
 

 

 

  

Faculty of Chemistry and Chemical Engineering 

 

 

 

 

 

The case study of a polyfluorinated m-terphenyl substituent in 

main group organometallic chemistry. 

Synthesis, characterization, and reactivity of 2,4,6-(C6F5)3C6H2-

substituted organosilicon and -pnicogen compounds 

 

 

 

Marian OLARU 

 

 

PhD Thesis Abstract 

 

 

 

 

 

Scientific advisor  

Prof. Dr. Cristian Silvestru 

 

Cluj-Napoca 

2016 

 





Review committee 
 
 
Chair:    Prof. Dr. Ion Grosu 
    Universitatea Babeș-Bolyai 
 
 
Scientific advisor:  Prof. Dr. Cristian Silvestru 
    Universitatea Babeș-Bolyai 
 
 
Reviewers:   Prof. Dr. Ionel Haiduc 
    Universitatea Babeș-Bolyai 
 
 
    Prof. Dr. Jens Beckmann 
    Universität Bremen 
 
 
    Directeur de recherche 2 Dr. Narcis Avarvari 
    Université Angers 
 
 
    Assoc. Prof. Dr. Augustin Mădălan 
    Universitatea București 



 



Contents 

 

 

I. Introduction 1 

Types of m-terphenyl substituents 3 

Synthesis of m-terphenyl precursors 8 

m-Terphenyls as substituents or ligands 13 

II. Results and discussion 25 

Functionalized polyfluorinated arenes. Synthesis and characterization 25 

A short study on silylium ions 37 

Synthesis and characterization of organopnicogen(III) halides 56 

Monoorganopnicogen(V) halides 76 

Synthesis and characterization of monoorganopnicogen hydrides 86 

Preparation of dipnictenes 89 

Diorganopnicogen(III) halides and related diorganopnicogen cations 94 

Other results: bulky phenol derivatives with m-terphenyl backbone 106 

III. Conclusions 107 

IV. Experimental section 113 

General information 113 

Materials 114 

Synthetic procedures 114 

V. Acknowledgements 141 

VI. References 143 

Annex 1. List of relevant articles and accepted manuscripts 157 

 

 

 

 

 

 

Keywords: organosilicon compounds, organopnicogen compounds, m-terphenyl, 

polyfluorinated derivatives, Ullmann 

 





 1 

Introduction 

The substituents play a critical role with respect to physical and chemical properties 

of organometallic compounds and provide different means of controlling the reactivity of 

the metal centre. Different substituents/ligands have been and continue to be developed 

and employed in organometallic chemistry depending on the end goal of the research. 

m-Terphenyls are sterically demanding building blocks that have been used 

extensively as substituents or ligands in the chemistry of a substantial number of metals.1,2 

The anatomy of m-terphenyls is simple: two aromatic moieties are connected in reciprocal 

meta position on a central aromatic ring. The two aryl groups, also referred to as flanking 

aromatic groups, are twisted with respect to the central ring and form a protective bowl 

shape cavity which can accommodate the metal (Figure 1). 

Electronic and steric properties of a m-terphenyl can be modified by formally 

introducing various functional groups on the flanking or central aromatic ring. The 

flanking aromatic groups are commonly decorated with alkyl groups, such as methyl, iso-

propyl, or tert-butyl (Figure 1) which increase considerably steric hindrance (kinetic 

stabilization). In addition, the lateral aromatic groups become electron-rich and are more 

suitable to establish M∙∙∙π interactions (a form of thermodynamic stabilization). m-

Terphenyl substituents containing aryl groups such as 2,4,6-Me3C6H2 (Mes), Me5C6, 2,6-

(i-Pr)2C6H3 or 2,4,6-(i-Pr)3C6H2 have been frequently employed for the stabilization of 

low-valent organometallic compounds featuring multiple bonds between heavy main group 

atoms.3-5 The introduction of bulky substituents in position 3 and 5 of the central aromatic 

ring can also block the rotation of the flanking aryl groups and consequently prevent 

possible undesired cyclometallation reactions between the reactive metal centre and the 

flanking aromatic rings.6 

One of the first employed method of preparation for m-terphenyls was the one-pot 

protocol developed by Hart et al. in mid 80s.7 In this protocol, 2,6-dibromoiodobenzene 

was reacted with different aromatic organomagnesium reagents to obtain 2,6-

diarylphenylmagnesium halides which were quenched with an electrophile, usually water 

or iodine, in order to isolate and characterize the products. Iodoterphenyls were obtained 

by this protocol with fairly good yields.7 The method was improved later with the 

introduction of the more affordable 1,3-Cl2C6H3 as starting material. In the amended 

protocol, 1,3-Cl2C6H3Li instead of 2,6-Cl2C6H3I was reacted with two or more equivalents 

of organolithium or -magnesium reagents to obtain, after quenching with iodine, m-

terphenyl derivatives with very good yields.8 This method, still used today for multi-gram 



synthesis of m-terphenyl precursors, was preferred by the group of Power who, in 

upcoming years, would transform it into routine and contribute significantly to the 

development m-terphenyls and 

Figure 1. Generalized m-terphenyl
space-filling depiction of their molecular structures determined by 

With the development of versatile and highly efficient catalysts for aromatic 

carbon-carbon bond formation, a series of alternative methods for the synthesis of 

terphenyl precursors became available. An advantage of some of these cross

methodologies is that they allow the preparation of 

that are incompatible with the reaction conditions of the Hart method (strongly basic 

organolithium or -magnesium compounds and high temperatures); Suzuki and Negishi 

protocols, for example, are considered more tolerant in this respect. In a recent review 

different synthetic approaches to preparing terphenyl derivatives, including 

para-terphenyls have been discussed.

A 2014 survey in the Cambridge Structural Database revealed that a significant 

number of compounds bearing 

crystal X-ray diffraction. This was true for most main group elements (except noble gases, 

radioactive elements, and K, Rb, Cs, Sr, Ba), a substantial number of transition metals, and 

some lanthanides.19 

The first crystal structure of an organometallic compound bearing a 

substituent was reported by Power 
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terphenyl precursors, was preferred by the group of Power who, in 

would transform it into routine and contribute significantly to the 

terphenyls and m-terphenyl-based organometallic chemistry.

terphenyl substituent (top), common m-terphenyl
filling depiction of their molecular structures determined by single

diffraction.9,16,17 

With the development of versatile and highly efficient catalysts for aromatic 

carbon bond formation, a series of alternative methods for the synthesis of 

me available. An advantage of some of these cross

methodologies is that they allow the preparation of m-terphenyls with functional groups 

that are incompatible with the reaction conditions of the Hart method (strongly basic 

sium compounds and high temperatures); Suzuki and Negishi 

protocols, for example, are considered more tolerant in this respect. In a recent review 

different synthetic approaches to preparing terphenyl derivatives, including 

een discussed.18 

A 2014 survey in the Cambridge Structural Database revealed that a significant 

number of compounds bearing m-terphenyl substituents have been characterized by single

ray diffraction. This was true for most main group elements (except noble gases, 

radioactive elements, and K, Rb, Cs, Sr, Ba), a substantial number of transition metals, and 

The first crystal structure of an organometallic compound bearing a 

substituent was reported by Power et al. in 1991 for [(2,4,6-Ph3C6H2)GaP(

terphenyl precursors, was preferred by the group of Power who, in 

would transform it into routine and contribute significantly to the 

based organometallic chemistry.9-15 

 

 

terphenyl iodides and the 
ngle-crystal X-ray 

With the development of versatile and highly efficient catalysts for aromatic 

carbon bond formation, a series of alternative methods for the synthesis of m-

me available. An advantage of some of these cross-coupling 

terphenyls with functional groups 

that are incompatible with the reaction conditions of the Hart method (strongly basic 

sium compounds and high temperatures); Suzuki and Negishi 

protocols, for example, are considered more tolerant in this respect. In a recent review 

different synthetic approaches to preparing terphenyl derivatives, including ortho and 

A 2014 survey in the Cambridge Structural Database revealed that a significant 

e been characterized by single-

ray diffraction. This was true for most main group elements (except noble gases, 

radioactive elements, and K, Rb, Cs, Sr, Ba), a substantial number of transition metals, and 

The first crystal structure of an organometallic compound bearing a m-terphenyl 

)GaP(cyclo-C6H11)]3 



featuring a cyclic Ga3P3 ring.

and transition metal organometallic chemistry field continued since

the isolation of the first stable compound featuring a fivefold metal

2).21  

Figure 2. Depiction of the molecular structure of [2,6
Hydrogen atoms were omitted for clarity.

In the introductory part of the thesis, a

structures of some transition 

presented.22-26 Many other results in this area have been reviewed recently.

Important advances have been made also in the area of main group organometallic

chemistry.1,2,11 The introductory 

the impact this class of substituents had in main group organometallic chemistry. The

discussion is not exhaustive and is

organopnicogen compounds bearing at least one 

 

Results 

In this study, a series of main group (silicon and group 15

compounds containing a polyfluorinated 

synthesized and characterized by spectroscopic 

mass spectrometry and single

The primary goal of this work was to survey the behavior and properties of th

electron-poor polyfluorinated

chemistry of main group elements (with 
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ring.20 Developments in the m-terphenyl supported main group 

and transition metal organometallic chemistry field continued since and culminated with 

the isolation of the first stable compound featuring a fivefold metal-metal bond

 

. Depiction of the molecular structure of [2,6-{2',6'-(i-Pr)2C
Hydrogen atoms were omitted for clarity.21 

In the introductory part of the thesis, a discussion highlighting the remarkable 

structures of some transition metal compounds supported by m-terphenyl substituents was 

Many other results in this area have been reviewed recently.

Important advances have been made also in the area of main group organometallic

introductory section of the thesis gives also a concise presentation of 

the impact this class of substituents had in main group organometallic chemistry. The

is not exhaustive and is constrained mainly to examples of organosilicon and 

organopnicogen compounds bearing at least one m-terphenyl moiety.4,29

ries of main group (silicon and group 15 elements

compounds containing a polyfluorinated m-terphenyl substituent, 2,4,6

synthesized and characterized by spectroscopic methods (NMR, IR where applicable

single-crystal X-ray diffraction when possible. 

The primary goal of this work was to survey the behavior and properties of th

poor polyfluorinated 2,4,6-(C6F5)3C6H2 substituent and to contribute to the 

chemistry of main group elements (with emphasis on the pnicogens). Investigations of the 

terphenyl supported main group 

and culminated with 

metal bond (Figure 

 

C6H3} 2C6H3Cr]2. 

discussion highlighting the remarkable 

enyl substituents was 

Many other results in this area have been reviewed recently.27,28  

Important advances have been made also in the area of main group organometallic 

section of the thesis gives also a concise presentation of 

the impact this class of substituents had in main group organometallic chemistry. The 

examples of organosilicon and 
29-35 

elements) organometallic 

terphenyl substituent, 2,4,6-(C6F5)3C6H2, was 

methods (NMR, IR where applicable), 

The primary goal of this work was to survey the behavior and properties of the 

and to contribute to the 

emphasis on the pnicogens). Investigations of the 



 4 

reactivity of some of these compounds were undertaken. Attempts were made to isolate 

previously unknown or under-studied species. 

The thesis starts with a brief discussion of the work done regarding the synthesis of 

several functionalized polyfluorinated arenes (Scheme 1).36  

 

Scheme 1. Synthesis of organic compounds 6–9.36 

The precursor 2,4,6-(C6F5)3C6H2Br (9) [Scheme 1, (b)] was obtained in the 

Ullmann-type cross-coupling reaction between 2,4,6-I3C6H2Br (2a) and C6F5Cu. The 

aniline derivative, 2,4,6-(C6F5)3C6H2NH2 (5), was used to synthesize the isocyanide 

derivative 2,4,6-(C6F5)3C6H2NC [Scheme 1, (a)]. The iodide 2,4,6-(C6F5)3C6H2I (6) was 

obtained by two different routes: using 2,4,6-(C6F5)3C6H2NH2 as starting material in a 

Sandmeyer reaction or starting from 2,4,6-(C6F5)3C6H2Br which was subjected to lithiation 

followed by quenching the organolithium intermediate with iodine. The direct synthesis of 

6 was also attempted in the reaction of 1,2,3,5-I4C6H2 (2b) and C6F5Cu [Scheme 1, (c)]. 
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The coupling test was carried out despite the fact that the starting material had four iodine 

atoms of approximately equal reactivity. The reasoning was that if the coupling reaction 

takes place initially with a great preference for positions 1 or 3 (statistically more favored 

than position 2), then position 2 would react with greater difficulty (or not at all) since 

there would be steric hindrance provided by the initially coupled C6F5 group. However, the 

rationale failed and a mixture of coupling products (including the tetra-substituted arene 

6c) was obtained with no selectivity for the formation of 6. The structures of compounds 

6b and 6c were determined by single-crystal X-ray diffraction while the formation of 6 and 

6a was inferred from 1H and 19F NMR spectra. 

Metallation reactions were studied using both 2,4,6-(C6F5)3C6H2Br (9) and 2,4,6-

(C6F5)3C6H2I (6) as starting materials. The first organosilicon derivative synthesized was 

2,4,6-(C6F5)3C6H2Si(H)Me2 (10).36 Initial lithiation conditions were sufficient to allow the 

synthesis of 10 in good yields. Thus reaction of 6 with n-BuLi in hexane at −80 °C (for 2 

h) followed by the addition of Me2Si(H)Cl gave 10 with 74% (Scheme 2). The same 

reaction performed using 9 as starting material gave only a small amount of product while 

most of the precursor was recovered unreacted despite the fact that the lithiation reaction 

was extended to 5 h. When the lithium bromine exchange reaction was carried at room 

temperature (1.5 h), the reactivity of 9 increased significantly, and product 10 was isolated 

with 60% yield. Reaction of 2,4,6-(C6F5)3C6H2Li with Me2SiCl2 gave 2,4,6-

(C6F5)3C6H2Si(Cl)Me2 (11) as the main product. The purification of moisture sensitive 

compound 11 was cumbersome. Reaction of 10 with SO2Cl2 gave 11 almost quantitatively 

with no need for further purification steps.36 

Several attempts were made to isolate the silylium species [2,4,6-

(C6F5)3C6H2SiMe2][B(C6F5)4] to no avail. Surprisingly the reaction of 10 with 

[Ph3C][B(C6F5)4] in C6D6 at room or high temperature did not afford the silylium species 

[2,4,6-(C6F5)3C6H2SiMe2][B(C6F5)4] (12). In all attempts the starting material was 

recovered. Reactions of 11 with K[B(C6F5)4] or Ag[B(C6F5)4] were not successful either, 

but the reaction of 11 with Ag[PF6] in C6D6 gave 2,4,6-(C6F5)3C6H2Si(F)Me2 (13) as the 

main product.36 This result indicated that the formation of 12 did took place, even if as a 

short lived species, but the 2,4,6-(C6F5)3C6H2 substituent was not able to provide enough 

kinetic stabilization. Not surprisingly, the highly Lewis acidic 12 abstracted a fluoride ion 

from the PF6 anion, which led to the formation of 13. 
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Scheme 2. Synthesis of 10 and 11.36 

Targeting still silylium ions and inspired in part by a previous study regarding 

silylium species featuring Fe∙∙∙Si interactions,37 a side-project was addressed next. This 

project had as the main goal the isolation of cationic silyl species displaying stabilizing 

Si∙∙∙Au interactions (Scheme 3).  

 

Scheme 3. Synthetic strategies employed for the synthesis of 17, 23 and 24.38 

Two alternative strategies were tested in order to synthesize the target silylium 

species [2,6-{Ph2P(AuC6F5)} 2C6H3SiMe2][B(C6F5)4] (17) and both failed as a direct result 

of the product's high reactivity. The P,C,P-ligand system was then altered so that one 

donating group (S or Se), would coordinate from close proximity the positively charged 

silicon atom while the other flanking position would still be available to support a gold 
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containing moiety for further Si∙∙∙Au stabilizing interactions. This strategy greatly pacified 

the Lewis acidity of the silylium species, and thus allowed the isolation of the target 

compounds [2-Ph2P(AuC6F5)-6-Ph2P(E)-C6H3SiMe2][BAr F
4], E = S (23), Se (24).38 

Monoorganopnicogen(III) halides, 2,4,6-(C6F5)3C6H2EX2 (E = P, As, Sb, Bi; X = F, 

Cl) were synthesized and fully characterized. The lithiation reaction conditions were 

modified and improved in order to isolate the organopnicogen chlorides with good purity. 

Reaction of 9 with one equivalent of n-BuLi in a mixture of hexane and toluene (3:1 v/v) at 

0 °C proceeded smoothly within 2 to 4 h to give the organolithium derivative 2,4,6-

(C6F5)3C6H2Li. In the next step, 2,4,6-(C6F5)3C6H2Li was reacted with PCl3 or AsCl3 at 

temperatures below −35 °C in order to obtain 2,4,6-(C6F5)3C6H2PCl2 (25) and 2,4,6-

(C6F5)3C6H2AsCl2 (26), respectively (Scheme 4).  

 

Scheme 4. Synthesis of 25–28. 

The fast addition of a solution of SbCl3 dissolved in the minimum volume of 

toluene over the pre-cooled (−60 °C) suspension of 2,4,6-(C6F5)3C6H2Li gave, after 

removal of LiCl and all other volatiles, 2,4,6-(C6F5)3C6H2SbCl2 (27) as the main product. 

In order to obtain 2,4,6-(C6F5)3C6H2BiCl2 (28) and disfavor the formation of [2,4,6-

(C6F5)3C6H2]2BiCl , the organolithium intermediate was treated with an excess of ZnBr2. 
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The very slow addition of the organozinc intermediates over a solution of BiCl3 in toluene 

(at room temperature) afforded 28 as main product. 

Compounds 25–28 were isolated as white or off-white solids that can be stored in 

air at least for weeks without noticeable decomposition. In solution 25–28 react with traces 

of water and oxygen. When a solution of 25 was exposed to air and moisture, the initial 

formation of, most likely, 2,4,6-(C6F5)3C6H2P(O)HCl (29) was observed to take place. 

Derivative 29 reacted further when exposed to air and moisture to give an insoluble (in 

C6D6, CDCl3, CH2Cl2) white product identified as 2,4,6-(C6F5)3C6H2P(O)H(OH) (29a). 

Compounds 27 and 28 decomposed slowly with formation of 1,3,5-(C6F5)3C6H3 and 

inorganic by-products upon exposure of their solutions to atmospheric conditions. 

Compounds 25 and 26 reacted with ZnF2 to afford the corresponding fluorides 

2,4,6-(C6F5)3C6H2PF2 (30) and 2,4,6-(C6F5)3C6H2AsF2 (31). The isolation and purification 

of 31 was unsuccessful.  

 

Scheme 5. Synthesis of 33–35. 
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Well-defined, pentacoordinated monoorganopnicogen(V) tetrahalides with known 

molecular structures determined by single-crystal X-ray diffraction are very rare. This 

motivated the synthesis and structural characterization of organopnicogen(V) tetrachlorides 

of type 2,4,6-(C6F5)3C6H2ECl4 (E = P–Bi). 

Reaction of 2,4,6-(C6F5)3C6H2PCl2 with SO2Cl2, PhICl2 or chlorine gas (Scheme 5), 

gave in all cases two products: the tetrachloride 2,4,6-(C6F5)3C6H2PCl4 (33) as the main 

product and a variable amount of 2,4,6-(C6F5)3C6H2P(O)Cl2 (34). Due to its sensitivity 

toward hydrolysis, 33 could not be obtained free of 34. The latter reacted slowly with water 

to give eventually 2,4,6-(C6F5)3C6H2P(O)(OH)2 (34a). The attempts to oxidize 26 and 28 

in reactions with Cl2 or PhICl2 failed to afford the corresponding monoorganopnicogen 

tetrachlorides. The only product isolated from the aforementioned trials was 2,4,6-

(C6F5)3C6H2Cl.36 The oxidation reaction of 2,4,6-(C6F5)3C6H2SbCl2 with SO2Cl2 afforded 

2,4,6-(C6F5)3C6H2SbCl4 (35) as the main product.  

Reactions of 2,4,6-(C6F5)3C6H2ECl2 [E = P (25), As (26), Sb (27)] with LiAlH 4 in 

Et2O afforded the corresponding hydrides 2,4,6-(C6F5)3C6H2EH2 [P (36), As (37), Sb (38)] 

in good yields (Scheme 7). 

 

Scheme 6. Synthesis of 36–38. 

Unfortunately all efforts undertaken in order to obtain crystals of these hydrides 

suitable for single-crystal X-ray diffraction studies were unsuccessful. Their identity was 

however univocally established by NMR spectroscopy. The resonance signals 

corresponding to the two hydrogen atoms bonded to pnicogens were in all cases observable 

by 1H NMR spectroscopy. 

With the monoorganopnicogen(III) chlorides and, except for bismuth, all 

monoorganopnicogen hydrides at hand, the synthesis of dipnictenes was attempted next. 

All attempts to prepare dipnictenes by following previously reported methods have failed 

to give the desired products. The use of Hunig's base [(i-Pr)2NEt] as HCl sequestration 

reagent was however rewarding and allowed [2,4,6-(C6F5)3C6H2E]2 [E = P (39), As (40)] 

and 2,4,6-(C6F5)3C6H2As=PC6H2(C6F5)3-2,4,6 (41) to be obtained upon reacting 
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monoorganopnicogen(III) chlorides with monosubstituted pnicogen hydrides (Scheme 7). 

Efforts to isolate these dipnictenes were impeded by their limited stability.  

 

Scheme 7. Synthesis of 39–41. 

 

Scheme 8. Synthesis of 42–45. 

The complete homologues series of diorganopnicogen(III) halides was prepared 

and all compounds were completely characterized. The synthetic methods used to obtain 

diorganopnicogen(III) halides [2,4,6-(C6F5)3C6H2]2EX [E = P (42), As (43), Sb (44), Bi 

(45), X = F or Cl] are presented in Scheme 8Error! Reference source not found.. To 

ensure the preparation of [2,4,6-(C6F5)3C6H2]2PF is successful, 2,4,6-(C6F5)3C6H2PF2 was 
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used as starting material. For the synthesis of the heavier analogues compounds this 

precaution was not necessary. In fact, because of the larger atomic radius of bismuth and a 

slightly decreased steric encumbrance of the 2,4,6-(C6F5)3C6H2 substituent, the 

triorganobismuthine [2,4,6-(C6F5)3C6H2]2Bi[2-(Me2NCH2)C6H4] (46) could also be 

obtained easily. Thus reaction of 2,4,6-(C6F5)3C6H2Li with 2-(Me2NCH2)C6H4BiBr2 in 

toluene at 0 °C afforded compound 46 with 70% yield.39 All these compounds were 

isolated as fairly robust nonvolatile solids characterized by high (above 200 °C) melting 

points. All compounds were stable to atmospheric conditions in solid state. Two of the 

compounds were seemingly inert to hydrolysis in solution and withstood separation by 

column chromatography. Attempts to obtain single-crystals of 44 eventually resulted in 

complete decomposition of the product with formation of 2,4,6-(C6F5)3C6H3 and insoluble 

inorganic byproducts. The heavier congener, 45, had a similar fate. Unfortunately all 

attempts to generate the corresponding pnictenium cations were not successful due to a 

poor reactivity of the [2,4,6-(C6F5)3C6H2]2ECl [E = P (42), Bi (45)] derivatives towards 

halide abstraction reagents.  

Other results, referring to bulky phenol derivatives with m-terphenyl backbone 

have been also briefly accounted.40 

 

Conclusions 

Overall, the 2,4,6-(C6F5)3C6H2 substituent behaves to some extent similarly to a 

mid-size classic m-terphenyl group with respect to steric properties. It is true that the 

polyfluorinated m-terphenyl is more prone to engage in undesired side reactions and in this 

respect it may be difficult for it to support an extraordinarily reactive functional group. 

Some compounds that were studied herein displayed rather unusually high reactivity. For 

example, the 2,4,6-(C6F5)3C6H2Li seemed to be slowly decomposing at room temperature 

and 2,4,6-(C6F5)3C6H2AsCl4 decomposed very easily to 2,4,6-(C6F5)3C6H2Cl. The 

substituent cannot be held responsible for not providing sufficient kinetic stabilization for 

both cases. If for the former compound one can imagine LiF elimination as a possible 

cause of the compound's instability, for the latter, one could reasonably blame electronic 

effects. A similar observation could be made for the rather surprising sensitivity of [2,4,6-

(C6F5)3C6H2]2ECl (E = Sb, Bi) toward hydrolysis. The nature and extent these electronic 

effects influenced the reactivity of some of the studied compounds cannot be, at the 

moment, quantified as this matter requires more (future) investigations. Hopes are this 

thesis will provide a good starting point if such an endeavor is to be taken. 
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The projected physical properties the 2,4,6-(C6F5)3C6H2 substituent would impose 

in the compounds studied in this thesis was confirmed in most cases. Predicted properties 

such as high solubility in a broad spectrum of organic solvents and improved volatility 

(with respect to sublimation points) observed for most of the studied compounds also 

applied to the side-products and other impurities as well. More often than not this was a 

setback as it reduced the efficiency of most purification methods available. In some cases 

the unavailability of any efficient purification methods prohibited the isolation of the pure 

target product. In other cases the only way to avoid significant (yield) losses was to design 

the reaction in a way it would produce the least amount of side-products. 

 

References 
 
1. Clyburne, J. A. C.; McMullen, N. Coord. Chem. Rev. 2000, 210, 73–99.  
2. Rivard, E.; Power, P. P. Inorg. Chem. 2007, 46, 10047–10064.  
3. Pu, L.; Twamley, B.; Power, P. P. J. Am. Chem. Soc. 2000, 122, 3524–3525.  
4. Twamley, B.; Sofield, C. D.; Olmstead, M. M.; Power, P. P. J. Am. Chem. Soc. 1999, 

121, 3357–3367.  
5. Twamley, B.; Power, P. P. Chem. Commun. 1998, 1979–1980.  
6. Vilardo, J. S.; Lockwood, M. A.; Hanson, L. G.; Clark, J. R.; Parkin, B. C.; 

Fanwick, P. E.; Rothwell, I. P. J. Chem. Soc., Dalton Trans. 1997, 0, 3353–3362.  
7. Du, C. J. F.; Hart, H.; Ng, K. K. D. J. Org. Chem. 1986, 51, 3162–3165.  
8. Saednya, A.; Hart, H. Synthesis 1996, 1455–1458.  
9. Twamley, B.; Hardman, N. J.; Power, P. P. Acta Crystallogr., Sect. C: Cryst. Struct. 

Commun. 2000, 56, e514–e515.  
10. Simons, R. S.; Haubrich, S. T.; Mork, B. V.; Niemeyer, M.; Power, P. P. Main Group 

Chem. 1998, 2, 275–283.  
11. Twamley, B.; Haubrich, S. T.; Power, P. P. In Advances in Organometallic Chemistry; 

West, R., Hill, A. F., Eds.; Academic Press, 1999; Vol. 44; pp 1–65.  
12. Schiemenz, B.; Power, P. P. Organometallics 1996, 15, 958–964.  
13. Stanciu, C.; Richards, A. F.; Fettinger, J. C.; Brynda, M.; Power, P. P. J. Organomet. 

Chem. 2006, 691, 2540–2545.  
14. Stanciu, C.; Fox, A. R.; Richards, A. F.; Fettinger, J. C.; Power, P. P. J. Organomet. 

Chem. 2006, 691, 2546–2553.  
15. Hardman, N. J.; Twamley, B.; Stender, M.; Baldwin, R.; Hino, S.; Schiemenz, B.; 

Kauzlarich, S. M.; Power, P. P. J. Organomet. Chem. 2002, 643-644, 461–467.  
16. Zakharov, L. N.; Rheingold, A. L.; Protasiewicz, J. D. CCDC 206509: Private 

communication to the Cambridge Structural Database, 2003. 
17. Niemeyer, M. Organometallics 1998, 17, 4649–4656.  
18. Adrio, L. A.; Miguez, J. M. A.; Hii, K. K. Org. Prep. Proced. Int. 2009, 41, 331–358.  
19. Sattler, A.; Parkin, G. Organometallics 2015, 34, 1828–1843.  
20. Hope, H.; Pestana, D. C.; Power, P. P. Angew. Chem., Int. Ed. 1991, 30, 691–693.  



 13 

21. Nguyen, T.; Sutton, A. D.; Brynda, M.; Fettinger, J. C.; Long, G. J.; Power, P. P. 
Science 2005, 310, 844–847.  

22. Nguyen, T.; Merrill, W. A.; Ni, C.; Lei, H.; Fettinger, J. C.; Ellis, B. D.; Long, G. J.; 
Brynda, M.; Power, P. P. Angew. Chem. Int. Ed. 2008, 47, 9115–9117.  

23. Ni, C.; Ellis, B. D.; Fettinger, J. C.; Long, G. J.; Power, P. P. Chem. Commun. 2008, 
1014–1016.  

24. Lei, H.; Guo, J.-D.; Fettinger, J. C.; Nagase, S.; Power, P. P. J. Am. Chem. Soc. 2010, 
132, 17399–17401.  

25. Fox, B. J.; Millard, M. D.; DiPasquale, A. G.; Rheingold, A. L.; Figueroa, J. S. Angew. 
Chem., Int. Ed. 2009, 48, 3473–3477.  

26. Emerich, B. M.; Moore, C. E.; Fox, B. J.; Rheingold, A. L.; Figueroa, J. S. 
Organometallics 2011, 30, 2598–2608.  

27. Ni, C.; Power, P. Struct. Bond. 2010, 136, 59–111.  
28. Kays, D. L. Dalton Trans. 2011, 40, 769–778.  
29. Gerdes, C.; Saak, W.; Haase, D.; Müller, T. J. Am. Chem. Soc. 2013, 135, 10353–

10361.  
30. Filippou, A. C.; Chernov, O.; Stumpf, K. W.; Schnakenburg, G. Angew. Chem., Int. Ed. 

2010, 49, 3296–3300.  
31. Urnezius, E.; Protasiewicz, J. D. Main Group Chem. 1996, 1, 369–372.  
32. Beckmann, J.; Finke, P.; Hesse, M.; Wettig, B. Angew. Chem., Int. Ed. 2008, 47, 9982–

9984.  
33. Hardman, N. J.; Twamley, B.; Power, P. P. Angew. Chem., Int. Ed. 2000, 39, 2771–

2773.  
34. Twamley, B.; Hwang, C.-S.; Hardman, N. J.; Power, P. P. J. Organomet. Chem. 2000, 

609, 152–160.  
35. Lehmann, M.; Schulz, A.; Villinger, A. Angew. Chem. Int. Ed. 2012, 51, 8087–8091.  
36. Olaru, M.; Beckmann, J.; Rat, C. I. Organometallics 2014, 33, 3012–3020.  
37. Müther, K.; Fröhlich, R.; Mück-Lichtenfeld, C.; Grimme, S.; Oestreich, M. J. Am. 

Chem. Soc. 2011, 133, 12442–12444.  
38. Denhof, A.; Olaru, M.; Lork, E.; Mebs, S.; Checinska, L.; Beckmann, J. Silyl Cations 

Stabilized by Pincer Type Ligands with Adjustable Donor Atoms. submitted. 
39. Olaru, M.; Nema, M. G.; Soran, A. P.; Breunig, H. J.; Silvestru, C. Dalton Trans. 

2016, 45, 9419–9428 
40. Solea, A. B.; Olaru, M.; Silvestru, C.; Rat, C. I. Z. Naturforsch., B: Chem. Sci. 2015, 

70, 77–81.  
 


