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Abstract 

With increasing demands for developing environmentally friendly synthetic approaches, 

hypervalent iodine compounds have attracted great attention in the synthetic 

community due to their low toxicity, environmental sustainability and unique reactivity. 

This work outlines the synthesis and use of rarely investigated hypervalent iodine 

reagents of the type IL3 (L = heteroatom-containing ligand) for an improved awareness 

of its reactivity. 

Iodine tricarboxylates enable fast and efficient access to (dicarboxyiodo)arenes 

including previously inaccessible compounds. This novel procedure provides a 

significant advantage over current methodologies, since the (dicarboxyiodo)arenes 

were conveniently prepared in one-pot operations and employed in subsequent 

reactions without further purification. The chemistry of iodine tricarboxylates was 

extended to ligand exchanges with heteroatom-containing ligands, which furnished 

novel hypervalent iodine compounds of the type IL3.[1] 

 

The synthesis of iodine tricarboxylates requires the use of nitric acid for the oxidation of 

iodine to iodine(III). Therefore, Oxone® was employed for the development of a more 

environmentally conscious alternative synthetic approach towards iodine triacetate. 

However, Oxone® furnished iodine monoacetate instead, which in turn was applied in a 

highly efficient regio- and diastereoselective 1,2-iodoacetoxylation of various alkenes 

and selected alkynes in a one-pot procedure.[2] 
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Moreover, iodine triacetate was an extremely beneficial iodinating reagent in the 

synthesis of a novel class of hypervalent iodine(III) reagents containing a rigid chiral 

α-tetralol scaffold. However, the utilisation of these enantiomerically pure reagents in 

stereoselective transformations revealed only moderate enantioselectivities.[3] 

 

Finally, the synthesis of lactamide/resorcinol-based hypervalent iodine(III) reagents and 

their applications as organocatalysts in the asymmetric catalytic α-acetoxylation of 

ketones was investigated. The prior transformation of the ketones to easily accessible 

acetyl enol ethers was advantageous and enantiomeric excesses up to 88% were 

obtained by I(I)/I(III) catalysis using chiral iodoarene Ar*I in combination with mCPBA 

and acetic acid.[4] 
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1 Introduction 

1.1 Properties and Applications of Iodine 

Iodine is a unique element in the periodic table as it is the heaviest non-radioactive 

element. It is the largest non-metal, the least electronegative and the most polarisable 

out of all the stable halogens.[1,2] It forms iodides with almost all elements, where iodine 

formally possesses the oxidation state −1. Therefore, iodine contributes significantly to 

the field of organic chemistry. For example, alkyl iodides can undergo nucleophilic 

substitutions, elimination reactions, reductions and formations of organometallics, 

while aryl iodides tend to undergo nucleophilic substitutions, iodine-metal exchanges, 

and coupling reactions.[3] Iodine can exist in six stable oxidation states: −1, 0, +1, +3, +5 

and +7. Reagents containing iodine in oxidation states greater than +1 are generally 

referred to as hypervalent iodine compounds. 

1.2 General Overview of Hypervalent Iodine Compounds 

The concept of hypervalent molecules has been introduced in 1969 by Musher,[4] 

although the first hypervalent iodine compound, iodine trichloride, had already been 

synthesised in 1814 by Gay Lussac[5] through treatment of iodine with an excess of 

chlorine gas. 

According to Musher,[6] hypervalent or polyvalent molecules are formed with non-

metals of the groups 15–18 containing more than eight electrons in their valence shell, 

therefore a molecule in which the octet rule is not obeyed. Typical examples of 

hypervalent molecules are phosphorus pentachloride and sulfur hexafluoride.  

Two different nomenclature systems are being used in order to describe molecules with 

atoms in non-standard valence states. In terms of hypervalent iodine compounds, IUPAC 

recommends to refer to trivalent iodine derivatives as λ3-iodanes, pentavalent iodine 

derivatives as λ5-iodanes and heptavalent iodine derivatives as λ7-iodanes.[7] However, 

the Martin-Arduengo notation describes the bonding situation around the hypervalent 

iodine centre by using the N-X-L formulation. Here, N refers to the number of valence 

electrons assigned to the hypervalent atom X, while L describes the number of ligands.[8] 

Commonly, the hypervalent iodine reagents are referred to as iodine(III), iodine(V) and 

iodine(VII) reagents. 
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1.2.1 Representative Examples of Hypervalent Iodine Compounds 

Iodine(III), iodine(V) and iodine(VII) reagents are reported for the class of inorganic 

hypervalent iodine reagents, while known organic hypervalent iodine reagents only exist 

in oxidation states +3 and +5. Organic hypervalent iodine reagents consist of at least one 

carbon ligand attached to the iodine centre, while in the class of inorganic hypervalent 

iodine reagents the iodine atom is only bound to heteroatom-containing ligands.[1] 

Figure 1.1 shows some of the most prominent organic hypervalent iodine reagents that 

are commonly used as oxidising reagents in organic synthesis. 

 

Figure 1.1: Examples of common organic hypervalent iodine reagents 1–7. 

(Dichloroiodo)benzene (1) was prepared in 1886 by Willgerodt[9] and is the first example 

of an organic hypervalent iodine compound. It was prepared by treatment of 

iodobenzene with iodine trichloride or chlorine gas. In general, the latter method is the 

preferred approach towards (dichloroiodo)arenes.[10] Shortly after the preparation of 1, 

many other important reagents have been synthesised, such as (diacetoxyiodo)benzene 

(DIB, 2),[11] [bis(trifluoroacetoxy)iodo]benzene (PIFA, 3) and iodosylbenzene (4).[12] 

Compounds 2 and 3 belong to the class of organoiodine(III) carboxylates and are 

described as the most important and useful organic derivatives of iodine(III) reagents.[13] 

They are best prepared in one step by the oxidation of iodoarenes in the presence of 

the corresponding carboxylic acid.[14–16] Iodosylbenzene (4) can be easily formed by 

hydrolysis of DIB in an aqueous solution of sodium hydroxide.[17] Although it is frequently 

reported as a monomer, the very limited solubility in most solvents and vibrational 
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spectroscopy reveal its polymeric nature, consisting of I–O–I–O chains.[18] Another 

famous iodine(III) reagent is [hydroxy(tosyloxy)iodo]benzene (HTIB, 5), also generally 

known as “Koser’s reagent”, which can be conveniently synthesised by reacting 2 with 

p-toluenesulfonic acid monohydrate (TsOHH2O).[19] 

Compounds of pentavalent iodine represent a less common, but important class of 

hypervalent iodine compounds. Especially cyclic derivatives of 2-iodoxybenzoic acid 

(IBX, 6) and Dess-Martin periodinane (DMP, 7) have found broad practical applications 

in organic synthesis as selective and mild oxidants for the oxidation of alcohols to 

carbonyl compounds.[20,21] A practical method for the preparation of IBX (6) uses 

2-iodobenzoic acid, which is oxidised by Oxone® (2KHSO5KHSO4K2SO4) in water to the 

desired product in one step.[22] Due to the low solubility of IBX in most organic solvents, 

it can be converted to the more soluble DMP (7) by warming IBX in a mixture of acetic 

acid and acetic anhydride. The briefly described iodine(III) reagents 1–5 have a general 

structure of ArIL2 with Ar being an aryl moiety and L a ligand containing a heteroatom, 

which can be either oxygen, nitrogen or a halogen.  

A different type of iodine(III) reagents is the class of diaryliodonium salts 8 with the 

general structure Ar2IL as shown in Figure 1.2. The salt is referred to as a symmetrical 

salt in case of two identical aryl groups or as an unsymmetrical salt if the two aryl groups 

are different. The counterion L−, such as a halide (Cl−, Br− and I−), tetrafluoroborate 

(BF4
−), tosylate (OTs−) or triflate (OTf−), strongly affects the reactivity and solubility of 

diaryliodonium salts.[23] Formally, iodonium salts are not considered as hypervalent 

since the iodine atom has only eight electrons in its valence shell due to its ionic nature 

(8a, Figure 1.2a). However, X-ray structural data for various diaryliodonium salts show a 

strong secondary bond and structural features similar to the reagents of type ArIL2. 

Hence, diaryliodonium salts are classified as ten-electron hypervalent compounds with 

a low level of dissociation (8b, Figure 1.2b). The degree of dissociation in solution 

depends to a great extent on the solvent and the counterion.[2,24] 



INTRODUCTION TOBIAS HOKAMP 

4 

 

 

Figure 1.2: General structure of diaryliodonium salts as an ionic species 8a (a) and as a neutral species 8b 

(b). 

Synthetic routes towards diaryliodonium salts generally start with the oxidation of an 

aryl iodide to form an iodine(III) intermediate, followed by a ligand exchange with an 

arene or a nucleophilic arylating reagent, such as an aryl boronic acid, arylsilane or 

arylstannane.[23]  

1.2.2 Bonding and Structural Features of Hypervalent Iodine Reagents 

The hypervalent bond can be understood by using the molecular orbital (MO) theory 

description of the three-centre-four-electron bond (3c-4e).[25,26] For the formation of a 

hypervalent bond in a molecule of type ArIL2, a pair of electrons from iodine is 

delocalised to both linearly opposed ligands L. One filled 5p orbital of the central iodine 

atom interacts with two half-filled orbitals of the two ligands L. This combination of 

orbitals leads to the formation of a bonding, non-bonding and anti-bonding MO, which 

are filled with four electrons (Figure 1.3). The hypervalent bond is highly polarised with 

a strong electrophilic character at the central iodine atom and a partial negative charge 

on the two ligands L due to a node in the highest occupied molecular orbital (HOMO) on 

the iodine. Hence, electronegative ligands are energetically preferred in the hypervalent 

bond. The aryl group Ar is connected to the iodine centre via a covalent bond, which is 

shorter and more stable compared to a 3c-4e bond. 

 

Figure 1.3: Molecular orbital diagram for the 3c-4e bond of ArIL2 (left) and the polarisation along the 

hypervalent L–I–L bond (right). 
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The overall geometry for iodine(III) reagents can be described as trigonal bipyramidal 

with the two ligands L located in the apical positions, while the less electronegative aryl 

substituent Ar and the two lone pairs of electrons are located in the equatorial positions 

(Figure 1.4a). 

In iodine(V) reagents of type ArIL4, a second 5p orbital on the iodine forms an additional 

3c-4e bond. As a result, the overall geometry is square bipyramidal, with the four ligands 

L in the square plane, while the aryl moiety and the lone pair of electrons remain in the 

apical positions (Figure 1.4b). 

 

Figure 1.4: Trigonal bipyramidal geometry of iodine(III) (a) and square bipyramidal geometry of iodine(V) 

reagents (b). 

1.3 General Reactivity of Hypervalent Iodine Reagents 

Hypervalent iodine reagents show reactivities similar to heavy metals. Therefore, they 

have emerged as versatile, environmentally and economically benign alternatives in 

modern organic chemistry, where they have been applied in a variety of novel chemical 

transformations.[1,2,27] The strongly electrophilic character of the iodine centre in 

combination with the excellent leaving group ability of the aryliodonio group ArI when 

bound to an sp3-hybridsed carbon are the key features for their unique reactivity. 

In general, most reactions of hypervalent iodine reagents involve an oxidative addition, 

a ligand exchange and reductive elimination or ligand coupling, which is similar to the 

chemistry of transition metals.[28] A detailed mechanism for such reactions is still 

unknown. Therefore, a simplified description for the reaction involving an iodine(III) 

compound 9 and an external nucleophile Nu– is shown in Scheme 1.1. A ligand exchange 

of 9 with Nu– gives intermediate 10a (step 1). Due to the excellent leaving group ability 

of the aryliodonio group ArI in complex 10a (106 times higher than the triflate group),[29] 

a reductive elimination can take place (step 2a). Hence, Nu+ can either react with L– 

directly (step 3a) to generate Nu–L, or it can couple with a different nucleophile Nu’– to 

afford Nu–Nu’ (step 3b). Polarity inversion from a nucleophile to an electrophile or 
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Umpolung[30] during a reaction is a powerful tool of hypervalent iodine chemistry and a 

common strategy for various chemical reactions.[31] 

An alternative to the reductive elimination is a direct ligand coupling to form product 

Nu–L (step 2b), which requires an initial pseudorotation to form intermediate 10b. As a 

result, ligand L and the nucleophile are in a more favourable position for a direct ligand 

coupling. 

 

Scheme 1.1: General reactivity of hypervalent iodine reagent 9 towards nucleophiles Nu–.  

Two possible pathways for the ligand exchange of the reaction shown in Scheme 1.1 

have been suggested: an associative or a dissociative pathway (Scheme 1.2).[28,32] In case 

of an associative mechanism, the nucleophile adds to the electrophilic iodine centre to 

form a trans hypervalent square-bipyramidal intermediate 11a. After isomerisation to 

the cis intermediate 11b, elimination of ligand L– occurs to afford 10a. 

The alternative dissociative pathway suggests initially the loss of a ligand L–, which leads 

to the formation of iodonium ion 12. This intermediate can subsequently react with the 

nucleophile to form 10a. This pathway, however, seems less likely due to the high 

instability of the iodonium ion 12.[28] 
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Scheme 1.2: Associative (top) and dissociative pathway (bottom) for the ligand exchange reaction of 9 

with a nucleophile Nu–. 

1.4 Synthetic Applications of Hypervalent Iodine Reagents 

Since the discovery of hypervalent organoiodine compounds more than a century ago, 

they have received great attention in organic chemistry due to their low toxicity, easy 

handling, ready availability, and reactivity. Thus, a great variety of reactions have been 

developed using hypervalent iodine reagents as a mild, safe and economical alternative 

to heavy metals. Their synthetic applications include halogenations, functionalisations 

of double bonds, carbon-carbon bond formations, aminations and oxygenations.[33] 

Hypervalent iodine reagents are particularly important in pharmaceutical and 

agrochemical processes since they provide high yields of pure products under 

environmentally friendly conditions.[34,35] 

1.4.1 Functionalisation of Alkenes 

The functionalisation of alkenes with hypervalent iodine reagents allows various 

transformations depending on the reaction conditions and the structure of the organic 

substrates. Due to the electrophilic character of the central iodine atom, hypervalent 

iodine reagents are able to activate carbon-carbon double bonds in a metal-free manner 

to make them accessible for a variety of nucleophiles. Based on this strategy, reactions 

such as dihalogenation, dioxygenation, and diamination of alkenes have been reported. 
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1.4.1.1 Dioxygenation of Alkenes 

The dioxygenation of alkenes presents an attractive approach for the preparation of 

1,2-diols and is commonly realised by protocols, such as the Woodward-Prévost 

reaction[36,37] or the epoxidation followed by a ring-opening.[38] While the Woodward-

Prévost reaction requires a stoichiometric amount of expensive silver salts, the latter 

procedure requires two steps. However, hypervalent iodine chemistry proved to be an 

efficient and economical alternative for the synthesis of such diols.  

An interesting approach for the syn-dioxygenation of alkenes was developed by Balci 

and co-workers[39] via the reaction of alkenes with PIFA (3) under mild conditions in the 

absence of catalysts or additives. The resulting vicinal bis(trifluoroacetates) can then be 

converted into the corresponding diols. For example, treatment of cyclohexene (13) 

with PIFA in dichloromethane under reflux gave the vicinal bis(trifluoroacetate) 14 in 

high yield (Scheme 1.3). The product was subsequently converted into the 

corresponding diol 15 by ammonolysis. 

 

Scheme 1.3: Dioxygenation of cyclohexene (13) by the reaction with PIFA under mild conditions. 

A similar approach was described by Buddrus,[40] where a syn-dioxygenation of aliphatic 

alkenes 16 was achieved by treatment with iodine tris(trifluoroacetate) (ITT, 17, 

Scheme 1.4).  

 

Scheme 1.4: Syn-dioxygenation of alkenes 16 using 17. 

While PIFA (3) and ITT (17) are both hypervalent iodine reagents, that are capable of 

converting alkenes into the corresponding vicinal bis(trifluoroacetates) without 

catalysts or additives, DIB (2) is inert towards alkenes and requires further activation. 

Gade et al.[41] recently reported that triflic acid (TfOH) is able to efficiently catalyse the 

dioxygenation of alkenes 19 in acetic acid (AcOH) or dichloromethane using DIB 



TOBIAS HOKAMP  INTRODUCTION 

9 

 

(Scheme 1.5). This study revealed that the reaction outcome using triflic acid is similar 

or superior to the most efficient metal-based catalysts that have been previously 

reported in the dioxygenation of alkenes using DIB, such as Pd(II)[42] and Cu(II).[43] 

 

Scheme 1.5: Diacetoxylation of alkenes using 2 activated by TfOH. 

The authors propose a mechanism (Scheme 1.6) where TfOH activates DIB to form a 

reactive intermediate 21. The cationic iodoso species 21 is rapidly trapped by styrene 

derivative 22 (as example of an alkene substrate 19 in general), leading to intermediate 

23. Intermediate 23 is subsequently attacked by an acetate anion to form intermediate 

24, which ends up with the cyclic intermediate 25 and the release of iodobenzene. 

Finally, the cyclic acetoxonium ion 25 is being attacked by acetic acid to afford the 

diacetoxylated product 26. 

 

Scheme 1.6: Proposed mechanism for the intermolecular DIB-mediated diacetoxylation of styrene 

derivatives 22 catalysed by triflic acid. 
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Shortly after, the group of Li[44] developed a method for the diastereoselective 

diacetoxylation of alkenes 27 mediated by a combination of DIB and boron trifluoride 

diethyl etherate (BF3OEt2, Scheme 1.7). The selective preparation of syn- and anti-

diacetoxylated diastereomers of 28 was controlled by the presence and absence of 

water, respectively. A broad range of alkenes 27, including styrenes, α,ϐ-unsaturated 

esters and aliphatic alkenes afforded the corresponding vicinal diacetates in moderate 

to excellent yields and diastereoselectivities.  

 

Scheme 1.7: Diastereoselective diacetoxylation of alkenes 27 with DIB in the presence or absence of water 

affording syn- or anti-28, respectively. Ac2O = acetic anhydride. 

In 1996 it has been proposed by Ochiai and co-workers,[45] that BF3OEt2 activates 

hypervalent iodine(III) reagents as a Lewis acid by coordinating to the acetate ligand. 

However, the results from Gade[41] rather indicate the formation of a strong Brønsted 

acid which can be produced by the BF3OEt2/AcOH system. An explanation for the 

reversal of syn/anti selectivity in this reaction is presented in Scheme 1.8. Here, DIB is 

activated by BF3OEt2/AcOH and reacts with the alkene to form intermediate 29. In the 

absence of water, acetic acid attacks 29 regioselectively to furnish anti-28. However, in 

the presence of water intermediate 29 hydrolyses to provide intermediate 30 that reacts 

subsequently to the syn-hydroxyacetates 31 and 32. Acetylation with acetic anhydride 

(Ac2O) in pyridine generates the corresponding product syn-28. 
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Scheme 1.8: Plausible mechanism for the syn- and anti-selective diacetoxylation of alkenes 27 in the 

presence and absence of water, respectively.  

An enantioselective variant of the alkene diacetoxylation using optically active lactic 

acid-based hypervalent iodine reagent 35 was reported by Fujita and co-workers[46] 

(Scheme 1.9). Various styrene derivatives 33 were converted either to the syn- or to the 

anti-diacetates 34 with good to excellent enantio- and diastereoselectivities using 35 in 

dichloromethane and acetic acid. In order to achieve a syn selectivity, the reaction was 

terminated by the addition of water and the crude product was acetylated using acetic 

anhydride and pyridine. The stereoselectivity could be switched over to the anti-

diacetate in the presence of trimethylsilyl acetate (TMSOAc) to avoid termination of the 

reaction by addition of water.  

 

Scheme 1.9: Stereoselective diacetoxylation of styrene derivatives using optically active hypervalent 

iodine reagent 35. 
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In recent years, a significant interest in the catalytic use of hypervalent iodine reagents 

has emerged.[47] An iodoarene can be oxidised by a stoichiometric oxidant, which 

generates the hypervalent iodine reagent in situ. After the oxidative transformation of 

the substrate, the reduced iodoarene can be re-oxidised. For instance, Muñiz et al.[48] 

reported a catalytic enantioselective diacetoxylation of styrene derivatives 22 using the 

chiral iodoarene 36 (10 mol%, Scheme 1.10). Under these conditions, 36 was oxidised in 

situ by peracetic acid (AcOOH) and activated by triflic acid to furnish good to excellent 

yields and enantioselectivities of the corresponding diacetates (S)-26. 

 

Scheme 1.10: Catalytic enantioselective diacetoxylation of styrene derivatives 22. NPhth = phthalimido. 

1.4.1.2 Diamination of Alkenes 

The direct oxidative amination can be effectively realised by the use of imido iodine(III) 

reagents. Those reagents, such as 37 and 38 can be generated under ligand exchange 

conditions by treatment of DIB or similar [bis(acyloxy)iodo]arenes with bistosylimide 

(HNTs2, Scheme 1.11).[49,50] The stability of the rather uncommon I–N bond derives 

probably due to the acidic nature of the bissulfonylimide.[50] 

 

Scheme 1.11: Transformation of DIB to reagents 37 and 38 via ligand exchange. 
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Those iodine(III) reagents can be generated in situ and used without isolation. For 

instance, various vicinal diamines 39 have been synthesised under mild conditions by 

the direct intermolecular diamination of alkenes 27 through a combination of DIB and 

bistosylimide (Scheme 1.12).[51] This method is characterised by its durability and a 

broad range of substrates with over 60 examples and can be performed with both 

internal and terminal alkenes. 

 

Scheme 1.12: Diamination of alkenes 27 using DIB and bistosylimide.  

Furthermore, an enantioselective version of the reaction mentioned above was 

developed for styrene derivatives 22 using chiral (diacetoxiodo)arene 41 as an oxidant 

and bismesylimide (HNMs2) as a nitrogen source (Scheme 1.13).[50] This method 

provided the corresponding (S)-diamines 40 in moderate to good yields and high 

enantioselectivities.  

 

Scheme 1.13: First hypervalent iodine-mediated enantioselective intermolecular diamination of alkenes. 

Afterwards, the group of Wirth[52] reported the first highly stereoselective 

intramolecular diamination of alkenes 42 using iodoarene 43 (Scheme 1.14). This newly 

designed catalyst with a pyridine moiety at the chiral centre allows effective 

coordination of the pyridine nitrogen to the iodine(III) centre in the active catalyst after 

oxidation using sodium perborate tetrahydrate (NaBO34H2O). However, the method 

was limited to alkenes bearing phenyl substituents on the backbone. The cyclised 

products 44 were obtained in moderate to good yield with a very good enantiomeric 
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excess. Elimination of the carboxybenzyl (Cbz) protecting group and substituent X (SO2, 

C=NCbz) by reduction provided the free chiral diamines 45. 

 

Scheme 1.14: Catalytic intramolecular asymmetric diamination of alkenes. 

In 2017, Muñiz and co-workers[53] described a catalytic version of the intermolecular 

asymmetric vicinal diamination of terminal and internal styrenes 33 using iodoarene 46 

as a catalyst (Scheme 1.15). The reaction proceeds in the presence of 

meta-chloroperbenzoic acid (mCPBA) as a terminal oxidant and HNMs2 as a nitrogen 

source. The solvent combination of methyl tert-butyl ether (MTBE) and 1,1,1,3,3,3-

hexafluoroisopropanol (HFIP) or 2,2,2-trifluoroethanol (TFE), respectively, slowed down 

the background reaction of mCPBA with the styrene derivatives, which avoided 

epoxidation. The reaction of terminal alkenes proceeded smoothly in MTBE/HFIP at 

−5 °C, while the diamination of internal styrene derivatives gave best results in 

MTBE/TFE at −20 °C. As Muñiz demonstrated with a broad substrate scope involving 

electron deficient and electron-rich styrene derivatives, both reactions afforded the 

(S)-configured diamines 47 in moderate to excellent yields and excellent enantiomeric 

excesses. 
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Scheme 1.15: Catalytic intermolecular asymmetric diamination of styrene derivatives 33.  

1.4.1.3 Halogenation of Alkenes 

(Dichloroiodo)arenes are widely used as chlorinating reagents of organic substrates. In 

2011, Nicolaou and co-workers[54] developed an enantioselective dichlorination of allylic 

alcohols by employing (dichloroiodo)arene 49 in the presence of the chiral catalyst 

(DHQ)2PHAL (51, Scheme 1.16). Various trans-cinnamyl alcohols 48 gave the 

dichlorinated products 50 at −78 °C with good to very good yields and satisfying 

enantioselectivities.  

 

Scheme 1.16: Enantioselective dichlorination of trans-cinnamyl alcohols 48 employing 51 as a catalyst. 
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The introduction of fluorine into organic molecules is of particular importance, 

especially in terms of drug design, since the fluorine atom can alter conformation, pKa, 

polarity, membrane permeability and metabolic pathways.[55]  

In 1998, Yoneda et al.[56] reported a vicinal difluorination of terminal and cyclic alkenes 

with stoichiometric amounts of p-(difluoroiodo)toluene in presence of triethylamine 

pentahydrofluoride (Et3N5HF). Based on this work, the group of Gilmour[57] recently 

developed a catalytic vicinal difluorination of terminal olefins 52 using 4-iodotoluene as 

catalyst and Selectfluor® as the terminal oxidant (Scheme 1.17). Good to excellent yields 

of the corresponding vicinal difluoride 53 were achieved with a mixture of pyridine(HF)x 

and triethylamine5HF as the fluorine source. The investigation focussed on unactivated, 

terminal olefins, as Selectfluor® is known for its ability to undergo a direct reaction with 

electron-rich olefins.[58] 

 

Scheme 1.17: Catalytic vicinal difluorination of terminal olefins 52. The precise amine:HF ratio was 

prepared by mixing pyridine(HF)x and triethylamine5HF. Bn = benzyl. 

Subsequently, the same group[59] reported a catalytic enantioselective version of the 

vicinal difluorination of electron deficient styrene derivatives. The reaction proceeds 

through I(I)/I(III) catalysis using C2-symmetric iodoarene 54 in combination with an 

amineHF complex and Selectfluor® as the terminal oxidant (Scheme 1.18a). The 

amine:HF ratio could be varied by mixing different volumes of pyridine(HF)x and 

triethylamine3HF and this ratio determined over the predominant formation of either 

the vicinal or the geminal difluorination product. While an amine:HF ratio of 1:4.5 

provided the desired vicinal difluorination product 55, a ratio of 1:9.2 on the other hand 

induced a reversal of the regioselectivity and the formation of the geminal product 58 

was favoured. It was assumed that after the formation of intermediate 56 a competition 

between the displacement to form the vicinal product 55, and the generation of 
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phenonium ion 57 promoting the generation of the geminal product 58, is established 

(Scheme 1.18b). The stereoselectivities for the desired vicinal products 55 varied 

between 50% and 88% ee. 

 

Scheme 1.18: Enantioselective, catalytic vicinal difluorination of styrene derivatives 22 using catalyst 54 

(a) and a proposed mechanism for the formation of 55 and 58 via intermediate 56, respectively (b). Mes = 

mesityl. 

1.4.2 α-Functionalisation of Carbonyl Compounds 

The functionalisation of carbonyl compounds at the α-position is among the most 

popular applications of Koser’s reagent (HTIB, 5).[60] The initial report was made in 1982 

by Koser and co-workers,[61] who were the first to describe the use of HTIB as an 

α-oxytosylating agent by refluxing a solution of an appropriate ketone 59 with HTIB in 

acetonitrile (Scheme 1.19). The corresponding α-oxytosylated product 60 could be 

obtained in moderate to excellent yields. 

 

Scheme 1.19: First iodine(III)-mediated α-oxytosylation of ketones using 5. 
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A major development was achieved by Wirth and co-workers,[62] who investigated the 

asymmetric α-oxytosylation of propiophenone 61a to (R)-62a by introducing 

hypervalent iodine reagents 63–65 (Scheme 1.20). In 1997, they synthesised and applied 

reagents 63 affording low enantioselectivities. Optimisation of the hypervalent iodine 

reagent by introducing and varying the position of a methoxy-substituent on the aryl 

moiety (64) led to a slightly higher selectivity.[63] More detailed investigation revealed 

that an ethyl substituent in the 6-position (65) improved the selectivity further 

(40% ee).[64] 

 

Scheme 1.20: Optimisation of the asymmetric α-tosylation of propiophenone 61a.  

Further improvement was reported by Masson and co-workers[65] in 2017 by the 

development of the new axially chiral iodoarene 67. It was applied in the α-oxygenation 

of propiophenone derivatives 61 in either catalytic or stoichiometric amounts with 

mCPBA as co-oxidant (Scheme 1.21). Both optically active α-oxsulfonylated (R)-62 and 

α-oxyphosphorylated ketones (R)-66 were synthesised in respectable yields and 

enantioselectivities by using either various sulfonic acids (R’SO3H) or diphenylphosphate 

(Ph2HPO4) as oxygen-containing nucleophiles. 
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Scheme 1.21: Asymmetric α-oxysulfonylation and α-oxyphosphorylation of ketones. 

However, a highly stereoselective α-functionalisation of ketones remains an ongoing 

challenge. The currently accepted mechanism indicates the difficulty regarding the 

stereoselective synthesis of α-substituted ketones with HTIB derivatives 

(Scheme 1.22).[66–68] According to the general mechanism, the reaction starts with an 

enolisation of the ketone 59. In a next step, the corresponding enolate 59’ reacts with 

HTIB-type reagent 68 via ligand exchange with elimination of either the hydroxy or 

tosylate group. Subsequently, either electrophilic ketone derivative 69 is generated as 

the intermediate (pathway 1) or enolonium species 70 (pathway 2). Intermediates 69 

and 70 could possibly equilibrate and then undergo a nucleophilic substitution (SN2 or 

SN2’, respectively) in the presence of tosylate to generate the final product 60. 

 

Scheme 1.22: Proposed mechanism for the iodine(III)-mediated α-oxytosylation reaction. 
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Legault et al.[67] investigated the different mechanistic pathways of the iodine(III)-

mediated α-oxytosylation of ketones in a computational study. According to their 

calculations, the formation of 70b is the energetically favoured intermediate. An 

isomerisation of iodonium intermediate 70b to 69b is a highly energetic process with an 

energy barrier of 32.5 kcal mol–1 and thus very unlikely. However, more recent 

computational studies by Szpilman and co-workers[68] indicated that structure 70a is 

favoured over 70b which would be in agreement with the higher leaving-group ability of 

the tosylate compared to the hydroxy group. Furthermore, they demonstrated the 

existence of intermediate 70 experimentally, which is a stable intermediate at −78 °C. 

Spectroscopic observations, such as in situ infrared (IR) spectroscopy and 1H and 

13C NMR revealed enolonium species 70 as the major or only intermediate. From those 

results, the absence of high stereoselectivities in the α-functionalisation of ketones 

presumably derives from missing stereoinduction from the stereogenic centre in the 

iodoarene moiety. Intermediate 70 visualises the great distance between the aryl 

moiety and the atom, at which the new stereogenic centre is being formed. Therefore, 

stereoinduction is a difficult process which is the reason for low stereoselectivities.  

A different concept for the α-functionalisation of carbonyl derivatives was developed by 

Wirth and co-workers[69] (Scheme 1.23). The use of cyclic silyl enol ethers 71 allowed the 

generation of nitrogen- and oxygen-substituted ketones 73 in good to very good yields 

with high enantiomeric excesses by using chiral hypervalent iodine reagent 72. 

 

Scheme 1.23: Asymmetric nitrogen- and oxygen-substitution of silyl enol ethers 71 with hypervalent 

iodine reagent 72. 
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1.4.3 Oxidative Dearomatisation of Phenols 

The oxidative dearomatisation of phenols involving iodine(III) reagents generally results 

in the addition of an external or internal nucleophile to the aromatic ring of the 2- or 

4-substituted phenol derivative 74 generating either a 1,3-cyclohexadienone 75 or a 

2,5-cyclohexadienone 76.[70,71] Scheme 1.24 outlines the overall behaviour of the 

reaction of substituted phenols with DIB as oxidant and an internal or external 

nucleophile. Nucleophiles such as water, alcohols, fluorides, carboxylic acids, amides or 

electron-rich aromatic rings have been introduced successfully in the oxidative 

dearomatisation.[72] The resulting products are good electrophiles for various reactions, 

such as the Diels-Alder reaction, 1,4-addition or [3+2] cyclisation, and therefore valuable 

building blocks for complex natural products.[35,72,73] 

 

Scheme 1.24: General dearomatisation of 2- or 4-substituted phenols with DIB as oxidant. 

Kita’s group[74] reported the first hypervalent iodine-mediated enantioselective 

oxidation of phenols to construct chiral ortho-spirolactones by applying chiral 

hypervalent iodine(III) reagent 79, which bears a rigid spirobiindane backbone 

(Scheme 1.25a). The reaction of ortho-carboxy-substituted naphthols 77 afforded the 

corresponding chiral spirolactones 78 in good yields and high stereoselectivities. 

However, when the substituent was an electron-rich methoxy-group, the yield dropped 

significantly and no stereoselectivity was observed. Furthermore, this work 

demonstrated the possibility of using the precursor of 79 catalytically (15 mol%) in the 

presence of mCPBA as co-oxidant with slightly decreasing enantiomeric excesses of 78 

(R = H, Br: 65 and 69% ee, respectively).  

Two years later, Ishihara et al.[75] developed the C2-symmetric chiral iodine(III) reagent 

72, which could be generated in situ with iodoarene 80 as the precursor and mCPBA to 

enable a catalytic spirolactonisation of 77 with enhanced stereoselectivities 

(Scheme 1.25b). As Kita already revealed in his initial work, the electron-donating 
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methoxy-substituent was not well tolerated and resulted in a decreased yield and loss 

of stereoselectivity.  

 

Scheme 1.25: Asymmetric spirolactonisation of 77 with iodine(III) reagent 79 by Kita (a) and catalytic 

spirolactonisation of 77 with catalyst 80 by Ishihara (b). Cy = cyclohexyl. 

Two mechanisms are commonly proposed for the oxidative dearomatisation reaction of 

phenols, such as 74 with DIB and an internal or external nucleophile (Scheme 1.26).[70,76] 

Initial ligand exchange between phenol derivative 74 and DIB generates 

phenoxyiodine(III) species 81. The dissociative mechanism (1) proceeds via transition 

state 82 which involves the direct fragmentation of 81 to obtain phenoxenium cation 

84. This intermediate is trapped by a nucleophilic species (HNu) to give intermediate 85 

and then the final product 76. The associative pathway (2) involves a nucleophilic attack, 

which is shown in transition state 83. This step leads to the oxidised intermediate 85, 

followed by the generation of 2,5-cyclohexadienone derivative 76. Likewise, the same 

mechanism applies for the formation of 1,3-cyclohexadienone derivatives 75.  
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Scheme 1.26: Postulated mechanisms for the iodine(III)-mediated oxidation of phenols. 

Harned[77] evaluated both mechanistic pathways in a computational study and revealed 

that the reaction most likely proceeds through the dissociative mechanism (1). This was 

later on supported by a detailed Hammett analysis.[78] The high activation barrier (ca. 

30 kcal mol–1 for H2O being the nucleophile) to reach 82 could be lowered to ca. 

10 kcal mol–1 by protonation of the acetate ligand in intermediate 81.  

1.4.4 Oxidative Rearrangements Induced by Hypervalent Iodine Reagents 

Hypervalent iodine reagents react initially as electrophile to then be converted into an 

excellent leaving group. This unique behaviour can lead to the generation of cationic 

intermediates that can either react with nucleophiles or induce various useful 

rearrangement reactions. [79,80] Rearrangements are important reactions that allow the 

synthesis of complex structures starting from relatively simple substrates. A selection of 

important rearrangements, such as aryl migration reactions, ring contractions and 

expansions or the Hofmann rearrangement is illustrated below. 

1.4.4.1 1,2-Aryl Group Migrations 

Hypervalent iodine compounds are excellent reagents for promoting aryl migration 

reactions. For instance, after initial results by Koser and co-workers in the 1980s,[81,82] 
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his group reported in 2004 an oxidative rearrangement of α-substituted styrene 

derivatives 86 mediated by HTIB (Scheme 1.27).[83] Aryl ketones 87 were furnished in 

aqueous methanol via migration of the aryl moiety. This oxidative rearrangement 

tolerated acyclic and cyclic arylalkenes to afford moderate to excellent yields of 87. 

According to the proposed mechanism, the reaction is initiated by the activation of the 

double bond of 86 by HTIB to form intermediate 88 in the presence of methanol. This is 

followed by a 1,2-aryl migration and nucleophilic attack of methanol to generate 90. 

Subsequently, acid-catalysed hydrolysis of ketal 90 gives products 87. The described aryl 

migration generally takes place through an intermediate involving an phenonium ion 

89.[84] Since the positive charge is delocalised over the aromatic system, the aryl 

migration can proceed at a relatively low level of energy, leading to a rearranged 

skeleton. Therefore, the phenonium ion can be formulated as an intermediate in the 

conversion of intermediate 88 into 90.  

 

Scheme 1.27: HTIB-mediated oxidative rearrangement of styrene derivatives 86 to aryl ketones 87. 

Encouraged by this preliminary work, Wirth and co-workers[85] developed a 

stereoselective version of this oxidative rearrangement mediated by optically active 

hypervalent iodine reagent 41. In the presence of either TsOHH2O or trimethylsilyl 

triflate (TMSOTf) as the additive and methanol in dichloromethane and TFE, low to 

excellent yields and enantiomeric purities of 87 were reported. The formation of 91 as 

an intermediate followed by a 1,2-aryl shift was proposed. 
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Scheme 1.28: Enantioselective synthesis of 87 via oxidative rearrangement. Ar* = chiral arene. 

Furthermore, Wirth et al.[86] demonstrated the high-yielding reaction of unsaturated 

carboxylic acids 92 with PIFA in presence of TMSOTf to furanones 93 via 1,2-aryl 

migration reaction (Scheme 1.29). The combination of PIFA and TMSOTf generates 

PhI(OTf)2 in situ. This highly reactive iodine(III) reagent adds to the double bond to 

furnish an electrophilic species, which is subsequently trapped by the carboxylic 

functionality to afford 94. As investigated by density functional theory (DFT) 

calculations, 94 is converted into 95 via 1,2-aryl migration and elimination of 

iodobenzene. The final product 93 is formed after a 1,2-hydride shift. 

 

Scheme 1.29: Synthesis of furanones 93 via 1,2-aryl migration reaction. 

The same group[87] subsequently reported a stereoselective version of an iodine(III)-

mediated rearrangement of arylketones 61 in the presence of trimethyl and triethyl 

orthoformate (Scheme 1.30). α-Arylated esters 96 were synthesised in low to good 

yields with moderate to good enantioselectivities by using chiral hypervalent iodine 

reagent 72 together with triflic acid as the activating reagent. The substrate scope could 

not be expanded to highly electron deficient aryl moieties, such as nitro or 

trifluoromethyl substituents, since they were unreactive towards these conditions and 
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no or very little conversion occurred. The stereoselectivity, however, followed the 

inverse trend and electron-rich substituents lowered the enantiomeric purity.  

 

Scheme 1.30: Stereoselective rearrangement of aryl ketones 61 mediated by chiral iodine(III) reagent 72. 

According to the suggested mechanism, intermediate 97 is generated after keto-enol 

tautomerism of 61 (Scheme 1.31). In a next step, this intermediate reacts to acetal or 

hemiacetal 98 in the presence of orthoformate HC(OR’)3, followed by an 1,2-aryl shift to 

provide intermediate 99, which leads to the final product 96 after hydrolysis. 

 

Scheme 1.31: Suggested mechanism for the formation of 96 mediated by hypervalent iodine reagents. 

1.4.4.2 Ring Contractions and Expansions 

Various iodine(III) reagents are known to enable ring contractions of cycloalkenes and 

cycloalkanones. Silva et al.[88] investigated ring contractions of dihydro-1-benzoxepines 

induced by HTIB. For example, ring contraction of methyloxepine 100 gave a moderate 

yield of the keto-substituted chromane derivative 101 in TFE (Scheme 1.32). The 

reaction starts with an electrophilic attack of HTIB on the double bond affording 

carbocation 102. Addition of the oxygen lone pair onto the benzylic carbon results in the 

generation of cyclic oxonium ion 103. This is followed by ring opening of the four 
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membered ring to give iodonium intermediate 104. A subsequent ring contraction via 

migration of the aryl group furnishes the final product 101 after elimination of 

iodobenzene and deprotonation. 

 

Scheme 1.32: Ring contraction of 100 to 101 mediated by HTIB. 

Recently, Peng and co-workers[89] reported an interesting approach regarding the 

synthesis of cyclopropyl ketones 106 from cyclobutanols 105 via ring contraction 

through hypervalent iodine oxidation (Scheme 1.33). The ring contraction was mediated 

by a combination of DIB and TMSOTf in dichloromethane and possessed a broad 

functional group tolerance with moderate to excellent yields. A reaction mechanism was 

postulated in which PhI(OTf)2 is generated in situ by mixing DIB with TMSOTf. Ligand 

exchange with 105 affords intermediate 107. A subsequent nucleophilic addition of 

triflate to the cyclobutyl ring leads to a ring opening generating 108. The corresponding 

enol 108’ undergoes an intramolecular nucleophilic substitution to furnish cyclopropyl 

ketones 106. 
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Scheme 1.33: Ring contraction of cyclobutanols 105 to cyclopropyl ketones 106 via iodine(III) oxidation. 

An example for a ring expansion is the synthesis of ϐ-benzocycloalkenones 110 contain-

ing six-, seven-, or eight-membered rings starting from alkylidenebenzocycloalkenes 

109.[90] This procedure was developed by Koser et al. and carried out with HTIB (5) in 

methanol (Scheme 1.34) with very good to excellent yields. Key intermediate 111 was 

proposed after addition of HTIB onto the double bond of 109 followed by a nucleophilic 

attack of methanol. This intermediate then undergoes an aryl migration with a 

subsequent addition of methanol to generate a ketal. Hydrolysis of this ketal generates 

the final product 110. 

 

Scheme 1.34: Ring expansion for the synthesis of ϐ-benzocycloalkenones 110 by applying HTIB (5). 

1.4.4.3 Hofmann Rearrangement 

The Hofmann rearrangement enables the conversion of amides into the corresponding 

amines. Conventionally, harsh conditions are required such as the use of sodium 

hydroxide in the presence of bromine. However, hypervalent iodine reagents have been 

shown to be effective in promoting Hofmann-type rearrangements under much milder 
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conditions. A convenient iodobenzene-catalysed Hofmann rearrangement of 

carboxamides 112 to carbamates 113 using Oxone® as terminal oxidant has been 

developed by Zhdankin and co-workers[91] (Scheme 1.35). This reaction involves a 

hypervalent iodine species generated in situ by oxidation of iodobenzene in the 

presence of HFIP in an aqueous solution of methanol. Those conditions allowed a 

Hofmann rearrangement of various carboxamides 112 to the corresponding carbamates 

113 in good to excellent yields, including benzylcarboxamides with either electron-

withdrawing or electron-donating substituents and aliphatic amides. 

 

Scheme 1.35: Iodobenzene-catalysed Hofmann rearrangement of carboxamides 112. 

The proposed catalytic cycle involves the oxidation of iodobenzene to form the active 

species 114, which is probably activated by HFIP to generate a more electron-deficient 

hypervalent iodine species (Scheme 1.36). This active species reacts further with 

carboxamide 112 to give the hypervalent iodine species 115 via ligand exchange. 

Reductive elimination of iodobenzene generates nitrene 116 as a possible intermediate. 

A 1,2-shift at the nitrene nitrogen gives isocyanate 117 and the final product 113 is 

generated after the subsequent addition of methanol.  

 

Scheme 1.36: Suggested reaction mechanism for the iodobenzene-catalysed formation of carbamates 

113. 
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2 Synthesis and Applications of Iodine Tricarboxylates 

Parts of this work have been published:  

T. Hokamp, L. Mollari, L. C. Wilkins, R. L. Melen, T. Wirth, Angew. Chem. Int. Ed. 2018, 

57, 8306–8309; Angew. Chem. 2018, 130, 8438–8442: “Alternative Strategies with 

Iodine: Fast Access to Previously Inaccessible Iodine(III) Compounds” 

Chapters 2.3.3 and 2.3.4 enclose contributions from Leonardo Mollari as part of his 

research project. Crystallographic studies were conducted by Dr. Lewis C. Wilkins. 

2.1 Introduction 

The great majority of iodine(III) reagents that were discussed in chapter 1 are of the 

types ArIL2 or Ar2IL with Ar being an aryl moiety and L representing a heteroatom-

containing ligand, which can be either oxygen, nitrogen or a halogen (Figure 2.1). 

(Diacetoxyiodo)arenes such as DIB (2), PIFA (3) and similar hypervalent iodine(III) 

dicarboxylates belong to one of the most important classes of hypervalent iodine 

compounds.[1] As described before, the major pathway for their preparation is the 

reaction of iodoarenes with oxidants such as mCPBA,[2] peracetic acid,[3] sodium 

perborate,[4] Oxone®,[5] or Selectfluor®[6] in the presence of carboxylic acids to form the 

corresponding [bis(acyloxy)iodo]arenes. 

While those types of polyvalent iodine reagents are well investigated and frequently 

used in organic synthesis, iodine(III) reagents of the type IL3 with three ligands 

containing heteroatoms have been rarely investigated. They can be referred to as 

inorganic iodine(III) compounds and can be divided into the classes of iodine(III) halides 

and derivatives of iodine(III) oxide.[7] 

 

Figure 2.1: Different classes of iodine(III) reagents. 
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2.1.1 Iodine (III) Halides 

Iodine trichloride (118) is the only commercially available inorganic iodine(III) reagent 

and it is the first reported hypervalent iodine reagent, which is prepared by the reaction 

of iodine with liquid chlorine at low temperatures (Scheme 2.1a).[8] It decomposes in the 

presence of water to hydrogen chloride, iodine monochloride and iodic acid, HIO3 

(Scheme 2.1b),[9] while at elevated temperatures it releases iodine monochloride and 

chlorine gas (Scheme 2.1c).[8] A crystal structure analysis by Boswijk and Wiebenga[10] 

revealed its dimeric nature with a planar structure containing two coordinative bonds 

between the iodine and chlorine atoms (Scheme 2.1d). 

 

Scheme 2.1: Synthesis of iodine trichloride (118, a), its decomposition in water (b) and under elevated 

temperatures (c). Solid-state crystal structure analysis of 118 revealed its dimeric nature (d). 

Iodine trifluoride (119) can be obtained by a similar procedure (Scheme 2.2a). 

Schmeisser and Scharf[11] reported in 1960 the synthesis of iodine trifluoride starting 

from a solution of iodine in trichlorofluoromethane which was treated at low 

temperatures with a nitrogen-diluted fluorine stream. Iodine trifluoride is highly 

sensitive to hydrolysis (Scheme 2.2b) and extremely thermally unstable (Scheme 2.2c) 

since it disproportionates at temperatures above −35 °C to iodine pentafluoride, IF5, and 

iodine with iodine fluoride as intermediate.[11,12] Complexation of iodine trifluoride has 

been reported with pyridine, chinoline[13] and various alkali metal fluorides (KF, RbF, 

CsF).[14] Hoyer and Seppelt[15] were able to perform a single-crystal X-ray structure 

determination of iodine trifluoride and observed a polymeric structure in its crystalline 

form, which can explain its high insolubility in most conventional solvents 

(Scheme 2.2d).[13] 
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Scheme 2.2: Synthesis of iodine trifluoride (a), its hydrolysis (b) and disproportionation (c). Polymeric 

structure of 119 (d).  

Both iodine(III) halides are able to undergo ligand exchange reactions leading to 

iodine(III) tricarboxylates. For example, treatment of iodine trifluoride with 

trifluoroacetic anhydride at low temperature provides iodine tris(trifluoroacetate) (ITT, 

17) via a ligand exchange (Scheme 2.3a),[16] while the reaction of iodine trichloride with 

silver acetate in acetic acid at room temperature generates iodine triacetate (120) 

(Scheme 2.3b).[17] Similarly, ITT can also be synthesised by treatment of iodine 

trichloride with silver trifluoroacetate.[18] 

  

Scheme 2.3: Synthesis of ITT (17, a) and iodine triacetate (120, b) through ligand exchange reactions of 

iodine(III) halides. 

2.1.2 Iodine(III) Tricarboxylates 

Iodine(III) tricarboxylates, or iodine(III) tris(carboxylates) with a general chemical 

formula of I(OCOR)3 are derivatives of iodine(III) oxide, I2O3, which belongs to the second 

relevant class of iodine(III) reagents with IL3 as the general structure. Based on a 

procedure of Foqué,[19] various iodine(III) tricarboxylates have been synthesised by 

oxidation of iodine with concentrated nitric acid in the presence of either the 

corresponding carboxylic anhydride (Scheme 2.4a) or acetic anhydride and the 

corresponding carboxylic acid (Scheme 2.4b). [20,21]  
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Scheme 2.4: Preparation of various iodine(III) tricarboxylates by oxidation of iodine with fuming nitric acid 

in presence of carboxylic anhydrides (a) and ligand exchange reaction of iodine triacetate with carboxylic 

acids (b). 

Alternatively, iodine tricarboxylates can be formed via ligand exchange reactions of 

iodine(III) halides with carboxylic acids (Scheme 2.3) or by the oxidation of iodine using 

peroxy acids. As described by Schmeißer and co-workers,[18] ITT can be synthesised by 

the oxidation of iodine with trifluoroperacetic acid, CF3CO3H, in trifluoroacetic 

anhydride. However, while nitric acid selectively oxidises iodine to iodine(III), 

trifluoroperacetic acid is capable of oxidising iodine to iodine(III) and iodine(V) 

depending on the molar ratio. Oxidation of iodine with three equivalents of 

trifluoroperacetic acid generates ITT and five equivalents furnish iodine(V) reagent 

iodoxytrifluoroacetate, IO2OCOCF3 (Scheme 2.5). 

 

Scheme 2.5: Synthesis of ITT (17) and iodoxytrifluoroacetate, IO2OCOCF3, by oxidation of iodine with 

trifluoroperacetic acid. 

Like iodine(III) halides, iodine(III) tricarboxylates are sensitive to moisture. Upon 

reaction with water, iodine(III) trihydroxide, I(OH)3, is formed via ligand exchange, which 

disproportionates to iodic acid, HIO3, and iodine (Scheme 2.6).[22] In addition to 

providing the carboxylate ligands, carboxylic anhydrides are crucial in the synthesis of 

iodine(III) tricarboxylates as they also act as dehydrating agents. 

 

Scheme 2.6: Decomposition of iodine(III) tricarboxylates in presence of moisture. 

Schmeißer et al.[23] studied the thermal stability of ITT and revealed a thermal 

decomposition above 105 °C involving the evolution of gases. The mechanism of the 

decomposition was studied by quantitative analysis of the decomposition products. 
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They were able to prove the formation of trifluoroacetic anhydride, hexafluoroethane, 

and carbon monoxide as gaseous products and iodine tetroxide, I2O4, as residue. Since 

iodine tetroxide itself is unstable towards heat, iodine and iodine pentoxide, I2O5, were 

additionally identified. Based on these observations, a reaction equation was proposed 

(Scheme 2.7a). However, according to observations of Oldham and Ubbelohde,[22] a 

different equation was suggested, which possibly includes the formation of iodine 

monocarboxylates, I(OCOR), and carboxyl radical RCOO˙ with R being an alkyl group. This 

radical can react further to ester RCOOR and carbon dioxide (Scheme 2.7b). Moreover, 

iodine and alkyl iodides were identified as decomposition products. 

 

Scheme 2.7: Two proposed pathways for the thermal decomposition of iodine(III) tricarboxylates. 

Birchall and co-workers[24] reported a crystal structure of iodine triacetate (120) in 1989. 

The solid-state structure contains three primary bonds from the iodine centre to each 

acetate ligand and two coordinative bonds to two of the three acetate ligands, creating 

an overall pentagonal-planar molecular geometry (Figure 2.2). 

 

Figure 2.2: Structure of iodine triacetate based on solid-state X-ray structure analysis.  

Buddrus[25] was the first to analyse the reactivity of ITT towards aliphatic alkenes and 

alkanes. Like PIFA (3), ITT is capable of oxidising alkenes selectively to syn-diesters in 

good yields. For instance, cyclohexene (13) yielded syn-diester 14 upon addition of a 

suspension of ITT in pentane (Scheme 2.8).  
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Scheme 2.8: Reaction of ITT with cyclohexene (13). 

Two years later, Buddrus and Plettenberg[26] reported the oxidation of alkanes and 

ethers mediated by ITT. Tertiary carbons and ethers were oxidised within minutes, while 

secondary carbons were oxidised within days and neopentane is inert towards ITT. For 

example, adamantane (121) was transformed to monoester 122, while cyclohexane 

(123) was converted to a mixture of the monoester 124 and diester 14 (Scheme 2.9). 

Furthermore, α,ϐ-(trifluoracetoxy) diester 126 was obtained upon treatment of 

tetrahydrofuran (THF, 125) with ITT. On the other hand, iodine triacetate failed to react 

with alkanes. 

 

Scheme 2.9: Exemplary oxidations of alkanes and ethers with ITT. 

Interestingly, Maletina and co-workers[27] discovered the capability of ITT to convert 

arenes 127 into the corresponding [bis(trifluoroacetoxy)iodo] arenes 128 

(Scheme 2.10). Moderate to very good yields (41–91%) of the hypervalent products 128 

were obtained upon reaction of 127 with ITT in trifluoroacetic acid (TFA) and 

trifluoracetic anhydride (TFAA). However, the substrate scope of this work was limited 

to only five substrates such as benzene, toluene and chlorobenzene. Moreover, toluene 

and chlorobenzene yielded mixtures of regioisomers. 
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Scheme 2.10: Reactivity of ITT towards arenes 127. 

Based on this work, Kurosawa and co-workers[28] reported a protocol for the iodination 

of aryl ketones and coumarins by employing ITT. Acetophenone, flavanone and 

coumarin derivatives were iodinated upon reaction with ITT followed by treatment with 

sodium iodide. For example, it could be shown that 4’-methoxyacetophenone (129), 

coumarin (131) and 7-methoxyflavanone (133) were iodinated in various positions to 

yield 130, 132 and 134, respectively (Scheme 2.11). 

 

Scheme 2.11: Reaction of acetophenones (a), flavanones (b) and coumarins (c) with ITT after treatment 

with sodium iodide. 

Subsequently, the same group[29] presented a rearrangement reaction mediated by ITT 

yielding 1,2-diarylethanones 136 from symmetrical 1,1-diarylethenes 135 or a mixture 

of isomers 136 and 137 starting from unsymmetrical 135 (Scheme 2.12). The reaction 

proceeded best in carbon tetrachloride affording low to good yields of 136 and 137.  
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Scheme 2.12: Reaction of 135 with ITT generating 136 and 137. 

The reaction is presumably initiated by the addition of ITT to the double bond of 135 to 

form intermediate 138 (Scheme 2.13). A 1,2-aryl shift leads to 139, which upon 

treatment with aqueous acid provides product 136 and 137 by hydrolysis.  

 

Scheme 2.13: Presumed reaction mechanism for the synthesis of 136 and 137 from 135 mediated by ITT. 

Inspired by the work of Buddrus, who analysed the reactivity of ITT towards alkenes 

(Scheme 2.8), Woodgate and co-workers[17] were the first to study the reaction of iodine 

triacetate with cyclohexene (13) and its derivatives under similar conditions. While 

cis-bis(trifluoroacetoxylation) of cyclohexene was observed by applying ITT, trans-iodo-

acetoxylation was noticed using iodine triacetate leading to 140 along with minor 

quantities of the corresponding trans-iodohydrin (Scheme 2.14). The observed 

stereospecificity can be rationalised in terms of a trans-addition of iodine triacetate to 

the alkene to generate intermediate 141. It was speculated, that the reduction step of 

141 occurs via a radical mechanism generating 140 and acetoxy radicals. Furthermore, 

iodine triacetate underwent a stereo- and regiospecific reaction with 5α-androst-2-ene 

(142) as a result of the selective attack of iodine triacetate from the less hindered α-face 

and a selective ϐ-attack of the acetate at the C2-position. The corresponding trans-

iodoacetoxylated product 143 was obtained in a moderate yield (Scheme 2.14b). 
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Scheme 2.14: Stereospecific iodoacetoxylation of 13 (a) and 142 (b) with iodine triacetate. 

One year later, the same group[30] reported a convenient synthesis of dialdehydes 145 

via a high yielding oxidative cleavage of vicinal diols 144 with iodine triacetate in acetic 

acid (Scheme 2.15). A radical mechanism was proposed to explain the formation of 145. 

 

Scheme 2.15: Cleavage of vicinal diols 144 by iodine triacetate to generate dialdehydes 145. 

2.2 Aims and Objectives 

Hypervalent iodine reagents of type IL3 with three heteroatom-containing ligands on the 

iodine centre have been rarely investigated owing to their comparatively low stability. 

Only few examples of iodine(III) halides and iodine(III) tricarboxylates have been 

reported in the literature with limited applications. Therefore, the main aim of this 

project is to gain a detailed understanding of their reactivities, which could enable the 

development of novel transformations and convenient access to previously inaccessible 

compounds or compounds that are not easily accessible. To study the reactivity of these 

hypervalent iodine(III) reagents, the main focus of this investigation is iodine triacetate, 

and its reactions with various arenes in presence or absence of Lewis acids. Moreover, 

the utilisation of heteroatom-containing ligands for potential ligand exchange reactions 

with iodine triacetate and iodine tris(trifluoroacetate) is explored in order to synthesise 

novel iodine(III) reagents that only consist of heteroatom-containing ligands. The 

success of these ligand exchange reactions is investigated via solid-state X-ray structure 

analysis. 
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2.3 Results and Discussion 

2.3.1 Synthesis of Iodine Triacetate 

Initially, iodine triacetate was prepared following a literature procedure from Fichter 

and Stern.[20] Hence, iodine was oxidised by nitric acid (6.5 equivalents) in presence of 

acetic anhydride (7.4 equivalents) and acetic acid (6.1 equivalents) under an atmosphere 

of nitrogen between −40 °C and room temperature for two hours (Scheme 2.16, top). 

Strict exclusion of moisture was crucial for the success of the reaction. Otherwise, 

unidentified products were obtained that showed an unpredictable and not 

reproducible reactivity. Therefore, nitric acid was freshly synthesised by reaction of 

potassium nitrate with sulfuric acid under nitrogen at 120 °C and distilled subsequently 

to obtain anhydrous, white fuming nitric acid. Moreover, acetic acid and acetic 

anhydride were freshly distilled from phosphorous pentoxide as drying agent under 

nitrogen atmosphere.  

A fine pale yellow powder was obtained after removal of all volatiles, which was 

transferred into a nitrogen-filled glove box in order to avoid decomposition during the 

following crystallisation process. Storing a sample of the reaction product as a saturated 

solution in dichloromethane/n-pentane at room temperature and at −40 °C fortunately 

led to the formation of a crop of colourless and red crystals, respectively, whose 

structure could be determined by single-crystal X-ray diffraction (Scheme 2.16, bottom). 

The X-ray structural analysis confirmed that the obtained solid is iodine triacetate, which 

was isolated in excellent yield (94%). Depending on the crystallisation temperature, two 

different crystalline polymorphs were obtained. The colourless crystal grown at −40 °C 

crystallised in the monoclinic space group P21/c, which is in agreement with the 

structural information by Birchall and co-workers.[24] On the contrary, the red crystal 

grown at room temperature crystallised in the monoclinic space group P21/n. 

As expected for hypervalent iodine(III) compounds, the crystal structure of iodine 

triacetate revealed an approximate T-shaped geometry with an O(1)–I(1)–O(3) bond 

angle of 79.15(10)° and an O(5)–I(1)–O(3) bond angle of 79.46(10)°, respectively. The 

covalent I(1)–O(3) bond length was found to be 1.998(2) Å, similar to the sum of the 

covalent radii of iodine and oxygen (1.99 Å).[9] The covalent iodine-carbon bond lengths 

in hypervalent iodine(III) reagents of type ArIL2 show comparable measures, ranging 
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from 2.00 to 2.10 Å.[7] The remaining two acetate ligands form together with the iodine 

atom a hypervalent O(1)–I(1)–O(5) bond with an angle of 158.05(10)° and lengths of 

2.164 Å for the I(1)–O(1) bond and 2.171(3) Å for the I(1)–O(5) bond. Therefore, the 

distance between iodine and both oxygen atoms of the hypervalent bond are slightly 

longer than the sum of the covalent radii, which is a characteristic feature of hypervalent 

iodine bonds. Furthermore, strong intramolecular secondary bonds between both 

oxygen atoms O(2) and O(6) to the iodine atom I(1) could be observed, since the 

distances of 2.518(3) Å and 2.492(3) Å, respectively, are significantly shorter than the 

sum of the van der Waals radii (3.5 Å).[31] Interestingly, both secondary bonds are 

considerably shorter than the secondary bonds found in DIB (2.817 Å and 2.850 Å). In 

contrast, the I–O distances in the hypervalent bond of iodine triacetate are slightly elon-

gated compared to the I–O distances of 2.159 Å and 2.153 Å that are reported for DIB.[32] 

 

 

Scheme 2.16: Synthesis of iodine triacetate by strict exclusion of moisture (top). Solid-state structure of 

iodine triacetate (bottom). C: white, O: red, I: purple. Hydrogen atoms are omitted for clarity. Thermal 

ellipsoids are shown at 50% probability. 

Although those two acetate ligands exhibit additional coordination with oxygen atoms 

O(2) and O(6), while the third acetate ligand does not, 1H NMR analysis for iodine 

triacetate revealed that all acetate ligands are identical in solution. The 1H NMR 
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spectrum at room temperature and at −60 °C exhibited only one singlet (δ = 2.19 ppm), 

thus no coordination even at low temperature could be visualised via 1H NMR analysis.  

2.3.2 Reactivity of Iodine Triacetate towards Styrene 

After having obtained unambiguous proof for the presence of iodine triacetate, the 

reactivity towards styrene (22a) could be investigated. Therefore, styrene was treated 

with 1.1 equivalents of iodine triacetate in dichloromethane at room temperature. 

Iodoacetoxylated product 146 was isolated along with iodohydrin 147. Interestingly, a 

third product could be isolated in minor quantities, which was identified as iodo-nitrate 

148 after comparing the results of the NMR analysis with the literature.[33] Moreover, 

infrared (IR) spectroscopy revealed the characteristic, strong absorption bands for 

nitrates (1633 and 1273 cm−1).[34] After two hours the reaction was quenched with an 

aqueous solution of sodium thiosulfate and the crude 1H NMR spectrum uncovered a 

consumption of 70%. While 147 was isolated as major product (32%), iodoacetate 146 

was obtained in low yield (18%) and iodo-nitrate 148 was produced in trace amounts 

(Table 2.1, Entry 1). The source of the nitro group could be traces of nitric acid, that 

could not be completely removed under high vacuum. Increasing reaction time to four 

days led to an improved yield of 146 (68%), while 147 (2%) and 148 (3%) were isolated 

in traces (Entry 2). A significant enhancement of the reaction speed could be observed 

by addition of five equivalents of acetic acid (Entry 3), since similar yields to entry 2 were 

achieved already after two hours.  

Table 2.1: Reaction of iodine triacetate with styrene (22a) using different conditions.[a] 

 

 Entry Additive t [h] 
Yield of 146 

[%][b] 
Yield of 147 

[%][b] 
Yield of 148 

[%][b] 

1 – 2 18 32 2 

2 – 96 68 2 3 

3 AcOH (5 equiv.) 2 69 3 3 

[a] All the reactions were carried out under nitrogen atmosphere using 1.0 mmol of styrene and 1.1 mmol 

of iodine triacetate in dichloromethane (2.0 mL) at room temperature. [b] Isolated yields are reported. 
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With these results in hand, it can be assumed that iodine triacetate is activated by 

coordination of acetic acid to the acetate ligands, which increases the electrophilicity of 

the central iodine atom (Scheme 2.17). Cyclic intermediate 149 is generated via ligand 

exchange upon reaction of activated iodine triacetate with styrene. This is followed by 

a nucleophilic attack of acetate anions on 149 to furnish intermediate 150. Alternatively, 

intermediate 151 can be generated from 149 as a result of a nucleophilic addition of 

water to 149 upon addition of aqueous sodium thiosulfate. A subsequent reductive 

elimination of 150 and 151 yields 146 and 147, respectively. 

 

Scheme 2.17: Proposed mechanism for the formation of 146 and 147 by reaction of styrene with iodine 

triacetate in the presence of acetic acid. 

The reduction step to generate 146 could proceed via ligand coupling of intermediate 

150 (Scheme 2.18), which would furnish 146 together with diacetyl peroxide (152) as 

by-product. However, diacetyl peroxide was not detected by 1H NMR analysis and 

neither by gas chromatographic analysis followed by mass spectrometric examination 

(GC-MS). Thus, this proposed pathway could not be proven. 

 

Scheme 2.18: Possible reductive elimination of 150 to 146 via ligand coupling. 

Interestingly, McCormack[35] and Sherwood[36] described a thermal and photochemical 

decomposition of DIB through a radical pathway to provide iodobenzene. Similar to the 

proposed reduction of DIB, the reduction of 150 could proceed through a radical 

mechanism, generating 146 and two acetoxy radicals (Scheme 2.19, step 1). 

Decarboxylation would form methyl radicals (step 2), which could either combine to 

form ethane (step 3) or react with acetoxy radicals to generate methyl acetate (153, 

step 4). 
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Scheme 2.19: Proposed mechanism of the reduction of 150 to 146 via a radical pathway. 

To investigate the mechanism in more detail, a reaction of styrene with iodine triacetate 

was conducted in a sealed Young NMR tube under nitrogen atmosphere in deuterated 

chloroform. Analysis of the by-products could provide evidence for a radical pathway. 

Indeed, in situ 1H NMR analysis revealed the formation of methyl acetate (153) as by-

product of the iodoacetoxylation reaction (Figure 2.3). Two singlets with the expected 

chemical shifts of 153 (δ = 3.66 and 2.05 ppm, marked with stars)[37] with a 1:1 ratio of 

the integrals were present in addition to product 146 (marked with arrows). Further 

confirmation was given by GC-MS analysis of the reaction solution, which revealed the 

presence of methyl acetate by comparison of the fragmentation pattern with the 

literature.[38] However, ethane could not be detected, presumably due to its high 

volatility. Moreover, the absence of iodohydrin 147 in the 1H NMR spectrum 

demonstrates that its formation must have occurred during the aqueous work-up.  

 

Figure 2.3: In situ 1H NMR spectrum of the iodoacetoxylation of styrene with iodine triacetate after nine 

days. Product 146 is marked with arrows and methyl acetate (153) with stars. 
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After the initial investigation of the reactivity of iodine triacetate towards styrene, the 

effect of different solvent systems and Lewis acids were examined more closely. For a 

fast analysis, the outcome of the reaction was analysed via GC with flame ionisation 

detection (GC-FID) by constructing a calibration curve with ethylbenzene (154) as 

internal standard.  

In a first test experiment, styrene was reacted with 1.1 equivalents of iodine triacetate 

for 1.5 hours in a solvent mixture of dichloromethane and acetic acid (10:1) in the 

presence of 1.0 equivalents of ethylbenzene (154). After aqueous work-up, GC-FID-

analysis revealed a high consumption of styrene (98%) and a good GC yield of 146 (77%, 

Table 2.2, Entry 1). A reaction with a 1:1 ratio of dichloromethane and acetic acid 

showed similar consumption (97%) and GC yield (78%, Entry 2). Comparable results 

were achieved by changing the solvent system to acetic acid and acetic anhydride (10:1, 

Entry 3). The next experiment demonstrated the importance of acetic acid in this 

reaction, since a solvent system of dichloromethane and acetic anhydride (10:1) did not 

lead to full consumption after 1.5 hours (53%, Entry 4); it required six hours to achieve 

full consumption with very good GC yield of 146 (80%, Entry 5). However, a solvent 

mixture of dichloromethane, acetic acid and acetic anhydride (2:1:1) accelerated the 

reaction significantly and 95% consumption was observed after 30 minutes, but the yield 

of 146 was reduced to 65% (Entry 6).  

Afterwards, the effect of fluoroalcohols was investigated, since they are known for their 

ability to enhance reaction rates and efficiencies of reactions that are mediated by 

hypervalent iodine reagents.[39,40] Addition of TFE or HFIP in combination with dichloro-

methane led to full consumption after 1.5 hours, but the yield of 146 remained low (12% 

and 46%, respectively, Entry 7 and 8). However, the gas chromatogram showed a large 

number of uncharacterisable side products. Full consumption of styrene was achieved 

after 30 minutes in dichloromethane and trifluoroacetic acid (1:1, Entry 9), but no 

formation of 146 was detected. Instead, the gas chromatogram revealed again the 

generation of uncharacterised side products. Therefore, it can be concluded that a 

solvent mixture of dichloromethane and acetic acid (Entry 2) showed the best results for 

the iodoacetoxylation reaction of styrene mediated by iodine triacetate. 
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Table 2.2: Reaction of styrene with iodine triacetate by applying different solvent systems.[a] 

 

Entry Solvent t [h] Consumption of 22a [%][b] Yield of 146 [%][b] 

1 CH2Cl2/AcOH (10:1) 1.5 98 77 

2 CH2Cl2/AcOH (1:1) 1.5 97 78 (68)[c] 

3 AcOH/Ac2O (10:1) 1.5 98 68 

4 CH2Cl2/Ac2O (1:1) 1.5 53 15 

5 CH2Cl2/Ac2O (1:1) 6 > 99 80 

6 CH2Cl2/AcOH/Ac2O (2:1:1) 0.5 95 65 

7 CH2Cl2/TFE (10:1) 1.5 > 99 12[d] 

8 CH2Cl2/HFIP (10:1) 1.5 > 99 46[d] 

9 CH2Cl2/TFA (1:1) 0.5 > 99 0[d] 

[a] All reactions were carried out under nitrogen atmosphere with 1.0 mmol of styrene and 1.1 mmol of 

iodine triacetate in different solvents (2.0 mL) at room temperature; 1.0 mmol of ethylbenzene (154) as 

internal standard were added. [b] Consumption and yield was determined by GC-FID analysis using 

ethylbenzene as internal standard. [c] Isolated yield in parentheses. [d] Different products were observed. 

Next, the effect of Lewis acids on the reactivity of iodine triacetate towards styrene was 

examined. Lewis acids can coordinate to the heteroatom-containing ligands L of 

hypervalent iodine compounds, by which the hypervalent bond gets weakened. This 

leads to a more cationic iodonium species, hence to an enhanced reactivity of the 

hypervalent iodine compounds.[41,42] Initial investigations started by addition of 

1.0 equivalents of BF3OEt2 to a reaction solution of styrene and 1.1 equivalents of iodine 

triacetate in dichloromethane at −78 °C. Moreover, 1.0 equivalents of the internal 

standard ethylbenzene (154) were added (Table 2.3). Under those conditions GC-FID 

analysis showed full consumption of styrene after 30 minutes. However, different from 

the previous reactions, 146 could not be detected. Interestingly, diacetoxylated product 

155 could be isolated as a major product instead (41%, Entry 1). Furthermore, the prior 

inert internal standard ethylbenzene (154) was iodinated in para- and ortho-position to 

generate 156 (37%) together with traces of 157 (3%). Similar results were observed by 



TOBIAS HOKAMP  SYNTHESIS AND APPLICATIONS OF IODINE TRICARBOXYLATES 

51 
 

the addition of TMSOTf (Entry 2), which provided 155 in 46% yield in addition to 156 

(31%) and 157 (6%) after 30 minutes. 

Table 2.3: The effect of Lewis acids on the reactivity of iodine triacetate towards styrene.[a] 

 

Entry Lewis acid Yield of 155 [%][c] Yield of 156 [%][c] Yield of 157 [%][c] 

1 BF3OEt2 41 37 3 

2 TMSOTf 46 31 6 

[a] All reactions were carried out under nitrogen atmosphere with 1.0 mmol of styrene, 1.0 mmol of 

ethylbenzene (154) and 1.1 mmol of iodine triacetate in dichloromethane (2.0 mL) at −78 °C for 30 min. 

[b] Ethylbenzene (154) was added as internal standard. [c] Isolated yields are reported. 

On the other hand, addition of TsOHH2O (1.0 equiv.) as a Brønsted acid under identical 

conditions gave 146, 155 and 158 in low yields (18%, 5% and 4%, respectively, 

Scheme 2.20). Moreover, only a trace amount of 156 was identified in the 1H NMR 

spectrum of the crude reaction mixture.  

 

Scheme 2.20: Reaction of styrene with iodine triacetate in the presence of TsOHH2O. [a] Ethylbenzene 

(154) was added as internal standard. 

Since the internal standard ethylbenzene was not inert under these reaction conditions, 

a reaction of styrene with iodine triacetate and TMSOTf was conducted in the absence 

of ethylbenzene. Quenching the reaction after 30 minutes by addition of aqueous 

sodium thiosulfate furnished 155 in a low yield (2%) as well as 158 and its regioisomer 

159 in moderate yields (55% and 24%, respectively, Table 2.4, Entry 1). Interestingly, 

when the reaction time was increased to 16 hours and the reaction solution warmed up 

to room temperature during this period, an inseparable mixture of two products was 

isolated. Through 1H NMR and GC-MS analysis one product could be identified as 155, 
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while the second product was found to be 160[43] (155/160 = 1:1.4, 41% combined yield, 

determined via 1H NMR analysis).  

Table 2.4: Reaction of styrene with iodine triacetate and TMSOTf in the absence of ethylbenzene. 

 

Entry T [°C]  t [h] Products 

1 −78 0.5 155 (2%), 158 (55%), 159 (24%)[a] 

2 −78 to r.t. 16 155, 160 (155/160 = 1:1.4, 41%)[b] 

[a] Isolated yields in parentheses. [b] Inseparable mixture; 1H NMR ratio in parentheses; combined yield 

was calculated. 

Based on the observed reactivity of iodine triacetate in the presence of BF3OEt2, 

TMSOTf and TsOHH2O a mechanism was proposed that explains the diacetoxylation of 

styrene as well as the iodination of the internal standard ethylbenzene (154) and the 

formation of diacetoxylated product 155 (Scheme 2.21). Initially, iodine triacetate is 

activated by coordination with the Lewis or Brønsted acid additive. This results in an 

increased reactivity of iodine triacetate, since the activation lowers the energy of the 

lowest unoccupied molecular orbital (LUMO), analogous to the previously explored 

activation of DIB by Lewis and Brønsted acids.[41] Hence, iodine triacetate is more 

susceptible to react with aromatic systems such as ethylbenzene (154) and 155 and 

generates intermediates 161 via electrophilic aromatic substitution. These 

intermediates, in turn, are activated hypervalent iodine reagents of type ArIL2. Next, 161 

reacts with styrene to iodonium ion 162, which is further transformed to intermediate 

163 upon reaction with an acetate anion. The final products 155, 156 and 160, 

respectively, are formed after generation of cyclic intermediate 164, followed by 

additional nucleophilic addition of an acetate anion. The formation of intermediates 161 

proceeds highly regioselectively with iodination in the para-position. Hence, only traces 

of the ortho-iodinated product 157 were obtained. As described by Shafir and co-

workers[41] with help of DFT calculations, TMSOTf and BF3OEt2 form more reactive 

intermediates with hypervalent iodine reagents than TsOH. Thus, the reaction of iodine 
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triacetate with styrene in the presence of TsOHH2O proceeds to a great extent via an 

intermediate of the type 150 and not via 161c, which yields 146 as the major product 

and only minor quantities of 155. The presence of water during the reaction promotes 

the formation of 158, which is formed upon nucleophilic addition of water on 164. 

 

Scheme 2.21: Proposed mechanism for the generation of 155, 156 and 160. LA = Lewis acid. 

However, the reaction of styrene with iodine triacetate and TMSOTf in the absence of 

ethylbenzene indicated that the aromatic system in styrene is less reactive towards 

activated iodine triacetate than the double bond. Both reaction products 158 and 159 

could be formed via intermediate 164a through nucleophilic attack of water during 

aqueous work-up (Scheme 2.22).  

 

Scheme 2.22: Suggested mechanism for the formation of 158 and 159 by reaction of styrene with iodine 

triacetate and TMSOTf.  
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In order to support the proposed formation of intermediates 161, a reaction of toluene 

(165) with 1.0 equivalents of iodine triacetate and TMSOTf was conducted. Since the 

isolation of intermediates of species 161b is a difficult process,[41] the reaction was 

carried out in an NMR tube under a nitrogen atmosphere in deuterated chloroform and 

the result was studied with help of in situ 1H NMR analysis (Scheme 2.23). After a 

reaction time of 20 minutes, the 1H NMR spectrum indicated the formation of para-

substituted hypervalent iodine species 166 and ortho-substituted regioisomer 167 

(166/167 = 4.2:1).  

 

 

Scheme 2.23: Reaction scheme of toluene (165) with iodine triacetate in TMSOTf (top) and in situ 1H NMR 

spectrum of the reaction after 20 minutes (bottom). 

Due to the cationic character of hypervalent iodine reagent 166, a strong downfield shift 

of the two doublets resulting from the aromatic protons (δ = 8.14 and 7.40 ppm) 

compared to the literature values of the corresponding protons from 

4-(diacetoxyiodo)toluene 168[44] (Figure 2.4) was noticed. Similarly, strong downfield 

shifts for all signals from the aromatic protons in 167 compared to the aromatic protons 

from 2-(diacetoxyiodo)toluene (169)[45] were observed. These data are comparable with 

the chemical shifts reported for hypervalent iodine compound 170.[41] Presumably as a 

= 165 

= 166 

= 167 
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result of dynamic ligand exchanges in 166 and 167 between triflate and acetate, the 

corresponding singlet resulting from the acetate protons (δ = 2.06 ppm) appears as a 

broad signal with an integration larger than three. 

 

Figure 2.4: Structures of hypervalent iodine reagents 168–170. 

This 1H NMR experiment supports the proposed mechanism by indicating the formation 

of intermediates 166 and 167. These initial results of reactions employing iodine 

triacetate could give a basic understanding about its reactivity. On the one hand, 

reaction of styrene with iodine triacetate, which was activated by acetic acid, resulted 

presumably through a radical pathway in the formation of iodoacetoxylated product 

146. On the other hand, iodine triacetate could regioselectively iodinate diacetate 155 

and ethylbenzene when activated by Lewis acids. Mechanistic studies using in situ 

1H NMR analysis served as evidence for the formation of activated hypervalent iodine 

reagents of the type 161. 

2.3.3 Reactivity of Iodine Triacetate towards Electron-Rich Arenes 

Encouraged by these preliminary results, the reactivity of iodine triacetate towards 

arenes was studied in detail. In a first experiment, 1,3,5-trimethoxybenzene (171a) was 

treated with 1.0 equivalents of iodine triacetate in dichloromethane at room 

temperature under an atmosphere of nitrogen (Scheme 2.24a). The 1H NMR analysis of 

the reaction mixture after 20 minutes revealed a high conversion (95%) to hypervalent 

iodine reagent 172a. However, aqueous work-up led to a high degree of degradation of 

the formed product 172a. This problem could be alleviated by concentrating the 

reaction mixture under vacuum and the hypervalent iodine reagent 172a was isolated 

in an excellent yield (97%). Importantly, the reaction of 171a with 0.5 equivalents of 

iodine triacetate did not furnish the corresponding diaryliodonium salt 173 

(Scheme 2.24b). 
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Scheme 2.24: Synthesis of iodine(III) reagent 172a starting from arene 171a and iodine triacetate (a) and 

attempt to synthesise diaryliodonium salt 173 (b). 

A sample of 172a was crystallised by storing a saturated dichloromethane/n-hexane 

solution at −20 °C. Solid-state X-ray structure analysis confirmed the presence of 172a, 

which crystallised in the triclinic space group P-1 (Figure 2.5). The two acetate ligands 

form together with the iodine atom a nearly linear hypervalent bond [O(1)–I(1)–O(3)] 

with a bond angle of 167.09(9)° and bond lengths of 2.163(2) Å for the I(1)–O(1) bond 

and 2.173(2) Å for the I(1)–O(3) bond.  

 

Figure 2.5: X-ray structure of iodine(III) reagent 172a. C: white, O: red, I: purple. Hydrogen atoms are 

omitted for clarity. Thermal ellipsoids are shown at 50% probability. 
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The length of the covalent I(1)–C(1) bond is with 2.057(4) Å approximately equal to the 

sum of the covalent radii of iodine and carbon (2.10 Å).[9] Furthermore, the hypervalent 

bond is nearly perpendicular to the aromatic ring with a dihedral angle of 88.2(3)° 

between O(1)–I(1)–C(1)–C(2). 

2.3.3.1 Scope of the Reaction 

After having obtained excellent results regarding the diacetoxyiodination of 1,3,5-tri-

methoxybenzene (171a) via electrophilic aromatic substitution, the reaction conditions 

were tested towards various arenes 171 bearing different functionalities (Table 2.5). 

1,3-Dimethoxybenzene (171b) was reacted with iodine triacetate to afford exclusively 

2,4-dimethoxy(diacetoxyiodo)benzene (172b) in 95% yield (Table 2.5, Entry 1). The high 

regioselectivity of the reaction can be explained by a steric hindrance between the two 

methoxy substituents. Reacting anisole (171c), a less electron-rich arene, with iodine 

triacetate in dichloromethane proceeded slowly to give exclusively 

4-methoxy(diacetoxyiodo)benzene (172c) in a low yield after eight hours (46%, 

according to 1H NMR analysis using 1,2,4,5-tetrachlorobenzene as internal standard). 

However, the yield increased to 64% after 27 hours. The use of acetic acid as solvent 

enhanced the activity of iodine triacetate remarkably, and 172c was isolated in a very 

good yield after 20 hours (87%, Entry 2). Additionally, chiral arene 171d acted as a 

precursor for the chiral hypervalent iodine reagent 172d, which was isolated in a very 

good yield (87%) by treatment of 171d with iodine triacetate in acetic acid for five hours 

(Entry 3). Analogous to the reaction of 171b, the substitution selectively occurred at the 

4-position. Similarly, treatment of the chiral precursor 171e with iodine triacetate led to 

the formation of chiral hypervalent iodine reagent 172e in a quantitative yield (99%, 

Entry 4) after two hours. Here, the iodine centre is located between two chiral 

substituents, which will be of advantage in hypervalent iodine-mediated stereoselective 

transformations compared to compound 172d, in which the iodine centre is in close 

proximity to only one chiral substituent.[46] The reaction with mesitylene (171f) required 

elevated temperatures of 60 °C and a reaction time of 20 hours to furnish 172f in 76% 

yield (Entry 5).  
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Table 2.5: Scope of the reaction for the one-step synthesis of (diacetoxyiodo)arenes 172 using iodine 

triacetate.[a] 

 

Entry Product Solvent t [h] T [°C] Yield [%][b] 

1 

 

CH2Cl2 1 r.t. 95 

2 

 

AcOH 20 r.t. 87 

3 

 

AcOH 5 r.t. 87 

4 

 

AcOH 2 r.t. 99 

5 

 

AcOH 20 60 76 

6 

 

AcOH 4 60 72 

7 

 

AcOH 4 60 77 

8[c] 

 

AcOH 41 60 33 

[a] All reactions were carried out under nitrogen atmosphere with 1.0 mmol of 171 and iodine triacetate 

in CH2Cl2 or AcOH (2.0 mL). [b] Isolated yields are reported. [c] 1-Iodo-2,4-dimethylbenzene (174) was 

isolated as a side product (6%). 
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It is noteworthy that benzoic acid remained unreacted when treated with iodine 

triacetate in acetic acid at 60 °C after 24 hours, while 3-methoxybenzoic acid (171g) 

could undergo substitution with iodine triacetate to generate cyclic compound 172g 

within four hours at 60 °C (72% yield, Entry 6). Furthermore, methyl 3,5-dimethoxy-

benzoate (171h) reacted smoothly under the same conditions and the unsymmetrical 

hypervalent iodine reagent 172h was obtained selectively in 77% yield (Entry 7). 

However, reactivity limits were reached with meta-xylene (171i), which provided 

product 172f in only 33% yield. The reaction was conducted for 41 hours at 60 °C and 

did not lead to full consumption of the starting material (91% consumption determined 

via 1H NMR analysis). Additionally, the corresponding iodoarene 1-iodo-2,4-dimethyl-

benzene (174) was formed (172i/174 = 5.7:1, calculated by 1H NMR analysis) and 

isolated in low yield (6%), which could derive from the thermal instability of 172i 

(Scheme 2.25, pathway 1) or from the thermal instability of iodine triacetate 

(pathway 2). As described in chapter 2.1.2, iodine triacetate could thermally decompose 

to iodine monoacetate, which is known for its ability to iodinate aromatic 

compounds.[47,48] These hypotheses could be supported by a similar reaction of 171i 

with iodine triacetate at 80 °C, which reached full consumption after five hours. 

However, this was associated with a higher proportion of 174 (172i/174 = 2.7:1), 

presumably by thermal decomposition.  

 

Scheme 2.25: Two suggested pathways for the formation of 174. 

The reaction of iodine triacetate with toluene was not successful under the same 

conditions. Moreover, treatment of 1-methylindole (175), azulene (176) and 

N,N-dimethylaniline (177) with iodine triacetate in dichloromethane at either room 

temperature or at 0 °C led to an immediate decomposition of the substrates (Figure 2.6). 
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Figure 2.6: Substrates 175–177 were decomposing in presence of iodine triacetate. 

Thioanisole (178) on the other hand was mainly oxidised to the corresponding sulfoxide 

179, which was detected by in situ 1H NMR analysis. In addition, N,N,N’,N’-tetramethyl-

1,3-phenylenediamine (180) was presumably diiodinated to 181 (26% yield), as 

indicated by 1H and 13C NMR analysis (Scheme 2.26). However, the mechanism by which 

181 was formed is not clear and would require more detailed investigation. Further side 

products of both reactions could not be isolated or characterised. 

 

Scheme 2.26: Reaction of 178 and 180 with iodine triacetate to yield 179 and 181, respectively. 

Interestingly, the synthesis of 172a and 172b through the conventional route starting 

from 2-iodo-1,3,5,-trimethoxybenzene (182a) and 1-iodo-2,4-dimethoxybenzene (182b) 

did not provide the desired products (Table 2.6). Using typical oxidants such as mCPBA, 

Selectfluor®, sodium perborate tetrahydrate (NaBO34H2O), and peracetic acid (AcOOH), 

the desired products 172a and 172b were not formed. Instead a high degree of 

degradation of the starting materials occurred, presumably due to overoxidation of the 

highly electron-rich aromatic rings. Recently, a similar observation was made by Moran 

and co-workers,[49] who noticed the decomposition of iodoarenes 182a and 182b in 

presence of Selectfluor® and TFA. The easy oxidisabilities of 182a and 182b were 

confirmed by computational studies. These calculations revealed low oxidation 

potentials for both iodoarenes (182a: 1.34 V vs. saturated calomel electrode (SCE); 

182b: 1.40 V vs. SCE) compared to iodobenzene (2.21 V vs. SCE) and anisole (1.63 V vs. 

SCE) due to the strong electron donating power of the methoxy groups. Moreover, 
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Abdelhédi et al. reported an irreversible oxidation of 1,3,5-trimethoxybenzene (171a) 

into 2,6-dimethoxy-p-benzoquinone and polymeric products via an electrochemical 

oxidation in acidic media.[50] A similar degradation process could have occurred for the 

oxidation of 182a and 182b. 

Table 2.6: Treatment of 182a and 182b with sodium perborate tetrahydrate, Selectfluor®, peracetic acid 

and mCPBA did not yield hypervalent iodine reagents 172a and 172b. 

 

Entry Oxidant Conditions 

1 mCPBA (1.1 equiv.) AcOH, r.t., 1 h 

2 Selectfluor® (5.0 equiv.) MeCN/AcOH (3:1), r.t., 2 h 

3 NaBO34H2O (5.0 equiv.) AcOH, 45 °C, 2 h 

4 AcOOH (4.0 equiv.) AcOH, r.t., 2 h 

Hypervalent iodine(III) compound 172a demonstrated only a limited stability towards 

air and moisture, since a sample stored under ambient conditions caused complete 

conversion to dimer 183 after two weeks (Scheme 2.27). Instabilities of electron-rich 

hypervalent iodine reagents have been reported previously.[51] The formation of 183 

presumably proceeds through a radical pathway, which is initiated by a partial 

decomposition of iodine(III) reagent 172a to 2-iodo-1,3,5,-trimethoxybenzene (182a) 

owing to its relative instability. A single-electron transfer (SET) oxidation occurs via 

formation of a charge transfer complex between 172a and 182a to form an arene radical 

cation 184 and iodanyl radical 185. Nucleophilic attack of an additional molecule of 182a 

on the radical cation 184, followed by deprotonation and renewed SET generates 183 

together with 182a as by-product.[52] Similar biaryl formations with electron-rich arenes 

and activated PIFA via radical cations have already been described by Kita and co-

workers.[53,54]  
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Scheme 2.27: Plausible mechanism for the transformation of 172a to 183. 

It is important to mention that Shreeve and co-workers[55] reported in 2005 a synthesis 

of hypervalent iodine(III) reagents from non-iodinated aliphatic arenes in a one-pot 

procedure. A combination of Selectfluor® and iodine afforded the corresponding 

(difluoriodo)- and (diacetoxyiodo)arenes in good to excellent yields. However, the 

authors excluded the mechanism proceeding through an in situ formation of iodine 

triacetate and suggested the direct formation of (difluoroiodo)arenes that can be 

converted to the corresponding (diacetoxyiodo)arene in the presence of acetic acid. 

In conclusion, a novel synthesis of (diacetoxyiodo)arenes 172 by the use of iodine 

triacetate was developed. While conventional two-steps methods require the iodination 

of arenes before the oxidation, this approach furnishes 172 from non-iodinated arenes 

171 and iodine triacetate via electrophilic aromatic substitution in one single step under 

mild conditions. 
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2.3.3.2 Applications in Organic Synthesis 

Most reported syntheses of (diacetoxyiodo)arenes require the removal of side products 

or an excess of oxidants. However, the preparation of 172 by applying iodine triacetate 

proceeds through an atom-economic synthesis with the formation of acetic acid as the 

only by-product. Since acetic acid can be easily removed under vacuum, no further 

purification of 172 prior to use should be required. The synthetic utility of the method 

was assessed using crude iodine(III) reagents 172 in various typical hypervalent iodine-

mediated transformations. The results were compared to that of identical 

transformations using purified iodine(III) reagents 172. 

Firstly, styrene (22a) was diacetoxylated with 1.25 equivalents of purified 172f and TfOH 

(10 mol%) in glacial acetic acid (method A, Scheme 2.28). The corresponding diacetate 

155 was isolated in a good yield (75%) after two hours. Secondly, hypervalent iodine 

reagent 172f was prepared in situ from reagents 171f and iodine triacetate 

(1.7 equivalents each). After a reaction time of 20 hours at 60 °C, styrene and TfOH 

(10 mol%) were added to the crude mixture and reacted for two hours at room 

temperature (method B) to produce diacetoxylated product 155 in a comparable yield 

(78%). 

 

Scheme 2.28: Diacetoxylation of styrene (22a) by the use of purified 172f (method A) and in situ prepared 

172f starting from 171f and iodine triacetate (method B). 

In the next step, chiral iodine(III) compounds 172d and 172e were employed in the 

stereoselective diacetoxylation of styrene by using methods A and B (Scheme 2.29). 
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Hence, styrene was either treated with purified or in situ generated 172d in presence of 

BF3OEt2 and TMSOAc in dichloromethane and acetic acid (20:1). In case of method B, 

all volatiles were removed after the synthesis of 172d, which was subsequently 

redissolved in dichloromethane and acetic acid (20:1). Both methods furnished similar 

yields of (R)-155 (54% and 61%, respectively) and stereoselectivities (52% and 49% ee, 

respectively). The use of in situ prepared 172e (method B) could increase the 

enantiomeric excess marginally (58% ee). 

 

Scheme 2.29: Stereoselective diacetoxylation of styrene (22a) by applying isolated 172d (method A) and 

in situ prepared 172d and 172e, respectively (method B). 

Moreover, 172d was utilised in the stereoselective spirolactonisation of 184 to form 

(S)-185 (Scheme 2.30).[56] After having obtained 172d, either two equivalents of the pure 

iodine(III) reagent (method A) or the crude iodine(III) reagent (method B) were reacted 

with 184 in dichloromethane at −78 °C for five hours. Both methods provided similar 

yields of (S)-185 (41% and 49%, respectively) with comparable stereoselectivities (59% 

and 56% ee, respectively). 
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Scheme 2.30: Stereoselective spirolactonisation of 184 by using isolated 172d (method A) and in situ 

prepared 172d (method B). 

In a last test reaction, 1,1-diaryl alkene 86a was reacted via method B with 172e to 

generate chiral ketone (R)-87a via oxidative rearrangement (Scheme 2.31, see 

chapter 1.4.4.1). Chiral arene 171e (1.4 equivalents) was treated with 1.4 equivalents of 

iodine triacetate in order to generate 172e. After the required reaction time of two 

hours at room temperature, the solvent was removed under vacuum and the crude 

product 172e was redissolved in dichloromethane and TFE (10:1). This was followed by 

the addition of 86a, TsOHH2O (1.4 equivalents) and methanol (3.3 equivalents) at 

−78 °C. Rearranged product (R)-87a was isolated in a moderate yield (58%) with an 

excellent enantiomeric excess (94% ee), which is identical to the previously reported 

reaction with lactate-based chiral iodine(III) reagent 41.[46] 

 

Scheme 2.31: Oxidative rearrangement of 86a with in situ prepared 172e (method B). 
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In summary, the diacetoxylation of styrene, spirolactonisation of 184 and the oxidative 

rearrangement of 86a using the two illustrated methods A and B demonstrated the 

synthetic utility of the one-step access to hypervalent iodine(III) reagents. Since the 

yields and stereoselectivities of the reactions using the isolated reagents 172 and the in 

situ generated reagents 172 are comparable, these (diacetoxyiodo)arenes 172 can be 

used in subsequent reactions in one-pot operations without further purification, which 

is a clear advantage of their synthetic applications. 

2.3.4 Synthesis and Reactivity of Iodine Tris(trifluoroacetate) 

After the successful synthesis and investigation of iodine triacetate, the next stage of 

this project dealt with the preparation and examination of ITT (17). Since its instability 

towards moisture was reported to be similar to that of iodine triacetate, ITT was 

prepared in a similar way under exclusion of air and moisture. Therefore, iodine was 

oxidised with 6.5 equivalents of anhydrous nitric acid in presence of 6.3 equivalents of 

TFA and 7.5 equivalents of TFAA for two hours between −40 °C and room temperature. 

After removal of all volatiles, a white solid was obtained. Since detailed information 

regarding the properties and structure of ITT remain scarce in the literature, a solid-state 

analysis was highly desirable. The obtained solid was crystallised from a saturated 

dichloromethane/n-pentane solution stored at −40 °C under nitrogen atmosphere. This 

led to crystals suitable for single crystal X-ray diffraction. Solid-state X-ray structure 

analysis revealed that the obtained crystal is a dimer of ITT with both central iodine 

atoms connected via a bridging trifluoroacetate ligand, which crystallised in the 

monoclinic space group P21/n (Scheme 2.32, bottom). The presence of a nitrogen-

containing cation was proven by elemental analysis (C = 12.36%; H = < 0.1%, N = 0.83%). 

With the help of IR-spectroscopy the counterion was identified as a nitrosium ion (NO+), 

which must derive from nitric acid. The strong absorption at 2305 cm–1 is characteristic 

for nitrosium ions.[57] Conclusively, 17a was obtained in an excellent yield (96%, 

Scheme 2.32, top). 
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Scheme 2.32: Synthesis of 17a by the oxidation of iodine with anhydrous nitric acid in presence of TFA 

and TFAA (top). Solid-state molecular structure of 17a (bottom). C: white, O: red, I: purple, N: blue, F: 

green. Thermal ellipsoids are shown at 50% probability. 

The crystal structure of 17a revealed a distorted square planar geometry around both 

iodine centres with four trifluoroacetate ligands. Moreover, it exhibited bond angles of 

155.41(17)° and 157.32(16)° for the two hypervalent bonds O(3)–I(1)–O(5) and O(9)–

I(2)–O(11), respectively. The covalent I(2)–O(13) bond has the expected bond length of 

2.001(4) Å, while the second covalent I(1)–O(1) bond is slightly elongated with a bond 

length of 2.073(4) Å (Table 2.7). The length of the I(1)–O(5) bond is 2.072(4) Å, which is 

marginally shorter than the covalent I(1)–O(1) bond. On the other hand, the length of 

the I(1)–O(3) bond was found to be 2.292(4) Å, which is slightly longer than the distances 

between iodine and oxygen in previously reported hypervalent iodine(III) compounds.[7] 

The distances between the I(2)–O(9) bond and the I(2)–O(11) bond in the second 

hypervalent bond are more similar [2.088(4) and 2.182(4) Å]. The bridging 

≡ 
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trifluoroacetate ligand and the trifluoroacetate ligand in the covalent bond feature an 

almost collinear arrangement with an O(1)–I(1)–O(7) bond angle of 158.52(17)° and an 

O(13)–I(2)–O(8) bond angle of 155.40(20)°. Moreover, the I(1)–O(7) bond was found to 

be 2.280(4) Å long, which is significantly shorter than the I(2)–O(8) bond with a bond 

length of 2.518(5) Å.  

Table 2.7: Experimental bond lengths between iodine and oxygen in 17a. 

Bond Bond Length [Å] 

I(1)–O(1) 2.073(4) 

I(1)–O(3) 2.292(4) 

I(1)–O(5) 2.072(4) 

I(1)–O(7) 2.280(4) 

I(2)–O(8) 2.518(5) 

I(2)–O(9) 2.088(4) 

I(2)–O(11) 2.182(4) 

I(2)–O(13) 2.001(4) 

 

Investigation of 17a by 19F NMR analysis at room temperature and at −60 °C exhibited 

one singlet (δ = −79.3 ppm) for all the fluorine atoms. Hence, a distinction between the 

trifluoroacetate ligands of 17a in solution was not possible. 

 In a prior crystallisation attempt, a saturated toluene solution of 17a was stored at 

−40 °C. However, instead of obtaining crystals of 17a, crystals of the hypervalent iodine 

compound p-[bis(trifluoroacetoxy)iodo]toluene (128a) were formed (94% yield, 

Figure 2.7). Solid-state analysis revealed that the I(1)–O(1) and I(1)–O(3) bond lengths 

as well as the covalent I(1)–C(1) bond length are within anticipated ranges (ca. 2.137, 

2.169 and 2.082 Å, respectively). The arrangement of the two trifluoroacetate ligands is 

nearly collinear with a bond angle of 168.24(15)° between O(1)–I(1)–O(3). Furthermore, 

the torsion between O(3)–I(1)–C(1)–C(2) was found to be ca. 93.69°.  
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Figure 2.7: Solid-state structure of 128a. C: white, O: red, I: purple, F: green. Hydrogen atoms are omitted 

for clarity. Thermal ellipsoids are shown at 50% probability. 

This reactivity of 17a towards arenes, which was previously reported with ITT by 

Maletina and co-workers[27] (see chapter 2.1.2) illustrates the increased reactivity of 17a 

compared to iodine triacetate. As a result, arenes that were inert towards iodine 

triacetate could react with 17a to generate the corresponding [bis(trifluoro-

acetoxy)iodo]arenes 128 via electrophilic aromatic substitution. As shown in 

Scheme 2.33, benzene (171j) and fluorobenzene (171k) furnished the corresponding 

para-substituted iodine(III) reagents 128b and 128c by the reactions with 

0.5 equivalents of 17a for three hours in TFA and TFAA (3:1) at 0 °C. While 128a was 

isolated in an excellent yield (94%), the yields of 128b and 128c were slightly lower. Both 

products 128b and 128c were isolated together with minor quantities of the 

corresponding oxo-bridged dimers 186b and 186c in 83% and 80% combined yields, 

respectively (128b/186b = 40:1; 128c/186c = 8.2:1, determined by 1H NMR analysis). On 

the contrary, the reaction of electron-deficient nitrobenzene (171l) with 17a required 

40 hours at 60 °C in order to reach an 1H NMR ratio of 128d/171l = 1:1.4.[5] Moreover, 

3-iodonitrobenzene was formed as a side product.[58] In general, it was observed that 

the reaction rate decreased as the arene 171 became more electron-deficient. 

  

≡ 



SYNTHESIS AND APPLICATIONS OF IODINE TRICARBOXYLATES TOBIAS HOKAMP 

70 
 

 

Scheme 2.33: Reaction of relatively electron-poor arenes 165 and 171 with 17a to afford 128. Reactions 

were carried out under nitrogen atmosphere with 0.8 mmol of 171 and 0.4 mmol of 17a in TFA (1.2 mL) 

and TFAA (0.4 mL). Isolated yields are reported unless stated otherwise. [a] Toluene (165, ca. 0.5 mL) was 

reacted with 0.03 mmol of 17a at −40 °C for 12 h. [b] Products 128 were obtained with minor quantities 

of dimer 186; combined yields are reported; ratios were determined via 1H NMR analysis. [c] Not isolated; 

reaction temperature was increased to room temperature after 1 h and to 60 °C after 8 h; 128d/171l = 

1:1.4 after 48 hours. 

In conclusion, iodine tris(trifluoroacetate) was investigated for the first time by X-ray 

analysis which revealed its dimeric nature (17a). While iodine triacetate can react only 

with activated arenes, 17a is capable of converting less reactive arenes highly 

regioselectively into the corresponding [bis(trifluoroacetoxy)iodo]arenes 128. 

2.3.5 Ligand Exchange Reactions of Iodine Tricarboxylates  

The next part of this project evaluated the feasibility of ligand exchange reactions of 

iodine tricarboxylates with heteroatom-containing ligands. Utilisation of heteroatom-

containing ligands for ligand exchange processes would allow the synthesis of various 

novel iodine(III) reagents of the type IL3. Additionally, the exchange of ligands could 

modulate the reactivity of the resulting species. 

The investigations commenced by treatment of iodine triacetate with benzoic acid as a 

common carboxylic acid. Based on a protocol from Wang and co-workers,[59] who 
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performed ligand exchanges of DIB with numerous carboxylic acids, iodine triacetate 

was reacted with benzoic acid in ortho-xylene at ca. 1 mbar at 65 °C. 1H NMR analysis of 

the reaction mixture after six hours exposed a downfield shift (δ = 2.32 ppm) compared 

to iodine triacetate (δ = 2.19 ppm), which could indicate a ligand exchange. 

Unfortunately, repeated attempts of crystallising the crude product by various 

techniques using different solvent systems were not successful and no ligand exchange 

could be proven. Moreover, a ligand exchange by the use of 2-methoxypropionic acid 

was anticipated. However, addition of 2-methoxypropionic acid gave an immediate 

decomposition, as revealed by 1H NMR analysis.  

Since pyridine-derivatives are well known for their affinity to coordinate to the iodine 

centres of hypervalent iodine reagents,[60,61] iodine triacetate was treated with 

3.0 equivalents of pyridine in dichloromethane and the reaction solution was stored at 

−40 °C. Fortunately, the solid-state structure of the resulting complex could be 

elucidated by X-ray crystallography of the crystals obtained in excellent yield by slow 

evaporation of the solvent (94%, Scheme 2.34). The solid–state structure revealed that 

pyridine and iodine triacetate produced a coordination complex (120py), in which 

pyridine is coordinating to the iodine centre. The secondary N(1)–I(1) bond features a 

length of 2.406(3) Å, which is significantly shorter than the sum of the van der Waals 

radii (3.53 Å).[31] The covalent I(1)–O(3) bond has a length of 2.064(3) Å. While in iodine 

triacetate the distances between iodine and oxygen of the two remaining acetate 

ligands are similar, this complex features different lengths for the I(1)–O(1) bond 

[2.102(3) Å] and the I(1)–O(5) bond [2.280(3) Å]. Moreover, the solid-state structure of 

120py exhibits only one secondary contact between the iodine atom and the carbonyl 

oxygens with a distance of 2.495(3) Å between O(6) and I(1). The overall geometry 

around the iodine atom is distorted pentagonal planar. 
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Scheme 2.34: Synthesis of 120py by treatment of iodine triacetate with pyridine (top). Solid-state 

structure of 120py (bottom). C: white, O: red, I: purple, N: blue. Hydrogen atoms are omitted for clarity. 

Thermal ellipsoids are shown at 50% probability. 

However, a displacement of the acetate ligands by pyridine could not be realised. Thus, 

the use of stronger bases, such as 4-N,N-dimethylaminopyridine (4-DMAP) and 

1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) were tested. Upon addition of three 

equivalents of DBU at −40 °C to a solution of iodine triacetate in dichloromethane a rapid 

exothermic decomposition occurred, accompanied by a black colouration of the 

solution. Treatment of iodine triacetate with 4-DMAP under identical conditions did not 

lead to decomposition, but iodine triacetate remained unchanged. Reports by Weiss[62] 

and Dutton[63] demonstrated a ligand exchange reaction of DIB with pyridine, in which 

DIB was transformed to bis-pyridine stabilised dication 187 via in situ prepared PhI(OTf)2 

upon reaction with pyridine and TMSOTf (Scheme 2.35).  
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Scheme 2.35: Synthesis of 187 according to Weiss[62] and Dutton.[63] 

Hence, further investigations were focussing on frustrated Lewis pairs (FLPs). FLPs are 

combinations of Lewis acids and Lewis bases that are hindered from adduct formations 

due to steric factors.[64] Tris(pentafluorophenyl)borane (188) in combination with 

2,6-lutidine (189, Figure 2.8) forms an intermolecular FLP, which could be a suitable 

combination to achieve a ligand exchange reaction with iodine triacetate.  

 

Figure 2.8: Structure of Lewis acid 188 and Lewis base 189. 

Therefore, iodine triacetate was treated with one equivalent of 188 and three 

equivalents of 189 in dichloromethane at −40 °C. Vapour diffusion using n-pentane as 

the antisolvent resulted in the formation of a crop of crystals suitable for X-ray 

diffraction. Single crystal X-ray diffraction studies of these crystals could uncover the 

first successful ligand exchange with the formation of novel hypervalent iodine(III) 

compound 190, which was isolated in 62% yield (Scheme 2.36). The solid-state structure 

analysis revealed the generation of a cationic 2,6-lutidine-iodine complex as a borate 

salt, which crystallised in the triclinic space group P-1. The abstraction of one acetate 

ligand by 188 led to the formation a borate anion with of a covalent B(1)–O(5) bond. The 

bond features a length of 1.510(9) Å, which is comparable to the sum of the covalent 

radii of boron and oxygen (1.50 Å).[65] Moreover, the formation of a novel hypervalent 

N(1)–I(1)–N(2) bond with a bond angle of 161.14(19)° was displayed. The distances 

between N(1)–I(1) and N(2)–I(1) are 2.266(4) Å and 2.320(5) Å, respectively. These 

distances are comparable to previously reported iodine(III) compounds with two 
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nitrogen ligands on the iodine atom (from 2.16 to 2.22 Å),[63,66,67] while the sum of the 

covalent radii of nitrogen and iodine is reported with 2.03 Å.[9] The covalent I(1)–O(1) 

bond exhibits a length of 2.097(5) Å. The experimentally determined geometry around 

the iodine centres is pentagonal planar, since the third acetate ligand is coordinating in 

a bidentate fashion to the iodine atom owing to the required stabilisation of the iodine 

cationic species. The distance between I(1) and O(2) is 2.339(5) Å, while the distance 

between I(1) and O(3) is marginally longer (ca. 2.398 Å). 

 

 

Scheme 2.36: Synthesis of 190 by reaction of iodine triacetate with FLP 188/189 (top). Solid-state 

structure of 190 (bottom). C: white, O: red, I: purple, N: blue, B: pink, F: green. Hydrogen atoms are 

omitted for clarity. Thermal ellipsoids are shown at 50% probability. 

Motivated by these results, the more electrophilic hypervalent iodine(III) reagent 17a 

was mixed similarly with two equivalents of 188 and four equivalents of 189 in 

dichloromethane. Two different products crystallised upon vapour diffusion at −40 °C 

using n-pentane as antisolvent. Crystals of both products, that were measured by single 

crystal X-ray diffraction, could be separated from each other since one compound 
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crystallised as plates and one as needles. The first product was identified as the 

iodine(III) compound 191, while the second compound was characterised as iodonium 

salt 192, formed as the result of a single and a double ipso-substitution reaction, 

respectively (Scheme 2.37). Both compounds were isolated in 88% combined yield 

(191/192 = 1:1.1, determined via 19F NMR analysis). 

 

Scheme 2.37: Reaction of 17a with 188 to generate 191 and 192 (top). Solid-state structure of 191 

(bottom, left) and 192 (bottom, right). C: white, O: red, I: purple, F: green. Thermal ellipsoids are shown 

at 50% probability. [a] Combined yields are reported; ratios were determined via 19F NMR analysis. 

The bond lengths of both products are in the range of previously reported hypervalent 

iodine(III) compounds. A selection of relevant bond lengths is summarised in Table 2.8. 

Table 2.8: Experimental bond lengths of selected bonds for 191 and 192. 

Compound 191  Compound 192 

Bond Bond Length [Å]  Bond Bond Length [Å] 

I(1)–O(1) 2.151(13)  I(1)–O(1) 2.512(3) 

I(1)–O(3) 2.116(15)  I(1)–C(1) 2.098(5) 

I(1)–C(1) 2.053(9)  I(1)–C(2) 2.082(5) 
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These results demonstrate that 17a and iodine triacetate exhibit a different reactivity 

towards boron Lewis acid 188. The results in case of 17a could illustrate a novel reaction 

pathway, which allows the generation of [bis(trifluoroacetoxy)iodo]arenes starting from 

arylboranes.  

Additionally, a ligand exchange was achieved by the direct reaction of 17a with iodine 

triacetate. It was detected that a reaction of 17a with 1.0 equivalents of iodine triacetate 

in dichloromethane at −40 °C resulted in the formation of 193 via ligand exchange of the 

trifluoroacetate and acetate ligands (Scheme 2.38). Single crystals were obtained from 

the reaction mixture by vapour diffusion using n-pentane as the antisolvent (89% yield). 

Analysis of these crystals via X-ray diffraction uncovered that the more electron-

withdrawing trifluoroacetate ligands are located in the apical positions while the acetate 

ligand is occupying the equatorial position. This observation can be explained by the 

high polarisation of the hypervalent bond with a node at the iodine atom and a partial 

negative charge on the two ligands (see chapter 1.2.2), thereby resulting in the more 

electron-withdrawing trifluoroacetate ligands occupying the apical positions.  

As revealed by the crystal structure, 193 crystallised in the triclinic space group P-1. It 

shows an approximately T-shaped structure with a collinear arrangement of the two 

trifluoroacetate ligands, as the hypervalent O(1)–I(1) –O(5) bond angle is measured at 

161.6(3)°, while the O(3)–I(1)–O(5) bond angle was found to be 84.0(3)°. The I(1)–O(1) 

and I(1)–O(5) bonds feature similar bond lengths of 2.085(6) and 2.146(7) Å, while the 

covalent I(1)–O(3) bond exhibits a bond length of 1.943(8) Å. 

Furthermore, the ligand exchange was clearly observed in the 1H NMR spectrum, which 

showed a significant downfield shift of the acetate protons in 193 at δ = 2.42 ppm.  
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Scheme 2.38: Synthesis of 193 by reaction of iodine triacetate with 17a (top). Solid-state structure of 193 

(bottom). C: white, O: red, I: purple, F: green. Hydrogen atoms are omitted for clarity. Thermal ellipsoids 

are shown at 50% probability. 

Unfortunately, ligand exchanges of iodine triacetate with ligands such as 2,2’-bipyridine 

(194), bistosylimide (HNTs2, 195) and phthalimide (196) in presence and absence of 

TMSOTf as well as iodine triacetate with FLPs such as 188 and 2,4,6-collidine (197) could 

not be verified, since NMR analyses did not provide clear evidence of a reaction and 

attempts of crystallisation were unsuccessful.  

 

Figure 2.9: Structures of compounds 194–197. 

However, based on the syntheses of 190 and 193 this work could clearly demonstrate 

the ability of iodine triacetate and 17a to undergo ligand exchange reactions.  
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2.4 Conclusion and Future Perspectives 

In the course of this work, a novel approach for a convenient and selective conversion 

of non-iodinated arenes into (diacetoxyiodo)arenes in a single step by using iodine 

triacarboxylates was developed. The chemistry of iodine tricarboxylates was expanded 

to investigate ligand exchange reactions with heteroatom containing ligands in order to 

synthesise novel iodine(III) compounds that belong to the class of iodine(III) compounds 

with a general structure of IL3. 

The preparation of iodine triacetate was confirmed by solid-state X-ray structure 

analysis. During the investigations of its reactivity towards styrene it was recognised that 

Lewis acid-activated iodine triacetate is capable of converting unactivated arenes 

regioselectively into activated, unisolable hypervalent iodine(III) compounds. However, 

electron-rich arenes could be converted without addition of Lewis acids into the 

corresponding (diacetoxyiodo)arenes via electrophilic aromatic substitution. The 

reaction scope revealed its tolerance towards ethers, esters and acids, since the majority 

of products were isolated in good to excellent yields (Scheme 2.39). Importantly, this 

method allows the access to previously inaccessible iodine(III) compounds. 

 

Scheme 2.39: Conversion of electron-rich arenes into (diacetoxyiodo)arenes. 

Subsequently, ITT was synthesised. X-ray analysis showed its existence in the dimeric 

form 17a in the solid state. The higher reactivity of 17a compared to iodine triacetate 

allows the regioselective synthesis of [bis(trifluoroacetoxy)iodo]arenes from 

unactivated and deactivated arenes in very good to excellent yields (Scheme 2.40). 

 

Scheme 2.40: Conversion of unactivated and deactivated arenes into [bis(trifluoroacetoxy)iodo]arenes. 

The usefulness of this developed one-step synthesis was further illustrated by the one-

pot diacetoxylation of styrene, spirolactonisation of 184 and oxidative rearrangement 

of 86a using in situ prepared (diacetoxyiodo)arenes. This one-step access to hypervalent 
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iodine(III) compounds without the need for purification will be of great advantage for 

their synthetic application.  

Iodine triacetate and 17a are both able to undergo ligand exchange reactions. 

Treatment of iodine triacetate with pyridine afforded the coordination complex 120py 

without displacement of the acetate ligands. However, a ligand exchange by activation 

through an intermolecular FLP was achieved to form a 2,6-lutidine-stabilised cationic 

iodine complex as a borate salt 190. Moreover, 17a demonstrated its capability of 

exchanging ligands by reaction with iodine triacetate, which yielded I(OCOCF3)2OAc 193.  

Additionally, the ability of 17a to convert arylboranes into the corresponding 

[bis(trifluoroacetoxy)iodo]arenes via ipso-substitution was uncovered, which could be 

of large benefit for the one-step synthesis of organoiodine(III) compounds. Indeed, 

based on this work the group of Matsunaga[68] reported very recently chemo- and site-

selective ipso-substitution reactions of arylgermanes and arylstannanes 198 using 17a, 

which enables the preparation of polyfunctionalised [bis(trifluoroacetoxy)iodo]arenes 

128 (Scheme 2.41a). Moreover, (diacetoxyiodo)heteroarenes 172 were synthesised 

from heteroarylstannanes 199 using iodine triacetate (Scheme 2.41b).[69]  

 

Scheme 2.41: Syntheses of hypervalent iodine(III) compounds 128 (a) and 172 (b) via ipso-substitution 

reactions. 

Furthermore, it is of high importance to investigate the potential of these novel 

iodine(III) compounds regarding their synthetic applications in organic chemistry. 

Based on these results, further studies on the ligand exchange chemistry of iodine 

triacetate and 17a would be of great interest. This research could enable the 

development of a modular approach, which would allow a fast synthesis of different 

iodine(III) reagents with various heteroatom-containing ligands on the central iodine 

atom. 
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3 Iodoacetoxylation of Alkenes and Alkynes Mediated by 

Iodine Monoacetate 

Parts of this work have been published: 

T. Hokamp, A. T. Storm, M. Yusubov, T. Wirth, Synlett 2018, 29, 415–418: “Iodine 

Monoacetate for Efficient Oxyiodinations of Alkenes and Alkynes” 

Chapters 3.3.2–3.3.4 enclose contributions from Alena T. Storm as part of her research 

project. 

Parts of the experiments in chapter 3.3.1 were conducted in the laboratories of 

Professor Mekhman Yusubov in Tomsk, Russia. 

3.1 Introduction 

The previous chapter described the synthesis of iodine triacetate (120) by the oxidation 

of iodine with anhydrous nitric acid in presence of acetic acid and acetic anhydride. The 

use of nitric acid is advantageous since it oxidises iodine exclusively to iodine(III).[1] 

However, its drawback is the high toxicity and its corrosive and highly oxidising nature.[2] 

Oxone® is a different and frequently used oxidant in the field of hypervalent iodine 

chemistry, which is a more environmentally benign, safer and less toxic alternative.[3] In 

the following chapter several applications of Oxone® in modern organic chemistry are 

presented.  

3.1.1 Applications of Oxone® as Oxidant 

Oxone® is the trade name of the potassium salt of peroxymonosulfuric acid (KHSO5) and 

is commercially available as a stable triple salt (2KHSO5KHSO4K2SO4). It is known for its 

ability to generate iodine(III) and iodine(V) compounds. For example, Zhdankin and co-

workers[4] described a convenient synthesis of [bis(trifluoroacetoxy)iodo]arenes 128 by 

the oxidation of the corresponding iodoarene 200 in presence of Oxone® and 

trifluoroacetic acid (Scheme 3.1a). Moreover, Santagostino et al.[5] developed a safe 

procedure for the synthesis of IBX (6) by the oxidation of 2-iodobenzoic acid (200a) using 

Oxone® in water (Scheme 3.1b). 
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Scheme 3.1: Preparation of iodine(III) compounds 128 (a) and iodine(V) compound 6 (b) by using Oxone® 

as oxidant. 

Additionally, it has been reported that Oxone® is capable of oxidising iodides, such as 

ammonium iodide[6] and potassium iodide[7] through the formation of hypoiodous acid, 

HOI, to iodine(I). As shown in Scheme 3.2, potassium peroxymonosulfate can undergo 

homolysis to create hydroxyl radicals that have the ability of oxidising the corresponding 

iodine salt to hypoiodous acid.  

 

Scheme 3.2: Oxidation of iodine salts to hypoiodous acid mediated by Oxone®. 

Hypoiodous acid has found application in organic synthesis as source of iodine(I) cations. 

Narender et al.[8] applied in situ prepared hypoiodous acid in the α-iodination of ketones 

59 by using a combination of ammonium iodide and Oxone®. Numerous acetophenone-

derivatives, aliphatic ketones and ϐ-keto esters afforded the corresponding α-iodinated 

ketones 201 in good to excellent yields (Scheme 3.3).  

 

Scheme 3.3: α-Iodination of ketones 59 by a combination of ammonium iodide and Oxone®. 

Furthermore, the same group[6] expanded this method to the regio- and stereoselective 

synthesis of vicinal iodohydrins 203a and iodoesters 203b starting from olefins 202. A 
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mixture of ammonium iodide and Oxone® in either aqueous acetonitrile, N,N-dimethyl-

formamide (DMF) or N,N-dimethylacetamide (DMA) provided the corresponding 

iodohydrins 203a and iodoesters 203b in good to excellent yields (Scheme 3.4a). 

Additionally, 1,2-disubstituted olefins yielded very good diastereoselectivities of the 

corresponding products. According to the proposed mechanism, the reaction is initiated 

by the formation of iodonium ion 204 via electrophilic addition of the iodine cation to 

the olefin 202 (Scheme 3.4b). This is either followed by the regio- and diastereoselective 

ring opening with a hydroxide ion to generate iodohydrin 203a or by the nucleophilic 

attack of DMF or DMA to produce iminium ion 205. Iodoesters 203b are formed upon 

hydrolysis of iminium ion 205. 

 

Scheme 3.4: Synthesis of iodohydrins 203a and iodoesters 203b by employing ammonium iodide and 

Oxone®. 

3.1.2 Synthesis and Applications of Iodine Monoacetate 

While the previous reactions described the iodination of olefins and ketones by 

employing ammonium iodide and Oxone®, Kulkarni et al.[9] developed an eco-friendly 

procedure for the iodination of aromatic compounds 206 by using a combination of 

ammonium iodide and hydrogen peroxide (Scheme 3.5a). Since iodination proceeded 

best in acetic acid, it was assumed that ammonium iodide is oxidised to hypoiodous acid 

by hydrogen peroxide, which further reacts to iodine monoacetate (208) as the active 

species in presence of acetic acid (Scheme 3.5b). A further possibility would be the initial 

formation of peracetic acid upon oxidation of acetic acid with hydrogen peroxide, which 

could oxidise ammonium iodide in the same way. An easy liberation of iodine(I) cations 

through iodine monoacetate promotes the iodination of aromatic compounds via 
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electrophilic aromatic substitution to give 207. Weakly activated and deactivated 

aromatic substrates did not react under these conditions. On the contrary, more 

activated aromatic substrates produced 207 in good to excellent yields. 

 

Scheme 3.5: Iodination of aromatic compounds 206 by using a combination of ammonium iodide and 

hydrogen peroxide (a) and proposed formation of iodine monoacetate (208) as the active species (b). 

However, weakly activated and deactivated aromatic substrates 209 could be iodinated 

at elevated temperatures in the presence of sulfuric acid (Scheme 3.6).[10] Iodine 

monoacetate (208) is prepared in situ by the oxidation of iodine using peroxyacetic acid. 

The addition of a strong acid presumably generates a more electrophilic species 

[H(IOAc)]+, which is capable of iodinating unactivated and deactivated aromatic systems 

to furnish 210 in moderate to good yields. 

 

Scheme 3.6: Iodination of unactivated and deactivated aromatic systems 209. 

Moreover, iodine monoacetate is applied in the production of alkoxy radicals. For 

instance, Lustztyk and co-workers[11] reported the ϐ-cleavage of alcohols, such as 

cyclopentanol (211), mediated by in situ formed iodine monoacetate under photolytic 

conditions (Scheme 3.7). Iodine monoacetate is generated by DIB (2) and iodine, as it 

was confirmed by 1H NMR analysis. Upon reaction with 211, alkyl hypoiodite 213 is 

obtained, which gives alkoxy radical 214 under light irradiation. ϐ-Scission of radical 214 

results in carbon-centred radical 215, which is trapped by an iodine atom to give 212 as 

the final product.  
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Scheme 3.7: ϐ-Cleavage of 211 mediated by in situ generated iodine monoacetate. 

Iodine monoacetate is additionally an efficient reagent for the trans-iodoacetoxylation 

of alkenes and alkynes. For instance, Demuth and co-workers[12] utilised in situ 

synthesised iodine monoacetate in a natural product synthesis by reacting 216 with 

silver acetate and iodine in toluene (Scheme 3.8). The trans-addition of iodine 

monoacetate to the double bond in this Prévost-type reaction[13,14] afforded 

iodoacetoxylated product 218 with a high stereoselectivity. The reaction proceeds 

through iodonium ion 217 after attack of the iodine cation on the double bond followed 

by a regioselective ring opening by the acetate anion from the opposite face. 

 

Scheme 3.8: Regio- and stereoselective iodoacetoxylation of 216 mediated by iodine monoacetate. 

Moreover, a stereospecific trans-iodoacetoxylation of diphenylacetylene (219) was 

reported by Ogata and Urasaki,[15] who synthesised 220 by the in situ preparation of 

iodine monoacetate from iodine and peracetic acid at elevated temperatures. Similar to 

the latter reaction (Scheme 3.8), the formation of an iodonium ion was assumed, which 

is stereoselectively attacked by the acetate anion to create the observed trans-product 

220. 
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Scheme 3.9: Stereospecific trans-iodoacetoxylation of alkyne 219 mediated by iodine monoacetate. 

 As described for the previous reactions, iodine monoacetate is accessible through 

various synthetic strategies. It can be prepared by the reaction of silver acetate,[12,16] 

mercury acetate,[17] mercury oxide[11] or lead tetraacetate[18] with iodine. Metal-free 

syntheses involve the reaction of DIB with iodine[11] or the oxidation of iodine[15,19] and 

ammonium iodide[9] by using peracetic acid. Furthermore, iodine triacetate can 

decompose to iodine monoacetate by action of heat.[20] Scheme 3.10 presents an 

overview of different synthetic strategies towards the preparation of iodine 

monoacetate. Although iodine monoacetate is frequently used in organic synthesis, it 

has not yet been isolated but only been characterised via 1H NMR spectroscopy by 

reacting DIB with iodine in deuterated chloroform.[11] 

 

Scheme 3.10: Synthetic routes towards iodine monoacetate. 

3.2 Aims and Objectives 

The synthesis of iodine triacetate (120) is characterised by the selective oxidation of 

elemental iodine to iodine(III) in presence of nitric acid. Nevertheless, due to the highly 

toxic, corrosive and oxidising nature of nitric acid[2] an alternative oxidant, that is less 

hazardous and more environmentally friendly would be preferable. Therefore, the initial 

aim of this work was to establish Oxone® as an environmentally safe alternative oxidant 

in the synthesis of iodine triacetate.  
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However, in the course of this project, the resulting species upon oxidation of iodine 

with Oxone® in acetic acid and acetic anhydride was identified to be iodine monoacetate 

and not iodine triacetate. Based on this result, a novel protocol for the preparation of 

iodine monoacetate is developed and optimised. This optimisation includes the 

modification of parameters such as solvent-systems, temperature and oxidants. The 

success of the reaction can be determined by applying in situ generated iodine 

monoacetate in a highly efficient iodoacetoxylation of a model substrate. In a next step, 

the compatibility of the in situ prepared iodine monoacetate is evaluated by the 

iodoacetoxylation of numerous styrene derivatives bearing different functional groups 

in various positions. Additionally, iodine monoacetate is used in the iodoacetoxylation 

of allylbenzene derivatives and aliphatic alkenes as well as alkynes. Next, the substrates 

are further functionalised by applying different nucleophiles in order to illustrate the 

diversity of this protocol. In a last step, the reactivities of iodine monoacetate and iodine 

triacetate in the iodoacetoxylation of styrene derivatives are compared.  

3.3 Results and Discussion 

3.3.1 Synthesis of Iodine Monoacetate by Using Oxone® 

Investigations commenced by the oxidation of elemental iodine using two equivalents 

of Oxone® in acetic anhydride and acetic acid (Ac2O/AcOH = 1:2), which resulted in an 

orange suspension. After a reaction time of 21 hours at 50 °C, all volatiles were removed 

and the reaction mixture was analysed via 1H NMR analysis under nitrogen atmosphere. 

A singlet at δ = 2.19 ppm could indicate the formation of iodine monoacetate, since it is 

in agreement with previously reported 1H NMR spectroscopic data.[11] However, as 

described in chapter 2, iodine triacetate reveals an identical chemical shift via 1H NMR 

spectroscopy. Hence, in a second attempt, 1,3,5-trimethoxybenzene (171a) was added 

to the crude mixture without prior removal of the volatiles. The mixture was stirred for 

another two hours at room temperature. As discovered in the previous chapter, iodine 

triacetate (120) would give (diacetoxyiodo)arene 172a via electrophilic aromatic 

substitution. In contrast, iodine monoacetate (208) is known for its ability to iodinate 

arenes.[9,10,21]  

However, the reaction of 171a with the combination of iodine and Oxone® in acetic acid 

and acetic anhydride did not evoke any formation of 172a. Instead, single iodinated 
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product 182a and double iodinated product 221 were isolated as the sole products (22% 

and 31% yield), while 32% of the starting material 171a could be recovered. 

Consequently, a mixture of iodine and Oxone® in acetic acid and acetic anhydride 

exclusively produces iodine monoacetate and not iodine triacetate (Scheme 3.11). 

 

Scheme 3.11: Generation of iodine monoacetate by oxidation of iodine with Oxone® in acetic acid and 

acetic anhydride followed by the subsequent reaction with 1,3,5-trimethoxybenzene (171a, left). 

Hypervalent iodine compound 172a was not formed during the reaction (right). 

Nevertheless, iodine monoacetate is a practical reagent in organic synthesis since it 

plays an important role in the production of alkoxy radicals, iodination of arenes as well 

as iodoacetoxylation of alkenes and alkynes. Iodoacetoxylations and cohalogenations in 

general are valuable transformations in organic chemistry and involved in a great variety 

of synthetic strategies, since these reactions facilitate a selective addition of two new 

functional groups in one single step.[22] Therefore, a simple, environmentally safe and 

inexpensive protocol towards the efficient iodoacetoxylation of alkenes and alkynes 

mediated by iodine monoacetate would be of great interest. In order to develop a novel 

protocol, styrene (22a) was chosen as a model substrate. The iodoacetoxylation of 

styrene was carried out in a one-pot operation by addition of styrene to in situ generated 

iodine monoacetate. Initial investigations begun by the oxidation of iodine using 

3.0 equivalent of Oxone® in acetic anhydride and acetic acid (Ac2O/AcOH = 25:1). After 

a reaction time t1 of four days at 50 °C, a colour change of the suspension from dark 

brown to light orange indicated complete consumption of iodine. Subsequently, styrene 

and 1,2,4,5-tetrachlorobenzene as internal standard were added to the viscous 

suspension at room temperature. 1H NMR spectroscopic analysis revealed the exclusive 

formation of the iodoacetoxylated Markovnikov product 146 in an excellent yield (86%, 

determined via 1H NMR analysis, Table 3.1, Entry 1) after 50 minutes. However, styrene 
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remained unreacted by alteration of the one-pot operation using 2.0 and 1.0 equivalents 

of Oxone®, respectively (Entries 2 and 3). The yield of 146 was reduced when 3.5 and 

4.0 equivalents of Oxone® were added (64% and 58%, respectively; Entries 4 and 5). In 

addition, no consumption of styrene was detected by changing the oxidant from Oxone® 

to potassium peroxydisulfate (Entries 6–10). Reduction of the reaction time for the 

oxidation of iodine to three days resulted in marginally less yield of 146 (81%, Entry 11), 

while a reduction of the reaction time to two days and one day had a greater negative 

impact on the yield of 146 (Entries 12 and 13). An attempt to isolate iodine monoacetate 

by removing all salts via filtration through Celite® before adding styrene gave only 32% 

yield of 146 (Entry 14). The filtration proved to be difficult process since the resulting 

reaction solution appeared as a highly viscous gel which made it unpractical to handle. 

Furthermore, centrifugation of the suspension proved to be unsuccessful as no 

separation of the salts from the suspension was achieved. The use of peracetic acid 

(4.0 equivalents) led to a direct discolouration of the solution and the formation of an 

insoluble solid during the oxidation of iodine. A similar observation was made by 

Schmeißer and co-workers,[1] who obtained iodoyltrifluoroacetate, IO2OCOCF3, as a 

hardly soluble solid by oxidation of iodine in presence of trifluoroperacetic acid. 

Therefore, it can be assumed that iodylacetate, IO2OAc, was formed upon oxidation of 

iodine with peracetic acid. The following reaction with styrene gave only a low 

consumption (45%, determined via GC-MS analysis) and 146 was formed to a minor 

degree (6% yield, Entry 15). Moreover, minor quantities of two side products were 

detected. The fragmentation pattern of both side products indicated the formation of 

benzaldehyde and phenylacetaldehyde.[23] The oxidation of iodine with 3.0 equivalents 

of periodic acid for four days (Entry 16) led to a full consumption of styrene and the 

formation of 146 as the main product in a moderate yield (58%, determined via GC-MS 

analysis). However, benzaldehyde and phenylacetaldehyde were repeatedly formed as 

side products. Hence, Oxone® proves to be the most suitable oxidant regarding the one-

pot iodoacetoxylation of styrene. 
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Table 3.1: Optimisation of the reaction conditions for the iodoacetoxylation reaction of styrene.[a] 

 

Entry Oxidant (equiv.) Time [t1, days] Yield of 146 [%][b] 

1 Oxone® (3.0) 4 86 

2 Oxone® (2.0) 4 0 

3 Oxone® (1.0) 4 0 

4 Oxone® (3.5) 4 64 

5 Oxone® (4.0) 4 58 

6 K2S2O8 (1.0) 4 0 

7 K2S2O8 (2.0) 4 0 

8 K2S2O8 (3.0) 4 0 

9 K2S2O8 (3.5) 4 0 

10 K2S2O8 (4.0) 4 0 

11 Oxone® (3.0) 3 81 (77) 

12 Oxone® (3.0) 2 73 (65) 

13 Oxone® (3.0) 1 50 (48) 

14[c] Oxone® (3.0) 4 32 

15[d] AcOOH (4.0) 1 6 

16[d] H5IO6 (3.0) 4 58 

[a] All reactions were carried out under nitrogen atmosphere with 0.5 mmol of iodine and 1.0 mmol of 

styrene in acetic anhydride (2.5 mL) and acetic acid (0.1 mL). [b] Yield was determined via 1H NMR analysis 

using 1,2,4,5-tetrachlorobenzene as internal standard. Isolated yields in parentheses. [c] Filtration of the 

reaction suspension before addition of styrene. [d] Yield was determined via GC-MS analysis without 

calibration. 

As the results demonstrate, iodine monoacetate can be formed by the oxidation of 

iodine using Oxone® in acetic acid and acetic anhydride, which was successfully utilised 

in the iodoacetoxylation of styrene. However, as the oxidation of iodine required four 

days (Table 3.1, Entry 1) the protocol was rendered inconvenient. Accordingly, by 
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changing the solvent composition, another reaction parameter was varied in order to 

minimise the reaction time t1 for the oxidation of iodine. The reaction progress was 

monitored via GC-MS analysis. Initially, iodine was reacted with 3.0 equivalents of 

Oxone® in acetic acid. After four days, styrene was added but no consumption of styrene 

was observed (Table 3.2, Entry 1). Addition of acetic anhydride (0.5 mL) to the oxidation 

reaction of iodine with Oxone® in acetic acid (3.0 mL) still did not afford any 

consumption of styrene (Entry 2). However, full consumption of styrene with the 

exclusive formation of 146 was achieved by reacting iodine with Oxone® in a solvent 

system of acetic anhydride and acetic acid with a 1:1 ratio for two days (Entry 3). The 

complete consumption of iodine after two days was indicated by the disappearance of 

the dark brown colour. A further change of the ratio (Ac2O/AcOH = 1:2) enabled full 

consumption of styrene after a reaction time of only 21 hours (Entry 4). It is worth 

mentioning that 146 was the only product detected via GC-MS analysis. A further 

decrease of the reaction time between iodine and Oxone® under identical conditions to 

16.5 and 6.5 hours revealed a less efficient reaction with styrene (Entries 5 and 6). 

Table 3.2: Optimisation of the reaction conditions for the iodoacetoxylation reaction of styrene.[a] 

 

Entry Ac2O [mL] AcOH [mL] Time [t1] Consumption of 22a [%][b] 

1 0.0 3.0 4 days 0 

2 0.5 3.0 4 days 0 

3 2.5 2.5 2 days > 99 

4 1.5 3.0 21 h > 99 (74) 

5 1.5 3.0 16.5 h 95 

6 1.5 3.0 6.5 h 89 

[a] All reactions were carried out under nitrogen atmosphere with 0.5 mmol of iodine, 1.5 mmol of 

Oxone® and 1.0 mmol of styrene in acetic anhydride and acetic acid. [b] Consumption was determined via 

GC-MS analysis. Isolated yield in parentheses. 
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Having obtained an optimised solvent system for the oxidation of iodine to iodine 

monoacetate (Table 3.2, Entry 4), a further optimisation was conducted by varying the 

equivalents of Oxone® under these conditions. Moreover, the influence of the reaction 

time t2 on the reaction outcome of the iodoacetoxylation of styrene was analysed. 

Firstly, iodine was oxidised with 3.0 equivalents of Oxone® in acetic anhydride and acetic 

acid (Ac2O/AcOH = 1:2) for 21 hours at 50 °C. After styrene was added at room 

temperature, the product 146 was isolated in a good yield after a reaction time t2 of ten 

minutes (70%, Table 3.3, Entry 1). On the contrary, a reaction time t2 of two hours gave 

76% yield of 146 (Entry 2). In order to ensure full consumption of less reactive arenes in 

the upcoming substrate scope, the reaction time t2 of two hours between styrene and 

in situ generated iodine monoacetate was maintained. An increased amount of Oxone® 

(3.5 equivalents) was accompanied by a reduced yield of 146 (71%, Entry 3), while the 

use of 2.5 equivalents produced a similar yield (75%, Entry 4). The highest yield of 146 

was achieved by the oxidation of iodine using 2.0 equivalents of Oxone® (84%, Entry 5). 

A strong decline of the yield was noticed by applying only 1.5 equivalents of Oxone® 

(52%, Entry 6). 

Table 3.3: Optimisation of the reaction conditions for the iodoacetoxylation reaction of styrene.[a] 

 

Entry Equiv. of Oxone® Time [t2] Yield of 146 [%][b] 

1 3.0 10 min 70 

2 3.0 2 h 76 

3 3.5 2 h 71 

4 2.5 2 h 75 

5 2.0 2 h 84 

6 1.5 2 h 52 

[a] All reactions were carried out under nitrogen atmosphere with 0.5 mmol of iodine and 1.0 mmol of 

styrene in acetic anhydride (1.5 mL) and acetic acid (3.0 mL). [b] Isolated yields are reported. 
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3.3.2 Substrate Scope for the Iodoacetoxylation of Alkenes 

After having optimised the synthesis of iodine monoacetate (Table 3.3, Entry 5), which 

was followed by the iodoacetoxylation of styrene (22a) as model-substrate to yield 

Markovnikov product 146 in a one-pot operation, styrene derivatives 222 bearing 

various aromatic substituents were tested next (Scheme 3.12). In order to obtain full 

consumption of all styrene derivatives 222, a higher excess of iodine monoacetate was 

applied in the one-pot reaction (≤ 1.25 equivalents). The phenyl-substituted aromatic 

system in 4-phenylstyrene (222a) did not influence the reaction result compared to 

styrene and 223a could be isolated in a good yield (79%). Furthermore, a reaction of 

iodine monoacetate with 2-vinylnaphthalene (222b) provided 223b in a comparable 

yield (74%). A chlorine substituent in meta-position had a positive effect on the 

iodoacetoxylation and 223c was formed from 3-chlorostyrene (222c) in an almost 

quantitative yield (98%), while 222d with a chlorine substituent in the ortho-position 

yielded 83% of product 223d. Additionally, the latter substrate afforded minor 

quantities of the corresponding iodohydrin 224d (4%), presumably due to a nucleophilic 

attack of water on the iodonium ion after termination of the reaction by the addition of 

aqueous sodium hydrogen carbonate. Moreover, 223e was isolated in a similar yield 

(79%) from the reaction with 2,6-dichlorostyrene (222e). The presence of strong 

electron-withdrawing nitro and fluoro substituents reduced the yield of 223f and 223g 

marginally (70%). The reaction of 3-nitrostyrene (222g) additionally generated 

iodohydrin 224g (16%). A methyl substituent in the ortho-position did not influence the 

reaction result and 2-methylstyrene (222h) gave the corresponding product 223h in a 

good yield (79%). In a further step, the effect of substituents in the α-position of styrene 

derivatives 222 was analysed. Substrate 222i with a sterically demanding phenyl 

substituent in the α-position was tested, which produced 223i in an excellent yield 

(91%). A good yield was achieved by the reaction of iodine monoacetate with 222j, 

which bears a methyl substituent in α-position. The corresponding iodoacetoxylated 

product 223j could be isolated in 71% yield. 
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Scheme 3.12: Substrate scope for the iodoacetoxylation of styrene derivatives 222. Reactions were 

carried out under nitrogen atmosphere with 0.5 mmol of iodine, 1.0 mmol of Oxone® and 0.8 mmol of 

222 in acetic anhydride (1.5 mL) and acetic acid (3.0 mL). Isolated yields are reported unless stated 

otherwise. [a] 1.0 mmol of styrene (22a) were used. [b] Inseparable mixture; combined yield is reported; 

ratio determined via 1H NMR analysis. [c] Recovery of 8% starting material. [d] Reaction time of four days 

between iodine monoacetate and 222m; recovery of 59% starting material. [e] Recovery of 10% starting 

material. 
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Interestingly, a one-pot reaction of in situ prepared iodine monoacetate with 

α-bromostyrene (222k) yielded ketones 223k and 223k’ as an inseparable mixture (70% 

combined yield; 223k/223k’ = 1.25:1, determined via 1H NMR analysis). Presumably, the 

initial reaction of 222k with iodine monoacetate generates iodoacetoxylated 

intermediate 226 via iodonium ion 225 and 225’ (Scheme 3.13). A subsequent 

nucleophilic attack of an acetate anion on the carbonyl group of 226,[24] followed by 

liberation of acetic anhydride and the bromide yields 223k. Alternatively, bromonium 

ion 227 could be formed, which leads to 223k’ upon nucleophilic attack of an acetate 

anion on the carbonyl group of 227.  

 

Scheme 3.13: Proposed mechanism for the formation of 223k and 223k’ from 222k. 

Afterwards, the influence of substituents in ϐ-position of styrene derivatives 222 was 

examined by performing reactions with ethyl cinnamate (222l) and cinnamonitrile 

(222m). Both derivatives underwent a regio- and diastereoselective iodoacetoxylation 

to produce the corresponding trans-products 223l and 223m. While 223l was isolated in 

a good yield (64%), the cyanide substituent reduced the reaction rate drastically and 

223m was isolated only in a low yield (34%) together with recovered 222m (59%) after 

an extended reaction time of four days. Moreover, cyclic alkenes were tolerated under 

these reaction conditions. 1,2-Dihydronaphthalene (222n) provided 223n in a good yield 

(72%), while 223o and 223p were prepared from indene (222o) and 1-phenyl-1-

cyclohexene (222p) in satisfactory yields (53% and 57%, respectively). Additionally, 

chalcone (222q) gave product 223q in a good yield (70%), while heteroaromatic 

substrate 2-vinylpyridine (222r) was converted into 223r with an excellent yield (88%). 

Unfortunately, styrene derivatives 222s–222u bearing either a hydroxy substituent in 

ortho-position, a bromo substituent in the allylic position, an isopropyl group in 



IODOACETOXYLATION OF ALKENES AND ALKYNES MEDIATED BY IODINE MONOACETATE TOBIAS HOKAMP 

100 

 

α-position as well as 4-vinylpyridine (222v) did not afford the desired iodoacetoxylated 

products since decomposition of the starting materials or reaction products occurred 

during the reactions (Figure 3.1). The analysis via 1H NMR spectroscopy and thin layer 

chromatography (TLC) revealed a complex, inseparable mixture in all reactions. GC-MS 

analysis of the mixtures did not exhibit further information regarding the decomposition 

products. 

 

Figure 3.1: Styrene derivatives 222s–222v proved to be unsuccessful. 

In a next step, allylbenzene derivatives and aliphatic alkenes were subjected to iodine 

monoacetate under identical conditions (Scheme 3.14). A reaction of allylbenzene 

(228a) provided a mixture of Markovnikov product 229a and anti-Markovnikov product 

230a in moderate yields (35% and 32%, respectively). A similar behaviour was observed 

by reacting 4-allylanisole (228b) with iodine monoacetate, which furnished Markovnikov 

product 229b and anti-Markovnikov product 230b (40% and 27%, respectively). This 

result demonstrates that the presence of an electron-donating aromatic substituent 

increases the tendency to form Markovnikov product 229. On the other hand, alkenes 

228c and 228d were iodoacetoxylated with moderate yields exclusively to anti-

Markovnikov products 230c and 230d (46% and 38%, respectively).  
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Scheme 3.14: Substrate scope for the iodoacetoxylation of allylbenzene derivatives and aliphatic alkenes 

228. Reactions were carried out under nitrogen atmosphere with 0.5 mmol of iodine, 1.0 mmol of Oxone® 

and 0.8 mmol of 228 in acetic anhydride (1.5 mL) and acetic acid (3.0 mL). Isolated yields are reported 

unless stated otherwise. [a] 0.4 mmol of 228f were used; mixture of diastereomers. [b] Inseparable 

mixture of two regioisomers; combined yield is reported. [c] Ratio determined via 1H NMR analysis. 

Interestingly, a reaction with 2-methoxy-3-buten-2-ol (228e) resulted in rearranged 

product 230e’ (40% yield), which presumably originates from the formation of anti-

Markovnikov product 230e followed by an acyl migration (Scheme 3.15). An analogous 

rearrangement was reported by Kirschning et al.[25] for the iodoacetoxylation of a similar 

allyl alcohol. However, since the structure of 230e’ has not been unambiguously 

characterised, the formation of regioisomer 230e cannot be excluded at this stage. 

 

Scheme 3.15: Proposed formation of 230e‘ via acyl migration. 

Moreover, 1,5-hexadiene (228f) created diastereoisomers of 229f (12%) and 

presumably an inseparable mixture of regio- and diastereoisomers 230f and 230f’ (27% 
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combined yield) as it was indicated by 1H and 13C NMR analysis. An inseparable mixture 

of regioisomers 229g and 230g in 42% combined yield (229g/230g = 2:1, determined via 

1H NMR analysis) was also formed by employing 1-hexene (228g). Compared to styrene 

derivatives 222, allylbenzene derivatives and aliphatic alkenes 228 in general gave lower 

yields, which presumably derives from a higher rate of polymerisation of the reagents 

due to a higher instability of the intermediates. 

Heterocyclic compounds such as benzothiophene and indole were not suitable for the 

iodoacetoxylation under those conditions and complex mixtures of numerous products 

were detected by TLC and 1H NMR analysis of the crude mixtures. 

In summary, various styrene derivatives, allylbenzene derivatives and aliphatic alkenes 

could be iodoacetoxylated in low to excellent yields. While styrene derivatives 222 

revealed best yields and provided selectively Markovnikov products 223, allylbenzene 

derivatives and aliphatic alkenes 228 yielded mixtures of Markovnikov and anti-

Markovnikov products 229 and 230, respectively. Aromatic substituents in various 

positions were shown to have little impact on the reactivity. Iodoacetoxylations in 

presence of electron-donating and weakly electron-withdrawing aromatic substituents 

proceeded smoothly with good to excellent yields, while the functionalisations of 

styrene derivatives bearing strongly electron-withdrawing aromatic substituents 

afforded marginally less yields. The sterically demanding phenyl substituents in the α-

position of styrene derivatives proved to be no hindrance for an efficient 

iodoacetoxylation. Moreover, ϐ-substituted styrene derivatives revealed a high degree 

of diastereoselectivities, yielding exclusively trans-products. However, electron-with-

drawing substituents in ϐ-position exposed a negative effect on the reaction and lower 

yields were achieved. Furthermore, heteroaromatic systems were tolerated to a little 

extent, while hydroxy and bromo substituents were either not tolerated or generated 

unpredictable products. In general, styrenes showed higher yields, while allylbenzene 

derivatives and aliphatic alkenes gave mixtures of regioisomers in lower yields.  

3.3.3 Substrate Scope for the Iodoacetoxylation of Alkynes 

Motivated by promising results with various styrene derivatives 222 and alkenes 228, 

alkynes 231 were tackled in the next part of the substrate scope. Using identical 

conditions, phenylacetylene (231a) was subjected to iodine monoacetate in a one-pot 
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process (Table 3.4, Entry 1), yielding an inseparable mixture of trans-product 232a and 

diiodinated product 233a (232a/233a = 1:1, 60% combined yield).  

Table 3.4: Reaction of alkynes 231 and propiophenone (61a) with iodine monoacetate.[a] 

Entry Substrate Product(s) 

1 

 
 

2 

  

3 

  

4 

  

5[d] 

  
[a] Reactions were carried out under nitrogen atmosphere with 0.5 mmol of iodine, 1.0 mmol of Oxone® 

and 0.8 mmol of 231 or 61a in acetic anhydride (1.5 mL) and acetic acid (3.0 mL). Isolated yields are 

reported unless stated otherwise. [b] Inseparable mixture; combined yield is reported; ratio determined 

via 1H NMR analysis. [c] Yields based on IOAc as the limiting reagent. [d] BF3OEt2 (2.4 mmol) was added.  

On the contrary, a reaction of 1-phenyl-1-propyne (231b) furnished exclusively product 

232b in a good yield (71%) as the result of a single iodoacetoxylation of the triple bond 

(Entry 2). Treatment of 1-hexyne (231c) with in situ prepared iodine monoacetate 

provided solely diiodoketone 233c in 74% yield (Entry 3). The formation of diiodinated 

ketones 233a and 233c can be explained by a presumed diiodoacetoxylation of the triple 

bond (Scheme 3.16). After a first trans-iodoacetoxylation of the alkyne 231, 

intermediate 232 is formed. In case of 231a, intermediate 232a could be isolated, while 

in case of 231c the intermediate 232c reacted directly further. Iodonium ion 236 is the 
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result of a second iodination of 232, which is attacked by an acetate anion at the 

carbonyl group to generate ketones 233a and 233c.  

 

Scheme 3.16: Explanation for the formation of diiodinated ketones 233a and 233c. 

Surprisingly, substrate 231d did not react in the anticipated way and trans-iodinated 

product 232d was isolated in a modest yield (39%), which was confirmed by 1H and 

13C NMR analysis (Entry 4).[26] However, the mechanism for the formation of the 

observed product remains unclear and further investigations would be necessary in 

order to identify the mechanistic pathway.  

Afterwards, prophiophenone (61a) was subjected to iodine monoacetate in order to 

expand the synthetic utility of iodine monoacetate to the α-functionalisation of ketones. 

This reaction led to an iodination of propiophenone in the α-position to produce 234 in 

a good yield (70%). Furthermore, the α-acetoxylated product 235 was isolated as a side 

product in a low yield (5%). However, the addition of BF3OEt2 as Lewis acid was 

mandatory in order for the reaction to proceed, presumably to facilitate tautomerism 

to the corresponding enol 61a’ (Scheme 3.17). After formation of the enol, the reaction 

of 61a’ with iodine monoacetate furnishes iodonium ion 237, which is followed by the 

generation of ketone 234. Alternatively, 237 can form intermediate 238, which 

subsequently reacts further to cyclic acetoxonium ion 239. Deprotonation can lead to 

the formation of side product 235.  

 

Scheme 3.17: Proposed mechanism for the formation of 234 and 235. 
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A similar behaviour of iodoacyloxylated alkenes has been reported by Sudalai and co-

workers,[27] who proposed a cyclic acetoxonium ion as a key intermediate in the iodine-

catalysed synthesis of α-acyloxyketones from alkenes. 

In summary, mono- and diiodinated products were obtained in moderate to good yields 

by reactions of iodine monoacetate with alkynes, while propiophenone was efficiently 

iodinated in the α-position. As observed previously, a hydroxy substituent in close 

proximity to the triple bond has a significant impact on the reactivity and an 

unpredictable product was formed.  

3.3.4 Supplemental Vicinal Functionalisations Mediated by Iodine 

Monoacetate 

The previous part of this project dealt with the development of an inexpensive and 

environmentally friendly iodoacetoxylation of alkenes and alkynes by employing iodine 

monoacetate. In the next part, iodine monoacetate was subjected to styrene, followed 

by treatment with different nucleophiles in order to offer a broader range of 

1,2-difunctionalisations by utilising this protocol. 

Initial experiments oxidised iodine in presence of Oxone®, acetic anhydride and acetic 

acid under optimised conditions to iodine monoacetate. Subsequently, a large excess of 

methanol was added to the reaction solution at room temperature, which was followed 

by the addition of styrene (Scheme 3.18). After a reaction time of two hours, 

iodomethoxylated product 240 was isolated in a good yield (61%). Additionally, 

iodoacetoxylated product 146 was found as minor product in a low yield (23%).  

 

Scheme 3.18: Synthesis of 240 by using a combination of iodine monoacetate and methanol. 

The ability of 146 towards nucleophilic substitution was then tested in order to further 

functionalise the product. The synthetic versatility of vicinal functionalised azides as 

useful building blocks were a motivation to incorporate an azide group. The resulting 



IODOACETOXYLATION OF ALKENES AND ALKYNES MEDIATED BY IODINE MONOACETATE TOBIAS HOKAMP 

106 

 

azidooxgenated compounds can serve as useful precursors for amines, aziridines[28] and 

heterocyclic derivatives.[29,30] Therefore, 146 was subjected to sodium azide in DMF at 

60 °C for six hours (Scheme 3.19). With the intention of developing a straightforward 

procedure starting from styrene, 146 was treated with sodium azide without purification 

after the removal of Oxone®, acetic acid and acetic anhydride via a basic work-up. 

Fortunately, this strategy led to a nucleophilic displacement and azide 241 was obtained 

in a moderate yield (58%). 

 

Scheme 3.19: Formation of 1,2-azidoacetate 241 starting from styrene (22a). 

Overall, the diversity of this protocol could be demonstrated, since iodine monoacetate 

is a versatile reagent which efficiently promotes the intermolecular vicinal iodo-

functionalisation of olefins in a regio- and diastereoselective fashion. In presence of 

methanol, iodine monoacetate enables the straightforward synthesis of ϐ-iodoether 

240 in a one-pot process. Moreover, further conversion of the iodoacetoxylated 

products via nucleophilic displacement using sodium azide allows access to additional 

valuable building blocks.  

3.3.5 Iodoacetoxylation of Alkenes by Using Iodine Triacetate 

The last part of this project dealt with the iodoacetoxylation of styrene derivatives by 

using iodine triacetate. In order to compare the reactivity of iodine monoacetate and 

iodine triacetate towards alkenes, iodine triacetate was subjected to styrene derivatives 

under previously applied conditions. Therefore, styrene (22a) and its derivatives 222 

were treated with 1.25 equivalents of iodine triacetate in acetic anhydride and acetic 

acid (Ac2O/AcOH = 1:2) at room temperature for two hours (Scheme 3.20). The 

preparation of iodine triacetate was previously described in chapter 2.3.1. Reactions of 
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iodine triacetate with styrene under optimised reactions conditions for iodine 

monoacetate provided a lower yield of 146 (67%) with iodine triacetate than with iodine 

monoacetate. The same behaviour was noticed for the functionalisation of 

4-phenylstyrene (222a), which gave 223a in 58% yield.  

 

Scheme 3.20: Substrate scope for the iodoacetoxylation of styrene (22a) and its derivatives 222 by 

applying iodine triacetate. Reactions were carried out under nitrogen atmosphere with 1.0 mmol of iodine 

triacetate, 0.8 mmol of 22a or 222 in acetic anhydride (1.5 mL) and acetic acid (3.0 mL). Isolated yields are 

reported. 

Additionally, 3-chlorostyrene (222c), 2-methylstyrene (222h) and α-methylstyrene 

(222j) furnished products 223c, 223h and 223j in lower yields with iodine triacetate than 

with iodine monoacetate (37–48%). Furthermore, 4-chlorostyrene (222s) was reacted 

to 223s with a moderate yield (66%) by treatment with iodine triacetate. 

Although iodine triacetate has a stronger electrophilic character than iodine 

monoacetate, the previous results show that iodine monoacetate is capable of 

promoting higher yields in the iodoacetoxylation reactions of styrene derivatives under 

the selected conditions. 
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3.4 Conclusion and Future Perspectives 

In conclusion, a novel economic and ecological attractive method for the formation of 

iodine monoacetate has been developed by using a combination of iodine and Oxone® 

in a solvent system of acetic anhydride and acetic acid. The reagent can be employed in 

a highly efficient method for the regio- and diastereoselective 1,2-iodoacetoxylation of 

various alkenes and alkynes in a straightforward and convenient one-pot operation. 

The reactivity of styrene derivatives towards iodine monoacetate was analysed first 

(Scheme 3.21). Oxidation of iodine in a solvent system of acetic anhydride and acetic 

acid followed by the addition of the respective styrene derivative showed best results 

with low to excellent yields of the corresponding Markovnikov products (34–98%). The 

substrate scope could demonstrate that styrene derivatives with electron-donating and 

electron-withdrawing aromatic substituents in various positions as well as one 

heteroaromatic derivative proceeded smoothly furnishing good to excellent yields of the 

corresponding products. Furthermore, substituents in the α-position did not show a 

negative impact on the reaction result, while ϐ-substituted styrene derivatives revealed 

a high degree of diastereoselectivity, affording exclusively trans-functionalised 

products. However, electron-withdrawing substituents in ϐ-position had a negative 

effect on the efficiency since lower yields were provided.  

 

Scheme 3.21: Iodoacetoxylation of styrene derivatives. 

While styrene derivatives produced exclusively Markovnikov products, allylbenzene 

derivatives and aliphatic alkenes generated either anti-Markovnikov or mixtures of 

Markovnikov and anti-Markovnikov products in moderate to good yields (38–67% 

combined yield, Scheme 3.22). 
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Scheme 3.22: Iodoacetoxylation of allylbenzene derivatives and aliphatic alkenes. [a] Combined yields of 

Markovnikov and anti-Markovnikov products. 

Moreover, alkynes were capable of undergoing iodoacetoxylations via the described 

one-pot reaction. In a limited substrate scope, it could be shown that terminal alkynes 

tend to react twice with iodine monoacetate to give either a mixture of mono- and 

diiodinated products or exclusively the diiodinated product. On the other hand, 

1-phenyl-1-propyne (231b) as a disubstituted alkyne selectively yielded the monoiodo-

acetoxylated product. Alkynes gave good yields of the corresponding products (60–74% 

combined yields). Additionally, propiophenone demonstrated the potential of iodine 

monoacetate to efficiently iodinate ketones in the α-position.  

 

Scheme 3.23: Iodoacetoxylation of alkynes. [a] Combined yields of both products. 

However, various heteroaromatic systems were tolerated to a little extent, while 

hydroxy and bromo substituents in alkenes and alkynes were either not tolerated or 

promoted the formation of unpredictable products. 

Iodine monoacetate furthermore enabled the construction of an ϐ-iodoether via a 

straightforward one-pot process using methanol as external nucleophile. Moreover, a 

nucleophilic reaction using sodium azide allowed access to a broader variety of valuable 

building blocks. The subsequent iodoacetoxylation of alkenes mediated by iodine 

triacetate under identical conditions revealed that the iodoacetoxylation of styrenes 
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proceeded more efficiently with iodine monoacetate than with the corresponding 

iodine(III) species under the optimised conditions. 

Based on these results, the utility of this protocol should be further explored. In an 

expanded substrate scope, different ϐ-iodocarboxylates, and ϐ-iodoethers could be 

accessed in a one-step process by addition of various alcohols and carboxylic acids. 

Further conversion of the iodo-functionalised derivatives by nucleophilic displacement 

using different nucleophiles could furthermore allow the simple access to numerous 

valuable synthetic building blocks.  

Since the original aim of this project was the synthesis of iodine triacetate by using an 

oxidant, which is less hazardous and economically more attractive than nitric acid, 

further effort should be made regarding the development of an alternative route. For 

example, the electrochemical oxidation of iodine could be an environmentally benign 

and non-toxic option for a green, harmless and practical synthesis of iodine triacetate. 
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4 Synthesis and Applications of α-Tetralol-Based Hypervalent 

Iodine Reagents 

Parts of this work have been published:  

T. Hokamp, T. Wirth, J. Org. Chem. 2019, 84, 8674–8682: “Structurally Defined 

α-Tetralol-Based Chiral Hypervalent Iodine Reagents” 

Crystallographic studies were conducted by Dr. Benson Kariuki. 

4.1 Introduction  

Chiral hypervalent iodine(III) compounds are important tools that have found broad 

application in asymmetric synthesis. As an economic and ecological attractive 

alternative to metal-containing reagents, they have contributed to a large number of 

asymmetric transformations over the last two decades.[1] However, the history of chiral 

hypervalent iodine compounds already dates back to 1907, when Pribram[2] reported 

the formation of diphenyliodonium tartrate via reaction between diphenyliodonium 

hydroxide and tartaric acid. Generally, chiral hypervalent iodine(III) reagents have the 

advantage of being easily accessible. Furthermore, this class of reagents exhibits the 

ability to efficiently promote stereoselective transformations with a high degree of 

stereocontrol under mild conditions. From a practical and economic point of view, 

catalytic reactions via utilisation of an I(I)/I(III) catalytic cycle characterise the preferable 

concept. Hence, hypervalent iodine reagents have been successfully established as 

catalysts in asymmetric transformations.[3,4] Two main strategies are applied in order to 

introduce chirality into the hypervalent iodine(III) reagents. Firstly, chiral heteroatom-

containing ligands, such as chiral acids or chiral alcohols can be attached to the iodine 

centre via ligand exchange reactions (242, Figure 4.1a). However, the more frequently 

used strategy is the introduction of chirality into the aromatic moiety, which is 

covalently connected to the central iodine atom (243, Figure 4.1b). 

 

Figure 4.1: Different strategies to introduce chirality into iodine(III)-reagents. 
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4.1.1 Introduction of Chirality by Use of Chiral Ligands 

Eight decades after the initial work by Pribram,[2] Imamoto and Koto[5] were the first to 

describe the synthetic utilisation of chiral hypervalent iodine compounds in the 

asymmetric synthesis. An asymmetric oxidation of sulfides to sulfoxides was realised by 

the in situ generation of hypervalent iodine reagent 245 via ligand exchange reaction of 

iodosylbenzene (4) with various L-tartaric anhydrides 244 (Scheme 4.1, left). 

Interestingly, 245 was assumed to have a seven-membered cyclic structure. Five years 

later, Ray III and Koser[6] isolated the corresponding product of the reaction between 

iodosylbenzene and dibenzoyl-L-tartaric anhydride 244a (R = Ph) and demonstrated, 

that indeed iodine(III) tartrates were formed. However, the isolated material 245a’ 

revealed a polymeric and non-cyclic structure (Scheme 4.1, right).  

 

Scheme 4.1: Synthesis of chiral reagent 245 in situ with a proposed cyclic structure (left) and 

experimentally determined polymeric structure 245a’ (right). 

Moreover, Ray III and Koser[7] isolated chiral iodine(III) reagent 248 after a ligand 

exchange reaction between [methoxy(tosyloxy)iodo]benzene (246) and (−)-menthol 

(247, Scheme 4.2), which was also successfully applied in the asymmetric oxidation of 

sulfides. 

 

Scheme 4.2: Synthesis of chiral iodine(III) reagent 248. 
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At the same time, Varvoglis and co-workers[8] reported a reaction between (+)-10-

camphorsulfonic acid (249) and DIB (2) in acetonitrile and water to produce chiral 

hypervalent iodine(III) reagent 250 (Scheme 4.3a). The utilisation of 250 in the 

asymmetric oxidation of sulfides furnished the corresponding sulfoxides in very good 

yields but with poor stereoselectivities.[9]  

Using a similar approach, Zhdankin and co-workers[10] synthesised iodine(III) reagents 

252 with good to excellent yields by treatment of DIB with nitrogen-protected amino 

acids 251 in chlorobenzene or acetonitrile (Scheme 4.3b). These reagents were used in 

the trans-iodocarboxylation of alkenes to give the respective amino acid esters in very 

good yields. 

 

Scheme 4.3: Synthesis of chiral iodine(III) reagents 250 and 252. 

4.1.2 Introduction of Chirality by Use of Chiral Backbones 

The more frequently applied strategy is the introduction of chirality elements into the 

aryl substituent. The first examples of chiral hypervalent iodine compounds bearing a 

chiral backbone were reported by Ochiai and co-workers.[11] This pioneering work 

addressed the synthesis of axially chiral binaphthyl derived hypervalent iodine reagents 

254 (Scheme 4.4). Simple oxidation of diiodide 253 with sodium perborate in acetic acid 

yielded C2-symmetric product 254a, which rapidly formed cyclic derivative 254b. 

However, 254a could be recovered by treatment of 254b with acetic acid at elevated 

temperatures. Furthermore, chlorination of 253 followed by ligand exchange using 

mercuric trifluoroacetate yielded μ-oxo-bis(trifluoroacetate) 254c.  
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Scheme 4.4: Synthesis of binaphthyl-based chiral hypervalent iodine reagents 254. 

Nine years later, the same group applied reagents of type 254 in the asymmetric 

arylation of enolates of ϐ-keto esters to obtain the corresponding α-phenylated 

products in moderate yields and enantioselectivities.[12] Following these primary 

reports, numerous iodine(I)- and iodine(III)-derivatives based on chiral binaphthyl-

backbones have been developed and applied in asymmetric syntheses as stoichiometric 

reagents and as catalysts, respectively.[4,13] 

In a different approach, Kita et al.[14] designed hypervalent iodine reagent 79 bearing a 

chiral rigid spirocyclic backbone. It was prepared from enantiopure triflate precursor 

255 via diamine 256 and diiodinated 257 in a four-step sequence (Scheme 4.5). 

Treatment of 257 with Selectfluor® in a solvent system of acetic acid and acetonitrile 

afforded 79, which was successfully employed in the highly enantioselective oxidation 

of phenols to construct chiral ortho-spirolactones 78 (see chapter 1.4.3). 
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Scheme 4.5: Synthesis of spirocyclic-based chiral hypervalent iodine reagent 79. BINAP = 2,2’-bis(diphe-

nylphosphino)-1,1’-binaphtyl. 

Importantly, the stereoselective spirolactonisation also proceeded under catalytic 

conditions using a combination of catalyst 257 and mCPBA as the stoichiometric oxidant. 

Improved enantioselectivities under catalytic conditions were achieved by the 

introduction of an ethyl substituent into catalyst 257 at the ortho-positions to the iodine 

atoms.[15]  

An innovative design based on a [2.2]paracyclophane framework was developed by 

Wirth and co-workers.[16] Based on this work, Lu, Zheng et al.[17] successfully synthesised 

and applied planar chiral iodoarene 263, a precursor for the corresponding chiral 

iodine(III) reagent (Scheme 4.6). It was prepared from racemic alcohol 258 in a five-step 

synthesis, starting from the preparation of 259 by using methoxymethyl chloride 

(MOMCl). Iodination in the presence of n-butyllithium (n-BuLi), N,N,N’,N’-tetramethyl-

ethylenediamine (TMEDA) and iodine furnished 260, which was further converted to the 

enantiopure alcohol 261 upon deprotection and chromatographic resolution. Chiral 

iodoarene 263 was obtained after acylation of 261 with acyl chloride 262 under mild 

basic conditions. The utility of 263 as a catalyst was demonstrated in the highly 

enantioselective fluorination of ϐ-ketoesters in presence of triethylamine 

trihydrofluoride (Et3N3HF) as the fluoride source and mCPBA as the terminal oxidant. 
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Scheme 4.6: Synthesis of [2.2]paracyclophane-based iodoarene 263. 

Further strategies for the incorporation of chirality into precursors for chiral iodine(III) 

compounds include the construction of C2-symmetric iodoarene 264 based on a chiral 

anti-dimethanonanthracene scaffold,[18] as well as the design of indanol-based chiral 

iodoarene 265 (Scheme 4.7).[19] Moreover, helically chiral iodoarene 266 was developed 

based on a [7]helicene scaffold.[20] All three iodoarenes were applied in stereoselective 

dearomatisations of phenol derivatives. It is noteworthy that a combination of 265 and 

mCPBA provided the best enantioselectivities reported so far for the hypervalent iodine-

mediated para-hydroxylation of phenols to give para-quinols (up to 84% ee). 

 

Scheme 4.7: Additional strategies to introduce chirality into precursors for iodine(III) compounds. 

However, the introduction of lateral lactic acid derivatives into resorcinol derivatives is 

the favoured approach to introduce chirality into hypervalent iodine compounds, since 

the reagents allow a relatively simple structural refinement. The pioneering works were 

published in 2007 by Fujita et al.[21] and in 2010 by Ishihara and co-workers,[22] who 

selected lactic acid as an easily accessible chiral auxiliary for the design of chiral 
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iodine(III) reagents and iodoarene catalysts, respectively. As pointed out in the work by 

the group of Ishihara, their developed C2-symmetric structural class 267 generally 

consists of an resorcinol-based moiety (I), a chiral connector (II) and an additional 

functional group (III, Figure 4.2). 

 

Figure 4.2: General structure of lactate-based chiral iodoarenes 267. 

As it can be seen in the exemplary synthesis of iodoarene 80 (Scheme 4.8),[22,23] the 

typical approach towards the preparation of the structural class 267 involves the initial 

formation of 270 via Mitsunobu reaction[24] starting from 2-iodoresorcinol (268) and 

methyl (S)-(−)-lactate (269). Compound 270 has already been successfully applied as 

direct precursor for the corresponding chiral iodine(III) reagent 41 in asymmetric 

reactions such as the enantioselective diamination of styrenes (see chapter 1.4.1.2).[25] 

However, further amendment of the structure can be achieved by converting 270 into 

acid 271 via ester hydrolysis. Treatment of 271 with thionyl chloride and subsequent 

reaction with 2,4,6-trimethylaniline (H2NMes) yields chiral iodoarene 80.  

 

Scheme 4.8: Synthesis of chiral iodoarene 80 starting from 2-iodoresorcinol (268). DIAD = diisopropyl 

azodicarboxylate. 
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As indicated in chapter 1, iodoarenes of type 267 have found broad application as chiral 

precursors for iodine(III) reagents in asymmetric synthesis, since they represent the 

most successful class of chiral iodoarenes with respect to enantioselectivities.[3,4] 

A key characteristic of hypervalent iodine(III) compounds deriving from 267 is the 

creation of helical chirality as a result of an intramolecular coordination of the flexible 

side chains. As originally reported by Ishihara et al.[26] and later verified by Muñiz and 

co-workers,[27] hypervalent iodine(III) compounds containing lactamide side chains were 

found to form intramolecular hydrogen bonds. As confirmed by solid-state X-ray 

structure analysis of iodine(III) compounds such as 272, the acidic amido protons 

participate in hydrogen bonding with the basic oxygen atoms of the acetate ligands 

situated at the central iodine (Figure 4.3). 

 

Figure 4.3: Intermolecular hydrogen bondings in chiral hypervalent iodine(III) compound 272. 

4.2 Aims and Objectives 

The aim of this project is the synthesis of a novel class of chiral hypervalent iodine(III) 

reagents. Here, the stereogenic centre should be located in a rigid ring system in near 

proximity to the central iodine. Therefore, chiral hypervalent iodine(III) compounds 273 

containing an α-tetralol scaffold are planned (Figure 4.4a). It is anticipated that iodine 

triacetate will be used as a reagent for diacetoxyiodination reactions in the key step of 

the synthesis, since it has demonstrated excellent regioselectivities and yields in the 

one-step conversion of arenes into (diacetoxyiodo)arenes. The corresponding diselenide 

274 (Figure 4.4b), which was reported by Wirth and Fragale,[28] enabled a highly 

stereoselective transformation of styrene due to its reduced conformational flexibility.  
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Figure 4.4: Structure of target molecule 273 (a) and its corresponding diselenide 274 (b).  

In order to analyse and optimise the reactivity and stereocontrol of α-tetralol-based 

chiral hypervalent iodine(III) compounds in asymmetric syntheses, they are employed in 

various typical hypervalent iodine mediated transformations. Moreover, defined 

structural information obtained by solid-state analysis are evaluated for a detailed 

insight into their structural behaviour. This is of great importance for the further 

optimisation of 273 as reagents or catalysts in asymmetric synthesis. 

4.3 Results and Discussion 

4.3.1 Syntheses of α-Tetralol-Based Chiral Hypervalent Iodine Reagents 

Chapter 2 described the ability of iodine triacetate to convert non-iodinated arenes into 

(diacetoxyiodo)arenes in a regiospecific manner. For instance, it was demonstrated that 

anisole (171c) was diacetoxyiodinated specifically in the para-position. Hence, iodine 

triacetate is considered as a powerful reagent, which should be applied as a reagent for 

diacetoxyiodinations in the synthesis of α-tetralol-based chiral hypervalent iodine(III) 

compounds. For the realisation of a regiospecific diacetoxyiodination in the 8-position 

of α-tetralol derivatives, a methoxy substituent should be incorporated as a directing 

group in the 5-position. A proposed reaction for the synthesis of α-tetralol-based 

hypervalent iodine(III) compound 276 starting from 275 by using iodine triacetate is 

depicted in Scheme 4.9. 

 

Scheme 4.9: Proposed synthesis of hypervalent iodine(III) compound 276. 
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Considering these results from chapter 2, 5-methoxy-1-tetralone (277) was selected as 

starting material for the synthesis of α-tetralol-based chiral hypervalent iodine(III) 

compounds 276. Initially, 277 was stereoselectively reduced to alcohol (R)-278 by an 

asymmetric transfer hydrogenation with an azeotropic mixture of formic acid and 

triethylamine (HCO2H/NEt3 = 5:2), catalysed by chiral ruthenium complex RuCl[(R,R)-

FsDPEN](p-cymene).[29–31] The absolute configuration of (R)-278 was determined by 

solid-state X-ray structure analysis. As it can be seen in Table 4.1, (R)-278 was obtained 

in an excellent enantioselectivity (> 99% ee) by the reduction of 277 using 5.0 equi-

valents of the formic acid/triethylamine complex and catalyst loadings between 9.0 and 

3.0 mol% of the ruthenium complex in DMF at room temperature for two and four days, 

respectively. However, while 9.0 and 4.5 mol% of the ruthenium catalyst afforded 

similar yield after four days (80% and 82%, respectively; Entries 1 and 2), a lower catalyst 

loading (3.0 mol%) gave a reduced yield of (R)-278 (49%, Entry 3). Likewise, a reduction 

for two days in presence of 4.5 mol% catalyst also furnished a lower yield of (R)-278 

(56%, Entry 4). An improved yield of (R)-278 (94%) was obtained by repeating the 

reduction under optimised conditions (Entry 2) on a larger scale. 

Table 4.1: Optimisation of the reaction conditions for the stereoselective reduction of 277.[a] 

 

Entry Catalyst loading [mol%] Time [days] Yield [%][b] ee [%][c] 

1 9.0 4 80 > 99 

2 4.5 4 82 (94)[d] > 99 

3 3.0 4 49 > 99 

4 4.5 2 56 > 99 

[a] All reactions were carried out under nitrogen atmosphere with 1.0 mmol of 277 and 5.0 mmol of 

HCO2H/NEt3 (5:2) in dry DMF (15 mL) at room temperature. [b] Isolated yields are reported. [c] 

Enantiomeric excess was determined via chiral high-performance liquid chromatography (HPLC) analysis. 

For details see experimental section. [d] Yield of the reaction with 10 mmol of 277 in parentheses. 
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Next, various substituents were introduced into alcohol 278 to obtain reagents 275a–d 

(Scheme 4.10). In the beginning, all reactions were conducted using (rac)-278 as a less 

costly test substrate, which was easily prepared by the reduction of 277 using sodium 

borohydride.[32] Afterwards, the most rewarding substrates were synthesised 

enantiomerically pure starting from (R)-278. Firstly, (R)-278 was methylated using 

2.0 equivalents of methyl iodide and sodium hydride to generate (R)-275a in an 

excellent yield (98%). Secondly, (R)-278 was acetylated and pivaloylated to yield 

(R)-275b and (R)-275c, respectively. Both products were isolated in high yields (96% and 

82%) upon reaction of (R)-278 with either 3.0 equivalents of acetic anhydride or pivalic 

anhydride (Piv2O) and a catalytic amount of 4-DMAP (10 mol%) in triethylamine. 

Moreover, the sterically demanding triphenylmethyl group was introduced through a 

reaction of (rac)-278 with 1.1 equivalents of triphenylmethyl chloride, 1.8 equivalents 

of triethylamine and 4-DMAP (4.0 mol%). Compound 275d was produced as a racemate 

in a moderate yield (44%).  

 

Scheme 4.10: Synthesis of reagents 275a–d. [a] 275d was synthesised from (rac)-278, which was obtained 

from the reduction of 277 using sodium borohydride. 

Subsequently, reagents (R)-275a–c were treated with 1.0 equivalents of iodine 

triacetate in acetic acid at room temperature for four hours. These reagents were 

directly converted into the desired hypervalent iodine(III) compounds (R)-276a–c in 

good to excellent yields (75–90%, Scheme 4.11a). On the contrary, a reaction of 

(rac)-275d with iodine triacetate under identical conditions gave iodoarene (rac)-279 in 

a low yield (14%) and triphenylmethanol (280) in a good yield (77%, Scheme 4.11b)  
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Scheme 4.11: Synthesis of α-tetralol-based hypervalent iodine(III) reagents 276a–c (a) and reaction of 

(rac)-275d with iodine triacetate (b). All reactions were carried out under nitrogen atmosphere with 

1.0 mmol of 275 and iodine triacetate in AcOH (2.0 mL) at room temperature for four hours. 

Moreover, an amide-containing substituent was introduced in the next stage, since the 

acidic protons from the amide groups are known for their ability to form hydrogen bonds 

to the acetate ligands situated at the central iodine atom.[26,27] A convenient option for 

the introduction of an amide-containing substituent was the installation of 

N-methylsalicylamide in 278 over two steps. At first, (rac)-278 was transformed into 

(rac)-282 with methyl salicylate (281) under Mitsunobu conditions[22,24] in a good yield 

(74%, Scheme 4.12). Subsequently, (rac)-282 was treated with methylamine in ethanol 

and dichloromethane at room temperature for 21 hours to form the corresponding 

amide (rac)-275e in a similar yield (79%). Unfortunately, a direct transformation into 

(rac)-276e was only met with little success. The reaction of (rac)-275e with iodine 

triacetate in acetic acid at room temperature provided a mixture of iodoarene (rac)-283, 

the desired hypervalent iodine(III) compound (rac)-276e and unreacted starting 

material (rac)-275e after 16 hours (275e/283/276e = 19:5:1). Consequently, an 

alternative synthetic strategy had to be developed to reach the target molecule 276e.  
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Scheme 4.12: Synthesis of (rac)-275e, followed by treatment with iodine triacetate. [a] Ratio was 

determined via 1H NMR analysis.  

Thus, (S)-282, which was obtained upon Mitsunobu reaction of (R)-278 with methyl 

salicylate (281) according to the synthesis of (rac)-282, was iodinated before the 

amidation to reach (S)-284 (Scheme 4.13). A regiospecific iodination of (S)-282 was 

achieved by reacting it with iodine triacetate in acetic acid at room temperature for ten 

hours. Afterwards, the reaction mixture was treated with sodium thiosulfate to give 

iodoarene (S)-284 in a good yield (75%). This was followed by amidation of (S)-284 with 

methylamine in ethanol and dichloromethane at room temperature for 21 hours to 

generate (S)-283 in a good yield (79%). Oxidation of (S)-283 with Selectfluor® 

(5.0 equivalents) in acetonitrile and acetic acid for three hours at room temperature led 

to the formation of hypervalent iodine(III) compound (S)-276e in quantitative yields 

(> 99%). 
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Scheme 4.13: Synthesis of novel hypervalent iodine(III) compound (S)-276e.[a] Received upon Mitsunobu 

reaction of (R)-278 with methyl salicylate (281). 

In the next stage, a pyridine-containing substituent was installed in (rac)-278. As 

described and demonstrated in chapter 2.3.5, pyridine derivatives are excellent ligands 

for hypervalent iodine(III) compounds due to their affinity to coordinate to the iodine 

centre.[33,34] Therefore, picolinic acid (285) was coupled with (rac)-278 via Steglich 

esterification[35,36] to give (rac)-275f after three hours in a good yield (74%, 

Scheme 4.14). Surprisingly, no reaction of picolinic acid with (rac)-278 under Mitsunobu 

conditions was detected. Subsequent treatment of (rac)-275f with iodine triacetate in 

acetic acid did not give full conversion and a mixture of (rac)-275f, iodoarene (rac)-286 

and the desired hypervalent iodine(III) compound (rac)-276f (275f/286/276f = 2:1:1.7, 

determined via 1H NMR analysis) was obtained. Moreover, a third product was present 

in the mixture, in which presumably the pyridine moiety was diacetoxyiodinated, which 

was indicated by 1H NMR analysis.[37] Raising the temperature to 60 °C led to a complete 

consumption of the starting material after additional five hours with a consistent ratio 

of 286 and 276f (286/276f = 1:1.5), but the ratio of the additional side product to 286 

and 276f was increasing.  
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Scheme 4.14: Synthesis of (rac)-275f, followed by treatment with iodine triacetate. [a] Ratio was 

determined via 1H NMR analysis. DCC = N,N’-dicyclohexylcarbodiimide. 

For this reason, the synthetic strategy to reach hypervalent iodine(III) compound 276f 

had to be altered. Firstly, (R)-278 was protected with a triisopropylsilyl (TIPS) group to 

give (R)-287 in a quantitative yield (> 99%, Scheme 4.15).[38] Regiospecific iodination of 

(R)-287 by employing iodine triacetate in acetic acid at room temperature for 15 hours, 

followed by treatment of the reaction mixture with aqueous sodium thiosulfate 

provided (R)-288 in 71% yield. Deprotection of (R)-288 in presence of 3.0 equivalents of 

tetrabutylammonium fluoride (TBAF) in THF at room temperature yielded alcohol 

(R)-279 (91%). Steglich esterification of (R)-279 with picolinic acid (285) gave (R)-286 in 

an excellent yield (96%). Hypervalent iodine(III) compound (R)-276f was produced in a 

quantitative yield (> 99%) by the oxidation of (R)-286 with 5.0 equivalents of Selectfluor® 

in acetonitrile and acetic acid at room temperature for four hours. 
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Scheme 4.15: Synthesis of hypervalent iodine(III) reagent (R)-276f. 

Overall, five novel enantiomerically pure hypervalent iodine(III) compounds have been 

synthesised that consist of a chiral α-tetralol scaffold. Iodine triacetate was employed 

as an iodinating or diacetoxyiodinating agent, respectively, which specifically introduced 

the iodine atom close to the stereogenic centre.  

4.3.2 Evaluation of Solid-State Structural Analyses 

Since this class of hypervalent iodine(III) reagents has not been reported so far, 

structural analyses are valuable information. This information could help to understand 

their reactivity and stereocontrol in asymmetric transformations. Furthermore, this 

information could be of advantage for the further modification and optimisation of the 

structure of 276, which should enhance its stereocontrol in hypervalent iodine-

mediated asymmetric reactions.  

Storing samples of (R)-276a, (R)-276c, (S)-276e and (R)-276f as saturated dichloro-

methane/n-hexane solutions at −40 °C led to the formation of a crop of crystals whose 

solid-state structures could be determined via X-ray structure analyses. 

The first structural information was obtained for (R)-276a (Figure 4.5). The X-ray 

structural analysis revealed a crystallisation of (R)-276a in the monoclinic space group 

P21. As anticipated, (R)-276a exhibits a trigonal bipyramidal geometry, in which the 
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acetate ligands are located in the axial positions, while the aryl moiety is located in the 

equatorial position. The hypervalent O(1)–I(1)–O(3) bond has a bond angle of 

167.36(17)° and bond lengths of 2.170(5) Å for the O(1)–I(1) bond and 2.144(4) Å for the 

O(3)–I(1) bond. Moreover, two secondary intramolecular I(1)–O(2) and I(1)–O(4) bonds 

were found that feature lengths of 2.844(5) Å and 2.974(7) Å, respectively. A minor 

interaction between atoms I(1) and O(5) was observed, since the distance between both 

atoms was found to be 3.451(5) Å, which is marginally shorter than the sum of the van 

der Waals radii of iodine and oxygen (3.50 Å).[39] Moreover, the aromatic ring is 

perpendicular to the hypervalent bond with a dihedral angle of 91.0(5)° between  

O(1)–I(1)–C(1)–C(2). 

 

Figure 4.5: Solid-state structure of iodine(III) reagent (R)-276a. C: white, O: red, I: purple. Hydrogen atoms 

are omitted for clarity. Thermal ellipsoids are shown at 50% probability. 

Next, iodine(III) reagent (R)-276c was structurally analysed, which also crystallised in the 

monoclinic space group P21 (Figure 4.6). The implementation of the sterically more 

demanding pivaloyl group caused a rotation of the covalent I(1)–C(1) bond with the 

result that the hypervalent bond [O(1)–I(1)–O(3)] is no longer perpendicular to the 

aromatic ring and the dihedral angle between O(1)–I(1)–C(1)–C(2) is 67.6(4)°. 

Additionally, two secondary bonds were found that expose bond lengths of 2.847(4) Å 

[I(1)–O(2)] and 2.868 Å [I(1)–O(4)]. Furthermore, no interaction between the pivaloyl 

substituent and the iodine centre was noticed since the distance between I(1) and O(5) 

is 3.540(4) Å, while the distance between I(1) and O(6) was found to be 3.831(4) Å.  
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Figure 4.6: Solid-state structure of iodine(III) reagent (R)-276c. C: white, O: red, I: purple. Hydrogen atoms 

are omitted for clarity. Thermal ellipsoids are shown at 50% probability. 

Additionally, the solid-state structure of (S)-276e could be elucidated by X-ray 

crystallography (Figure 4.7). The solid-state structure analysis revealed that compound 

(S)-276e crystallised in the tetragonal space group P42/n. The secondary bonds I(1)–O(2) 

and I(1)–O(4) are slightly shorter than in the previous two structures (ca. 2.788 Å and 

2.824 Å). Moreover, the analysis exposed that the incorporation of the amide-

containing substituent does not lead to the formation of a hydrogen bond between the 

amido protons and the oxygen atoms of the acetate ligands.  

  

Figure 4.7: Solid-state structure of iodine(III) reagent (S)-276e. C: white, O: red, I: purple, N: blue, H: white. 

Hydrogen atoms are omitted for clarity, with the exception of the amide proton. Thermal ellipsoids are 

shown at 50% probability. 
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Instead, the amide N–H proton engages in a hydrogen bonding with atom O(5). The 

hydrogen bond H(1)–O(5) features a bond length of ca. 2.004 Å, which is considerably 

shorter than the sum of the van der Waals radii of nitrogen and hydrogen (2.72 Å).[39] 

Hypervalent iodine compound (R)-276f featuring the pyridine moiety crystallised in the 

triclinic space group P-1 (Figure 4.8). Secondary intramolecular interactions between 

the central iodine atom and the acetate ligands were repeatedly observed with 

distances of 2.862(4) Å for the I(1)–O(2) bond and 2.866 Å for the I(1)–O(4) bond. It is 

remarkable that the solid-state structure of (R)-276f does not show any coordination of 

the pyridine nitrogen to the iodine(III) centre, although pyridine is well known for its 

affinity to coordinate to iodine centres of hypervalent iodine compounds. The distance 

between atoms N(1) and I(1) is 4.766(4) Å, which is significantly longer than the sum of 

the van der Waals radii of nitrogen and iodine (3.53 Å).[39]  

 

Figure 4.8: Solid-state structure of iodine(III) reagent (R)-276f. C: white, O: red, I: purple, N: blue. 

Hydrogen atoms are omitted for clarity. Thermal ellipsoids are shown at 50% probability. 

However, it is important to mention that the missing or minor interactions between the 

substituents and the central iodine atoms in hypervalent iodine(III) compounds 276 

explicitly relate to the solid-state structures. The conformations in solution can differ 

and therefore interactions in solution cannot be excluded. 

As already described, all four crystal structures exhibit secondary intramolecular bonds 

between iodine and the acetate oxygens. The shortest secondary bonds were found in 

compound (S)-276e with lengths of 2.788(3) Å and 2.824(4) Å, while the longest 
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secondary bonds were uncovered in reagent (R)-276a with lengths of 2.844(5) Å and 

2.974(7) Å. A comparison with the secondary bonds in DIB (2, 2.817 Å and 2.850 Å)[40] 

reveals generally similar distances. Nevertheless, one of the secondary bonds in novel 

iodine(III) reagent(R)-276a bearing a methoxy substituent has a noteworthy deviation 

of its length from DIB of approximately 0.124 Å. This elongation could derive from a 

marginal interaction between the iodine and the methoxy substituent in near proximity 

to the iodine. Interestingly, a comparison of DIB with chiral iodine(III) reagent 289 

(Figure 4.9),[41] in which the chiral methoxy-containing moiety is similarly fixed in the 

ortho-position to the iodine, exposes likewise an elongation of the secondary bonds in 

reagent 289. However, the secondary bond lengths in compound 289 were found to be 

in the range between 2.827 Å and 2.894 Å and are less elongated than in iodine(III) 

compound (R)-276a. 

 

Figure 4.9: Secondary intramolecular iodine-oxygen bonds in iodine(III) compounds DIB (2) and 289. 

Additionally, 1H and 13C NMR analyses for all five iodine(III) compounds (R)-276a–c, 

(S)-276e and (R)-276f exposed hindered rotations of the iodine-carbon bonds, since the 

protons and carbons of the two acetate ligands of each hypervalent iodine(III) 

compound exhibit different chemical environments in solution. 

4.3.3 Evaluation of Reactivity and Stereocontrol 

After the solid-state structure analyses of hypervalent iodine(III) compounds 276, the 

focus was on the synthetic utility of these reagents. Therefore, the reactivity and 

stereocontrol of all reagents was evaluated in three representative hypervalent 

iodine(III) mediated asymmetric reactions. At first, the asymmetric diacetoxylation of 

styrene (22a) was conducted by employing enantiomerically pure iodine(III) reagents 

276 according to the previously described procedure (see chapter 2.3.3.2). Accordingly, 

styrene was reacted with 1.25 equivalents of 276, 2.0 equivalents of BF3OEt2 and 

3.3 equivalents of TMSOAc in dichloromethane and acetic acid for ten hours 
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(Scheme 4.16). The acetoxylation of styrene in presence of (R)-276a furnished a 

moderate yield of (R)-155 (65%) and low enantioselectivity (21% ee). Applying (R)-276b 

with an acetoxy substituent gave a similar yield (67%) but a lower enantioselectivity 

(11% ee). The acetoxylation mediated by (R)-276c provided a higher yield of (R)-155 

(89%) and a similar enantiomeric excess (8% ee). Moreover, the use of (S)-276e gave the 

opposite enantiomer (S)-155 in a moderate yield (65%) and low stereoselectivity 

(14% ee). A diacetoxylation mediated by (R)-276f delivered (R)-155 in a high yield (87%) 

and marginally higher enantiomeric excess (16%). 

 

Scheme 4.16: Diacetoxylation of styrene mediated by α-tetralol-based chiral hypervalent iodine(III) 

reagents 276. Isolated yields are reported. Enantiomeric excess was determined by chiral HPLC analysis. 

For details see experimental section. [a] (S)-155 was obtained as major isomer.  

Next, the previously described oxidative rearrangement of 1,1-diaryl alkene 86a (see 

chapter 2.3.3.2) was carried out to yield chiral ketone (R)-87a by employing 276 

(Scheme 4.17). Hence, 86a was reacted with 1.1 equivalents of 276, 1.4 equivalents of 

TsOHH2O and 3.3 equivalents of methanol in dichloromethane and TFE at −78 °C for 

two hours. All hypervalent iodine reagents afforded similar yields of the rearranged 

product 87a. While (R)-276a–b led to the formation of (R)-87a in moderate yields (60% 

and 55%, respectively), (R)-276c and (R)-276f gave good yields of (R)-87 (75% and 74%). 

Reagent (S)-276e provided 71% yield of the opposite enantiomer (S)-87a. The oxidative 

rearrangements furnished mainly low enantioselectivities between 0% ee using (R)-276b 

and 14% ee when (S)-276e was applied. Interestingly, the pyridine-containing 

substituent in (R)-276f revealed a positive effect and the enantiomeric excess of (R)-87a 

improved significantly (49% ee). 
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Scheme 4.17: Oxidative rearrangement of 86a mediated by α-tetralol-based chiral hypervalent iodine(III) 

reagents 276. Isolated yields are reported. Enantiomeric excess was determined by chiral HPLC analysis. 

For details see experimental section. [a] (S)-87a was obtained as major isomer.  

Therefore, reagent (R)-276f was examined in more detail by applying it in the 

asymmetric α-oxytosylation of propiophenone (61a, Scheme 4.18), which was 

previously discussed in chapter 1.4.2. However, the reaction of propiophenone with 

1.25 equivalents of (R)-276f and 2.5 equivalents of TsOHH2O led to (S)-62a with a 

moderate yield (59%) but low stereoselectivity (9% ee). 

 

Scheme 4.18: α-Oxytosylation of 61a mediated by (R)-276f. Enantiomeric excess was determined by chiral 

HPLC analysis. For details see experimental section. 

The generally low enantioselectivities are somewhat surprising, since hypervalent 

iodine(III) compounds have found broad application in asymmetric synthesis.[22,27,31]  

Nevertheless, the fact that enantioselectivities were observed could demonstrate that 

hypervalent iodine reagents 276 containing an α-tetralol scaffold have the potential to 

act as mediator in stereoselective syntheses. 
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4.4 Conclusion and Future Perspectives 

In summary, a novel class of chiral hypervalent iodine compounds 276 was introduced, 

which consists of a chiral α-tetralol scaffold with the stereogenic centre located in a rigid 

ring system in near proximity to the hypervalent iodine centre (Figure 4.10).  

 

Figure 4.10: Structures of novel chiral hypervalent iodine(III) compounds 276. 

The syntheses of the enantiopure compounds commenced with the stereoselective 

ruthenium-catalysed reduction of 5-methoxy-1-tetralone to the corresponding alcohol. 

Different substituents, such as carboxyl-, amide- or pyridine-containing substituents 

were introduced to the stereogenic centre in order to evaluate their effects in 

asymmetric syntheses. The direct incorporation of the diacetoxyiodo substituent was 

realised by applying iodine triacetate in the key step of this synthesis. However, the 

preparation of α-tetralol-based chiral iodine(III) (S)-276e and (R)-276f compounds 

bearing an amide- and pyridine substituent required alternative pathways, since the 

direct diacetoxyiodination could not be realised selectively. Here, iodine triacetate was 

used as an efficient and regiospecific iodinating reagent.  

Structural information of these novel hypervalent iodine compounds were obtained by 

solid-state X-ray analyses. It could be shown that no or only minor coordination of the 

substituents to either the iodine centre or to the acetate ligands takes place. Moreover, 

the reactivities and stereoselectivities of reagents 276 were evaluated in the 
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diacetoxylation of styrene, the oxidative rearrangement of 86a and the α-oxytosylation 

of propiophenone. Although the stereoselectivities remained low to moderate  

(0–49% ee), the results revealed the potential of these iodine(III) reagents to induce 

stereoselective reactions.  

However, it will need further modification of the substituents to enhance their 

stereocontrol. Additionally, it could be of advantage if the iodine centre is surrounded 

by two stereogenic centres, in which the stereogenic centres are part of rigid ring 

systems such as in reagent 290 (Figure 4.11).  

 

Figure 4.11: Chiral hypervalent iodine(III) reagent 290, in which the iodine centre is surrounded by two 

stereogenic centres that are located in rigid ring systems. 

In addition, it will be of great interest to investigate the feasibility of these novel 

iodine(III) reagents as catalysts in asymmetric transformations. 
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5 Hypervalent Iodine-Catalysed Enantioselective α-Acetoxy-

lation of Ketones 

Parts of this work have been published: 

T. Hokamp, T. Wirth, Chem. Eur. J. 2020, doi: 10.1002/chem.202000927: “Hypervalent 

Iodine(III)-Catalysed Enantioselective α-Acetoxylation of Ketones” 

5.1 Introduction 

The α-functionalisation of carbonyl compounds represents a valuable transformation in 

hypervalent iodine chemistry. Since optically active α-functionalised carbonyl 

compounds are versatile components in organic synthesis, the development of 

enantioselective methods for their preparation is of great interest.[1–4] Thus, various 

enantioselective oxidative α-functionalisation reactions including oxygenations, 

halogenations and trifluoromethylations have been designed. This chapter presents a 

brief summary of hypervalent iodine chemistry in the α-oxidative functionalisation of 

carbonyl compounds with the main focus on catalytic and asymmetric reactions. 

5.1.1 Oxygenation Reactions 

As indicated in chapter 1.4.2, most α-oxygenation reactions are oxytosylations mediated 

by Koser’s reagent (HTIB, 5) and its derivatives.[1,5] Following the pioneering work from 

Koser and co-workers,[6] who reported the use of HTIB in the α-oxytosylation of ketones 

59 (Scheme 1.19), Wirth et al. were the first to realise an asymmetric α-oxytosylation of 

propiophenone (61a) with enantioselectivities up to 40% ee (Scheme 1.20).[7–9] In 2007, 

the same group reported a catalytic version by applying optically active iodoarene 291 

in combination with mCPBA as the stoichiometric oxidant (Scheme 5.1).[10] Ketones 59 

furnished enantioenriched products 60 (1–28% ee) in low to very good yields (15–86%).  

 

Scheme 5.1: Catalytic asymmetric α-oxytosylation of ketones 59. 

Following this work, Zhang et al.[11] developed chiral spirobiindane 292, which catalysed 

the formation of α-oxytosylated ketones 60 with low to moderate yields and 

https://doi.org/10.1002/chem.202000927
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enantioselectivites (8–58% ee) using mCPBA as the stoichiometric oxidant (Scheme 5.2). 

Importantly, the group demonstrated a partial racemisation of 60 upon treatment with 

TsOHH2O. The high acidity of TsOH presumably promotes the enolisation of 60 and 

therefore lowers the enantioselectivities during the reaction. In 2012, Moran and co-

workers[12] applied norephedrine derivative 293 in the α-oxytosylation of 

propiophenone (61a). However, α-oxytosylated product (S)-62a was obtained only with 

a low enantioselectivity (18% ee).  

 

Scheme 5.2: Enantioselective α-oxytosylation of ketones mediated by chiral catalysts 67 and 292–295. 

In the same year, Legault et al.[13] realised the enantioselective α-oxytosylation reaction 

of propiophenone derivatives 61 with iodoaryloxazoline catalyst 294 and mCPBA. 

Products 62 were obtained in moderate to very good yields with moderate 

enantioselectivities (20–49% ee) by applying 294a (R = H). However, the use of 294b 

(R = Cl) in the oxidation of propiophenone could increase the enantioselectivity of the 
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corresponding products to 54% ee. In 2013, Berthiol and co-workers[14] introduced the 

class of 3,3’-diiodo-BINOL-fused maleimides 295 as organocatalysts and applied various 

derivatives of 295 providing moderate yields and enantioselectivities of 60 (up to 50% 

ee).[15] Best enantioselectivities (58–68% ee) were achieved by employing axially chiral 

catalyst 67.[16] As previously described in chapter 1.4.2 (Scheme 1.21) the method could 

be expanded to various α-oxysulfonylation reactions as well as α-oxyphosphorylations 

by applying different sulfonic acids and diphenyl phosphate, respectively. 

The mostly low enantioselectivities of α-oxytosylations and α-functionalisation 

reactions in general presumably originate from the mechanistic pathways within the 

generally accepted catalytic cycle (Scheme 5.3).[10,17–21] After initial oxidation of the 

chiral iodoarene 296 (Ar*I) to the chiral hypervalent iodine compound 297, the reaction 

with enol 59’ can furnish two different adducts 69 and 70. While in adduct 69 the 

substrate is connected to the chiral iodine(III) moiety via the α-carbon, in adduct 70 an 

oxygen-bound iodine(III) intermediate is formed. The long distance between the 

stereocentre and the α-carbon in intermediate 70 does not enable an efficient 

stereoinduction and therefore provides low enantioselectivities of product 60 after an 

SN2’-type reduction. Indeed, recent studies by Legault,[17] Szpilman[18] and Olofsson[19] 

suggest enolate-type intermediate 70 as the more likely intermediate in 

α-functionalisation reactions (for more details see chapter 1.4.2).  

 

Scheme 5.3: Proposed mechanism for the α-oxytosylation of ketones. 

However, a practical method has been developed by Basdevant and Legault,[22] who 

demonstrated that enol acetates 298 could be cleanly converted into α-oxytosyl ketones 
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60 by applying HTIB (5). Targeting 298, the stereoselectivities of the α-oxytosylation 

could be enhanced drastically (up to 89% ee) by using a stoichiometric amount of chiral 

iodoarene 299 and mCPBA as the oxidant (Scheme 5.4).[23] The enhancement of the 

stereoselectivities was explained by the inaccessibility of intermediate 70. The enol 

derivative 298 is prevented to pass through intermediate 70 and instead proceeds 

exclusively through intermediate 69. Thus, the chiral iodoarene moiety Ar* would be in 

closer proximity to the forming stereocentre, allowing a more efficient stereoinduction. 

 

Scheme 5.4: Enantioselective α-oxytosylation of enol acetates 298. 

The α-hydroxylation of ketones is a different approach towards the synthesis of 

α-oxygenated ketones. In 1981, Moriarty et al.[21] were the first to report the direct 

α-hydroxylation of ketones 61. Products 300 were obtained in moderate to good yields 

by using iodosylbenzene and sodium hydroxide in methanol (Scheme 5.5a). Huang and 

co-workers[24] presented in 2008 a catalytic procedure for the preparation of 

α-hydroxyalkyl aryl ketones 300 in moderate to good yields using iodobenzene as the 

catalyst and Oxone® as the terminal oxidant (Scheme 5.5b). 

 

Scheme 5.5: α-Hydroxylation of ketones by applying iodosylbenzene (a) and the corresponding 

iodobenzene-catalysed version (b). 
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Córdova et al.[25] realised the direct organocatalytic asymmetric α-hydroxylation of 

aliphatic ketones 59. Moderate to good enantioselectivities of α-hydroxyketones 301 

were reached by using L-proline as the catalyst and iodosylbenzene as the oxidant 

(Scheme 5.6).  

 

Scheme 5.6: Asymmetric α-hydroxylation of aliphatic ketones 59. 

The α-acetoxylation of ketones is least discussed in the literature although it was the 

first reported α-oxygenation reaction mediated by hypervalent iodine chemistry.[1] In 

1978, Mizukami and co-workers[20] were the first to publish the α-acetoxylation of 

acetophenone derivatives 61 to synthesise 302 by employing DIB (2) in presence of 

sulfuric acid (Scheme 5.7a). In 2005, Ochiai et al.[26] reported a catalytic α-acetoxylation 

of various ketones 59, which is not only limited to acetophenone derivatives 

(Scheme 5.7b). Products 303 were obtained in moderate to good yields by applying 

iodobenzene as the catalyst in presence of mCPBA and BF3OEt2.  

 

Scheme 5.7: α-Acetoxylation of acetophenone derivatives 61 mediated by DIB (a) and a catalytic 

α-acetoxylation of aromatic and aliphatic ketones 59 using iodobenzene as the catalyst (b). 
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5.1.2 Halogenation Reactions 

The oxidative α-halogenation of carbonyl compounds is a further relevant application 

for hypervalent iodine chemistry. For example, Togni and co-workers[27] realised an 

asymmetric catalytic α-chlorination of ϐ-ketoesters 304 (Scheme 5.8). The usage of 

(dichloroiodo)toluene (305) as the chlorinating reagent and titanium complex 307 as the 

chiral catalyst enabled the formation of products 306 in moderate to very good yields 

and low to good enantioselectivities. 

 

Scheme 5.8: Catalytic asymmetric α-chlorination of ϐ-ketoesters. 1-Nph = naphthalen-1-yl. 

Recently, Rueping et al.[28] published a catalytic asymmetric fluorination of indanone-

based ϐ-keto esters 308 (Scheme 5.9). The synthesis of 309 with low to very good yields 

and good to excellent enantioselectivities was achieved with chiral iodoarenes 310 and 

Et3N5HF as the fluorine source. 

 

Scheme 5.9: Asymmetric catalytic α-fluorination of ϐ-ketoesters. 

Computational studies based on 308a and 310b allow a better understanding regarding 

the reaction mechanism (Scheme 5.10). It was described that 308a and in situ generated 

hypervalent iodine(III) reagent 311 form intermediate 312. Oxygen-bound hypervalent 
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iodine intermediate 314 is generated by the abstraction of the proton from 312 via 

transition state 313. Subsequently, the formation of species 316 takes place through a 

1,3-migration via the enantioselectivity determining transition state 315. This is 

followed by the generation of cyclic intermediate 317 through an intramolecular 

substitution with inversion of the stereochemistry. Finally, a ring opening by a fluoride 

anion via an additional inversion of the stereochemistry provides intermediate 318, 

followed by the formation of the final product 309a. Importantly, transition state 315 is 

stabilised by a weakly attractive interaction between the oxygen atom of the carbonyl 

group from the substrate and the C−H bonds of the isopropyl groups from the catalyst. 

 

Scheme 5.10: Proposed mechanism for the α-fluorination of ϐ-ketoester 308a based on DFT calculations.  

5.1.3 Trifluoromethylation Reactions 

In the field of hypervalent iodine chemistry, the α-trifluoromethylation is a 

transformation gaining more importance due to the growing implementation of the 

trifluoromethyl group in agrochemical, medicinal and material science.[29,30] The 

development of hypervalent iodine reagent 321, commonly known as “Togni’s 

reagent”,[31] enables various trifluoromethylations promoted by hypervalent iodine 

chemistry.[32]  
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In 2010, MacMillan and co-workers[33] employed Togni’s reagent (321) in the 

enantioselective α-trifluoromethylation of aldehydes 319 (Scheme 5.11). In 

combination with imidazolidinone catalyst 322TFA and a catalytic amount of copper(I) 

chloride or iron(II) chloride the corresponding α-trifluoromethylated aldehydes 320 

were afforded in high yields and enantioselectivities. 

 

Scheme 5.11: Enantioselective organocatalytic α-trifluoromethylation of aldehydes. 

Formation of enamine 324 from the condensation between 319 and 322 enables a 

reaction with the iodonium salt 323, which is generated from 321 (Scheme 5.12). The 

nucleophilic attack of 324 on 323 furnishes intermediate 325. A reductive elimination 

leads to iminium ion 326 along with 327. Finally, hydrolysis of 326 yields product 320 

and the regenerated catalyst 322. 

 

Scheme 5.12: Proposed mechanism for the α-trifluoromethylation of aldehydes 319. 

Recently, the group of Katayev[34] demonstrated the enantioselective trifluoro-

methylation of oxindoles 328 by applying Togni’s reagent (321) together with a Lewis 



TOBIAS HOKAMP  HYPERVALENT IODINE-CATALYSED ENANTIOSELECTIVE α-ACETOXYLATION OF KETONES 

149 

 

acid catalyst and chiral ligand 330 (Scheme 5.13a). Various oxindole derivatives 328 

were trifluoromethylated to yield 329 in excellent yields and enantioselectivities. 

Computational studies based on substrate 328a (R = Me, R’ = H, R’’ = CO2Me) and ligand 

330a (L*) support a pathway, which is considered to be an SET-induced SN2-type 

pathway (Scheme 5.13b). After initial coordination of 328a to the magnesium complex 

[MgBr2L*] and proton transfer of 328a to reagent 321, intermediate 331a is formed. This 

is followed by the SET and enantiodetermining trifluoromethyl radical transfer to give 

product 329a and the regenerated magnesium complex via intermediates 331b and 

331c. The radical mechanism was furthermore supported by total inhibition of the 

reaction in presence of the radical scavengers 2,2,6,6-tetramethylpiperidine-1-oxyl 

(TEMPO) and styrene. 

 

Scheme 5.13: Enantioselective trifluoromethylation of oxindoles (a) and its proposed mechanism (b). 

Fmoc = fluorenylmethyloxycarbonyl, Boc = tert-butoxycarbonyl. 
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5.2 Aims and Objectives 

Numerous α-functionalisation reactions of carbonyl compounds have been developed 

over the last two decades. Especially the enantioselective α-oxygenation has received 

great attention but has mainly focussed on α-oxytosylations. Surprisingly, 

enantioselective α-oxygenations including other nucleophiles remain largely 

unexplored.[1,3] Therefore, this work investigates the first stereoselective 

α-acetoxylation of propiophenone derivatives mediated by hypervalent iodine(III) 

chemistry. Based on the work from Legault and co-workers,[23] the propiophenone 

derivatives are converted into enol ethers prior to the functionalisation in order to reach 

higher enantioselectivities. The investigations include the optimisation of the reaction 

conditions, the enol ethers and the chiral hypervalent iodine(III) reagents. Chapter 4 

revealed only low to moderate stereoselectivities of stereoselective transformations 

mediated by the novel class of chiral α-tetralol-based hypervalent iodine(III) reagents. 

Hence, this work focusses on the development of hypervalent iodine(III) reagents based 

on a lactate/resorcinol structure for a relatively simple structural modification.[35] After 

the initial screening of all iodine(III) reagents as stoichiometric oxidants using an enol 

ether as the model substrate, the focus is directed towards the utilisation of the 

corresponding iodoarenes as catalysts and the analysis of the kinetics of the catalytic 

reaction. Finally, the compatibility of the developed method is investigated by 

employing propiophenone derivatives with various functional groups in different 

positions. 
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5.3 Results and Discussion 

5.3.1 Stoichiometric α-Acetoxylation of Propiophenone  

At first, propiophenone (61a) was converted into the corresponding acetyl enol ether 

298a and silyl enol ether 298a’ in high yields (82% and 96%, respectively) using 

diisopropylamine (DIPA), n-BuLi and acetic anhydride or triethylsilyl chloride (TESCl, 

Scheme 5.14).  

 

Scheme 5.14: Synthesis of enol ether 298a and 298a’. 

The suitability of both compounds in the synthesis of 302a was determined by reacting 

298a and 298a’ with DIB (2) and chiral iodine(III) reagent 41,[35–38] respectively 

(Table 5.1). BF3OEt2 was selected as the Lewis acid to enhance the reactivity of the 

hypervalent iodine compound.[39,40] In a first experiment, 298a was reacted with DIB 

(1.25 equivalents) for 22 hours in dichloromethane using BF3OEt2 (10 mol%) as additive 

and product 302a was isolated in a moderate yield (43%, Entry 1). Increasing the amount 

of BF3OEt2 (30 mol%) led to full consumption after three hours and product 302a was 

isolated in a quantitative yield (99%, Entry 2). A control experiment in the absence of 

BF3OEt2 did not show any consumption of the starting material (Entry 3). Substrate 

298a’ provided similar results in the reaction with DIB and BF3OEt2 (10 and 30 mol%, 

respectively). Product 302a was formed in moderate and excellent yields (44% and 90%) 

after 22 and three hours, respectively (Entries 4 and 5). Moreover, enantioenriched 

product (R)-302a was obtained by the reaction of 298a and 298a’ with optically active 

hypervalent iodine(III) compound 41 (1.25 equivalents) and BF3OEt2 (30 mol%). After 

three hours, (R)-302a was isolated in excellent yields (99% and 91%). However, while 

acetyl enol ether 298a yielded (R)-302a with a good stereoselectivity (66% ee, Entry 6), 
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silyl enol ether 298a’ was converted to the (R)-302a only with a moderate enantiomeric 

excess (44% ee, Entry 7). 

Table 5.1: Synthesis of α-acetoxy ketone 302a using enol ethers 298.[a] 

 

Entry Enol ether I(III) reagent BF3OEt2 [mol%] t [h] 
Yield 

[%][b] 
ee [%][c] 

1 298a DIB 10 22 43 – 

2 298a DIB 30 3 99 – 

3 298a DIB 0 22 0 – 

4 298a’ DIB 10 22 44 – 

5 298a’ DIB 30 3 90 – 

6 298a 41 30 3 99 66 (R) 

7 298a’ 41 30 3 91 44 (R) 

[a] All reactions were carried out with 0.30 mmol of 298 and 0.38 mmol of the iodine(III) reagent in CH2Cl2 

(1.5 mL). [b] Isolated yields are reported. [c] Enantiomeric excess was determined via chiral HPLC analysis. 

For details see experimental section. Absolute configuration in parentheses.  

With these results in hand, acetyl enol ethers were found to be more suitable for the 

stereoselective synthesis of α-acetoxy ketones 302 compared to silyl enol ethers. The 

effect of different temperatures, solvents and triflic acid as additive on the 

enantioselectivity was analysed in the next stage. Therefore, 298a was reacted with 41 

(1.25 equivalents) under various conditions (Table 5.2). The first reactions were carried 

out in dichloromethane, acetonitrile, dichloromethane/TFE (9:1) and acetic acid, 

respectively. Product 302a was isolated with moderate enantiomeric excesses  

(43–56% ee, Entries 1–4) and good to excellent yields (62−97%) after four to six hours at 

room temperature with dichloromethane as solvent providing the best result. A reaction 

in dichloromethane at −15 °C for four hours could increase the enantiomeric excess 

(73% ee), while the yield remained high (99%, Entry 5). The enantioselectivity could be 

increased marginally (75% ee) when the reaction was carried out at −40 °C for four hours 

(Entry 6). However, further lowering of the temperature to −78 °C inhibited the reaction 
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completely (Entry 7). The enantioselectivity remained constant in dichloro-

methane/MeCN (1:1) and MeCN (79% and 76% ee, respectively), while the yields 

dropped significantly due to the lower solubility of 41 (33% and 58%, respectively; 

Entries 8 and 9). Similar observations were made in toluene and n-hexane/dichloro-

methane, which provided low yields (9% and 23%, respectively) and moderate 

enantioselectivities (65% and 60% ee, respectively; Entries 10 and 11). Changing the 

additive to triflic acid, a reaction in dichloromethane at −78 °C delivered (R)-302a in a 

moderate yield (68%) and very good enantioselectivity (87%, Entry 12). 

Table 5.2: Effect of solvents, additives and temperature on the enantioselective synthesis of α-acetoxy 

ketone 302a.[a] 

 

Entry Solvent Additive T [°C] t [h] Yield [%][b] ee [%][c] 

1 CH2Cl2 BF3OEt2 r.t. 4 97 56 

2 MeCN BF3OEt2 r.t. 6 68 49 

3 CH2Cl2/TFE (9:1) BF3OEt2 r.t. 6 62 48 

4 HOAc – r.t. 6 63 43 

5 CH2Cl2 BF3OEt2 −15 4 99 73 

6 CH2Cl2 BF3OEt2 −40 4 96 75 

7 CH2Cl2 BF3OEt2 −78 22 0 – 

8 CH2Cl2/MeCN (1:1) BF3OEt2 −40 6 33 79 

9 MeCN BF3OEt2 −40 6 58 76 

10 toluene BF3OEt2 −40 6 9 65 

11 n-hexane/CH2Cl2 (9:1) BF3OEt2 −40 6 23 60 

12 CH2Cl2 HOTf −78 22 68 87 

[a] All reactions were carried out with 0.30 mmol of 298a and 0.38 mmol of 41 in various solvents (1.5 mL). 

[b] Isolated yields are reported. [c] Enantiomeric excess was determined via chiral HPLC analysis. For 

details see experimental section. 

Changing the hypervalent iodine(III) reagent to the lactamide containing iodine(III) rea-

gent 72,[35–41] (R)-302a was generally obtained in higher stereoselectivities compared to 
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iodine(III) reagent 41 (Table 5.3). Again, dichloromethane proved to be the best solvent 

at room temperature (85% ee, Entry 1) compared to acetonitrile, dichloromethane/TFE 

(9:1) and acetic acid (43–83% ee, Entries 2–4). However, the reactions in presence of 72 

proceeded more slowly and the yields dropped significantly after a reaction time of 

14 hours (33–69%, Entries 1–4). Lowering the temperature of the reaction solution in 

dichloromethane did not have a great impact on the stereoselectivity (80–88% ee, 

Entries 6–8), but the yields decreased further. While at −40 °C no consumption was 

detected (Entry 5), a low yield (10 %) was achieved when the mixture was gradually 

warmed from −78 °C to room temperature over 14 hours (Entry 6). Moreover, a reaction 

for 14 hours at −15 °C gave the desired product in a modest yield (31%, Entry 7). The use 

of triflic acid as the additive enabled a reaction at −78 °C and (R)-302a was isolated in 

33% yield after 22 hours with the highest enantioselectivity of 88% ee (Entry 8). 

Table 5.3: Synthesis of α-acetoxy ketone (R)-302a using hypervalent iodine reagent 72.[a] 

 

Entry Solvent Additive T [°C] t [h] Yield [%][b] ee [%][c] 

1 CH2Cl2 BF3OEt2 r.t. 14 69 (21) 85 

2 MeCN BF3OEt2 r.t. 14 33 (55) 61 

3 CH2Cl2/TFE (9:1) BF3OEt2 r.t. 14 41 (12) 83 

4 HOAc BF3OEt2 r.t. 14 48 43 

5 CH2Cl2 BF3OEt2 −40 22 0 – 

6 CH2Cl2 BF3OEt2 −78 to r.t. 14 10 (75) 80 

7 CH2Cl2 BF3OEt2 −15 14 31 (41) 83 

8 CH2Cl2 HOTf −78 22 33 (36) 88 

[a] All reactions were carried out with 0.30 mmol of 298a and 0.38 mmol of 72 in various solvents (1.5 mL). 

[b] Isolated yields are reported; yield of recovered starting material in parentheses. [c] Enantiomeric 

excess was determined via chiral HPLC analysis. For details see experimental section. 
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In conclusion, enantioenriched α-acetoxylated ketone (R)-302a was prepared from 

acetyl enol ether 298a with moderate to very good enantioselectivities using lactamide-

based hypervalent iodine(III) reagent 72 and lactate-based iodine(III) reagent 41. In 

general, reagent 72 delivered better enantioselectivities but lower yields of (R)-302a. 

Moreover, it was demonstrated that reactions in dichloromethane gave best results and 

that a decrease in temperature had a positive effect on the stereocontrol of iodine(III) 

reagent 41, while in case of 72 the enantioselectivity remained constant.  

5.3.1.1 Optimisation of the Hypervalent Iodine(III) Reagent 

In the next step, the effect of different substituents on the chiral hypervalent iodine(III) 

reagents was investigated. Therefore, various novel chiral iodoarenes 335 were 

synthesised. Firstly, chiral iodoarenes 270 and 333 were prepared via standard 

Mitsunobu reaction[35,42] in moderate to very good yields (88% and 48%, Scheme 5.15). 

The corresponding dicarboxylic acids 271 and 334 were obtained after basic hydrolysis 

in quantitative yields (99% and 98%).  

 

Scheme 5.15: Synthesis of chiral iodoarenes 335a–c. 
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The diacids were subsequently converted to lactamides 335a and 335b in good yields 

(79% and 75%) by treatment with 3.5 equivalents of oxalyl chloride and 4.0 equivalents 

of 2,6-diisopropylaniline in dichloromethane for three and 16 hours, respectively. 

Furthermore, 335c was obtained from the reaction of 271 with DIPA under the above 

mentioned conditions in 83% yield. In addition, lactamide 335d was produced by 

treatment of 270 with methylamine in ethanol at room temperature for 20 hours in an 

excellent yield (96%, Scheme 5.16a). On the other hand, diester 335e was furnished via 

Steglich-type esterification[28,43] with 2.5 equivalents of mesitol and N-(3-dimethyl-

aminopropyl)-N’-ethylcarbodiimide hydrochloride (EDCHCl) in a satisfactory yield (55%, 

Scheme 5.16b). 

 

Scheme 5.16: Synthesis of chiral iodoarenes 335c (a) and 335d (b). Mes = mesityl. 

Afterwards, iodoarenes 335a–e were oxidised to the corresponding chiral hypervalent 

iodine(III) compounds 336a–e in good to excellent yields (67–96%, Scheme 5.17). 

Products 336a, 336b, 336d and 336e were obtained upon oxidation with 5.0 equivalents 

of Selectfluor® in acetonitrile and acetic acid (method A), while 336c was formed by 

treatment with 4.0 equivalents of peracetic acid in acetic acid (method B). 
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Scheme 5.17: Oxidation of iodoarenes 335a–e. Reactions were carried out with 0.50 mmol of 335 and 

either 2.5 mmol of Selectfluor® in MeCN (10 mL) and AcOH (3.3 mL) for 5 h (method A) or 2.0 mmol of 

AcOOH in AcOH (5.0 mL) for 18 h (method B) at room temperature. Isolated yields are reported. 

Next, acetyl enol ether 298a was converted into α-acetoxylated ketone (R)-302a in the 

presence of hypervalent iodine(III) reagents 336a–e. Under the most practical and 

encouraging conditions (Table 5.3, Entry 1), 298a was reacted with 336a. A similar yield 

(70%) and enantioselectivity (85% ee) was reached compared to iodine(III) reagent 72 

(Table 5.4, Entry 1). It is important to mention that an extended reaction time of 

24 hours did not lead to a decrease of the enantiomeric excess. Hence, a racemisation 

under those conditions did not occur. Changing the methyl to a benzyl substituent 

(336b) furnished a slightly lower yield (61%) and enantiomeric excess (77% ee, Entry 2). 

Hypervalent iodine compound 336c containing a tertiary amide led to a further decrease 

of the enantioselectivity (70% ee) and a drastic loss of the yield (26%, Entry 3). The little 

yield presumably derived from a low stability of 336c, since a black colouration of the 

solution appeared shortly after the addition of BF3OEt2. Moreover, the 1H NMR analysis 

of the pure iodine(III) reagent revealed a partial decomposition within a day. 
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Furthermore, reagent 336d with the less sterically demanding methylamide delivered 

(R)-302a in a lower yield (41%) and enantiomeric excess (66% ee, Entry 4) compared to 

the bulkier secondary amides in 72 and 336a. Likewise, a steric effect was noticed in 

mesityl lactate-based reagent 336e, which gave (R)-302a in 78% yield with a better 

enantiomeric excess (64% ee) than methyl lactate containing reagent 41 (Entry 5).  

Table 5.4: Synthesis of α-acetoxy ketone (R)-302a using hypervalent iodine reagents 336a–e.[a] 

 

Entry I(III) reagent Yield [%][b] ee [%][c] 

1 336a 70 85[d] 

2 336b 61 77 

3 336c 26 70 

4 336d 41 66 

5 336e 78 64 

[a] All reactions were carried out with 0.30 mmol of 298a, 0.38 mmol of 336 and 0.09 mmol of BF3OEt2 in 

CH2Cl2 (1.5 mL) at room temperature for 14 h. [b] Isolated yields are reported. [c] Enantiomeric excess 

was determined via chiral HPLC analysis. For details see experimental section. [d] A reaction for 24 h 

provided the identical enantiomeric excess. 

The effect of different substituents on the central aryl group of the iodine(III) reagents 

was investigated next. Reagents 72 (Table 5.3, Entry 1) and 336a (Table 5.4, Entry 1) 

allowed the best enantioselectivities and similar yields under identical conditions. Since 

the synthesis of 336a was higher yielding than that of 72, further analyses were carried 

out based on 336a. Hence, optically active iodoarenes 335f–h were prepared starting 

from the corresponding substituted 2-iodoresorcinol derivatives 337 (Scheme 5.18). 

Analogous to the synthesis of 335a (Scheme 5.15), 2-iodoresorcinol derivatives 337a–c 

were converted into the chiral iodoarenes 338a–c (56–77% yield), which was followed 

by the basic hydrolysis to furnish diacids 339 (> 99% yield). The subsequent amidation 

in presence of 2,6-diisopropylaniline delivered chiral lactamides 335f–h (78–99% yield). 

The oxidations to hypervalent iodine(III) compounds 336f–h (68–87% yield) were carried 

out by treatment of 335f–h with Selectfluor® in acetonitrile and acetic acid. Importantly, 



TOBIAS HOKAMP  HYPERVALENT IODINE-CATALYSED ENANTIOSELECTIVE α-ACETOXYLATION OF KETONES 

159 

 

an iodoresorcinol derivative starting from 3,5-dihydroxybenzonitrile could not be 

prepared under the typical iodination conditions by treating 3,5-dihydroxybenzonitrile 

with iodine and sodium hydrogen carbonate.[44] 

 

Scheme 5.18: Preparation of hypervalent iodine(III) reagents 336f–h. 

Further studies on the asymmetric synthesis of α-acetoxy ketone (R)-302a were carried 

out with 336f–h under the conditions previously used in the case of 336a–e (Table 5.5). 

Hypervalent iodine reagent 336f with a methyl substituent on the central aryl group 

provided acetoxylated product (R)-302a in a higher yield (79%) and identical 

enantioselectivity (85% ee, Entry 1) compared to 336a. Minimally improved enantio-

selectivities of 89% and 87% ee were achieved by employment of the bromo- and acetyl-

substituted iodine(III) reagents 336g and 336h, while the yields remained constant (76% 

and 75%, Entries 2 and 3). 
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Table 5.5: Synthesis of α-acetoxy ketone (R)-287a using hypervalent iodine reagents 321f–h.[a] 

 

Entry I(III) reagent Yield [%][b] ee [%][c] 

1 336f 79 85 

2 336g 76 89 

3 336h 75 87 

[a] All reactions were carried out with 0.30 mmol of 298a, 0.38 mmol of 336 and 0.09 mmol of BF3OEt2 in 

CH2Cl2 (1.5 mL) at room temperature for 14 h. [b] Isolated yields are reported. [c] Enantiomeric excess 

was determined via chiral HPLC analysis. For details see experimental section. 

The direct α-acetoxylation of propiophenone mediated by 336f under identical 

conditions was unsuccessful and gave (R)-302a in a low yield (8%) and enantioselectivity 

(3% ee, Scheme 5.19a). In addition, the use of α-tetralol based hypervalent iodine(III) 

reagent (R)-276f, which was developed and investigated in chapter 4, was found to be 

unsuitable in the asymmetric synthesis of (R)-302a starting from 298a since the 

enantioselectivity dropped to 5% ee, while the yield remained moderate (63%, 

Scheme 5.19b).  

 

Scheme 5.19: Asymmetric synthesis of (R)-302a starting from propiophenone (a) and by employing 

α-tetralol based iodine(III) reagent (R)-276f (b). 
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In summary, chiral resorcinol/lactate-based iodine(III) reagents afforded generally high 

enantioselectivities of (R)-302a, with 336g reaching the highest enantiomeric excess of 

89%. The introduction of the sterically demanding mesityl and 2,6-diisopropylphenyl 

groups into the lateral lactic acid derived side chains of hypervalent iodine(III) 

compounds exhibited a positive effect on the enantioselectivity of (R)-302a. Lactic acid-

based side chains bearing secondary amide groups featured better enantioselectivities 

in the synthesis of α-acetoxylated ketone (R)-302a than side chains containing tertiary 

amides and ester groups. No particular effect of different substituents on the central 

aryl group of the hypervalent iodine reagents was noticed during the asymmetric 

transformation of 298a into (R)-302a and no trend regarding the yields of (R)-302a was 

identified. Moreover, it was demonstrated that the reaction conditions did not promote 

a racemisation of the product and that the direct enantioselective α-acetoxylation of 

propiophenone produced unsatisfactory results. Therefore, the synthesis of 

α-acetoxylated ketones 302 via the acetyl enol ether proved to be the most 

advantageous method. 

5.3.2 Catalytic α-Acetoxylation of Propiophenone Derivatives  

The previous studies were based on the stoichiometric use of hypervalent iodine(III) 

reagents. However, catalytic reactions in which the active iodine(III) species is formed in 

situ with a terminal oxidant are more practical and economically favoured. Therefore, 

the α-acetoxylation of propiophenone via acetyl enol ether 298a was conducted under 

catalytic conditions prior to the anticipated substrate scope. In order to study the 

feasibility of a hypervalent iodine-catalysed reaction, 298a was treated with 20 mol% of 

iodobenzene in combination with 1.2 equivalents of mCPBA and 30 mol% of BF3OEt2 in 

dichloromethane and acetic acid (3:1) at room temperature (method A, Scheme 5.20) 

and the reaction progress was monitored via TLC. Full consumption was observed after 

one hour and the desired product 302a was isolated in an excellent yield (96%). 

However, a control experiment in the absence of iodobenzene showed full consumption 

after five hours and the product 302a was isolated in 75% yield (method B). The 

formation of product 302a in the absence of iodobenzene presumably derives from the 

formation of epoxide 340 by the direct oxidation of 298a with mCPBA. A rearrangement 

of the initially formed epoxide according to Scheme 5.20 provides α-acetoxy ketone 
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302a.[45−47] Given these facts, a catalytic asymmetric α-acetoxylation of propiophenone 

derivatives 61 via acetyl enol ether 298 in presence of chiral iodoarenes appeared 

complicated. If the direct symmetric oxidation of 298a with mCPBA is dominating over 

the oxidation of the iodoarene, no stereocontrol in the transformation would be 

realisable. 

 

Scheme 5.20: Synthesis of 302a by treatment of 298a with mCPBA in the presence (method A) and 

absence of iodobenzene as the catalyst (method B). 

Nevertheless, a comparison between the reaction times and yields in methods A and B 

indicated a higher reaction rate in presence of iodobenzene. Hence, an asymmetric 

catalytic hypervalent iodine(III)-mediated reaction could be feasible. In order to study 

the kinetics of both reactions, 4’-fluoropropiophenone (61b) was used, which was first 

converted into the corresponding acetyl enol ether 298b and subsequently into 302b in 

the presence (method A) and absence (method B) of iodobenzene (Scheme 5.21). Both 

reactions were carried out in a sealed NMR tube and fluorobenzene was added as the 

internal standard in order to determine the consumption of 298b via 19F NMR analysis. 

The kinetic profiles for the transformation of 298b to 302b are shown in Scheme 5.21 

and demonstrate, that the reaction of 298b without iodobenzene (method B) is a slow 

process compared to method A. In the presence of iodobenzene the starting material 

298b was completely consumed within 1.25 hours, while a reaction without 

iodobenzene revealed only 45% consumption after one hour and did not reach full 

consumption within 15 hours (88% consumption). These experiments serve as evidence 

that the transformations of 298 to 302 are indeed mediated by in situ generated 

hypervalent iodine compounds and do not proceed via the direct oxidation with mCPBA.  
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Scheme 5.21: Consumption of 298b during the reaction of 298b to 302b using methods A and B. 

Motivated by these results, a catalytic asymmetric synthesis of 302 starting from 298 by 

the use of chiral iodoarenes 335 was envisaged. Based on the previous results, 336a and 

336f–h were found to be the most promising hypervalent iodine(III) reagents in the 

stoichiometric preparation of 302. Hence, the corresponding chiral iodoarene 

precursors 335a and 335f–h were employed in the catalytic asymmetric generation of 

302a starting from 298a (Table 5.6). A reaction of 298a with 20 mol% of iodoarenes 335a 

and 335f in combination with 1.2 equivalents of mCPBA and 30 mol% of BF3OEt2 in 

dichloromethane and acetic acid (3:1) led to the formation of (R)-302a in high yields 

(94% and 96%) and enantioselectivites (86% and 87% ee, Entries 1 and 2). However, it 

was noticed that the use of bromo- and acetyl-substituted iodoarene 335g and 335h still 

delivered high yields (93%) but lower enantioselectivities of (R)-302a (83% and 76% ee, 

Entries 3 and 4). The lower enantioselectivities presumably originate from a higher 

oxidation potential of the iodoarenes due to the electron withdrawing substituents, 

which results in a decreased reaction rate of the desired reaction between in situ 
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generated hypervalent iodine(III) reagents 336 and acetyl enol ether 298a. As a result, 

the reaction rate of the undesired background reaction, in which mCPBA is oxidising 

298a directly, is increasing relative to the reaction rate of the iodine(III) mediated 

transformation.  

Table 5.6: Optimisation of the catalytic reaction conditions for the asymmetric synthesis of (R)-302a.[a] 

 

Entry Iodoarene (mol%) Oxidant Additive t [h] 
Yield 

[%][b] 
ee [%][c] 

1 335a (20) mCPBA BF3OEt2 2 94 86 

2 335f (20) mCPBA BF3OEt2 2 96 87 

3 335g (20) mCPBA BF3OEt2 2 93 83 

4 335h (20) mCPBA BF3OEt2 2 93 76 

5 335f (10) mCPBA BF3OEt2 2 92 85 

6 335f (5.0) mCPBA BF3OEt2 2 90 84 

7 335f (2.5) mCPBA BF3OEt2 2 93 77 

8 335f (1.0) mCPBA BF3OEt2 4 93 69 

9 335f (5.0) Selectfluor® BF3OEt2 24 0 – 

10[d] 335f (5.0) Selectfluor® BF3OEt2 24 0 – 

11 335f (5.0) NaBO3H2O BF3OEt2 24 0 – 

12[d] 335f (5.0) NaBO3H2O BF3OEt2 24 0 – 

13 335f (5.0) Oxone® BF3OEt2 24 < 5 0 

14 335f (5.0) AcOOH BF3OEt2 24 38 49 

15 335f (5.0) mCPBA TfOH 2 87 79 

16 335f (5.0) mCPBA TMSOTf 2 55 79 

17[e] 335f (5.0) mCPBA TsOHH2O 2 23 33 

[a] All reactions were carried out with 0.30 mmol of 298a and 0.09 mmol of BF3OEt2 in CH2Cl2 (1.12 mL) 

and AcOH (0.38 mL) at room temperature. [b] Isolated yields are reported. [c] Enantiomeric excess was 

determined via chiral HPLC analysis. For details see experimental section. [d] 3.0 Equivalents of the 

oxidant were used. [e] α-Oxytosylate (S)-62a was formed (28% yield, 87% ee). 
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On the other hand, a comparison between the enantioselectivities of (R)-302a of the 

stoichiometric reactions mediated by 336a and 336f and catalytic reactions mediated by 

335a and 335f revealed consistent values, which shows that the undesired background 

reaction was entirely suppressed during the catalytic transformation. Using iodoarene 

335f in the further course of the examination, lower catalyst loadings (10 and 5.0 mol%, 

Entries 5 and 6) were applied, which delivered (R)-302a in constant yields (92% and 90%) 

and marginally lower enantioselectivities (85% and 84% ee). A further lowering of the 

catalyst loading (2.5 and 1.0 mol%, Entries 7 and 8) resulted in a greater reduction of the 

enantiomeric excess (77% and 69% ee), while the yields did not change (93%). The use 

of 1.2 and 3.0 equivalents of Selectfluor® and sodium perborate tetrahydrate as the 

oxidants in combination with 5.0 mol% of 335f did not yield any desired product 

(Entries 9–12), while Oxone® produced (rac)-302a in a low yield (< 5%, Entry 13). On the 

other hand, peracetic acid afforded (R)-302a in a modest yield (38%, Entry 14) and 

moderate enantiomeric excess (49% ee). Changing the additive to triflic acid provided 

(R)-302a in a high yield (87%) and enantioselectivity (79% ee, Entry 15), while the 

additive TMSOTf gave a lower yield of the product (55%) and an identical enantiomeric 

excess (79%, Entry 16). Interestingly, substituting BF3OEt2 with TsOHH2O furnished 

(R)-302a in only 23% yield and 33% ee, whereas the corresponding α-tosylate (S)-62a 

was isolated in a similar yield (28%) with a very good enantiomeric excess (87% ee, 

Entry 17). 

A mechanism for the catalytic iodine(III)-mediated synthesis of α-acetoxylated ketone 

298a with 335f (Ar*I) based on previous mechanistic proposals[21,23,26] is shown in 

Scheme 5.22. Iodoarene 335f is oxidised with mCPBA to chiral iodine(III) reagent 336f, 

which is activated by the coordination of boron trifluoride to the acetate ligands. The 

reaction of activated 336f with 298a yields exclusively α-C-bound hypervalent iodine(III) 

intermediate 341 since the pathway through an oxygen-bound hypervalent iodine(III) 

intermediate is inaccessible.[23] The following SN2 substitution forms the final product 

(R)-302a and regenerates chiral catalyst 335f.  
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Scheme 5.22: Proposed mechanism for the stereoselective synthesis of (R)-302a mediated by I(I)/I(III) 

catalysis. Iodine(III) reagent 336f can additionally undergo ligand exchange reactions with H2O and mCBA. 

Ar* = chiral arene, mCBA = meta-chlorobenzoic acid. 

In conclusion, it was demonstrated that a catalytic asymmetric synthesis of 

α-acetoxylated ketone (R)-302a starting from acetyl enol ether 298a is realisable. A 

combination of only 5 mol% of chiral iodoarenes 335f with mCPBA as the terminal 

oxidant provided the best result. The transformation of acetyl enol ethers 298 can 

proceed through the direct symmetric oxidation of 298 with mCPBA or via the iodine(III)-

mediated asymmetric oxidation of 298. Since the reaction rate in presence of an 

iodoarene catalyst is higher than in its absence, the iodine(III)-mediated asymmetric 

transformation is feasible.  

5.3.2.1 Scope of the Reaction 

After having optimised the chiral iodoarene catalyst and the reaction conditions 

(Table 5.6, Entry 6) for the α-acetoxylation of model substrate 298a, the scope of the 

reaction was investigated in the next stage (Scheme 5.23). The starting materials 298 

were prepared analogous to the preparation of 298a from the corresponding 

propiophenone derivatives 61 using DIPA, n-BuLi and acetic anhydride (Scheme 5.14). 

Halogen substituents on the aromatic ring were well accepted in the established 

standard protocol. 4’-Fluoropropiophenone (61b) gave the α-acetoxylated product 

(R)-302b via acetyl enol ether 298b in a good yield (75%) and enantioselectivity (78% ee), 
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while a fluoro substituent in meta-position (298c) and a bromo substituent in para-

position (298d) delivered (R)-302c and (R)-302d in higher yields (97% and 92%) and 

enantioselectivities (88% and 86% ee). Moreover, a trifluoromethyl group in meta-

position (298e) was well tolerated and furnished (R)-302e after an increased reaction 

time of five hours in a good yield (78%) with an enantiomeric excess of 81%. However, 

a trifluoromethyl group in ortho-position (298f) revealed a negative effect and the 

desired product 302f was isolated after 20 hours in a moderate yield (51%), while the 

enantioselectivity dropped to 6% ee. Likewise, a nitro substituent in meta-position 

lowered the reaction rate and after 20 hours the corresponding product (R)-302g was 

obtained in a moderate yield (61%) and enantiomeric excess (59% ee). Products (R)-302h 

and (R)-302i were produced in good yields (74%) and enantioselectivities (77% and 

72% ee, respectively) starting from 4’-methylpropiophenone (61h) and 4’-tert-

butylpropiophenone (61i) via acetyl enol ethers 298h and 298i, respectively. A phenyl 

substituent in para-position (298j) had a positive effect on the yield of (R)-302j (94%), 

while the enantiomeric excess did not change (79% ee). Switching from a phenyl to a 

methoxy substituent (298k) afforded (R)-302k in a comparable yield (92%), but a loss of 

stereoselectivity (48% ee) was noticed. The electron donating methoxy group possibly 

lowers the oxidation potential of 298k, which would promote the undesired direct 

oxidation of 298k with mCPBA. Therefore, a comparison reaction under stoichiometric 

conditions with hypervalent iodine(III) reagent 336f in dichloromethane was conducted 

and the stereoselectivity was improved (76% ee), which supports the above mentioned 

hypothesis. Next, the effect of substituents in the α-position of propiophenone 

derivatives 61 other than methyl was investigated. Acetyl enol ether 298l provided 

α-phenyl substituted (R)-302l in a satisfactory yield (52%) but with a poor 

enantioselectivity (2% ee) after 20 hours. It was assumed that the low enantioselectivity 

in case of (R)-302f, (R)-302g and (R)-302l could originate from a racemisation of the 

products due to the extended reaction time. In chapter 5.3.1.1 it was shown that a 

racemisation by using stoichiometric conditions can be excluded. Hence, the synthesis 

of (R)-302l starting from 298l was carried out using hypervalent iodine(III) reagent 336f 

under stoichiometric conditions in order to suppress racemisation. However, the 

enantiomeric excess remained unchanged (2% ee) and therefore a racemisation was 

excluded as the reason for lower enantioselectivities.  
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Scheme 5.23: Substrate scope for the α-acetoxylation of propiophenone derivatives 61 via acetyl enol 

ethers 298. Reactions were carried out with 0.30 mmol of 298, 0.015 mmol of 335f, 0.36 mmol of mCPBA 

and 0.09 mmol of BF3OEt2 in CH2Cl2 (1.12 mL) and AcOH (0.38 mL) at room temperature for 2 h. Isolated 

yields are reported. [a] Acetyl enol ether 298d was prepared from 4’-bromopropiophenone (61d) with 

NaH and Ac2O in DMSO. [b] Reaction for 5 h. [c] Reaction for 20 h. [d] Starting material 298f was obtained 

as a mixture of (Z)- and (E)-isomer (Z/E = 2.7:1). [e] Yield and enantiomeric excess of the reaction under 

stoichiometric conditions with 336f (1.25 equiv.) in CH2Cl2 (1.5 mL). [f] Starting material 298o was 

obtained with (E)-stereochemistry. [g] No reaction even under stoichiometric conditions using 336f (1.25 

equiv.) and BF3OEt2 (2.0 equiv.). 
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Additionally, α-isopropyl substituted product (R)-302m was isolated under catalytic 

conditions in a low yield (9%) but good enantiomeric excess (75% ee) after 20 hours 

starting from 298m. Moreover, α-ethyl substituted product (R)-302n was delivered in a 

very good yield (84%) and enantiomeric excess (84% ee) from 298n. Cyclic substrate 

298o with an (E)-stereochemistry gave 302o with a low enantioselectivity (9% ee), while 

the yield remained moderate (62%). The synthesis of thiophene-containing α-acetoxy 

ketone (R)-302p in 92% yield and 69% ee from 298p exposed the toleration of 

heteroaromatic moieties using this protocol. On the contrary, a cyano group in the 

α-position (298q) was not accepted and no reaction was observed. However, (rac)-302q 

was isolated in 30% yield by reacting 298q under stoichiometric conditions with 

1.25 equivalents of DIB and 2.0 equivalents of BF3OEt2, while the use of 30 mol% of 

BF3OEt2 led to an inhibited reaction, presumably due the coordination of boron 

trifluoride to the cyano group.[48,49] Additionally, an enantioselective α-acetoxylation of 

3-propionylpyridine (61r) was intended (Figure 5.1). Unfortunately, the corresponding 

acetyl enol ether 298r was not separable from the unreacted starting material and 

therefore no α-acetoxylation was carried out. 

 

Figure 5.1: Structures of 61r and 298r. 

Generally, the substrate scope demonstrated that weakly deactivating halogen 

substituents on the aromatic ring in meta- and para-position yielded good 

enantioselectivities, while the reactions in presence of strongly deactivating 

trifluoromethyl and nitro substituents required an extended reaction time. Moreover, 

aliphatic and sterically demanding substituents as well as one thiophene containing 

substrate were tolerated and gave satisfactory results. The strongly activating methoxy 

substituent on the other hand led to a lower enantioselectivity under catalytic 

conditions, which could be bypassed by using the corresponding iodine(III) substrate 

stoichiometrically. Additionally, ortho-substituted propiophenone derivatives furnished 

low enantioselectivities, while propiophenone derivatives with substituents in the 

α-position other than methyl provided unpredictable results. 
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5.4 Conclusion and Future Perspectives 

In summary, the first method for the formal catalytic enantioselective α-acetoxylation 

of propiophenone derivatives by using I(I)/I(III) catalysis was developed. The 

optimisation of the reaction conditions revealed that the prior transformation of the 

propiophenone derivatives to easily accessible acetyl enol ethers 298 delivered best 

results. The intensive screening of various hypervalent iodine(III) reagents under 

stoichiometric conditions showed that iodine(III) reagents based on a resorcinol core 

bearing sterically demanding lateral lactamide side chains furnished the highest 

enantioselectivities. After the use of hypervalent iodine(III) reagents under 

stoichiometric conditions, it was demonstrated that a catalytic asymmetric synthesis of 

α-acetoxylated ketones starting from acetyl enol ethers was feasible. Iodoarene 335f in 

combination with mCPBA as the terminal oxidant and BF3OEt2 as an additive was found 

to be the ideal catalyst, which successfully afforded α-acetoxy ketones (R)-302 in various 

yields (9–97%) and enantioselectivities (2–88% ee) using only 5 mol% catalyst loading 

(Scheme 5.24).  

 

Scheme 5.24: Asymmetric catalytic α-acetoxylation of propiophenone derivatives via acetyl enol ethers 

316. 

It appeared to be problematic that the formation of α-acetoxy ketones 298 can proceed 

through the iodine(III)-mediated asymmetric oxidation of the acetyl enol ethers 298 or 

through the direct symmetric oxidation of 298 with mCPBA. However, kinetic studies 

revealed a higher reaction rate for the transformation in presence of an iodoarene 

catalyst than in its absence, which made an iodine(III)-mediated asymmetric 

transformation realisable. 
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Investigations in the future should examine the tolerance of aliphatic ketones in this 

protocol. Additionally, more complex molecules including various functional groups 

should be investigated to test the compatibility of this method for late-stage 

functionalisations, which is of great importance for the synthesis of natural products and 

medicines. Furthermore, the generation of the active hypervalent iodine catalyst via 

electrochemical oxidation would be a highly attractive alternative towards an 

enantioselective α-acetoxylation of ketones. The replacement of oxidants that can be 

expensive or hazardous with electric current would enable a more environmentally 

benign and sustainable alternative. Moreover, it is highly desirable to extend the 

method to further nucleophiles such as oxygen- and nitrogen-containing nucleophiles, 

which would enable the convenient synthesis of a broad range of different 

functionalised enantioenriched α-substituted ketones. Importantly, the tolerance of this 

protocol towards further nucleophiles was already indicated in a reaction using 

TsOHH2O as a substitute for BF3OEt2, which afforded the corresponding α-oxytosylated 

product with a high enantioselectivity. Additionally, it is of great interest to develop a 

method, which can provide enol acetates 298 selectively with (E)-stereochemistry in 

order to compare the effect of (E)- and (Z)-isomers on the resulting enantioselectivities 

of the α-acetoxylated ketones.  
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6 Experimental Part 

6.1 General Methods  

Reactions involving air and moisture sensitive reagents were carried out in flame dried 

glass wares under a dry nitrogen atmosphere using Schlenk technique. A dry, nitrogen-

filled glove box from MBraun was used for the storage, crystallsation and analysis of 

moisture sensitive hypervalent iodine reagents.  

Solvents used in air- or moisture-sensitive reactions were either freshly distilled or dried 

by employing a solvent purification system MB SPS-800 from MBraun and stored under 

a nitrogen atmosphere. Dichloromethane (CH2Cl2) and acetic acid (AcOH) were freshly 

distilled from P2O5. 

Reagents were purchased from Acros Organics, Alfa Aesar, Fisher Scientific, FluoroChem, 

Merck, Sigma Aldrich and TCI. Styrene was distilled prior to use by a Büchi GKR-50 

Kugelrohr apparatus. All other reagents obtained from commercial sources were used 

as received unless mentioned otherwise. 

1H, 13C, 11B and 19F NMR spectra were recorded at 298 K on a Bruker DPX 300, Bruker 

DPX 400, Bruker DPX 500 or a Bruker DPX 600. All resonances are reported relative to 

TMS. Spectra were calibrated relative to solvents’ residual proton and carbon chemical 

shifts: CHCl3 (δ = 7.26 ppm for 1H NMR and δ = 77.16 for 13C NMR). Further NMR spectra 

were referenced to CFCl3 (19F) and BF3Et2O/CDCl3 (11B). Coupling constants (J) are 

reported in Hertz (Hz). The multiplicity of the signals is given as s (singlet), d (doublet), t 

(triplet), q (quartet), sext (sextet), m (multiplet) and br (broad). When ambiguous, 

proton and carbon assignments were established using APT, COSY, NOESY and HMQC 

experiments. 

Thin layer chromatography (TLC) was performed to monitor the reactions using 

precoated aluminium sheets of Merck silica gel 60 F254 (0.20 m), and detection of 

compounds was performed under UV light (254 nm) or dipping into a solution of KMnO4 

(1.5 g in 200 mL H2O, 5 g NaHCO3). 

Flash column chromatography was performed using Merck silica gel 60 (40-63 µm) to 

purify products applying nitrogen pressure of about 0.2 bar or on a Biotage Isolera Four 

using Biotage cartridges SNAP Ultra 10 g, SNAP Ultra 25g, SNAP Ultra 50g and SNAP 

Ultra 100g. The solvents were used as laboratory grade. 
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GC-MS (EI, 70eV) was recorded on a combined set up of an Agilent 6890N 

chromatograph equipped with a DB-35ms column (30 m x 0.250 µm, film thickness 

0.15 µm) using H2 (~1 bar) as carrier gas and a Waters GCT premier TOF mass 

spectrometer. 

High resolution mass spectrometry (HRMS) analyses were performed by the EPSRC 

Mass Spectrometry Facility in Swansea University on a Waters Xevo G2-S and on a 

Thermo Scientific LTQ Orbitrap XL or at Cardiff University on a Waters LCT Premier XE. 

Ions were generated by Electrospray Ionisation (ESI), Nanospray Ionisation (NSI), 

Atmospheric Solids Analysis Probe (ASAP), Chemical Ionisation (CI), Atmospheric 

Pressure Chemical Ionisation (APCI) or Electron Ionisation (EI). 

Melting points (m.p.) were determined with a Gallenkamp variable heater and are not 

corrected. 

Infrared spectra (IR) were recorded on a Shimadzu FTIR Affinity-1S spectrometer and 

the position of the absorption bands is given in wave numbers cm─1). 

High-performance liquid chromatography (HPLC) analyses were performed either on 

an Agilent Technologies 1260 Infinity Quaternary LC system on a Shimadzu apparatus. 

The different modules for the Shimadzu system were SIL-10ADVP (auto injector), LC-

10ATVP (liquid chromatograph), FCV-10ALVP (pump), DGU-14A (degasser), CTO-10ASVP 

(column oven), SCL-10AVP (system controller) and SPD-M10A (diode array detector). 

2-Propanol and n-hexane were obtained as HPLC grade. Separation was performed using 

Lux® 5 µm Cellulose-1 or Amylose-1, LC Column (250 x 4.6 mm) or YMC Chiral Amylose-

C S-5μm (25 cm). 

Optical rotations were measured with a SCHMIDT + HAENSCH UniPol L polarimeter at 

20 °C in a cuvette of 50 mm length with a sodium lamp (589 nm). 

Crystallographic studies. Single crystals were grown under an inert atmosphere. 

Crystallographic studies were undertaken of a single crystal mounted in paratone and 

studied on an Agilent SuperNova diffractometer using Cu- or Mo-Kα radiation and a CCD 

detector. Measurements were carried out between 150(2) K and 298(2) K with 

temperatures maintained using an Oxford cryostream unless otherwise stated. Data 

were collected and integrated and data corrected for absorption using a numerical 

absorption correction based on gaussian integration over a multifaceted crystal model 

within CrysAlisPro.[1] The structures were solved by direct methods and refined against 
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F2 within SHELXL-2013.[2] The structures are deposited with the Cambridge Structural 

Database. These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

6.2 Experimental Data 

6.2.1 Synthesis and Application of Iodine Tricarboxylates 

6.2.1.1 General Procedures 

General Procedure GP1 for the reaction of I(OAc)3 with styrene 

Iodine triacetate (334 mg, 1.10 mmol, 1.1 equiv.) was dissolved in CH2Cl2 (2.0 mL) in a 

flame-dried Schlenk tube under nitrogen atmosphere and the reaction solution was 

cooled to −78 °C. Styrene (114 μL, 1.00 mmol), ethylbenzene as internal standard 

(122 μL, 1.00 mmol, 1.0 equiv.) and the Lewis acid (1.00 mmol, 1.0 equiv.) were added 

subsequently and the reaction mixture was stirred at −78 °C. Saturated aqueous Na2S2O3 

and NaHCO3 (10 mL) were added and the resulting mixture was extracted with CH2Cl2 (3 

x 10 mL). The combined organic layers were washed with brine (30 mL), dried over 

anhydrous MgSO4 and concentrated under vacuum. The crude mixture was purified by 

flash column chromatography. 

General Procedure GP2 for the synthesis of ArI(OAc)2 from non-iodinated arenes 

Iodine triacetate (304 mg, 1.00 mmol, 1.0 equiv.) was dissolved in CH2Cl2 or glacial acetic 

acid (2.0 mL) in a flame-dried Schlenk tube under nitrogen atmosphere. The arene 

(1.00 mmol) was added subsequently and the reaction mixture was stirred at the 

corresponding temperature until full conversion was detected. Next, all volatiles were 

removed and the remaining solid was washed with n-hexane:Et2O (10:1, 3 x 10 mL) to 

obtain the pure product. 

General Procedure GP3 for the synthesis of ArI(OCOCF3)2 from non-iodinated arenes 

17a (430 mg, 0.400 mmol, 0.5 equiv.) was dissolved in trifluoroacetic acid (1.2 mL) and 

trifluoroacetic anhydride (0.4 mL) in a flame-dried Schlenk tube under nitrogen 

atmosphere. The arene (0.800 mmol) was added subsequently at –40 °C, the reaction 

mixture was warmed up to 0 °C and stirred for 3 h. Next, all volatiles were removed and 

the remaining solid was washed with n-hexane:Et2O (10:1, 3 x 10 mL) to obtain the pure 

product. 
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6.2.1.2 Synthesis of Starting Materials 

Substrate 184 was synthesised by Dr. W. Gao.[3] 

µ-Trifluoroacetoxy-[hexa(trifluoroacetoxy)iodate(III)] nitrosium salt (17a) 

 

Substrate 17a was prepared according to a literature procedure.[4] Ground iodine (2.5 g, 

10 mmol), trifluoroacetic acid (4.8 mL, 63 mmol, 6.3 equiv.) and trifluoroacetic 

anhydride (7.0 mL, 75 mmol, 7.5 equiv.) were added to a flame-dried Schlenk tube under 

nitrogen atmosphere. The solution was cooled to −40 °C and white fuming nitric acid 

(≥ 99.5%, 2.7 mL, 65 mmol, 6.5 equiv.) was added while stirring. Afterwards, the solution 

was allowed to warm to room temperature and stirred for 2 h protected from light. All 

volatiles were then removed in vacuo and 17a was obtained as a colourless solid in 96% 

yield (10.3 g, 9.60 mmol). A sample was recrystallised from a hot mixture of 

CH2Cl2/n-pentane which was cooled down to –40 °C. Colourless crystals of 17a were 

obtained suitable for X-ray diffraction.[5] 

M.p.: 58 – 62 °C. 13C NMR (126 MHz, CDCl3): δ = 164.2 (q, J = 44.4 Hz, 7 x C), 113.0 (q, 

J = 287.2 Hz, 7 x CF3) ppm. 19F NMR (471 MHz, CDCl3): δ = –72.3 (s, 21F, CF3) ppm. IR 

(KBr):  = 3055s, 2988s, 2685m, 2521w, 2411w, 2305s, 1421s, 1275s, 1256s, 897s, 768s, 

692s cm–1. 
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Iodine triacetate (120) 

 

Substrate 120 was prepared according to a literature procedure.[6] Ground iodine (2.5 g, 

10 mmol), acetic acid (3.5 mL, 61 mmol, 6.1 equiv.) and acetic anhydride (7.0 mL, 

74 mmol, 7.4 equiv.) were added to a flame-dried Schlenk tube under nitrogen 

atmosphere. The solution was cooled to –40 °C and white fuming nitric acid (≥ 99.5%, 

2.7 mL, 65 mmol, 6.5 equiv.) was added while stirring. Afterwards, the solution was 

allowed to warm to room temperature and stirred for 2 h protected from light. All 

volatiles were then removed in vacuo and 120 was obtained as a pale yellow solid in 

94% yield (5.70 g, 18.7 mmol). Two methods of recrystallisation were successful 

whereby hot mixtures of CH2Cl2/n-pentane were cooled down to room temperature or 

−40 °C respectively. Pale yellow or dark red crystals of 120 were obtained which were 

suitable for X-ray diffraction.[5] 

M.p.: 100 – 108 °C (decomposition). 1H NMR (500 MHz, CDCl3): δ = 2.19 (s, 9H, 

CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 180.3 (3 x C), 19.8 (3 x CH3) ppm. IR (KBr): 

 = 1701s, 1406m, 1288m, 1013w, 756m cm–1. 

 

1,1-Diphenylpentene (86a) 

 

According to a literature procedure,[7] butyltriphenylphosphonium bromide (2.63 g, 

6.60 mmol, 1.20 equiv.) was suspended in THF (30 mL) at 0 °C, followed by the dropwise 

addition of n-BuLi (2.6 mL, 6.6 mmol, 1.2 equiv., 2.5 M in n-hexane). Afterwards, 

benzophenone (1.0 g, 5.5 mmol) in THF (10 mL) was added dropwise to the solution at 

0 °C. The reaction mixture was warmed up to room temperature and stirred for 5 h. 

Saturated aqueous NH4Cl (20 mL) was added and the resulting mixture was extracted 

with Et2O (3 x 15 mL). The combined organic layers were washed with brine (30 mL), 

dried over anhydrous MgSO4 and concentrated under vacuum. The crude mixture was 
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purified by flash column chromatography (n-hexane:EtOAc = 90:10) to afford 86a as a 

colourless oil in 86% yield (1.05 g, 4.73 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.40 – 7.36 (m, 2H, CHarom), 7.34 – 7.16 (m, 8H, CHarom), 

6.11 (t, J = 7.5 Hz, 1H, CH), 2.11 (d, J = 7.4 Hz, 2H, CH2), 1.54 – 1.42 (m, 2H, CH2), 0.92 (t, 

J = 7.4 Hz, 3H, CH3) ppm. The spectroscopic data are in agreement with the literature.[7] 

 

Dimethyl 2,2’-(1,3-phenylenebis(oxy))(2R,2’R)-dipropionate (171d) 

 

Resorcinol (1.1 g, 10 mmol), methyl (S)-(–)-lactate (2.4 mL, 25 mmol, 2.5 equiv.) and 

triphenylphosphine (6.6 g, 25 mmol, 2.5 equiv.) were dissolved in dry THF (50 mL) under 

nitrogen atmosphere. The reaction mixture was cooled to 0 °C and diisopropyl 

azodicarboxylate (4.9 mL, 25 mmol, 2.5 equiv.) was added dropwise. After 1 h at 0 °C, 

the mixture was warmed up to room temperature and stirred for 16 h. The solvent was 

removed under reduced pressure and Et2O (50 mL) was added. Triphenylphosphine 

oxide, which precipitated, was removed by filtration and the filtrate was concentrated 

under vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 80:20) to afford 171d as a colourless oil in 40% yield (1.12 g, 

3.95 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.14 (t, J = 8.2 Hz, 1H, CHarom), 6.48 (dd, J = 8.2, 2.4 Hz, 2H, 

CHarom), 6.44 (t, J = 2.4 Hz, 1H, CHarom), 4.72 (q, J = 6.8 Hz, 2H, CH), 3.76 (s, 6H, CH3), 1.60 

(d, J = 6.8 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 172.7 (2 x C), 158.9 (2 x C), 

130.3 (CH), 108.3 (2 x CH), 103.2 (CH), 72.8 (2 x CH), 52.5 (2 x CH3), 18.7 (2 x CH3) ppm. 

HRMS (NSI): m/z = 283.1176 calcd. for C14H19O6
+ [M+H]+, found: 283.1177. IR (neat): 

 = 1755s, 1736s, 1670w, 1491m, 1375m, 1281m, 1179m, 1153s, 1132s, 1053m, 883w, 

766w, 685w cm–1; []D
20 = +34.1 (c = 0.20, CHCl3). 
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Trimethyl 2,2’,2’’-(benzene-1,3,5-triyltris(oxy))(2R,2’R,2’’R)-tripropionate (171e) 

 

1,3,5-Trihydroxybenzene (1.26 g, 10.0 mmol), methyl (S)-(–)-lactate (2.4 mL, 25 mmol, 

2.5 equiv.) and triphenylphosphine (6.6 g, 25 mmol, 2.5 equiv.) were dissolved in dry 

dimethylformamide (50 mL) under nitrogen atmosphere. The reaction mixture was 

cooled to 0 °C and diisopropyl azodicarboxylate (4.9 mL, 5.0 mmol, 2.5 equiv.) was 

added dropwise. After 1 h at 0 °C, the mixture was warmed up to room temperature and 

stirred for 16 h. Afterwards, CH2Cl2 (50 mL) and H2O (50 mL) were added and the organic 

layer was washed with H2O (3 x 20 mL). Et2O was added to the organic layer and 

triphenylphosphine oxide, which precipitated, was removed by filtration and the filtrate 

was concentrated under vacuum. The crude mixture was purified by flash column 

chromatography (n-hexane:EtOAc = 55:45  40:60) to afford 171e as a colourless solid 

in 19% yield (730 mg, 1.90 mmol). 

M.p.: 75 – 78 °C. 1H NMR (500 MHz, CDCl3): δ = 6.04 (s, 3H, CHarom), 4.65 (q, J = 6.8 Hz, 

3H, CH), 3.75 (s, 9H, CH3), 1.55 (d, J = 6.8 Hz, 9H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 172.3 (3 x C), 159.4 (3 x C), 96.2 (3 x CH), 72.8 (3 x CH), 52.4 (3 x CH3), 18.5 (3 x CH3) 

ppm. HRMS (NSI): m/z = 385.1493 calcd. for C18H25O9
+ [M+H]+, found: 385.1493. IR 

(neat):  = 1753s, 1732s, 1599s, 1470m, 1445w, 1381w, 1284m, 1207m, 1163s, 1125s, 

1094s, 1051m, 1026m, 974m, 827m, 812m, 685s cm–1. []D
20 = +31.3 (c = 0.40, CHCl3). 

 

2-Iodo-1,3,5-trimethoxybenzene (182a) 

 

According to a literature procedure,[8] conc. H2SO4 (480 μL, 9.00 mmol, 1.8 equiv.) was 

added to a solution of 1,3,5-trimethoxybenzene (841 mg, 5.00 mmol), DMSO (1.3 mL, 

18 mmol, 3.6 equiv.) and NH4I (869 mg, 6.00 mmol, 1.2 equiv.) in EtOAc (20 mL). The 

solution was stirred for 14 h at 65 °C. After the solution was cooled to room temperature 
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and concentrated under vacuum, the residue was recrystallised from a hot mixture of 

n-hexane and CH2Cl2 to afford colourless crystals of 182a at room temperature in 72% 

yield (1.05 g, 3.58 mmol). 

1H NMR (500 MHz, CDCl3): δ = 6.14 (s, 2H, CHarom), 3.86 (s, 6H, CH3), 3.82 (s, 3H, 

CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 162.3 (C), 159.9 (2 x C), 91.3 (2 x CH), 66.8 (C), 

56.6 (2 x CH3), 55.7 (CH3) ppm. The spectroscopic data are in agreement with the 

literature.[8] 

6.2.1.3 Reactions of I(OAc)3 with Styrene  

2-Iodo-1-phenylethyl acetate (146) 

 

Iodine triacetate (334 mg, 1.10 mmol, 1.1 equiv.) was dissolved in CH2Cl2 (2.0 mL) and 

acetic acid (285 μL, 5.00 mmol, 5.0 equiv.) in a flame-dried Schlenk tube under nitrogen 

atmosphere. Styrene (114 μL, 1.00 mmol) was added subsequently and the reaction 

mixture was stirred for 2 h at room temperature. Saturated aqueous Na2S2O3 (10 mL) 

was added and the resulting mixture was extracted with CH2Cl2 (3 x 10 mL). The 

combined organic layers were washed with brine (30 mL), dried over anhydrous MgSO4 

and concentrated under vacuum. The crude mixture was purified by flash column 

chromatography (n-hexane:EtOAc = 95:5) to afford 146 as a colourless oil in 69% yield 

(0.20 g, 0.69 mmol). 

1H NMR (300 MHz, CDCl3): δ = 7.37 – 7.33 (m, 5H, CHarom), 5.88 (dd, J = 7.5, 5.8 Hz, 1H, 

CH), 3.52 – 3.48 (m, 2H, CH2), 2.14 (s, 3H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 170.0 

(C), 138.5 (C), 128.9 (CH), 128.8 (2 x CH), 126.5 (2 x CH), 75.3 (CH), 21.2 (CH3), 8.0 (CH2) 

ppm. The spectroscopic data are in agreement with the literature.[9] 
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2-Iodo-1-phenylethanol (147) 

 

Side product 147 was isolated as a colourless oil in the above mentioned synthesis of 

146 in 3% yield (7 mg, 0.03 mmol). 

1H NMR (300 MHz, CDCl3): δ = 7.38 – 7.31 (m, 5H, CHarom), 4.85 – 4.83 (m, 1H, CH), 3.52 

– 3.37 (m, 2H, CH2), 2.49 (br, 1H, OH) ppm. 13C NMR (75 MHz, CDCl3): δ = 141.2 (C), 128.8 

(2 x CH), 128.5 (C), 125.8 (2 x CH), 74.2 (CH), 15.6 (CH2) ppm. The spectroscopic data are 

in agreement with the literature.[9] 

 

2-Iodo-1-phenylethyl nitrate (148) 

 

Side product 148 was isolated as a pale yellow oil in the synthesis of 146 in 3% yield 

(9 mg, 0.03 mmol).  

1H-NMR (300 MHz, CDCl3): δ = 7.43 – 7.36 (m, 5H, CHarom), 5.94 (dd, J = 8.1, 5.6 Hz, 1H, 

CH), 3.55 – 3.41 (m, 2H, CH2) ppm. 13C-NMR (75 MHz, CDCl3): δ = 135.9 (C), 129.9 (CH), 

129.2 (2 x CH), 126.7 (2 x CH), 84.7 (CH), 2.4 (CH2) ppm. IR: 1633s, 1273s, 860m, 754w, 

700m. The NMR spectroscopic data are in agreement with the literature.[10] HRMS could 

not be determined due to decomposition of 148. 

 

1-Phenylethane-1,2-diyl diacetate (155) 

 

Styrene was reacted according to GP1 in presence of TMSOTf (181 μL, 1.00 mmol, 

1.0 equiv.) for 30 min. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 100:0 → 90:10) to afford 155 as a pale yellow oil in 46% yield 

(102 mg, 0.460 mmol).  

1H NMR (500 MHz, CDCl3): δ = 7.38 – 7.30 (m, 5H, CHarom), 6.02 (dd, J = 8.0, 3.9 Hz, 1H, 

CH), 4.33 (dd, J = 11.9, 3.9 Hz, 1H, CH2), 4.29 (dd, J = 11.9, 8.0 Hz, 1H, CH2), 2.12 (s, 3H, 
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CH3), 2.06 (s, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 170.8 (C), 170.2 (C), 136.6 

(C), 128.8 (2 x CH), 128.7 (CH), 126.8 (2 x CH), 73.5 (CH), 66.2 (CH2), 21.2 (CH3), 20.9 (CH3) 

ppm. The spectroscopic data are in agreement with the literature.[11] 

 

1-Ethyl-4-iodobenzene (156) 

 

Side product 156 was isolated as a pale yellow oil in the above mentioned synthesis of 

155 in 31% yield (72 mg, 0.31 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.62 – 7.57 (m, 2H, CHarom), 6.97 – 6.93 (m, 2H, CHarom), 

2.59 (q, J = 7.6 Hz, 2H, CH2), 1.21 (t, J = 7.6 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 144.0 (C), 137.5 (2 x CH), 130.2 (2 x CH), 90.7 (C), 28.6 (CH2), 15.6 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[12] 

 

1-Ethyl-2-iodobenzene (157) 

 

Side product 157 was isolated as a pale yellow oil in the above mentioned synthesis of 

155 in 6% yield (14 mg, 0.06 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.81 (dd, J = 7.9, 1.2 Hz, 1H, CHarom), 7.28 (td, J = 7.4, 

1.3 Hz, 1H, CHarom), 7.24 – 7.21 (m, 1H, CHarom), 6.87(td, J = 7.8, 1.8 Hz, 1H, CHarom), 2.73 

(q, J = 7.5 Hz, 2H, CH2), 1.21 (t, J = 7.5 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 146.7 (C), 139.5 (CH), 128.7 (CH), 128.6 (CH), 127.7 (CH), 100.6 (C), 34.3 (CH2), 14.7 

(CH3) ppm. The spectroscopic data are in agreement with the literature.[13] 

 

2-Hydroxy-2-phenylethyl acetate (158) 

 

Styrene was reacted according to GP1 with TMSOTf (181 μL, 1.00 mmol, 1.0 equiv.) in 

absence of ethylbenzene for 30 min. The crude mixture was purified by flash column 
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chromatography (n-hexane:EtOAc = 95:5 → 55:45) to afford 158 as a colourless oil in 

55% yield (99 mg, 0.55 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.41 – 7.34 (m, 4H, CHarom), 7.33 – 7.28 (m, 1H, CHarom), 

4.98 – 4.91 (m, 1H, CH), 4.27 (dd, J = 11.6, 3.3 Hz, 1H, CH2), 4.15 (dd, J = 11.6, 8.4 Hz, 1H, 

CH2), 2.72 (br, 1H, OH), 2.09 (s, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 172.6 (C), 

139.9 (C), 128.7 (2 x CH), 128.3 (CH), 126.3 (2 x CH), 72.5, 69.4, 21.0 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[14] 

 

2-Hydroxy-1-phenylethyl acetate (159) 

 

Product 159 was isolated as a colourless oil in the above mentioned synthesis of 158 in 

24% yield (43 mg, 0.24 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.39 – 7.29 (m, 5H, CHarom), 5.85 (dd, J = 7.6, 4.0 Hz, 1H, 

CH), 3.88 (dd, J = 12.0, 7.6 Hz, 1H, CH2), 3.81 (dd, J = 12.0, 4.0 Hz, 1H, CH2), 2.14 (s, 3H, 

CH3), 2.07 (br, 1H, OH) ppm. 13C NMR (126 MHz, CDCl3): δ = 170.8 (C), 137.2 (C), 128.8 

(2 x CH), 128.6 (CH), 126.8 (2 x CH), 77.0, 66.1, 21.3 (CH3) ppm. The spectroscopic data 

are in agreement with the literature.[14] 

 

1-Phenylethane-1,2-diyl diacetate (155) and 1-(4-iodophenyl)ethane-1,2-diyl diace-

tate (160) 

 

Styrene was reacted according to GP1 with TMSOTf (181 μL, 1.00 mmol, 1.0 equiv.) in 

absence of ethylbenzene. After addition of TMSOTf the reaction solution was warmed 

to room temperature and stirred for 16 h. The crude mixture was purified by flash 

column chromatography (n-hexane:EtOAc = 95:5) to afford an inseparable mixture of 

155 and 160 as a pale yellow oil (155/160 = 1:1.4, determined via 1H NMR spectroscopy) 

in 41% combined yield (117 mg, 0.410 mmol). 
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1H NMR (500 MHz, CDCl3): δ = 7.70 (d, J = 8.4 Hz, 2H, CHarom), 7.39 – 7.30 (m, 5H, CHarom), 

7.11 (d, J = 8.4 Hz, 2H, CHarom), 6.01 (dd, J = 8.0, 3.9 Hz, 1H, CH), 5.93 (dd, J = 7.7, 3.9 Hz, 

1H, CH), 4.36 – 4.21 (m, 4H, CH2), 2.11 (s, 3H, CH3), 2.11 (s, 3H, CH3), 2.05 (s, 3H, CH3), 

2.04 (s, 3H, CH3) ppm. The spectroscopic data are in agreement with the literature.[11,15] 

 

6.2.1.4 Reactions of Iodine Tricarboxylates with Arenes 

2,4,6-Trimethoxy(diacetoxyiodo)benzene (172a) 

 

1,3,5-Trimethoxybenzene (168 mg, 1.00 mmol) was reacted according to GP2 in CH2Cl2 

for 1 h at room temperature to give 172a as a pale yellow solid in 97% yield (398 mg, 

0.970 mmol). A sample was recrystallised from a hot mixture of CH2Cl2/n-hexane which 

was cooled down to −20 °C. Colourless crystals of 172a were obtained suitable for X-ray 

diffraction.[5] 

M.p.: 178 – 182 °C. 1H NMR (500 MHz, CDCl3): δ = 6.28 (s, 2H, CHarom), 3.93 (s, 6H, CH3), 

3.87 (s, 3H, CH3), 1.94 (s, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 177.1 (2 x C), 

166.6 (C), 159.9 (2 x C), 96.3 (C), 91.1 (2 x CH), 57.0 (2 x CH3), 55.9 (CH3), 20.7 (2 x CH3) 

ppm. IR (neat):  = 1638m, 1576s, 1456w, 1414w, 1366w, 1350w, 1271s, 1233s, 1209m, 

1161m, 1069m, 949w, 820m, 787w, 665s, 621m cm–1. HRMS (CI): m/z = 352.9880 calcd. 

for C11H14O5I+ [M−OAc]+, found: 352.9878. 

 

2,4-Dimethoxy(diacetoxyiodo)benzene (172b) 

 

1,3-Dimethoxybenzene (131 µL, 1.00 mmol) was reacted according to GP2 in CH2Cl2 for 

1 h at room temperature to give 172b as a pale yellow solid in 95% yield (363 mg, 

0.950 mmol). 

M.p.: 151 – 155 °C. 1H NMR (500 MHz, CDCl3): δ = 8.05 (d, J = 8.8 Hz 1H, CHarom), 6.61 (d, 

J = 2.6 Hz, 1H, CHarom), 6.54 (dd, J = 8.8, 2.6 Hz, 1H, CHarom), 3.95 (s, 3H, CH3), 3.87 (s, 3H, 

CH3) 1.96 (s, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.7 (2 x C), 165.1 (C), 158.3 
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(C), 139.2 (CH), 107.6 (CH), 104.2 (C), 99.4 (CH), 56.9 (CH3), 55.9 (CH3), 20.5 (2 x 

CH3) ppm. HRMS (CI): m/z = 322.9775 calcd. for C10H12O4I+ [M−OAc]+, found: 322.9781. 

IR (neat):  = 1634m, 1580m, 1439w, 1406w, 1364w, 1321m, 1258s, 1215m, 1123w, 

1018m, 922m, 827m,791w, 667s, 617w cm–1. 

 

4-Methoxy(diacetoxyiodo)benzene (172c) 

 

Anisole (110 µL, 1.00 mmol) was reacted according to GP2 in glacial acetic acid for 20 h 

at room temperature to give 172c as a pale yellow solid in 87% yield (306 mg, 

0.870 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.01 (d, J = 9.1 Hz, 2H, CHarom), 6.96 (d, J = 9.1 Hz, 2H, 

CHarom), 3.86 (s, 3H, CH3), 1.99 (s, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.5 (2 

x C), 162.3 (C), 137.3 (2 x CH), 116.8 (2 x CH), 111.8 (C), 55.7 (CH3), 20.5 (2 x CH3) ppm. 

The spectroscopic data are in agreement with the literature.[16] 

 

Dimethyl-2,2’-((4-(diacetoxy-λ3-iodanyl)-1,3-phenylene)bis(oxy))(2R,2’R)-dipropio-

nate (172d) 

 

171d (282 mg, 1.00 mmol) was reacted according to GP2 in glacial acetic acid for 5 h at 

room temperature to give 172d as a yellow oil in 87% yield (458 mg, 0.870 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.02 (d, J = 8.7 Hz, 1H, CHarom), 6.52 – 6.45 (m, 2H, CHarom), 

4.81 (q, J = 6.8 Hz, 1H, CH), 4.73 (q, J = 6.8 Hz, 1H, CH), 3.80 (s, 3H, CH3), 3.79 (s, 3H, CH3), 

1.97 (s, 6H, CH3), 1.68 (d, J = 6.8 Hz, 3H, CH3), 1.62 (d, J = 6.8 Hz, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 176.8 (2 x C), 171.7 (C), 171.2 (C), 162.6 (C), 156.7 (C), 139.2 (CH), 

109.3 (CH), 105.9 (C), 102.0 (CH), 74.8 (CH), 73.2 (CH), 52.8 (2 x CH3), 20.6 (2 x CH3), 18.5 

(CH3), 18.5 (CH3) ppm. HRMS (ESI): m/z = 408.0070 calcd. for C14H17O6I+ [M−2OAc]+, 

found: 408.0073. IR (neat):  = 1753m, 1643m, 1574m, 1429w, 1364w, 1267s, 1188m, 
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1094m, 1049m, 1003m, 924w, 837w, 733s, 703m, 665s cm–1. []D
20 could not be 

determined due to instability of 13d towards air and moisture. 

 

Trimethyl 2,2’,2’’-((diacetoxy-λ3-iodanyl)benzene-1,3,5-triyl)tris(oxy))(2R,2’R,2’’R)-

tripropionate (172e) 

 

171e (154 mg, 0.400 mmol) was reacted according to GP2 with I(OAc)3 (122 mg, 

0.400 mmol, 1.00 equiv.) in glacial acetic acid (0.8 mL) for 2 h at room temperature to 

give 172e as a yellow oil in > 99% yield (250 mg, 0.400 mmol). 

1H NMR (500 MHz, CDCl3): δ = 6.09 (s, 2H, CHarom), 4.76 (q, J = 6.8 Hz, 2H, CH), 4.63 (q, J 

= 6.9 Hz 1H, CH), 3.80 (s, 3H, CH3), 3.77 (s, 6H, CH3), 1.97 (s, 6H, CH3), 1.65 (d, J = 6.8 Hz, 

6H, CH3), 1.59 (d, J = 6.7 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 177.2 (2 x C), 

171.7 (C), 171.3 (2 x C), 163.9 (C), 158.1 (2 x C), 99.0 (C), 94.3 (2 x CH), 74.8 (2 x C), 73.4 

(C), 52.7 (3 x CH3), 20.8 (1 or 2 x CH3), 20.6 (1 or 2 x CH3), 18.4 (2 x CH3) ppm. IR (neat): 

 = 1740s, 1645m, 1584s, 1437m, 1370m, 1277s, 1213s, 1177m, 1134s, 1111m, 972w, 

918w, 729w, 667m cm–1. []D
20 = –23.3 (c = 1.30, CHCl3). HRMS (NSI): m/z = 511.0460 

calcd. for C18H24O9I+ [M−2OAc+H]+, found: 511.0451. 

 

2-(Diacetoxyiodo)mesitylene (172f)  

 

Mesitylene (139 µL, 1.00 mmol) was reacted according to GP2 in glacial acetic acid for 

20 h at 60 °C to give 172f as a pale yellow solid in 76% yield (275 mg, 0.760 mmol).  

1H NMR (500 MHz, CDCl3): δ = 7.10 (s, 2H, CHarom), 2.70 (s, 6H, CH3), 2.35 (s, 3H, CH3), 

1.96 (s, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.6 (2 x C), 143.3 (C), 141.4 (2 x 
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C), 129.7 (C), 129.1 (2 x CH), 26.9 (2 x CH3), 21.3 (CH3), 20.5 (2 x CH3) ppm. The 

spectroscopic data are in agreement with the literature.[17] 

 

5-Methoxy-1-acetoxy-1,2-benziodoxol-3-(1H)-one (172g) 

 

3-Methoxybenzoic acid (152 mg, 1.00 mmol) was reacted according to GP2 in glacial 

acetic acid for 4 h at 60 °C to give 172g as a white solid in 72% yield (242 mg, 

0.720 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.75 (d, J = 9.1 Hz, 1H, CHarom), 7.65 (d, J = 2.8 Hz, 1H, 

CHarom), 7.41 (dd, J = 9.1, 2.8 Hz, 1H, CHarom), 3.88 (s, 3H, CH3), 2.20 (s, 3H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 176.3 (C), 168.1 (C), 162.6 (C), 130.5 (C), 129.7 (CH), 

124.3 (CH), 116.0 (CH), 106.8 (C), 56.2 (CH3), 20.3 (CH3) ppm. The spectroscopic data are 

in agreement with the literature.[18] 

 

2,4-Dimethoxy-6-methoxycarbonyl(diacetoxyiodo)benzene (172h) 

 

Methyl 3,5-dimethoxybenzoate (196 mg, 1.00 mmol) was reacted according to GP2 in 

glacial acetic acid for 4 h at 60 °C to give 172h as a white solid in 77% yield (339 mg, 

0.770 mmol). 

M.p.: 160 – 162 °C. 1H NMR (500 MHz, CDCl3): δ = 7.20 (d, J = 2.7 Hz, 1H, CHarom), 6.78 

(d, J = 2.7 Hz, 1H, CHarom), 3.97 (s, 3H, CH3), 3.96 (s, 3H, CH3), 3.91 (s, 3H, CH3), 1.94 (s, 

6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.9 (2 x C), 165.0 (C), 164.3 (C), 158.8 

(C), 135.1 (C), 108.6 (CH), 105.4 (C), 102.4 (CH), 57.5 (CH3), 56.2 (CH3), 53.2 (CH3), 20.5 

(2 x CH3) ppm. HRMS (CI): m/z = 380.9830 calcd. for C12H14O6I+ [M−OAc]+, found: 

380.9834. IR (neat):  = 1728m, 1643m, 1581s, 1431w, 1364w, 1335s, 1294s, 

1217s,1049m, 1009w, 924w, 777w, 731w, 667s cm–1. 
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2,4-Dimethyl(diacetoxyiodo)benzene (172i) 

 

1,3-Dimethylbenzene (122 µL, 1.00 mmol) was reacted according to GP2 in glacial acetic 

acid for 41 h at 60 °C to give 172i as a white solid in 33% yield (116 mg, 0.330 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.04 (d, J = 8.1 Hz, 1H, CHarom), 7.30 (s, 1H, CHarom), 7.04 

(d, J = 8.1 Hz, 1H, CHarom), 2.67 (s, 3H, CH3), 2.40 (s, 3H, CH3), 1.97 (s, 6H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 176.5 (2 x C), 143.6 (C), 140.6 (C), 137.3 (CH), 131.8 (CH), 

129.3 (CH), 124.1 (C), 25.5 (CH3), 21.6 (CH3), 20.4 (2 x CH3) ppm. The spectroscopic data 

are in agreement with the literature.[19] 

 

2-Iodo-2,4-dimethylbenzene (174) 

 

Side product 174 was isolated as an orange oil in the above mentioned synthesis of 172i 

in 6% yield (14 mg, 0.06 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.66 (d, J = 8.0 Hz, 1H, CHarom), 7.07 (s, 1H, CHarom), 6.70 

(d, J = 8.0 Hz, 1H, CHarom), 2.39 (s, 3H, CH3), 2.27 (s, 3H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 141.2 (C), 138.8 (CH), 138.2 (C), 130.9 (CH), 128.5 (CH), 97.1 (C), 28.1 (CH3), 

21.0 (CH3) ppm. The spectroscopic data are in agreement with the literature.[20] 

 

4,6-Diiodo-N1,N1,N3,N3-tetramethylbenzene-1,3-diamine (181) 

 

N,N,N’,N’-tetramethyl-1,3-phenylenediamine (168 μL, 1.00 mmol) was reacted 

according to GP2 in CH2Cl2 for 1 h at room temperature to give 181 as a pale yellow solid 

in 26% yield (110 mg, 0.260 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.21 (s, 1H, CHarom), 6.77 (s, 1H, CHarom), 2.76 (s, 12H, CH3) 

ppm. 13C NMR (75 MHz, CDCl3): δ = 156.1, 149.2, 112.2, 89.4, 44.8 (4 x CH3) ppm. 
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3,3'-Diiodo-2,2',4,4',6,6'-hexamethoxy-1,1'-biphenyl (183) 

 

183 was obtained upon decomposition of 172a as a yellow solid. 

M.p.: 188 – 191 °C. 1H NMR (500 MHz, CDCl3): δ = 6.36 (s, 2H, CHarom), 3.94 (s, 6H, CH3), 

3.75 (s, 6H, CH3), 3.49 (s, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 159.9 (2 x C), 

159.67 (2 x C), 159.5 (2 x C), 111.0 (2 x C), 92.0 (2 x CH), 73.6 (2 x C), 60.6 (2 x CH3), 56.6 

(2 x CH3), 56.2 (2 x CH3) ppm. HRMS (ESI): m/z = 586.9428 calcd. for C18H21O6I2
+ [M+H]+, 

found: 586.9431. IR (neat):  = 1577m, 1558m, 1449m, 1429m, 1373m, 1337m, 1205s, 

1099s, 1016w, 914m, 802m, 608m cm–1. 

 

p-[Bis(trifluoroacetoxy)iodo]toluene (128a) 

  

Compound 17a (31 mg, 0.030 mmol) was dissolved in toluene (ca. 0.5 mL) to yield a dark 

red solution. The reaction was left at –40 °C for 12 h without stirring. Colourless crystals 

of 128a which were suitable for X-ray diffraction were obtained by vapour diffusion 

using n-pentane as the antisolvent in 94% yield (25 mg, 0.056 mmol).[5]  

1H NMR (500 MHz, CDCl3): δ = 8.11 – 8.06 (m, 2H, CHarom), 7.41 – 7.37 (m, 2H, CHarom), 

2.50 (s, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 161.3 (q, J = 41.2 Hz, 2 x C), 145.5 

(C), 135.5 (2 x CH), 132.9 (2 x CH), 119.7 (C), 113.0 (q, J = 288.4 Hz, 2 x CF3), 21.9 (CH3) 

ppm. 19F NMR (471 MHz, CDCl3): δ = −73.5 (s, 6F, CF3) ppm. The spectroscopic data are 

in agreement with the literature.[21] 

  



EXPERIMENTAL PART  TOBIAS HOKAMP 

192 

 

[Bis(trifluoroacetoxy)iodo]benzene (128b) 

   

Benzene (71 µL, 0.80 mmol) was reacted according to GP3 to give 128b together with 

traces of the corresponding dimer 186b (128b/186b = 40:1, determined via 1H NMR 

analysis) as a colourless solid in 83% combined yield (284 mg, 0.652 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.14 – 8.12 (m, 2H, CHarom), 7.70 – 7.65 (m, 1H, CHarom), 

7.57 – 7.52 (m, 2H, CHarom) ppm. 13C NMR (126 MHz, CDCl3): δ = 161.2 (q, J = 41.2 Hz, 2 

x C), 135.3 (2 x CH), 133.8 (CH), 132.2 (2 x CH), 123.0 (C), 113.0 (q, J = 288.4 Hz, 2 x CF3) 

ppm. 19F NMR (471 MHz, CDCl3): δ = −73.4 (s, 6F, CF3) ppm. The spectroscopic data are 

in agreement with the literature.[22] 

 

µ-Oxo-[bis(trifluoroacetoxy)iodo]benzene (186b) 

  

[Bis(trifluoroacetoxy)iodo]benzene (128b, 430 mg, 1.00 mmol) was dissolved in CH2Cl2 

(5 mL) and KOtBu (112 mg, 1.00 mmol, 1.0 equiv.) was added. After the suspension had 

been stirred at room temperature for 1 h, the solid was filtered off and the filtrate was 

concentrated in vacuo. 186b was obtained after recrystallisation from CH2Cl2/n-hexane 

as a colourless solid in 90% yield (293 mg, 0.450 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.88 (d, J = 7.9 Hz, 4H, CHarom), 7.59 (t, J = 7.5 Hz, 2H, 

CHarom), 7.44 (t, J = 7.9 Hz, 4H, CHarom) ppm. 13C NMR (126 MHz, CDCl3): δ = 162.3 (q, J = 

38.8 Hz, 2 x C), 133.6 (4 x CH), 132.8 (2 x CH), 131.7 (4 x CH), 124.0 (2 x C), 113.8 (q, J = 

289.9 Hz, CF3) ppm. 19F NMR (471 MHz, CDCl3): δ = –74.5 (s, 6F, CF3) ppm. The 

spectroscopic data are in agreement with the literature.[23] 
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[Bis(trifluoroacetoxy)iodo]-4-fluorobenzene (128c) 

  

Fluorobenzene (75 µL, 0.80 mmol) was reacted according to GP3 to give 128c together 

with the corresponding dimer 186c (128c/186c = 8.2:1, determined via 1H NMR analysis) 

as a colourless solid in 80% combined yield (270 mg, 0.570 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.24 – 8.20 (m, 2H, CHarom), 7.32 – 7.27 (m, 2H, CHarom) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 165.5 (d, J = 258.8 Hz, C), 161.3 (q, J = 41.3 Hz, 2 x 

C), 138.4 (d, J = 9.4 Hz, 2 x CH), 120.0 (d, J = 23.4 Hz, 2 x CH), 116.6 (d, J = 3.6 Hz, C), 113.0 

(q, J = 288.3 Hz, 2 x CF3) ppm. 19F NMR (471 MHz, CDCl3): δ = −73.4 (s, 6F, CF3), −100.8 

(s, 1F, CF) ppm. The spectroscopic data are in agreement with the literature.[22] 

 

µ-Oxo-[bis(trifluoroacetoxy)iodo]-4-fluorobenzene (186c) 

 

[Bis(trifluoroacetoxy)iodo]4-fluorobenzene (128c, 448 mg, 1.00 mmol) was dissolved in 

CH2Cl2 (5 mL) and KOtBu (112 mg, 1.00 mmol, 1.0 equiv.) was added. After the 

suspension had been stirred at room temperature for 2 h, the solid was filtered off and 

the filtrate was concentrated in vacuo. 186c was obtained after recrystallisation from 

CH2Cl2/n-hexane together with 128c (1H NMR-ratio of 186c:128c = 2.5:1). 

1H NMR (500 MHz, CDCl3): δ = 7.92 – 7.87 (m, 4H, CHarom), 7.15 – 7.09 (m, 4H, CHarom) 

ppm. 
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6.2.1.5 Ligand Exchange Reactions of Iodine Tricarboxylates 

Triacetoxy(pyridine-1-ium-1-yl)iodate(III) (120py) 

  

Iodine triacetate (76 mg, 0.25 mmol) was dissolved in CH2Cl2 (ca. 0.5 mL) under nitrogen 

atmosphere and pyridine (59 µL, 0.75 mmol, 3.0 equiv.) was added to give a yellow 

solution. The reaction was left at −40 °C for 14 h without stirring. Colourless crystals of 

120py which were suitable for X-ray diffraction were obtained by vapour diffusion using 

n-pentane as the antisolvent in 94% yield (90 mg, 0.23 mmol).[5] 

M.p.: 86 – 90 °C. 1H NMR (500 MHz, CDCl3): δ = 8.70 (d, J = 4.4 Hz, 2H, CHarom), 7.80 (tt, 

J = 7.6, 1.6 Hz, 1H, CHarom), 7.41 – 7.33 (m, 2H, CHarom), 2.16 (s, 9H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 178.2 (3 x C), 149.0 (2 x CH), 137.7 (CH), 124.7 (2 x CH), 19.7 (3 x 

CH3) ppm. IR (neat):  = 1701m, 1599m, 1541w, 1452m, 1390m, 1355w, 1200s, 1034w, 

1009m, 949m, 891m, 754m, 665s, 630m cm–1. HRMS (ESI): m/z = 205.9467 calcd. for 

C5H5NI+ [M−3OAc]+, found: 205.9474. 

 

[Bis(2,6-lutidinyl)diacetoxyiodo(III)] acetoxytris(pentafluorophenyl)borate (190) 

  

Iodine triacetate (17.5 mg, 0.0580 mmol) was dissolved in CH2Cl2 (ca. 0.3 mL) and 

combined with another solution of tris(pentafluorophenyl)borane (29.5 mg, 

0.0580 mmol, 1.0 equiv.) in CH2Cl2 (ca. 0.3 mL) at –40 °C under nitrogen atmosphere. 

Subsequently 2,6-lutidine (18.5 mg, 0.173 mmol, 3.0 equiv.) was added at –40 °C to give 

a yellow solution. The reaction was left at –40 °C overnight without stirring. Colourless 
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crystals of 190 which were suitable for X-ray diffraction were obtained by vapour 

diffusion using n-pentane as the antisolvent in 62% yield (37 mg, 0.036 mmol).[5] 

1H NMR (500 MHz, CDCl3): δ = 7.82 (t, J = 7.7 Hz, 2H, CHarom), 7.33 (d, J = 7.7 Hz, 4H, 

CHarom), 2.89 (s, 12H, CH3), 2.22 (s, 9H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 180.4 

(2 x C), 178.4 (C), 158.5 (4 x C), 147.9 (d, J = 240.3 Hz, 6 x CF), 141.8 (2 x CH), 136.7 (d, J 

= 254.9 Hz, 6 x CF), 124.7 (4 x CH), 29.7 (4 x CH3), 20.1 (CH3), 19.8 (CH3) ppm. (Note: the 

peak of CB and of p-CF could not be detected). 19F NMR (471 MHz, CDCl3): δ = −134.2 – 

−134.2 (m, 2F, CF), −134.3 – −134.6 (m, 4F, CF), –159.4 (t, J = 20.3 Hz, 1F, CF), −161.9 (br, 

2F, CF), −165.3 (t, J = 21.3 Hz, 2F, CF), −166.3 (br, 4F, CF) ppm. 11B NMR (128 MHz, CDCl3): 

δ = −4.6 (br) ppm. IR (neat):  = 1663m, 1645m, 1514m, 1460s, 1325m, 1279m, 1086m, 

974s, 872w, 795m, 673m, 625w, 602w cm–1. HRMS (ESI): m/z = 570.0023 calcd. for 

C20H3BO2F15
− [M]−, found: 570.0021. 

 

[Bis(trifluoroacetoxy)iodo]pentafluorobenzene (191) and bis(pentafluorophenyl)-

iodonium trifluoroacetate (192) 

 

Compound 17a (26.9 mg, 0.0250 mmol) was dissolved in CH2Cl2 (ca. 0.3 mL) and 

combined with another solution of tris(pentafluorophenyl)borane (25.6 mg, 

0.0500 mmol, 2.0 equiv.) in CH2Cl2 (ca. 0.3 mL) at −40 °C under nitrogen atmosphere. 

Subsequently 2,6-lutidine (10.7 mg, 0.100 mmol, 4.0 equiv.) was added at −40 °C to give 

a dark red solution. The reaction was left at −40 °C for 24 h without stirring. Crystals of 

191 and 192 both crystallised out of solution by vapour diffusion using n-pentane as the 

antisolvent as either plates or needles which were suitable for X-ray diffraction (191/192 

= 1:1.1, determined via 19F NMR). 191 and 192 were obtained in 88% combined yield 

(24 mg, 0.044 mmol).[5] 

19F NMR (471 MHz, CDCl3): δ = −73.1 (s, 6F, CF3), −76.5 (s, 9F, B(CO2CF3)3), −76.6 (s, 3F, 

CF3), −119.5 – −119.6 (m, 2F, CF), −134.6 (d, J = 20.6 Hz, 4F, CF), −138.9 (tt, J = 20.8, 

6.3 Hz, 1F, CF), −153.8 – −154.0 (m, 2F, CF), −160.7 (t, J = 20.3 Hz, 2F, CF), −165.9 (t, J = 
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18.7 Hz, 4F, CF) ppm. HRMS (ESI): m/z = 460.8885 calcd. for C12F10I+ [M−CO2CF3]+, found: 

460.8891 (for 192). 

 

Acetoxyiodo(III)bis(trifluoroacetate) (193) 

 

Iodine triacetate (9 mg, 0.03 mmol, 1.0 equiv.) and 17a (31 mg, 0.030 mmol, 1.0 equiv.) 

were dissolved in CH2Cl2 (ca. 0.5 mL) under nitrogen atmosphere to give a dark red 

solution. The reaction was left at −40 °C overnight without stirring. Pale yellow crystals 

of 193 which were suitable for X-ray diffraction were obtained by vapour diffusion using 

n-pentane as the antisolvent in 89% yield (33 mg, 0.080 mmol).[5] 

M.p.: 48 – 53 °C. 1H NMR (500 MHz, CDCl3): δ = 2.42 (s, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 180.68 (C), 164.51 (q, J = 43.2 Hz, 2 x C), 113.15 (q, J = 287.0 Hz, 2 

x CF3), 18.72 (CH3) ppm. 19F NMR (471 MHz, CDCl3): δ = −72.9 (s, 6F, CF3) ppm. IR (neat): 

 = 1775m, 1730m, 1678m, 1404w, 1358w, 1125s, 991w, 864w, 822m, 781m, 737m, 

727m, 694m, 605m cm–1. 

 

6.2.1.6 Diacetoxylation Reaction  

1-Phenylethane-1,2-diyl diacetate (155) 

 

Racemic diacetoxylation of styrene 

Method A: In analogy to a procedure of Gade et al.,[24] 2-(diacetoxyiodo)mesitylene 

(172f, 273 mg, 0.75 mmol, 1.25 equiv.) was suspended in glacial acetic acid (1.5 mL) in a 

flame-dried Schlenk tube under nitrogen. Styrene (69 µL, 0.60 mmol) and triflic acid 

(6 µL, 0.06 mmol, 10 mol%) were added sequentially and the resulting solution was 

stirred at room temperature for 2 h. After completion of the reaction, all volatiles were 

removed under reduced pressure and the crude product was purified by flash column 
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chromatography (n-hexane:EtOAc = 90:10) to afford 155 as a pale yellow oil in 75% yield 

(100 mg, 0.450 mmol). 

 

Method B: Iodine triacetate (304 mg, 1.00 mmol, 1.7 equiv.) was dissolved in glacial 

acetic acid (2.0 mL) in a flame-dried Schlenk tube under nitrogen atmosphere and 

mesitylene (139 µL, 1.00 mmol, 1.7 equiv.) was added subsequently. The solution was 

stirred at 60 °C for 20 h. Afterwards, the resulting suspension was cooled to room 

temperature and styrene (69 µL, 0.60 mmol) and triflic acid (6 µL, 0.06 mmol, 10 mol%) 

were added sequentially. The resulting solution was stirred at room temperature for 2 h. 

After completion of the reaction, all volatiles were removed under reduced pressure and 

the crude product was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10) to afford 155 as a pale yellow oil in 78% yield (104 mg, 

0.470 mmol). 

 

(R)-1-Phenylethane-1,2-diyl diacetate ((R)-155) 

 

Stereoselective diacetoxylation of styrene  

Method A: In analogy to a procedure of Fujita et al.,[25] 172d (263 mg, 0.500 mmol, 

1.25 equiv.) and styrene (46 µL, 0.40 mmol) were dissolved in CH2Cl2 (4 mL) in the 

presence of glacial acetic acid (0.2 mL) and trimethylsilyl acetate (0.20 mL, 1.3 mmol, 

3.3 equiv.) in a flame-dried Schlenk tube under nitrogen atmosphere. The solution was 

cooled to −78 °C. Boron trifluoride diethyl etherate (99 µL, 0.80 mmol, 2.0 equiv.) was 

added to the solution, which was then warmed up to room temperature over 12 h. H2O 

(5 mL) was added and the resulting mixture was extracted with CH2Cl2 (3 x 10 mL). The 

combined organic layers were washed with brine (10 mL), dried over anhydrous MgSO4 

and concentrated under vacuum. The crude mixture was purified by flash column 

chromatography (n-hexane:EtOAc = 90:10) to afford (R)-155 as a pale yellow oil in 54% 

yield (48 mg, 0.22 mmol).  
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Method B: Iodine triacetate (167 mg, 0.550 mmol, 1.4 equiv.) was dissolved in glacial 

acetic acid (2.0 mL) in a flame-dried Schlenk tube under nitrogen atmosphere and 171d 

(155 mg, 0.550 mmol, 1.4 equiv.) was added subsequently. The solution was stirred at 

room temperature for 5 h. Afterwards, all volatiles were removed and the resulting oil 

was dissolved in CH2Cl2 (4 mL) and AcOH (0.2 mL). Styrene (46 µL, 0.40 mmol) and 

trimethylsilyl acetate (198 µL, 1.32 mmol, 3.3 equiv.) were added subsequently. The 

solution was cooled to −78 °C. Boron trifluoride diethyl etherate (99 µL, 0.80 mmol, 

2.0 equiv.) was added to the solution, which was then warmed up to room temperature 

over 12 h. H2O (5 mL) was added and the resulting mixture was extracted with CH2Cl2 (3 

x 10 mL). The combined organic layers were washed with brine (10 mL), dried over 

anhydrous MgSO4 and concentrated under vacuum. The crude mixture was purified by 

flash column chromatography (n-hexane:EtOAc = 90:10) to afford (R)-155 as a pale 

yellow oil in 61% yield (54 mg, 0.24 mmol).  

 

Using the same method, iodine triacetate (122 mg, 0.400 mmol, 1.25 equiv.) and 171e 

(154 mg, 0.400 mmol, 1.25 equiv.) were reacted in glacial acetic acid (0.8 mL) for 2 h. 

After removal of all volatiles, the resulting oil was dissolved in CH2Cl2 (3.2 mL) and AcOH 

(160 µL). Styrene (37 µL, 0.32 mmol) and trimethylsilyl acetate (159 µL, 1.06 mmol, 

3.3 equiv.) were added subsequently. After cooling the solution to –78 °C, boron 

trifluoride diethyl etherate (79 µL, 0.64 mmol, 2.0 equiv.) was added to the solution, 

which was then warmed up to room temperature over 12 h. (R)-155 was obtained as a 

pale yellow oil after flash column chromatography (n-hexane:EtOAc = 90:10) in 57% 

yield (40 mg, 0.18 mmol). 

The spectroscopic data are reported in chapter 6.2.1.3. 

 

(R)-1-Phenylethane-1,2-diol ((R)-S1) 

 

In order to determine the enantiomeric excess of 155, the products were converted into 

the corresponding diols following a procedure by Kamal et al.[26] (R)-155 was dissolved 

in methanol (0.1 M) and K2CO3 (1.5 equiv.) was added. The mixture was stirred at room 
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temperature for 4 h. The solvent was removed under reduced pressure after 

acidification with 3 M aqueous HCl. After extraction with CH2Cl2, the combined organic 

layers were washed with brine, dried over anhydrous MgSO4 and concentrated under 

reduced pressure. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 75:25) to afford (R)-S1 as a colourless solid. 

1H NMR (500 MHz, CDCl3): δ = 7.39 – 7.34 (m, 4H, CHarom), 7.34 – 7.29 (m, 1H, CHarom), 

4.83 (dd, J = 8.2, 3.5 Hz, 1H, CH), 3.77 (dd, J = 11.3, 3.5 Hz, 1H, CH2), 3.67 (dd, J = 11.3, 

8.2 Hz, 1H, CH2), 2.61 (br, 1H, OH), 2.17 (br, 1H, OH) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 140.6 (C), 128.7 (2 x CH), 128.2 (CH), 126.2 (2 x CH), 74.8 (CH), 68.2 (CH2) ppm. 

The spectroscopic data are in agreement with the literature.[11] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

95:5, 0.7 mL/min, 209 nm, tR (major) = 28.9 min, tR (minor) = 33.7 min, up to 58% ee. The 

absolute configuration was determined by comparison of the HPLC data with the 

literature.[11] 

6.2.1.7 Spirolactonisation Reaction 

 (S)-4’,5’-Dihydrospiro[indene-2,2’-pyran]-1,3’,6’(3H)-trione ((S)-185) 

 

Method A: 172d (158 mg, 0.300 mmol, 2.0 equiv.) was dissolved in CH2Cl2 (1.5 mL) and 

the solution was cooled to –78 °C. After the addition of 184 (35 mg, 0.15 mmol), the 

reaction mixture was stirred for 5 h at –78 °C. Saturated aqueous NaHCO3 solution 

(5 mL) was added and the resulting mixture was extracted with CH2Cl2 (3 x 10 mL). The 

combined organic layers were washed with brine (10 mL), dried over anhydrous MgSO4 

and concentrated under vacuum. The crude mixture was purified by flash column 

chromatography (n-hexane:EtOAc = 80:20) to afford (S)-185 as a colourless solid in 41% 

yield (14 mg, 0.060 mmol). 

 

Method B: Iodine triacetate (92 mg, 0.30 mmol, 2.0 equiv.) was dissolved in glacial 

acetic acid (1.0 mL) in a flame-dried Schlenk tube under nitrogen atmosphere and 171d 

(122 mg, 0.300 mmol, 2.0 equiv.) was added subsequently. The solution was stirred at 
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room temperature for 5 h. Afterwards, all volatiles were removed, the resulting oil was 

dissolved in CH2Cl2 (1.5 mL) and 184 was added (35 mg, 0.15 mmol) at –78 °C. After 

stirring for 5 h, saturated aqueous NaHCO3 solution (5 mL) was added and the resulting 

mixture was extracted with CH2Cl2 (3 x 10 mL). The combined organic layers were 

washed with brine (10 mL), dried over anhydrous MgSO4 and concentrated under 

vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 80:20) to afford (S)-185 as a colourless solid in 49% yield (17 mg, 

0.070 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.75 (d, 1H, J = 7.5 Hz, CHarom), 7.70 (t, 1H, J = 6.0 Hz, 

CHarom), 7.51 (d, 1H, J = 8.0 Hz, CHarom), 7.44 (t, 1H, J = 7.0 Hz, CHarom), 3.77 (d, 1H, J = 

17.0 Hz, CH2), 3.73 – 3.63 (m, 1H, CH2), 3.32 (d, 1H, J = 17.0 Hz, CH2), 3.04 – 2.96 (m, 1H, 

CH2), 2.86 – 2.80 (m, 2H, CH2) ppm. 13C NMR (126 MHz, CDCl3): δ = 202.0 (C), 197.5 (C), 

169.1 (C), 152.1 (C), 137.1 (CH), 132.6 (C), 128.8 (CH), 126.4 (CH), 125.9 (CH), 92.8 (C), 

39.0 (CH2), 33.6 (CH2), 27.3 (CH2) ppm. The spectroscopic data are in agreement with the 

literature.[3] 

HPLC-analysis: YMC Chiral Amylose-C S-5μm (25 cm), n-hexane/i-PrOH = 90:10, 

0.8 mL/min, 254 nm tR (minor) = 37.2 min, tR (major) = 46.0 min, up to 59% ee. The 

absolute configuration was determined by comparison of the HPLC data with the 

literature.[3] 

6.2.1.8 Oxidative Rearrangement Reaction 

(2R)-1,2-Diphenyl-1-pentanone ((R)-87a) 

 

Method B: Iodine triacetate (76 mg, 0.25 mmol, 1.4 equiv.) was dissolved in glacial 

acetic acid (1.0 mL) in a flame-dried Schlenk tube under nitrogen atmosphere and 171e 

(96 mg, 0.25 mmol, 1.4 equiv.) was added subsequently. The solution was stirred at 

room temperature for 2 h. Afterwards, all volatiles were removed, the resulting oil was 

dissolved in CH2Cl2/TFE (10:1 v/v, 1.5 mL) and methanol (24 µL, 0.60 mmol, 3.3 equiv.) 

at −78 °C. Alkene 86a (40 mg, 0.18 mmol) and TsOHH2O (48 mg, 0.25 mmol, 1.4 equiv.) 

were added subsequently and the reaction mixture was stirred at −78 °C for 2 h. The 
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reaction was then quenched with aqueous saturated NaHCO3 (1 mL) and Na2S2O3 (1 mL) 

and the resulting mixture was extracted with CH2Cl2 (3 x 10 mL). The combined organic 

layers were washed with brine (10 mL), dried over anhydrous MgSO4 and concentrated 

under vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10) to afford (R)-87a as a colourless solid in 58% yield (25 mg, 

0.10 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.88 (d, J = 7.9 Hz, 2H, CHarom), 7.39 (t, J = 7.3 Hz, 1H, 

CHarom), 7.30 (t, J = 7.6 Hz, 2H, CHarom), 7.26 – 7.16 (m, 4H, CHarom), 7.11 (t, J = 7.0 Hz, 1H, 

CHarom), 4.48 (t, J = 7.2 Hz, 1H, CH), 2.14 – 2.03 (m, 1H, CH2), 1.79 – 1.68 (m, 1H, CH2), 

1.32 – 1.11 (m, 2H, CH2), 0.84 (t, J = 7.3 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 200.2 (C), 140.0 (C), 137.2 (C), 132.9 (CH), 129.0 (2 x CH), 128.8 (2 x CH), 128.6 (2 x 

CH), 128.4 (2 x CH), 127.1 (CH), 53.6 (CH), 36.3 (CH2), 21.0 (CH2), 14.2 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[7] 

HPLC-analysis: YMC Chiral Amylose-C S-5μm (25 cm), n-hexane/i-PrOH = 95.5:0.5, 

1. mL/min, 243 nm tR (minor) = 11.8 min, tR (major) = 15.4min, 94% ee. The absolute 

configuration was determined by comparison of the HPLC data with the literature. [7] 

6.2.1.9 Mechanistic Studies 

Reaction of I(OAc)3 with styrene  

Iodine triacetate (15 mg, 0.05 mmol, 1.0 equiv.) was dissolved in CDCl3 (0.5 mL) under 

nitrogen atmosphere and styrene (6 μL, 0.05 mmol) was added subsequently. The 

reaction mixture was transferred to a Young NMR tube and the reaction progress 

monitored via 1H NMR analysis (500 MHz). The conversion of styrene was complete after 

nine days and the 1H NMR spectrum after nine days is depicted in chapter 2.3.2 

(Figure 2.3). The mass spectrum of 153, which was obtained upon GC-MS analysis and 

its comparison with the literature is shown below (Figure 6.1).[27] 
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Figure 6.1: Experimental mass spectrum of 153 (red) and its comparison with the literature (blue). 

Reaction of I(OAc)3 with toluene 

Iodine triacetate (15 mg, 0.05 mmol, 1.0 equiv.) was dissolved in CDCl3 (0.5 mL) under 

nitrogen atmosphere and toluene (5 mg, 0.05 mmol) and TMSOTf (11 mg, 0.05 mmol, 

1.0 equiv.) were added subsequently. The reaction mixture was transferred to a Young 

NMR tube and the reaction progress monitored via 1H NMR analysis (500 MHz). The 

1H NMR spectrum after 20 minutes is depicted in chapter 2.3.2 (Scheme 2.23). 

6.2.1.10 Crystallographic Studies 

Table 6.1: Crystallographic data for compounds 17a, 120, 128a, 120py, 172a and 190–193. 

Compound 17a 120 128a 

Empirical Formula C14F21INO15 C6H9IO6 C11H7F6IO4 

Crystal System Monoclinic Monoclinic Triclinic 

Space Group P21/n P21/c P-1 

T/K 150(2) 150(2) 150(2) 

a/Å 12.6969(3) 6.5778(4) 7.5776(6) 

b/Å 11.4010(3) 8.0281(4) 9.6011(7) 

c/Å 21.0807(6) 18.1853(9) 9.9244(7) 

α/° 90 90 96.388(6) 

ϐ/° 91.212(2) 93.488(5) 97.110(6) 

γ/° 90 90 93.426(6) 

V/Å3 3050.90(14) 958.53(9) 710.05(9) 

Z 4 4 2 

Density (calculated)/mg.m−3 2.340 2.107 2.077 

Crystal size/mm 0.205 x 0.139 x 0.080 0.216 x 0.175 x 0.122 0.323 x 0.187 x 0.074 

Reflections collected 11631 4542 4467 

Independent reflections 5591 [R(int) = 0.0333] 1948 [R(int) = 0.0260] 2587 [R(int) = 0.0370] 

Goodness-of-fit on F2 1.058 1.057 1.055 

R1[l>2σ(l)] 0.0443 0.0274 0.0447 

R indices (all data) 0.0511 0.0379 0.0459 

ρmin/ ρmax/e.Å−3 −1.071/1.814 −0.528/0.793 −1.982/2.135 

CCDC code 1836708 1836715 1836714 
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Compound 172a 120py 190 

Empirical Formula C13H17IO7 C11H14INO6 C39H29BCl2F15IN2O6 

Crystal System Triclinic Triclinic Triclinic 

Space Group P-1 P-1 P-1 

T/K 150(2) 150(2) 150(2) 

a/Å 8.4491(5) 8.8781(7) 8.5677(5) 

b/Å 8.6560(7) 8.9601(6) 16.7242(10) 

c/Å 12.2216(4) 9.5799(5) 16.8173(10) 

α/° 91.952(4) 104.841(5) 77.301(5) 

ϐ/° 99.452(4) 94.107(5) 85.977(5) 

γ/° 119.052(8) 111.057(7) 80.430(5) 

V/Å3 764.02(10) 676.05(9) 2316.6(2) 

Z 2 2 2 

Density (calculated)/mg.m−3 1.792 1.882  1.599 

Crystal size/mm 0.300 x 0.203 x 0.119 0.246 x 0.143 x 0.123 0.200 x 0.081 x 0.042 

Reflections collected 5638 5091 15081 

Independent reflections 3304 [R(int) = 0.0288] 2851 [R(int) = 0.0339] 8755 [R(int) = 0.0843] 

Goodness-of-fit on F2 1.094 1.034 1.014 

R1[l>2σ(l)] 0.0309 0.0289 0.0747 

R indices (all data) 0.0400 0.0355 0.0894 

ρmin/ ρmax/e.Å−3 −0.669/1.084 −0.641/0.508 −1.284/2.587 

CCDC code 1836713 1836710 1836711 

 

Compound 191 192 193 

Empirical Formula C10F11IO4 C14F13IO2 C6H3F6IO6 

Crystal System Triclinic Monoclinic Triclinic 

Space Group P-1 P21/c P-1 

T/K 150(2) 150(2) 150(2) 

a/Å 5.5031(3) 9.4795(6) 5.3145(10) 

b/Å 10.5610(6) 10.8364(5) 10.9238(18) 

c/Å 24.6584(11) 15.9515(7) 11.323(2) 

α/° 79.375(4) 90 117.06(2) 

ϐ/° 85.450(4) 103.566(5) 96.056(18) 

γ/° 88.800(5) 90 91.371(14) 

V/Å3 1404.08(13) 1592.88(15) 580.2(2) 

Z 4 4 2 

Density (calculated)/mg.m−3 2.460 2.394 2.358 

Crystal size/mm 0.525 x 0.094 x 0.078 0.222 x 0.156 x 0.035 0.487 x 0.084 x 0.063 

Reflections collected 10737 7877 3798 

Independent reflections 5607 [R(int) = 0.1319] 3466 [R(int) = 0.0367] 2188 [R(int) = 0.0510] 

Goodness-of-fit on F2 1.012 1.095 1.053 

R1[l>2σ(l)] 0.1372 0.0356 0.0640 

R indices (all data) 0.1948 0.0569 0.0783 

ρmin/ ρmax/e.Å−3 −6.917/7.233 −1.129/1.565 −1.532/1.343 

CCDC code 1837674 1836712 1836709 
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6.2.2 Iodoacetoxylation of Alkenes and Alkynes Mediated by Iodine 

Monoacetate 

6.2.2.1 General Procedures 

General Procedure GP4 for the iodoacetoxylation reaction using iodine monoacetate 

i) Generation of iodine monoacetate in situ: A suspension of ground iodine (127 mg, 

0.500 mmol) and ground Oxone® (307 mg, 1.00 mmol, 2.0 equiv.) in acetic anhydride 

(1.5 mL, 32 mmol, 64 equiv.) and glacial acetic acid (3.0 mL, 52 mmol, 104 equiv.) was 

stirred for 21 h at 50 °C in the absence of light.  

ii) The substrate (0.8 mmol) was added to the resulting crude mixture of iodine 

monoacetate (≤ 1.00 mmol, ≤ 1.25 equiv.) and the suspension stirred for further 2 h 

at room temperature. Next, the reaction mixture was quenched with sat. aq. solution 

of NaHCO3 (40 mL) and extracted with EtOAc (3 x 20 mL). The combined organic 

layers were washed with sat. aq. solution of Na2S2O3 (20 mL) and brine (20 mL), dried 

over MgSO4 and concentrated in vacuo. The crude mixture was purified by flash 

column chromatography. 

 

General Procedure GP5 for the iodoacetoxylation reaction using iodine triacetate 

Iodine triacetate (304 mg, 1.00 mmol, 1.25 equiv.) was dissolved in acetic anhydride 

(1.5 mL) and acetic acid (3.0 mL). The styrene derivative (0.8 mmol) was added and the 

reaction mixture stirred for 2 h at room temperature. Next, the reaction mixture was 

quenched with sat. aq. solution of NaHCO3 (40 mL) and extracted with EtOAc 

(3 x 20 mL). The combined organic layers were washed with sat. aq. solution of Na2S2O3 

(20 mL) and brine (20 mL), dried over MgSO4 and concentrated in vacuo. The crude 

mixture was purified by flash column chromatography. 
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6.2.2.2 Synthesis of Products 

2-Iodo-1,3,5-trimethoxybenzene (182a) 

 

 1,3,5-Trimethoxybenzene (134 mg, 0.8 mmol) was reacted according to GP4 to give 

182a as a pale yellow solid in 22% (52 mg, 0.18 mmol) yield after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

The spectroscopic data are reported in chapter 6.2.1.2. 

 

2,4-Diiodo-1,3,5-trimethoxybenzene (221) 

 

Product 221 was isolated as a pale yellow solid in the above mentioned synthesis of 182a 

according to GP4 in 31% (104 mg, 0.25 mmol) yield. 

1H NMR (500 MHz, CDCl3): δ = 6.24 (s, 1H, CHarom), 3.90 (s, 6H, CH3), 3.84 (s, 3H, CH3) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 160.6 (2 x C), 160.6 (C), 92.0 (CH), 72.7 (2 x C), 60.7 

(CH3), 56.9 (2 x CH3) ppm. The spectroscopic data are in agreement with the literature.[8] 

 

2-Iodo-1-phenylethyl acetate (146) 

 

Styrene (114 µL, 1.00 mmol) was reacted according to GP4 to give 146 as a colourless oil 

in 84% yield (244 mg, 0.840 mmol) after flash column chromatography (n-hex-

ane:EtOAc = 95:5).  

Styrene (92 µL, 0.80 mmol) was reacted according to GP5 to give 146 as a colourless oil 

in 67% yield (157 mg, 0.540 mmol) after flash column chromatography 

(n-hexane:EtOAc = 93:7). The spectroscopic data are reported in chapter 6.2.1.3. 
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1-([1,1‘-Biphenyl]-4-yl)-2-iodoethyl acetate (223a) 

 

4-Vinylbiphenyl (144 mg, 0.800 mmol) was reacted according to GP4 to give 223a as a 

colourless solid in 79% yield (231 mg, 0.630 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

4-Vinylbiphenyl (144 mg, 0.800 mmol) was reacted according to GP5 to give 223a as a 

colourless solid in 58% yield (170 mg, 0.460 mmol) after flash column chromatography 

(n-hexane:EtOAc = 97:3). 

1H NMR (300 MHz, CDCl3): δ = 7.62 – 7.58 (m, 4H, CHarom), 7.49 – 7.34 (m, 5H, CHarom), 

5.94 (dd, J = 5.8, 5.7 Hz, 1H, CH), 3.57 – 3.47 (m, 2H, CH2), 2.17 (s, 3H, CH3) ppm. 

13C NMR (75 MHz, CDCl3): δ = 170.0 (C), 141.8 (C), 140.6 (C), 137.5 (C), 129.0 (2 x CH), 

127.7 (CH), 127.6 (2 x CH), 127.2 (2 x CH), 127.0 (2 x CH), 75.1 (CH), 21.2 (CH3), 7.8 

(CH2) ppm. The spectroscopic data are in agreement with the literature.[9] 

 

2-Iodo-1-(naphthalen-2-yl)ethyl acetate (223b) 

 

2-Vinylnaphthalene (123 mg, 0.800 mmol) was reacted according to GP4 to give 223b as 

a colourless oil in 74% yield (201 mg, 0.590 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

1H NMR (300 MHz, CDCl3): δ = 7.87 – 7.83 (m, 4H, CHarom), 7.54 – 7.48 (m, 2H, CHarom), 

7.44 (dd, J = 8.5, 1.7 Hz, 1H, CHarom), 6.05 (dd, J = 7.5, 5.2 Hz, 1H, CH), 3.62 – 3.51 (m, 2H, 

CH2), 2.17 (s, 3H, CH3) ppm. 13C NMR (125 MHz, CDCl3): δ = 169.8 (C), 135.8 (C), 133.4 

(C), 133.1 (C), 128.7 (CH), 128.2 (CH), 127.8 (CH), 126.6 (2 x CH), 126.1 (CH), 123.7 (CH), 

75.4 (CH), 21.2 (CH3), 7.8 (CH2) ppm. The spectroscopic data are in agreement with the 

literature.[9] 
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1-(3-Chlorophenyl)-2-iodoethyl acetate (223c) 

 

3-Chlorostyrene (102 µL, 0.800 mmol) was reacted according to GP4 to give 223c as a 

yellow oil in 98% yield (255 mg, 0.790 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

3-Chlorostyrene (102 µL, 0.800 mmol) was reacted according to GP5 to give 223c as a 

yellow oil in 37% yield (96 mg, 0.30 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.34 – 7.29 (m, 3H, CHarom), 7.23 (dt, J = 6.4, 1.8 Hz, 1H, 

CHarom), 5.83 – 5.81 (m, 1H, CH), 3.47 – 3.41 (m, 2H, CH2), 2.15 (s, 3H, CH3) ppm. 13C NMR 

(75 MHz, CDCl3): δ = 169.8 (C), 140.5 (C), 134.8 (C), 130.1 (CH), 129.1 (CH), 126.6 (CH), 

124.9 (CH), 74.5 (CH), 21.1 (CH3), 7.3 (CH2) ppm. IR (neat):  = 2359w, 2344w, 2112w, 

1744s, 1597w, 1574m, 1476m, 1431m, 1371w, 1302w, 1231s, 1207w, 1180w, 1096w, 

1080w, 1061m, 1051m, 1020m, 964m, 926w, 893w, 804w, 787m, 721w, 696m, 646w, 

608m cm─1. HRMS (EI): m/z = 323.9414 calcd. for C10H10ClIO2
+ [M]+, found: 323.9418. 

 

1-(2-Chlorophenyl)-2-iodoethyl acetate (223d) 

 

2-Chlorostyrene (102 µL, 0.800 mmol) was reacted according to GP4 to give 223d as a 

yellow oil in 83% yield (215 mg, 0.660 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

1H NMR (500 MHz, CDCl3): δ = 7.43 – 7.41 (m, 1H, CHarom), 7.38 – 7.36 (m, 1H, CHarom), 

7.31 – 7.27 (m, 2H, CHarom), 6.18 (dd, J = 7.9, 4.0 Hz, 1H, CH), 3.60 (dd, J = 10.8, 4.0 Hz, 

1H, CH2), 3.42 (dd, J = 10.8, 7.9 Hz, 1H, CH2), 2.18 (s, 3H, CH3) ppm. 13C NMR (75 MHz, 

CDCl3): δ = 169.6 (C), 136.5 (C), 132.3 (C), 130.0 (CH), 129.8 (CH), 127.2 (2 x CH), 71.6 

(CH), 21.1 (CH3), 6.7 (CH2) ppm. IR (neat):  = 1748s, 1472w, 1441w, 1416w, 1371m, 

1227s, 1207m, 1180w, 1065m, 1051m, 1034m, 1018m, 964m, 924m, 756s, 729m, 708w, 

602w cm─1. HRMS (NSI): m/z = 197.0364 calcd. for C10H10ClO2
+ [M−I]+, found: 197.0364. 
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1-(2-Chlorophenyl)-2-iodoethan-1-ol (224d) 

 

Side product 224d was obtained as a yellow oil in the synthesis of 223d in 4% yield 

(10 mg, 0.030 mmol). 

1H NMR (400 MHz, CDCl3): δ = 7.62 – 7.60 (m, 1H, CHarom), 7.35 – 7.24 (m, 3H, CHarom), 

5.20 – 5.16 (m, 1H, CH), 3.66 – 3.62 (m, 1H, CH2), 3.33 – 3.27 (m, 1H, CH2), 2.55 (br, 1H, 

OH) ppm. 13C NMR (75 MHz, CDCl3): δ = 138.6 (C), 131.9 (C), 129.7 (CH), 129.5 (CH), 

127.4 (CH), 127.1 (CH), 70.7 (CH), 13.8 (CH2) ppm. IR (neat):  = 3447m, 1989m, 1472m, 

1443m, 1412m), 1263m, 1179m, 1063w, 1049m, 1034m, 970w, 754s, 735s, 704m cm─1. 

HRMS (EI): m/z = 281.9308 calcd. for C8H8ClIO+ [M]+, found: 281.9307. 

 

1-(2,6-Dichlorophenyl)-2-iodoethyl acetate (223e) 

 

2,6-Dichlorostyrene (109 µL, 0.800 mmol) was reacted according to GP4 to give 223e as 

a pale yellow solid in 79% yield (228 mg, 0.640 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5).  

M.p.: 55 – 59 °C. 1H NMR (300 MHz, CDCl3): δ = 7.33 – 7.30 (m, 2H, CHarom), 7.18 (dd, 

J = 8.8, 7.2 Hz, 1H, CHarom), 6.55 (dd, J = 9.4, 6.0 Hz, 1H, CH), 3.81 (dd, J = 10.4, 9.4 Hz, 

1H, CH2), 3.64 (dd, J = 10.4, 6.0 Hz, 1H, CH2), 2.13 (s, 3H, CH3) ppm. 13C NMR (75 MHz, 

CDCl3): δ = 167.9 (C), 133.2 (1 or 2 x C), 130.9 (1 or 2 x C), 128.2 (2 x CH), 127.6 (CH), 70.6 

(CH), 18.8 (CH3), 0.0 (CH2) ppm. IR (neat):  = 2355w, 1742s, 1580m, 1562m, 1437s, 

1373m, 1229s, 1211m, 1179m, 1140w, 1121w, 1090w, 1069m, 1018m, 966m, 924w, 

878w, 849w, 779s, 772s, 735w, 673 w, 652 w, 602w cm─1. HRMS (EI): m/z = 230.9980 

calcd. for C10H9O2Cl2+ [M−I]+, found: 230.9980. 
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2-Iodo-1-(pentafluorophenyl)ethyl acetate (223f) 

 

2,3,4,5,6-Pentafluorostyrene (110 µL, 0.800 mmol) was reacted according to GP4 to give 

223f as a colourless oil in 70% yield (212 mg, 0.560 mmol) after flash column 

chromatography (n-hexane:EtOAc = 20:1).  

1H NMR (500 MHz, CDCl3): δ = 6.16 (t, J =7.8 Hz, 1H, CH), 3.64 (dd, J = 10.0, 7.2 Hz, 1H, 

CH2), 3.55 (dd, J = 10.0, 8.6 Hz, 1H, CH2), 2.11 (s, 3H, CH3) ppm. 13C NMR (125 MHz, 

CDCl3): δ = 169.6 (C), 145.30 (dddd, J = 251.7, 15.8, 8.0, 4.0 Hz, 2 x CF), 143.04 – 140.35 

(m, CF), 139.0 – 136.5 (m, 2 x CF), 112.0 (td, J = 15.1, 4.1 Hz, C), 67.2 (CH), 20.7 (CH3), 2.0 

(CH2) ppm. 19F NMR (471 MHz, CDCl3): δ = −140.8 – −141.0 (m, 2F, CF), −152.2 – 

−152.3 (m, 1F, CF), −161.0 – −161.1 (m, 2F, CF) ppm. IR (neat):  = 2361m, 2344w, 

2097w, 1749s, 1653m, 1522m, 1504s, 1427m, 1373m, 1306m, 1221s, 1152w, 1132m, 

1065m, 1022m, 997m, 932m, 907w, 837m, 743w, 685w, 667w, 625w cm─1. HRMS (EI): 

m/z = 379.9339 calcd. for C10H6F5IO2
+ [M]+, found: 379.9339. 

 

2-Iodo-1-(3-nitrophenyl)ethyl acetate (223g) 

 

3-Nitrostyrene (102 µL, 0.800 mmol) was reacted according to GP4 to give 223g as a 

yellow oil in 70% yield (187 mg, 0.560 mmol) after flash column chromatography 

(n-hexane:EtOAc = 90:10).  

1H NMR (500 MHz, CDCl3): δ = 8.24 – 8.20 (m, 2H, CHarom), 7.57 (t, J = 7.9 Hz, 1H, CHarom), 

7.70 – 7.68 (m, 1H, CHarom), 5.91 (t, J = 6.4 Hz, 1H, CH), 3.52 – 3.46 (m, 2H, CH2), 2.17 (s, 

3H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 169.7 (C), 148.5 (C), 140.6 (C), 133.0 (CH), 

129.9 (CH), 123.8 (CH), 121.6 (CH), 74.0 (CH), 21.1 (CH3), 6.9 (CH2) ppm. The 

spectroscopic data are in agreement with the literature.[28] 
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2-Iodo-1-(3-nitrophenyl)ethan-1-ol (224g) 

  

Side product 224g was obtained as a pale yellow solid in the synthesis of 223g in 16% 

yield (38 mg, 0.13 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.27 (m, 1H, CHarom), 8.20 – 8.18 (m, 1H, CHarom), 7.74 – 

7.72 (m, 1H, CHarom), 7.56 (t, J = 7.9 Hz, 1H, CHarom), 4.94 – 4.91 (m, 1H, CH), 3.55 (dd, 

J = 10.5, 3.8 Hz, 1H, CH2), 3.41 (dd, J = 10.5, 8.2 Hz, 1H, CH2), 2.70 (br, 1H, OH) ppm. 

13C NMR (75 MHz, CDCl3): δ = 148.5 (C), 143.3 (C), 132.1 (CH), 129.8 (CH), 123.4 (CH), 

121.1 (CH), 72.8 (CH), 14.7 (CH2) ppm. The spectroscopic data are in agreement with the 

literature.[28] 

 

2-Iodo-1-(2-o-tolyl)ethyl acetate (223h) 

 

2-Methylstyrene (103 µL, 0.800 mmol) was reacted according to GP4 to give 223h as a 

colourless oil in 79% yield (193 mg, 0.630 mmol) after flash column chromatography 

(n-hexane:EtOAc = 97:3).  

2-Methylstyrene (103 µL, 0.800 mmol) was reacted according to GP5 to give 223h as a 

colourless oil in 40% yield (97 mg, 0.320 mmol) after flash column chromatography 

(n-hexane:EtOAc = 92:8). 

1H NMR (300 MHz, CDCl3): δ = 7.36 – 7.33 (m, 1H, CHarom), 7.24 – 7.17 (m, 3H, CHarom), 

6.09 (dd, J = 7.9, 5.5 Hz, 1H, CH), 3.47 – 3.37 (m, 2H, CH2), 2.42 (s, 3H, CH2), 2.13 (s, 3H, 

CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 169.9 (C), 137.1 (C), 135.5 (C), 130.8 (CH), 128.7 

(CH), 126.6 (CH), 125.2 (CH), 72.3 (CH), 21.2 (CH3), 19.4 (CH3), 6.8 (CH2) ppm. The 

spectroscopic data are in agreement with the literature.[29] 
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2-Iodo-1,1-diphenylethyl acetate (223i) 

 

1,1-Diphenylethylene (141 µL, 0.800 mmol) was reacted according to GP4 to give 223i 

as a pale yellow solid in 91% yield (268 mg, 0.730 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5).  

M.p.: 81 – 84 °C. 1H NMR (500 MHz, CDCl3): δ = 7.40 – 7.38 (m, 4H, CHarom), 7.36 – 

7.33 (m, 4H, CHarom), 7.30 – 7.27 (m, 2H, CHarom), 4.64 (s, 2H, CH2), 2.25 (s, 3H, CH3) ppm. 

13C NMR (75 MHz, CDCl3): δ = 169.1 (C), 142.6 (2 x C), 128.4 (4 x CH), 127.7 (2 x CH), 

126.2 (4 x CH), 83.5 (C), 22.3 (CH3), 16.5 (CH2) ppm. IR (neat):  = 3090w, 3059w, 3032w, 

1744s, 1493m, 1449m, 1414m, 1366m, 1229s, 1207s, 1053m, 1013m, 984m, 939w, 

777m, 750m, 727m, 696s, 608m cm─1. HRMS (EI): m/z = 306.9984 calcd. for C14H12I 

[M−OAc]+, found: 306.9982. 

 

1-Iodo-2-phenylpropan-2-yl acetate (223j) 

 

α-Methylstyrene (104 µL, 0.800 mmol) was reacted according to GP4 to give 223j as a 

yellow oil in 71% yield (172 mg, 0.57 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

α-Methylstyrene (104 µL, 0.800 mmol) was reacted according to GP5 to give 223j as a 

yellow oil in 48% yield (117 mg, 0.38 mmol) after flash column chromatography 

(n-hexane:EtOAc = 93:7).  

1H NMR (400 MHz, CDCl3):  = 7.39 – 7.27 (m, 5H, CHarom), 3.86 – 3.78 (m, 2H, CH2), 2.14 

(s, 3H, CH3), 1.96 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  = 169.6 (C), 142.0 (C), 

128.6 (2 x CH), 127.9 (CH), 124.7 (2 x CH), 80.9 (C), 26.3 (CH3), 22.2 (CH3), 17.5 (CH2) ppm. 

The spectroscopic data are in agreement with the literature.[9] 
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2-Iodo-1-phenylethan-1-one (223k) and 2-bromo-1-phenylethan-1-one (223k’) 

 

α-Bromostyrene (104 µL, 0.800 mmol) was reacted according to GP4 to give an 

inseparable mixture of 223k and 223k’ as a pale yellow oil (223k/223k’ = 1.25:1, 

determined via 1H-NMR) in 70% combined yield (126 mg, 0.560 mmol) after flash 

column chromatography (n-hexane:EtOAc = 90:10).  

1H NMR (500 MHz, CDCl3): δ = 8.00 – 7.98 (m, 4H, CHarom), 7.63 – 7.58 (m, 2H, CHarom), 

7.52 – 7.46 (m, 4H, CHarom), 4.46 (s, 2H, CH2Br), 4.36 (s, 2H, CH2I) ppm. 13C NMR 

(125 MHz, CDCl3): δ = 192.9 (C), 191.4 (C), 134.1 (C and CH), 134.0 (CH), 133.6 (C), 129.2 

(2 x CH), 129.1 (2 x CH), 129.01 (2 x CH), 128.98 (2 x CH), 31.1 (CH2), 1.8 (CH2) ppm. The 

spectroscopic data are in agreement with the literature.[30] 

 

Ethyl 3-(acetyloxy)-2-iodo-3-phenylpropanoate (223l) 

 

Ethyl cinnamate (134 µL, 0.800 mmol) was reacted according to GP4 to give 223l as a 

pale yellow oil in 64% yield (185 mg, 0.510 mmol) after flash column chromatography 

(n-hexane:EtOAc = 90:10).  

1H NMR (300 MHz, CDCl3): δ = 7.42 – 7.34 (m, 5H, CHarom), 6.15 (d, J = 10.9 Hz, CH), 

4.61 (d, J = 10.9 Hz, 1H, CH), 4.32 – 4.21 (m, 2H, CH2), 1.99 (s, 3H, CH3), 1.30 (t, J = 7.1 Hz, 

3H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 169.4 (C), 168.8 (C), 136.7 (C), 129.3 (CH), 

128.6 (2 x CH), 128.2 (2 x CH), 76.9 (CH), 62.2 (CH2), 23.2 (CH), 20.8 (CH3), 14.0 (CH3) ppm. 

The spectroscopic data are in agreement with the literature.[31] 
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2-Cyano-2-iodo-1-phenylethyl acetate (223m) 

 

Cinnamonitrile (101 µL, 0.800 mmol) was reacted according to GP4 for 4 days to give 

223m as a pale yellow solid in 34% yield (85 mg, 0.27 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5).  

M.p.: 68 – 71 °C. 1H NMR (500 MHz, CDCl3): δ = 7.44 – 7.40 (m, 5H, CHarom), 5.96 (d, 

J = 5.2 Hz, 1H, CH), 4.53 (d, J = 5.2 Hz, 1H, CH), 2.22 (s, 3H, CH3) ppm. 13C NMR (75 MHz, 

CDCl3): δ = 169.2 (C), 135.3 (C), 130.0 (CH), 129.1 (2 x CH), 127.0 (2 x CH), 116.4 (C), 75.4 

(CH), 20.9 (CH3), 0.5 (CH) ppm. IR (neat):  = 2963w, 2236w, 2183w, 1749s, 1495w, 

1456w, 1373m, 1219s, 1063w, 1026m, 764m, 702m, 608w cm─1. HRMS (ASAP): 

m/z = 333.0100 calcd. For C11H14IN2O2NH4
+ [M+NH4]+, found: 333.0109. 

 

2-Iodo-1,2,3,4-tetrahydronaphthalen-1-yl acetate (223n) 

 

1,2-Dihydronaphthalene (104 µL, 0.800 mmol) was reacted according to GP4 to give 

223n as an orange oil in 72% yield (181 mg, 0.570 mmol) after flash column 

chromatography (n-hexane:EtOAc = 92:8). 

1H NMR (400 MHz, CDCl3): δ = 7.31 – 7.16 (m, 4H, CHarom), 6.21 (d, J = 4.2 Hz, 1H, CH), 

4.62 – 4.59 (m, 1H, CH), 3.06 – 2.98 (m, 1H, CH2), 2.94 – 2.87 (m, 1H, CH2), 2.31 – 2.14 (m, 

2H, CH2), 2.10 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 170.2 (C), 136.1 (C), 

131.5 (C), 130.3 (CH), 129.1 (CH), 129.0 (CH), 126.7 (CH), 74.7 (CH), 28.6 (CH2), 27.9 (CH 

and CH2), 21.3 (CH3) ppm. The spectroscopic data are in agreement with the literature.[9] 
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2-Iodo-2,3-dihydro-1H-inden-1-yl acetate (223o) 

 

Indene (93 µL, 0.800 mmol) was reacted according to GP4 to give 223o as a brown solid 

in 53% yield (128 mg, 0.430 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

1H NMR (300 MHz, CDCl3): δ = 7.43 – 7.40 (m, 1H, CHarom), 7.37 – 7.32 (m, 1H, CHarom), 

7.30 – 7.28 (m, 2H, CHarom), 6.39 (d, J = 3.7 Hz, 1H, CH), 4.51 – 4.45 (m, 1H, CH), 3.75 (dd, 

J = 17.1, 6.8 Hz, 1H, CH2), 3.33 (dd, J = 17.1, 4.5 Hz, 1H, CH2), 2.10 (s, 3H, CH3) ppm. 

13C NMR (75 MHz, CDCl3): δ = 170.5 (C), 142.2 (C), 138.7 (C), 129.7 (CH), 127.7 (CH), 

125.9 (CH), 124.9 (CH), 85.8 (CH), 43.5 (CH2), 24.3 (CH), 21.1 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[9] 

 

2-Iodo-1-phenylcyclohexyl acetate (223p) 

 

1-Phenyl-1-cyclohexene (127 µL, 0.800 mmol) was reacted according to GP4 to give 

223p as a pale yellow solid in 57% yield (158 mg, 0.460 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10).  

1H NMR (500 MHz, CDCl3): δ = 7.41 – 7.28 (m, 5H, CHarom), 4.73 – 4.72 (m, 1H, CH), 2.97 

– 2.94 (m, 1H, CH2), 2.66 (td, J = 13.8, 3.9 Hz, 1H, CH2), 2.41 – 2.34 (m, 1H, CH2), 2.11 – 

2.08 (m, 1H, CH2), 2.04 (s, 3H, CH3), 1.87 – 1.76 (m, 2H, CH2), 1.69 – 1.66 (m, 1H, CH2), 

1.59 – 1.50 (m, 1H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ = 168.7 (C), 144.2 (C), 128.2 

(2 x CH), 128.0 (CH), 125.2 (2 x CH), 82.9 (C), 42.8 (CH), 32.6 (CH2), 25.8 (CH2), 21.9 (CH3), 

21.2 (2 x CH2) ppm. IR (neat):  = 3059w, 3030w, 2936m, 2862w, 2365m, 2345w, 2326w, 

1744s, 1560w, 1541w, 1508w, 1491w, 1474w, 1447m, 1437w, 1364m, 1300w, 1263m, 

1227s, 1165m, 1146m, 1080w, 1055w, 1036w, 1011m, 957m, 920w, 905w, 868w, 837w, 

793w, 758m, 729m, 696m, 654m, 625w cm─1. Mass spectrum and melting point could 

not be provided due to rapid decomposition. 
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2-Iodo-3-oxo-1,3-diphenylpropyl acetate (223q) 

 

Chalcone (167 mg, 0.800 mmol) was reacted according to GP4 to give 223q as an orange 

oil in 70% yield (220 mg, 0.560 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5). 

1H NMR (400 MHz, CDCl3): δ = 8.08 – 8.05 (m, 2H, CHarom), 7.65 – 7.61 (m, 1H, CHarom), 

7.54 – 7.50 (m, 4H, CHarom), 7.44 – 7.35 (m, 3H, CHarom), 6.45 (d, J = 10.6 Hz, 1H, CH), 

5.63 (d, J = 10.6 Hz, 1H, CH), 1.90 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 192.8 

(C), 168.8 (C), 137.6 (C), 134.2 (C), 134.0 (CH), 129.2 (CH), 129.0 (2 x CH), 128.8 (2 x CH), 

128.5 (2 x CH), 128.3 (2 x CH), 76.1 (CH), 27.1 (CH), 20.8 (CH3) ppm. IR (neat)  = 1740s, 

1678s, 1593w, 1447m, 1369w, 1269w, 1215s, 1015m, 957w, 802w, 756m, 737w, 

698m cm–1. HRMS (EI): m/z = 267.1021 calcd. for C17H15O3 [M−I]+, found: 267.1012. 

 

2-Iodo-1-(pyridin-2-yl)-ethyl acetate (223r) 

 

2-Vinylpyridine (86 µL, 0.800 mmol) was reacted according to GP4 to give 223r as an 

orange oil in 88% yield (205 mg, 0.710 mmol) after flash column chromatography 

(n-hexane:EtOAc = 50:50).  

1H NMR (300 MHz, CDCl3): δ = 8.61 – 8.59 (m, 1H, CHarom), 7.71 (td, J = 7.7, 1.8 Hz, 1H, 

CHarom), 7.37 – 7.34 (m, 1H, CHarom), 7.28 – 7.23 (m, 1H, CHarom), 5.89 (dd, J = 6.5, 5.3 Hz, 

1H, CH), 3.75 – 3.70 (m, 1H, CH2), 3.63 (m, 1H, CH2), 2.18 (s, 3H, CH3) ppm. 13C NMR 

(75 MHz, CDCl3): δ = 170.0 (C), 157.0 (C), 149.7 (CH), 136.9 (CH), 123.6 (CH), 121.9 (CH), 

75.2 (CH), 21.1 (CH3), 7.0 (CH2) ppm. The spectroscopic data are in agreement with the 

literature.[28] 
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1-(4-Chlorophenyl)-2-iodoethyl acetate (223s) 

 

4-Chlorostyrene (96 µL, 0.800 mmol) was reacted according to GP5 to give 223s as a pale 

yellow oil in 66% yield (171 mg, 0.530 mmol) after flash column chromatography 

(n-hexane:EtOAc = 93:7). 

1H NMR (400 MHz, CDCl3): δ = 7.46 – 7.18 (m, 4H, CHarom), 5.82 (dd, J = 7.4, 5.6 Hz, 1H, 

CH), 3.51 – 3.38 (m, 2H, CH2), 2.13 (s, 3H, CH3) ppm. The spectroscopic data are in 

agreement with the literature.[9] 

 

1-Iodo-3-phenylpropan-2-yl acetate (229a)  

 

Allylbenzene (106 µL, 0.800 mmol) was reacted according to GP4 to give 229a as a 

colourless oil in 35% yield (85 mg, 0.28 mmol) after flash column chromatography 

(n-hexane:EtOAc = 98:2).  

1H NMR (500 MHz, CDCl3): δ = 7.32 – 7.29 (m, 2H, CHarom), 7.27 – 7.23 (m, 3H, CHarom), 

4.88 (tt, J = 6.6, 5.0 Hz, 1H, CH), 3.34 (dd, J = 10.7, 5.0 Hz, 1H, CH2), 3.20 (dd, J = 10.7, 

5.0 Hz, 1H, CH2), 3.02 – 2.93 (m, 2H, CH2), 2.07 (s, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3): δ = 170.2 (C), 136.3 (C), 129.6 (2 x CH), 128.8 (2 x CH), 127.1 (CH), 73.0 (CH), 40.1 

(CH2), 21.2 (CH3), 7.8 (CH2) ppm. The spectroscopic data are in agreement with the 

literature.[9] 

 

2-Iodo-3-phenylpropyl acetate (230a) 

  

Regioisomer 230a was obtained as a colourless oil in 32% yield (77 mg, 0.25 mmol). 

1H NMR (300 MHz, CDCl3): δ = 7.36 – 7.27 (m, 3H, CHarom), 7.21 – 7.18 (m, 2H, CHarom), 

4.44 – 4.23 (m, 3H, CH and CH2), 3.31 – 3.15 (m, 2H, CH2), 2.10 (s, 3H, CH3) ppm. 13C NMR 

(75 MHz, CDCl3): δ = 170.4 (C), 138.7 (C), 129.1 (2 x CH), 128.7 (2 x CH), 127.2 (CH), 68.6 
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(CH2), 43.4 (CH2), 29.7 (CH), 21.0 (CH3) ppm. The spectroscopic data are in agreement 

with the literature.[9] 

 

1-Iodo-3-(4-methoxyphenyl)propan-2-yl acetate (229b)  

 

4-Allylanisole (123 µL, 0.800 mmol) was reacted according to GP4 to give 229b as a 

colourless oil in 40% yield (106 mg, 0.320 mmol) after flash column chromatography 

(n-hexane:EtOAc = 98:2).  

1H NMR (500 MHz, CDCl3): δ = 7.17 – 7.14 (m, 2H, CHarom), 6.86 – 6.83 (m, 2H, CHarom), 

4.85 – 4.80 (m, 1H, CH), 3.79 (s, 3H, CH3), 3.32 (dd, J = 10.7, 4.8 Hz, 1H, CH2), 3.18 (dd, 

J = 10.7, 5.1 Hz, 1H, CH2), 2.96-2.86 (m, 2H, CH2), 2.07 (s, 3H, CH3) ppm. 13C NMR 

(100 MHz, CDCl3): δ = 170.3 (C), 158.7 (C), 130.6 (2 x CH), 128.2 (C), 114.2 (2 x CH), 73.2 

(CH), 55.4 (CH3), 39.2 (CH2), 21.2 (CH3), 7.9 (CH2) ppm. IR (neat):  = 1736s, 1611m, 

1584w, 1512s, 1464w, 1441w, 1416w, 1371m, 1302m, 1234s, 1179m, 1107w, 1032m, 

1022m, 829m, 820m, 756w cm─1. HRMS (NSI): m/z = 352.0404 calcd. for C12H15IO3NH4
+ 

[M+NH4]+, found: 352.0406. 

 

2-Iodo-3-(4-methoxyphenyl)propyl acetate (230b) 

 

Regioisomer 230b was obtained as a colourless oil in 27% yield (71 mg, 0.21 mmol).  

1H NMR (500 MHz, CDCl3): δ = 7.12 – 7.09 (m, 2H, CHarom), 6.87 – 6.84 (m, 2H, CHarom), 

4.37 – 4.30 (m, 2H, CH and CH2), 4.24 (dd, J = 11.2, 5.7 Hz, 1H, CH2), 3.80 (s, 3H, CH3), 

3.20 (dd, J = 14.5, 6.4 Hz, 1H, CH2), 3.13 (dd, J = 14.5, 7.5 Hz, 1H, CH2), 2.11 (s, 3H, 

CH3) ppm. 13C NMR (100 MHz, CDCl3): δ = 170.5 (C), 158.8 (C), 130.8 (C), 130.1 (2 x CH), 

114.1 (2 x CH), 68.4 (CH2), 55.4 (CH3), 42.5 (CH2), 30.6 (CH), 21.0 (CH3) ppm. IR (neat): 

 = 1740s, 1611m, 1512s, 1456w, 1441w, 1381w, 1364w, 1302w, 1246s, 1229s, 1177m, 

1034m, 970w, 891w, 833w, 812w, 754w cm─1. HRMS (NSI): m/z = 352.0404 calcd. for 

C12H15IO3NH4
+ [M+NH4]+, found: 352.0406. 
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2-Iodo-3,3-dimethoxypropyl acetate (230c) 

 

3,3-Dimethoxy-1-propene (95 µL, 0.80 mmol) was reacted according to GP4 to give 230c 

(1:1 mixture of two rotamers) as a pale yellow oil in 46% yield (105 mg, 0.360 mmol) 

after flash column chromatography (n-hexane:EtOAc = 50:50).  

1H NMR (500 MHz, CDCl3): δ = 4.41 – 4.37 (m, 2H, CH2), 4.35 – 4.31 (m, 2H, CH2), 4.28 – 

4.24 (m, 4H, CH), 3.45 – 3.41 (m, 12H, CH3), 2.10 – 2.09 (m, 6H, CH3) ppm. 13C NMR 

(75 MHz, CDCl3): δ = 170.5 (C), 104.4 (CH), 66.0 (CH2), 55.4 (m, CH3), 28.6 (CH), 21.0 (m, 

CH3) ppm. IR (neat):  = 1742s, 1449w, 1366w, 1229m, 1123w, 1069m, 955w, 737m, 

604w cm─1. HRMS (EI): 287.9859 calcd. for C7H13IO4
+ [M]+, found: 287.9858. 

 

3-Chloro-2-iodobutyl acetate (230d) 

 

3-Chloro-1-butene (80 µL, 0.80 mmol) was reacted according to GP4 to give 230d as a 

colourless oil in 38% yield (71 mg, 0.26 mmol) after flash column chromatography 

(n-hexane:EtOAc = 80:20).  

1H NMR (500 MHz, CDCl3): δ = 4.51 (dd, J = 11.0, 6.2 Hz, 1H, CH2), 4.47 – 4.44 (m, 1H, 

CH2), 4.36 (dd, J = 11.0, 7.6 Hz, 1H, CH2), 3.86 (ddd, J = 13.1, 6.6, 2.4 Hz, 1H, CH), 2.09 (s, 

3H, CH3), 1.61 (d, J = 6.6 Hz, 3H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 170.2 (C), 66.9 

(CH2), 57.1 (CH), 36.2 (CH), 25.2 (CH3), 20.9 (CH3) ppm. IR (neat):  = 1742s, 1458m, 

1379m, 1368m, 1341w, 1300w, 1236m, 1225m, 1161m, 1128m, 1107m, 1067w, 1030w, 

951s, 816m, 696w, 667w cm─1. HRMS (EI): m/z = 275.9414 calcd. for C6H10ClIO2 [M]+, 

found: 275.9417. 
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4-Hydroxy-3-iodo-2-methylbutan-2-yl acetate (230e‘) 

 

2-Methyl-3-buten-2-ol (81 µL, 0.80 mmol) was reacted according to GP4 to give 230e’ 

as a yellow oil in 40% yield (86 mg, 0.32 mmol) after flash column chromatography 

(n-hexane:EtOAc = 70:30).  

1H NMR (500 MHz, CDCl3): δ = 4.45 – 4.34 (m, 3H, CH and CH2), 2.11 (s, 3H, CH3), 2.00 (br, 

1H, OH), 1.46 (s, 3H, CH3), 1.44 (s, 3H, CH3) ppm. 13C NMR (125 MHz, CDCl3): δ = 170.5 

(C), 71.7 (C), 67.1 (CH2), 46.8 (CH), 28.1 (CH3), 27.8 (CH3), 21.1 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[32] 

 

1-Iodo-3-(iodomethyl)butane-2,3-diyl diacetate (229f) 

 

1,5-Hexadiene (47 µL, 0.40 mmol) was reacted according to GP4 with iodine monoace-

tate (≤ 1.00 mmol, ≤ 2.50 equiv.) to give a 1:1 mixture of diasteromers of 229f in 12% 

yield (23 mg, 0.05 mmol) after flash column chromatography (n-hexane:EtOAc = 98:2).  

1H NMR (500 MHz, CDCl3): δ = 4.73 – 4.69 (m, 2H, CH), 3.34 (dd, J = 5.3, 3.1 Hz, 1H, CH2), 

3.31 (dd, J = 5.3, 3.0 Hz, 1H, CH2), 3.26 (dd, J = 10.6, 5.3 Hz, 2H, CH2), 2.10 (s, 6H, CH3), 

1.76 – 1.69 (m, 4H, CH2) ppm. 13C NMR (75 MHz, CDCl3): δ = 170.3 (4 x C), 71.9 (2 x CH), 

71.6 (2 x CH), 29.76 (2 x CH2), 29.67 (2 x CH2), 21.23 (2 x CH3), 21.19 (2 x CH3), 7.7 (2 x 

CH2), 7.5 (2 x CH2) ppm. IR (neat): 1734s, 1420w, 1371m, 1227s, 1188w, 1018m, 735m, 

702w cm─1. HRMS (ESI): m/z = calcd. for C8H13IO2 [M−OAc]+ 394.9005, found: 394.9022. 

 

Diiodohexane-1,6-diyl diacetate (230f) and 1,6-diiodohexane-2,5-diyl diacetate (230f’) 

 

Regioisomers 230f and 230f’ were obtained as an inseparable mixtures of diasteromers 

as yellow oil in 27% combined yield (49 mg, 0.11 mmol). 
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1H NMR (500 MHz, CDCl3): δ = 4.81 – 4.71 (m), 4.42 – 4.34 (m), 4.27 – 4.19 (m), 4.18 – 

4.10 (m), 3.37 – 3.30 (m), 3.28 – 3.24 (m), 2.11 (s), 2.10 (s), 2.10 (s), 2.10 (s) ppm. 

13C NMR (125 MHz, CDCl3): δ = 170.4, 170.4, 170.4, 170.3, 72.0, 71.8, 71.7, 71.4, 69.1, 

69.0, 69.0, 69.0, 36.3, 35.6, 34.1, 33.9, 32.2, 32.0, 29.8, 29.7, 29.2, 29.1, 28.7, 28.5, 21.2, 

21.2, 21.0, 20.9, 7.6, 7.54, 7.46, 7.3 ppm. 

 

1-Iodohexan-2-yl acetate (229g) and 2-iodohexyl acetate (230g) 

 

1-Hexene (99 µL, 0.80 mmol) was reacted according to GP4 to give an inseparable 

mixture of 229g and 230g (229g/230g = 2:1, determined via 1H NMR) as an yellow oil in 

42% combined yield (91 mg, 0.34 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5).  

1H NMR (500 MHz, CDCl3): δ = 4.72 – 4.67 (m, 1H, CH), 4.35 (dd, J = 11.6, 6.4 Hz, 1H, 

CH2), 4.26 – 4.22 (m, 1H, CH2), 4.19 – 4.14 (m, 1H, CH), 3.35 (dd, J = 10.6, 4.9 Hz, 1H, 

CH2), 3.25 (dd, J = 10.6, 5.4 Hz, 1H, CH2), 2.09 (s, 3H, CH3), 2.09 (s, 3H, CH3), 1.80 – 

1.75 (m, 2H, CH2), 1.68 – 1.64 (m, 2H, CH2), 1.36 – 1.25 (m, 8H, CH2), 0.85 (t, J = 7.3 Hz, 

1H, CH3), 0.84 (t, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (125 MHz, CDCl3): δ = 170.49 (C), 

170.46 (C), 72.5 (CH), 69.4 (CH2), 36.3 (CH2), 33.9 (CH2), 31.5 (CH or CH2), 31.2 (CH or 

CH2), 27.3 (CH2), 22.5 (CH2), 22.0 (CH2), 21.2 (CH3), 21.0 (CH3), 14.03(CH3), 14.01 (CH3), 

8.5 (CH2) ppm. The spectroscopic data of 229g are in agreement with the literature.[33] 

 

(E)-2-Iodo-1-phenylvinylacetate (232a) and 2,2-diiodo-1-phenylethan-1-one (233a) 

 

Phenylacetylene (88 µL, 0.80 mmol) was reacted according to GP4 to give an inseparable 

mixture of 232a and 233a (1:1, determined via 1H NMR) as a yellow oil in 60% combined 

yield (158 mg, 0.48 mmol) after flash column chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (600 MHz, CDCl3): δ = 8.04 – 8.03 (m, 2H, CHarom), 7.63 – 7.59 (m, 3H, CHarom), 

7.50 – 7.47 (m, 2H, CHarom), 7.41 – 7.37 (m, 3H, CHarom), 6.51 (s, 1H, CH), 6.34 (s, 1H, CH), 

2.15 (s, 3H, CH3) ppm. 13C NMR (150 MHz, CDCl3): δ = 188.4 (C), 168.7 (C), 151.3 (C), 
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134.6, 134.3, 129.7, 129.6, 129.2, 129.0, 128.8, 128.3, 67.2 (CH), 21.0 (CH3), −28.8 

(CH) ppm. The spectroscopic data are in agreement with the literature.[34,35] 

 

(E)-2-Iodo-1-phenylprop-1-en-1-yl acetate (232b) 

 

1-Phenyl-1-propyne (100 µL, 0.800 mmol) was reacted according to GP4 to give 232b as 

a yellow oil in 71% yield (172 mg, 0.570 mmol) after flash column chromatography 

(n-hexane:EtOAc = 90:10).  

1H NMR (300 MHz, CDCl3): δ = 7.50 – 7.47 (m, 2H, CHarom), 7.39 – 7.32 (m, 3H, CHarom), 

2.51 (s, 3H, CH3), 2.13 (s, 3H, CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 168.3 (C), 146.7 

(C), 137.3 (C), 129.7 (2 x CH), 129.1 (CH), 128.1 (2 x CH), 87.2 (C), 27.4 (CH3), 20.7 

(CH3) ppm. The spectroscopic data are in agreement with the literature.[34] 

 

1,1-Diiodohexan-2-one (233c) 

 

1-Hexyne (92 µL, 0.80 mmol) was reacted according to GP4 to give 233c as a yellow oil 

in 74% yield (129 mg, 0.370 mmol, based on IOAc as the limiting reagent) after flash 

column chromatography (n-hexane:EtOAc = 80:20).  

1H NMR (500 MHz, CDCl3): δ = 5.49 (s, 1H, CH), 3.03 (t, J = 7.3 Hz, 2H, CH2), 1.69 – 

1.63 (m, 2H, CH2), 1.41-1.33 (m, 2H, CH2), 0.95 (t, J = 7.4 Hz, 3H, CH3) ppm. 13C NMR 

(75 MHz, CDCl3): δ = 198.3 (C), 33.8 (CH2), 27.4 (CH2), 22.2 (CH2), 13.9 (CH3), ─23.5 

(CH) ppm. The spectroscopic data are in agreement with the literature.[36] 
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(E)-3,4-diiodo-2-methylbut-3-en-2-ol (232d) 

 

2-Methyl-3-butyn-2-ol (78 µL, 0.80 mmol) was reacted according to GP4 to give 232d as 

a yellow oil in 39% yield (65 mg, 0.19 mmol, based on IOAc as the limiting reagent) after 

flash column chromatography (n-hexane:EtOAc = 80:20).  

1H NMR (500 MHz, CDCl3): δ = 7.20 (s, 1H, CH), 2.28 (br, 1H, OH), 1.62 (s, 6H, CH3) ppm. 

13C NMR (75 MHz, CDCl3): δ = 114.3 (C), 76.2 (C), 72.2 (CH), 29.9 (2 x CH3) ppm. The 

spectroscopic data are in agreement with the literature.[37] 

 

2-Iodo-1-phenylpropan-1-one (234) 

 

Iodine monoacetate was generated according to GP4. Afterwards, boron trifluoride 

diethyl etherate (296 µL, 2.40 mmol, 3.0 equiv.) and propiophenone (106 µL, 

0.800 mmol) were added to the crude mixture of iodine monoacetate (≤ 1.00 mmol, 

≤ 1.25 equiv.) and the suspension was stirred for further 2 h at room temperature. Next, 

the reaction mixture was quenched with sat. aq. solution of NaHCO3 (40 mL) and 

extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with sat. 

aq. solution of Na2S2O3 (5 mL) and brine (20 mL), dried over MgSO4 and concentrated in 

vacuo. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 95:5) to give 234 as a yellow solid in 70% yield (145 mg, 0.560 mmol). 

1H NMR (400 MHz, CDCl3): δ = 8.03 – 8.00 (m, 2H, CHarom), 7.60 – 7.56 (m, 1H, CHarom), 

7.50 – 7.46 (m, 2H, CHarom), 5.50 (q, J = 6.7 Hz, 1H, CH), 2.08 (d, J = 6.7 Hz, 3H, CH3) ppm. 

13C NMR (75 MHz, CDCl3): δ = 194.9 (C), 133.7 (C and CH), 128.9 (2 x CH), 128.8 (2 x CH), 

22.1 (CH or CH3), 18.2 (CH or CH3) ppm. The spectroscopic data are in agreement with 

the literature.[38] 
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1-Oxo-1-phenylpropan-2-yl acetate (235) 

 

Side product 235 was obtained as a colourless oil in 5% yield (7 mg, 0.04 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.97 – 7.91 (m, 2H, CHarom), 7.62 – 7.56 (m, 1H, CHarom), 

7.51 – 7.44 (m, 2H, CHarom), 5.97 (q, J = 7.0 Hz, 1H, CH), 2.15 (s, 3H, CH3), 1.53 (d, J = 

7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 197.0 (C), 170.5 (C), 134.5 (C), 

133.7 (CH), 128.9 (2 x CH), 128.6 (2 x CH), 71.5 (CH), 20.9 (CH3), 17.3 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[39] 

 

(2-Iodo-1-methoxyethyl)benzene (240) 

 

Iodine monoacetate was generated according to GP4. Afterwards, methanol (2.0 mL, 

50 mmol, 63 equiv.) and styrene (92 µL, 0.80 mmol) were added to the crude mixture of 

iodine monoacetate (≤ 1.00 mmol, ≤ 1.25 equiv.) and the suspension was stirred for 

further 2 h at room temperature. Next, the reaction mixture was quenched with sat. aq. 

solution of NaHCO3 (40 mL) and extracted with EtOAc (3 x 20 mL). The combined organic 

layers were washed with sat. aq. solution of Na2S2O3 (5 mL) and brine (20 mL), dried over 

MgSO4 and concentrated in vacuo. The crude mixture was purified by flash column 

chromatography (n-hexane:EtOAc = 98:2) to give 240 as a colourless oil in 61% yield 

(127 mg, 0.490 mmol). 

1H NMR (300 MHz, CDCl3): δ = 7.41 – 7.30 (m, 5H, CHarom), 4.30 (dd, J = 7.5, 5.2 Hz, 1H, 

CH), 3.34 (dd, J = 6.4, 2.3 Hz, 2H, CH2), 3.31 (s, 3H, CH3) ppm. 13C NMR (75 MHz, CDCl3): 

δ = 139.9 (C), 128.8 (2 x CH), 128.6 (CH), 126.7 (2 x CH), 83.7 (CH), 57.5 (CH3), 10.6 (CH2) 

ppm. The spectroscopic data are in agreement with the literature.[9] 
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2-Azido-1-phenylethyl acetate (241) 

  

Styrene (92 µL, 0.80 mmol) was reacted according to GP4. The crude product 146 

(≤ 0.80 mmol) was dissolved without purification in DMF (3.0 mL) and sodium azide 

(78 mg, 1.2 mmol, ≥ 1.5 equiv.) was added. After the solution was stirred for 6 h at 60 °C, 

the reaction mixture was quenched with water (40 mL) and extracted with EtOAc (3 x 

20 mL). The combined organic layers were washed with sat. aq. solution of Na2S2O3 

(5 mL) and brine (20 mL), dried over MgSO4 and concentrated in vacuo. The crude 

mixture was purified by flash column chromatography (n-hexane:EtOAc = 95:5) to give 

241 as a colourless oil in 58% yield (96 mg, 0.47 mmol). 

1H NMR (300 MHz, CDCl3): δ = 7.39 – 7.32 (m, 5H, CHarom), 5.93 (dd, J = 8.2, 3.9 Hz, 1H, 

CH), 3.63 (dd, J = 13.1, 8.2 Hz, 1H, CH2), 3.43 (dd, J = 13.1, 3.9 Hz, 1H, CH2), 2.15 (s, 3H, 

CH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 170.0 (C), 137.2 (C), 128.9 (3 x CH), 126.5 (2 x 

CH), 74.7 (CH), 55.2 (CH2), 21.2 (CH3) ppm. The spectroscopic data are in agreement with 

the literature.[9] 
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6.2.3 Synthesis and Applications of α-Tetralol-Based Hypervalent Iodine 

Reagents 

6.2.3.1 General Procedures 

General Procedure GP6 for the synthesis of (diacetoxyiodo)arenes 

Iodine triacetate (1.00 mmol, 304 mg, 1.0 equiv.) was dissolved in glacial acetic acid 

(2.0 mL) in a flame-dried Schlenk tube under nitrogen atmosphere. The arene 

(1.00 mmol) was added subsequently and the reaction mixture was stirred at room 

temperature for 4 h. Next, all volatiles were removed and the residue was washed with 

dry n-hexane:Et2O (10:1, 3 x 10 mL) to obtain the pure product. 

General Procedure GP7 for the Steglich esterification 

The alcohol (1.50 mmol) was dissolved in a flame-dried Schlenk tube under nitrogen 

atmosphere in CH2Cl2 (15 mL). After cooling the solution to 0 °C, DCC (400 mg, 

1.94 mmol, 1.3 equiv.), 4-DMAP (187 mg, 1.53 mmol, 1.0 equiv.) and picolinic acid 

(221 mg, 1.80 mmol, 1.2 equiv.) were added. The solution was then warmed up to room 

temperature and stirred for 3 h. The resulting suspension was diluted with Et2O and 

filtered through Celite®. The filtrate was concentrated under vacuum and the crude 

product was purified by flash column chromatography. 

General Procedure GP8 for the stereoselective diacetoxylation of styrene 

The stereoselective diacetoxylations of styrene were conducted according to chapter 

6.2.1.6. Hypervalent iodine reagent 276 (0.200 mmol, 1.25 equiv.) and styrene (18 µL, 

0.16 mmol) were dissolved in CH2Cl2 (1.6 mL) in the presence of glacial acetic acid (80 µL) 

and trimethylsilyl acetate (80 µL, 0.53 mmol, 3.3 equiv.) in a flame-dried Schlenk tube 

under nitrogen atmosphere and the solution was cooled to –78 °C. Boron trifluoride 

diethyl etherate (40 µL, 0.32 mmol, 2.0 equiv.) was added to the solution, which was 

then warmed up to room temperature over 10 h. H2O (5 mL) was added and the 

resulting mixture was extracted with CH2Cl2 (3 x 10 mL). The combined organic layers 

were washed with brine (10 mL), dried over anhydrous MgSO4 and concentrated under 

vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10). 
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General Procedure GP9 for the oxidative rearrangement of 86a 

Hypervalent iodine reagent 276 (0.20 mmol, 1.1 equiv.) was dissolved in CH2Cl2/TFE 

(10:1 v/v, 1.5 mL) and methanol (24 µL, 0.60 mmol, 3.3 equiv.). The solution was cooled 

to −78 °C, 86a (40 mg, 0.18 mmol) and TsOHH2O (48 mg, 0.25 mmol, 1.4 equiv.) were 

added sequentially and the reaction mixture was stirred at −78 °C for 2 h. The reaction 

was then quenched with aqueous saturated Na2S2O3 (5 mL) and the resulting mixture 

was extracted with CH2Cl2 (3 x 10 mL). The combined organic layers were washed with 

brine (10 mL), dried over anhydrous MgSO4 and concentrated under vacuum. The crude 

mixture was purified by flash column chromatography (n-hexane:EtOAc = 90:10). 

6.2.3.2 Synthesis of Hypervalent Iodine Reagents 276a–c 

Substrate (rac)-278 was synthesised with NaBH4 according to a literature procedure.[40] 

 

(R)-5-Methoxy-1,2,3,4-tetrahydro-1-naphthol ((R)-278) 

 

5-Methoxy-1-tetralone (1.76 g, 10.0 mmol) and RuCl[(R,R)-FsDPEN](p-cymene) (356 mg, 

0.450 mmol, 4.5 mol%, 90% purity) were dissolved in dry DMF (100 mL) in a flame-dried 

Schlenk flask under nitrogen atmosphere. After stirring the resulting solution for 

10 minutes at room temperature, formic acid triethylamine complex (5:2, 4.1 mL, 

50 mmol, 5.0 equiv.) was added. The reaction mixture was then stirred at room 

temperature for 4 days. Afterwards, the reaction was quenched with water (150 mL) 

and the mixture was extracted with EtOAc (3 x 50 mL). The combined organic layers 

were washed with brine (50 mL), dried over anhydrous MgSO4 and concentrated under 

vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 80:20) to afford (R)-278 as a colourless solid in 94% yield (1.67 g, 

9.40 mmol). A sample was recrystallised from an EtOAc/n-hexane solution at room 

temperature. Colourless crystals of (R)-278 were obtained suitable for X-ray 

diffraction.[41] 
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1H NMR (500 MHz, CDCl3): δ = 7.20 (t, J = 7.9 Hz, 1H, CHarom), 7.06 (d, J = 7.8 Hz, 1H, 

CHarom), 6.76 (dd, J = 8.1, 0.7 Hz, 1H, CHarom), 4.76 (t, J = 4.4 Hz, 1H, CHOH), 3.83 (s, 3H, 

OCH3), 2.80 – 2.71 (m, 1H, CH2), 2.60 – 2.51 (m, 1H, CH2), 2.00 – 1.73 (m, 5H, CH2 and 

OH) ppm. 13C NMR (126 MHz, CDCl3): δ = 157.1 (C), 140.2 (C), 126.6 (CH), 126.2 (C), 

120.7 (CH), 108.8 (CH), 68.3 (CH), 55.5 (CH3), 31.8 (CH2), 23.1 (CH2), 18.2 (CH2) ppm. The 

spectroscopic data are in agreement with the literature.[42] 

HPLC-analysis: YMC Chiral Amylose-C S-5μm (25 cm), n-hexane/i-PrOH = 60:40, 

1.0 mL/min, 254 nm tR (major) = 5.0 min, tR (minor) = 5.4 min, > 99% ee. 

 

(R)-1,5-Dimethoxy-1,2,3,4-tetrahydronaphthalene ((R)-275a) 

 

Compound (R)-278 (178 mg, 1.00 mmol) was dissolved in dry THF (8 mL) under nitrogen 

atmosphere. The reaction mixture was cooled to 0 °C and NaH (80 mg, 2.0 mmol, 

2.0 equiv., 60% dispersion in mineral oil) was added portionwise. After the turbid 

mixture had been stirred for 1 h at 0 °C, methyl iodide (125 µL, 2.00 mmol, 2.0 equiv.) 

was added and the solution was stirred for 13 h at room temperature. The reaction 

mixture was then quenched with aqueous KOH solution (10%, 10 mL). After extraction 

with EtOAc (3 x 10 mL), the combined organic layers were washed with brine, dried over 

anhydrous MgSO4 and concentrated under vacuum. The crude mixture was purified by 

flash column chromatography (n-hexane:EtOAc = 90:10) to afford (R)-275a as a 

colourless solid in 98% yield (188 mg, 0.980 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.17 (t, J = 7.9 Hz, 1H, CHarom), 7.00 (d, J = 7.8 Hz, 1H, 

CHarom), 6.76 (d, J = 8.1 Hz, 1H, CHarom), 4.31 (t, J = 4.7 Hz, 1H, CH), 3.82 (s, 3H, CH3), 3.45 

(s, 3H, CH3), 2.76 (dt, 1H, J = 17.6, 5.7 Hz CH2), 2.62 – 2.50 (m, 1H, CH2), 2.06 – 1.92 (m, 

2H, CH2), 1.90 – 1.80 (m, 1H, CH2), 1.78 – 1.70 (m, 1H, CH2) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 157.2 (C), 137.9 (C), 126.6 (C), 126.1 (CH), 121.6 (CH), 108.9 (CH), 76.9 (CH), 

56.3 (CH3), 55.5 (CH3), 27.1 (CH2), 23.0 (CH2), 18.0 (CH2) ppm. []D
20 = +19.5 (c = 0.44, 

CHCl3). The spectroscopic data are in agreement with the literature.[43] 
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(R)-5-Methoxy-1,2,3,4-tetrahydronaphthalen-1-yl acetate ((R)-275b) 

 

Compound (R)-278 (178 mg, 1.00 mmol) was dissolved in NEt3 (2.0 mL, 14 mmol, 

14 equiv.) and acetic anhydride (284 µL, 3.00 mmol, 3.0 equiv.). 4-DMAP (12 mg, 

0.10 mmol, 10 mol%) was then added and the reaction mixture was stirred at room 

temperature for 3 h. After completion of the reaction, the solution was diluted with 

methanol (10 mL) and concentrated under reduced pressure. The residue was quenched 

with water (10 mL), extracted with EtOAc (3 x 10 mL), washed with brine (10 mL), dried 

over anhydrous MgSO4 and concentrated under reduced pressure. The crude product 

was purified by flash column chromatography (n-hexane:EtOAc = 90:10) to afford 

(R)-275b as a colourless oil in 96% yield (211 mg, 0.960 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.17 (t, J = 7.9 Hz, 1H, CHarom), 6.90 (d, J = 7.8 Hz, 1H, 

CHarom), 6.78 (d, J = 7.9 Hz, 1H, CHarom), 5.99 (t, J = 4.0 Hz, 1H, CH), 3.83 (s, 3H, CH3), 2.83 

(dt, J = 9.0, 5.0 Hz, 1H, CH2), 2.58 – 2.49 (m, 1H, CH2), 2.08 (s, 3H, CH3), 2.01 – 1.88 (m, 

3H, CH2), 1.87 – 1.78 (m, 1H, CH2) ppm. 13C NMR (126 MHz, CDCl3): δ = 170.9 (C), 157.2 

(C), 135.8 (C), 127.2 (C), 126.6 (CH), 121.5 (CH), 109.3 (CH), 70.1 (CH), 55.5 (CH3), 28.7 

(CH2), 22.9 (CH2), 21.7 (CH3), 18.2 (CH2) ppm. []D
20 = +121.5 (c = 0.40, CHCl3). The 

spectroscopic data are in agreement with the literature.[44] 

 

(R)-5-Methoxy-1,2,3,4-tetrahydronaphthalen-1-yl pivalate ((R)-275c) 

 

(R)-278 (232 mg, 1.30 mmol) was dissolved in NEt3 (2.6 mL, 18 mmol, 14 equiv.) and 

pivalic anhydride (791 µL, 3.90 mmol, 3.0 equiv.). 4-DMAP (16 mg, 0.13 mmol, 10 mol%) 

was then added and the reaction mixture was stirred at room temperature for 14 h. 

Afterwards, the solution was diluted with methanol (10 mL) and concentrated under 

reduced pressure. The residue was quenched with water (10 mL), extracted with EtOAc 
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(3 x 10 mL), washed with brine (10 mL), dried over anhydrous MgSO4 and concentrated 

under reduced pressure. The crude product was purified by flash column 

chromatography (n-hexane:EtOAc = 90:10) to afford (R)-275c as a colourless solid in 82% 

yield (280 mg, 1.07 mmol). 

M.p.: 66 – 70 °C. 1H NMR (500 MHz, CDCl3): δ = 7.16 (t, J = 7.9 Hz, 1H, CHarom), 6.86 (d, J 

= 7.7 Hz, 1H, CHarom), 6.78 (d, J = 8.1 Hz, 1H, CHarom), 5.94 (t, J = 4.0 Hz, 1H, CH), 3.83 (s, 

3H, CH3), 2.83 – 2.78 (m, 1H, CH2), 2.61 – 2.52 (m, 1H, CH2), 2.00 – 1.78 (m, 4H, CH2), 

1.21 (s, 9H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 178.3 (C), 157.0 (C), 136.2 (C), 

127.1 (C), 126.4 (CH), 121.1 (CH), 108.9 (CH), 69.8 (CH), 55.4 (CH3), 38.9 (C), 28.7 (CH2), 

27.2 (3 x CH3), 23.0 (CH2), 18.4 (CH2) ppm. HRMS (ESI): m/z = 285.1467 calcd. for 

C16H22O3Na+ [M+Na]+, found: 285.1469. IR (neat):  = 1708s, 1477m, 1469m, 1438m, 

1396w, 1340w, 1250m, 1146s, 1070m, 1058m, 977m, 918m, 777m, 721m, 706w cm–1. 

[]D
20 = +61.0 (c = 0.40, CHCl3). 

 

5-Methoxy-1-(trityloxy)-1,2,3,4-tetrahydronaphthalene ((rac)-275d) 

 

Compounds (rac)-278 (178 mg, 1.00 mmol), triphenylmethyl chloride (310 mg, 

1.10 mmol, 1.1 equiv.) and 4-DMAP (9 mg, 0.04 mmol, 4 mol%) were dissolved in CH2Cl2 

(1.5 mL) and NEt3 (0.25 mL, 1.8 mmol, 1.8 equiv.). The reaction mixture was stirred at 

room temperature for 14 h. Afterwards, the solution was quenched with water (10 mL), 

extracted with EtOAc (3 x 10 mL), washed with brine (10 mL), dried over anhydrous 

MgSO4 and concentrated under reduced pressure. The crude product was purified by 

flash column chromatography (n-hexane:EtOAc = 90:10) to afford (rac)-275d as a 

colourless foam in 44% yield (185 mg, 0.44 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.68 – 7.60 (m, 6H, CHarom), 7.34 (t, J = 7.5 Hz, 6H, CHarom), 

7.30 – 7.26 (m, 3H, CHarom), 7.17 (t, J = 7.9 Hz, 1H, CHarom), 6.95 (d, J = 7.8 Hz, 1H, CHarom), 

6.78 (d, J = 8.0 Hz, 1H, CHarom), 4.41 (t, J = 5.0 Hz, 1H, CH), 3.86 (s, 3H, CH3), 2.82 (dt, J = 

17.6, 6.2 Hz, 1H, CH2), 2.56 (dt, J = 17.8, 6.4 Hz, 1H, CH2), 2.12 – 1.99 (m, 1H, CH2), 1.54 

– 1.49 (m, 2H, CH2), 1.45 – 1.40 (m, 1H, CH2) ppm. 13C NMR (126 MHz, CDCl3): δ = 157.0 
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(C), 145.6 (3 x C), 140.2 (C), 129.4 (6 x CH), 127.7 (6 x CH), 127.1 (3 x CH), 126.7 (C), 125.7 

(CH), 121.4 (CH), 108.2 (CH), 87.5 (C), 71.1 (CH), 55.4 (CH3), 29.8 (CH2), 22.8 (CH2), 18.6 

(CH2) ppm. HRMS (ESI): m/z = 459.1726 calcd. for C30H28O2K+ [M+K]+, found: 459.1726. 

IR (neat):  = 1470m, 1260m, 1250m, 1011m, 905s, 704s, 648m, 633m cm–1. 

 

(R)-8-(Diacetoxyiodo)-1,5-dimethoxy-1,2,3,4-tetrahydronaphthalene ((R)-276a) 

 

Compound (R)-275a (192 mg, 1.00 mmol) was reacted according to GP6 to give (R)-276a 

as a colourless solid in 88% yield (384 mg, 0.880 mmol). A sample was recrystallised from 

CH2Cl2/n-hexane at −40 °C to obtain colourless crystals that were suitable for X-ray 

diffraction.[41] 

M.p.: 124 – 128 °C. 1H NMR (500 MHz, CDCl3): δ = 8.15 (d, J = 8.7 Hz, 1H, CHarom), 6.79 

(d, J = 8.7 Hz, 1H, CHarom), 4.50 (t, J = 3.1 Hz, 1H, CH), 3.87 (s, 3H, CH3), 3.49 (s, 3H, CH3), 

2.92 – 2.84 (m, 1H, CH2), 2.46 – 2.31 (m, 2H, CH2), 2.00 (s, 3H, CH3), 1.96 (s, 3H, CH3), 

1.94 – 1.86 (m, 1H, CH2), 1.83 – 1.75 (m, 1H, CH2), 1.62 (tt, J = 13.7, 3.3 Hz, 1H, CH2) ppm. 

13C NMR (126 MHz, CDCl3): δ = 176.8 (C), 176.4 (C), 160.5 (C), 138.6 (C), 137.7 (CH), 

130.7 (C), 118.4 (C), 110.9 (CH), 76.8 (CH), 56.5 (CH3), 55.8 (CH3), 25.0 (CH2), 23.6 (CH2), 

20.5 (CH3), 20.4 (CH3), 16.3 (CH2) ppm. HRMS (EI): m/z = 376.0166 calcd. for C14H17O4I+ 

[M−OAc−H]+, found: 376.0165. IR (neat):  = 1641m, 1566m, 1458m, 1360m, 1339w, 

1252s, 1188w, 1078m, 1047m, 1007m, 912m, 821m, 802m, 665s cm–1. []D
20 = −63.1 (c 

= 0.40, CHCl3). 
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(R)-8-(Diacetoxyiodo)-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl acetate  

((R)-276b) 

 

(R)-275b (220 mg, 1.00 mmol) was reacted according to GP6 to give (R)-276b as a 

colourless solid in 90% yield (418 mg, 0.900 mmol). 

M.p.: 129 – 131 °C. 1H NMR (500 MHz, CDCl3): δ = 8.18 (d, J = 8.7 Hz, 1H, CHarom), 6.84 

(d, J = 8.7 Hz, 1H, CHarom), 6.10 (t, J = 2.5 Hz, 1H, CH), 3.89 (s, 3H, CH3), 3.01 – 2.92 (m, 

1H, CH2), 2.50 – 2.38 (m, 1H, CH2), 2.33 – 2.23 (m, 1H, CH2), 2.06 (s, 3H, CH3), 1.96 (s, 3H, 

CH3), 1.96 (s, 3H, CH3), 1.92 – 1.81 (m, 3H, CH2) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 176.5 (C), 176.4 (C), 169.9 (C), 160.7 (C), 138.1 (CH), 136.2 (C), 131.7 (C), 118.0 (C), 

111.7 (CH), 71.2 (CH), 56.0 (CH3), 28.4 (CH2), 23.6 (CH2), 21.2 (CH3), 20.5 (CH3), 20.5 (CH3), 

16.8 (CH2) ppm. HRMS (CI): m/z = 364.0404 calcd. for C13H19NO3I+ [M−2OAc+NH4]+, 

found: 364.0405. IR (neat):  = 1728m, 1647m, 1566m, 1462m, 1437w, 1366m, 1261s, 

1227s, 1103w, 1070w, 1007m, 984m, 912m, 808w, 729s, 667s, 606w cm–1. []D
20 = +9.5 

(c = 0.42, CHCl3). 

 

(R)-8-(Diacetoxyiodo)-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl pivalate 

((R)-276c) 

 

(R)-275c (262 mg, 1.00 mmol, 1.0 equiv.) was reacted according to GP6 to give (R)-276c 

as a colourless solid in 75% yield (380 mg, 0.750 mmol). A sample was recrystallised from 

CH2Cl2/n-hexane at −40 °C to obtain colourless crystals that were suitable for X-ray 

diffraction.[41] 

M.p.: 124 – 128 °C. 1H NMR (500 MHz, CDCl3): δ = 8.14 (d, J = 8.1 Hz, 1H, CHarom), 6.85 

(d, J = 8.7 Hz, 1H, CHarom), 6.08 (d, J = 2.6 Hz, 1H, CH), 3.90 (s, 3H, CH3), 3.01 – 2.93 (m, 

1H, CH2), 2.49 – 2.39 (m, 1H, CH2), 2.25 – 2.18 (m, 1H, CH2), 1.98 (s, 3H, CH3), 1.91 (s, 3H, 



EXPERIMENTAL PART  TOBIAS HOKAMP 

232 
 

CH3), 1.89 – 1.78 (m, 2H, CH2), 1.77 – 1.70 (m, 1H, CH2), 1.19 (s, 9H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 177.4 (C), 176.63 (C), 176.61 (C), 160.5 (C), 137.7 (CH), 136.3 (C), 

131.8 (C), 117.3 (C), 111.6 (CH), 70.0 (CH), 55.9 (CH3), 39.0 (C), 28.1 (CH2), 27.1 (3 x CH3), 

23.7 (CH2), 20.7 (CH3), 20.6 (CH3), 16.6 (CH2) ppm. HRMS (NSI): m/z = 447.0663 calcd. for 

C18H24O5I+ [M−OAc]+, found: 447.0654. IR (neat):  = 1724m, 1643m, 1568w, 1466m, 

1362w, 1261s, 1138s, 1105m, 1069m, 1013m, 978m, 920m, 820m, 665s, 615w cm–1. 

[]D
20 = −107.0 (c = 0.42, CHCl3). 

 

8-Iodo-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol ((rac)-279) 

 

Compound (rac)-275d (210 mg, 0.5 mmol) was reacted according to GP6 with iodine 

triacetate (152 mg, 0.500 mmol, 1.0 equiv.) in acetic acid (1.0 mL) to give (rac)-279 as a 

colourless solid in 14% yield (21 mg, 0.070 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5). 

M.p.: 88 – 93 °C. 1H NMR (500 MHz, CDCl3): δ = 7.65 (d, J = 8.6 Hz, 1H, CHarom), 6.54 (d, J 

= 8.6 Hz, 1H, CHarom), 4.83 – 4.77 (m, 1H, CHOH), 3.80 (s, 3H, OCH3), 2.89 (dd, J = 18.0, 

5.3 Hz, 1H, CH2), 2.41 – 2.29 (m, 2H, CH2 and OH), 2.21 – 2.13 (m, 1H, CH2), 1.98 – 1.86 

(m, 1H, CH2), 1.84 – 1.76 (m, 1H, CH2), 1.75 – 1.65 (m, 1H, CH2) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 157.9 (C), 140.3 (C), 137.2 (CH), 129.7 (C), 111.4 (CH), 91.0 (C), 70.1 (CH), 55.7 

(CH3), 30.6 (CH2), 23.7 (CH2), 16.7 (CH2) ppm. HRMS (CI): m/z = 302.9882 calcd. for 

C11H12O2I+ [M–H]+, found: 302.9885. IR (neat):  = 3410w, 1568w, 1458s, 1435m, 1337w, 

1294m, 1247s, 1201w, 1179w, 1155w, 1096m, 1065m, 1011w, 980m, 907m, 799m, 

754w, 731s, 650w cm–1. 
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Triphenylmethanol (280) 

 

Compound 280 was isolated in the latter reaction as a colourless solid in 77% (100 mg, 

0.390 mmol) yield. 

1H NMR (500 MHz, CDCl3): δ = 7.39 – 7.27 (m, 15H, CHarom), 2.88 (br, 1H, OH) ppm. 

13C NMR (126 MHz, CDCl3): δ = 147.0 (C), 128.1 (CH), 127.4 (CH), 82.2 (C) ppm. The 

spectroscopic data are in agreement with the literature.[45] 

6.2.3.3 Synthesis of Hypervalent Iodine Reagent 276e 

Methyl (S)-2-((5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)benzoate ((S)-282) 

 

(R)-278 (445 mg, 2.50 mmol), methyl salicylate (405 µL, 3.13 mmol, 1.25 equiv.) and 

triphenylphosphine (825 mg, 3.13 mmol, 1.25 equiv.) were dissolved in dry THF (7 mL) 

under nitrogen atmosphere. The reaction mixture was cooled to 0 °C and diisopropyl 

azodicarboxylate (652 µL, 3.13 mmol, 1.25 equiv.) was added dropwise. After 1 h at 0 °C, 

the mixture was warmed up to room temperature and stirred for 18 h. The solvent was 

removed under reduced pressure and Et2O (20 mL) was added. Triphenylphosphine 

oxide, which precipitated, was removed by filtration and the filtrate was concentrated 

under vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 95:5) to afford (S)-282 as a colourless solid in 74% (578 mg, 

1.85 mmol) yield. 

Compound (rac)-282 was synthesised starting from (rac)-278. 

M.p.: 48 – 52 °C. 1H NMR (500 MHz, CDCl3): δ = 7.76 (dd, J = 7.7, 1.8 Hz, 1H, CHarom), 7.46 

(ddd, J = 8.4, 7.4, 1.8 Hz, 1H, CHarom), 7.16 (t, J = 8.4 Hz, 2H, CHarom), 7.04 – 7.00 (m, 2H, 

CHarom), 6.79 (d, J = 8.0 Hz, 1H, CHarom), 5.39 (t, J = 5.4 Hz, 1H, CH), 3.84 (s, 3H, CH3), 3.80 

(s, 3H, CH3), 2.83 (dt, J = 17.8, 6.1 Hz, 1H, CH2), 2.63 (m, 1H, CH2), 2.17 – 2.07 (m, 2H, 

CH2), 2.06 – 1.97 (m, 1H, CH2), 1.85 – 1.76 (m, 1H, CH2) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 167.3 (C), 157.7 (C), 157.1 (C), 136.8 (C), 133.1 (CH), 131.6 (CH), 126.7 (C), 126.2 (CH), 
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123.0 (C), 121.3 (CH), 121.0 (CH), 117.0 (CH), 109.1 (CH), 76.7 (CH), 55.5 (CH3), 52.1 (CH3), 

28.2 (CH2), 23.0 (CH2), 18.4 (CH2) ppm. HRMS (ESI): m/z = 335.1259 calcd. for 

C19H20O4Na+ [M+Na]+, found: 335.1259. IR (neat):  = 1728s, 1597m, 1450s, 1300m, 

1240s, 1182w, 1163w, 1128w, 1080s, 1012m, 977m, 777m, 754s, 729m, 662w cm–1. 

[]D
20 = −29.0 (c = 0.41, CHCl3). 

 

2-((5-Methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)-N-methylbenzamide  

((rac)-275e) 

 

Compound (rac)-282 (234 mg, 0.750 mmol) was dissolved in a flame-dried Schlenk tube 

under nitrogen atmosphere in CH2Cl2 (1.0 mL) and methylamine (4.7 mL, 38 mmol, 

50 equiv., 8 M in ethanol). The reaction mixture was stirred at room temperature for 

21 h. Afterwards, all volatiles were removed under reduced pressure and the crude 

mixture was purified by flash column chromatography (n-hexane:EtOAc = 80:20) to 

afford (rac)-275e as a colourless solid in 79% yield (184 mg, 0.590 mmol). 

M.p.: 99 – 103 °C. 1H NMR (500 MHz, CDCl3): δ = 8.25 (dd, J = 7.8, 1.8 Hz, 1H, CHarom), 

7.88 (br, 1H, NH), 7.50 – 7.40 (m, 1H, CHarom), 7.22 – 7.14 (m, 2H, CHarom), 7.10 (t, J = 

8.0 Hz, 1H, CHarom), 6.95 (d, J = 7.7 Hz, 1H, CHarom), 6.83 (d, J = 8.0 Hz, 1H, CHarom), 5.52 

(t, J = 4.8 Hz, 1H, CH), 3.86 (s, 3H, OCH3), 2.86 (dt, J = 17.8, 5.7 Hz, 1H, CH2), 2.77 (d, J = 

4.8 Hz, 3H, CH3), 2.67 – 2.57 (m, 1H, CH2), 2.21 – 2.12 (m, 1H, CH2), 2.12 – 2.03 (m, 1H, 

CH2), 2.00 – 1.90 (m, 1H, CH2), 1.90 – 1.80 (m, 1H, CH2) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 166.0 (C), 157.2 (C), 156.5 (C), 135.9 (C), 132.6 (CH), 132.5 (CH), 126.8 (C), 126.8 (CH), 

123.1 (C), 121.7 (CH), 120.9 (CH), 114.6 (CH), 109.5 (CH), 76.6 (CH), 55.5 (CH3), 28.1 (CH2), 

26.4 (CH3), 22.8 (CH2), 18.5 (CH2) ppm. HRMS (ESI): m/z = 334.1419 calcd. for 

C19H21NO3Na+ [M+Na]+, found: 334.1427. IR (neat):  = 3402w, 1647s, 1597m, 1535m, 

1472s, 1409w,1344w, 1294m, 1252s, 1219s, 1159w, 1101m, 1067m, 1008m, 976m, 

924m, 777m, 754m, 727s, 644w cm–1. 
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Methyl (S)-2-((8-iodo-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)benzoate 

((S)-284) 

 

Iodine triacetate (0.52 g, 1.7 mmol) was dissolved in glacial acetic acid (3.5 mL) in a 

flame-dried Schlenk tube under nitrogen atmosphere. (S)-282 (0.53 g, 1.7 mmol) was 

added subsequently and the reaction mixture was stirred at room temperature for 10 h. 

Next, the reaction mixture was quenched with saturated aqueous solution of Na2S2O3 

(10 mL), extracted with CH2Cl2 (3 x 10 mL), washed with brine (10 mL), dried over 

anhydrous MgSO4 and concentrated under reduced pressure. The crude product was 

purified by flash column chromatography (n-hexane:EtOAc = 95:5) to afford (S)-284 as a 

pale yellow solid in 75% yield (559 mg, 1.28 mmol). 

M.p.: 114 – 117 °C. 1H NMR (500 MHz, CDCl3): δ = 7.75 (dd, J = 7.7, 1.8 Hz, 1H, CHarom), 

7.68 (d, J = 8.6 Hz, 1H, CHarom), 7.51 – 7.46 (m, 1H, CHarom), 7.34 (d, J = 8.4 Hz, 1H, CHarom), 

6.98 (t, J = 7.5 Hz, 1H, CHarom), 6.58 (d, J = 8.6 Hz, 1H, CHarom), 5.52 – 5.49 (m, 1H, CH), 

3.83 (s, 3H, CH3), 3.74 (s, 3H, OCH3), 2.98 (dd, J = 18.0, 5.4 Hz, 1H, CH2), 2.41 (ddd, J = 

18.3, 12.4, 6.3 Hz, 1H, CH2), 2.36 – 2.29 (m, 1H, CH2), 2.12 – 2.00 (m, 1H, CH2), 1.80 – 

1.72 (m, 1H, CH2), 1.66 (tt, J = 14.0, 3.2 Hz, 1H, CH2) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 167.1 (C), 157.6 (C), 157.1 (C), 137.1 (CH), 137.1 (C), 133.0 (CH), 131.7 (CH), 130.7 

(C), 122.0 (C), 120.2 (CH), 114.4 (CH), 111.6 (CH), 92.2 (C), 76.2 (CH), 55.6 (CH3), 51.9 

(CH3), 27.1 (CH2), 23.6 (CH2), 16.7 (CH2) ppm. HRMS (ESI): m/z = 439.0406 calcd. for 

C19H20O4I+ [M+H]+, found: 439.0408. IR (neat):  = 1728m, 1597m, 1580w, 1485m, 

1452m, 1339w, 1296m, 1238s, 1209w, 1196w, 1082m, 1069m, 981w, 934w, 802w, 

754m, 731w cm–1. []D
20 = −60.3 (c = 0.40, CHCl3). 
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(S)-2-((8-iodo-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)-N-methylbenz-

amide ((S)-283) 

 

(S)-284 (526 mg, 1.20 mmol) was dissolved in a flame-dried Schlenk tube under nitrogen 

atmosphere in CH2Cl2 (2.0 mL) and methylamine (7.5 mL, 60 mmol, 50 equiv., 8 M in 

ethanol). The reaction mixture was stirred at room temperature for 21 h. Afterwards, all 

volatiles were removed under reduced pressure and the crude mixture was purified by 

flash column chromatography (n-hexane:EtOAc = 80:20) to afford (S)-283 as a colourless 

solid in 79% yield (0.42 g, 0.95 mmol). 

M.p.: 138 – 142 °C. 1H NMR (500 MHz, CDCl3): δ = 8.24 (dd, J = 7.8, 1.8 Hz, 1H, CHarom), 

7.73 (d, J = 8.6 Hz, 1H, CHarom), 7.63 (br, 1H, NH), 7.49 – 7.43 (m, 1H, CHarom), 7.26 (d, J = 

8.3 Hz, 1H, CHarom), 7.08 (t, J = 7.5 Hz, 1H, CHarom), 6.63 (d, J = 8.6 Hz, 1H, CHarom), 5.58 – 

5.54 (m, 1H, CH), 3.85 (s, 3H, CH3), 3.02 – 2.95 (m, 1H, CH2), 2.73 (d, J = 4.8 Hz, 3H, CH3), 

2.47 – 2.38 (m, 2H, CH2), 1.87 – 1.68 (m, 3H, CH2) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 166.2 (C), 157.6 (C), 155.9 (C), 137.6 (CH), 136.4 (C), 132.6 (CH), 132.5 (CH), 130.6 

(C), 122.7 (C), 121.3 (CH), 113.3 (CH), 111.9 (CH), 91.4 (C), 77.0 (CH), 55.7 (CH3), 26.9 

(CH2), 26.5 (CH3), 23.4 (CH2), 17.0 (CH2) ppm. HRMS (ESI): m/z = 438.0566 calcd. for 

C19H21NO3I+ [M+H]+, found: 438.0572. IR (neat):  = 3408w, 1643s, 1599w, 1541w, 

1460m, 1435w, 1294m, 1252s, 1219m, 1161w, 1101m, 1067m, 1013w, 982w, 904s, 

804m, 723m, 644m cm–1. []D
20 = −65.4 (c = 0.39, CHCl3). 

 

(S)-8-(Diacetoxyiodo)-2-((5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)-N-

methylbenzamide ((S)-276e) 

 

Compound (S)-283 (307 mg, 0.700 mmol) was dissolved in CH3CN (12 mL) and glacial 

acetic acid (4 mL) under nitrogen atmosphere. Selectfluor® (1.24 g, 3.5 mmol, 
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5.0 equiv.) was added subsequently and the resulting suspension was stirred at room 

temperature for 3 h. After completion of the reaction, the solvents were removed under 

vacuum and the product was dissolved in CHCl3. After filtration under nitrogen 

atmosphere, the filtrate was concentrated under reduced pressure to afford (S)-276e as 

a yellow solid in > 99% yield (389 mg, 0.700 mmol). A sample was recrystallised from 

CH2Cl2/n-hexane at −40 °C to obtain colourless crystals that were suitable for X-ray 

diffraction.[41] 

M.p.: 140 – 144 °C. 1H NMR (500 MHz, CDCl3): δ = 8.22 (d, J = 8.7 Hz, 1H, CHarom), 8.12 

(dd, J = 7.8, 1.7 Hz, 1H, CHarom), 7.57 – 7.51 (m, 1H, NH), 7.51 – 7.45 (m, 1H, CHarom), 7.27 

(d, J = 8.6 Hz, 1H, CHarom), 7.09 (t, J = 7.5 Hz, 1H, CHarom), 6.91 (d, J = 8.7 Hz, 1H, CHarom), 

6.06 – 6.02 (m, 1H, CHOAr), 3.95 (s, 3H, OCH3), 3.02 (dd, J = 17.5, 3.2 Hz, 1H, CH2), 2.74 

(d, J = 4.8 Hz, 3H, NCH3), 2.51 – 2.36 (m, 2H, CH2), 1.99 (s, 3H, OCOCH3), 1.88 – 1.74 (m, 

3H, CH2), 1.72 (s, 3H, OCOCH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.7 (C), 176.2 (C), 

166.2 (C), 160.8 (C), 153.8 (C), 138.1 (CH), 136.3 (C), 133.0 (CH), 132.7 (CH), 131.4 (C), 

123.2 (C), 122.0 (CH), 119.0 (C), 112.9 (CH), 111.8 (CH), 73.9 (CH), 56.0 (CH3), 26.7 (CH3), 

26.2 (CH2), 23.6 (CH2), 20.6 (CH3), 20.0 (CH3), 16.8 (CH2) ppm. HRMS (NSI): 

m/z = 438.0561 calcd. for C19H21NO3I+ [M–2OAc+H]+, found: 438.0553. IR (neat): 

 = 3410w, 1645s, 1599m, 1566m, 1464w, 1362w, 1259s, 1217s, 1101m, 1065m, 

1007m, 980m, 932w, 802w, 754m, 665s cm–1. []D
20 = +25.0 (c = 0.40, CHCl3). 

6.2.3.4 Synthesis of Hypervalent Iodine Reagent 276f 

5-Methoxy-1,2,3,4-tetrahydronaphthalen-1-yl picolinate ((rac)-275f) 

 

Compound (rac)-278 (267 mg, 1.50 mmol) was reacted according to GP7 to give 

(rac)-275f as a colourless oil in 74% yield (315 mg, 1.11 mmol) after flash column 

chromatography (n-hexane:EtOAc = 70:30). 

M.p.: 48 – 52 °C. 1H NMR (500 MHz, CDCl3): δ = 8.78 – 8.75 (m, 1H, CHarom), 8.10 – 8.05 

(m, 1H, CHarom), 7.79 (td, J = 7.7, 1.6 Hz, 1H, CHarom), 7.46 – 7.41 (m, 1H, CHarom), 7.16 (t, 
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J = 7.9 Hz, 1H, CHarom), 7.00 (d, J = 7.8 Hz, 1H, CHarom), 6.78 (d, J = 8.1 Hz, 1H, CHarom), 6.33 

(t, J = 4.5 Hz, 1H, CH), 3.83 (s, 3H, CH3), 2.86 (dt, J = 17.9, 5.3 Hz, 1H, CH2), 2.66 – 2.54 

(m, 1H, CH2), 2.20 – 1.98 (m, 3H, CH2), 1.95 – 1.84 (m, 1H, CH2) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 164.8 (C), 157.2 (C), 150.2 (CH), 148.6 (C), 137.0 (CH), 135.4 (C), 127.3 (C), 

126.8 (CH), 126.6 (CH), 125.3 (CH), 121.6 (CH), 109.4 (CH), 71.8 (CH), 55.5 (CH3), 28.8 

(CH2), 22.9 (CH2), 18.5 (CH2) ppm. HRMS (ESI): m/z = 284.1287 calcd. for C17H18NO3
+ 

[M+H]+, found: 284.1297. IR (neat):  = 1705s, 1585m, 1472m, 1437m, 1351w, 1302m, 

1287m, 1263s, 1244s, 1180w, 1125s, 1103m, 1065m, 885w, 877w, 792w, 777m, 750m, 

705m, 640w, 617w cm–1. 

 

(R)-Triisopropyl((5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)silane ((R)-287) 

 

Compound (R)-278 (0.54 g, 3.0 mmol) was dissolved in a flame-dried Schlenk tube under 

nitrogen atmosphere in CH2Cl2 (7.0 mL) and NEt3 (0.63 mL, 4.5 mmol, 1.5 equiv.). The 

solution was cooled to 0 °C and TIPSOTf (0.81 mL, 3.0 mmol, 1.0 equiv.) was added. The 

reaction mixture was then warmed up to room temperature and stirred for 20 h. After 

completion of the reaction, all volatiles were removed under vacuum and the crude 

mixture was purified by flash column chromatography (n-hexane) to afford (R)-287 as a 

colourless oil in > 99% yield (1.00 g, 3.00 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.19 – 7.11 (m, 2H, CHarom), 6.72 (d, J = 7.8 Hz, 1H, CHarom), 

4.92 (dd, J = 7.2, 4.4 Hz, 1H, CH), 3.81 (s, 3H, CH3), 2.72 – 2.56 (m, 2H, CH2), 2.08 – 1.92 

(m, 2H, CH2), 1.87 – 1.78 (m, 1H, CH2), 1.77 – 1.66 (m, 1H, CH2), 1.21 – 1.14 (m, 3H, CH), 

1.14 – 1.07 (m, 18H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 157.0 (C), 141.5 (C), 126.0 

(CH), 125.9 (C), 120.3 (CH), 108.2 (CH), 69.7 (CH), 55.5 (CH3), 32.8 (CH2), 23.1 (CH2), 19.0 

(CH2), 18.5 (3 x CH3), 18.4 (3 x CH3), 13.0 (3 x CH) ppm. HRMS (ESI): m/z = 333.2250 calcd. 

for C20H33O2Si+ [M−H]+, found: 333.2263. IR (neat):  = 2940m, 2864m, 1585w, 1470s, 

1436w, 1258s, 1101m, 1080s, 1067s, 1003s, 881s, 812m, 772m, 675s, 652m cm−1. []D
20 

= –19.5 (c = 0.41, CHCl3). 
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(R)-((8-Iodo-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)oxy)triisopropylsilane 

((R)-288) 

 

A solution of iodine triacetate (0.91 g, 3.0 mmol) in glacial acetic acid (6.0 mL) in a flame-

dried Schlenk tube under nitrogen atmosphere was transferred to a second Schlenk tube 

under nitrogen atmosphere which contained (R)-287 (1.00 g, 3.00 mmol). The solution 

was stirred at room temperature for 15 h and the reaction was then quenched with 

aqueous saturated Na2S2O3 (10 mL). The mixture was extracted with CH2Cl2 (3 x 10 mL), 

washed with brine (10 mL), dried over anhydrous MgSO4 and concentrated under 

reduced pressure. The crude product was purified by flash column chromatography 

(n-hexane) to afford (R)-288 as a pale yellow solid in 71% yield (981 mg, 2.13 mmol). 

M.p.: 60 – 64 °C. 1H NMR (500 MHz, CDCl3): δ = 7.65 (d, J = 8.6 Hz, 1H, CHarom), 6.52 (d, J 

= 8.6 Hz, 1H, CHarom), 5.04 (t, J = 2.6 Hz, 1H, CH), 3.80 (s, 3H, CH3), 2.90 – 2.82 (m, 1H, 

CH2), 2.51 (ddd, J = 17.5, 10.1, 7.2 Hz, 1H, CH2), 2.18 – 2.07 (m, 2H, CH2), 1.74 – 1.59 (m, 

2H, CH2), 1.33 – 1.23 (m, 3H, CH), 1.11 (d, J = 7.5 Hz, 9H, CH3), 1.06 (d, J = 7.5 Hz, 9H, CH3) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 157.6 (C), 141.7 (C), 137.0 (CH), 129.4 (C), 111.2 

(CH), 91.0 (C), 72.7 (C), 55.6 (CH3), 32.0 (CH2), 22.6 (CH2), 18.8 (3 x CH3), 18.7 (3 x CH3), 

16.3 (CH2), 13.6 (3 x CH) ppm. HRMS (ESI): m/z = 286.9933 calcd. for C11H12OI+ 

[M−OTIPS]+, found: 286.9940. IR (neat):  = 2940m, 2862m, 1570w, 1458m, 1433m, 

1381w, 1366w, 1325w, 1296m, 1251s, 1201w, 1182m, 1155w, 1089s, 1070s, 1026m, 

1001s, 957m, 883m, 862w, 812w, 793s, 716m, 679s, 627m, 613m cm–1. []D
20 = −34.8 (c 

= 0.39, CHCl3). 
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(R)-8-Iodo-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol ((R)-279) 

 

Compound (R)-288 (842 mg, 1.83 mmol) was dissolved in THF (10 mL), followed by the 

addition of TBAF (5.4 mL, 5.4 mmol, 3.0 equiv., 1 M solution in THF). The solution was 

stirred at room temperature for 1 h and then concentrated in vacuo. The residue was 

quenched with saturated aqueous NH4Cl (20 mL), extracted with EtOAc (3 x 20 mL), 

washed with brine (20 mL), dried over anhydrous MgSO4 and concentrated under 

reduced pressure. The crude product was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10) to afford (R)-279 as a colourless solid in 91% yield (508 mg, 

1.67 mmol). 

[]D
20 = +50.3 (c = 0.40, CHCl3). Further spectroscopic data are reported in chapter 

6.2.3.2. 

 

(R)-8-Iodo-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl picolinate ((R)-286) 

 

Compound (R)-279 (456 mg, 1.50 mmol) was reacted according to GP7 to give (R)-286 

as a colourless solid in 96% yield (586 mg, 1.43 mmol) after flash column 

chromatography (n-hexane:EtOAc = 70:30). 

M.p.: 140 – 144 °C. 1H NMR (500 MHz, CDCl3): δ = 8.77 (d, J = 4.6 Hz, 1H, CHarom), 8.06 

(d, J = 7.8 Hz, 1H, CHarom), 7.78 (t, J = 7.7 Hz, 1H, CHarom), 7.69 (d, J = 8.6 Hz, 1H, CHarom), 

7.46 – 7.42 (m, 1H, CHarom), 6.60 (d, J = 8.6 Hz, 1H, CHarom), 6.14 – 6.09 (m, 1H, CH), 3.83 

(s, 3H, CH3), 2.97 (m, 1H, CH2), 2.50 – 2.39 (m, 2H, CH2), 1.91 – 1.81 (m, 3H, CH2) ppm. 

13C NMR (126 MHz, CDCl3): δ = 164.3 (C), 157.6 (C), 150.2 (CH), 148.4 (C), 137.4 (CH), 

136.9 (CH), 136.0 (C), 131.2 (C), 126.8 (CH), 125.3 (CH), 111.9 (CH), 91.6 (C), 75.0 (CH), 

55.7 (CH3), 28.7 (CH2), 23.7 (CH2), 17.2 (CH2) ppm. HRMS (ESI): m/z = 410.0253 calcd. for 

C17H17NO3I+ [M+H]+, found: 410.0250. IR (neat):  = 1711s, 1572w, 1456m, 1435m, 
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1337w, 1325w, 1296m, 1283m, 1244s, 1206w, 1182w, 1123s, 1011w, 995w, 976m, 

895m, 799m, 746m, 702m, 681w, 652w, 619w cm–1. []D
20 = +81.5 (c = 0.27, CHCl3). 

 

(R)-8-(Diacetoxyiodo)-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl picolinate 

((R)-276f) 

 

Compound (R)-286 (450 mg, 1.10 mmol) was dissolved in CH3CN (20 mL) and glacial 

acetic acid (6.6 mL) under nitrogen atmosphere. Selectfluor® (1.95 g, 5.5 mmol, 

5.0 equiv.) was added subsequently and the resulting suspension was stirred at room 

temperature for 4 h. After completion of the reaction, solvents were removed under 

vacuum and the product was dissolved in CHCl3. After filtration under nitrogen 

atmosphere, the filtrate was concentrated under reduced pressure to afford (R)-276f as 

yellow solid in > 99% yield (580 mg, 1.10 mmol). A sample was recrystallised from 

CH2Cl2/n-hexane at −40 °C to obtain colourless crystals that were suitable for X-ray 

diffraction.[41] 

M.p.: 62 – 66 °C. 1H NMR (500 MHz, CDCl3): δ = 8.75 (ddd, J = 4.7, 1.8, 0.9 Hz, 1H, CHarom), 

8.17 (d, J = 8.7 Hz, 1H, CHarom), 8.14 (dt, J = 7.9, 1.1 Hz, 1H, CHarom), 7.79 (td, J = 7.7, 

1.8 Hz, 1H, CHarom), 7.44 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H, CHarom), 6.85 (d, J = 8.7 Hz, 1H, 

CHarom), 6.50 (t, J = 2.8 Hz, 1H, CH), 3.91 (s, 3H, CH3), 3.07 – 2.97 (m, 1H, CH2), 2.57 – 2.40 

(m, 2H, CH2), 1.97 (s, 3H, CH3), 2.02 – 1.82 (m, 3H, CH2), 1.43 (s, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 176.4 (C), 176.1 (C), 164.0 (C), 160.7 (C), 150.0 (CH), 148.1 (C), 

138.1 (CH), 137.0 (CH), 135.9 (C), 132.0 (C), 127.0 (CH), 125.7 (CH), 118.4 (C), 111.8 (CH), 

72.7 (CH), 56.0 (CH3), 28.6 (CH2), 23.7 (CH2), 20.5 (CH3), 19.8 (CH3), 16.9 (CH2) ppm. 

HRMS (CI): m/z = 468.0302 calcd. for C19H19NO5I+ [M−OAc]+, found: 468.0304. IR (neat): 

 = 1717m, 1647m, 1568w, 1464w, 1437w,1362w, 1287m, 1263s, 1125m, 1069w, 978w, 

916w, 812w, 731w, 667m cm–1. []D
20 = −56.3 (c = 0.40, CHCl3). 
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6.2.3.5 Stereoselective Reactions 

 (R)-1-Phenylethane-1,2-diyl diacetate ((R)-155) 

 

Reagent (R)-276a (87 mg, 0.20 mmol, 1.25 equiv.) was reacted according to GP8 to give 

(R)-155 as a pale yellow oil in 65% (23 mg, 0.10 mmol) yield.  

Reagent (R)-276b (93 mg, 0.20 mmol, 1.25 equiv.) was reacted according to GP8 to give 

(R)-155 as a pale yellow oil in 67% (24 mg, 0.11 mmol) yield.  

Reagent (R)-276c (101 mg, 0.200 mmol, 1.25 equiv.) was reacted according to GP8 to 

give (R)-155 as a pale yellow oil in 89% (32 mg, 0.14 mmol) yield.  

Reagent (S)-276e (111 mg, 0.200 mmol, 1.25 equiv.) was reacted according to GP8 to 

give (S)-155 as a pale yellow oil in 65% (23 mg, 0.10 mmol) yield. 

Reagent (R)-276f (105 mg, 0.200 mmol, 1.25 equiv.) was reacted according to GP8 to 

give (R)-155 as a pale yellow oil in 87% (31 mg, 0.14 mmol) yield. 

The spectroscopic data are reported in chapter 6.2.1.3. 

The HPLC analyses were carried out according to chapter 6.2.1.6 with the corresponding 

diol; up to 21% ee. 

 

(2R)-1,2-Diphenyl-1-pentanone ((R)-87a) 

 

Reagent (R)-276a (87 mg, 0.20 mmol, 1.1 equiv.) was reacted according to GP9 to give 

(R)-87a as a colourless solid in 60% (26 mg, 0.12 mmol) yield.  

Reagent (R)-276b (93 mg, 0.20 mmol, 1.1 equiv.) was reacted according to GP9 to give 

(R)-87a as a colourless solid in 55% (24 mg, 0.10 mmol) yield.  

Reagent (R)-276c (101 mg, 0.200 mmol, 1.1 equiv.) was reacted according to GP9 to give 

(R)-87a as a colourless solid in 75% (32 mg, 0.14 mmol) yield.  

Reagent (S)-276e (111 mg, 0.200 mmol, 1.1 equiv.) was reacted according to GP9 to give 

(S)-87a as a colourless solid in 71% (31 mg, 0.13 mmol) yield. 
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Reagent (R)-276f (105 mg, 0.200 mmol, 1.1 equiv.) was reacted according to GP9 to give 

(R)-87 as a colourless solid in 74% (32 mg, 0.13 mmol) yield. 

The spectroscopic data are reported in chapter 6.2.1.8. 

The HPLC analyses were carried out according to chapter 6.2.1.8; up to 49% ee. 

 

 (2S)-2-[(4-Methylbenzenesulfonyl)oxy]-1-phenylpropan-1-one ((S)-62a) 

 

Compound (R)-276f (105 mg, 0.200 mmol, 1.25 equiv.) and TsOHH2O (76 mg, 

0.40 mmol, 2.5 equiv.) were dissolved in CH2Cl2 (2 mL) and the resulting solution was 

stirred for 30 minutes. Afterwards, the solution was cooled to −40 °C and 

propiophenone (21 µL, 0.16 mmol) was added. After having stirred the solution at this 

temperature for 3 h, the solution was warmed up to room temperature over 10 h. The 

reaction was then quenched with aqueous saturated Na2S2O3 (5 mL) and the resulting 

mixture was extracted with CH2Cl2 (3 x 10 mL). The combined organic layers were 

washed with brine (10 mL), dried over anhydrous MgSO4 and concentrated under 

vacuum. The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10) to give (S)-62a as a colourless oil in 59% yield (29 mg, 

0.094 mmol). 

1H NMR (400 MHz, CDCl3): δ = 7.90 – 7.85 (m, 2H, CHarom), 7.77 – 7.72 (m, 2H, CHarom), 

7.62 – 7.56 (m, 1H, CHarom), 7.49 – 7.42 (m, 2H, CHarom), 7.29 – 7.25 (m, 2H, CHarom), 5.78 

(q, J = 6.9 Hz, 1H, CH), 2.41 (s, 3H, CH3), 1.60 (d, J = 6.9 Hz, 3H, CH3) ppm. 13C NMR 

(101 MHz, CDCl3): δ = 195.0 (C), 145.1(C), 134.0 (CH), 133.8 (C), 133.6 (C), 129.9 (2 x CH), 

128.9 (2 x CH), 128.9 (2 x CH), 128.1 (2 x CH), 77.5 (CH), 21.8 (CH3), 18.9 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[46]  

HPLC-analysis: YMC Chiral Amylose-C S-5μm (25 cm), n-hexane/i-PrOH = 85:15, 

0.7 mL/min, 226 nm tR (minor) = 15.8 min, tR (major) = 17.5 min, 9% ee. The absolute 

configuration was determined by comparison of the HPLC data[46] and the optical 

rotation (see chapter 6.2.4.4)[47] with the literature. 
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6.2.3.6 Crystallographic Studies 

Table 6.2: Crystallographic data for compounds (R)-278, (R)-276a, (R)-276c, (S)-276e and (R)-276f. 

Compound (R)-278 (R)-276a (R)-276c 

Empirical Formula C11H14O2 C16H21IO6 C20H27IO7 

Crystal System Monoclinic Monoclinic Monoclinic 

Space Group P21 P21 P21 

T/K 293(2) 150(2) 298(2) 

a/Å 7.3685(4) 8.2418(5) 11.2585(4) 

b/Å 4.8732(2) 11.7243(6) 9.2137(3) 

c/Å 13.2304(7) 8.9435(6) 21.7771(8) 

α/° 90 90 90 

ϐ/° 95.679(5) 93.134(7) 101.020(4) 

γ/° 90 90 90 

V/Å3 472.75(4) 862.91(9) 2217.34(14) 

Z 2 2 4 

Density (calculated)/mg.m−3 1.252 1.679 1.517 

Crystal size/mm 0.351 x 0.062 x 0.022 0.189 x 0.172 x 0.113 0.259 x 0.180 x 0.053 

Reflections collected 3455 7801 20990 

Independent reflections 1818 [R(int) = 0.0295] 4077 [R(int) = 0.0352] 10415 [R(int) = 0.0328] 

Goodness-of-fit on F2 1.044 1.067 1.063 

R1[l>2σ(l)] 0.0401 0.0361 0.0368 

R indices (all data) 0.0435 0.0468 0.0458 

ρmin/ ρmax/e.Å−3 −0.187/0.162 −0.884/1.246 −0.852/0.873 

CCDC code 1914637 1914639 1914640 

 

Compound (S)-276e (R)-276f  

Empirical Formula C24H28INO7Cl2 C21H22INO7  

Crystal System Tetragonal Triclinic  

Space Group P42/n P-1  

T/K 296(2) 293(2)  

a/Å 23.5783(5) 7.9042(3)  

b/Å 23.5783(5) 10.6590(5)  

c/Å 8.8815(4) 13.6151(8)  

α/° 90 77.325(4)  

ϐ/° 90 89.450(4)  

γ/° 90 72.275(4)  

V/Å3 4937.5(3) 1063.98(9)  

Z 8 2  

Density (calculated)/mg.m−3 1.580 1.646  

Crystal size/mm 0.391 x 0.047 x 0.038 0.228 x 0.138 x 0.040  

Reflections collected 46941 17498  

Independent reflections 6571 [R(int) = 0.0799] 5263 [R(int) = 0.0563]  

Goodness-of-fit on F2 1.019 1.076  

R1[l>2σ(l)] 0.0463 0.0512  

R indices (all data) 0.1086 0.0790  

ρmin/ ρmax/e.Å−3 −0.641/0.864 −1.185/1.523  

CCDC code 1914641 1914638  
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6.2.4 Hypervalent Iodine-Catalysed Enantioselective α-Acetoxylation of 

Ketones 

6.2.4.1 General Procedures 

General Procedure GP10 for the synthesis of acetyl enol ethers 298 

A solution of n-BuLi (1.32 mL, 3.30 mmol, 1.1 equiv., 2.5 M in n-hexane) was added 

slowly at −78 °C to a solution of diisopropylamine (0.47 mL, 3.3 mmol, 1.1 equiv.) in dry 

THF (6 mL) in a flame-dried Schlenk tube under nitrogen atmosphere. The solution was 

stirred for 30 min at −78 °C and propiophenone derivative 61 (3.0 mmol) was added. 

Afterwards, the reaction mixture was stirred for additional 45 min and acetic anhydride 

(0.57 mL, 6.0 mmol, 2.0 equiv.) was added. The mixture was stirred for 30 min at −78 °C, 

warmed up to room temperature and stirred for another hour. The resulting suspension 

was subsequently quenched with saturated aqueous NaHCO3 solution (30 mL) and the 

resulting mixture was extracted with EtOAc (3 x 30 mL). The combined organic layers 

were washed with brine (50 mL), dried over anhydrous MgSO4 and concentrated under 

vacuum. The crude mixture was purified by flash column chromatography. 

General Procedure GP11 for the synthesis of 2-iodoresorcinol derivatives 

The resorcinol derivative (20.0 mmol) and iodine (5.33 g, 21.0 mmol, 1.05 equiv.) were 

dissolved in water (30 mL) and THF (10 mL) and the solution was cooled to 0 °C. NaHCO3 

(1.85 g, 22.0 mmol, 1.1 equiv.) was added portionwise and the evolution of gas was 

observed. The reaction mixture was stirred for 10 min at 0 °C and 30 min at room 

temperature. Afterwards, saturated aqueous Na2S2O3 (50 mL) was added and the 

reaction mixture was extracted with EtOAc (3 x 50 mL). The combined organic layers 

were washed with brine (50 mL), dried over anhydrous MgSO4 and concentrated under 

vacuum. The crude mixture was purified by recrystallisation or flash column 

chromatography. 

General Procedure GP12 for the Mitsunobu reaction of the 2-iodoresorcinol derivatives 

The 2-iodoresorcinol derivative (5.00 mmol), methyl (S)-(–)-lactate (1.19 mL, 12.5 mmol, 

2.5 equiv.) and triphenylphosphine (3.28 g, 12.5 mmol, 2.5 equiv.) were dissolved in dry 

THF (25 mL) under nitrogen. The reaction mixture was cooled to 0 °C and diisopropyl 

azodicarboxylate (2.46 mL, 12.5 mmol, 2.5 equiv.) was added dropwise. After 1 h at 0 °C, 
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the mixture was warmed up to room temperature and stirred for 16 h. The solvent was 

removed under reduced pressure and Et2O (40 mL) was added. Triphenylphosphine 

oxide, which precipitated, was removed by filtration and the filtrate was concentrated 

under vacuum. The crude mixture was purified by flash column chromatography. 

 General Procedure GP13 for the basic hydrolysis of diesters 

The iodoarene (3.00 mmol) was dissolved in THF (12 mL) and MeOH (12 mL). After 

cooling the solution to 0 °C, a 2 M aqueous solution of NaOH (12 mL, 24 mmol, 

8.0 equiv.) was added slowly and the resulting solution was stirred at room temperature 

for 16 h. The reaction mixture was then acidified with 3 M aqueous HCl at 0 °C and 

extracted with EtOAc (3 x 15 mL). The combined organic layers were washed with brine 

(30 mL), dried over anhydrous MgSO4 and concentrated under vacuum to afford the 

pure product. 

General Procedure GP14 for the synthesis of lactamides 

The dicarboxylic acid (1.5 mmol) was suspended in dry CH2Cl2 (15 mL) in a flame-dried 

Schlenk tube under nitrogen atmosphere. After the addition of a catalytic amount of 

DMF (1 drop) and oxalyl chloride (450 µL, 5.25 mmol, 3.5 equiv.) at 0 °C, the reaction 

mixture was warmed up to room temperature, stirred for 3 h and then concentrated 

under reduced pressure. Afterwards, the crude product was redissolved in dry CH2Cl2 

(7 mL) under nitrogen atmosphere and the solution was cooled to 0 °C. Subsequently, 

the desired amine (6.0 mmol, 4.0 equiv.) and dry pyridine (484 µL, 6.0 mmol, 4.0 equiv.) 

were added, the reaction solution was warmed to room temperature and stirred for 

16 h. The reaction was then quenched with 3 M aqueous HCl and the resulting mixture 

extracted with CH2Cl2 (3 x 10 mL). The combined organic layers were dried over 

anhydrous MgSO4, concentrated under vacuum and the crude mixture was purified by 

flash column chromatography. 

General Procedure GP15 for the oxidation of iodoarenes with Selectfluor® 

The iodoarene (0.400 mmol) was dissolved in CH3CN (12 mL) and glacial acetic acid 

(4 mL) under nitrogen atmosphere. Selectfluor® (709 mg, 2.00 mmol, 5.0 equiv.) was 

added subsequently and the resulting suspension was stirred at room temperature for 

5 h. After completion of the reaction, the solvents were removed under vacuum and the 
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product was dissolved in CHCl3. After filtration under nitrogen atmosphere, the filtrate 

was concentrated under reduced pressure and the residue was washed with 

Et2O/n-hexane (3:1) to afford the pure product. 

General Procedure GP16 for the catalytic asymmetric α-acetoxylation 

Iodoarene 335f (10.7 mg, 0.0150 mmol, 5.0 mol%) and acetyl enol ether 298 

(0.30 mmol) were dissolved in CH2Cl2 (1.12 mL) and AcOH (0.38 mL) under nitrogen 

atmosphere. After the addition of BF3OEt2 (11 µL, 0.090 mmol, 30 mol%) and mCPBA 

(81 mg, 0.36 mmol, 1.2 equiv., 77% purity), the reaction mixture was stirred for 2 h at 

room temperature. Subsequently, saturated aqueous Na2S2O3 (5 mL) was added and the 

resulting mixture was extracted with CH2Cl2 (3 x 10 mL) The combined organic layers 

were washed with saturated aqueous NaHCO3 (30 mL), dried over anhydrous MgSO4, 

concentrated under vacuum and the crude mixture was purified by flash column 

chromatography. 

6.2.4.2 Synthesis of Enol Ethers 298 

(Z)-1-Phenylprop-1-en-1-yl acetate (298a) 

 

Propiophenone (1.33 mL, 10.0 mmol) was reacted according to GP10 with n-BuLi 

(4.40 mL, 11.0 mmol, 1.1 equiv., 2.5 M in n-hexane), diisopropylamine (1.55 mL, 

11.0 mmol, 1.1 equiv.) and acetic anhydride (1.89 mL, 20.0 mmol, 2.0 equiv.) to give 

298a as a colourless liquid in 82% yield (1.45 g, 8.20 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5).  

1H NMR (500 MHz, CDCl3): δ = 7.43 – 7.37 (m, 2H, CHarom), 7.35 – 7.30 (m, 2H, CHarom), 

7.30 – 7.27 (m, 1H, CHarom), 5.91 (q, J = 7.0 Hz, 1H, CH), 2.31 (s, 3H, CH3), 1.72 (d, J = 

7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 168.7 (C), 147.05 (C), 135.1 (C), 

128.6 (2 x CH), 128.1 (CH), 124.4 (2 x CH), 112.7 (CH), 20.7 (CH3), 11.7 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[48] 
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(Z)-1-Phenyl-1-triethylsiloxy-1-propene (298a‘) 

 

Propiophenone (0.40 mL, 3.0 mmol) was reacted with triethylsilyl chloride (0.55 mL, 

3.3 mmol, 1.1 equiv.) instead of acetic anhydride according to GP10 to give 298a’ as a 

colourless liquid in 96% yield (0.72 g, 2.9 mmol) after flash column chromatography 

(n-hexane).  

1H NMR (500 MHz, CDCl3): δ = 7.47 – 7.41 (m, 2H, CHarom), 7.32 – 7.20 (m, 3H, CHarom), 

5.21 (q, J = 6.3 Hz, 1H, CH), 1.75 (d, J = 6.5 Hz, 3H, CH3), 0.93 (t, J = 7.8 Hz, 9H, CH3), 0.61 

(q, J = 7.6 Hz, 6H, CH2) ppm. The spectroscopic data are in agreement with the 

literature.[49] 

 

(Z)-1-(4-Fluorophenyl)prop-1-en-1-yl acetate (298b) 

 

4’-Fluoropropiophenone (0.42 mL, 3.0 mmol) was reacted according to GP10 to give 

298b as a colourless oil in 76% yield (441 mg, 2.27 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.39 – 7.33 (m, 2H, CHarom), 7.03 – 6.97 (m, 2H, CHarom), 

5.81 (q, J = 7.0 Hz, 1H, CH), 2.29 (s, 3H, CH3), 1.70 (d, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 168.7 (C), 162.7 (d, J = 247.5 Hz, C), 146.3 (C), 131.5 (d, J = 3.3 Hz, 

C), 126.3 (d, J = 8.1 Hz, 2 x CH), 115.6 (d, J = 21.8 Hz, 2 x CH), 112.7 (d, J = 1.6 Hz, CH), 

20.7 (CH3), 11.7 (CH3) ppm. 19F NMR (471 MHz, CDCl3): δ = −113.83 – −113.94 (m, 1F, CF) 

ppm. HRMS (EI): m/z = 194.0743 calcd. for C11H11O2F+ [M]+, found: 194.0743. IR (neat): 

 = 1755s, 1607w, 1508s, 1369w, 1202s, 1159m, 1030m, 843w, 812w, 606w cm−1. 
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(Z)-1-(3-Fluorophenyl)prop-1-en-1-yl acetate (298c) 

 

3’-Fluoropropiophenone (457 mg, 3.00 mmol) was reacted according to GP10 to give 

298c as a colourless oil in 53% yield (309 mg, 1.59 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.28 (m, 1H, CHarom), 7.18 (ddd, J = 8.0, 1.7, 1.0 Hz, 1H, 

CHarom), 7.10 – 7.04 (dd, J = 10.3, 1.8 Hz, 1H, CHarom), 6.96 (tdd, J = 8.3, 2.6, 1.0 Hz, 1H, 

CHarom), 5.93 (q, J = 7.0 Hz, 1H, CH), 2.31 (s, 3H, CH3), 1.72 (d, J = 7.0 Hz, 3H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 168.6 (C), 163.1 (d, J = 245.2 Hz, CF), 146.1 (d, J = 2.9 Hz, 

C), 137.5 (d, J = 7.8 Hz, C), 130.2 (d, J = 8.4 Hz, CH), 120.0 (d, J = 2.8 Hz, CH), 115.0 (d, J = 

21.3 Hz, CH), 114.2 (CH), 111.4 (d, J = 23.3 Hz, CH), 20.7 (CH3), 11.8 (CH3) ppm. 19F NMR 

(471 MHz, CDCl3): δ = −113.0 – –113.1 (m, 1F, CF) ppm. HRMS (EI): m/z = 194.0743 calcd. 

for C11H11O2F+ [M]+, found: 194.0741. IR (neat):  = 1755s, 1614w, 1584m, 1489w, 

1435w, 1369m, 1202m, 1179m, 1157m, 1030m, 910w, 864m, 785m, 764w, 687w, 665w, 

642w cm–1. 

 

(Z)-1-(4-Bromophenyl)prop-1-en-1-yl acetate (298d) 

 

4’-Bromopropiophenone (639 mg, 3.00 mmol) was dissolved in dry DMSO (12 mL) in a 

flame-dried Schlenk tube under nitrogen atmosphere. After the solution was cooled to 

ca. 10 °C, NaH (0.18 g, 4.5 mmol, 1.5 equiv., 60% dispersion in mineral oil) was added 

portionwise over 30 min. Afterwards, the resulting suspension was warmed to room 

temperature and stirred for another 30 min. Acetic anhydride (0.78 mL, 7.2 mmol, 

2.4 equiv.) was then added and the reaction mixture was stirred for 30 min. 

The suspension was then quenched with water (30 mL) and the resulting mixture was 

extracted with n-hexane (3 x 30 mL). The combined organic layers were washed with 

brine (50 mL), dried over anhydrous MgSO4 and concentrated under vacuum. The crude 
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mixture was purified by flash column chromatography (n-hexane:EtOAc = 95:5) to give 

298d as a colourless solid in 60% (458 mg, 1.80 mmol) yield. 

M.p.: 53 – 56 °C. 1H NMR (500 MHz, CDCl3): δ = 7.46 – 7.42 (m, 2H, CHarom), 7.27 – 7.23 

(m, 2H, CHarom), 5.89 (q, J = 7.0 Hz, 1H, CH), 2.29 (s, 3H, CH3), 1.70 (d, J = 7.0 Hz, 3H, CH3) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 168.6 (C), 146.2 (C), 134.2 (C), 131.7 (2 x CH), 126.0 

(2 x CH), 122.1 (C), 113.6 (CH), 20.7 (CH3), 11.8 (CH3) ppm. HRMS (EI): m/z = 253.9942 

calcd. for C11H11O2Br+ [M]+, found: 253.9938. IR (neat):  = 1753s, 1665w, 1584w, 

1485m, 1396w, 1366m, 1202s, 1179m, 1113w, 1072m, 1030m, 1001m, 968w, 893w, 

849m, 829m, 812m, 787m, 691w, 644w cm–1. 

 

(Z)-1-(3-(Trifluoromethyl)phenyl)prop-1-en-1-yl acetate (298e) 

 

3‘-(Trifluoromethy)propiophenone (505 µL, 3.00 mmol) was reacted according to GP10 

to give 298e as a colourless oil in 56% yield (407 mg, 1.67 mmol) after flash column 

chromatography (n-hexane:EtOAc = 98:2). 

1H NMR (500 MHz, CDCl3): δ = 7.63 (s, 1H, CHarom), 7.56 (d, J = 7.8 Hz, 1H, CHarom), 7.52 

(d, J = 7.8 Hz, 1H, CHarom), 7.44 (t, J = 7.8 Hz, 1H, CHarom), 5.98 (q, J = 7.0 Hz, 1H, CH), 2.32 

(s, 3H, CH3), 1.74 (d, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 168.6 (C), 

145.9 (C), 136.1 (C), 131.1 (q, J = 32.3 Hz, C), 129.2 (CH), 127.6 (d, J = 1.1 Hz, CH), 124.8 

(q, J = 3.7 Hz, CH), 124.1 (q, J = 272.4 Hz, CF3), 121.2 (q, J = 3.9 Hz, CH), 114.8 (CH), 20.7 

(CH3), 11.8 (CH3) ppm. 19F NMR (471 MHz, CDCl3): δ = −62.8 (s, 3F, CF3) ppm. The 

spectroscopic data are in agreement with the literature.[50] 

 

1-(2-(Trifluoromethyl)phenyl)prop-1-en-1-yl acetate (298f) 

 

2‘-(Trifluoromethy)propiophenone (500 µL, 3.00 mmol) was reacted according to GP10 

to give 298f as a colourless oil in 61% yield (448 mg, 1.84 mmol) after flash column 
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chromatography (n-hexane:EtOAc = 98:2) as a mixture of (Z)- and (E)-isomers (Z/E = 

2.7:1, determined via 1H NMR analysis). 

1H NMR (500 MHz, CDCl3): δ = 7.72 – 7.68 (m, 1H, Z-CHarom), 7.66 – 7.53 (m, 4H, Z-CHarom 

and E-CHarom), 7.51 (m, 1H, E-CHarom), 7.49 – 7.44 (m, 1H, Z-CHarom), 7.42 (m, 1H, E-

CHarom), 5.66 (q, J = 7.2 Hz, 1H, Z-CH), 5.49 (q, J = 6.9 Hz, 1H, E-CH), 2.14 (s, 3H, E-CH3), 

2.07 (s, 3H, Z-CH3), 1.73 (d, J = 6.9 Hz, 3H, CH3), 1.55 (d, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 169.8 (C), 168.9 (C), 145.7 (C), 144.4 (C), 135.3 (q, J = 2.1 Hz, C), 

133.6 (CH), 132.4 (q, J = 2.1 Hz, C), 132.1 (CH), 131.8 (d, J = 0.9 Hz, CH), 131.6 (d, J = 

0.9 Hz, CH), 129.3 (d, J = 30.8 Hz, C), 129.0 (CH), 128.6 (CH), 127.9 (q, J = 30.9 Hz, C), 

126.4 (q, J = 5.3 Hz, CH), 126.3 (q, J = 5.6 Hz, CH), 124.1 (q, J = 273.6 Hz, CF3), 123.9 (q, J 

= 273.6 Hz, CF3), 117.5 (CH), 117.2 (CH), 21.1 (CH3), 20.8 (CH3), 12.7 (CH3), 11.6 (CH3) 

ppm. 19F NMR (471 MHz, CDCl3): δ = −59.8 (s, 3F, E-CF3), −60.6 (s, 3F, Z-CF3) ppm. The 

spectroscopic data are in agreement with the literature.[50] 

 

(Z)-1-(3-Nitrophenyl)prop-1-en-1-yl acetate (298g) 

 

3‘-Nitropropiophenone (538 µL, 3.00 mmol) was reacted according to GP10 to give 298g 

as a yellow oil in 43% yield (285 mg, 1.29 mmol) after flash column chromatography 

(n-hexane:EtOAc = 100:0  95:5). 

1H NMR (500 MHz, CDCl3): δ = 8.23 (t, J = 2.0 Hz, 1H, CHarom), 8.12 (ddd, J = 8.1, 2.1, 

0.9 Hz, 1H, CHarom), 7.70 (ddd, J = 8.0, 1.8, 1.0 Hz, 1H, CHarom), 7.50 (t, J = 8.0 Hz, 1H, 

CHarom), 6.05 (q, J = 7.0 Hz, 1H, CH), 2.34 (s, 3H, CH3), 1.77 (d, J = 7.0 Hz, 3H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 168.6 (C), 148.7 (C), 145.1 (C), 137.1 (C), 130.1 (CH), 

129.7 (CH), 122.8 (CH), 119.4 (CH), 116.0 (CH), 20.7 (CH3), 11.9 (CH3) ppm. HRMS (EI): 

m/z = 221.0688 calcd. for C11H11NO2
+ [M]+, found: 221.0692. IR (neat):  = 1755s, 1526s, 

1433w, 1346m, 1192s, 1123w, 1032m, 899w, 791w, 737s, 704w, 637w cm–1. 

  



EXPERIMENTAL PART  TOBIAS HOKAMP 

252 
 

(Z)-1-(p-Tolyl)prop-1-en-1-yl acetate (298h) 

 

4’-Methylpropiophenone (448 µL, 3.00 mmol) was reacted according to GP10 to give 

298h as a colourless oil in 88% yield (502 mg, 2.64 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.30 – 7.26 (m, 2H, CHarom), 7.15 – 7.10 (m, 2H, CHarom), 

5.84 (q, J = 7.0 Hz, 1H, CH), 2.33 (s, 3H, CH3), 2.30 (s, 3H, CH3), 1.71 (d, J = 7.0 Hz, 3H, 

CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 168.8 (C), 147.1 (C), 138.0 (C), 132.4 (C), 129.3 

(2 x CH), 124.3 (2 x CH), 111.8 (CH), 21.3 (CH3), 20.8 (CH3), 11.6 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[50] 

 

(Z)-1-(4-(tert-Butyl)phenyl)prop-1-en-1-yl acetate (298i) 

 

4’-tert-Butylpropiophenone (595 µL, 3.00 mmol) was reacted according to GP10 to give 

298i as a colourless oil in 50% yield (350 mg, 1.51 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.35 – 7.31 (m, 4H, CHarom), 5.86 (q, J = 7.0 Hz, 1H, CH), 

2.30 (s, 3H, CH3), 1.71 (d, J = 7.0 Hz, 3H, CH3), 1.30 (s, 9H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 168.8 (C), 151.2 (C), 147.1 (C), 132.3 (C), 125.6 (2 x CH), 124.1 (2 x CH), 111.9 

(CH), 34.7 (C), 31.4 (3 x CH3), 20.8 (CH3), 11.7 (CH3) ppm. HRMS (ESI): m/z = 255.1361 

calcd. for C15H20O2Na+ [M+Na]+, found: 255.1366. IR (neat):  = 2961w, 1757s, 1510w, 

1366m, 1275w, 1209m, 1188m, 1030w, 1015w, 791w, 731w cm–1. 

  



TOBIAS HOKAMP  EXPERIMENTAL PART 

253 
 

(Z)-1-([1,1'-Biphenyl]-4-yl)prop-1-en-1-yl acetate (298j) 

 

4‘-Phenylpropiophenone (631 mg, 3.00 mmol) was reacted according to GP10 to give 

298j as a colourless solid in 83% yield (632 mg, 2.50 mmol) after recrystallisation from 

EtOAc/n-hexane. 

M.p.: 144 – 146 °C. 1H NMR (500 MHz, CDCl3): δ = 7.61 – 7.54 (m, 4H, CHarom), 7.49 – 

7.41 (m, 4H, CHarom), 7.38 – 7.32 (m, 1H, CHarom), 5.96 (q, J = 7.0 Hz, 1H, CH), 2.34 (s, 3H, 

CH3), 1.75 (d, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 168.8 (C), 146.8 

(C), 140.9 (C), 140.7 (C), 134.1 (C), 128.9 (2 x CH), 127.5 (CH), 127.3 (2 x CH), 127.1 (2 x 

CH), 124.8 (2 x CH), 112.9 (CH), 20.8 (CH3), 11.8 (CH3) ppm. HRMS (ESI): m/z = 275.1048 

calcd. for C17H16O2Na+ [M+Na]+, found: 275.1046. IR (neat):  = 1749s, 1487w, 1375m, 

1219m, 1196w, 1031w, 901w, 841w, 762s, 737w, 692m, 660w cm–1. 

 

(Z)-1-(4-Methoxyphenyl)prop-1-en-1-yl acetate (298k) 

 

4’-Methoxypropiophenone (526 µL, 3.00 mmol) was reacted according to GP10 to give 

298k as a colourless solid in 37% yield (228 mg, 1.10 mmol) after flash column 

chromatography (n-hexane:EtOAc = 97:3). 

1H NMR (500 MHz, CDCl3): δ = 7.35 – 7.29 (m, 2H, CHarom), 6.88 – 6.82 (m, 2H, CHarom), 

5.76 (q, J = 7.0 Hz, 1H, CH), 3.80 (s, 3H, CH3), 2.29 (s, 3H CH3), 1.69 (d, J = 7.0 Hz, 3H, CH3) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 168.8 (C), 159.6 (C), 146.9 (C), 127.9 (C), 125.8 (2 x 

CH), 114.0 (2 x CH), 110.8 (CH), 55.4 (CH3), 20.8 (CH3), 11.6 (CH3) ppm. The spectroscopic 

data are in agreement with the literature.[50] 
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(Z)-1,2-Diphenylvinyl acetate (298l) 

 

2-Phenylacetophenone (589 mg, 3.00 mmol) was reacted according to GP10 to give 298l 

as a colourless solid in 48% yield (345 mg, 1.45 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.56 – 7.50 (m, 4H, CHarom), 7.42 – 7.31 (m, 5H, CHarom), 

7.30 – 7.25 (m, 1H, CHarom), 6.71 (s, 1H, CH), 2.32 (s, 3H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 168.7 (C), 146.7 (C), 135.7 (C), 134.5 (C), 128.8 (5 x CH), 128.7 (2 x CH), 127.8 

(CH), 124.9 (2 x CH), 116.9 (CH), 21.2 (CH3) ppm. The spectroscopic data are in 

agreement with the literature.[51] 

 

(Z)-3-Methyl-1-phenylbut-1-en-1-yl acetate (298m) 

 

Isobutyl phenyl ketone (504 µL, 3.00 mmol) was reacted according to GP10 to give 298m 

as a colourless oil in 75% yield (458 mg, 2.24 mmol) after flash column chromatography 

(n-hexane:EtOAc = 97:3). 

1H NMR (500 MHz, CDCl3): δ = 7.41 – 7.38 (m, 2H, CHarom), 7.34 – 7.30 (m, 2H, CHarom), 

7.29 – 7.24 (m, 1H, CHarom), 5.65 (d, J = 9.6 Hz, 1H, CH), 2.61 (dhept, J = 9.6, 6.7 Hz, 1H, 

CH), 2.29 (s, 3H, CH3), 1.07 (d, J = 6.7 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 169.1 (C), 144.5 (C), 135.2 (C), 128.6 (2 x CH), 128.2 (CH), 125.3 (CH), 124.5 (2 x CH), 

26.4 (CH), 22.7 (2 x CH3), 20.8 (CH3) ppm. The spectroscopic data are in agreement with 

the literature.[52] 
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(Z)-1-Phenylbut-1-en-1-yl acetate (298n) 

 

Butyrophenone (435 µL, 3.00 mmol) was reacted according to GP10 to give 298n as a 

colourless oil in 88% yield (500 mg, 2.62 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.42 – 7.38 (m, 2H, CHarom), 7.35 – 7.30 (m, 2H, CHarom), 

7.29 – 7.25 (m, 1H, CHarom), 5.82 (t, J = 7.5 Hz, 1H, CH), 2.30 (s, 3H, CH3), 2.15 (pent, J = 

7.5 Hz, 2H, CH2), 1.08 (t, J = 7.5 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 168.9 

(C), 145.7 (C), 135.2 (C), 128.6 (2 x CH), 128.2 (CH), 124.5 (2 x CH), 119.9 (CH), 20.8 (CH3), 

19.8 (CH2), 13.6 (CH3) ppm. The spectroscopic data are in agreement with the 

literature.[50] 

 

3,4-Dihydronaphthalen-1-yl acetate (298o) 

 

1-Tetralone (400 µL, 3.00 mmol) was reacted according to GP10 to give 298o as a 

colourless solid in 97% yield (550 mg, 2.92 mmol) after flash column chromatography 

(n-hexane:EtOAc = 100:0  90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.22 – 7.16 (m, 3H, CHarom), 7.14 – 7.10 (m, 1H, CHarom), 

5.74 (t, J = 4.7 Hz, 1H, CH), 2.90 (t, J = 8.1 Hz, 2H, CH2), 2.48 (td, J = 8.1, 4.7 Hz, 2H, CH2), 

2.33 (s, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 169.4 (C), 145.7 (C), 136.5 (C), 

130.5 (C), 128.0 (CH), 127.7 (CH), 126.5 (CH), 120.8 (CH), 115.6 (CH), 27.6 (CH2), 22.1 

(CH2), 21.0 (CH3) ppm. The spectroscopic data are in agreement with the literature.[53] 
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(Z)-1-(Thiophen-2-yl)prop-1-en-1-yl acetate (298p) 

 

2-Propionylthiophene (374 µL, 3.00 mmol) was reacted according to GP10 to give 298p 

as a colourless oil in 58% yield (318 mg, 1.74 mmol) after flash column chromatography 

(n-hexane:EtOAc = 100:0  96:4). 

1H NMR (500 MHz, CDCl3): δ = 7.16 (dd, J = 5.0, 1.2 Hz, 1H, CHarom), 6.97 (dd, J = 3.6, 

1.2 Hz, 1H, CHarom), 6.94 (dd, J = 5.0, 3.6 Hz, 1H, CHarom), 5.81 (q, J = 7.1 Hz, 1H, CH), 2.29 

(s, 3H, CH3), 1.68 (d, J = 7.1 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 168.4 (C), 

142.3 (C), 139.2 (C), 127.5 (CH), 124.6 (CH), 123.1 (CH), 112.5 (CH), 20.7 (CH3), 11.6 (CH3) 

ppm. The spectroscopic data are in agreement with the literature.[50] 

 

2-Cyano-1-phenylvinyl acetate (298q) 

 

Benzoylacetonitrile (435 mg, 3.00 mmol) was reacted according to GP10 to give 298q as 

a colourless oil in 80% yield (449 mg, 2.40 mmol) after flash column chromatography 

(n-hexane:EtOAc = 90:10) as a mixture of (Z)- and (E)-isomers (Z/E = 1.4:1, determined 

via 1H and NOESY NMR analysis). 

1H NMR (500 MHz, CDCl3): δ = 7.78 – 7.70 (m, 2H, E-CHarom), 7.55 – 7.38 (m, 8H, Z-CHarom 

and E-CHarom), 5.70 (s, 1H, Z-CH), 5.51 (s, 1H, E-CH), 2.41 (s, 3H, Z-CH3), 2.29 (s, 3H, E-

CH3) ppm. 13C NMR (101 MHz, CDCl3): δ = 167.7 (C), 167.2 (C), 164.7 (C), 164.3 (C), 132.0 

(CH), 131.79 (CH), 131.75 (C), 131.7 (C), 129.2 (2 x CH), 129.0 (2 x CH), 127.5 (2 x CH), 

125.7 (2 x CH), 116.1 (C), 114.7 (C), 88.4 (CH, E), 87.4 (CH, Z), 21.2 (CH3, E), 20.8 (CH3, Z) 

ppm. HRMS (EI): m/z = 187.0633 calcd. for C11H9INO2
+ [M]+, found: 187.0637. IR (neat): 

 = 2220m, 1771s, 1626m, 1371w, 1167s, 1067m, 1009w, 887w, 756m, 689m cm–1. 
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6.2.4.3 Synthesis of Hypervalent Iodine Reagents 

2-Iodoresorcinol (268) 

 

Resorcinol (5.00 g, 45.4 mmol), iodine (11.9 g, 47.7 mmol, 1.05 equiv.) and NaHCO3 

(4.19 g, 49.9 mmol, 1.1 equiv.) were reacted according to GP11. The crude product was 

crystallised from CHCl3 to afford 268 as colourless crystals in 64% yield (6.86 g, 

29.1 mmol).  

1H NMR (500 MHz, Acetone-d6): δ = 8.78 (s, 2H, OH), 7.00 (t, J = 8.0 Hz, 1H, CHarom), 6.46 

(d, J = 8.0 Hz, 2H, CHarom) ppm. 13C NMR (126 MHz, Acetone-d6): δ = 158.9 (2 x C), 130.4 

(CH), 107.1 (2 x CH), 75.3 (C) ppm. The spectroscopic data are in agreement with the 

literature.[54] 

 

2-Iodo-5-methylbenzene-1,3-diol (337a) 

 

5-Methylresorcinol (2.48 g, 20.0 mmol) was reacted according to GP11 to give 337a as 

a colourless solid in 73% yield (3.65 g, 14.6 mmol) after flash column chromatography 

(n-hexane:EtOAc = 95:5). 

1H NMR (400 MHz, CDCl3): δ = 6.40 (q, J = 0.6 Hz, 2H, CHarom), 5.27 (s, 2H, OH), 2.25 (t, J 

= 0.6 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 155.4 (2 x C), 141.3 (C), 108.4 (2 

x CH), 73.7 (C), 21.3 (CH3) ppm. The spectroscopic data are in agreement with the 

literature.[11] 
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5-Bromo-2-iodobenzene-1,3-diol (337b) 

 

5-Bromoresorcinol (3.78 g, 20.0 mmol) was reacted according to GP11 to give 337b as a 

colourless solid in 42% yield (2.65 g, 8.40 mmol) after flash column chromatography 

(n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 6.74 (s, 2H, CHarom), 5.38 (s, 2H, OH) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 156.2 (2 x C), 123.8 (C), 111.0 (2 x CH), 76.4 (C) ppm. The 

spectroscopic data are in agreement with the literature.[55] 

 

1-(3,5-Dihydroxy-4-iodophenyl)ethan-1-one (337c) 

 

3’,5’-Dihydroxyacetophenone (3.04 g, 20.0 mmol) was reacted according to GP11 to 

give 337c as a pale yellow solid in 48% yield (2.66 g, 9.57 mmol) after flash column 

chromatography (n-hexane:EtOAc = 80:20). 

1H NMR (400 MHz, CDCl3, spiked with MeOD): δ = 6.89 (s, 2H, CHarom), 2.92 (br, 2H, OH), 

2.49 (s, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3, spiked with MeOD): δ = 199.1 (C), 

157.6 (2 x C), 138.3 (C), 105.6 (2 x CH), 82.9 (C), 26.6 (CH3) ppm. The spectroscopic data 

are in agreement with the literature.[56] 

 

Dimethyl 2,2'-((2-iodo-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate (270) 

 

2-Iodoresorcinol (2.36 g, 10.0 mmol) was reacted with methyl (S)-(−)-lactate (2.4 mL, 

25 mmol, 2.5 equiv.), triphenylphosphine (6.6 g, 25 mmol, 2.5 equiv.) and diisopropyl 

azodicarboxylate (2.4 mL, 25 mmol, 2.5 equiv.) in THF (50 mL) according to GP12 to give 
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270 as a colourless solid in 88% yield (3.58 g, 8.76 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5  85:15). 

1H NMR (500 MHz, CDCl3): δ = 7.13 (t, J = 8.3 Hz, 1H, CHarom), 6.36 (d, J = 8.3 Hz, 2H, 

CHarom), 4.76 (q, J = 6.8 Hz, 2H, CH), 3.74 (s, 6H, CH3), 1.70 (d, J = 6.8 Hz, 6H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 172.3 (2 x C), 158.4 (2 x C), 129.7 (CH), 107.1 (2 x CH), 

80.8 (C), 74.4 (2 x CH), 52.5 (2 x CH3), 18.8 (2 x CH3) ppm. The spectroscopic data are in 

agreement with the literature.[57] 

 

Dimethyl 2,2'-((2-iodo-1,3-phenylene)bis(oxy))(2R,2'R)-bis(3-phenylpropanoate) (333) 

 

2-Iodoresorcinol (708 mg, 3.00 mmol) was reacted with methyl L-3-phenyllactate (332, 

1.35 g, 7.50 mmol, 2.5 equiv.), triphenylphosphine (1.98 g, 7.50 mmol, 2.5 equiv.) and 

diisopropyl azodicarboxylate (1.57 mL, 7.5 mmol, 2.5 equiv.) in THF (15 mL) according to 

GP12 to give 333 as a colourless solid in 48% yield (807 mg, 1.44 mmol) after flash 

column chromatography (n-hexane:EtOAc = 90:10). 

M.p.: 82 – 86 °C. 1H NMR (500 MHz, CDCl3): δ = 7.45 – 7.41 (m, 4H, CHarom), 7.33 – 7.29 

(m, 4H, CHarom), 7.27 – 7.23 (m, 2H, CHarom), 7.05 (t, J = 8.3 Hz, 1H, CHarom), 6.22 (d, J = 

8.3 Hz, 2H, CHarom), 4.82 (dd, J = 8.0, 4.4 Hz, 2H, CH), 3.67 (s, 6H, CH3), 3.36 (dd, J = 14.0, 

8.0 Hz, 2H, CH2), 3.29 (dd, J = 14.0, 4.4 Hz, 2H, CH2) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 171.1 (2 x C), 158.2 (2 x C), 136.1 (2 x C), 130.0 (4 x CH), 129.6 (CH), 128.5 (4 x CH), 

127.2 (2 x CH), 106.0 (2 x CH), 79.5 (C), 78.9 (2 x CH), 52.4 (2 x CH3), 39.2 (2 x CH2) ppm. 

HRMS (ESI): m/z = 561.0774 calcd. for C26H26O6I+ [M+H]+, found: 561.0784. IR (neat): 

 = 1736m, 1566m, 1587m, 1458s,1437w, 1292w, 1246w, 1198w, 1175w, 1101s, 

1020w, 907s, 725s, 698s, 646w cm–1. []D
20 = +65.0 (c = 0.40, CHCl3). 
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Dimethyl 2,2'-((2-iodo-5-methyl-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate (338a) 

 

2-Iodo-5-methylbenzene-1,3-diol (337a, 1.25 g, 5.00 mmol) was reacted according to 

GP12 to give 338a as a colourless solid in 77% yield (1.63 g, 3.85 mmol) after flash 

column chromatography (n-hexane:EtOAc = 95:5  85:15). 

1H NMR (400 MHz, CDCl3): δ = 6.19 (s, 2H, CHarom), 4.74 (q, J = 6.8 Hz, 2H, CH), 3.75 (s, 

6H, CH3), 2.25 (s, 3H, CH3), 1.68 (d, J = 6.8 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 172.4 (2 x C), 158.1 (2 x C), 140.3 (C), 108.3 (2 x CH), 76.9 (C), 74.4 (2 x CH), 52.5 (2 x 

CH3), 22.0 (CH3), 18.8 (2 x CH3) ppm. The spectroscopic data are in agreement with the 

literature.[11] 

 

Dimethyl 2,2'-((5-bromo-2-iodo-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate (338b) 

 

5-Bromo-2-iodobenzene-1,3-diol (337b, 1.57 g, 5.00 mmol) was reacted according to 

GP12 to give 338b as a colourless solid in 68% yield (1.66 g, 3.41 mmol) after flash 

column chromatography (n-hexane:EtOAc = 90:10). 

M.p.: 96 – 100 °C. 1H NMR (400 MHz, CDCl3): δ = 6.50 (s, 2H, CHarom), 4.74 (q, J = 6.8 Hz, 

2H, CH), 3.77 (s, 6H, CH3), 1.69 (d, J = 6.8 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 171.7 (2 x C), 158.7 (2 x C), 123.0 (C), 110.7 (2 x CH), 79.5 (C), 74.5 (2 x CH), 52.6 (2 x 

CH3), 18.7 (2 x CH3) ppm. HRMS (ESI): m/z = 508.9073 calcd. for C14H16IO6BrNa+ [M+Na]+, 

found: 508.9081. IR (neat):  = 1736s, 1574m, 1557m, 1447w, 1408m, 1375w, 1277w, 

1206s, 1130s, 1103m, 1018m, 972m, 831m, 810m, 640m cm–1. []D
20 = +15.0 (c = 0.4, 

CHCl3). 
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Dimethyl 2,2'-((5-acetyl-2-iodo-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate (338c) 

 

1-(3,5-Dihydroxy-4-iodophenyl)ethan-1-one (337c, 1.39 g, 5.00 mmol) was reacted 

according to GP12 to give 338c as a colourless solid in 56% yield (1.27 g, 2.81 mmol) 

after flash column chromatography (n-hexane:EtOAc = 80:20). 

M.p.: 68 – 70 °C. 1H NMR (500 MHz, CDCl3): δ = 6.95 (s, 2H, CHarom), 4.87 (q, J = 6.8 Hz, 

2H, CH), 3.76 (s, 6H, CH3), 2.51 (s, 3H, CH3), 1.72 (d, J = 6.8 Hz, 6H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 196.5 (C), 171.9 (2 x C), 158.5 (2 x C), 138.7 (C), 106.5 (2 x CH), 88.1 

(C), 74.4 (2 x CH), 52.6 (2 x CH3), 26.6 (CH3), 18.6 (2 x CH3) ppm. HRMS (ESI): 

m/z = 473.0073 calcd. for C16H19IO7Na+ [M+Na]+, found: 473.0073. IR (neat):  = 1751s, 

1684m, 1570m, 1447w, 1414m, 1358w, 1314w, 1279w, 1211s, 1134s, 1109m, 1020m, 

974w, 847w cm–1. []D
20 = +20.3 (c = 0.4, CHCl3). 

 

(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))dipropionic acid (271) 

 

Iodoarene 270 (1.22 g, 3.00 mmol) was reacted according to GP13 to give 271 as a 

colourless solid in 99% yield (1.13 g, 2.98 mmol). 

1H NMR (500 MHz, MeOD): δ = 7.17 (t, J = 8.2 Hz, 1H, CHarom), 6.44 (d, J = 8.2 Hz, 2H, 

CHarom), 4.80 (q, J = 6.8 Hz, 2H, CH), 1.65 (d, J = 6.8 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, 

MeOD): δ = 175.2 (2 x C), 159.7 (2 x C), 130.6 (CH), 107.7 (2 x CH), 80.6 (C), 75.0 (2 x CH), 

19.0 (2 x CH3) ppm. The spectroscopic data are in agreement with the literature.[58] 
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(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(3-phenylpropanoic acid) (334) 

 

Iodoarene 333 (560 mg, 1.00 mmol) was reacted according to GP13 with a 2 M aqueous 

solution of NaOH (4 mL) in THF (4 mL) and MeOH (4 mL) to give 334 as a colourless solid 

in 98% (523 mg, 0.98 mmol) yield. 

M.p.: 154 – 157 °C. 1H NMR (500 MHz, Acetone-d6): δ = 11.45 (s, 2H, OH), 7.53 (d, J = 

7.5 Hz, 4H, CHarom), 7.29 (t, J = 7.5 Hz, 4H, CHarom), 7.22 (t, J = 7.5 Hz, 2H, CHarom), 7.16 (t, 

J = 8.3 Hz, 1H, CHarom), 6.43 (d, J = 8.3 Hz, 2H, CHarom), 4.99 (dd, J = 7.1, 4.9 Hz, 2H, CH), 

3.42 – 3.28 (m, 4H, CH2) ppm. 13C NMR (126 MHz, Acetone-d6): δ = 171.5 (2 x C), 159.1 

(2 x C), 137.6 (2 x C), 130.9 (4 x CH), 130.4 (CH), 129.0 (4 x CH), 127.6 (2 x CH), 106.5 (2 x 

CH), 79.2 (C), 78.9 (2 x CH), 39.5 (2 x CH2) ppm. HRMS (ESI): m/z = 531.0305 calcd. for 

C24H20IO6
− [M−H]−, found: 531.0314. IR (neat):  = 2980br, 1701s, 1583m, 1497w, 1458s, 

1246m, 1192m, 1103s, 1022w, 750w, 698s cm–1. []D
20 = +70.0 (c = 0.4, MeOH). 

 

(2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))dipropionic acid (339a) 

 

Iodoarene 338a (1.27 g, 3.00 mmol) was reacted according to GP13 to give 339a as a 

colourless solid in > 99% (1.18 g, 3.00 mmol) yield. 

1H NMR (400 MHz, CDCl3): δ = 11.27 (br, 2H, OH), 6.27 (s, 2H, CHarom), 4.81 (q, J = 6.9 Hz, 

2H, CH), 2.29 (s, 3H, CH3), 1.73 (d, J = 6.9 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 176.3 (2 x C), 157.5 (2 x C), 140.8 (C), 108.6 (2 x CH), 76.9 (C), 73.8 (2 x CH), 22.0 

(CH3), 18.5 (2 x CH3) ppm. The spectroscopic data are in agreement with the literature.[11] 
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(2R,2'R)-2,2'-((5-Bromo-2-iodo-1,3-phenylene)bis(oxy))dipropionic acid (339b) 

 

Iodoarene 338b (1.46 g, 3.00 mmol) was reacted according to GP13 to give 339b as a 

colourless solid in > 99% (1.37 g, 3.00 mmol) yield. 

M.p.: 180 – 183 °C. 1H NMR (400 MHz, Acetone-d6): δ = 11.50 (br, 2H, OH), 6.70 (s, 2H, 

CHarom), 5.01 (q, J = 6.8 Hz, 2H, CH), 1.68 (d, J = 6.8 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, 

Acetone-d6): δ = 172.4 (2 x C), 159.8 (2 x C), 123.3 (C), 110.5 (2 x CH), 79.2 (C), 74.4 (2 x 

CH), 18.7 (2 x CH3) ppm. HRMS (ESI): m/z = 480.8760 calcd. for C12H12IO6BrNa+ [M+Na]+, 

found: 480.8761. IR (neat):  = 3512br, 1732m, 1692s, 1576m, 1557m, 1449w, 1410m, 

1248m, 1229m, 1134s, 1107s, 1018m, 810w cm–1. []D
20 = +8.6 (c = 0.4, MeOH). 

 

(2R,2'R)-2,2'-((5-Acetyl-2-iodo-1,3-phenylene)bis(oxy))dipropionic acid (339c) 

 

Iodoarene 338c (1.35 g, 3.00 mmol) was reacted according to GP13 to give 339c as a 

pale yellow solid in > 99% (1.26 g, 3.00 mmol) yield. 

M.p.: 150 – 152 °C. 1H NMR (400 MHz, Acetone-d6): δ = 11.41 (s, 2H, OH), 7.10 (s, 2H, 

CHarom), 5.08 (q, J = 6.8 Hz, 2H, CH), 2.53 (s, 3H, CH3), 1.70 (d, J = 6.8 Hz, 6H, CH3) ppm. 

13C NMR (126 MHz, Acetone-d6): δ = 196.8 (C), 172.6 (2 x C), 159.4 (2 x C), 139.5 (C), 

106.3 (2 x CH), 86.8 (C), 74.3 (2 x CH), 26.64 (CH3), 18.7 (2 x CH3) ppm. HRMS (ESI): 

m/z = 422.9941 calcd. for C14H16IO7
+ [M+H]+, found: 422.9947. IR (neat):  = 3522br, 

1744m, 1676m, 1568s, 1540w, 1414s, 1362w, 1314m, 1223s, 1134s, 1105m, 1020s, 

826w cm–1. []D
20 = +6.9 (c = 0.4, MeOH). 
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(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-mesitylpropanamide) (80) 

 

Dicarboxylic acid 271 (570 mg, 1.50 mmol) was reacted with 2,4,6-trimethylaniline 

(842 µL, 6.00 mmol, 4.0 equiv.) according to GP14 to give 80 as a colourless solid in 72% 

yield (664 mg, 1.08 mmol) after flash column chromatography (n-hexane:EtOAc = 70:30 

 50:50), followed by trituration of the brown solid with Et2O. 

1H NMR (500 MHz, CDCl3): δ = 8.02 (s, 2H, NH), 7.35 (t, J = 8.3 Hz, 1H, CHarom), 6.91 (s, 

4H, CHarom), 6.66 (d, J = 8.3 Hz, 2H, CHarom), 5.02 (q, J = 6.7 Hz, 2H, CH), 2.28 (s, 6H, CH3), 

2.16 (s, 12H, CH3), 1.79 (d, J = 6.7 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 169.7 

(2 x C), 157.1 (2 x C), 137.4 (2 x C), 135.2 (4 x C), 130.8 (CH), 130.2 (2 x C), 129.1 (4 x CH), 

107.2 (2 x CH), 80.7 (C), 76.2 (2 x CH), 21.0 (2 x CH3), 18.9 (2 x CH3), 18.4 (4 x CH3) ppm. 

The spectroscopic data are in agreement with the literature.[58] 

 

(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)propan-

amide) (335a) 

 

Dicarboxylic acid 271 (570 mg, 1.50 mmol) was reacted with 2,6-diisopropylaniline 

(1.14 mL, 6.00 mmol, 4.0 equiv.) according to GP14 to give 335a as a colourless solid in 

79% yield (829 mg, 1.19 mmol) after flash column chromatography 

(n-hexane:EtOAc:CH2Cl2 = 80:10:10  60:20:20). 

M.p.: 202 – 204 °C. 1H NMR (500 MHz, CDCl3): δ = 7.97 (s, 2H, NH), 7.40 (t, J = 8.3 Hz, 

1H, CHarom), 7.31 (t, J = 7.7 Hz, 2H, CHarom), 7.19 (d, J = 7.7 Hz, 4H, CHarom), 6.71 (d, J = 

8.3 Hz, 2H, CHarom), 5.07 (q, J = 6.6 Hz, 2H, CH), 2.97 (br, 4H, CH), 1.80 (d, J = 6.6 Hz, 6H, 

CH3), 1.20 (d, J = 6.8 Hz, 12H, CH3), 1.13 (br, 12H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 170.7 (2 x C), 157.1 (2 x C), 146.3 (4 x C), 130.8 (CH), 130.2 (2 x C), 128.8 (2 x CH), 

123.7 (4 x CH), 107.2 (2 x CH), 80.7 (C), 76.2 (2 x CH), 28.8 (4 x CH), 23.7 (8 x CH3), 18.8 

(2 x CH3) ppm. HRMS (ESI): m/z = 699.2659 calcd. for C36H48N2O4I+ [M+H]+, found: 
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699.2660. IR (neat):  = 3381w, 2962w, 1686m, 1585w, 1501m, 1458m, 1383w, 1331w, 

1248m, 1132w, 1092m, 1059m, 907s, 797m, 727s, 646m cm–1. []D
20 = −86.5 (c = 0.42, 

CHCl3). 

 

(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)-3-phenyl-

propanamide) (335b) 

 

Dicarboxylic acid 334 (490 mg, 0.92 mmol) was reacted with oxalyl chloride (277 µL, 

3.22 mmol, 3.5 equiv.), pyridine (298 µL, 3.68 mmol, 4.0 equiv.) and 2,6-diisopropyl-

aniline (694 µL, 3.68 mmol, 4.0 equiv.) according to GP14 to give 335b as a colourless 

foam in 75% yield (584 mg, 0.686 mmol) after flash column chromatography 

(n-hexane:EtOAc = 75:25  0:100). 

1H NMR (400 MHz, CDCl3): δ = 7.80 (s, 2H, NH), 7.40 (dd, J = 7.6, 1.5 Hz, 4H, CHarom), 7.35 

– 7.21 (m, 9H, CHarom), 7.14 (d, J = 7.8 Hz, 4H, CHarom), 6.62 (d, J = 8.4 Hz, 2H, CHarom), 5.22 

(dd, J = 6.8, 3.5 Hz, 2H, CH), 3.52 (dd, J = 14.3, 3.5 Hz, 2H, CH2), 3.44 (dd, J = 14.3, 6.8 Hz, 

2H, CH2), 2.62 (hept, J = 6.8 Hz, 4H, CH) 1.07 (d, J = 6.8 Hz, 12H, CH3), 1.05 – 0.96 (m, 

12H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 169.1 (2 x C), 157.3 (2 x C), 146.2 (4 x C), 

135.9 (2 x C), 130.7 (CH), 130.3 (4 x CH), 129.9 (2 x C), 128.7 (2 x CH), 128.5 (4 x CH), 

127.2 (2 x CH), 123.6 (4 x CH), 106.8 (2 x CH), 80.5 (2 x CH), 79.4 (C), 38.2 (2 x CH2), 28.6 

(4 x CH), 23.9 (4 x CH3), 23.7 (4 x CH3) ppm. HRMS (ESI): m/z = 851.3285 calcd. for 

C48H56IN2O4
+ [M+H]+, found: 851.3290. IR (neat):  = 3387w, 1686s, 1585m, 1497m, 

1454s, 1383w, 1240m, 1088s, 907s, 797m, 727s, 698s, 646m cm–1. []D
20 = +20.8 (c = 

0.4, CHCl3). 
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(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N,N-diisopropylpropanamide) 

(335c) 

 

Dicarboxylic acid 271 (570 mg, 1.50 mmol) was reacted with diisopropylamine (841 µL, 

6.00 mmol, 4.0 equiv.) according to GP14 to give 335c as a colourless solid in 83% yield 

(682 mg, 1.25 mmol) after flash column chromatography (n-hexane:EtOAc = 80:20  

60:40). 

1H NMR (400 MHz, CDCl3): δ = 7.12 (t, J = 8.4 Hz, 1H, CHarom), 6.52 (d, J = 8.4 Hz, 2H, 

CHarom), 4.82 (q, J = 6.9 Hz, 2H, CH), 4.53 (hept, J = 6.7 Hz, 2H, CH), 3.29 (hept, J = 6.7 Hz, 

2H, CH), 1.66 (d, J = 6.9 Hz, 6H, CH3), 1.40 (d, J = 6.7 Hz, 6H, CH3), 1.28 (d, J = 6.7 Hz, 6H, 

CH3), 1.18 (d, J = 6.7 Hz, 6H, CH3), 0.90 (d, J = 6.7 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 169.6 (2 x C), 157.9 (2 x C), 130.0 (CH), 106.1 (2 x CH), 78.7 (C), 78.0 (2 x CH), 

47.7 (2 x CH), 46.5 (2 x CH), 21.0 (2 x CH3), 20.7 (2 x CH3), 20.7 (2 x CH3), 20.0 (2 x CH3), 

18.1 (2 x CH3) ppm. The spectroscopic data are in agreement with the literature.[59] 

 

(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-methylpropanamide) (335d) 

 

Iodoarene 270 (245 mg, 0.600 mmol) was dissolved in a solution of methylamine in 

ethanol (3.8 mL, 30 mmol, 50 equiv., 8 M) in a flame-dried Schlenk tube under nitrogen 

atmosphere. The solution was stirred at room temperature for 20 h and a colourless 

solid was formed. Afterwards, all volatiles were removed under vacuum and the solid 

was washed with Et2O to afford 335d as a colourless solid in 96% yield (234 mg, 

0.576 mmol). 

M.p.: 162 – 166 °C. 1H NMR (500 MHz, CDCl3): δ = 7.25 (t, 1H, J = 8.3 Hz, CHarom), 6.82 

(br, 2H, NH), 6.48 (d, J = 8.3 Hz, 2H, CHarom), 4.77 (q, J = 6.7 Hz, 2H, CH), 2.88 (d, J = 4.9 Hz, 

6H, CH3), 1.63 (d, J = 6.7 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 171.9 (2 x C), 

157.2 (2 x C), 130.7 (CH), 107.1 (2 x CH), 80.6 (C), 76.3 (2 x CH), 26.1 (2 x CH3), 18.6 (2 x 

CH3) ppm. HRMS (ESI): m/z = 407.0468 calcd. for C14H20N2O4I+ [M+H]+, found: 407.0449. 
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IR (neat):  = 3414w, 3306br, 1655s, 1584w, 1535m, 1456s, 1410w, 1371w, 1244s, 

1092s, 1020w, 920w, 766m, 729m cm–1. []D
20 = –154.2 (c = 0.4, CHCl3). 

 

Dimesityl 2,2'-((2-iodo-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate (335e) 

 

Dicarboxylic acid 271 (456 mg, 1.2 mmol), mesitol (409 mg, 3.00 mmol, 2.5 equiv.), dry 

triethylamine (333 µL, 2.4 mmol, 2.0 equiv.) and 4-DMAP (36 mg, 0.30 mmol, 

0.25 equiv.) were dissolved in dry CH2Cl2 (15 mL) in a flame-dried Schlenk tube under 

nitrogen atmosphere and EDCHCl (576 mg, 3.00 mmol, 2.5 equiv.) was added. After the 

solution was stirred at room temperature for 22 h, 3 M aqueous HCl was added and the 

resulting mixture was extracted with CH2Cl2 (3 x 10 mL), dried over anhydrous MgSO4 

and concentrated under vacuum. The crude mixture was purified by flash column 

chromatography (n-hexane:EtOAc = 90:10) to afford 335e as a colourless solid in 55% 

yield (407 mg, 0.660 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.22 (t, J = 8.2 Hz, 1H, CHarom), 6.85 (s, 4H, CHarom), 6.63 

(d, J = 8.2 Hz, 2H, CHarom), 5.10 (q, J = 6.7 Hz, 2H, CH), 2.26 (s, 6H, CH3), 2.03 (s, 12H, CH3), 

1.93 (d, J = 6.7 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 169.7 (2 x C), 158.4 (2 

x C), 145.5 (2 x C), 135.7 (2 x C), 129.7 (C), 129.6 (4 x C), 129.5 (4 x CH), 107.5 (2 x CH), 

81.1 (C), 74.3 (2 x CH), 20.8 (2 x CH3), 19.0 (2 x CH3), 16.4 (4 x CH3) ppm. The spectroscopic 

data are in agreement with the literature.[60] 

 

(2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)-

propanamide) (335f) 

 

Dicarboxylic acid 339a (591 mg, 1.50 mmol) was reacted with 2,6-diisopropylaniline 

(1.14 mL, 6.00 mmol, 4.0 equiv.) according to GP14 to give 335f as a colourless solid in 

82% yield (878 mg, 1.23 mmol) after flash column chromatography 
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(n-hexane:EtOAc:CH2Cl2 = 90:5:5  30:35:35) followed by trituration of the yellow solid 

with Et2O. 

1H NMR (500 MHz, CDCl3): δ = 7.90 (s, 2H, NH), 7.31 (t, J = 7.7 Hz, 2H, CHarom), 7.18 (d, J 

= 7.7 Hz, 4H, CHarom), 6.54 (s, 2H, CHarom), 5.03 (q, J = 6.7 Hz, 2H, CH), 2.96 (br, 4H, CH), 

2.40 (s, 3H, CH3), 1.80 (d, J = 6.7 Hz, 6H, CH3), 1.20 (d, J = 6.9 Hz, 12H, CH3), 1.12 (br, 12H, 

CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 170.8 (2 x C), 156.9 (2 x C), 146.3 (4 x C), 141.7 

(C), 130.1 (2 x C), 128.8 (2 x CH), 123.7 (4 x CH), 108.2 (2 x CH), 76.4 (C), 76.2 (2 x CH), 

28.8 (4 x CH), 23.7 (8 x CH3), 22.1 (CH3), 18.9 (2 x CH3) ppm. The spectroscopic data are 

in agreement with the literature.[11] 

 

(2R,2'R)-2,2'-((5-Bromo-2-iodo-1,3-phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)-

propanamide) (335g) 

 

Dicarboxylic acid 339b (689 mg, 1.5 mmol) was reacted with 2,6-diisopropylaniline 

(1.14 mL, 6.00 mmol, 4.0 equiv.) according to GP14 to give 335g as a colourless solid in 

99% yield (1.15 g, 1.48 mmol) after flash column chromatography 

(n-hexane:EtOAc:CH2Cl2 = 90:5:5  20:40:40). 

M.p.: 208 – 210 °C. 1H NMR (500 MHz, CDCl3): δ = 7.80 (s, 2H NH), 7.32 (t, J = 7.7 Hz, 2H, 

CHarom), 7.19 (d, J = 7.7 Hz, 4H, CHarom), 6.87 (s, 2H, CHarom), 5.01 (q, J = 6.7 Hz, 2H, CH), 

2.96 (br, 4H, CH), 1.81 (d, J = 6.7 Hz, 6H, CH3), 1.22 (d, J = 6.9 Hz, 12H, CH3), 1.13 (br, 12H, 

CH3) ppm. 13C NMR (126 MHz, CHCl3): δ = 170.1 (2 x C), 157.6 (2 x C), 146.3 (4 x C), 130.0 

(2 x C), 128.9 (2 x CH), 124.4 (C), 123.7 (4 x CH), 111.0 (2 x CH), 79.0 (C), 76.7 (2 x CH), 

28.9 (4 x CH), 23.7 (br, 8 x CH3) 18.8 (2 x CH3) ppm. HRMS (ESI): m/z = 777.1764 calcd. 

for C36H47IN2O4Br+ [M+H]+, found: 777.1766. IR (neat):  = 3200br, 2961m, 1661s, 

1574w, 1522w, 1458w, 1410m, 1379w, 1331w, 1221m, 1132m, 1099m, 1020m, 908m, 

797w, 731s cm–1. []D
20 = +8.7 (c = 0.4, CHCl3). 
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(2R,2'R)-2,2'-((5-Acetyl-2-iodo-1,3-phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)-

propanamide) (335h) 

 

Dicarboxylic acid 339c (634 mg, 1.50 mmol) was reacted with 2,6-diisopropylaniline 

(1.14 mL, 6.00 mmol, 4.0 equiv.) according to GP14 to give 335h as a colourless solid in 

78% yield (871 mg, 1.18 mmol) after flash column chromatography 

(n-hexane:EtOAc:CH2Cl2 = 90:5:5  50:25:25). 

M.p.: 94 – 97 °C. 1H NMR (500 MHz, CDCl3): δ = 7.91 (s, 2H, NH), 7.32 (t, J = 7.7 Hz, 2H, 

CHarom), 7.19 (d, J = 7.7 Hz, 4H, CHarom), 5.17 (q, J = 6.7 Hz, 2H, CH), 2.97 (br, 4H, CH), 2.62 

(s, 3H, CH3), 1.83 (d, J = 6.7 Hz, 6H, CH3), 1.20 (d, J = 6.8 Hz, 12H, CH3), 1.13 (br, 12H, CH3) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 195.9 (C), 170.2 (2 x C), 157.4 (2 x C), 146.2 (4 x C), 

139.8 (C), 130.0 (2 x C), 128.9 (2 x CH), 123.7 (4 x CH), 106.4 (2 x CH), 87.1 (C), 76.5 (2 x 

CH), 28.9 (4 x CH), 26.7 (CH3), 23.8 (4 x CH3), 23.7 (4 x CH3), 18.7 (2 x CH3) ppm. HRMS 

(ESI): m/z = 741.2764 calcd. for C38H50IN2O6
+ [M+H]+, found: 741.2762. IR (neat): 

 = 3379w, 2963w, 1684s, 1572m, 1501m, 1412m, 1362w, 1221w, 1107m, 1018w, 

908m, 798m, 731s, 646w cm–1. []D
20 = –25.0 (c = 0.4, CHCl3). 

 

Dimethyl 2,2'-((2-(diacetoxy-λ3-iodaneyl)-1,3-phenylene)bis(oxy))(2R,2'R)-dipropio-

nate (41) 

 

Iodoarene 270 (163 mg, 0.400 mmol) was reacted according to GP15 to give 41 as a pale 

yellow oil in 95% yield (200 mg, 0.380 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.38 (t, J = 8.4 Hz, 1H, CHarom), 6.56 (d, J = 8.4 Hz, 2H, 

CHarom), 4.85 (q, J = 6.8 Hz, 2H, CH), 3.73 (s, 6H, CH3), 1.94 (s, 6H, CH3), 1.65 (d, J = 6.8 Hz, 

6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 177.0 (2 x C), 171.4 (2 x C), 156.7 (2 x C), 
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135.3 (CH), 106.9 (C), 106.3 (2 x CH), 74.5 (2 x CH), 52.6 (2 x CH), 20.5 (2 x CH3), 18.4 (2 

x CH3) ppm. The spectroscopic data are in agreement with the literature.[57] 

 

(2,6-Bis(((R)-1-(mesitylamino)-1-oxopropan-2-yl)oxy)phenyl)-λ3-iodanediyl diacetate 

(72) 

 

Iodoarene 80 (246 mg, 0.400 mmol) was reacted according to GP15 to give 72 as a 

yellow solid in 90% yield (265 mg, 0.361 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.34 (s, 2H, NH), 7.54 (t, J = 8.4 Hz, 1H, CHarom), 6.92 (d, J 

= 8.5 Hz, 2H, CHarom), 6.78 (s, 4H, CHarom), 5.15 (q, J = 6.7 Hz, 2H, CH), 2.20 (s, 6H, CH3), 

1.87 (d, J = 6.7 Hz, 6H, CH3), 1.86 (br, 12H, CH3), 1.48 (s, 6H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 176.8 (2 x C), 169.7 (2 x C), 156.0 (2 x C), 137.4 (2 x C), 136.6 (CH), 

135.0 (2 x C), 129.7 (4 x C), 129.1 (4 x CH), 106.4 (2 x CH), 104.2 (C), 76.3 (2 x CH), 20.9 

(2 x CH3), 19.5 (2 x CH3), 19.5 (2 x CH3), 17.7 (4 x CH3) ppm. The spectroscopic data are 

in agreement with the literature and 13C spectral assignment was conducted based on 

reported HMQC and HMBC studies.[58] 

 

(2,6-Bis(((R)-1-((2,6-diisopropylphenyl)amino)-1-oxopropan-2-yl)oxy)phenyl)-λ3-

iodanediyl diacetate (336a) 

 

Iodoarene 335a (280 mg, 0.400 mmol) was reacted according to GP15 to give 336a as a 

yellow solid in 78% yield (254 mg, 0.311 mmol). 

M.p.: 172 – 174 °C. 1H NMR (400 MHz, CDCl3): δ = 8.24 (s, 2H, NH), 7.66 (t, J = 8.4 Hz, 

1H, CHarom), 7.25 (t, J = 7.7 Hz, 2H, CHarom), 7.10 (br, 4H, CHarom), 6.98 (d, J = 8.5 Hz, 2H, 

CHarom), 5.16 (q, J = 6.7 Hz, 2H, CH), 3.00 (br, 2H, CH), 2.19 (br, 2H, CH), 1.89 (d, J = 6.7 

Hz, 6H, CH3), 1.42 (s, 6H, CH3), 1.14 (br, 12H, CH3), 0.97 (br, 6H, CH3), 0.69 (br, 6H, CH3) 

ppm. 13C NMR (126 MHz, CDCl3): δ = 176.8 (2 x C), 170.6 (2 x C), 156.2 (2 x C), 146.3 (4 x 
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C), 136.4 (CH), 129.9 (2 x C), 128.9 (2 x CH), 123.6 (4 x CH), 106.3 (2 x CH), 105.4 (C), 76.5 

(2 x CH), 28.6 (br, 4 x CH), 23.9 (4 x CH3), 23.4 (4 x CH3), 19.7 (2 x CH3), 19.4 (2 x CH3) 

ppm. HRMS (CI): m/z = 774.2974 calcd. for C38H53IN3O6
+ [M+NH4−OAc]+, found: 

774.2970. IR (neat):  = 3321br, 2963w, 1667m, 1589w, 1506m, 1460s, 1364w, 1248s, 

1128w, 1092m, 910m, 798w, 729s, 667s cm–1. []D
20 = +37.5 (c = 0.4, CHCl3). 

 

(2,6-Bis(((R)-1-((2,6-diisopropylphenyl)amino)-1-oxo-3-phenylpropan-2-

yl)oxy)phenyl)-λ3-iodanediyl diacetate (336b) 

 

Iodoarene 335b (340 mg, 0.400 mmol) was reacted according to GP15 to give 336b as a 

pale yellow solid in 69% yield (267 mg, 0.276 mmol). 

M.p.: 168 – 170 °C. 1H NMR (400 MHz, CDCl3): δ = 8.19 (s, 2H, NH), 7.56 (t, J = 8.4 Hz, 

1H, CHarom), 7.46 – 7.40 (m, 4H, CHarom), 7.28 – 6.96 (m, 12H, CHarom), 6.87 (d, J = 8.4 Hz, 

2H, CHarom), 5.20 (dd, J = 9.0, 2.9 Hz, 2H, CH), 3.57 (dd, J = 14.2, 2.9 Hz, 2H, CH2), 3.38 

(dd, J = 14.2, 9.0 Hz, 2H, CH2), 2.84 (br, 2H, CH), 2.08 (br, 2H, CH), 1.33 (s, 6H, CH3), 1.23 

(br, 6H, CH3), 1.10 (br, 6H, CH3), 0.89 (br, 6H, CH3), 0.41 (br, 6H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 176.6 (2 x C), 169.1 (2 x C), 155.9 (2 x C), 146.2 (br, 4 x C), 136.2 

(CH), 135.9 (2 x C), 129.9 (4 x CH), 129.8 (2 x C), 128.9 (2 x CH), 128.6 (4 x CH), 127.3 (2 x 

CH), 123.6 (br, 4 x CH), 105.8 (2 x CH), 105.5 (C), 80.7 (2 x CH), 39.3 (2 x CH2), 28.6 (br, 4 

x CH), 24.0 (br, 8 x CH3) 19.6 (2 x CH3) ppm. HRMS (ASAP): m/z = 909.3340 calcd. for 

C50H58IN2O6
+ [M−OAc]+, found: 909.3364. IR (neat):  = 3343w, 1678w, 1504w, 1462w, 

1263m, 1098m, 907s, 723s, 667m cm–1. []D
20 = +90.0 (c = 0.4, CHCl3). 
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(2,6-Bis(((R)-1-(diisopropylamino)-1-oxopropan-2-yl)oxy)phenyl)-λ3-iodanediyl 

diacetate (336c) 

 

Iodoarene 335c (219 mg, 0.400 mmol) was dissolved in dry AcOH (5 mL) under nitrogen 

atmosphere. Peracetic acid (348 mg, 1.60 mmol, 4.0 equiv., 35 wt.% in AcOH) was added 

and the solution was stirred for 18 h at room temperature. Afterwards, all volatiles were 

removed under vacuum and the resulting oil was washed with Et2O/n-hexane (3:1) to 

afford 336c as a pale yellow solid in 93% yield (246 mg, 0.370 mmol). 

1H NMR (500 MHz, CDCl3): δ = 7.35 (t, J = 8.4 Hz, 1H, CHarom), 6.71 (d, J = 8.4 Hz, 2H, 

CHarom), 4.82 (q, J = 6.9 Hz, 2H, CH), 4.38 (hept, J = 6.7 Hz 2H, CH), 3.31 (hept, J = 6.7 Hz, 

2H, CH), 1.87 (s, 6H, CH3), 1.57 (d, J = 6.9 Hz, 6H, CH3), 1.37 (d, J = 6.8 Hz, 6H, CH3), 1.29 

(d, J = 6.7 Hz, 6H, CH3), 1.15 (d, J = 6.7 Hz, 6H, CH3), 0.93 (d, J = 6.7 Hz, 6H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 177.1 (2 x C), 169.1 (2 x C), 157.0 (2 x C), 135.8 (CH), 106.5 

(2 x CH), 105.2 (C), 79.4 (2 x CH), 48.2 (2 x CH), 46.7 (2 x CH), 21.0 (2 x CH3), 20.8 (2 x 

CH3), 20.7 (2 x CH3), 20.5 (2 x CH3), 20.1 (2 x CH3), 18.0 (2 x CH3) ppm. The spectroscopic 

data are in agreement with the literature.[59] 

 

(2,6-Bis(((R)-1-(methylamino)-1-oxopropan-2-yl)oxy)phenyl)-λ3-iodanediyl diacetate 

(336d) 

 

Iodoarene 335d (162 mg, 0.400 mmol) was reacted according to GP15 to give 336d as a 

colourless solid in 67% yield (141 mg, 0.268 mmol). 

M.p.: 150 – 154 °C. 1H NMR (400 MHz, CDCl3): δ = 7.46 (t, J = 8.4 Hz, 1H, CHarom), 7.10 – 

6.95 (m, 2H, NH), 6.65 (d, J = 8.4 Hz, 2H, CHarom), 4.91 (q, J = 6.7 Hz, 2H, CH), 2.74 (d, J = 

4.8 Hz, 6H, CH3), 2.00 (s, 6H, CH3), 1.67 (d, J = 6.7 Hz, 6H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 176.5 (2 x C), 171.5 (2 x C), 155.8 (2 x C), 136.4 (CH), 105.8 (2 x CH), 105.3 (C), 

76.0 (2 x CH), 26.1 (2 x CH3), 20.5 (2 x CH3), 19.0 (2 x CH3) ppm. HRMS (CI): 

m/z = 465.0517 calcd. for C16H22IN2O6
+ [M−OAc]+, found: 465.0521. IR (neat): 
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 = 3356br, 1663s, 1545m, 1464s, 1412w, 1364w, 1248s, 1090s, 1005w, 914m, 772m, 

727s, 665m cm–1. []D
20 = −50.0 (c = 0.4, CHCl3). 

 

Dimesityl 2,2'-((2-(diacetoxy-λ3-iodaneyl)-1,3-phenylene)bis(oxy))(2R,2'R)-dipropio-

nate (336e) 

 

Iodoarene 335e (247 mg, 0.400 mmol) was reacted according to GP15 to give 336e as a 

colourless solid in 96% yield (283 mg, 0.385 mmol). 

M.p.: 152 – 156 °C. 1H NMR (400 MHz, CDCl3): δ = 7.48 (t, J = 8.4 Hz, 1H, CHarom), 6.89 – 

6.79 (m, 6H, CHarom), 5.20 (q, J = 6.8 Hz, 2H, CH), 2.24 (s, 6H, CH3), 1.96 (br, 12H, CH3), 

1.90 (d, J = 6.8 Hz, 6H, CH3), 1.69 (s, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.9 

(2 x C), 168.9 (2 x C), 156.7 (2 x C), 145.2 (2 x C), 135.7 (2 x C), 135.1 (CH), 129.34 (4 x C), 

129.31 (4 x CH), 107.8 (C), 106.5 (2 x CH), 74.5 (2 x CH), 20.6 (2 x CH3), 19.9 (2 x CH3), 

18.6 (2 x CH3), 16.1 (4 x CH3) ppm. HRMS (CI): m/z = 692.1715 calcd. for C32H39INO8
+ 

[M+NH4−HOAc]+, found: 692.1719. IR (neat):  = 1755m, 1643m, 1589w, 1464m, 

1364m, 1254s, 1190m, 1132s, 1098s, 1005w, 908m, 851w, 727s, 665s cm–1. []D
20 = 

−101.3 (c = 0.4, CHCl3). 

 

(2,6-Bis(((R)-1-((2,6-diisopropylphenyl)amino)-1-oxopropan-2-yl)oxy)-4-

methylphenyl)-λ3-iodanediyl diacetate (336f) 

 

Iodoarene 335f (285 mg, 0.400 mmol) was reacted according to GP15 to give 336f as a 

yellow solid in 87% yield (288 mg, 0.347 mmol). 

1H NMR (500 MHz, CDCl3): δ = 8.25 (s, 2H, NH), 7.28 – 7.21 (m, 2H, CHarom), 7.13 (br, 2H, 

CHarom), 7.06 (br, 2H, CHarom), 5.14 (q, J = 6.7 Hz, 2H, CH), 2.99 (br, 2H, CH), 2.48 (s, 3H, 

CH3), 2.20 (br, 2H, CH), 1.87 (d, J = 6.7 Hz, 6H, CH3), 1.40 (s, 6H, CH3), 1.23 (br, 6H, CH3), 

1.15 (br, 6H, CH3), 0.96 (br, 6H, CH3), 0.68 (br, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 
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δ = 176.7 (2 x C), 170.7 (2 x C), 156.0 (2 x C), 148.8 (C), 146.2 (br, 4 x C), 129.8 (2 x C), 

128.9 (2 x CH), 123.6 (br, 4 x CH), 107.0 (2 x CH), 101.8 (C), 76.3 (2 x CH) 28.5 (br, 4 x CH), 

23.8 (4 x CH3), 23.4 (4 x CH3), 22.7 (CH3), 19.7 (2 x CH3), 19.4 (2 x CH3) ppm. The 

spectroscopic data are in agreement with the literature.[11] 

 

(4-Bromo-2,6-bis(((R)-1-((2,6-diisopropylphenyl)amino)-1-oxopropan-2-

yl)oxy)phenyl)-λ3-iodanediyl diacetate (336g) 

 

Iodoarene 335g (311 mg, 0.400 mmol) was reacted according to GP15. After 5 h, 

another portion of Selectfluor® (709 mg, 2.00 mmol, 5.0 equiv.) was added and the 

reaction mixture was stirred for additional 5 h to reach full conversion. Product 336g 

was obtained as a pale yellow solid in 84% yield (299 mg, 0.334 mmol). 

M.p.: 188 – 192 °C. 1H NMR (500 MHz, CDCl3): δ = 8.16 (s, 2H, NH), 7.27 (t, J = 7.7 Hz, 

2H, CHarom), 7.15 (s, 2H, CHarom), 7.12 (br, 4H, CHarom), 5.11 (q, J = 6.7 Hz, 2H, CH), 3.00 

(br, 2H, CH), 2.32 (br, 2H, CH), 1.89 (d, J = 6.7 Hz, 6H, CH3), 1.45 (s, 6H, CH3), 1.32 – 1.05 

(m, 18H, CH3), 0.74 (br, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 176.8 (2 x C), 170.1 

(2 x C), 156.4 (2 x C), 146.3 (4 x C), 131.6 (C), 129.8 (2 x C), 129.1 (2 x CH), 123.7 (br, 4 x 

CH), 110.1 (2 x CH), 104.7 (C), 77.0 (2 x CH), 28.8 (4 x CH), 23.8 (4 x CH3), 23.6 (4 x CH3), 

19.7 (2 x CH3), 19.4 (2 x CH3) ppm. HRMS (ASAP): m/z = 835.1819 calcd. for 

C38H49IN2O6Br+ [M−OAc]+, found: 835.1834. IR (neat):  = 3343m, 1686s, 1645m, 1585w, 

1560w, 1506m, 1416w, 1364w, 1267s, 1233m, 1128w, 1101m, 1018w, 924w, 833w, 

804w, 731w, 671s cm–1. []D
20 = +183.8 (c = 0.4, CHCl3). 
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(4-Acetyl-2,6-bis(((R)-1-((2,6-diisopropylphenyl)amino)-1-oxopropan-2-

yl)oxy)phenyl)-λ3-iodanediyl diacetate (336h) 

 

Iodoarene 335h (297 mg, 0.400 mmol) was reacted according to GP15. After 5 h, 

another portion of Selectfluor® (709 mg, 2.00 mmol, 5.0 equiv.) was added and the 

reaction mixture was stirred for additional 5 h to reach full conversion. Product 336h 

was obtained as a pale yellow solid in 68% yield (235 mg, 0.274 mmol). 

M.p.: 162 – 165 °C. 1H NMR (500 MHz, CDCl3): δ = 8.20 (s, 2H, NH), 7.50 (s, 2H, CHarom), 

7.26 (t, J = 7.8 Hz, 2H, CHarom), 7.10 (br, 4H, CHarom), 5.29 (q, J = 6.7 Hz, 2H, CH), 3.00 (br, 

2H, CH), 2.60 (s, 3H, CH3), 2.19 (br, 2H, CH), 1.91 (d, J = 6.7 Hz, 6H, CH3), 1.45 (s, 6H, CH3), 

1.19 (br, 12H, CH3), 0.91 (br, 6H, CH3), 0.67 (br, 6H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 195.0 (C), 176.8 (2 x C), 170.1 (2 x C), 156.4 (2 x C), 146.2 (br, 4 x C), 144.0 (C), 129.8 

(2 x C), 129.0 (2 x CH), 123.7 (br, 4 x CH), 109.9 (C), 105.5 (2 x CH), 76.8 (2 x CH), 28.7 (br, 

4 x CH), 26.8 (CH3), 23.8 (4 x CH3), 23.5 (4 x CH3), 19.7 (2 x CH3), 19.3 (2 x CH3) ppm. 

HRMS (ASAP): m/z = 799.2819 calcd. for C40H52IN2O7
+ [M−OAc]+, found: 799.2840. IR 

(neat):  = 3312w, 2967w, 1682m, 1647w, 1576w, 1510w, 1416w, 1530w, 1217w, 

1099w, 907m, 799w, 727s, 673w, 646w cm–1. []D
20 = +210.0 (c = 0.4, CHCl3). 

6.2.4.4 Catalytic Asymmetric α-Acetoxylation of Acetyl Enol Ethers 

(R)-1-Oxo-1-phenylpropan-2-yl acetate ((R)-302a) 

 

Acetyl enol ether 298a (53 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302a as a colourless oil in 90% yield (52 mg, 0.27 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 7.97 – 7.91 (m, 2H, CHarom), 7.62 – 7.56 (m, 1H, CHarom), 

7.51 – 7.44 (m, 2H, CHarom), 5.97 (q, J = 7.0 Hz, 1H, CH), 2.15 (s, 3H, CH3), 1.53 (d, J = 
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7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 197.0 (C), 170.5 (C), 134.5 (C), 

133.7 (CH), 128.9 (2 x CH), 128.6 (2 x CH), 71.5 (CH), 20.9 (CH3), 17.3 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[61] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 8.7 min, tR (major) = 17.3 min, 84% ee. The 

absolute configuration was determined by comparison of the HPLC data with the 

literature.[61] 

 

(R)-1-(4-Fluorophenyl)-1-oxopropan-2-yl acetate ((R)-302b) 

 

Acetyl enol ether 298b (58 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302b as a colourless oil in 75% yield (47 mg, 0.22 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 8.01 – 7.94 (m, 2H, CHarom), 7.18 – 7.12 (m, 2H, CHarom), 

5.91 (q, J = 7.0 Hz, 1H, CH), 2.16 – 2.12 (m, 3H, CH3), 1.52 (d, J = 7.0 Hz, 3H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 195.5 (C), 170.6 (C), 166.1 (d, J = 255.8 Hz, C), 131.3 (d, J 

= 9.4 Hz, 2 x CH), 130.9 (d, J = 3.1 Hz, C), 116.1 (d, J = 22.0 Hz, 2 x CH), 71.4 (CH), 20.8 

(CH3), 17.2 (CH3) ppm. 19F NMR (376 MHz, CDCl3): δ = −104.0 (s, 1F, CF) ppm. []D
20 = 

−31.7 (c = 1.0, CHCl3). The spectroscopic data are in agreement with the literature.[61] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 8.8 min, tR (major) = 9.7 min, 78% ee. The 

absolute configuration was determined by comparison of the HPLC data and the optical 

rotation with the literature.[61] 
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(R)-1-(3-Fluorophenyl)-1-oxopropan-2-yl acetate ((R)-302c) 

 

Acetyl enol ether 298c (58 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302c as a colourless oil in 97% yield (61 mg, 0.29 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.72 (ddd, J = 7.8, 1.6, 1.0 Hz, 1H, CHarom), 7.63 (ddd, J = 

2.6, 1.6, 0.3 Hz 1H, CHarom), 7.50 – 7.43 (m, 1H, CHarom), 7.30 (tdd, J = 8.3, 2.6, 1.0 Hz, 1H, 

CHarom), 5.88 (q, J = 7.0 Hz, 1H, CH), 2.15 (s, 3H, CH3), 1.53 (d, J = 7.1 Hz, 3H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 195.9 (d, J = 2.1 Hz, C), 170.5 (C), 163.0 (d, J = 248.5 Hz, 

CF), 136.5 (d, J = 6.3 Hz, C), 130.6 (d, J = 7.7 Hz, CH), 124.2 (d, J = 3.1 Hz, CH), 120.8 (d, J 

= 21.4 Hz, CH), 115.4 (d, J = 22.6 Hz, CH), 71.6 (CH), 20.8 (CH3), 17.1 (CH3) ppm. 19F NMR 

(471 MHz, CDCl3): δ = −111.3 (td, J = 8.7, 5.6 Hz, 1F, CF) ppm. HRMS (ESI): 

m/z = 211.0770 calcd. for C11H12O3F+ [M+H]+, found: 211.0768. IR (neat):  = 1740m, 

1697m, 1587m, 1485w, 1443w, 1371m, 1231s, 1125w, 1088m, 1040m, 989w, 839m, 

799w, 764w, 737w, 673m, 602w cm–1. []D
20 = −36.3 (c = 0.4, CHCl3). 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 280 nm, tR (minor) = 8.1 min, tR (major) = 8.9 min, 88% ee. The 

determination of the absolute configuration of further products suggests an 

(R)-configuration for all products. 

 

(R)-1-(4-Bromophenyl)-1-oxopropan-2-yl acetate ((R)-302d) 

 

Acetyl enol ether 298d (77 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302d as a pale yellow oil in 92% yield (75 mg, 0.28 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.83 – 7.75 (m, 2H, CHarom), 7.66 – 7.58 (m, 2H, CHarom), 

5.88 (q, J = 7.0 Hz, 1H, CH), 2.13 (s, 3H, CH3), 1.51 (d, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 196.1 (C), 170.5 (C), 133.2 (C), 132.2 (2 x CH), 130.0 (2 x CH), 128.9 
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(C), 71.4 (CH), 20.8 (CH3), 17.1 (CH3) ppm. []D
20 = −26.3 (c = 0.40, CHCl3). The 

spectroscopic data are in agreement with the literature.[62] 

HPLC-analysis: Lux® 5 µm Amylose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 9.2 min, tR (major) = 12.5 min, 86% ee. 

 

(R)-1-Oxo-1-(3-(trifluoromethyl)phenyl)propan-2-yl acetate ((R)-302e) 

 

Acetyl enol ether 298e (73 mg, 0.30 mmol) was for reacted for 5 h according to GP16 to 

give (R)-302e as a colourless oil in 78% yield (61 mg, 0.23 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 8.19 (s, 1H, CHarom), 8.12 (d, J = 7.8 Hz, 1H, CHarom), 7.85 

(d, J = 7.8 Hz, 1H, CHarom), 7.63 (t, J = 7.8 Hz, 1H, CHarom), 5.91 (q, J = 7.1 Hz, 1H, CH), 2.15 

(s, 3H, OCOCH3), 1.55 (d, J = 7.1 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 196.0 

(C), 170.6 (C), 135.1 (C), 131.7 (d, J = 0.9 Hz, CH), 131.6 (q, J = 33.1 Hz, C), 130.1 (q, J = 

3.6 Hz, CH), 129.6 (CH), 125.5 (q, J = 3.8 Hz, CH), 123.7 (q, J = 272.6 Hz, CF3), 71.6 (CH), 

20.8 (CH3), 17.1 (CH3) ppm. 19F NMR (376 MHz, CDCl3): δ = –62.9 (s, 3F, CF3) ppm. HRMS 

(ESI): m/z = 283.0558 calcd. for C12H11O3F3Na+ [M+Na]+, found: 283.0556. IR (neat): 

 = 1742m, 1703s, 1612w, 1373w, 1329s, 1238w, 1209w, 1169w, 1123m, 1072w, 

1039w, 982w, 814w, 692s, 652w cm–1. []D
20 = –29.8 (c = 0.4, CHCl3). 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 209 nm, tR (major) = 15.1 min, tR (minor) = 16.0 min, 81% ee. 

 

(R)-1-Oxo-1-(2-(trifluoromethyl)phenyl)propan-2-yl acetate ((R)-302f) 

 

Acetyl enol ether 298f (73 mg, 0.30 mmol) was for reacted for 20 h according to GP16 

to give (R)-302f as a colourless oil in 51% yield (40 mg, 0.15 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 
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1H NMR (500 MHz, CDCl3): δ = 7.78 – 7.73 (m, 1H, CHarom), 7.73 – 7.68 (m, 1H, CHarom), 

7.66 – 7.58 (m, 2H, CHarom), 5.76 (q, J = 7.1 Hz, 1H, CH), 2.09 (s, 3H, CH3), 1.45 (d, J = 

7.1 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 200.4 (C), 170.5 (C), 136.9 (d, J = 

1.9 Hz, C), 131.9 (CH), 131.0 (CH), 128.3 (q, J = 32.5 Hz, C), 127.9 (CH), 127.2 (q, J = 4.9 Hz, 

CH), 123.4 (q, J = 273.7 Hz, CF3), 73.9 (CH), 20.7 (CH3), 16.0 (CH3) ppm. 19F NMR 

(471 MHz, CDCl3): δ = −58.3 (s, 3F, CF3) ppm. HRMS (ESI): m/z = 261.0739 calcd. for 

C12H12O3F+ [M+H]+, found: 261.0735. IR (neat):  = 1748m, 1719m, 1447w, 1371w, 

1312s, 1223m, 1171w, 1130m, 1063w, 1032m, 934w, 864w, 770s, 685w cm–1. 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 209 nm, tR (minor) = 7.6 min, tR (major) = 10.5 min, 6% ee. 

 

(R)-1-(3-Nitrophenyl)-1-oxopropan-2-yl acetate ((R)-302g) 

 

Acetyl enol ether 298g (66 mg, 0.30 mmol) was for reacted for 20 h according to GP16 

to give (R)-302g as a colourless solid in 61% yield (43 mg, 0.18 mmol) after flash column 

chromatography (n-hexane:EtOAc = 85:15). 

M.p.: 49 – 52 °C. 1H NMR (500 MHz, CDCl3): δ = 8.78 – 8.73 (m, 1H, CHarom), 8.47 – 8.40 

(m, 1H, CHarom), 8.29 – 8.23 (m, 1H, CHarom), 7.70 (t, J = 7.8 Hz, 1H, CHarom), 5.89 (q, J = 

7.0 Hz, 1H, CH), 2.14 (s, 3H, CH3), 1.56 (d, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 195.3 (C), 170.6 (C), 148.6 (C), 135.8 (C), 134.1 (CH), 130.3 (CH), 127.9 (CH), 

123.4 (CH), 71.6 (CH), 20.7 (CH3), 17.0 (CH3) ppm. HRMS (ESI): m/z = 238.0715 calcd. for 

C11H12NO5
+ [M+H]+, found: 238.0723. IR (neat):  = 1722m, 1701m, 1610m, 1526s, 

1445w, 1350m, 1240m, 1221m, 1140w, 1099w, 1076m, 1040m, 982m, 941m, 910w, 

860w, 827m, 787w, 710s, 662w cm–1. []D
20 = −14.2 (c = 0.9, CHCl3). 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (major) = 27.0 min, tR (minor) = 28.6 min, 59% ee. 
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(R)-1-Oxo-1-(p-tolyl)propan-2-yl acetate ((R)-302h) 

 

Acetyl enol ether 298h (57 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302h as a colourless solid in 74% yield (46 mg, 0.22 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.86 – 7.81 (m, 2H, CHarom), 7.29 – 7.26 (m, 2H, CHarom), 

5.95 (q, J = 7.0 Hz, 1H, CH), 2.42 (s, 3H, CH3), 2.14 (s, 3H, CH3), 1.52 (d, J = 7.0 Hz, 3H, 

CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 196.5 (C), 170.6 (C), 144.7 (C), 131.9 (C), 129.6 

(2 x CH), 128.7 (2 x CH), 71.5 (CH), 21.8 (CH3), 20.9 (CH3), 17.4 (CH3) ppm. []D
20 = −33.7 

(c = 0.40, CHCl3). The spectroscopic data are in agreement with the literature.[61] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 8.6 min, tR (major) = 12.9 min, 77% ee. The 

absolute configuration was determined by comparison of the HPLC data and the optical 

rotation with the literature.[61] 

 

(R)-1-(4-(tert-Butyl)phenyl)-1-oxopropan-2-yl acetate ((R)-302i) 

 

Acetyl enol ether 298i (70 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302i as a colourless oil in 74% yield (55 mg, 0.22 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.91 – 7.86 (m, 2H, CHarom), 7.52 – 7.46 (m, 2H, CHarom), 

5.97 (q, J = 7.0 Hz, 1H, CH), 2.15 (s, 3H, CH3), 1.53 (d, J = 7.0 Hz, 3H, CH3), 1.34 (s, 9H, 

CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 196.5 (C), 170.6 (C), 157.6 (C), 131.8 (C), 128.6 

(2 x CH), 125.9 (2 x CH), 71.5 (CH), 35.3 (C), 31.2 (3 x CH3), 20.9 (CH3), 17.4 (CH3) ppm. 

HRMS (ESI): m/z = 271.1310 calcd. for C15H20O3Na+ [M+Na]+, found: 271.1311. IR (neat): 

 = 2965w, 1742m, 1964s, 1605m, 1410w, 1369m, 1231s, 1196w, 1134w, 1109w, 

1088m, 1038m, 974s, 935m, 847m, 719w, 604w cm–1. []D
20 = −22.1 (c = 0.43, CHCl3). 
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HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 7.3 min, tR (major) = 9.5 min, 72% ee. 

 

(R)-1-([1,1'-Biphenyl]-4-yl)-1-oxopropan-2-yl acetate ((R)-302j) 

 

Acetyl enol ether 298j (76 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302j as a colourless solid in 94% yield (76 mg, 0.28 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

M.p.: 71 – 74 °C. 1H NMR (500 MHz, CDCl3): δ = 8.06 – 7.99 (m, 2H, CHarom), 7.73 – 7.67 

(m, 2H, CHarom), 7.65 – 7.59 (m, 2H, CHarom), 7.51 – 7.44 (m, 2H, CHarom), 7.43 – 7.37 (m, 

1H, CHarom), 6.00 (q, J = 7.0 Hz, 1H CH), 2.16 (s, 3H, CH3), 1.56 (d, J = 7.0 Hz, 3H, CH3) ppm. 

13C NMR (126 MHz, CDCl3): δ = 196.5 (C), 170.5 (C), 146.4 (C), 139.8 (C), 133.1 (C), 129.2 

(2 x CH), 129.1 (2 x CH), 128.5 (CH), 127.5 (2 x CH), 127.4 (2 x CH), 71.5 (CH), 20.8 (CH3), 

17.3 (CH3) ppm. HRMS (ESI): m/z = 291.0997 calcd. for C17H16O3Na+ [M+Na]+, found: 

291.0997. IR (neat):  = 1734s, 1688s, 1605m, 1445w, 1404w, 1369m, 1236s, 1130m, 

1088m, 1038m, 974m, 939m, 866w, 843m, 770m, 741m, 694s, 631w cm–1. []D
20 = −15.7 

(c = 0.40, CHCl3). 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 13.5 min, tR (major) = 16.9 min, 79% ee. 

 

(R)-1-(4-Methoxyphenyl)-1-oxopropan-2-yl acetate ((R)-302k) 

 

Acetyl enol ether 298k (62 mg, 0.30 mmol) and hypervalent iodine reagent 336f 

(316 mg, 0.38 mmol, 1.25 equiv.) were dissolved in CH2Cl2 (1.5 mL) under nitrogen 

atmosphere. After the addition of BF3OEt2 (11 µL, 0.090 mmol, 30 mol%) the solution 

was stirred at room temperature for 2 h. Subsequently, saturated aqueous Na2S2O3 

(5 mL) was added and the resulting mixture was extracted with CH2Cl2 (3 x 10 mL) The 

combined organic layers dried over anhydrous MgSO4 and concentrated under vacuum. 
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The crude product was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10) to give (R)-302k as a pale yellow solid in 81% (54 mg, 

0.24 mmol) yield. 

1H NMR (500 MHz, CDCl3): δ = 7.97 – 7.91 (m, 2H, CHarom), 6.98 – 6.92 (m, 2H, CHarom), 

5.94 (q, J = 7.0 Hz, 1H, CH), 3.87 (s, 3H, CH3), 2.14 (s, 3H, CH3), 1.52 (d, J = 7.0 Hz, 3H, 

CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 195.4 (C), 170.6 (C), 164.0 (C), 131.0 (2 x CH), 

127.3 (C), 114.1 (2 x CH), 71.3 (CH), 55.7 (CH3), 20.9 (CH3), 17.5 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[61] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 16.0 min, tR (major) = 31.8 min, 76% ee. The 

absolute configuration was determined by comparison of the HPLC data with the 

literature.[61] 

 

(R)-2-Oxo-1,2-diphenylethyl acetate ((R)-302l) 

 

Acetyl enol ether 298l (71 mg, 0.30 mmol) was reacted for 20 h according to GP16 to 

give (R)-302l as a colourless solid in 52% yield (40 mg, 0.16 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5).  

1H NMR (500 MHz, CDCl3): δ = 7.97 – 7.92 (m, 2H, CHarom), 7.53 – 7.46 (m, 3H, CHarom), 

7.43 – 7.33 (m, 5H, CHarom), 6.88 (s, 1H, CH), 2.21 (s, 3H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 193.8 (C), 170.6 (C), 134.7 (C), 133.7 (C), 133.6 (CH), 129.5 (CH), 129.3 (2 x 

CH), 128.9 (2 x CH), 128.8 (2 x CH), 128.8 (2 x CH), 77.8 (CH), 20.9 (CH3) ppm. The 

spectroscopic data are in agreement with the literature.[63] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 10.6 min, tR (major) = 21.5 min, 2% ee. 
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(R)-3-Methyl-1-oxo-1-phenylbutan-2-yl acetate ((R)-302m) 

 

Acetyl enol ether 298m (61 mg, 0.30 mmol) was reacted for 20 h according to GP16 to 

give (R)-302m as a pale yellow oil in 9% yield (6 mg, 0.03 mmol) after flash column 

chromatography (n-hexane:EtOAc = 100:0  95:5).  

1H NMR (500 MHz, CDCl3): δ = 7.97 – 7.92 (m, 2H, CHarom), 7.61 – 7.55 (m, 1H, CHarom), 

7.51 – 7.45 (m, 2H, CHarom), 5.74 (d, J = 4.7 Hz, 1H, CH), 2.32 – 2.25 (m, 1H, CH), 2.17 (s, 

3H, CH3), 1.04 (d, J = 6.9 Hz, 3H, CH3), 0.93 (d, J = 6.8 Hz, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 196.9 (C), 171.0 (C), 135.8 (C), 133.6 (CH), 128.9 (2 x CH), 128.5 (2 

x CH), 79.5 (CH), 30.3 (CH), 20.8 (CH3), 19.7 (CH3), 17.1 (CH3) ppm. 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 0.5 mL/min, 254 nm, tR (minor) = 13.6 min, tR (major) = 37.3 min, 75% ee. 

 

(R)-1-Oxo-1-phenylbutan-2-yl acetate ((R)-302n) 

 

Acetyl enol ether 298n (57 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302n as a colourless oil in 84% yield (51 mg, 0.25 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.96 – 7.92 (m, 2H, CHarom), 7.61 – 7.56 (m, 1H, CHarom), 

7.50 – 7.44 (m, 2H, CHarom), 5.82 (dd, J = 8.2, 4.3 Hz, 1H, CH), 2.16 (s, 3H, CH3), 2.01 – 

1.91 (m, 1H, CH2), 1.91 – 1.80 (m, 1H, CH2), 1.02 (t, J = 7.4 Hz, 3H, CH3) ppm. 13C NMR 

(126 MHz, CDCl3): δ = 196.7 (C), 170.8 (C), 135.0 (C), 133.7 (CH), 128.9 (2 x CH), 128.5 (2 

x CH), 76.5 (CH), 24.9 (CH2), 20.8 (CH3), 10.0 (CH3) ppm. []D
20 = −9.6 (c = 0.40, CHCl3). 

The spectroscopic data are in agreement with the literature.[64] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 7.5 min, tR (major) = 17.5 min, 84% ee. 
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(R)-1-Oxo-1,2,3,4-tetrahydronaphthalen-2-yl acetate ((R)-302o) 

 

Acetyl enol ether 298o (56 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302o as a pale yellow solid in 62% yield (38 mg, 0.19 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). 

1H NMR (500 MHz, CDCl3): δ = 8.02 (d, J = 7.7 Hz, 1H, CHarom), 7.50 (t, J = 7.5 Hz, 1H, 

CHarom), 7.32 (t, J = 7.7 Hz, 1H, CHarom), 7.25 (d, J = 7.5 Hz, 1H, CHarom), 5.54 (dd, J = 13.5, 

5.1 Hz, 1H, CH), 3.26 – 3.15 (m, 1H, CH2), 3.13 – 3.04 (m, 1H, CH2), 2.44 – 2.35 (m, 1H, 

CH2), 2.33 – 2.24 (m, 1H, CH2), 2.22 (s, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): 

δ = 193.1 (C), 170.3 (C), 143.2 (C), 134.0 (CH), 131.7 (C), 128.8 (CH), 127.9 (CH), 127.1 

(CH), 74.7 (C), 29.3 (CH2), 28.1 (CH2), 21.0 (CH3) ppm. []D
20 = +10.3 (c = 0.42, CHCl3). The 

spectroscopic data are in agreement with the literature.[65] 

HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (major) = 15.8 min, tR (minor) = 17.7 min, 9% ee. The 

absolute configuration was determined by comparison of the optical rotation with the 

literature.[66] 

 

(R)-1-Oxo-1-(thiophen-2-yl)propan-2-yl acetate ((R)-302p) 

 

Acetyl enol ether 298p (55 mg, 0.30 mmol) was reacted according to GP16 to give 

(R)-302p as a colourless oil in 92% yield (55 mg, 0.28 mmol) after flash column 

chromatography (n-hexane:EtOAc = 90:10). 

1H NMR (500 MHz, CDCl3): δ = 7.80 (dd, J = 3.8, 1.1 Hz, 1H, CHarom), 7.69 (dd, J = 4.9, 

1.1 Hz, 1H, CHarom), 7.15 (dd, J = 4.9, 3.8 Hz, 1H, CHarom), 5.73 (q, J = 7.0 Hz, 1H, CH), 2.14 

(s, 3H, CH3), 1.56 (d, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (126 MHz, CDCl3): δ = 189.9 (C), 

170.4 (C), 140.6 (C), 134.6 (CH), 132.8 (CH), 128.4 (CH), 72.5 (CH), 20.9 (CH3), 17.8 (CH3) 

ppm. 
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HPLC-analysis: Lux® 5 µm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH = 

96:4, 1.0 mL/min, 254 nm, tR (minor) = 12.1 min, tR (major) = 23.2 min, 69% ee. 

 

1-Cyano-2-oxo-2-phenylethyl acetate ((rac)-302q) 

 

Acetyl enol ether 298q (56 mg, 0.3 mmol) and DIB (122 mg, 0.38 mmol, 1.25 equiv.) 

were dissolved in CH2Cl2 (1.5 mL) and BF3OEt2 (74 µL, 0.6 mmol, 2.0 equiv.) was added. 

After the solution was stirred at room temperature for 20 h, saturated aqueous Na2S2O3 

(5 mL) was added and the resulting mixture was extracted with CH2Cl2 (3 x 5 mL). The 

combined organic layers dried over anhydrous MgSO4 and concentrated under vacuum. 

The crude mixture was purified by flash column chromatography 

(n-hexane:EtOAc = 90:10) to afford (rac)-302q as a pale yellow oil in 30% (18 mg, 

0.089 mmol) yield. 

1H NMR (500 MHz, CDCl3): δ = 8.00 – 7.96 (m, 2H, CHarom), 7.72 – 7.68 (m, 1H, CHarom), 

7.58 – 7.54 (m, 2H, CHarom), 6.55 (s, 1H, CH), 2.27 (s, 3H, CH3) ppm. 13C NMR (126 MHz, 

CDCl3): δ = 184.5 (C), 168.7 (C), 135.4 (CH), 132.2 (C), 129.4 (2 x CH), 129.0 (2 x CH), 113.2 

(C), 63.2 (C), 20.3 (CH3) ppm. HRMS (EI): m/z = 203.0582 calcd. for C11H9NO3
+ [M]+, 

found: 203.0574. IR (neat):  = 2345w, 1769s, 1717s, 1598m, 1541w, 1450m, 1373m, 

1217s, 1086m, 1045w, 943w, 760w, 692m cm–1. 

 

(2S)-2-[(4-Methylbenzenesulfonyl)oxy]-1-phenylpropan-1-one ((S)-62a) 

 

Acetyl enol ether 298a (55 mg, 0.30 mmol) was reacted according to GP16 with 

TsOHH2O (17 mg, 0.090 mmol, 30 mol%) instead of BF3OEt2 to give side product 

((S)-62a as a colourless oil in 28% yield (26 mg, 0.085 mmol) after flash column 

chromatography (n-hexane:EtOAc = 95:5). []D
20 = −3.4 (c = 0.41, CHCl3). 

The spectroscopic data are reported in chapter 6.2.3.5. 

The HPLC analysis were carried out according to chapter 6.2.3.5; 87% ee. 
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6.2.4.5 Kinetic Studies 

 

Method A: Acetyl enol ether 298b (19 mg, 0.10 mmol) was dissolved in CHCl3 (0.37 mL) 

and AcOH (0.13 mL) in a Young NMR tube and iodobenzene (4.1 mg, 0.020 mmol, 

20 mol%), fluorobenzene (9.6 mg, 0.10 mmol, 1.0 equiv.), BF3OEt2 (4 µL, 0.03 mmol, 

30 mol%) and mCPBA (27 mg, 0.12 mmol, 1.2 equiv., 77% purity) were added. The NMR 

tube was sealed and the reaction was followed by 19F NMR over a period of 1.25 hours 

(Table 6.3). 

Table 6.3: Conversion of 298b in presence of iodobenzene over a period of 1.25 hours. 

Time [h] Conversion of 298b [%] 

0.00 0 

0.10 37 

0.25 63 

0.50 85 

1.00 97 

1.25 100 
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Method B: Acetyl enol ether 298b (19 mg, 0.10 mmol) was dissolved in CHCl3 (0.37 mL) 

and AcOH (0.13 mL) in a Young NMR tube and fluorobenzene (9.6 mg, 0.10 mmol, 

1.0 equiv.), BF3OEt2 (4 µL, 0.03 mmol, 30 mol%) and mCPBA (27 mg, 0.12 mmol, 

1.2 equiv., 77% purity) were added. The NMR tube was sealed and the reaction was 

followed by 19F NMR over a period of 15 hours (Table 6.4). 

Table 6.4: Conversion of 298b in absence of iodobenzene over a period of 15 hours. 

Time [h] Conversion of 298b [%] 

0.0 0 

0.5 29 

1.0 45 

2.0 62 

3.0 71 

4.0 77 

6.0 82 

8.0 84 

10 86 

12 87 

15 88 

 

The corresponding diagram can be found in chapter 5.3.2 (Scheme 5.21). 
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