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Abstract

Hypervalent iodine chemistry has witnessexponentialgrowth in organic synthesis in recent times. Because
of the electrophilic and goodeaving natue of hypervalent iodine reagentsthey react with different
nucleophiles in various synthetic transformations suchNaS | NNJ y 3 -fuickoyalizatibn of carbonyl
compounds, alkene difunctionalization and oxidation reactions. Importantly, the applicatibiypefrvalent
iodinereagents in the construction of heterocycles is of great interest and has been well studiethewyears.

This review article highlights the recent developments accomplished by hypervalent iodine reagents in th
synthesis and functionalization of heterocyclic compounds.

L = OAc, OCOCFy, F
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1. Introduction

Hypervalent iodine chemistry has becoméoausof valuable research for designing robust methodologies in
synthetic and natural product chemistryHypervalent iodine reaants are promising alternatives to the heavy
metal oxidants due to their ready availability, easy handling, low toxicity and enviromthebénign nature’
Synthetic applications of these reagents have seen exponential growth as realised by sever&Plohaksers

in book$'”and comprehensive revieWs! published in this area. Both iodine(lll) and iodine(V) compounds (also
1Y 26 y3-ARRI ¢ SiodaneRhave been commonly used as reagents in the oxidative transformations of
various simple and comgxx organic molecule¥:** Most importantly, the unique reactivity anadxidizing ability

2 T3- <y R-ijodanes has prompted their use as efficient oxidants in variety of synthetic transformations
Ay Of dzftricybmbalization of carbonyl compound3!® oxidative rearrangement$’-18 alkene defunction
alizatiort®?% and cyclization reaction®:?> However, most of this transformation requires stoichiometric
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amounts of these reagents, generatitige samemolar quantity of iodoarenes as Byroduct thus limithg their
scope. In order to combat this issue, several catalytic protocols including stereoselective vaalambedén
developed extensively by employing various chiral/achiral iodoarenes as organocdtatysts.

Heterocycles constitute one of the widetyudied classes of organic compounds as they areti&dfie
structural units in various biologically and medicinathyportant natural and synthetic product42® Moreover,
importance of heterocyclic compounds in material sciehégand pharmaceutica? applications led their
preparation and functionalization as topic of interest in organic synthesis. Owing to their wide scale importance
several researchers have devoted their studies in developing novel methodologies to access, myggen
and suphur-containing heterocyclic scaffolds. Along these lines, hypervalent iodine chemistry has evolved as
powerful green strategy for their synthesis. Significant achievements have been accomplished in variot
hypervalent iodinemediated or catalysed syntes of heterocycles as discussed in the review articles bgtSun
al.,>° Kandimallaet da.,3! and Singret al.3? Further, late-stage functionalization constitute a powerful strategy
for the manipulation ofX¢H (X = C, N) bonds of a complex moleduie novel carborgcarbon and carbon
heteroatom bond®® Within this context, gypervalent iodine reagenthave emergedas promising alternate
candidatedor transition metals ithe directC¢H functionalizations afiverse heterocycles via varioggnthetic
transformations such as oxidative amination, alkylati@rylation, acetoxylation, halogenation, efé This
review article givedrief overview of the recent development of hypervalent iodine reagents in the synthesis
and reactions of heterocyclic compounds.sTtaview article is broadly divided into two categoriiessynthesis
of heterocycles and latstage functionalization of heterocycles.

2. Hypervalent lodineMediated Synthesis of Heterocycles

Synthesis of heterocycles using hypervalent iodine retgyhas seen dramatic progress in the last couple of
decades. Having excellent electrophilic and oxidizing properties, iodine(lll)/(V) compounds are afhoice
reagentsto substitute toxic heavy metals. The use of these reagents in the construction of lgtEio systems
GAF /b1 /bhX /bbX [/ b{Z bbbX bb{ 2N bbh 062yR T
researchers$®3? Most of these reactions employs iodine(l11)/(V) reagents as stoichiometric oxidants. Apart from
this, several catalytic sig@ms involvingn situgeneration of hypervalent iodine species from aryl iodides in the
presence of suitable terminal oxidant are well explored. Further this section is classified based on synthesis
monocyclic, bicyclic, polycyclic and spirocyclic retgcles using different hypervalent iodine reagents.

2.1. Synthesis of monocyclicekerocycles

Various cyclization reactions employing hypervalent iodine reagents as oxidants are developed for the synthe
of monocyclic heterocycles in distinguish gl Most of the approaches are free from metal catalyst while few
require presence of copper or palladium species as catalysts. Moreover, enantioselective synthesis
heterocycles has been was achieved using chiral iodoarenes as precatalyst. In thrs ggiervalent iodine
mediated synthesis of thregfive-, six and severmembered heterocycles will be covered.

2.11. Synthesis of threenembered heterocycles

2.1.1.1.Synthesis of airidines In 2018, Jacobsen and-emrkers demonstrated an elegant ried for the
diastereospecificsynthesis ofsyni -fluoroaziridines3 from cinnamylamine derivativeg using a catalytic
amount of chiral aryl iodide (Schemel).3* Reaction was hypothesized to proceed via trapping of key

intermediate4 by internal nitroggy’ Yy dzOf S2 LIKAf S® ¢ KS LINBASYy ( bpyeineR I |
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as the nucleophilic fluoride source in the presence of stoichiometric oxitd@RBA. Substrates with electron
withdrawing substituents yieldethe desired products as single diasteisomers with high enantioselectivity.
Additionally, the scope of the reaction was extended to the synthedisedive-membered heterocyclanti-i -
fluoropyrrolidine in 82% vyield witkeup to 86%.

I
BnO,C._ O OYCOZBn
én \<>/ Bn

COzMe E
y X NHTs 2 (10 mol%) _ N i
_I - R__ “
% pyr.9HF, mCPBA (1.1 equiv), DCM, -30 °C, 18 h N N
R = CF3, SO,Me, NO,, CN,OTf, CO,Et, Br 5
1 44-93%, ee: < 97%
F
X NHTs
Rt ]
* @®
Ar o
F—H-F
4

Scheme 1 Synthesiof syni -fluoroaziridines3 using chiral iodid® as precatalyst

[ FGSNE wSo2dzZ Qa (SIY RS@OSt2LISR |y dzeiida ORiREs G SF
from amino acid$ using ammonia as the nitrogen sour¢@cheme 2}° This onepot reaction involves PIDA
mediated decarboxylation of amino addjiving an imine intermediate, followed by insertion of the iodonitrene
(formedin situfrom the reaction of PIDA and NH) to form a diaziridine8 and final oxidation to providehe
desired dazirines7. Several functional groups such as arene, heteroarene, ester, carboxylic acid, amide, sulfid:
sulfoxide, etc. present in the amino acid side chain were well tolerated. Additionally, synthesis of tépinal
diazirines was achieved from unklled amino acids usingNHs as a nitrogen source. Finally, hyperpolarization
of N,-diazirine derivative was investigated using the SABREATH method, demonstrating its potential
application as hyperpolarized molecular tag.

NH,, Phi(OAc), 6 (3.0 equiv) R N/H
R_ _CO,H MeOH, 0 °C, 2 h R \ /)
Y [ %IN ITI
NH, R = CH,Ar, Ar, alkyl, (CH,),COOH, N i}
~N

(CH2)2COan, NHCOzEt, CH2C02Et, COzMe, 7 AcO Ph

5 NHEt, NH,, CH,OBn, CH,0Si(Ph),tBu, CPh;, 8
CH2Ph, (CH2)QSOMe
7-99%

Scheme 2 Synthesis oferminal diazirine$ usingPIDA6 as an oxidant
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Very recently, Du and eworkers reported the synthesis of first novetpervalent iodine reageritObearing
bothiodine(lll) and iodine(V) moieties throughCPBAmediated oidation ofo-nitroiodobenzengSchemes).3¢
The synthesized iodine(lll/V) compouhd proved to be effective oxidant in preparingtzirinesll from a-
substituted enamines9 via intramolecular oxidative azirination process. Reaction tolerated variety of
substituents at theortho-, meta- or para-position of the phenyl ring affordinpe desired products in moderate
to good yields.

o.r.0 _
Noe 00
O
O\+
- N
NH, o) N

N X R 10 (0.7 equiv) _ /
R DCE, 60 °C, 3.5 h R—'\ R
= ’ )y - ] _

R = H, Me, OMe, CI, Br, F, CF4
9 28-80% 11

Scheme 3 Synthesis o2H-azirines11 usingiodine(111/V) compound.0 as an oxidant

2.1.1.2. Synthesis of poxides Mangaonkar and Singh developed a convenigittasoundassisted catalytic
route to accesd-cyanoepoxidesl4 through epoxidation ofb-cyanostyrenesl2 using iodobenzend3 as
precatalyst at room temperaturéSchemet).3’ The pesence of oxone as terminal oxidant and TFA as an additive
are crucial for then situgeneration of active iodine(lipecies which reacts with alke@iand generates three
membered iodonium intermediaté&5 followed by ring opening and cyclization to give anticipated proddct
Reaction featured excellent functional group compatibility, high product yields and shaaetion time.
Previously, the same group also descrilegmbxidation ofb-cyanostyrenes with stoichiometric PIBAunder
ultrasound irradiation conditiog3®

Phl 13 (10 mol%)
Oxone (2.0 equiv), TFA, CHCI3, rt, 60-90
min, ultrasonic bath

Y

Ar/\(R1

0]
Ar/<\/R1
R2 Ar = CgH4R, 2-Naphthyl, 9-Anthryl; R = H, R2
Br, F, Cl, Me, OMe, CN, OH, OBn; R' =
12 CN, CO,Et; R = H, CN
65-94%

14

Ph_. OCOCF; Phx(l/('OCOCFs
| — > .
PR Ar CF
Ar/<\\R1 ~0COCF, 2O~ o
R? 1
R o)
L 15 16 _

Scheme 4 lodine(lll}catalyzed epoxidation of-cyanostyrened 2 usingiodobenzenel3 as precatalyst
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2.1.2. Synthesis ofife-membered heterocycles

2.1.2.1.Synthesis obxazoles andxazolines.Ly Hnamc X {FAG2Qa NBaSIfindifatedH NB

oxazoles 20 through hypervalent iodine(ll)nduced activation ofN-propargyl amidesl7 via a cycle
isomerizationfluorination sequence (Scheme %).This reaction occurs bgmploying eithercatalytic 4
iodoanisolel8/HFpyridine/Selectfluor system (Method A) or stoichiometid olIR19/HF-Py systerfMethod
B). Notably stoichiometricmethod was found more effective for halegated substrated.ater, the same group
prepared 5[(N,N-disulfonylamino)methyHoxazoles 22 by reacting N-propargyl carboxamides17 with
bisulfonyl(imides)21 promoted by PhI(OAc) 6 via cycloisomerizatioamination sequencé® The catalytic
version of his method was developed using ABlas precatalyst with oxone as oxidant and TBAHS@hase
transfer reagent. Furthermore, ¥t al** combinediodocyclization and oxidative deiodinatigmocess for the
conversion ofN-propargylamidesl? into oxazole5-carbaldehyde23 using PIDA (10 mol %)/Lil/visible light
system under oxygen atmosphef8cheme 5).

Method A: 4-MeOCgH,4l 18 (20
mol%), Selectfluor (2 equiv), HF.

Py (5 equiv) N
= R~ ]VF (Ref: 39)

Method B: p-TollF, 19 (1.5 equiv), HF. Py O
(1.5 equiv), DCE, 80 °C, 24 h
R = Ar, tBu, CH,CH,Ph
13-76%

20

ZT

(PhSO,),NH 21 (2.4 equiv), Phi(OAc), 6

hig (1.2 equiv), DCM or DCM-HFIP (3:1), rt R_</N j
(@)
l l or Phl 13 (20 mol%), oxone, O]\/N(SozPh)2 (Ref: 40)

TBAHSO4/HFIP, rt, 24 h
17 R = Ar, tBu, CH,CH,Ph 22
44-77%

PIDA 6 (10 mol %)
Lil (10 mol %)

. )N\:\>,CHO (Ref: 41)
CH,Cl,, rt, O,, hv R~ ©
R = CH=CHPh, Ar
61-91% 23

Scheme 5.Hypervalentiodine(lllymediated gnthesis ofoxazole0, 22 and23.

Ly O2ydAydz (A 2nupreported (22 2-81] eydoadsitiahdd feactibn of internal/terminal
alkynes24, nitriles 25 and oxygen atom from Arl(OH)NTWhich is generatech situfrom ArfmCPBA/TNH
catalytic system (Scheme 8)This oxidative annulation represents thesfiexample of iodine catalysis in multi
component reactions enabling facile synthesis of-digubstituted and 2,4 %risubstituted oxazole®8. The
reaction employed either PHI3 (Condition A) or £I1GH4l 26 (Condition B) as precatalysts along witiCP B2
and T$NH. Additionally, reaction scope was also administered using iodosylbe27Zdae8 equiv) and BNH
(Condition C). Notably, catalytic conditioA®r B provided almost same results amichiometricconditionC
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Further activeiodine(lll) specie®hl(OH)NBfinvolvedwas isolatedas an aqug18C6] complex in 43% yield
under the optimized conditions

R R A: Phl 13 or B: 4-CI-C4H,l 26 R3
(20 mol %), mCPBA, Tf,NH (1.5 equiv) N=("
+ - 1

Il |l > R /g\/o

, N C: PhIO 27 (1.8 equiv), Tf,NH (1.5 equiv), rt, 24 h s
R R' = Aryl, Pr; R?= H, Me, Ph, Pr, Br, Bz, Ac; R® = R

i

04 25 Me, Et, ‘Bu, Ph 28

A: 24-75%; B: 26-81%; C: 42-80%
Scheme 6 lodine(llIhmediated synthesis of 2-disubstituted and 2,4 Srisubstituted oxazole28.

5 Ay 3 Q aecehtNBuddished a divergent protocol to acc@ss-disubstitutedoxazole derivative80 via
PhlI(OAcyinduced oxidative rearrangement of sevemlylic amides29.43 Reaction was carried out in the
presence oBR-OE$ as an additive in THF at room tperature. Both aromatic and heteroaromatic substituents
were well tolerated under optimized reaction conditions and products were obtained in variable yields (Schem
7). Possible mechanistic approach initiates with the reaction of allylic a@@laith Ph{OAc) 6 to form
iodinated intermediate31 which further gives intermediat82. Next, nucleophilic attack by hydroxyl group at
the carbocation o882 generates cyclic intermediat&3 followed by subsequent aryl migration with the loss of
Phi13 gives specig35, which later gets converted into desired proda€t

Phl(OAc), 6 (1.2 equiv)

JL/H BF; OEt, (10 mol%), THF, rt, 3 h A

N_ _Ar? r

1 D—
Ar \ﬂ/ /\[ Ar?

Ar', Ar? = CgH,4R, 2-naphthyl, 2- thlenyl

o 2-furanyl, 3-pyridyl, Bn; R = H, F, ClI,
29 Br, Me, OMe, CN, CF, 30
65-99%
Ph
PhI(OAc), 6 i

ACO” A0 j\/ )
o Q\}YN
OH

©0Ac
31 32 l

Ph @5 Ph
‘\/\ Phi 13 \q/\ one ACO/I\A/\
30 < < A o\<N # AF1HO@/N
Ar2 Ar? Ar?
35 34 33

Scheme 7.PIDAmediated oxidative rearrangements of amid&3to oxazoles30.
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Another interesting heterocyclepxazoline 37, was synthesized by Ranjitet al. via PIDAmediated
intramolecular oxyacetoxylation of substituteld-allylamides36 using HF-py as the promotéscheme 8}*
Reaction mechanism initiates with the conversion of PB#o aryliodinium ior38influenced by HF-py, which
further interacts withthe alkene to form cyclic iodonium i0B9. Next, exo attack by the amide moiety
transforms cyclic iodonium 089 into alkyl iodane40. Finally, nucleophilic attack by acetyl group liberates Phl
13 and delivers oxazolined/ following &2-like bimoleculareductive elimination.

PhI(OAc), 6 (2.5 equiv)
HF.Py, THF/CH,Cl, (1:1), rt, 2 h iN%/OL

R' =H, OMe, F, CI, CF3;

R?=H,CIF
73-90% R2
37
PhI(OAc), 6
OAc
Ph—CL) 4—‘
38 ©  rpy -Phi 13
AcO-HF '
— OAc n
o)
= \-'Ph
i NHOﬁPh—>R1| NH O
| — \
X
o b G/A
! X <, ]
39 40

Scheme 8.Synthesis o$ubstituted oxazoline87 usingPIDAG as an oxidant

Later, two catalytic methods to preparedkazolinestl and43were developed by Kamouka and Mor&n.
The first methodnvolves intramolecular cyclization Nfpropargylamided.7 while other involves cyclization of
I -amidoketones42 using 2iodoanisolel8 as precatayst wittmCPBA and TsOH.ZMHScheme 8 Both these
approaches employ easily available starting materialgrates wide range of functional groups and operate
under mild reaction conditions. The same group previously synthesized oxazolines through ioeltedyzed
cyclization oN-alkenylamides using selectfluor as an oxid&nt.
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2-IC4H,OCH3 18 (20 mol %)
0] TsOH.H,0 (3 equiv),
mCPBA (3 equiv), MeCN, rt 4&

Ar)J\N/\ > N
H R Ar = Ph, CgH,OMe, CgH,CI, 2- \——¥O

furanyl; R' = Ph, CgH,Cl, CgHsMe,

1
CeH4OMe, 2-naphthyl R

17 35-82% 41
2-ICgH,OCH3 18 (20 mol %) Ar

TsOH.H,0 (3 equiv),
mCPBA (3 equiv), MeCN, rt 4&

0 0
_ N0
AP A oY

Ar = Ph, CgH,OMe; R = Aryl,

H R2 2
Me, Et: R2 = Me, Ph R, 0O

46-95% R

42 43

Scheme 9 2lodoanisolecatalyzed cyclization d¥-propargylamided7 andi -amidoketonesA2.

In 2018 Liu and ceworkers designed a simple and efficient method for the preparation of oxazclifea
5-exo-dig process $cheme 10* In the presence of PIDA& (1.0 equiv) and Lil (1.0 equiv), iodocyclization of
variousN-propargylamides17 was performed, providing iodomethylerzoxazolines44 in significant yields.
Synthesis of fhalomethyloxazolines was previously accomplished by the same group througipfiéted
cyclization oN-allylamides?’

R! R?

PIDA 6 (1 equiv), Lil (1 equiv), |
O R'R! CH,Cly, rt, Ny, 12 h N>$:/
)k > )\\
R ” A R = Ar, Cy, Bn, CH=CHPh; R' = H, Me R O
61-93%
17 44

Scheme 10 PIDAInducedpreparation of oxazoline44.

Later, another iodine(IH)nediated route to prepare oxazolindg was developed by Hong and-amrkers
by treatingN-allylamides45 with bis(sulfonyl)imidegt6 as the nitrogen source (Schemé)f2 The proposed
mechanism for this intefintra aminohydroxylation reaction involvés situgeneration of Phl(OAc)(NR) or
PhI(NRR?), 48 which activates double bond df followed by subsequent cyclization and substitution to yield
heterocyclic prodcts47. Several electron deficient amind$ were evaluated and validated that the desired
reactivity originates from attached (benzene)sulfonyl group.
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PhI(OAc), 6 (1.5 equiv)
R'R2NH 46 (2 equiv), DCE, 50 °C, 3 h 2 N
S e ) J: >—R
o)

- \
- N ')
R = Ar, 2-furyl, 2-naphthyl, Ad; R", R

R
45 R2 = TS, CH3802, O-NOZPhSOZ, pP- 47
NO,PhSO,, H, CF;S0,
1R2 18-80%
Y~ -NRR PhI(OAc), 6
Y = OAc F',h + Phl
or NR'R2 48 R'R2NH 46

N
Ny NUse
| i

] Q Ph/l
NR'RZ orOAc Ph (o R \'
R'R?NH 46 50
49
or HOAc

Scheme 11.Synthesis of oxazolindd using PID& as an oxidant

Further,Scheidtet al. provided a direct route to -®xazolines2 incorporating a fluoromethyl group from
N-allylcarboxamided5followingI(1)/I(11l) catalysi§Scheme 124° The success of this fluorooxygenation reaction
lies in its efficient generatin of active iodine(lll) specigg;Tollk 19in situfrom precatalysé-iodotoluene51
using Selectfluor as an oxidant. The amine/HF ratio of 1:4.5 was obtained by combgbirig&ti C I Yy R
reagent (Pyr-HF).

4-CH4CgHyl 51 (10 mol%) F
)OL Selectfluor (1.5 equiv), amine/HF (1:4.5) /f]/_
Y N\
R ﬂ/\/ DCM (0.1M), tt, 24 h AERY
R = CgH4R", 2-furanyl, CH,CH,CO,Bn; R’
45 = H, OMe, NO,, CF5, CHO, Br, NHAc, F 52
31-69%

Schemel?2. 4-iodotoluenecatalyzed fluorocyclization ®f-allylcarboxamideg5to form 2-oxazolines2.

In the same year, @onvenient synthesis of-@xazolines56 via PIDApromoted cyclization of imine
intermediate55wasdemonstrated by Carlucet al.(Schene 13)°° The imines5 were obtained subsequently
by treating amino alcohol83 with aldehydes54 in methanol solution. Also, synthesis ofbfazolines was
accomplished albeit in lower yields under similar reaction conditions.
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R2
on w1 PhI(OAC), 6 »
, O MeOH N (1 equiv) N
RZ + EEE— = I N Ar
R1J\( Ar)kH rt, 5 min Ar)l OH  MeOH, rt, 1h 1 o>_
NH, 51-99% 50-90% R
53 54 55 56

R'=H, Ph; R? = H, Me, CO,Me; Ar = Ph, 1-nap, 4-NO,CgH,, 4-
NO,CgH,, CH=CHPh,CH=CH(4-OMeCgH,), 3-pyridy!

Scheme 13.PIDApromoted synthesis of-BxazolineH6.

2.1.2.2.Synthesis ofilsoxazole andsoxazolines. In 2016, Peddinti and eworkers developed a strategy to
accesssoxazole derivative§0 via PIDAmediated [3+2] cycloaddition ah situformed nitrile oxidess8 from
aldoximes 57 with alkynes 59 (Scheme 1¥°! Scope of the reaction was explored using dimethyl
acetylenedicarboxylate (DMAD diethyl acetylenedicarboxylate (DEADand methyl propiolate as
dipolarophiles. Different substituentsnoaryl moiety of aldoxime®&7 were well tolerated and anticipated
products were isolated in shorter reaction time.

PhI(OAc), 6 (1.2 equiv)

d AN S -OH MeCN/H,0 ¢ A Z 59
R _ 0°C, 10 min R _ R", R2 = CO,Me
) 3 2 )
R = H, CI, OMe, Me, NO, CO,Et, H
57 40-84% L 58 - 60

Y

Scheme 14.Synthesis ofisoxazole derivative80using PIDA& as an oxidant

Later in 2019, Kobayashi@ Togo reported ongot synthesis oB-aryl or 3-alkylisoxazole63through the
reaction of primary alcohol&1 with Phi(OA@)6 and then sequential reactions with MBIH, NCS and alkyngg
(Scheme 15)? This reaction involves PIBediated oxidation oprimary alcohol$1to aldehydes which reacts
with hydroxylamine62 to form oximes57 (Step 1 and 2). Further, reaction of oxim®Eswith NCS generates
nitrile N-oxidesin situwhich then reacts with alkynésto yield isoxazole83vial,3-dipolar cycladdition (Step
3 and 4). Additionally, synthesis eBBy}/3-alkylpyrazoles was achieved by replacing®H-HCI with NHNHPh
in the second step under similar conditions.

1) PhI(OAc), 6 (1.1 equiv),

TEMPO (0.1 equiv) 3) NCS, DMF o
OH DCM, rt 0°C1htort,3h N~ R
1/ > | X, ,.OH » |
R v | RN 4)RZ—=—R? R
2) NH,OH.HCI 62 (1.5 equiv), JRE—= 59 "
K,COs, rt, 18 h EtzN, rt, 1 h
61 57 52-92% 63

R' = Aryl, CH=CHPh; R? = CO,Et, Ph, n-Hex; R3 = CO,Et, H

Scheme 15.PIDAmediated gnthesis of3-aryl and 3-alkylisoxazole§3from primary alcohol$1.
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Subsequently, Mukthar and emorkers described synthesis of flaverand coumarirbased isoxazole85
and 67 through onepot reaction of aryl aldehydes4, hydroxylamines2 and 3O-propargylflavone$4/3-O-
propargylcoumariné6 via PIDAmediated sequentiabxidative cyclization and [3+2] cycloaddition reaction
(Scheme 16} Further synthesis of trsubstituted isoxazole$8 was accomplished by using dimethyl
acetylenedicarboxylate (DMA)9 as an alkyne soue. High product yields, excellent functional group
tolerance, shorter reaction time, easyorkup and purification are key advantages of developed protocol.
Further, synthesized compounds have been tested for the antibacterial activity.

@fﬁo/
|

-N
0 o- N
R =H, Me, F, CI, Br; Ar =

CgH4R", 2-furanyl, 2-thienyl; R =

H, Me, F, ClI, Br

75-90%
@d
1.NaOAc, MeOH | =z~ O 0" o N
CHO 60°C, 1 h 66 7\
R—— +  NH,OH.HCI » (o 0”0
= 2. PhI(OAC)2 6 (1 A1 R = H, OMe, Me, F’ C|, Br ‘l- N’O
equiv) 70-92% R
54 62 rt,1hor8min 67

Tone

CO,Me
59

R = Me, OMe, ClI, Br
60-76%

Scheme 16 PIDAInduced onepot synthesis of isoxazol&s, 67 and 68.

Parket al. constructed isoxazolineg0 through PIDAnduced Ritteftype amidation of terminal olefing9.
Acetonitrile plays dual role of solvent and the amine seu@cheme 17 Notably, activation of PhI(OAd® by
BR-OE$ generatesactive iodine(lll) species sity that reacts with69 to form electrophilic iodonium
intermediate71 which could give desired produ¢0through sequential Exotype cyclization ad Rittertype-
substitution using excess acetonitrile as the nucleophile. A variety of ketone oximes with aryl, heteroaryl an
alkyl substituents were well tolerated. Specifically, electdaficient aryl ketone oximes displayed robust
reactivity thereby giving corresponding products in moderate yields while elecitich ones gave inferior
results. Further a similar method for the construction of heteroatoomtaining isoxazoline¥3 was
demonstrated by Cai and eamorkers® This cascade reaction featuredlDAmediated sulfeneg'seleno-
KFdzy OG A2yl f AT I-uinsatBrsted DxdmeBodEng Nubdtitutéd Tisulfides/diselenide® as S/Se
sources.
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H ACO\®/Ph
. Me O I
PhI(OAC)ZI 6 (1 equiv) 5 HN« % \'(, \
BF;.Et,0 (1 equiv), MeCN, rt, 18 h N| 5 \
R = Aryl, tBu, Cy, (CH,);Me, n-Bu, R R
cyclopropyl 70 71
11-55%
N,OH
|
R)\/\
2
69 R2 /Y\Y/R
72 N-©
> |
Phl(OAc), 6 (1.5 equiv), R Y-R?
DBU (1.5 equiv), MeCN, rt, 6 h 73
Y =S, Se; R' = Aryl, tBu; R? = Aryl, Me, Bn
47-78%

Scheme 17 Preparation of isoxazoline@®and73F N2 Y-unsafurated oknes69using PIDA.

2.1.2.3.Ynthesis of xadiazoles.a S| Yy g KAf S %KRFIY]1AYyQad NBaSINOK 3N
1,2,4oxadiazoles’7 via oxidative cycloaddition o$ubstituted aldoxime$7 with nitriles 74 using 2iodosyt
benzoic acid trlte (IBAOTf)75as stoichiometric oxidant (Scheme $8The reagent IBOT{75was previously
prepared by the same group from iodosylbenzoic and trifluoromethanesulfoni® &€idther a catalytic system
comprising Zodobenzoic acid76 (5 mol %) as pecatalyst in the presence oh-CPBA and TfOH was also
developed for the cyclization of aldoximB&% and nitriles74. Both stoichiometric and catalytic conditions gave
desired products in moderate to high yields and electrim and-deficient substituentsvere well tolerated.

OH

i

@[ “oTf
COOH
75 (1.2 equiv N-O
&N/OH + R2C=N ( qu) R1/& />\R2
Method A: 75, rt, 1 h N
Method B: 2-1C4H,CO,H 76 (5 mol%),
57 74 TfOH, mCPBA, CH,Cl,, rt, 24 h
R' = C4H4R, (CH,),Ph, CH=CHPh; R = H,
Me, Cl, Br, CN, NO,, OAc, CO,Me; R2 =
Me, Et, Ph, iPr, CCl,
A: 63-91%; B: 18-88%

77

Scheme 18 Hypervalent iodine(IHnediated oxidative cyclization of aldoxim&swith nitriles74to yield 1,2,4
oxadiazoleg7.

The mechanism for the catalytic reaction is depicted in Schem€&a®onicspecies’5 is formedin situ
through oxidation of dodobenzoic acid@6 by m-CPBA in the presence of TTOH. This active iodine(lll) sgécies
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reacts with aldoxime&7 vialigand exchange and generategrile oxides79, which further react with itriles
74 to deliver desired produc?7. The regenerated precataly3®6 is reoxidized byn-CPBA to continue the
catalytic cycle.

TfOH

TN w

OH N

§ -
\o ©i X (X = OTf or m-CICgH,CO»)
COOH

/ - R2C=NT74 N-O
\\ R'-=N-0 > A />\R2

m-CPBA

COOH
76

77

Scheme 19.The proposed catalytic cycle for the oxidative cyclization of aldox&viesing 76 as precatalyst

In 2019, Sen and coworkers prepared 1-8%diazoles84 from variety ofN -arylidene acetohydrazide&?
in the presence ofisobutyraldehyde 83 and p-anisolyl iodide 18. In this reaction, autoxidation of
isobutyraldehyde83 forms acyloxy radical that oxidizgsanisolyl iodidel8 into active hypervalent iodine
speciesin situ which promotes the cyclization reaction (Scheme Z0Jhe precursors$2 were synthesized
through condensation of variety of aromatic or heteroaromatic aldehygl@with acetyl,p-chlorobenzoyl, or
tolyl hydrazides81in ethanol at room temperature. This neid exhibits broad substrates scope and amenable
for scale up reaction.

p-OMeCgH,l 18 (0.1 equiv) l\;’N\%W
.r;?\T"/;WAO R'NHNH, 81 _ f/\T}WAN N Oj\ 0,, acetone, 35 °C /
Sy EtOH, rt, 10-12h  Seo-"y- HNYR1 6-8 h NN
2 X=0,S;R'=Me
80 82 83 C6H4Me, CBH4C| 84

49-71%
Scheme 20.Synthesis o1,3,40xadiazole84 usingp-anisolyl iodid€l8 as precatalyst

The postulated mechanism for this transformation follow®tmain stages as shown in Scheme 21. In the
preliminary stage, autoxidation of isobutyraldehy@@forms per acid7through acyl radica85and acyl peroxy
radical86 respectively. Further acyloxy radi@8 generated from acyl peroxy radic®b, enacts a oxidant for
the oxidation ofp-anisolyl iodidel8leading to than situformation of hypervalent iodines(lll) spec&a Finally,
89react with substrated2 to afford 90, which cyclizes to giv@ll Y R I NB Y I (i /84 Bhéaregereratedi 2 N
p-anisolyl iodid€el8 later continues the catalytic cycle.
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OI—

1/2o2 N B
&/ oo Owe ’z\—gj—l—NYO

stage Il R N-N
Y \HJ\ . 5
stage | 88 oM
OOH /

[}
o
(0]
B %y
A

OMe n=N
18 H /%—R
83 o

Scheme 21 The proposed catalytic cycle for the cyclizatioiNearylidene acetohydrazide®2 using using-
anisoly iodide18 as the precatalyst

2.1.2.4 Synthesis of LactonesLiu and Shi have reportestraightforward routes to accesslactones93 via
palladium (Iicatalyzed intramolecular dehydrogenative lactonization betweh Nb 2 E& f A -O(sfcBA R &
bond of substrate®2 using PHIOAQ:- 6 as the oxidanand (pyridin-2-yl)isopropyl amine (PIP) as the directing
group (Scheme 223° Among the various solvent and inorganic salts screened, toluene and Nal provided the
best results. A variety of substituents ehe alkyl chain 092 were well tolerated The proposed mechanism
initiates with the Pecatalyzed activation aiethylene C(sf)cH assisted by Pi&uxillary to form palladacycle

94, followed by PIDAnduced oxidation to give Pd(IV) intermedi&® which undergoes ligand exchange to
provide 96. Finally 96 upon reductive elimination releases target prod@&and regenerates Pd(ll) catalyst to
complete the catalytic cycle. Also, lactof® could be generated via direct intramolecula28ype attack of
cartboxylate group onto théd(IV§C bond ointermediate95.
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PdOAc), (10 mol%)

Shetgaonkar, S..Et al.

%
NH PhI(OAC), 6 (2 equiv) =
X N H OH AgOAc (1 equiv), Nal (1 equw S
o 7(\[/20
R/ 0 PhMe, N,, 100 °C, 24 h /
R = H, Me, Ar
92 32-77% 93
93 Pd(OAc), 92
0
o)
HO
0 L R
AcO_ /IV | SN—Pd!
N JE—
| N—"Rd ¥z N
P N

AcO O
SN— P

—R
j.\‘,J/ Phl(OAc), 6

Scheme 22.Synthesis offlactones93via intramolecular lactonization &2 using PhI(OAgp.

Further, Fujiwara and eworkers reported direct conversion aétrahydrofuran2-methanols97 into /-
lactones99 via oxidative cleavage by employing precatalysgdbbenzamide8in the presence of caxidant
oxone (Scheme 239%.Reaction proceeds through situgeneration of active hypervalemdine(V) specie$00
which facilitates the oxidation of substrat83. This reaction occurs at room temperature under mild conditions

without using anytoxic heavy metals and desired products

were isolated in significant yields. Later, the sam

group developed a new catalyst, -[ddo-3-(isopropylcarbamoyl)phenoxylacetic acid for the oxidation of
tetrahydrofuran2-methanols97 and showed itseactivity greater than the previously employed cata§8f!

ka

98 (0.3 equiv)

(o) Oxone® (5 equiv), DMF, rt
R = CH,0Bz, CH,OAc, CH,phthN,
97 CH,OTs, Cq4H5g, (CH,)3CO,Et,
CH,0Bn, Ph
46-73%

0]
|
> Ri_\A\ NJ\
KO 0 H
10,
929 100

Scheme 23.0Oxidation oftetrahydrofuran2-methanols97 to 99 using100as precatalyst
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Another interesting strategy to prepare-butyrolactones wasreported by Gelis et al., featuring
enantioselective -sulfonyl and ! -phosphoryloxylactonatizatioof 4-pentenoic acid derivative$301 (Scheme
24) 82 Using stoichiometric or catalytic amountf G symmetric chiral iodoarend02, a facile synthesis of
sulfonyloxy -butyrolactones104 or phosphoryloxy -butyrolactones106 were achieved in variable yields
Notably,higher enantioselectivity was observed farosphoryloxylactonatizationée up to 93%ps compared
to the sulfonyloxylactonizatiomf 4-pentenoic acidd01 (ee up to 84%) Interestingly,gem-disubstituted and
spiro-lactoneswere obtained in high yields with go@hantioselectivities

o, 0
Ar” “OH
0 [ hioO
103 R
> o O, .0
0 ! o Ar = pMeCgH, 1-Napht; s
)K/O O P 1 o Pt 0 “Ar
o N7 N R'= Me, Ph
“ Ho We Me H 23-76%, ee: < 84% 104
OH
R1 R‘l 102
Method A: 102 (20 mol%), mCPBA, Et,O
0°c,72h L
101 or Method B: 102 (1.0 equiv), mCPBA, R” 1 OH SN
Et,O/TFE, -45 °C, 120 h R
105 R o0 R
t (@) \\P/\
R = OPh, OBn; ., o R
R'=H, Me, Ph
51-88%, ee: <93% 106

Scheme 24{ & y (i K SButyralac®ries usinghiral iodoarenel02as precatalyst

y wHamMTI 2 aSNRa NBa&S lakddlgctodeN @ tnalighi azigalidh Snil ByalisaRon of m X
unsaturated carboxylic acid€7 by employing azidobenziodoxolone (ABXB as azideransfer reagentwith
0.5 mol% of theCu(dap)Clasphotoredox caalyst under blue LED irradiati¢gBcheme 2552 Both electronrich
and -deficient arenes as well as thiophene heterocycles were well tolerated. Furthermore, replacirid@BX
with azidodimethylbenziodoxole (ADBX)O0 resulted in the formation of (1,1zidblactones11l in the
presence of Lewis acid catalyst, Pd(hfagéZ)nol%). Reactions were performed at room temperature, require
low catalyst loading and exhibit broad substrate scope.
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O_l—N3

108 (2 equiv) _ /\ﬁ
Cu[dap],ClI (0.5 mol %) N

MeCN, 18 h, rt, blue LED

R = CgH4R", 3-thienyl, CECPh 109

R' = H, Me, OMe, Br, F, CI
47-90%

A
R O—I—N3

107
0
110 (1.5 equiv) /\T\J§
Pd(hfacac), (2 mol %) R

N3
MeCN, 3 h, rt
R = CgH4R", 3-thienyl; R’ 111
= H, Me, Br, F, ClI
40-77%

Scheme 25.Synthesis ohzidolatones 109 and 111 usingbenziodoxol(on)e reagents08 and 110 as azide
source

Minakata and ceworkers investigated intramolecular lactonization of tertiary carbon containing carboxylic
acids employing iodic acid (H)Q13as an oxidant in the presencé catalystN-hydroxyphthalimidgNHPIas
hydrogenatom transfer mediatoScheme 26%* Notably, NHPIis oxidizedto the phthalimide Noxyl radical
which facilitates the site selectivegB bond cleavagelhe present oxidation system was found very dffec
for the preparation ofylactonesl14in respectable yields under metake conditions.

H RS HIO5 113 (0.8 equiv), NHPI (0.2 equiv) o
MeNO,, 60-80 °C, 6-24 h 0 s
R1/)\)\(OH . R1J§7R
R? o R', R? = Me, (CH,),CHg, Ph; R2
112 R3 = H, OAc, NPhth 114
37-73%

Scheme 26.Synthesis offlactonesl12using iodic acid14as an oxidant

The same team prepared furét(5H)-ones 116 via oxidative cyclization of v&ridza -unsaturated
carboxylic acid derivativekl5 induced by hypervalent iodine reage(Scheme 279° In this reaction, highly
electrophilic species Phi(OFfeneratedin situfrom PhI(OA@)6 and MaSIOTHf, plays crucial role of oxidant.
Botharomatid YR | f ALK I A O -pakiboa wekeiwdit$ojeiatad. Fuiihericyli@ation obsyl2,2-

Pagel03 ©AUTHOR(S)



Arkivoc2020Q iv, 86-161 Shetgaonkar, S..Et al.

dimethylbut-3-enoic acidsl17in the presence of Phl(OTfurnished furan2(3H)-one productsl18in 5468%
yields.

PhI(OAc), 6 (1 equiv)
Me3SiOTf (2 equiv), CH,Cl,, rt, 1-3 h O

R2 R'= CeH4R, 1-naphthyl, 2-naphthyl, Bn, R =

n-Bu; R = H, F, CI, Br, CF3, OMe, Me; R?
115 R2=H, iPr 116
34-88%
PhI(OAc), 6 (1 equiv) O
CO,H 2 - | o)
Me3SiOTf (2 equiv), CH,Cl,, rt
X X =H, Br
117 54-68% X 118

Schene 27. PIDAinduced synthesis dtiran-2(5H)-ones116and furan2(3H)-one 118.

2.1.2.5. Synthesis of prrolidines, dinydropyrroles and grroles. 2 A NI K Q&4 NX &SI NOK 3INRd
ation of terminal alkene419with [bis(trifluoroacetoxy)iodo]berene(PhI(OCOG})z) 120usingthiolates121

as an external nucleophile. This protocol providiesible synthesis opyrrolidines123in significant yields
(Scheme 28%° Further a stereoselective version of this reaction was developed by employingetbetsed
chiral iodine(lll) reagent22 and thioamination productd23 were isolated in useful yields withp to 61%
enantiomeric excessAdditionally, synthesis oindolines from corresponding\-(2-allylphenyl}4-methyl
benzene sulfonamides was achievaaer both conditions.

Phl(OCOCF3), 120 (1.5 equiv)
ArSNa 121, -20°C, 0.5 h

R = H, Me, Ph; Ar = Ph, 4-CICgHy,,
heteroaryl
50-71%

N
/)/\/\ R >£)_\
R X 0 I(OAc), O R SAr

R
O 0
119 MesHNJ\/ NHMes 123

122 /

ArSNa 121, DCM, -20°C, 0.5 h
R = H, Me, Ph; Ar = Ph, heteroaryl
40-57%; ee: < 61%

Scheme 28.odine(llllmediated synthesis of pyrrolidind3.
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Later, Kitamurat al.synthesizedN-tosyk3-fluoropyrrolidinesl25through intramolecular aminofluorination
reaction of homoallylanmes124 using stoichiometric PhI(OA® and pyridine-HF complex as a fluorine source
(Scheme 299’ Further catalytic aminofluorination was achieved usprigdotoluene51 as the catalysin the
presence of Py-HF amiCPBA. Moreover, synthesishdtosyl3-fluoropiperidine fromN-tosyt4-pentenylamine
was accomplished in 89% yield under identical conditions.

PhI(OAc), 6 (1.35 equiv)
Py.HF, DCM, rt, 5 h

PG = Ms, Ns, Ts; R' = H, Ph, o-
MeCgH,4, p-MeCgHy, Et, iPr; R?

=H, Me )
50-87% R .
i 3
AN R'
N
NHPG B

p-Toll 51 (20 mol%)
Py.HF (20 equiv)
mCPBA, DCM, rt, 2 h

PG =Ts; R' = H, Ph, Et, iPr;
R2 =H, Me
60-86%

Scheme 29.Synthesis oN-tosy+3-fluoropyrrolidines125from homoallylamined.24 using hypervalent iodine
reagent.

Chang and cavorkers prepared zaryll-pyrrolines 127 by treating arylcyclobutanecarboxamidek26
with (PhI(OCOGE) 120 via Hofmann rearrangementing expansion cascade reaction (Scheme 630).
Substrates126 with aromatic ring bearingrtho-, meta- and para substituents reacted cleanly under mild
conditions to deliver products in 38% yields. However, substrates with electron withdrawing groups
delivered products in lower yields. Further this method has been adapted for the synthesisdifiyiB-1H-
pyrrolo[2,1-alisoquinolinium salts through cyclization of synthesibedmophenylpyrroline with alkynessing

nickel catalyst.
PhI(OCOCF3), 120 (2.5 equiv)
MeCN, H,0, rt /ﬁg
Ar NH, - =N

R =H, Me; Ar = Ph, 3-CI-CgHy4, 3-Br-CgHy, Ar
O 2-Br-C6H4, 3-CF3-06H4, 4-Br-CGH4, 4-N02-
CgHy, 3-OMe-CgHy, 2-pyridyl, 3-pyridyl,
126 CH,Ph, (CH,)sPh 127
35-95%

Scheme 30.Synthesis of Aryl1-pyrroline derivatived 27 usingPhl(OCOG}J: 120asan oxidant
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Wang and ceworkers demonstrated2IPIDApromoted onepot synthesisof polysubstitutedtrans-2,3-
dihydropyrroles130 through multtcomponentreaction of aryl/alkyl amine428 with alkyne ester$9 and
chalcone derivative$29under balmilling conditiongScheme 315° Further using DDQ as an oxidant, one-pot
three step synthesis of mulsubstituted pyrrolesl31 were achieved under similar conditions. The present
reaction featured broad substrates scope, shorter reaction time, and providesibiéty for largerscale
preparation.

CO,R? RN A s POR
ball-millin
R'-NH, + | ‘ 9 . 129 > N CO,R?
30 Hz, 10 min l,, Phi(OAc), 6 R N
CO,R? ball-milling 5 R
30 Hz, 10 min
128 59 62-84% 130
o CO,R?
2
CO,R? R3/\)LR4 R?
ball-milling 129 DDQ | D—co,R?
RNH, | - - - re_y
30 Hz, 10 min I2, PhI(OAc), 6 ball-milling R
CO,R? ball-milling 30 Hz, 60 min
30 Hz, 40 min 61-83% 131
128 59

R' = Aryl, nButyl, npent, nHex, CH,iPr, Bn; R? = Et, Me; R3, R* =
Ph, CGH4Me, CGH4OMe, CGH4C|, C6H4Br, Me, 2-naphthy|

Scheme 31.Synthesis oflihydropyrrolesi30and pyrrolesl31using PIDA as an oxidant

The proposed reaction mechanism is shown in scheme 32. Initially, drd8yeacts with dkyne ester59
to givel -enamino estefl 32, followed by Michael addition betweetB2and129to give intermediatel 33. Next,
intermediate133reacts with 1 or in situgenerated AcO134from L, andPIDA6 to yield iodidel35, which upon
subsequent intramtecular §2-type nucleophilic substitution affords polysubstiéd trans-2,3-dihydropyrrole
130 with the elimination of HI. Finally, DDQ mediated dehydrogenation aromatizatiorl36f gives
corresponding pyrrold31
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O/
I
X
CO,R? CO,R? RS/\/LR“ CO,R?
| 129
R™-NH, + > - \
2 f HN™ ~CO,R? ~ R\ CO,R2
| -
CO,R? R' 132 2 © HN\1
R
128 59
l, + PhI(OAc), 6 4> AcOl
134 X
HOAc
CO,R? CO,R?
2 2 W, R* co,R?
y |\ COR? y \ COR? o \ ,
-HI \ COZR
O---HN
R1
131 130 135

Schene . The proposed mechanism for the synthesigitfydropyrrolesl30and pyrrolesl31using PIDA
as an oxidant

2.1.2.6 Synthesis opyrazolines, imidazolines andridazoles In 2018, Parlkt al. explored Rittettype amidoe
amidation of allyl keton¢osylhydrazoned36by employing PIDA as an oxidant and BIOEtas the promoter
(Scheme 3).>* This reagent system in combination with acetonitrile as the solvent and the amine source ha:
led to the synthesis of pyrazoline scaffol@87 at ambient tempeature. Proposed mechanism involved
activation of PIDA by the Lewis acid generating active hypervalent iodine(lll) spéetigituthat forms cyclic
iodonium intermediatel 38 with the alkene, which subsequently undergoesxXotype cyclization and Ritter
type-substitution to deliver produci37.

Phl(OAc), 6 (1 equiv), T " T H AcO CJlf) Ph
BF;.Et,0 (1 equiv), MeCN )8 e S=N_ ¢
_NHTs 3-Eh
N| (0.1 M), rt, 18 h N-N_ HN—( N}i'ﬁ
| (@)
R)\/\ R = H, Cl, Br, OMe, 3-furanyl, R)\)_/ R
3-thienyl, tBu, Cy 138
136 16-47% 137

Scheme 3. Preparation of pyrazolinek37 using PIDA& as an oxidant

Later, a similar methodology was developed for the construction of heteroatomtaining pyrazoline$39
fromi Zunsaturated tosyl hydrazonds36 using PIDA as the sole oxidarScheme 8).%° This cascade reaction
proceeds through the generation ®-centered radicall40 from corresponding MH bond, that undergoes
sequential radical cyclization and sulfenylafi®elenylation using disulfides/diselenidé® as the S/Se

Pagel07 ©AUTHOR(S)



Arkivoc2020Q iv, 86-161 Shetgaonkar, S..Et al.

nucleophiles to form desired produd9. Aliphatic, aromatic and heteroaromatic disulfides/diselenides were
well tolerated.

PhI(OAc), 6 (1.5 equiv) Ts Ts
DBU (1.5 equiv), MeCN, rt, 6 h _N N-
A+ ™R - jll\)_\ N )
R? A Y =S, Se; R' = Ar, Cyclopentyl, 2- R Y-R2 R1MA
naphthyl; R? = Aryl, Me, Et
136 72 42-93% 139 140

_NHTs
N

Scheme 3. PIDAmediated synthesi of pyrazolined39 using PIDA as the sole oxidant

In 2016, Chiba and ewmorkers reported iodine(IHnediated intramolecular aminofluorination df-allyl
amidines141 using EN.3HF as the fluoride nucleophi{&cheme 3).7° This reaction enablednti-selective
preparation of 4fluoroalkyt2-imidazolinesl43 from a series ofli-, tri- and tetra-substituted E or Z-alkenes
141. Moreover, synthesized-@nidazoline moiety were subjected tceductive ringopening to deliver3-
fluoropropanel,2-diamines irsignificant yields.

RZ’ = . R? R2

5 ) PhI[OCOC(j-Pr),Me], 142 (1.3 equiv) R5 -,
NHR SRS EtzN.3HF (2 equiv), CH,Cl,, rt N)ﬁF
Py e
Ar N R4 Ar = Ph, 3,5-F,CgHs; R' = Bn, allyl, Ph; RZ  Ar N
R! = Ph, 4-CICgH5, 4-OMeCgH5, CH=CHPh; R’
141 R3 = H, Me, Ph; R* = H, Me 143
56-95%

Scheme 8. Synthesis of-fluoroalkyt2-imidazolinesl43 using PhlI[OCO®ryMe]. 142 as an oxidant

Ly GKS F2ftf2gAy3a &SIN ,dzQa NBaSHMNDKEF INF HzOIA RE & AE
transformation ofN-alkyl enamined.44 into 2,4,5trisubsituted imidazole446 by reacting with TMSNL45 as
an azide source in the presence of PIBANnder copper catalysi§Scheme 8).”* Presence of tetrabutyl
ammonium iodde (TBAI) was essential for obtaining higher yields.

PhI(OAc), 6 (3 equiv)

TMSN; 145 ' o
ra TSRS _com
R1/\N)\ - R1§<\ I
H CO,Et R' = Aryl, 2-pyridyl, Bn, Et, N CF,
CH=CH,, 1-naphthyl
144 30-85% 146

Scheme 8. Synthesis of 2,4;&isubsituted imidazole446 using PIDA& as oxidant

2.1.2.7. Synthesis oflactam and midazolidinones. Shen and Wang reported thérst example of the
introduction of a C#group onto the lactaming 149 via Cucatalyzed intramolecular aminotrifluoromethylation
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of unsaturated amided47 (Scheme 3).”2 A series ofN-methoxyamidesl47 smoothly underwent &xo
cyclization followed by b b 0 2y R T 2NWIA( Ac2y3 yHAKDIupWEE deIirBd/QFO2 Yy i | A Y A )
lactam149in 48;82% yields. Later, the same team demonstrated aminoazidation of several unactivated alkene
147 by employing azidoiodinanE08as an azide precursdt.This diamination reaction enabled the installation

of two distinct amino groups onto the alkenes with excellent regitd stereoselectivity.

s

(0]

(0]
148 (2 equiv) . )LN/OMe
R_

Cu(acac), (20 mol%)
MeOH, 80 °C, 2-5 h CFs
R = Me, Ph 149
48-82%

OMe

Ve

@)
N/
H N3
\ I
147

108 (1.2 equiv)

0
R_)LN/OMe
CuOAc (10 mol%), MeOH, 60 °C \—&
R = Me, Ph N3
69-100% 150

Scheme 3. Hypervalent iodinemediatedsynthesis ofactams149 and 150.

Futther, Borelliet al. employed PIFA20as an oxidanin the cyclization of allyl or croti-sulfonytamides
151to yield 2propenylimidazolidinone$53 (Scheme 8).”# The proposed reaction mechanism possibly involves
oxidation of Pd(OAgpy PIFAL20to generate Pd(@CCE)sin sity, which initiates allylic €H activation to form
h3-allylcomplexi52 and subsequent intramolecular cyclization gives cyclic protib@:t
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R2 R2
. J/ Pd(OAc), (5 mol%) PG, ‘(:/
“NH PhI(OCOCF3), 120 (2.0 equiv) N
%“/N\ 1 L S}/N\R'l
R AcONa, BUNHSO,, DCE, reflux, 3-7 h

o PG = Ts, Ms, t-Bu-p-CgHy4; R' = Cy, o
. 2 —
151 Bn; R?=H, Me, Ph 153
31-85%
via | R ]
PG,/ \r

NNa ( Pd(O,CCF3)n

H(N\R1
0]

152

Scheme 8. Synthesis oR-propenylimidazolidinone453 usingPIFAL20as an oxidant

2.1.2.8.Synthesis of thiazoles anchiadiazoles An inter-/intra-molecular thioamination oN-allylthioamides
154 has been demonstrated by Hong andworkers(Scheme 8). This reaction system featured the useba
tosylimide 46 as the nitrogen source and PlB®4Aas the oxidant to deliver-aminothiazolines155 via 5exo
cyclization in useful yield$.

PhI(OAc), 6 (1.5 equiv)
\/\N,H Ts,NH 46 (1 equiv), DCE, 50 °C, 3-18 h _ Ts\ \):N\>_R

S)\R R = CgH4R", 4-pyridyl, (CH,),Ph; e S
154 R'" =Br, F, Cl, OMe, Ph 155
31-81%

Scheme 9. PIDAmediated synthesis of oxazolin&85 from N-allylthioamidesl54.

Futther, Hanet al. reported catalytic oxidative coupling tfiosemicarbazidel57 mediated byin situ
generated PIDA from PhI13in the presence of external oxidant® (Schemet0).”> This protocol provides an
easy access to the biologically importantrdino-1,3,4thiadizoles159 in moderate to high yields. Aromatic,
heteroaromatic and alkyl aldehydes were well tolerated.

Phl 13 (10 mol%)

S NaOAc, H,0,, AcOH, DMSO,
S H o _N
R_CHO + HzN\NJkNH EtOH/H,0, it 60°C, 4 h - N "
H 2 rt, 15 min HN-N R = Cy, CH,Ph, CH=CHPh, 3- g 2

thienyl, 2-naphthyl, CeHsR; R =H,

F, Cl, Br, NO,, Me, OMe, iPr

49-90% 159

156 157 158

Schemed0. Synthesis a2-amino-1,3,4thiadizolesl59 using iodobenzené&3 as precatalyst
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A plaugble mechanism for the synthesis ®amino-1,3,4thiadizolesl59 is depicted in schemel4Initially,
H-O, oxidizes Ph13to generate Phl(OAgP in situ which reacts withl58 to give intermediatel60. Cationic
speciesl6l formed through intramoleculacyclization of intermediatel60, losses hydrogen ions to deliver

desired productl59.
Ph—l S
H,0, RWN\N)LNHZ
AcOH H

Phl 13

\ /QAC
2N—<\ /)—R
159
AcOH
R \ﬁNHz

161

Scheme 4. The proposed mechanism for the synthesis-@n2ino-1,3,4thiadizolesl59 using iodobenzené&3
as precatalyst

2.1.3. Sythesis of six/seveamembered heterocyclesn 2015 Brogginiet al. performed Pd(Iiatalyzed inter
intramolecular aminoacetoxylation of glycine allylamidé62 to prepare 5acetoxymethyisubstituted
piperazinonesl63 employing Phl(OAg)% as the oxidizig agent(Scheme 2).”® Reaction initiates with the
F 2 NXY I (i Aadkyl Peeomplex 164 through Pd(IPmediated aminopalladation process, which is further
oxidized to alkyPd(lV) intermediatel65 by PhI(OAg)6. Finally, intermediatel65 undergoes reductive
elimination via GO bond formation to yield desired produd®63 with the regeneration of catalyst.
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OA
R Pd(OAc), (5 mol%) R2
“NH R®  PhI(OAc), 6 (2 equiv), NaOAc (1 equw) RN

N.
%( R’ Bu,NHSO, (1 equiv), MeCN, rt, 24 h H(N R
o

R =Ts, Ns; R' = Me, Et, Bn, allyl, Ph, o)
162 cyclopentyl; R? = H, Me
59-85%

AcO._ OAC

AcOPd!! Aco/Pd'

Scheme 2. Synthesis of acetoxymethylsubstituted piperazinone$63 using Phl(OAgp as an oxidant

An elegant method featuring PIPAediated halocyclization dsalkenylsulfoximine466 was developed by
2f YQa NB aKhehd3 7 Andd) dzearious iodine sources screened, potassium iodide provided
the best result. The present intramolecular iodoamination process enabled systhfasirahydrel,2-thiazine
1-oxidesl67 in variable yields withemarkable regioselectivities and diastereoselectivities. However, substrates
with tri-substituted double bonds were unsuitable for this cyclization reaction. Additionally, preparation of
dihydro isothiazoles was achieved inc89% yields with higdré6 T MY H by nYH 10O dzy RSNJ AR

3
R 4R3

o PIDA 6, K, R R, o
R4%/1R1 DCM (0.1 M), rt, 12 h Ij\th/iFv
R? >
R‘1 Ph C6H4Br C6H4C| C6H4Me

CgH4OMe, 2-naphthyl, Cy, Bn, Me;
166 R2 R3, R*=H, Me 167
50-93%; dr upto 82:18

Scheme 8. Synthesis of tetrahydrd,2-thiazine1-oxides167 using oxidant PIDA.

In 2016, an intramolecular cyclization éf(B)-alkenylamided 68 to the corresponding @&ryl-5-acetoxy2-
oxazinesl69 induced by PIDA was described byranijithet al. (Scheme 4).44 In the proposed mechanism,
aryliodinium ion38 formed from PIDA and HF-py interacts with the alkedé&8 and generates cyclic iodonium
ion 170 which is attacked bthe amide moiety to give alkyl iodarig 1. Notably, the presence of aryl group at
the end of the alkene stabilizes the incipient carbocation thereby facilitamap-cyclization of intermediate

171. Finally, nucleophilic attack by the acetyl group wa-lt&ke bimolecular reductive elimination furnishes
desiredoxazinel69 and releases PHI3.
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X
(=
(0] e} =

7 Phl(OAc), 6 (2.5 equiv) OAc
X X
CELN&/\C}RS HF.Py, THF/CH,Cl, (1:1), 1, 2h i S NH O
R1 X N

=H, OMe, F, CI, CF3; |

R2=H,CI,F X
65-84% R2
169
PhI(OAc) 6
l— Ph—I -Phl 13
HF P
y X

\
\
7

N 3
| RS | R
o) = o] OAc
f|\
N SNH o < H* Xy ONH O Ph
1 0 Ph - R1_
R_'/ o endo - NS S
| X SN OAc | N
X XX _
R2 R2
170 171

Scheme 4. Synthesis o6-aryl5-acetoxy2-oxazinesl69 usingPIDA6 as an oxidant

Later, Borelliet al. reported Pdcatalyzd intramolecular cyclization df-sulfonytNQotylbenzylamides
162via aminopalladation/dehydropalladation process using terminal oxidant BFB@&). 6 (Scheme 8).” The
reaction was carried out in the presence of AcONa ansNBS$Q@ in DCE under rafxing conditions. The
expected product vinyl piperazinon&g2 were obtained in moderate yields.

RL | Pd(OAC), (5 mol%) =
NH PhI(O,CCHjs), 6 (2 equiv) RLN
N\ '
%( Bn AcONa (1 equiv), BuyNHSO, (1 K[(N\Bn
o)

equiv), DCE, reflux, 5 h o)
R1 = TS, MS, t-BU-p-C6H4802
162 35-50% 172

Scheme 8. Synthesis ofinyl piperazinone472 usingPIDA6 as an oxidant

2 SYIANRBYAdzl Qa NB & Sixo@éh manmhBredicyclicktiigs bidgploying (poly)cationic
| 3-iodane (N-HVI1)174 as electrophilic reagenfor the activation of secondary alcohol¥3 (Scheme 8).78
Presence oN-HVI174 was crucial for the excellent selectivity achieved fg©OCond migration over direct
oxidation viaa-elimination pathways. Addonally, ring expansion strategy was successfully applied in the late
stage derivatization of several natural products. Further synthedifeldPacetals could be easily derivatized
with different nucleophiles, providing scope for subsequent manipulations
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@OMG | N

_N N~
\I/

OMe

20Tf

. l 174 (2.0 equiv) RO O\rCF3
) HFIP, CH,Cly:HFIP (1:1), FsC

[(viv) 0.3 M], 3 A MS, 60 °C
173 R = Me, 'Pr, 1Bu,Ph;n=1, 2 175
15-99%

Y

Scheme 8. Synthesis of six or seven membered cyclic eth@susing (poly)cationit *-iodanes174.

2.1. Synthesis of bicyclic heterocycles

In recent years, various intrand intermolecular approaches have been developed for the preparation of
bicyclic heterocycles. Most of these reactions require stoichiometric hypervalent iodinentsags oxidants
while few employ chiral/achiral aryl iodides as precatalysts. In this section, all hypervadeiited or
catalysed reactionfor the construction obicyclic heterocycles will be discussed.

The group of Gaunt has designed a noveH Gictvation strategy for the transformation of aliphatic
secondary amine$76 possessing adjacent methyl group into the corresponding bicyclic heterody@lesing
Pd(OAcQYPhI(OAG) 6 catalytic system(Scheme 2).”° This GH aziridination process proceedsavPd(IV)
intermediate 178 which upon subsequent @ bond reductive elimination delivers aziridinds7. In
continuation, the same team prepared azetidin®81 via Pdcatalyzed intramoleculag-CcH amination of
substituted morpholinoned 79 containinga-ethyl group® Presence of the oxidant benziodoxole tosyla8®
with additive AgOAc played a crucial role in controlling selecty r€ductive elimination pathway leading to
azetidines181. The present protocol tolerated range of substituents, includingndio-enriched substrates
which yield chiral azetidinek81 with excellent diastereoselectivity. Interestingly, substrat&d possessing
H bond at thea-position to the amine were well tolerated, unlike in the previous developed prot6col.
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o]
RS R? Pd(OAC), (5 mol%) RR z’ NSAc
%N,H Phl(OAc), 6 (1.5-2.5 equiv), Ac,0 %N Rt H \/
o /\(/N———Pd——L
O%Cm PhMe or chlorobenzene, 70-80 °C y o R2 \OA
d R R'= nPr, CH,CH(Me),, (CH,),Ph, o) R e ¢
CH,OTIPS, CH,CI, CH,F, Me, o)
176 (CH,)4CO,Me; R2 = Me; R3 = Me, H 177 178
36-81%
R (|)TS Pd(OAc), (10 mol%) R
O%RZ . 1<, AgOAc, DCE, 60-80 °C _ O/\FRZ
o AN 0 R' = Et, nPr, CH,OTIPS, CH,0Ac, CH,F, o)\<N)
R’ o (CH,)3CO,Et, (CH,),(4-OMeCgH,); R? = Me, R
Me CH,Ph, CH,OTIPS, CH,Ar, (CH,),NHTs,
179 180 CH,CH(Me),; R®= Me, H 181

35-82%
Scheme 4. Synthesis of fused aziridin@g7 and azetidined81 via C¢H activation strategy

adzNLIJKe Qa 3IANER dzLJ NEBF diByNdfBars1saINBdaltimglel@cir@rich styrenesl82 with
cyclic iodonium ylide$83 (Scheme 8).8 The reaction was mediated by Phl(QA&in the presence of BNl as
an iodine sourceThough only few examples were reported, the present methamV/jpled bicyclic product$84
in significant yields.

IPh

6]

I 183 o —
R+~ » \ /
= PhI(OAc), 6 (1.0 equiv) o T R

BuyNI, CH3CN, rt, 2 h
182 R = tBu, OMe 184
57-93%

Scheme 8. Synthesis of dihydrofuraris34 by reacting iodonium ylides83 with styrenesl82.

An efficient catalytic protocol featuring hypervalent iodinefiuced oxidative cycloaddition of various
aldoximes57 with maleimides185 to prepare pyrroleisoxazolinesl86 was described by Yoshimug al.
(Scheme 8).82 This cyclization reaction involvés situgeneration of hydroxy(aryl)iodonium species {BAf)
75from corresponding 20dobenzoic acid6in the presence omCPBA and TfOHhe proposed mechanism is
similar to that discussed in Scheme 19 wherein oxidation of aldoximes generates nitrile oxide which late
undergoes cycloaddition with85 to deliver prodict 186.
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57

185

2-ICgH4CO5H 76 (10 mol%)
TfOH (1.2 equiv.), mCPBA (1.5
equiv), CH,Cl,, rt, 24 h

Shetgaonkar, S..Et al.

N~O

R" = Aryl, CH=CHPh; 0 R2
R?=H, Me
31-98% 186

Scheme 9. Synthesis opyrrolo-isoxazolined 86 using precatalyst-2®odobenzoic acid6.

Later, the same group reported oxidative heterocyclization of aldoxbieath 1-propene1,3-sultonel83

mediated by KdS NI &

N3 furBighiigiisoxazolineing-fused heterobicyclic products89 (Schemes0).83

Furthermore, reaction of aldoximes? with 3-methyk1l-phenyl2-phospholenel-oxide 190 enabled synthesis
of isoxazolindused phospholene oxide®91 under identi@l conditions. The proposed mechanism involves
Y 2 & S NI &-inddkBd- aRidationr of aldoximeS7 to generatenitrile oxides79 in sity which undergoes
subsequent intermolecular 1;8ipolar cycloaddition with heterocyclic alkenes to deliver respective

heterobicyclic products.

PhI(OH)OTs 187

A

. _OH (1.2 equiv)
R
THF or AcOEt,
57 rt, 24 h

-

79

0]

| O
>S5S0
o

188

R = CgH4R", CH=CHPh, (CH,),Ph, 2-
naphthyl, 1-naphthyl, 2-pyridyl; R' = H,
Cl, Br, CN, NO,, CO,Me, SMe, OMe, Me
30-87%

Me

o

,P~Ph
o}
190

R = CgH4R", CH=CHPh, (CH,),Ph;
R'=H, Me, OMe, CI, NO,
8-45%

-

" >S%0
R O

189

Me
/o S
N
\
o

R
191

Schemes0. Synthesis oheterobicyclic productd89and191dza A y 3 Y 2 & $8RaQ an oNdaniit 3 Sy

LY HAMDZ
enynesl92ina 6S E 2

YIYYSNI OAl

¢ 2 v 3 Q &PIDAiINIBcerLihtradBIBdh & Bdgt&Rative (3 + 2) cycloadditdf 1,6
t R Ibid cyclivationReadtion afforddd Bidydlichéatdratybles

193 in variable yields (Schemel)s The proposed mechanism begins with the formation of alkewaiyll)
intermediate 194 via alkyre acetoxypalladation process, following whidkene insertion occurs to form alkyl
Pd(ll) intermediate196 through chairlike transition state195. Further 196 is oxidized to bicyclic Pd(IV)
intermediate 197 using oxidant Phl(OAd®, which givesyclometlated alkoxyPd(IValkyl intermediate 198

gAUK (KS
palladium catalyst.

tf2aa

27
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XH
R Pd(OAc), (5 mol%) X
| \ sz PhI(OAc), 6 (1.1 equiv), ACOH, rt, 3 h AcO R
» =
 NR3 X= NTs, O; R' = CqH4R, Me; R = H, Me, F, W ONRS
Br, R?=H, alkyl, Bn; R = allyl, nBu, Ph
46-82%
192 193
HOAc + 192 (X =0)
193 Pd(Il)
H—O
direct C-O RE Pd”
—0---H /<<
OAc o H\
R o
0 OAc Q - .
\P/d6 ST \-/>/Ph via TS
AcO _ 2R1 B H Pld” ] HO pg'
R
X s TS 195 AcO._/ R
R2
198 X R3 196
OAc
HOAc l OAc
PdIV
OAc
PhI(OAc), 6

Scheme &. Synthesis dficyclic heterocycle$93 using oxidanPhl(OAR)6.

Further, whe the ligand 1,1¢phenanthroline was introduced, 1l-€nynes192 were converted into3-
bicyclo[4.1.0]heptan5-one products200 via ligated Pd(IV) intermediat&99 (Scheme 3).84 The presence of
the additional coordinating ligand for Pd(IV) obstructtheésdd i / th 62y R NBRdAzOGA @S ¢
reactionviaa S2-0 @ LIS / b/ NB Rdzathwa@S St AYAY Il GAZ2Y
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OH /—\ OAc
Pd(OAG), (5 mol%) ho. NN
Il R 1,10-Phen (10 mol%) Pd(IV) 0
e R
f , AcO
X PhI(OAc), 6 (1.1 equiv) = R X
AcOH, 50 °C, 3 h «
45-57%
192 199 200

X = NTs, O; R = nPent, (CH,),CH(Me),, Me, (CH,),Ph
Scheme 3. Synthesis 08-bicyclo[4.1.0jheptan5-one product200using oxidanPhl(OAQR)6.

The synthesis obenzofused heterocycles has been well studied using different hypervalent iodine
reagents Further in this section, we will be discussing the synthesimoéty of heterocyclic compounds in
whichbenzene ring is fused with fivesix and severmemberel heterocycles in briefly. In 201Bedfordet al.
LISNF2NYSR AYGNI Y2t SOdz | NI obsnziNestilfan@benzamide sabdtfaf®20Y A R |
catalysed by Cu(O%fin the presence of PID&as the terminal oxidan{Scheme 3).8°> The present method
leads to the synthesis dfl-arylsulfonytl-arylisandolinones202 in useful yields. Interestingly, sulfonamide
moiety behaves as directing group as well as functionalizing reagent in this reaction. Further samarium iodid
mediated deprotection oR02provides valuable free-arylisoindolinone.

NHR' Cu(OTf), (20 mol%)
" O R2 PhI(OAc), 6 (2 equiv) . O NR'
PhCI/ACOH (5:1), 120 °C, 4 h R* R?2
O R!=Ts, Ns: RZ = H, Me; R3 = H, Me, O
OMe, F, 'Bu, Cl; R* = H, Me, OMe, F
RS 46-74% =3

201 202
Scheme 8. Synthesis oN-arylsulfonytl-arylisoindolinone202using PIDA as the terminal oxidant

In the same yearan elegant catalytic strategy to prepare biologically important scaffolds indoli2085
= C)and imidazpyridines 208 (X = N) was developed by Wang andwankers (Scheme 4.8 This
transformation took place via Michael additi§® + 2] annulation of 2&ubstitued azaarenef03 andh X i
unsaturated aldehyde204. The reactions are promoted by amine catal®86 and N-heterocyclic carbene
(NHC)207 relay catalysis in the presence of oxidant Plband base DMAP. Notably, preformation of the
Michael adduct206 from 203 and 204 was necessary which could be used without further purification.
Furthermore, preparatie power of this method was demonstrated for synthesizing an anxiolytic drug,
Saripidem in 45% yield.
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Ph

R TN o
A omeoms |RPr | N R
Rz S + A _-CHO 205 (10 mol) _ T 207 (5 mol%) > g2~ = R
Sy R RT™S PhMe, rt, 24 h rR DMAP (0.5 equiv), PIDA 6 (1.5 X N\%
H X =CH, N o equiv), rt, 12-18 h CHO
203 204 L J R=Ar; R"=CO,Et, COMe, 2- 208
206 pyridyl; R? = H, Me, ClI,

39-89%
Scheme 8. Synthesis oindolizines and imidazopyridin@838 using PIDA& as an oxidant

Latera A 1 A Q& NBdeSilibdd@ondis8 toute to accesacylindole derivative®12 by performing
PIDAmediated oxidative rearrangement ofé&minochalcones209 to form acetal intermediate211 (Scheme
55).8” Subsequent treatment with ZCQ at room temperatureresulted in 3acylindoles212 via intramolecular
cyclization procesChalcone209bearing substituted phenyl, thiophene and alkyl groups were well tolerated.
Furthermore, scope of this method was extended towards the rapid syntheSI€BD1A, currently evaluated
as apotential anticancer drug.

O _R N
S PhI(OAc), 6 (1.5 equiv)
X_:\ R BF3'OEt2, CH(OMe)3 210, rt . « | AN CH(OMG)Z K2CO3 X_|\ \
% X = OMe, H, Br: R = Aryl, 2- L ~
NHCOCF; o et’hie,nyT’ &y v Z  NHCOCF, THF/H,0 N
209 51-99% i 211 | 212

Scheme 5. PIDAmediated gnthesisof 3-acylindoles212.

Theproposedmechanism for the synthesis 8facylindoles212is depicted in schemegbReaction begins
with the electrophiic additon of PIDAG6 to the double bond alken@09 mediated byBR OEt and MeOH to
form adduct213 Subsequent oxidative rearrangement assisted by the lone pair of oxygen causes aryl grou
migration to yield oxonium intermediat214, which could be converted into corresponding acéal in the
presence of methanol. Ftirer, deprotection of NCOC#group and elimination of methoxy groumder basic
conditions furnishes intermediat215which then undergo subsequent cyclization and aromatization to deliver
anticipatedproduct212
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0 +(?Me0
Phl(OAc), 6
N R BF; OEt, R
X > . NHCOCF;
NHCOCF, CH(OMe); 210 X
=
209 214
MeOH
o) 0J_R
R
N N N -OMe o0 CH(OMe),
-MeOH Z N = NHCOCF,
H NH,
216 215 211

Schene 56. The proposed mechanism for tffdDAmediated gnthesis of3-acylindole212

In 2018, Xia et al. synthesized a new watesoluble and highly acidic hypervalent iodine(lll) reagent,
(phenyliodonio)sulfamate (PISR)8 by reacting Phl(OAcH with NHSQH in MeCN at room temperatur®.
Using PISA, synthesis of various substituted indd#2@8 from 2-alkenylanilines 217 involving aryl
YAINF GA2YKAYUNI Y2 SOdzf I NI/ b1 O&O0f Al I {{Screyle BOPIZEIG RS
behaves as dith oxidant and lewis acid in this reaction. Further developed methodology has been utilized for
the synthesis of the bioactive molecule Pravadoline andiafiammatory drug molecules such as Indometacin
and Zidometacin.

I—NHSO,
Y
| Y
A X 218 (1.5 equiv) N RLEI%‘X
| - |
Z > NHCOR2 H,0, CH4CN, 60 °C, 1-12 h Z =N
X = Me, Et, n-Pentyl, cyclopropyl, Cy, Ph, H; COR?

Y = H, nPr, Bn; R' =F, CI, Br, CF3, Me,
OMe, CO,Me, Ph, furyl, thienyl; RZ2=1- -naph,
2-thienyl, 2-furyl, Bn, Me, vinyl
57-88%

217

Scheme 3. Synthesis of indole€&l9 using (phenyliodonio)sulfamatl8 as an oxidant

Further for the synthesis of,2-disubstituted benzimidazoleg21, an intramolecular benzylic C&gH
imination strategy involving -# elimination was designed iy £ Q& NI & 8 ThisXinthod ahRbitl Jd
selective functionalization of two aliphatie6p’)H and two aryN(sp)H at 1,5 position facilitated by situ
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generatednypervalent iodine(lll) species fraaintmCPBA catalytic systefScheme 8). Later, thesame group
developed another catalytic route employing precatalyggtabutylammonium iodide222 in combination with
t-BuOOH in DMSO as relatively inexpensive replacement for the previously desigmeQFFBWHFIP systerff)
Symmetrical dibenzylamine220 gave single isomer of benzimidazoles while unsymmetrical ones yielded
mixture of isomers of imination producinder both catalytic conditions

R2 TBAI 222 (20 mol%) R2 PhI 13 (10 mol%) R2
> TBHP (3 equiv) mCPBA (2.5 equiv) }
XN DMSO, 100 °C, 2 h N~ HFIP/DCM (2:1), 1t, 4 h N
R1_:@ ) = R Hz > R1_:(/\E )—Ar
Z N R'=H, 4-Br; R? = H, Me, iPr, ZSNH,  R'=H,4Br;R2=H, Me, iPr, Z N
CeH4OMe; Ar = Ph, CgH4OMe, Ph, CgH4OMe; Ar = Ph,
21 CeH4Et, CeH4Cl, CeH,Br, CeH4CF3 220 CgH4sOMe, CgH,CI, CgH,CF5 221
17-92% 18-92%

Scheme B. lodine(lll}catalyzedsynthesis ofl,2-disubstituted benzimidazog221.

Furthermore, Singh and Mangaonkar demonstrated an efficient method for the oxidative cyclizatien of 2
hydroxystilbene23 usingPhl(OAc) 6 as the catalyst and-CPBA as the oxidant (Schen®.3 This meta
free route gave access to a varietyfnctionally diverse arylbenzofuran®24 at room temperature. Reaction
time was reduced by performing the reaction under ultrasoumddiation conditions and desired products
were obtained in high yields. Very recently, the same group prepa@ylBerzofurans224 by employing Phl
13 (10 mol%)as precatalysin the presence of terminal oxidamb-CPBA anadditive trifluoroacetic acid in
CHG.*?

PhI(OAc), 6 (10 mol %)
R o Ar m-CPBA (2.0 equiv), MeCN, rt R
> N Ar
OH 20-60 min, ultrasonic bath O
R = H, Me; Ar = CgH4R', 1-naphthyl, 9-

223 anthryl; R' = H, F, CI, Br, Me, OMe 224
67-89%

Scheme 8. Synthesis of -arylbenzofuran224 using PIDA as the catalst

A plausible catalytic cycle for this cyclization reaction initiates with the activation of double b@2@8 by
PIDA6 to form threemembered iodonium intermediate225.°? Intramolecular cyclization oR25 gives
intermediate 226, which upon reductivelimination yields anticipated produ@24 with the release of PHL3.
Further PhI13 could be reoxidized to active iodine(lll) spectem the presence omCPBA and acetic acid
(Scheme 60
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m-CPBA  MeCN/CH;COOH

PN

OCOCH,
Ph—I /
Ph—I
13 )
OCOCH,
6
224
223
Ph
\|LOCOCH,

R
Ar R %
o \©\/§‘—Ar
226 \/
OH

225

Schemes0. The proposed dalytic cycle for the synthesis of&ylbenzofuran®24 using catéytic PID/A6.

LY HAM®bE [/ dzZA Q& NBaSFNOK INRdzZL) RSISt 2 128BRromNA2- SEL
acetaminophenyl)enaminoneg27 via hypervalent iodine(llfjnduced intramdecular oxidative €N bond
forming tandem procesESchemes1).%2 Inspection of various substrates revealed that electrimi substrates
gave desirable product yields while electrdaficient ones provided relatively lower yields. The proposed
mechanism iitiates with the reaction o0f227 with PIDA6 that generatesa-iodo iminoketone229, which
undergoes intramolecular condensation cyclization to affe8@ with the release of Phl3 and AcOH. Finally,
oxidation 0f230 in the presence of oxygen forn231, which gives final produc228 with the elimination of
CHCOOH. Previously, Zheng andnaarkers had constructed quinoxaline scaffolds through Phi(&2Aeliated
cascade cycloamination df-aryl ketimines by employing sodium azide as the nitrogen source wuajgyer
catalysis?*
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o)
NH PIDA 6 (1.1 equiv) o
@[ PhCOOH (1 equiv), toluene, 80°C, 12 h N\ R
N R' = CgH,4R, 2-furanyl, 2-thienyl: R g =Y.
= LMy, Z-Turanyli, Z-thienyl; = N R
R2J\/LLR1 H, Me, OMe, Cl, Br; R2 = Ar, Me,
227 cyclopropyl 228
35-93%
PIDA 6 CH3;COOH

OH
NI ~ PhI13 N R H N R’
—_— —_
— AcOH Z 2 o) ~
IN 0 N~ "R 2 N~ "R2
R2 R’
r"lA 230 231
Ph” ~OAc
229

Scheme51. Synthesis ofjuinoxaline228 using PIDA as the oxidant

aSIYygKAtSE /FAQa NBaSIFNOK 3INRdzZZJ RSaZONAROGSR | aeg
substituted amide32 via catalytic desymmetrization process (Scher@g®6This reaction was promoted by
in situgeneratedchiral hypervalent iodine(lll) spesfrom diiodospirobiindane derivative33in the presence
of mMCPBA. Addition of TFA as acid promoter and HFIP as solvent media provided the best result. The des
lactams 234 were obtained in decent yields with enantiomeric excess up to 89&tably, cyclopentoxy
substituent on the nitrogen of amide gave products with better enantioselectivity than with other alkoxy
substituents.

1 R 2
R2 R 2 R2 A R
|\\ | \/\R 233 (10 mol%) 5 |\\ N A
ZUNTXg NF mCPBA (1.2 equiv), TFA (10 equiv), 2N o =
OR HFIP, -10 °C, 12 h OR
R = Me, iPr, Cp, Cy; R" = H, Me, Et,
232 CN; R?= H, Me, iPr, CF3, Ph 234

50-88%, ee: < 89%

Scheme 8. Synthesis oN-alkoxylactams234 using233 as precatalyst
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Wang and ceworkers employed hypervalent iodine(lll) reage?2®6 as an efficient oxidant for the
intramolecular decarboxylative Hetype reaction of readily accessiblevihylphenyl oxamic acid235
(Scheme B8).°6 This operationally simple lactamization method enahpeeparation of varioug-quinolinones
237 in variable yields with excellent chemoselectivity.

R3

RZ R2
H 4-FCgH4I(OACc), 236 (1.5 equiv) R3

N COOH CHCl3, rt, 24 h X

O ~ R
R _ 0 R'= Me, tBu, OMe, F, Cl, CF3, NO,, SN X0
CN; R? = Me, Ph, 4-OMePh, 4-FPh; H
235 R®=H, Me 237
52-96%

Scheme 8. Synthesis o2-quinolinones237 using 4FGHl(OAc) 236 as the oxidant

A plausible mechanism is elucidated aheme @. Initially, substrate235reacts with hypervalent iodine(lll)
reagent236 givingcyclic iodine(ll1) monome&38 which subsequently setissembles to form macrocyclic trimer
239. The diradical intermediat240 generated through ringstraininducedK 2 Y2 f @ 8A a4 2F A 2 RA
undergoes decarboxylation and radical addition to the alkene to give intermegddteNext, intermediate241
upon intramolecular aryliodine radicatediated oxidation gives benzylic cation intermedia# with loss of
Arl (4-FGHl). Finally, E1 elimination @42 delivers desired produ@37.%¢

3 /'A\r'
R2 /R _ S NN
|._
H Arl(OAc), 236| R2 __ OM IO’A 0
. N_COOH o self-assembly 4 o”
YT N = atQ N
L 0] R1_'_\ I\ ™ \ ’1’|‘/ SAr
AcOH R A AN O Ar
235 °
238 239
R3
Ar
2
RV -0 .
/ -CO AcOH
N 2
RIS % d\'fp‘r : f» -
PR ArI - ACO AcOH
240 241 242

Scheme 8. Plausible mechanism of synthesi2eduinolinones237 using 4FGHsl(OACc) 236 as the oxidant

Jacobsen and coworkers developeccatalytic route to prepare 4luoroisochromanone245 through
enantioselective fluorolactonization of vinyl benzoa#3 using chiral aryl iodid@44 as precatalyst (Scheme
65).9” Reaction employs Hbyridine as a nucleophilic fluorinating reagents an@PBA as the terminal oxidant.
This nucleophilic fluorination protocol enabled introduction of fluorgmntaining stereogenic center, which
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constitute a frontier endeavor in organic synthesis. Moreover, reaction products are formed isythe

configurationasdetermined byX-ray crystallographic analysiReaction possibly occurs through intermediate
246, wherein anchimeric assistance of carboxylate group lead to the displacement of aryliodo group givin

desired products.
BnOzC\/ \©/ COan
0 0]

R—'\ OMe 244 (10 mol%) _ R—'\ 0
N o : o ~F
R mCPBA (1.2 equiv), pyr-9HF (2.8 equiv) =
0.4 MDCM, -50 °C, 24 h F
243 R = H, Me, OCF3, F, Br, Cl, CF3;, COOMe

R'=H, Me, alkyl, Cy, Bn
35-67%, ee < 96%

B OMe ]
AN
R_' P /F
{ |\|\| A
.
LR

246 .

Scheme 6. Enantioselectivesynthesis ofi-fluoroisochromanone&45 using chiral aryl iodid44 as catalyst

Later, MOckekt al.developed a novel electrochemical method for the lactonization of vinyl benz@4ts
using as precatalyst iodobenze@8. The reaction was performed in the presence of lithium perchlorate and
trifluoroacetic acid as electrolyte and supporting acid respectively. Trifluoroetholgtituted isochromanones
247 were isolated in appreciable yields (Schen® %8 Reaction scope vgaadministered by changing the steric
and electronic components of the substrates. Furthanctional group tolerance was determined using
compatibility test and it indicatethat functional groups labile to oxidative conditions show low yields. In case
of vinyl substituted substrates, satisfying diastereomeric ratio were observed.

o Phl 13 (25 mol%) o
N o~ TFA (0.9 M), LiCIO, (0.8 M)
R-T

R TFE, Pt electrodes, 6 °C Z R
2.0 F/mol, 7.5 mA/cm? O._CF;
243 R = H, Me, nPr, iPr, cHex, Bn
R'=H, F, CI, Br, Ph, OMe, CO,Me
32-60%

Scheme 6. Synthesis oflsochromanone47 using iododobenzen#&3 as precatalyst

Pagel25 ©AUTHOR(S)



Arkivoc2020Q iv, 86-161 Shetgaonkar, S..Et al.

[/ dzA Q& NB a St NOK I NRedziute #® Hrepde 22 ydiSxigbenzopN 1St [oxafin249 from N-
(2-hydroxylaryl)enaminonef48 using PIDA6 under air atmosphere(Scheme 8).°° This onepot synthesis
exhibits excellent functional group compatibility with broad substrates scope and significant product Yredds
proposed mechanism initiates with the 1tbshift 0f248 to giveiminoenolate intermediate250, followed by
PIDAinduced oxidation to providepirolactone intermediate251 which reversibly form252. Further EiN-
promoted oxidation of252 under Q gives superoxide radical intermedia253 which upon subsequent
dismutation generates intermediat254 and releases hydroxyl radical. This radical could be then trapped by
252 to continue the radical chain growth in the presence of 6inally, intramoleculacyclization of254
furnishes desired produ@49.

EtOH, rt, air o
1) PIDA 6 (1.2 equiv), 10 min HO
o -OH 2) Et;N (2.0 equiv). Y R3
R1—: > R1_: 7
ZSNH 0 R' = H, F, Cl, Br, NO,, Me; R? = Aryl cyclopropyl; Z SN OR2
AL, R3 = Ar, 2-furyl, 2-thienyl, 2-naphthyl
R R 37-86% 249
248
M 1,5-H shift
~OH oK
R R
Z SN OH N o
|
RZJ\/LR?’ RZ%RS
o)
250 254

252 253 O

0 P
1 3 R'—— i~
R O__R < RI-—

| - N0 NN\ o
N AL Et,N/O,
R
R2
251

Scheme 8. Preparation oR-hydroxybenzop][1,4]oxazine49 using PIDA as an oxidant

LY HnamcI 2SydaNBYyAdzl Qa NB &SI NXuked Gyhd detdrodydedd7 N S R
oxidative rearrangement of benzylic tertiary alcoh@s5. This reaction was facilitated by (poly)cationic
hypervalent iodine reageri256 promoting Gto-O alkyl migration andepresents the first example showing the
unique reactiviy of thisclass of reagents (Schem@)6°° Although detailed mechanism is not provided, authors
envisioned attack of the alcohol on the iodine centkat would generate an activated intermedia@58
followed by carbon tooxygen alkyl migratioio generat oxonium ion259 which could be trapped by a
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nucleophile to give cyclic ethes7. Reaction was highly scalable, demonstrated by gram scale reaction and
also HFIRlerived acetal257 were subjected tsubsequent derivatizationnder different reaction coditions.

2 | = |
sONC NG
+ ] _
{ 2 OTf
Rl OH R
) 0] CF;
Rzl_\ 256 (1.5 equiv) e 0 h
T ) > R CFs
N HFIP, CH,Cl, 3 AMS, -25 °C = ]

R' = Me, Et, Pr, Bn, allyl, Ph, 2-

255 Py; R2 = H, OMe, Br, CN, BPin; 257
n=1,2
256 50-87%
HFIP
Ph
Of:‘l—\z( 6 RY
1
AN R 211 N N
R \. "
| _— )n = n
Phi
258 259

Scheme 8. Synthesis oBenzoefusedoxygen heterocycle&57 using polycationic hypervalent iodine reagent
256.

In 2019, PIDAnduced oxidative rearrangement of primary amin280 via 1,2C to N migration was
develdJSR 0 @& adzNJ A Qa ThislBetdd BidatHed AN siaitb@sis of cyclic amines such as
benzoazepin@61 (n = 1) andenzosuberar261 (n = 2)in significant yields (Schem®)6°* Substituents such
as chloro, methoxyester and trifluoromethyl gpups were well tolerated.

1) PIDA 6 (1.3 equiv), Cs,CO;5 (2.6 equiv),
Me_ NH; MeOH, 0°Ctort, 12 h H
2) NaBH, (5.0 equiv), 0°C tort, 1-7 h

R R =H, Cl, OMe, CO,Me, R
CF3;n=1,2

40-95%
260 261

Scheme 6. Synthesis of cyclic amin261 using PIDA& as an oxidant

2.3. Synthesis of polycyclic heterocycles

Maiti and Mal designed a PIBAduced intermolecular dehydrogenative annulatistmategy for the synthesis
of carbazole64 from non-prefunctionalizedN-sulfonylanilides262 and 1,3,5trialkyloenzene263 (Scheme
700192 Thistandem 5/ k/ bbb 02y R F2NX¥YAYy3I NBIOGAZ2Y Ayo2ep@$ba

Qx
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andoneN§pPO b1 02y Ra F2fft26SR o6& 2yS Ftl1eft YAINIGAZ2Y O
with substrate26202 y (i | A Y A yaapbsitionl(RF H}j é&bling synthesis of medtibstituted carbazols
2650A 1 A8 d2SydAlf FAd@ictionalizatoh.y R 2y S bbl 62YyR

~4{H]

5
PhI(OAC), 6 (2.5 equiv) R3 RV Rre
CF3CH20H, rt, 3h —
' 5
1 2 \/ / R
R'=Ms, Ts, Ns; R? = H, CF3, Cl, R? N
. Me; R®= Br, CI, F, | Me, Et, iPr, tBu, rR
, R . Ph; R*=H, I, Br, Cl; R® = Me, Et
R | UL . H R 56-93% 264
A H
R2/ N RS R5
R’ H
262 263
R3=H
-6[H]
PhI(OAC), 6, CF5CH,OH, rt, 3 h ]
R'=Ms, Ts, Ns; R2=H, I, F, Cl, Br rR' R
Me; R*=H, Br; R®=Me
41-66% 265

Schemer0. Synthesis of muksubstituted carbazole864 and 265 usingoxidant PID/.

The proposed mechanism for this intermolecular reaction is depicted in sci&r@ Initially, anilide 262
interacts with PID&to form nitrenium ion intermediat®67 which later stabilizes through charge delocalization
to give carbenium io268. Garylated intermediate269, obtained through nucleophilic addition of are@&3to
the 268, undergoes further oxidatiowith PIDAG to generate ionic intermediat@70. Subsequent electrophilic
aromatic substitution furnishes carbenium intermedie2@1 which is stabilized by neighbouring quaternary
methyl group migration. Finally, conversion of cationic intermedi2f@ into the heterocyclic produck64
occurs via abstraction of proton by acetate ion.
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R3 oM R4 264
_H * L I
R5

Schemerl. Proposed mechanism for the synthesis of msitbstituted carbazole264.

Ly O2ylAydzr A2y I al f QaagehtNiR sale) ox@lant 36 Brép&r&k medtiBsiRuted S 0 L
carbazoles from anilideg62 and simple arene263either by using stoichiometric PIlBAMethod A) or catalytic
t Km@PBA system (Method B$cheme 2).193 Reactions were performed at ambient temperature and
tolerates range of functional groups. Notably, stoichiometric pathway provided better yields as compared tc
catalytic ones. Further symetic utility of this method was well documented in the synthesis ofdnbve natural
products.
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o Method A: PIDA 6 (2.5 equiv), K,CO5 2R
o 2.5 equiv R! voow
1 H H ! (2.5 equiv) )
R S Method B: Phl 13 (20 mol%), mCPBA
T | R? > R2
N” T HFIP/DCM (1:1), rt, 1 h N
R R = Ms, Ts, SO,C¢H4NO,, COPh, SO,Ph, Ac; R
R' = H, halogens, alkyl, Ph ; R? = Me, Et, OMe
262 263 g Y 264

A: 41-82%; B: 32-66%
Scheme 2. Hypervalent iodine(IHinediated ynthesis of multsubstituted carbazole264.

Later, the same group d&vf 2 LISR A Y iU NJ Y2t SOdzf | NJ RSKERNRISY I (A¢
of carbazoles264 by reacting biarylsulfonanilide®73 with iodine(lll) reagen{Scheme 3).1%* This method
enabled distal4netad / L1 62y R TFdzy Ol A 2 ¥ kalkyhnhigrafioh. Rgactigns Wweie pérfisr@ed A
either by using stoichiometric phenyliodine diacet#&ter in situgenerated iodine(lll) reagent froprecatalyst
iodobenzenel3 (20 mol %) and terminal oxidamCPBA. Substrat@y3 with electronrich arene moietygave
higher products yield as compared to electrdeficient ones. Both reaction pathways worked perfectly well at
room temperature under open atmosphere condition. Further conversidipfotected carbazol@64into the
corresponding NHarbazole deriviive was done by treating with €3Q in THFEMeOH under refluxing
condition.

R3 5
R 2 R3
R2 Method A: PIDA 6 (1.2 equiv), TFE, rt, 3 h R
Method B: Phl 13, mCPBA, TFE, rt, 3 h R O R2
R! O R2 R = Ms, SO,Et, SO,Ph, Ts, Ns; R' = O \ R?
NH Br,Cl, I, F, Me, Et, iPr, tBu; R? = Me, R
R Et; R3=H, Br
273 A: 38-98%; B: 35-97% 264

Scheme 3. Synthesis of carbazol@64 usinghypervalent iodine(lll) reagent as an oxidant

Murai and ceworkers performed the first oxidatesrearrangement of cyclic secondary amir2dsl using
hypervalent iodine reagené (Scheme #).1% This method comprises Phl(OApyomoted 1,2-Gto-N alkyl
migration of secondary amine&74 followed bysubsequent reduction using NaCNBBI provide tetracytic
compound<275. Further scope of the reaction was extended towards the synthesisacfocyclic indoléused
compounds.
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R1
1. PIDA 6 (1.3 equiv) R!
\, NH . CF4CH,0H, 0 °C to rt N R
N )% > \ D%
| 2. NaCNBH; (5.0 equiv), 0 °C to rt N
BOC —, R'=H,Me,Cl;n=1,2,3,7 BOC n

52-89%
274 3 275
-1
=1

~

Scheme 4. Synthesis of tetreyclic indolefused compound275using PIDA& as an oxidant

Meay 6 KAf ST {dz3AYdzNI Q& GSIFY LINSASYGSR |y ESsatyhf-i A 2
silyloxylhex3-ene 276 promoted by lactatebased chiral iodine(lll) reageRt7, 278 and 279 in the presence of
BR-OE$ (Scheme 3).196 Tricyclic product280 were obtained invariable yieldsinder metaifree conditions.
Further experimental evidences revealed that silyl group as a protecting group accelerates this oxidativ
cyclization reaction and also contribute for high enantioselectivity. Additionaiyn@arylation of methane
sulfonylamide provided hexahydroberiihdole in 85% yieldee 80%) using tris(pentafluorophenyl)borane as
promoter.

OTBS 277 or 278 or 279 (1.2 equiv)
BF; OEt,, DCM, -80°C, 1-2 h

AN »
R3-- 1 2
= R'=H, Ph, Me; R? = H, Me;
R? R R3 = OMe, Me, F, Br, CF4
17-88%; ee < 95%
276 280
OMe MeO OMe
[loﬁ( [ l 4 m* I l
I(OAC), OAc OAc)2 o)
277 278 279

Scheme B. Enantioselective synthesis of tricyclic produ28® usinglactate-based chiral iodine(lll) reagent

In 2016, Waghmodet al. employed PIDA& as an oxidant to preparg,3-napthoxazine82 through cross
dehydrogenativecoupling of 1(a-aminoalkyl)2-naphthols 281 (Scheme ®).1°7 The precursors281 were
synthesized viathre® 2 YLI2 y Sy (i O 2 ynRpbtfick aldetydey ané cyclid secondary amiiaBetti
reaction. The proposed mechanism initiates with the reactio@8ifwith PIDA6 to form intermediate283 via
ligand exchange, which further giveig membered iodine(lll) heterocy@84. Intermediate284 upon reductive
elimination of Phl generates imminium i@85 followed by subsequent trapping by phenoxide anion to yield
product282.
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X
| R
=
O Phl(OAc), 6 (2.2 equiv)
O D) CH2C|2, rt, 6-28 h D
n )
OH n=1,2;R=H,Me,Cl, )
. Br, NO,, OMe
281 58-81% 282
(l)Ac
AcOH|  —=h
OAc
R e R
2 @H OAc = i
LR K
X JI—Ph ®
Iy —
-OAc OO o -Phl OO 0
283 284 285

Scheme 8. Synthesis of 1;8apthoxazine®282 using as oxidant PID&\

In 2017, Honget al. established an efficient protocol for the oxpot synthesis of A-chromeno[3,2
cJquinolones288 from arylols287 and subgituted aryliodinglll) reagents286 through cascadeD-arylation and
palladiumcatalyzed C(Sp-H arylation proces{Scheme 7).1°® Both electrondonating and-withdrawing
substituents on the quinoline ring were well tolerated. Furthehytiroxycoumarin289 was converted into
benzopyranone derivative90 using bis(acetoxy)iodoarer86 under similar conditions in 59% yield.
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Y

R = H, Me, OMe, Br, CI, F,
COMe, NO,, CN, CF3; R, R?,

R3=H, Me, Br

AcO_ | _OAc 54-80%

1) xylene, 100 °C, 6 h
R1 | AN R2
,\/ 2) Pd(OAc),, PPhj, CsCOs,, OH
R3 xylene, 4 A, 130 °C, 30 h
X
286
0" SO0
289

R", R% R3=H

290

Scheme 7. Synthesis ofH-chromeno|[3,2c]quinolones288and benzopyranone derivative90 usingtrivalent
aryliodine reagent286.

In 2019, Cheret al. disclosed an interestiniy-heterocyclic carbeneNHC)292-catalyzed intramolecular
domino reaction ofaryl aldehyde?91 using PID& (Scheme 8).19° Based on the control experiments and DFT
studies,a domino twestage mechanism was proposed involviMigCcatalyzedoxidation of the aldehyde to
the corresponding carboxylic acid via acyl azolium intermedatmed from Breslow intermediate293 and
subsequent addition of carboxylate to the iminium intexdiate to give desired produ@94. Several cyclic
amines such as piperidine, pyrrolidine, morpholine and azegareved aldehydes were well reacted under
optimized conditions.
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[XN BF,
\ N .
Rj/ \E \I “CgHs R T / \|
Sy - N | N 292 (20 mol%) Seo AN AL
H = PIDA 6 (2 equiv), DABCO, 1,4-dioxane, rt o) =
X =H, Cl, Br, CF3, Me, OMe, OBn; R =

H, Ph, Br, OMe o
32-67%

++

via ,C6H5
-N
’7 )\<Ar
N .
G
< o
ACO//I\\/\‘,—J’
Ph Me

293

Scheme 8. Synthesis df-oxygenated prodcts294 using PIDA as an oxidant

Denget al.established a new strategy to construct polycyclic cyclohexadierZg&through intranolecular
alkoxyoxylactonization/dearomatization of -3tydroxy[1,1-biphenyl}2-carboxylic acid295 promoted by
stoichiometric oxidant PIDA& (Scheme 9).11°Further asymmetric version of this method was developed by
usingin situgenerated aryk3-iodane from chiral aryl iodid296 in the presence om-CPBA in MeOHReaction
scope was investigated by employidifferent alcohols297 as nucleophileNotably, decrease in product yields
and enantioselectivities was observed for sterically hindered alcohols and therefore reaction was fount
sensitive to the size of the alcoh&lurthermethyksubstituted substrat@95 (R = Mg enabled synthesis of core
unit of dehydroaltenusir299, which is an inhibitor of DNA polymerase

T Lo Lot L
MJYO O%H
OH Me Me

296

e) (0]
' Z =
N Method A: PIDA 6 (2.8 equiv), R2OH 297, OR?2 |
R R <
\F ; o ¥ o A o
5AMS, 20 °C, 10 h A "
COOH Method B: 296 (20 mol%), mCPBA (1.2 R o o)
equiv), R20H 297, 20 °C, 30 h
295 R =H, Me; R' = H, F, NO,, Me; R2 = Alkyl 298 (R=H) 299 (R = Me)

A: 48-80%:; B: 21-61%, ee: < 52%

Scheme 8. Hypervalent iodine(IHjnediated synthesis of polycyclic cyclohexadienc2@®
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2.4. Synthesis of spirocjic heterocycles

Oxidative dearomatizative spirocyclization constitutes an important platform for the preparation of
functionalized spirocyclic skeletons. Chiral hypervalent iodine reagents are frequently employed as reagents
catalyst to achieve asymrtrec dearomatization of phenols and other related electaach organic compounds
The current section of the review highlights the recent progress made in the enantioselgedk@mnatizative
spirocyclization reactionsn 2015, Zhangt al. constructed pirooxindole derivative801 from 1-hydroxyN-
aryl2-naphthamides300via chiral organoiodinecatalyzedenantioselectiveoxidativedearomatizatiornprocess
(Scheme 8p''1This reaction enabled stereoselective creation ofalbon stereogenic center coritang spiro
products301in good yields with excellent enantioselectivities (up to 3286 Notably, the active hypervalent
species, phenyll3-iodanes generatedn situ through mCPBAmediated oxidation of chiral iodoaren&02
catalyze this asymmetrgpirocyclization reactian

(0] (0]
Mes\N)K/O o N,Mes

HO N H Ne Me 1

| R 102 (15 mol%)
H ]

" | mCPBA (1.5 equiv), TFE, H,0, -30 °C, CH3NO,

R'=H, Br; R? = Me, Et, Ph; R® = H, Me, OMe,

4 tBu, Me; R* = H, Me, OMe, OBn
42-80%; ee: < 92%

SchemeB0. Synthesiof spirooxindoles801using chiral iodoaren&02as precatéyst.

[ FGSNE adzNLJKeQa NBaSIFNOK GSFYTFTNBSaBYIIRRE OK (02
spirooxindolo dihydrofuran803 by reacting cyclic iodonium ylidd83 with 3-alkylidene2-oxindoles302 using
BwNI catalysifSchemeB1).112 The reaction \as tolerant to a variety oélectronpoor and electromeutral
substituents on the alkylidene substrates and the products were isolated in high to excellent yields. Othe
iodonium ylides derived from 1;8iketones, pyrimidines and 1-}&toesters smoothly@ve spirocyclic products
in significant yields.

O
IPh
R
- 0
183
Rl o] >
N\ BU4N|, CH3CN, 60 OC
PG PG = Ac, CBZ, Boc, Ts, Bn, allyl, Me; R =
CO,Et, COPh, COMe, Ph; R' = H, F, Br, CI
302 73-99% 303

Scheme81. Synthesis of spirooxindolo dihydrofuraB®3 by reacting cyclic iodonium ylidek83 with
3-alkylidene2-oxindoles302
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LY HAMTZI LaKAL NI QeédeafoMBtidationstrafelylidiipieRare 2 kahtiBseléctiv@asked
ortho-benzoquinones806 and 308 from ortho-hydroquinone derivativesising chiral organoiodine(lll) catalysis
(Scheme 8).1*3 Reactions works well with both phendlstethered to an acetic aci@04 or to an ethanol unit
307 by employing chiral iodoaren805 as precatalyst. Further the use of synthesized spiroketal in the
asymmetric synthesis of natural product, bis(monoterpenrgbiscarvacrohighlights the potential scope of this
method. Additionally, synthesis of dioxolanofigpe maskedpara-benzoquinonesrom para-hydroquinone
derivativeswere achieved under similar conditions wige up to 89%.

Mes)J\N/\;/O ° N)LMes
H We Me o
" i 305 (10 mol %) 2 Q¥
lr;:\ | X O\)J\OH . | ; o O
NP ¢ mCPBA, CHCl,, -20-0 °C ha ’KR
R Method A: w/o MeOH, 12 h;
304 Method B: w/ MeOH (60 equiv), 72 h 306
R =H, Me, iPr, Br, SiMe;
A: 78-99%, ee: <84%; B: 75-95%, ee: <96%
305 (10 mol%), mCPBA, 0 °C, 11-24 h n-Pr
OH OH  Method C: Pre-sonicated toluene/H,O (5/1, v/v) o /k”'Pr
NN 07% Method D: Pre-sonicated CHCI3/H,0 (5/1, v/v) TN S
RZ— || > R2— | o)
Cau N ppr nPr R = H, CI, Ph, Me, OMe, 4-iPr-6-SiMes, TN
R 3,5,6-Me4-4-Cl, 4-Br,5-6-(CH,), R’
307 C: 53-81%, ee: <93%; D: 54-80%, ee: <91% 208

Scheme &. Synthesis of maskeattho-benzoquinone806 and 308using chiral organoiodine(lll) catalyas.

In continuation, the same team employedganoiodine catalysdO5for the enantioselective intramolecular
oxidative dearomatization of naphthol derivative&d09 using mCPBA as an oxidan8d¢heme 8).114 This
conformationally flexible catalys805was found very effective for inducing excellent enantioselectivities to the
corresponding spirolactone310 (eeup to 98%). Notably, presence of HFIP and ethanol as an additive for the
oxidation of 2naphthols and dnaphthols respectively was necessary for achieving biggmtioselectivity.

305 (5-10 mol%)

OH mCPBA (1.5 equiv), HFIP or
P | N EtOH, -20 °C, 19-60 h
k\\ -
“v’R// -y COOH R oW BrCl, F, Me, Ph, OMe,
oo b OMOM, OBn, CN, CO(p-BrCgH,), o U
¥ CH,OBn, NHTs ¥
51-99%, ee: < 98%
309 310

Scheme 8. Synthesis of spirolacton€d.0 using organoiodine cataly805.
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In the same year, Nachtsheim andworkers designed a new C1 symnietriazolebased chiral iodoarene
catalyst 311 and successfully utilized this compound for the intramolecular asymmetric-tyiea
spirolactonization of éubstituted tnaphthols309.1*>This method provided spirolacton8&2in variable yields
and high @antioselectivity, facilitated bin situgenerated hypervalent iodir{#]) speciesisingterminal oxidant
MCPBAScheme 8). Reaction scope was investigated under distinct conditions that is by maintaining reaction
temperature to °C (Method A) aneR0°C (Method B), and by using catalytic amour3bf (Method C). Though
0KAA&-I38Y 5 NE G A 2bgsed catalyktlprovidédghest enantioselectivities for this reaction compared
to other Ctsymmetric iodoarenes, their reactivities were comparativalw.l Therefore, the same group
aeyiKSaAT-BRY IINISIORAMEed dathlysB1B Byt irroducing ortho-substituent at the aryl
iodide 16 This catalyst showed remarkable reactivity and excebelgctivity in the oxidativepirocyclization of
309. The spirolacton&10was obtained in 85% yield with 998¢ the highest enantioselectivities observed for
this reaction.

O/TIPS

~ “N-Bn
| NN

311 (15 mol%)

A: 311, mCPBA, DCM, 0 °C, 9-35 h
B: 311, mCPBA, DCM, -20 °C, 24-96 h
C: 311 (15 mol%), mCPBA, DCM, 0 °C, 24-72 h 312
R = Cl, Br, COPh, COMe, Ph, Me, Et, Pr
A: 62-85%; B: 40-77%, C: 39-77%; ee: <82%

DO

R
TIPS
| 0O~

309 MeO _
N-—Bn
N:N/

o)
313 (10 mol%) f/ﬁo
o)

mCPBA, DCM/CHClI3, EtOH, -10 °C, 32 h R
R=H
85%; ee: 99% 310

Scheme 8. Synthesis of spirolacton€d2 and 310 using catalytic amount afhiral iodoarene811and313.

Several groups designed novel chiral iodoarene reagents for the asymmetrispKdkactonization. For
instance, Ogasawaret al. synthesized conformationally rigid2symmetricatropisomeric chiral diiododiene
314 and successfully applied asreth organocatalyst in the dearomatizing spirolactonization-ohphthols309
to yield §-spirolactone310 with eeup to 73% $cheme B).1” Further, Imrich and Ziegler prepared the first
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carbohydratebased chiral aryl iodide catalysB815 by condensing artially protected glucosideswith
iodoresorcinoliaMitsunobu reactiont'® This catalyst was further employed for theidative spriolactonisation

of 309 to provide spirolacton@12in 77% yield witterdzLJ G2 ynYuwn® [ G SNE v dedRS|
in constructing helicindased chiral iodoarene cataly&t6from inexpensive precursors {{$)}tartaric acid and
4-methylstyrene!!® This novel chiral cataly$16 served as catalyst for the dearomative spirolactonization of
309to afford chiral spinlactones312with moderate selectivity. Notably, reaction catalyzed by cat88@&and
307gives R-isomer312.

Si(CH3)3

so
SR
0

) 0

OH O Si(CH3)3 o)
OH 314 (10 mol%) ,,,
mCPBA (1.3 equiv), AcOH, DCM, -20, 39 h

85%; ee: 73%
309 310

315 (30 mol%)
mCPBA, DCM, -20 °C, 30 h

77%; er: 80:20

OH 0]

OH

309 316 (15 mol%)
mCPBA, DCM, -40 °C, 48 h

90%; er: 78:22

O
MeO,, O n, 0 ,OM MesHNOC
eO,, O/@\O/LI e ‘Q
- ” I
BnO' ‘OBn BnO v~ "OBn MeSHNOC/(
OBn OBn ©

315 316

Scheme 8. Enantioselective synthesis of spirolactorsd® and 312 using iodoarene814-316 as precatalgts

Very recently, Phl(OCOfEFinduceddearomatizativespirocyclization of various phenolic biarylic ketones
31761 4 06& RSY2YAGNI GSR Scheme 8)30FHxas theJrst Saniypld &mploydhy Rétone
group as internal nucleophile for thepirocyclization reaction. Mechanistic details revealed formation of key
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intermediate exocyclic enol eth&19that further undergoes PIF&duced oxidation and-C bond cleavage to
yieldcyclohexadienone318. Notably, spiroannulation of ketonic substeatwith long alkyl chain gave moderate
yields. Moreover, biaryl substrat&@476 S I NXkejodster and aldehyde groups delivered corresponding spiro
products albeit in low yields.

PIFA 120 (6 equiv), THF, rt, 2-24 h R'-

r

R =H, Me, (CH,)3Ph, (CH5),(p-

OMePh), CH,CO.EL, H; R" = H, Me, Rg2-&._.
OMe, Cl; R?=H, CI, F, OMe, NO, o
20-86%
317 318

Scheme 8. Synthesis o$pirolactones318 using PIFA20as an oxidant

Zhao and cavorkers performed the reaction of protected-t8/droxyl,3bis(2hydroxyaryl)prop2-en-1-
ones320with PIDA6 that enabled synthesis gpiroH Z-Beroplfuran-o Z-@an€s321in quantitative yields at
ambient tenperatureGcheme 8).12! This cascade intramolecular spirocyclization process involves dual
oxidative GO bond formation. A variety of substituents in both the phenyl rings were well tolerated.

OPGOH O PhlI(OAc), 6 (3 equiv)

o}
1
N R? DCE, rt, 1 h R O O O
O O PG = Bn, Me, iPr; R' = H, OBn, o R2
HO
Br, Me; R2=H, Me, CI, Br, F @)

320 53-99% 321

R']

Scheme 8. Synthesis of §po-H Z-Berop]furan-o >-an€s321 using Phl(OAgP as an oxidant

Scheme 8 depicts the proposed mechanism for this cyclization reaction. Initially, nucleophilic attack of
enolic oxygen 0820 at the iodine center of PID&generates intermediat822, which cyclizes intramolecularly
with the loss of Phl and acetate anion resulting in the formation of fuGtlidnd. Intermediat@23tautomerizes
into 324 which later reacts with PID&to give intermediate325. Then cyclization @d25 enables formatiorof
secondGO bondto furnish oxonium ion intermediat826, which is finally attack by the acetate anion at the
benzylic carbon resulting in the formation of spirocyclic prodiat. 12!
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Ph

AcO—I—OAc 8
Ph_ (OAc
D
OBn O O OBn o~' o)
X 2
() TN e O O
o &
R‘l
320
Ph
Ph AcO I —OAc
R2
0 o ) O
R! o
521 O R O P < AOH
-AcOBn O R2
PhJ)/ (6]
° OAc

326

Scheme 8. The plausible mechants for the synthesis of spira Z-be@rop]furan-o >-an€s 321 using
Phl(OAQ)6 as an oxidant

Meanwhile, Ciufolini and cworkers disclosed -catalytic, enantioselective intramolecular oxidative
cyclization of naphtholic alcohoB27 promoted by newly deghed chiral aryl iodid828 and mCPBA$cheme
89).122 Using the present cycloetherification process, an efficient synthesis of spirocyclic pré8@diearing
different substituents were achieved in high yieldspto 98%). Interestingly, presence oiireth center nearer
to the Hbondingamido group irB28was found useful for effective optical inductioklso, asymmetric oxidative
cyclization of naphtholic sulphonamide was accomplished using cag@igsinder identical conditions.

i | o
/\/
R R Mes™ “N \‘/\N
OH tBU tBu
OO OH 328 (20 mol%)
mCPBA (1.3 equiv), CH,Cl,, -20 °C, 13-134 h
R R =H, Cl, Br, Me, Ar; R" = H, Me

15-79%; ee: <98%

Scheme 8. Enantioselective synthesis of spirocyclic prod&3 usingchiral aryl iodide328 as precatalyst

Very recently, Dengt al. have reported a synthesis of spiethers 332 via ring-opening/dearomatization
of 9H-fluoren-9-ol derivatives330 promoted by iodosobenzen831.123 A variety of substituents on the-&ryl
ring were well tolerated. Reaction occurs under mild condition with excellent substrates scope, aedio
diastereochemistry (Schengg).
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331 (2.5 equiv)

Y

CH,CL/HFIP (1:1), rt, 12 h
R' = Me, Et;: R2= Me, CI, F; R® = H,
Me, Cl, OMe: R* = H, Me, Me, Cl, OMe

37-99%
330 332

Scheme90. Synthesis of oxspiro scaffold832 promoted byiodosobenzen&31.

A plausible mechanism for this transformation is depicted in Sch8meReaction begins with the
interaction of substrate330 with iodosobenzene331 in HFIP to formalkoxyliodine(lll) intermediate333,
following whichb-carbon cleavage produces diaryliodonium £284. Reductive elimination 0834 provides
oxygenated intermediat&35 with the loss of Phl3. Further335 reacts withPhl=0331 to form intermediate
336, which undergoes nucleophilic attack by carbonyl greumg subsequent dearomatization to givéd-1
isobenzofurar2-ium type product338. Finally, nucleophilic attack by water delivers the -sparo compound
332as acisisomer. Notably, the hydrogen bonding between the carbonyl group afdgfobably accountof

the high diastereochemistri?3
VS
/‘{\ %I/OH %
COAr COAr
2 R?
R \ / Phl 13 \ 7

335

333 334

Schemedl. The proposed mechanism for the synthesis of-sgoo scaffold832 promoted by331.
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Very recently, Tarig and Moran synthesized spirooxazoldd@svia oxidative dearomatizeon of amide
tethered phenols340 facilitated by active 3-iodane generatedn-situ from 4-MeGHil 51/m-CPBA catalytic
system(Scheme 9).124 Authors predicted that thd 3-iodane would activate the phenolic oxygen to form
intermediate341 and subsequentyclization of pendent amide on to the aromatic ring results in the formation
of desired producB42. Scope of the reaction was investigated with a range of aryl, alkyl and heteroaryl-amide
based phenols under optimized conditions. Additionally, oxidateardmatization of naphthol derivative®3
yielded spirocycle844 in moderate yields using 40 m&b of 4iodotoluene51. Moreover, synthetic utility of
this approach in the preparation of dihydrooxazines was successfully demonstrated.

R

=N

H. 0
N
HN 4-MeCgHyl 51 (20 mol%) C //‘\@
/g“©\ g R/go o | >
o) OH Ar—I?
I
o

R m-CPBA, HFIP, rt, 16 h
R = Ar, tBu o)
30-94%
340 341 342
O.__Ph

Ph
4 -

OH  4-MeCgH,l 51 (40 mol%) O‘ o
OO m-CPBA, HFIP, it, 16h o
R R=H, Br

_E90
243 51-52% 344

Scheme 9. Synthesis of spirooxazolin842 using4-iodotoluene51.

Cai and cavorkers demonstrated synthesis di-fused spirolactams345 from corresponding &ryl
propanamide232via an asymmetric desymmetrization stratg@cheme 9).% The protocol was catalyzed by
hypervalent iodine(lll) species generaiadsitufrom chiral precatalyst diiodospirobiindar®33in the presence
of mMCPBA as the terminal oxidargara-substituted substrate232 6 A 1 K KIF f ARS 2NJ bhw
underwentcyclization reaction to deliver products in high yields and moderate to good enantioselectivities.

R R
233 (10 mol%) :

(J LT ~ o=<(_)

X H[Tj o) X mCPBA (1.2 equiv), TFA (5 !\l o) X
e} equiv), HFIP, -10 °C, 12 h 0
[ > R =H, Me, Et; X = F, CI, Br, OMe U
78-85%, ee: < 81%
232 345

Scheme 8. Synthesis of spirolactan®l5 using233 as precatalyst
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Odagi et al. constructed spirocyclic guanidine348 from guanidine phenols346 via dearomative
spiroguanidination strategy by using oxidantcHloro-1-(diacetoxyiodo)benzen&47 (Scheme 8).1%> The
reaction was performed i2,2,2,3,3,3hexafluora2-propanol (HFIP) anttichloroethoxysulfonyl (Tces) group
was found a suitable protecting group for the guanidine. In the proposed mechanism, phenol reacts with PID
6 to generate key aryll >-iodane intermediate349, which is further attacked by the guanidine moiety at the
para-position providing desired spiroguanidind848 via dearomatization process. Additionallprtho-
spiroguanidination of substrat8s0 yields spiroguanidin851 under sinilar conditions.

R 0
R OH i X o [OA
A 4-CI-PIDA 347 (1.2 equiv) C\ o rOAC
HN_ N | > N 7 j/
2N = MgO, TFP, 0 °C, 15 min SN,
| _ 5 Tces
oo n=1,2 3;R=H, Br,Me, OMe  H,N
27-57% "Y “Tces
346 348 NH,
349
NH, OH o
Tees. 4-CI-PIDA 347 (1.2 equiv) N
MgO, TFP, 0 °C, 15 min N
229, Tces
350 351

Scheme 8. Preparation of spiroguanidine derivativ848 and 351 using 4chloro-1-(diacetoxyiodo)benzene
347as an oxidant

3. Hypervalent lodineMediated LateStage Functionalization of Heterocycles

Direct functionalization of heterocycles using hypervalent iodine reagents igfasing field in organic
chemistry. These reagents find profound applications in the functionalization of variety heterocyles via syntheti
transformations such as oxida& amination,alkylation, acetoxylation, halogenatiorgtc. In this section, all
recent developments acheived in this area will be covered.

3.1. Amination/azidation of heterocycles

In 2017, Mondaét al. disclosed PID#&duced intermolecular oxidative @8 b | F YAYLFGA2Y 27
352 (Scheme 9).1%6 Various cyclic amine353 such as piperidine, morpholine and thiomorpholine reacted
smoothly with imidazo[1,A]pyridines 352 to provide 3amino substituted imidazopyridine854 at room
temperature. MNE 2 GSNE NBIA 23St SOGADBS /bl FYAYLGAZ2Y 2F A
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H PIDA 6 (2 equiv), 1,4- R_//\KN Ar
R—/\r/\N)fAr . [ ] dioxane, rt, 10 min _ \/N\/k
NN X X =0, S, CHy; R = H, Me, CI; Ar = N
CgH4R", 2-naphthyl, 2-thienyl, 2- <\3
furanyl; R'= H, Me, OMe, CI, F, X
352 353 CF3, SO,Me, 354
59-86%

Scheme 8. PIDAmediated reaction of imidazopyridin&$2 with cyclic amine$853.

Based on the experimental results, the poged mechanism likely follows radical pathway as depicted in
Scheme 8. Reaction of cyclic amirgb3 with PIDA6 forms N-iodoamido specie855 which gives radice856
that further reacts with imidazo[1;2]pyridine 352 to furnish radical intermediat857. Finally, produc854 was
obtained through the loss of AcCOFf.

Fl’h

6
| Phl 13
/\ AcO” TOAc //\ OAc /\
X NH ~ > X N—I, +> X N°
_/ -/ Ph . N
AcOH AcO
353 355 356
=N
R—/Y/ Ar
SN
352

N =N =N
LT e R
N AcOH  AcO N
2 »
354 357

Scheme 8. The proposed mechanism for the synthesis-ain3ino substituted imidazopyridine&d$4 using PIDA
6 as oxidant

Later, in 2018{ dzQa NI &[5 pefidried cragsd@tdmrogenative coupling of-C(sg)¢H bond of
substrates359 with azoles358 using sole oxidant PID&(Scheme 9).1?’ This protocol provides an easy access
to avariety of Nalkylated azole860 by employing ethers, tetrahydrothiophera@ N-Methyl-2-pyrrolidone as
coupling reagents. Further synthetic utility was demonstrated by performing a gram scale reaction, whicl
extends the practicality of this oxidative coupling reacti®gaction follows radical pathway as indicated by
variousradicakrapping experiments.
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] PhI(OAC), 6 (1 equiv) Z\rz'
PR N DCE, 80 °C, 6 h N
'\AFE Y + ! Y
N hd X,Y=C,N;Z,Z=C,0, ‘Ar\_yx
S, N(Me)CO
46-96%
358 359 360

Scheme 9. PIDAmediated C(sf)¢H amination ofkubstrates359 with azoles358.

In 2018, an interesting onpot protocol for the iodoarylation of Ndgyrazoles361 with aryliodine diacetates
362 was developed by Cheng and-workers (Scheme 8).1? This reaction proceeds through hypervalent
iodine-induced oxidation 0861 generating pyrazold-arylliodonium tosylate[Arl(pyrazole)][OTs364 in situ
which undergoes facile deprotonation formigitterionic iodonium ylide365. Finally, an intermoleculax-
arylation mediated by 1,2phenanthroline/kCQ yields the expected 1;disubstituted pyrazole863. Further,
the proposed intermediate865 could be easily prepared and transformed into the &tr¢he iodoarylation
product in high yield.

TSOH Hzo CH2C|2 rt |
) 1,10-phen (5 mol%), j'\/éN
I( @ cho3 MeCN, 70 °C, 24 h R~ N
R =H, Et, Me, iPr, H; R" = H, Me,
OMe, F, Br, Cl, CO,Et

Y

361 362 30-79% R
363
Oxidation
TsOH
R R

HN
N;\>—| —OTs  phen/K,CO4 . N@
X
@ s
X

_________________________________________________

Scheme 8. lodoarylation of various pyrazol&61 using aryliodine diacetate362 ascouplingpartner.

Further, radicabased strategy to prepare-&idce2-oxindoles368 was developed by Chert al. via
C(sp0 b 1 | T A RsubdtifuedR-ox@ntiolesd66 (Scheme 9).22° This transformation employs TMSB67 as
the azide reagent in the presence of Phl(QAcand EtN as an oxidant and additive respectively. Notably,
azidation reaction proceeds smoothly witkaByl2-oxindoles whereas-alkyl2-oxindole showed no reactivity.
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2
R PhI(OAc), 6 (2 equiv) R?

N
N EtsN (2 equiv), MeCN, rt N ®
R-L O + TMSN, > R 0
Z N R'=H, OMe, Me, Cl, Br; R? = Ph, 4- Z N
R3 MeCgHy, 4-FCgH,; R® = H, Me, Boc, R3
366 367 8n, Ph
64-87% 368
Scheme 9. PIDAiInduced synthesis of-8zido2-oxindoles368 through C(sg) b | I T A RoubStiiueg2- 2 F

oxindoles366.

3.2. Alkylation/Alkynylation d Heterocyles

LY HAMTIZ %®%KFYy3IQa NBA&SI-Naikted LNPaiudroR§iatidnyoh SinNdoduiSdine t L °
amides369 to yield perfluoroalkylated quinolone371 (Schemel00).1%° Reaction scope was administered by
using different perfluoroalkyl soces370 such as TMSE&, TM$1-GF and TMSGEFBased on the various control
experiments, it was confirmed that reaction proceeds via single electron transfer mechanism.

PhI(TFA), 6 (2 equiv)

C.F
O : KF (3 equiv), MeCN, rt, 20 min, air 0 n"2n+1
L + TMSC,Fopss - 1

R’ ” A R2 n=1,23;R"=Ar, Cy, 2- R H ) 2

N thienyl; R? = H, Me N
68-92%
369 370 371

Schemel00. PIDAmediated GH perfluoroalkylatio of 8aminoquinoline amide869.

Later, Maruoka and cworkers employed [bis(difluoroacetoxy)iodolbenzer8¥3 as the difluore
YSUGKe@tFGAY I ISyl F2N 0KS / b3r2(RAemd 0y NRisSr&dti6ndnivdlivésA 2
photolytic cleavag of iodine(lll) reagerB73 on exposure t&dA & A 6 £ S f A GeKelating difludrometinyn Y
radical via decarboxylation that would react with heteroare&2 to deliver difluoromethylated product374.

A series ofheteroarenes372 such as pentoxifyitie, uraciles, pyridinespyridazine, pyrimidines, triazine,
pyrazine and pyrazole smoothly reacted under the optimized reaction conditions.

I(OCOCF,H),

X
R

373 (2 equiv) CF?H
hv ( = 400 nm), CDCls, rt, 14 h

R = 4-tBu, 3,5-di-CF4
22-77%

372 374

SchemelO0l / b1 RAFf dz2 NP Y S K & {3r2{using jbis(@fffioro&ay)HdambeénreBey7S as
difluoromethylating agent

Pagel46 ©AUTHOR(S)



Arkivoc2020Q iv, 86-161 Shetgaonkar, S..Et al.

A regioselective Galkylation of Nheteroaromatic Noxides375 usingtert-/secalkyl alcohol376 as an
alkylating reagent has been reported by Sen and GlgBsheme 1B).132This PIDAromoted reactioninvolves
formation ofintermediate378, whichuporK 2 Y2 f @ G A O / b bf aldoBol§Ra SBT p&thwéifioibded
by alkylation and final aromatization to delivera®kylated product877 in useful yields.

A , PhI(OAc), 6 (4 equiv), . RL"’A\@ ,
e | N L Rz\T/Rz KoCOg (2 equiv), 120°C, 4h @ Goy - ﬁaﬂ% R2
Sy Oy R=H.Cl,Br,NO, Me, OH, OMe, Sy ONTR R O'J\ IR
RO Ph; R' = NHCO?Bu, NHCOMe,Et, R' O -
° NHCOCy, NHCOMe, NHCOPh, R? °
375 376 = Me, Et 377 378
35-72%

Scheme 1Q. PIDApromoted C2alkylation of NneteroaromaticN-oxides375 using secondary/tertiary alcohols
376 as an alkylating reagent

CNBySGisSQa GSIY RS@OSt2LISR | LKz24¥ZR#EQSR
heteroaromatics 379 by using carboxylic acid380 as coupling partner (Scheme @3).13 The present
decarboxylative coupling method employs organic photocatalysteSityl10-methyl acridinium and oxidant
PIFAL20. This catalytic system converts carboxylic a88fs(primary, secondary and tertiary) into alkyl radicals
that undergo adical substitution process to deliver corresponding alkylated prod8@isin variable yields.
Several heteroaromatic compoun®39 such as quinaldine, benzimidazole, benzothiazoledi;Bloropurine,
pyridines, pyrimidine, pyrazine and phthalazines weseccessfully tested under the optimized reaction
conditions. Additionally, lat& G  3S / b1 Fdzy OQGA2y It AT A2y 2F RNHAS

were also achieved in variable yields.

@)+

PIFA 120 (2 equiv), MesAcr (2 mol%)
blue LED, MeCN, rt, 3-16 h

[
Y

N H  HOT A A= Me, Et, (CHy)oPh, (CHy)sPh, CH,OH, N™ Ak
H CF,, tBu, CH(Me)(Et), cyclobutyl,
379 380 cyclopropyl, cyclopentyl, Cy, etc 381

17-88%

Scheme 103 PIDAYSRA I 6 SR / b |

partner.

F £ 1 &t FaT9uBing cataxyliKaSidS8ONR tobiEny | (i

I AAYAEfI NI RSOINb2E&ftF GADBS O2dzL) Ay ANHeBcyickEdWwith 6 | a
carboxylic acid880 as Ccentered radical sourcenal PIFAL20as the oxidan{Scheme 14).13* A variety ofN-
heterocycles379 including quinolone, isoquinoline, and pyridine derivatives were smoothly transformed into
the corresponding Galkylated product88l® a 2 N2 GSNE RSOl ND 2 Ekeferbcjcle®® [/ b
GAGK 20KSNJ OF Nb 2 Eé f Joxdcathaxylaie8sR shiNdicGhoRd AdgriSell oxalasd Werd-aso h
demonstrated under identical conditions. Very recentBhenand ceworkers disclosed similar photoredox
catalysed C(Sj)xH heteroarylation of aliphatic alcohols usingerfluorinated hydroxybenziodoxole as an
oxidant3®
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Scheme 18. PIDAYSRA L G SR / b1 | f |Néhétdrodysl@3fx | Oef | GA2y 27

Using ethynyll, 2-benziodoxol3(1H)-one (EBX385 as an alkynylating reagerRRoyet al. carried out direct
C3alkynylation of 3substituted2-oxindoles384 under metaifree conditiongScheme 18).13¢ Reaction works
efficiently on variety of xindole3-alkylcarboxylates384 providing anticipated @&lkynyt3-alkyl/aryl 2
oxindoles 387 in significant yields. Further synthesized alkynylated produ88% were transformed into
enantioenriched 2oxindoles via Pdatalyzed decarboxylative allylation in good yields \e#tup to 96%.

Scheme 18. Oxidative alkynylation of-8ubstituted2-oxindoles384 using ethynl,2-benziodoxoi3(1H)-one
385 as an alkynylating reagent

3.3. Alloxylation and acetoxylation of Bterocycles

Y20 3ANRQa BNRoozlatioNd sijgeNalirki®les3ss via PIFAmediated oxidative crossoupling
with different linear or branched alcoho297 (Scheme 16).13" This reaction provides-8lkoxyoxindole$89 in
43-93% vyields under mild conditions in shorter reaction time. Further using RI§Atem, in situ iodo-
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