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Abstract 

Hypervalent iodine compounds have been established as versatile and environmentally 

benign reagents for a plethora of oxidative transformations. In this thesis, novel aryl-3-

iodanes substituted by N-heterocycles have been synthesized and investigated towards 

their structural properties and reactivities. Initially, N-heterocycle-stabilized iodanes (NHIs) 

based on C- and N-bound azoles have been prepared and successfully applied as highly 

reactive reagents in oxidative transformations such as sulfoxidations or oxidative 

dearomatizations. X-ray crystallography confirmed their pseudocyclic, distorted T-shaped 

structure with strong intramolecular N–I-interactions.  

 

Following these stoichiometric reagents, the modification of the arene core to generate 

catalytically active N-heterocycle-substituted iodoarenes (NHIAs) was investigated. Based 

on the concept of the hypervalent twist, especially ortho-methoxy derivatives with a benz-

oxazole or C-bound triazole as the stabilizing unit proved to be highly efficient organo-

catalysts in the -tosyloxylation of ketones as well as in intramolecular C(sp2)-X couplings.  

Another priority was the synthesis of novel N-heterocyclic iod(az)olium salts (NHISs). 

Initially, iodolopyrazolium triflates with various substituents on the pyrazole as well as on 

the arene core, including derivatives of the pharmaceuticals Celecoxib and CDPPB, were 

synthesized and their application in diverse derivatizations could be demonstrated. Finally, 

a range of different iod(az)olium salts based on C- and N-bound diazoles were prepared 

and investigated as halogen-bond donors, revealing them to be among the most active 

catalysts known to date. 
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Kurzfassung 

Hypervalente Iodverbindungen haben sich als vielseitige und umweltfreundliche 

Reagenzien für eine Vielzahl von oxidativen Transformationen etabliert. Im Rahmen dieser 

Doktorarbeit wurden neuartige, mit N-Heterozyklen substituierte Aryl-3-iodane syntheti-

siert und hinsichtlich ihrer strukturellen Eigenschaften und Reaktivitäten untersucht. 

Zunächst wurden N-Heterozyklen-stabilisierte Iodane (NHIs) basierend auf C- und N-

gebundenen Azolen dargestellt und erfolgreich als hochreaktive Reagenzien in oxidativen 

Transformationen wie Sulfoxidierungen und der Dearomatisierung von Phenolen 

eingesetzt. Mittels Röntgenkristallstrukturanalyse konnte ihre pseudozyklische, verzerrt T-

förmige Struktur mit starken intramolekularen N–I-Wechselwirkungen bestätigt werden. 

 

Anschließend wurde eine Modifizierung der Aryleinheit untersucht, um katalytisch aktive 

N-heterozyklisch-substituierte Iodarene (NHIAs) zu erhalten. Basierend auf dem Konzept 

des hypervalenten Twists zeigten sich vor allem Derivate mit einer ortho-Methoxy-Gruppe 

sowie einem Benzoxazol oder C-gebundenen Triazol als stabilisierender Einheit als 

hocheffiziente Organokatalysatoren in der -Tosyloxylierung von Ketonen sowie in 

intramolekularen C(sp2)-X Kupplungen. 

Ein weiterer Fokus lag auf der Synthese neuartiger N-heterozyklischer Iod(az)oliumsalze 

(NHISs). Zunächst wurden verschieden-substituierte Iodolopyrazoliumtriflate, darunter 

Derivate der Pharmazeutika Celecoxib und CDPPB, dargestellt und ihre Anwendung in 

unterschiedlichen Derivatisierungen demonstriert. Zudem wurde eine Reihe zyklischer 

Iod(az)oliumsalze basierend auf C- und N-gebundenen Diazolen synthetisiert und als 

Halogenbindungsdonoren untersucht. Dabei zeigte es sich, dass diese mitunter zu den 

Katalysatoren mit der bisher höchsten bekannten Aktivität zählen.
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1 Introduction 

Iodine is not only one of the heaviest, non-metallic elements in the Periodic Table, but also 

the largest among the stable halogens with the lowest electronegativity. In its molecular 

form iodine is an easy-to-handle, non-hazardous solid, which is extensively used as a 

stoichiometric or catalytic reagent.[1,2] Furthermore, due to its high leaving group character 

and the weak C–I bond, organoiodine compounds are versatile substrates for a rich cross-

coupling chemistry.[3–5] Beside this, these commonly-used monovalent species are easily 

oxidized to polyvalent organoiodine derivatives due to the large size and polarizability of 

the iodine atom. Their synthesis and reactivity have received growing interest in the last 

decades and, by now, these so-called hypervalent iodine compounds have been 

established as readily available and environmentally benign reagents for a plethora of 

oxidative transformations.[6] 

1.1 General Structure and Reactivity of Hypervalent Iodine Compounds 

Organic hypervalent iodine compounds can be generally divided into tri- and pentavalent 

derivatives, named as 3- and 5-iodanes according to IUPAC recommendations, with aryl-

based structures being by far the most common (Figure 1.1). Per definition molecules are 

called “hypervalent”, if they contain at least one main group atom that exceeds the octet 

rule. Aryl-3-iodanes (RIL2) possess ten electrons at the iodine center with two 

(heteroatomic) ligands (L) and overall a pseudotrigonal bipyramidal geometry. The aryl 

group and the two lone pairs of electrons occupy the equatorial positions while the more 

electronegative ligands are located in the apical positions (Figure 1.1, a). Furthermore, 

their structure shows an approximately T-shape with a linear hypervalent L–I–L bond, 

which is formed by a three-center four-electron bond (3c-4e–) with two electrons from the 

nonhybridized 5p orbital of iodine and one electron from each of the ligands L. Of the three 

molecular orbitals, produced for the L–I–L bond, the two energetically lower orbitals, the 

bonding and nonbonding one, are filled (Figure 1.1, b). 

 

 

Figure 1.1: General structure of an aryl-3-iodane (a), the molecular orbital diagram for the 3c-4e– 
L–I–L bond (b) and the general structure of an aryl-5-iodane (c). 
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Due to a node at the iodine center in the nonbonding orbital, a partial positive charge 

develops at this position and a negative one at the apical ligands. Therefore, in comparison 

with covalent bonds the resulting hypervalent bond is not only longer and weaker but also 

highly polarized, which explains the high reactivity and the electrophilic nature of aryl-3-

iodanes. Iodine(V) derivatives (RIL4) on the other hand have a square bipyramidal 

structure with the aryl group and the lone pair of electrons in the apical and the four more 

electronegative ligands L in the equatorial positions forming two orthogonal 3c-4e– 

hypervalent bonds.[6–8] 

Hypervalent iodine compounds are widely used as oxidants and electrophilic reagents in 

organic chemistry. Their general reactivity pattern is based on ligand exchange, which 

most probably proceeds via an associative pathway, reductive elimination, leading to a 

formal umpolung of the nucleophile (Nu), and ligand coupling (Scheme 1.1). These terms 

are typically associated with heavy and transition metals, which is why hypervalent iodine 

reagents are often seen as more environmentally friendly alternatives, especially regarding 

the highly toxic heavy metals. Under appropriate conditions, radical type reactions, 

homolytic reactions, and single-electron transfer (SET) reactions are observed as well. 

Their high reactivity is explained by the leaving group ability of the aryl-3-iodanyl group, 

forming stable aryl iodide (RI), which is about 106 times greater than the superleaving 

group triflate and is thus termed a hypernucleofuge. Furthermore, this hypernucleofugality 

is the reason why alkyl-3-iodanes are generally unstable and only exist as short-lived 

species at low temperatures.[6,8,9] 

 

Scheme 1.1: Simplified mechanism for the reaction of organo-3-iodanes (RIL2) with nucleophiles. 

The first hypervalent iodine derivative was prepared by Willgerodt from phenyl iodide and 

chlorine gas forming PhICl2 (1, Figure 1.2, a) as early as 1886 and is nowadays used as 

an oxidant and chlorinating agent.[10] The most simple aryl-3-iodane-based oxidant, 

iodosylbenzene (2), followed only six years later.[11] However, more popular reagents are 
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the Koser’s reagent (3), phenyliodine diacetate or (diacetoxyiodo)benzene (4, PIDA or 

DIB) and phenyliodine bis(trifluoroacetate) or (bis(trifluoroacetoxy)iodo)benzene (5, PIFA 

or BTI). Especially the latter two are unarguably the most important iodine(III) derivatives 

to date. As commercially available reagents, both are consistently applied in a wide range 

of oxidative transformation.[12] Beside their use as oxidants, 3-iodanes also serve as facile 

electrophilic group transfer reagents. Prominent examples include diaryliodonium salts 6, 

TIPS-EBX (7) and Ph-VBX (8) as well as the Togni reagent (9).[13–16]  

ICl Cl I
O

IHO OTs IO O

O O

IO O
F3C

O O

CF3

I O

O

TIPS I OF3CI+ X I O

O

a) Prominent Aryl- 3-iodanes

1 2 3 4 5

6 7 8 9

I
OO

I OHO

O

O
I OAcO

O

AcO OAc

10 11 12

b) Prominent Aryl- 5-iodanes

 

Figure 1.2: Prominent examples for aryl-3- (a) and aryl-5-iodanes (b). 

In comparison, iodine(V) compounds are a practically important class of oxidants. The 

simplest derivative of aryl-5-iodanes, iodylbenzene (10, Figure 1.2, b), suffers from poor 

solubility and low reactivity, and therefore limited applications. More important are the 

cyclic derivatives iodoxybenzoic acid (11, IBX) and the Dess-Martin-Periodinane (12, 

DMP), which are used extensively in organic synthesis. Especially DMP (12) is popular as 

a mild and efficient reagent for the oxidation of alcohols to aldehydes and ketones, 

particularly in complex molecules with sensitive functional groups. However, both reagents 

still have certain drawbacks. While IBX (11) is insoluble in most solvents, DMP (12) is 

sensitive to moisture.[6,17] 
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1.2 Pseudocyclic Hypervalent Iodine Compounds 

Although common and simple hypervalent iodine compounds such as iodosylbenzene (2), 

iodylbenzene (10) or IBX (11) are of high interest as primary oxygen atom sources, their 

application is limited due to unfavorable physical properties. These reagents suffer from 

low thermal stability and reactivity, as well as from insolubility in nonreactive media and 

therefore are only applicable under heterogenous conditions. As a reason for these 

drawbacks, extensive polymeric I•••O networks through intermolecular secondary bonding 

were revealed by structural studies. While iodine(V) derivatives, such as iodylbenzene 

(10), form three-dimensional networks,[18] iodosylbenzene (2) shows a two-dimensional µ-

oxo-bridged zigzag polymeric structure (Figure 1.3).[19] A general approach to disrupt and 

overcome these extensive networks without the addition of further reagents is the 

introduction of internal ligands in the ortho-position of the hypervalent iodine center. Due 

to non-covalent intramolecular interactions between the coordinating unit and the iodine, 

a pseudocyclic structure is formed that disrupts the polymeric structure and should 

enhance the solubility, thermal stability, and reactivity.[20,21] These pseudocyclic reagents 

can further be divided into stabilized iodosylarenes (A, Figure 1.3) and stabilized hydroxy-


3-iodanes with an additional counterion (B). 

Ph
I

O

O
I

Ph
I

Ph O

Ph
I

O
n

incorporation
into

pseudocyclic
structures

I+O

Z

Y

R2

R1

I+HO

Z

Y

R2

R1
X

B

stabilized

hydroxy- 3-iodanes

or

A

stabilized
iodosylarenes

2
 

Figure 1.3: Polymeric zigzag structure of iodosylbenzene (2) and the concept of introducing internal 
ligands to disrupt the intermolecular secondary bonding. 

In a pioneering work, Protasiewicz and co-workers introduced a tert-butyl-sulfonyl group 

into the structure of iodosylbenzene, which greatly enhanced its physical properties, 

making 13 (Figure 1.4, a) even soluble in chloroform. Furthermore, they were able to obtain 

the first crystal structure of an iodosylarene derivative, showing a planar pseudocyclic 

structure with strong intramolecular interactions between an oxygen atom of the sulfonyl 

group and the iodine (I–O = 2.71 Å). In terms of stability, CDCl3-solution of 13 showed slow 

disproportionation into the iodoarene and the iodylarene 17 (Figure 1.4, b) with a half-life 

(t1/2) of about 6 h.[22,23] In addition, the improved solubility enabled the generation and 

detection of novel metal-oxo species for mechanistic and catalytic studies under 

homogeneous conditions.[20] In a further investigation, Protasiewicz and co-workers 
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studied the influence of an ortho-phosphoryl group. Although the corresponding 

iodosylarene 14 could most probably be prepared, attempts to crystallize 14 only gave the 

disproportionation product 18.[24] Another putative member of the stabilized iodosylarenes 

is the nitro derivative 15, which has already been prepared by Willgerodt as early as 

1893.[25] Despite additional investigations, a crystal structure of 15 was not obtained so far, 

but a coordinating effect is most likely considering the pseudocyclic structure of its iodyl 

analogue 19.[26] In 2018, Tada, Itoh and co-workers presented the ether stabilized 

iodosylarene 16. While 16 could not be obtained in pure form, its TFA complex was 

remarkably stable and for a p-Br derivative an I–O bond length of ~2.40 Å was determined 

by X-ray crystallography.[27]  

 

Figure 1.4: Pseudocyclic-stabilized iodosylarenes (a) and iodylarenes (b). The ORTEP drawing of 
the X-ray structure of 13[23] was made using the program Mercury with data obtained from the 
Cambridge Crystallographic Data Centre for the deposition number CCDC 137694. 

The affinity of the stabilized iodosylarenes towards disproportionation indicates that 

iodine(V) is the thermodynamically favored and much more stable oxidation state. It is 

therefore of no surprise that the chemistry of stabilized iodylarenes is much richer than 

that of the iodine(III) derivatives (Figure 1.4, b). After the first report of the sulfonyl 

derivative 17 by Protasiewicz and co-workers,[23] various pseudocyclic iodylarenes bearing 

suitable substituents in the ortho-position have been prepared. Beside the already 

described phosphoryl and nitro species 18-19, this class of reagents includes five-

membered pseudocyclic esters and amides of carboxylic and sulfonic acids 20-23, as well 
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as six-membered tosylates 24, acylamides 25 and carboxylic acid derivatives 26. For all 

these substances crystal structures were obtained showing intramolecular I–O interactions 

with bond lengths in the range of ~2.50–3.00 Å.[21] Interestingly, the solid state structure of 

diester 21 showed only one coordinating carbonyl group, whereas NMR-measurements in 

solution indicated both esters to be equal.[28] 

The first approach to disrupt the polymeric structure of iodosylbenzene via stabilized 

iodosylarenes (A, Figure 1.3) leads to highly soluble and reactive but mostly unstable 

iodine(III) derivatives. In contrast, the (hydroxy)iodonium species based on concept B are 

mostly well-defined and stable 3-iodanes. The first derivatives of this class 27-28 based 

on chiral ether moieties (Figure 1.5) were reported by Wirth and co-workers in 1997 and 

various substituted analogues followed shortly after, mainly as reagents for the 

-tosyloxylation of ketones.[29–31] In the crystal structure of 27-Et a distorted T-shape with 

an O–I–O angle of 167.3° and a strong intramolecular interaction between the ether 

oxygen and the iodine (2.47 Å) were observed, whereas the tosylate was only weakly 

bound (2.91 Å). In contrast to the planar pseudocyclic structure of sulfonyl 13, ether 

stabilized derivatives, like 27-Me, showed a distinct out-of-plane distortion.[30] 

Unfortunately, due to the lack of a solid state structure for diether 28 no statement about 

the simultaneous coordination of both or of only one methoxy group could be made. Beside 

these chiral structures, a tertiary ether-based derivative 29 is known.[27] Furthermore, in 

contrast to the nitro iodosylarene 15, the corresponding TFA analogue 30 could be 

characterized by X-ray crystallography revealing close contact interactions between the 

nitro oxygen and iodine (2.51 Å) and a nearly planar pseudocyclic structure.[26]  

 

Figure 1.5: Examples for hydroxy-3-iodanes stabilized by oxygen-bearing ortho-substituents. 

Further hydroxy iodonium species, reported by the groups of Legault, Zhdankin and Wirth, 

were mainly based on carbonyl stabilization either from amides 31, acids 32-33 or ketones 

bearing an additional heterocyclic moiety 34-35. All these carbonyl-coordinated derivatives 
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showed a nearly planar pseudocyclic structure with a distorted T-shape (166.7–174.6°). 

Furthermore, their crystal structures revealed considerably stronger intramolecular I–O 

interactions than the ether 27 or the nitro analogue 30 with bond lengths in the range of 

2.24–2.36 Å with only weakly coordinated counterions. In addition, these reagents showed 

promising solubility in organic media, were throughout stable and could be applied in a 

wide range of oxidative transformations.[32–35] 

An interesting finding regarding pseudocyclic 3-iodanes was discovered by Legault and 

co-workers while investigating the -tosyloxylation of propiophenone (36, Scheme 1.2). 

While catalytic amounts of unsubstituted iodobenzene (38) or the ether-stabilized 

derivative pre-27-H with mCPBA as the terminal oxidant promoted the desired reaction to 

a great extent, the carbonyl-coordinated reagent pre-31 proved to be completely 

inefficient. However, the introduction of a further ortho-substituent, like a methyl group in 

pre-31-Me, restored most of the reactivity. 

 

Scheme 1.2: Catalytic -tosyloxylation of propiophenone (36) using different iodine(I) species. 

To understand this change in reactivity, the solid-state structures of 31 and 31-Me were 

investigated by X-ray crystallography (Figure 1.6). At first glance, both structures appear 

closely similar, with a distorted T-shape, close contact interactions between the carbonyl 

oxygen and the iodine (2.24–2.27 Å) and a complete dissociation of the counterion. 

However, a distinct difference between both structures is visible. While the pseudocyclic 

structure of 31 is nearly planar, the repulsive effect of the ortho-methyl group in 31-Me 

increases the C6-C11-I1-O5 dihedral angle to 10.2°, leading to a strong out-of-plane 

distortion of the O–I–O hypervalent bond. A similar geometry is also found in the crystal 

structure of 27-Me[30] and could further be ascertained for 27-H via computational 

chemistry. Furthermore, due to the presence of the methyl group a lengthening of the C11–

I1 bond from 2.09 Å to 2.14 Å is observed.[32]  
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Figure 1.6: Comparison of the solid-state structures of 31 and 31-Me and the concept of the 
hypervalent twist. The ORTEP drawings of the X-ray structures of 31 and 31-Me[32] were made 
using the program Mercury with data obtained from the Cambridge Crystallographic Data Centre 
for the deposition numbers CCDC 1426105 and 1426106. The counterions are omitted for clarity. 

By these results the concept of the hypervalent twist, initially proposed for iodine(V) 

reagents by Goddard and co-workers,[36] could be successfully introduced into the 

chemistry of stabilized 3-iodanes. According to this, highly stabilized, planar derivatives 

are inactive in reactions like the -tosyloxylation of ketones, while a repulsive group in the 

ortho-position leads to an out-of-plane distortion that weakens the hypervalent structure 

and activates the reagent. In the following, this effect was also found to be present in 

pseudocyclic iodosylbenzoic acid tosylates 33. 

Based on this concept, Legault and co-workers further developed chiral oxazoline-based 

catalysts for the stereoselective -tosyloxylation of ketones, with iodoarene 39 being the 

most efficient (Scheme 1.3). In the reaction with propiophenone (36) this catalyst gave the 

desired product (R)-37 in a high yield of 80% with an enantiomeric excess of 48%, proving 

39 to be among the most efficient catalysts for this transformation at that time.[32,37] Despite 

ongoing investigations, the performance of oxazoline-based derivatives could not be 

improved.[38] To further investigate the stereoinduction process, computational studies 

towards the reaction mechanism were conducted. As the most probable key steps, the 

calculations supported an iodonium-promoted enolization A followed by a SN2’-type 

reductive elimination B (Scheme 1.3, b), which provides the product 37. As visible in the 

transition state B, a great distance lies between the chiral arene and the forming 

stereocenter, hampering an efficient stereoinduction. Therefore, optimization of the 

catalyst backbone or modifying the starting material so that this pathway is no longer 

accessible, could result in higher enantioselectivities.[39,40] 
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Scheme 1.3: Catalytic -tosyloxylation of propiophenone (36) using oxazoline 39 (a), and key steps 
of the proposed reaction mechanism supported by calculations (b). 

1.3 N-Heterocycles in the Vicinity of the Hypervalent Iodine Center 

The research area of pseudocyclic hypervalent iodine compounds hitherto is dominated 

by oxygen-containing ortho-substituents. However, the performance of oxazoline 39 as an 

efficient iodine(I/III) organocatalyst displays the great potential of 3-iodanes which are 

either directly stabilized by N-heterocycles or at least bear these structural motifs in the 

vicinity of its iodine center.[41] The catalyst design of 39 was originally inspired by the 

pioneering work of Birman and co-workers from 2009, who prepared several iodylarenes 

substituted by chiral oxazolines. Especially, the tert-butyl derivative 42 showed promising 

reactivities in the transformation of ortho-alkylphenols, such as 2,6-xylenol (40), into ortho-

quinol dimers 41 with significant levels of stereoinduction (Scheme 1.4). Although a 

captodative bond between the oxazoline nitrogen and iodine is most likely, its existence 

could not be ascertained, due to unsuccessful attempts to obtain crystals suitable for X-

ray diffraction.[42] 

 

Scheme 1.4: Stereoselective transformation of ortho-alkylphenol 40 into ortho-quinone dimer 41. 

The first hypervalent iodine derivative functionalized with an N-heterocycle in ortho-

position was already prepared 1985 in the form of benzisoxazole 43 (Figure 1.7). However, 

no further investigations towards its structure and reactivity were performed except for its 
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conversion into a six-membered diaryliodonium salt.[43] One year after Birman’s initial 

report, Togni and co-workers successfully synthesized oxazoline- and pyridine-based 

chloro-3-iodanes 44-45. Furthermore, they were able to analyze their solid-state 

structures by X-ray crystallography, showing planar pseudocyclic systems with distorted 

T-shapes (169.2–171.1°) and strong intramolecular N–I interactions (2.19–2.23 Å). The 

observed bond lengths are only slightly longer than those of the corresponding cyclic 

benziodazoles (2.06–2.11 Å), thus proving N-heterocycles to be effective stabilizing 

groups.[44] In the following years, mainly the pyridine moiety attracted much interest as the 

coordinating heterocycle, as pyridines were known to be strong ligands in hypervalent 

iodine chemistry for several decades.[45] In 2014, Wirth and co-workers presented the 

pyridine-based diacetoxy-3-iodane 46, which showed an outstanding performance in the 

intramolecular diamination of alkenes. Although NMR experiments suggested a 

coordination of the pyridine nitrogen, further investigations were hindered due to the 

instability of the reagent.[46] In contrast, the second generation of chiral pyridine derivatives 

47 showed no N–I interaction in the solid-state.[47] In 2015 Li and co-workers prepared 

several N-heterocycle-substituted diaryliodonium salts by a chelation assisted, direct 

rhodium(III)-catalyzed C–H activation of electron-poor arenes. By this procedure, diverse 

pyridine species, like 48, as well as different pyrimidine and two pyrazole derivatives were 

accessible in moderate to good yields. Although no crystal structure of a heterocyclic 

derivative was obtained, the N–I interaction in the solid-state structure of an oxime 

analogue renders similar captodative bonds in these derivatives most likely.[48] In addition, 

Nachtsheim and co-workers presented highly efficient chiral triazole-substituted 

iodine(I/III) catalysts 49 based on a structural design which is similar to that of 46.[49,50] 

 

Figure 1.7: Examples for N-heterocycle-based aryl-3-iodanes and iodoarenes. The ORTEP 
drawings of the X-ray structures of 44 and 45[44] were made using the program Mercury with data 
obtained from the Cambridge Crystallographic Data Centre for the deposition numbers CCDC 
771242 and 771238. The counterions are omitted for clarity. 
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Finally, pyridine 50, reported by Muniz and co-workers in 2017, was the first N-heterocycle-

stabilized hydroxy-3-iodane for which an intramolecular N–I interaction could be 

confirmed via X-ray crystallography (Figure 1.8).[51] Furthermore, its crystal structure also 

provided the stabilized iodosylarene 50’, which most probably originated from 50 upon 

loss of acetic acid during the crystallization process. In addition, this could selectively be 

achieved by repeatedly drying 50 under reduced pressure, while the (hydroxy)iodonium 

species 50 could easily be restored by addition of acetic acid (Figure 1.8, a). In the 

solid-state, a 1:1 mixture of both structures is observed, which are connected by an 

intermolecular hydrogen bond between O1A and O1B as well as by one acetate which 

coordinates to both iodine centers (Figure 1.8, b). The structural part of 50 shows a longer 

N–I bond length (2.44 Å) than the corresponding chloro derivative 45 (2.23 Å), which is 

presumably based on the much stronger interaction of iodine with the hydroxy group 

(1.92 Å) than with the chlorine atom (2.44 Å) (Figure 1.8, c). 

 

Figure 1.8: Relation between hydroxy(acetoxy)-3-iodane 50 and the iodosylarene 50’ (a) as well 
as the solid-state structure of 50 including (b) and excluding the incorporated iodosyl species 50’ 
(c). The ORTEP drawings of the X-ray structures of 50[51] were made using the program Mercury 
with data obtained from the Cambridge Crystallographic Data Centre for the deposition number 
CCDC 1507745. 

The potential of pyridine 50 was investigated in the diacetoxylation of alkenes. Based on 

the efficient oxidation, pre-50 was used in a catalytic amount with peracetic acid as the 

terminal oxidant. In the following, different styrenes and aliphatic alkenes 51 were 

transformed into the desired vicinal diacetoxy products 52 in good to high yields of 59-92% 

(Scheme 1.5, a). By monitoring the reaction of 4-fluorostyrene (51a) via 19F-NMR an initial 

rate acceleration by a factor of over two was observed for pre-50 in comparison to 

iodobenzene (38). This result clearly demonstrates that the intramolecular coordination of 

a Lewis basic moiety to the hypervalent iodine center can lead to a significantly increased 

performance.[51] 
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Scheme 1.5: Catalytic diacetoxylation of alkenes employing catalyst pre-50 with peracetic acid as 
the terminal oxidant (a) and the proposed catalytic cycle for styrenes 51 (b). 

In the proposed catalytic cycle for styrenes 51, the active iodine(III) species 50 is at first 

generated via oxidation of the iodoarene pre-50, followed by coordination of the styrene 

51 to the electrophilic iodine center (A, Scheme 1.5, b). Afterwards, following a subsequent 

iodoacetoxylation (B), the difunctionalization is initiated via a reductive oxygenation, 

regenerating pre-50 and liberating intermediate C, which is further transformed into the 

product 52 by addition of acetic anhydride.[51] 

More recently, Postnikov and co-workers described the efficient synthesis of 

benzimidazole-stabilized hydroxy(tosyloxy)-3-iodanes 53, their conversion to 

pseudocyclic diaryliodonium salts 54 as well as the subsequent cyclization to novel 

benzimidazoiodazoles 55 (Scheme 1.6).[52] They were able to obtain deeper structural 

information via X-ray crystallography for the unsubstituted (hydroxy)-benzimidazole 53-H 

and for the diaryliodonium salt Mes-54-NO2, which constituted the first solid-state structure 

of an N-heterocycle-stabilized diaryliodonium salt. Both show a nearly planar pseudocyclic 

structure with a distorted T-shape (167.2–171.1°) and short intramolecular interactions 
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between the benzimidazole nitrogen and the iodine center (2.32–2.58 Å), while displaying 

an elongated C1–I1 bond (2.12–2.13 Å) and only weak interactions with the corresponding 

counterions. However, their application in different test reactions has not been reported. 

 

Scheme 1.6: Conversion of benzimidazole-based hydroxy(tosyloxy)-3-iodanes 53 into diaryl-
iodonium triflates 54 and subsequent cyclization into iodazoles 55, as well as the crystal structures 
of 53-H and Mes-54-NO2. The ORTEP drawings of the X-ray structures of 53-H and Mes-54-NO2

[52] 
were made using the program Mercury with data obtained from the Cambridge Crystallographic 
Data Centre for the deposition numbers CCDC 1873803 and 1873804. 

Beside their ability to form pseudocyclic hypervalent iodine species by N-coordination or 

even benziodazole derivatives A (Scheme 1.7, a), like benzimidazole 55, ortho-substituted 

N-heterocycles can also be incorporated via a C–I bond, leading to the formation of cyclic 

iodonium salts B. However, in contrast to N-bound or N-coordinated derivatives, all known 

procedures for the synthesis of N-heterocyclic diaryliodonium salts 57 are based on 

starting materials 56, in which the iodine is located at the heterocyclic moiety (Scheme 

1.7, b). In addition, mCPBA and TfOH have so far been the reagents of choice for an 

efficient synthesis of 57. Although the class of acyclic diaryliodonium salts 6 contains 

diverse examples for derivatives based on N-heterocycles, like pyridines, indoles and 

pyrazoles,[53] the corresponding cyclic diaryliodonium triflates 57 were mainly limited to 

pyridines and (iso)quinolines 57a-e (Scheme 1.7, c).[54–56] 

Cyclic diaryliodonium salts are versatile and valuable building blocks in organic synthesis, 

especially for selective and efficient mono and dual arylation procedures.[57,58] In a similar 

manner, N-heterocyclic iodolium triflates 57 were employed as substrates in diverse 

transformations (Scheme 1.8). 
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Scheme 1.7: Concept of N- and C-bound derivatives (a), synthetic procedure for N-heterocyclic 
diaryliodonium triflates 57 (b) and examples based on pyridines and (iso)quinolines 57a-e (c). 

Starting from pyridine 57a, carbazole analogue 58 could efficiently be obtained by insertion 

of benzyl amine.[54] Furthermore, the insertion of chalcogens is feasible as demonstrated 

for oxygen 59,[56] sulfur 60[59] and tellurium derivatives 61.[60] Moreover, carbon-carbon 

bond formations in form of a tandem arylation towards phenanthridine 62 and a 

alkenylation/alkylation procedure leading to indene 63 have been reported.[59,61]  

 

Scheme 1.8: Diverse modifications of N-heterocyclic iodolium triflates 57. 
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1.4 Cyclic Diaryliodonium Salts as Halogen Bonding Donors 

Cyclic diaryliodonium salts have been known for more than a century and are used by 

synthetic chemists on a regular basis as versatile building blocks. However, recent years 

have additionally brought forth their high potential as halogen bonding donors.[62] In 

general, the concept of halogen bonding (XB) describes the attractive, non-covalent 

interaction of an electrophilic halogen substituent (XB-donor) with regions of negative 

polarization, like lone pairs, -electrons or anions.[63] Although the first halogen-bonded 

adduct was already reported in 1814 by Colin in the form of a complex of iodine with 

ammonia (I2•••NH3), it took nearly 200 years to understand the nature of such interactions. 

In the early 1990s, computational studies by Politzer and co-workers demonstrated the 

anisotropic charge distribution of covalently bonded halogen atoms, thus leading to the 

definition of the “-hole”. This describes an area of electron depletion on the surface of 

halogen atoms at the elongation of the -bond. This electrophilic region (Figure 1.9, a, 

marked in red) is therefore responsible for the intermolecular interactions, e.g., with Lewis 

bases (LB), which are defined as halogen bonding (XB). Beside this area, a belt of high 

electron density (marked in blue) is situated perpendicular to the R–X bond, which results 

in a high directionality of halogen bonds with bond angles near 180° due to Pauli 

repulsion.[64–66] By now, halogen bonding has been widely applied in solid-state and 

solution-phase chemistry, especially in research areas like crystal engineering, and 

molecular or anion recognition.[67–73] 

 

Figure 1.9: Concept of halogen bonding showing the anisotropic charge distribution on the surface 
of the covalently bound halogen atom, with areas of high electron density marked in blue and those 
of low density marked in red (a); as well as two general modes of activation by halogen bonding in 
organic synthesis (b). 

In addition, the last decade has witnessed the emergence of halogen bonding as a 

versatile tool in organic synthesis with XB-donors being applied in various transformations 

either in a stoichiometric or a catalytic manner. Until now, two main activation modes have 

been investigated (Figure 1.9, b): In the activation of neutral species, the XB-donor 

coordinates to Lewis basic moieties, such as carbonyls or imines, which lowers the LUMO 
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of the latter one, while further stabilizing the partial negative charge which arises during 

the reaction. In a second approach, the XB-donor coordinates to a suitable leaving group, 

like a halide, which is then abstracted and liberated most probably in the manner of an SN1 

reaction, binding strongly to the XB-donor.[66,74,75] 

Obviously, the strength of XB-donors is based on their Lewis acidity and therefore 

increases with the size and polarizability of the employed halogen atom (I > Br > Cl >> F). 

Due to this trend most halogen bonding donors utilized in organic reactions are based on 

iodine (Figure 1.10). Moreover, the reactivity can further be tuned by modifying the 

covalently bound backbone, which is generally achieved by increasing its electron 

deficiency, e.g., through the addition of electron-withdrawing groups. In this regard, to 

some degree alkynes 64, but especially polyfluorinated derivatives 65-66 (Figure 1.10, a) 

and N-heterocyclic-based structures 67-69 (Figure 1.10, b) proved to be effective, with 

cationic species being typically more reactive than neutral ones due to a stronger 

polarization of the iodine atom. Moreover, bidentate XB-donors generally outperform 

monodentate derivatives, due to the simultaneous coordination of two electrophilic 

moieties to one substrate, with the preorganized bisbenzimidazolium 69, introduced by 

Huber and co-workers, being one of the hitherto most potent iodine(I) donors.[66,74,76–78]  

 

Figure 1.10: Examples for neutral alkyne and polyfluorinated (a) as well as cationic XB-donors (b). 

However, not only iodine(I) derivatives can be applied as XB-donors, but also iodine(III) 

species, especially in the form of cyclic diaryliodonium (iodolium) salts 70 (Figure 1.11). In 

contrast to monovalent iodine, diaryliodonium salts possess two electrophilic -holes and 

subsequently can form two perpendicular halogen bonds as shown in the crystal structure 

of 70-Cl (Figure 1.11). Another important difference is visible comparing the surface 

electrostatic potential of the iodine atoms. While iodine(I) shows low electron density only 

at the -hole, the hypervalent iodine center in iodolium salts 70 is completely electrophilic 

without any partial negative region due to its cationic nature. Because of this, even stronger 
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interactions with anions or Lewis bases should be observed. Furthermore, the primary 

utilization of iodolium compounds 70 and not of the easier accessible acyclic derivatives 6 

is based on the consideration of different electronic and structural aspects. On the one 

hand, the -holes of the cyclic species have an even more positive potential than those of 

the acyclic ones (127 vs. 111 kcal mol-1). On the other hand, their planar core structure is 

much more rigid, which leads to easier predictable geometries of the formed XB 

complexes. As a consequence, important mechanistical investigations can be 

conveniently conducted by selectively blocking one or even both of the electrophilic axes 

with suitable substituents, as seen in the crystal structure of 71-Cl (Figure 1.11).[62,79] 

 

Figure 1.11: Concept of cyclic diaryliodonium salts as biaxial XB-donors 70 and the blocking of one 
coordination site with suitable substituents 71. The ORTEP drawings of the X-ray structures of 70-
Cl[62] and 71-Cl[79] were made using the program Mercury with data obtained from the Cambridge 
Crystallographic Data Centre for the deposition numbers CCDC 1532404 and 1811375. 

After an initial investigation of the general properties of iodolium salts as halogen bonding 

donors by Resnati and co-workers in 2017,[62] these structural motifs were introduced as 

activators in XB-mediated transformations by Huber and co-workers one year later.[79] In 

the XB-mediated Ritter-type solvolysis of benzhydryl chloride (72), using stoichiometric 

amounts of the corresponding activators in wet d3-MeCN, especially unsubstituted 

iodolium triflate 70a showed a high performance providing the desired acetamide 73 in 

77% yield after 140 h (Scheme 1.9). 

 

Scheme 1.9: XB-mediated Ritter-type solvolysis of benzhydryl chloride (72) in wet d3-MeCN. 
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In contrast, single-blocked 71a showed only half of this yield (36%), while double-blocked 

71b did not promote this reaction at all. These results clearly demonstrated drastic 

differences based on the availability of the electrophilic axes, and therefore indicated 

halogen bonding to be the main mode of activation. Furthermore, the bidentate 

imidazolium 74 gave only 29% yield, which underlined the high potential of iodine(III) 

derivatives, although they are only acting as monodentate XB-donors.  

Just recently, Huber and co-workers combined the concepts of cyclic diaryliodonium salts 

and polyfluorinated XB-donors, leading towards the synthesis of tetrafluoro iodolium triflate 

70b and difluoro iodaoxinium triflate 78 (Scheme 1.10). In the more challenging halide 

abstraction of -methylbenzyl bromide (75), 70b showed an exceptional high reactivity 

with >95% yield after 48 h, whereas unsubstituted 70a gave only 25% of the desired 

product 76. For six-membered derivatives, iodininium triflate 77 showed close to no 

conversion, whereas 78 provided acetamide 76 in 48% yield. These results highlighted the 

potential of fine tuning iodine(III) derivatives via concepts, that have been established as 

the major foundations for reactive iodine(I) donors.[80] 

Br
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75 76
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Scheme 1.10: XB-mediated Ritter-type solvolysis of -methylbenzyl bromide (75) in wet d3-MeCN. 

Beside the activation of carbon-halide bonds, the activation of metal-halide bonds via 

halogen bonding has been investigated. In the catalytic cyclization of propargylic amides 

79, the XB-donor initially activates the gold(I) catalyst by abstraction of the chloride atom. 

Derivatives with weakly coordinating anions like tetrakis[3,5-bis(trifluoromethyl)phe-

nyl]borate (BArF), which are generally required in the activation of neutral substrates, 

proved to be superior compared to the corresponding triflates. Regarding the structural 

features of the employed iodolium salts 70-71, a similar trend as in the solvolysis of 

benzhydryl chloride (72) was observed. While 70b showed good reactivity with 60% 

conversion after 3 h, single-blocked 71c was clearly less reactive and fully blocked 71d 
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again providing no significant conversion (Scheme 1.11). In this reaction, however, 

preorganized bidentate iodine(I) 69 had a higher reactivity than all cyclic diaryliodonium 

salts with 90% conversion after only 3 h.[81]  

 

Scheme 1.11: XB-mediated Au–Cl bond activation for the cyclization of propargyl amides 79. 

As a further milestone in this research area, Huber and co-workers reported the application 

of a bidentate iodolium salt 81, which outperformed all previously reported halogen 

bonding donors in three benchmark reactions (Scheme 1.12).[82] In the Michael addition of 

crotonophenone 82 and 1-methylindole (83) strong activity was observed for 81 at a 

catalyst loading of 10 mol%, yielding product 84 in 74% after only 1 h. Further decreasing 

the catalyst loading of 81 to only 1 mol% still provided a satisfactory level of conversion 

with 62% yield of 84 after 12 h. In contrast, monodentate iodolium salts 70-71 were 

completely inactive. DFT calculations for the transition state clearly supported bidentate 

halogen bonding between the hypervalent iodine center of 81 and the carbonyl of 82 with 

short O–I interactions of 2.56 Å and O–I–C angles of 159°. Compared to the involvement 

of bidentate iodine(I) species 69, the calculated Gibbs free energy of activation is 

remarkably reduced (13 vs. 22 kcal mol-1). 

In the nitro-Michael addition of nitrostyrene 85 and 5-methoxyindole (86) as well as in the 

Diels-Alder reaction between 1,3-cyclohexadiene (88) and methyl vinyl ketone (89), 

bidentate iodolium salt 81 was found to be the only known XB-donor to promote these 

transformations under the given reaction conditions. The nitro-Michael product 87 was 

observed to be efficiently formed in 83% yield after just 1 h, with full conversion being 

reached after 3 h. Here, just 1 mol% of 81 still provided 87 in 55% yield after 8 h. In 

contrast, the Diels-Alder reaction required a higher catalyst loading of 30 mol%, which lead 

to the formation of the desired product 90 in 73% after 12 h. With this performance, 81, as 

the first XB-donor, approached the potency of strong Lewis acids like BF3.[82] And just 
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recently, quantum chemical calculations suggested that a perfluorinated derivative of 81 

(81-F8) would even surpass this activity.[83] 

 

Scheme 1.12: Application of bidentate iodolium salt 81 in different XB-mediated transformations. 
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2 Objectives 

Inspired by the promising balance between solubility, stability, and reactivity of 

pseudocyclic hypervalent iodine compounds and the great potential of N-heterocycle-

stabilized derivatives, the overall aim of this PhD thesis was to systematically expand the 

scope of available N-heterocycle-stabilized 3-iodanes and to investigate their structure 

and reactivity. 

In most previous studies, oxygen-containing moieties in the ortho-position were used to 

form stabilized pseudocycles through intramolecular I–O-coordination. However, 

systematically modifying their structural and electronic properties is difficult by simple 

chemical design. N-Heterocycles as highly modular core motifs on the other hand would 

possess a nearly infinite structural and electronical diversity. Therefore, one task was the 

synthesis and systematic investigation of the performance of novel N-heterocycle-

stabilized hydroxy(tosyloxy)-3-iodanes (NHIs, Figure 2.1). 

 

Figure 2.1: Diversity of potential N-heterocycle-stabilized hydroxy(tosyloxy)-3-iodanes. 

In a subsequent project the influence of a second stabilizing N-heterocycle should be 

studied to gain deeper insights into this so far unexplored substance class. For this, several 

2,6-bis-N-heterocyclic-substituted iodoarenes were to be synthesized and oxidized to the 

corresponding hypervalent iodine species (Scheme 2.1). With these iodanes in hand, their 

molecular structure, and their reactivity in a variety of oxidative transformations was to be 

investigated. 

 

Scheme 2.1: Synthesis of novel 2,6-bis-N-heterocycle-stabilized iodanes. 
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Due to the permanent interest in the development of highly efficient catalysts, a further 

project involved the modification of the N-heterocycle-substituted iodoarene structure 

based on the concept of the hypervalent twist. For this, different activating groups, like 

methyl, methoxy, or chloride, should be introduced in the free ortho-position of the iodine 

atom in combination with diverse N-heterocyclic substituents in the other. Their catalytic 

activities were then to be tested in the -tosyloxylation of ketones as a model reaction 

(Scheme 2.2). 

 

Scheme 2.2: N-Heterocycle-substituted iodoarenes as catalysts in the -tosyloxylation of ketones. 

Finally, novel N-heterocycle-derived iod(az)olium salts (NHISs) should be targeted. An 

efficient synthesis for readily available heterocyclic motifs was to be developed, and in the 

following, their application in selective transformations was to be investigated. Well-chosen 

iod(az)olium salts based on several different N-heterocycles should be systematically 

studied as halogen bond donor catalysts (Scheme 2.3). 

 

Scheme 2.3: Applications of N-heterocyclic iodonium salts in selective transformations and as 
halogen-bond donors. 
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3 Results and Discussion 

3.1 N-Heterocycle-Stabilized Hydroxy(tosyloxy)-3-iodanes 

Aim: As the class of pseudocyclic hypervalent iodine compounds containing nitrogen as 

the stabilizing unit was underdeveloped and structural information were nearly non-

existing, a variety of N-heterocyclic-substituted 3-iodanes should be synthesized. Their 

structural features should be investigated by X-ray crystallography and their reactivity 

tested in a suitable model reaction. The corresponding results should further be compared 

to gain deeper insights into structure-reactivity relations regarding this substance class. 

Title of the Publication: “N-Heterocycle-Stabilized Iodanes: From Structure to Reactivity” 

A. Boelke, E. Lork, B. J. Nachtsheim, Chem. Eur. J. 2018, 24, 18653–18657. 

Reprinted with permission from Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim © 2018.  

DOI: 10.1002/chem.201804957 

The Supporting Information including detailed experimental procedures, characterization 

data, X-ray crystallographic data and copies of NMR spectra is available free of charge on 

the journal′s website. 

Abstract: Pseudocyclic aryl‐3
‐iodanes are superior reagents for a variety of oxidative 

transformations due to a well‐balanced relation between stability, solubility and reactivity. 

Their properties are substantially influenced by a dative interaction between a Lewis base, 

in general the oxygen atom of a carboxylic acid or an amide, and the central hypervalent 

iodine atom. This work presents the first systematic investigation of pseudocyclic N‐

heterocycle‐stabilized iodanes (NHIs). The synthesis of these throughout shelf‐stable 

solids is robust and can be achieved on a large scale. Their reactivity is highly tunable, 

depending on the stabilizing heterocycle. Solid state structures of selected derivatives are 

reported and their reactivity in a model oxygen transfer reaction is compared. Further 

derivatization reactions to N‐heterocycle‐stabilized pseudocyclic diaryliodonium salts and 

cyclic iodoso species are presented as well. 

Author Contribution to this Publication: The synthesis of N-heterocycle-stabilized 

hydroxy(tosyloxy)-3-iodanes was discovered and developed by me (A. Boelke). In this 

project, I synthesized and characterized all compounds. I isolated the crystals suitable for 

X-ray analysis and performed all test reactions. E. Lork performed the single crystal X-ray 

diffraction measurements and structure refinements. The manuscript and the Supporting 

Information were written by me. B. J. Nachtsheim was the principal investigator and edited 

the article. 
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3.2 Thermal Stability of N-Heterocycle-Stabilized Iodanes 

Aim: As N-heterocycles in the vicinity of a hypervalent iodine center might lead to unfavorable 

features, like explosive properties, information on their thermal behavior is crucial. Therefore, 

the thermal stability and decomposition behavior of N-heterocycle-stabilized iodanes should 

be systematically investigated. 

Title of the Publication: “Thermal Stability of N-Heterocycle-Stabilized Iodanes – A 

Systematic Investigation” 

A. Boelke,‡ Y. A. Vlasenko,‡ M. S. Yusubov, B. J. Nachtsheim, P. Postnikov, Beilstein J. Org. 

Chem. 2019, 15, 2311–2318. 

DOI: 10.3762/bjoc.15.223 

‡ These authors contributed equally to this work. 

The manuscript and the Supporting Information including detailed experimental procedures, 

characterization data, TGA and DSC measurements and copies of NMR spectra are available 

free of charge on the journal’s website. 

A non-peer-reviewed version of this article has been published as a preprint. 

A. Boelke,‡ Y. A. Vlasenko,‡ M. S. Yusubov, B. J. Nachtsheim, P. Postnikov, ChemRxiv 2019. 

DOI: 10.26434/chemrxiv.11786196.v1 

Abstract: The thermal stability of pseudocyclic and cyclic N-heterocycle-stabilized 

(hydroxy)aryl- and mesityl(aryl)-3-iodanes (NHIs) through thermogravimetric analysis (TGA) 

and differential scanning calorimetry (DSC) is investigated. Peak decomposition temperatures 

(Tpeak) were observed within a wide range between 120 and 270 °C. Decomposition enthalpies 

(ΔHdec) varied from −29.81 to 141.13 kJ/mol. A direct comparison between pseudocyclic and 

cyclic NHIs revealed high Tpeak but also higher ΔHdec values for the latter ones. NHIs bearing 

N-heterocycles with a high N/C-ratio such as triazoles show among the lowest Tpeak and the 

highest ΔHdec values. A comparison of NHIs with known (pseudo)cyclic benziodoxolones is 

made and we further correlated their thermal stability with reactivity in a model oxygenation. 
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Author Contribution to this Publication: In this project, Y. A. Vlasenko, and I (A. Boelke) 

contributed equally. All investigated compounds were prepared by Y. A. Vlasenko (13) and me 

(20). Y. A. Vlasenko and I conducted all TGA/DSC measurements together. Y. A. Vlasenko 

calculated the decomposition enthalpies with my support. Furthermore, I took the obtained 

decomposition enthalpies for the hydroxy(tosyloxy)iodanes into perspective with their 

performance in the oxidation of thioanisole. For the manuscript, the introduction and conclusion 

were mainly written by B. J. Nachtsheim and me, while the “results and discussion” chapter 

was mainly written by P. Postnikov, except for the correlation part, that I wrote. Additionally, Y. 

A. Vlasenko produced the TGA/DSC figures, while I made all figures and schemes that 

contained chemical structures. The manuscript was further edited by all authors. The 

Supporting Information were written by Y. A. Vlasenko and me. B. J. Nachtsheim and P. 

Postnikov were the principal investigators. 
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3.3 Pseudocyclic Bis-N-Heterocycle-Stabilized 3-Iodanes 

Aim: Although 2,6-bis-heterocycle-substituted benzenes were long-known in transition metal 

chemistry as pincer ligands (phebox), no corresponding hypervalent iodine species had been 

described. As these structures should possess a highly stabilized bis-pseudocyclic iodine 

center, investigations towards their structure and reactivity should provide interesting insights 

into the chemistry of hypervalent iodine compounds. 

Title of the Publication: “Pseudocyclic Bis-N-Heterocycle-stabilized Iodanes – Synthesis, 

Characterization and Applications” 

A. Boelke, S. Sadat, E. Lork, B. J. Nachtsheim, Chem. Commun. 2021, 57, 7434–7437. 

DOI: 10.1039/D1CC03097C. 

Reprinted with permission from The Royal Society of Chemistry © 2021. 

The Supporting Information including detailed experimental procedures, characterization data, 

X-ray crystallographic data and copies of NMR spectra is available free of charge on the 

journal′s website. 

A non-peer-reviewed version of this article has been published as a preprint. 

A. Boelke, S. Sadat, E. Lork, B. J. Nachtsheim, ChemRxiv 2021. 

DOI: 10.26434/chemrxiv.14754525.v1 

Abstract: Bis-N-heterocycle-stabilized 3-iodanes (BNHIs) based on azoles are introduced as 

novel structural motifs in hypervalent iodine chemistry. A performance test in a variety of 

benchmark reactions including sulfoxidations and phenol dearomatizations revealed a bis-N-

bound pyrazole substituted BNHI as the most reactive derivative. Its solid-state structure was 

characterized via X-ray analysis implying strong intramolecular interactions between the 

pyrazole nitrogen atoms and the hypervalent iodine centre.  

Author Contribution to this Publication: The idea of this project as well as the synthesis 

routes were developed by me (A. Boelke). Under my supervision S. Sadat prepared and 

characterized 16 compounds and isolated the crystal suitable for X-ray crystallography. I 

repeated (and for 12 further optimized) the synthesis of 15 compounds and prepared and 

characterized 16 additional. All described test reactions were performed by me. E. Lork 

performed the single crystal X-ray diffraction measurement and structure refinement. The 

manuscript and the Supporting Information were written by me. B. J. Nachtsheim was the 

principal investigator and edited the article. 
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3.4 N-Heterocyclic-substituted Iodoarenes as Iodine(I/III) Organocatalysts 

Aim: Although N-heterocyclic-stabilized iodanes showed promising reactivities, their 

applications are limited due to the need for stoichiometric amounts of these reagents. It is 

therefore more desirable, to modify their structural motif so that efficient oxidative 

transformations are feasible in a catalytic manner. For this, different substituents should be 

implemented in the free ortho-position and the performance of these reagents should be 

systematically investigated. 

Title of the Publication: “Evolution of N‐Heterocycle‐Substituted Iodoarenes (NHIAs) to 

Efficient Organocatalysts in Iodine(I/III)‐Mediated Oxidative Transformations” 

A. Boelke and B. J. Nachtsheim, Adv. Synth. Catal. 2020, 362, 184–191. 

DOI: 10.1002/adsc.201901356 

The manuscript and the Supporting Information including complete optimization tables, 

detailed experimental procedures, characterization data, and copies of NMR spectra are 

available free of charge on the journal’s website. 

A non-peer-reviewed version of this article has been published as a preprint. 

A. Boelke and B. J. Nachtsheim, ChemRxiv 2019. 

DOI: 10.26434/chemrxiv.9963494.v1 

Abstract: The reactivity of ortho‐functionalized N‐heterocycle‐substituted iodoarenes (NHIAs) 

as organocatalysts in iodine(I/III)‐mediated oxidations was systematically investigated in the 

α‐tosyloxylation of ketones as the model reaction. During a systematic catalyst evolution, it 

was found that NH‐triazoles and benzoxazoles have the most significant positive influence on 

the reactivity of the central iodine atom. A further catalyst improvement which focused on the 

substitution pattern of the arene revealed a remarkable ortho‐effect. By introduction of an 

o‐OMe group we were able to generate a novel NHIA with a so far unseen catalytic efficiency. 

This new catalyst is not only easy to synthesize but also enabled the α‐tosyloxylation of 

carbonyl compounds at the lowest reported catalyst loading of only 1 mol%. Finally, the 

performance of this iodine(I) catalyst was successfully demonstrated in intramolecular 

oxidative couplings of biphenyls and oxidative rearrangements. 

Author Contribution to this Publication: In this project, the preparation and characterization 

of all compounds were done by me (A. Boelke). Furthermore, I conducted all optimization steps 

and performed all test reactions. The manuscript and the “Supporting Information” were written 

by me. B. J. Nachtsheim was the principal investigator and edited the article. 
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3.5 Iodolopyrazolium Salts 

Aim: Cyclic iodonium salts can be used as versatile building blocks in organic synthesis. 

However, N-heterocycle-containing derivatives are rare and mainly based on pyridine and 

quinoline functionalities. The pyrazole-core on the other hand is a regularly occurring part of 

natural and medicinal products. Especially tricyclic pyrazoles are highly investigated. 

Therefore, cyclic pyrazole-containing iodonium salts (iodolopyrazolium salts) should be 

synthesized and their applicability demonstrated in versatile derivatizations and applications. 

Title of the Publication: “Iodolopyrazolium Salts – Synthesis, Derivatizations and 
Applications” 

A. Boelke, T. J. Kuczmera, L. D. Caspers, E. Lork, B. J. Nachtsheim, Org. Lett. 2020, 22, 

7261−7266. 

DOI: 10.1021/acs.orglett.0c02593 

Reprinted with permission from ACS Publication. © 2020 American Chemical Society. 

The Supporting Information including complete optimization table, detailed experimental 

procedures, characterization data, X-ray crystallography data and copies of NMR spectra is 

available free of charge on the journal’s website. 

A non-peer-reviewed version of this article has been published as a preprint. 

A. Boelke, T. J. Kuczmera, L. D. Caspers, E. Lork, B. J. Nachtsheim, ChemRxiv 2020. 

DOI: 10.26434/chemrxiv.12746204.v1 

Abstract: The synthesis of iodolopyrazolium triflates via an oxidative cyclization of 3-(2-

iodophenyl)-1H-pyrazoles is described. The reaction is characterized by a broad substrate 

scope, and various applications of these novel cyclic iodolium salts acting as useful synthetic 

intermediates are demonstrated, in particular in site-selective ring openings. This was finally 

applied to generate derivatives of the anti-inflammatory drug celecoxib. Their application as 

highly active halogen-bond donors is shown as well. 

Author Contribution to this Publication: The idea of this project as well as the synthesis 

routes were developed by me (A. Boelke). In this project, I prepared and characterized 99 

compounds, performed all optimization steps as well as all derivatizations and conducted the 

halogen bonding test reactions. T. J. Kuczmera prepared one compound and isolated the 

crystal, which was suitable for X-ray analysis, under my supervision. L. D. Caspers gave helpful 

insights into the cyclization process using computational chemistry. E. Lork performed the 

single crystal X-ray diffraction measurement and structure refinement. The manuscript and the 

Supporting Information were written by me. B. J. Nachtsheim was the principal investigator 

and edited the article. 
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3.6 N-Heterocyclic Iod(az)olium Salts as Halogen-Bond Donors 

Aim: Simple cyclic iodonium salts have been proven as highly active halogen bonding donors, 

in many cases outperforming even the best bidentate iodine(I) derivatives, which are mainly 

based on positively charged N-heterocycles. Therefore, novel N-heterocycle-containing cyclic 

iodonium salts should be synthesized and investigated as halogen bonding donors, as these 

derivatives should show drastically enhanced reactivities. 

Title of the Publication: “N-Heterocyclic Iod(az)olium Salts – Potent Halogen-Bond Donors 

in Organocatalysis” 

A. Boelke, T. J. Kuczmera, E. Lork, B. J. Nachtsheim, Chem. Eur. J. 2021, 27, DOI: 

10.1002/chem.202101961. 

The manuscript and the Supporting Information including detailed experimental procedures, 

characterization data, X-ray crystallography data and copies of NMR spectra is available free 

of charge on the journal’s website. 

A non-peer-reviewed version of this article has been published as a preprint. 

A. Boelke, T. J. Kuczmera, E. Lork, B. J. Nachtsheim, ChemRxiv 2021. 

DOI: 10.26434/chemrxiv.14567472.v1 

Abstract: This article describes the application of N-heterocyclic iod(az)olium salts (NHISs) 

as highly reactive organocatalysts. A variety of mono- and dicationic NHISs are described and 

utilized as potent XB-donors in halogen-bond catalysis. They were benchmarked in seven 

diverse test reactions in which the activation of carbon- and metal-chloride bonds as well as 

carbonyl and nitro groups was achieved. N-Methylated dicationic NHISs rendered the highest 

reactivity in all investigated catalytic applications with reactivities even higher than all 

previously described monodentate XB-donors based on iodine(I) and (III) and the strong Lewis 

acid BF3. 

Author Contribution to this Publication: The idea of this project was developed by me (A. 

Boelke). The synthesis routes were planned by me, and T. J. Kuczmera under my supervision. 

In this project, T. J. Kuczmera initially prepared and characterized 11 compounds, performed 

initial investigations regarding the halide abstractions and isolated the crystal for X-ray 

analysis. I improved the yield for 9 compounds, synthesized and characterized 28 additional 

compounds. Furthermore, all described test reactions were performed and analyzed by me. E. 

Lork performed the single crystal X-ray diffraction measurement and structure refinement. The 

manuscript and the Supporting Information were written by me. B. J. Nachtsheim was the 

principal investigator and edited the article. 
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4 Summary 

This thesis describes the scientific journey from the synthesis, structural investigation, and 

application of N-heterocycle-stabilized 3-iodanes to the discovery and versatility of diazole-

based cyclic iodonium salts. 

N-Heterocycle-Stabilized Hydroxy(tosyloxy)-3-iodanes 

The aim of the first project was to synthesize a wide range of pseudocyclic, azole-derived N-

heterocycle-stabilized iodanes (NHIs), elucidate their solid-state structure and compare key 

structural features as well as their reactivity. In total, 14 different hydroxy(tosyloxy)-3-iodanes 

were successfully prepared and the X-ray structure of seven derivatives could be obtained. All 

structures showed a distorted T-shape of the hypervalent iodine center and strong 

intramolecular N–I-interactions in a range from 2.2620(11) Å to 2.499(3) Å. Furthermore, an 

inverse correlation between N–I and O–I bond lengths was observed as a general trend. As a 

model reaction the oxidation of thioanisole to the corresponding sulfoxide was chosen and its 

time-dependent conversion was initially investigated by UV/Vis with five well-chosen NHIs in 

comparison to the literature-known pseudocyclic iodosobenzoic acid tosylate. Except for the 

benzimidazole, all NHIs showed a higher conversion rate than the acid derivative. In the 

following, the complete scope of NHIs was investigated, revealing N-bound triazoles to be the 

most efficient, reaching full conversion in under one minute. However, no correlation between 

bond-lengths in the solid-state and performance in the test reaction was observed. Finally, 

triazole-stabilized iodanes were further demonstrated to be versatile substrates, as 

stoichiometric oxidants and as useful synthetic intermediates. 
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Thermal Stability of N-Heterocycle-Stabilized Iodanes 

Following the first project, the thermal stability of (pseudo)cyclic hydroxy- and mesityl-derived 

N-heterocycle-stabilized iodanes was systematically investigated via thermogravimetric 

analysis (TGA) and differential scanning calorimetry (DSC). A wide range of decomposition 
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temperatures (Tpeak) from 121 to 267 °C and decomposition enthalpies (Hdec) from –29.81 to 

141.13 kJ/mol were observed. Decomposition enthalpies of the hydroxy derivatives were set 

in relation with their performance in the oxidation of thioanisole, revealing the benzo[d]thiazole 

as the best compromise between reactivity and stability.  

In this investigation two general trends could be determined: First, cyclic NHIs have higher 

Tpeak but also higher Hdec values compared to pseudocyclic derivatives. Second, for NHIs with 

a high N/C-ratio, especially triazoles, among the lowest Tpeak but highest Hdec values were 

observed. Although triazole-substituted NHIs should be handled with a common precaution 

due to these results, all tested NHIs can be considered as safe-to-use. 

 

Pseudocyclic Bis-N-Heterocycle-Stabilized 3-Iodanes 

In a further project, bis-N-heterocycle-stabilized 3-iodanes (BNHIs) based on N- and C-bound 

pyrazoles, triazoles and benzimidazoles were prepared. Especially, the N-bound pyrazole 

bistriflate (Bis-Pyr-I-OTf) was distinguished by an efficient synthesis on multigram-scale with 

an overall yield of 76% over four steps. Furthermore, its crystal structure revealed close-

contact intramolecular N–I–N interactions (2.2301 Å and 2.1944 Å) and the most bend T-

shaped structure reported so far (150.93°). In addition, the oxidation of thioanisole was 

investigated as the model reaction. Bis-Pyr-I-OTf showed among the highest reported 

reactivity so far. Furthermore, its high potential was demonstrated in further oxidative 

transformations, including the dearomatization of phenols. 
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N-Heterocyclic-substituted Iodoarenes as Iodine(I/III) Organocatalysts 

During the first project, unsubstituted N-heterocycle-stabilized iodanes were found to be rather 

ineffective in the -tosyloxylation of ketones both stoichiometrically and catalytically. Based on 

the concept of the hypervalent twist, activating groups were introduced in the free ortho-

position. Starting with a methyl group, C-bound heterocycles such as triazoles, imidazoles and 

benzoxazole proved to be highly reactive in the -tosyloxylation of propiophenone. In the 

following, a methoxy group was found to be the superior activating unit compared to methyl or 

chloride. While the OMe-I-triazole gave the highest yield at a catalyst loading of 10 mol%, the 

benzoxazole derivative was the most efficient at lower catalyst loadings. Under optimized 

conditions, even 1 mol% catalyst gave satisfying results, making OMe-I-Benzoxa one of the 

most efficient catalysts for this transformation, and its applicability was further demonstrated 

with diverse substrates. Finally, both the benzoxazole and the triazole outperformed 

iodobenzene in selected C(sp2)-X couplings and a rearrangement reaction.  

 

Iodolopyrazolium Salts 

Iodolopyrazolium triflates were found to be formed via N-heterocycle-stabilized iodanes as the 

intermediates when more than one equivalent of triflic acid was present in the oxidation of 3-

(2-iodophenyl)-1H-pyrazoles. This cyclization was characterized by a broad substrate scope, 

as a wide range of iodolopyrazolium triflates with diverse substituents on the pyrazole and the 

arene core were successfully obtained. This was highlighted by the synthesis of derivatives of 

the pharmaceuticals Celecoxib and CDPPB. Their application in various derivatizations, 

including site-selective ring openings, was demonstrated. Finally, initial investigations towards 

their use as halogen bonding donors were undertaken, revealing a higher reactivity than the 

so far most reactive iodolium derivative. 
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N-Heterocyclic Iod(az)olium Salts as Halogen-Bond Donors 

Based on the initially observed performance of one selected iodolopyrazolium salt, cyclic, 

diazole-based iod(az)olium salts have been prepared and systematically investigated towards 

their application as XB donors. N-Methylated dicationic derivatives proved to be highly 

reactive. In several benchmark reactions, including the activation of carbon- and metal-chloride 

bonds as well as carbonyl and nitro groups, these novel iod(az)olium salts outperformed all 

previously reported monodentate iodine(I) and iodine(III) XB-donors. Furthermore, the results 

of the Michael addition and the Diels-Alder reaction indicated a higher performance than the 

hitherto best bidentate iodolium salt and for the Diels-Alder reaction even a higher catalytic 

activity than BF3. Only in the nitro-Michael reaction less reactive N-heterocyclic iodonium salts 

appeared to be superior, as the most potent derivatives underwent side reactions with the 

indole starting material. 
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5 Zusammenfassung 

Diese Doktorarbeit beschreibt die wissenschaftliche Reise von der Synthese, 

Strukturuntersuchung, und Anwendung von N-Heterozyklen-stabilisierten 3-Iodanen hin zu 

der Entdeckung und Vielseitigkeit von Diazol-basierten zyklischen Iodoniumsalzen. 

N-Heterozyklen-Stabilisierte Hydroxy(tosyloxy)-3-iodane 

Das Ziel des ersten Projekts war die Synthese einer Reihe pseudozyklischer, Azol-basierter 

N-Heterozyklen-stabilisierter Iodane (NHI), die Aufklärung ihrer Festkörperstruktur und der 

Vergleich wichtiger Strukturparameter sowie ihrer Reaktivität. Es wurden 14 verschiedene 

Hydroxy(tosyloxy)-3-iodane erfolgreich dargestellt und die Kristallstruktur von sieben 

Verbindungen erhalten. Alle Strukturen zeigten eine verzerrte T-Form des hypervalenten 

Iodzentrums und starke intramolekulare N–I-Wechselwirkungen in einem Bereich von 

2.2620(11) Å bis 2.499(3) Å. Weiterhin wurde eine inverse Korrelation zwischen den N–I- und 

O–I-Bindungslängen als allgemeiner Trend beobachtet. Als Modellreaktion wurde die 

Oxidation von Thioanisol zu dem entsprechenden Sulfoxid gewählt und der zeitabhängige 

Umsatz initial mit fünf ausgesuchten NHIs im Vergleich mit dem literaturbekannten 

Iodosobenzoesäuretosylat via UV/Vis untersucht. Bis auf das Benzimidazol zeigten alle NHIs 

eine höhere Umsatzrate als das Säurederivat. Im Folgenden wurden alle NHIs untersucht, 

wobei sich N-gebundene Triazole mit einem vollständigen Umsatz nach weniger als einer 

Minute am effizientesten zeigten. Es konnte keine Korrelation zwischen den Bindungslängen 

im Festkörper und der Reaktivität beobachtet werden. Abschließend konnte anhand von 

Triazol-stabilisierten Iodanen die Vielseitigkeit dieser Substrate, als stöchiometrische 

Oxidationsmittel und als vielseitige Syntheseintermediate, gezeigt werden. 

 

Thermische Stabilität von N-Heterozyklen-Stabilisierten Iodanen 

Nach dem ersten Projekt wurde die thermische Stabilität von (pseudo)zyklischen Hydroxy- und 

Mesityl-substituierten N-Heterozyklen-stabilisierten Iodanen systematisch mittels Thermo-
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gravimetrie (TGA) und dynamischer Differenzkalorimetrie (DSC) untersucht. Es wurde ein 

weiter Bereich an Zersetzungstemperaturen (Tpeak) von 121 bis 267 °C und Zersetzungs-

enthalpien (Hdec) von –29.81 bis 141.13 kJ/mol beobachtet. Weiterhin wurden die 

Zersetzungsenthalpien der Hydroxyverbindungen in Relation zu ihrer Reaktivität in der 

Oxidation von Thioanisol gesetzt, wobei das Benzo[d]thiazol den besten Kompromiss 

zwischen Stabilität und Reaktivität zeigte. 

Insgesamt zeigten sich zwei allgemeine Trends: Zunächst besitzen zyklische NHI höhere Tpeak, 

aber auch höhere Hdec Werte im Vergleich zu den Pseudozyklen. Außerdem weisen NHIs mit 

einem hohen N/C-Verhältnis, wie Triazole, mit die niedrigsten Tpeak, jedoch die höchsten Hdec 

Werte auf. Obwohl Triazol-substituierte NHIs daher mit allgemeiner Vorsicht gehandhabt 

werden sollten, können alle getesteten NHIs als sichere Verbindungen angesehen werden. 

 

Pseudozyklische Zweifach-N-Heterozyklen-Stabilisierte 3-Iodane 

In einem weiteren Projekt wurden zweifach-N-Heterozyklen-stabilisierte 3-Iodane (BNHIs) 

basierend auf N- und C-gebundenen Pyrazolen, Triazolen und Benzimidazolen dargestellt. 

Vor allem das N-gebundene Pyrazolbistriflat (Bis-Pyr-I-OTf) zeichnete sich durch eine 

effiziente Synthese im Multigrammmaßstab mit einer Gesamtausbeute von 76% über vier 

Schritte aus. Weiterhin zeigte dessen Kristallstruktur starke intramolekulare N–I–N-

Wechselwirkungen (2.2301 Å und 2.1944 Å) und die bisher stärkste gebogene T-förmige 

Struktur (150.93°). Zusätzlich wurde die Oxidation von Thioanisol als Modellreaktion 

untersucht, wobei Bis-Pyr-I-OTf eine der höchsten bisher beschriebenen Reaktivitäten 

aufwies. Darüber hinaus wurde dessen hohes Potential in weiteren oxidativen 

Transformationen, wie der Dearomatisierung von Phenolen, unter Beweis gestellt. 
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N-Heterozyklen-substituierte Iodarene als Iod(I/III)-Organokatalysatoren 

Während des ersten Projekts stellten sich die untersuchten N-Heterozyklen-stabilisierten 

Iodane als ungeeignet für die -Tosyloxylierung von Ketonen, sowohl stöchiometrisch als auch 

katalytisch, heraus. Basierend auf dem Konzept des hypervalenten Twists sollten daher 

aktivierende Gruppen in die freie ortho-Position eingeführt werden. Mit der Einführung einer 

Methylgruppe zeigten vor allem C-gebundene Heterozyklen wie Triazole, Imidazole und 

Benzoxazol hohe Reaktivitäten in der -Tosyloxylierung von Propiophenon. Im Folgenden 

stellte sich eine Methoxyeinheit als überlegen heraus. Während das OMe-I-Triazol die höchste 

Ausbeute bei einer Katalysatorladung von 10 mol% aufwies, war die Benzoxazolverbindung 

am effizientesten bei geringeren Ladungen. Unter optimierten Bedingungen erzielte diese 

selbst bei 1 mol% noch zufriedenstellende Ergebnisse, was der geringsten beschriebenen 

Katalysatorladung für diese Reaktion entsprach. Die Anwendbarkeit wurde weiterhin in der 

Funktionalisierung diverser Ketone bewiesen. Abschließend zeigten sich sowohl das 

Benzoxal- als auch das Triazol-Derivat in ausgewählten C(sp2)-X-Kupplungen sowie einer 

Umlagerungsreaktion gegenüber Iodbenzol als überlegen. 

 

Iodolopyrazoliumsalze 

Iodolopyrazoliumtriflate konnten über N-Heterozyklen-stabilisierte Iodane als Zwischenstufe 

erhalten werden, wenn während der Oxidation von 3-(2-Iodphenyl)-1H-pyrazolen mehr als ein 

Äquivalent an Trifluormethansulfonsäure verwendet wurde. Die Zyklisierung zeichnete sich 

durch einen breiten Substratbereich aus, da eine Vielzahl an Iodolopyrazoliumtriflaten mit 

verschiedenen Substituenten sowohl an der Pyrazol- als auch an der Aryl-Einheit erfolgreich 

erhalten werden konnten. Dies wurde durch die Synthese von Derivaten der Arzneimittel 
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Celecoxib und CDPPB unterstrichen. Weiterhin wurde ihr Nutzen in verschiedenen 

Derivatisierungen, unter anderem selektiven Ringöffnungen, gezeigt. Abschließend wurden 

initiale Untersuchungen bezüglich ihrer Eignung als Halogenbindungsdonoren durchgeführt, 

wobei eine höhere Aktivität als beim zuvor reaktivsten Iodoliumsalz beobachtet wurde. 

 

N-Heterozyklische Iod(az)oliumsalze als Halogenbindungsdonoren 

Basierend auf der Aktivität eines ausgewählten Iodopyrazoliumsalzes wurden verschiedene 

zyklische, Diazol-basierte Iod(az)oliumsalze dargestellt und systematisch bezüglicher ihrer 

Eignung als Halogenbindungsdonoren hin untersucht. Besonders N-methylierte, dikationische 

Derivate erwiesen sich als hochreaktiv. In mehreren Vergleichsreaktionen, wie der Aktivierung 

von Kohlenstoff- und Metall-Chlor-Bindungen, sowie von Carbonyl- und Nitrogruppen, waren 

diese allen bisher beschriebenen monodentaten Iod(I)- und Iod(III)-basierten XB-Donoren 

deutlich überlegen. Weiterhin deuteten die Ergebnisse der Michael-Addition sowie der Diels-

Alder-Reaktion auf eine höhere Reaktivität als des bis dahin besten, bidentaten Iodoliumsalzes 

und für die Diels-Alder-Reaktion sogar auf eine höhere katalytische Aktivität als BF3 hin. Nur 

in der Nitro-Michael-Reaktion zeigten sich weniger reaktive N-heterozyklische Iodoniumsalze 

als besser geeignet, da die aktiveren Derivate Nebenreaktionen mit einem Edukt eingingen. 
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6 Outlook 

Although recent years witnessed a growing interest in the investigation of N-heterocycle-

stabilized iodanes with a plethora of new examples and applications, this research field is still 

in its infancy. Manifold heterocycles are yet to be applied in the synthesis of pseudocyclic 

iodosyl species. In terms of five-membered derivatives, which most of the recent research was 

based on, examples of isoxa- or isothiazoles, oxa- or thiadiazoles as well as further N-bound 

triazoles and tetrazoles are to be included in future research (Figure 6.1, a). Also, the 

implementation of six-membered rings, such as di-, tri- or tetrazines (Figure 6.1, b), is largely 

unexplored. 

 

Figure 6.1: Suggested five- and six-membered N-heterocycles for further investigations of NHIs.  

In addition to the already reported hydroxy- and aryl-substituted derivatives, a plethora of 

possible, diversely functionalized NHIs and their corresponding benziodazoles are still to be 

developed (Figure 6.2). In line with aryl-NHIs, 3-iodanes with different carbon nucleophiles 

are imaginable and might possess attractive properties as group transfer reagents. Especially 

ethynyl and vinyl derivatives 91-92, based on the often-applied ethynyl- (EBX) and 

vinylbenziodoxolones (VBX), as well as NHI-analogues 93-94 to the Togni reagent (CF3) or 

cyanobenziodoxolone (CBX) might be of high interest (Figure 6.2, a).[14–16]  

Beside the already introduced oxygen functionalities, derivatives based on a wide range of 

further nucleophiles, such as fluoride 95 or chloride 96, should be useful reagents (Figure 6.2, 

b). Especially, the investigation of the reactivity and stability of azide-functionalized NHIs 97 

would be highly interesting, as for the corresponding azidobenziodoxolone explosive 

properties have been reported, and safer alternatives are part of current research.[84] Moreover, 

other nitrogen-containing groups such as imides (e.g., -NTs2, -NMs2) and aliphatic amines 

98,[85] as well as a trifluoromethylthio group 99 would provide an attractive basis for the 

introduction to the NHI scaffold.[86] 
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Figure 6.2: Manifold NHI and benziodazole reagents based on carbon (a) and other nucleophiles (b). 

Regarding the observed high potency of N-heterocyclic iod(az)olium salts as halogen bonding 

donors, their reactivity should be investigated in more detail, and even more reactive 

derivatives are to be developed. On the hunt for higher active monodentate donors, the 

synthesis of iod(az)olium salts based on two N-heterocyclic moieties could be investigated 

(Figure 6.3, a). The introduction of N-heterocycles into the structure of bidentate iodolium salts 

should provide highly potent XB-donors. This could either be achieved by a central N-

heterocyclic core (Figure 6.3, b) or, for potentially even more reactive derivatives, via a central 

arene core with two adjacent heterocyclic iod(az)olium systems (Figure 6.3, c). 

 

Figure 6.3: Proposed structures of even more reactive monodentate (a) and bidentate (b,c) XB-donors 
based on N-heterocyclic iod(az)olium salts. 
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