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ABSTRACT 

 
 The concept of umpolung or reverse polarity is a pivotal component in accessing 

new, otherwise impossible, bond disconnection and expanding chemical space. The 

development of umpolung strategies for the construction of valuable C-heteroatom bonds 

is of utmost importance to synthetic chemists. In this area, hypervalent Iodine (III) 

reagents acquire an esteemed role due to their unique umpolung reactivity, ease of 

handling and environmentally benign conditions. This dissertation focuses on the 

development of I(III) mediated heteroatom transformations and outlines the design and 

synthesis of new N-ligated cyclic, non-symmetrical I(III) compounds for efforts in 

investigating their potential as umpolung aminating reagents.  

 Chapter 1 of this dissertation serves as an introduction and background to 

hypervalent Iodine(III) reagents including the Nitrogen-ligated (Bis)cationic I(III) 

reagents (N-HVIs).  

 In Chapter 2, a novel strategy for the synthesis of phenol derivatives via oxidative 

rearrangement of acyclic secondary alcohols has been developed. By leveraging an 

umpolung activation platform developed in our laboratory with I(III) reagents, excellent 

selectivity for C–O bond migration over competitive oxidation was achieved. The 

resulting acetals can be readily converted to phenols via a one-pot hydrolysis, giving 

access to challenging phenol derivatives from simple substrates.  

 Chapter 3 discusses the design of non-symmetrical I(III) (N,X-HVI) reagents 

bearing one N-heterocyclic and one anionic X- ligand and highlights efforts in the 

investigation of N,X-HVIs single electron reduction potential for the generation of 

(Hetero)arene N-centered radical cations (HA-NRCs) is outlined. Initial investigation into 
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the fundamental reactivity of the synthesized N,X-HVI reagents has been demonstrated in 

the amination of benzene as a model transformation. Efforts towards establishing a 

baseline reactivity profile of synthesized N,X-HVIs were examined in I(III) mediated 

transformations including olefin and alcohol activations as well as C-H aminations This 

chapter outlines foundational discoveries into the unexplored synthetic applications of 

N,X-HVI reagents in organic synthesis.  
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CHAPTER 1 

HYPERVALENT IODINE(III) REAGENTS: CHARACTERISTICS, SYNTHESIS 

AND REACTIVITY 

Note: A major portion of section 1.3 of this chapter was reprinted from Encyclopedia of 

Reagents in Organic Synthesis with permission from Wengryniuk, S. E.; Sedler, C. A.; 

Sherwood, M. 1,1′-(Phenyl-λ3-Iodanediyl)Bis(Pyridinium) 

Trifluoromethanesulfonate. Wiley Online Library 2023, 1–5, reference [43].  

1.1 Introduction  

Over the past century, organic synthesis has evolved as both a science and a craft.1 As 

a result, complex organic frameworks have emerged as valuable synthetic targets. 

Fundamental principles of organic chemistry significantly impact the depth and breadth 

of reactions available to construct synthetic targets. As the complexity of target 

molecules increases, chemists seek new synthetic approaches to access all possible 

disconnections. The concept of umpolung or reversed polarity significantly improves this 

limitation by allowing access to otherwise impossible electrophilic synthons from 

nucleophilic sources.2 

Hypervalent iodine (HVI) reagents represent a privileged class in umpolung 

chemistry and organic synthesis.2 The term hypervalent describes a main group element 

compound with several assignable electrons that exceeds the octet around the central 

atom, seemingly violating the octet rule.3,4 Hypervalent species offer a unique set of 

properties and reactivity that are not seen in compounds with a typical covalent bond.3,4 

HVI reagents are the most widely utilized among chemists due to the electrophilicity of 

the iodine atom and enhanced reactivity of the hypervalent bond 2 
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The characteristics and reactivity of HVI reagents can be compared to that of 

transition metals.5 In recent years, transition metal catalysis has gained widespread 

attention in organic synthesis. However, metal-catalyzed transformations face challenges 

in high toxicity and costly materials. As an alternative, metal-free reactions are cost-

effective and significantly lower environmental risks with low reagent toxicity and ease 

of handling.6 

Compared to heavy transition metals, iodine is a relatively cheap, environmentally 

friendly element. HVI compounds exist in higher oxidation states and are generally 

classified by the type of ligands attached to the iodine center.4 Multiple forms of iodine 

reagents exist according to their oxidation state (+1, +3, +5 or +7) each with various 

structural conformations (Figure 1.1). 7-8 Polyvalent iodine compounds are represented in 

two main classes: Trivalent iodine or λ3-iodanes with a +3 oxidations state, and 

pentavalent iodine, λ5-iodanes with a +5-oxidation state. 7-8 

 

Figure 1.1. Structural Conformations of HVI Compounds.  
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The trivalent λ3-iodanes consist of the general species: (dihaloiodo)arenes (1.4), 

iodosylarenes (1.2), [bis(acyloxy)iodo]arenes (1.3), aryliodine(III) organosulfonates 

(1.5), five-membered iodine heterocycles (1.9) , iodonium salts (1.6), iodonium ylides 

(1.8), and iodonium imides (1.7).6 These derivatives have shown broad synthetic utility as 

both powerful oxidants and group transfer reagents (Figure 1.1A).9 

Examples of λ5-iodanes include iodylarenes (1.10), Dess-Martin periodinane (DMP) 

(1.12) 2-iodoxybenzoic acid (IBX) (1.11), and pseudocyclic iodylarenes (1.13).(Figure 

1.1B).9 Pentavalent λ5-iodanes are known for their high reactivity as powerful oxidants 

and electrophilic agents 8  

 

Figure 1.2. Representative Examples of HVI Compounds. A. I(III) Reagents. B. I(V) 

Reagents. 
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Cyclic I(III) derivatives exhibit increased stability and solubility compared to their 

acyclic counterparts with further classification based on the functional handle ligated to 

the iodine atom.10,12 Among cyclic derivatives, benziodoxoles (1.9, Figure 1,1A) are most 

common and typically perform group transfer reactions.11 Cyclic I(III) reagents perform 

under metal-free conditions and in the presence of transition-metal catalysts or 

photoirradiation conditions.11 For example, aryl-, alkenyl-, and alkynylbenziodoxoles 

have recently demonstrated efficient reactivity in direct arylation, alkenylation, and 

alkynylation under metal-free approaches as well as photoredox and transition metal 

catalysis using mild reaction conditions.16 

HVI compounds are environmentally sustainable and versatile reagents with unique 

reactivity patterns that lend itself to widespread synthetic applications.13 This chapter 

provides a brief review of Iodine(III) compounds highlighting their key characteristics, 

modes of reagent synthesis and general reactivity patterns.  

1.2 Iodine (III) Reagents  

1.2.1 Characteristics and Structure of Iodine (III) Reagents  

Like that of other hypervalent systems, the properties and reactivity of HVI 

compounds arise from their hypervalent bonds. Bonding in HVI compounds varies from 

typical main-block elements due to the large size of the iodine atom and availability of its 

d-orbitals.14 In a typical Iodine(III) compound, the iodine atom forms a plane with two 

lone pairs and one s-bond. The iodine center is coordinated to two electronegative ligands 

(L) in an axial position orthogonal to the plane (Figure 1.3), resulting in a three-center 

four-electron (3c-4e), or hypervalent bond.15-17 
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Figure 1.3. Typical Conformation of I(III) Reagents. 
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bond is also longer and weaker than that of a usual covalent bond and contributes to the 

high electrophilicity of HVI compounds.19  

 

 

 

 

Figure 1.4. Molecular Orbital Description of 3c-4e Bonding in I(III) Compounds.  
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1.5).16 The benziodoxole scaffold (1.9, Figure 1.1) has a higher bond dissociation energy 

greater than 30 kcal/mol and therefore, increased thermal stability.20 As a result, cyclic 

I(III) compounds are generally much easier to handle with simpler isolation and 

purification.16 

 

Figure 1.5. General Structure of I(III) Reagents  
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1.2.2 Synthesis of Iodine (III) Reagents  

The most common approach to synthesizing I(III) reagents is direct oxidation of 

iodoarenes. Peracids such as meta-chloroperoxybenzoic acid (m-CPBA), peracetic acid, 

or hydrogen peroxide directly oxidize I(I) precursors to the corresponding I(III) 

compounds of +3 oxidation state. Alternatively, strong oxidants such as oxone, sodium 

perborate (NaBO3), and sodium periodate (NaIO4) can be used (Illustration 1.1A).21  

Halogen-containing I(III) reagents are prepared by reaction of iodoarenes with an 

electrophilic halogen source. For instance, (difluoro)iodoarenes are synthesized by 

fluorination of iodoarenes using strong fluorinating agents such as F2, ClF, CF3OCl, BrF5, 

C6F5BrF2, C6F5BrF4, XeF2, XeF2/BF3, Selectfluor, among others (Illustration 1.1B).8 

Dichloroiodoarenes are prepared by direct chlorination of iodoarenes with chlorine gas. 

In order to avoid using elemental chlorine, an alternative method uses aqueous 

hydrochloric acid (HCl) in the presence of a strong oxidant such as potassium 

permanganate (KMnO4), activated manganese dioxide (MnO2), potassium chlorate 

(KClO3), or sodium iodate (NaIO3), among others. 8 

 

I

Ar

Iodine(I)

oxidant I
O

Iodosylarene

1.22 1.23

Ar acid

I

Ar

XX
HX

1.24

Iodine(III)

oxidation

A. Direct oxidation of iodoarenes

B. Electrophilic halogen source

strong oxidants:
e.g. m-CPBA, AcOOH,
oxone, NaIO4

I

Ar

1.22

X+

halogen 
source

I

Ar

XX

1.24
Iodine(III)Iodine(I)

halogen source (X+) 
e.g. Selectfluor, CF3OCl, 
BrF5, XeF2



8 

Illustration 1.1. Synthesis of I(III) Reagents from I(I) Compounds via: A. Direct 

Oxidation. B. Electrophilic Halogen Source.   

Existing I(III) reagents undergo ligand exchange with a nucleophilic species to 

access other I(III) reagents.22 Lewis acid activation of an I(III) species (1.24) followed by 

nucleophilic attack generates new I(III) reagents (1.25 and 1.27, Illustration 1.2A).  The 

most common example of ligand exchange involves conversion of the diaceetoxy ligands 

in (diacetoxy)iodobenzene (1.2) to or bis(trifluoroacetoxy) ligands in 1.3 using Bronsted 

acid, trifluoroacetic acid. . can be converted to a variety of groups such as halogens. The 

extensive opportunity for diversification and tuning of the ligands about the iodine 

enables diversity in synthetic applications such as oxidations, halogenations and coupling 

reactions.22 

 

 

Illustration 1.2. Synthesis of HVI using I(III) Compounds Ligand Exchange via: A. 

Lewis-Acid Activation. B. Bronsted-Acid Activation.  
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Although I(III) reagents represent a safe alternative to heavy metal oxidants, 

traditional methods towards their synthesis require harsh oxidants and produce toxic 

waste.23 Modern approaches towards the synthesis of I(III) reagents apply principles of 

green chemistry. Current research focuses on reducing waste and toxic by-products, using 

safer reagents and minimizing energy consumption.23 Environmentally benign methods 

towards the synthesis of I(III) reagents employ anodic or aerobic oxidative conditions. 

Electrochemistry is a sustainable alternative to many organic processes and provides 

access to redox reagents by direct use of electrons.24 Electrochemical synthesis of I(III) 

reagents eliminates the use of harsh oxidants and allows for the generation of I(III) 

reagents in-situ.25 In 1960, Schmidt and Meinert reported the first electrochemical 

synthesis of (difluoroiodo)benzene (PhIF2) by anodic oxidation of iodobenzene using 

silver fluoride.26 In 1967, Miller and Hoffmann reported the first route to diaryliodoium 

salts via anodic oxidation of iodobenzene in the presence of arenes.27 Significant 

advancements to these pioneering reports recently emerged over the past decade.28 In 

2019, Wirth and coworkers developed the first general method that converted I(I) 

precursors to bench-stable (diacetoxy)iodoarene derivatives via an anodic oxidation-

ligand exchange process under both batch and flow conditions.29 In 2021, He, et. al 

reported the anodic oxidation of iodobenzenes in the synthesis of iodosylarenes, 

(difunctionaliodo)arenes, benziodoxoles, and diaryliodonium salts and other derivatives 

(Illustration 1.3).30,32 
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Illustration 1.3. I(III) Synthesis by Anodic Oxidation of Iodoarenes.  

 

Aerobic oxidation is another efficient method to synthesize I(III) reagents by 

using molecular oxygen (O2) as the terminal oxidant (Illustration1.4).31 The process of 

aerobic oxidation typically involves aldehyde-promoted aerobic oxidation of iodoarenes 

with subsequent in-situ disproportionation.23,35 Iodoarenes do not react directly with O2 to 

form I(III) compounds. Therefore, aerobic methods towards the synthesis of HVI 

compounds begins with identification of a possible reductant to enable aerobic oxidation 

of iodoarenes.33,33 In 2018, Powers group reported an efficient formation of hypervalent 

iodine compounds from aryl iodides, cobalt, aldehydes, and O2. With this method, a 

family of hypervalent iodine reagents were successfully generated in situ using O2 as the 

terminal oxidant. Powers, et. al. reported the synthesized I(III)reagents by interception of 

the reactive oxidants generated during the autooxidation of acetaldehyde. Under this 

method, a wide variety of I(III) compounds were accessible.34  

I LL

R

I

R

+2 LH
-2e-, , -2H+

+2e-, , -H+

R
I

I

R

iodoarene di(functional)iodoarene

+LH
-2e-, , -2H+

R= 2-CO2H

OIL
O

benziodoxole
1.41 1.40 1.43

1.45

L= F-, R1-O-, AcO-



11 

 

Illustration 1.4 Representative Example of I(III) Synthesis via Aerobic Oxidation. 

  

 

1.2.3 General Reactivity of Iodine (III) Reagents  

General reactivity of I(III)-mediated transformations follows a similar pattern to that 

seen in transition-metal catalyzed reactions. A typical pattern of I(III) reactivity includes 

ligand exchange, reductive elimination, and then ligand coupling (Illustration 1.5A). 36 
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Illustration 1.5. Reactivity of I(III) Reagents. A. General Reactivity of I(III)-

Mediated Transformations. B. Ligand Exchange by an Associative Pathway. C. 

Ligand Exchange by a Dissociative Pathway. 

 

The process of ligand exchange involves two general pathways following an 

associative or dissociative mechanism. The mechanism by which ligand exchange occurs 

depends on the nature of the ligands attached to the I(III) reagent in addition to overall 

reaction conditions.36 In the associative mechanism, addition of a nucleophile onto a 
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positively charged iodine species (1.21) affords a trans square-planar HVI (1.64) that 

isomerizes to the cis conformer (1.65) and eliminates a ligand L to give the final product 

(1.66) (Illustration 1.5B).36 The transformation concludes with elimination of a reduced 

phenyl iodide (PhI). Ligand exchange by a dissociative mechanism occurs when a ligand 

dissociates from the I(III) species prior to nucleophilic attack, forming an iodonium salt 

intermediate (1.67). The resulting iodonium salt intermediate is then susceptible to 

nucleophilic attack followed by elimination of the I(I) species to give 1.66. (Illustration 

1.3C), 36 

Following nucleophilic attack into the HVI species, the nucleophile is transferred to 

the iodine. During this step of ligand exchange, a new bond and electrophilic center form 

at the site of the original nucleophile. This process reverses the polarity of the 

nucleophile and contributes to the umpolung reactivity seen in HVI compounds.37-38  

Homolysis of I(III) reagents occurs under thermal or photocatalytic conditions. 39 

Radical generation is common among I(III) reagents containing chloro-, oxygen- or 

nitrogen ligands. As mentioned previously, the hypervalent bond of an R-I-X species is 

weaker and longer than that of a typical I-R or I-X covalent bond. Under thermal or 

photocatalytic conditions, homolysis of the weak I-X bond in 1.6 or 1.9 occurs readily to 

form a biradical species (1.71). The radicals can react with an alkyl group by H 

abstraction to generate a carbon-centered radical (1.72) which can then further react via 
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oxidation or radical trapping processes to give a C-H functionalized product (1.73) ( 

Illustration 1.6A).39 

 

Illustration 1.6. Radical Generation using I(III) Reagents via: A. Homolysis. B. SET 

Reduction. 

 Single electron reduction of I(III) reagents occurs in the presence of transition 

metal reductants, photocatalysts, organic reductants or electron-rich pi systems.40 As a 

result, I(II) reagents are commonly employed in SET reactions.  Typically, iodonium salts 

(1.6) and benziodoxoles (1.9) participate in SET chemistry. Upon single electron 

reduction, iodanyl radical (1.74) and carbon centered radical (1.76) results. The radicals 

can be used in addition reactions to heteroarenes, alkenes and alkynes. The resulting 

radical species is then oxidized and reduced to form the desired product (1.81) or (1.82) if 

reacted with an alkene (1.78) or an alkyne (1.79), respectively. In some cases, the SET 

reduction of an I(III) reagent by arenes can occur via a charge transfer complex (1.83) 

that provides a radical cation intermediate (1.84) which can be trapped by carbon or 
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heteroatom nucleophiles to give 1.85 after oxidation and deprotonation. (Illustration 1.7). 

This chemistry is atom economical and provides high reaction selectivity and efficiency 

primarily in C-H functionalizations.37-40 

 

Illustration 1.7. SET Reduction of I(III) Reagents via a Charge-Transfer Complex.  

 

1.3. (Bis)cationic Nitrogen-Ligated Iodine (III) Reagents  

In 1994, Weiss reported the first examples of (Bis)cationic Nitrogen-ligated I(III) 

dications (N-HVIs) characterized by two heterocyclic ligands datively bound to the 

iodine center.42 N-HVIs are synthesized by activation of PhI(IOAc)2 with a silyl triflate to 

generate the monocationic intermediate 1.49. Subsequent reaction of 1.49 with a nitrogen 

heterocycle forms an off-white precipitate that is collected via filtration as the desired N-

HVI (1.01) which is kept under an inert atmosphere. (Illustration 1.8).  
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Illustration 1.8.  Reported N-HVI Reagents with Varied Steric and Electronic 

Parameters. 

 

The structure of N-HVIs resembles that of other I(III) reagents in the general form 

ArIX2. In 2012, Zhdankin confirmed the structure of of [PhI(Pyr)2]2+ and [PhI(4-

DMAP)2]2+ as T-shaped with a 3c-4e N-I bond.  A calculated positive partial charge of 

+1.14 on the iodine center confirmed the (bis)cationic and coordinative characteristics in 

an N-HVI system containing a +2 formal charge.1 The N-HVI scaffold is readily 

synthesized and  highly tunable. As a result, the reactivity can be readily modulated by 

altering the electronic and steric parameters at the N-Heterocyclic ligand. As such, 

several N-HVI derivatives have been developed since Weiss’ original report (Illustration 

1.6). The Wengryniuk laboratory has significantly expanded upon this initial library to 

include numerous derivatives bearing electron-donating, or electron-withdrawing groups 
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and N-heterocyclic ligands with increased steric strain (Figure 1.6). Weiss was the first to 

report a synthetic application of the Py-N-HVI (1.10) in his original report.42 Prior to the 

start of the Wengryniuk group in 2015, examples of the synthetic utility of N-HVI 

reagents were scarce. The development of new N-HVI showcased the diverse potential 

and unique reactivty of N-HVIs in organic synthesis.  A brief overniew of the Py-N-HVI 

below provides a brief overview on the synthesis, characterization and synthetic potential 

of this privileged reagent.  

 

 

Figure 1.6. Library of N-HVIs within the Wengryniuk Laboratory.   
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1,1'-(phenyl-λ3-iodanediyl)bis(pyridinium) trifluoromethanesulfonate 

 

156002-39-0    C18H15F6IN2O6S2  (MW 660.34)  

InChI = 1S/C16H15IN2.2CHF3O3S/c1-4-10-16(11-5-1)17(18-12-6-2-7-13-

18)19-14-8-3-9-15-19;2*2-1(3,4)8(5,6)7/h1-15H;2*(H,5,6,7)/q+2;;/p-2 

InChIKey = JDMNSSBAUBJNJO-UHFFFAOYSA-L 

(oxidative rearrangements,48,54,55 alcohol oxidation,49 pyridinium salt synthesis,47,58,59,63 

oxidation of metal complexes60-62) 

Physical Data: Free flowing white solid. Due to inherent instability, melting point 

not determined.45,46  

Solubility: 1,1,1,3,3,3-hexafluoroisopropanol (HFIP), 2,2,2-trifluoroethanol 

(TFE), methanol sparingly soluble in chloroform and 1,2-dichloroethane.46 

Form Supplied In: Not commercially available; synthesized using reported 

procedures.  

Analysis of Reagent Purity: 1H, 19F, and 13C NMR, IR, and Elemental Analysis. 

Preparative Methods: [(Py)2IPh](OTf)2 is most commonly synthesized via 

modifications of the procedure originally reported by Weiss.45 Activation of 

commercially available (diacetoxyiodo)benzene (PhI(OAc)2) with TMSOTf followed by 

addition of pyridine in dichloromethane leads to [(Py)2IPh](OTf)2 as a white precipitate. 
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Modifications later reported by Wengryniuk include substitution of diethyl ether for 

dichloromethane, which has led to improved consistency, generality, and scalability of 

this procedure  (eq 1).46 The solid can be isolated using simple vacuum filtration, 

however due to the moisture sensitivity, it is recommended to use inert technique  either 

via a filter stick, or glove box.46  Wengryniuk has also reported the use of 

[(Py)2IPh](OTf)2  to affect alcohol oxidations as well as heterocyclic group transfer 

reactions via preparations generated in situ using TMSOTf, pyridine and (PhI(OAc)2) in 

either, acetonitrile or dichloroethane prior to substrate addition.47-49 In the case of in 

situ  preparations for alcohol oxidations, , TBSOTf is used in place of TMSOTf for 

reagent generation  to avoid competitive alcohol protection in applications to alcohol 

oxidation.49 

 

A less commonly employed synthesis of this reagent can be achieved by the 

reaction of pyridine with iodobenzene difluoride and TMSOTf in chloroform at 

cryogenic temperatures (eq 2).50 
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Purification: [(Py)2IPh](OTf)2 can be isolated by vacuum filtration under an inert 

atmosphere using a filter stick or sintered glass funnel.46 Removal of soluble impurities is 

then achieved via rinsing several times with anhydrous dichloromethane or diethyl ether 

with periodic agitation of the solid product. 

Handling, Storage, and Precautions: Moisture sensitive. Indefinitely stable in low 

humidity, oxygen-free environment.46 

  Introduction 

The first I(III) hypervalent iodine reagent, PhICl2, was reported by Wilgerodt in 

1886. Since that time, the chemistry of this versatile reagent class has been extensively 

explored.51 In particular, the last twenty years have seen a resurgence of interest and 

development in this area, as I(III) compounds can serve as inexpensive and 

environmentally benign alternatives to metal-mediated transformations. First reported by 

Weiss in 1994, bis(onio)-substituted aryliodine(III) dications, now commonly referred to 

as Weiss’ reagents or N-HVIs, make up a class of powerful iodine (III) oxidizing agents 

with enhanced reactivity due to the datively bound N-heterocyclic ligands.44,45,52 Weiss 

disclosed only four N-heterocyclic analogues in his initial report, including pyridine-

ligated [(Py)2IPh](OTf)2 , as well as 4-DMAP, N-Me-imidazole, and quinoline.  In the 

last 10 years, numerous other derivatives have been reported, modulating both the sterics 

and electronics of the N-ligand. It has been found that these reagents, and most 

commonly [(Py)2IPh](OTf)2, display novel or complementary reactivity to traditional 

I(III) compounds such as PhI(OAc)2, enabling a broad range of powerful oxidative 

transformations across both organic substrates and transition metal complexes.44 
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Structure and Ligand Binding 

 

Dutton has reported on the nature of the binding of the N-heterocyclic ligands in 

N-HVIs, studying both [(Py)2IPh](OTf)2 and [(4-DMAP)2IPh](OTf)2 using DFT 

calculations, experiment and x-ray crystallography.53 The bonding can be understood as 

donation of the heterocyclic lone pair into the p-orbital-based LUMO at iodine, with the 

two N-ligands located trans to each other and orthogonal to the I–aryl bond. A highly 

positive Mulliken atomic charge of the iodine atom of +1.14 led to the characterization of 

the N-heterocyclic ligand binding as primarily dative in nature. This has experimental 

implications as facile ligand exchange at iodine occurs, with equilibrium favoring the 

more strongly coordinating ligand. This was demonstrated by treatment of 

[(Py)2IPh](OTf)2 with 2 equiv. of 4-DMAP in CD3CN, which resulted in rapid and 

complete conversion to [(4-DMAP)2IPh](OTf)2, which could be isolated in 70% yield (eq 

3).53 The strength of coordination of pyridine versus 4-DMAP can be seen in the x-ray 

crystallographic structures of both [(Py)2IPh](OTf)2 and [(4-DMAP)2IPh](OTf)2, with the 

pyridine N–I bond length of 2.220(3) Å as compared to 2.185(8) Å for the more Lewis 

basic 4-DMAP ligand.53 
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Lewis Acid Activation 

 

The first example of Lewis acid activation of [(Py)2IPh](OTf)2  using BF3•Et2O 

has been reported (eq 4).52 Similar activation of PhI(OAc)2 with BF3•OEt2 has been 

reported and studied spectroscopically by Shafir.54 In the case of [(Py)2IPh](OTf)2, 

treatment with BF3•Et2O in benzene results in sufficient activation to induce an 

electrophilic aromatic substitution, leading to diaryliodonium salt [Ph2I]OTf, along with 

the pyridine•BF3 adduct and PhI. In the absence of BF3•Et2O, [(Py)2IPh](OTf)2 is 

unreactive towards benzene, indicating an enhancement in reactivity upon complexation. 

It is hypothesized that [(Py)2IPh](OTf)2 is activated through abstraction of pyridine, to 

generate an intermediate possessing one N-heterocyclic ligand and one weakly bound 

triflate. When 4-DMAP is used as a ligand this activated intermediate is isolable and was 

characterized by x-ray crystallography.52 
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Skeletal Rearrangements 

 

[(Py)2IPh](OTf)2 is very effective as an electrophilic activating agent, either of 

electron-rich pi-bonds or heteroatoms, and this has been applied to the development of 

numerous oxidative ring expansions. Treatment of 2-furfurylcarbinols with 

[(Py)2IPh](OTf)2 in buffered solution results in oxidative ring enlargement yielding the 

corresponding pyranone via an Achmatowitz rearrangement (eq 5).55 When compared to 

the use of PhI(OAc)2, [(Py)2IPh](OTf)2 led to increased yields and a decrease in reaction 

time from 24 h to 10 minutes, demonstrating its enhanced oxidizing power. Modifications 

at R” include H, Me, n-Bu and spirocyclic cyclohexyl bound to both R” and R’ with 

yields ranging from 80–90%.  
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Wengryniuk and co-workers have used [(Py)2IPh](OTf)2 and related derivatives 

in the development of several oxidative alcohol ring expansions to access medium-ring 

cyclic ethers, analogous to the Criegee rearrangement of alkyl peroxides. Their initial 

report found that tertiary benzylic alcohols undergo oxidative ring expansion to give the 

benzo-fused medium sized cyclic ether HFIP acetal when subjected to [(Py)2IPh](OTf)2 

in CH2Cl2/HFIP (eq 6).48 The use of any other I(III) derivative, including PhI(OAc)2 or 

PhI(OTFA)2, led to exclusively solvolysis products along with recovered starting 

material. The reaction proceeds via attack of the alcohol on the iodine center, resulting in 

a reversal of polarity which renders the oxygen electrophilic and promotes carbon to 

oxygen bond migration. The resulting oxonium intermediate is trapped by HFIP solvent 

to give the acetal, which can then be further derivatized with a variety of nucleophiles 

under Brønsted acidic conditions. Both electron-donating and withdrawing substituents 

on the aromatic ring were well tolerated, with electron-withdrawing substituents 

requiring prolonged heating (35 °C, 48 h). Substitution at the tertiary alcohol was also 

demonstrated with alkyl, allyl, ethynyl, electron-deficient and electron-neutral aromatic 

groups. The reaction was also shown to be scalable, with a 1.0 g example giving 

comparable yields. 

 

Building on this initial report, Wengryniuk et al. found that secondary aliphatic 

alcohols undergo similar activation and rearrangement with [(Py)2IPh](OTf)2 to give the 

corresponding medium sized cyclic ethers (eq 7).56 This is notable as the secondary 
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substrates are able to undergo competitive oxidation to the corresponding ketone; it was 

found that reaction pathway could be controlled by careful selection of solvent, I(III) 

reagent, and substrate substitution. The relative stereochemistry played a significant role 

in product distribution, with 1,2-cis-alcohols giving cyclic ethers and 1,2-trans-alcohols 

giving predominantly oxidation to the ketone. This effect was hypothesized to be due to 

conformational and steric effects in the respective transition states. Higher yields and 

selectivity for the cyclic ether versus ketone were obtained when using the 2-OMe-

pyridine-derived N-HVI, [(2-OMe-Py)2IPh](OTf)2, possibly due to stronger H-bonding 

interactions between the N-heterocyclic ligand and HFIP solvent. This methodology was 

also applicable to late-stage derivatization of complex molecules, including 

hydrocortisone acetate. 

Preparation of Iodonium Salts 

 

Phenyl(isoquinoline)-iodonium salts can be prepared from ortho-alkynyl aryl 

imines via sequential treatment with AgNO3 and [(Py)2IPh](OTf)2 (eq 8).57 Exposure to 

AgNO3 promotes cyclization to give a mesoionic carbene silver complex which gives the 

corresponding diaryliodonium salt upon addition of [(Py)2IPh](OTf)2. Use of a different 

N-HVI derivative, [(4-OMe-Py)2IPh](OTf)2 was also highly effective for activation but 

led to more challenging purifications, and switching to either PhI(OAc)2 or PhI(OTFA)2 

reaction led to reduced yields.  This process is tolerant of functionalization along the 
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isoquinoline ring including bulky substituents at the R’ position with isolated yields of 

40–94%. The phenyl(isoquinoline)-iodonium salt can be directly converted to the fluoro 

or [18F]isoquinolines upon exposure to KF or [18F]TEAF in DMF or DMSO respectively, 

at elevated temperatures.56 

 

Phosphoranyl-derived I(III)-compounds have been prepared in good yield by 

reaction of phosphonium ylides with [(Py)2IPh](OTf)2 under mild conditions (eq 9).58 To 

access the derivatives possessing a triflate counterion, the use of [(Py)2IPh](OTf)2 is 

essential, as reaction with PhIO/Tf2O in the absence of pyridine results in formation of a 

black tar due to the strongly acidic conditions. The corresponding tosylate salts could also 

be synthesized in comparable yields through the use of Koser’s reagent, PhI(OH)OTs. 

The resulting phosphoranyl-derived iodanes possess the combined synthetic utility of a 

phosphonium ylide and an iodonium salt and this was demonstrated through sequential 

coupling reactions with sulfur-based nucleophiles and Wittig olefinations. 

Pyridinium Salt Synthesis: Heterocyclic Group Transfer Reactions      
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Wengryniuk and co-workers have demonstrated that the pyridine ligands of 

[(Py)2IPh](OTf)2 can be effectively transferred to nucleophilic coupling partners to 

generate N-alkyl or N-aryl pyridinium salts in what has been termed a “heterocyclic 

group transfer” or HGT reaction.47,59,60 In this approach, the N-HVI reagents offer a 

unique solution to I(III)-mediated amination, using the N-heterocycles as oxidatively 

masked amine nucleophiles to avoid common issues of nucleophile and substrate 

degradation. Pyridinium lactones can be synthesized in high yields from the 

corresponding alkenoic acids by treatment with in situ generated [(Py)2IPh](OTf)2 (eq 

10).47 The authors propose 5-exo-trig lactonization to give an (alkyl)(aryl)iodonium salt 

intermediate which then undergoes SN2 displacement by pyridine. Various substituted 

alkenoic acids were shown to undergo aminolactonization in moderate to high yields. In 

addition to pyridine, N-HVI reagents with a broad range of substituted N-heterocyclic 

ligands could be used to give a diverse scope of N-alkyl pyridinium salts and subsequent 

derivatization of the pyridinium scaffolds was also demonstrated.   

 

The same authors reported a rare example of a 6-endo alkene diamination 

resulting in the formation of 3-aminopiperidines upon treatment of pentenyl sulfonamides 

with isolated [(Py)2IPh](OTf)2 (eq 11).59 Mechanistic investigations indicate that an 

initial 5-exo-trig cyclization is followed by intramolecular displacement of the resulting 

iodonium to give an aziridinium intermediate. Nucleophilic attack by the liberated 

pyridine results occur regioselectively at the more substituted carbon giving the 3-
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aminopiperidine scaffold as the pyridinium salt. This method was also amenable to 

incorporation of a wide-range of N-heterocycles through variation of the N-HVI ligand, 

and provided access to secondary N-alkyl pyridinium salts, which were not accessible in 

the prior aminolactonization method.      

 

The N-HVI HGT reactions have also been applied to the synthesis of N-aryl 

pyridinium salts. Treatment of electron-rich arenes with in situ prepared [(Py)2IPh](OTf)2 

provides the N-arylpyridinium salt, which can either undergo Zincke aminolysis to give 

the free aniline, reductions or cycloaddition reactions to give piperidine derivatives (eq 

12).60 Mechanistic studies indicate that [(Py)2IPh](OTf)2 is acting as a single-electron 

oxidant to give an intermediate arene radical cation. In the case of dimethoxy arenes, it is 

noted that 1,2- and 1,4-substitution gives exclusively pyridinium salts via the radical 

cation, whereas 1,3-substitution leads to diaryliodonium formation. 

Alcohol Oxidation 

 

The first general approach for chemoselective oxidation of equatorial alcohols has 

been reported using either isolated or in situ generated [(Py)2IPh](OTf)2 (eq 13).49 For the 
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in-situ preparation, TBSOTf is used as the silyl activator to avoid competitive silyl 

protection of the alcohols. The method allows a broad substrate scope of acyclic, cyclic, 

and benzylic alcohols with high-functional group tolerance including halogens, acetate, 

alkyne, and saturated heterocycles. Excellent selectivity for oxidation of equatorial over 

axial alcohols was shown in 1,2-substituted cyclohexanols and polyol substrates, the first 

example of such conformational selectivity and demonstrating the utility of this method 

for selective late-stage oxidations.  

Oxidation of Transition Metal Complexes 

 

Au(I) complexes undergo two-electron oxidation when treated with 

[(Py)2IPh](OTf)2 to give cationic Au(III) complexes under mild conditions (eq 

14).61  This reaction was shown to work efficiently with [(Py)2IPh](OTf)2 while 

phosphine-ligated I(III) compounds resulted in complex mixtures. This reactivity is 

notable as oxidative addition to Au(I) faces a large energetic barrier due to the high 

oxidation potentials of Au(I) complexes, which means a typical requirement of very 

harsh conditions. Similar oxidative additions of pyridine ligands using [(Py)2IPh](OTf)2 

have been demonstrated with Ir(I), Rh(I) Pt(I) and Pd(I) complexes.61,62 
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Oxidative C(sp2)–N bond formation upon oxidation of an (NNN)NiPh complex 

with [(Py)2IPh](OTf)2 has been reported (eq 15).63 The method represents the first 

example of C(sp2)–N reductive elimination from a Ni(IV) intermediate. Exposure of the 

(NNN)NiPh complex to [(Py)2IPh](OTf)2 results in oxidation of Ni(II) to Ni(IV), which 

induces C(sp2)–N bond forming reductive elimination in near quantitative yield. The 

method shows high selectivity for C(sp2)–N bond formation over competitive C–X or C–

O reductive elimination pathways.  

Reactions with thiophenes, selenophenes, and tellurophenes 

 

The oxidations of thiophenes, selenophenes, and tellurophenes with [(Py)2IPh](OTf)2 

has been investigated (eq 16).64 Pyridinium salt formation is believed to arise via 

oxidation of the ring heteroatom followed by ligand transfer. Competing diaryliodonium 

salt formation was observed in disubstituted thiophenes and selenophenes, leading to 

mixtures of products. When PhI(OAc)OTf is used as the oxidant, exclusive heteroatom 
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oxidation is observed in the case of tellurophenes, and selenophenes give only 

diaryliodonium salts. 

1.4 Conclusion  

 This chapter provided an overview of the fundamental principles and diverse 

applications of Iodine (III) reagents as powerful oxidants and electrophiles, highlighting 

their key characteristics, modes of synthesis and general reactivity patterns. Iodine (III) 

reagents hold a privileged space in umpolung chemistry by effectively inverting the 

polarity of atoms bonded to the iodine. Leveraging this unique reactivity, the use of 

Iodine (III) reagents opens novel synthetic disconnections and expands the scope of 

valuable synthetic transformations. The following chapters in this thesis outline the 

synthetic utility of Iodine (III) reagents as important platforms in umpolung heteroatom 

transformations  
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CHAPTER 2 

DIRECT HOCK REARRANGEMENT OF SECONDARY ACYCLIC ALCOHOLS 

MEDIATED BY IODINE (III) REAGENTS  

2.1 Introduction  

Phenols are ubiquitous scaffolds in nature with widespread applications in 

pharmaceutical and agrochemistry.1 Approximately 10% of the top 200 pharmaceuticals 

contain phenol or use phenols as intermediates in their synthesis.2 As a result, there is a 

significant demand for the commercial production of phenol derivatives. Traditional 

methods for the synthesis of substituted phenols include nucleophilic aromatic 

substitution of aryl halides, hydroxylation of benzene, or hydrolysis of diazo 

compounds.3 In recent years, C-H oxidation of arenes has been shown to selectively form 

substituted phenols under thermal or photocatalytic conditions.4 However, these 

approaches require directing group activation, or excess amounts of arene. To circumvent 

these issues, arenes may be converted to nucleophilic aromatic species such as aryl 

boronic acids,5 aryl silanes,6 or aryl Grignard compounds that can undergo C-M to C-O 

bond oxidation.7 Alternatively, electrophilic aromatic species may be generated from 

arenes to the corresponding aryl halides, aryl sulfonium salts or aryl diazoniums that can 

furnish phenols through hydrolysis.7-

 

Figure 2.1 Representative Examples of Phenols and their Applications.  

OH
MeO

MeO

O

N

OMe

Cl
Pyriofenone 
(fungicide)

O

I
OH

O

NH2I

HO

Levothyroxine 
(hypothyroidism treatment)

HO

N

O
Benzedoxifene 
(chemotherapeutic)

OH

N

OH
Cl

Cl

OH
Cl

Cl
Cl
Cl

Hexachlorophene
(antimicrobial)



33 

Currently, the industrial Hock process contributes to more than 95% of the world’s 

production of phenol.10 In the Hock process, alkylation of benzene with propylene 

generates cumene (2.31, Illustration 2.1) which undergoes autooxidation to give cumene 

hydroperoxide (2.32). Cumene hydroperoxide converts to phenol (2.34) and acetone 

(2.35) in a strong acidic medium, often concentrated sulfuric acid (H2SO4). Although the 

Hock process is considered the most efficient for large-scale production of simple phenol, 

the three-step sequence suffers from long reaction time, low yield, explosive 

intermediates and a significant amount of byproduct generation. Additionally, the Hock 

process necessitates increased energy costs by using high temperatures and pressure. 

Overcoming the requirement of harsh conditions in the production of phenol and its 

derivatives is a long-standing challenge in organic chemistry. Therefore, the development 

of mild and versatile strategies for the synthesis of phenol derivatives is sought after.  

 

Illustration 2.1 Industrial Hock Process.  

Development of sustainable methods towards umpolung or reverse polarity 

transformations has been a research focus in the Wengryniuk laboratory since 2015. Prior 

work from our laboratory established (Bis)cationic N-heterocyclic-ligated hypervalent 

iodine (N-HVI) as an effective reagent for oxidative rearrangement of benzylic tertiary 

alcohols to construct challenging 7- and 8-membered oxygen heterocycles. (Illustration 

2.2).11 Diverse substitution was tolerant at both the C2 and aromatic ring of the 
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benzofused substrate. The resulting HFIP-acetals can be readily functionalized, providing 

a versatile handle for diversification to other synthetically valuable functional groups.10  

 

 

Illustration 2.2. Oxidative Rearrangement of Benzylic Tertiary Alcohols.  

In 2018, this methodology was expanded upon to include secondary benzylic and 

aliphatic cyclic alcohols (Illustration 2.3).12 Under this method, high selectivity was 

achieved for desired ring expansion over competitive alpha-elimination and oxidation 

pathways.12  

 

Illustration 2.3. Oxidative Ring Expansion of Secondary Cyclic Alcohols.  
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Motivated by these findings, we envisioned expanding this method to readily 

accessible acyclic alcohols. In prior reports, oxidative rearrangement was only applicable 

on cyclic alcohols. We expected that adapting this strategy on an acyclic substrate to be 

conformationally challenging. Cyclic scaffolds are much more rigid and constrained 

compared to acyclic systems. The conformational change during a C-O bond migration to 

the desired transition state is less significant within a ring system.16-17 An acyclic scaffold 

has more conformational flexibility with free rotation around the single bond, that 

dramatically increases the number of accessible conformations during transition state 

formation leading to a largely positive entropic barrier during C-O bond migration.16-17 

Therefore, extending the oxidative rearrangement scope to acyclic alcohols would 

overcome a major entropic challenge and improve the versatility and diversity of the 

strategy. For example, development of an acyclic oxidative rearrangement method could 

serve as the first step towards utility in other applications such as oxygen insertion into 

long alkyl chains to synthesize valuable alkyl ethers.  

In developing such a method, the key step of the Hock process, the Hock 

rearrangement, inspired our method design (Illustration 2.4A). The Hock rearrangement 

involves C-O bond migration of a hydroperoxide such as cumene hydroperoxide (2.36) in 

a strong acidic medium followed by hydrolysis to afford phenol and acetone. We 

envisioned that treatment of an acyclic benzyl alcohol (2.04, Illustration 2.4B) with an 

HVI reagent would generate an electrophilic oxygen center initiating a similar C-O bond 

migration to access the key oxonium intermediate (2.08) that could be trapped by a 

nucleophile to afford acetal (2.06). We hypothesized that functionalization of 2.06 by 

hydrolysis could afford the desired phenol derivative (2.07). Establishing such a protocol 
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would not only expand the versatility of our oxidative rearrangement strategy, but also 

dramatically improve the Hock process by utilizing readily accessible precursors while 

achieving key reactivity under mild and environmentally benign conditions.  

 

Illustration 2.4. HVI(III)-Mediated Hock Process Method Design A. The Hock 

Rearrangement. B. Our Approach 
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In this chapter, we report the development of a mild alternative to the Hock Process 

via the oxidative rearrangement of secondary acyclic benzylic alcohols mediated by 

hypervalent iodine (HVI) reagents. This work represents the first example of an HVI-

mediated oxidative rearrangement strategy on an acyclic scaffold. Unlike our prior 

reports on umpolung alcohol rearrangements, this methodology leverages commercially 

available diacetoxyiodobenzene, PhI(OAc)2 as a suitable electrophilic activator, the first 

example of its functional reactivity in carbon-to-oxygen bond migration. Furthermore, an 

derivatization of acetals in a one-pot protocol streamlines conversion to phenol products.  

 

2.2 Hypervalent Iodine (III) Mediated Hock Process  

2.2.1 Oxidative Rearrangement Method Development 

Tertiary benzyl alcohol starting materials were of interest because of their easy 

accessibility from an aldehyde or ketone precursor, as well as their tolerance in oxidative 

rearrangement strategies on cyclic scaffolds. Utilization of a tertiary alcohol substrate 

would also eliminate the possibility of direct oxidation.  

We first evaluated the efficacy of conditions from previously reported oxidative 

rearrangement strategies on an acyclic system.  We began our studies by subjecting 

tertiary alcohol 2-phenylpropan-2-ol (2.01) to 2.0 equivalents of Py-HVI (1.10) in 20 

equivalents of 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) in a 1:1 mixture with 1,2-

dichlormethane at  -25°C (Table 2.1, entry 1).. At low temperatures, no reactivity was 

observed and 2.01 was recovered (Table 2.1, entries 1 and 2). Increasing reaction 

temperature to 25°C or 40°C resulted in a complex mixture of products unrelated to the 

desired transformation. To test temperatures of 60°C, we switched DCM for 1,2-

dichlorethane (DCE). However, these results showed that any increase in temperature 
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resulted in a complex mixture of products and no desired reactivity (Table 2.1, entries 3-

5).  

Attempts to activate the tertiary scaffold were ultimately unsuccessful. For this 

reason, we sought to evaluate the efficacy of other alcohol variants. We examined 

primary benzyl alcohols due to their cost-effectiveness and commercial availability. Next, 

we subjected benzyl alcohol (2.02) to our previously optimized conditions (Table 2.1, 

entry 6), but no reaction occurred and 2.02 was recovered. Temperature screening results 

indicated that low temperatures (-25°C, 25°C and 0°C) did not sufficiently activate the 

alcohol and resulted in recovered 2.02 (Table 2.1, entries 6-8). Increased temperatures of 

40°C and 60°C (with solvent change to DCE) did not show rearrangement reactivity, but 

oxidation to formaldehyde (2.03) was observed along with unreacted starting material 

(Table 2.1, entries 9 and 10). Initial screening showed that a primary and tertiary benzyl 

alcohol were not tolerated under this system. For this reason, we then moved towards 

evaluation of secondary benzyl alcohols.  
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Table 2.1 Initial Screen of Primary and Tertiary Alcohols. 

 

entry conditions outcome 

1 2.01, DCM:HFIP, -25°C 2.01 

2 2.01, DCM:HFIP, 0°C 2.01 

3 2.01, DCM:HFIP, 25°C complex mixture 

4 2.01, DCM:HFIP, 40°C complex mixture  

5 2.01, DCE:HFIP, 60°C complex mixture 

6 2.02, DCM:HFIP, -25°C 2.02 

7 2.02, DCM:HFIP, 0°C 2.02 

8 2.02, DCM:HFIP, 25°C 2.02 

9 2.02, DCM:HFIP, 40°C 2.02, 2.03 

10 2.02, DCE:HFIP, 60°C 2.02, 2.03 
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 To begin investigation into secondary alcohols, we chose 1-(naphthalen-2-

yl)ethane-1-ol (2.1) as a model substrate due to its accessibility from a commercially 

available ketone precursor as well as its high molecular weight and increased stability to 

avoid possible volatility issues. Initially, treatment of 2.1 with 2.0 equivalents of Py-HVI 

(1.10) in 20 equivalents of HFIP in a 1:1 mixture of DCM:HFIP at -25°C showed no 

reaction after 24 hours (Table 2.2, entry 1).  Screening of temperatures 0°C, 25°C and 

40°C showed desired reactivity, but a significant amount of starting material was still 

present even after prolonged reaction time (entries 2-4).  

 We then exchanged DCM for higher-boiling DCE to examine the effect of 

increased temperature. Gratifyingly, treatment of 2.1 in a 1:1 mixture of DCE:HFIP with 

1.10 in 20 equivalents of HFIP at 60°C gave HFIP acetal (2.11a) in a 5:3:1 ratio to HFUP 

solvolysis (2.12a) and ketone (2.13), respectively (entry 9). Reaction time was drastically 

improved, with good selectivity and full consumption of substrate achieved after 4 hours. 

Control experiments performed at 0°C, 25°C and 40°C in 1:1 DCE:HFIP confirmed that 

heating the reaction to 60°C was necessary for achieving both desired reactivity and full 

conversion of starting material (entries 5-8). 
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 Table 2.2 Secondary Alcohol Screen.  

 

 

entry conditions product ratio 
(2.11a:2.13:2.14)a 

1 DCM:HFIP, -25°C No Reaction 

2 DCM:HFIP, 0°C 18:0:1b 

3 DCM:HFIP, 25°C 6:1:1b 

4 DCM:HFIP, 40°C 6:1:1b 

5 DCE:HFIP, -25°C No Reaction 

6 DCE:HFIP, 0°C 6:1:1b 

7 DCE:HFIP, 25°C 5:2:1b 

8 DCE:HFIP, 40°C 6:1:1b 

9 DCE:HFIP, 60°C 5:3:1 

aRatio based on integration of crude 1HNMR spectra.b Unreacted starting material after 

>24 
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 Upon establishing effective conditions for our desired transformation with 1.10, 

we then evaluated the influence of altering the nitrogen ligands on the N-HVI. Screening 

of a library of N-HVI reagents showed that the electronic and steric parameters have a 

significant impact on reaction outcome (Illustration 2.5). Switching to electron-rich 1.11, 

1.12, and 4-dimethylaminopyridine (DMAP), 1.13, N-HVIs gave comparable selectivity 

to Py-HVI, but complete conversion was observed only with prolonged reaction times. 

Electron-poor reagents 1.14 and 1.15 significantly decreased selectivity, yielding almost 

exclusively 2.13.  

 

 
Illustration 2.5. Screen of Electronic and Steric Parameters of N-HVI Reagents. 
aRatios based on integration of crude 1HNMR spectra. bUnreacted starting material after 
>24h.  
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competitive solvolysis and oxidation pathways. Due to this unprecedented reactivity, its 

ease of handling and commercial availability, 1.2 was used as electrophilic activator for 

the remainder of our studies.  

 

Illustration 2.6 Control Experiments with Traditional HVI Reagents. aCombined 

isolated yield 

 

 We began method optimization by assessing the influence of solvent on reaction 

selectivity. Initial exploration showed that running the reaction straight in organic 
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direct oxidation after 24 hours (Table 2.3, entries 1-5). From these results, we 
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 Fluorinated alcohols are a powerful class of solvents that promote HVI-mediated 

transformations, allowing otherwise unreactive or difficult reactions to occur.13 Owing to 

their unique properties and high polarity, fluorinated alcohols such as HFIP and 2,2,2-

trifluoroethanol (TFE) enhance the reactivity and oxidizing capabilities of HVI reagents 

through strong hydrogen bonding interactions.14 In comparison with TFE, HFIP is 

considered a stronger solvent for HVI-mediated transformations due to its increased 

hydrogen-bond donor ability, high dielectric constant, and low nucleophilicity. 

Furthermore, HFIP has been shown to increase the solubility of HVI reagents and 

stabilize reactive intermediates.15 

 Direct oxidation to ketone was observed when running the reaction in straight 

HFIP and TFE. A suggested hypothesis for this result is that the high concentration of 

HFIP and TFE promotes the traditional oxidative pathway faster than desired C-O bond 

migration. However, running our reaction in a 1:1 mixture of DCE:TFE also gave 

oxidation to ketone. Extensive solvent screening showed pre-mixing our substrate in 

DCE:HFIP was essential to effectively activate our substrate and afford the desired 

transformation.  

 Due to the general volatility and labile nature of -HFIP acetals, we anticipated 

encountering challenges in handling our acyclic scaffolds. The use of 1.2 in our oxidative 

rearrangement method gave us the unprecedented formation of two acetal products. In 

considering this, we explored the possibility to decrease or eliminate the formation of 

2.11a and in turn, promote formation of exclusively 2.11b. We began this investigation 

by screen of decreasing amounts of HFIP in the solvent system (Table 2.3, entries 11-15). 

Although the amount of HFIP in the solvent system could be decreased, attempts to 
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eliminate the solvent entirely significantly decreased overall reaction efficiency. These 

experiments showed that a 4:1 ratio of DCE:HFIP (entry 13) gave the highest selectivity 

for desired rearrangement compared to 1:1, 2:1, 6:1, or 8:1 mixture (entries 11,12,14 and 

15).  
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Table 2.3. Solvent Screen Increasing Rearrangement Reactivity.a  

entry solvent product ratio 

(2.11a+2.11b):(2.12b+2.13)b 

1 DCE 0:1 

2 MeCN 0:1 

3 THF 0:1 

4 Toluene 0:1 

5 DMF 0:1 

6 1,4-dioxane 0:1 

7 DMSO 0:1 

8 TFE 0:1 

9 DCE: TFE (1:1) 0:1 

10 HFIP 0:1 

11 DCE: HFIP (1:1) 9:1 

12 DCE: HFIP (2:1) 6:1 

13 DCE: HFIP (4:1) 11:1 

14 DCE: HFIP (6:1) 8:1 

15 DCE: HFIP (8:1) 6:1 

aAll reactions performed using 2.0 equiv. PhI(OAc)2 in 20 equiv. HFIP  
bRatio based on integration of crude 1HNMR spectra. 
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 With the importance of DCE:HFIP as a solvent system established, we then 

examined the role of HFIP in the addition of 1.2. We first screened order of addition of 

the HVI. Direct oxidation was observed when pre-mixing the substrate in 4:1 DCE:HFIP 

then adding 1.2 as a solid at room temperature, followed by heating the reaction mixture 

to 60°C. Reversing the order of addition by heating the reaction mixture to 60°C then 

adding 1.2 as a solid also gave exclusively 2.13 (Table 2.4, entry 1). The results of this 

initial screen showed that 1.2 dissolved in HFIP prior to its addition was essential. Efforts 

to add 1.2 in the minimal amount of HFIP to dissolve the reagent (2 equiv. of HFIP) gave 

nominal rearrangement reactivity with residual starting material after 24 hours (entry 2). 

1.2 dissolved in 5, 10, or 15 equivalents of HFIP in 4:1 DCE:HFIP at 60°C (entries 3-5) 

gave desired reactivity but decreased overall chemoselectivity compared to addition of 

1.2 dissolved in 20 equivalents HFIP (entry 6).  
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Table 2.4. Screen of HVI Addition in HFIP.  

 

entry equiv. HFIP  product ratio  
(2.11a+2.11b):(2.12b+2.13)a 

1 0 0:1 

2 2  1:2b  

3 5 5:1 

4 10 5:1 

5 15 6:1 

6 20 11:1 

aRatio based on integration of crude 1HNMR spectra. bUnreacted starting material.  

 

 Increased reactivity in HVI-mediated transformations has been associated with 

acid or base activation of PhI(OAc)2. Upon coordination with a Lewis or Bronsted acid, 

the iodine-oxygen bond becomes polarized. As a result, the electrophilic nature of the 

iodine atom is increased. Trivalent boron species are commonly used in combination with 

PhI(OAc)2. due to their increased Lewis acidity. The central boron atom holds an empty p 

-orbital that allows for access from a lone pair of electrons on the hypervalent iodine.18 

For these reasons, we investigated whether the reactivity of 1.2 could be enhanced by 

using an acid or base additive in our reaction conditions (Table 2.5). Running our 

reaction with additive BF3(OEt)2 gave a complex mixture of products that could not be 

separated (entry 1). Addition of NaOAc under our reaction conditions. 

DCE:HFIP (4:1)
3ÅMS, 60°C

O CH3

X
CH3

X

CH3

OPhI(OAc)2, 
HFIP (equiv.)

X= OHFIP (2.12a)
X= OAc (2.12b) 2.132.1 X= OHFIP (2.11a) 

X= OAc (2.11b)

CH3

OH

+ +



49 

 Screening efforts showed similar reactivity was achieved using AcOH as additive, 

However, adding AcOH in 1, 3, and 5 equivalents did not show any increased reactivity 

relative to using no additive (Table 2.5, entries 4-6). Since we observed similar reactivity 

with AcOH, we were interested in the effect of swapping out HFIP for AcOH in our 

solvent system. However, reactions performed using 1:1 and 4:1 DCE:AcOH with 1.2 

added in 20 equivalents AcOH resulted in direct oxidation to 2.13. Under these 

conditions, it was especially challenging to solubilize 1.2 even with heating to 60°C. 

Attempts to add 1.2 dissolved in 20 equivalents DCE also led to direct oxidation due to 

limited solubility. Despite efforts for further enhancing the efficacy of 1.2 as electrophilic 

activator, our optimized conditions were given without requirement of additives.  
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Table 2.5 Screen of Additives.   

 

entry additive (equiv.) product ratio  
(2.11a+2.11b):(2.12b+2.13)a 

1 BF3(OEt)2 (2.0) complex mixture of products 

2 NaOAc (1.0) 3:1 

3 NaOAc (5.0) 4:1 

4 AcOH (1.0) 6:1 

5 AcOH (3.0) 5:1 

6 AcOH (5.0) 4:1 

aRatio based on integration of crude 1HNMR spectra. 

 

2.2.2 Results and Discussion  

 2.2.2.1 Secondary Acyclic Alcohol Substrate General Scope. With optimized 

conditions in hand, we aimed to examine the scope of the reaction. First, we sought to 

establish a baseline of reactivity. We hypothesized that a general oxidative rearrangement 

substrate scope could be a predictive tool for developing a one-pot hydrolysis method. 

Products were isolated as HFIP and OAc acetals. Despite extensive efforts, OAc acetal 

and solvolysis products could not be separated due to co-elution during column 

chromatography. Therefore, OAc acetal and solvolysis products were isolated together. 

Yields represent a combined yield of HFIP and OAc acetals.  
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 We began our scope studies by evaluating the substitution on the aryl ring (Figure 

2.2). Substrates bearing alkyl groups 4-methyl (2.2a) and 4-phenyl (2.3) were well 

tolerated in the desired transformation resulting in corresponding acetals in 77% and 78% 

yields respectively. Changing the position of methyl groups to the ortho- or meta- 

positions gave corresponding acetals 2.2b and 2.2c in 72% and70% yields respectively. 

Neutral and alkyl groups were well tolerated, but there were limitations for some 

substitution patterns.  Electron-withdrawing substrates 2.6, 2.7 and 2.8 resulted in ketone 

and unreacted starting material even after prolonged reaction times. Electron-rich 2.4a 

gave desired acetals in a 77% combined yield. Changing the methoxy group to the ortho 

position did not significantly impact the yield and gave corresponding acetals 2.4b also in 

a 77% yield. After prolonged reaction times, 3-methoxy substrate 2.5 resulted in 

oxidation to ketone with recovered starting material as the remainder of mass balance. A 

potential hypothesis for this result is that the methoxy group displays more electron-

withdrawing properties in the meta position. Although the methoxy group behaves as 

electron-donating in the ortho and para positions through resonance, the inductive effects 

of the oxygen atom dominate in the meta position.  
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Figure 2.2 General Reactivity Trend of Secondary Acyclic Alcohols.  

 

 With a clear trend of reactivity established when using 1.2 as electrophilic 

activator, we wanted to evaluate the use of N-HVIs on substrates with electron-poor 

character. Although a clear trend was observed that alkyl or electron-rich substrates were 

well-tolerated in the desire transformation. The clear trend was present when using 1.2 as 

an electrophilic activator. Under typical rearrangement conditions, 1.2 was unsuitable for 

the desired transformation. To assess whether the observed reactivity was due to the use 

of 1.2 an unprecedented electrophilic activator in a rearrangement reaction, we ran 

control experiments using 1.10 and unoptimized rearrangement conditions. We wanted to 

evaluate whether electron-withdrawing substituents would be amenable to rearrangement 

conditions using N-HVI activation. First, we subjected 1-(4-bromophenyl)ethanol to 
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direct oxidation. Electron-withdrawing 4-CN substrate was also not tolerated under 
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rearrangement conditions using Py-HVI and resulted in the corresponding ketone and 

unreacted starting material after 24 hours. Trials with 3-methoxy substrate were also 

unsuccessful yielding unreacted starting material and ketone after prolonged reaction 

times and increasing equivalents of HVI. ` 

 We then evaluated the substitution at the secondary alcohol (Illustration 2.7). 

Screening efforts showed that a secondary methyl alcohol was vital to desired reactivity. 

A small library of secondary alcohols with increasing steric was subjected to our reaction 

conditions. Secondary benzylic alcohols with varied R groups were not tolerated under 

our reaction conditions. In each case, direct oxidation and unreacted starting material 

were recovered despite multiple trials and prolonged reaction times.  

 

 

 

 

 

 

 

Illustration 2.7. Attempted Substrates with Substitution at the Alcohol.  
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2.2.3 Direct Hock Process Method Development  

 2.2.3.1 Hydrolysis of Isolated Acetals. In developing such a method, we sought 

to hydrolyze both acetals to a single product. We began our investigation using combined 

-HFIP and -OAc acetal products 2.11a and 2.11b, as our substrates. Due to co-elution 

during column chromatography, -OAc acetal and solvolysis products 2.11b and 2.12b 

were unable to be separated and therefore used as a combined mixture throughout our 

studies.  

 With the goal of adapting our developed conditions to a one-pot method, we kept 

the solvent system, DCE:HFIP (4:1), consistent with the rearrangement step. Treatment 

of an isolated mixture containing 2.1a, 2.11b and 2.12b with mild acids and bases at 

room temperature showed no reactivity and recovered starting material even after 

prolonged reaction times of 24 hours and increased temperatures. (Table 2.6, entries 1-

16) 
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Table 2.6 Screen of Mild Acids and Bases.  

 

entry  conditionsa outcome 

1 TFE, 25°C 2.11a, 2.11b, 2.12b 

2 pTsOH H, 25°C 2.11a, 2.11b, 2.12b 

3 BF3OEt2, 25°C 2.11a, 2.11b, 2.12b 

4 TfOH, 25°C 2.11a, 2.11b, 2.12b 

5 AcOH, 25°C 2.11a, 2.11b, 2.12b 

6 NH4OAc, 25°C 2.11a, 2.11b, 2.12b 

7 NaOAc, 25°C 2.11a, 2.11b, 2.12b 

8 NaHCO3, 25°C 2.11a, 2.11b, 2.12b 

9 TFE, 60°C 2.11a, 2.11b, 2.12b 

10 pTsOH, 60°C 2.11a, 2.11b, 2.12b 

11 BF3OEt2, 60°C 2.11a, 2.11b, 2.12b 

12 TfOH, 60°C 2.11a, 2.11b, 2.12b 

13 AcOH, 60°C 2.11a, 2.11b, 2.12b 

14 NH4OAc, 60°C 2.11a, 2.11b, 2.12b 

15 NaOAc, 60°C 2.11a, 2.11b, 2.12b 

16 NaHCO3, 60°C 2.11a, 2.11b, 2.12b 

aAll entries performed in 0.3M DCE:HFIP (4:1) 
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 We then moved on to evaluate the use of strong acids and bases (Table 2.7). 

Under both strong acidic and basic conditions, hydrolysis of 2.11b occurred within 10-30 

minutes (entries 1-11). Surprisingly 2.11a was stubborn toward hydrolysis. On cyclic 

scaffolds, HFIP acetals were quite unstable and known to readily undergo derivatizations. 

Reaction of the combined 2.11a, 2.11b and 2.12b with 36% aqueous HCl and 

10%aqueous H2SO4 at room temperature in DCE:HFIP showed no conversion of 2.11a 

even after long reaction times of >24h and increased temperature of 60°C. We 

hypothesized that a polar protic solvent may be required to push the equilibrium forward. 

Using methanol (MeOH) as solvent with 2.0 equivalents of 36% aqueous HCl and 10% 

aqueous H2SO4 at room temperature did not show conversion of 2.11a after 24 hours. 

However, increasing the reaction temperature to 60°C afforded for the first time desired 

hydrolysis of both acetals 2.11a and 2.11b to naphthol (3.0) in 87%, and 81% yields, 

respectively (entries 10-11). 
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Table 2.7 Strong Acid and Base Screen. 

 

entry conditions outcome  
(isolated yield) 

1 HCl (conc.), DCE:HFIP, 25°C 2.11a, 3.0 

2 36% HCl (aq.), DCE:HFIP, 25°C 2.11a, 3.0 

3 10% H2SO4, DCE:HFIP, 25°C 2.11a, 3.0 

4 36% HCl (aq.), DCE:HFIP, 60°C 2.11a, 3.0 

5 10% H2SO4, DCE:HFIP, 60°C 2.11a, 3.0 

6 NaOH, MeOH:H2O, 25°C 2.11a, 3.0 

7 NaOH, MeOH:H2O, 60°C 2.11a, 3.0 

8 36% HCl (aq.), MeOH, 25°C 2.11a, 3.0 

9 10% H2SO4, MeOH, 25°C 2.11a, 3.0 

10 36% HCl (aq.), MeOH, 60°C 3.0 (87%), 3.10 (13%) 

11 10% H2SO4, MeOH, 60°C 3.0 (81%), 3.10 (19%) 
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 2.2.3.2 One-Pot Hydrolysis of Acetals. Adaptation of the acetal hydrolysis to a 

one-pot protocol proved especially challenging on this system. First, we subjected our 

crude reaction mixture with the hydrolysis conditions that were successful on isolated -

HFIP and -OAc acetals. Initially, we set out to use our hydrolysis conditions as part of the 

reaction work-up. After cooling to room temperature, we subjected our crude 

rearrangement reaction mixture to 2.0 equivalents of (aq.) 36% HCl while stirring at 

25°C (Table 2.8, entry 1). No reaction of crude acetals 2.11a and 2.11b was observed 

even after prolonged reaction time and increased temperatures (entries 1-4). In the 

successful hydrolysis of isolated acetals, polar protic solvent MeOH was needed to 

observe full conversion. We first attempted to add MeOH directly to the crude mixture 

along with 2.0 equivalents of (aq.) 36% HCl and (aq.) 10% H2SO4, but no conversion 

was observed after 24h (entries 5-6). We hypothesized that addition of an excess of H2O 

along with MeOH may help to push the equilibrium forward towards product. We 

subjected our crude material to (aq.) 36% HCl and (aq.) 10% H2SO4 (aq.) and MeOH 

(0.3M) in excess H2O; however, only 2.11b was converted to 3.0 in each trial.  
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Table 2.8 Initial Attempts toward One-Pot Hydrolysis Method 

 

entry conditions outcome 

1 36% HCl (aq.), 25°C 2.11a, 2.11b 

2 36% HCl (aq.), 60°C 2.11a, 2.11b 

3 10% H2SO4 (aq.), 25°C 2.11a, 2.11b 

4 10% H2SO4 (aq.), 60°C 2.11a, 2.11b 

5 MeOH, 36%HCl (aq.), 60°C  2.11a, 3.0 

6 MeOH, 10% H2SO4 (aq.), 60°C 2.11a, 3.0 

7 MeOH, H2O, 36% HCl (aq.), 60°C 2.11a, 3.0 

8 THF, H2O, 36% HCl (aq.), 60°C 2.11a, 2.11b 

9 MeOH, H2O, 10% H2SO4 (aq.), 60°C 2.11a, 3.0 

10 MeOH, H2O, 36% HCl (aq.), 60°C 2.11a, 3.0 

 

 

 After numerous trials using 36% HCl(aq.)  and 10% H2SO4 (aq.)  reproducibility 

challenges were frequently encountered. Therefore, we wanted to investigate other acidic 

conditions that could better hydrolyze -HFIP acetal. Our initial efforts to add hydrolysis 

reagents directly to the crude rearrangement mixture as part of the work-up were met 

with limited success. Hydrolysis conditions on isolated acetals were performed in a 

different solvent system and were ultimately incompatible when added in DCE:HFIP. For 
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this reason, the remainder of our studies included filtering off molecular sieves then 

concentrating DCE:HFIP. The crude residue was then subjected to our hydrolysis 

conditions. In previous work from our laboratory, cyclic -HFIP acetal was able to 

undergo methoxylation wherein 4M HCl in MeOH was used in tandem with HFIP in the 

solvent system. We began investigation into using 4M HCl (aq.) as acidic reagent (Table 

2.9). It was discovered that full consumption of acetals was achieved with a simple 

solvent swap of MeOH:HFIP in a 14:1 mixture as solvent, but a dimer product (4.0) 

immediately resulted upon 1HNMR analysis from reaction of 3.0 with by-product 3.10, 

Decreasing the concentration from 0.3M to 0.05M MeOH:HFIP eliminated the formation 

of 4.0 giving full consumption of acetals to 3.0. Unfortunately, this result was not 

reproducible. However, increasing to 20.0 equivalents of 4M HCl (aq.) the equivalencies 

of 4M HCl (aq.) significantly decreased reaction time from 18h to 6h and gave 

consistently 81% yield of despired product 3.0.  
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Table 2.9 Optimization of One-Pot Method.  

 

entry equiv. 4M HCl solventa,b outcome 

1 1.2 `MeOH:HFIP (1:14)a 2.11a, 3.0 

2 1.2  H2O:HFIP (1:14)a 2.11a,2.11b 

3 5.0 MeOH:HFIP (1:14)a 2.11a, 3.0 

4 2.0 H2O:HFIP (1:14)a 2.11a,2.11b 

5 2.0 MeOH:HFIP (1:14)a 2.11a, 3.0 

6 2.0 MeOH: H2O (14:1)a 2.11a, 3.0 

7 2.0 MeOH:HFIP (14:1)a 2.11a, 3.0 

8 3.0 MeOH:HFIP (14:1)a 2.11a, 3.0 

9 5.0 MeOH:HFIP (14:1)a 2.11a, 3.0 

10 10.0 MeOH:HFIP (14:1)a 4.0 

11 10.0 MeOH:HFIP (14:1)b 3.0 

a0.3M solvent concentration. b0.05M solvent concentration.  

 

 

 

CH3

OH

DCE:HFIP (4:1)
3ÅMS, 60°C

O CH3

X

PhI(OAc)2 (2.0 equiv.), 
HFIP (20 equiv.)

X= HFIP (2.11a)
X= OAc (2.11b)

4M HCl (aq.) OH

filter 3ÅMS, concentrate

2.1 3.0

solvent,
60°C

O

4.0

unwanted dimer



62 

2.2.4 Results and Discussion 

 2.2.4.1 Secondary Acyclic Alcohol Substrate Scope. With an optimized and 

reproducible one-pot hydrolysis method established, we moved on to evaluate the scope 

of the reaction. Based on the general reactivity observed in the oxidative rearrangement, 

we began by evaluating substrates with alkyl and electron-donating characteristics in our 

hydrolysis method (Illustration 2.8). Our model substrate gave naphthol 2.54 in 81% 

yield. Switching the position of the alcohol group onto the 1-position in the naphthyl ring 

substantially decreased reaction efficiency, giving 2.67 in 50% yield.  Substrates bearing 

alkyl groups 2.51, 2.52, 2.53 were well-tolerated yielding corresponding phenol in 62%, 

78%, and 71% yields, respectively. Changing the position of the methyl group to the 

ortho or meta positions did not alter reaction efficiency, giving 2.58 and 2.57 in 70% and 

71% yield. Increasing sterics about the para positions with 4-ethyl and 4-t-butyl groups 

gave good yields of corresponding phenols 2.55 and 2.56 in 56% and 60% yields, 

respectively. Electron-donating substrates 2.66 (77%) and 2.59 (77%) performed well in 

the hydrolysis giving corresponding phenols in comparable yield to that obtained in the 

rearrangement steps. Interestingly, adding methoxy to the aryl ring containing an 

electron-withdrawing bromine group gave desired reactivity yielding 2.62 in 33% yield. 

Screening of ether groups -OBn and -OPh were also well tolerated giving 2.64 and 2.65 

in 66% and 65% yields, respectively.  
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Illustration 2.8 Secondary Acyclic Alcohol Substrate Scope.  

 2.2.4.2 Optimization of Work-Up and Purification. For our model substrate, 

reactions were quenched with aqueous sodium bicarbonate (NaHCO3) followed by 

extraction with ethyl acetate. This process worked well for high molecular weight 

compounds and consistently recovered high yields of desired products. However, low 

molecular weight compounds were especially challenging to recover in accurate, 

consistent yield using this work-up. For this reason, work-up was further optimized by 

quenching with 1:1 H2O, then extracted several times (5-10x) with ethyl acetate. Due to 

their low molecular weight and propensity to water solubilize, some phenol products 

would be lost in the aqueous layer during work-up. For this reason, it was vital to monitor 

OH

Me

OH

Ph

OH

OH

MeO

OH

Me

OH

Me

MeO

OH

OMe

OH

OH

R

PhI(OAc)2 (1.5 equiv.)

DCE:HFIP (4:1)
3AMS, 60°C

O

R
X

4M HCl (aq.)

MeOH:HFIP (14:1)
60°C

OH

R

X= -OAc, -OHFIP

OH

BnO

OH

PhO

OH

MeO
Br

OH

2.53, 71% 2.54, 81%

2.62 33%

2.64, 66%

2.63, 85%

2.51, 62%

2.57, 71% 2.58, 70%

2.52, 78%

2.66, 77% 2.59, 77%

OH

OHOH

2.65, 65%

2.56, 60%

2.67, 50%

2.55, 56%

°
2.100 2.101 2.102



64 

the extraction process using TLC to detect residual product in the aqueous layers. Given 

possible volatility of low-molecular weight phenol products it was essential not to place 

the products under high vacuum for extended periods. Furthermore, the presence of HFIP 

in the reaction conditions made isolation of some products especially challenging. The 

products themselves were not susceptible to reacting with HFIP, but removing HFIP from 

the crude reaction was difficult when handling low molecular weight products. In these 

instances, HFIP was azeotroped off slowly with DCM over multiple trials and when 

concentrating, the rotary evaporator bath temperature did not exceed 40°C. Crude 

reaction mixtures should be purified by column chromatography immediately to prevent 

decomposition that could affect overall yield. Finally, isolated phenol products that are 

air and moisture sensitive are best stored in an amber vial under argon to prevent 

decomposition and loss of material.  
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 2.2.4.3 Unsuccessful Substrates. Some substrates did not undergo initial 

rearrangement (Illustration 2.9). Interestingly, substrates bearing 4-iPr (2.103) gave a 

complex mixture of products. We were interested in investigating the tolerance of 

hydroxyl groups in our PhI(OAc)2 promoted oxidative rearrangement. Due to the 

prevalence of PhI(OAc)2 mediated oxidative dearomatizations in the literature,18 we were 

highly interested in evaluating tolerance of hydroxyl groups in our methodology. 

However, treatment of 2.104 in our optimized conditions only afforded ketone in the 

rearrangement step. The electron-withdrawing nature of the tosyl group present in 2.105 

was incompatible with our reaction conditions yielding corresponding ketone. Substrates 

with -Bpin groups were well tolerated in the oxidative rearrangement on cyclic scaffolds. 

However, under our conditions, 2.106 resulted in a complex mixture of products 

unrelated to the desired transformation. Lastly, heterocyclic substrates 2.107 and 2.108 

gave direct oxidation to corresponding ketone in the rearrangement.  
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Illustration 2.9 Unsuccessful Substrates.  

2.3 Conclusion and Future Outlook  

 In conclusion, we have successfully developed a novel HVI-mediated oxidative 

rearrangement of acyclic secondary alcohols to generate acetal products. For the first 

time, commercially available PhI(OAc)2 represents an effective electrophilic activator for 

the transformation. Furthermore, a novel hydrolysis method towards functionalization of 

acetal products to phenol derivatives was demonstrated. The hydrolysis method was 

further optimized and demonstrated in a one-pot protocol to bypass the need for prior 

purification of acetals. Overall, these developments offer a streamlined process to 

phenols from readily accessible precursors under mild and environmentally friendly 

conditions. 
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CHAPTER 3 

NOVEL NITROGEN-LIGATED CYCLIC HYPERVALENT IODINE (III) 

REAGENT DEVELOPMENT AND EFFORTS TOWARDS SYNTHETIC 

APPLICATIONS  

3.1 Introduction 
 

Amines are important functional groups with diverse applications in agrochemistry, 

materials, natural products and pharmaceuticals.1 Nitrogen-containing compounds make 

up more than 80% of the top selling pharmaceuticals with N-heterocycles contributing to 

more than 75% of FDA-approved small molecule drugs.2-3 Considering the prevalence of 

nitrogen-containing compounds in organic materials, the construction of carbon-nitrogen 

(C-N) bonds is pivotal to synthetic chemists. As a result, researchers actively seek the 

development of new strategies that allow for the facile construction of C-N bonds from 

readily available chemical feedstocks.4 

Traditional methods towards C-N bond formations include nucleophilic substitution 

of a halide or activated alkene, reductive amination and metal-catalyzed transformations 

such as the Ulmann reaction or Buchwald-Hartwig amination.  Despite widespread 

utility, these methods often require elevated temperatures, expensive catalysts and pre-

functionalized substrates.5-6 

Classic bond disconnections for C-N bond formations rely on a nucleophilic nitrogen 

species to react with an electrophilic carbon center.7 In recent years, the advent of 

transition metal and photoredox catalysis made new disconnections possible by enabling 

use of electrophilic aminating reagents. This reverse polarity, or unpoled strategy allows 

for functionalization of otherwise unreactive substrates.8 Common electrophilic aminating 
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reagents include haloamines, substituted hydroxylamines, oxaziridines and diazonium 

salts. While a powerful advancement, these reagents still face challenges in toxicity, 

instability, and involve additional steps to access the desired amines.7,11 

Also enabled by transition-metal and photoredox catalysis, N-centered radicals 

(NCRs) and radical cations are versatile intermediates that are readily prepared from 

accessible precursors under mild conditions. In addition, these agents exhibit high 

functional group tolerance and selectivity.9-13 

Various precursors including amines, amides, sulfonamides, oximes, hydrazones, 

azides, tert-butyl nitrites generate NCRs through nitrene-insertion, metal-mediated, 

photoredox or electrochemical methods.10,13-15,37 NCRs and radical cations are thoroughly 

researched and their synthetic utility well-documented.10,26 Recently, the investigation of 

(hetero)arene- centered radical cations has emerged as a powerful tool to accessing 

diverse functionalized systems.16 However, (hetero)arene N-centered radicals (HA-

NRCs) are scarce and remain largely unexplored.  
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In 2019, Carreira used the N-sulfonyloxypyridinium (N-OTf) (3.51) as a pyridyl 

radical cation precursor upon SET reduction by a ruthenium photoredox catalyst for the 

C-H amination of arenes to give the corresponding pyridinium salts (Illustration 3.1 A).17 

In this work, 3.51 was shown to give desired I-N heterolysis and generate the desired 

pyridine N-centered radical cation species instead of competitive I-X homolysis (3.53, 

Illustration 3.1B).  

 

 

 

Illustration 3.1. SET Amination of Arenes. A. C-H Amination via Pyridyl Radical 

Cation. B. SET Induced Fragmentation for N-X Heterolysis    
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Almost at the same time, the Ritter group reported a similar approach to primary aryl 

amines using N-OTf 2-ethyl pyridine (3.55) as the pyridinium radical cation precursor 

(Illustration 3.2A).18 Shortly after, Ritter also demonstrated the C-H pyridonation of 

(hetero)arenes via pyridinium radical cations to access N-aryl-2- and 4-pyridinones.19 

Under this method, 2- (3.57) and 4-chloropyridine (3.58) N-OTf reagents were used to 

give various N-phenyl-chloropyridinium salts (Illustration 3.2B). The valorization of the 

pyridinium salt scaffold was further exemplified by subjecting the corresponding 

pyridinium salts 3. 59 and 3.60 to hydrolysis conditions leading to the pyridines 3.61 and 

3.62 in good yields. These reports by Carreira and Ritter represent the first examples of 

pyridyl radical cations for use in C-H amination.  

 

 

 



71 

 

Illustration 3.2. Direct C-H Amination via Pyridyl Radical Cations. A. Late-Stage 

(Hetero)aryl C-H Amination. B. C-H Pyridonation of (Hetero)arenes  

 

Hypervalent iodine (HVI) reagents are widely used in organic synthesis due to their 

unique reactivity, ease of handling and low toxicity.23 HVI reagents have the ability to 
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accessing electrophilic synthons.20 Cyclic HVI reagents have garnered significant 

attention for their increased thermal stability and modified reactivity compared to acyclic 
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reduction of the iodine center occurs using various reducing agents such as transition 

metals, photocatalysts, or organic reductants; the resulting radical undergoes facile 

cleavage of the heteroatom-iodine linkage to generate an aryl iodide and a new radical. 

(Illustration 3.3). As a result, cyclic HVI scaffolds have emerged as powerful SET 

reagents with numerous synthetic applications in C-H functionalizations, C-C bond 

formations and heterocyclizations.23 

 

 

Illustration 3.3. SET of Iodine (III) Benziodoxoles.   
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new N,X-HVIs were attempted in the SET C-H arene amination as well as screening 

efforts in several transformations developed previously in our laboratory. This chapter 

will explore the factors contributing to challenges encountered during N,X-HVI reagent 

synthesis and reactivity screenings. The preliminary findings and observations in this 

chapter serve as a foundation for future studies in the valorization of N,X-HVI reagents 

as umpolung animating reagents.   

 

 

 

Illustration 3.4. Research Aims of this Work.  
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3.2 N,X-Ligated Iodine (III) Reagent Development  

3.2.1 Synthesis, Stability and Characterization of N,X-Iodine (III) Reagents  

In 2002, Zhdankin developed a synthesis of Nitrogen-ligated I(III) scaffolds with 

mono- and polydentate ligands (Illustration 3.5)24 by a modified approach to a previously 

reported method by Weiss. The synthesis involves treatment of hydroxybenziodoxole 

3.15 in dichloromethane (DCM) with trimethylsilyl triflate (TMSOTf) and N-heterocycle 

to afford the corresponding N-ligated cyclic I(III) compound as a microcrystalline 

precipitate isolated via vacuum filtration. Under this method, complexes with N-

heterocycles 2,6-lutidine, piperidine, morpholine and quinolidine were synthesized. 

Pyridine and bidentate analogs were well-tolerated, but aliphatic amine derivatives were 

unstable under hydrolytic conditions. Currently, no reports exist for the synthetic 

potential of these compounds.  
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Illustration 3.5. Nitrogen-Ligated Iodine (III) Scaffolds Developed by Zhdankin.  

 

The synthesis of 3.10 was replicated in our hands. The stability of 3.10 was found to 

be consistent with that originally reported. In Zhdankin’s report, the pyridinium and 

bidentate complexes were found to be highly stable compounds, allowing for vacuum 

filtration to be performed with no precautions.   

Conversely, acyclic N-HVI reagents are sensitive compounds and susceptible to 

forming an oxo-bridged dimer (3.76) upon exposure to air and moisture (Illustration 3.6). 

Based on experience from our laboratory, dimer products are observed by a yellow color 

and associated with decreased reactivity. During N-HVI isolation, vacuum filtration must 
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be done quickly or under an atmosphere of Argon either in a glovebox or via filter stick 

technique. Unlike their acyclic analogs, N,X-HVI reagents are bench-stable and the 

filtration step can be conducted open to air with no additional precautions.  

 

 

Illustration 3.6.  Polymerization after Exposure to Moisture in Acyclic N-HVIs.  

 

3.2.2 Library of N, X-I(III) Reagents  

 We aimed to expand the library of novel N,X-I(III) compounds for exploration 

into their synthetic utility for HA-NRC generation. To this end, the highly modular N,X-

I(III) scaffold inspired our initial compound library (Figure 3.1).  
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Figure 3.1. N,X-HVI Reagent Development.  

 

 

 We hypothesized that the identity of the X ligand could impact the mode of I-X 

bond cleavage upon single-electron reduction wherein the X ligand that gives rise to a 

less stable X-centered radical should favor the desired fragmentation pathway 
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Illustration 3.7. Tunable N,X-HVI Reagent for Desired HA-NRC Generation.  

 

 The synthetic route to the desired N,X-I(III) compounds involve an oxidation-

ligand exchange process from the corresponding iodoarenes (Illustration 3.8). The 

resulting iodoxole with either an -OH or -OAc ligand are synthesized from literature 

procedures. Then, activation of the I(III) iodoxole with TMSOTf in the presence of 

pyridine affords the desired N,X-I(III) compound (Illustration 3.8).   

 

 

Illustration 3.8. General Synthesis of N,X-HVI Reagents. 
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 After stirring for 10 minutes, 1.0 equivalent of pyridine was added. After 1 hour, 

the resulting white precipitate was filtered by vacuum filtration and washed with DCM 

and diethyl ether (Et2O) to afford 3.10 in 42% yield (Illustration 3.9). No precautions 

were used during the filtration step, but loss of material was seen when using DCM as a 

wash. Multiple filtrations needed to be performed to recover the desired product. It was 

found that improvements in isolation could be made by conducting the reaction in Et2O 

along with washing the resulting precipitate in Et2O only. Although this synthesis is 

known in the literature, the reactivity of this compound has not been reported.  

 

 

Illustration 3.9. Synthesis of Py-X-HVI (3.10).  

 

 Next, we began investigation into altering the sterics and electronics at the tether 

of the N,X-I(III) scaffold. However, efforts to modulate the iodoxole tether were 
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After stirring for 30 minutes, 3.11a was isolated via vacuum filtration as a white solid in 

78% yield. 3.11a was dissolved in DCM and treated with 1.0 equivalent of potassium 

hydroxide (KOH) in water to give 3,11b in 41% yield after 3h. Treatment of 3.11b in 

DCM or Et2O with TMSOTf followed by addition of pyridine afforded a white 

precipitate that was collected by vacuum filtration and washed with Et2O.  Analysis by 

1HNMR was conducted in deuterated chloroform with a drop of TFA to solubilize the 

solid. Spectral data showed 3.11b and free pyridine. Attempts to perform the reactions in 

Et2O in place of DCM, using 2.0 equivalent of N-heterocycle, or varying reaction times 

(15 minutes, 1h, 3h) were unsuccessful. In each case, precipitate was formed and 

collected, but only the starting iodoxole (3.11b) and free pyridine were observed by 

1HNMR.  

 

 

Illustration 3.10.  Attempted Synthesis of N,X-HVI 3.11.  
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 We then turned our attention to attempt the synthesis of 3.12 in our evaluation of 

altering the electronic parameters at the tether (Illustration 3.11). We began by 

synthesizing 1-hydroxy-1H-1λ3-benzo[d][1,2,3]iodaoxathiole 3,3-dioxide (3.12b) by 

reported procedure. 28 2-iodobenzenesulfoic acid (3.12a) was reacted with 3.0 equivalents 

of periodic acid in distilled water and heated at 60°C to give 3.12 in 82% yield after 5 

hours. Then, 3.12 in Et2O was treated with TMSOTf followed by pyridine after 10 

minutes. After addition of pyridine and stirring for 1 hour, a white precipitate formed and 

was collected by vacuum filtration, but the desired N,X-HVI product 3.12 was not 

observed. 1HNMR analysis was performed in deuterated acetonitrile (CD3CN) showed 

iodoxole 3.12b and free pyridine.  

 

 

Illustration 3.11. Attempted Synthesis of N,X-HVI 3.12.  
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minutes at 0°C, then allowed to swarm to room temperature and stirred overnight. Then, 

1.06 equivalents of I2 were added portion wise while stirring at 0°C. After an additional 

30 minutes, the reaction was allowed to warm to room temperature and stirred for an 

additional 4 hours to afford 1,1,1,3,3,3-hexafluoro-2-(2-iodophenyl)propan-2-ol  (3.13b). 

The resulting crude oil was dissolved in DCM and 1.05 equivalents of tBuOCl was added 

dropwise while stirring at 0°C in the dark to give 3.13c in 56% yield after 30 minutes. 

Then, 0.05 equivalents benzyltriethylammonium chloride (Et3BnNCl) was added to a 

solution of 3.13c in DCM and 1.0 equivalent of KOH in water to give 3.13d after 3 

hours.  

 

 

Illustration 3.12. Attempted Synthesis of N,X-HVI 3.13.  
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3.13).31 First, 2-iodobenzoyl chloride (3.14b) was obtained in 93% yield following 

reaction of 2-iodobenzoic acid with 1.2 equivalents of oxalyl chloride and a few drops of 

DMF in DCM. Then, 3.14b was synthesized in 86% yield following reaction of 3.14b 

with 1.2 equivalents of ammonium hydroxide (NH4OH) and 2.0 equivalents of potassium 

carbonate in DCM. The resulting 2-iodobenzamide (3.14c) was added to a solution of 

peracetic acid (AcOOH) and stirred at 40°C to afford the I(III) reagent with an -OAc 

ligand (3.14d) in 52% yield after 2 hours. Treatment of 3.14d with 2.0 equivalents of 

TMSOTf followed by 1.0 equivalent of pyridine did not afford a desired precipitate upon 

addition of pyridine. We hypothesized that the resulting N,X-HVI may be too soluble in 

the reaction solvent, but running the reaction in either DCM or Et2O did not afford a 

precipitate, and no product was isolated from these attempts.  

 

 

Illustration 3.13. Attempted Synthesis of N,X-HVI (3.14).  
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 Previous transformations developed in the Wengryniuk laboratory showed that 

modification of the steric and electronic parameters on the N-heterocycle of N-HVI 

reagents have a marked impact on reactivity. For this reason, we wanted to explore the 

synthesis of N,X-HVI compounds with various substitution patterns on the N-heterocycle.   

 We aimed to investigate the effects of electronic and steric parameters of the N-

heterocycle but also assess the potential for diversity in downstream synthetic 

applications of the N,X-HVIs (Illustration 3.14) . We began by subjecting 

hydroxybenziodoxole (3.15) to the reported conditions by Zhdankin with modifications 

from our laboratory in the synthesis of N-HVIs using various N-heterocycles. We began 

our investigation using quinoline as N-heterocycle. To a flame-dried round bottom under 

Argon, 1.0 equivalent of 3.15 was dissolved in DCM. Then, 2.0 equivalent of TMSOTf 

was added at room temperature and the reaction was stirred at room temperature After 10 

minutes, 1.0 equivalent of quinoline was added and the reaction was stirred at room 

temperature for an additional hour. Typically, a white precipitate forms immediately 

upon addition of the N-heterocycle. However, after 1 hour, no precipitate formed. We 

then performed the reaction in Et2O as solvent instead of DCM and found that a white 

precipitate formed immediately after addition of quinoline. Gratifyingly, the desired 

quinoline-N,X-HVI (3.20) was recovered for the first time in 94% yield after filtration. 

 From this result, it was determined that the quinoline-N,X-HVI is too soluble in 

DCM to precipitate out upon formation Therefore, Et2O must be used as both the solvent 

system and solvent wash during filtration. Attempts to expand this library to include N-

heterocycles bearing electron-donating or electron-withdrawing groups were ultimately 

unsuccessful. Interestingly, when 2-methoxy pyridine was used in the reactions described 
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above, no precipitate formed in DCM or Et2O as reaction solvent. When using  4-OMe 

pyridine as N-Heterocycle, a white precipitate formed immediately upon addition of the 

4-OMe pyridine and the resulting white solid was isolated via filtration, but 3.15 and free 

4-methoxy pyridine was observed by 1HNMR analysis. Similarly, use of electron-

withdrawing 4-CN pyridine or 4-CF3 pyridine, a white precipitate formed in each entry 

upon addition of the N-heterocycle. After filtration, the hydroxybenziodoxole 3.15 and 

corresponding free substituted pyridine was seen by 1HNMR analysis. Lastly, attempts to 

synthesize 4-DMAP 3.19 was unsuccessful. When using 4-DMAP in the reaction 

conditions described above, no precipitate was formed or isolated. It is worth noting that 

each reaction was tried in both DCM and Et2O in case the corresponding N,X-HVI was 

too soluble in DCM to precipitate out of the solution. 1HNMR analysis was conducted in 

CDCL3 with a drop of TFA to solubilize the white solids. In samples that showed free 

substituted pyridine and 3.15, other NMR solvents deuterated DMSO or CD3CN were 
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attempted to rule out if the solubility of the products were affecting NMR results. 

However, isolated solids were found to only be soluble in CDCl3 with TFA.  

 

Illustration 3.14. N,X-HVI Reagent Scope at the N-Heterocycle.  
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(3.82). Addition of benzene to pyridine NCR gives the cyclohexadienyl radical (3.81a) 

followed by oxidation and deprotonation to yield the desired N-Ph pyridinium 3.81 and 

catalytic turnover.  

 

 

 

Illustration 3.15. SET Reactivity Screening of N,X-HVIs. A. Model Reaction for 

N,X-HVI SET Arene Amination. B. Proposed Catalytic Cycle.  
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 First, we tested Py-N,X-HVI (3.10) in the ruthenium catalyzed amination of 

benzene as a model reaction (Table 3.1, entry 1).. We began with [Ru(bpy)3](PF6)2 as 

reductant as it is the only system used in prior reports from Carreira and Ritter for HA-

NRC generation.17,19 Following a protocol adapted from that previously reported by 

Carreiera, 1.2 equivalents of pyridine-N,X-HVI (3.10) was added to an oven-dried 

reaction vial containing 2 mol% of [Ru(Bpy)3](PF6)2 in MeCN under Argon. Then, 1.0 

equivalent of benzene was added. The vial was capped and the reaction mixture subjected 

to Kessil 456nm blue LED while stirring for 16h. After work-up, no desired reactivity 

was observed, with the N,X-HVI byproduct 3.82 and free pyridine were seen by crude 

1HNMR analysis. Using the same conditions and reaction set up, we also tested 3.20 in 

the SET arene amination model reaction (Table 3.1, entry 2). However, no reactivity was 

observed with by-product 3.82 and free quinoline observed by crude 1HNMR analysis. 

 During the attempted screening of N,X-HVIs in SET arene amination, we 

observed that both 3.10 and 3.20 had limited solubility in MeCN even when vigorously 

stirred. We predict that the limited solubility may be the cause of no observable reactivity 

or make the desired transformation more challenging to achieve. The limited solubility of 

these N,X-HVI reagents in many organic solvents proved especially difficult. More 

discussion on the solubility of these compounds can be found in the remaining sections of 

this chapter.  
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Table 3.1. Attempted N,X-HVI Screening in SET Arene Amination.  

 

entry N,X-HVI outcomea 

1 3.10 3.82; pyridine  

2 3.20 3.82; quinoline  

aOutcome by analysis by crude 1HNMR 

 

3.3.2 Attempts to Probe N,X-HVIs Reactivity in Known N-HVI Transformations 

 To better evaluate the reactivity profile of N,X-HVIs in SET chemistry, we 
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rearrangements34-35 and umpolung etherification.36 Motivated by these prior works from 
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 We began our studies using pyridine-N,X-HVI (3.10) in  previously optimized 

conditions for the I(III)-mediated diamination of olefins (Table 3.2).32 In a flame-dried 

vial under Argon, to a solution of 1.5 equiv. pyridine-N,X-HVI (3.10) in acetonitrile 

(MeCN) was added sulfonamide 3.3 while stirring at 0°C (Table 3.1, entry 1). Running 

the reaction under these conditions showed no reactivity. It was observed that 3.10 had 

limited solubility in MeCN at 0°C and we hypothesized that this could contribute to no 

conversion. Running the reaction at room temperature in MeCN (Table 3.2, entry 7). The 

limited solubility of 3.10 in MeCN prompted us to conduct a more thorough solvent 

screen. Keeping the reaction temperature at 0°C, we screened organic solvents DCM, 

Et2O, tetrahydrofuran (THF), chloroform (CHCl3), and HFIP (Table 3.2, entries 2-6).For 

entries 2-5, a homogeneous solution was not observed. Increased solubility of 3.10 was 

seen in entry 6 using HFIP, but ultimately no reactivity avhieved. Conducting the solvent 

screen at room temperature did not show any increased solubility and no reactivity was 

observed (entries 7-12).   
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Table 3.2 Py-N, X-HVI Screen for Reactivity in Olefin Diamination.  

 

 

 

 

entry conditionsa outcome 

1 MeCN, 0°C 3.3, 3.10 

2 DCM, 0°C 3.3, 3.10 

3 Et2O, 0°C 3.3, 3.10 

4 THF, 0·°C 3.3, 3.10 

5 CHCl3, 0° 3.3, 3.10 

6 HFIP, 0°C 3.3, 3.10 

7 MeCN, RT 3.3, 3.10 

8 DCM, RT 3.3, 3.10 

9 Et2O, RT 3.3, 3.10 

10 THF, RT 3.3, 3.10 

11 CHCl3, RT 3.3, 3.10 

12 HFIP, RT 3.3, 3.10 

aAll reactions performed using 0.1M solvent  
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 During the synthesis of quinoline-N-X-HVI,  the desired product precipitated out 

only in Et2O, as it was too soluble in DCM.  We were interested in whether the increased 

solubility of 3.20 could better perform in the olefin deamination. Thus, sulfonamide 3.3 

was added to a solution of 3.20 in MeCN while stirring at 0°C (Table 3.3, entry 1). Better 

solubility was achieved with 3.20 in MeCN compared to 3.10 and a homogeneous 

solution was observed during reaction set up. Despite better solubility in the solvent 

system, no reaction occurred at 0°C. Warming the reaction to room temperature (Table 

3.3, entry 3) or heating to 60°C in MeCN (Table 3.3, entry 5) also did not afford any 

reactivity. Changing the reaction solvent to DCM and running at 0°C (entry 2) or room 

temperature (entry 4) showed only unreacted 3.3. Lastly, switching to DCE and running 

the reaction at 60°C still only recovered 3.3.  
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Table 3.3 Quinoline-N, X-HVI Screen in Olefin Diamination.  

 

 

entry conditionsa outcome 

1 C MeCN, 0°C 3.3, 3.20 

2 DCM, 0°C 3.3, 3.20 

3 MeCN, RT 3.3, 3.20 

4 DCM, RT 3.3, 3.20 

5 MeCN, 60°C 3.3, 3.20 

6 DCE, 60°C 3.3, 3.20 

aAll reactions performed using 0.1M solvent  

 

 

 

 

 

 

 

 

OI
O

N

-OTf

3.20

Me NTs
Me

conditions

N,X-HVI (3.20)
Ts
N

Me
Me

N

-OTf

3.3 3.4
Quinoline-X-HVI



94 

 Due to the difficulties faced when using isolated N,X-HVIs in the known methods 

described above, we turned to evaluating the in-situ preparation of the N,X-HVI reagents 

followed by treatment with a substrate. Based on experiences within the Wengryniuk 

laboratory, the reactivity of N-HVIs prepared in-situ versus those isolated prior to use in 

transformations behave entirely differently. In most examples, methods were only 

efficient when using in-situ preparations instead of isolated N-HVIs and vice versa.  Both 

olefin deamination and arene C-H aminations were attempted following a modified in-

situ procedure for generation of 3.10 or 3.20 in solution (Illustration 3.16). Challenges in 

reproducing these procedures arose due to the insolubility of hydroxybenziodoxole 

precursor (3.15) in MeCN. Typically, MeCN is used in these in-situ N-HVI protocols as 

the resulting N-HVI reagent does not precipitate out in solution. For this reason, adapting 

this sort of protocol with our N,X-HVI compounds may alleviate the difficulties faced 

when attempting to probe their synthetic reactivity. Therefore, further investigation and 

potentially solvent screening could be performed in the future to optimize the conditions 

to be compatible with our cyclic scaffolds.  
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Illustration 3.16. Representative Examples of Attempted In-Situ Preparation of 

N,X-HVIs in: A. Olefin Diamination. B. C-H Arene Amination.  

 

 Initial attempts of olefin and arene C-H activation by the N,X-HVI reagent were 

ultimately unsuccessful.  We were then interested in evaluating the N,X-HVIs utility in 

alcohol activation. We began this investigation using modified approach to previously 

reported oxidative rearrangement of cyclic alcohols.34 First, 1,2,3,4-

tetrahydronaphthalen-1-ol (3.01) was dissolved in DCM:HFIP (1:1). The reaction was 

cooled to 0°C, then 3.10 dissolved in 20 equivalents HFIP was added (Table 3.4, entry 1). 

 Running the reaction at room temperature also afforded 3.01 (entry 2), while 

switching to higher boiling DCE and heating to 60°C also showed no reactivity (entry 3). 

Similarly, attempts to run these same conditions using 3.20 also only afforded 3.01 

(entries 4-6). Screening efforts for the oxidative rearrangement using N,X-HVIs on a 
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cyclic alcohol were met with no success. It is important to note that the N,X-HVIs were 

highly soluble in HFIP and completely in solution when added to the reaction mixtures. 

Despite this increased solubility, no reactivity was continuously observed. 

 

Table 3.4 N,X-HVI Reagent Screen in Cyclic Oxidative Rearrangement.   

 

 

entry N,X-HVI conditions outcome 

1 3.10 DCM:HFIP, 0°C 3.01, 3.10  

2 3.10 DCM:HFIP, 25°C 3.01, 3.10  

3 3.10 DCE:HFIP, 60°C 3.01, 3.10  

4 3.20 DCM:HFIP, 0°C 3.01, 3.20 

5 3.20 DCM:HFIP, 25°C 3.01, 3.20 

6 3.20 DCE:HFIP, 60°C 3.01, 3.20 
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 Motivated by the finding that the N,X-HVI compounds were highly soluble in 

HFIP, we were interested in the utility of the N,X-HVIs in our oxidative rearrangement 

strategy on acyclic scaffolds as described in Chapter 2 (Illustration 3.17). Therefore, 1-

([1,1'-biphenyl]-4-yl)ethan-1-ol 2.20 was dissolved in DCE:HFIP (4:1) and the mixture 

was heated to 60°C. While stirring at 60°C, 2.5 equivalents of 3.10 dissolved in 20 

equivalents HFIP was added. Using 3.10 in the reaction set up afforded no reactivity, and 

starting alcohol 2.20 was recovered. When 3.20 was used under the same reaction 

conditions, 2.20 was recovered along with HFIP solvolysis product 2.22. Although 

undesired reactivity, this was the first example of conversion of starting material 

throughout this reactivity screening. However, it remains unclear whether this solvolysis 

product is a byproduct of I(III) activation or simply solvolysis of the substrate upon 

heating.  

 

 

 

Illustration 3.17. N,X-HVI Screen in Acyclic Oxidative Rearrangement.  
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 In subsequent attempts to sufficiently evaluate the N,X-HVI ability in alcohol 

activations, we turned using the N,X-HVI reagents in the previously optimized umpolung 

C-H etherification strategy (Illustration 3.18). By a modified approach of that previously 

reported,36 alcohol 3.03 was dissolved in HFIP in a flame-dried vial containing activated 

3A molecular sieves. 2.0 equivalents of 3.10 in 0.1M of HFIP was then added to the 

reaction mixture and then the reaction was heated to 60°C and monitored by TLC. 

However, no reactivity was observed even after prolonged reaction times. Similarly, 3.20 

was subjected to the same reaction conditions as described above, but no reactivity was 

observed.   

 

 

Illustration 3.18. N,X-HVI Screen in Umpolung Etherification.  
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3.4 Suggested Future Work  

 Initially, this work aimed to synthesize N,X-HVI reagents with varied tether and 

heteroatom groups to gauge their ability to generate HA-NRCs upon SET reduction. 

However, the reaction of the iodoxole derivatives with pyridine to generate the desired 

N,X-HVI proved difficult, and the attempts described in this chapter were ultimately 

unsuccessful. Future work should focus on method optimizations potentially evaluating 

other acid activators instead of TMSOTf such as trimethylsilyl iodide, tiflic acid, 

tirfluoroacetic acid, or boranes such as trifluoroborane or in efforts to sufficiently activate 

the iodoxole derivative,  

 Attempts to crystallize the synthesized N,X-HVI reagents were unsuccessful. 

Although these N,X-HVI reagents are generally much more stable than acyclic N-HVIs, 

improvements to crystallization methods may require set up in a glove box to sustain an 

inert atmosphere and prevent disproportionation upon prolonged exposure to moisture 

during the crystallization process. Elucidating the structure of the synthesized N,X-HVI 

reagents by X-ray crystallography would allow for better understanding of the 

characteristics, structure and relative I-N bond lengths to better guide reagent design and 

reactivity profiling studies.  

 The iodoxole scaffolds had limited solubility in numerous organic solvents. 

Therefore, reactions conducted in solvents such as acetonitrile, wherein acyclic N-HVIs 

are readily soluble, were ultimately unsuccessful. Better solubility was achieved upon 

heating; however, still no reaction occurred. For this reason, in-situ preparation protocols 

should be further investigated with reagent generation monitored by 1HNMR analysis. 
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Additionally, the synthesized N,X-HVI reagents exhibited good solubility in HFIP, 

prompting further investigation into transformations leveraging this solvent system. 

 Lastly, upon establishing a baseline reactivity platform for N,X-HVI reagents, CV 

data could guide reagent development and dictate which reductants to screen in the 

amination of benzene model reaction  

3.5 Conclusion 

 The initial aim of this project was to synthesize a small library of novel N,X-HVI 

reagents with varied heteroatom and tether to evaluate the ability of these scaffolds to 

generate HA-NRCs for potential as umpolung aminating platforms. The attempted 

synthesis of various N,X-HVI reagents from the corresponding iodoxole analogs with 

deviation in electronic or steric at the tether were especially challenging and proved 

difficult to overcome. However, the problems encountered while attempting synthesis of 

N,X-HVI reagents showed that the cyclic scaffold may be more challenging to activate 

for ligand exchange with a N-heterocycle, prompting future considerations to focus on 

optimizations of this method and potentially screening other acid activators. Similarly, 

challenges were encountered when altering the identity of the N-heterocycle. Although 

varying electronics were not tolerated, quinoline-N,X-HVI could be readily generated in 

excellent yield (94%).  Furthermore, efforts towards assessing the reactivity profile of the 

synthesized N,X-HVI reagents provide the foundation for future studies in evaluating 

their synthetic potential. To date, the reactivity or synthetic utility of these scaffolds are 

not known. The preliminary findings from this work may provide valuable insight into 

establishing a reactivity profile of  N,X-HVI reagents and their synthetic potential for use 

as as valuable umpolung aminating reagents. 
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APPENDIX A 

CHAPTER 2 EXPERIMENTAL DATA 

A.1 General Information  
 
1H NMR spectra were recorded at 500 MHz and 125 MHz on a Bruker Advance 500 or a 

Bruker Advance III HD, or 400 MHz and 100 MHz on a Bruker Advance 400. 1H NMR 

chemical shifts were reported in part per million (ppm) from the solvent resonance 

(CDCl3 7.26 ppm). The data was reported as follows: chemical shift number, multiplicity 

(s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sept = septet, dd = doublet of 

doublets, td = triplet of doublets, m = multiplet, br = broad signal). The reaction solvents 

used were anhydrous (HPLC-grade solvent passed through an activated-alumina column). 

Hexafluoroisopropanol (HFIP) and Trimethylsilyl trifluoromethanesulfonate (TMSOTf) 

were purchased from Oakwood Chemicals, distilled over CaH2 and stored over activated 

3 Å molecular sieves under an atmosphere of Argon. 1-(o-tolyl)ethan-1-ol (A.29) and 1-

(naphthalen-1-yl)ethan-1-ol (A.34) were purchased from oakwood chemicals and were 

both used without further purification. All other reagents were used without further 

purification. N-HVIs were synthesized and used without further purification. Flash 

chromatography was carried out using Sorbent Technologies silica gel 60 Å (40 – 63 μm) 

in the solvent system listed in the individual experiments. The reactions were monitored 

using analytical thin-layer chromatography (TLC) on Merck silica gel (60 F254) plates.  
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A.2 N-HVI Reagent Synthesis  

 

General Procedure A: Synthesis of (Poly)cationic N-Ligated Hypervalent Iodine 

Reagents (N-HVIs): Reaction procedure is modified from that reported by Weiss, with 

only changes to the isolation procedure.1a A flame dried round-bottomed flask is charged 

with (diacetoxyiodo)benzene (1.0 equiv.) and fitted with a rubber septum, followed by 

CH2Cl2 (0.1 M) to generate a white suspension. Trimethylsilyl trifluoromethanesulfonate 

(2.0 equiv.) is then added over 10 seconds and the mixture stirred for 10 minutes to 

generate a clear, gray solution. The heterocycle (2.0 equiv.) is then added at room 

temperature over 20 seconds, the mixture stirred for 15 minutes. The septa is taped with 

electrical tape and the reaction flask is transferred to a glovebox for filtration using a 4-

5M glass fritted filter. The solid is then transferred to pre-weighed, single neck (24/40) 

100 mL round bottom flask for drying. The flask is left under constant vacuum for one 

hour to give a free-flowing powder. The product can be transferred to a flame-dried 20 

mL vial for storage in the glovebox. The N-HVI compounds were characterized by 1H 

NMR and 13C NMR but no melting points were determined due to the hygroscopic nature 

of the reagents. 1H NMR and 13C NMR spectra were collected in CDCl3 with a drop of 

TFA to facilitate solubilization 

 

 

 

I NN
R

R

TMSOTf (2.0 equiv.),
N-heterocycle (2.0 equiv.)

Et2O or CH2Cl2 (0.1M), RT

I OAcAcO
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General Procedure B: Synthesis of N-HVIs with sterically hindered or 

electrondeficient heterocycles: Reaction procedure is modified from that reported by 

Weiss, with only changes to the isolation procedure.(REF) A flame dried round-bottomed 

flask is charged with (diacetoxyiodo)benzene (1.0 equiv.) and fitted with a rubber 

septum, followed by CH2Cl2 (0.1 M) to generate a white suspension. Trimethylsilyl 

trifluoromethanesulfonate (2.0 equiv.) is then added over 10 seconds and the mixture 

stirred for 10 minutes to generate a clear, gray solution. The heterocycle (2.0 equiv.) is 

then added at room temperature over 20 seconds, the mixture stirred for 15 minutes. The 

septa is taped with electrical tape and the reaction flask is transferred to a glovebox for 

filtration using a 4-5M glass fritted filter. The solid is then transferred to pre-weighed, 

single neck (24/40) 100 mL round bottom flask for drying. The flask is left under 

constant vacuum for one hour to give a free-flowing powder. The product can be 

transferred to a flame-dried 20 mL vial for storage in the glovebox. 
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1,1'-(phenyl-l3-iodane)bis(pyridinium)triflate (Py-HVI, 1.10):  

Prepared according to General Procedure A using 

pyridine (1.94 mL, 24.0 mmol, 2.0 equiv.) to give 1.10 

(7.02 g, 89%) as a white solid after filtration. Spectral data 

was consistent with that previously reported.1b 

1H NMR (500 MHz, 1CDCl3:TFA (20:1)) δ 8.85 (t, J= 6.7, 1.6 Hz, 4H), 8.62 (t, J= 7.9, 

1.6 Hz, 2H), 8.24–8.21 (m, 2H), 8.09 (t, J= 8.1, 6.4, 1.5 Hz, 4H), 7.77 (t, 1H), 7.64 (t, 

2H). 

 

1,1'-(phenyl-l3-iodanediyl) bis(2-(methoxy)pyridinium)triflate (2-OMe-Py-HVI, 

1.11): 

Prepared according to General Procedure A using 2-

methoxypyridine (1.2 mL, 12.0 mmol, 2.0 equiv.) to give 

1.11 (2.1 g, 49%) as a white solid after filtration. Spectral 

data was consistent with that previously reported.1b 

 

 1H NMR [500 MHz, CDCl3:TFA (20:1)] δ 8.43 (ddd, J = 9.1, 7.4, 1.9 Hz, 2H), 8.38 (d, J 

= 6.2 Hz, 2H), 8.26 – 8.19 (m, 2H), 7.81 – 7.74 (m, 1H), 7.68 – 7.60 (m, 2H), 7.51 (ddd, 

J = 7.3, 6.2, 1.0 Hz, 2H), 7.36 (d, J = 8.9 Hz, 2H), 4.26 (s, 6H) 

 

 

 

 

I NN

Py-HVI (1.10)

2 -OTf

I NN

2-OMe-Py-HVI (1.11)

2 -OTf

MeO

MeO
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1,1'-(phenyl-l3-iodanediyl) bis(4-

(methoxy)pyridinium)triflate (4-OMe-Py-HVI, 

1.12):  

Prepared according to General Procedure A using 

4-methoxypyridine (1.2 mL, 12.0 mmol, 2.0 equiv.) 

to give 1.12 (4.02 g, 93%) as a white solid after filtration. Spectral data was consistent 

with that previously reported. 1b  

 

1,1'-(phenyl-λ 3 -iodanediyl)bis(4-(N,N-

dimethylamino)pyridin-1-ium) 

trifluoromethanesulfonate (DMAP-HVI, 1.13):  

Prepared according to General Procedure A 

using 4-(dimethylamino)pyridine (1.5 g, 12.0 

mmol, 2.0 equiv.) to give 1.13 (3.5 g, 66%) as a white solid after filtration. Spectral data 

was consistent with that previously reported.1b 

1H NMR [500 MHz, CDCl3:TFA (20:1)] δ 8.24 – 8.17 (m, 2H), 8.17 – 8.10 (m, 4H), 

7.76 (tt, J = 7.4, 1.0 Hz, 1H), 7.67 – 7.59 (m, 2H), 6.81 – 6.74 (m, 4H), 3.28 (s, 12H). 

 

1,1'-(phenyl-l3-iodanediyl)bis(4-

(trifluoromethyl)pyridin-1-ium)triflate (4-CF3-

Py-HVI, 1.14): Prepared according to General 

Procedure A using 4-(trifluoromethyl)pyridine (2.1 

I NN

4-OMe-Py-HVI (1.12)

2 -OTf

OMeMeO

I NN

DMAP-HVI (1.13)

2 -OTf

NMe2Me2N

I NN

4-CF3-HVI (1.14)

2 -OTf

CF3F3C
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mL, 31.0 mmol, 2.0 equiv.) to give 1.14 (7.0 g, 90%) as a white solid after filtration. 

Spectral data was consistent with that previously reported.1b 

1H NMR [500 MHz, CDCl3:TFA (20:1] δ 11.31 (br s, TFA), 9.13 (t, J = 6.1 Hz, 4H), 

8.36 – 8.31 (m, 4H), 8.27 – 8.21 (m, 2H), 7.82 – 7.76 (m, 1H), 7.68 – 7.62 (m, 2H); 

 

1,1'-(phenyl-λ 3 -iodanediyl)bis(4- cyanopyridin-1-ium) trifluoromethanesulfonate 

(4-CN-PyHVI, 1.15). 

Prepared according to General Procedure B  

using 4-cyanopyridine to give 1.15 (3.2g, 38%) as 

a white solid after filtration in a glovebox. Spectral 

data was consistent with that previously reported.1c 

1H NMR [500 MHz, CD3CN)] δ 8.88–8.82 (m, 4H), 8.18–8.12 (m, 4H), 7.96 (d, J= 7.9 

Hz, 2H), 7.64 (t, J= 7.5 Hz, 1H), 7.42 (t, J= 7.9 Hz, 2H).   

 

 

 

 

 

 

 

 

 

 

I NN
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A.3 Substrate Synthesis  

 

General Procedure C: Synthesis of Secondary Alcohols: Ketone (1.0 equiv.) was 

added to a round-bottom flask, open to air, and dissolved in MeOH (0.2 M). The reaction 

mixture was cooled to 0°C and NaBH4 (1.1 equiv.) was added portion wise to the 

mixture. The reaction was warmed to room temperature and monitored by TLC. Upon 

completion, the reaction was quenched with sat. aq. NH4Cl. The reaction was then 

extracted with ethyl acetate (x3), and the combined organic layers were dried over 

Na2SO4, filtered and concentrated in vacuo. The crude reaction mixtures were purified by 

flash chromatography or recrystallization to give the desired alcohol products. 
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R

O
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R
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Synthesis of 1-(naphthalen-2-yl)ethan-1-ol (2.1):  

Prepared according to General Procedure BC from 1-

(naphthalen-2-yl)ethan-1-one (2.42) (2.0g, 11.8 mmol, 1.0 

equiv.). Crude reaction was purified by recrystallization from 

hexanes to give 2.1 as a white solid (1.99 g, 98%). Spectral 

data was consistent with that previously reported.2  

 

 

Synthesis of 1-([1,1'-biphenyl]-4-yl)ethan-1-ol (A.13): 

Prepared according to General Procedure B from 1-([1,1'-

biphenyl]-4-yl)ethan-1-one (2.0 g, 10.19 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography 

to give A.01 as a white solid (1.62 g, 81%). Spectral data was 

consistent with that previously reported.3  

 

Synthesis of 1-(p-tolyl)ethan-1-ol (A.02):  

Prepared according to General Procedure C from 1-(p-

tolyl)ethan-1-one (2.0 g, 14.9 mmol, 1.0 equiv.). Crude reaction 

was purified by flash column chromatography to give A.02 as a 

colorless oil (1.86 g, 93%). Spectral data was consistent with that 

previously reported.4 \ 

 

 

CH3

OH

2.1

OH

A.01
Ph

OH

A.02
Me
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Synthesis of 1-phenylethan-1-ol(A.13): 

Prepared according to General Procedure C from acetophenone 

(2.0 g, 16.6mmol, 1.0 equiv.). Crude reaction was purified by flash 

column chromatography to give A.13 as a colorless liquid (.1.42 g, 

72%). Spectral data was consistent with that previously reported.5 

  

 

 

Synthesis of 1-(4-ethylphenyl)ethan-1-ol (A.03): 

Prepared according to General Procedure C from 1-(4-

ethylphenyl)ethan-1-one  (1.0g, 6.75 mmol, 1.0 equiv.). Crude 

reaction was purified by flash column chromatography to give 

A.03 as a colorless liquid ( 432.4mg, 43%). Spectral data was 

consistent with that previously reported.6  

 

Synthesis of 1-(4-(tert-butyl)phenyl)ethan-1-ol (A.04) 

Prepared according to General Procedure C from 1-(4-(tert-

butyl)phenyl)ethan-1-one (1.9g, 5.70 mmol, 1.0 equiv.). Crude 

reaction was purified by flash column chromatography to give 

A.04 as a colorless liquid (.979mg, 98%). Spectral data was 

consistent with that previously reported .7 

Synthesis of 1-(m-tolyl)ethan-1-ol (A.05): 

OH

A.04

OH

A.13

OH

A.03
Et



123 

Prepared according to General Procedure C from 1-(m-

tolyl)ethan-1-one (2.0g, 14.8 mmol, 1.0 equiv.). Crude reaction 

was purified by flash column chromatography to give A.05 as a 

colorless liquid (1.5 g, 75%). Spectral data was consistent with 

that previously reported.8 

 

 

Synthesis of 1-(4-methoxyphenyl)ethan-1-ol (A.06): 

 Prepared according to General Procedure C from 1-(4-

methoxyphenyl)ethan-1-one (1.0g, 6.7 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography to 

give A.06 as a colorless liquid (752mg, 75%). Spectral data was 

consistent with that previously reported.9 

 

Synthesis of 1-(2-methoxyphenyl)ethan-1-ol (A.07): 

Prepared according to General Procedure C from 1-(2-

methoxyphenyl)ethan-1-one (1.0g, 6.7 mmol, 1.0 equiv.). Crude 

reaction was purified by flash column chromatography to give 

A.07 as a colorless liquid (895.1 mg, 88%). Spectral data was 

consistent with that previously reported.10 

 

Synthesis of 1-(3-bromo-4-methoxyphenyl)ethan-1-ol (A.09): 

OH

A.05
Me

OH

A.06
MeO

OH

A.07
OMe
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Prepared according to General Procedure C from 1-(3-

bromo-4-methoxyphenyl)ethan-1-one (1.1 g, 4.6 mmol, 1.0 

equiv.). Crude reaction was purified by flash column 

chromatography to give A.09 as a white solid (651mg, 65%. 

Spectral data was consistent with that previously reported.11 

 

Synthesis of 1-(6-methoxynaphthalen-2-yl)ethan-1-ol (A.10): 

Prepared according to General Procedure C from 1-(6-

methoxynaphthalen-2-yl)ethan-1-one (1.0 g, 4.94 mmol, 

1.0 equiv.). Crude reaction was purified by flash column 

chromatography to give A.10 as a white solid (.962 mg, 

96%). Spectral data was consistent with that previously reported.12 

 

Synthesis of 1-(4-(benzyloxy)phenyl)ethan-1-ol (A.11): 

Prepared according to General Procedure C from 1-(4-

(benzyloxy)phenyl)ethan-1-one (1.0 g, 4.38 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography 

to give A.11 as a colorless liquid (976 mg, 98%). Spectral data 

was consistent with that previously reported.13 

 

 

Synthesis of 1-(4-phenoxyphenyl)ethan-1-ol (A.12): 

OH

Br
MeO

A.09

A.10

OH

MeO

OH

A.11
BnO
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Prepared according to General Procedure C from 1-(4-

phenoxyphenyl)ethan-1-one (1.0 g, 4.71 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography 

to give A.12 as a pale yellow solid (946 g, 95%). Spectral data 

was consistent with that previously reported.14  
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A.4 Hypervalent Iodine(III) Mediated Hock Process  

 

General Procedure D: Direct Hock Process of Secondary Acyclic Alcohols  

To a flame-dried reaction vial containing activated 3Å molecular sieves, under argon, 

was added the secondary alcohol (1.0 equiv) dissolved in dry DCE:HFIP (4:1)  (0.3 M) 

and the solution was heated to 60 °C. PhI(OAc)2 (1.5 equiv), dissolved in dry HFIP (20 

equiv), was added to the suspension in one portion while stirring at 60°C and the reaction 

was monitored by TLC. Upon completion, the reaction was filtered, and the filtrate was 

collected in a round bottom flask and concentrated by rotatory evaporation. The resulting 

crude residue was then dissolved in MeOH:HFIP (14:1) (0.05M) and aqueous 4M HCl 

(10.0 equiv.) was added while stirring at room temperature. The reaction was heated to 

60°C and let sir at 60°C while monitoring by TLC. Upon completion, the reaction was 

diluted with H2O (5mL) and extracted with ethyl acetate. The combined organic layers 

were dried over Na2SO4, filtered and concentrated by rotary evaporation. The crude 

mixture was purified by column chromatography to give the desired phenol derivative.  

 
 
 
 
 
 
 
 
 
 
 

OH

R

PhI(OAc)2 (1.5 equiv.)

DCE:HFIP (4:1)
3AMS, 60°C

O

R
X

4M HCl (aq.)

MeOH:HFIP (14:1)
60°C

OH

R

X= -OAc, -OHFIP

°
2.100 2.101 2.102
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Characterization Data of Synthesized Phenols 
 
Synthesis of phenol (2.51): 

 Prepared according to General Procedure D from 1-phenylethan-1-

ol (A.13) (36.7 mg, 0.3 mmol, 1.0 equiv.). Crude reaction was 

purified by flash column chromatography (10:1 hexanes: ethyl 

acetate) to give 2.51 as a white solid (17.4 mg, 62%). Spectral data was consistent with 

that previously reported.165 

1H NMR (500 MHz, CDCl3): δ = 4.75 (s, 1H’), 6.80–6.86 (m, 2H), 6.93 (tt, 3J4’,3’ =7.4 

Hz, 4J4’,2’ = 1.2 Hz, 1H), 7.21–7.28 (m, 2H) ppm. 

 

Synthesis of p-cresol (2.52): 

 Prepared according to General Procedure D from 1-(p-

tolyl)ethan-1-ol (A.02) (40.9 mg, 0.3 mmol, 1.0 equiv.). Crude 

reaction was purified by flash column chromatography (10:1 

hexanes: ethyl acetate) to give 2.52 as a yellow liquid (25.3 mg, 78%). Spectral data was 

consistent with that previously reported.16 

1H NMR (500 MHz, CDCl3) δ (ppm): 7.05 (d, J = 8.0 Hz, 2H), 6.75 (m, 2H), 4.95 (br s, 

1H), 2.29 (s, 3H). 

 

 

 

 

 

OH

2.51

OH

Me
2.52
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Synthesis of [1,1'-biphenyl]-4-ol (2.53): 

Prepared according to General Procedure D from 1-([1,1'-

biphenyl]-4-yl)ethan-1-ol (A.13) (59.5 mg, 0.3 mmol, 1.0 

equiv.). Crude reaction was purified by flash column 

chromatography (10:1 hexanes: ethyl acetate) to give 2.53 as a white solid 36.2 mg, 

71%). Spectral data was consistent with that previously reported.187 

1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 7.9 Hz, 2H), 7.49 (d, J = 8.3 Hz, 2H), 7.42 

(t, J = 7.5 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 6.91 (d, J = 8.3 Hz, 2H), 4.74 (s, 1H) 

 

Synthesis of naphthalen-2-ol (2.54): 

 Prepared according to General Procedure D from 1-(naphthalen-

2-yl)ethan-1-ol (2.1) (51.7  mg, 0.3 mmol, 1.0 equiv.). Crude 

reaction was purified by flash column chromatography (9:1 

hexanes: ethyl acetate) to give 2.54 as a white solid (35.2 mg, 81%). Spectral data was 

consistent with that previously reported.18 

1 H NMR (400 MHz, CDCl3): δ 7.77 (t, J = 8.2 Hz, 2H), 7.69 (d, J = 8.2 Hz, 1H), 7.48 – 

7.41 (m, 1H), 7.38 – 7.31 (m, 1H), 7.15 (d, J = 2.5 Hz, 1H), 7.11 (dd, J = 8.8, 2.5 Hz, 

1H), 5.08 (s, 1H).  

 

 

 

OH

Ph
2.53

OH

2.54
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Synthesis of 4-ethylphenol (2.55): 

Prepared according to General Procedure D from 1-(4-

ethylphenyl)ethan-1-ol (A.03): (45.1mg, 0.3 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography (9:1 

hexanes: ethyl acetate) to give 2.55 as a white solid (20.5 mg, 56%). Spectral data was 

consistent with that previously reported.19 

1H NMR (400 MHz, CDCl3): δ 7.03 (d, J = 8.2 Hz, 2H), 6.74 (d, J = 8.2 Hz, 2H), 5.79 (s, 

1H), 2.55 (q, J = 7.3 Hz, 2H), 1.18 (t, J = 7.7 Hz, 3H).  

 

Synthesis of 4-(tert-butyl)phenol (2.56): 

 
Prepared according to General Procedure D from 1-(4-(tert-

butyl)phenyl)ethan-1-ol (A.04) (53.5 mg, 0.3 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography 

(5:1 hexanes: ethyl acetate) to give 2.56 as a white solid (27.1 

mg, 60%). Spectral data was consistent with that previously reported.20 

1H NMR (400 MHz, CDCl3) δ 1.29 (s, 9H), 4.92 (s, 1H), 6.77 (d, J = 8.8 Hz, OH  

2H), 7.25 (d, J = 8.4 Hz, 2H).  

 
 
 
 
 
 
 

OH

Et

2.55

OH

2.56
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Synthesis of m-cresol (2.57): 

 Prepared according to General Procedure D from 1-(m-

tolyl)ethan-1-ol (A.05): (40.9 mg, 0.3 mmol, 1.0 equiv). Crude 

reaction was purified by flash column chromatography (5:1 hexanes: 

ethyl acetate) to give 2.57 as a colorless oil ( 23.1 mg, 71%). Spectral data was consistent 

with that previously reported.21 

1H NMR (400 MHz, CDCl3) δ: 7.18 (1H, t, J = 8.2 Hz), 6.82 (1H, d, J = 8.2 Hz,), 6.76-

6.67 (2H, m,), 6.02 (1H, br s, OH), 2.34 (3H, s); 

 
Synthesis of o-cresol (2.58): 

 Prepared according to General Procedure D from 1-(o-tolyl)ethan-

1-ol  (40.9 mg, 0.3 mmol, 1.0 equiv). Crude reaction was purified by 

flash column chromatography (5:1 hexanes: ethyl acetate) to give 

2.58 as a pale yellow liquid (22.6 mg, 70%). Spectral data was consistent with that 

previously reported.22 

1H NMR (500 MHz, CDCl3) δ (ppm): 7.14 – 7.08 (m, 2H), 6.86 (td, J = 8.5, 1.0 Hz, 1H), 

6.78 (d, J = 8.0 Hz, 1H), 4.69 (s, 1H), 2.27 (s, 3H) 

 

 

 

 

 

OH

Me 2.57

OH

Me

2.58
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Synthesis of 4-methoxyphenol (2.66): 

Prepared according to General Procedure D from 1-(4-

methoxyphenyl)ethan-1-ol (A.06) (45.7 mg, 0.3 mmol, 1.0 

equiv.). Crude reaction was purified by flash column 

chromatography (9:1 hexanes: ethyl acetate) to give 2.66 as white solid  (28.5 mg, 77%). 

Spectral data was consistent with that previously reported.23 

1H NMR (400 MHz, CDCl3) δH 3.78 (3H, s), 4.77 (1H, br s), 6.76–6.82 (4H, m).  

 
Synthesis of 2-methoxyphenol (2.59): 

Prepared according to General Procedure D from 1-(2-

methoxyphenyl)ethan-1-ol (A.07) (45.7 mg, 0.3 mmol, 1.0 equiv.). 

Crude reaction was purified by flash column chromatography (9:1 

hexanes: ethyl acetate) to give 2.59 as colorless liquid  (28.7 mg, 

77%). Spectral data was consistent with that previously reported.24 

1H NMR (400 MHz, CDCl3): δ = 6.97–6.91 (m, 1H), 6.91–6.84 (m, 3H), 5.65 (d, J = 0.8 

Hz, 1H), 3.89 (s, 3H) ppm. 
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Synthesis of 3-bromo-4-methoxyphenol (2.62): 

Prepared according to General Procedure D from 1-(3-

bromo-4-methoxyphenyl)ethan-1-ol (A.09) (69.3 mg, 0.3 

mmol, 1.0 equiv.). Crude reaction was purified by flash 

column chromatography 8:1 hexanes: ethyl acetate) to give 2.62 as white powder  (20 

mg, 33%). Spectral data was consistent with that previously reported.25 

1H NMR (400 MHz, CDCl3) δ 7.08 (d, 15 J = 2.6 Hz, 1H), 6.81 – 6.73 (m, 2H), 4.34 

(brs, 1H), 3.83 (s, 3H) 

 

Synthesis of naphthalen-1-ol (2.67): 

 Prepared according to General Procedure D from 1-(naphthalen-

1-yl)ethan-1-ol  (51.7 mg, 0.3 mmol, 1.0 equiv.). Crude reaction 

was purified by flash column chromatography (8:2 hexanes: ethyl 

acetate) to give 2.67 as white solid  (21.7 mg, 50%). Spectral data 

was consistent with that previously reported.26 

1 H NMR (400 MHz, CDCl3): δ 8.24 – 8.18 (m, 1H), 7.87 – 7.81 (m, 1H), 7.54 – 7.49 (m, 

2H), 7.47 (d, J = 8.3 Hz, 1H), 7.35 – 7.29 (m, 1H), 6.82 (dd, J = 7.4, 1.0 Hz, 1H), 5.36 (s, 

1H).  

 

 

 

 

 

OH

MeO
Br 2.62

OH
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Synthesis of 6-methoxynaphthalen-2-ol (2.63): 

Prepared according to General Procedure D from1-(6-

methoxynaphthalen-2-yl)ethan-1-ol (A.10) 

(60.7 mg, 0.3 mmol, 1.0 equiv.). Crude reaction was 

purified by flash column chromatography (8:1 hexanes: ethyl acetate) to give 2.63 as 

white solid  (46.8 mg, 85%). Spectral data was consistent with that previously reported.27 

1H NMR (400 MHz, CDCl3): δ  7.65 (d, J = 11.6 Hz, 1H), 7.58 (d, J = 11.6 Hz, 1H), 

7.14–7.05 (m, 4H), 3.90 (s, 3H) 

 

Synthesis of 4-(benzyloxy)phenol (2.64): 

Prepared according to General Procedure D from1-( 4-

(benzyloxy)phenyl)ethan-1-ol (A.11) (68.5 mg, 0.3 mmol, 1.0 

equiv.). Crude reaction was purified by flash column 

chromatography (5:1 hexanes: ethyl acetate) to give 2.64 as white solid  (39.8 mg, 66%). 

Spectral data was consistent with that previously reported.28 

1H NMR (400 MHz, CDCl3) δ 7.47 (m, 5H), 6.87 (d, J = 9.2 Hz, 2H), 6.76 (d, J = 9.2 Hz, 

2H), 5.01 (s, 2H), 4.55 (s, 1H).  

 
 
 
 
 
 
 
 
 
 
 
 

OH

MeO
2.63

OH
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Synthesis of 4-phenoxyphenol (2.65): 

 
Prepared according to General Procedure D from 1-(4-

phenoxyphenyl)ethan-1-ol (A.12) (64.3 mg, 0.3 mmol, 1.0 

equiv.). Crude reaction was purified by flash column 

chromatography (9:1 hexanes: ethyl acetate) to give 2.65 as 

white solid  (36.2 mg, 65%). Spectral data was consistent with that previously reported.29 

 
1H NMR (500 MHz, CDCl3) δ 7.36 – 7.31 (m, 2H), 7.09 (tt, J =S18 7.2, 1.1 Hz, 1H), 

7.02 – 6.95 (m, 4H), 6.88 – 6.84 (m, 2H), 5.88 (bs, 1H). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

OH

PhO
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A.5 Appendix A NMR Spectra  
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OH
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OH
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A.5.1 Crude 1HNMR Spectra of Oxidative Rearrangements  

 

 

 

Crude 1H NMR was taken upon completion of oxidative rearrangement prior to treatment 

with hydrolysis conditions. Diagnostic protons utilized to determine presence and relative 

ratio of -OHFIP, -OAc acetals labeled (a-b) with observed by-products (-OAc solvolysis, 

-OHFIP solvolysis, and/or ketone) labeled (c1 or c-d) and correlate to the labeled protons 

on the spectra below. 
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APPENDIX B  

CHAPTER 3 EXPERIMENTAL DATA  

B.1 General Information  
 
1H and 13C NMR spectra were recorded at 500 MHz and 125 MHz on a Bruker Advance 

500 or a Bruker Advance III HD, or 400 MHz and 100 MHz on a Bruker Advance 400. 

1H NMR chemical shifts were reported in part per million (ppm) from the solvent 

resonance (CDCl3 7.26 ppm or (CD3)2SO) 2.50 ppm). The data was reported as follows: 

chemical shift number, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = 

pentet, sept = septet, dd = doublet of doublets, td = triplet of doublets, m = multiplet, br = 

broad signal). 13C NMR shifts were reported in ppm from the solvent resonance (CDCl3 

77.0 ppm). The reaction solvents used were anhydrous (HPLC-grade solvent passed 

through an activated-alumina column). Trimethylsilyl trifluoromethanesulfonate 

(TMSOTf) were purchased from Oakwood Chemicals, distilled over CaH2 and stored 

over activated 3 Å molecular sieves under an atmosphere of Argon. All other reagents 

were used without further purification.  
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B.2 Synthesis of 1-hydroxy-1,2-benzodioxol-3-(1H)-one (3.15) 

 

 

 

Following the reported procedure,1 2-iodobenzoic acid (3.4g, 13.7 mmol, 1.0 equiv.) and 

sodium periodate (3.0g, 14.39 mmol, 1.05 equiv.) were added in 30% (v”v) aq. AcOH 

(20mL). The misture was stirred and refluxed for 4 h. The reaction was then diluted with 

cold water (68 mL) and allowed to cool to room temperature, protecting it from the light. 

After 1 h, the crude product was collected by filtration, washed with ice water and 

acetone and air-dried in the dark to give the pure product 3.15 (3.4g, 94%) as a colorless 

solid. Spectral data was consistent with that previously reported.1 

1H NMR (400 MHz, (CD3)2SO) δ 8.02 (dd, J = 7.7, 1.4 Hz, 1 H), 7.97 (m, 1 H), 7.85 (dd, 

J = 8.2, 0.7 Hz, 1 H), 7.71 (td, J = 7.6, 1.2 Hz, 1 H).  

 

 

 

 

 

 

 

I OHO

3.15

O

I

CO2H

NaIO4 (1.05 equiv.), 
aq. AcOH 30%

reflux, 4h

B.1

https://www.reaxys.com/null
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B.3 N,X-HVI Synthesis   

General Procedure A: Synthesis of Nitrogen-ligated non-symmetrical, cyclic  

Iodine(III) Reagents (N,X-HVIs). 

 

 

Reaction setup is in accordance with that reported by Zhdankin,2  with modification. 1-

hydroxy-1,2-benzodioxol-3-(1H)-one (3.15) (1.0 g, 3.79 mmol, 1.0 equiv) was placed in 

a flame-dried flask under argon and dissolved in dry CH2Cl2 (76 mL, 0.05 M). 

Trimethylsilyl trifluoromethanesulfonate (1.4 mL, 7.58 mmol, 2.0 equiv) was added 

while stirring at room temperature. After stirring for 10 minutes, desired heterocycle 

(3.79 mmol, 1.0 equiv) was added at room temperature and the reaction was allowed to 

stir for an additional 1 hour. The desired reagents precipitate as white solids which can 

then be isolated via vacuum filtration and washed with dry CH2Cl2 (3 x 15 mL) and 

placed into a scintillation vial with no further precautions. The compounds were 

characterized by 1H NMR and 13C NMR but no melting points were determined 

 

 

 

 

 

I ON

OCH2Cl2 or Et2O

N-Heterocycle (1.0 equiv.), 
TMSOTf (2.0 equiv.)

I OHO

O

3.15 3.10a

OTf
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B.3.1 Characterizations of N,X-HVIs  

1-(3-oxo-3H-1λ3-benzo[d][1,2]iodoxol-1-yl)-

(pyridinium)triflate (3.10);  

Prepared according to General Procedure A using pyridine 

(0.3 mL, 3.79 mmol, 1.0 equiv.) to give 1.10 (237 mg, 42%) as 

a white solid after filtration. Spectral data was consistent with that previously reported.2 

 

1H NMR (500 MHz, CDCl3: TFA (20:1)) δ 8.85 (t, J= 6.7, 1.6 Hz, 4H), 8.62 (t, J= 7.9, 

1.6 Hz, 2H), 8.24–8.21 (m, 2H), 8.09 (t, J= 8.1, 6.4, 1.5 Hz, 4H), 7.77 (t, 1H), 7.64 (t, 

2H). 13C NMR (126 MHz CDCl3: TFA (20:1)) δ 147.6, 142.2, 138.5, 134.5, 132.8, 

129.2, 128.1, 127.4, 119.2, 116.0, 113.7.  

 

1-(3-oxo-1λ3-benzo[d][1,2]iodaoxol-1(3H)-yl)(quinolin-1-ium)triflate (3.20): 

Prepared according to General Procedure A with the 

following modification: Et2O was used as solvent instead of 

CH2CL2. using quinoline (0.3 mL, 3.79 mmol, 1.0 equv.) to 

give 3.20 (3.2 g, 94%) as a white solid after filtration.  

 

1H NMR (500 MHz, CDCl3: TFA (20:1)) δ  9.19 (t, J= 1.7 Hz, 1H), 9.03 (dt, J=8.4, 

1.2Hz, 1H), 8.35 (ddd, J=17.1, 8.2, 1.3Hz, 2H), 8.26-8.17 (m, 2H,) 8.13 (ddd, J=8.7, 7.2, 

1.6 Hz, 1H) 8.08-7.97 (m, 3H), 7.86 (td, J=7.5, 0.9 Hz, 1H). 13C NMR (126 MHz CDCl3: 

TFA (20:1)) δ 148.2, 144.6, 138.9, 136.8, 134.6, 132,9, 131.5, 129.6, 129.2, 127.3, 122.0, 

121.2, 119.3, 118.2, 113.6, 111.4.  

OTf

I ON

3.10

O

OTf

I ON

3.20

O
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B.4 Appendix B NMR Spectra 
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