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ABSTRACT 

 This work describes two independent research projects. The first one is focused 

on preparation of a new class of heterocyclic hypervalent iodine (III) compounds, the 

benziodoxaboroles, and a series of heterocyclic compounds containing trivalent iodine, 

oxygen, and boron in a five-membered ring were prepared and structurally investigated 

by X-ray crystallography. Second project is related to the development of new 

environmentally friendly hypervalent iodine (V) reagent and methods for oxidative 

iodination of arenes.  



 

 iv 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS…………………...…………………………….……………..i 

DEDICATION…………………………………………………………………………….ii 

ABSTRACT…………………………………………...…………………………………iii 

TABLE OF CONTENTS…………………………………………….………….………..iv 

LIST OF SCHEMES…………………………………………………………………..…vi 

LIST OF TABLES…………………………………………………………………...…viii 

LIST OF FIGURES………………………………………………………………………ix 

 

Chapter 1. Review 

 1. Chemistry of Some Classes of Hypervalent Iodine Compounds………...……..1 

 1.1 Introduction: Classification, Common Properties and Applications  

  for Known Hypervalent Iodine (III) and Iodine (V) Reagents……......…..1 

 1.2 Classification, Preparation and Chemical Properties of Known  

  Hypervalent Iodine Heterocyclic Compounds……………………..……...4 

 1.3 Preparation and Chemical Properties of Iodylarenes………………...............11 

 

Chapter 2. Results and discussion. 

 2. New Hypervalent Iodine Compounds: Preparation,  

  X-Ray Studies and Chemical Properties…………………………………16 

 2.1 Benziodoxaboroles: a New Class of Heterocyclic Hypervalent  

  Iodine(III) Compounds…………………………………………………16 



 

 v 

   A. Introduction………………………………………………….16 

   B. Results and Discussion………………………………………17 

   C. Summary……………………………………………………..38 

 2.2 Potassium 4-Iodylbenzenesulfonate: The New Water-Soluble  

  Hypervalent Iodine(V) Reagent and its Preparation, X-Ray  

  Structure and Reactivity…………………………………….………………39 

    A. Introduction……………………...…………………………..39 

    B. Results and Discussion………………………………………40 

    C. Summary……………………………………………………..50 

 2.4 Conclusion……………………………………………………………………..51 

 

Chapter 3. Experimental. 

 3. Experimental Section……………………………………………………………53 

 3.1 General Methods………………………………………………………………53 

 3.2 Materials……………………………………………………………...………..53 

 3.3 Synthesis and Characterization of Compounds………………………………..54 

References………………...……………………………………………………………..72 

Appendix………………………………...…………………………………………..…..79 

 

 

 



 

 vi 

LIST OF SCHEMES 

1. The first reported preparation of a hypervalent iodine (III) compound…………..……1 

2. Structural types of hypervalent iodine compounds…………………………………….2 

3. Common classes of hypervalent iodine(III) and (V) compounds…………………….. 4 

4. Known classes of heterocyclic hypervalent iodine compounds………………..………5 

5. Preparation of IBX……………………………………………………………………..7 

6. Preparation of DMP…………………………………………………………………….8 

7. Preparation of benziodoxoles from 2-iodobenzoic acid…………………………..……8 

8. Preparation and application of Togni’s reagent……………………………….………..9 

9. Oxidation of alcohols by IBX or DMP…………………………………………...…….9 

10. Oxidation of 1,2-dioles by IBX……………………………………….……………..10 

11. Oxidation of the benzylic position in hydrocarbons by IBX…………………….…..10 

12. Dehydrogenation of ketones and amines by IBX…………………………….….…..10 

13. Using of IBX as a catalyst for oxidation of alcohols…………………………….…..11 

14. The first reported preparation of the iodylbenzene PhIO2……………………..…….12 

15. General scheme for modern preparation methods of iodylarenes…………………...12 

16. Preparation of aryliodides via oxidation of aryliodides by AcOOH or  

 Oxone®, catalyzed by ruthenium (III) salts……………………………………..12 

17. Oxidation of benzylalcohols by iodylbenzene PhIO2………………………………..13 

18. Oxidation of alcohols by Oxone®, catalyzed by PhIO2 and  ruthenium (III) salts.…14 

19. Oxidation of alcohols and sulfides by pseudocyclic IBX esters……………………..14 

20. Structure of polymer-supported hypervalent iodine(V) reagents……………………15 



 

 vii 

21. General structure of benziodoxaboroles and their derivatives…………………….....16 

22. Precursors of benziodoxaboroles……………………………………………...……..17 

23. Preparation of 1-chloro-4-fluoro-benzoiodoxoborole……………...…………...……18 

24. Preparation of acetoxy and trifluoroacetoxy derivatives of benziodoxaboroles….….21 

25. Conversion of benziodoxaborole acetoxy derivatives into trifluoroacetates………...22 

26. Preparation of benziodoxaborole hydroxy derivative 28 from its  

 acetate or  trifluoroacetate…………………………………………………….…27 

27. Formation of the macrocyclic tetramer 30 from benziodoxaborole….…………...…28 

28. Comparison between benziodoxoles and benziodoxaboroles resonance structures....34 

29. Interaction between benziodoxaboroles and alcohols………………………………..35 

30. Preparation of benziodoxaborole 18 and 19 derivatives from compound 25…….….36 

31. Examples of benziodoxaboroles derivatives obtained according to Scheme 30….....37 

32. Resonance structures for benziodoxaborole 19 derivatives...………………………..38 

33. Preparation of potassium 4-iodylbenzenesulfonate 40 from iodobenzene……...…...40 

34. Common scheme for electrophilic iodination of arenes induced by 40……………..46 

35. Common scheme for electrophilic diiodination of arenes induced by 40…….……..46 

36. Initiation of electrophilic iodination by 40 (mechanism)……………………..……..47 

 

 



 

 viii 

LIST OF TABLES 

1. Selected bond distances and angles of compound 23…………………………..……..20 

2. Selected bond distances and angles for compounds 17 and 18……...………………..24 

3. Selected bond distances and angles for tetramer 30……………………………….30-31 

4. Electrophilic iodination of aromatic compounds by 40……………………………48-50 

 

 

 



 

 ix 

LIST OF FIGURES 

1. CAMERON view of 1-chloro-4-fluoro-benzoiodoxoborol-3-ole 23............................18 

2. CAMERON view of 1-trifluoroacetoxy-benzoiodoxoborol-3-ol 26……................….23 

3. CAMERON view of 4-fluoro-1-trifluoroacetoxy-benzoiodoxoborol-3-ol 27………...23 

4. Perspective view of tetrameric 4-fluoro-1,3-dimethoxy-benzoiodoxoborol 30…..…..30 

5. NIST (0) and (1) indexes for model iodine(III) compounds.........................................33 

6. CAMERON view of potassium 4-iodylbenzenesulfonate 40…………………………41 

7. Crystal packing diagram for compound 40……………………………………………42 

8. Intermolecular contacts at the iodine(V) atom in compound 40……………………....43 

9. Intermolecular contacts at potassium cation in compound 40………………...……....43 

 

 

 



 

 1 

Chapter 1 

Review 

1. Chemistry of Some Classes of Hypervalent Iodine Compounds. 

1.1 Introduction: Classification, Common Properties and Applications for Known 

Hypervalent Iodine (III) and Iodine (V) Reagents 

 The first known hypervalent iodine compound, dichloroiodobenzene, PhICl2, was 

prepared by Conrad Willgerodt, the German chemist, in 1885 via chemical reaction of 

iodobenzene in chloroform and chlorine gas.1 

 
Scheme 1. 

 Although hypervalent iodine compounds are known for more then one hundred 

years, this field of chemistry becomes popular only at the end of the 20th century and is 

currently under intensive development. A good illustration of this trend is the number of 

published research papers; with SciFinder indicating that more than half of about 10000 

works have been published since 2000 year. 

 There are many factors that attract research interest to this field. The most 

important ones are the commercial availability of iodine, low toxicity and its chemical 

properties. In many applications the hypervalent iodine reagents can be promising 

replacements for heavy metal (Hg(II), Pb(II), Cr(VI), etc.) compounds. Some organic 

iodine (III) and iodine (V) reagents have become widely used that they have been 

included in standard organic chemistry courses in universities, including 2-iodoxybenzoic 
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acid (IBX), Dess-Martin Periodane (DMP), Koeser’s reagent [PhI(OH)(OTs)], etc. 

 According to IUPAC, the hypervalent iodine compounds are divided into two large 

groups: organic iodine(III) compounds are named λ3-iodanes and organic iodine(V) 

compounds are called λ5-iodanes. Their general structures is shown below on Scheme 2: 

 
Scheme 2. 

 λ3-Iodanes have a distorted trigonal bipyramid geometry where the most 

electronegative ligands L are occupying the axial positions and the least electronegative 

ligand (an alkyl or aryl group) and both electron pairs are in equatorial positions. 

Iodonium salts 2 have similar geometry where the most electronegative ligand L is 

closely associated with the iodine center. 

 λ5-Iodanes have a distorted square bipyramid geometry where the least 

electronegative ligand (an alkyl or aryl group) and one electron pair are in the apical 

positions and four electronegative ligands L are in basal positions. 

 Iodine atom carries seven valence electrons by itself, thus the λ3-iodanes and λ5-

iodanes contain the iodine atom with ten and twelve valence electrons respectively. 

Likewise the concept of three-center, two-electron bond (3c-2e) has been developed for 

electron deficient compounds, the concept of three-center, four-electron bond (3c-4e) has 

been created to explain electronic structure of hypervalent compounds. The term 

"hypervalent" has been introduced by J. I. Musher in 1969.  
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 The least electronegative ligand in λ3-iodanes and λ5-iodanes is connected with the 

hypervalent iodine via a normal covalent bond, as long as all other ligands and the 

hypervalent iodine atom form 3c-4e bonds. Such 3c-4e bonding is represented by three 

molecular orbitals (MO) that were formed through interaction of three atomic orbitals 

(one from iodine and two from each ligand). There are one bonding, one non-bonding 

and one anti-bonding MO among the formed three MO and first two of them contain the 

pair of electrons. 

 Said 3c-4e bonds are longer and weaker in comparison with usual covalent bonds 

and, in addition, are highly polarized. This is the key structural feature of hypervalent 

iodine compounds that provides their unique chemical properties, including very high 

reactivity as electrophiles. 

 Common classes of λ3-iodanes and λ5-iodanes are shown on the Scheme 3 below: 
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Scheme 3. 

 Their chemical properties, methods of preparation and practical applications have 

been widely discussed in published reviews.2-28 The next parts of this section include a 

review of selected classes of hypervalent iodine compounds that are related to our own 

research described in this document. 

 

1.2 Classification, Preparation and Chemical Properties of Known Hypervalent 

Iodine Heterocyclic Compounds 

 Heterocyclic compounds with incorporated hypervalent iodine(III) or (V) atom in 
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the five membered ring are more useful hypervalent iodine reagents due to their increased 

stability in comparison with non-cyclic hypervalent iodine compounds. Scheme 4 

illustrates known heterocyclic organic iodine(III) and iodine(V) compounds: 

 
Scheme 4 

Compounds with hypervalent iodine and oxygen atoms incorporated in the same five 

membered ring (4-6) are known as benziodoxoles. They are the most important and 

widely used hypervalent iodine reagents for various chemical reactions.25 The IBX 5 and 

DMP 6 are employed as good oxidizing agents, especially in selective transformation of 

primary alcohols into aldehydes. However, they still have some drawbacks; IBX is 

insoluble in most useful organic solvents except DMSO, which is not an appropriate 

solvent in many cases due to its high boiling point which makes it difficult to remove. 
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DMP has been developed by D. B. Dess and J. C. Martin in 1983 as a soluble analog of 

IBX.29 The DMP has reactivity similar to the IBX and is soluble in many organic 

solvents; however because of its low stability against hydrolysis the DMP is often freshly 

prepared from IBX immediately before use.  

 Since the early 1990's, many other iodine-substituted benziodoxoles 4 have been 

prepared, for example: Azidobenziodoxoles (4, Y = N3),30 Amidobenziodoxoles (4, Y = 

NHCOR),31 Ogranosulfonyloxybenziodoxoles (4, Y = OSO2R),32,33 Cyanobenziodoxoles 

(1, Y = CN),34 and Trifluoromethylbenziodoxoles (4, Y = CF3).35,36 Each variation has 

been found synthetically applicable as a reagent for selected atom-transfer reactions.25 

 The other known five-membered heterocyclic systems with incorporated 

hypervalent iodine atom include benziodazoles 7,37-40 8,41 benziodoxazoles 9,42 

benziodoxathioles 10,43,44 11,44 benziodathiazoles 12,45 and cyclic phosphonate 13.46 The 

molecular structures have been confirmed by X-ray crystallography for many 

benziodoxole derivatives 4,33,35,47-61
 benziodazoles 7,37,39,40,62 benziodoxathioles 10,43,44 

and cyclic phosphonate 13.46  

 The normal geometry for λ3-iodanes and λ5-iodanes has been previously described 

(Scheme 2). Therefore, incorporating the hypervalent iodine atom into the five membered 

ring leads to highly distorted structures with almost linear alignment of the two 

electronegative ligands. The I–O bond length in benziodoxolones (4, 2R = O) varies 

widely from 2.11 Å in carboxylates (4; Y = m-ClC6H4CO2)55 to 2.48 Å in the phenyl 

derivative (4, Y = Ph)47; which indicates considerable changes in the ionic character of 

this bond. The endocyclic C-I-O bond angle is typically around 80°, which is a 
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significant deviation from the expected angle of 90° for the normal T-shaped geometry of 

hypervalent iodine. The structural parameters of benziodazoles (7, Y = OAc or Ph) in 

general are similar to those of benziodoxoles.37,39,40,62 

 Preparation methods for hypervalent iodine reagents can be generally described as 

an oxidation of organic iodide by appropriate oxidizer resulting in a hypervalent iodine 

compound with, if necessary, an optional following step of ligand-exchange reaction. 

There are many useful oxidizing agents for the first step: chlorine gas and xenon(II) 

fluoride XeF2 lead to hypervalent iodine(III) dichloride and difluoride, respectively. 

Other examples of oxidizing agents include peroxides (hydrogen peroxide, peracetic acid, 

MCPBA, Oxone®, etc.). To obtain heterocyclic hypervalent iodine compounds the step 

of ring closure can be also considered as a ligand exchange process at the hypervalent 

iodine atom. 

 The first known benziodoxoles were IBA 4 (2R = O, Y = OH) and IBX 5. They 

have been reported in 189263 and 189364, respectively. A very convenient method of 

preparation for IBX has been proposed in 1999 with the oxidation of 2-iodobenzoic acid 

by Oxone® (Scheme 5):65 

 
Scheme 5. 

IBX 5 can be obtained according to this method in 79-81% yields. Another advantage of 

this procedure is Oxone® as the oxidizer: it is very cheap, one of the cheapest 
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commercially available oxidizing agents; moreover, it is converted into non-toxic 

potassium sulfates during reaction. 

 D. B. Dess and J. C. Martin, in 1983,  have modified IBX 5 by treatment of acetic 

anhydride at 100ºC to get a soluble derivative 6, which has been found to be a good 

alternative for IBX and, due to its widely usage, has been named in their honor as Dess-

Martin Periodane (DMP).29 R. E. Ireland and L. Liu subsequently improved this method 

by adding a catalytic amount (0.5%) of tosylic acid.66 Due to this modification, the 

reaction time has been decreased with increased yield at the same time. Their method is 

the most commonly used today (Scheme 6): 

 
Scheme 6. 

 Benziodoxoles 4 (2R= O) can be prepared in two steps from 2-iodobenzoic acid or 

in one step from IBA 4 (2R= O, Y = OH) via a ligand exchange reaction (Scheme 

7):67,68,69 

 
Scheme 7 

 The major synthetic value of benziodoxoles 4 (2R= O) is their application as a 

carrier of functional group X that can be transferred to other substrates via electrophilic 
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reactions. Good examples include Togni’s reagent 14 and its analog 15 (Scheme 8):70,71 

 
Scheme 8. 

Compound 14 has been found to be a mild electrophilic reagent for trifluoromethylation 

of many classes of organic compounds, including thiols, alcohols, phosphines, arenes and 

heteroarenes, unactivated olefins and unsaturated carboxylic acids; and has been named 

in honor of its inventor, A. Togni. 

 The IBX 6 and DMP 7 are mainly used as oxidizers of alcohols into carbonyl 

compounds often with quantitative yields. The process includes two steps: the ligand 

exchange reaction with subsequent reductive elimination. This reaction is highly selective 

and primary alcohols are converted only into their respective aldehydes without any 

formation of carboxylic acids as byproducts (Scheme 9):72,73 

 

Scheme 9. 

 IBX is also very selective in the reaction with 1,2-dioles: it can oxidize them to 1,2-
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diones without cleavage of carbon-carbon bond,74 but depending on the reaction 

conditions like increased temperature or modified solvent it can also convert 1,2-dioles 

into pair of carbonyl compounds (Scheme 10):75 

 

Scheme 10. 

DMP 6 can be also used in this reaction leading to cleavage of bond between the carbon 

atoms carrying the hydroxyl groups. 

 Another interesting application of IBX 5 is selective oxidation of the benzylic 

position in many types of aromatic hydrocarbons (Scheme 11):76 

 

Scheme 11. 

This reaction is a good method to introduce the functional group into aromatic 

hydrocarbons. 

 IBX has also been found to be a good and selective reagent for dehydrogenation of 

ketones77 and amines78 (Scheme 12): 

 

Scheme 12. 
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 Recent studies have also demonstrated the application of IBX as a catalyst in the 

oxidation of alcohols into carbonyl compounds. In this process, a catalytic amount of 

IBX reacts with an alcohol as previously has been described (Scheme 9), followed by the 

in situ regeneration of IBX by Oxone® (Scheme13):79,80 

 

Scheme 13. 

 

1.3 Preparation and Chemical Properties of Iodylarenes 

 Iodylarenes, ArIO2, are organic iodine(V) compounds where the hypervalent iodine 

atom is not a part of a ring system. Their key structural feature is a polymeric structure 

which makes them insoluble in the majority of practically useful organic solvents, except 

DMSO, which is often not a good solvent due to before mentioned reasons. Moreover, 

the polymeric structure makes iodylarenes less stable thermally and more subject to 

explosion due to a “domino” effect in the polymer chain. 
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 The first known, and currently most widely used iodylarene is the iodylbenzene 

PhIO2 16. This compound is also “old”, as it has been prepared more then one hundred 

years ago by C. Willgerodt from the disproportionation of iodosylbenzene PhIO under 

steam distillation to iodylbenzene and iodobenzene (Scheme 14):81 

 

Scheme 14. 

 Modern preparation methods of iodylarenes are based on direct oxidation of 

ariliodides by appropriate oxidizing agent (Scheme 15): 

 

Scheme 15. 

The assumed reaction mechanism includes initial oxidation of aryliodide into the 

corresponding iodosylarene followed by disproportionation, under heating, into the 

iodylarene and the initial iodide (similar to Scheme 14). The released starting iodide is 

then again oxidized into the iodosylarene, etc. The most useful oxidizing agents for such 

reactions are sodium hypochlorite, potassium bromate, dimethyldioxirane and 

Oxone®.82-85 

 Another successful approach to iodylarenes is the oxidation of aryliodides with 

peroxides like peroxyacetic acid AcOOH or Oxone® catalyzed by salts of ruthenium (III) 

(Scheme 16):86,87 
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Scheme 16. 

This method allows the generation of iodylarenes under mild conditions with high yields. 

The ruthenium chloride (RuCl3) is considered as a catalyst for oxidation of the initially 

formed iodosylarene ArIO into the desired product ArIO2. 

 Earlier mentioned disadvantages of iodylarenes ArIO2 versus hypervalent iodine(V) 

compounds with the iodine atom incorporated to the cyclic system, make them less 

beneficial for practical applications. However, they are still employed in modern organic 

synthesis as both pure compounds and in situ generated intermediates in catalytic 

reactions. Also some of their modifications have been developed; the most noticeable 

include pseudocyclic iodylarenes and polymer-supported iodylarenes. 

 Iodylarenes have similar to the IBX 6 synthetic applications like oxidations of 

alcohols, hydrocarbons or phenols, as long as they are also useful for oxidative cleavage 

of diols. An example of conversion of benzylalcohols into aldehydes through oxidation 

by iodylbenzene PhIO2 16 is shown on Scheme 17: 

 

Scheme 17. 

Therefore, the iodylarenes (ArIO2) can be considered as synthetic analogues of IBX 6. 

With taking into account their explosive properties they do not seem as a good alternative 

for IBX; however, some modifications can eliminate their drawbacks. The first is using 

them in catalytic amounts as generated in situ intermediates. A very convenient protocol 

for oxidation of alcohols by Oxone® in the presence of catalytic amounts of PhI and 

RuCl3 has been reported (Scheme 18):88 



 

 14 

 

Scheme 18. 

In this method, the iodylbenzene PhIO2 16 is generated in situ from iodobenzene PhI and 

Oxone®. Then, it oxidizes an alcohol into the corresponding carbonyl compound while 

producing a reduced form, the iodosylbenzene PhIO, that is oxidized again by Oxone®. 

 Another good approach to safe use of iodylarenes ArIO2 is the development of 

pseudocyclic IBX esters 17. They contain the hypervalent iodine atom incorporated into 

the acyclic iodyl -IO2 group. However, there is a coordinational bond between the iodine 

and oxygen from carboxylic atoms which increases their stability against explosion. 

Examples of oxidations by pseudocyclic esters 17 are shown on the Scheme 19:33 

 

Scheme 19. 

 One more attractive modification of iodylarenes ArIO2 is the polymer-supported 

hypervalent iodine(V) reagents, where the iodine atom belongs to the iodyl -IO2 group. 
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Two examples of such reagents are shown on the Scheme 20:89 

 

Scheme 20. 

These compounds are commercially available polystyrene derivatives that can be 

obtained in four or five steps. They can be used as a safe (non-explosive) replacement for 

normal iodylarenes ArIO2, providing clean conversion of wide range of alcohols into the 

corresponding carbonyl compounds. They also have the advantage of being recyclable 

reagents, which remain active after several reoxidations. 

 This review covers cyclic and non-cyclic λ3-iodanes and λ5-iodanes to give an 

overview of this field of hypervalent iodine chemistry related to our own research 

projects. In the next chapter, a completely new class of heterocyclic hypervalent 

iodine(III), benziodoxaboroles, and the new water-soluble and safe (non-explosive) 

iodylarene ArIO2 reagent will be disclosed. 
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Chapter 2 

Results and Discussion 

2. New Hypervalent Iodine Compounds: Preparation, X-Ray Studies 

and Chemical Properties. 

2.1 Benziodoxaboroles: a New Class of Heterocyclic Hypervalent Iodine(III) 

Compounds. 

 A. Introduction. 

 We obtained the completely new class of heterocyclic organic iodine(III) 

compounds, benziodoxaboroles 18, which are the first example of five-membered cyclic 

system where boron, oxygen and iodine(III) atoms are together incorporated in the same 

ring.  

 

Scheme 21. 

Also we obtained some triflates of benziodoxaboroles 18, 19, which can be considered as 

a sort of iodonium salts. Methods of their preparation and structural data are disclosed in 

this chapter.  

 Due to very expensive commercially available precursors for them and, by the other 

hand, availability of many other hypervalent iodine(III) based reagents, these compounds 

do not seem to be promising candidates for practical synthetic purposes; so we focused 
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our attention only on their specific chemical properties brought by presence of the boron 

atom in the cyclic ring. For example, compounds 18 do not oxidize alcohols that could be 

expected as a common property of hypervalent iodine compounds. 

 

 B. Results and Discussion. 

 As have been stated before, an organic iodine(III) compound can be prepared via 

oxidation of an organic iodide by appropriate oxidizer resulting in a hypervalent iodine 

compound with optional following step of ligand-exchange reaction, and the step of the 

ring closure can be also considered as a ligand exchange process at the hypervalent iodine 

atom. 

 We have chosen commercially available ortho-iodophenylboronic acids 20 and 21 

as non-oxidized iodide precursors for our desired compounds. 

 

Scheme 22. 

Most of work has been done with compound 21, as long as compound 20 was used as 

reference example to demonstrate that presence of the fluorine atom in ortho-position to 

the boron atom does not significantly change chemical properties. We choose compound 

21 as a main starting material due to its availability: it is about 3 times cheaper than non-

fluorinated 20 (according to Sigma-Aldrich® Company). 

 Our first object, the 1-chlorobenziodoxaborole derivative 23, was synthesized 
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according to the known procedure for the preparation of 1-chlorobenziodoxoles50 

(Scheme 23), in two simple steps: an oxidation of iodide with following step of ligand-

exchange. The intermidiate dichloride 22 was obtained as a yellow crystalline precipitate 

by chlorination of 2-fluoro-6-iodophenylboronic acid 21 in chloroform. This compound 

is highly hygroscopic and undergoes quick hydrolysis upon contact with water. The 

treatment with excess of water converts 22 in the final product 23 instantly: 

 

Scheme 23. 

Compound 23 is stable at room temperature and can be stored in a refrigerator without 

decomposition in the absence of light. It was identified by NMR, elemental analysis, and 

single crystal X-ray crystallography. 

 

 

Figure 1. 
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Figure 1(a) shows CAMERON view of 1-chloro-4-fluoro-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol 23 (ellipses are shown at 50% probability; two 

independent molecules present in the unit cell are shown). Figure 1(b) illustrates intra- 

and intermolecular secondary bonding in 23.  

 Iodine atoms in both of the independent molecules in the unit cell of compound 

23 have characteristic for iodine(III) compounds T-shape geometry (Scheme 2) with 

almost linear Cl-I-O fragment (174.7º, average, Table 1). Observed I-Cl (2.49 Å, 

average) as well as I-C (2.13 Å, average) bond lenghts are in the normal range for the 

aryl-containing hypervalent iodine(III) molecules, while corresponding I-O bonds (2.08 

Å, average) are among the shortest ever observed for the five-membered iodine(III) 

heterocycles. Another interesting feature of the new five-membered iodine-containing 

heterocycle in compound 23 is the short average B-C (1.57 Å) and B-O (1.36 Å) bond 

distances in comparison with the usual B-C(aryl) and and B-O(alkyl/aryl) bond distances. 

Such short bonds together with the very short I-O bond distance and with planarity of the 

five-membered ring (the largest deviation for C8-B2-O3-I2 torsion angle is 3.59º) tell 

about some additional conjugation in this heterocyclic system. The presence of the OH 

group in compound 23 dictates its packing motif (Figure 1b). The two pairs of two 

independent molecules form the hydrogen-bonded tetramer assembly. Specifically, 

hydrogen atoms of O2(A)H and O2(D)H fragments form strong (H---O distance of 2.004 

Å) hydrogen bonds with O4(C) and O4(B) oxygen atoms, respectively, while hydrogen 

atoms of O4(B)H and O4(C)H fragments form strong (H---O distance of 1.841 Å) 

hydrogen bonds with O3(C) and O3(B) oxygen atoms, respectively (Figure 1b). In 
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addition, there are also several other very weak intermolecular contacts between fluorine 

and oxygen, oxygen and iodine, and chlorine and iodine atoms in the tetrameric assembly 

of the compound 23 (Figure 1b). The Table 1 provides a summary of structural data for 

the compound 23. 

 Table 1. Selected bond distances and angles of compound 23 determined by the 

X-ray crystallography. 

Selected bond distances (Å) 

I1-O1  2.070(3) I2-O3  2.090(3) I1-C1  2.124(4) I2-C7  2.132(4) 

I1-Cl1  2.5080(11) I2-Cl2  2.4770(10) B1-C2  1.572(6) B2-C8  1.571(5) 

O1-B1  1.359(5) O3-B2  1.356(5) B1-O2  1.345(5) B2-O4  1.357(5) 

Selected angles (º) 

O1-I1-Cl1 175.38(8) O3-I2-Cl2 174.06(8) O1-I1-C1 83.05(13) O3-I2-C7 82.00(12) 

I1-O1-B1  114.5(2) I2-O3-B2  114.9(2) O1-B1-C2  114.5(3) O3-B2-C8  114.8(3) 

 

 Our next goal was obtaining and characterization more derivatives of 

benziodoxaborole 18 to explore this field of hypervalent iodine(III) chemistry and to get 

diverse data. We have chosen acetoxy 24, 25 and trifluoroacetoxy 26, 27 derivatives as 

members of important class of polyvalent iodine compounds. 

 We used common method of preparation for the hypervalent iodine acetates which 

is the oxidation of an aryliodide precursor by an oxidant in acetic or trifluoroacetic (TFA) 

acids (Scheme 24): 
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Scheme 24. 

To oxidize starting iodides 20 and 21 we used 5% aqueous solution of sodium 

hypochlorite, commercially available as household bleach. This method has been found 

very attractive for preparation of the acetates 24 and 25 due to high yields and simple 

experimental protocol (desired products precipitate from the reaction mixture and are 

purified by simple filtration and washing with water right on the filter). However, the low 

yield of trifluoroacetoxy product 27 directed us to develop another synthetic pathway for 

compounds 26 and 27. 

 The next approach we tried was to replace the acetic group in 24 and 25 by 

trifluoroacetate. The trifluoroacetic acid, CF3COOH or TFA, is much stronger acid then 

acetic acid and we have chosen it as appropriate reagent in the ligand exchange reaction. 

This attempt was successful, providing a quick formation of desired trifluoroacetates 26 

and 27 in close to quantitative yields via convenient experimental procedure (Scheme 
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25): 

 

Scheme 25. 

This reaction is an instant process: the insoluble in methylene chloride compounds 24 and 

25 are dissolved upon addition of TFA to the reaction mixture. Then analytically pure 

products 26 and 27 have been isolated by evaporation of the reaction mixture with 

following recrystallization from methylene chloride or chloroform. 

 All compounds 24-27 are white, stable microcrystalline solids and have been 

identified by 1H NMR and elemental analysis. However, the acetates 24 and 25 have 

extremely low solubility in organic solvents and water which makes using of additional 

characterization techniques like 13C, 11B NMR or X-Ray crystallography practically 

impossible for them. 

 In contrast, the trifluoroacetoxy products 26 and 27 are well-soluble in common 

organic solvents like methylene chloride or chloroform. Therefore, we were able to 

record 13C and 11B NMR spectra for them as well as to grow their single crystals for the 

X-ray studies, which have shown that trifluoroacetates 26 and 27 have many similar 

features in their molecular structures. Figures 2 and 3 together with Table 2 provide 

summary of their structural properties: 
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Figure 2. (a) CAMERON view of 1-trifluoroacetoxy-1H-1λ3-
benzo[d][1,2,3]iodoxoborol-3-ol 26 (ellipses are shown at 50% probability). (b) Intra- 
and intermolecular secondary bonding in 26. 

 
Figure 3. 
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Figure shows (a) CAMERON view of 4-fluoro-1-trifluoroacetoxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol 27 (ellipses are shown at 50% probability; two 

independent molecules observed in the unit cell of 17 are shown). (b) Intra- and 

intermolecular secondary bonding in 27. 

Table 2. Selected bond distances and angles for compounds 17 and 18 determined by the 

X-ray crystallography. 

Selected bond distances for compound 26 (Å) 

I1-O3  2.231(3) I1-O2  2.036(3) I1-C1  2.116(4) O3-C7  1.265(6) 

C7-O4  1.206(6) O2-B1  1.369(6) B1-O1  1.348(6) B1-C2  1.563(7) 

Selected angles for compound 26 (º) 

O3-I1-O2 169.69(13) O3-I1-O2 169.69(13) O2-B1-C6  114.8(4) I1-O2-B1  114.5(3) 

Selected bond distances for compound 27 (Å) 

I1-O1  2.038(4) I2-O5  2.047(4) I1-C1  2.119(6) I2-C9  2.114(6) 

I1-O3  2.221(4) I2-O7  2.223(4) C2-B1  1.565(9) C10-B2  1.559(9) 

O2-B1  1.352(8) O6-B2  1.348(8) O1-B1  1.365(8) O5-B2  1.373(8) 

O3-C7  1.275(7) O7-C15  1.289(7) O4-C7  1.224(7) O8-C15  1.211(7) 

Selected angles for compound 27 (º) 

O1-I1-O3 169.13(16) O7-I2-O5 168.71(16) I1-O1-B1  115.3(4) I2-O5-B2  115.0(4) 

C2-B1-O1  114.8(6) C10-B2-O5 114.5(5) C2-B1-O2  123.2(6) C10-B2-O6 123.8(6) 

 
 The iodine atoms in both independent molecules observed in the unit cell of 

compound 26 as well as the iodine atom in 27 have the common for iodine(III) 

compounds T-shape geometry (Scheme 2). Iodine atoms in both compound 26 and 27 
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form typical for iodine(III) acetates and trifluoroacetates one short (2.22 – 2.23 Å) 

covalent bond and one relatively long (3.01 – 3.03 Å) secondary intramolecular 

interaction with the trifluoroacetate anion. Such a pseudo-η2 iodine-trifluoroacetate 

interactions result in elongation of the formally double C=O bonds and shortening of the 

formally single C-O bonds in the trifluoroacetate group (Table 2). Due to the presence of 

the additional relatively weak secondary intramolecular interaction with acetate or 

trifluoroacetate anion, the O-I-O angle in compounds 26 (169.7º, Table 2) and 27 (168.9º, 

average, Table 2) is significantly smaller compared to the Cl-I-O angle observed in 

compound 23 (174.7º, average, Table 1). Observed I-OCOCF3 (2.22 Å, average) as well 

as I-C (2.12 Å, average) bond distances are in the normal range for the aryl-containing 

iodine(III) acetates or trifluoroacetates, while the corresponding I-O(B) bonds (2.04 Å, 

average) are again very short compared to similar bond distances observed in the other 

five-membered iodine(III) heterocycles. Similar to compound 23, the B-C (1.56 Å, 

average) and B-O (1.37 Å, average) bond distances in compounds 26 and 27 are 

significantly shorter compared to the usual B-C(aryl) and and B-O(alkyl/aryl) bond 

distances. Likewise in the compound 23, the iodine-containing five-membered 

heterocyclic ring is also almost planar (the largest deviation for the B1-O2-I1-C1 torsion 

angle in compound 26 is 2.09º) suggesting additional conjugation between six- and five-

membered rings in the target compounds. Packing diagrams for compounds 26 and 27 

(Figure 2b and 3b) resemble a very typical for iodine(III) acetates and trifluoroacetates 

dimeric motifs. Compared to the published earlier iodine(III) acetates and 

trifluoroacetates, dimeric structures in compounds 26 and 27 are additionally stabilized 
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by strong hydrogen bonds. Thus, hydrogen atoms of O1(A)H and O1(B)H fragments of 

26 form strong (H---O distance of 2.05 Å) hydrogen bonds with O4(B) and O4(A) 

oxygen atoms of trifluoroacetate groups, respectively (Figure 2b). Similarly, in the case 

of 27, hydrogen atoms of O2(A)H and O2(B)H fragments form strong (H---O distance of 

1.99 Å) hydrogen bonds with O4(B) and O4(A) oxygen atoms of trifluoroacetate groups, 

respectively, while hydrogen atoms of O6(C)H and O6(D)H fragments form strong (H---

O distance of 1.98 Å) hydrogen bonds with O8(D) and O8(C) oxygen atoms of 

trifluoroacetate group, respectively (Figure 3b). It should be noticed that the presence of 

the strong electron-withdrawing fluorine atom in the phenyl group of 27 results in shorter 

hydrogen bonds compared to those observed in 26. In addition, several other intra- and 

intermolecular contacts between fluorine and oxygen as well as oxygen and iodine atoms 

have been observed in the dimeric motifs of compounds 26 and 27 (Figure 2b and 3b). In 

addition to the mentioned above I-OCOCF3 secondary interactions, oxygen atoms of 

iodine-containing five-membered heterocycle form short (2.90 Å for 26 and 2.87 – 2.91 

Å for 27) intermolecular I-O contacts resulting in pentacoordinated iodine(III) centers in 

26 and 27. Finally, fluorine atoms of 27 are involved into additional intramolecular 

contacts with corresponding oxygen atoms of OH groups (Figure 3b). 

 The next object of our investigations was hydroxy derivative 28 of 

benziodoxaboroles 18, which can be prepared from trifluoroacetates 25 and 27 in a ligand 

exchange reaction. We found that treatment with mild base, such as sodium bicarbonate 

NaHCO3, causes hydrolysis of starting materials 25 and 27 into desired product (Scheme 

26).  
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Scheme 26. 

The compound 28 is a white powder that is stable in the absence of light. It has also very 

low solubility in organic solvents and in water, so we were able to use only 1H NMR 

spectroscopy and elemental analysis for its characterization. It seems that the low 

solubility of this product is caused by its oligomeric structure analogous to the methoxy 

derivative which is described next. 

 We found that slow crystallization of compound 27 from methanol at room 

temperature during 10 days leads to the formation of white crystals, which were 

characterized by X-ray crystallography. The X-ray diffraction analysis has shown an 

unusual macrocyclic structure 30. This result can be explained by self-assembly of four 

molecules of the dimethoxy intermediate 29, which can be produced in the ligand 

exchange reaction with methanol (Scheme 27). 
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Scheme 27. 

The X-ray structure of compound 30 represents an interesting addition to the rich 

collection of highly unusual supramolecular iodine(III) assemblies.41,90-92 The inner cyclic 

system of the tetramer 30 is formed by four boron and four oxygen atoms (Figure 4). The 

driving force for formation of such eight-membered cyclic system is the transformation 

of initial trigonal-planar sp2 hybrid boron atoms into tetrahedral sp3 hybridized atoms. 

Each boron atom in tetramer 30 forms one covalent bond with carbon and three covalent 

bonds with oxygen atoms. The boron-oxygen bonds, which form the eight-membered 

cycle (1.48 – 1.50 Å), are significantly longer compared to the B-OMe bond distances 

(1.43 – 1.44 Å). The eight-membered cycle in 30 is non-planar with alternating larger B-

O(I)-B bond angles (126.2º, average) and smaller O-B-O bond angles (110.7, average) 
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with the latter being close to the expected for the sp3 hybridized boron atoms. The change 

in hybridization of the boron atoms in product 30 also makes boron-carbon and 

heterocyclic iodine-oxygen bonds longer (Table 3) in comparison with those in 

compounds 23, 26, and 27 (Table 1 and 2). For example, boron-carbon distances in 23, 

26 and 27 are ~0.07 Å shorter compared to those in tetramer 30, while iodine-oxygen 

bond distances in 23, 26 and 27 are ~0.1 Å shorter compared to those in 30. Similarly to 

compounds 23, 26 and 27, iodine atoms have the usual for hypervalent iodine(III) 

compounds T-shape geometry with O-I-OMe bond angles varying between 167.2 and 

170.5o. Another interesting feature of tetramer 30 is its packing diagram (Figure 4d). All 

tetrameric units are almost isolated from each other except the very weak (3.47 Å) O1---

I4 contacts, which results in the formation of linear polymeric chains of 30. 

 Figure 4 and Table 3 provides the summary of structural features of tetramer 30. 
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Figure 4. (a) Perspective view of tetrameric 4-fluoro-1,3-dimethoxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol 30 (ellipses are shown at 50% probability). (b) Bond 

distances [Å] in the macrocyclic fragment of 30. (c) Intermolecular secondary bonding in 

30 showing O1(A)---I4(B) and O1(B)---I4(C) contacts. (d) Angles [º] in the macrocyclic 

fragment of 30.  

Table 3. Selected bond distances and angles for tetramer 30 determined by the X-ray 

crystallography. 

Selected bond distances (Å) 

I1-O2  2.227(3) I2-O5  2.193(3) I3-O8  2.200(3) I4-O11  2.229(3) 

I1-C1  2.125(5) I2-C9  2.131(6) I3-C17  2.117(5) I4-C25  2.117(5) 
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I1-O1  2.019(4) I2-O4  2.036(4) I3-O7  2.045(4) I4-O10  2.009(4) 

B1-C2  1.640(7) B2-C10  1.641(8) B3-C18  1.630(8) B4-C26  1.642(8) 

O2-B1  1.485(7) O2-B2  1.496(6) B2-O5  1.491(7) O5-B3  1.494(7) 

B3-O8  1.484(6) O8-B4  1.500(7) B4-O11  1.489(7) O11-B1  1.505(7) 

B1-O3  1.441(7) B2-O6  1.443(7) B3-O9  1.442(7) B4-O12  1.431(7) 

Selected angles (º) 

O1-I1-O2  170.49(14) O4-I2-O5  170.29(16) O7-I3-O8  170.04(15) O10-I4-O11 167.20(14) 

B1-O2-B2  126.0(4) B2-O5-B3  126.5(4) B3-O8-B4  126.6(4) B4-O11-B1  125.7(4) 

O2-B1-O11  110.7(4) O2-B2-O5  110.8(4) O5-B3-O8  109.9(4) O8-B4-O11  111.2(4) 

I1-O2-B1  118.8(3) I2-O5-B2  119.1(3) I3-O8-B3  118.2(3) I4-O11-B4  117.9(3) 

 

 The most unusual structural feature of new heterocycles with sp2 hybridized boron 

atom (compounds 23, 26, and 27) is the presence of the shorter oxygen-iodine bonds in 

the five-membered ring (2.04 – 2.09 Å), as long as the most typical oxygen-iodine(III) 

bond length should be observed between 2.10 and 2.15 Å. Such bond shortening can be 

the indicator of a partial aromatic character93-95 in the new boron-containing heterocycles. 

According to this hypothesis the transformation of the boron atom from trigonal-planar 

(sp2) in compounds 23, 26, and 27 to the tetrahedral (sp3) configuration in tetramer 30 

should return the length of said chemical bonds to the usual values of them observed in 

other hypervalent iodine(III) compounds; which is completely confirmed by X-Ray 

crystallography data (Table 3).  

 To investigate a possible partial aromatic character in new heterocyclic systems, we 

used the well-known computational NIST approach.93-95. NIST (0) and (1) indexes were 

calculated at the geometric centers of the six-membered and five-membered rings for the 
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set of test compounds shown in Figure 5. Some of benziodoxoles 4 (2R= O) have been 

included to set of test compounds. As expected, DFT predicted NIST (1) indexes for the 

six-membered cyclic fragments became more negative compared to respective NIST (0) 

indexes proving aromaticity in six-center, six electron [6c,6e] benzene rings. DFT 

predicted NIST (0) indexes for the supposedly five-center, six-electron [5c,6e] –C-C-B-

O-I- and –C-C-C-O-I- heterocyclic fragments are also negative (indicative of 

aromaticity), but the respective NIST(1) indexes are all less negative (indicative of 

smaller aromaticity) for the same fragments. Thus, five-membered heterocyclic 

fragments in new boron-containing heterocycles as well as the reference benzoiodoxoles 

cannot be considered among the classic aromatic [5c,6e] systems and such electron 

delocalization scheme cannot completely explain the presence of short oxygen-iodine 

bonds observed in compounds 23, 26, and 27. 
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Figure 5. DFT predicted NIST (0) and (1) indexes for model iodine(III) compounds. 

 To explain the presence of the short oxygen-iodine bond distance in 23, 26, and 27 

another hypothesis, based on the resonance concept, have been proposed. In typical 

hypervalent iodine(III) five-membered heterocycles such as benziodoxoles (Scheme 28), 

the two-center, two-electron [2c,2e] conjugated to the benzene ring C=O bond is located 
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on the periphery of the five-membered ring with the two other possible resonance 

structures playing insignificant role. Due to this the -C-O-I- fragment of the five-

membered ring should consists of the classic single bonds and cannot provide additional 

electron delocalization, which would decrease the length of oxygen-iodine bond. In our 

compounds 23, 26, and 27, [2c,2e] conjugation with the benzene ring is provided by the 

inner boron-oxygen fragment (Scheme 28).  

 

Scheme 28. 

Moreover, B-O-I fragment of the five-membered ring could potentially provide four 

electrons to form non-classic [5c,6e] aromatic system. A possible contribution of the 

resonance structure involving boron-oxygen double bonds is supported by a recent 

experimental characterization of a coordinated oxoborane.96 However, the contribution of 

such aromatic resonance structure should be minor due to the very large difference of 

sizes between iodine p-orbitals and p-orbitals of carbon and oxygen atoms. But even a 

minor contribution of said resonance structure can bring some degree of aromaticity due 

to some delocalization in five-membered heterocyclic system and thus will shorten 



 

 35 

carbon-boron, boron-oxygen, and iodine-oxygen bonds, which was experimentally 

observed in compounds 23, 26, and 27. 

 The next step of our research work was aimed to make a comparison of general 

chemical properties of benziodoxaboroles 18 with those of other well-known hypervalent 

iodine (III) compounds. Most popular and developed application of organic iodine(III) 

compounds is based on their ability to oxidize alcohols. 

 At the first time we were completely disappointed after finding that compounds 24-

27 do not oxidize alcohols at all. Many well-known for organic iodine(III) compounds 

experimental protocols have been tried,  as well as many different types of alcohols, but 

we found that compounds 24-27 do not induce oxidation of alcohols even in the presence 

of active catalysts like the boron trifluoride  etherate, BF3*Et2O. 

 Then we made hypothesis that the oxidation does not take place due to presence of 

sp2 hybridized boron atom which is well known Lewis Acid. Taking into account this 

feature of compounds 24-27 the following explanation can be proposed (Scheme 29): 

 

Scheme 29. 

This hypothesis have been have been confirmed by preliminary supercomputer 

calculations only which have shown that coordination of an alcohol molecule at the boron 

atom is thermodynamically more preferable then at the iodine(III) atom. However, there 
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were done no experimental attempts to isolate any intermediate 31 for following 

characterization. 

 Our further research endeavors were aimed to development of common synthetic 

method, which would allow obtaining variety of benziodoxaborole 18 derivatives via 

only the ligand exchange reaction without initial step of precursor iodide 20 or 21 

oxidation. In other words, the goal was to create a universal experimental procedure, 

which allows conversion benziodoxaboroles 18 in those others by replacing the 

functional group X (Scheme 21). Finally, we have found appropriate conditions for this 

transformation. However, this data has been never published and remains confidential so 

it is not disclosed in this document. We obtained a series of new benziodoxaboroles 18 

and 19 derivatives from compound 25 (Scheme 30): 

 

Scheme 30. 

The most interesting result is preparation and characterization of compounds 19, which 

are the first examples of benziodoxaboroles with carbon-iodine bond that does not belong 

to the cyclic system. This feature makes them more similar to the iodonium salts then to 

benziodoxaboroles 18. 

 Scheme 31 provides a list of new benziodoxaboroles 18 and 19 derivatives which 
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have been obtained according to Scheme 30: 

 

Scheme 31. 

All compounds 32-37 have been characterized by NMR spectroscopy; moreover, 

molecular structures of the compounds 32, 34 and 35 have been confirmed by X-ray 

crystallography. In addition, the successful elemental analysis has been performed for 

compounds 36 and 37. 

 Compounds 34-37 have been obtained in the form of triflates. The presence of two 

aromatic rings attached to the iodine atom makes the iodine-oxygen bond longer and 

weaker, and these compounds may be considered as an intermediate between five-

membered heterocyclic system and an iodonium salt. Scheme 32 shows two possible 

resonance structures for these compounds where the first structure 19 represents 

heterocyclic system and the next one 38 is the structural analogue of an iodonium salt. 
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Scheme 32. 

The contribution of both structures 19 and 38 results in longer iodine-oxygen chemical 

when compared with itself in “normal” cyclic compounds 23, 26, and 27. This has been 

confirmed by X-ray diffraction studies.  

 NMR spectra and X-ray molecular pictures for compounds 32-37 are given in the 

Appendix of this work. 

 C. Summary. 

 In conclusion, we developed synthetic methods allowing to prepare hypervalent 

iodine(III) compounds which belong to the completely new class of the heterocyclic 

organic iodine(III) compounds, benziodoxaboroles 18. Then we used our methods for 

preparation of a series of benziodoxaborole derivatives 22-28, 30 and 32-37. Many of 

them have been investigated by X-ray crystallography, which allowed us to study their 

structural properties. Partial aromatic character of the five-membered cyclic system has 

been experimentally found for compounds 23, 26, 27 and 32. Studies of chemical 

properties have demonstrated unexpected inability of benziodoxaboroles 18 to oxidize 

alcohols. This project is still under development; the full data for compounds 32-37, their 

preparation method and some benziodoxaboroles 18 and 19 derivatives will be published 

later in a full journal article. 
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2.2 Potassium 4-Iodylbenzenesulfonate: The New Water-Soluble Hypervalent 

Iodine(V) Reagent and its Preparation, X-Ray Structure and Reactivity. 

 A. Introduction. 

 Some criticism about synthetic application of iodylarenes, ArIO2, has been 

provided in the Review chapter, including their low solubility and explosive properties. 

However, their availability via simple one-step oxidation of corresponding aryliodides in 

high yields still attracts attention of researchers in order to develop iodylarene derivatives 

without or at least with reduced their common drawbacks and at the same time with 

conservation of their advantages. 

 We have obtained the new member of iodylarene class of hypervalent iodine(V) 

compounds, the potassium 4-iodylbenzenesulfonate 40. In comparison with the majority 

of known hypervalent iodine compounds, which are covalent, our reagent has ionic 

nature: it is a potassium salt of arylsulfonic acid, so it has good solubility in water. This 

fact allows to use it in aqueous solutions, an environmentally friendly media. Another 

advantage of this reagent is its accessibility: it can be very easily obtained from cheap 

starting materials in good yields. Although the compound 40 is still explosive like the 

majority of iodylarenes ArIO2, its can be safely used in wide range of temperatures: it 

melts with explosion at 278-280 °С which is a very high value in comparison with many 

other hypervalent iodine(V). For example, IBX 5 melts with explosion at 233 oC. 

 Also we have developed convenient method for iodination of aromatic compounds 

based on application of reagent 40. 
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 B. Results and Discussion. 

 We developed a convenient experimental procedure which provides the potassium 

4-iodylbenzenesulfonate 40 in excellent yield from iodobenzene PhI, sulfuric acid H2SO4 

and Oxone®, the very cheap starting materials, in two steps (Scheme 33):  

 

Scheme 33. 

To perform the first step, preparation of 4-iodobenzenesulfonic acid, iodobenzene PhI 

was added to 100% H2SO4. Reaction mixture was gently heated (about 40 °C) and left 

overnight at this temperature under stirring. Then the reaction mixture was extracted five 

times with chloroform. After concentration of combined organic extracts by the 

evaporation of solvent, the 4-iodobenzenesulfonic acid 39 has been precipitated as white 

crystalline solid which was filtered and dried under vacuum. The resulting product 39 

was used without additional purification for the second step.  

 The second step is even simpler then the first one: 2.5 eqv of Oxone® were added 

to the aqueous solution of 4-iodobenzenesulfonic acid 39, and the reaction mixture was 

left under stirring at 60 °C. After cooling the reaction mixture to room temperature the 

desired product 40 precipitates as white microcrystalline solid, which can be additionally 

purified by recrystallization from water to give the analytically pure material.  

 It should be also noticed that the second step (Scheme 33) requires excess of 
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Oxone® to avoid formation of hypervalent iodine(III) derivative, containing iodosyl IO 

group instead of iodyl IO2, as a by product. However, increased consumption of Oxone® 

in this method is not an issue due to its low price. 

 The compound 40 was characterized by 1H and 13C NMR spectroscopy, elemental 

analysis and single crystal X-ray crystallography, and its structure has been completely 

confirmed by obtained data. For example, there is a characteristic signal of the C-IO2 

ipso-carbon at 152.0 ppm in the 13C NMR spectrum of product 40 in D2O, which is 

typical of iodylarenes. X-ray data of product 40 demonstrate the presence of typical for 

iodine(V) compounds complex intra- and inter-molecular interactions (Figure 6). The 

iodine atom forms three covalent bonds with two terminal oxygen atoms and one aryl 

carbon. The I=O (~1.8 Å) and I–C(Aryl) (~2.1 Å) bond distances are typical for the 

described earlier iodine(V) centers. Both terminal oxygen atoms are lying out of the 

phenyl ring plane with O1-I1-C-1-C6 and O2-I1-C1-C2 torsion angles of 43.18º and 

33.06º, respectively. The SO3
– group has close to tetrahedral geometry with all three S=O 

bond distances observed close to ~1.45 Å, which is in a typical range for organic 

sulfoacids. 

 

Figure 6. 

 Figure 6 shows molecular structure of potassium 4-iodylbenzenesulfonate 40 with 
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50% ellipsoid probability. Selected distances [Å] and angles [o]: I1 – O1 = 1.799(7), I1 – 

O2 = 1.793(7), I1 – C1 = 2.104(9), C4 – S1 = 1.774(9), S1 – O4 = 1.448(8), S1 – O3 = 

1.447(8), S1 – O5 = 1.443(8), O1-I1-O2 = 102.8(3). 

 Crystal packing diagram for compound 40 is presented in Figure 7: a) along a-axis, 

b) along b-axis, c) along c-axis. 

 

Figure 7. 

Similar to the numerous iodine(V) and especially iodine(III) compounds, compound 40 

forms polymeric chains in a solid state. Specifically, individual molecules of compound 

40 form polymeric chains along the crystallographic a-axis in head (IO2 group) to tail 

(SO3
– group) fashion. These polymeric chains are closely spaced between each other and 
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form short contacts within a chain (between IO2 and SO3
– groups). In addition, polymeric 

chains are reinforced by short inter-chain contacts, which involve intermolecular 

interactions between: (i) neighboring IO2 and SO3
– fragments; (ii) IO2 or SO3

– contacts 

with the potassium cation. The first type of such intermolecular contacts at the iodine(V) 

atom is shown on Figure 8. 

 

Figure 8. 

 Figure 9 describes the close contacts of potassium cation [Å]: K1 – O1 2.817; K1 – 

O2A 2.944; K1 – O3B 2.766; K1 – O3C 2.798; K1 – O2D 2.918; K1 – O5E 2.883; K1 – 

O4E 3.133; K1 – O4F 2.737.  

 

Figure 9. 

 Each iodine atom is involved in the coordination with oxygen atom from the 

neighboring SO3
– group along crystallographic a-axis (I – O3(A) contact is 2.982 Å), 
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SO3
– group of neighboring polymeric chain (I – O5(C) contact is 2.769 Å) and IO2 group 

of another neighboring molecule (I – O1(B) contact is 2.931 Å). Each of these contacts is 

significantly shorter than the sum of van der Waals radii of iodine and oxygen. Thus, 

each molecule of compound 40 is involved in the close intermolecular contacts with three 

neighboring molecules. Similarly, potassium cations in crystal structure of compound 40 

are aligned along crystallographic a-axis and form eight short intermolecular contacts 

with seven neighboring molecules (Figure 9). These consist of three η1-interactions with 

the O1 and O2 atoms of IO2 groups, three η1-interactions with the O3 and O4 atoms of 

the SO3
– group, and one η2-coordination with the O4 and O5 atoms of the SO3

– group. 

All K+ – IO2 contacts were observed in the 2.817 – 2.944 Å range and K+ – SO3
– η1-

interactions in the 2.737 – 2.798 Å range. The K+ - η2-coordination is highly asymmetric 

with K+ – O5 contact much shorter (2.883 Å) than the K+ – O4 distance (3.133 Å). 

 Our next step was to investigate chemical properties of compound 40 to evaluate its 

usability as a reagent for organic synthesis purposes. There are 3 key advantages which 

make the compound 40 to look as a very promising reagent for practical purposes: 

• good solubility in water due to its ionic nature; 

• high stability for storage and against explosion; 

• availability. 

In comparison with the majority of known hypervalent iodine compounds, which are 

covalent, it has ionic nature: it is a potassium salt of arylsulfonic acid, so it has good 

solubility in water, which is an environmentally friendly solvent. In addition to low 

toxicity of iodine compounds in general, it allows to reduce chemical waste production, 
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which is important in case of its adaptation for real practical applications. Its accessibility 

has been already demonstrated in this chapter in the preparation procedure starting from 

cheap materials and resulting in good yields. We also found that potassium salt 40 can be 

stored at room temperature in the absence of light longer then one year without any 

significant decomposition or losses of activity, which is a good illustration of its stability, 

as long as stated before high thermal stability. 

 It has been demonstrated in the Review chapter that the oxidation of alcohols is 

most common, developed and widely used way of practical application for hypervalent 

iodine(V) compounds. The compound the compound 40 is also expected to be a good 

oxidizer in such synthetic application. However, we have not even tried it for alcohol 

oxidations because this field is already well-developed and variety of known hypervalent 

iodine(V) reagents can carry out such transformations perfectly. Instead of this we 

decided to find a more interesting application for reagent 40 which could be needed in 

comprehensive organic synthesis. 

 We have investigated the use of compound 40 as a reagent for oxidative iodination 

of aromatic substrates, which are widely used as building blocks in organic synthesis. 

They are employed in many reactions used in industrial processes. A good example is a 

variety of cross-couplings to form new carbon-carbon bonds; many of them became 

named reactions like Suzuki, Heck, Stille, Negishi, etc. couplings. This makes necessary 

to provide good preparative methods for obtaining of aryliodides. 

 We developed the three experimental procedures using the reagent 40, which differ 

in used solvent; they can be applied for electrophilic iodination of various aromatic 
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compounds bearing electron-withdrawing or electron-donating substituents in different 

ring positions. The common scheme is shown below (Scheme 34):  

 

Scheme 34. 

 The most efficient procedure (Method A), useful for deactivated or weakly 

activated aromatic rings, consists of treatment of arenes with iodine and reagent 40 in the 

presence of sulfuric acid. A convenient modification of this procedure (Method B) 

involves the use of Amberlyst 15 instead of sulfuric acid. In the case of the strongly 

activated aromatic substrates, such as dimethoxybenzenes, a milder procedure in the 

presence of acetic acid has been used (Method C). 

 We also found compound 40 as a useful reagent for diodination of arenes. 

Experimental procedure for this transfrormation is modified method A of B; the 

modification includes only two times increased amounts of reagent 40 and molecular 

iodine I2 (Scheme 35). 

 

Scheme 35. 
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 There were no special studies of the reaction mechanism or its kinetics, but we are 

still able to propose a reasonable mechanism for performed mono- and di-iodinations: 

each molecule of hypervalent iodine(V) reagent 40 oxidizes four iodine atoms from 

molecular iodine I2 into positively charged I+ atoms which act as intermediate in 

electrophilic aromatic substitution reaction similar to well-know Friedel-Crafts reaction. 

Scheme 36 shows formation of this intermediate: 

 

Scheme 36. 

In case of iodination process the insertion position of iodine atoms are described by rules 

similar to those for Friedel-Crafts reaction; moreover, position of the second iodine atom 

in the diiodination process is ruled in the same way. This is in full agreement with the 

stated hypothesis about reaction mechanism. 

 Formation of diiodoarenes as a byproduct in monoiodination process may be a 

problem in case of electron-rich aromatic systems, because such aromatic remain highly 

nucleophilic after introduction of the first iodine atom, which makes monoiodides similar 

to respective starting arenes for electrophilic attack by I+, resulting in low selectivity of 

overall process. To avoid this issue Method C should be used which allows to completely 

avoid formation of any diiodoarenes even in case of electron-rich activated aromatic 

substrates like dimethoxybenzenes. 
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 Table 4 provides the summary of experimental results, including yields, structures 

of obtained mono- and di-iodides, reaction times and temperatures. 

Table 4. Compound 40 as a reagent for electrophilic iodination of aromatic compounds.  

Starting material Product T, ºC t [h] Yield [%] Method 

  

65 12 98* A 

 
 

65 12 84 A 

 
 

65 12 89 A 

  

65 12 98 A 

 
 

65 12 98 A 

 
 

65 12 86 A 

  

65 48 99* A 

  
65 12 90 A 
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25 12 
77  
 

80 

A 
 

B 

  

25 12 
84 
 

 87 

A 
 

B 

 
 

25 12 
92 
 

92 

A 
 

B 

 
 

25 24 
51 
 

50 

A 
 

B 

  

25 12 88 A 

  

25 12 
88 
 

94 

A 
 

B 

  

65 12 92 A 

  

65 12 99 A 

  
80 1 96 C 

  
80 6 98 C 

  
80 11 90 C 
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65 12 97 A 

The asterisk sign (*) at the yield value denotes that the yield value is given for both 

formed products together and their ratio has been determined by GC using available 

standard samples of known products. 

 Finally, we have also demonstrated that the major amount of reagent 40 can be 

recovered from the reaction mixture (92% recovery) by removal of organic products via 

extraction with organic solvent with following treatment of the aqueous layer with Oxone 

at 60 ºC for 2 h to reoxidize 4-iodobenzensulfonic acid 39, formed in the reaction, back 

into 40.  Then regenerated reagent 40 is isolated by filtration of its precipitate. This is one 

additional advantage of the developed reagent 40 and the method of electrophilic 

iodination. 

 

 C. Summary. 

 In conclusion, we developed the new hypervalent iodine(V) reagent, potassium 4-

iodylbenzenesulfonate 40 and optimized the method of its preparation. We also reported 

its structural properties obtained from single crystal X-ray crystallography. Compound 40 

has been found thermally stable for storage, which is its great advantage over majority of 

known iodylarenes ArIO2. Together with its accessibility due to easy preparation 

procedure and possibility of recycling, this makes compound 40 very promising 

candidate for practical applications.  

 In addition we proposed the very useful preparation method, which makes mono- 

and di-aryliodides available in high yields. Although the iodination of arenes can be 
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performed by PhI(OAc)2 under similar conditions; the reaction of new reagent 40 is much 

cleaner. A good example to make a comparison between efficiency of said hypervalent 

iodine reagents is preparation of iodides 47a and 47b. The new reagent 40 provides a pair 

of the regioisomers 47a and 47b in 99% yield, as long as the oxidative iodination of 

chlorobenzene with PhI(OAc)2/I2 under the same conditions affords only 60% of 47a and 

47b (3:1 ratio) and about 40% of o- and p-diiodobenzenes due to the iodination of PhI 

formed from PhI(OAc)2 in the course of reaction. 

 

 2.4. Conclusion. 

 We have reported a series of novel hypervalent iodine(III) and (V) compounds 

which belong to two independent research projects.  

 First project was aimed at the preparation and characterization of a completely new 

class of five-membered heterocyclic systems, the benziodoxaboroles, where the 

iodine(III), oxygen and boron atoms are together incorporated in the same cycle. 

Although they do not look useful in a practical organic synthesis due to very expensive 

commercially available precursors, this project is important as a general development of 

organic iodine(III) chemistry which can lead to a better understanding in this field of 

science. 

 Second reported project has been focused on preparation and characterization of 

only one hypervalent iodine(V) compound, the potassium 4-iodylbenzenesulfonate. The 

main goal of this project was to develop a practically useful organic iodine(V) reagent, 

and it has been achieved. Our studies have shown the potassium 4-iodylbenzenesulfonate 
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as promising reagent for modern synthetic techniques due to its stability, accessibility and 

good solubility due to its ionic nature. In addition we created practically appropriate 

method for iodination of very diverse aromatic compounds by using the potassium 4-

iodylbenzenesulfonate. 
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Chapter 3 

Experimental 

3. Experimental section. 

 3.1 General Methods. 

 All melting points were determined in an open capillary tube with a Mel-temp II® 

 melting point apparatus, a SRS OptiMelt apparatus or an ELECTROTHERMAL IA 

9200 instrument. NMR spectra were recorded on a Bruker AM-200 NMR spectrometer at 

200 MHz (1H NMR), and a Varian UNITY INOVA 500 MHz NMR spectrometer at 500 

MHz (1H NMR), 125 MHz (13C NMR) and 160 MHz (11B NMR). Chemical shifts are 

reported in parts per million (ppm). 1H and 13C chemical shifts are referenced relative to 

tetramethylsilane, and 11B chemical shifts are referenced relative to BF3-etherate. GC-MS 

analysis was carried out with a HP 5890A Gas Chromatograph using a 5970 Series mass 

selective detector. High resolution mass spectra (HRMS) were obtained on a Water LCT 

Premier spectrometer with micromass MS software using electrospray ionization (ESI). 

Analytical thin-layer chromatography was performed using precoated silica gel 60 F254 

plates (MERCK, Darmstadt) and the spots were visualized with UV light at 254 nm. 

Microanalyses were carried out by Atlantic Microlab, Inc., Norcross, Georgia. 

 

 3.2 Materials. 

 All commercial reagents were ACS reagent grade and used without further 

purification. All other reagents and solvents were of commercial quality from freshly 

opened containers. 
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 3.3 Synthesis and Characterization of Compounds. 

 Synthesis and characterization of 1-chloro-4-fluoro-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol (23). 

 Excess of chlorine gas was passed through a solution of 2-fluoro-6-

iodophenylboronic acid 21 (0.266 g, 1.0 mmol) in CHCl3 (25 mL) until complete 

disappearance of starting material according to TLC. The formation of yellow, crystalline 

precipitate of the dichloride 22 has been observed. The precipitate was filtered, washed 

with cold CHCl3 and dried in vacuum to afford 0.340 g (90%) of the unstable product 22, 

mp 100-100.5 ºC (dec). Product 22 is unstable and should be immediately converted to 

the final chloride 23 by treatment with water. In a typical procedure, the dichloride 22 

(0.169 g, 0.5 mmol) was stirred with water (2 mL) for 10 min at room temperature. The 

resulting light yellow solid was filtered, washed with water and dried in vacuum to give 

0.135 g (90%) of crude product 23, which can be additionally purified by 

recrystallization from CHCl3; mp 135-137 ºC (dec). 1H NMR (CDCl3): δ 8.12 (dd, J = 

8.0, 1.5 Hz, 1H), 7.72 (m, 1H), 7.34 (ddd, J = 8.5, 8.0 and 2.0 Hz, 1H), 4.97 (br s, OH); 

13C NMR (CDCl3): δ  168.6 (d, JCF = 255 Hz), 135.4 (d, 3JCF = 8.3 Hz), 129.9 (d, 3JCF = 

8.8 Hz), 123.8 (d, 4JCF = 3.8 Hz), 117.6 (d, 2JCF = 23.8 Hz); 11B NMR (CDCl3): δ 31.01 

(br s) and 19.74 (s). Anal Calcd. for C6H4BClFIO2: C, 24.00; H, 1.34; Cl, 11.81; I, 42.26. 

Found: C, 23.89; H, 1.27; Cl, 11.60; I, 41.99. 

 Single crystals of product 23 suitable for X-ray crystallographic analysis were 

obtained by slow evaporation of the chloroform solution of 23. X-ray diffraction data 
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were collected on Rigacu RAPID II diffractometer using graphite-monochromated 

MoKα radiation (λ = 0.71073 Å) at 123 K. Multi-scan absorption correction was applied 

to the data using CrystalClear 2.0 program (Rigaku Inc. 2010). The structure was solved 

by Patterson method (PATTY) using CrystalStructure 4.0 program and refined by full-

matrix least-squares refinement on F2 using Crystals for Windows program. Crystal data 

for 23 C6H4B1Cl1F1I1O2: M 300.26, triclinic, space group P-1, a = 7.4745(4), b = 

10.5487(6), c = 11.7411(8) Å, α = 109.722(8)º, β = 99.391(7)o, γ = 97.560(7)o, V = 

842.22(11) Å3, Z = 4, µ = 4.086 mm-1, 22003 reflections measured, 3861 unique; final R1 

= 0.0272, Rw = 0.0667. CCDC-836131 contains the supplementary crystallographic data 

for compound 23. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ UK; fax: (+44) 1223-336-033, or 

deposit@ccdc.cam.ac.uk). 

 

 Preparation of 1-acetoxy-4-fluoro-1H-1λ3-benzo[d][1,2,3]iodoxoborol-3-ol (25). 

 A solution of 2-fluoro-6-iodophenylboronic acid 21 (1.330 g, 5.0 mmol) in acetic 

acid (6 mL) was cooled to 15 ºC and the commercial bleach solution (6.5 mL of ~5% 

aqueous NaOCl) was added by small portions (about 0.1 mL each) under stirring. The 

stirring was continued at 15 ºC for additional 30 min until complete disappearance of 

starting material according to TLC. If starting material was still present, additional 

amount of bleach was added. Then water (20 mL) was added and the resulting white, 

crystalline precipitate was filtered, washed with water and dried in vacuum to afford 
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1.540 g (95%) of product 25, mp 154-155 ºC (dec). 1H NMR (D2O): δ 7.72 (m, 2H), 7.32 

(m, 1H), 2.10 (s, 3H); 11B NMR (D2O): δ 19.80 (s). Anal Calcd. for C8H7BFIO4: C, 

29.67; H, 2.18; I, 39.19. Found: 29.62; H, 2.11; I, 38.93.  

 

 1-Acetoxy-1H-1λ3-benzo[d][1,2,3]iodoxoborol-3-ol (24) was prepared by a 

similar procedure in 89% yield starting from 2-iodophenylboronic acid 20; mp 110.5-

111.5 ºC (dec). 1H NMR (D2O): δ 7.85 (m, 3H), 7.65 (m, 1H), 2.10 (s, 3H); 11B NMR 

(CDCl3): δ 19.86 (s). Anal Calcd. for C8H8BIO4: C, 31.41; H, 2.64; I, 41.49. Found: C, 

31.32; H, 2.51; I, 41.40. 

 

 Synthesis and characterization of 4-fluoro-1-trifluoroacetoxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol (27) and 1-trifluoroacetoxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol (26). 

 To a stirred mixture of acetate 25 (0.650 g, 2.0 mmol) in CH2Cl2 (6 mL), 

trifluoroacetic acid (2.0-2.5 mL) was added at room temperature until formation of a 

homogeneous solution. Stirring of the solution was continued for additional 30 min and 

then the solvent and volatile products were evaporated in vacuum to afford an off-white 

solid, which was recrystallized from CH2Cl2 to give analytically pure trifluoroacetate 27 

as colorless needles; yield 0.720 g (95%); mp 139-140 ºC (dec). 1H NMR (CDCl3): δ 

7.83-7.76 (m, 2H), 7.33 (ddd, J = 8.0, 8.0 and 0.5 Hz, 1H); 13C NMR (CDCl3): δ   169.61 

(d, JCF= 257.3 Hz), 162.1 (q, 2JCF = 43.0 Hz), 137.6 (d, 3JCF = 8.3 Hz), 130.7 (d, 3JCF = 

8.8 Hz), 125.6 (d, 4JCF = 4.1 Hz), 118.4 (d, 2JCF = 22.9 Hz), 114.6 (q, JCF = 283 Hz); 11B 
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NMR (CDCl3): δ 19.75 (s). Anal Calcd. for C8H4BF4IO4: 25.43; H, 1.07; I, 33.59. Found: 

C, 25.31; H, 0.92; I, 33.37. 

 Single crystals of product 27 suitable for X-ray crystallographic analysis were 

obtained by slow evaporation of the chloroform solution of 27. X-ray diffraction data 

were collected on Rigacu RAPID II diffractometer using graphite-monochromated 

MoKα radiation (λ = 0.71073 Å) at 123 K. Multi-scan absorption correction was applied 

to the data using CrystalClear 2.0 program (Rigaku Inc. 2010). The structure was solved 

by Patterson method (PATTY) using CrystalStructure 4.0 program and refined by full-

matrix least-squares refinement on F2 using Crystals for Windows program. Crystal data 

for 17 C8H4B1F4I1O4: M 377.82, triclinic, space group P-1, a = 9.0868(4), b = 

10.3720(5), c = 12.5120(8) Å, α = 77.436(6)º, β = 81.887(6)º, γ = 71.565(5)º, V = 

1088.59(11) Å3, Z = 4, µ = 3.001 mm-1, 28579 reflections measured, 4988 unique; final 

R1 = 0.0419, Rw = 0.0941. CCDC-836132 contains the supplementary crystallographic 

data for compound 27. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ UK; fax: (+44) 1223-336-033, or 

deposit@ccdc.cam.ac.uk). 

 

 1-Trifluoroacetoxy-1H-1λ3-benzo[d][1,2,3]iodoxoborol-3-ol (26) was prepared 

by a similar procedure in 91% yield starting from 1-acetoxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol 24; mp 123-125 ºC (dec). 1H NMR (CDCl3-CF3CO2D, 

20:1): δ 8.01 (d, J = 6.5 Hz, 1H), 7.95 (m, 2H) 7.72 (m, 1H); 13C NMR (CDCl3): δ   162.9 
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(q, 2JCF = 41 Hz), 138.3, 137.1, 131.9, 129.3, 114.5 (q, JCF = 286 Hz); 11B NMR (CDCl3): 

δ 19.75 (s).  Anal Calcd. for C8H5BF3IO4: C, 26.70; H, 1.40; I, 35.27. Found: C, 26.55; 

H, 1.31; I, 34.99.  

 Single crystals of product 26 suitable for X-ray crystallographic analysis were 

obtained by slow evaporation of the chloroform solution of 26. X-ray diffraction data 

were collected on Rigacu RAPID II diffractometer using graphite-monochromated 

MoKα radiation (λ = 0.71073 Å) at 298 K. Multi-scan absorption correction was applied 

to the data using CrystalClear 2.0 program (Rigaku Inc. 2010). The structure was solved 

by Patterson method (PATTY) using CrystalStructure 4.0 program and refined by full-

matrix least-squares refinement on F2 using Crystals for Windows program. Crystal data 

for 18 C8H5B1F3I1O4: M 359.83, triclinic, space group P-1, a = 5.1165(3), b = 7.9571(5), 

c = 13.7918(9) Å, α = 90.851(6)º, β = 90.094(6)º, γ = 105.522(7)º, V = 540.95(6) Å3, Z = 

2, µ = 3.001 mm-1, 13990 reflections measured, 2482 unique; final R1 = 0.0317, Rw = 

0.0821. CCDC-836130 contains the supplementary crystallographic data for compound 

26. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ UK; fax: (+44) 1223-336-033, or 

deposit@ccdc.cam.ac.uk). 

 

 Preparation of 4-fluoro-1-trifluoroacetoxy-1H-1λ3-benzo[d][1,2,3]iodoxoborol-

3-ol (27) by direct oxidation of 2-fluoro-6-iodophenylboronic acid in trifluoroacetic 

acid. 
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 A solution of 2-fluoro-6-iodophenylboronic acid 21 (0.266 g, 1.0 mmol) in 

trifluoroacetic acid (2 mL) was cooled to 5 ºC and the commercial bleach solution (2.0 

mL of ~5% aqueous NaOCl) was added by 0.1 mL portions under stirring. The stirring 

was continued at 5 ºC for additional 30 min until complete disappearance of starting 

material according to TLC. Then water (5 mL) was added and the resulting white, 

crystalline precipitate was filtered, washed with water, and dried in vacuum to afford 

0.292 g (77%) of product 27, mp 139-140 ºC (dec), identical to the sample of 27 prepared 

by the previous procedure.  

 

 Synthesis and characterization of 4-fluoro-1-hydroxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol-3-ol (28). 

 Solid acetate 25 (0.097 g, 0.3 mmol) was mixed with water (2 mL) and NaHCO3 

(50 mg) at room temperature. The resulting suspension was stirred overnight, then the 

solid was filtered, washed with water and dried in vacuum to give 0.057 g (68%) of 

product 28; mp 138-138.5 ºC (dec). 1H NMR (CDCl3): δ 7.81 (m, 2H), 7.33 (ddd, J = 8.5 

Hz, 7.5 Hz, 1.0 Hz, 1H); 11B NMR (CDCl3): δ 19.86 (s). Anal Calcd. for C6H5BFIO3: C, 

25.57; H, 1.79; I, 45.03. Found: C, 25.97; H, 1.32; I, 45.40. Product 28 can be prepared 

using a similar procedure starting from trifluoroacetate 27 in 97% yield. 

 

 X-ray crystal structure of tetrameric 4-fluoro-1,3-dimethoxy-1H-1λ3-

benzo[d][1,2,3]iodoxoborol (30). 

Single crystals of product 30 suitable for X-ray crystallographic analysis were prepared 
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by slow crystallization from a solution of the trifluoroacetate 27 in methanol at room 

temperature in the dark during 10 days. X-ray diffraction data were collected on Rigacu 

RAPID II diffractometer using graphite-monochromated MoKα radiation (λ = 0.71073 

Å) at 123 K. Multi-scan absorption correction was applied to the data using CrystalClear 

2.0 program (Rigaku Inc. 2010). The structure was solved by Patterson method (PATTY) 

using CrystalStructure 4.0 program and refined by full-matrix least-squares refinement on 

F2 using Crystals for Windows program. Crystal data for 21 C32H36B4F4I4O12: M 

1239.45, monoclinic, space group C2/c, a = 15.3210(3), b = 13.6647(2), c = 37.391(3) Å, 

β = 99.240(7)º, V = 7726.5(7) Å3, Z = 8, µ = 3.306 mm-1, 24417 reflections measured, 

8610 unique; final R1 = 0.0393, Rw = 0.0753. CCDC-836133 contains the supplementary 

crystallographic data for compound 30. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ UK; fax: (+44) 1223-336-033, or 

deposit@ccdc.cam.ac.uk). 

 

 Preparation of 4-iodobenzensulfonic acid (39).  

 Concentrated sulfuric acid (50 mL, 80 g, 0.82 mol) was added to iodobenzene (20 

mL, 36.4 g, 0.178 mol) under stirring, and the reaction mixture was heated to 50 oC. The 

stirring was continued for 30 h at 50-60 oC; the color of reaction mixture became pink 

after about 3 h. Then the reaction mixture was stirred with hexane (20 mL) for 5 min in 

order to remove unreacted iodobenzene; the hexane layer was separated and discarded. 

The sulfuric acid layer was extracted with small portions of boiling chloroform (total 100 
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mL) by removing upper layer (solution of product in CHCl3) with a pipette. The 

chloroform solution was concentrated to a small volume and the crystals of product 39 

were filtered, washed with hexane, and dried in vacuum. Yield of 39 was 48.0 g (95%), 

mp 66-68 °C. 1H NMR  (500 MHz, D2O): δ = 7.90 (dd, 2H, J = 8.5 and 2.0 Hz, Ar), 7.52 

(dd, 2H, J = 8.5 and 1.5 Hz, Ar). 13C NMR (125 MHz, D2O) δ = 142.0, 138.0, 127.0, 

97.7. 

 

 Preparation of potassium 4-iodylbenzenesulfonate (40).  

 4-Iodobenzenesulfonic acid 39 (2.840 g, 10 mmol) was added to the solution of 

Oxone (15.35 g, 25 mmol) in water (10 mL) under stirring at 60 °C. The reaction mixture 

was left overnight, and then cooled to room temperature. After 1 hour at r.t. the 

precipitate was filtered and washed two times with water (2 x 5 mL). Filtrate was dried in 

vacuum to give 3.400 g (96%) of white powder as final product; mp 278-280 °С 

(recrystallized from water; explodes at mp). Anal. Calcd. for C6H4IKO5S: С, 20.35; Н, 

1.14; I, 35.83; S, 9.05. Found: С, 20.26; Н, 1.10; I, 36.07; S, 8.86. 1H NMR (500 MHz, 

D2O): δ = 8.14 (m, C6H4). 13C NMR (125 MHz, D2O): δ = 152.0, 147.1, 127.6, 127.3. 

Single crystals of product 40 suitable for X-ray crystallographic analysis were obtained 

from the solution of 40 in acetic acid. X-ray diffraction data were collected on Rigacu 

RAPID II diffractometer using graphite-monochromated MoKα radiation (λ = 0.71073 

Å) at 298 K. Multi-scan absorption correction was applied to the data using CrystalClear 

2.0 program (Rigaku Inc. 2010). The structure was solved by Patterson method (PATTY) 

using CrystalStructure 4.0 program and refined by full-matrix least-squares refinement on 
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F2 using Crystals for Windows program. Crystal data for 2 C6H4IKO5S: M 354.16, 

monoclinic, space group P21/c, a = 10.0311(7), b = 13.0707(5), c = 7.0632(3) Å, β = 

96.682(7)º, V = 919.79(8) Å3, Z = 4, µ = 4.151 mm-1, 6226 reflections measured, unique 

2193; final R1 = 0.0554, Rw = 0.1576. CCDC-894690 contains the supplementary 

crystallographic data for compound 40. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ UK; fax: (+44) 1223-336-033, or 

deposit@ccdc.cam.ac.uk).  

 

General procedures for oxidative iodination of arenes. 

 Method A (monoiodination or diiodination).  

 To a mixture of an appropriate arene (0.2 mmol), iodine (0.11-0.22 mmol) and 

potassium 4-iodylbenzenesulfonate 40 (0.06-0.12 mmol) in MeCN (0.5 mL) was added 

aqueous H2SO4 (5%, 0.5 mL) and the reaction mixture was stirred at appropriate 

temperature as indicated in the table (the reactions were monitored by TLC and GC-MS). 

Then, 5% aqueous Na2SO3 (0.5 mL) and water (5 mL) were added and the mixture was 

shaken for 5 min. After this, in most cases the precipitation of crystalline products of 

iodination directly from reaction mixture was observed. The precipitate was filtered, 

washed with water, and dried to afford analytically pure crystalline products. In some 

cases (2-iodo-1,4-dimethylbenzene 42, 2-iodo-1,4-diethylbenzene 43, 1-iodo-2-

methylnaphthalene 46, 4-bromo-2-iodoanisole 48, 1-iodo-4-methylbenzene 41a and 1-

iodo-2-methylbenzene 41b, 1-chloro-4-iodobenzene 47a and 1-chloro-2-iodobenzene 
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47b), when precipitation of crystalline products was not observed, the reaction mixture 

was extracted with ethyl acetate (5 mL), washed with water, and dried over Na2SO4. The 

pure iodoarenes were characterized by NMR-spectroscopy after evaporation of solvent. 

 

 Method B.  

 To a mixture of an appropriate arene (0.2 mmol), iodine (27.9 mg, 0.11 mmol) and 

potassium 4-iodylbenzenesulfonate 40 (19.5 mg, 0.055 mmol) in MeCN (0.5 mL) was 

added Amberlyst 15 (100 mg) and water (0.5 mL). The reaction mixture was stirred at 

room temperature as indicated in the table (the reactions were monitored by TLC). Then, 

5% aqueous Na2SO3 (0.5 ml) and water (5 mL) were added and the mixture was shaken 

for 5 minutes, then extracted by ethyl acetate (5 mL), washed with water, and dried over 

Na2SO4. The pure iodoarenes were characterized by NMR-spectroscopy after evaporation 

of solvent. 

 

 Method C.  

 To a solution of dimethoxybenzene (138 mg, 1.0 mmol) in acetic acid (5 ml), 

iodine (127 mg, 0.5 mmol) and potassium 4-iodylbenzenesulfonate 40 (106 mg, 0.3 

mmol) were added under stirring at 80 oC. After additional stirring for indicated time, the 

mixture was cooled down to room temperature and ice water was added. Product was 

extracted with dichloromethane (20 mL), washed with NaHCO3 (10% in water) and dried 

over Na2SO4. Evaporation of dichloromethane gave the pure product. 

 4-Iodotoluene 41a and 2-iodotoluene 41b.  
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 Reaction of toluene  (18.4 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) and 

potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 ml) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at 65 °C), afforded a mixture (98%) of two products 1-iodo-4-methylbenzene 

41a and 1-iodo-2-methylbenzene 41b (21:4 respectively) according to GC-MS using 

available standards. 

 

 2-Iodo-1,4-dimethylbenzene 42.  

Reaction of 1,4-dimethylbenzene (21.2 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) and 

potassium 4-iodylbenzenesulfonate 40 (19.5 mg, 0.055 mmol) in MeCN (0.5 mL) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at 65 °C), afforded 39 mg (84%) of product 42 as a colorless oil. 1H NMR (500 

MHz, CDCl3): δ = 7.66 (s,1H), 7.10 (d, J = 7.5 Hz, 1H), 7.06 (d, J = 7.5 Hz, 1H), 2.42 (s, 

3H, CH3), 2.25 (s, 3H, CH3). 

 

 2-Iodo-1,4-diethylbenzene 43.  

 Reaction of 1,4-diethylbenzene (26.8 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 mL) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at 65 °C), afforded 46.3 mg (89%) of product 43 as a colorless oil. 1H NMR 

(500 MHz, CDCl3): δ = 7.66 (s, 1H), 7.25 (s, 1H), 7.12 (s, 1H), 2.69 (q, J = 7.5 Hz, 2H, 

CH2), 2.56 (q, J = 7.5 Hz, 2H, CH2), 1.22-1.17 (m, 6H, CH3). 
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 2-Iodo-1,3,5-trimethylbenzene 44:  

 Reaction of 1,3,5-trimethylbenzene (24 mg, 0.2 mmol), iodine (27.9 mg, 0.11 

mmol) and potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 ml) 

and aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at 65 °C), afforded 48.2 mg (98%) of product, isolated as a microcrystalline 

white solid, mp 28-29.5 °C. 1H NMR (500 MHz, CDCl3): δ = 6.90 (s, 2Harom) 2.44 (s, 6H, 

CH3), 2.25 (s, 3H, CH3). 

 

 3-Iodo-1,2,4,5-tetramethylbenzene 45: Reaction of 1,2,4,5-tetramethylbenzene 

(26.8 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) and potassium 4-

iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 mL) and aqueous H2SO4 

(5%, 0.5 mL) according to the general procedure (mono-iodination method A at 65 °C), 

afforded 51 mg (98%) of product 45, isolated as a microcrystalline white solid, mp 77-79 

°C. 1H NMR (500 MHz, CDCl3): δ = 6.89 (s, 1Harom.), 2.44 (s, 6H, CH3), 2.31 (s, 6H, 

CH3). 

 

 1-Iodo-2-methylnaphthalene 46  

Reaction of 2-methylnaphthalene (28.4 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) and 

potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 mL) according 

to the general procedure (mono-iodination method A at 65 °C), afforded 46 mg (86%) of 

product 46 as a colorless oil. 1H NMR (500 MHz, CDCl3): δ = 8.23 (d, J = 8.5 Hz, 1H), 
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7.74 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.53-7.57 (m, 1H), 7.44-7.47 (m, 1H), 

7.37 (d, J = 8.0 Hz, 1H), 2.71 (s, 3H, CH3). 

 

 1-Chloro-4-iodobenzene 47a and 1-chloro-2-iodobenzene 47b. 

 Reaction of chlorobenzene (22.5 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) and 

potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 mL) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at 65 °C), afforded a mixture (99%) of two products 1-chloro-4-iodobenzene 

47a and 1-chloro-2-iodobenzene 47b (39:11 respectively) according to GC-MS analysis 

using available standards. 

 

 4-Bromo-2-iodoanisole 48: Reaction of 4-bromoanisole (37.4 mg, 0.2 mmol), 

iodine (27.9 mg, 0.11 mmol) and potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 

mmol) in MeCN (0.5 mL) and aqueous H2SO4 (5%, 0.5 mL) according to the general 

procedure (mono-iodination method A at 65 °C), afforded 56.3 mg (90%) of product 48 

as a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ = 7.88 (d, 1H, J = 2.5 Hz), 7.41 (dd, 

1H, J = 9.0 Hz and 2.5 Hz), 6.69 (d, 1H, J = 9.0 Hz), 3.86 (s, 3H, CH3). 

 

 3-Bromo-4-hydroxy-5-iodobenzonitrile 49:  

 Reaction of 3-bromo-4-hydroxy-benzonitrile (39.6 mg, 0.2 mmol), iodine (27.9 mg, 

0.11 mmol) and potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN 

(0.5 mL) and aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-
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iodination method A at room temperature), afforded 49.9 mg (77%) of product 49, 

isolated as microcrystalline solid, mp 188-190 °C (from benzene-hexane, 5:1). HRMS 

(ESI): calcd for C7H2BrINO [M-H] 321.8365, found 321.8379. 1H NMR (200 MHz, 

CD3OD): δ = 8.11 (d, J = 1.9 Hz, 1H), 7.94 (d, J = 1.9 Hz, 1H). 

 

 2-Hydroxy-5-iodo-4-methylbenzoic acid 50:  

Reaction of 2-2ydroxy-4-methylbenzoic acid  (30.4 mg, 0.2 mmol), iodine (27.9 mg, 0.11 

mmol) and potassium 4-iodylbenzenesulfonate 40 (19.5 mg, 0.055 mmol) in MeCN (0.5 

ml) and aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-

iodination method A at room temperature), afforded 46.7 mg (84%) of product 50 as 

white crystals, m.p. 217-219 ºC (from hexane-EtOAc, 6:1). HRMS (ESI): calcd for 

C8H6IO3 [M-H] 276.9362, found 276.9364. 1H NMR (200 MHz, CD3OD): δ = 7.82 (d, J 

= 1.3 Hz, 1H), 7.71 (d, J = 1.3 Hz, 1H), 2.29 (s, 3H).  

 

 3-Hydroxy-4-iodo-2-naphthoic acid 51:  

 Reaction of 3-hydroxy-2-naphthoic acid (37.6 mg, 0.2 mmol), iodine (27.9 mg, 

0.11 mmol) and potassium 4-iodylbenzenesulfonate 40 (19.5 mg, 0.055 mmol) in MeCN 

(0.5 ml) according to the general procedure (mono-iodination method A at room 

temperature), afforded 57.8 mg (92%) of product 51, isolated as a yellow crystalline 

solid, m.p. 208-210 ºC (dec.). HRMS (ESI): calcd for C11H6IO3 [M-H] 312.9362, found 

312.9377. 1H NMR (200 MHz, CD3OD): δ = 8.62 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.43 

(td, J = 8.0 Hz and 1.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.66 (td, J = 7.0 Hz and 1.3 Hz, 
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1H). 

 

 2-Amino-3-iodopyridine 52.  

 Reaction of 2-aminopyridine (18.8 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (19.5 mg, 0.055 mmol) in MeCN (0.5 ml) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at room temperature), afforded 22.4 mg (51%) of product, isolated as a white 

crystalline solid, m.p. 83-85 ºC (from hexane-EtOAc, 3:1). HRMS (ESI): calcd for 

C5H6IN2 [M+H] 220.9576, found 220.9583. 1H NMR (200 MHz, CD3OD): δ = 8.07 (d, J 

= 1.7 Hz, 1H), 7.67 (dd, J = 8.8 Hz and 2.3 Hz, 1H), 6.47 (dd, J = 8.8 Hz and 0.6 Hz, 

1H). 

 

 4-Amino-3-iodopyridine 53.  

 Reaction of 4-aminopyridine (18.8 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (19.5 mg, 0.055 mmol) in MeCN (0.5 ml) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at room temperature), afforded 38.7 mg (88%) of product 53, isolated as white 

needle-shaped crystals, mp 74-76 ºC. 1H NMR (500 MHz, CDCl3): δ = 8.58 (s, 1H), 8.12 

(d, 1H, J = 5.5 Hz), 6.60 (d, 1H, J = 5.5 Hz), 4.62 (br s, 2H, NH2). 

 

 3,5-Diiodo-4-hydroxyacetophenone 54.  

Reaction of 4-hydroxyacetophenone (27.2 mg, 0.2 mmol), iodine (55.9 mg, 0.22 mmol) 
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and potassium 4-iodylbenzenesulfonate 40 (42.5 mg, 0.12 mmol) in MeCN (0.5 ml) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (di-iodination method A 

at room temperature), afforded 68.3 mg (88%) of product, isolated as a white crystalline 

solid. Mp 159-160 °C (from MeOH-H2O 1:1). HRMS (ESI): calcd for C8H5I2O2 [M-H] 

386.8379, found 386.8378. 1H NMR (200 MHz, CD3OD): δ 8.35 (s, 2H), 2.54 (s, 3H, 

CH3). 

 

 2,5-Diiodo-1,4-dimethylbenzene 55.  

 Reaction of 1,4-dimethylbenzene (21.2 mg, 0.2 mmol), iodine (55.9 mg, 0.22 

mmol) and potassium 4-iodylbenzenesulfonate 40 (42.5 mg, 0.12 mmol) in MeCN (0.5 

ml) and aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (diiodination 

method A at 65 °C) , afforded 65.8 mg (92%) of product 55, isolated as white needle-

shaped crystals, m.p. 102.5-103.5 ºC. 1H NMR (500 MHz, CDCl3): δ = 7.65 (s, 2H), 2.34 

(s, 6H, CH3). 

 

 2,4-Diiodo-1,3,5-trimethylbenzene 56.  

 Reaction of 1,3,5-trimethylbenzene (24 mg, 0.2 mmol), iodine (55.9 mg, 0.22 

mmol) and potassium 4-iodylbenzenesulfonate 40 (42.5 mg, 0.12 mmol) in MeCN (0.5 

ml) and aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (diiodination 

method A at 65 °C) , afforded 73.6 mg (99%) of product 56, isolated as white needle-

shaped crystals, mp 80-81.5 ºC. 1H NMR (500 MHz, CDCl3): δ = 7.00 (s, 1H), 2.93 (s, 

3H, CH3), 2.42 (s, 6H, CH3). 
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 4-Iodo-1,2-dimethoxybenzene 57.  

 Reaction of 1,2-dimethoxybenzene (138 mg, 1.0 mmol), iodine (127 mg, 0.5 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (106 mg, 0.3 mmol) in acetic acid (5 mL) 

according to the general procedure (mono-iodination method C at 80 ºC), afforded 253 

mg (96%) of product, isolated as an oil that can be crystallized in a refrigerator. 1H NMR 

(500 MHz, CDCl3) δ = 7.22 (dd, J = 8.5 and 2.0 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.61 

(d, J = 8.5 Hz, 1H), 3.85 (s, 3H, 2-OCH3), 3.84 (s, 3H, 1-OCH3). 

 

 4-Iodo-1,3-dimethoxybenzene 58.  

 Reaction of 1,3-dimethoxybenzene (138 mg, 1.0 mmol), iodine (127 mg, 0.5 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (106 mg, 0.3 mmol) in acetic acid (5 mL) 

according to the general procedure (mono-iodination method C at 80 ºC), afforded 258 

mg (98%) of product, isolated as an oil that can be crystallized in a refrigerator. 1H NMR 

(500 MHz, CDCl3): δ = 7.61 (d, J = 8.5 Hz, 1H), 6.43 (d, J = 2.5Hz, 1H), 6.32 (dd, J = 

8.5 and 2.5 Hz, 1H), 3.85 (s, 3H, 3-OCH3), 3.80 (s, 3H, 1-OCH3). 

 

 2-Iodo-1,4-dimethoxybenzene 59.  

 Reaction of 1,4-dimethoxybenzene (138 mg, 1.0 mmol), iodine (127 mg, 0.5 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (106 mg, 0.3 mmol) in acetic acid (5 mL) 

according to the general procedure (mono-iodination method C at 80 ºC), afforded 237 

mg (90%) of product 59, isolated as a pink oil that can be crystallized in a refrigerator. 1H 
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NMR (500 MHz, CDCl3): δ = 7.34 (d, J = 3.0 Hz, 1H), 6.86 (dd, J = 9.0 Hz and 3.0 Hz, 

1H), 6.75 (d, J = 9.0 Hz, 1H), 3.82 (s, 3H, 4-OCH3), 3.75 (s, 3H, 1-OCH3). 

 

 3-Iodo-4-methoxybenzaldehyde 60  

Reaction of 4-methoxybenzaldehyde (27.2 mg, 0.2 mmol), iodine (27.9 mg, 0.11 mmol) 

and potassium 4-iodylbenzenesulfonate 40 (21 mg, 0.06 mmol) in MeCN (0.5 mL) and 

aqueous H2SO4 (5%, 0.5 mL) according to the general procedure (mono-iodination 

method A at 65 °C), afforded 50.8 mg (97%) of product 60, isolated as white crystals, mp 

104-106 °C. 1H NMR (500 MHz, CDCl3): δ = 9.83 (s, 1H), 8.31 (d, 1H, J = 2.0 Hz), 7.86 

(dd, 1H, J = 8.5 Hz, 2.0 Hz),  6.93 (d, 1H, J = 8.5 Hz), 3.98 (s, 3H, OCH3). 

 

 Iodination procedure with recovery of potassium 4-iodylbenzenesulfonate 40. 

Preparation of 4-bromo-2-iodoanisole 48: To a mixture of 4-bromoanisole (468 mg, 

2.5 mmol), iodine (350 mg, 1.38 mmol) and potassium 4-iodylbenzenesulfonate 40 (347 

mg, 0.98 mmol) in MeCN (3.0 ml) was added aqueous H2SO4 (5%, 3.0 ml) and the 

reaction mixture was stirred at 80 °C for 12 hours (the reaction was monitored by TLC 

and GC-MS). Then the reaction mixture was cooled down to room temperature and 

extracted with hexanes (6.0 mL). Evaporation of hexanes layer gave 634 mg (81%) of 4-

bromo-2-iodoanisole 48. Oxone (1.2 g) was added to the water layer after extraction. This 

mixture was stirred at 60 ºC for 2 h, then cooled down to 5 ºC, and the precipitate was 

filtered, washed with water (3 x 1.0 mL, and dried to afford 320 mg (92% recovery) of 

potassium 4-iodylbenzenesulfonate 40. 
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Appendix. 

NMR Spectra and images obtained by X-Ray crystallography. 

 

1H NMR in CDCl3 
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11B NMR in CDCl3 
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1H NMR in D2O 
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11B NMR in D2O 
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1H NMR in CDCl3 
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11B NMR in CDCl3 
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1H NMR in MeCN 

 

 



 

 86 

 
1H NMR in MeCN 
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The image obtained by X-Ray crystallography 
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1H NMR in MeCN 
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13C NMR in MeCN 
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1H NMR in MeCN 
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13C NMR in MeCN 
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The image obtained by X-Ray crystallography 
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1H NMR in MeCN 
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13C NMR in MeCN 
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The image obtained by X-Ray crystallography 
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