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Abstract

In recent decades, due to the rapid increase of environmental pollution and global warming, renewable
energy sources for organic transformation have become popular research topics. In this aspect, photoredox
catalyst under visible light irradiation and the metal-free condition has gained massive attention in organic
synthesis. This review article plans to summarize the latest development and synthetic applications of
hypervalent iodine reagents (HIR) combined with visible-light organo-photocatalyst. We present the HIRs in
terms of the roles as group transfer reagents as well as oxidants.
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1. Introduction

The photochemical transformations have significantly impacted synthetic chemistry recently by the utilization
of visible-light photocatalysts.> The frequently used visible-light photocatalysts are either organic dyes,*
primarily pollutants in nature, or expensive transition-metal complexes.”® Therefore the use of these
photocatalysts in industrial, medicinal, and pharmaceutical applications are usually restricted. Initially,
ruthenium and iridium-based complexes were used as photoredox-catalyst in organic synthesis due to their
excellent absorbance in the visible region, long-lived stable excited state to act as oxidant or reductant, and
single electron transfer properties.’® Photoredox chemistry of organic chromophores is underdeveloped due
to the lack of practical information on the redox potential, reaction kinetics, photophysical properties, etc. In
recent times, several groups have studied some of these aspects, which have added potential value in
developing organic chromophores as a sensitizer in visible light-mediated redox chemistry.'11

The research area on hypervalent iodine chemistry'®2! has been popular for a long time in synthetic
organic chemistry.?? The iodine-based reagents are environmentally friendly and also have oxidizing ability.?3
25 Among them, iodine(lll) and iodine(V) reagents are commonly utilized in many useful oxidative
transformations towards developing a plethora of functional molecules.?%?° Easy accessibility, high stability,
selective oxidizing ability, non-toxic nature of iodine-based reagents make them workable comfortably in the
organic synthesis.?%?! Recently, the utilization of hypervalent iodine reagents as organo-photocatalyst is
gaining popularity.39-33 Still, this research field requires substantial development, however, limited reports are
available towards the use of hypervalent iodine reagents (HIRs)?% 3438 3s photocatalyst.3® The suitable
combination of HIRs and organo-photocatalyst (OPC) using appropriate light energy and solvent can produce
desired functional group transformations. The prime function of HIR in combination with OPC is to transfer
any functional group to the substrate or to act as the oxidizing agent. Several reviews are covering the role of
HIRs as group transfer reagents, oxidizing agents, and synthetic applications with metal-based
photocatalysts.*>-4! Studer and Wang recently published a review article where they have shown the use of
lodine(lll) reagents in the radical chemistry as group transfer reagents*?*3 vig thermolysis.** However, this
particular review highlights the merging of HIRs as group transfer and oxidizing reagent with organo-
photocatalyst (OPC). There is no such review available in the literature to the best of our knowledge.

Figure 1 represents the collection of commonly used HIRs and OPCs discussed in this article. The basic
criteria for an organo-photocatalyst should be its absorbance in the visible region to replace the transition
metal photocatalyst. For this purpose highly conjugated organic dyes* like Eosin Y,*® Methylene Blue,*’
Rhodamine B,*® Rose Bengal,*® Fluorescein®® and colored compounds like acridinium salts,”® 9,10-
dicyanoanthracene,*? 2,4,5,6-tetra(9H-carbazole-9-yl)isophthalonitrile (4CzIPN)>3 and its derivatives are being
used as organo-photocatalysts. The redox properties and excited-state photochemistry of those catalysts have
also been investigated and used them for organic transformations.*°
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Figure 1. Examples of commonly used: a) organo photocatalyst (OPC) and b) hypervalent iodine reagents
(HIRs).
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2. Review

The incorporation of a trifluoromethyl group in organic moiety is one of the crucial transformations in organic
chemistry.®® In 2014, Scaiano and coworkers developed a method of trifluoromethylation of electron-rich
heteroaromatics (Figure 2).>> For the first time, they used methylene blue (MB) as organo-photocatalyst for a
generation of electrophilic trifluoromethyl radical from Togni’s reagent>* under white light irradiation. Using 2
mol % of MB as the photocatalyst, 1.5 equiv of Togni’s reagent as CF3 radical source, and 2.0 equiv of TMEDA
as electron source they could isolate moderate yield of trifluoromethylated heteroaromatic moieties 2 from
the respective electron-rich heteroaromatic molecules 1. The reaction time was 6 h under the irradiation of
white LED.
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Figure 2. Trifluoromethylation of heteroarenes using MB and Togni’s reagent.>

Scaiano and coworkers have also shown a hydrotrifluoromethylation of terminal alkynes and alkenes using
a similar strategy (Figure 3).>> This method proved to be effective in giving a moderate yield of fluorinated
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alkenes 4 with a good (E/Z) ratio in the case of hydrotrifluoromethylation of alkynes 3 under similar conditions
using 2.0 equiv of base DBU (Figure 3a). Authors have not discussed the (E/Z)-selectivity, however, possibly
due to the steric factors by the -CF3 radical and the substituent present at the alkynes, the (E)-isomers were
predominant. Similarly, a good yield of fluorinated alkane 6 was obtained from alkene 5 (Figure 3b).
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Figure 3. Trifluoromethylation using MB and Togni’s reagent.>> Reaction with a) alkynes b) alkenes.

Many allylic monofluoro and difluoro compounds are known to have biological activities.”® Therefore,
fluorination and difluorination of allylic compounds at a-position have high importance in synthetic
chemistry.®”>® In 2017, Xu and coworkers reported decarboxylative coupling of cinnamic acid 7 and
bromodifluoroacetate or bromomonofluoroacetate to synthesize fluorinated alkenes 8 under visible light
irradiation in the presence of Eosin Y as the photoredox-organocatalyst (Figure 4).>° In this process both the
reactants were coupled successfully using only 5 mol % of Eosin Y and 0.2 equiv of hypervalent iodine reagent
hydroxybenziodoxole (BI-OH) and 2.0 equiv of diisopropylethylamine. Here the role of BI-OH was to activate
carboxylic acid for radical decarboxylation via intermediate 9. Using this method, a good amount of
fluorinated products were isolated where different types of electron-donating and electron-withdrawing
groups were well tolerated. Examples of difluorination and monofluorination are shown in Figures 4a and 4b,
respectively.
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Figure 4. Decarboxylative fluorination using Eosin Y and BI-OH.>?

Fluorinated and trifluoromethylated free alcohols and free amines are of great significance in drug
discovery and biological application.®® Recently in 2019, Xu and coworkers reported hydrotrifluoromethylation
of protected alcohols and amines 10 for the formation of —CFs incorporated corresponding alcohols and
amines 11 after in situ deprotection of protecting group (Figure 5).% In this method 2 mol % of 2,4,5,6-
tetra(9H-carbazole-9-yl)isophthalonitrile (4CzIPN) as organo-photocatalyst and 1.5 equiv of Togni’s reagent as
CFs radical source were used. Within 12 h of irradiation under blue LED in dioxane and methanol, differently
substituted trifluoromethylated products 11 were isolated in good yields via 1,5-H transfer. The yields of the
reactions were found to be low, especially for amines after the 1,5-H transfer reactions. The authors have not
discussed these possibilities. The radicals get extra stabilities when present next to heteroatoms like
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nitrogen.®? Therefore 1,5-H transfer efficiency decreases for the more stable radicals of the amines than
alcohols. Similarly, pyridine-containing amine led to the low yield of the corresponding products, ca. 43%.
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Figure 5. Photoredox-organocatalysis in the synthesis of 6-trifluoromethylated alcohols and Amines.®! a)
Hydrotrifluoromethylation using Togni’s reagent and 4CzIPN. b) Synthesis of a-heteroarylated 6-
trifluoromethylated secondary amines from the corresponding homoallylic amine derivatives.
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Alkynes are synthetically important moieties that can further be transformed into many functionalized
molecules.?3%* Therefore, the development of improved methods for the synthesis of alkynes is essential in
organic chemistry.®® For the first time, in 2016, Cheng and coworkers reported a method for decarboxylative
alkynylation of carboxylic acids 12 using organo-photocatalyst (Figure 6).°2 They have used 5 mol % of DCA as
organo-photocatalyst, 1.5 equiv of hypervalent iodine reagent ethenyl benziodoxolones (EBX)®6¢7 as alkyne
source, and 2.0 equiv of K;CO3 under 24 h blue light or natural sunlight irradiation to get the decarboxylative
alkynylation products 13 via vinylic radical intermediate 14. Here, EBX reagent acted as a group transfer
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Figure 6. Decarboxylative alkynylation using DCA and EBX.>?
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In 2019, Cheng and coworkers reported a decarboxylative alkynylation of diazonium salts using
hypervalent iodine reagent and organo-photocatalyst (Figure 7).68 Using only 1 mol % of Eosin Y as organo-
photocatalyst with 1.2 equiv of acetoxybenziodoxole (BI-OAc) as an additive to promote decarboxylation in
DCE solvent under a nitrogen atmosphere and green LED irradiation for 12 h they could isolate alkynes 17 in
good yield from arene diazonium salt 15 and aryl propiolic acid 16. The reaction proceeded via formation of
aryl radical intermediate with a loss of nitrogen from diazonium salt by photoexcited Eosin Y and consequent
formation of vinyl radical intermediate 19 from 18 by BI-OAc to promote loss of CO;.
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Figure 7. Decarboxylative alkynylation of arene diazonium salt using Eosin Y and BI-OAc.%8

Recently, 2,4,5,6-tetra(9H-carbazol-9-yl)isophthalonitrile (4CzIPN) and similar halogen-substituted organic
compounds have emerged as valued organo-photocatalyst for various organic bond formation reactions under
visible light irradiation. In 2018, Waser and coworkers developed a highly sophisticated method for the radical
cascade fragmentation of cyclic ketoximes for alkynylation reactions (Figure 8).%° For this transformation 3 mol
% of 4CICzIPN as the catalyst, 2.0 equiv of hypervalent iodine reagent ethynyl benziodoxolones (EBX) as alkyne

Page 87 ©AUTHOR(S)



Arkivoc 2021, vii, 79-100

Bose, A. et al.

source, 1.1 equiv of K,COs3 as a base were used in dichloroethane solvent under blue light irradiation to

synthesize the alkynylnitrile compounds 21 from highly substituted cyclic oxime ethers 20.
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Figure 8. Alkynylation of ketoxime using 4CICzIPN and EBX.%°

In 2018, Frenette and coworkers developed a method for decarboxylative alkylation of heteroarenes under
metal-free conditions (Figure 9).7° For the first time they have used 1 mol % of 9-mesityl-10-methylacridinium
perchlorate (Mes-Acr*ClO4)°! as a catalyst along with 2.0 equiv of PhI(OOCCFs), or PIFA under blue LED light
irradiation to get alkylated heteroarenes 24 from differently substituted carboxylic acid 23 and heteroarenes
22. Plausibly the reaction proceeded via the formation of alkyl radical intermediate from phenyl iodine

dicarboxylate derivative 25.

Page 88

©AUTHOR(S)



Arkivoc 2021, vii, 79-100 Bose, A. et al.

o PIFA (2 equiv)

Mes-Acr* 9
. )J\ 1 es-Acr (1mo|/o)>
HO® R
CH3CN, Blue LED R!

22 23 rt, 3-16 h 24
+ - . PhlI(OCOR +
Mes-Acr Mﬁ (Mes-Acr ) i} Mes-Acr ( )2 » Mes-Acr
+ .
B 1 PhI(OCOR
§ o o (OCOR),
1
+_ R % >¥R
N R' 0—I—0
H
O (@)
1
R4 >\‘R RCOO"
O0—I—-0 SET L 25 ' radical anion +
collpse CO, + Phl
AN 'R1
VR
H
radical
addition
RCOOH deprotonation N
+_
l}l H
H
RCOO-

@ﬁ@w@mé}m e

Ph Ph
65% 69% 52% 82% 67%

Figure 9. Decarboxylative alkylation of heteroarenes using PIFA and Mes-Acr*.”°

The functionalization of C(sp3)-H bonds of azirine molecules’* are challenging due to high ring strain and
facile ring-opening reactions.”> Majee and coworkers developed a method for acyloxylation of 2H-azirine
molecules using PhI(OAc), or PIDA as acyl source under visible light irradiation using organo-photocatalyst
(Figure 10).7% In this study, they concluded that 2 mol % of Rose Bengal (RB) as photocatalyst was good enough
for the C(sp3)-H acyloxylation of 3-aryl-2H-azirines 26 using 2 equiv of PIDA under blue LED irradiation. Aryl
rings containing electron-donating groups at -ortho, -meta, or -para positions provided a good yield of the
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corresponding —OAc incorporated products. A radical-mediated pathway was proposed for the reaction via
SET from the excited photocatalyst.
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/
RB (2 mol %)
‘* & -y
toluene
PhI(OAc), 34 W Blue LED
24 h 27
(2.0 equiv)
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'y ° O '/ + _ /
H  AcO AcO OAc
H > H
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N N N N N
7 '/ '/ / '/
Cl Cl Br FsC Ph
72% 71% 72% 58% 78%

Figure 10. Functionalization of azirines using PIDA and Rose Bengal.”?

Phenyl iodine diacetate (PIDA) or diacetoxyiodobenzene is one of the important hypervalent iodine
reagents used as oxidizing reagent as well as a radical generator for various organic transformations.?° In 2009,
Yadav and coworkers reported the activation of PIDA under visible light irradiation using Eosin Y as organo-
photocatalyst. With this activation reaction, they were successful in converting aryl boronic acids 28 to the
corresponding phenols 29. For this conversion, only 0.5 equiv of PIDA was required in presence of 1 mol % of
Eosin Y in acetonitrile solvent under N, atmosphere and visible light irradiation (Figure 11).”# In this report, a
plausible mechanism is proposed, which is shown in Figure 11.
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Figure 11. Synthesis of phenol using Eosin Y and PIDA.”*

Recently, the application of hypervalent iodine reagent with organo-photocatalyst in rearrangement
reactions for the construction of highly functionalized molecules via dual catalysis has become popular.”> The
first visible light-induced Smiles rearrangement’® was reported by Chen and coworkers in 2019 for the
synthesis of hydroxybenzophenone derivatives from aryl ketoacids via radical rearrangement (Figure 12).”7
For this transformation the combination of 2 mol % of 9-mesityl-10-methylacridinium perchlorate (Acr-
Mes*ClO4~) as organo-photocatalyst and 20 mol % of acetoxybenziodoxole (BI-OAc) were used under 4 h of
irradiation with blue light to isolate good to excellent yield of hydroxybenzophenone derivatives 31 from ortho
ketoacid substituted biaryl ethers 30. Here the role of BI-OAc possibly activated carboxylic acid for
decarboxylation reaction via intermediate 32 to generate acyl radical intermediate which upon ipso-
substitution resulted in 33 and followed by rearrangement yielded the desired product.
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Figure 12. Photo-catalytic Smiles rearrangement using Mes-Acr*ClO4” and BI-OAc.”’

Selective synthesis of sulfoxide molecules is well known in organic chemistry.”® In 2018, Cai and coworkers
developed a method via 1,2-aryl group migration reaction for the synthesis of highly substituted a-aryl-y-
methylsulfinyl ketones (Figure 13).7° In this work they have used the synergic effect of organo-photocatalyst
with hypervalent iodine reagent to activate C(sp3)-H bond of dimethylsulfoxide (DMSO) under visible light
irradiation. Using 2 mol % photocatalyst 1,2,3,5-tetrakis(carbazol-9-yl)-4,6-dicyanobenzene (4CzIPN),>3 2.0
equiv of hypervalent iodine reagent PIDA as oxidant and 2.0 equiv of trimethoxybenzene as an additive in
DMSO solvent up to 12 h irradiation under blue LED they could isolate the sulfoxide incorporated rearranged
products 35 from a,a-diaryl allylic alcohol derivatives 34. Mechanistically it was shown that the sulfinyl radical
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acted as the key intermediate for the formation of radical 36, which upon 1,2-aryl migration and subsequent
oxidation led to the final products.
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Figure 13. Synthesis of a-aryl-y-methylsulfinyl ketones using 4CzIPN and PIFA.”°

In 2017, Duan’s group reported a decarboxylative C-C bond formation followed by ring expansion of
vinylcyclobutanol system for the synthesis of substituted cyclopentane rings having quaternary carbon (Figure
14).8% In this work they have investigated the efficacy of dual catalysis of organo-photocatalyst and
hypervalent iodine reagent under visible light irradiation. Using 5 mol % of Rhodamine B (RB) as photocatalyst
and 2.0 equiv of BI-OH as hypervalent iodine reagent under visible light at room temperature condition, they
have synthesized cyclopentyl derivatives 39 from cyclobutanols 38 and a-keto acids 37 as acyl source followed
by ring expansion with good yield.
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Figure 14. Ring expansion of cyclobutane system using Rhodamine B and BI-OH.8°
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3. Conclusions

In conclusion, herein we have collected the literature which can prescribe many efficient pathways towards
making desirable functional molecules using photoredox organocatalysis in combinations with hypervalent
iodine reagents. We present the HIRs in terms of the roles as group transfer reagents as well as oxidants. To
the best of our knowledge, this review based on metal-free photocatalysts will be a unique addition to
hypervalent iodine chemistry. We hope that this research field will make an important contribution in
chemistry by bridging different areas like organic synthesis and visible light photolysis. We anticipate that this
review article will benefit the synthetic community in large so that many chemical transformations can be
achieved successfully under ambient conditions.

Acknowledgements

We thank CSIR for funding (project no. 02(0338)/18/EMR-II).

References

1. Chalotra, N.; Sultan, S.; Shah, B. A. Asian J. Org. Chem. 2020, 9, 863-881.
https://doi.org/10.1002/ajoc.202000112
2. Zeitler, K., Metal-Free Photo(Redox) Catalysis. In Visible Light Photocatalysis in Organic Chemistry,
Stephenson, C. R. J.; Yoon, T. P.; MacMillan, D. W. C., Eds. Wiley-VCH Verlag GmbH & Co. KGaA.: 2018; pp
159-232.
https://doi.org/10.1002/9783527674145.ch6
3. Marzo, L.; Pagire, S. K.; Reiser, O.; Konig, B. Angew. Chem. Int. Ed. 2018, 57, 10034-10072.
https://doi.org/10.1002/anie.201709766
4. Kibriya, G.; Mondal, S.; Hajra, A. Org. Lett. 2018, 20, 7740-7743.
https://doi.org/10.1021/acs.orglett.8003549
5. Schultz, D. M.; Yoon, T. P. Science 2014, 343, 985.
https://doi.org/10.1126/science.1239176
6. Prier, C. K.; Rankic, D. A.; MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322-5363.
https://doi.org/10.1021/cr300503r
7. Ghosh, |.; Marzo, L.; Das, A.; Shaikh, R.; Koenig, B. Acc. Chem. Res. 2016, 49, 1566-1577.
https://doi.org/10.1021/acs.accounts.6b00229
8. Dethe, D. H.; Srivastava, A.; Dherange, B. D.; Kumar, B. V. Adv. Synth. Catal. 2018, 360, 3020-3025.
https://doi.org/10.1002/adsc.201800405
9. Sinha, A. K.; Equbal, D. Asian J. Org. Chem. 2019, 8, 32-47.
https://doi.org/10.1002/ajoc.201800639
10. Romero, N. A.; Nicewicz, D. A. Chem. Rev. 2016, 116, 10075-10166.
https://doi.org/10.1021/acs.chemrev.6b00057
11. Pitre, S. P.; McTiernan, C. D.; Scaiano, J. C. ACS Omega 2016, 1, 66-76.
https://doi.org/10.1021/acsomega.6b00058
12. Ravelli, D.; Fagnoni, M. ChemCatChem 2012, 4, 169-171.

Page 95 ©AUTHOR(S)




Arkivoc 2021, vii, 79-100 Bose, A. et al.

https://doi.org/10.1002/cctc.201100363

13.Sideri, I. K.; Voutyritsa, E.; Kokotos, C. G. Org. Biomol. Chem. 2018, 16, 4596-4614.
https://doi.org/10.1039/C80B00725)

14. Nikitas, N. F.; Gkizis, P. L.; Kokotos, C. G. Org. Biomol. Chem. 2021, 19, 5237-5253.
https://doi.org/10.1039/D10B00221)

15. Theodoropoulou, M. A.; Nikitas, N. F.; Kokotos, C. G. Beilstein J. Org. Chem. 2020, 16, 833-857.
https://doi.org/10.3762/bjoc.16.76

16. Zhdankin, V. V.; Stang, P. J. Chem. Rev. 2002, 102, 2523-2584.
https://doi.org/10.1021/cr010003+

17.Stang, P. J.; Zhdankin, V. V. Chem. Rev. 1996, 96, 1123-1178.
https://doi.org/10.1021/cr940424+

18. Turner, C. D.; Ciufolini, M. A. Arkivoc 2011, (i), 410-428.
https://doi.org/10.3998/ark.5550190.0012.108

19. Zhdankin, V. V. Arkivoc 20009, (i), 1-62.

https://doi.org/10.3998/ark.5550190.0010.101

20. Bal, A.; Maiti, S.; Mal, P. Chem. Asian J. 2020, 15, 624-635.
https://doi.org/10.1002/asia.201901683

21. Maiti, S.; Alam, M. T.; Bal, A.; Mal, P. Adv. Synth. Catal. 2019, 361, 4401-4425.
https://doi.org/10.1002/adsc.201900441

22.Yoshimura, A.; Zhdankin, V. V. Chem. Rev. 2016, 116, 3328-3435.
https://doi.org/10.1021/acs.chemrev.5b00547

23.Yuan, J.; Zhang, Q.; Yu, M.; Huang, P.; Zhang, R.; Dong, D. Org. Lett. 2015, 17, 5012-5015.
https://doi.org/10.1021/acs.orglett.5b02485

24.Yoshimura, A.; Yusubov, M. S.; Zhdankin, V. V. Arkivoc 2019, (i), 228-255.
https://doi.org/10.24820/ark.5550190.p010.975

25.Romero, R. M.; Muidiz, K., Carbon—Heteroatom Bond Formation Mediated by Hypervalent lodine. In
PATAI'S Chemistry of Functional Groups, Olofsson, B.; Marek, |.; Rappoport, Z., Eds. John Wiley & Sons,
Ltd., 2019; pp 1-43.

https://doi.org/10.1002/9780470682531.pat0948

26. Deruer, E.; Coulibali, S.; Boukercha, S.; Canesi, S. J. Org. Chem. 2017, 82, 11884-11890.
https://doi.org/10.1021/acs.joc.7b01595

27.Dohi, T.; Takenaga, N.; Goto, A.; Fujioka, H.; Kita, Y. J. Org. Chem. 2008, 73, 7365-7368.
https://doi.org/10.1021/jo8012435

28.Yusubov, M. S.; Wirth, T. Org. Lett. 2005, 7, 519-521.

https://doi.org/10.1021/0l047363e

29. Kaiho, T.; Zhdankin, V. V., Industrial Applications. In Patai's Chemistry of Functional Groups, Olofsson,
B.; Marek, I.; Rappoport, Z., Eds. John Wiley & Sons, Ltd.: 2019; pp 1-13.
https://doi.org/10.1002/9780470682531.pat0954

30. Sakamoto, R.; Kashiwagi, H.; Maruoka, K. Org. Lett. 2017, 19, 5126-5129.
https://doi.org/10.1021/acs.orglett.7b02416

31.Sakamoto, R.; Inada, T.; Selvakumar, S.; Moteki, S. A.; Maruoka, K. Chem. Commun. 2016, 52, 3758-
3761.

https://doi.org/10.1039/C5CC07647A

Page 96 ©AUTHOR(S)



Arkivoc 2021, vii, 79-100 Bose, A. et al.

32. Moteki, S. A.; Usui, A.; Selvakumar, S.; Zhang, T.; Maruoka, K. Angew. Chem. Int. Ed. 2014, 53, 11060-
11064.

https://doi.org/10.1002/anie.201406513

33.Tobisu, M.; Furukawa, T.; Chatani, N. Chem. Lett. 2013, 42, 1203-1205.
https://doi.org/10.1246/cl.130547

34. Elsherbini, M.; Wirth, T. Chem. Eur. J. 2018, 24, 13399-13407.
https://doi.org/10.1002/chem.201801232

35. Deruer, E.; Canesi, S. Org. Biomol. Chem. 2017, 15, 3736-3741.

https://doi.org/10.1039/C70B00326A

36. Pandit, P.; Chatterjee, N.; Halder, S.; Hota, S. K.; Patra, A.; Maiti, D. K. J. Org. Chem. 2009, 74, 2581-
2584.

https://doi.org/10.1021/j08028136

37. Reitti, M.; Villo, P.; Olofsson, B. Angew. Chem. Int. Ed. 2016, 55, 8928-8932.
https://doi.org/10.1002/anie.201603175

38. Muiiiz, K. Top. Curr. Chem. 2016, 373, 105-133.

10.1007/128 2015 663.

39.lJia, K.; Chen, Y., Photochemistry of Hypervalent lodine Compounds. In Patai's Chemistry of Functional
Groups, Olofsson, B.; Marek, I.; Rappoport, Z., Eds. John Wiley & Sons, Ltd., 2019; pp 1-42.
https://doi.org/10.1002/9780470682531.pat0958

40. Chen, C.; Wang, X.; Yang, T. Front. Chem. 2020, 8, 551159.

https://doi.org/10.3389/fchem.2020.551159

41.Wang, L.; Liu, J. Eur. J. Org. Chem. 2016, 2016, 1813-1824.

https://doi.org/10.1002/ejoc.201501490

42. Alam, M. N.; K. M, L.; Maity, P. Org. Biomol. Chem. 2018, 16, 8922-8926.
https://doi.org/10.1039/C80B02221F

43.Tierno, A. F.; Walters, J. C.; Vazquez-Lopez, A.; Xiao, X.; Wengryniuk, S. E. Chem. Sci. 2021, 12, 6385-
6392.

https://doi.org/10.1039/D1SC00187F

44. Wang, X.; Studer, A. Acc. Chem. Res. 2017, 50, 1712-1724.
https://doi.org/10.1021/acs.accounts.7b00148

45. Nicewicz, D. A.; Nguyen, T. M. ACS Catal. 2014, 4, 355-360.

https://doi.org/10.1021/cs400956a

46. Srivastava, V.; Singh, P. P. RSC Adv. 2017, 7, 31377-31392.

https://doi.org/10.1039/C7RA05444K

47.Patel, R. |.; Sharma, A.; Sharma, S.; Sharma, A. Org. Chem. Front. 2021, 8, 1694-1718.
https://doi.org/10.1039/D0Q001182G

48.Bagdi, A. K.; Sikdar, P. Curr. Green Chem. 2021, 8, 46-61.
http://dx.doi.org/10.2174/2213346107999201026201232.

49. Sharma, S.; Sharma, A. Org. Biomol. Chem. 2019, 17, 4384-4405.

https://doi.org/10.1039/C90B00092E

50. Vega-Pefialoza, A.; Mateos, J.; Companyd, X.; Escudero-Casao, M.; Dell'Amico, L. Angew. Chem. Int. Ed.
2021, 60, 1082-1097.

https://doi.org/10.1002/anie.202006416

Page 97 ©AUTHOR(S)


http://dx.doi.org/10.2174/2213346107999201026201232

Arkivoc 2021, vii, 79-100 Bose, A. et al.

51. MacKenzie, I. A.; Wang, L.; Onuska, N. P. R.; Williams, O. F.; Begam, K.; Moran, A. M.; Dunietz, B. D.;
Nicewicz, D. A. Nature 2020, 580, 76-80.

https://doi.org/10.1038/s41586-020-2131-1

52.Yang, C.; Yang, J.-D.; Li, Y.-H.; Li, X.; Cheng, J.-P. J. Org. Chem. 2016, 81, 12357-12363.
https://doi.org/10.1021/acs.joc.6b02385

53.Shang, T.-Y.; Lu, L.-H.; Cao, Z.; Liu, Y.; He, W.-M.; Yu, B. Chem. Commun. 2019, 55, 5408-5419.
https://doi.org/10.1039/C9CC0O1047E

54. Charpentier, J.; Frih, N.; Togni, A. Chem. Rev. 2015, 115, 650-682.

https://doi.org/10.1021/cr500223h

55. Pitre, S. P.; McTiernan, C. D.; Ismaili, H.; Scaiano, J. C. ACS Catal. 2014, 4, 2530-2535.
https://doi.org/10.1021/cs5005823

56.Smith, D. B.; Kalayanov, G.; Sund, C.; Winqvist, A.; Maltseva, T.; Leveque, V. J.; Rajyaguru, S.; Le Pogam,
S.; Najera, |.; Benkestock, K., et al. J. Med. Chem. 2009, 52, 2971-2978.

https://doi.org/10.1021/im801595¢

57.Pacheco, M. C.; Purser, S.; Gouverneur, V. Chem. Rev. 2008, 108, 1943-1981.
https://doi.org/10.1021/cr068410e

58.Champagne, P. A.; Desroches, J.; Hamel, J.-D.; Vandamme, M.; Paquin, J.-F. Chem. Rev. 2015, 115,
9073-9174.

https://doi.org/10.1021/cr500706a

59.Tang, W.-K.; Feng, Y.-S.; Xu, Z.-W.; Cheng, Z.-F.; Xu, J.; Dai, J.-J.; Xu, H.-J. Org. Lett. 2017, 19, 5501-5504.
https://doi.org/10.1021/acs.orglett.7b02129

60. Gao, P.; Song, X.-R.; Liu, X.-Y.; Liang, Y.-M. Chem. Eur. J. 2015, 21, 7648-7661.
https://doi.org/10.1002/chem.201406432

61. Wang, H.; Zhang, J.; Shi, J.; Li, F.; Zhang, S.; Xu, K. Org. Lett. 2019, 21, 5116-5120.
https://doi.org/10.1021/acs.orglett.9001714

62. Manchado, A.; Garcia, M.; Salgado, M. M.; Diez, D.; Garrido, N. M. Tetrahedron 2018, 74, 5240-5247.
https://doi.org/10.1016/j.tet.2018.05.043

63. Pramanik, M.; Choudhuri, K.; Chakraborty, S.; Ghosh, A.; Mal, P. Chem. Commun. 2020, 56, 2991-2994.
https://doi.org/10.1039/DOCC0O0702A

64. Li, K.; Fong, D.; Meichsner, E.; Adronov, A. Chem. Eur. J. 2020, 27, 5057-5073
https://doi.org/10.1002/chem.202003386

65. Shaw, R.; Elagamy, A.; Althagafi, |.; Pratap, R. Org. Biomol. Chem. 2020, 18, 3797-3817.
https://doi.org/10.1039/D00B00325E

66. Voutyritsa, E.; Garreau, M.; Kokotou, M. G.; Triandafillidi, I.; Waser, J.; Kokotos, C. G. Chem. Eur. J.
2020, 26, 14453-14460.

https://doi.org/10.1002/chem.202002868

67. Matsumoto, K.; Nakajima, M.; Nemoto, T. J. Org. Chem. 2020, 85, 11802-11811.
https://doi.org/10.1021/acs.joc.0c01573

68.Yang, L.; Li, H.; Du, Y.; Cheng, K.; Qi, C. Adv. Synth. Catal. 2019, 361, 5030-5041.
https://doi.org/10.1002/adsc.201900603

69. Le Vaillant, F.; Garreau, M.; Nicolai, S.; Gryn'ova, G.; Corminboeuf, C.; Waser, J. Chem. Sci. 2018, 9,
5883-5889.

https://doi.org/10.1039/C8SC01818A

Page 98 ©AUTHOR(S)



Arkivoc 2021, vii, 79-100 Bose, A. et al.

70. Genovino, J.; Lian, Y.; Zhang, Y.; Hope, T. O.; Juneau, A.; Gagné, Y.; Ingle, G.; Frenette, M. Org. Lett.
2018, 20, 3229-3232.

https://doi.org/10.1021/acs.orglett.8b01085

71.Chung, B. K. W.; White, C. J.; Yudin, A. K. Nat. Protoc. 2017, 12, 1277-1287.
https://doi.org/10.1038/nprot.2017.035

72. Pradhan, S.; Chauhan, N.; Shahi, C. K.; Bhattacharyya, A.; Ghorai, M. K. Org. Lett. 2020, 22, 7903-7908.
https://doi.org/10.1021/acs.orglett.0c02801

73.De, A.; Santra, S.; Hajra, A.; Zyryanov, G. V.; Majee, A. J. Org. Chem. 2019, 84, 11735-11740.
https://doi.org/10.1021/acs.joc.9b01625

74.Paul, A.; Chatterjee, D.; Rajkamal; Halder, T.; Banerjee, S.; Yadav, S. Tetrahedron Lett. 2015, 56, 2496-
2499.

https://doi.org/10.1016/j.tetlet.2015.03.107

75. Choudhuri, K.; Pramanik, M.; Mal, P. Eur. J. Org. Chem. 2019, 4822-4826.
https://doi.org/10.1002/ejoc.201900753

76. Douglas, J. J.; Albright, H.; Sevrin, M. J.; Cole, K. P.; Stephenson, C. R. J. Angew. Chem. Int. Ed. 2015, 54,
14898-14902.

https://doi.org/10.1002/anie.201507369

77.L, J.; Liu, Z.; Wu, S.; Chen, Y. Org. Lett. 2019, 21, 2077-2080.
https://doi.org/10.1021/acs.orglett.9b00353

78. Choudhuri, K.; Maiti, S.; Mal, P. Adv. Synth. Catal. 2019, 361, 1092-1101.
https://doi.org/10.1002/adsc.201801510

79.Lu, M.; Qin, H.; Lin, Z.; Huang, M.; Weng, W.; Cai, S. Org. Lett. 2018, 20, 7611-7615.
https://doi.org/10.1021/acs.orglett.8b03340

80. Zhang, J.-J.; Cheng, Y.-B.; Duan, X.-H. Chin. J. Chem . 2017, 35, 311-315.
https://doi.org/10.1002/cjoc.201600729

Authors’ Biographies

Anima Bose (ORCID id: 0000-0003-0147-5211) was born in 1989 in Odisha, India. She obtained her M. Sc.
degree in 2011 from Utkal University (India). In 2014, she moved to National Institute of Science Education
and Research (NISER), Bhubaneswar, India to start her doctoral studies under Prof. Prasenjit Mal on ‘Peroxide
promoted C-X (X = -O, -N) bond synthesis’. She obtained her Ph. D. degree in 2019 and currently, she is
working as a visiting faculty at Ravenshaw University, Odisha, India. Her research interest includes metal free
sustainable organic synthesis, hypervalent iodine chemistry, mechanochemistry and organocatalysis.

Page 99 ©AUTHOR(S)


https://doi.org/10.1021/acs.orglett.8b03340

Arkivoc 2021, vii, 79-100 Bose, A. et al.

|

Prasenjit Mal (ORCID id: 0000-0002-7830-9812) was born at Lokhesole, Bankura, West Bengal, India. He
obtained his MSc degree from Indian Institute of technology Kharagpur and followed by PhD at Indian Institute
of Technology Kanpur in 2005. Then he undertook postdoctoral studies at University of Siegen in Germany as
Alexander von Humboldt Fellow (2006-2007) and at University of Cambridge in UK as Marie Curie Fellow
(2008-2009). He started an independent research career at NISER Bhubaneswar since December 2009. His
research is focused on supramolecular catalysis in organic chemistry.

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 100 ©AUTHOR(S)


http://creativecommons.org/licenses/by/4.0/

