1_X1 + RZ_XZ PC M R‘]_RZ
e
PC - Photocatalysis R4, Ry = alkyl, (hetero)aryl
M - Transition metal catalysis X1, X2 = halogens,
pseudohalogens, etc./

. A

Nickel and photoredox dual catalysis proved to be one of the most versatile approaches to
accessing diverse organic transformations using basic starting materials. In this synergistic
strategy, one reactive open shell species generated by photocatalysis can be trapped by the Ni
catalyst and used to perform further reactions. Keeping this in our mind we have designed a
three-component coupling reaction using olefin, alkyl halide and aryl halide. Because of
different reactivity of all three component, they add to nickel cycle selectively and gives back
desired difunctionalised product.
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® Broad Functional Group Compatibility ® Regioselective Addition

® Organic Reductant ® Dual Photocatalytic Strategy

Synthesis of three-dimensional molecular scaffolds from simple molecules is highly
challenging, yet have significant impact in organic synthesis in terms of medicinal chemistry.
Cycloaddition reaction perhaps is the representative example that provides three dimensional



architectures. Notably, in (4+2) cycloadditions, two single (sigma) bonds and one new (Pi)
bond are formed in a three dimensional six-membered ring structure from two unsaturated
reaction components. Polycyclic aromatic hydrocarbons contain alternating double bonds, but
their use in cycloaddition reactions presents additional challenges as a result of their increased
stabilization conferred by aromaticity. In this context we have performed a photocatalyzed
(4+2) cycloaddition reaction using visible light mediated energy transfer by a suitable
photosensitizer. We anticipate that the protocol will further illuminate the EnT catalysis for
designing complex molecular scaffolds.
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Manganese complex-catalysed «-alkylation of
ketones with secondary alcohols enables the
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Hersin, f-branched carbony | compounds were synthesised via the
al byl i “barrowing

hydrogen™ catalysis. A wide range including
warins cpeic. acpeic, symstrical, ad weetrical o

have been mccesshully applied under a-n.-hp.d.-m
conditions. A manganesel] complex bearing a phosghine-free
muitifunctional ligand cataiysed the reaction and produced water

2 the sole byproduct.

The development of catalytic methods for the constrsetion of
©-C bonds isone of the central goals in organic synthesis. The
delicacy of “borrowing b " (BH) eatalysis ies in the faet
that it wtilizes akeohol as an altermative carbon source for such
processes under ecofiiendly conditions avokding substsate
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for this
type of caalytle transformations is highly atracelv In terms
oftoxiity, cost, snd sustainabilie.” In his regard, the only

“h-m;\-nd 17, thereby
economical, and benign.

In the o, BH catalsis has widely been q:pm for
the ceallylsti
On the mnethma, the use ufﬁemuhxy aleohols mauBH
catalysie to generate the fbranched molecular architecture is
limited (Scheme 18) Commonly, the f-branched ketones wen
made in the presence of lithium bases by ueing secondary alkyl
halide a8 an electrophile and this unavoidably produced a
large amount of waste! In a pioneering work, Donohoe and
cownrkers reported the callylation of ketones with seeondary
akeohols leading to Bhranched products wsing [CprirClaf
(Cp™ = (Ca(CHa)s) a8 a eatalyst (Seheme 1Ba)."* The steric factor
of the wed carbonyl substrate was exploited o limit the
welf-condencation of the carborml asbetrate wed and the kewne,

deirg the whole [

Deparemen of o
Reseaiek Kallats, Mohanpur 5146, India Bl I erlol e, iv
h N . i ol

3 Theaumen on it aguly.

B376 | Cham. Commen., 2000, 56 83768379

OL ‘ Organic
Letters ,

base l-eataly Fihis type 4 by the
Sundamraju group usl:g [cprco(n,0)) [[N,DI guinslin-g-
olate) as a catalyst (Scheme 1B5L™ However, the recent
Buropesn Commissior's list of eritical Hials (CRMs)
suggested that except cobalt, all first-row transition metals
exceed the economic importance threshold while their abun-
dance is below the supply risk threshold” In this regard,
Intely, welkdefined manganesss) compleses have emerged as
an attractive noble metal replacer in sustainable (dejhydro-
genation reactions and other organic trnsformations.”
Marganese is the thind-most abundant transition metal in
the earth's erust (after iron and titanium) and it s less toxie
than its higher analogs. Not long ago, selective a-alkylations
of ketones was achieved by using Mn(r) catalysis by Beller,*
Rueping® Sottaie,™ and our groupe ™ Alkylations of esters
and amides with primary aleohols were also disclosed under
manganese catalysis.” We have also reported the alkylations
of nitriles using 3 well-defined phosphinefree manganese
complex. " However, to the best of our knowledge, manga-
nese complex-catased alkylations of methyl ketones with
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Photoredox/Nickel Dual Catalysis Enables the Synthesis of Alkyl
Cyclopropanes via C(sp®)—C(sp®) Cross Electrophile Coupling of

Unactivated Alkyl Electrophiles

Sayan K. Jana, Mamata Maiti* Purusattam Dey,’ and Biplab Maji*

e This: Org. Lett 2002, 24, 1288-1302
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ABSTRACT: A faclle synthests of mono-, Ll and 1,2

formed under mild conditions that allowed

reactive
fanctional groups to be inclsded. Mechansstic inspection. and
revealed the importance of dual catalysis and that the reaction proceeds via 1 stepwise oxidative addition

control experiments
followed by an intramolecalar Sy resction.

yelopropane is an enthealling molecule with high strain
and unusual electronic attributes dise to its bent, sharter,
and planar thres.nuembered C—C framewark. Consequenily,
it has been mnmbnudmmany;em-ul discoverses
chemical strucse and banding* The cydapropane fagment
bas alio been endowed largely by Nature, and is privileged i
variows secondary metabolites amd manufachured n{n‘s
Besides, numerous synthetic applications of cpdopropanes as
4 synthon or key intermediate have been reported.
Cyclopropane synthesis received deserved attention
(Scheme 1a). The [2 + 1] cycloaddition of olefins with
carbencdds or diazowcompound derwved metal carbenes

philic addition-eing closure sequences have also been reported
far the cydoprapanation of activated olefins.® Howeves, most
venerable state-ofitheart appeoaches freguendy lack broad
fanctional group compatibilty and operational simplicity and
rarely apply mild conditions. Recently, Malander,
Suera, Tambar and others have reported three-membered g
syuhesis using 2 photoredox active C1 sounce with certain
olefins and photolsomerization mm

Cross-electrophile coupling (XEC) reaction s an mtrigng
strateqy for constrscting C—C bonds under mild conditions.
The field has been advanced with activated electrophiles or
suhstrates hlﬂﬂ%m omdative addition rtes to favor
cross-selectivity.” However, the couling between tea
unactivated substrates with the same reactivity is challenging "
Im this regard, the Wurtz coupling berween allyl halides
enploying stolchiometric allali metal redusctants such iz Na,
Mg,ﬂn. Mn«dumﬂyguwalykdmpmr fumctional

scope, and low yields.'' In

2016, Gang explored a nickel catalyzed intramolecular Warte
cyclization reaction to synthesize cycloalkanes.”’ Although the
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pratocal higher cycloalk, it failed
to make a cyclopropane ring frons a primary allfl 13-
dibromide substrate {Schense Ib). In 2020, Jarve dischased an
clegant synthesis of alkyl cyclopropanes via nickel-catalyzed
XEC of 1, 3-dimesylates (Scheme 1b)."" The reaction proceeds
via 1,3<dlilodides formation followed by prefesential radical
cutdative addition at the secondary alkyl pasition. However,

using & stolchlometric amsount of Teagent as a
reductant linits the functional group tolerance aml reaction’s
utibity. Besides, cyclopropane symthess via reaction
required a electraphile ta ﬁm oxidatrve
addition ¥ia a moee stable secondary radical’ The intra-
molkecular XEC of unactivated primary alkyl electrophiles
delivering cyclopropanes bs challenging,

OF Late, photoredos/transstion.metal dual catalysis, leverag.
ing the visible light’s energy, has a5 a powerful arsenal
in organks synthests for chemical bond activation asd

transfommatian, under mikd conditiors. " We have mstigated

that dlaph uly cambea o
make the pane reg via an intramsoleadsr COfsp?)—
Cisp") cross-conpling of 1,5.alleyl electrophiles (Scheme 1), 1t
15 reasoned that a reductively guenched photoredox
PC* could provide the requisite reductive equivalent for the
nlchgl.-caulyud XEC reaction in a contralled manner

sacrificing an crganic electron donor {EDY) under visible light
iradiation " The decisive advantage of such a photodeiven
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Intermolecular Dearomative [4+2] Cycloaddition of Naphthalenes
via Visible-Light Energy-Transfer-Catalysis

Pramod Rai.* Kakoli Maji,* Sayan K. Jana.* Biplab Maji*
Department of Chemical Sciemess, Indian Institute of Sciemee Education and Research Kolkata, Mohanpur 741246, India.

ABSTRACT: Dearomative eycloaddition reaction serves as a blueprint for creating three-dimensional molecular topology
from flat-aromatie compounds. However, severe neactivity and selectivity issues make this process challenging. Heran, we
deseribe visible-light energy-transfer catalysis for the inermolecular desromative [4+2] eyeloaddition reaction of feed-stock
naphthalene molecules with vinyl benzenes. Tolerating a wide range of functional groups, a varety of stroctrally diverse 2-
acyl naphthalenes and styrenes could easily be converted 1o a diverse mge of bicycla[2.2.2]Jocta-2_ $-liene scaffolds in high

yiedds and selectivities. The late-stage modi 1on of plh scal agents further demonstrated the broad potentiality of
this methodology. The !fh:ncy ufﬂ\z |r|'uuduced miethods was further highlighted by the post-synthetic diversification of the
products. Furtk hemical, kinetic, and eontrol experiments support the energy transfer ca-
talysis

e ing three-dimensional (3D) molecular scaffolds from two-dimensional (2D) molecules is highly challenging yet
significantly impacts organic synthesis and drg di v 4 The cycdoaddition reactions that gently and
predictably join multiple molecular f have been ized as & powerful tool for this purpose (Figure 1).59 Notably,

in [4+2] eycloaddition reaction, two new a-bonds, and one #-bond are formed in a 3D six-membered ring topology from twe
simple unsaturated reaction cmupmmus diene, and dienophile (Figure 1a).% " In fact, this thermally allowed process has been

a fund: l reaction type d its molecular complexity ing power for many vears.'"'* In this context,
| tic aromatic byd bon such as naphihalene also contains al ing double bonds. Besides, they are abundant and
feed-stock chemicals (p tat about 1% in typical coal tar)."* However, these 20 molecules displayed limited
application in 3D complexity genera\mg cycLoaddmum reactions due to severe challenges asociated with breaking the in-
rewsed stabilization conferred by energy = 0.3 keal mol ") and selectivity {Figure Th,c) ™ A typical
thermal d ive [4+2] eycloaddition with naphthalenes required harsh reaction conditions (high temperature up to 210 C,

pressune up 1o 10 atm),'" specially designed reaction 3% ot reactive di hile™ = (hereafier called aremophile)
1o overcome the high kinetic barrier (Figure 1¢).™ = * Howewver, since the free energy is often positive for such a reaction, the
reverse reaction i thermodynamically prefermad resulting in lower product yields (Figure 1d, blue curve).™ * Photochemasiry
providis altemative stirategies for achieving challenging and unusual chemical transformations in this context * =27 However,
sinee most organic molecules are o ble of absorbing visible light effcsently, dirsct high-energy ultavioler (UV) light
irradiation is required. Indeed, the U‘v-hghl mdiatied d ivee [4+2] eyeloaddition with naphthal s known.* * How-
ever, their utility in cng;mu. synthesis 15 minimal dise to the requirement of specific arenoplkiles. meager prodiset yields, and
dictable side ferred by UV light (Figure 1¢). Elimmating UV ireadiation should ideally broaden the syathetic
applicability of this process with enriched strscnsral diversity. The recent renaissance of visible-light photocatalysas provides
anew space for d ive [4+2] eyeloadditi ion via sensitization induced energy transfier (EnT) catalysis™ * or direct
isible-ligh itation of the di hrile in some cases. ™ C Ly, the EnT process can selectively excite a ground stare
of a polyeyelic hydrocarbon by wsing an appropriate pl-mnsermnnr\n a higher triplet state (naphthalenes exhibit Es of 34—
60 kel mol ), lowering the kinetic barriers signifi 1 10 thermal (Fagure 1d, black curve). ™ Further-
more, the milder reaction conditions and substantially ]ugher Er of the dearomatized prodisct prevent the reverse reaction
resulting in higher product yields.

Recently, Glorius and coworkers demeonstrated dearomative [4+2] eyel of pyridines (i lecular)™ and bicyelic
azaarenes (intermolecular, Figure 1e)™ vie visible-light EnT catalysis. A stoichiometric Bronsted acid additive was shown to
play a vatal role in the latter reaction o increase the reactivity of quinolines’ triplet state oward olefins. ™ You and coworkers

reported i lecular & loaddition of indole tethered naphthalenes (Figure 10)." The deanomative intramolec-
ular [2+2] cycloaddition of 1-naphthol dervatives vig visible-light EnT catalysis was rocently developed by Glorius.” The
intrarmolecularity prepaid the entropic requirements for the kst two reactions. Besides, various groups demonstrated the appli-
cation of the EnT process in diverse chemical transformations.*** However, to the best of our knowledge, intermolecular
d we [4+2] eycloaddition reactions of naphthal with unactivated alkenes have not been documentid yet. Herein,
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