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1. Introduction 

Sulphur was already known in ancient times and used for example, as described in the Ebers 

Papyrus, an ancient Egyptian medical papyrus, in balms for fumigation. Due to its diversity and 

elemental occurrence sulphur belongs to the most extensively examined and used elements. 

The most common use of sulphur is the conversion to sulphuric acid.[1] Other applications in-

clude sulphur as components of fertiliser[2] or its conversion to rubber.[3] 

Apart from common usage, organosulphur compounds play an important role in chemistry, for 

example in the Asinger reaction for the formation of 3-thiazolines.[4] The reaction of Grignard 

reagents with sulphur leads to thioether and thiols. Cyclohexane can be dehydrogenated to 

benzene by the use of hydrogen sulphide.[5] 

The discovery of selenium dates back to 1818 when both chemists, Jöns Jacob Berzelius and 

Johan Gottlieb Gahn, were producing sulphuric acid by the lead chamber process in Sweden.[6] 

Almost 20 years later, in 1836 the first organoselenium compound was synthetized by Löwig.[7] 

Due to the similar behaviour of organoselenium compounds towards organosulphur ana-

logues, selenium was of little importance for the synthetic chemistry. Nowadays orga-

noselenium compounds are used in specialized reactions, for example as vinylic selenides for 

the stereoselective functionalization of alkenes[8] or as selenium dioxide for the Riley-Oxida-

tion, a mild, selective oxidation reaction of ketones and alkenes.[9] Tellurium was first discov-

ered in 1782 by the Austrian mineralogist Müller von Reichenstein, although he was not able 

to identify it as a new element. A few years later, in 1798 Klaproth isolated the new element 

and named it tellurium after the Latin word for "earth", tellus.[6] Based on the high prices, tellu-

rium is mainly used in the metallurgy for increasing the corrosion resistance and making the 

resulting alloy more machinable. Moreover tellurium is used widely in the semiconductor in-

dustry, for example in the new phase change memory chips (PCM).[10] In chemical synthesis 

tellurium compounds can be used as pigments for ceramics.[11] 

 

1.1. Homoatomic Polycations 

Although it is well known for the elements of the 16th group to have a tendency to build cations 

and homoatomic polycations[12,13], only little is known about their chemistry and behaviour. With 

conc. sulphuric acid the oxidation of sulphur cannot be realized[14], whereas the heavier con-

geners selenium and tellurium can be oxidized easily to the intensely coloured Se8
2+ (green) 

and Te4
2+ (red) cations. Both reactions for generating the polycations are used as quantitative 

proof of those elements. 

Not just the discovery of tellurium dates back to Klaproth in 1798, but also the disclosure of the 

probably smallest and oldest known polytellurium cation[15], although the molecular structure 
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of the dication was unknown for a long time. In 1971 Barr et al. introduced the structure of a 

Te4
2+ cation with the help of Te4[AsF6]2.[16]

 The following years, different working groups fo-

cused on the characterization of the molecule via chemical analysis and vibrational spectros-

copy[17–19], but the crystal structure was hitherto unknown until 2003.[20] Despite the fact that 

meanwhile various structures of Se4
2+ and Te4

2+ are known, there are only few S4
2+ struc-

tures[19,21–25], for instance the resulting structure of the oxidation of S2O6F2 with antimony pen-

tafluoride to S4[SbF6]2.[26] The reason for the rarity is, that sulphur cations build bigger clusters, 

from S8 to S19
2+. Gillespie et al. presented a S8

2+ and S16
2+ species by the reaction of sulphur 

with arsenic pentafluoride.[27] 

The smallest cationic dichalcogen-building units E2
+ (E = S, Se, Te) were, due to their insta-

bility, just exposed and proven in the gas phase. 

In comparison to that, the heavier analogues R-E-E-R (E = S, Se, Te) of organic peroxides 

build stable and common compounds, which can be used as synthetic precursors in many 

reactions. 

 

1.2. Radical Cations 

In 1869 Stenhouse observed the evolution of an intense violet colour while dissolving thiophe-

nol in conc. sulphuric acid.[28,29] Although the intermediates could not be determined, he was 

able to isolate diphenyl disulphide (Ph2S2), which can be dissolved again in conc. sulphuric 

acid leading to the formation of thianthrene (TA), which is characterized by an intensely col-

oured solution, seen in Scheme 1. Thianthrene (TA) itself can also be dissolved in conc. sul-

phuric acid again, leading to intensely coloured solutions containing the thianthrene radical 

cation (TA)˙+. 
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Scheme 1. Oxidation of diphenyl disulphide in concentrated sulphuric acid (intermediate species in 

brackets have not been isolated). 

 

Fries and Volk were able to set up a first connection between thiophenol and thianthrene, 

without recognizing the reaction as single electron oxidizing steps.[30] In later times the usage 

of those intensely coloured salts as colouring agents were considered popular.[31,32] 

Gomberg’s pioneering discovery on the stable free triphenylmethyl radical in 1900 led to a new 

understanding of radicals.[33,34] The first proof of the radical character of the thianthrene radical 

cation (TA)˙+ in conc. sulphuric acid was then worked out by Hirshon et al. in 1953.[35] Both, 

diphenyl disulphide (Ph2S2) and thianthrene (TA), can have unpaired electrons by means of 

oxidation in solution, which is the reason for their intense colour. However, the synthesis was 

limited to the oxidation by mineral acids.[36–39] The open-shell electronic structure of the thi-

anthrene radical cation (TA˙+) was described in 1962 by the first EPR measurements.[37,40–44] 

From then on many studies reported the synthesis, reactivity and use of those radicals in or-

ganic synthesis.[45] Most conveniently, the thianthrane radical cation (TA)˙+ has been prepared 

by single electron oxidation from its parent (TA) using various methods and reagents including 

HClO4 / acetic anhydride[41], SbCl5 / HCCl3[46], ICl / CCl4[47], NO[BF4][48,49], AlCl3 / CH2Cl2[50], the 

dodecamethylcarboranyl radical / hexane[51], electrochemically with [NBu4][PF6] / SO2
[52], AlCl3 

/ SO2
[53] and XeF2, Me3SiO3SCF3 / CH2Cl2.[54] The molecular structure of a thianthrene radical 



 

4 
 

cation (TA)˙+ was obtained by Bock et al. in 1994 with the reaction of its parent (TA) with 

aluminum chloride in dichloromethane. The oxidation of thianthrene (TA) results in a significant 

bending along the intramolecular S – S axis seen in Figure 1. 

 

 

Figure 1. Change of the folding angle along the E – E axis through oxidation (E = S, Se). 

 

The structural change enables electron pairing in the solid state and thus a reversible oligo-

merisation, so that intermolecular S – S interactions can proceed. A diamagnetic dimer 

(TA)2[AlCl4]2 is formed (double-decker structure).[50] Beck et al. described in 2009 a similar 

structure for (TA)2[PF6]2.[52] The same group was able to isolate a diamagnetic trimer 

(TA)3[Al2Cl7]2 (figure 2) with stacks of parallel and eclipsed TA units (parallel triple-decker struc-

ture)[53], while a diamagnetic trimer (TA)3[C13H36B11]2 containing stacks of parallel TA units, with 

an orthogonal central unit to the two outer eclipsed units (crossed triple-decker structure) was 

reported by Rosokha et al. in 2007.[51] 

 

 

Figure 2. Crystal structure of the diamagnetic trimer (TA)3[Al2Cl7]2 with stacks of parallel and eclipsed 

TA units (parallel triple-decker structure).[53]  
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Figure 3. Crystal structure of the diamagnetic trimer (TA)3[C13H36B11]2 containing stacks of parallel TA 

units, with an orthogonal central unit to the two outer eclipsed units (crossed triple-decker structure) 

(Solvent molecules are omitted).[51] 

 

As shown by UV-Vis spectro-electrochemistry, in solution the thianthrene radical cation (TA)˙+ 

is in a concentration dependent equilibrium with its dimer (TA)2
2+.[44] 

Connelly and Geiger described the use of the thianthrene radical cation (TA)˙+ as single-oxi-

dation reagent.[55] The reaction can be followed visually by using the purple thianthrene radical 

cation (TA)˙+, which turns colorless upon reduction. 

Furthermore the addition of thianthrene radical cation (TA)˙+ to alkenes and cycloalkenes has 

been investigated lately.[56–59] 

 

 

Scheme 2. Addition of thianthrene radical cation (TA)˙+ to cyclohexane.[56] 

 

Although the thianthrene radical cation (TA)˙+ has been studied in great detail, there is only 

little information accessible about the isotype dibenzodioxines with heavier chalcogens. The 

reaction of selenanthrene (SeA) with aluminium chloride carried out by Beck et al. in 2012 

resulted in the double-decker structure (SeA)2[AlCl4]2.[53] Even though the synthesis of telluran-

threne (TeA) is known, the respective radical cation (TeA)˙+ has not been investigated yet. 

A first approach in describing the electronic reason for the aggregation of thianthrene in solid 

state was made by Nishinaga and Komatsu in 2005. They suggested that π-bonding of the 

aromatic rings is the reason for the aggregation.[60] 

The radical cations of 1,2,3,4,5,6,7,8-octamethylanthracene (OMA) and 2,3,6,7-tetramethoxy-

9,10-dimethylanthracene (TMDMA) support their theory. Without the possibility of multicentre 

σ-bonding through the heteroatoms sulphur, selenium and tellurium, oligomerization takes 
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place and the molecules thus form double-decker[61] and triple-decker[62] structures, respec-

tively. 

 

  

Figure 4. Crystal structure of the 1,2,3,4,5,6,7,8-octamethylanthracene (OMA) radical cation double-

decker structure (the counterions SbF6 are omitted).[61] 

 

The paper of Plasseraud et al. on the reaction of a dimeric hydroxo di-n-butylstannane trifluoro-

methanesulphonato complex with phenazine (PA) established the fact, that not just radical 

cationic systems undergo oligomerisation.[63] They reported a partly protonated double-decker 

(H-PA)2[O3SCF3]2 and triple-decker structure [(H-PA)2(PA)][O3SCF3]2 seen in Figure 5. 

 

  

Figure 5. Unit cell of the  double-decker structure (left) and the [(H-PA)2(PA)][O3SCF3]2 triple-decker 

structure (right).[63] 

 

Addition of anthracene (AC) leads to the mixed triple-decker structure [(H-PA)2(AC)] 

[O3SCF3]2.[64] 
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Scheme 3. Creation of the triple-decker structure [(H-PA)2(PA)][O3SCF3]2 (left) and the mixed triple-
decker structure [(H-PA)2(AC)][O3SCF3]2 (right).[64] 

 

 

Figure 6. Crystal structure of the mixed triple-decker structure [(H-PA)2(AC)][O3SCF3]2. 

 

Theoretical calculations on the thianthrene and selenanthrene double-decker structure ((TA)2
2+ 

and (SeA)2
2+) and both thianthrene triple-decker structures (parallel and crossed triple-decker 

structure) advise the presence of σ- and π-bonding for the oligomerisation. The results in all 

calculated structures indicate a singlet state as the ground state and intermolecular 2-electron-

3 or 4-center (2e3c or 2e4c) bonds between the sulphur, respectively selenium atoms in the 

parallel stacks.[53,65] In the crossed trimers, which stick together by London dispersion forces, 

these bonds are not provided. 

The missing intermediates seen in Scheme 1 were objectives of later researches. Roth et al. 

reported the isolation and characterization of the diphenyl disulphide radical cation (Ph2S2)˙+ 

respectively the selenium congener by performing a single electron oxidation of diphenyl di-

sulphide (Ph2S2) or diphenyl diselenide (Ph2Se2) in the straightened voids of the acidic zeolith 

matrix.[66–68] The dication of diphenyl disulphide (Ph2S2)2+ has been the objective of several 
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electrochemical and theoretical works.[69–71] In earlier attempts the oxidation of dimethyl disul-

phide (Me2S2) with antimony pentachloride (SbCl5) in dichloromethane at 0 °C resulted in a 

methyl sulphide stabilized sulphide cation (CH3S)3
+ as a hexachloroantimonate salt (Scheme 

4).[72] 

 

 

Scheme 4. Oxidation of dimethyl disulphide (Me2S2) with antimony pentachloride (SbCl5).[72] 

 

The same year, 1976, Passmore et al. oxidized bis(perfluoroethyl) diselenide [(C2F5)2Se2] with 

antimony pentafluoride (SbF5) and obtained similar results.[73] 

 

 

Scheme 5. Oxidation of bis(perfluoroethyl) diselenide [(C2F5)2Se2] with antimony pentafluoride 

(SbF5).[73] 

 

Seppelt et al. tried to prepare persistent dialkyl disulphide radical cations by oxidizing di-neo-

pentyl disulphide (Neo2S2) with nitrosonium triflate ([NO][O3SCF3]) seen in Scheme 6. 

 

 

Scheme 6. Single-electron oxidation of di-neo-pentyl disulphide (Neo2S2) with nitrosonium triflate 

([NO][O3SCF3]).[74] 

 

The reaction resulted in the first diorgano disulphide-nitrosonium charge transfer adduct 

[Neo2S2 . NO]+ comprising a four-membered ring.[74] Identical reactions with the heavier group 

16 homologues selenium and tellurium gave diamagnetic dicationic ring structures [(MeSe)4]2+ 

and [(EtTe)4]2+.[75] 
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Scheme 7. Single-electron oxidation of dialkyl dichalcogenides Me2Se2 and R2Te2 (R = Et, Pr, i-Bu) 

with nitrosonium triflate ([NO][O3SCF3]).[75,76] 

 

The diamagnetic dicationic ring structures can be considered as dimeric, persistent radical 

cations with Se · · · Se and Te · · · Te bonds which can be seen as π* – π* interaction. Both 

the shorter bond length of the chalcogen – chalcogen bond within the monomeric unit and the 

longer bonds between the monomers indicates a radical character of these compounds. Fur-

thermore are the dicationic rings comparable with the isoelectronic dimers of the iodine dica-

tions [I4]2+([AsF6]-)2, [I4]2+[Sb3F11]-[SbF6]-[77] and [I4]2+([SbF6]-)2.[78] 

The study on the oxidation and electrochemistry of 1,2-dichalcogenides by Block et al.[79] and 

the analysis of the resulting radical cations[80] reveal the properties of cyclic varieties of the 

aliphatic dichalcogenides. The oxidation involves a flattening of the ring structure and shorten-

ing of the chalcogen – chalcogen bond, as seen for the thianthrene radical cation. 

Another possibility to receive chalcogen radical cations is by the use of diorganochalcogenes. 

Houghton and Humffray first oxidized diphenyl sulphide with a controlled-potential oxidation at 

a platinum anode.[81] A year later the oxidation of dialkyl sulphide species with titanium(III)-

hydrogen peroxide or –persulphate resulted in dialkyl sulphide radical cations (R2S)˙+ which 

dimerize to [R2S-SR2]˙+ (Scheme 8).[82] The obtained radical character was measured via ESR 

spectroscopy. 

 

 

Scheme 8. Single-electron oxidation of dialkyl sulphide with titanium(III)-hydrogen peroxide.[82] 

 

Nishikida and Williams reported similar results by the irradiation of dimethyl dulphide (Me2S) 

with γ - Rays.[83] Many other complexed radical cations obtained by one-electron oxidation of 

dialkyl sulphides have been reported shortly after.[84–86] Evidence of diorganoselenium based 

radical cations could also be shown by the comparison of proton coupling constants of dimethyl 
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selenide (Me2Se) and its dimeric radical cation [Me2Se-SeMe2]˙+.[87] The first dialkyl tellurium 

dimer [R2Te-TeR2]˙+ was approved by ESR measurement of γ - irradiated diluted solutions of 

dimethyl tellurium and diethyl tellurium at low temperature.[88] 

Long-living nonaromatic sulphur radical cations were obtained by Musker and Wolford in 1976. 

By the oxidation of 1,5-dithiacyclooctane (DTCO) with common single-electron oxidation rea-

gents such as tetrakis(acetonitrile)copper(I) tetrafluoroborate Cu(CH3CN)4(BF4), nitrosonium 

tetrafluoroborate [NO][BF4] and nitrosonium hexafluorophosphate [NO][PF6] in acetonitrile or 

nitromethane the desired radical cation can be formed (Scheme 9).[89] 

Analoguos compounds with the heavier homologues selenium[90–95] and tellurium[94–97] have 

been reported ever since. Furthermore selenathia- and tellurathiamesocycles are accessi-

ble.[98] 

 

 

Scheme 9. Stepwise oxidation of 1,5-dithiacyclooctane (DTCO) with nitrosonium tetrafluoroborate 

[NO][BF4].[89] 

 

By the use of an equimolar amount of the oxidizing agent the received radical cation in Scheme 

9 can be oxidized to the corresponding dication. A great number of studies investigated the 

extraordinary stability of the prepared radical cation. The unusual stability is attributed to trans 

annular interactions within the mesocyclic dithioether, due to a slightly longer sulphur-sulphur 

bond length.[99–107] Transannular bindings have also been used in other organochalcogen di-

cations for stabilization, like in selenuranes and telluranes.[108–110] 

 

 

Scheme 10. Example of an selenurane and the stabilization of the dication.[108] 

 

Fujihara et al. were able to show that dithio peri-bridged and diselenium peri-bridged naphtha-

lene display the same behaviour as thianthrene when dissolved in conc. sulphuric acid, like 
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thianthrene before.[111,112] When dissolved in conc. sulphuric acid dinaphtho[1,8-b,c]-1,5-dithio-

cin or dinaphtho[1,8-b,c]-1,5-diselenocin undergo single-electron oxidations and turn into ra-

dical cations (Scheme 11). 

 

 

Scheme 11. Oxidation of dinaphtho[1,8-b,c]-1,5-dithiocin in conc. sulphuric acid.[111] 

 

Stable diaryldichalcogenide radical cations have been the objective of the work of Beckmann 

et al. in 2015.[113] By the use of fluorinated aromatic substituents (C6F5) the oxidation of the 

respective dichalcogenides with antimony- or arsenic pentafluoride led to stable sulphur and 

selenium radical cations. By the use of bulky substituents on the aromatic scaffold, diarylditel-

lurides could be converted to the tellurium radical cation via oxidation with nitrosonium hexa-

fluoroantimonate the tellurium radical cation could also be made accessible. 

 

 

Scheme 12. Synthesis of the diaryldichalcogenide radical cations. 
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2. Results 

2.1. New Charge-Transfer Complexes with 1,2,5-Thiadiazoles as Both 

Electron Acceptors and Donors Featuring an Unprecedented Addi-

tion Reaction 

2.1.1. Synopsis 

The aim of this project was to synthetize novel charge-transfer complexes with 1,2,5-thiadia-

zole derivative as acceptor (A) and donor (D) molecule. With the cocrystalization of phenoxa-

tellurine as a donor towards [1,2,5]thiadiazolo[3,4-c][1,2,5]thiadiazole as an acceptor, sublimed 

in gas phase, a complex with the ratio of 1:3 (D:A) was obtained. 

 

 

Figure 7. Molecular and crystal structure of the phenoxatellurine charge-transfer complex. 

 

2.1.2. Experimental Contributions 

In this work, I carried out the synthesis of the phenoxatellurine charge transfer complex. Prof. 

Dr. Jens Beckmann and Prof. Dr. Andrey V. Zibarev were the principal investigators, designed 

the concept and wrote the manuscript. Single crystal X-ray diffraction measurements and 

structure refinements have been made by Dr. Enno Lork. The article was published in the 

following journal: 

 

Chulanova, E. A.; Pritchina, E. A.; Malaspina, L. A.; Grabowsky, S.; Mostaghimi, F.; Beckmann, 

J.; Bagryanskaya, I. Y.; Shakhova, M. V.; Konstantinova, L. S.; Rakitin, O. A. et al. New 

Charge-Transfer Complexes with 1,2,5-Thiadiazoles as Both Electron Acceptors and Donors 

Featuring an Unprecedented Addition Reaction. Chemistry, A European Journal 2017, 23, 

852–864. DOI: 10.1002/chem.201604121. 
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2.2. The reaction of phenoxatellurine with single-electron oxidizers 

revisited 

2.2.1. Synopsis 

The reaction of phenoxatellurine (PT) upon know single-electron oxidizers, namely  

AlCl3/CH2Cl2, [NO][SbF6] and [NO][BF4] was investigated providing diamagnetic double-decker 

and triple-decker structures. The represented dications [PT2]2+ and [PT3]2+ can be regarded as 

dimers of the radical cation [PT]˙+ or as adduct between this dimer and neutral PT (Scheme 

13). 

 

Scheme 13. Reaction of phenoxatellurine with AlCl3/CH2Cl2 (1), [NO][SbF6] (2) and [NO][BF4] (3). 

 

2.2.2. Experimental Contributions 

In this study, I carried out the synthesis of the compounds and their characterization. Moreover 

I wrote the experimental section and the manuscript with Prof. Dr. Jens Beckmann. Prof. Dr. 

René Boere and his group were responsible for the cyclic voltammetry measurements. X-ray 

analysis and structure refinements have been made by Dr. Enno Lork. The article was pub-

lished in the following journal: 

 

Mostaghimi, F.; Lork, E.; Hong, I.; Roemmele, T. L.; Boeré, R. T.; Mebs, S.; Beckmann, J. The 

reaction of phenoxatellurine with single-electron oxidizers revisited. New J. Chem. 2019, 43, 

12754–12766. DOI: 10.1039/C9NJ02401H.  
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2.3. Trimorphism of the Dicationic Phenoxatellurine Triple Decker Tri-

flate Salt 

2.3.1. Introduction & Results 

The reaction of phenoxatellurine (PT) with triflic acid has been examined. Phenoxatellurine 

(PT) undergoes a single-electron oxidation with triflic acid resulting in the oligomerization of 

the PT units leading to relatively air stable triple-decker structures. 

 

 

Figure 8. Molecular structure of the one [PT3]2+ dication of monoclinic [PT3](O3SCF3)2 showing 50 % 
probability ellipsoids ([CF3SO3]- omitted). 

 

The characteristics of this reaction is that three different colors (violet, red and golden) and 

thus modifications of the crystal structure, monoclinic, triclinic and orthorhombic were ob-

served. However, any efforts in synthesizing only one modification failed. 

Scheme 14 depicts the reaction of phenoxatellurine (PT) in diethyl ether with triflic acid and 

gaseous oxygen. 

 

 

Scheme 14. Reaction of phenoxatellurine (PT) with triflic acid and gaseous oxygen. 

 

Upon oxidation with triflic acid in the presence of gaseous oxygen passing through the solution 

an immediate colorchange from colorless to dark violet occurs, signalling the presence of ra-

dical bonding situations. Evaporation of the solvent and recrystalization from dry acetonitrile 

gave rise to the different modifications. 
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The following table (Table 1) presents the tellurium bond parameters of the [PT3]2+ dications. 

 

Table 1. Selected bond parameters of the [PT3]2+ dications within the three modifications. 

 Triclinic 1 Triclinic 2 Monoclinic Orthorhombic BF4 salt 

 (Te1) / ° 30.1 32.2 30.5 32.0 33.6 

 (Te2) / ° 20.5 21.6 20.9 22.4 22.2 

 (Te3) / ° 1.2 4.7 4.4 4.7 1.1 

Te1-Te2 / Å 3.122(8) 3.152(8) 3.132(2) 3.177(1) 3.138(1) 
Te2-Te3 / Å 3.051(8) 3.045(7) 3.056(2) 3.096(1) 3.103(1) 

 

The fold angles  of all modifications are smaller than the parent PT of 37.5°[114] and spread 

over a large range. The same behavior was already reported for the [PT]3(BF4)2 structure.[115] 

The Te-Te bond lengths of 3.122(8) – 3.177(1) Å for Te1-Te2 and 3.045(7) – 3.096(1) Å for 

Te2-Te3 are also comparable to the ones of [PT]3(BF4)2 (3.138(1), 3.103(1) Å). 

 

The crystallization of a molecular compound in different polymorphs containing different con-

formers is called conformational polymorphism[116,117], where the relative orientation of the mol-

ecules in the crystal structure is determined by the type and strength of the intermolecular non-

covalent forces.[118–121] With missing hydrogen or any strong non-covalent interactions, London 

dispersion may be considered as an explanation for the packing of the molecules. The phe-

noxatellurine triflate salt [PT3](O3SCF3)2 reveals three modifications with four independent con-

formers (triclinic 1 and 2, monoclinic and orthorhombic). Other conformational polymorphisms 

in organotellurium chemistry have been reported earlier.[122–126] The packing diagrams of all 

three modifications are given in Figure 9. 
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Figure 9. 2D-packing motifs of the [PT3]2+ dication in triclinic (top left), monoclinic (bottom) and ortho-

rhombic (top right). 

 

For the calculation of intermolecular non-covalent forces, a Hirshfeld surface analysis was car-

ried out with Crystal Explorer.[127–130] Here the red spots on the Hirshfeld Surface (HS) that are 

color coded with the property dnorm
[131] describing close atom–atom contacts. 

The percentage contributions of all atom-atom interactions are displayed in Table 2. 
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Table 2. Percentage contributions of atom–atom interactions between a central [PT3]2+ dication with 
adjacent [PT3]2+ dications and triflate ions in the crystal lattice for all three modifications (aconformer 1, 

bconformer 2). 

 triclinic (%) monoclinic (%) orthorhombic (%) 

    
C-All 12.1a 12.2 12.0 
 11.4b   
H-E 74.0a 73.6 74.3 
 74.1b   
O-E 3.0a 3.1 1.9 
 3.1b   
Te-E  10.9a 11.0 11.8 
 11.4b   
Te-O 8.7a 8.7 8.8 
 9.2b   

 

All three compounds are dominated by H · · · E interactions with approximately 74 % and 

show similar interactions with small differences. The triclinic conformer 2 reveals slightly 

higher Te · · · O contact contributions than the others by about 0.4 % and in the orthorhom-

bic conformer the O · · · E interactions are the smallest with 1.9 %. 
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triclinic1 triclinic2 

 

 

monoclinic orthorhombic 

Figure 10. Hirshfeld Surfaces of the conformer in the triclinic, conformer 1 and 2, the monoclinic and 

the orthorhombic crystal structure. Significant interaction partners are shown if existent, dnorm mapped. 

 

The fingerprint plots (Figure 11) depict the HS-mediated close contacts in a 2D picture showing 

the interactions of every surface point of the closest interior atom (di) to the closest exterior 

atom (de)[128,129] and confirm the small differences in the crystal packings of all three polymorph 

conformers. 

 



 

45 
 

  

triclinic1 triclinic2 

  

monoclinic orthorhombic 

Figure 11. Hirshfeld surface fingerprint plots of [PT3]2+. 

 

The monoclinic conformer, compared to the triclinic and orthorhombic species, has the highest 

density of 2.047 mg m–3 (Table 5) and indicates thus the thermodynamic stability at low tem-

peratures according to the density rule, which correlates the highest density with a maximum 

of van-der-Waals interactions. At absolute zero where the entropy is negligible the monoclinic 

conformer is consequently the most stable form.[132,133] 

The trend in crystal densities coincides to the crystal voids, where the modification with the 

lowest density (orthorhombic conformer) has the highest percentage of voids and the mono-

clinic form has the lowest percentage of voids. 

 

Exposure to air for several weeks results in an oxo-bridged dimer [PT]2O(O3SCF3)2 (5a) or 

trimer [PT]3O2(O3SCF3)2 (5b) with the loss of the intense color (Scheme 15). 
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Scheme 15. Reaction of [PT]3(O3SCF3)2 with moist air. 

 

This reaction is rather slow, since there are still violet crystals in the mixture. The molecular 

structures of both oxo-bridged species are shown in Figure 12. 

 

   

Figure 12. Crystal structures of [PT]2O(O3SCF3)2 (left) and [PT]3O2(O3SCF3)2 (right) showing 50 % 

probability ellipsoids and the essential numbering scheme. 

 

Selected bond parameters of [PT]2O(O3SCF3)2 and [PT]3O2(O3SCF3)2 are listed in Table 3. The 

interactions to the triflic anions can be seen in Table 4. 
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Table 3. Selected bond parameters for the oxo-bridged species ([PT]2O(O3SCF3)2 and 

[PT]3O2(O3SCF3)2). 

 [PT]2O 
(O3SCF3)2 

  [PT]3O2 

(O3SCF3)2 

 (Te1-O3-Te2) / ° 56.5    (Te1-O4-Te2) / ° 60.3  

     (Te2-O5-Te3) / ° 60.2  

Te1-O3 / Å 1.951(6)   Te1-O4 / Å 1.900(5)  
Te2-O3 / Å 1.978(5)   Te2-O4 / Å 2.157(6)  
    Te2-O5 / Å 2.084(6)  
    Te3-O5 / Å 1.912(6)  

 

The oxo-bridged dimer [PT]2O(O3SCF3)2 has nearly identical intramolecular Te-O bond lengths 

and an Te-O-Te angle of 56.5°. The molecular structure of [PT]3O2(O3SCF3)2 reveals an angle 

of 60.2 and 60.3 with slightly shorter Te-O bond lengths between the “outer” PT units. 

 

Table 4. Te…O bond lenghts of the PT units towards the triflic anions. 

 [PT]2O 
(O3SCF3)2 

  [PT]3O2 

(O3SCF3)2 

Te1 . . . O5 / Å 2.970(0)   Te1 . . . O10b / Å 2.997(9)  
Te1 . . . O7 / Å 3.001(8)   Te2 . . . O10b / Å 3.319(8)  
Te2 . . . O7 / Å 3.140(6)   Te2 . . . O6a / Å 3.171(4)  
Te2 . . . O4a / Å 2.532(9)   Te3 . . . O8a / Å 3.027(0)  
    Te3 . . . O11b / Å 3.250(5)  
    Te3 . . . O9 / Å 2.823(6)  

 

2.3.2. Experimental 

Reagents were obtained commercially (Sigma-Aldrich, Germany) and used as received. Dry 

solvents were collected from a SPS800 mBraun solvent system. Diethyl ether was dried over 

potassium hydroxide and distilled of sodium/benzophenone. PT was prepared in two steps 

according to slightly modified literature procedures.[134–138] 1H-, 13C- and 125Te-NMR spectra 

were recorded at RT (unless otherwise stated) using a Bruker Avance-360 spectrometer and 

are referenced to tetramethylsilane (1H, 13C) and telluric acid (125Te). Chemical shifts are re-

ported in parts per million (ppm) and coupling constants (J) are given in Hertz (Hz). Air sensitive 

substances were handled in gloveboxes “Labmaster” by M. Braun. The electrospray ionization 

mass spectrometry (ESI-MS) spectrum was obtained on the Bruker Impact II. Acetonitrile so-

lutions were injected directly into the spectrometer at a flow rate of 3 µl min–1. Nitrogen was 

used both as a drying gas and for nebulization with flow rates of approximately 4 L min–1 and 

a pressure of 0.4 bar. The spectrum was collected for one minute and averaged. UV/vis spectra 

were recorded on a JASCO V-570 spectrometer. Crystal Explorer[139] was used for the calcu-

lation and visualization of Hirshfeld surfaces and fingerprint plots.[129] 
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2.3.2.1 Synthesis of [PT]3(O3SCF3)2 

In a dried schlenk-tube under argon atmosphere phenoxatellurine (1.00 g (3.38 mmol) was 

dissolved in 20 ml of dry diethyl ether and treated with gaseous oxygen. 0.3 ml (3.38 mmol) 

trifluormethanesulphonic acid was added slowly and the solution was stirred for 30 minutes. 

The resulting solid was filtered off and the residue dried in vacuum, leaving 0.96 g (2.16 mmol, 

64 %) of the crude product. Recrystallization from acetonitrile gave crystals in three different 

modifications. m.p. > 230 °C 

 

1H-NMR (360 MHz, CD3CN): δ = 6.97 – 7.57 (m, 12H, CAr-H) ppm. 13C-{1H}-NMR (90 MHz, 

CD3CN): δ = 120.9, 126.5, 137.0, 136.7 (CAr), 118.1 (CAr-CH-Te), 150.9 (CAr-CH-O) ppm. 125Te-

NMR (110 MHz, CD3CN): δ = 1611.8 ppm. MS (ESI, CH3CN, positive mode): m/z (rel. Int.) = 

447 (9) [(C12H8OTe+)(CF3SO3
-)]+, 315 (100) [C12H8OTe-OH]+, 298 (100) [C12H8OTe]+, 168 (13) 

[C12H8O]+. MS (ESI, CH3CN, negative mode): m/z (rel. Int.) = 825 (100) [(C12H8OTe+) 

(CF3SO3
–)2(CH3CN)2]–, 487 (64) [(C12H8OTe+)(CF3SO3

–)-H+(CH3CN)]–, 149 (95) [CF3SO3]–. 

UV/VIS (CH2Cl2): λmax = 276 nm, 338 nm und 455 nm. Molar Conductivity (CH3CN, c = 5  

10–7 mol L–1): Λ = 480 Ω–1 cm2 mol. 

 

X-ray crystallography. Intensity data of [PT]3(O3SCF3)2, [PT]2O(O3SCF3)2 and 

[PT]3O2(O3SCF3)2 were collected on a Bruker Venture D8 diffractometer with graphite-mono-

chromated Mo-K (0.7107 Å) radiation. The structures were solved by direct methods and 

difference Fourier synthesis with subsequent Full-matrix least-squares refinements on F2, us-

ing all data.[140] All non-hydrogen atoms were refined using anisotropic displacement parame-

ters. Hydrogen atoms were included in geometrically calculated positions using a riding model. 

Crystal and refinement data are collected in Table 5 and 6. Figures were created using DIA-

MOND.[141] 
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Table 5. Crystal data and structure refinement of [PT]3(O3SCF3)2 (three modifications). 

Formula C38H24F6O9S2Te3 C38H24F6O9S2Te3 C38H24F6O9S2Te3 

Formula weight, g mol–1 1185.49 1185.49 1185.49 

Crystal system triclinic monoclinic orthorhombic 

Crystal size, mm 0.07  0.07  0.05 0.10  0.05  0.05 0.08  0.05  0.05 

Space group P-1 C2/c Cmca 

a, Å 14.032(1) 24.072(1) 22.900(1) 

b, Å 14.294(1) 14.355(7) 20.4206(8) 

c, Å 20.207(2) 22.309(1) 16.7235(7) 

, º 85.227(5) 90 90 

, º 86.118(4) 93.735(2) 90 

, º 73.007(5) 90 90 

V, Å3 3858.6(6) 7692.8(6) 7820.5(6) 

Z 4 8 8 

calcd, Mg m–3 2.041 2.047 2.014 

Void volume, Å3 498.9a 944.9a 1095.3a  

Percentage of voids 12.9% 12.2% 14.0% 

 (Mo Kα), mm–1 2.446 2.454 2.414 

F(000) 2264 4528 4528 

  range, deg 2.43 to 25.71 2.41 to 27.55 4.43 to 26.03 

Index ranges –16  h  9 – 31  h  31 –29  h  29 

 –17  k  17 –18  k  18 –26  k  26 

 –24  l  24 –28  l  27 –21  l  19 

No. of reflns collected 85616 71136 22143 

Completeness to  max 97.6% 99.8% 99.8% 

No. indep. Reflns 14011 8873 4607 

No. obsd reflns with (I>2(I)) 11485 7258 3901 

No. refined params 811 523 271 

GooF (F2) 1.162 1.117 1.211 

R1 (F) (I > 2(I)) 0.0604 0.0540 0.0498 

wR2 (F2) (all data) 0.1371 0.1275 0.1148 

Largest diff peak/hole, e Å–3 2.561 / –2.470 2.959 / –1.150 2.301 / –1.964 
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Table 6. Crystal data and structure refinement of [PT]2O(O3SCF3)3 and [PT]3O2(O3SCF3)3. 

Formula C26H16F6O9S2Te2 C38H24F6O11S2Te3 

Formula weight, g mol–1 905.71 1217.49 

Crystal system triclinic monoclinic 

Crystal size, mm 0.05  0.05  0.05 0.21  0.11  0.05 

Space group P-1 P21/c 

a, Å 10.2882(4) 14.797(3) 

b, Å 12.5699(5) 21.598(4) 

c, Å 13.4601(5) 12.977(2) 

, º 63.7570(10) 90 

, º 74.9890(10) 101.347(5) 

, º 66.0680(10) 90 

V, Å3 1420.29(9) 4066.3(13) 

Z 2 4 

calcd, Mg m–3 2.118 1.989 

Void volume, Å3 868 2328 

F(000) 2.295 2.328 

  range, deg 2.37 to 42.48 2.62 to 27.50 

Index ranges –19  h  18 –17  h  17 

 –23  k  23 –25  k  19 

 –25  l  25 –15   l  15 

No. of reflns collected 96357 33258 

Completeness to  max 99.1% 99.5% 

No. indep. Reflns 20378 7190 

No. obsd reflns with (I>2(I)) 16023 4073 

No. refined params 406 541 

GooF (F2) 1.085 0.974 

R1 (F) (I > 2(I)) 0.0367 0.0428 

wR2 (F2) (all data) 0.0683 0.1204 

Largest diff peak/hole, e Å–3 2.798 / –1.714 0.967 / –0.801 
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2.4. New insights into the oxidation of phenoxatellurine with sul-

phuric acid 

2.4.1. Synopsis 

Comparable to the reaction of thianthrene (TA) in conc. sulphuric acid, phenoxatellurine (PT) 

forms intensely colored species. Drew was able to isolate some of those intense red crystals 

and suggested that diphenoxtellurylium dibisulphate disulphuric acid trihydrate 

(PT)2(SO4H)2(H2SO4)2(H2O)3 evolved.[134] Furthermore he noticed that the exposure to moist 

air on a porous tile causes the loss of, what he called, “attached free” sulphuric acid, resulting 

in an intensely violet species, the diphenoxtellurylium dibissulphate di- or trihydrate 

(PT)2(SO4H)2(H2O)2-3. 

The aim of this project was to reinvestigate the synthesis and characterization of the intensely 

red and the resulting violet species from phenoxatellurine (PT). The molecular structure was 

determined via X-ray analysis and, due to their poor solubility. The characterization has been 

done only by elemental analysis. 

 

2.4.2. Experimental Contributions 

In this study, I carried out the synthesis of the compounds and their characterization. Moreover 

I wrote the experimental section. The manuscript was written by Prof. Dr. Jens Beckmann. X-

ray analysis and structure refinements have been made by Dr. Enno Lork. The article was 

published in the following journal: 

 

Mostaghimi, F.; Bolsinger, J.; Lork, E.; Beckmann, J. New insights into the oxidation of phe-

noxatellurine with sulphuric acid. Main Group Metal Chemistry 2019, 42, 150–152. DOI: 

10.1515/mgmc-2019-0017. 
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2.5. fac-Bis(Phenoxatellurine) Tricarbonyl Manganese(I) Bromide 

2.5.1. Synopsis 

The reaction of phenoxatellurine (PT) with manganese pentacarbonyl chloride leads to bis-

(phenoxatellurin)-tricarbonyl-manganese(I)-chloride (Mn(PT)2(CO)3Cl).[142] Due to the charac-

terization via infrared absorption the position of the phenoxatellurine (PT) units could only be 

assumed as presented in Figure 13. 

 

 

Figure 13. Suggested orientation of the substituents in the bis-(phenoxatellurin)-tricarbonyl-manga-

nese(I)-bromide (Mn(PT)2(CO)3Cl) structure.[142] 

 

The aim of this work was to report the spartial arrangement of the substituents within the struc-

ture using the closely related (CO)5MnBr. Via X-ray analysis, the crystal structure was deter-

mined showing the arrangement predicted by Hieber and Kuck. 

 

2.5.2. Experimental Contributions 

In this study, I carried out the synthesis of the compounds and their characterization. Moreover 

I wrote the experimental section and the manuscript with Prof. Dr. Jens Beckmann. X-ray anal-

ysis and structure refinements have been made by Dr. Enno Lork. The article was published 

in the following journal: 

 

Mostaghimi, F.; Lork, E.; Beckmann, J. fac-Bis(phenoxatellurine) tricarbonyl manganese(I) 

bromide. Main Group Metal Chemistry 2020, 43, 181–183. DOI: 10.1515/mgmc-2020-0022. 

  



 

56 
 

 



 

57 
 

 



 

58 
 

  



 

59 
 

2.6. Synthesis and Structure of 2,8-Dimethyl-10,10-dichlorophen- 

oxatellurine 

2.6.1. Synopsis 

The synthesis and characterization of 2,8-dimethyl-10,10-dichlorophenoxatellurine is de-

scribed in this work. Unlike phenoxatellurine and 10,10-dichlorophenoxatellurine, 2,8-dimethyl-

10,10-dichlorophenoxatellurine reveals a planar ring structure. 

 

 

Figure 14. Molecular structure of 2,8-Dimethyl-10,10-dichlorophenoxatellurine. 

 

2.6.2. Experimental Contributions 

In this study, I carried out the synthesis of the compounds. The characterization was carried 

out with the help of Daniel Duvinage. Moreover I wrote the experimental section and the man-

uscript with Prof. Dr. Jens Beckmann. X-ray analysis and structure refinements have been 

made by Dr. Enno Lork. The article was published in the following journal: 

 

Mostaghimi, F.; Duvinage, D; Lork, E.; Beckmann, J. Synthesis and structure of 2,8-dimethyl-

10,10-dichlorophenoxatellurine. Main Group Metal Chemistry 2020, 44, 9–11. DOI: 

https://doi.org/10.1515/mgmc-2021-0002. 
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2.7. Synthesis and Crystal Structure of Phenoxaiodonium Tosylate 

2.7.1. Introduction & Results 

The synthesis and structure of the title compound, dibenzo[b,e][1,4]iodaoxin-5-ium 4-

methylbenzenesulphonate [C12H8OI][O3S(p-C6H4Me)], was reported. The phenoxaiodonium 

cation [C12H8OI]+ [6]+ was compared to the isoelectronic neutral phenoxatellurine C12H8OTe. 

In recent years diaryliodonium salts received considerable attention as building blocks in or-

ganic synthesis and pharmacology.[143] The phenoxaiodonium ion, [C12H8OI]+ [6]+, a potent in-

hibitor of flavin-containing enzymes[144], was first prepared 55 years ago but never fully char-

acterized.[145] The phenoxaiodonium ion is isoelectronic with the neutral phenoxatellurine, 

C12H8OTe, possessing a butterfly structure.[114] Upon single electron oxidation, phenoxatel-

lurine gives rise to the planar radical cation, [C12H8OTe]+, which rapidly undergoes aggregation 

to form double-decker and triple-decker structures.[115,146] 

 

 

Figure 15. Phenoxaiodonium cation (left) and isoelectronic neutral phenoxatellurine (right). 

 

In this work, the phenoxaiodonium ion [6]+ was obtained by oxidation of o-iodophenyl phenyl 

ether with m-chlorobenzoic peracid in the presence of p-toluene sulphonic acid and isolated 

as colourless crystalline tosylate salt [6][O3S(p-C6H4Me)] in nearly quantitative yield (Scheme 

16). 

 

 

Scheme 16. Synthesis of phenoxaiodonium tosylate. 

 

The crystal structure of [6][O3S(p-C6H4Me)] is displayed in Figure 16. Selected bond parame-

ters are collected in the caption of the figure. The phenoxaiodonium ion [6]+ adopts a butterfly 

conformation (fold angle  = 54.0°), which is more pronounced than in phenoxatellurine (fold 

angle  = 37.5°).[115] The mean I-C bond length (2.096(2) Å) is identical within the experimental 
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error with the Te-C bond length (2.096(2) Å) and the C-I-C angle 87.66(7)° is only marginally 

smaller than the C-Te-C angle (88.98(6)°). In the crystal lattice, two phenoxaiodonium ions [6]+ 

and two tosylate ions are associated by secondary I · · · O contacts (2.726(2), 2.667(2) Å) via 

a crystallographic centre of inversion. 

 

 

Figure 16. Crystal structure of [6][O3S(p-C6H4Me)]. Selected bond parameters [°, Å]: I1-C10 2.098(2), 

I1-C20 2.093(2), C10-I1-C20 87.66(7), I1···O2 2.726(2), I1···O3a 2.667(2). 

 

2.7.2. Experimental 

Reagents were obtained commercially (Sigma-Aldrich, Germany) and were used as received. 

Dry solvents were collected from a SPS800 mBraun solvent system. Diethyl ether was dried 

over potassium hydroxide and distilled of sodium/benzophenone. The electrospray ionization 

mass spectrometry (ESI-MS) spectrum was obtained on the Bruker Impact II. Acetonitrile so-

lutions were injected directly into the spectrometer at a flow rate of 3 µl min–1. Nitrogen was 

used both as a drying gas and for nebulization with flow rates of approximately 4 L min–1 and 

a pressure of 0.4 bar. The spectrum was collected for one minute and averaged. UV/vis spectra 

were recorded on a JASCO V-570 spectrometer. 

 

2.7.2.1 Synthesis of [6][O3S(p-C6H4Me)] 

O-iodophenyl phenyl ether was prepared by the lithiation of diphenyl ether with n-buthyllithium 

in THF at 0 °C for 4h and the subsequent addition of iodine in THF at –78 °C.[147] O-iodophenyl 

phenyl ether was oxidized similar to examples in the literature by meta-chlorperoxybenzoic 

acid in the presence of p-toluene sulphonic acid to form the cyclic aryliodonium tosylate[148]:  
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O-iodophenyl phenyl ether (200 mg, 0.68 mmol, 1.00 eq.) and  p-toluenesulphonic acid (161 

mg, 0.84 mmol, 1.25 eq.) were suspended in dry CH2Cl2 (20 ml) and stirred for 1 h, while the 

suspension turns yellow. Afterwards the suspension was cooled to 0°C and m-chloroperoxy-

benzoic acid (146 mg, 0.84, 1.25 eq) was added, which turns the reaction mixture to dark violet 

and a white precipitate forms. After stirring overnight the solvent was removed under reduced 

pressure. The residue was washed with cold dry diethyl ether (3  10 ml) to remove remaining 

acids, dissolved again in a mixture of dry CH2Cl2 and dry n-hexane (1:1) and decanted off of 

possible remaining solids. Upon cooling the solution to –78 °C, [6][O3S(p-C6H4Me)] (300 mg, 

0.64 mmol, 94 %) was obtained as colourless crystals.  

 

X-ray crystallography. Intensity data of [6][O3S(p-C6H4Me)] was collected on a Bruker Ven-

ture D8 diffractometer with graphite-monochromated Mo-K (0.7107 Å) radiation. The struc-

ture was solved by direct methods and difference Fourier synthesis with subsequent Full-ma-

trix least-squares refinements on F2, using all data.[140] All non-hydrogen atoms were refined 

using anisotropic displacement parameters. Hydrogen atoms were included in geometrically 

calculated positions using a riding model. Crystal and refinement data are collected in Table 

7. Figures were created using DIAMOND.[141]  
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Table 7. Crystal data and structure refinement of [6][O3S(p-C6H4Me)]. 

Formula C19H15IO4S 

Formula weight, g mol–1 466.29 

Crystal system triclinic 

Crystal size, mm 0.08  0.07  0.06 

Space group P1̅ 

a, Å 7.457(2) 

b, Å 10.197(0) 

c, Å 12.388(9) 

, º 100.423(1) 

, º 104.868(1) 

, º 97.276(1) 

V, Å3 880.5(3) 

Z 2 

calcd, Mg m–3 1.759 

T, K 100 

 (Mo Kα), mm–1 1.958 

F(000) 460 

  range, deg 2.39 to 32.61 

Index ranges –11  h  11 
 

–15  k  15 

 –18  l  18 

No. of reflns collected 32469 

Completeness to  max 99.9% 

No. indep. Reflns 6418 

No. obsd reflns with (I>2(I)) 5609 

No. refined params 227 

GooF (F2) 1.050 

R1 (F) (I > 2(I)) 0.0279 

wR2 (F2) (all data) 0.0583 

(/)max < 0.001 

Largest diff peak/hole, e Å–3 0.930 / –1.300 
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2.8. Synthesis and halogenation of bis(8-methoxynaphthyl)ditel- 

luride 

2.8.1. Synopsis 

The utilization of diaryltellurides as starting materials in various organometallic reactions are 

well known. Bis(naphthyl)ditelluride and naphthytellurides with intramolecular coordinated N-

donor substituents in peri-position to the tellurium atoms has been already described through-

outly.[149,150] 

This work reports naphthylbased telluriumorganyles with intramolecular O-donor substituents 

in peri-position, starting from 8-methoxynaphthyl lithium. 

 

2.8.2. Experimental Contributions 

In this work, I carried out part of the synthesis and characterization of the compounds and 

wrote the experimental section with Wiebke Wohltmann and Jens Bolsinger. Prof. Dr. Jens 

Beckmann was the principal investigator, designed the concept and wrote the manuscript. Sin-

gle crystal X-ray diffraction measurements and structure refinements have been made by Dr. 

Enno Lork. Stefan Mebs did the DFT-calculations. The article was published in the following 

journal: 

 

Wohltmann, W.; Mostaghimi, F.; Bolsinger, J.; Lork, E.; Mebs, S.; Beckmann, J. Synthesis and 

halogenation of bis(8-methoxynaphthyl)ditelluride. Inorganica Chimica Acta 2018, 475, 73–82. 

DOI: 10.1016/j.ica.2017.08.011. 
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2.9. Synthesis and characterization of 5-Diphenyphosphino-6- 

phenylchalcogenacenaphthenes 

2.9.1. Introduction & Results 

For the study of element-element interactions peri-substituted (ace)naphthene compounds are 

well known in literature.[151–157] Due to its rigid scaffold the elements in peri-position are forced 

to interact with each other and hence can be used as a precursor for obtaining stabilized radical 

cations. 

 

 

Figure 17. Naphthalene and acenaphthene scaffold. 

 

The first ever reported naphthalene derivative with peri-subtituted interactions was in 1966.[158] 

Various peri-substituted naphthalene and acenaphthene aggregations were presented since 

then. 

Woollins reported among numerous sterically crowded tin acenaphthenes[159,160] some phos-

phorus substituted acenaphthenes with sulphur as can be seen in Figure 18 with intramolecu-

lar P···P distances of approx. 4.05 Å, which are among the longest ever reported peri-dis-

tances.[161] 

 

 

Figure 18. Phosphorus substituted acenaphthene with sulphur.[161] 
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The study on tin acenaphthenes has also been enhanced to tin-chalcogene compounds cre-

ating some interesting bonding situations.[160] In addition the first di- and mixsubstituted chal-

cogen acenaphthenes were introduced[162,163], including a 1,2-ditelluraacenaphthene-1,2-dica-

tion.[151] 

Although there are many peri-substituted (ace)naphthenes, no chalcogene radical cation has 

been reported. This work we focused on the 5-diphenylphosphino-6-chalcogeneacenaphthene 

scaffold. 

For the synthesis acenaphthenes with peri-substituted halogens are commonly used. Starting 

from 5,6-dibromoacenaphthene the diphenylphosphino group is initially introduced by the re-

action with n-buthyllithium and chlorodiphenylphosphine.[164,165] 

 

 

Scheme 17. Synthesis of 5-bromo-6-diphenylphosphinoacenaphthene. 

 

The 5-bromo-6-diphenylphosphinoacenaphthene was then treated with n-buthyllithium again 

and the respective diphenyldichalcogene was added to receive the 5-chalcogenephenyl-6-di-

phenylphosphinoacenaphthene, as can be seen in Scheme 18. To obtain the oxgen-analogon, 

the phenoxygroup was first introduced in the the peri-position[164] followed by a reaction with n-

buthyllithium and chlorodiphenylphosphine. 
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Scheme 18. Synthesis of 5-diphenylphosphino-6-chalcogenacenaphthene. 

 

All obtained compounds were recrystallized from dichloromethane and hexane to give single 

crystals, which were measured by X-ray crystallography. The structures are shown below. 
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Figure 19. Molecular structure of 5-diphenyphosphino-6-phenylchalcogenacenaphthene 
(Ph2P)Ace(EPh) (7a, E = O; 7b, E = S; 7c, E = Se) showing 50 % probability ellipsoids and essen-
tial atom numbering. Selected bond parameters [Å] of 7a: P1-C5 1.837(7), O1-C7 1.389(1), P1-O1 
2.871(5). Selected bond parameters [Å] of 7b: P1-C5 1.846(5), S1-C7 1.776(4), P1-S1 3.061(8). 

Selected bond parameters [Å] of 7c: P1-C5 1.846(7), Se1-C7 1.919(9), P1-Se1 3.140(5). 

 

The (Ph2P)Ace(EPh) (E = O, S, Se) compounds are all in the same spatial arrangement with 

phosphorus-chalcogen bond lengths of 2.87 - 3.14 Å, with longer bond length for heavier chal-

cogen atoms. 

 

Attempts of oxidizing the acenaphthenchalcogenes with nitrosonium salts to the respective 

radical cation led to no success, but the oxidation of the phosphorus atom to a phosphorus-

oxygen bond. 
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Scheme 19. Reaction of 5-diphenyphosphino-6-phenylsulphideacenaphthene with nitrosonium hexa-

fluoroantimonate. 

 

The crystal structure of the product of the reaction with (Ph2P)Ace(SPh) is shown in Figure 

20. 

 

 

Figure 20. Molecular structure of the oxidation of C30H24SPOSbF6 with nitrosonium hexafluoroantimo-
nate showing 50 % probability ellipsoids and essential atom numbering. Selected bond parameters 

[Å]: P1-O1 1.520(1), P1-S1 3.239(1). 

 

The sulphur phosphorus bond length of 3.24 Å is quite longer than the one of the educt with 

3.06 Å. 

  



 

83 
 

2.9.2. Experimental 

Reagents were obtained commercially (Sigma-Aldrich, Germany) and were used as received. 

Dry solvents were collected from a SPS800 mBraun solvent system. 1H-, 13C-, 31P-, 77Se- and 

125Te-NMR spectra were recorded at RT (unless otherwise stated) using a Bruker Avance-360 

spectrometer and are referenced to tetramethylsilane (1H, 13C), phosphoric acid (85% in water) 

(31P), diphenyldiselenide (77Se) and telluric acid (125Te). Chemical shifts are reported in parts 

per million (ppm) and coupling constants (J) are given in Hertz (Hz). Air sensitive substances 

were handled in gloveboxes “Labmaster” by M. Braun. 

 

2.9.2.1 Synthesis of 5-diphenyphosphino-6-phenoxyacenaphthene (7a) 

The synthesis of 5-bromo-6-phenoxyacenaphthene was carried our according to Kordts et 

al.[164] 

0.73 g (2.23 mmol) of 5-bromo-6-phenoxyacenaphthene were dissolved in 10 ml of dry THF 

and cooled to –80 °C. 0.98 ml (2.45 mmol, 2.5-M in n-hexane) n-buthyllithium was added and 

allowed to warm to room temperature. After stirring for one hour, the mixture was cooled to  

–80 °C again and 0.48 g (2.68 mmol) chlorodiphenylphosphine was added, while the solution 

turns brighter. The mixture was stirred for 30 minutes at –80 °C and warmed to room temper-

ature. Aqueous workup and drying with magnesium sulphate resulted in an orange-yellow 

solid. Recrystallization from dichloromethane/hexane resulted in yellow crystals, yield 99 % 

(0.95 g). 

 

1H-NMR (360 MHz, CDCl3): δ = 7.33 (m, 10H), 7.21 (m, 4H), 7.06 (t, 3JH,H = 7.4 Hz 1H), 6.94 

(dd, 1H), 6.85 (d, 3JH,H = 7.6 Hz 1H), 6.71 (d, 3JH,H = 7.8 Hz 2H), 3.44 (d, 3JH,H = 5.6 Hz 4H) 

ppm. 13C-{1H}-NMR (90 MHz, CDCl3): δ = 157.0, 152.0, 151.9, 147.2, 141.0, 134.5, 134.4, 

134.1, 129.4, 128.6, 128.4, 128.3, 122.9, 120.1, 119.6, 119.2, 116.0 (CAr), 30.7, 30.0 (CH2) 

ppm. 31P-NMR (81 MHz, CDCl3): δ = 1.9 ppm. 

 

2.9.2.2 Synthesis of 5-diphenyphosphino-6-phenylthioacenaphthene (7b) 

0.50 g (1 eq, 0.12 mmol) of 5-bromo-6-diphenyphosphinoacenaphthene was dissolved in 10 

ml of dry toluene and dropwise treated with 0.53 ml (1.1 eq, 0.13 mmol, 2.5-M in n-hexane) n-

butyllithium. After stirring for 10 minutes 0.29 g (1.1 eq, 0.13 mmol) of diphenyl disulphate was 

added and the mixture was stirred overnight. Aqueous workup and evaporation of the solvent 

resulted in a yellow precipitate, which was then recrystallized from dichloromethane/n-hexane 

giving yellow crystals in 55 % (0.29 g) yield. 
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1H-NMR (360 MHz, CDCl3): δ = 7.72 (d, 3JH,H = 7.2 Hz, 1H), 7.73 (d, 3JH,H = 7.2 Hz, 1H), 7.26 

(d, 3JH,H = 3.8 Hz, 12H), 7.21 (d, 3JH,H = 7.2 Hz, 1H), 7.08 (t, 3JH,H = 7.5 Hz, 1H), 7.03 (t, 3JH,H = 

7.3 Hz, 1H), 6.83 (d, 3JH,H = 7.5 Hz, 2H), 7.08 (s, 4H) ppm. 13C-{1H}-NMR (90 MHz, CDCl3): δ 

= 148.9, 148.7, 141.2, 141.1, 140.9, 140.8, 139.6, 139.0, 138.9, 137.8, 135.9, 135.8, 134.1, 

134.0, 128.5, 128.4, 128.3, 128.2, 127.5, 126.3, 125.0, 120.5, 120.1 (CAr), 30.3, 30.2 (CH2) 

ppm. 31P-NMR (240 MHz, CDCl3): δ = 8.76 ppm.  

 

2.9.2.2 Synthesis of 5-diphenyphosphino-6-phenylselenideacenaphthene (7c) 

0.50 g (1 eq, 0.12 mmol) of 5-bromo-6-diphenyphosphinoacenaphthene was dissolved in 10 

ml of dry toluene and dropwise treated with 0.53 ml (1.1 eq, 0.13 mmol, 2.5-M in n-hexane) n-

butyllithium. After stirring for 10 minutes 0.41 g (1.1 eq, 0.13 mmol) of diphenyl diselenide was 

added and the mixture was stirred overnight. Aqueous workup and evaporation of the solvent 

resulted in an orange precipitate, which was then recrystallized from dichloromethane/ n-hex-

ane giving orange crystals in 42 % (0.25 g). 

  

1H-NMR (360 MHz, CDCl3): δ = 7.60 (d, 3JH,H = 7.3 Hz, 1H), 7.33 (m, 14H), 7.27 (m, 2H), 7.23 

(t, 3JH,H = 7.4 Hz, 4H), 7.18 (m, 4H), 3.40 (s, 4H) ppm. 13C-{1H}-NMR (90 MHz, CDCl3): δ = 

149.1, 147.0, 140.6, 140.5, 138.6, 138.5, 138.4, 137.1, 136.2, 136.0, 135.8, 133.9, 133.8, 

131.9, 129.0, 128.4, 128.3, 128.2, 126.9, 126.0, 120.6, 120.0 (CAr), 30.3, 30.0 (CH2) ppm. 77Se-

NMR (69 MHz, CDCl3): δ = 418.0, 413.8 ppm. 31P-NMR (240 MHz, CDCl3): δ = - 100.6 ppm. 

 

2.9.2.2 Synthesis of 5-diphenyphosphino-6-phenyltellurideacenaphthene (7d) 

0.50 g (1 eq, 0.12 mmol) of 5-bromo-6-diphenyphosphinoacenaphthene was dissolved in 10 

ml of dry toluene and dropwise treated with 0.53 ml (1.1 eq, 0.13 mmol, 2.5-M in n-hexane) n-

butyllithium. After stirring for 10 minutes 0.54 g (1.1 eq, 0.13 mmol) was added and the mixture 

was stirred overnight. Aqueous workup and evaporation of the solvent resulted in an or-

ange/brown precipitate, which was then recrystallized from dichloromethane/ n-hexane giving 

orange/brown crystals in 21 % (0.14 g). 

  

1H-NMR (360 MHz, CDCl3): δ = 7.92 (d, 3JH,H = 7.8 Hz, 2H), 7.70 (dd, 3JH,H = 12.0, 7.7 Hz, 2H), 

7.40 (m, 30H), 7.18 (t, 3JH,H = 7.1 Hz, 1H), 7.08 (t, 3JH,H = 7.7 Hz, 1H), 7.01 (d, 3JH,H = 7.4 Hz, 

1H), 3.39 (s, 4 H), 3.36 (d, 3JH,H = 7.5 Hz, 2 H) ppm. 13C-{1H}-NMR (90 MHz, CDCl3): δ = 150.0, 

146.7, 145.6, 143.1, 140.0, 138.5, 138.4, 137.5, 137.4, 136.2, 133.4, 133.3, 132.4, 132.3, 

131.6, 129.6, 129.5, 128.8, 128.5, 128.4, 128.3, 128.2, 128.1, 127.3, 127.0, 121.8, 121.1, 

119.8, 112.3, 112.2 (CAr), 30.5, 29.6 (CH2) ppm. 125Te-NMR (110 MHz, CDCl3): δ = 638.1, 

627.4 ppm. 31P-NMR (240 MHz, CDCl3): δ = 48.7, -118.5 ppm. 
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X-ray crystallography. Intensity data of 7a – 7c was collected on a Bruker Venture D8 dif-

fractometer with graphite-monochromated Mo-K (0.7107 Å) radiation. The structure was 

solved by direct methods and difference Fourier synthesis with subsequent Full-matrix least-

squares refinements on F2, using all data.[140] All non-hydrogen atoms were refined using an-

isotropic displacement parameters. Hydrogen atoms were included in geometrically calculated 

positions using a riding model. Crystal and refinement data are collected in Table 8. Figures 

were created using DIAMOND.[141] 
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Table 8. Crystal data and structure refinement of (Ph2P)Ace(EPh) (7a, E = O; 7b, E = S; 7c, E = Se). 

Formula C30H23OP C30H23SP C30H23SeP 

Formula weight, g mol- 1 430.49 446.55 493.46 

Crystal system monoclinic monoclinic monoclinic 

Crystal size, mm 0.2  0.15  0.15 0.09  0.08  0.06 0.07  0.07  0.06 

Space group P 1 21/n 1 (14) P 1 21/n 1 (14) P 1 21/n 1 (14) 

a, Å 15.4697(5) 12.8899(5) 12.8373(2) 

b, Å 9.2211(4) 9.6505(4) 9.6347(2) 

c, Å 16.5627(5) 18.1240(7) 18.4277(3) 

, º 90 90 90 

, º 112.282(12) 101.008(1) 100.768(1) 

, º 90 90 90 

V, Å3 2186.21(140) 2213.03(15) 2239.07(7) 

Z 4 4 4 

calcd, Mg m–3 1.308 1.340 1.464 

F(000) 904 936 1008 

  range, deg 2.49 to 27.58 2.29 to 30.07 2.25 to 28.35 

Index ranges –20  h  20 –17  h  18 –17  h  17 

 –11  k  12 –13  k  13 –12  k  12 

 –21  l  20 –25  l  25 –24  l  24 

No. of reflns collected 47173 105948 135469 

Completeness to  max 99,9% 99,6% 99,9% 

No. indep. Reflns 5038 6486 5594 

No. obsd reflns with 

(I>2(I)) 

3883 5308 4752 

No. refined params 289 289 289 

GooF (F2) 1.03 1.05 1.06 

R1 (F) (I > 2(I)) 0.049 0.037 0.030 

wR2 (F2) (all data) 0.131 0.092 0.071 

Largest diff peak/hole, e 
Å–3 

0.65 0.55 0.50 
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Table 9. Crystal data and structure refinement of (Ph2PO)Ace(SPh)[SbF6] (8). 

Formula C30H24SPOSbF6 

Formula weight, g mol–1 2323.70 

Crystal system triclinic 

Crystal size, mm 0.35  0.25  0.10 

Space group P1̅ 

a, Å 11.354(14) 

b, Å 12.688(16) 

c, Å 18.97(2) 

, º 81.09(5) 

, º 88.56(3) 

, º 66.34(4) 

V, Å3 2471(5) 

Z 2 

calcd, Mg m–3 1.561 

T, K 293 

 (Mo Kα), mm–1 0.777 

F(000) 1180 

  range, deg 2.17 to 30.15 

Index ranges –15  h  15 
 

–17  k  17 

 –26  l  26 

No. of reflns collected 39412 

Completeness to  max 98.7% 

No. indep. Reflns 14406 

No. obsd reflns with (I>2(I)) 11527 

No. refined params 662 

GooF (F2) 0.991 

R1 (F) (I > 2(I)) 0.047 

wR2 (F2) (all data) 0.124 

Largest diff peak/hole, e Å–3 2.84 / –1.68 
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2.10. Synthesis and Single-Electron Oxidation of Bulky Bis(m-ter-

phenyl)chalcogenes 

2.10.1. Introduction & Results 

For the stabilization of labile diorganochalcogene radical cations, bulky substituents are nec-

essary. In this work we present the synthesis and characterization of 2,6-dimesitylphenylchal-

cogenes (bis(m-terphenyl)chalcogenes) and its oxidation with known oxidation reagents.[166–

169] 

The synthesis of the bulky substituent 2,6-dimesitylphenyl (m-terphenyl) was carried out ac-

cording to a modified method of Saednya and Hart, described by M. Hesse. The lithiation of 

1,3-dichlorobenzene and reaction with the Grignard-reagent of 2-bromomesitylene leads to m-

terphenylmagnesiumbromide, which can be converted to the respective 2,6-dimesitylphenyl-

iodine with elemental iodine (Scheme 20).[167,168,170] 

 

 

Scheme 20. Synthesis of 2,6-dimesithylphenyliodide. 

 

After lithiation with n-butyllithium the received 2,6-dimesitylphenyllithium (mTerLi) can be re-

acted with the respective EF4 (E = S, Se, Te) to the targeted 2,6-dimesitylphenylchalcogene 

(Scheme 21). 
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Scheme 21. Synthesis of 2,6-dimesitylphenylchalcogene from 2,6-dimesitylphenyllithium and EF4 (E = 

S, Se, Te). 

 

In the first step the organolithium and chalcogene tetrafluoride react to the 2,6-dimesitylphenyl-

chalcogenetrifluoride, which reacts subsequently to the difluoride with an additional equivalent 

of mTerLi. The third equivalent reduces the difluoride to the 2,6-dimesitylphenylchalcogene 

(mTer2E). 

 

  

 

Figure 21. Molecular structure of (2,6-Mes2C6H3)2E (9a, E = S; 9b, E = Se; 9c, E = Te) showing 50 % 
probability ellipsoids and the essential atom numbering. Selected bond parameters [Å, º] of 9a: C10-

S1 1.778(3), C40-S1 1.779(3), C10-S1-C40 109.2(1). Selected bond parameters [Å, º] of 9b: Se1-C10 
1.941(2), C10-Se1-C10a 116.3(1). Selected bond parameters [Å, º] of 9c: Te1-C10 2.150(1), C10-

Te1-C10a 116.16(5). 
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The bond length of 1.778(3) and 1.779(3) Å between the sulphur and carbon atoms C10 and 

C40 are nearly identical and are close to the sum of the covalent radii reported by Cordero et 

al. of 1.78 Å.[171] The molecular structures of the heavier homologues (mTer2Se and mTer2Te) 

are similar to the structure of 2,6-dimesitylphenylsulphide. With a bond length of 1.941(2) Å 

(Se1-C10) for 2,6-dimesitylphenylselenide the sum of the covalent radii are also identical to 

the ones reported in literature (1.93 Å).[171] The tellurium-carbon-distance of 2.150(1) Å in 2,6-

dimesitylphenyltelluride is slightly higher than the sum of the covalent radii of 2.11 Å.[171] 

 

2.10.1.1 Electrochemical Oxidation 

For the evaluation of the oxidative behaviour the 2,6-dimesitylphenylchalcogenes were inves-

tigated via cyclic voltammetric measurements. This method gives good information about the 

convenient choice of oxidation reagents and reveals the reversibility or quasi reversibility of 

the mTer2E cations and radical cations (E = S, Se, Te). 

The cyclic voltammetry measurements were carried out in a 0.1 M solution of tetrabutylam-

monium hexafluorophosphate in dichloromethane, with a scan rate of 0.1 volts per second. 

The received data was calculated with help of ferrocene as a calibrating reference and is 

shown in Figure 22. 

 

 

Figure 22. Cyclic Voltammetry measurements of mTer2S, mTer2Se and mTer2Te at 0.1 V . s–1 in di-

chloromethane, c = 5 . 10–3 mol . L–1. 
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The measured voltages and currents are listed in the table below. 

 

Table 10. Results of the cyclic voltammetric measurements of mTer2S, mTer2Se and mTer2Te. 

 EOx [V] ERed [V] ∆E [V] IOx [µA] IRed [µA] IRed/IOx 

mTer2S 0.931 0.806 0.125 0.23 0.17 0.74 

mTer2Se 0.793 0.657 0.136 0.75 0.72 0.96 

mTer2Te 0.462 0.348 0.114 1.04 1.01 0.97 

 

The cyclic voltammetry measurements reveal the reversibility or quasi-reversibility of the 2,6-

dimesitylphenylchalcogenes, with IRed/IOx = 0.7 – 1.0. 

As described before by the workgroup of Jens Beckmann on the 2,6-dimesitylphenyldichalco-

genes the 2,6-dimesitylphenylsulphide has the highest oxidation potential of + 0.93 V. With 

increasing period the oxidation potential decreases (EOx(mTer2Se) = + 0.79 V and 

EOx(mTer2Te) = + 0.46 V), which is also comparable to thianthrene and selenanthrene with 

oxidation potentials of + 0.69 and + 0.75 V.[53] 

Therefore, a suitable oxidating reagent with an oxidation potential as high as + 0.93 V is 

needed to oxidize all three 2,6-dimesitylphenylchalgogenes. 

 

2.10.1.2 Oxidation of 2,6-dimesitylphenyltelluride 

Among the well known single electron oxidation reagents are the nitrosonium salts, which are 

described in numerous examples in literature.[55,172–174] 

The first attempt of oxidizing the mTer2Te with nitrosonium hexafluoroantimonate resulted in 

[(2,6-Mes2C6H3)2TeOH][SbF6], which could be crystalized in dichloromethane/n-hexane as can 

be seen in Scheme 22. 

 

 

Scheme 22. Reaction of 2,6-dimesitylphenyltelluride with nitrosonium hexafluoroantimonate. 
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The crystal structure of the product of the reaction with nitrosonium hexafluoroantimonate is 

shown in Figure 23. 

 

Figure 23. Molecular structure of [(2,6-Mes2C6H3)2TeOH][SbF6] (10) showing 50 % probability ellip-
soids and the essential atom numbering. Selected bond parameters [Å, º]: Te1-C10 2.149(1), Te1-C40 

2.118(1), C10-Te1-C40 108.1(5), Te1-O1 1.74(3), O1-F1 2.805(2). 

 

In contrast to 2,6-dimesitylphenyldichalcogenides, which could be oxidized to the respective 

radical cations with nitrosonium hexafluoroantimonate in dichloromethane[113], the oxidation of 

2,6-dimesitylphenyltelluride led to no success. 

 

2.10.2. Experimental 

Reagents were obtained commercially (Sigma-Aldrich, Germany) and were used as received. 

Dry solvents were collected from a SPS800 mBraun solvent system. Diethyl ether was dried 

over potassium hydroxide and distilled of sodium/benzophenone. 1H-, 13C-, 77Se- and 125Te-

NMR spectra were recorded at RT (unless otherwise stated) using a Bruker Avance-360 spec-

trometer and are referenced to tetramethylsilane (1H, 13C), diphenyldiselenide (77Se) and tellu-

ric acid (125Te). Chemical shifts are reported in parts per million (ppm) and coupling constants 

(J) are given in Hertz (Hz). Air sensitive substances were handled in gloveboxes “Labmaster” 

by M. Braun. The cyclic voltammetry measurements were carried out with a TSC 1600 Closed 

“Sealable Measuring Cell” by RHD Instruments with glass-sealed platinum-wires and a silver 

pseudo reference electrode. As potentiostat the Autolab PGSTAT101 by Metrohm was utilized, 

supported by the software Nova 2.1 by Metrohm. Tetrabutylammoniumhexafluorophosphate 

was used as conducting salt. The resulted cyclovoltragrams were referenced against the redox 

couple of ferrocene (Fc/Fc+). 
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2.10.2.1 Synthesis of 2,6-dimesitylphenylsulphide (9a) 

In a dried three-necked-flask, connected to a dropping funnel and a gas inlet 0.50 g (1.6 mmol) 

2,6-dimesitylphenyllithium were dissolved in 20 ml dry diethyl ether and cooled to –78 °C. Sul-

phur tetrafluoride was bubbled through the solution and the mixture was allowed to warm to 

room temperature overnight. The solvent was evaporated and the remaining solid was dried 

in vacuo, dissolved in 20 ml dry diethyl ether again and cooled to –78 °C. Again 2,6-dimesit-

ylphenyllithium, 1.5 g (4.7 mmol) dissolved in dry diethyl ether, was added dropwise. After 

stirring for 1 h the mixture was allowed to warm to room temperature and the solvent was 

evaporated. Unreacted 2,6-dimesitylphenyllithium was treated with dichloromethane. The sol-

vent was evaporated and the resulting yellow solid was washed with ethanol and n-hexane. 

Recrystallization from tetrahydrofuran gave colourless crystals in 82 % (0.86 g) yield. 

 

1H-NMR (360 MHz, CDCl3): δ = 7.03 (t, 3JH,H = 7.6 Hz, 1H; p-C6H3), 6.77 (s, 4H; m-MesH), 6.75 

(d, 3JH,H = 7.8 Hz, 2H; m-C6H3), 2.37 (s, 6H; p-ArCH3), 1.66 (s, 12H; o-ArCH3) ppm. 13C-{1H}-

NMR (90 MHz, CDCl3): δ = 145.4 (s; ipso-C6H3), 138.8 (s; ipso-Mes),136.8 (s; p-Mes), 136.2 

(s; o-Mes), 134.9 (s; p-C6H3), 131.6 (s; m-Mes), 128,3 (s; m-C6H3), 126.5 (s; o-C6H3), 21.4 (s; 

o-ArCH3), 21.3 (s; p-ArCH3) ppm. 

 

2.10.2.2 Synthesis of 2,6-dimesitylphenylselenide (9b) 

In a dried three-necked-flask under argon atmosphere connected to a dropping funnel 0.5 g 

(1.6 mmol) 2,6-dimesitylphenyllithium were dissolved in 20 ml dry diethyl ether and cooled to 

–78 °C. To this solution 0.24 g (1.6 mmol) selenium tetrafluoride was added dropwise. The 

mixture was allowed to warm to room temperature overnight and the solvent was evaporated. 

The residue was dried in vacuo, dissolved in 20 ml dry diethyl ether and cooled to –78 °C. 

Again 2,6-dimesitylphenyllithium 1.5 g (4.7 mmol) dissolved in dry diethyl ether was added 

dropwise. The resulting solution was allowed to warm to room temperature and the solvent 

was evaporated. 

The unreacted 2,6-dimesitylphenyllithium was treated with 20 ml of dichloromethane and the 

solvent was evaporated once more. The residue was washed with ethanol and n-hexane. Re-

crystallization from tetrahydrofuran gave colourless crystals in 79 % (0.89 g) yield.  

 

1H-NMR (360 MHz, CDCl3): δ = 7.06 (t, 3JH,H = 7.5 Hz, 1H; p-C6H3), 6.75 (s, 4H; m-MesH), 6.74 

(d, 3JH,H = 7.8 Hz, 2H; m-C6H3), 2.35 (s, 6H; p-ArCH3), 1.66 (s, 12H; o-ArCH3) ppm. 13C-{1H}-

NMR (90 MHz, CDCl3): δ = 146.0 (s; ipso-C6H3), 139.9 (s; ipso-Mes),136.4 (s; p-Mes), 136.3 

(s; o-Mes), 132.5 (s; p-C6H3), 130.8 (s; m-Mes), 128,2 (s; m-C6H3), 126.9 (s; o-C6H3), 21.4 (s; 

o-ArCH3), 21.3 (s; p-ArCH3) ppm. 77Se-NMR (69 MHz, CDCl3): δ = 423.9 ppm. 
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2.10.2.3 Synthesis of 2,6-dimesitylphenyltelluride (9c) 

In a dried three-necked-flask under argon atmosphere connected to a dropping funnel 3.15 g 

(9.8 mmol) 2,6-dimesitylphenyllithium were dissolved in 30 ml dry diethyl ether and cooled to 

–78 °C. To this solution a suspension of 0.50 g (2.5 mmol) tellurium tetrafluoride in dry diethyl 

ether was added dropwise, while the resulting solution turns dark red. The mixture was allowed 

to warm to room temperature overnight and the solvent was evaporated. The remaining solid 

was treated with 20 ml of dichloromethane to destroy the unreacted 2,6-dimesitylphenyllithium 

and evaporated again. After washing with ethanol and n-hexane a yellow solid was obtained. 

Recrystallization from dichloromethane gave bright yellow crystals in 89 % (0.89 g) yield. 

 

1H-NMR (360 MHz, CDCl3): δ = 7.33 (t, 3JH,H = 7.5 Hz, 1H; p-C6H3), 6.86 (d, 3JH,H = 7.6 Hz, 2H; 

m-C6H3), 6.84 (s, 4H; m-MesH), 2.45 (s, 6H; p-ArCH3), 1.68 (s, 12H; o-ArCH3) ppm. 13C-{1H}-

NMR (90 MHz, CDCl3): δ = 144.6 (s; ipso-C6H3), 138.4 (s; ipso-Mes), 137.8 (s; p-Mes), 136.7 

(s; o-Mes), 131.1 (s; p-C6H3), 130.4 (s; m-Mes), 128,2 (s; m-C6H3), 128.1 (s; o-C6H3), 21.4 (s; 

o-ArCH3), 20.7 (s; p-ArCH3) ppm. 125Te-NMR (110 MHz, CDCl3): δ = 1291.3 ppm. 

 

2.10.2.4 Synthesis of 2,6-dimesitylphenylhydroxyltelluronium hexafluoroantimonate 

In a 100 ml schlenk tube 284 mg (0.38 mmol) 2,6-dimesitylphenyltelluride and 100 mg (0.38 

mmol) nitrosonium hexafluoroantimonate were stirred with 10 ml of dry dichloromethane for 30 

minutes at –78 °C. After warming to room temperature, the product was covered with dry n-

hexane to gain light green crystals in 93 % (356 mg) yield. 

 

1H-NMR (360 MHz, CDCl3): δ = 7.61 (t, 3JH,H = 7.5 Hz, 1H; p-C6H3), 7.09 (d, 3JH,H = 7.5 Hz, 2H; 

m- C6H3), 6.91 (d, 3JH,H = 4.9 Hz, 2H; m-MesH), 2.37 (s, 6H; p-ArCH3), 2.04 (s, 1H; TeOH), 

1.75 (d, 3JH,H = 18.5 Hz, 12H; o-ArCH3) ppm. 13C-{1H}-NMR (90 MHz, CDCl3): δ = 147.4 (s; 

ipso-C6H3), 140.1 (s; ipso-Mes),137.5 (s; p-Mes), 136.8 (s; o-Mes), 134.9 (s; p-C6H3), 133.9 (s; 

m-Mes), 133,6 (s; m-C6H3), 129.7 (d, J = 21.0 Hz; o-C6H3), 21.9 (d, J = 14.4 Hz; o-ArCH3), 21.3 

(s; p-ArCH3) ppm. 125Te-NMR (110 MHz, CDCl3): δ = 1572.2 ppm. 

 

X-ray crystallography. Intensity data of (2,6-Mes2C6H3)2E (9a, E = S; 9b, E = Se; 9c, E = Te) 

and [(2,6-Mes2C6H3)2TeOH][SbF6] (10) were collected on a Bruker Venture D8 diffractometer 

with graphite-monochromated Mo-K (0.7107 Å) radiation. The structure was solved by direct 

methods and difference Fourier synthesis with subsequent Full-matrix least-squares refine-

ments on F2, using all data.[140] All non-hydrogen atoms were refined using anisotropic dis-

placement parameters. Hydrogen atoms were included in geometrically calculated positions 

using a riding model. Crystal and refinement data are collected in Table 11. Figures were cre-

ated using DIAMOND.[141] 
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Table 11. Crystal data and structure refinement of 1a – 1c and 2. 

 9a·CH2Cl2 9b 9c 10 

Formula C48H50S·CH2Cl2 C48H50Se C48H50Te C48H50TeOHSbF6 

Formula weight, 
g mol–1 

743.87 705.84 754.48 1007.29 

Crystal system Triclinic Orthorhombic Orthorhombic Monoclinic 

Crystal size, mm 0.06  0.06  0.05 0.07  0.06  0.04 0.07  0.05  0.04  

Space group P-1 Fdd2 Fdd2 P 2/c 

a, Å 9.1237(3) 20.3777(4) 20.657(5) 16.706(5) 

b, Å 13.1914(6) 42.9059(8) 43.485(5) 13.988(5) 

c, Å 17.1003(8) 8.3558(2) 8.277(5) 21.144(5) 

, º 92.204(2) 90 90 90 

, º 102.208(2) 90 90 92.111(5) 

, º 91.970(2) 90 90 90 

V, Å3 2008.2(2) 7305.7(3) 7435(5) 4937.65(300) 

Z 2 8 8 4 

calcd, Mg m–3 1.230 1.283 1.348 1.355 

 (Mo Kα), mm–1 0.247 1.061 0.833 1.191 

F(000) 792 2976 3120 2016 

 range, deg 2.29 to 30.03 2.68 to 29.87 2.18 to 37.57 2.15 to 28.36 

Index ranges –12  h  16 –28  h  28 –35  h  35 –22  h 22 

 –18  k  19 –60  k  60 –74  k  74 –18  k  18 

 –24  l  28 –11  l  11 –14  l  14 –28  l  28 

No. of reflns 
collected 

39968 206200 150801 390756 

Completeness to 

 max 

99.2% 99.9% 99.9% 99.7% 

No. indep. Reflns 11647 5367 9813 12310 

No. obsd reflns 

with (I>2(I)) 

9566 5144 9507 9805 

No. refined params 481 228 228 600 

GooF (F2) 1.107 1.030 1.123 1.047 

R1 (F) (I > 2(I)) 0.0595 0.0514 0.0156 0.0589 

wR2 (F2) (all data) 0.1600 0.1264 0.0404 0.1717 

Largest diff 
peak/hole, e Å–3 

1.114 / –0.674 2.428 / –1.825 0.358 / –0.552 1.220 / –1.029 
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2.11. Synthesis and Characterization of Trimesityltelluronium hexa-

fluorophosphate 

2.11.1. Introduction & Results 

The synthesis of trimesityltelluronium iodide was reported by Wieber and Habersack in 1995 

[175] which reacts with potassium hexafluorophosphate to trimesityltelluronium hexafluorophos-

phate in quantitative yield. 

 

 

Scheme 23. Synthesis of trimesityltellurium hexafluorophosphate. 

 

Starting from mesityllithium, which can be obtained by the reaction of 2-bromomesitylene with 

n-butyllithium, a slightly smaller amount of tellurium tetrachloride is added. The resulting 

tetramesityltellurium is treated with aqueous sodium iodide solution, leading to trimesityltelluro-

nium iodide. Potassium hexafluorophosphate is added, generating trimesityltellurium hexa-

fluorophosphate. 

 

 

Figure 24. Molecular structure of [Mes3Te][PbF6] showing 50 % probability ellipsoids and the essential 
atom numbering. Selected bond parameters [Å, º]: Te1-C1 2.132(3), Te1-C10 2.125(3), Te1-C19 

2.131(3), C1-Te1-C10 104.26(1), Te1-F1 3.583(3), Te1-F2 3.554(1), Te1-F3 3.563(2). 
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The Te-C distances of 2.13 Å in all three mesityl groups are close to the sum of covalent radii 

(2.11 Å) [171] and the distances to the three closest fluorides in hexafluorophosphate with 3.57 

Å are noticeably smaller than the sum of Van-der-Waals-radii of 3.76 Å.[176] 

 

2.11.2. Experimental 

Reagents were obtained commercially (Sigma-Aldrich, Germany) and were used as received. 

Dry solvents were collected from a SPS800 mBraun solvent system. Diethyl ether was dried 

over potassium hydroxide and distilled of sodium/benzophenone. 1H-, 13C-, 19F-, 31P- and 125Te-

NMR spectra were recorded at RT (unless otherwise stated) using a Bruker Avance-360 spec-

trometer and are referenced to tetramethylsilane (1H, 13C), phosphoric acid (85% in water) 

(31P), trichlorofluoromethane (19F) and telluric acid (125Te). Chemical shifts are reported in parts 

per million (ppm) and coupling constants (J) are given in Hertz (Hz). Air sensitive substances 

were handled in gloveboxes “Labmaster” by M. Braun. The electrospray ionization mass spec-

trometry (ESI-MS) spectrum was obtained on the Bruker Impact II. Acetonitrile solutions were 

injected directly into the spectrometer at a flow rate of 3 µl min–1. Nitrogen was used both as a 

drying gas and for nebulization with flow rates of approximately 4 L min–1 and a pressure of 

0.4 bar. The spectrum was collected for one minute and averaged. 

 

2.11.2.1. Mesityllithium 

In a dried schlenk tube 6.0 ml (39.8 mmol) 2-bromomesitylene was dissolved in 20 ml dry 

hexane. To this solution 17.6 ml n-butyllithium (2.5-M in n-hexane) was added and the mixture 

was stirred overnight. The resulting mesityllithium was filtrated and washed with dry n-hexane 

to gain 3.21 g (64 %). 

 

2.11.2.2. Trimesityltelluronium iodide 

The synthesis of trimesityltelluriniumiodide was carried out according to Wieber and Haber-

sack.[175] 1 g (7.9 mmol) mesityllithium was stirred in 10 ml dry diethyl ether and cooled down 

to –78 °C. To this suspension 0.43 g (1.6 mmol) tellurium tetrachloride in 10 ml dry diethyl 

ether was added dropwise. The solution was allowed to warm up to room temperature and 

stirred for additional two hours. After treating with aqueous sodium iodide solution, the reaction 

mixture was warmed to 40 °C, while the trimesityltelluroniumiodide precipitates. Extraction with 

dichloromethane and washing with water gave trimesityltelluroniumiodide in 86 % (1.14 g) 

yield. 

 

2.11.2.3. Trimesityltelluronium hexafluorophosphate 

Without further purification the trimesityltelluronium iodide was dissolved in dry toluene and 

treated with potassium hexafluorophosphate. Potassium iodide was filtered off. The solvent 
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was removed and the product was obtained in quantitative yield (1.19 g). Recrystallization from 

dichloromethane/n-hexane gave yellow crystals in 89 % (1.05 g) yield. 

 

1H-NMR (360 MHz, CDCl3): δ = 7.04 (t, 3JH,H = 7.6 Hz, 1H; p-C6H3), 6.77 (s, 4H; m-MesH), 6.74 

(d, 3JH,H = 7.8 Hz, 2H; m-C6H3), 2.37 (s, 6H; p-ArCH3), 1.66 (s, 12H; o-ArCH3) ppm. 13C-{1H}-

NMR (90 MHz, CDCl3): δ = 145.4 (s; ipso-C6H3), 138.8 (s; ipso-Mes),136.8 (s; p-Mes), 136.2 

((s; o-Mes), 134.9 (s; p-C6H3), 131.6 (s; m-Mes), 128,3 (s; m-C6H3), 126.5 (s; o-C6H3), 21.38 

(s; o-ArCH3), 21.27 (s; p-ArCH3) ppm. 19F-NMR (188 MHz, CDCl3): δ = 72.2 - 76.0 (d, J = 713.5 

Hz, PF6) ppm. 31P-NMR (240 MHz, CDCl3): δ = - 143.1 (hept, 1JP,F = 704.2 Hz) ppm. 125Te-

NMR (110 MHz, CDCl3): δ = 243.5 ppm. MS (ESI, methanol, positive mode): m/z (rel.Int.) = 

487 (100) [Mes3Te+]. MS (ESI, methanol, negative mode): m/z (rel.Int.) = 145 (100) [PF6
-]. 

 

X-ray crystallography. Intensity data of [Mes3Te][PbF6] was collected on a Bruker Venture 

D8 diffractometer with graphite-monochromated Mo-K (0.7107 Å) radiation. The structure 

was solved by direct methods and difference Fourier synthesis with subsequent Full-matrix 

least-squares refinements on F2, using all data.[140] All non-hydrogen atoms were refined using 

anisotropic displacement parameters. Hydrogen atoms were included in geometrically calcu-

lated positions using a riding model. Crystal and refinement data are collected in Table 1. 

Figures were created using DIAMOND.[141] 
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Table 12. Crystal data and structure refinement of [Mes3Te][PF6] (11). 

Formula C27H33Te PF6 

Formula weight, g mol–1 630.13 

Crystal system orthorhombic 

Crystal size, mm 0.05  0.05  0.05 

Space group P b c a 

a, Å 15.722(3) 

b, Å 16.995(3) 

c, Å 19.721(4) 

, º 90 

, º 90 

, º 90 

V, Å3 5269.36(170) 

Z 8 

calcd, Mg m–3 1.589 

F(000) 2528 

  range, deg 2.40 to 30.80 

Index ranges –22  h  22 

 –24  k  24 

 –28  l  28 

No. of reflns collected 520177 

Completeness to  max 99,8% 

No. indep. Reflns 8251 

No. obsd reflns with (I>2(I)) 7500 

No. refined params 8251 

GooF (F2) 1.07 

R1 (F) (I > 2(I)) 0.042 

wR2 (F2) (all data) 0.146 

Largest diff peak/hole, e Å–3 3.81 / –1.53 
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3. Conclusion 

In the course of this work various new compounds were synthetized and characterized by 

common methods. The well-defined dibenzodioxine type heterocycle phenoxatellurine (PT) 

was investigated in its behaviour towards single electron oxidating reagents, such as nitro-

sonium salts, resulting in diamagnetic double decker respectively triple decker structures which 

can be described as dimers of the elusive radical cation [PT]•+. 

 

   

Figure 25. Phenoxatellurine double decker and triple decker structures (respective anions omitted). 

 

The stacking derives not just from London dispersion interactions and non-covalent multi-cen-

tre bonding between the tellurium atoms, but also from SOMO-SOMO interactions between 

two radical cations [PT]•+, also known as “pancake” bonding,[177] which can be realized due to 

the change in the conformation of the PT units upon oxidation. The oxidations with nitrosonium 

hexafluoroantimonate gave rise to a phenoxatellurine double decker cation, whereas the tetra-

fluoroborate salt gave rise to a triple decker structure. 

 

The reaction of PT with triflic acid led to relatively air stable triple decker structures in three 

different modifications, which were investigated by Hirshfeld surface analysis.[129] Upon expo-

sure to moist air for several weeks an oxo-bridged dimer or trimer structure evolved. 

 

Based on the well known behaviour as a donor[178] the first PT charge-transfer complex with 

1,2,5-thiadiazole derivatives was prepared and characterized. Upon gasphase cocrystalization 

a complex in ratio of 1:3 in favour of the thiadiazole acceptor was obtained. Furthermore an 

octahedral complex by the reaction of (CO)5MnBr with PT was obtained, that has two PT lig-

ands situated in cis-position, similar to the structure described by Hieber and Kruck in 1962.[142] 

In 1926 Drew discovered intensively colored solutions by dissolving PT in conc. sulphuric 

acid.[134] Almost 100 years later the nature of one of those species, which is responsible for the 
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color, has been unravelled. X-ray diffraction reveal a PT double decker structure with hydro-

gensulphate ions associated via secondary interactions. 

 

The condensation reaction of 4,4’-dimethyldiphenylether with tellurium tetrachloride afforded 

2,8-dimethyl-10,10-dichlorophenoxatellurine which shows, compared to the unsubstituted PT, 

a planar structure in which the Cl atoms are arranged in the axial positions, while the two C 

atoms are arranged in the equatorial positions. Attempts on reducing the structure to 2,8-di-

methylphenoxatellurine were unsuccessful. 

 

Isoelectronic to the neutral PT, dibenzo[b,e][1,4]iodaoxin-5-ium 4-methylbenzenesulphonate 

[C12H8OI][O3S(p-C6H4Me)] was prepared. The phenoxaiodonium ion possesses also a butter-

fly-like conformation with nearly identical I-C bond length compared to Te-C in phenoxatel-

lurine. 

 

The first 8-methoxanaphthyltellurium compounds have been introduced enhancing the variety 

of peri-substitutes naphthyl and acenaphthyl species. Furthermore new acenaphthene com-

pounds have been obtained with a diphenyphosphino-group in the 5-position and phenylchal-

cogenes in 6, opening a new path for oxidization to chalcogen radical cations. Unfortunately 

no acenaphthene radical cation was obtained upon the oxidation with nitrosonium salts.  

 

The synthesis of a trimesityltelluronium cation was made accessible, which can be used as a 

precursor on the way to stable radical cations. 

 

Moreover organotellurium compounds with bulky 2,6-dimesitylphenyl groups, namely 2,6-

dimesitylsulphide, 2,6-dimesitylphenylselenide and 2,6-dimesitylphenyltelluride were synthe-

tized and characterized. First attempts of oxidizing 2,6-dimesitylphenyltelluride with nitro-

sonium hexafluoroantimonate led to the 2,6-dimesitylphenylhydroxyltelluronium hexafluoro-

antimonate. The problem in this reaction can be the presence of the nitrosonium ion, which is 

quite reactive and can thus disturb the reaction. Furthermore a more suitable oxidizing reagent 

that coordinates weaker than hexafluoroantimonate, hexafluorophosphate or tetrafluoroborate 

could also lead to more stable radical cation, such as tetrakis(3,5-bis(trifluoromethyl)phe-

nyl)borate ([BaArF
4]-.[179]  
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4. Zusammenfassung 

In der vorliegenden Arbeit konnten eine Reihe von neuen Verbindugstypen dargestellt und 

charakterisiert werden. Die Reaktion von Phenoxatellurin (PT) mit Ein-Elektronen-Oxidations-

mitteln, wie verschiedene Nitrosylsalze, führte zur Bildung von Doppeldecker- bzw Trippel-

deckerstrukturen, die als Dimer der entsprechenden Radikalkationen [PT]•+ angesehen wer-

den können. 

Diese Dimerisierung kann aufgrund der Änderung des Faltwinkels entlang der O-Te Achse 

erfolgen. Die dabei resultierenden Wechselwirkungen lassen sich nicht nur auf London-Kräfte 

und nicht kovalente Multizentrenbindungen zwischen den Telluratomen zurückführen, sondern 

sind auch von SOMO-SOMO-Wechselwirkungen zwischen den Radikalkationen [PT]•+, ge-

nannt „pancake bonding“[177] geprägt. 

 

Die Oxidation mit Nitrosylhexafluoroantimonat führt zur Bildung einer Doppeldecker- und  mit 

dem Tetrafluoroboratsalz zu einer Trippeldeckerstruktur. 

Die Reaktion mit Trifluormethansulphonsäure ergab ebenfalls Trippeldeckerstrukturen, wobei 

aber drei verschiedene Modifikationen erhalten wurden. Diese wurden mittels Crystal Explorer 

mit der Hirshfeld Surface Analyse[129] auf ihre unterschiedlichen Wechselwirkungen untersucht. 

Nach längerem Kontakt an der Luft wurde ein Oxo-Dimer bzw. Oxo-Trimer erhalten, was eben-

falls kristallographisch nachgewiesen werden konnte. 

 

Basierend auf den Donoreigenschaften des Phenoxatellurin konnte auch der erste Charge-

Transfer Komplex mit 1,2,5-Thiadiazolederivaten dargestellt werden, wobei die hohe Stabilität 

sogar eine Gasphasen Kokristallization zuließ. Ferner ergab die Reaktion von (CO)5MnBr mit 

PT einen oktaedrischen Mangankomplex mit drei CO-Molekülliganden in facialer Anordnung 

und zwei PT Einheiten in cis-Stellung. 

 

Drew entdeckte 1926, dass sich Phenoxatellurin, ähnlich wie Thianthren, in konzentrierter 

Schwefelsäure unter Bildung stark farbiger Lösungen löst, konnte allerdings, aufgrund von zu 

damaliger Zeit fehlenden analytischen Methoden, keine genauen Rückschlüsse über die er-

haltenen Strukturen ziehen. Fast 100 Jahre nach der Entdeckung konnten die erhaltenen 

Strukturen mittels Röntgenstrukturanalyse ermittelt werden.  

 

Die Kondensationsreaktion zwischen Di-p-tolylether und Tellurtetrachlorid führte zu 2,8-Dime-

thyl-10,10-Dichlorophenoxatellurin, das im Gegensatz zu dem 10,10-Dichlorohenoxatellurin 

eine planare Struktur aufweist. Der Versuch zur Reduktion zu 2,8-Dimethylphenoxatellurin 

führte jedoch zu keinem Erfolg. 
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Das zu dem PT isoelektronische Iodosoniumsalz [C12H8OI][O3S(p-C6H4Me)] konnte im Zuge 

dieser Arbeit ebenfalls dargestellt werden. Die Diaryliodoniumsalze rückten aufgrund ihrer 

pharmakologischen Eigenschaften ins Interesse der Forschung. 

 

Zudem konnte die erste 8-Methoxynaphtyltellurverbindung dargestellt werden. Auch konnten 

neue Acenaphthenverbindungen mit Diphenylphosphin in peri-Stellung zu Chalkogenphenylen 

synthetisiert werden. Allerdings konnten diese nicht mit den Nitrosylsalzen zum Radikalkation 

oxidiert werden. 

 

Des Weiteren wurde Trimesityltellurioniumhexafluorophosphat aus dem entsprechenden Iodid 

gewonnen und charakterisiert. 

 

Schließlich wurden Chalkogenverbindungen mit sterisch anspruchsvolleren 2,6-Dimesitylphe-

nylresten (m-Terphenyl) dargestellt. Das dabei erhaltenen Bis(m-Terphenyl)sulphid, Bis(m-

Terphenyl)selenid und Bis(m-Terphenyl)tellurid könnte, aufgrund des großen organischen Ge-

rüsts die Radikalbildung der jeweiligen Chalkogene weit genug abschirmen, um diese zu sta-

bilisieren. Allerdings führte die erste Umsetzung von Bis(m-Terphenyl)tellurid mit Nitrosylhe-

xafluoroantimonat zu Bis(m-Terpheny)hydroxotelluroniumhexafluoroantimonat. 

Vermutlich ist die Wahl der Nitrosylsalze für diese Reaktionen eher ungeeignet, da das Nitrosyl 

die Reaktion stören könnte, obwohl in der Arbeitsgruppe die Bis(m-Terphenyl)dichalcogene 

bereits erfolgreich zu Radikalkationen oxidiert werden konnten.[113] Durch die Verwendung 

schwach koordinierender Anionen, zum Beispiel dem Tetrakis(3,5-bis(trifluormethyl)phe-

nyl)borat ([BaArF
4]- könnten die gewünschten Radikale erhalten werden. 
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