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INTRODUCTION

1 INTRODUCTION

Despite the increasing attention directed to the structure and reactivity of
organotellurium compounds in the last decades their chemistry has still to be
considered as only moderately examined compared to the related lighter group 16

elements sulfur and selenium.

Sulfur was - due to its elemental occurrence — already known and used in ancient
times. One of its well-known use was in the historic production of gunpowder.
Nowadays, sulfur compounds count among the most extensively examined

compounds in chemistry.

This can be attributed to the diversity of sulfur chemistry — to nearly every known
carbon-oxygen compound exists a sulfur analogue — and their multiple different
possible applications as well as their extensive use in the industry. The production of
sulfuric acid amounts to 165 Mio. tons (dates from 2001 -2007)™ which is one of the
most essential resource in the industrial production process. The main amount is
used in the production of fertilizer (e.g. for the chemical extraction of phosphates or
used as sulfates additives in fertilizer). Other applications of sulfur compounds are in
the paper industry (aluminum sulfate), the production of synthetic colorants
(e.g. thioindigo®?), tensides (like alkylbenzene sulfonate) or as insecticides

(e.g. like the diemethoate PESTANAL® from Sigma-Aldrich) to name just a few.

Beside a use in large-scale production organosulfur compounds are also important
reagents in the organo chemistry, which are extensively described in the literature.
For example is the Julia-Lythogoe-Olifination a vital reaction pathway for the
syntheses of C=C trans-olefines using an alkylphenylsulfone. Another application is
the Corey-Seebach-Reaction — for the synthesis of aldehydes and ketones from

formaldehyde — featuring the propan-1,3-dithiol®.

Selenium was discovered 1782 by J. J. Berzelius as the last non-radioactive element
of the group 16 elements. Organoselenium compounds show a similar behavior as

their corresponding sulfur compounds and are today the object of extensive research.
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Although the first organoselenium compound was synthesized 1836 by Lowig!,
selenium was of little importance concerning preparations in the organic chemistry.
Besides elemental selenium only selenium dioxide — for the oxidation of olefines and

carbonyl-compounds — was used in organic synthesis.

However, in 1976 due to the new reaction pathway of a syn-elimination via PhSeOH,
which was independently developed by Sharpless®”, Clive® and Reich®, the
application of selenium compounds in the organic synthesis took an important leap
forward. These findings of the syn-elimination via PhSeOH and applications of other
selenium compounds (like vinylic selenides) — which could be used for the
functionalization of alkenes — lead to an extensive research concerning
organoselenium compounds. However, in comparison with the above mentioned
sulfur compounds there are still several unsolved issues concerning some selenium

compound classes.

In comparison to the lighter related elements of tellurium the examination of
organotellurium compounds could be described as moderately at best. Despite the
facts that the first organotellurium compound was already described by Wohler™®
1840 and the pioneering work of Lederer concerning diorganotellurium oxides,
R,TeO (R=alkyl, aryl), nearly a century ago™, the development in the

organotellurium chemistry stagnated more or less thereatfter.

The reasons for this lack of interest are divers. The limited progress was due to the
difficult handling and low stability of some organotellurium compounds and the poor
availability of tellurium, which has only increased in modern times due to the progress
in electrolytic refining of copper, whereby the tellurium could be isolated in the anode
sludge.

Another explanation could be the common misconception that tellurium chemistry
closely resembles selenium chemistry, which probably dates back to the discovery of
selenium. Nearly twenty years after the discovery of tellurium by F. J. Miller von
Reichenstein (1782), whereby the name was given by Klaproth in reference to the
earth (lat.: tellus = earth), selenium was named after the Greek moon goddess
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Selene. This name was chosen to point to the close relation with the element tellur,

named after the earth, and the newly found element selenium!*?.

However, the interest in organotellurium compounds has increased in recent years.
New results point to a different reactivity of organotellurium compounds compared to
the reactivity of organoselenium compounds. Due to their different behavior a
growing amount of work is directed to the examination of organotellurium compounds
and their possible applications. An increasing number of organotellurium compounds
are used, like the diaryltellurium(lV) oxides, R,TeO (e.g. R = Ph, 4-MeOCgHy,,
4-Me,NCgH4, Mes), which comprise reactive, polar (formal) Te-O double bonds, in
organic™® and organometallic™ syntheses, for example as oxygen transfer reagents,

and for their antioxidant activity!*®.

Another reason for the increased attention could be attributed to the fascinating
wealth of molecular and supramolecular structures of organotellurium compounds in
the solid state*®, which differs significantly from that of organoselenium compounds.
The structural diversity can be attributed to the different equally stable valence states
and coordination modes tellurium can adopt. These are often closely associated with

hypervalent and/or secondary bonding.

For example, diorganotelluriumoxides R,TeO aggregate in the solid state and show
surprisingly diverse structures, as opposed to their lighter group 16 congeners. The
diorganotelluroxides Ph,TeO"” and (CgFs),TeO"® comprise in the solid state an
asymmetric, dimeric structure interconnected by secondary interactions, whereas
the analogue compound bis(p-methoxyphenyl)telluroxide, (p-MeOCgH,4).TeO,
comprises a polymeric structure® with an alternating sequence of Te-O single
bonds (Scheme 1).

The secondary interactions seem to play - depending on the organic ligand - an
integral part in the solid state structure of diorganotelluriumoxides.
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Scheme 1. Structures of diorganotelluriumoxides in the solid state and in solution.

Despite the recent development in field of diorganotellurium compounds the
knowledge concerning the reactivity and structural characterization of some

diorganotellurium compounds is still comprising gaps, which remain to be filled.

It has to be noted that the behavior of organotellurium compounds is in many cases
comparable to the behavior of carbon compounds. For example, monomeric
p-(MeOCsH4)TeO crystallizes from solution as a polymer (see Scheme 1). This is
reminiscent of aqueous formaldehyde solutions, which deposit polymeric
paraformaldehyde upon standing. With proton acids, such as carboxylic acids'??,
HNO3?Y, HO3SCF; and HO,-PPh,?? diorganotellurium oxides react as Lewis bases

and undergo condensation reactions to give tetraorganoditelluroxanes.

In moist solvents, diaryltellurium(lV) oxides are slightly basic and appear to exist
‘hydrated’ as diaryltellurium(lV) dihydroxides, R,Te(OH),, which partly undergo
dissociation into diarylhydroxytelluronium(1V) ions [R.Te(OH)]* and hydroxide ions!®*.

Although it was possible to produce in solution the diarylhydroxytelluronium(IV) cation

[(4-MeOCgH,4).TeOH]" via a protonation of the diaryltellurium(lV) oxide
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(4-MeOCsH,4).TeO with triflic acid, no isolation of the ionic compound was achieved.
All attempts lead to condensation and formation of the related tetraarylditelluroxane
ditriflate [(4-MeOCgH4),Te],O(SOsCF3)-?2, which is stabilized by structural directing
secondary Te---:O interactions. The above described mononuclear
diarylhydroxytelluronium(lV) cations are very rare. Only one such compound, namely
[(2-MeNCH,CgH,4),TeOH],(SiFs), comprising an intramolecularly coordinating ligand,
was reported very recently, which was obtained by the accidental hydrolysis of the
diaryltellurium(I1V) difluoride (2-MeNCH,CgH.),TeF- in a glass vial**.

The examination of organotellurium compounds comprising intramolecularly
coordinating ligands is now receiving an increasing attention, however, the
examination of such compounds has still to be considered incomplete. For example,
despite the fact that diorganotelluriumoxides count among the first known
organotellurium compounds™ intramolecularly coordinated diaryltellurium(lV) oxides
are still very rare. The first fully characterized example, namely
(2-Me,NCH,CgH,4).TeO, is a monomer that lacks any secondary Te---O bonds, which
was attributed to the intramolecular coordination of both N-donor ligands®®. By
contrast, the very recently reported (2-PhNNCgH4),TeO contains an asymmetric
dimer in the solid-state, which is presumably due to the fact that only one of the two

N-donor substitutions is involved in intramolecular coordination(?®,

Concerning the diaryltellurium (VI) dioxides only one fully characterized compound is
known, namely (2,4,6-i-Pr3CgH2).TeO,, which was obtained during the course of this
work using the kinetic stabilization of a bulky organic substituent’®”. Most of the
previously known compounds, R,TeO, (e.g. R = 4-MeCgH,4, 4-MeOCgH,), are ill-
defined compounds with a presumably random polymeric structures?®.

Apart from organotellurium oxides the secondary interactions between
organotellurium halides are of particular interest concerning the structural diversity of

organo tellurium compounds.

Since the intermolecular associative forces within organotellurium halides give rise to

supramolecular self-assembly in the solid state structures®®, these compounds have



INTRODUCTION

attracted an increasing interest. The presence of electron-rich centers beside heavier
chalcogens like tellurium causes secondary X---X and Te---X (X=ClI, Br, 1) bonds,
whereby the latter are comparable to the well-recognized Te---O intermolecular
interactions. It appears that in many of the supramolecular motifs structurally

directing secondary Te---X interactions play an important role.

The involvement of intermolecular secondary Te---X interactions, which are common
for diorganotellurium(lV) dihalides R,TeX,;, have been analyzed in detail
however, it has to be noted that some are associated by intermolecular X:--X

interactions, like the bis(p-dimethylaminophenyl)tellurium(1V) dihalidest®”.

The interactions of tellurium and iodine are of particular interest since the size
difference and the electronegativity of these elements are only marginal. The
pseudohalide character of organotellurenyl groups is substantial and these groups
are even interchangeable with iodine in many structures (e.g. I, vs. RTel, ICI vs.
RTeCl or I3 vs. RTel,). Organotellurium(lV) iodides were extensively investigated
by variation of the number and size of the organic ligand®¥ and supramolecular

motifs were observed®.

Concerning the previously discussed existence of diarylhydroxytelluronium(lV) ions
[R2Te(OH)]" in solution a similar observation was made in respect to the related
diarylhalotelluronium(lV) ions [R.TeX]" (X = F, ClI, Br, I; R = alkyl, aryl).

Usually the halogenation of diorganylchalkogenides RyE affords two principles

361 A molecular (charge transfer) complex R.E---X-X is initially formed

products.
(E =S, Se, Te; X =F, Cl, Br, I; R = alkyl, aryl), which rearranges into the trigonal
bipyramidal product R,EX; — when taking into account the active lone pair of the
chalcogen —, if the electronegativity of the halogen is larger than that of the

B3¢l otherwise the molecular complex is persistent.

chalcogen
With reference to the diorganotellurium(lV) dihalides R,TeX, (X = F, Cl, Br, I,
R = alkyl, aryl) usually trigonal bipyramidal products are provided upon halogenation

of diorganyltellurides. A notable exception is the iodination of bulky diaryltellurides
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R,Te (R = 2,4,6-trimethylphenyl, 2,3,5,6-tetramethylphenyl), which comprise a
molecular complex R,Te---X-XBY,

If the energy difference is small enough, it is possible that the molecular complexes
and the trigonal bipyramidal products may be in equilibrium in solution. A possible
reaction pathway for the interconversion of molecular complexes and trigonal
bipyramidal products via diarylhalotelluronium halides has been suggested on the
basis of stop-flow kinetic measurements in solution™®” featuring cationic intermediates
[R.TeX]'Y~. In order to isolate such a cationic intermediate [R,TeX]" (X = CI, Br, I) an
intramolecularly coordinating ligand could be used, which compensates the charge
on the tellurium atom, whereby the stabilization of the ionic compound prevents

further aggregation.

However, isolated products of such diarylhalotelluronium(lV) ions [R.TeX]
(X = ClI, Br, I) are rare. At the beginning of this work, only two members, namely
[(2-Me,NCH,CsH4)PhTeX]" X~ (X = Br, 1), were isolated and characterized by X-ray
crystallography. It has to be noted that their *H-NMR analysis was complicated. This
could be attributed to the dynamic behavior of the intramolecularly coordinating,
albeit flexible 2-dimethylaminomethyphenyl groups in  solution®®.  Another
diarylhalotelluronium cation, namely [(2-PhNNCgH.).Tel]'ls", which contains two
intramolecularly coordinating rather flexible 2-phenylazophenyl groups was reported

during the course of this work!2®.

Therefore, there are only very few fully characterized examples of isolated
diaryltelluronium(lV) cations [R.TeX]" (X= OH, Cl, Br, I) and diaryltellurium(IV) oxides
R,TeO featuring intramolecularly coordinating ligands. Regarding the related

diaryltellurium(VI)dioxides R,TeO, there exists no example comprising such a ligand.

Another field of research concerning the organotellurium chemistry has also attracted
more and more attention in the recent years, namely the examination of novel
organometalla telluroxanes, in order to develop more advanced catalysts with
multiple active centers by incooperating a heavy element into the structure of another

organometal compound.
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However, in some fields of this research concerning binary metal oxides the use of

tellurium is still more or less neglected.

For example, the metallasiloxanes, compounds containing M-O-Si linkages, have
attracted considerable attention in recent years, due to their many possible
applications in material science and catalysis®®*®. However, there are very few reports
on tellurasiloxanes!?, although extensive studies on metallasiloxanes have been

executed for most elements of the periodic table.

Aside from the metallasiloxanes, organostannoxane clusters and polymers have also
been the focus of extensive research due to their fascinating structural diversity and
applicationsY. Especially compounds that can bind and activate CO, are getting
increasingly important. The increasing CO, levels in the atmosphere are a constant
strain on the environment. The rapidly growing amount of CO, is a constant strain on
the environment This growth is especially due to the rising demand of electricity,
which is still causing — despite the developments in green energy — a major
contribution to the CO, pollution of the environment. Other contributors are, for
example, the increasing amount of transportation or the energy consuming industries
like the steel industry. Aside from an environmental problem there is also an
economical problem to be considered, since the production of CO, gets more and

more expensive for the industry.

Thus, extensive research was conducted in the area of binding and recycling CO; in
order to prepare for example commodities, such as poly(propylenecarbonate) (PPC),
poly(cyclohexene carbonate) (PCHC), dimethyl carbonate (DMC) and diphenyl
carbonate (DPC)"2,

In contrast to the s-, d- and f-block metals, for which a number of compounds are
known to bind and activate CO,*¥, similar examples for the p-block elements are
rarer. Notable exceptions are for example the organotin carbonates
[((Me3Sn),CO3]s, [(i-BusSn),CO3]*, O[(2-Me;NCH,CgH4),Sn],CO5M",
[(t-Bu,Sn)sO(OH),CO;5 - 3 MeOH]“®! and [(Bz,Sn)sO3(OH),COs.!*". It was further

demonstrated by our work group that diorganotellurium oxides, such as



INTRODUCTION

(p-MeOCsH4)TeO showed potential for applications in the fixation of carbon

dioxide!®®!.

Recently, our work group discovered a cooperative effect when using the two
organometallic oxides (t-Bu,SnO); and (p-MeOCgH,4),TeO for the CO, fixation,
yielding a unique tetranuclear tellurastannoxane  carbonate  cluster
[(p-MeOCgH.),TeOSn-t-Bu,CO3),1*®.  The  structural  characterization  of
(p-MeOCgH,4).TeOSn-t-Bu,COs3)» and the related tellurastannoxane
[(p-MeOCsH,4).Te(OSn-t-Bu,OH),] showed the important influence of hypervalent and
secondary bonding for the fixation of carbon dioxide, the degree of aggregation and

the supramolecular association!*84%,

Thus, compounds containing substituents which are suited for hypervalent and
secondary bonding could be of interest in the synthesis of new tellurastannoxane for

the fixation of carbon dioxide.

It has to be further noted that despite the growing attention towards organotellurium
compounds the complete characterization and examination of the reactivity of two
essential organotellurium compound classes is more or less neglected in comparison

to the related organoselenium or the well-established organosulfur chemistry.

For example, little is still known about the structure and reactivity of one elementary
compound class, namely the monoorganyltellurinic acids RTe(O)OH, regardless of
the pioneering work of Lederer concerning aryltellurinic(IV) acids nearly a century

ago®?.

In contrast to the corresponding organosulfinic and organoseleninic acids RE(O)OH
(E=S, Se; R=alkyl, aryl), which are well-defined molecular compounds, most of the
previously known organotellurinic acids, [RTe(O)(OH)], or their corresponding
anhydrides [RTeOq s],, are ill-defined, amorphous substances with random polymeric

structures.
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The preparation of organotellurinic acids involves usually base hydrolysis of
organotellurium trichlorides RTeCls, which generally proceeds with condensation and

aggregation in case of small organic substituents (Scheme 4)32.

RTeCl,
RTe(OH)Cl,
l hydrolysis
RTe(OH),Cl
l condensation
RTe(OH);
—
RTeO(OH)
\
/ RTeO; 5
[RTeO(OH)]; pd
/ [RTeOy s> _
aggregation
[RTeO(OH)]; pd

[RTeOq 53

Scheme 2: Base hydrolysis route for the preparation of organotellurinic acids and

related compounds®*

It has to be noted that our work group achieved the preparation of the first well-
defined molecular organotellurinic acid [2,6-Mes,CgH3Te(mO)(OH)3]. (Mes=mesityl)
and partial hydrolyzed products [m-2,6-Mes,CgH3Te(O)X], (X=CI, Br, I). In order to
limit the condensation and aggregation process the kinetic stabilization of a bulky
m-terphenyl substituent was used™, however, other partial hydrolyzed products and

aggregation products remained elusive.

Beside the Ilimited knowledge concerning organotellurinic acids RTe(=0)(OH)
(R = alkyl, aryl) even less is known about the related organotelluronic acids
RTe(=0),(OH) (R = alkyl, aryl). This stands in contrast to organosulfonic acids
RS(=0),(OH) (R = alkyl, aryl), which are a well-established compound class that

finds extensive utility in organic synthesis®?. In general, concerning the heavier
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congeners, little is known, which is probably due to their difficult preparation and

handling®3*7.

For example, in comparison with their analogues, organosulfonic acids RS(=0),(OH)
(R = alkyl, aryl), only little information is available concerning the organoselenonic
acids RSe(=0),(OH) (R = alkyl, aryl). Their main characteristics are a very high
acidity™®™ comparable to their analogue sulfur compounds. However, unlike their
sulfur analogues, selenonic acids are also strong oxidizing reagents®® and comprise

B35 For instance concentrated solutions  of

a low thermal stability
trifluoromethaneselenonic acid, F3;CSeO3H decompose violently at ambient
temperature. A general route for the preparation of organoselenonic acids,
RSe(=0),(OH), involves the oxidation of organoseleninic acids, RSe(=0)(OH), by
KMnOq, to give the potassium selenates K[RSeOg], which upon treatment with HCIO,4

liberate the free acids®”.

As already described at least some information is available on the organoselenonic
acids RSe(=0),(OH) (R = alkyl, aryl) but concerning the related organotelluronic
acids RTe(=0),(OH) (R = alkyl, aryl) the examination is even less advanced.

Despite the recent increase of attention directed to the reactivity and structural
diversity of organotellurium compounds several areas in the organotellurium
chemistry remain incompletely investigated. Especially the influence of
intramolecularly coordinating ligands on the isolation of diorganotellurium ions and on
diorganotellurium oxides respectively monoorganyltellurinic acids is currently

insufficiently explored.
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2 AIM OF THE PROJECT

The aim of this project was to examine the reactivity and structural diversity of

organotellurium compounds

The examination of the reactivity towards alcohols such as phenol or o-nitrophenol in
order to determine the influence of secondary and hypervalent bonding on the
structures of these compounds is one aspect of this project. Since the interactions
between tellurium and iodine are of particular interest concerning the structure of
organotellurium compounds tetraorganoditelluroxane diiodides and related

compounds should be also examined.

The reactivity of diorganotellurium oxides towards other organometal compounds is
another aspect of this project, whereby especially the ability of possible new
metallatelluroxanes to absorb carbon dioxide is of interest. Since some
organotellurium oxides have shown such an ability the same studies will be carried

out with organotellurium oxides.

The main focus of the project is the examination of the influence on the reactivity of
mono- and diorganotellurium compounds comprising an intramolecular coordination
by a N donor ligand system, namely the (8-dimethylaminonaphthyl) ligand. Especially
the possibility of stabilizing an organotellurium compound in the cationic state
R2TeX" Y by intermolecular coordination and the possible access to novel
telluroxane cluster or polymers by such an intermolecular coordination will be in the

center of this project.
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3.1 SYNOPSIS

The aim of this project was to examine the reactivity of diorganotellurium compounds
towards alcohols such as phenol or o-nitrophenol and to determine the influence of

secondary and hypervalent bonding on the structures of these compounds.

The reactions of the diorganotellurium oxides, R;TeO (R=Ph, p-MeOCgHy,,
p-Me2NCgH,4), with phenol or o-nitrophenol lead to four different product classes,
namely diorganotellurium hydroxy phenolates, diorganotellurium bis(phenolates), and

tetraorganoditelluroxane and hexaorganotritelluroxane bis(o-nitrophenolates).

It was possible to obtain the diorganotellurium hydroxy phenolates and
diorganotellurium bis(phenolates) by the reaction of the diorganotellurium oxides,
R,TeO (R=Ph, p-MeOCg¢H4, p-Me,NCgH,), with one and two equivalents of phenol,
PhOH (Scheme 3).

I
Te + nPhOH
7 >

“H,0
OH OPh
R/// | R/// |
e e
R” | R” |
OPh OPh
1,R=Ph 4,R =Ph
2,R= p—MeOC6H4 5R= p—MeOC6H4
3. R = p-Me,NCgH, 6. R = p-Me,NCH,

Scheme 3: Reaction of the diorganotellurium oxides R,TeO with phenol

The molecular structures of (p-MeOCgH,4).Te(OH)OPh, Ph,Te(OPh),, and
(p-Me_NCgHa),Te(OPh), show — comparable to the polymer (p-MeOCgH.),TeOM® —

no secondary Te---O interactions. There is only an indication for weak hydrogen
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bonding in the compound (p-MeOCgH,4).Te(OH)OPh, whereby the phenolate group of

an adjacent molecule acts as a hydrogen acceptor.

However, the reaction of the diorganotellurium oxides, R,TeO with o-nitrophenol
(R* =0-NO,Cg¢H4) proceeds with condensation and produces, depending on the
organic ligand, tetraorganoditelluroxane bis(o-nitrophenolates)
(R'O)R,TeOTeR,(OR’), respectively hexaphenyltritelluroxane bis(o-nitrophenolate)
(R'O)Ph,TeOTePh,0OTePh,(OR’) (Scheme 4).

R' = 0-02NC6H4

Scheme 4: Reaction of the diorganotellurium oxides R,TeO with o-nitrophenol

It is to note that it was not possible to obtain the mononuclear diorganotellurium
bis(o-nitrophenolates) by an equimolare reaction. Furthermore, regardless of the
stoichiometric ratio the reaction of diphenyltellurium oxide, Ph,TeO, with
o-nitrophenol gives rise to the formation of the hexaphenyltritelluroxane

bis(o-nitrophenolate).

The structures of (R'O)R,TeOTeR,(OR’) and (R'O)Ph,TeOTePh,OTePh,(OR’)
(R=p-MeOC¢H,4; R’ =0-NO,Cg¢H,) reveal several secondary Te---O interactions,
whereby the mean Te-O distance of the o-nitrophenolate anions is shorter than those

of related tetraorganotelluroxanes!?*?258:59,
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The '®Te NMR spectra of the tetraorganoditelluroxanes and the
hexaorganotritelluroxane, respectively give rise to single broad signals, which is
indicative of a dynamic process that compromises the configurational stability of the

Te atoms in solution.

The elusive analogous tetraorganoditelluroxanes (PhO)R,TeOTeR,(OPh) were
attempted to be isolated by the equimolar reaction of the diorganotellurium oxides
R,TeO with the respective diorganotellurium bis(phenolates) under rigorous
exclusion of moisture. However, no solid compound could be isolated. The solutions
show '*Te NMR signals, which were assigned to the respective

tetraorganoditelluroxane.

The removal of the solvent provided moisture sensitive oils, whose reaction with
water from the air upon standing furnished the respective solid diorganotellurium
hydroxy phenolates R,Te(OH)OPh (Scheme 5).

OPh
R R
|| ////, R C: /O\ :: R
+ ° >
Nl T
R R OPh PhO OPh
4,R =Ph 10, R = Ph
5, R =p-MeOCgH, 11, R = p-MeOCgH,
6, R = p-Me,NCgH,4 12, R = p-Me,NCgH,
H,O0
OH
Ry,
2 Te
R/|
OPh
1, R =Ph
2, R = p-MeOCg4H,
3, R = p-Me,NCgH,

Scheme 5: Reaction of the diorganotellurium oxides R,TeO with the respective

diorganotellurium bis(phenolates)
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However, concerning a similar reaction of diorganotellurium dichlorides R,TeCl, and
the respective diorganotellurium bis(phenolates) R,Te(OPh), an equilibrium of the
starting compounds and the diorganotellurium chloro phenolates R,Te(Cl)OPh was
observed in solution. The removal of the solvent leaves colorless sensitive oil, whose
reaction with moist air gives rise to the formation of solid tetraorganotelluroxane
dichlorides CIR,TeOTeR,Cl and phenol (Scheme 6).

Cl OPh Cl
R////, R////, R/////
Te + Te o — 2 Te
R | adl 2
Cl OPh OPh
4,R =Ph 13, R = Ph
5, R = p-MeOCgH,4 14, R = p-MeOCgH,
6, R = p-Me,NCgH, 15, R = p-Mep;NCgH,
H,O | - 2 PhOH
0 Cl R R
l R, _ Ra: O aR
Te + /'Te >Te Té<
> RY | cl cl
R R Cl
16, R = Ph

17. R = p-MeOC¢H,
18, R = p'MezNC6H4

Scheme 6: Reaction of the diorganotellurium dichlorides R,TeCl, with the
respective diorganotellurium bis(phenolates)

The crystal structures of CIR,TeOTeR,Cl reveal secondary Te---Cl interactions that
link individual molecules and gives rise to an infinite coordination polymer in the
crystal lattice. Several not completely characterized tetraorganotellurium dichlorides

have been obtained previously®?.

The reactivity of diorganotellurium oxides towards phenol and o-nitrophenol is
surprisingly diverse and affords diorganotellurium hydroxy phenolates,
diorganotellurium bis(phenolates), tetraorganoditelluroxane bis(o-nitrophenolates),
and hexaorganotritelluroxane bis(o-nitrophenolates) depending on the stoichiometry
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and the reaction conditions applied, which stands in contrast to the other main group

element oxides.

Thus, the reactivity of the Te=O double bond sharply contrasts that of most light
p-block element oxides that have polar E-O double bonds (e.g., Ph3PO, Ph3AsO,
Ph,SO, Ph,SeO), which form hydrogen-bonded complexes with phenol and related

compounds!®Y.

The reactivity of diorganotellurium oxides towards phenol and o-nitrophenol is
another example for a comparable behavior of tellurium compounds and carbon
compounds. As already discussed, monomeric p-(MeOCgH,),TeO crystallize from
solution as a polymer, which is comparable to aqueous formaldehyde solutions,
which deposit polymeric paraformaldehyde upon standing. Similarly, the
condensation reactions of diorganotellurium oxides with phenol resemble the

acetalization of ketones with alcohols.

Furthermore, the stabilizing effect of secondary interactions with the tellurium atom
seems to play an important role in the structural diversity and stability of the
organotellurium compounds. The possibility of secondary interactions (e.g. through
o-nitrophenol or chlorine atoms) leads to stabile tetraorganotellurium or
hexaorganotellurium compounds, whereas the absence of such interactions leads to
monoroganotellurium compounds (e.g. phenol). This could also be seen in the highly
moister sensitive tetraorganoditelluroxane (PhO)R,TeOTeR,(OPh) compared with

the stabile CIR,TeOTeR,CIl comprising secondary Te---Cl bonds.

3.2 EXPERIMENTAL CONTRIBUTIONS

For this study, | performed 100% of the experiments and synthesized all compounds.

Furthermore, | wrote the manuscript together with Prof. Dr. Jens Beckmann.

X-Ray Crystallography: Prof. Dr. Jens Beckmann
125Te MAS-NMR spectra and analysis thereof: Dr. Andrew Duthie
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4.1 SYNOPSIS

In preceding work our work group was interested in the structures™® and reactivity of
telluroxanes®?. In this context we have now structurally investigated two
tetraorganoditelluroxane diiodides and three related compounds showing a number

of structural directing secondary Te---I interactions.

The redistribution reaction of equimolar amounts of (p-MeOCgH,).Tel, and
(p-MeOCgH,4).TeO produced the tetraorganoditelluroxane diiodide
[(p-MeOCsH4).Te],0l,, which comprises secondary Te--:1 interactions. The structure
can be described as two centrosymmetric R,TeOTeOR; units, linked by four iodine
atoms. This structure closely resembles the structure of the tetraorganoditelluroxane
ditriflate [(p-MeOCgH.),Te],O(0sSCF3),?? or the hexaphanyldistiboxane diiodide
(Ph3Sb),01,%. The dimeric structure of [(p-MeOCgHa)-Te],Ol. differs — probably due
to the steric effect of the iodide — from the structure of the previously described
tetraorganoditelluroxane dichlorides CIR,TeOTeR,CI®¥, which comprise an infinite

coordination polymer.

Attempts to form a complex of [(p-MeOCgsH,4).-Te].Ol, and iodine — analogous to
(PhsSh),0l, * ¥ 1,%) — failed and co-crystals of (p-MeOCg¢H.),Tel, * % |, were
surprisingly obtained. The crystal structure consists of a centrosymmetric tetramer
made of (p-MeOCgH,),Tel, molecules, which are associated via secondary Te:--I
interactions, whereas the iodine molecule links adjacent tetramers in the crystal
lattice via I---1 contacts. It seems that there are only three known similar adducts
(MesTel, " 1, CsHigTel, " I, and CaHgTel, ¥ 1,)17.

Furthermore, full structural details of the tetraorganoditelluroxane, namely
(Me,Te),0l,, already prepared by Vernon!®® were obtained. The structure contains
two crystallographically independent molecules of (Me,Te),Ol,, which are associated
via secondary Te--:l interactions and give rise to the formation of a coordination

polymer, comparable to the tetraorganoditelluroxane dichlorides CIR,TeOTeR,CI®%.
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According to Vernon the redistribution reaction of Me,Tel, and freshly prepared
Me,Te(OH),'*® produced the hexaorganotritelluroxane (Me,Te);O.l,. An attempt to
reproduce this product lead to a crystalline product of the composition
2 (Me,Te),O()OH - H,O in good vyield, which has a melting point similar to the
reported hexaorganotritelluroxane (Me,Te);O2l,. The structure is complex and
essentially contains two 1D polymers with a Te-O backbone, whereas the first
polymer string can be regarded as (Me,TeO), polymer similar to the polymeric
structure of [(p-MeOCgHa)-Tel],**. The compound 2 (Me,Te),O()OH * H,0 is a near
completely hydrolyzed condensation product of Me,Te(OH), with structural directing
secondary interactions. Notably, the structures of Me,Te(OH), and potential
condensation products, such as (Me2TeO),, are still unknown. The second polymer
string comprises R,Te(OH)TeR,(OH) units that are associated by short secondary
Te---O(H) interactions. The two crystallographically independent iodide ions are not
involved in a primary bonding to the Te atoms. However, they appear to play an
integral role for the supramolecular association as they form secondary bonds to all

Te atoms.

Since no single crystals could be obtained for the compound Me,Te(OH), another
alkydiiodide, namely the C4HsTel,'® was hydrolyzed in order to synthesize a
comparable alkyltellurium diole. Treatment with an excess of agueous NaOH solution
yielded the tritelluroxane diiodide (C4HgTe)s0O-l,, which comprises a number of
secondary Te---| interactions

It appears that even small alterations of the tellurium ligands or the reaction

conditions will yield to a diversity of structures like di- or tritelluroxanes or structures

with supramolecular associations.

4.2 EXPERIMENTAL CONTRIBUTIONS

For this study, | performed 100% of the experiments and synthesized all compounds.

Furthermore, | wrote the manuscript together with Prof. Dr. Jens Beckmann.

X-Ray Crystallography: Prof. Dr. Jens Beckmann and Dr. Johann Spandl|
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Abstract

Two tetraorganoditelluroxane diiodides (R;Te),Ol, (3, R= p-MeOCgH,4 5 R =Me) were prepared by the reaction of
(p-MeOCgH 4),Tel, (1) and (p-MeOCgH 4),TeO (2) and the base hydrolysis of MgTel, (4), respectively. The base hydrolysis of gHgTel,
(8) a€orded the tritelluroxane diiodide (C4HgTe)s0,l, (9). The reaction of Me,Tel, (4) and Me,Te(OH), (6) in a ratio of 1:3 produced the
coordination polymer of the composition 2 (Me,Te),O()OH H,O (7). An attempt at preparing an adduct of 3 with iodine failed but
provided co-crystals of f-MeOCgH4),Tel, 1, (1a). The supramolecular structures ofla, 3, 5, 7 and 9 are dominated by structurally

directing secondary Te | interactions.
O 2007 Elsevier B.V. All rights reserved.

Keywords: Tellurium; Secondary bonding; Supramolecular structure

1. Introduction

The coordination chemistry of organotellurium com-
pounds has attracted considerable attention in recent years
due to a fascinating wealth of molecular and supramolecu-
lar structures [1]. The diversity encountered within these
structures can be attributed to the fact that tellurium can
adopt di€erent equally stable valence states and coordina-
tion modes, which are often closely associated with hyper-
valent and/or secondary bonding. Interactions between
tellurium and iodine are of particular interest as the elec-
tronegativity and size di€erence of these elements are only
marginal. The organotellurenyl group has even substantial
pseudohalide character and is interchangeable with iodine
in many structures (e.g. » vs. RTel, RTel I,; ICI vs.
RTeCl; 19 vs. RTely, (RTe)s') [2]. Organotellurium(IV)
iodides were extensively investigated by variation of the
number and size of the organic substituents and the supra-

* Corresponding author.
E-mail address:beckmann@chemie.fu-berlin.dé¢J. Beckmann).

0022-328X/$ - see front mattelO 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jorganchem.2007.12.006

molecular motifs observed were rationalized by the con-
cepts of crystal engineering3].

In preceding work we were interested in the structur@4]
and reactivity of telluroxanes[5]. In this context we have
now structurally investigated two tetraorganoditelluroxane
diiodides and three related compounds showing a number
of structurally directing secondary Te | interactions.

2. Discussion

The redistribution reaction of equimolar amounts of
(p-MeOCgHy),Tel, (1) and (p-MeOCgH,),TeO (2
produced the tetraorganoditelluroxane diiodide [p-MeO-
CeH4)oTeOl, (3) in almost quantitative yield as orange
crystalline solid

.p-MeOCgH,t,Tel, $..p-MeOCeH 4 T,TeO
1 2

I %0.p-MeOC¢H 41, TeSOl, At

3
The molecular structure of [P-MeOCgH 4)>TeL,Ol, (3) is
shown in Fig. 1. Selected bond parameters and crystal
and re®nement data are collected in the caption dfig. 1
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Fig. 1. Molecular structure and supramolecular association of [f-MeOCgH 4),TeLL,Ol, (3) showing 30% probability ellipsoids and the crystallographic
numbering scheme. The CHG molecules have been omitted for clarity. Symmetry code used to generate equivalent atorass 1y x, 1y y, 1y z
Selected bond parametersfA°]: Te1+C10 2.107(7), Tel+C20 2.102(7), Tel+ll 3.294(2), TelR 3.499(2), Tel 12a 3.696(1), Tel+O1 1.989(6), Te2+C30
2.116(8), Te2+C40 2.119(8), Te2+lla 3.262(2), TeZ2 3.740(2), Te2 12a 3.513(2), Te2+0O1 1.982(6); O1+Tel+ll 174.2(2), Ol+Te2+lla 173.4(2), Telt

01:+Te2 118.8(2).

and Table 1, respectively. The structure of3 can be de-
scribed as two centrosymmetric RTeOTeR, units that
are linked by four iodine atoms. Taking into account the
stereochemically active lone pair, the spatial arrangement
around the Te atoms is trigonal biyramidal with a GIO
donor set and the expected ligand occupancies. The aver-
age axial Te+l bond lengths of 3.278(2fAare considerably
longer than those of @-MeOCgH,),Tel, (1) being
2.9234(8 i [6]. In turn, The Te+O bond lengths of
1.986(6) A are somewhat shorter than the TexO “single
bonds' of the polymeric parent [p-MeOCgH4)>TeO], (2)
being 2.063(2) I;75\[4]. Thus, unlike the two starting materials
1 and 2, the axial coordination of 3 is somewhat asymmet-
ric. A similar observation was made for related trigonal
bipyramidal triorganostannate anions having two unequal
axial ligands [7]. In addition to the two axial | atoms
(11,11a), there are two | atoms (12,12a) associated with
the Te atomsvia longer secondary interactions of average
3.612(2) B In this way, the overall crystal structure of 3
closely resembles that of the tetraorganoditelluroxane ditri-
“ate [(p-MeOCGH 4)2Te]20(038CF3)2 [8] The TexO%Te an-
gle of 3 being 118.8(2) compares well with the
corresponding angle in [p-MeOCgH 4),Te],O(03SCFs),
(120.2(3Y) and related tetraorganoditelluroxanes[8]. The
primary coordination sphere of 3 is also reminiscent of
the molecular structure of hexaphenyldistiboxane diiodide
(PhsSb),0l, [9]. In solution 3 was characterized byH
and **C NMR spectroscopy (Section3), however, all at-
tempts at obtaining a ***Te NMR signal failed. A similar

observation was made previously for f[f-MeOCgH 4),TeO],
) [4].

The hexaphenyldistiboxane diiodide (PESb)OIl, is
known to form an adduct with molecular iodine in the solid
state, namely (PhSb)0Il, %Iz [10] When we attempted
the preparation of a similar complex of [p-MeOCgH 4)».
Te],0l, (3) and iodine, we surprisingly obtained co-crystals
of (;-MeOCgH ) Tel, 1l, (18) in about 30% yield as black
crystals. The same material was obtained nearly quantita-
tively when stoichiometric amounts of 1 and iodine were
co-crystallized. To the best of our knowledge, there are
only three adducts of dialkyltellurium diiodides with
iodine, namely MeTel, I, [11] CsHjolels I,
C4HgTel, %Iz [12] The crystal structure of (- MeO-
CeHa)oTel, %Iz (1a) is shown in Fig. 2. Selected bond
parameters and crystal and re®nement data are collected
in the caption of Fig. 2 and Table 1, respectively. The crys-
tal structure of la consists of a centrosymmetric tetramer
made of (-MeOCgH4),Tel, molecules, which are associ-
ated via secondary Te | interactions. The bond parame-
ters and the supramolecular arrangement of the tetramer
are virtually identical with those of the two known poly-
morphs of (p-MeOCgH 4),Tel, (1) [6]. The iodine molecule
of lalinks adjacent tetramers in the crystal latticevial |
contacts of average 3.360(1}5AThe primary I+l bond
lengths of 2.743(1)Ris similar to those of other iodine
adducts, such as MeTel, 1, (2.756(2)® [11]
CsHioTel, 1o (2.744(1)®, CiHgTel, i, (2.759(1) )
[12] and (PhsSb)Ol, il (2.732(3)® [10] The motif
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Table 1
Crystallographic data and re®nement details foB, 1a, 5, 7 and 9
3 la 5 7 9
Formula ngH zgl 205T92 CHCI 3 ngH zgl 404Tes |s C4H 1,1 ,0Te, CgH 20,04Te, H0 CoHodl 202T93
Formula weight 1072.87 1445.10 585.14 965.48 836.91
Crystal system Triclinic Triclinic Orthorhombic Orthorhombic Orthorhombic
Crystal size (mn¥) 0.36 0.20 0.05 0.73 0.12 0.05 0.33 0.26 0.17 0.20 0.18 0.05 0.68 0.25 0.15
Temperature (K) 173 173 173 173 150
Space group P1 P1 Pbca Pbca P212:2;
a (A 10.828(5) 11.158(5) 16.041(4) 12.269(2) 9.712(4)
b (@) 12.311(6) 13.552(5) 15.587(4) 14.131(3) 10.483(4)
c(® 14.229(7) 14.284(5) 21.001(5) 26.350(5) 20.230(8)
a(°) 70.935(10) 63.933(5) 90 90 90
b (°) 89.197(12) 85.830(5) 90 90 90
c(°). 74.478(9) 77.065(5) 90 20 90
\% (/53) 1721.7(14) 1890.2(13) 5251(2) 4568.3(14) 2059.8(14)
z 2 2 16 8 4
D. (g cnv d) 2.069 2.539 2.961 2.805 2.699
F(000) 1008 1300 4064 3408 1496
| (Mo Ka, mm’?Y) 3.755 6.472 9.101 7.770 7.216
Index ranges y 116 k6 15, y 156 k6 15, y226 k6 21, y176 k6 14, y116 k6 9,
y176 16 17, ¥ 196 16 16, y 186 16 22, y 206 16 20, y126 16 9,
y 186 h6 20 y 206 h6 19 Y296 h6 29 y 376 h6 26 Y246 h6 23
Measured data 19680 23293 61885 53877 6628
2h Range () 1.82+30.64 1.86+27.54 1.94+30.55 2.27+30.55 2.80+25.00
Completeness tohymay (%) 95.1 96.5 99.3 99.2 99.4
Unique data 10129 11192 7992 6944 3563
(1P 2h(1)) 7193 8239 6684 5860 3344
Number of re®ned parameters 370 361 163 176 172
Goodness-of-®t £2?) 1.068 1.031 1.093 1.028 1.016

R, observed data; all data

0.0599; 0.0959
0.1541; 0.1791

0.0327; 0.0556
0.0692; 0.0781

0.0231; 0.0331
0.0508; 0.0560

0.0276; 0.0369
0.0666; 0.0722

0.0657; 0.0686
0.1743; 0.1767

R, observed data; all data

Largest di€raction peak/hole (e =3 ) 4.1664 2.354

1.382y 1.396

1.205y 1.577 2.351y 1.359 2.844y 2.390

I1 15£16 I3 is also strongly reminiscent of “classical’
tetraiodide (2¥) moieties found in numerous crystal
structures. The Raman spectrum of solid
MeOCgH ) Tel, i, (1a) reveals a band atm” 176 cni?
for the Ixl stretching vibration, that compares well
with that of (PhsSb)Ol, 3, (174cnt?) [10] In
molecular iodine the same vibration was observed in the
solid state at AT 184 cnf! and in the gas phase at
M 213 cenf? [13]

In pioneering work, Vernon prepared an analogue of3,
namely the tetraorganoditelluroxane (MeTe),Ol, (5), by
the partial hydrolysis of Me,Tel, (4) in agueous ammonia
(Eqg. (2)), or alternatively, by the redistribution reaction of
Me,Tel, (4) and Me,Te(OH), (6), which proceeds with
condensation of the hydroxyl groups (Eq.(3)) [14] Since
compound 5 was not completely characterized at the time,
we repeated its synthesis and now report on full structural
details

2Me;Tel, $ H,0+ 2NH; fff! .Me,Tet,0l, 2t
1 Y 2NH 4l 5
Me,Tel,  Me,Te.OHT, f{L! .Me,Tet,0l, .3t
4 6 y 2H,0 5
The crystal and molecular structure of (MeTe),Ol, (5)
is shown in Fig. 3. Selected bond parameters and crystal

and re®nement data are collected in the caption dfig. 3
and Table 1, respectively. The structure contains two crys-

tallographically independent molecules of5, which are
associatedvia intermolecular secondary Te | interactions
giving rise to the formation of a coordination polymer. The
spatial arrangement around the four independent Te atoms
resembles the distorted trigonal bipyramid observed foB.
The mean Te+l bond lengths 3.167(6FAs signi®cantly
longer than those of MeTel, (2.925(3) ® [15] The sec-
ondary Te | contacts of average 3.740(3)Eﬁconnecting
adjacent molecules are somewhat longer than those 8f

According to Vernon the redistribution reaction of
MesTel, (4) and Me,Te(OH), (6) in a ratio of 1:2 produced
a di€erent product, namely the hexaorganotritelluroxane
(Me,Te);0.l 5 (58) [14] When we attempted to reproduce
the preparation of 5a, we obtained a crystalline product
of the composition 2 (Me,Te),O(I)OH H,O (7) in good
yield, which has a melting point similar to 5a. However,
formally compound 7 is the product of a redistribution
reaction between MeTel, (4) and Me,Te(OH), (6) in a
ratio of 1:3

Me,Tel, 3M92TG.OHT2 ! Oz.MezTeTZO.I.TOH H,O
4 6 7

yHz
AT

The crystal structure of 7 and a perspective view along the
crystallographic b-axis are shown inFigs. 4 and 5 Selected
bond parameters and crystal and re®nement data are col-
lected in the caption of Fig. 4 and Table 1, respectively.
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Fig. 2. Molecular structure and supramolecular association of ¢MeOCgH,),Tel, 1l (18) showing 30% probability ellipsoids and the crystallographic
numbering scheme. Symmetry codes used to generate equivalent atoms:1y x, 1y y, 1y z, b=yx, 1y y, 1y z, c=y1+x,y,z, d=§y1+X,
yl+z e=1y x, 1y vy, yz Selected bond parameters l-‘_p’\°]: Tela+Cl0a 2.135(4), Tela+C20a 2.134(4), Telatlla 2.9818(8), Telatl2a 2.8964(7),
Tela 133.678(1), Tela 13b 3.739(1), Te2+C30 2.115(4), Te2+C40 2.119(4), Te2+I3 3.0398(8), Te2+I4 2.8334(8), T2 3.832(1), Te2 12a 3.949(1),

I1c 15a 3.492(1), I3 16¢c 3.360(1), I5a+l6a 2.743(1); 11+Tel+l2 174.74(1), 13+Te2+I4 176.56(1).

Fig. 3. Molecular structure and supramolecular association of (MgTe),Ol, (5) showing 30% probability ellipsoids and the crystallographic numbering
scheme. Symmetry code used to generate equivalent atoras: X, 0.5y y, ¥0.5+z b=0.5V x, 1y y, ¥ 0.5 + z. Selected bond parametersfa°]: Tel+
C10 2.121(4), Tel+C20 2.107(4), Tel+I1 3.1854(7), Tel3 3.7083(7), Tel l4a 3.6268(8), Tel+O1 1.976(3), Te2+C30 2.115(4), Te2+C40 2.108(5), Te2+I2
3.1692(6), Te2 13 3.758(1), Te2 I4a 3.6066(8), Te2+01 1.983(3), Te3+C50 2.105(4), Te3+C60 2.110(4), Te3+I13 3.1517(6), T23.7808(9), Te3 11b
3.7756(8), Te3+02 1.979(3), Te4+C70 2.115(4), Te4+C80 2.115(4), Ted+I4 3.1618(6), THA3.7503(9), Ted 12 3.7503(9), Ted+02 1.969(3), Ol+Tel+ll
170.96(8); O1+Te2+I2 174.47(8), 02+Te3+I3 172.67(8), 02+ Ted+l4 171.92(8), Tel+O1+Te2 123.5(1), Te3+02+Te4 123.8(1).
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Fig. 4. Molecular structure and supramolecular association of 2 (Mgle),O(I)OH H,O (7) showing 30% probability ellipsoids and the crystallographic
numbering scheme. Symmetry codes used to generate equivalent atoms:0.5y x,05+y,z b=05y xy05+y,z,¢c=05+ x,y,05y zd=1Vy x,
05+y,05y ze=x,1+y,zf=15y x, 0.5+Yy, z. Selected bond parameters'-‘_tA°]: Tel+01 2.179(3), Tel+02 2.039(3), Tellla 3.802(1), Tel I2a
3.916(1), Tel+C10 2.105(4), Tel+C20 2.104(4), Te2+O1 2.373(3), Te2+02b 1.965(3), Te3.667(1), Te2 12 3.808(1), Te2+C30 2.112(4), Te2+C40
2.108(5), Te3+03 2.195(3), Te3+04 2.063(3), Te® 4.099(1), Te3 I2c 4.193(1), Te3+C50 2.102(5), Te3+C60 2.097(5), Te4+0O3 1.913(3), T&#d
2.715(3), Te4 123.702(1), Ted 12c 4.147(1), Te4+C70 2.109(5), Te4+C80 2.111(5), O®5 2.785(6), 04 0O5c 2.792(6); O1+Tel+02 163.0(1), O1+Tel+

C10 84.9(2), O2+Tel+C20 81.8(1), O2+Tel+C10 87.0(2), O2+Tel+C20 84.8(2), C10+Tel+C20 100.2(2), O1, Te2+02b 172.0(1), O1+Te2+C40 84.2(2), O1
Te2+C30 85.4(1), O2b+Te2+C30 89.6(2), O2b+Te2+C40 90.1(2), C30+Te2+C40 94.3(2), O3+Te3+04 167.6(1), O3+Te3+C50 84.6(2), 03+Te3+C60 82.4(Z
04+Te3+C50 86.6(2), 04+Te3+C60 90.0(2), C50+Te3+C60 96.5(2), O3+Ted+04d 177.7(1), O3+Ted+C70 95.25(17), O3+Ted4+C80 95.23(16), O4d+Ted+C’
82.5(2), O4d+Te4+C80 84.9(1), C70+Te4+C80 91.9(2), Tel+O1+Te2 131.1(1), Tel+O2+Te2a 120.8(2), Te3+03+Te4 118.7(1), Te3+04d+Te3d 130.3(1).

The structure is complex and essentially contains two 1D
polymers with a TexO backbone. The ®rst polymer string
(Tel, O1, and Te2) can be regarded as (M&eO), polymer,
similar as the polymeric structure of [p-MeOCgH 4),TeO],
(2) [4]. The average TexO bond length and the TetO+£Te
angle are 2.139(3)Fand 126.0(2} and_compare well with
the related values of2 being 2.063(2)5\and 126.0(1) [4].
Notably, the structures of Me,Te(OH), (6) and potential
condensation products, such as (Mgl'eO), (6a) are still un-
known. The second polymer string (Te3, O3, Te4, and O4)
comprises RTe(OH)TeR,(OH) units that are associated
by short secondary Te O(H) interactions of 2.373(3) R
The short TexO(H) bonds within_ the R,Te(OH)TeR,(OH)
units are with average 2.058(3)'5Acomparable with other
"TexO' single bonds[4,5] The two crystallographically
independent iodide ions are surprisingly not involved in
primary bonding to the Te atoms. However, they appear
to play an integral role for the supramolecular association
as they form secondary bonds to all Te atoms. The supra-
molecular arrangement of7 is shown inFig. 4. The lengths
of secondary Te | bonds vary between 3.667(1) and
4.193(1) B The latter value is slightly larger than the sum
of van-der Waals radii (4.04 59 however, the directionality

of the bonds suggests this to be an attractive interaction.
The structural directing e€ect of the iodide ions is reminis-
cent of the recently reported dodecanuclear isopropyltellu-
rium(lV)oxo cluster [Li(THF) 4][{(i- PrTe);20:¢Br4{Li-
(THF)Br} 4Br] 2 THF, in which 8 Te atoms are situated
around a structurally directing bromide ion [16] The water
molecule (O5) of 7 acts twice as acceptor for hydrogen
bonds with the hydroxyl groups (O3, O4). The mean
O O distance of 2.788(6) is indicative for medium
strength hydrogen bonding[17] The IR spectrum of 7 con-
®rms the presence of di€erent hydroxy groups being in-
volved in hydrogen bonding by showing three OH
stretching vibrations at /" 3433 3302 3221 cnil. Once
isolated from aqueous solution, the solubility of5 and 7
in water is very poor. The *H NMR spectra (D ,0) of 5
and 7 exhibit a signal resonance ad 2.62 and 2.50 with
tellurium satellites GJ(*H+'?°Te) =26 and 25 Hz). The
simplicity of the *H NMR spectra suggests that the Te
atoms are equal in solution, presumably due to electrolytic
dissociation of 5 and 7. In organic solvents5 and 7 are
virtually insoluble. It should be noted that an alternative
(formal) description of 2 (Me,Te),O()OH H,0O (7) may
be Me,TeO [Mey()TeOTe(OH)] [H3O]l, however, the
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Fig. 5. Perspective view along the crystallographib-axis of 2 (Me,Te),O(I)OH H,0 (7) showing the association of the 2D-polymer strings by secondary

Te | interactions (blue broken bonds).

aqueous solution of 7 reacts basic, which makes the pres-
ence of hydroxonium ions improbable.

The base hydrolysis of GHgTel, (8) with an excess of
aqueous NaOH solution a€orded the tritelluroxane diio-
dide (C4HgTe)02l> (9) in excellent yield as colourless
crystals

3C4H glel, 1 4NaOH } ! .CsH gTeT302|2 At
P § 2H,0 0

§ 4Nal

The molecular structure and supramolecular association of
9 is shown inFig. 6. Selected bond parameters and crystal
and re®nement data are collected in the caption dfig. 6
and Table 1, respectively. Again, the spatial arrangement
around the Te atoms is trigonal bipyramidal. Like in com-
pounds 3 and 5, the coordination of the terminal Te atoms
(Tel and Te3) is distorted. The average Te+O bond length
of Tel and Te2 (1.94(1)5; is shorter than the average Te+
O bond length of Te2 (2.11(1)'5_%. The average Tezl bond
lengths of 3.322(2)5&5 longer than in C4HgTel, (8) being
2.925(1) 5[12] and resembles that of3 and 5. Besides the
primary Te-lI bonds, there are a number of secondary

Te | contracts ranging from 3.636(2) to 4.021(2)5xthat
connect adjacent molecules in the crystal lattice. Thus,
Tel is involved in one secondary contact, whereas Te2
and Te3 reveal two such contacts. Once crystallized from
the mother liquor, the tritelluroxane 9 is virtually insoluble
in all solvents, with the exception of methanol where it is
sparingly soluble. The'H NMR spectrum of 9 reveals
two equally intense signals ad 2.86 and 2.40, which sug-
gest that all C;HgTe moieties are magnetically equivalent
in solution. Presumably electrolytic dissociation takes place
upon dissolution in methanol.

3. Experimental
3.1. General

The diorganotellurium compounds R,Tel, (1, R=
p-MeOCgH4 [18] 4, R =Me [19), (p-MeOCgH,4),TeO (2)
[4], Me,Te(OH), (6) [19], C4HgTel, (8) [20] have been pre-
pared according to literature procedures. The'H and °C
NMR spectra were recorded using Jeol GX 270 and Varian
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Fig. 6. Molecular structure and supramolecular association of
(C4HgTe)30,l 5 (9) showing 30% probability ellipsoids and the crystallo-

graphic numbering scheme. Symmetry codes used to generate equivalent

atoms:a=x, 1+y,z, b=1y x, y0.5+y, 1.5y z, c=2y x, 0.5+y,
1.5y z. Selected bond parameters'-‘_tA°]: Tel+O1 1.93(1), Tel+ll 3.303(2),

963

water produced colourless crystals ob that slowly turned
orange red upon standing at air (0.22 g, 0.38 mmol, 76%;
m.p.: 100£102C (decomp.)). *H NMR (D ,0): d=2.62
(s, 6H, 2J(*H+'?Te) 26Hz). Raman: " 3010w
2916m 1400vw br; 1231m 1216w 849vw, br; 654m
546sh 536vs 426vs 249w, 211sh 185n1 143m 115m cni .
Anal. Calc. for C4H 1, ,0Te, (581.15): C, 8.21; H, 2.07. Found:
C, 8.21; H, 1.68%.

3.4. Synthesis of 2 (MeTe),O()OH H,0 (7)

To a solution of Me,Te(OH), (prepared in situ from
Me,Tel, (1.7g, 4 mmol)) [19] in water (20 mL) solid
Me,Tel, (0.41g, 1 mmol) was added. Slow evaporation
of the water a€orded clear crystals of 7 (310 mg,

Tel I2a 4.021(2), Tel+C10 2.14(2), Tel+C13 2.13(2), Te2+O1 2.16(1), 0.64 mmol, 64%; m.p. 144+145C). IH NMR (D ,0):

Te2+02 2.06(1), Te2 I11b 3.662(2), Te2 I2c 3.918(2), Te2+C20 2.11(1),
Te2+C23 2.13(2), Te3+02 1.95(1), Te3+I2 3.341(2), TeBlb 3.687(2),
Te3 I12c 3.636(2),

Te3+C30 2.18(2), Te3+C33 2.14(2); OlxTelxll

d=250 (s, 6H, 2J(*H+'®**Te) 25Hz). Raman: af
3028sh 3009w 2919m 1408vw br; 1237w 1223w1212w

179.2(4), O1+Tel*C10 93.9(6), Ol+Tel:C13 92.7(7), ITelxc1oL016W 650 5565 5465 5355 499m 470m437m 266m

85.3(5), [1+Tel+Cl3 87.4(5), C10:Tel:C13 83.6(7),

O1+Te2+02 219m 119s cnfl. IR A 3433m 3302s 3221sh 3032sh

165.7(5), OliTe2+C20 82.2(6), O1xTe2+C23 86.4(6), 02+Te2+C203005m 2936sh?2912m 1641m 1402m 123311 1219m1209m

84.2(6), O2+Te2+C23 88.2(6), C20+Te2+C23 85.5(7),
84.2(5), 12+Te3+C33 87.3(5),

115.2(6), Te2+02+Te3 118.0(6).

C30+Te3+C33 84.4(8),

300 Unity Plus spectrometers and are referenced to SiMe
(*H, **C). Microanalyses were obtained from a Vario EL
elemental analyzer. Infrared spectra were recorded using
Nexus FT-IR spectrometer with a Smart DuraSamplIR.
Raman spectra were recorded using a Bruker RFS 100/S
spectrometer with a Nd:YAG laser.

3.2. Synthesis of [(p-MeOGsH 4) 2T€e] 20l (3)

A mixture of (p-MeOCgH,4),TeO (0.18 g, 0.5 mmol) and
(p-MeOCgHy4),Tel, (0.30g, 0.5mmol) was dissolved in
THF (20 mL) and stirred for 1 h. With a minimum of con-
vection, a layer of hexane (30 mL) was carefully place over
this solution. Overnight crystallisation at the layer interface
a€orded orange crystals of3 (0.44 g, 0.46 mmol, 92%; m.p.
200£201°C). 'H NMR (CDCl 3): d=7.84 (d, 8H,
p-OMeCeH ), 6.76 (d, 8H, p-O,MeCgHy,), 3.75 (s, 12 H,
OCH3). °C NMR (CDCI 3): d=161.3 (p-O;MeCeH ),
136.8 ©-O,MeCgH,); 116.1 (©-OMeCgH,), 114.7
(p-OoMeCgH ), 55.3 (OCHg). Raman: a7 3065w 3050w
3015w 2962w 2935w 1583m 1565w 1453w 1433w
1401w 1308w 1254w 1183w 1060w 1000w 825w, 790s
702w, 627n1 600s 590s 519w, 454s cmil. Anal. Calc. for
CogH 28l 20sTe, (953.53): C, 35.27; H, 2.96. Found: C,
35.33; H, 2.57%.

3.3. Synthesis of [(Me),Te] 0I5 (5)
Solid Me,Tel, (0.41 g, 1 mmol) was dissolved in conc.

NH 3 solution (5 mL). Vacuum suction was applied to
remove most of the excess Nk Slow evaporation of the

02+Te3+12 1101 br; 1015m 886n1 874sh 858t 827m811nt 6525
176.5(4), 02:Te3+C30 92.4(6), O2:Te3+C33 92.0(6), 12£Te3+C30 5 a1 bAGm 534meni.  Anal.

Tel+Ol1l+Te2

Calc. for C4H13O5.
Te, %Hzo (486.26): C, 9.92; H, 2.91. Found: C, 9.92; H,
2.52%.

3.5. Synthesis of (GHgTe)30,l, (9)

Solid C4HgTel, (0.72 g, 1.65 mmol) was suspended in
methanol (50 ml) and 4 ml of NaOH (5 M) was added.
The coloured solution became clear and the remaining
iodide dissolved. The reaction mixture was ®Iltrated and
another portion of the NaOH (2 ml) was added. Slow evap-
oration of the solvent produced colourless crystals oB.
(0.42g, 0.5mmol, 91%; m.p. 1858C) decomp. *H
NMR(CD ;0D): d=2.86 (m, 2H), 2.40 (m, 2H). IR:
M~ 34225 br 3010w, 2989w 2944m sh; 2921 2854m
1620m br; 1449w 1436m 1399m 1389m 1326vw 1301m
1237m 1230msh; 1182m 1150w 1140w 1086m1079msh;
1041 sh; 1033m 957w, 943mm 871w, 853 824w, 802
756m; 736m 668s 599vs br 5635 5525 532s. Anal. Calc.
for (C4HgTe)s0,l, (836.93): C, 17.22; H, 2.89. Found: C,
17.18; H, 2.50%.

3.6. X-ray crystallography

Intensity data were collected on a Brukersmart 1000
area detector 8, 1a, 5, 7) or a STOE IPDS 2T area detector
(9) with graphite-monochromated Mo Ka (0.7107 % radi-
ation. Data were reduced and corrected for absorption
using the programssaint and sabass [21] The structures
were solved by direct methods and di€erence Fourier syn-
thesis usingsHeLxs-97 implemented in the programwingx
200722]. Full-matrix least-squares re®nements oR?, using
all data. All non-hydrogen atoms were re®ned using aniso-
tropic displacement parameters. Hydrogen atoms attached
to carbon atoms were included in geometrically calculated
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positions using a riding model and were re®ned isotropical-
ly. For 7, the hydrogen atom H4 attached to O4 was

located during the re®nement and was also re®ned isotrop-

ically. The absolute con®guration of9 was determined by
examination of the Flack parameter 0.00(14). Figures were
created usingpiamonp  [23]
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Appendix A. Supplementary material

CCDC 671469, 671470, 671471, 671472 and 671473 con-

tain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre viawww.ccdc.
cam.ac.uk/data_request/cif Supplementary data associ-
ated with this article can be found, in the online version,
at doi:10.1016/j.jorganchem.2007.12.006
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5.1 SYNOPSIS

Aside from the intermolecular interactions concerning organotellurium compounds
especially the reactivity and the influence of intramolecularly coordinating ligands

were of interest.

In the course of this work the diaryltelluride (8-MexNC1oHg)2Te, the diaryltellurium(1V)
oxide (8-Me;NCioHg).TeO, the diaryltellurium(VI) dioxide (8-Me,NCioHg).TeO, and
the diarylhydroxytelluronium triflate [(8-Me2NCi1oHg).TeOH](O3SCF3), featuring the
[(8-MesNC1oHe),TeOH]" cation were prepared (Scheme 7).

Te(S,CNEt HO,SCF
RLi-OFEt, S(S2CNEL), RoTe — /£ R,TeO — " °» [R,Te(OH)]*(O5SCFa)

- LIS,CNEt, 1 _H,0 2 4

- Et,0
H,0, 1
- H0 R = 8-Me,NC4oHg
RQTGOQ
3

Scheme 7:  Synthesis of bis(8-dimethylaminonaphthyl)tellurium compounds

The synthesis of the bis(8-dimethylaminonaphthyl)telluride, (8-Me,NCioHs).Te, was
achieved by the reaction of 8-dimethylaminonaphthyllithium etherate with tellurium(ll)
bis(dithiocarbamate) in acetonitrile, which is essential since different solvents

provided only the mono-substituted product 8-Me,NC1oHgTeS,CNE!?.

Notably, the reaction of the diaryltelluride (8-Me>NCjoHg).Te with an excess of H,O,
did not afford the expected diaryltellurium(lV) oxide (8-Me,NCioHg),TeO, but the
diaryltellurium(VI) dioxide (8-Me;NCioHg).TeO,, which is unusual. The oxidation of
other known diaryltellurides with most oxidizing agents either stops at the stage of

28] This compound

diaryltellurium(lV) oxides or produces ill-defined product mixtures
is only the second example of this compound class. The first fully characterized
monomeric diaryltellurium(VI) dioxide (2,4,6-i-Pr3Cg¢H,),TeO, was obtained recently,

using the kinetic stabilization of a bulky organic substituent®”.
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The organic substituents are situated in distorted trans-position, whereas the O and
N atoms occupy mutually cis-positions. Despite the increase of the oxidation state
and the coordination number, the (average) Te:--N bond lengths of

(8-Me2NC10Hg).TeO, decreases only marginally upon oxidation of (8-Me,NCjoHs).Te.

However, the synthesis of bis(8-dimethylaminonaphthyltellurium  oxide,
(8-Me,NCqoHe).TeO, was achieved by the comproportionation reaction of
(8-Me2NCqoHg)2Te and (8-Me,NCjoHg)2TeO,. In solution and in the solid state the
tellurium oxide is sensitive to air oxidation and slowly turns into the tellurium dioxide.
This reactivity is highly unusual as all previously known diaryltellurium oxides are air-

stable and rather difficult to oxidize?®.

All attempts at obtaining single crystals of the oxide suitable for X-ray crystallography
failed, however, the much higher melting point of the diaryltellurium oxide compared
to those of the starting material points to a polymeric structure in the solid state,
similar to that of (4-MeOCgH,4).TeO" . This assumption is further supported by the
observation that the solubility of the tellurium oxide is drastically reduced once
isolated from the mother liquor. The IR spectrum is inconclusive with respect to
asymmetric and symmetric Te-O stretching vibration and shows no evidence for O-H

stretching vibrations.

The '**Te NMR spectrum (DsCOD, r.t.) of the tellurium oxide exhibits broad signals in
all solvents (CDCls, de-DMSO, D3COD) at all temperatures measured. Therefore, it is
proposed that the tellurium oxide exists as mixture of oligomers R,Te(OTeR,),O with
Te-O single bonds in solution rather than a discrete monomer containing a (formal)
Te-O double as found for the related (2-MeNCH,CgH,),TeO.,

The intramolecular coordination of the N donor ligand allows an
isolation of the bis(8-dimethylaminonaphthyl)hydroxytelluronium triflate,
[(8-Me,NC1gHe),TeOH](0OsSCF3), featuring the [(8-Me,NCioHg),TeOH]" cation and
triflat ions that are associated by medium strength hydrogen bonding™. The
protonation of a diaryltellurium(lV) oxide lacking intramolecularly coordination,

namely (4-MeOCgH4),TeO with triflic acid produced the diarylhydroxytelluronium(lV)
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cation [(4-MeOCgH,),TeOH]* and triflate anions only in solution®?. All attempts at
isolating the cation lead to a condensation reaction and the formation of the
tetraarylditelluroxane [(4-MeOCgH.),Te],O(03SCFs3),?2.

It is notable that the axial Tel---N1 bond is considerably shorter than the equatorial
Tel---N2 bond — contradicting Bent’'s rule —, which points to a strong attractive

interaction of one intramolecularly coordinating ligand with the Te atom.

The 'H and **C NMR spectra (CDCl;, —35C) show two sets of signals for the
magnetically inequivalent 8-dimethylaminonaphthyl substituents. The four N-methyl
groups give rise to four singulets (*H) as well as (*3C), respectively, which suggests
that the trigonal bipyramidal structure is retained in solution and configurationally
stable at —35T. However, at room temperature the c onfigurational stability might be

compromised as the *H and ***Te NMR signals are somewhat broad.
DFT calculations

The geometries and Hirshfeld charges of the compounds R,;Te, R;TeO, R,TeO,,
[R,TeOH]" and R,Te(OH), were calculated, whereby the organic substituent was
R= 8-Me,;NCioHe, respectively R = Ph.

Due to the lack of an experimentally established molecular structure of
(8-Me,NCy0He).TeO, the calculated geometry in the gas phase was examined
closely. The spatial arrangement is best described as distorted trigonal bipyramidal.
The calculated Te-O bond length is in the typical range of a (formal) Te-O double
bond and very good comparable with the experimental value of
(2-Me,NCH,CgHa),TeO?®. The intramolecular Te---N bonds differ in their lengths,
whereas the longer Te---N bond is situated in trans-position in respect to the (formal)
Te-O double bond.

The formation of all neutral oxidation products is increasingly exothermic when going

from the lowest to the highest oxidation states regardless of the organic substituent.
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Notably, the energy difference between the respective diarylhydroxytelluronium ions
[R.Te(OH)]" is much larger than those for the neutral compound classes, which is
attributed to the intramolecularly coordinating 8-dimethylaminonaphthyl substituents,

which compensate the positive charge of diarylhydroxytelluronium ions [R2Te(OH)]".

The Hirshfeld charges situated at the N atoms of (8-Me,NCioHe).TeO and
[(8-MeoNC1oHg),Te(OH)]" reveals that the axial N donor substituent being situated in
trans-position to the hydroxyl group underwent a larger change than the equatorial
N donor substituent upon protonation. In fact, the axial N atom of
[(8-MesNC1oHg),Te(OH)]" possesses the smallest negative charge of all species
under consideration. Therefore the axial N atom appears to be deeper involved in the
charge compensation than the equatorial N atom, which is consistent with the fact
that the axial Te---N bond length is shorter than the equatorial Te---N bond lengths.

5.2 EXPERIMENTAL CONTRIBUTIONS

For this study, | performed 100% of the experiments and synthesized all compounds.
Furthermore, | wrote the manuscript together with Prof. Dr. Jens Beckmann and

Pamela Finke.

X-Ray Crystallography: Prof. Dr. Jens Beckmann
125Te MAS-NMR spectra and analysis thereof: Dr. Andrew Duthie

The DFT-calculations were carried out by Pamela Finke
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Abstract

The reaction of 8-dimethylaminonaphthyllithium etherate with the tellurium(ll)
bis(dithiocarbamate), Te§SNEt),, provided the diaryltelluride (8-MBICyoHe)2Te (1). The
oxidation ofl with an excess of #, did not afford the expected diaryltellurium(IV) oxide
(8-Me;NCy0He)2TeO @), but the diaryltellurium(VI1) dioxide (8-M&IC10Heg).TeO; (3). The
preparation o was achieved by the comproportionation reaction of 13afitie protonation
of 2 using triflic acid gave rist the formation of diarylhydxytelluronium triflate [(8-
MeoNCioHe)2Te(OH)(GsSCR) (4), which features the protoedtdiaryltellurium oxide [(8-
MeoNCyoHe).Te(OH)T (4a). Compound$, 3 - HO - H,0,, 3 - 2 HO and4 were

characterized by X-ray crystallography. The ekpentally obtained molecular structures
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were conpared to those calculated for 3,-4a and (8-MgNC,0Hg).Te(OH), (5) as well as
the related diphenyltellurium compounds, P 6), PhTeO (7), PhTeQ; (8), [PhTe(OH)[

(9a) and PHre(OH) (10) at the DFT/B3PW91 level of theory.

Introduction

Diaryltellurium(lV) oxides, BRTeO (e.g. R = Ph, 4-MeQ#4, 4-MeNCgH4, Mes),
containing reactive, polar (formal) Te-O double bohdsge attracted considerable interest as
mild oxygen transfer reagents in orgahiand organometalli¢ syntheses and for their
antioxidant activity®! However, diaryltellurium(IV) oxidekave also received attention for
their own sake. In the solidege, most diaryltellurium(lV) oxides are aggregated. For
instance, crystalline BRieO contains two conformers with somewhat elongated Te-O double
bonds that are associated by short secontiaryO bonds giving rise to asymmetric
dimerst”! The closely related (4-MeQB.),TeO comprises a one-dimensional polymer with
two Te-O single bonds and lacks any secondary interactldng:amolecularly coordinated
diaryltellurium(lV) oxides are rare. The firstlly characterized example, namely (2-
Me;NCH,CgH4).TeO is a monomer that lacks any secondary Te---O bonds, which was
attributed to the intramolecular coordination of both N-donor Iigéﬁ]'nw contrast, the very
recently reported (2-PhNN#,),TeO contains an asymmetriawkr in the solid-state, which
Is presumably due to the fact that only one of the two N-donor substitutions is involved in
intramolecular coordinatioff.

In moist solvents, diaryltellurium(IV) oxideare slightly basic and appear to exist
‘hydrated’ as diaryltellium(1V) dihydroxides, RTe(OH), that partly undrgo dissociation
into diarylhydroxytelluronium(IV) ions [Rre(OH)]" and hydroxide ion&! Protonation of the
diaryltellurium(1V) oxide (4-MeOGH,),TeO with triflic acid in aetonitrile, indeed produced
the diarylhydroxytelluronium(1V) ion [(4-MeO#El,).TeOHJ and triflate ions in solution,

however, the attempted isolation leadtmdensation and formation of the related
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tetraarylditelluroxaneltriflate [(4-MeOGH.,),TeLO(SQCFs)..! Very recently, the
molecular structure of antiamolecularly coordinated alylhydroxytelluronium(IV) cation,
namely, [(2-MeNCHCsH,4),TeOHL(SiFs) was reported, which was obtained by the
accidental hydrolysis of the didtellurium(1V) difluoride (2-MeNCHCsH,4),TeF; in a glass
vial.t

Most previously known diaryltellurium(VI1) dioxidgglso referred to as tellurones),
R,TeO; (e.g. R = 4-Me@H,4, 4-MeOGH,) are ill-defined compounds with presumably
random polymeric structur&s! The first fully characterizethonomeric diaryltellurium(V1)
dioxide (2,4,6-Pr;CsH2).TeO, was obtained recently usitige kinetic stabilization of a
bulky organic substitueti’

We have now prepared a new senéstramolecularly coordinated bis(8-
dimethylaminonaphthyl)tellurium compounds, namely (8MN@;cHe).Te (1), (8-
Me;NCioHe)2TeO @), (8-MeNC;10Hg).TeO; (3). The latter compound is only the second
example of this compound class. ProtonatioB aéing triflic acid produced bis(8-
dimethylaminonaphthyl)hydroxyllaronium triflate, [(8-MeNC;oHe).Te(OH)](G;SCR) (4)
featuring the [(8-MgNC1oHe)>Te(OH)J (4a) ion. The structure and reactivity bf 4 were
studied and compared to those of previoksigwn diaryltellurium compounds that lack

intramolecular coordinating N-donor substituents.

Results and Discussion
The synthesis of bis(8-dintatlaminonaphthyl)telluride, (8-M&IC,0Hs).Te (1), was
achieved by the reaction of 8-dimethylaminpintyllithium etherate with tellurium(ll)

bis(dithiocarbamate), Te{SNEL),, in 75% yield (Scheme 1).

Scheme 1. Synthesis of bis(8-dimethylaminonaphthyl)tellurium compouned.



H20, HO4SCF

RLi-OEt, Te(S2CNEL) | R,Te — A R,Te0 ———— °» [R,Te(OH)]*(03SCF4)
- LlSzCNEtZ 1 _ HZO 2 4
- Et,0
H>0, /I
- H0 R = 8-Me,NCygHg
R,TeO,
3

Compoundl was obtained as bright oige crystalline solid. It inoteworthy that the use of
acetonitrile as solvent is essential for higblgs as previous attempts at prepafing a

similar way using different solvents provided only the mono-substituted product 8-
MeoNCHsTeSCNEL.® The molecular structure dfis shown in Figure 1 and selected
bond parameters are collected in the captionefigure. The spatial@ngement of the Te
atom is distorted tetrahedral and defined by#IN; donor set. The average Te-C bond length
of 1 (2.163(3) A) is somewhat longer than th&bis(1-naphthylgliuride (2.119(2) A}**
presumably due to the intramoleculucoordination. The C-Te-C angle d(97.7(2)°) is

very similar to the value observed fais(1-naphthyl)téuride (96.32(9)°f** The two Te--:N
bond lengths of (2.699(4), 2.827(4) A) differ by 0.128(A)for no obvious reason, but the
average (2.763(4) A) resembles valumsnid for bis(8-dimethylaminonaphthyl)ditelluride
(2.699(5), 2.743(5) A% and bis(8-dimethylaminonaphthiritelluride (2.66(1), 2.68(1)

A).1 The'?*Te CP MAS NMR spectrum df shows a signal afls, = 701 ppm whereas the
12Te NMR spectrum (CDG) of 1 reveals a signal dt= 780.6 ppm . Both values differ
substantially from each other and even more fronf3fi@ NMR chemical shift (CDG)
measured for bis(1-naphthyl)telluride£ 466.5 ppm}** The'H and™*C NMR spectra

(CDCl) of 1 show one set of signals for the 8-dimethylaminonaphthyl substituents. The two
N-methyl groups are magnetically equivaland give rise to one singulet &t 2.73 ppm

(*H) and 46.5 ppm*{C), respectively.



The oxidation of a suspensionbin H,O using an excess o8, did not produce the
expected (8-dimethylaminonaphthyl)tellurium oxide, (8:M€10Hs)2TeO @), but rather the
(8-dimethylaminonaphthyl)tellurium dioxide, (8-M¢C;10Hs).TeO; (3), in 83% vyield
(Scheme 1). The facile formation ®eserves a comment as the oxidation of other known
diaryltellurides with most oxiding agents either stops aetktage of diaryltellurium(lV)
oxides or produces ill-defined product mixtufésCompound3 was initially obtained as
brownish crystallindnydrate perhydrat8 - H,O - H,O, (Caution!) and after recrystallisation
from aqueous methanol as colorless crystalline dihy@a&HO. While (2,4,6-
PrsCsH,)2TeG; is a strong oxidizing agent, sufficiently strong to oxidize alcohols to carbonyl
compoundél,” the diaryltellurium(VI) dioxide3 appears to show no oxidizing power towards
alcohols under similar conditions. Rembwawater molecules associateddy drying in
high vacuum was difficult and remained incomplete. Both crys3al$,0O - H,O, and 3 - 2
H,0, were investigated by X-rayystallography givingise to very similar conformers 8f
having nearly the same bond parameters. The molecular strucBifergétallized as hydrate
perhydrate3 - H,O - H,O;) is shown in Figure 2 and seledtbond parameters are collected
in the caption of the Figure. The spatial arranget of the Te atom is distorted octahedral
and defined by a £O,+N, donor set. The organic substituents are situated in distoates
position (C-Te-C 137.8(3)°), wherea®t® and N atoms occupy mutuatig-positions. The
average Te-O bond lengths®{1.822(6) A) is somewhat longer than that of (2j4,6-
PrsCsH.)-TeO; (1.802(3) A presumably due to the fact that the O atont aft as
hydrogen bond acceptors in the solid-state. The supramolecular associatiar,Qf - H,O-
and 3 - 2 HO by hydrogen bonding is shown in the Supporting Information. Despite the
increase of the oxidation state and therdination number, the (average) Te---N bond
lengths of3 (2.736(7) A) decreases only marginally upon oxidation of 1 (2.763(4) A). The
12Te CP MAS NMR spectrum & shows a signal ats, = 1171 ppm. Thé**Te NMR

spectrum (BCOD, r.t.) reveals a very similar signal &t 1156.2 ppm.
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The'H and™*C NMR spectra (BCOD, r.t.) of3 each show one set of signals for the 8-
dimethylaminonaphthyl substituents. The twariéthyl groups are magnetically inequivalent
and give rise to two equally intense singulets at2/67 and 1.58 ppnit{) and /= 51.1 and
46.5 ppm £3C), respectively. Th&Te NMR spectrum (CDG]J r.t.) of an analytically pure
sample of 3 exhibits two signals at 1198rfsl 1137.4 ppm (1184.2 and 1120.5 ppm at —60
°C) with an integral ratio of 85:15. THE and**C NMR spectra (CDG] r.t.) of3 each show
one somewhat broad set of signals for the 8-dimethylaminonaphthyl substituents. Again, the
two methyl groups are magneticalhequivalent and give rige two equally intense singulets
at /= 2.69 and 1.45 ppniH) and 50.4 and 46.7 ppritC), respectively. Th&H NMR
spectrum (CDGl —60 °C) of3 reveals twasharp sets of signals for the 8-
dimethylaminonaphthyl substituents with an gre ratio of 85:15. The major set of signals
comprises two equally intense sitefs for the methyl groups dt= 2.69 and 1.45 ppm while
the minor intense set of signalsnsists of four equally tanse singulets for the N-methyl
groups at £ 3.34, 3.18, 2.91 and 2.09 ppm. The minor intense set of signals was tentatively
assigned to a structural ison8a with a lower symmetry being in equilibrium wighn
CDCl; solution.

The synthesis of bis(8-dimethylamonaphthyl)tellurium oxide, (8-M&IC10Hg)2TeO
(2), was achieved by the comproportionation reactichaid3 in 67% yield (Scheme 1). In
solution and in the solid-state, bis(8vaithylaminonaphthyl)tellurium oxide, (8-
Me;NCioHe)2TeO ), is sensitive to air oxidaticand slowly turns into the bis(8-
dimethylaminonaphthyl)tellurium dioxid&) as can be monitored By NMR spectroscopy.
For instance, when a solution2in THF was purged with air for 3 h, about 20% were
converted int@®. This reactivity is higlyl unusual as all previolysknown diaryltellurium
oxides are air-stable andhar difficult to oxidizeé**! All attempts at obtaing single crystals
suitable for X-ray crystallography failebhterestingly, thenelting point of2 (dec. 202 — 203

°C) is much higher than those of the starting matetiglst9-153 °C) an@ (158-164 °C),
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which points to a polyeric structire similar to that of (4-MeQ4El,),TeO in the solid stat.
The IR spectrum a2 is inconclusive with respect aisymmetric and symmetric Te-O
stretching vibration and shows no evidence fdf Gtretching vibrations. The assumption of
a polymeric structure & is further supported by the observation that the solubilig/isf
drastically reduced once isolated from the mother liquor.*¥fie NMR spectrum (BCOD,
r.t.) of 2 exhibits a slightly broad signal && 1255.2 ppm, while th&Te NMR spectrum
(CDCl, r.t.) of2 shows a broad signal &t 1272.0 ppm (= 1259.4 ppm at —40 °C). Both
'H NMR and**C NMR spectra o2 show broad signals in all solvents (CB@-DMSO,
D3COD) at all temperatures measured. Wiita data at hand we propose that the
diaryltellurium oxide2 exists as mixture of oligomers e(OTeR),O with Te-O single
bonds in solution rather than a discrete moapcontaining a (formal) Te-O double bond as
found for the related (2-MeNGBsH,),TeO® Solutions of2 containing chlorinated solvents
such as CHGland CHCI, slowly decompose into species containing Te-Cl bonds.

The reaction o with triflic acid in acetonitrilé” produced the bis(8-
dimethylaminonaphthyl)hydroxyllaronium triflate, [(8-MeNC;oHg).Te(OH)](G:SCR) (4),
in 70% yield (Scheme 1). Compouddvas obtained as a colorless crystalline solid. The
molecular structure af is shown in Figure 3 and selectaahd parameters are collected in
the caption of the Figure. piossesses bis(8-dimethylaminphthyl)hydroxytelluronium ions,
[(8-MesNC1oHe)Te(OH)J (4a), and triflate ions that @mssociated by medium strength
hydrogen bonding as indicated by the O---O donor acceptor distance of 2.81%{6) A.
Consistently, théR spectrum oft shows an absorption &t = 3531 cm", which is indicative
for an O-H stretching vibrain being involved in hydrogen bonding. The spatial arrangement
of the Te atom is distorted gonal bipyramidal and defined by a@+N, donor set, whereby
the equatorial positions are occupied by C10, C20 and N2, while N1 and O1 are situated in
the axial positions. The Tel-O1 bond lengtid ¢1.957(4) A) compares well with (4-

MeOGCsH,),Te(OPh)OH (1.9840(4) A and accounts for a bond order of about 1.
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Quite unexpcted and contradicting Bent'deuthe axial Tel---N1 bond (2.591(5) A) is
considerably shorter thanglequatorial Tel---N2 bond (2.706(6) A), which points to a strong
attractive interaction to the T&om. It is to note that even shorter Te---N bond lengths were
observed in the arylierenyl chloride 8-MeNCy0HsTeCl (2.350(3) A) and the aryltellurium
trichloride 8-MeNC;oHsTeCk (2.420(3) A) containing onlgne of the intramolecularly
coordinating 8-dimethylamonaphthyl substituent&’ The'*Te CP MAS NMR spectrum of
4 shows a signal afso = 1214 ppm. Compoundlis only sparingly soluble in strongly polar
solvents such as acetonitrile. TH&le NMR spectrum (BCCN) of4 exhibits a slightly broad
signal at/ = 1197.6 ppm at r.tral a sharp signal at= 1176.3 ppm at —35 °C. THe and

13C NMR spectra (CDG) —35 °C) of4 show two sets of signals for the magnetically
inequivalent 8-dimethylaminonaphthyl substitteeThe four N-methyl groups give rise to
four singulets at' = 3.04, 2.96, 2.86 and 2.06 ppthi) as well as 51.3, 47.3, 46.5 and 46.2
ppm ¢3C), respectively, which suggests that thgdnial bipyramidal struate is retained in
solution and configurationally stable at —35 °Cwwer, at r.t. theanfigurational stability

might be compromised as tHé and*?*Te NMR signals are somewhat broaden.

DFT calculations

The geometries and Hirshfeld chargeshef bis(8-dimethylaminonaphthyl)tellurium
compounds (8-M#NCyoHe).Te (1), (8-MeNCigHe)2TeO @), (8-MeNCioHes)TeO: (3), [(8-
MesNCioHe)Te(OH) (4a) and (8-MeNCygHg),Te(OH) (5) as well as those of the related
diphenyltellurium compounds PFe 6), PrTeO (), PhTeO, (8), [PhTe(OH) (9a) and
Ph,Te(OH), (10) were calculated in the gas phase saldcted values collected in Table 1.
The calculated geometries bfand 4a closely resemble those found in the X-ray structure.
The primary bond lengths and angles differ only marginally by 0.025 A and 2.5°.
The intramolecularly coordinating ligands giveeito Te--:N bond lengths that are identical

to those found experimentally within 0.045 A.
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The calculated gas phase getm of 3 is slightly different fronthe X-ray structure. Whilst
the Te-C and Te-O bond lengths reasonabigagithin 0.035A, th average Te---N bond
length of 3.005 A are significagtlonger than in the crystalratture (2.736(7) A). Moreover,
the octahedral coordination 8fin the gas phase is more diséd than in the solid-stafe!
Since the molecular structure 2fvas not established expagntally, the geometry &
calculated in the gas phaseworth a closer look. Thspatial arrangement dfis best
described as distortedddnal bipyramidal. The calculated Te-O bond lengt® (f.824 A) is
in the typical range of a (formal) Te-O doublend and very close to the experimental value
of (2-Me;NCH,CgH,);TeO (1.829(1) AJ® The two intramolecular Te---N bonds 2f(2.780
and 2.941A) are different in lengths.&tonger Te--N bond is situated irans-position to

the (formal) Te-O double bond. Due to the loweordination numbers, the Te-C and Te-O
bond lengths calculated for Ate 6), PrTeO ), PhhTeO, (8), [PhTeOH] (9a) and
PhTe(OH) (10) in the gas phase are on averagetshby 0.03 A and 0.04 A than those of
the related intramolecularly coordinated compouhd®, 3, 4a and 5. The relative energies of
1 - 10 (counterbalanced with,B,, H,O and OH) were calculatedral are displayed in

Figure 4. The energies forRe (1, R = 8-MeNC,¢Hs; 6, R = Ph) + 2 KD, were arbitrary set
to 0 kJ mol* and used as references. Compared tetrefsrences the formation of all neutral
oxidation products is increasingly exothermigen going from the lowest to the highest
oxidation states regardless of the organlzssituent R. Amongst the diaryltellurium(1V)
species the diaryltellurium dihydroxides;TRR(OH), (5, R = 8-MeNC;oHg; 10, R = Ph), are

by —14 and —56 KJ mdimore stable than the related diaryltellurium oxided,eg® @, R =
8-Me;NCioHg; 7, R = Ph), and 0. As expected for isolated charged species in vacuo, the
energies of the diarylhydroxytelluronium ionsJR(OH) (4a, R = 8-MeNC;H¢; 83, R =

Ph) counterbalanced with Oy +341 and +474 KJ mdlconsiderably higher than those of

the neutral reference species.



The difference of the later two values (133 KJ Mas much larger than those for the neutral
compound classes, which is attributedhe intramolecularly coordinating 8-
dimethylaminonaphthyl substituents tltaimpensate the positive chargetaf Indeed, the
Hirshfeld charge situateat the Te atom of [(8-M&ICiHe).Te(OH)] (4a, 0.716 e) is by

0.093 e significantly smalt¢han that of [PsTe(OH)]" (9a, 0.809 e). With the exception of

the elusive diaryltellurium dihydroxides; Re(OH), (5, R = 8-MeNC;¢Hg; 10, R = Ph), the
charge differences of the Te atoms are smédleall other compound classes, e.g. 0.018 e for
R;Te (1, R = 8-MeNCygHg; 6, R = Ph), 0.021 e forfReO @, R = 8-MeNCHg; 7, R = Ph)

and 0.041 e for Re(; (3, R = 8-MeNC;Hg; 8, R = Ph), respectivehAn inspection of the
Hirshfeld charges situated at the N atoms of (8M@&,He).TeO @, N1 —0.054 e; N2 —0.066

e) and [(8-MeNCygHg),Te(OH) (4a, N1 —0.040 e; N2 —0.064 e) reveals that the axial N
donor substituent being situatedtians-position to the hydroxygroup underwent a larger
change (0.014 e) than the equatorial N donor substituent (0.002 e) upon protonation. In fact,
the axial N atom ofla possesses the smallest negatiagd (—0.040 e) of all species under
consideration. Therefore the alkdatom (N1) appears to be more deeply involved in the
charge compensation of the equatorial N atom (N2), which is consistent with the fact that the

axial Te---N bond length is shtar than the equatorial TéN bond lengths (see above).

Conclusion

A series of intramolecularly coordinat®is(8-dimethylaminonaphthyl)tellurium
compounds in the oxidation staiéslV and VI, namely, (8-MgNC;oHg).Te (1), (8-
MesNCioHe)2TeO @), (8-MeNC19Hg).TeO;, (3), was prepared and fully characterized. The
diaryltellurium dioxide2 is only the second example of the compound class. Unlike the
kinetically stabilized (2,4,6-Pr:C¢H.)-Te0,,*? 2 shows no oxidizing power towards
alcohols. This difference in reactivity istatively attributed to the presence of the

intramolecular N-donor subgients in the latter.

10



Quite unexpected for diaryltelluriuoxides,2 was readily oxidized by air under normal
conditions to give 3. Protonation ®&fusing HQSCF; provided bis(8-
dimethylaminonaphthyl)hydroxyftaronium triflate [(8-MeNC;0Hs).Te(OH)](G;SCFR) (4)
featuring the [(8-MeNCioHe).Te(OH)T (4a) ion, a rare example of a protonated
diaryltellurium oxide. By comast, the reaction of (4-MeQB,).TeO with HQSCF; gave the
tetraarylditelluroxane [(4-MeOgEl,),Te,O(OsSCR),, in which the triflates are involved in
secondary Te---O interactions with the Te atdth§he stabilization of the
diarylhydroxytelluronium ion [(8-MgNCioHe).Te(OH)[ (4a) is attributed to the charge
compensation by the intramolecularly cdoating N donor substituents. A similar
observation was recently made for thiated arylhydroxystibonium triflate [2,6-
(Me2NCH,).CeH3Sb(OH)][(GSCR) containing the 2,6-bis(dimethylaminomethyl)phenyl

substituent (a NCN pincer type ligant).

Experimental

General. The 8-dimethylaminonaphthighium etherate and Te{SENEL), were prepared
according to literature procedures. Fhe **C and*?*Te NMR spectra were recorded using
Jeol GX 270 and Varian 300 Unity Plus spesteters and are referenced to SiNtel, *°C)

and MeTe (*Te). The'*Te CP MAS NMR spectra wembtained using a JEOL Eclipse
Plus 400 MHz NMR spectrometer equippedhsa 6 mm rotor operating at spinning
frequencies between 8 and 10 kHz. A 4 s recycle delay was used and typically 5000 to 10000
transitions were accumulated to obtain adegsigt@al-to-noise ratios. The isotropic chemical
shifts Gg, were determined by comparison of two acquisitions measured at sufficiently
different spinning frequencies andneeeferenced using solid Te(QHs the secondary
reference (4692.2 / 685.5 ppm). Infrared (IR) specivare recorded using Nexus FT-IR
spectrometer with a Smart DuraSamplIRcManalyses were obtained from a Vario EL
elemental analyzer.
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Synthesis of bis(8-dimethylarmonaphthyl)telluride (8-Me,NC;oHg)2Te (1). To a solution
of 8-dimethylaminonaphthyllithium etherai#.10 g, 16.3 mmol) in THF (80 mL) solid
Te(SCNEb), (3.00 g, 7.07 mmol) was added amided overnight. The solvent was
completely removed in vacuum and the oilgideie stirred in acetonile (10 mL) for 30 min.
The yellow solid was filtered off and washeth acetonitrile (20 m). Recrystallization
from acetonitrile and cooling to —20 °C afforded orange needleg\okld 2.85 g, 6.09

mmol, 86%; Mp. 149-153 °C).

'H NMR (CDCk, r.t.): /=7.83 (dd, 2H), 7.62 (d, 4H), 7.40 (t, 2H), 7.32 (dd, 2H), 7.10 (t, 2H;
Ar), 2.73 ppm (s, 6H; Me)*C NMR (CDC}, r.t.): /= 151.6, 135.9, 135.4, 133.1, 126.5,
126.1, 125.8, 125.2, 121.6, 118.3 (Ar), 46.5 ppm (M&Je NMR (CDC, r.t.): /= 780.6
ppm.**Te CP MAS NMR: G, = 701 ppm. Anal. Calcd. for 1:2:§H24N>Te (468.06): C

61.59, H5.17; N 5.98. Found: C 61.35, H 5.07, N 5.86 %.

Synthesis of bis(8-dimethylamiwnaphthyl)tellurium oxide (8-Me,NC10Hg).TeO (2). To a
solution ofl (702 mg, 1.50 mmol) in THF (100 mL), sold 2 H,O (804 mg, 1.50 mmol)
was added and stirred overnight. The solvent was reduced in vaaduinyghexane (40 mL)
was added. The yellow-greenish precipitate wasraggx by filtration and dried in vacuum to
give 2 as yellow-greenish microcrystalline solid (973 mglarimol, 67 %; Mp. (dec.) 202-

208 °C).

'H NMR (CDCk, r.t.): /= 7.89 (s, broad), 7.77 (d, broad), 7.55 - 7.44 (m, broad; Ar), 2.83
ppm (s, broad; Me}H NMR (CDCk very broad signals a#0 °C): /= 8.80 (s, 1H, broad),
8.00 (s, 1H, broad), 7.83-7.35 (m, 8H, broadd6qs, 1H, broad), 6.73 (s, 1H, broad; Ar),
2.90-2.77 (m, 9H, broad); 2.00 ppm (s, 3H, broad; M&éNMR (ds-DMSO, r.t.): / = 8.08 (s,

12



very broad), 7.96 (d, very broad), 7.77 (d, viergad), 7.64 (t, very broad; Ar), 2.77 pps)
very broad; Me)*H NMR (DsCOD, r.t.): / = 8.28 (s, broad), 8.20 (s, broad), 7.95-7.86 (m,
broad), 7.63 (s, broad), 7.09 (s, broad.), §s{®road; Ar), 2.90-2.77 (m, broad), 2.00 ppm
(s, broad; Me)*C NMR (CDC}, r.t.): /=149.9, 135.1, 134.7, 132.9, 132.3, 130.6, 126.91,
126.90, 126.1, 120.0 (broad; Ar), 48.3, 45.2 ppm (broad; ¥f&e NMR (CDC}, r.t.): /=
1272.0 ppm (very broad)’Te NMR (CDC}, —40°C): / =1259.3 ppm (broad}*Te NMR
(DsCOD, r.t.): /= 1255.2 ppm (slightly lmad). Anal. Calcd. fo2: G,4H24N,OTe (484.06): C

59.55, H 5.00; N 5.79. Found: C 58.98, H 4.91, N 5.72 %.

Synthesis of bis(8-dimethylaminonaphthyl)telluriumdioxide (8-MeNC;0Hg)2TeO, (3).

To a suspension df (950 mg, 2.03 mmol) in water (10 mL).® (35%, 2 mL) was added
and stirred for 3 h. The brownish sol&gl -(H.O - H,O,) was filtered off and washed with
water (20 mL) and dried in vacuum. Slow evagtimm of the mother liquor yielded brownish
prisms of 3 - HO - H,O,. Recrystallization of from aqoes methanol yielded colorless

prisms of 3 - 2 HO (890 mg, 1.66 mmol, 82 %; Mp. (dec.) 158-164 °C).

'H NMR (CDCk, r.t.): /=9.14 (d, very broad), 8.15 (gery broad), 7.89-7.83 (m, very

broad), 7.52 (t, very broad), 7.4®, very broad; Ar), 2.69 (sery broad), 1.45 ppm (s, very
broad; Me)*H NMR (CDCk, —60 °C): Major set afignals (integral 85%)! = 9.05 (d, 1H),

8.19 (d, 1H), 7.89-7.83 (m, 2H), 7.59 (t, 1H), 7.53 (d, 1H; Ar), 2.68 (s, 3H), 1.46 ppm (s, 3H;
Me). Minor set of gInals (integral 15%)/ = 8.86 (d, 1H), 8.17 (m, 1H), 7.98 (d, 1H), 7.93 (d,
1H), 7.83 (m, 1H), 6.92 (d, 1H; Ar), 3.34 (s, B313.18 (s, 3H), 2.91(s, 3H), 2.09 ppm (s, 3H;
Me). 'H NMR (CD;0D, r.t.): /= 8.90 (dd, 1H), 8.41 (dd, 1H), 8.05 (dd, 1H), 8.03 (t, 1H),

7.77 (dd, 1H), 7.70 (t, 1H; Ar), 2.67 (s, 3H), 1.58 ppm (s, 3H; ME)NMR (CDCE, r.t.): /
=148.0, 136.1, 135.2, 133.0, 132.2, 130.1, 127.2, 126.9, 126.7, 120.9 (broad; Ar), 50.4, 46.7

ppm (broad; Me)**C NMR (CDCE, —60 °C): ~ 146.8, 134.7, 134.5, 133.0, 129.1, 127.1,
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126.9, 126.4, 126.2, 121.1 (Ar), 50.1, 46.8 pidie). °C NMR (DsCOD, r.t.): / = 147.9,
136.6, 135.9, 135.2, 130.1, 129.3, 128.5, 128.0, 127.2, 123.1 (Ar), 51.1, 47.4 pphiide).
NMR (CDCl, r.t.): /=1199.5 (integral 85%) and 1137.4 ppm (integral 138%)e NMR
(CDCl; —60 °C): /= 1184.2 (integral 85%) arid.20.5 ppm (integral 15%2°Te NMR
(CDsOD): /= 1156.2 ppm‘*Te NMR (CD30OD, —90 °C):/ = 1125.9 ppm->Te CP MAS
NMR: /fso= 1170.9 ppm. Anal. Calcd. f8r- H,O - H,0,: Cp4H2eN0Os5Te (552.09): C 52.21,
H 5.11; N 5.07. Found: C 52.78, H 4.92, N 4.943%,0: IR: T (H,0) = 3426 crt. Anal.
Calcd. for3 - 2 HO: CouH2gN204Te (536.09): C 53.77, H 5.26; N 5.23. Found: C 53.40, H

4.96, N 4.99 %.

Synthesis of bis(8-dimethylaminonapHhtyl)hydroxytelluronium triflate [(8-
Me;NC10He)2Te(OH)](O3SCFs) (4). To a suspension & (242 mg, 0.50 mmol) in MeCN

(20 mL), a solution of HEBCF; (75 mg, 0.53 mmol) in MeCN (10 mL) was added. The dark
red solution was reduced tp@oximately 5 mL and hexari® mL) was added. Cooling of

the solution to —20 °C providetas colorless crysta{223 mg, 0.35 mmol, 70 %W/p. (dec.)

219-225 °C).

'H NMR (DsCCN, r.t.): / = 8.48 (s, broad), 8.32 (s, broa8))1 (s, broad), 7.63 (s, broad),

7.91 (m, broad), 7.71 (m, broad), 7.22 (t, lkp®.87 (d, broad; Ar), 2.90-2.77 (m, broad),

2.00 ppm (s, broad; NGH *H NMR (DsCCN, —35 °C):/ = 8.49 (dd, 1H,), 8.30 (dd, 1H),

8.07 (m, 2H), 7.96-7.88 (m, 3H), 7.75-7.67 (m, 3HL8 (t, 1H), 6.82 (d, 1H; Ar), 5.82 (s,

1H; OH), 3.04 (s, 3H), 2.96 (s, 3HD.86 (s, 3H), 2.06 ppm (s, 3H; M&JC NMR (DsCCN, —
35°C): /=149.4,147.9,135.4, 135.1, 134.5, 133.4, 133.3, 132.4, 132.2, 132.1, 129.6, 129.1,
128.7,128.6, 127.6, 127.2, 126.8, 126.1, 122.2, 120.5 (Ar), 51.3, 47.28, 46.5, 46.2 ppm (Me).
%% NMR (DsCCN): /= =79.0 ppm*®*Te NMR (D:CCN): /= 1197.6 ppm-*Te NMR

(DsCCN, —35 °C): £ 1176.3 ppm:*Te CP MAS NMR: o = 1213.4 ppm. IR (OH) =
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3531 cm®. Anal. Calcd. ford: CosHosF3N204STe (625.14): C 48.03, H 4.03; N 4.48; S 5.13.

Found: C 46.83, H 3.92, N 4.21, S: 5.25 %.

X-ray crystallography. Intensity data were collectemh a STOE IPDS 2T diffractometat
150 K with graphite-monochromated Mof0.7107 A) radiation. The structures were
solved by direct methods and differenafer synthesis usg SHELXS-97 and SHELXL-
97 implemented in the program WinGX 2062 Full-matrix least-squares refinement®ef
using all data, was carried out with anisptoodisplacement parameters applied to all non-
hydrogen atoms. Hydrogen atoms attachezhtbon atoms were included in geometrically
calculated positions using a riding model (irthg free rotation about C-C) and were refined
isotropically. The hydrogen atom Hftached to the oxygen atom Ol4ivas located in the
last refinement cycle. Crystal and refineméata are collected in Table 2. Figures were
created using DIAMOND?¥ Crystallographic data (excludj structure factors) for the
structural analyses have bedgposited with the Cambridgaystallographic Data Centre.
Copies of this information may be obtairfege of charge from The Director, CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336033; e-mail:

deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).

Computational Methodology. Calculations were carried ousing the Gaussian 03 and
Gaussian 09 suite of programs usingghgsical constants default for Gaussiari?®3° Al
geometries were fully optimized at the DFT/B3PW81evel of theory using a large-core
quasi-relativistic effective core potentf with the appropriate cc-pVTZ basis &&tfor
tellurium and the split-valence 6-311+G(2df,p¥yisaset for all other atoms. The geometries
were optimized without any symmetry constraints except {@), 5 (C,), 7 (Cy and10

(Cy). Stationary points were characterized as true minima by frequency calculations. The

energies have been correctedZero point vibrational energies.
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Table 1. Selected bond lengths [A] and Hirshfeld charges [e] calculated,Ta, R
R:TeO, [RTe(OH)T, R,Te(OH) and RTeO, (R = 8-MeNCigHs , R = Ph (values in
brackets)).
R.Te RTeO [RTe(OH) | R.Te(OH) R,TeO,
Te-C1 [2.148(2.112)2.161 (2.135) | 2.121 (2.091) | 2.147 (2.130) | 2.135 (2.106)
2 |Te-C2 [2.148(2.112)2.168 (2.135) | 2.109 (2.079) | 2.147 (2.130) | 2.135 (2.106)
g Te:-:N1|2.846 2.780 2.583 2.927 3.004
£ |Te-N2|2.846 2.941 2.750 2.927 3.005
“ 1e-01 1.824 (1.815) | 1.972(1.927) 2.074(2.069) 1.800 (1.795)
Te-02 2.074 (2.069) | 1.800 (1.795)
D 1g(Te) |0.218 (0.200)0.632 (0.653) | 0.716 (0.809) | 0.435 (0.681) | 0.893 (0.934)
= [q(01), -0.313 (-0.271)-0.372 (-0.362) -0.478 (-0.477
§ La(01H) -0.511 (-0.494)-0.159 (-0.085)-0.266 (-0.242
< |9(02), -0.372 (-0.362)-0.478 (-0.477
£ |q(02H) -0.266 (-0.242
.% q(N1) |-0.058 -0.054 -0.040 -0.076 -0.064
g(N2) |-0.058 -0.066 -0.064 -0.076 -0.064

2 axial position? equatorial position
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Table 2.

Crystal data and structure refinent of1 - 4.

1 3:H,0-H,0, 32 H,0O 4

Formula GsH24N,Te G4HoeNOsTe G4H2eNO4Te GosHasFsN,O,STe

Formula weight. g mot 468.06 552.09 536.09 634.13

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic

Crystal size. mm 0.43W0.260.06 0.100.060.01 0.27@.16W.01  0.36u0.23 u0.12

Space group P2/n P2/n P2i/n P2/c

a. A 13.5319(16) 9.577(7) 9.566(2) 9.982(5)

b. A 9.1853(7) 23.245(9) 23.122(3) 9.237(9)

c. A 17.734(2) 10.460(6) 10.433(2) 28.56(2)

D° 90 90 90 90

E° 110.168(9) 106.92(5) 106.51(1) 107.19(5)

J° 90 90 90 90

v. A2 2069.1(4) 2228(2) 2212.5(6) 2516(3)

z 4 4 4 4

lhice Mg 13 1.503 1.646 1.609 1.674

AMoK .). mnm*t 1.448 1.374 1.378 1.323

F(000) 936 1112 1080 1264

Trange. deg 2.76 t0 29.17 1.7510 29.20 1.76 t0 29.23 2.14 t0 29.35

Index ranges — 18 dh d18 —13dh d13 —13dh d12 -13 dh di3
-12 dk d10 -31 d d30 -30 dk d31 -12 d& di2
-24 dl d24 -14 d d11 -13 d d14 -37 d d37

No. of reflnscollected 14317 15761 15683 28795

Completeness to7ax 98.4% 98.8% 98.7% 98.4%

No. indep. Reflns 5506 5962 5925 6804

No. obsd reflns with (I>2¢1)) 3286 1808 2987 3557

No. refined params 244 289 280 325

GooF F?) 0.812 0.862 0.876 0.859

R (F) (1>2 ) 0.0277 0.0457 0.0528 0.0536

wR; (F?) (all data) 0.0579 0.1069 0.1238 0.1171

Largest diff peak/hole. e &  0.319/-0.503 0.757/-1.150 0.699/-1.635 0.542/-0.843

CCDC number 000000 000000 000000 000000
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Figure 1
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Figure 2

24



Figure 3
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Figure 4
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Caption of Figures

Figure 1. Molecular structure of showing 30% probabilitgllipsoids and the
crystallographic numbering scheme. Selected bond parameters [A, ©]: Te1-C10 2.171(3), Tel-

C20 1 2.155(2), Tel--N1 2.827(4), TeN2 2.699(4), C10-Tel-C20 97.7(2).

Figure 2. Molecular structure a8 showing 30% probabilitgllipsoids and the
crystallographic numbering scheme. Co-crystallize@ lnd HO, molecules are not shown.
Selected bond parameters [A, °]: Te1-01 1.811(5), Te1-0O2 1.832(6), Te1-C10 2.103(7), Tel-
C20 2.119(7), Tel---N1 2.709(7), Tel--N2 2.762(7), O1-Tel-02 104.5(3), O1-Tel-C10
103.8(3), 02-Tel-C10 101.8(3), O1-Tel-C20 101.4(3), 02-Te1l-C20 104.1(3), C10-Tel-C20

137.8(3).

Figure 3. Molecular structure o4 showing 30% probabilitgllipsoids and the
crystallographic numbering scheme. Selected bond parameters [A, °]: Te1-O1 1.957(4), Tel-
C10 2.139(6), Tel-C20 2.119(5), Tel---N1 21§8), Tel---N2 2.706(6), O1:--O2 2.814(6),

01-Te1-C10 93.0(2), O1-Tel-C20 90.5(2), C10-Tel-C20 95.0(2).

Figure 4. Relative energies of ¢éhdiaryltellurium speciesRe, RTeO, RTe(OH),

[R.Te(OH)] and RTeQ; (counterbalanced with@,, H,O and OH; R = 8-MeNC;¢Hs , R

= Ph).

27



For table of contents us only.

28



Organometallics - Full Paper

A New Series of Intramolecularly Gordinated Diaryltellurium Compounds.
Rational Synthesis of the Diaylhydroxytelluronium Triflate

[(8-MeoNC1oHe),Te(OH)](O3SCH)

Jens Beckman®®* Jens Bolsinget Andrew Duthie® Pamela Fink&®

& Institut fur Chemie und Biochemie, Freie Universitat Berlin, Fabebstr. 34/36, 14195 Berlin, Germany
® |nstitut fiir Anorganische und Physikalische Cherbigiversitat Bremen, Leobener Str. 28359 Bremen,
Germany.

“School of Life and Environmental Sciences, Deakin University, Pigdons Road, Waurn Ponds 3217, Australia

Supporting Information

Figure S1. Molecular structure d3-2 H,O.
Figure S2. Supramolecular association®H,0-H,0..
Figure S3. Supramolecular association®® H,0.

Optimized geometries df-10 as well as absolute energies.

" Correspondence to Jens Beckmann: Fax ++49(0)421 218 986844il:j.oeckmann@uni-bremen.de

29



Figure S1. Molecular structure d@ showing 30% probabilitgllipsoids and the
crystallographic numbering scheme. Co-crystallize® rFholecules are not shown. Selected
bond parameters [A, °]: Te1-O1 1.813(#$1-02 1.835(5), Te1-C10 2.115(5), Tel-C20
2.093(6), Tel-N1 2.757(5), Tel--N2 2.787(%)1-Tel-02 106.2(2), O1-Tel-C10 103.9(2),

02-Tel-C10 101.2(2), O1-Tel-C20 101.2(2), 02-Tel-C20 106.2(2), C10-Tel-C20 135.6(2).
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Figure S2.  Supramolecular association®f H,O - H,O.. Selected bond parameters [A]:

01--03 2.675(8), 02:--04 2.616(9), 03---0497(1), 03---05 2.70(1), 04-O5 1.449(8).

Figure S3.  Supramolecular association®f 2 H,O. Selected bond parameters [A]:

0103 2.726(6), 02---04 2.773(7), 03---04 2.839(9), 03---O4a 2.891(8).

31



Computational results:

All energies are given in Hartree/Particle

(8-Me;NCyHe) . Te (1):

Te,0,-0.0005367157,-0.0000000004,-0.0002580707
N,0,0.0000475824,-0.0004317124,2.8458704677
N,0,2.2228862279,0.0004317113,-1.7770074655
C,0,-0.6233455555,-0.4004740553,-2.0161296017
C,0,-1.9639965212,0.4004740547,0.7720465794
C,0,-1.3699568025,-0.2759962457,3.1182175713
C,0,1.5801407393,0.2759962449,-3.0171539069
C,0,0.2019924402,-0.0689646781,-3.1330587365
C,0,-2.3210439563,0.0689646775,2.1141459157
C,0,-0.3693787881,-0.0860713962,-4.4435972901
C,0,-3.7014621386,0.0860713958,2.4861970177
C,0,0.965713539,-0.9392532586,3.3821596084
H,0,1.9379979558,-0.7483249954,2.9201372186
H,0,1.0952012819,-0.8575863689,4.4725347372
H,0,0.6644070707,-1.9581880983,3.137326849
C,0,0.3571115829,1.3834406517,3.1432603894
H,0,0.3743067433,1.578344373,4.2272975789
H,0,1.3463925081,1.5995089195,2.7323838524
H,0,-0.3613093743,2.0603992178,2.6805091612
C,0,3.2447617312,0.9392532573,-1.3576183403
H,0,4.1772894022,0.8575863675,-1.9373399459
H,0,2.8653828563,1.9581880971,-1.4400824961
H,0,3.4910074166,0.7483249939,-0.3096847841
C,0,2.6781331568,-1.3834406529,-1.683810365
H,0,3.5355916131,-1.5783443743,-2.3472840248
H,0,2.9749410331,-1.5995089208,-0.6545381163
H,0,1.8680837481,-2.0603992188,-1.9560002378
C,0,-1.7870177974,-0.7740415525,4.3301979538
H,0,-1.0547720502,-1.0482814477,5.0807925884
C,0,-3.1551090793,-0.876107456,4.6358728185
H,0,-3.4601144375,-1.2734845929,5.5978962799
C,0,-4.0884259356,-0.4139216598,3.7509242875
H,0,-5.1435863284,-0.4243486921,4.0046151429
C,0,-4.6578617934,0.6003320604,1.5835077857
H,0,-5.7002361206,0.6288553327,1.8837507845
C,0,-4.2646577415,1.0713840657,0.3615916775
H,0,-4.9895542381,1.5060868569,-0.3187283761
C,0,-2.9251091003,0.9506351271,-0.0470448129
H,0,-2.6630105406,1.2612560534,-1.0513678643
C,0,-1.8632693781,-0.9506351274,-2.2553721833
H,0,-2.4840654478,-1.2612560536,-1.4235232268
C,0,-2.3805443047,-1.0713840658,-3.556833283
H,0,-3.364576194,-1.5060868567,-3.6982247506
C,0,-1.6716564416,-0.6003320605,-4.6269577615
H,0,-2.0880311888,-0.6288553327,-5.6286174673
C,0,0.3768446749,0.4139216594,-5.535580161
H,0,-0.0838750789,0.4243486919,-6.5181583071
C,0,1.6508518231,0.8761074553,-5.3591714225
H,0,2.2118162114,1.2734845922,-6.1981209824
C,0,2.2663710198,0.7740415516,-4.0997084428
H,0,3.3098821646,1.0482814466,-3.996458113

Full point group Cc2

Zero-point correction= 0.418257
Thermal correction to Energy= 0.443247
Thermal correction to Enthalpy= 0.444191

Thermal correction to Gibbs Free Energy= 0.362730
Sum of electronic and

zero-point Energies= -1046.080006
Sum of electronic and

thermal Energies= -1046.055015
Sum of electronic and

thermal Enthalpies= -1046.054071
Sum of electronic and

thermal Free Energies= -1046.135532

(8'M€2N C10H6)2TeO Q)

Te,0,0.,0.,0.

C,0,0.,0.,2.16076566
C,0,1.2368941965,0.,2.8649376873
C,0,-1.1746124872,-0.1847947212,2.8457449686
C,0,-1.177771046,-0.4176050118,4.2348799141
C,0,0.0033232906,-0.5396397749,4.912000005
C,0,1.2375211797,-0.3522414903,4.2493676421
C,0,2.485574207,0.3262261245,2.2569479444
C,0,3.6600550752,0.129480261,2.9434914963
C,0,3.6521902306,-0.3168785129,4.2767765297
C,0,2.4666069143,-0.5137004914,4.9283723036
N,0,2.4432951887,0.9138626887,0.961588431
C,0,2.2414885459,2.3658631181,1.0220998564
C,0,3.5243448729,0.5608694129,0.058645724
H,0,-2.1193588673,-0.1787341808,2.3149165131
H,0,-2.1229240203,-0.5422761028,4.7523154764
H,0,0.0119309096,-0.7794692931,5.9705981009
H,0,4.6062560175,0.3634467278,2.4695403436
H,0,4.5932371429,-0.4577654621,4.7972077254
H,0,2.451097867,-0.8005944804,5.9748196206
H,0,1.9755642624,2.7318763668,0.0309991189
H,0,1.4073795155,2.5950269572,1.6832497175
H,0,3.1463797957,2.8704281053,1.3921977036
H,0,3.2619211249,0.8972365417,-0.9471381143
H,0,3.6570338294,-0.5221372801,0.0406203968
H,0,4.482775384,1.029506788,0.3265096677
C,0,-2.0673842787,-0.6331661455,-0.156978472
C,0,-2.5823562875,-1.9243216643,0.1430197572
C,0,-2.9062724629,0.3707962302,-0.5695142806
C,0,-4.2922975261,0.1544879931,-0.6911570422
C,0,-4.8247792386,-1.059104051,-0.3563225474
C,0,-3.9977918048,-2.1194315667,0.0812598572
C,0,-1.7733517135,-3.0268430873,0.5429099096
C,0,-2.3575626587,-4.2039800722,0.9458961247
C,0,-3.753190486,-4.3677995882,0.9286298091
C,0,-4.5545687855,-3.354988263,0.4811035578
N,0,-0.3529343812,-2.882121813,0.4650069905
C,0,0.4004004178,-3.4865971049,1.551898958
C,0,0.1577570256,-3.2959542011,-0.8384756433
H,0,-2.4677821166,1.3456072251,-0.7759170107
H,0,-4.9342915288,0.9619615287,-1.0270410786
H,0,-5.895679622,-1.2279947597,-0.4131571933
H,0,-1.7333082621,-5.03211382,1.2614741438
H,0,-4.1852558929,-5.3092395475,1.249960841
H,0,-5.6317426961,-3.4802667584,0.437426971
H,0,1.4323501206,-3.1298005523,1.5099467302
H,0,-0.0270116432,-3.1852896297,2.5081825733
H,0,0.4277684374,-4.5862612475,1.5048385845
H,0,1.2120854934,-3.0209338562,-0.9230940888
H,0,-0.3943520918,-2.7916850655,-1.6335289405
H,0,0.0646392058,-4.3821612648,-0.9903760274
0,0,-0.299921471,1.733848439,-0.4785156533

Full point group Cl NOp 1
Zero-point correction= 0.422065
Thermal correction to Energy= 0.447949
Thermal correction to Enthalpy= 0.448893

Thermal correction to Gibbs Free Energy=0.366257
Sum of electronic and

zero-point Energies= -1121.266980
Sum of electronic and
thermal Energies= -1121.241096
Sum of electronic and
thermal Enthalpies= -1121.240152

Sum of electronic and
thermal Free Energies= -1121.322788



(8-M&;NCyHe)2TeO, (3):

Te,0,0.058169759,-0.0099101855,0.032379402
0,0,0.0685707071,-0.1072660352,1.8294864909
0,0,1.7131608555,0.0839708107,-0.6684887014
C,0,-0.7661620619,-1.9128787656,-0.4730233595
C,0,-1.3043844279,-2.327425939,-1.7143894384
C,0,-0.7362446427,-2.7402626635,0.6199689101
C,0,-1.246386573,-4.0485766565,0.5297375824
C,0,-1.8309179959,-4.4709948371,-0.6308006839
C,0,-1.8952469019,-3.6298224705,-1.7649559024
C,0,-1.3268465415,-1.5273012525,-2.8915216304
C,0,-1.9948251071,-1.9751697731,-4.0068709601
C,0,-2.6176349641,-3.2339492755,-4.0325359455
C,0,-2.5471040585,-4.0556202587,-2.9430868023
N,0,-0.6053055609,-0.2965894158,-2.8835786901
C,0,0.7561048913,-0.4902106467,-3.4013470831
C,0,-1.2661131448,0.7950287616,-3.5882058536
H,0,-0.3392365264,-2.3627968527,1.5581525807
H,0,-1.1958508144,-4.7017071496,1.3937214893
H,0,-2.263591099,-5.4638962646,-0.7000701305
H,0,-2.0199845959,-1.3594336962,-4.8980771215
H,0,-3.1295470929,-3.558038072,-4.9319509607
H,0,-2.9946099873,-5.0437867997,-2.9637025902
H,0,1.3298549479,0.4239179701,-3.254634763
H,0,0.7330524413,-0.7492291224,-4.470753941
H,0,1.2609458066,-1.2776095715,-2.8455648721
H,0,-0.7326764354,1.7225176508,-3.3757845642
H,0,-1.272898983,0.6576813064,-4.6798055811
H,0,-2.2944544429,0.8989575781,-3.2415494493
C,0,-0.7249997382,1.8974228197,-0.5213866997
C,0,-2.0767703376,2.315680909,-0.5298537701
C,0,0.2945518996,2.7219097429,-0.922390975
C,0,0.0150524384,4.0307165044,-1.3570515652
C,0,-1.2807450695,4.4557567645,-1.4423095538
C,0,-2.3515486798,3.6173080115,-1.0569317993
C,0,-3.1703342976,1.5190143411,-0.0871793057
C,0,-4.4573498737,1.9681542301,-0.2688647856
C,0,-4.7217807945,3.2255306806,-0.8366821072
C,0,-3.6899760314,4.0448809492,-1.198614501
N,0,-2.8816617344,0.2914262409,0.5787455937
C,0,-2.8086490186,0.4938950505,2.0325135526
C,0,-3.7975583225,-0.7978397752,0.2642202915
H,0,1.3121211428,2.341319023,-0.9259783967
H,0,0.831411451,4.6817536048,-1.6491483464
H,0,-1.5116931832,5.4483948596,-1.8154468321
H,0,-5.2889446462,1.3552239773,0.0579169059
H,0,-5.7492032936,3.5505914123,-0.9582653758
H,0,-3.8822031687,5.0322857501,-1.6050645886
H,0,-2.4438575026,-0.4175517454,2.5041115517
H,0,-3.7973997844,0.7559454387,2.4386402073
H,0,-2.0966710068,1.2823745852,2.2672956171
H,0,-3.3913604943,-1.7251114263,0.6705372243
H,0,-4.7980855353,-0.6544225326,0.6989965727
H,0,-3.8972052161,-0.9064046982,-0.8159703221

Full point group C1

Zero-point correction= 0.426352
Thermal correction to Energy= 0.452942
Thermal correction to Enthalpy= 0.453886

Thermal correction to Gibbs Free Energy= 0.369981
Sum of electronic and
zero-point Energies=
Sum of electronic and
thermal Energies=

Sum of electronic and

-1196.418152

-1196.391562

thermal Enthalpies= -1196.390618
Sum of electronic and
thermal Free Energies= -1196.474523

33

[(S'MezN C10H6)2Te(OH)]+ (43.):

Te,0,0.0001897213,-0.003929487,0.0025532395
0,0,0.002424229,-0.0120334361,1.9749211161
C,0,2.1204848574,0.0016425441,-0.030255662
C,0,2.7912080824,0.080035726,-1.2782423401
C,0,2.8256000396,-0.0959265921,1.1435471308
C,0,4.2330197209,-0.1133854566,1.1271677587
C,0,4.9098055027,-0.0152139125,-0.0572164372
C,0,4.2179242047,0.0916107652,-1.2850303373
C,0,2.1099353639,0.1749060057,-2.5149317271
C,0,2.8068246673,0.3100117439,-3.6886728667
C,0,4.2119408987,0.3399899976,-3.6877858191
C,0,4.902397382,0.222285155,-2.5127293092
N,0,0.6651281565,0.0648986799,-2.4920855055
C,0,-0.0162873643,1.1144814438,-3.263079546
C,0,0.2403232799,-1.2725470711,-2.9448298439
H,0,-0.4065574744,-0.8152985664,2.3155976489
H,0,2.2965139103,-0.1437002726,2.0874175517
H,0,4.7738395748,-0.1934394307,2.0629564056
H,0,5.9945477483,-0.0127246907,-0.0702040164
H,0,2.2801821222,0.3814346795,-4.633544166
H,0,4.7421093642,0.4463028387,-4.6268004858
H,0,5.98690599,0.2326242643,-2.5084276516
H,0,0.3385343944,2.0932266263,-2.946165773
H,0,0.1508970864,1.0017026985,-4.3391939384
H,0,-1.0909266458,1.0540038268,-3.0826656195
H,0,0.7340734794,-2.0398871494,-2.3465427763
H,0,0.4976073461,-1.4349005835,-3.9964262534
H,0,-0.8408606966,-1.3715246834,-2.8277532781
C,0,-0.2818923985,2.085487768,-0.0528716967
C,0,-1.5841000055,2.6478528867,0.0637695183
C,0,0.8283672549,2.881257501,-0.191823891
C,0,0.7086166485,4.2807465308,-0.2365943006
C,0,-0.5258766005,4.8586372714,-0.1475393339
C,0,-1.6909564266,4.0744407834,0.0050954114
C,0,-2.7775063869,1.901864414,0.2535717414
C,0,-3.9879201422,2.5417096384,0.357117546
C,0,-4.0861876568,3.9395028417,0.2829662009
C,0,-2.9567354554,4.689620685,0.1131983396
N,0,-2.6874644442,0.4684066588,0.3445526045
C,0,-3.3407823537,-0.2127954571,-0.7739461924
C,0,-3.1606001727,-0.0517896194,1.6295013427
H,0,1.8156923163,2.440688173,-0.2578886897
H,0,1.5993198487,4.8894605369,-0.3381275936
H,0,-0.6305228843,5.937802381,-0.1837290413
H,0,-4.8895501067,1.9575612532,0.5053860121
H,0,-5.0561367098,4.4150500849,0.3682281481
H,0,-3.0141858965,5.771499321,0.064465611
H,0,-2.9864471382,0.2007915479,-1.7196699627
H,0,-3.0993811494,-1.2785581245,-0.741843799
H,0,-4.4328333717,-0.1103429093,-0.7488992205
H,0,-2.648102646,0.4598470964,2.4431079081
H,0,-2.9452245933,-1.1225288286,1.6844854361
H,0,-4.2430907118,0.0734173286,1.7573842793

Full point group C1l

Zero-point correction= 0.435095
Thermal correction to Energy= 0.461218
Thermal correction to Enthalpy= 0.462162

Thermal correction to Gibbs Free Energy= 0.379321
Sum of electronic and
zero-point Energies=
Sum of electronic and
thermal Energies=
Sum of electronic and
thermal Enthalpies=
Sum of electronic and
thermal Free Energies=

-1121.687437

-1121.661314

-1121.660370

-1121.743210



(8'M€2N C]_oHG)zTE(O Hk (5)

Te,0,0.0357565488,-0.0000000001,0.0169278542
N,0,-0.0292326071,-0.0857561132,2.941832219
N,0,2.2569255931,0.0857561123,-1.8871985099
C,0,-0.5693885561,-0.5599052262,-1.9654102523
C,0,-1.8810981008,0.559905227,0.8053016348
C,0,-1.4248467268,-0.242132773,3.1506955687
C,0,1.5339115812,0.2421327728,-3.0990621194
C,0,0.1717279267,-0.191466189,-3.1227826847
C,0,-2.3065713234,0.1914661896,2.1121057996
C,0,-0.4755144953,-0.2738380008,-4.3939116644
C,0,-3.7000006959,0.2738380022,2.4171405837
C,0,0.8441143915,-0.9995145487,3.6519558928
H,0,1.8450961426,-0.9376022753,3.2177615142
H,0,0.9321627047,-0.7700312686,4.7254327148
H,0,0.4871124501,-2.0252412684,3.5471981632
C,0,0.4179654545,1.2989965295,3.0907011288
H,0,0.3791476701,1.6237944951,4.1412352291
H,0,1.4479494079,1.3857829146,2.7364276969
H,0,-0.2042031596,1.9661033906,2.4942159396
C,0,3.3597368158,0.999514547,-1.6617699836
H,0,4.2458582772,0.7700312666,-2.2740556591
H,0,3.0524341891,2.025241267,-1.8715071125
H,0,3.6583360846,0.9376022731,-0.6123283697
C,0,2.6555153834,-1.2989965308,-1.6356548023
H,0,3.4434809895,-1.6237944967,-2.3315275779
H,0,3.0343141837,-1.3857829163,-0.6144358848
H,0,1.7998029649,-1.9661033913,-1.738827584
C,0,-1.9370259755,-0.7468424418,4.3235979298
H,0,-1.2651875349,-1.0914152374,5.1007036815
C,0,-3.3225025818,-0.7710517227,4.5609298922
H,0,-3.6961116303,-1.1753216264,5.4953032998
C,0,-4.1815887493,-0.2310329633,3.6468070591
H,0,-5.2471150955,-0.1853287429,3.8466813305
C,0,-4.5816520984,0.8566438709,1.4796908634
H,0,-5.6346209781,0.9294744754,1.7328203436
C,0,-4.116044406,1.3294505394,0.2852372355
H,0,-4.7900424682,1.804452357,-0.4194660131
C,0,-2.7643433328,1.1530792287,-0.061749556
H,0,-2.4168163372,1.4762530194,-1.0347581132
C,0,-1.7998540444,-1.1530792271,-2.0990313221
H,0,-2.3321894497,-1.4762530178,-1.2135147038
C,0,-2.388199184,-1.3294505371,-3.3644741781
H,0,-3.3604667667,-1.8044523541,-3.4391454902
C,0,-1.7594217683,-0.8566438686,-4.4816800471
H,0,-2.2310218482,-0.9294744726,-5.456570482
C,0,0.17037077,0.2310329646,-5.5457966057
H,0,-0.3503804005,0.1853287449,-6.4966458772
C,0,1.4219328567,0.7710517233,-5.4606970098
H,0,1.9078533889,1.1753216269,-6.3418999504
C,0,2.1165015708,0.7468424416,-4.2386306499
H,0,3.1434023656,1.0914152366,-4.2115198101
0,0,-0.4972285629,-1.9715463186,0.3768431663
H,0,-0.5511538817,-2.1316037372,1.3235470931
0,0,-0.0236713092,1.9715463187,-0.6234474186
H,0,0.6744081105,2.131603737,-1.2651961147

Full point group C2

Zero-point correction= 0.446266
Thermal correction to Energy= 0.474735
Thermal correction to Enthalpy= 0.475679

Thermal correction to Gibbs Free Energy= 0.389236
Sum of electronic and

zero-point Energies= -1197.680768
Sum of electronic and

thermal Energies= -1197.652299
Sum of electronic and

thermal Enthalpies= -1197.651354
Sum of electronic and

thermal Free Energies= -1197.737797
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PhTe ©):

Te,0,0.7252595126,0.7684946418,-0.9244993704
C,0,0.7388242144,0.7624972347,1.1877181593
C,0,1.9611310558,0.8368416391,1.8514938261
C,0,-0.443436863,0.738326433,1.92475648
C,0,1.9988326313,0.8971940904,3.2390860916
H,0,2.8884296632,0.8364999209,1.2886038005
C,0,-0.3977846104,0.7747169268,3.3112147683
H,0,-1.4009405485,0.6908460728,1.4184100451
C,0,0.8214390065,0.8607841566,3.9721123144
H,0,2.955662798,0.9584791232,3.746596124
H,0,-1.3229109634,0.7479694989,3.8773111969
H,0,0.8521853719,0.8977341401,5.0554324466
C,0,-0.7213463732,-0.7439325237,-1.2100595372
C,0,-0.6818781328,-1.9361501532,-0.4898567213
C,0,-1.7040151764,-0.5589823173,-2.1797491655
C,0,-1.6257572244,-2.9243308312,-0.7312001309
H,0,0.0847744586,-2.095170462,0.2600870457
C,0,-2.6314326604,-1.5620568422,-2.4332444456
H,0,-1.756075167,0.3728150514,-2.7326959749
C,0,-2.5984126851,-2.7436834045,-1.7069227407
H,0,-1.5921035071,-3.8464242305,-0.1605459641
H,0,-3.3906994412,-1.4098074932,-3.192964 7569
H,0,-3.3287964104,-3.522009445,-1.8983600927

Full point group Cl NOp 1
Zero-point correction= 0.180020
Thermal correction to Energy= 0.191570
Thermal correction to Enthalpy= 0.192515

Thermal correction to Gibbs Free Energy=0.137901
Sum of electronic and

zero-point Energies= -471.170811
Sum of electronic and

thermal Energies= -471.159261
Sum of electronic and

thermal Enthalpies= -471.158317
Sum of electronic and

thermal Free Energies= -471.212930
PhTeO ():

Te,0,0.0041351043,-0.0046969246,0.004754927
0,0,0.0031323436,-0.0035579228,1.8199489183
C,0,2.107258212,-0.0033218655,-0.3624471325
C,0,2.64128834,0.083977107,-1.6415916184
C,0,2.9277695619,-0.0571091346,0.7541885396
C,0,4.0207990103,0.0981702118,-1.8035762119
H,0,1.9979759194,0.1421008854,-2.5148529273
C,0,4.3064790735,-0.0393645805,0.584405377
H,0,2.4743972067,-0.1068368217,1.7408193406
C,0,4.8510558778,0.0353826805,-0.6913471209
H,0,4.4473156731,0.1628191222,-2.7987960655
H,0,4.9568852262,-0.0821162013,1.4515032904
H,0,5.9278163988,0.0505713692,-0.8204179981
C,0,-0.2637169585,-2.0906940409,-0.3624471325
C,0,-0.4179795793,-2.6093580285,-1.6415916184
C,0,-0.3143307527,-2.9114072609,0.7541885396
C,0,-0.6068569716,-3.9759510419,-1.8035762119
H,0,-0.3941203317,-1.9638659833,-2.5148529273
C,0,-0.5066294532,-4.2767555668,0.584405377
H,0,-0.2075567807,-2.4679902402,1.7408193406
C,0,-0.649777909,-4.8074716569,-0.6913471209
H,0,-0.7250289955,-4.3908381567,-2.7987960655
H,0,-0.5466358059,-4.9273363506,1.4515032904
H,0,-0.8012811936,-5.8736286203,-0.8204179981

Full point group CS

Zero-point correction= 0.182861
Thermal correction to Energy= 0.195574
Thermal correction to Enthalpy= 0.196518

Thermal correction to Gibbs Free Energy= 0.140764
Sum of electronic and

zero-point Energies= -546.347432
Sum of electronic and

thermal Energies= -546.334719
Sum of electronic and

thermal Enthalpies= -546.333775
Sum of electronic and

thermal Free Energies= -546.389530

PhTeO; (8):

Te,0,0.0005099515,0.0066404092,0.0003303755
C,0,-0.0379672451,-0.0893919564,2.103963397
C,0,1.1483668307,0.0306713,2.8151027572
C,0,-1.2556526814,-0.3006108537,2.7358860524
C,0,1.1053977899,-0.0460776715,4.2004207432
H,0,2.0913844755,0.1601992854,2.2950486591
C,0,-1.2831897646,-0.3761648525,4.1220849536
H,0,-2.1603972259,-0.4249551716,2.1503194801
C,0,-0.1070439586,-0.2449818321,4.8494993906
H,0,2.0218935577,0.0420064015,4.7730780946
H,0,-2.2243544736,-0.5451817129,4.6332594516
H,0,-0.1338102134,-0.3067881828,5.9318641506
C,0,-0.0970687574,2.0523222115,-0.4912209351
C,0,1.0878045085,2.7330781882,-0.7348482331
C,0,-1.3351618624,2.6727183188,-0.5901398211
C,0,1.0265466526,4.0790107331,-1.0705708496
H,0,2.0376882783,2.2115641829,-0.683254678
C,0,-1.3809170791,4.018849191,-0.9258385774
H,0,-2.2478705838,2.1092456924,-0.4289778686
C,0,-0.2034579327,4.7182277304,-1.1610177666
H,0,1.9412575959,4.6264204184,-1.2688096227
H,0,-2.3386181646,4.5200247688,-1.0112563118
H,0,-0.2457823927,5.7690665728,-1.425586781
0,0,1.6306005796,-0.5417940514,-0.5146260454
0,0,-1.5396678505,-0.7335729593,-0.5501977342

Full point group Cl NOp 1
Zero-point correction= 0.186188
Thermal correction to Energy= 0.200193
Thermal correction to Enthalpy= 0.201137

Thermal correction to Gibbs Free Energy= 0.141780
Sum of electronic and

zero-point Energies= -621.506219
Sum of electronic and

thermal Energies= -621.492215
Sum of electronic and

thermal Enthalpies= -621.491271
Sum of electronic and

thermal Free Energies= -621.550628
[Ph,Te(OH)T (9):

Te,0,-0.0344925094,0.0002083759,-0.0237152442
C,0,0.003130072,-0.0001507043,2.0671828804
C,0,2.0031721136,-0.0027084355,-0.4341017506
C,0,0.0748216276,-1.2313903222,2.712134901
C,0,-0.0740344787,1.1982754885,2.7655432975
C,0,2.3802644206,-0.4060409325,-1.7157663523
C,0,2.9429903207,0.3801287981,0.519951787
C,0,0.0852512998,-1.2544618678,4.0990358737
C,0,-0.066235451,1.1525078896,4.1537405703
C,0,3.7261345917,-0.4078352835,-2.0472516231
C,0,4.2835513517,0.3727588513,0.1703284373
C,0,0.0147356308,-0.0659281969,4.8150624144
C,0,4.6714518946,-0.0185897588,-1.1066858335
H,0,-0.1448417004,2.1461625373,2.2454728325
H,0,2.6405129166,0.6772946532,1.5173747859
H,0,-0.126378515,2.0764354797,4.7171002475
H,0,5.0289444756,0.6707234837,0.8983352802
H,0,0.016992035,-0.0907505741,5.8986392791
H,0,5.7231436054,-0.0246401864,-1.3692725239
H,0,0.1414545036,-2.2038692229,4.6183805375
H,0,0.1209298529,-2.1653176041,2.1603802046
H,0,1.644704932,-0.714691233,-2.4519134175
H,0,4.0354970623,-0.7162949192,-3.0388218594
0,0,-0.3249503806,1.8970580284,-0.1945315645
H,0,-1.0901134354,2.0982121208,-0.7502309928

Full point group C1

Zero-point correction= 0.194578
Thermal correction to Energy= 0.208001
Thermal correction to Enthalpy= 0.208945

Thermal correction to Gibbs Free Energy= 0.151524
Sum of electronic and

zero-point Energies= -546.727551
Sum of electronic and
thermal Energies= -546.714127
Sum of electronic and
thermal Enthalpies= -546.713183

Sum of electronic and
thermal Free Energies= -546.770604



PhTe(OH), (10):

Te,0,-0.0261506624,0.0000000002,-0.0224230223
C,0,-0.0326350163,-0.1335565075,2.102960826
C,0,2.0733561622,0.133556507,-0.3531338375
C,0,-0.1748790699,1.0193344227,2.8652867699
C,0,2.8050511421,-1.0193344234,-0.6100320105
C,0,-0.1843591163,0.920152888,4.2510178776
C,0,4.1731092388,-0.9201528892,-0.8308432837
C,0,4.8019018918,0.3167160388,-0.7976193918
H,0,5.8701851088,0.3881729234,-0.9720127996
C,0,4.0602681286,1.462188201,-0.5432126208
H,0,4.5461055671,2.4317025983,-0.5162099155
C,0,2.691463208,1.3775839404,-0.3227041252
H,0,2.1003143864,2.2637014207,-0.1263835701
C,0,0.0917524389,-1.3775839411,2.7091868958
H,0,0.195573502,-2.2637014212,2.0950046128
C,0,0.0826855789,-1.4621882023,4.0956098829
H,0,0.183503755,-2.4317025998,4.571638094
C,0,-0.0555797338,-0.3167160404,4.8673780785
H,0,-0.0649267023,-0.3881729254,5.9497618952
H,0,2.3041155239,-1.9790568859,-0.6284002457
H,0,4.7476155154,-1.8186057453,-1.0297024793
H,0,-0.2694676437,1.9790568854,2.3730196809
H,0,-0.2932285016,1.8186057439,4.8491398542
0,0,0.1998338127,-2.0559885972,-0.0804008082
H,0,-0.5143795605,-2.4117740356,-0.6172135868
0,0,-0.0489676297,2.0559885976,0.2097618028
H,0,-0.6884729734,2.4117740365,-0.4141785924

Full point group Cc2

Zero-point correction= 0.207805
Thermal correction to Energy= 0.222910
Thermal correction to Enthalpy= 0.223854

Thermal correction to Gibbs Free Energy= 0.164203
Sum of electronic and

zero-point Energies= -622.777305
Sum of electronic and

thermal Energies= -622.762200
Sum of electronic and

thermal Enthalpies= -622.761256
Sum of electronic and

thermal Free Energies= -622.820906
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Hzo:

0,0,-0.0157750784,0.,-0.0111487231
H,0,0.0200177246,0.,0.9484105462
H,0,0.9006931849,0.,-0.2977164089

Full point group c2v

Zero-point correction= 0.021437
Thermal correction to Energy= 0.024273
Thermal correction to Enthalpy= 0.025217

Thermal correction to Gibbs Free Energy= 0.003801
Sum of electronic and

zero-point Energies= -76.408607
Sum of electronic and

thermal Energies= -76.405771
Sum of electronic and

thermal Enthalpies= -76.404827
Sum of electronic and

thermal Free Energies= -76.426243

H,05:

0,0,0.0066386869,-0.0091721379,0.0083148458
H,0,-0.0185159475,0.0194221323,0.9733849106
0,0,1.4213169986,-0.0119968883,-0.2258987378
H,0,1.5384110815,-0.8834531272,-0.6254780381

Full point group C2

Zero-point correction= 0.026822
Thermal correction to Energy= 0.030021
Thermal correction to Enthalpy= 0.030965

Thermal correction to Gibbs Free Energy= 0.005220
Sum of electronic and

zero-point Energies= -151.521250

Sum of electronic and

thermal Energies= -151.518052

Sum of electronic and

thermal Enthalpies= -151.517108

Sum of electronic and

thermal Free Energies= -151.542853
(OH):

0,0,0.,0.,-0.1071277345

H,0,0.,0.,0.857021876

Full point group C*V NOp 4
Zero-point correction= 0.008638
Thermal correction to Energy= 0.010998
Thermal correction to Enthalpy= 0.011942

Thermal correction to Gibbs Free Energy=-0.007614
Sum of electronic and

zero-point Energies= -75.784089
Sum of electronic and

thermal Energies= -75.781729
Sum of electronic and

thermal Enthalpies= -75.780784
Sum of electronic and

thermal Free Energies= -75.800340
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6.1 SYNOPSIS

The previous results showed that organotellurium compounds are stabilized by
secondary interactions and give rise to a diversity of structures. Therefore, the
possibility of stabilizing an organotellurium halide in the cationic state R,TeX" Y™ by
intermolecular coordination was examined, comparable to the previously described

diarylhydroxytellurium cation [R,TeOH]".

Very few organotellurium halides stabilized by intermolecular coordination are known.
Only two members of these compound class, namely [(2-MesNCH,CgH4)PhTeX]"™X™

B8 During the

(X = Br, 1), were isolated and characterized by X-ray crystallography
course of this work, another diarylhalotelluronium cation, namely
[(2-PhNNCgH,4).Tel]ls~ containing two intramolecularly coordinating rather flexible

2-phenylazophenyl groups was reported?®.

A new series of diarylhalotelluronium cations  [(8-Me,NCigHe)TeX]"
(X = OH, ClI, Br, 1), which are stabilized by intramolecularly coordinating stiff

8-dimethylaminonaphthyl groups could be established (Scheme 8)!"2.

The reaction of bis(8-dimethylaminonaphthyl) telluride, (8-Me,NCioHe),Te,["™
with one equivalent of SO.Cl,, Br, and I, afforded the diarylhalotelluronium
cations [(8-MeaNCioHg)oTeX]" (X = CI; Br; 1), which were isolated
as [(8-Me2NC1oHg),TeCl]"-CI™-H,0-1/2THF, [(8-Me;NCyoHg)2TeBr]"-Br,
[(8-MesNC1oHe),TeBr]"-Br-H,O and [(8-Me,NCyoHe) Tel]*:I", respectively. In the
presence of KPFg the chlorination and bromination yielded
[(8-Me,NC1He)2TeCl]*-PFs~ and [(8-MeaNCioHe)2TeBr] ,-Br -PFg .

Using an excess of SO,Cl, a double electrophilic substitution at the
8-dimethylaminonaphthyl residues (in ortho- and para-positions) took place, which
provided the diaryltellurium dichloride (5,7-Cl,-8-Me;NCipH4),TeCl,. However, the
bromination with three equivalents proceeded with a single electrophilic substitution
in para-position and gave rise to the formation of the diaryltellurium dibromide

(5-Br-8-Me;NCyoHs),TeBr,, whereas an  excess of Br, gave the
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diarylbromotelluronium cation, which was isolated as
[(5-Br-8-Me,NC1oHs),TeBr]"-Brs~. Two or three equivalents of iodine provided
[(8-MesNCigHe) Tel]™ 15~ and [(8-MesNCigHe)2Tel]* 15715, respectively.

R,%TeCl, R,E'TeBr, —€XCE€SS,_ R, BTeBr]* - Bry’
4 excess 5 Br, 6
S0O,Cl,
-HCI 2Bry| - HBr
SO,CI SO,CI | H,0
[R,TeCl]" - PFy <———2 | R,Te 222 > [RyTeX]* - X | —2— [R,TeOHJ* - X’
1 KPF6 Brz or |2 1-3 - HX 7
- KCl X =Cl, Br, | X =Cl, Br, 1, I
Br
2 | -Kker 1, H20 Ho| ~HI
KPFg hi 20|,
[R,TeBr]*, - Br - PFg [R,Tell" - Ig % [R,Tell" I3 - I,
2 3 2 3
= cl2 _ Br —
Numbering R= R™= R
of the cations: Me,N Me,N Me,N

[R,TeCI]* (1) Cl
[R,TeBr]* (2)

[RoTell" (3)

[R,B'TeBr]* (6)

[RZTeOH]+ (7
Cl Br

Scheme 8: Synthesis of intramolecularly coordinated diarylhalotelluronium cations,

diaryltellurium dihalides and diarylhydroxytelluronium cation.

A hydrolysis of the above mentioned diarylhalotelluronium  cations
[(8-MesNCioHe)TeX]™ (X = CI; Br; 1) yielded the diarylhydroxytelluronium cation
(8-MesNC1oHg),TeOH]"  which  was isolated as [(8-MesNCygHe),TeOH]" Y
(Y= CI5; Br-HO-THF; I, I3-H,0), respectively. The same cation
[(8-Me,NC1gHe).TeOH]™ - O3SCF3, isolated by the protonation of the diaryltellurium
oxide (8-Me;NCioHg),TeO with triflic acid was already discussed in the previous

paper!”.,
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The structural analysis shows that the Te---N bond lengths in axial coordination of all
the diarylhalotellurium cations [(8-MeoNCigHe).TeX]" (X = CI; Br; 1), respectively
[(5-Br-8-Me,NC1oHs),TeBr]" are significantly shorter than the Te---N bond lengths of
the equatorial coordination. A similar observation was made for the
diarylhydroxytelluronium cation [(8-Me;NC1oHeg),TeOH]" - 0sSCF5; 3. Furthermore,
the Te-X bond lengths are significantly shorter than those of the related
diaryltellurium dihalides Ph,TeX, (X = CI; Br; )" and (4-Me,NCgH.),TeX,

(X = CI; Br; 1), respectively!’".

These short bond lengths could be due to the compensation of the formal positive
charge situated at the Te atoms by strong attractive interactions. In the solid state the
Te atoms of the cations [(8-Me,NC1oHe)TeX]" (X = CI; Br; 1) are weakly associated
with the halogen atoms of the anions (weak ion pairing) via secondary Te:--Y

interactions (Y = Cl, Br, I).

However, within the diaryltellurium dihalides (5,7-Cl>-8-Me;NCioH4),TeCl, and
(5-Br-8-Me;NCioHs),TeBr, the tellurium-halogen bond lengths compare well with
those of the related diaryltellurium dihalides Ph,TeX, (X = ClI; Br)™*™ and
(4-Me,NCgHa)TeX, (X = Cl, Br), respectively!’”. Additionally, the Te---N bond lengths
compare well with the weaker equatorial N coordination found in the above
mentioned diaryltellurium cations or the average Te:---N bond length of
(8-Me,NCioHe),Tel™, indication only a weak interaction with the intramolecularly

coordinating ligand.

The molecular structure of the isolated diarylhydroxytelluronium cations
[8-MesNC1oHg).TeOH]" X (X=CI~, Br-H,O-THF,I",Is-H,0) comprise very similar
structural parameters as the previously isolated compound [8-Me;NCioHg),TeOH]"
featuring the triflat counteranion™. However, unlike the diarylhydroxytelluronium
triflat these compounds reveal significant Te---Y interactions (Y = ClI, Br, I) between
the cations and halide anions.

The behavior of the synthesized compound in solution is interesting. The

diarylhalotellurium cations reveal in the *H and **C NMR spectra (CDsCN, —35<C) two
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sets of signals for the two magnetically inequivalent 8-dimethylaminonaphthyl
substituents and four signals for the magnetically inequivalent methyl groups, which
suggests that the cationic structures are retained in solution. The **Te NMR spectra
(CD3sCN, —35%C) exhibit signals for the diarylhalotellur onium cations respectively,
regardless of the counter ions.

In contrast, the *H and *C NMR spectra (CDCls) of the diaryltellurium dichloride
(5,7-Cl,-8-Me,NC1oH4),TeCl, show one set of signals for the
8-dimethylaminonaphthyl substituents. All four methyl groups are magnetically
equivalent. The **Te NMR (CDCls) reveals a signal that is shifted significantly to

highfield compared to the diarylhalotelluronium cations.

However, the structure of the diaryltellurium dibromide (5-Br-8-Me,;NC;oH5s),TeBr; in
solution depends on the solvent. In acetonitrile, electrolytic dissociation of
(5-Br-8-Me,;NC1oHs),TeBr, into [(5-Br-8-Me,NC1oHs),TeBr]" Br~ takes place, while in
chloroform, the solid state structure of (5-Br-8-Me;NCioHs),TeBr; is retained. This
observation is consistent with the fact that the solvatisation energy for ions is higher

in polar solvents than in non-polar solvents.

Thus, the *H and *Te NMR spectra (CDsCN, —35%) of (5-Br-8-Me ,NC1oHs),TeBr,
are identical with those of [(5-Br-8-Me,NCioHs).TeBr]" Brs~, whereby the *H NMR
and **Te NMR spectra (CDCls) of (5-Br-8-Me,NCyoHs),TeBr, resembles that of
(5,7-Cl,-8-MesNC1oH4),TeCly.

These results show that the intramolecular coordination by the
8-dimethylaminonaphthyl ligand has a stabilizing effect on the organotellurium
cations. Furthermore, small changes on the ligand system have a significant
influence on the formation of the organotellurium cations. The effect of the
intramolecular coordination of the 8-Me;NC,0Hs ligand system was further studied

with the respective monoorganotellurium compounds.
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6.2 EXPERIMENTAL CONTRIBUTIONS

For this study, | performed 100% of the experiments and synthesized all compounds.
Furthermore, | wrote this manuscript together with Prof. Dr. Jens Beckmann.

X-Ray Crystallography: Prof. Dr. Jens Beckmann
12Te MAS-NMR spectra and analysis thereof: Dr. Andrew Duthie

All the experimental contributions are finished, however, the DFT-calculations
— carried out by my colleague Pamela Finke — are unfinished at the moment. Upon
conclusion of this calculation the manuscript will be completed and send to

organometallics.
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Abstract

The stoechiometrically controlled halogenation die t intramolecularly coordinated
diaryltelluride (8-MeNC¢Hg).Te using S@Cl,, Br, and b was studied. At an equimolar
ratio, the diarylhalotelluronium cations [(8-MMdC1oHe)TeX]" (1, X = Cl; 2, X =Br; 3, X =

I) formed that were isolated 4sCI™-H,O-1/2THF,2-Br, 2-Br-H,0O, and3:I", respectively.
When the same reactions were carried out in theepee of KP§; 1-PR™ and 2,-Br PRy~
were obtained. The chlorination of (8-BNC10Hg).Te with an excess of SOI, occurred
with a double electrophilic substitution at theiBdthylaminonaphthyl residues (in tbeho-
andpara-positions) and afforded the diaryltellurium dichtte (5,7-C}-8-Me;NCioH4).TeCh
(4). The bromination of (8-M&C;0Hg).Te with three equivalents of Btook place with a
single electrophilic substitution at the 8-dimedmginonaphthyl residues (in the para-
positions) and provided the diaryltellurium dibratai(5-Br-8-MeNC;oHs),TeBr, (5), while

an excess of Brproduced the diarylbromotelluronium cation [(5-BMeNCyoHs),TeBr]"
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(6) that was isolated a6-Brs~. The reaction of (8-M&ICi0Hg).Te with two or three
equivalents of iodine providesils~ and3-131,, respectively. In the presence of wateCl
‘H,O-1/2THF, 2-Br, 3:I" and 3:137 hydrolyzed to give the previously known
diarylhydroxytelluronium cation (8-M&IC1gHeg)>TeOHJ (7) that was isolated & CI, 7-Br~
‘H,O-THF, 7-17, 7-137-H,0, respectively. The molecular structuresloef7 were investigated

in the solid-state by"°Te MAS NMR spectroscopy and X-ray crystallographd @& solution

by multinuclear NMR spectroscopyH, *°C, **°Te), electrospray mass spectrometry and

conductivity measurements.

Introduction

The halogenation of diorganylchalkogenideg£Ran afford two principles products
(Scheme 151.] Initially, always a molecular (charge transferhmqoex MC) R:E---X-X, is
formed (E = S, Se, Te; X = F, CI, Br, I; R = alkgkyl). This molecular complexMC) is
persistent when the electronegativity of the chgdeois larger than that of the halogen.
However, if the electronegativity of the halogenlasger, the molecular compleM(C)
rearranges into trigonal bipyramidal produdiB) R;EX, when taking into account the

stereochemically active lone pair of the chalcoden.

F Cl Br |
X
% 2 Riimm,, TB
E + X—X —— Ee---X—X , E s |TB MC | MC
y, y, R | MC
¢ R X Se (| TB | TB B MC
E=S, Se, Te; molecular complex trigonal bipyramid MC
X =F, Cl, Br, I: (MC) (TB)
R = alkyl, aryl CN=3 CN=4 Te | TB | TB B l\-;BC

Scheme 1. Halogenation of diorganylchalogenides



If the electronegativity difference is reasonabtyadl the outcome of the halogenation may be
influenced by the choice of the organic groups.sithas been demonstrated that the
bromination of diarylselenides affords either malac complexes MIC) R.Se---Br-Br or
trigonal bipyramidal productsTB) R,SeBk depending on the electronic influence of the
substituents (e.g. OMe, Cl, COOEt, CN, N8 When the energy difference is small, both
principle products may be even in equilibrium itusion.

The halogenation of diorganyltellurides usually ggedsvia oxidative addition and
almost exclusively provides diorganotellurium(IVihdlides RTeX; (X = F, Cl, Br, I; R =
alkyl, aryl). However, recently it has been showattthe iodination of bulky diaryltellurides
R,Te (R = Mes = 2,4,6-trimethylphenyl, Tmp = 2,3,5%8amethylphenyl) gives rise to the
formation of the first molecular complexéd@) R.Te---I-1 (R = Mes, Tmp¥! In these cases
the sterically encumbered substituents prevenintrease of the coordination number at the
tellurium atom from CN = 3 to 4 and the formatiohtiegonal bipyramidal TB) products
R2Teb (Scheme 1). In the solid state, most diorganaiet(lV) dihalides RTeX, are
involved in intermolecular secondary Te---X intéi@es, which have been analyzed in
detail™ A noticeable exception are kpsdimethylaminophenytellurium(1V) dihalides,
which are associated by intermolecular X---X intéoms®™ One of these compounds,
namely, p-Me;NCgHy) Tel, is thermally unstable and decomposes in the sthte above
130°C into p-Me;NCgH,4),Te and iodine. The mechanism of the reductive elton is

presumably initiated by thermal vibration and fotima of a molecular complexMC).

R R R R R R R R R, R
\ & \: T>130C \7 \ S s
I—Te—I-------- —Te—I ——> |- Te------ |—I-----Te------ | —> 2 Te + 2 I—
trigonal bipyramid molecular complex R = p-Me,CgHy
(TB) (MC)



Scheme 2. Proposed mechanism for the reductive eliminatiofpde,NCsgHa),Tel in

the solid state.

In solution, particularly in polar solvents, a éifént mechanism of the interconversion of
molecular complexesMC) and trigonal bipyramidal productdB) might be operative,
which has been suggested on the basis of stopioetic measurements and involves
diarylhalotelluronium halides featuring cationictammediates Gl) [RZEX]+X‘.[6] Two
members of these compound class, namely [(2N@&,CsHs)PhTeX]X™ (X = Br, 1), were
isolated and characterized by X-ray crystallogragiywever, theirH-NMR analysis was
complicated, presumably due to the dynamic behawbthe intramolecularly coordinating,
albeit flexible 2-dimethylaminomethyphenyl groups. During the seuof this work, another
diarylhalotelluronium  cation, namely [(2-PhNN@),Tel]’l;- containing  two
intramolecularly coordinating rathdiexible 2-phenylazophenyl groups was repoffédye
now describe the synthesis, structure and reagtdfia new series of diarylhalotelluronium
cations [(8-MeNCyoHe),TeX]" (1, X = Cl; 2, X = Br; 3, X = |) that are stabilized by two

intramolecularly coordinatingtiff 8-dimethylaminonaphthyl grou;ﬁ%.

Results and Discussion

Synthetic Aspects

The reaction of bis(8-dimethylaminonaphthyl) tellier (8-MeNC;0Hg).Te with one
equivalent of S@Cl,, Br, and |} afforded the diarylhalotelluronium cations [(8-
MesNCioHe)2TeX]” (1, X = Cl; 2, X = Br; 3, X = 1) that were isolated asCI™-H,0-1/2THF
(green plates)2-Br~ (brown plates)2-Br-H,O (slightly green prisms) angt ™ (red solid),
respectively (Scheme 3). When the chlorination amaimination were carried out in the
presence of KP4 1-PFR (yellow plates) and2,-Br-PFR;~ (orange plates) were obtained

(Scheme 3).



R,TeCl, R,B'TeBr, —EXCE€SS_ R, BTeBr]" - Bry”

4 excess 5 Bra 6
SO,Cl,
- HCl 2 Brz - HBr
SO,CI S0,Cl | H,0
[R,TeCl]* - PRy <———2 | RyTe ————=—= [RpTeX]" - X'| ——— [R,TeOH]" - X'
1 KPFq Bry orl, 1-3 - HX 7
- KCl X =Cl, Br, | X =Cl, Br, I, I3
Br
2 | -ker I, H20 H.o | - HI
KPFg - HI S P
[R,TeBr]*, - Br - PFg [RyTel]* - I3 % [RoTell" 15 - 1,

2 3 2 3

- cl2 — Br —
Numbering R= R™= R
of the cations: Me,N Me,N Me,N
[R,TeCl]* (1) Cl
[R,TeBr]* (2)
[R,Tel]" (3)
[R,E'TeBr]* (6)
[R,TeOH]" (7)

Cl Br

Scheme 3. Synthesis of intramolecurlary coordinated diarigkelluronium cationd. - 3,

5 and®, the diaryltellurium dihalided and5 and the diarylhydroxotelluronium cati@n

The chlorination of (8-MgNC;y0He)2Te using an excess of JC), took place with a double
electrophilic substitution at the 8-dimethylaminphthyl residues (inortho- and para-
positions) and provided the diaryltellurium dichét (5,7-C}-8-Me:NCioH4).TeCh (4) as
colorless crystals (Scheme 3). The bromination8efE&;NC,0Hg).Te with three equivalents
of Br, proceeded with a single electrophilic substitut@nthe 8-dimethylaminonaphthyl
residues (inpara-positions) and gave rise to the formation of therydtellurium dibromide
(5-Br-8-MeNC;0H5),TeBr, (5) that was obtained as yellow crystals, while aness of By
gave the diarylbromotelluronium cation [(5-Br-8-peC,0Hs)-,TeBr]" (6) that was isolated as

6-Brs~ (red crystals). The reaction of (8-MNCioHe)2Te with two or three equivalents of

5



iodine provided3: I3~ (violet red crystals) an8-15-1; (dark red crystals) respectively (Scheme
3). When reacted with watet;ClI™-H,O-1/2THF,2-Br~, 3:-1" and3-13~ hydrolyzed to give the
diarylhydroxytelluronium cation (8-M&ICioHe),TeOHJ (7) that was isolated a3-ClI
(yellow plates), 7-Br-H,O-THF (green plates)/-1~ (orange prismsy-l3-H,O (black red
prisms), respectively (Scheme 3). In preceding wawdk already reported the synthesis of the
same cation [8-M&CyoHe),TeOH]" (7) by the protonation of the diaryltellurium oxide

[8-Me;NCioHe), TeO with triflic acid, which was isolated as cobs$7-0;SCR™.

Molecular structures in the solid-state

The molecular structures of the diarylhalotellutoni cationsl-CI-H,0O-1/2 THF, 1-PF;,
2:Br  and3-13~ are shown in Figures 1 - 4, those2efBr-PF;, 3:137-1, and6-Brs~ are shown

in Figures S1, S2 and S4 of the Supporting InfoionatThe molecular structure of the
diaryltellurium dihalide4 is shown in Figure 5, that & is shown in Figure S3 of the
Supporting Information. The molecular structuretiod diarylhydroxytelluronium cations 7,
as present iry-CI, 7-Br-H,O-THF, 7-1", 7-137-H,O, are shown in Figures S5 - S8 of the
Supporting Information. Within the diarylhalotelimium cationsl - 3 and 6, the spatial
arrangement of the Te atoms is distorted trigomajramidal and defined by a,N,X donor
set (X = ClI, Br, I). In this arrangement the equialgpositions are occupied by C10, C20 and
N2, whereas N1 and the halogen atom X1 are situatéde axial positions. The Tel-X1
bond lengths of the diarylchlorotelluronium catidh€l™-H,O-%THF (Tel-Cll 2.444(1) A)
and 1.PR~ (Tel-Cl1 2.427(1) A), of the diarylbromotelluroniucations 2-Br~ (Tel-Brl
2.591(2) A),2,-Br-PR (Tel-Brl 2.582(2) A) ané-Brz~ (Tel-Brl 2.5808(8) A) and of the
diaryliodotelluronium cation8-15™ (Tel-11 2.780(2) A) an®-15™1, (Tel-11 2.7827(8) A) are
significantly shorter than those of the relateddtallurium dihalides PiTreX, (X = CI: av.
2.506(2) A% X = Br: 2.6818(6) A™! X = I: 2.928(1) Al and (4-MeNCgH.),TeX, (X =

Cl: av. 2.519(1) A; X = Br: av. 2.681(1) A; X = &v. 2.935(3) A), respectively. The

6



Tel---N1 bond lengths (varying between 2.426(4)2682(7) A, av. 2.485(7) A) of the axial
coordination are significantly shorter than the ‘Fg42 bond lengths of the equatorial
coordination (varying between 2.701(3) and 2.80@(3xv. 2.748(7) A). Both the short Tel-
X1 bond lengths and the short Tel---N1 bond lengthg be attributed to strong attractive
interactions that may be related to the compensatidhe formal positive charge situated at
the Te atoms. In the solid-state the Te atomset#iions are weakly associated with halogen
atoms of the anions (weak ion pairing) via seconda---Y interactions (Y = F, ClI, Br, ).
The Te---Y bond lengths are larger than 3 A, bgificantly shorter than the sum of van der
Waals radii (given in brackets): Tel---F1 3.0534fpr 1-PR~(3.53 A), Tel---Cl2 3.173(1)
for 1.CI"-H,O-%THF (3.81 A), Tel---Br2 3.411(4) A f@&Br, Tel---Br2 3.272(4) A for
2,-Br-PR, Tel---Br2 3.720(1) A fo6-Brs~ (3.91 A), Tel---12 4.037(2) foB-l5~ and
Tel---12 3.8606(8) foB:15 -1, (4.04 A). Within the diaryltellurium dihalide4 and5, the
spatial arrangement of the Te atoms is distortéahedral and defined by &KX, donor set
(X = Cl, Br). In this arrangement C and N atoms siteated in mutuatis-position, whereas
the halogen atoms X1 and X2 adogtans-position. The Te-Cl bond lengths 41(2.521(1),
Tel-Cl2 2.516(1) A) and the Te-Br bond lengths 50{2.662(1), Tel-Br2 2.712(2) A)
compare well with those of the related diaryltellon dihalides PjTeX, (X = CI: av.
2.506(2) Al° X = Br: 2.6818(6) A}Y and (4-MeNCgH4)-TeX, (X = Cl: av. 2.519(1) A; X =
Br: av. 2.681(1) A), respectivelyl. The Tel---N bond lengths dfand5 (varying between
2.726(5) and 2.7477(5) A, av. 2.736(5) A) compasdl with the Tel---N2 bond lengths of
the diarylhalotelluronium cations - 3 and6 (see above) being associated with the weaker
equatorial N-coordination and the av. Te---N boenpth of (8-MeNC;He).Te (2.763 A)?!
The molecular structure of the diarylhydroxytellnitom cation?, isolated ag-OsSCFK™, was
already discussed in detail in our preceding p&b&he same cation [8-MBICigHe), TeOH]

(7) with very similar structural parameters is presarthe crystals ov-CI”, 7-Br-H,O-THF,

7-17, 7-137-H,0O. However, unlike7-OsSCF;, the latter compounds reveal significant Te---Y
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interactions (Y = ClI, Br, I) between the cationgldralide anions. The Te---Y bond lengths
are larger than 3 A, but significantly shorter tithe sum of van der Waals radii (given in
brackets): Tel---Cl1 3.2535(7) A fdr-CI-(3.81 A), Tel---Brl 3.4777(9) A fov-Br
-H,O-THF (3.91 A), Tel---11 3.595(2) A fof-1” and Tel:--11 3.9635(5) A fof-15~-H,O

(4.04 A).

Molecular structures in solution
The diarylhalotelluronium salt$-Cl, 1-PR, 2-Br, 2,-Br-PK", 3-1, 3:I37 and6-Brs™ are
reasonably soluble in rather strongly polar solsestich as MeCN, but only poorly soluble in
less polar solvents. At room temperature thesetisoks appear to be of limited stability,
however, it was possible to effectively suppress tlecomposition by cooling to lower
temperatures. ThiH and**C NMR spectra (CBCN, —35°C) show two sets of signals for the
two inequivalent 8-dimethylaminonaphthyl substitiseand four signals for the magnetically
inequivalent methyl groups (see experimental segtiovhich suggests that the cationic
structures are retained in solution. Th&re NMR spectra (CECN, —35°C) exhibit signals
for the diarylhalotelluronium cations dt= 1197.5 {), 1196.6 ), 1184.4 8) and 1196.14),
respectively, regardless of the counter ions. ESldg@ectra (MeCN, positive mode) b{CI,
2-Br~ and3:1~ show only one prominent mass cluster for the [8M@& (He),TeX]" cations at
505.07 (X = CI), 549.02 (X = Br), 597.00 (X = I)egpectively. Molar conductivity
measurements (MeCN, ¢ = 5-16nol ) of 1.CI" ( =92 *enfmol™), 1.-PR( =123
Lenfmol™), 2.Br (=162 tenmfmol™?), 2,-Br-PR™( =292 enfmol™), 3-17 (
=171 “Fenfmol®), 315 ( =173 tenfmol), 3151, (=176 ! enf mol™) and
6:Brs ( =92 ~*cnfmol™) reveal a significant concentration of electrodyte solution.
The diaryltellurium dichloridé is soluble best in less polar solvents, such a€lgHlNo signs
of decomposition were found. THE and**C NMR spectra (CDG) show one set of signals

for the 8-dimethylaminonaphthyl substituents. Aluf methyl groups off are magnetically



equivalent (see experimental section). Ffide NMR (CDC}) of 4 shows a signal a =
1031.3 that is shifted more than 150 ppm highfi@dnpared to the diarylhalotelluronium
cationsl, 2, 3 and6. The molar conductivity (MeCN, ¢ = 5-70mol %) of 4 was below the
detection limit. The structure of the diaryltelm dibromide5 in solution depends on the
solvent. In acetonitrile, electrolytic dissociatiasf 5 into 6-Br takes place, while in
chloroform, the solid state structure ®is retained. This observation is consistent wité t
fact that the solvatisation energy for ions is leig polar solvents. Thus, thel and**°Te
NMR spectra (CBCN, —35°C) of5 are identical with those d@. The molar conductivity
(MeCN, ¢ =5:10'mol ™) of 5is =170 ~*cnfmol™. The'H NMR spectrum (CDG) of
5 resembles that o and shows one set of signals for the two 8-dimathyonaphthyl
substituents. Thé*Te NMR spectrum (CDG) of 5 shows a signal al = 1000.5, which
compares also well with that ¢f(1031.3). Compounds CI~, 7-Br-, 7-1" and7- I3~ containing
the diarlhydroxytelluronium catioh are soluble in at least moderately polar solvemtg'H,
3¢ and'®*Te NMR spectra (CDGlor CD;CN) compare well with those dfOsSCR~® and
are consistent with an ionic structure in solutiblowever, in CDGJ, the chemical shifts for
7-CI” and 7-Br™ slightly different, which apparently suggests sodegree of association
between the diarlhydroxytelluronium catioh and counterions. The molar conductivity
measurements (MeCN, ¢ = 5-1@nol ) of 7.CI" ( =129 “*cnfmol™), 7-Br ( =128
Lenfmol™), 717 (=121 enfmol™) and3-15 (=121~ enf mol™) confirm the

presence of significant concentration of electedyin solution.

Experimental

General. The (8-MeC,¢He);Te was prepared according to literature proceddresH, °C

and **Te NMR spectra were recorded using Jeol GX 270 Wadan 300 Unity Plus



spectrometers and are referenced to $ife, °C) and MeTe (*°Te). The'?**Te CP MAS
NMR spectra were obtained at 126.26 MHz using alLJEGlipse Plus 400 MHz NMR
spectrometer equipped with a 6 mm rotor operattrgpeaning frequencies between 8 and 10
kHz. A 30 s recycle delay was used and typicall§Gbtb 10000 transitions were accumulated
to obtain adequate signal-to-noise ratios. Theaopat chemical shiftsls, were determined by
comparisa of two acquisitions measured at sufficiently diffiet spinning frequencies and
were referenced against M@ using solid Te(OH)as the secondary referenaiy(692.2 /
685.5). The conductivity measurements were obtaimidg a SevenEaSy Conductivity
Meter from Mettler Toledo. Microanalyses were obéai from a Vario EL elemental

analyzer.

Synthesis of bis(8-dimethylaminonaphthyl)halotelluronium halides
[(8-Me,NCigHe)TeX]" X

To a solution of (8-MgC10Hs)2Te (470 mg, 1 mmol) in THF (10 mL fa:ClI, 2-Br~ and3:1",
50 mL for3:137:15) or a suspension in acetonitrile (5mL 8t3") the appropriate halogenation
reagent (SECl,: 65 mg, Bs: 160 mg, 4. 254 mg for3-17, 508 mg for3-157, 1,0 g for3-131)
was slowly added. In case @fCI™ the solution was stirred for 15 min. Slow evapanati
yielded to yellow green plates (280 mg)1e€I™. In case o-Br™ the solution was stirred for
15 min before acetonitrile (10 mL) and hexane (30 mere added. Crystallization afforded
brown plates (307 mg) a2-Br. Whereas slow evaporaton of the THF solution ddr
slightly green prisms (160 mg) @ Br -H,O. In case of3:I" the solution was stirred for one
day. A red solid (680 mg3:1") was separated through filtration. No Crystals cohél
obtained of3-1". In case o8:15~a few minutes after the addition of the halogema#igent, the
suspension becomes a clear solution and was storeshe day. The solvent was removed
under reduced pressure to obtaily” (815 mg). Recrystallization in Acetonitrile andrstge
under —20°C afforded violett-red plates3¥F;™. In case oB:13 -1, the solution and was stirred
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for one day. The solvent was removed under redpcesisure to obtaid:- 131, (1150 mg).

Recrystallization in CkCl,/hexane (1:3) afforded black needles3d§ - I..

1-CI™: Yield 280 mg, 0.53 mmol, 53%; Mp. 212-214%E-NMR (CDsCN, —35°C): = 8.75
(dd, 1H; Ar), 8.44 (dd, 1H; Ar), 8.17 (m, 2H; Arj8.04 (t, 1H; Ar), 7.98-7.93 (m, 2H; Ar),
7.85-7.72 (m, 3H; Ar), 7.26 (t, 1H; Ar), 7.01 ({{1Ar), 3.29 (s, 3H; Me), 3.06 (s, 3H; Me),
2.99 (s, 3H; Me), 2.38 (s, 3H; Me)’C-NMR (CDCN;, —35°C): = 148.9, 147.8, 136.4,
136.3, 136.3, 135.3, 134.6, 133.7, 133.3, 130.2.013129.0, 128.9, 128.9, 128.6, 128.0,
128.0, 126.7, 123.8, 122.3 (Ar), 52.8, 48.6, 42716 (Me).'*Te-NMR (CD:CN, —35°C): =
1197.5.'*Te CP MAS NMR: s, = 1175. ESI MS (MeCN, postive mode): m/z = 505.07
[Co4Ho4TeClI[". Mol. conductivity (MeCN, ¢ = 5-10 mol I): =92 * cnf mol™. Anal.
Calcd. for G4H24NoClyTe (538.97): C, 53.48; H, 4.49; N, 5.20. Found £.93; H, 4.27.; N,

5.19.

2-Br: Yield 307 mg, 0.56 mmol, 56 %; Mp. 215-218%6-NMR (CDsCN, —35°C): = 8.89
(dd, 1H; Ar), 8.44 (dd, 1H; Ar), 8.16 (m, 2H; A8,02 (t, 1H; Ar), 7.96 (m, 2H; Ar), 7.87-
7.72 (m, 3H; Ar), 7.25 (t, 1H; Ar), 7.03 (d, 1H;)AB.31 (s, 3H; Me); 3.12 (s, 3H; Me); 3.02
(s, 3H; Me); 2.39 (s, 3H; Me)*Te-NMR (CD,CN, —35°C): = 1196.6.**°Te CP MAS
NMR: s = 1198. ESI MS (MeCN, positive mode): m/z = 549]@2.H»,TeBr]". Mol.
conductivity (MeCN, ¢ = 5-10 mol ™): = 162 * cnf? mol™®. Anal. Calcd. for

Ca4H24N2BroTe (627.87): C, 45.91; H, 3.85; N, 4.46. Found &£44; H, 2.78; N, 4.33.

3-1I": Yield 680 mg, 0.94 mmol, 94%; Mp. 222-225%E-NMR (CD:CN, —35°C): = 8.98
(dd, 1H, Ar), 8.50 (dd, 1H; Ar), 8.17 (d, 1H; A§,11 (d, 1H; Ar), 7.96 (m, 3H; Ar), 7.87-
7.74 (m, 3H; Ar), 7.22 (t, 1H; Ar), 7.02 (d, 1H; )AB.23 (s, 3H; Me); 3.19 (s, 3H; Me), 3.06

(s, 3H; Me), 2.38 (s, 3H; Me}**Te-NMR (CD,CN, —35°C): = 1184.4. ESI MS (MeCN,

11



positive mode): m/z = 597.00 §gH.4Tel]*. Mol. conductivity (MeCN, ¢ = 5-I0 mol I™):
=171 ' cnf mol™. Anal. Calcd. for GHo4N,Tel, (721.87): C, 39.93; H, 3.35; N, 3.88.

Found: C, 39.96; H, 2.93; N, 3.73.

3157 Yield 815 mg, 0.84 mmol, 84%; Mp. 199-202°C (dett}-NMR (CDsCN, —35°C): see
3-1". *Te-NMR (CD,CN, —35°C): se@-I". Mol. conductivity (MeCN, ¢ = 5-10 mol [):
=173 ' cn? mol™. Anal. Calcd. for GHo4NoTels (975.68): C, 29.54; H, 2.48; N, 2.87.

Found: C, 29.80; H, 2.99; N, 2.79.

3:-15™15: Yield 1.15 g, 0.93 mmol, 91%; Mp. 154-158°E-NMR (CDsCN, —35°C): se@&-I".
12Te-NMR (CDiCN, —35°C): se&-I". Mol. conductivity (MeCN, ¢ = 5-10 mol I'}): =
177 ~* cnf mol™. Anal. Calcd. for GHo4NsTels (1229.44): C, 23.45; H, 1.97; N, 2.28.

Found: C, 23.54; H1.42; N,2.35.

Synthesis ofbis(8-dimethylaminonaphthyl)chlorotelluronium hexafluorophosphate [(8-
Me,NC1oHg)2TeX]” PFRs~ and bis(8-dimethylaminonaphthyl)bromotelluronium bromide
hexafluorophosphate [(8-MeNCi¢He),TeBr] ™, Br~ PFs.

To a suspension of (8-M@:0Hs).Te (235 mg, 0.50 mmol) in dry acetonitrile (10 rtie
appropriate halogenation reagent ¢60Q: 65 mg, Bg: 80 mg; 0.50 mmol) was slowly added
and stirred for 15 minutes. To the now clear reactiixture a solution of potassium
hexafluorophosphate (91.3 mg, 0.50 mmol) in acétita(10 mL) was added and stirred for
1 d. The precipitated potassium halide was filteodid Slow evaporation of the solvent

produced yellow plates df PF;, orange plates &,-Br-PF respectively.

1-PR™: Yield 129.7 mg, 0.20 mmol, 40%; Mp. 223-225°C (lecH-NMR (CDsCN, —35

°C): seel-CI*®F-NMR (CDiCN, —35°C): = -73.2 tJ(**F-*'P) = 688 Hz).*'P-NMR
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(CDsCN, —35°C): = —147.0.***Te-NMR (CD:CN, —35°C): seel-CI". Mol. conductivity
(MeCN, ¢ = 5:10' mol I'): = 123 * cn? mol™. Anal. Calcd. for GH2N-CIPRsTe

(648.48): C, 44.45; H, 3.73; N, 4.32. Found: C384H, 3.45; N, 4.27.

2,-Br-PR™ Yield 102 mg, 0.15 mmol, 30%; Mp. 221-224°C (dety-NMR (CDsCN, —
35°C): see2-Br. *F-NMR (CDiCN, —35°C): = -73.2 U(**F-3'P) = 688 Hz)3'P-NMR
(CDsCN, —35°C): = —147.1.***Te-NMR (CD:CN, —35°C): see-Br. Mol. conductivity
(MeCN, ¢ = 5-10" mol I): =292 * cn? mol™. Anal. Calcd. for GeHagN4BrsPRsTe,

(1320.81): C, 43.65; H, 3.66; N, 4.24. Found: C193H, 3.21; N, 4.01.

Synthesis of bis(5,7-dichloro-8-dimethylaminonaphtil)tellurium dichloride
(5,7-Chk-8-MezNC,0He)TeCl; (4).

To a suspension of (8-M@:0Hs).Te (520 mg, 1.11 mmol) in dry acetonitrile (20 mliifuryl
chloride (1.5 g, 10 mmol) was added and stirredlf®min. During this time the suspension
turned into a clear orange solution. A few minuédter the end of the addition a white

precipitate o4 was filtered off.

4: Yield: 475 mg, 0.7 mmol, 68%; Mp. 238-243°E-NMR (CDCL): = 8.38 (d, 1H; Ar),
8.02 (d, 1H; Ar) 7.62 (s, 1H; Ar), 7.61 (t, 1H; AB.16 (s, 6H; Me)**C-NMR (CDCk): =
142.4, 139.2, 138.7, 134.0, 131.5, 131.2, 131.9,112127.9, 126.6 (Ar), 44.5 (Me)*“Te-
NMR (CDCkL): = 1031.3. Anal. Calcd. for £H2oN.TeCk (676.75): C, 42.59; H, 2.98; N,
4.14. Found: C, 41.98; H, 2.29; N, 3.85.

Synthesis of bis(5-bromo-8-dimethylaminonaphthyl)tburium dibromide (5-Br-8-
Me,NCiogHe)2TeBr, (5) and bis(5-bromo-8-dimethylaminonaphthyl)bromoelluronium
tribromide [(5-Br-8-Me 5NCigH¢)-,TeBr]* Brs™ (6-Brs3).

To a solution of (8-MgC10Hs)2Te (960 mg, 2.05 mmol) in THF (50 ml) bromine (0gg4.00
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mmol for 5; 1.28 g, 8.00 mmol fo6:-Brs’) was added and stirred for 15 minutes. Slow

evaporation of the solvent yielded to yellow cristaf 5 andred crystals 06-Brs ™.

5: Yield: 958 mg, 1.22 mmol, 60%; Mp. 247-251°C (JetH-NMR (CDCkL): = 8.35 (d,
1H; Ar); 7.95 (s, 1H; Ar), 7.82 (s, 1H; Ar), 7.54,(1H; Ar), 7.32 (s, 1H; Ar), 3.01 (s, 6 H;
Me). *H-NMR (CDsCN, —35°C): seé-Brs. ***Te-NMR (CDCE): = 1000.5.***Te-NMR
(CDsCN, —35°C): seé-Brs. Mol. conductivity (MeCN, ¢ =5-10mol I): =123 “*cnf
mol™. Anal. Calcd. for GsH»-N,TeBr, (785.66): C, 36.69; H, 2.82; N, 3.57. Found: C.386

H, 0.91; N, 3.515.

6-Brs™: Yield: 884 mg, 0.93 mmol, 46%; Mp. 195-200°C (detH-NMR (CDsCN): =9.01
(d, 1H; Ar), 8.76 (d, 1H; Ar), 8.49 (d, 1H; Ar),.1® (t, 1H; Ar), 8.12 (d, 2H; Ar), 7.84 (d, 1H,
Ar), 7.70 (d, 1H; Ar), 7.40 (t, 1H; Ar), 7.09 (dH1 Ar), 3.22 (s, 3H; Me), 3.13 (s, 3H; Me),
3.04 (s, 3H; Me), 2.39 (s, 3H; Mey*Te-NMR (CD:CN): = 1196.1. Mol. conductivity
(MeCN, ¢ = 5:10' mol I™): =170 * cn? mol™. Anal. Calcd. for GH2N,TeBr

(945.47): C, 30.49, H, 2.35; N, 2.96. Found: Cp80H, 2.49; N, 2.89.

Synthesis of bis(8-dimethylaminonaphthyl)hydroxytelluronium cations
[(8-Me,NC1Hg),TeOH]™ X~ (7-X).

To a solution of (8-MgCioHe)2Te (462 mg, 1 mmol) in THF (60 ml) the appropriate
halogenation reagent (S0l,: 135 mg, Bs: 160 mg, 3: 260 mg; 1 mmol foi7-1~ , 520 mg; 2
mmol for 7-137) was slowly added and stirred for 15 minutes. Téaction mixture was
guenched with 5 ml of water. Slow evaporation yeeldo yellow plates of-Cl, green plates

of 7-Br7, orange prisms of-1~ andblack-red prism o¥-13".
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A more direkt synthesis af-13~ yielded to a much better result (Method B). Teo&ution of
71" (145 mg; 0.24 mmol) in DCM (20 mL) was added i@&l{65 mg; 0.25 mmol) and stirred

for 15 min. Slow evaporation of the solvent affatdgack-red prism of-l3".

7-CI”: Yield: 68 mg, 0.13 mmol, 13 %; Mp. 225-237°C (detH-NMR (CDCkL): =8.65 (d,
1H; Ar), 8.08 (d, 1H; Ar), 7.86 (m, 2H; Ar), 7.18 1H; Ar), 7.73 (d, 1H; Ar), 7.66 (d, 1H;
Ar), 7.57-7.48 (m, 2H; Ar), 7.38 (d, 1H; Ar), 7.@4 1H; Ar), 6.73 (d, 1H; Ar), 3.06 (s, 3H;
Me), 3.00 (s, 3H; Me), 2.82 (s, 3H; Me), 1.89 (&}; Me). *C-NMR (CDCk): = 149.0,
147.9, 135.0, 134.9, 134.2, 133.0, 132.5, 132.3,313130.9, 129.5, 128.2, 128.1, 127.2,
127.1, 127.0, 126.7, 126.5, 121.6, 120.5 (Ar), 5@B.3, 46.4, 45.0 (Me)***Te-NMR
(CDCl): = 1187.6. Mol. conductivity (MeCN, ¢ = 5 70mol I): =129 ~* cnfmol™.

IR: /7 (OH) = 3393 crit. Anal. Calcd. for G4H2sCIN,OTe (520.52): C, 55.38; H, 4.84; N,

5.38. Found: C, 54.65; H, 4.63; N, 4.89.

7-Br: Yield 265 mg, 0.40 mmol, 40 %; Mp. 224-226°C (detd-NMR (CDCL): = 8.73
(dd, 1H; Ar), 8.13 (dd, 1H; Ar), 7.94-7.86 (m, 3MAr), 7.78 (dd, 1H; Ar), 7.73 (dd, 1H; Ar),
7.62 (t, 1H; Ar), 7.57 (t, 1H; Ar), 7.44 (dd, 1HF)A7.09 (t, 1H; Ar), 6.76 (dd, 1H; Ar), 5.82
(s, 1H; OH), 3.15 (s, 3H; Me), 3.06 (s, 3H; Me®2(s, 3H; Me); 1.99(s, 3H; Me)H-NMR
(CDsCN): = 8.49 (dd, 1H, Ar), 8.30 (dd, 1H; Ar), 8.07 (nH2Ar), 7.96-7.88 (m, 3H; Ar),
7.75-7.67 (m, 3H; Ar), 7.18 (t, 1H; Ar), 6.82 (dH:1Ar), 5.82 (s, 1H; OH), 3.04 (s, 3H, Me),
2.96 (s, 3H; Me), 2.86 (s, 3H; Me); 2.06 (s, 3H;)MEC-NMR (CDCk): = 148.2, 147.9,

135.1, 135.0, 134.8, 133.3, 132.6, 132.4, 131.49.8,3129.6, 128.3, 128.2, 127.3, 127.2,

126.7, 126.6, 126.5, 121.7, 120.0 (Ar), 50.6, 4365, 45.7 (Me)***Te-NMR (CDCB):

1176.41*Te-NMR (CD:CN): = 1166.2. Mol. conductivity (MeCN, ¢ = 5-1Gmol I?):

128 ' cmfmol™. IR: /7 (OH) = 3400 cr™. Anal. Calcd. for GgHssBrN.OsTe (655.09): C,

50.45; H, 5.05; N, 4.53. Found: C, 50.65; H, 41434.23.
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7-1": Yield: 440 mg, 0.72 mmol, 72%; Mp. 227-233%E1-NMR (CDClL): = see7-Br-. H-
NMR (CDsCN): = see7-Br. **C-NMR (CDCE): see7-Br. ***Te-NMR (CDCE): see7-Br .
12Te-NMR (CDsCN): see7-Br-. Mol. conductivity (MeCN, ¢ =5-IT0mol I'"): =121 *
cn’ mol™. IR: 77 (OH) = 3376 cm. Anal. Calcd. for G4H,sN,OTel (611.97): C, 47.10; H,

4.12; N, 4.58. Found: C, 46.88; H, 4.08; N, 4.51 %.

7-13". Yield: 237 mg, 0.27 mmol, 27%:95 mg, 0.23 mmol, 94%; Mp. 192-199°C (dd-
NMR (CDCk): = see7-Br. H-NMR (CDsCN): = see7-Br. *C-NMR (CDCLk): see
7-Br.. **Te-NMR (CDCh): see7-Br. ***Te-NMR (CD:CN): see7-Br~. Mol. conductivity
(MeCN, ¢ =5-10"mol I™): =121 *enfmol™. IR: 77 (OH) = 3307 cm. Anal. Calcd. for

Co4H25N20Tek (865.78): C, 33.29; H, 2.91; N, 3.24. Found: C233H,2.86; N,3.31.

X-ray crystallography. Intensity data were collected on a Bruker SMARDA@CD @-13~

‘I, 7:CIN) at 173 K and a STOE IPDS 2T diffractomet&rQ|™-H,O-1/2THF,1-PK", 2:Br,
2,-Br-PFK, 3:13, 4, 5, 6:Brz7, 7:Br-H,O-THF, 7-1",7-13-H,0) at 150 K with graphite-
monochromated Mo-& (0.7107 A) radiation. The structures were solvgdisect methods
and difference Fourier synthesis using SHELXS-9d &HELXL-97 implemented in the
program WinGX 2002. Full-matrix least-squares refirents orf?, using all data. All non-
hydrogen atoms were refined using anisotropic digghent parameters. Hydrogen atoms
attached to carbon atoms were included in geonadlricalculated positions using a riding
model and were refined isotropically. Crystal aefinrement data are collected in Table 1.
The absolute structure &, 7-CI" and 7-1" was determined by refinement of the Flack
parameter (0.00(1), 0.39(4) and 0.00(1)). Figuresrew created using DIAMOND.
Crystallographic data (excluding structure factoi®) the structural analyses have been
deposited with the Cambridge Crystallographic Dag¢amtre. Copies of this information may
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be obtained free of charge from The Director, CCDZ Union Road, Cambridge CB2 1EZ,

UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.@muk or http://www.ccdc.cam.ac.uk).
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Table 1. Crystal data and structure refinementfLof7.

1.CI"-H,0-%.THF 1.PR 2:Br-
Formula Q2H56C|4N403T62 C24H24C|F6N2PTE Q6H27BF2N3TE
Formula weight, g mot 1182.01 648.47 668.93
Crystal system Monoclinic Triclinic Triclinic

Crystal size, mm
Space group

a A

b, A

c, A

a, 0

b, 0

g o

v, A3

Z

I caica Mg mi™>
mMo K ), mm
F(000)

g range, deg
Index ranges

No. of reflns collected
Completeness tq max

No. indep. Reflns

No. obsd reflns withl$2 s(1))
No. refined params

GooF §?)
Ry (F) (1> 25s(1)
WR; (F?) (all data)

Largest diff peak/hole, e &

0.41" 0.35" 0.15 0.27 0.21" 0.07 0.36 0.28" 0.17

P2;/c
33.779(2)
8.8592(8)
17.7936(12)
90.00
109.754(5)
90.00
5011.5(6)
2
1.567
1.424
1184
2.3910 29.32
—45£ h£ 46
-11£kE£ 12
-11£1£24
10858
97.4%
5704
4370
286
0.980
0.0361
0.0909
0.655/-1.030

P-1
9.2967(10)
10.2462(11)
13.4833(16)
92.378(9)
98.203(9)
97.233(9)
1258.8(2)
2
1.711
1.412
640
2.01 t0 29.18
—11£ h£ 12
—14E K £ 14
~18£1£ 16
14301
98.6%
6712
4804
316
0.913
0.0411
0.0953

0.876 / —0.694

P-1
8.785(8)
11.671(13)
14.197(12)
105.03(9)
98.59(7)
109.95(8)
1275(2)
2
1.742
4.318
652
2.05 to 29.23
—12£ hE 11
~16E K £ 16
~19£1£19
13649
98.1%
6791
5311
289
1.041
0.0486
0.1246
1.705 / —1.195
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Table 1. cont.

2,-Br-PR~ 33 331, 4
CagHagBrsFsNsPTe CagH2414N2TeE GaHa4leN2Te CGoaH20CleN2Te
1320.80 975.65 1229.45 676.72
Monoclinic Monoclinic Monoclinic Tetragonal
0.31" 0.25" 0.18 0.18 0.15" 0.06 0.490.17 0.04 0.50 0.20" 0.12
P2i/c P2i/c C2/c -4

15.915(18) 7.837(3) 31.471(5) 22.4140(11)
9.941(7) 17.587(9) 12.1929(17) 22.4140(11)
16.361(13) 19.891(11) 21.729(3) 10.7778(5)
90 90 90 90

110.84(8) 97.28(4) 132.577(2) 90

90 90 90 90

2419(4) 2719(2) 6139.8(15) 5414.6(5)

2 4 8 8

1.813 2.383 2.660 1.660

3.778 5.650 7.019 1.707

1284 1784 4416 2656

2.05t0 29.25 2.06 t0 29.21 1.76 to 30.54 2.78%t4.2
-18£h£ 21 —-10£ h£ 10 —44£ h £ 32 —30EhE 30
-13£k£E 13 —24£ K £ 24 —-0£kE 17 —-30£ k£ 30
—22£ 1 £ 22 —27E |1 £ 22 —-0£ 1 £ 30 -14£ 1 £ 14
18185 21035 9367 25830
98.7% 98.8% 99.6% 99.5%

6501 7292 9367 7259

2951 3531 7256 6514

290 280 298 298

0.846 0.802 1.067 1.013
0.0628 0.0434 0.0509 0.0318
0.1330 0.1129 0.1640 0.0852
1.584 / -0.969 0.853/-1.709 2.422 | -4.745 0/89Y.638
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Table 1. cont.

5 6-Brsy” 7-CI 7-Br-H,O-THF
Co4H22BrsNoTe GaH22BreN,Te G4H2:sCIN,OTe GgH3sBrN,OsTe
785.68 945.50 520.51 655.09
Orthorhombic Triclinic Orthorhombic Monoclinic
0.10" 0.10" 0.05 0.39 0.14" 0.12 0.4Z 0.39" 0.13 0.50 0.11" 0.06
Pbca P-1 Pca2 P2i/c
14.315(6) 9.2192(12) 12.8089(18) 13.2151(13)
23.765(6) 12.0020(16) 10.4279(14) 9.0546(5)
14.779(12) 14.3375(18) 16.766(2) 23.424(2)
90 89.947(10) 90 90

90 108.386(10) 90 103.826(8)
90 110.917(10) 90 90

5028(5) 1395.0(3) 2239.4(5) 2721.7(4)

8 2 4 4

2.076 2.251 1.544 1.599

7.556 9.676 1.465 2.593

2976 884 1040 1312

2.16 to 29.27 1.83 to0 29.20 1.95 to 30.50 1.7%9a42
O£h£19 —-12£ h£ 12 —15£ h£18 —-18E h£ 17
OE£KE 32 -16£ K £ 16 -14£ K £ 14 -10£ k£ 12
OE£I1£20 -19£1£19 —20E | £ 23 -32£ 1 £ 32
6764 14896 17741 19661
98.6% 98.0% 99.9% 98.7%

6764 7426 5910 7309

4008 4811 5180 4080

280 298 266 328
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Figure 1. Molecular structure of-ClI™-H,O-%2THFshowing 30% probability ellipsoids
and the crystallographic numbering scheme. Seldmed parameters [A, °]: Te1-Cl1
2.444(1), Tel-C10 2.141(3), Tel-C20 2.145(3), T&lt-2.445(3), Tel---N2 2.800(3), C10-
Tel-C20 92.8(1), CI1-Tel-C10 92.63(9), CI1-Tel-CRPMX(1), lon contact: Tel---CI2
3.173(2).
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Figure 2. Molecular structure of- PR showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpeters [A, ©]: Te1-Cl1 2.427(1), Tel-
C10 2.134(4), Te1l-C20 2.122(4), Tel---N1 2.426T4),---N2 2.701(3), C10-Tel-C20
99.1(1), Cl1-Tel-C10 90.7(1), Cl1-Tel-C20 89.3(a) contact: Tel---F1 3.053(4).
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Figure 3. Molecular structure a2-Br~ showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpaters [A, °]: Te1-Brl 2.591(2),
Tel---N1 2.490(6), Tel---N2 2.722(6), Tel-C10 2(619rel-C20 2.125(6), Br1-Tel-C10
93.5(2), Br1-Tel-C20 88.8(2), C10-Tel-C20 96.1(@),contact: Tel---Br2 3.411(4).
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Figure 4. Molecular structure a8-13~ showing 30% probability ellipsoids and the

crystallographic numbering scheme. Selected borahpaters [A, °):
Tel-11 2.780(2), Tel-C10 2.165(8), Tel-C20 2.1361(81---N1 2.532(7), Te2---N2

2.743(7), 12-13 2.921(2), 13-14 2.918(1), 11-Tel{25.2(2), I11-Tel-C20 91.8(3), C10-Tel-
C20 96.7(3), lon contacts: Tel---12 4.037(2), Td3-4.219(2).
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Figure 5. Molecular structure oA showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpeters [A, ©]: Te1-Cl1 2.521(1), Tel-
Cl2 2.516(1), Te1l-C10 2.152(4), Te1l-C20 2.154(4)1 T-N1 2.730(3), Tel---N2 2.740(3),
Cl1-Tel-CI2 169.30(4), CI1-Tel-C10 86.8(1), C1-T@26 86.7(1), CI2-Tel-C10 86.0(1),
Cl2-Tel-C20 86.4(1), C10-Tel-C20 96.9(2).
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Figure S1. Molecular structure a2,-Br-PF; showing 30% probability ellipsoids and the
crystallographic numbering scheme (Symmetry co@el ts generate equivalent atoms: a =1
—X, Y, 0.5 — 2). Selected bond parameters [AT&]-Brl 2.582(2), Te1-C10 2.132(7), Tel-
C20 2.137(8), Tel---N1 2.502(6), Tel---N2 2.732B8)-Tel-C10 93.2(2), Br1-Tel-C20
89.7(2), C10-Tel-C20 95.5(3), lon contact: Tel-2-B272(4)
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Figure S2. Molecular structure a3-13 ™1, showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpeters [A, ©]: Tel-11 2.7827(8), Tel-
C10 2.16(1), Te1l-C20 2.138(6), Tel---N1 2.515(8).-T-N2 2.80(1), 11-Tel-C10 94.9(2),
11-Tel-C20 91.6(2), C10-Tel-C20 96.2(3), lon contdel---12 3.8606(8).
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Figure S3. Molecular structure dd showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpeters [A, °]: Te1-Brl 2.662(1), Tel-
Br2 2.712(2), Te1-C10 2.162(6), Te1-C20 2.170(8).-T-N1 2.726(5), Tel---N2 2.7477(5),
Brl-Tel-Br2 171.48(2), Br1-Tel-C10 86.2(2), Br1-T@20 88.4(1), Br2-Te1-C10 88.9(2),
Br2-Tel-C20 85.5(1), C10-Tel-C20 98.9(2).
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Figure S4. Molecular structure d8-Brs~ showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpeters [A, °]: Te1-Brl 2.5808(8),
Tel-C10 2.135(6), Tel-C20 2.133(5), Tel---N1 2.Bg6[el---N2 2.735(5), Br1-Tel-C10
93.0(2), Br1-Tel-C20 91.9(2), C10-Tel-C20 97.1I@),contact: Tel---Br2 3.720(1)
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Figure S5.  Molecular structure of-CI” showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpaters [A, °]: Te1-01 1.951(2), Tel-
C10 2.134(2), Te1l-C20 2.123(2), Tel---N1 2.596[2)---N2 2.682(2), O1-H1 0.70(3),
01---Cl1 2.960(2), Cl1---H1 2.32(3), 01-Tel-C102%19), O1-Tel-C20 89.00(8), C10-Tel-
C20 96.81(9). lon contact: Tel---Cl1 3.2535(7).
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Figure S6. Molecular structure of-Br-H,O-THF showing 30% probability ellipsoids and
the crystallographic numbering scheme. Selected ppanameters [A, ©]: Te1-O1 1.957(3),
Tel-C10 2.130(5), Tel-C20 2.127(5), Tel---N1 2.886[el---N2 2.709(4), O1-H1 1.07(9),
02---H11.71(9), O1---02 2.729(8), O2-H2 1.05(&;8 1.02(4), Brl---H2 2.20(6),
02---Brl 3.232(5), O1-Tel-C10 92.2(2), O1-Tel-CZ®R), C10-Tel-C20 94.9(2), lon
contact: Tel---Brl 3.4777(9).
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Figure S7. Molecular structure of -1 showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpeters [A, ]: Conformer 1 (shown):
Tel-O1 1.969(9), Tel-C10 2.15(1), Tel-C20 2.13(2&)---N1 2.61(1), Tel---N2 2.67(1),
01-Tel-C1091.9(4), O1-Tel-C20 89.9(4), C10-Tel-@2@(5). lon contact: Tel---11
3.595(2). Conformer 2 (not shown): Te2-0O2 1.933(@R-C30 2.15(1), Te2-C40 2.14(1),
Te2-N3 2.595(9), Te2-N4 2.70(1), O2-Te2-C30 94.3(B)-Te2-C40 90.7(4), lon contact:
Te2---12 3.591(2).
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Figure S8. Molecular structure of-137-H>O showing 30% probability ellipsoids and the
crystallographic numbering scheme. Selected borahpaters [A, °]: Te1-01 1.967(3), Tel-
C10 2.118(5), Tel-C20 2.108(4), Tel---N1 2.566(4)---N2 2.656(4), O1-H1 0.821(4),
01-Tel-C10 91.2(2), O1-Tel-C20 90.7(2). lon corstatel---11 3.9635(5), Tel---12
4.0977(5).
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Reversible Oxygen Transfer From an Intramolecular C  oordinated Diaryltellurium(IV) Oxide to Acetonitril e. Synthesis
and Structure of a Novel Diaryltellurium(lV) Acetim idate.

7 Reversible Oxygen Transfer From an Intramolecular
Coordinated Diaryltellurium(lV) Oxide to Acetonitri le.

Synthesis and Structure of a Novel Diaryltellurium( V)

Acetimidate.
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7.1 INTRODUCTION

Diaryltellurium(lV) oxides, R,TeO (e. g. R = Ph, 4-MeOCgH4, 4-Me;NCgH4, Mes),
have attracted considerable attention as mild oxidizing agent of alcohols!’®,
thiocarbonyls!™, arylhydrazines!®% and transition metal carbonyls®. They are
used as a catalyst for the aldol condensation® and the aerobic oxidation of
phosphate esters®™ and silanes®. Furthermore, they play an important role in the

catalytic activation of hydrogen peroxide!®.

As already discussed diaryltellurium(lV) oxides are usually aggregated in the solid
state. For example the Ph,TeO gives rise to asymmetric dimers, which are further
linked by long secondary Te---O interactions™™”, however, (4-MeOCgH,),TeO

comprises a polymer structure and lacks any secondary interactions*®.

Since intramolecularly coordinated diaryltellurium(lV) oxides are very rare, the effect
of intramolecularly coordinating ligands on the structure and reactivity of
organotellurium compounds was studied. The first fully characterized example,
namely (2-Me,NCH,Cg¢H,),TeO, comprises a monomer structure in the solid
state — due to the intramolecular N coordination — and lacks any secondary Te---O
bonds!?®. The synthesis of (8-Me,NCoHg),TeO and its protonation with triflic acid to
form the diarylhydroxytelluronium triflate [(8-Me2NC1oHg),TeOH](O3SCF3) was

discussed in detail further abovel™®!

However, in absence of the triflic acid an unusual reaction of (8-Me;NC1oHe),TeO
with acetonitrile takes place. The reaction proceeds with reversible oxygen transfer
providing the diaryltellurium(lV) acetimidate (8-Me,NC;0Hg),TeNC(O)CHjs; in the solid
state. While the catalyzed hydrolysis of acetonitrile to acetamide in the coordination
sphere of transitions metals, such as platinum and rhodium®, is well documented

such a facile formation of the acetimidate moiety is unprecedented.
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7.2 DISCUSSION

The reaction of the freshly prepared diaryltellurium(1V) oxide, (8-Me,NC1oHg),TeO™,
with acetonitrile proceeds with reversible oxygen transfer to give rise to the formation
of the diaryltellurium(lV) acetimidate, (8-Me;NC1oHg),TeNC(O)CH3 (1), which was

obtained as colorless very fine needles in 57% yield (Scheme 9).

e
o

[ _ N

Te + HEC—C=EN —= N\@o (1)

Te®
ROR VAN

in solution R R
1
R = 8-Me,NCygHg in the solid-state

Scheme 9: Solution and solid state of the diaryltellurium(IV) acetimidate

The acetimidate 1 is sparingly soluble in reasonably polar solvents, such as CHCI;
and THF. Surprisingly, all spectroscopic data of 1 measured in solution were identical
with those of the starting materials, which originally lead to the conclusion that an

acetonitrile solvate was isolated.

The *H-NMR spectrum (CDCls) of 1 closely resembles the spectra of the two starting
materials and the ***Te NMR spectrum (CDCls) shows a broad signal at =1282,
which is reminiscent of the value reported for (8-Me,NC1oHg),TeO ( = 1272)1"%,

The *Te CP MAS NMR reveals a substantially different signal at dis, = 1027. The
huge chemical shift of 245 ppm is a strong indication that the solution and solid-state

structures are entirely different. This could be confirmed by X-ray crystallography.

Since the dimensions of the fine needles were too small (largest dimension: 60 m)
for conventional diffractometers, the data set was obtained from the APS synchrotron
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facility (Argonne, USA; beamline 1S-ID-B). The large primary intensity allowed the
collection of about 90000 reflections in an exposure time less than 30 min.

The molecular structure of 1 is shown in Figure 1 and the crystal data and structure
refinement in Table 1. Selected bond parameters are collected in the caption of the
Figure 1. The primary and secondary coordination sphere of the Te atom is defined
by a C,N+N,O donor set. The Te-C bonds lengths of 1 (2.133(2) and 2.152(1) A) are
only marginally longer than those of (8-Me,NCioHe),Te (2.173(3) and 2.155(2) A)I™.
The Te-N bond length of 1 (2.006(1) A) associated with the coordination of the
acetimidate moiety resembles those of other Te-N compounds.

Figure 1: Molecular structure of (8-Me;NCjyoHg),TeNC(O)CHz. Selected bond
parameters [A, °]: Te1-N3 2.006(1), Te1l-C10 2.133(2), Tel-C20 2.152(1), Tel---N1
2.704(2), Tel---N2 2.767(1), Tel-O1 2.785(2), C10-Tel-C20 94.43(4), N3-Tel-C10
90.65(4), N3-Tel-C20 96.63(3).
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The Te---N distances of 1 (2.704(2), 2.767(1) A) related to the N-donor substituents
are similar to the average values of the diaryltelluride (8-Me;NCioHg).Te (2.699(4)
and 2.827(4) A3,

However, the shortest Te:--N distances of 1 (2.704(2)) is significantly longer than
the shortest Te:---N distances of the protonated diaryltellurium oxide
[(8-Me,NC1oHg),TeOH]" (2.591(5))"®! or the previously describe, respective
diaryltellurium halides [(8-Me,NC1Hg).TeX]" (X=ClI, Br, 1) - varying between 2.426(4)
and 2.532(7) A -, which all comprise a strong attractive interaction to the Te atom.
This points to a weak interaction of the intramolecularly coordinating

8-dimethylaminonaphthyl substituents with the tellurium atom in solid state.

The Te---O distance of 1 (2.785(2) A) is also significantly shorter than the sum of van
der Waals radii (ca. 3.5 A). Considering the primary and the secondary coordination

sphere the spatial arrangement can be also said to be distorted octahedral.

According to a literature search, there is only one other compound containing an
acetimidate moiety, namely bis(trimethylstannyl)acetimidate MeC(O)N(SnMes),®”,
which was obtained by the double lithiation of acetamide using n-butyllithium prior to
reaction with two equivalents with trimethyltin chloride. It is worth mentioning that the
free and hitherto unknown acetimidate ion is isoelectronic to the acetate ion.

The question why the compound 1 will react reversibly with acetonitrile remains
unclear. The reversible reaction could be tentatively explained by a kinetic lability due
to the entropic effect and a small energy difference between the respective
compounds. However, calculations concerning the energies of the respective educt
and the product as well as calculations concerning the electron density (AIM and
ELI-D) are conducted by our work group, in order to shed some light on this

unexpected reaction.



Chapter 7 148

Reversible Oxygen Transfer From an Intramolecular C  oordinated Diaryltellurium(IV) Oxide to Acetonitril e. Synthesis
and Structure of a Novel Diaryltellurium(lV) Acetim idate.

7.3 EXPERIMANTAL SECTION

The diaryltellurium(lV) oxide, (8-Me,NCyoHe),TeO,[”® was prepared according to
literature procedures. The *H, **C and '*Te NMR spectra were recorded using Jeol
GX 270 and Varian 300 Unity Plus spectrometers and are referenced to SiMe, (*H,
13C) and Me,Te (***Te). The ***Te CP MAS NMR spectra were obtained using a
JEOL Eclipse Plus 400 MHz NMR spectrometer equipped with a 6 mm rotor
operating at spinning frequencies between 8 and 10 kHz. A 30 s recycle delay was
used and typically 5000 to 10000 transitions were accumulated to obtain adequate
signal-to-noise ratios. The isotropic chemical shifts ds, were determined by
comparison of two acquisitions measured at sufficiently different spinning frequencies
and were referenced using solid Te(OH)s as the secondary reference (dis, 692.2 /
685.5 ppm). The structural data set was obtained from the APS synchrotron facility
(Argonne, USA; beamline 1S-ID-B). Microanalyses were obtained from a Vario EL
elemental analyzer. The reaction was carried out under the exclusion of air in dry

solvents.

Synthesis of (8-Me 2NC10H8)2TeNC(O)CH3:

To a suspension of diaryltellurium(VI) dioxide, (8-Me2NC;oHg).TeO, (250 mg, 0.5
mmol) in Acetonitrile (100 mL), solid diaryltelluride(ll), (8-Me,NCioHe¢).Te (233 mg,
0.5 mmol) was added and refluxed for five hours. Undissolved solid was separated
through hot filtration. The now clear orange brown solution was reduced in vacuum to
50 mL. After one day brown needles precipitated and were collected through filtration
(302 mg, 0.57 mmol, 57 %; Mp. 198-206 (dec.)T).

'H-NMR (CDCls) =7.94 (s, br. 1H) 7.78 (s, br. 2H), 7.55- 7.50 (m, 3H) (Ar), 2.83 (s,
br. 6H, Ar-NCHs), 2.25 (s, br. 3H, NCCH3). **Te-NMR (CDCl;): = 1281.96 (very
broad). **Te CP MAS NMR: dis, = 1026.9. Anal. Calcd. for Co6H2;N3OTe (525.11): C
59.47, H 5.18, N 8.00 Found: C 58,92; H 5.04, N 7.79.
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Table 1: Crystal data and structure refinement of (8-Me;NC1oHg).TeNC(O)CHj3

1
Formula Co6H27N3OTe
Formula weight, g mol™ 525.11

Crystal system, space group
Crystal size, mm

Unit cell dimensions

I caled., Mg m™>
mMo K ), mm™
F(000)

g range, deg

Index ranges

No. of refins collected
Completeness t0 g max
No. indep. Reflns

No. refined params
GooF (F%)

R1 (F) (I >2s(1)

wR; (F?) (all data)

Largest diff peak/hole, e A~

Orthorhombic, Pbca

0.06 x 0.03 x 0.03 mm

a=12.601(3) A a =90 deg.
b =16.923(3) A b =90 deg.
c =20.807(4) A g=90 deg.

V = 4437.0(15) A3
Z=8
1.572

0.322

2112

1.30 to 30.28
-16 £h £ 30
-33£k£41
-31£1£48
114915
99.3%
30425

492

1.092

0.034

0.072

1.918/-1.648
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Reactivity of ( p-MeOCgH,),TeO toward t-Bu,Si(OH),. Synthesis of a 12-Membered Tellurasiloxane Ring, cyclo -
[(p'MEOC6H4)2TEOSit'BU20]3

8.1 SYNOPSIS

The aim of this project was to examine the reactivity of diorganotellurium oxides

toward organosilanoles.

The condensation reaction of t-Bu,Si(OH),®® with 1.2 equivalents of
(p-MeOCgH,4)TeO  provided a rare 12-membered tellurasiloxane ring
cyclo-[(p-MeOCgH,4).TeOSit-Bu,O]Js. To the best of our knowledge, there is only one
other 12-membered metallasiloxane ring derived from t-Bu,Si(OH),, namely,
cyclo-[(O)(Cl)VOSit-Bu,0]5*!, whereby six- and eight-membered ring systems are

more common®®

The conformation of the inorganic 12-membered Te3SisOg ring deviates from
planarity. It has to be noted that the axial O coordination could be considered as
rather symmetric, the Te-O bond lengths differ only marginally and no secondary
Te---O intermolecular contacts could be observed. Thus, the coordination sphere of
this 12-membered ring is comparable with the educt (p-MeOCgH,).TeO, but differs
substantially from the structures of related tetraorganoditelluroxanes!?®1?264 and
tellurastannoxanes!*®*M% \which reveal a rather asymmetric axial O coordination

and a number of secondary Te---O intra- and intermolecular contacts.
Furthermore, the exchange of the organosilandiole Ph,Si(OH), vyielded under
comparable conditions not tellurasiloxanes, but only condensation products of the

silanol compound that give a mixture of the known siloxane rings cyclo-(Ph,SiO); and
cyclo-(Ph,SiO)4, which could be identified by their 2°Si NMR chemical shifts®2.

8.2 EXPERIMENTAL CONTRIBUTIONS

For this study, | performed 100% of the experiments and synthesized all compounds.
Furthermore, | wrote the manuscript together with Prof. Dr. Jens Beckmann.

X-Ray Crystallography: Prof. Dr. Jens Beckmann
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Summary: Condensation of t-E&i(OH) with (p-MeOGH,),-
TeO in a Si/Te ratio of 1:1.2 exclu&ly produced the
12-membered tellurasiloxane ring cyclo-[(p-MeghG), TeOSit-
BwO]3 (1), whose molecular structure was determined by X-ray
crystallography. At larger Si/Te ratios, the open-chain tellura-
siloxanes HOt-BxSiORTeOSit-BUOH (2, R) p-MeOGH,)
and HOt-BySiORTeOSit-BUOR, TeOSit-BUuOH (3, R )
p-MeOGH,) were identified in solution b$?Si and?Te NMR
spectroscopy along with and unreacted t-Bi8i(OH). The
analogous reaction of BSi(OH) with (p-MeOGH,),TeO did
not provde tellurasiloxanes, but led to the formation of the
known siloxanes rings cyclo-(P8iO) and cyclo-(PhSiO).

Although the first diorganotellurium oxides,;ReO (R)
alkyl, aryl) were prepared more than 90 years &goly recently
has attention been paid to their structure and reactivity. While
diorganotellurium oxides, such as RO, having polar TeO
double bonds (R Ph, GFs, p-MeCsHs4, p-MeOGHy), are
monomers in chloroform,the structures in the solid state are
more diverse. For instance, AeC® and (GFs),TeO' are
asymmetric dimers with elongated -T® double bonds and
secondary T&@ intermolecular contacts, wheregdeOGH.)2-
TeO forms a 1D polymer with symmetric T& single bonds.
Diorganotellurium oxides have found applications as “oxygen”
transfer reagents in orgafi@and organometallic synthe$is.

Diorganotellurium oxides are Lewis bases and undergo con-

densation reactions to give tetraorganoditelluroxanés pvbton
acids, such as carboxylic aci$JNOs,2 HOsSCR;, and HQ-

PPh? Diorganotellurium oxides show potential for the prepa-
ration of tellurastannoxanes and related species featuring Te
O- Sn bonds, as well as for the fixation of carbon dioxifle.
Metallasiloxanes, compounds containing K&- Si linkages
(M includes metals as well as nonmetals), have attracted
considerable attention in recent years owing to applications in
material science and catalydisAlthough studies on metalla-
siloxanes have been extensive for most elements of thedierio
table, there are very few reports on tellurasiloxatess part
of our interest in the chemistry of telluroxanes we have now
investigated the reactivity of diorganotellurium oxides toward
organosilanols. The condensation reactiorB,Si(OH), with
1.2 equiv of p-MeOGsH,),TeO provided the 12-membered
tellurasiloxane ringyclo[(p-MeOGsHy4),TeOSt-Bu,O]3 (1) as
colorless crystalline material in quantitative yield (eq 1).

The molecular structure df has been established by X-ray
crystallography and is shown in Figure 1. Selected bond

* To whom correspondence should be addressed. E-mail: beckmann@ parameters are collected in the caption of the figure. The

chemie.fu-berlin.de. Fax#++ 49-30838-52440.
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geometry of the Te atoms df can be described as distorted
trigonal bipyramidal when taking into account the sterewch
cally active lone pair of T@ The axial O coordination is rather
symmetric, as the FeO bond lengths (2.051(3)2.064(3) A)
differ only marginally. No secondary &&@ intermolecular
contacts are observed. Therefore, the coordination sphetre of
resembles that of the parem-iMeOGHs),TeO, but differs
substantially from those of related tetraorganoditeares °
and tellurastannoxané$,whose structures reveal a rather
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Figure 1. (a) Molecule of p-MeOGCsH,),TeOSt-Bu,0O)s (1)
showing 30% probability displacement ellipsoids and the atom
numbering. Selected bond parameters [A, deg}: Gi1.617(4)
1.630(2), Te O 2.051(3) 2.064(3), Si O- Te 134.80(12) 141.70-
(13). (b) Ring conformation ot (only R-carbon atoms are shown
for clarity) with the large deviation from the ideal 33305 plane
being 0.46 A for Sil. Selected torsion angles [deg]: -Tél-
Sil- O2- 64.35(24), 01 Sil- O2- Te2 57.77(22), SHLO2- Te2
03 159.67(51), O2 Te2 O3 Si2 170.02(50), Te203 Si2-
O4- 60.71(24), O3 Si2- 04 Te3 53.82(25), SR04 Te3 O5
177.20(45), O4 Te3 O5 Si3 174.29(45), Te305- Si3- 06
54.56(24), O5 Si3- 0O6- Tel 69.63(21), SB3O6- Tel O1 166.05-
(56), O6 Tel- O1- Sil- 173.95(54).

asymmetric axial O coordination and a number of secondary
Te&&@ intra- and intermolecular contacts. The conformation of
the inorganic 12-membered 3205 ring deviates from planar-
ity, with the largest deviation of 0.46 A being observed fit.S
Related torsion angles are collected in the caption of Figure 1.
It is worth noting that the formation of 12-membered metalla-
siloxane rings is rare, while six- and eight-membered ring
systems are more comméhWe are aware of only one other
12-membered metallasiloxane ring derived froBu,Si(OH),,
namely,cyclo-[(O)(Cl)VOSit-Bu,O]Jz.23 In CDCl; solution, the
tellurasiloxane ringyclo-[(p-MeOGsH,4),TeOSt-BupO]3 (1) is
characterized b$Si and?5Te NMR chemical shifts o - 20.2

and 921.5, respectively.

In an effort to obtain insight into the formation df the
reaction betweert-Bu,Si(OH), and p-MeOGsH4),TeO was
monitored by2°Si and12°Te NMR spectroscopy. While the
reaction was quantitative at a Si/Te ratio of 1:1.2, increasing
amounts oft-BupSi(OH), give varying mixtures otyclo[(p-
MeOGsH,4),TeOSt-Bu,O]; (1) and the open-chain tellurasil-

(13) Gosink, H.-J.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H.-G.;
Freire-Erdbrugger, C.; Sheldrick, G. Nthem. Ber1993 126, 279.

Notes

oxanes H®BU,SIORTeOSt-Bu,OH (2, 4(%°Si) - 13.5,4(1%Te)
957.2, R) p-MeOGH4) and HO-Bu,SiOR,TeOSt-Bu,OR,-
TeOSt-BuOH (3, 4(*°Si) - 13.6,- 18.4 (2:1),4(*?5Te) 940.0

R) p-MeOGH,). At Si/Te ratios of 2:1 and 4:1, the molar
distribution of1, 2, 3, and unreactetBu,Si(OH), (4(2°Si) - 6.5)

was 5, 66, 18, and 11% and 8, 47, 26, and 19%, respectively.
The assignment of the NMR signals is based on the relative
integral intensities at the varying Si/Te ratios and the fact that
bridging TeQ Si- OTe units &(*°Si) - 18.4, - 20.2) and
terminal TeQ Si- OH units @(%°Si) - 13.5, - 13.6) can be
clearly distinguished. At a Si/Te ratio of 2:1, the ESI-MS
spectrum (positive mode, cone voltage 30 V) of a diluted
solution in MeCN (1:100) reveals four mass clusters with
relative intensities greater than 10% based on the highest peak
that were unambiguously assigned to the cationd ¢RQH}
(361.01), {-Bu;SiOTeROH]* (519.12), [RTeORTeOH}
(717.01), andtfBu,SiOR,TeOR,TeOH]" (875.12), respectively
(R) p-MeOGsH4). While two of these cations confirm the
presence of SiO- Te linkages, no quantitative information can
be obtained about neutral species in solution. Attemptsaiate

2 and3 by fractional crystallization and column chromatography
failed. The equimolar reaction of FBi(OH), with (p-MeOGsHa)--

TeO under similar conditions did not afford tellurasiloxanes,
but proceeds with condensation of the silanol groups to give a
mixture (ratio 46:54%) of the known siloxane ringyclo-
(PhSiO); (&(%°Si) - 33.4) anccyclo-(PhSiO), (A(%°Si) - 42.3),
which have been unambiguously identified by tFé8i NMR
chemical shifts#

Experimental Section

Synthesis of [-MeOCgH,),TeOSit-Bu,0]; (1). A solution of
(p-MeOGsH,),Te (292 mg, 0.82 mmol) and-Bu),Si(OH)® (120
mg, 0.68 mmol) in toluene (30 mL) was heated at reflux for 12 h
in a Dean-Stark apparatus. The solvent was removed in a vacuum,
and the solid residue was dissolved in ether (10 mL) and filtered.
Slow evaporation of the solvent afforded colorless crystald of
(341 mg, 0.22 mmol, 97%; mp 23@35 °C).

1H NMR (CDCly): & 8.03, (d, 12H;p-O,MeCsH.), 6.78 (d, 12
H; p-O,MeCgHy), 3.76 (s, 18 H; OCH), 0.93 (s, 54 H; CH). 13C
NMR (CDCL): & 161.2 p-OMeCeHys), 133.8 p-OpMeCsH.),
130.6 p-O;MeCgH,), 114.0 p-O,MeCsH,), 55.1 (OCH), 29.1
(CHa), 21.6 (GCHs). 2°Si NMR (CDCk): & - 20.2.125Te-NMR
(CDClg): &921.5. Anal. Calcd for gHgs012SisTes (1548.52): C,
51.19; H, 6.25. Found: C, 50.89; H, 5.86.

Crystallography. Single crystals were grown by slow evapora-
tion of a ether/CHCI, solution of [(P-MeOGsH,4),TeOSt-Bu,O]s
(2). Crystal data and structure solution:ggB96012SisTes, M, )
1548.56, monoclinicP2,/n, a) 14.079(3) Ajb) 22.641(5) Ac
) 22.189(5) A,a) 93.219(5), V) 7062(3) B, Z) 4,Dy)
1.456 Mg/ni, F(000)) 3144,i ) 1.338 mm?% T) 173 K.
Intensity data were collected on a Bruker SMART 1000 CCD
diffractometer fitted with Mo KR radiation (graphite crystal
monochromaton, ) 0.71073 A) to a maximum @ay) 30.540
via ® scans (completeness 99.4%dq,,). Data were reduced and
corrected for absorption using the programs SAINT and SABAB
The structure was solved by direct methods and difference Fourier
synthesis using SHELX-97 implemented in the program WinGX

(14) Foucher, D. A.; Lough, A. J.; Manners Jihorg. Chem1996 108,
1712.

(15) Weidenbruch, M.; Pesel, H.; Van Hieu, B. Naturforsch.198Q
35D, 31.

(16) SMART SAINT, and SADABS Siemens Analytical X-ray Instru-
ments Inc.: Madison, WI, 1999.
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2002 Full-matrix least-squares refinement B using all data, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ,
was carried out with anisotropic displacement parameters applied UK (fax: + 44-(0)12 23-33 60 33; e-mail: deposit@ccdc.cam.ac.uk).
to all non-hydrogen atoms. Hydrogen atoms attached to oarbo
atoms were included in geometrically calculated positions using a
riding model (including free rotation about @) and were refined Acknowledgment. The Deutsche Forschungsgemeinschaft
isotropically.R;) 0.0409 for 15 197I[> 26(1)] andwR,) 0.1102 (DFG) is gratefully acknowledged for financial support. Mrs.
for 21 497 independent reflections. GopF1.047. The max. and  Irene Bridgam (Freie Universitdt Berlin) is thanked for the
min. residual electron densities were 1.742 ar@d762 e A3. The X-ray data collection.
figure was prepared using the DIAMOND progratn.
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available free of charge via the Internet at http:/pubs.acs.org.
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9.1 SYNOPSIS

The aim of this project was to examine the formation of stannatelluroxanes and their
ability to absorb CO..

Therefore, the reaction of di-tert-butyltin oxide with known aryltellurium trichlorides
was examined. The reaction of (t-Bu,SnO)s with 2,4,6-t-BusCgH,TeCl3, respectively
8-Me;NC1pHgTeCls, provided the dinuclear stannatelluroxanes
2,4,6-t-Bu3sCegH,TeO,Sn-t-Bu,Cl, respectively 8-Me,NC1o0HgTeO,Sn-t-Bu,Cl. These
compounds are rare examples of molecular oxides incorporating two heavy main

group elements.

The primary Te-O bond lengths of these compounds are significantly shorter than the
standard Te-O single bond of [(4-MeOCgH.),TeO],** pointing to a bond order of
roughly 1.5. However, the axial Sn-Cl bond length of 2,4,6-t-BusCsH,TeO,Snt-Bu,Cl
and 8-Me,NC1oHeTeO,Sn-t-Bu,Cl are somewhat longer than those of t-Bu,SnCl,*3,
It has to be noted that the intramolecular Te--:N contact of 8-Me;NC;oHsTeO,Sn-t-
Bu,Cl is longer than that in 8-Me,NC1oHsTeCl3*¥, suggesting a reduced Lewis acidity
of the Te atom. Besides the primary coordination sphere, the stannatelluroxane
comprises two symmetry-related intermolecular secondary Te---O contacts, which link

two molecules into a centrosymmetric dimer in the crystal lattice.

However, the reaction of (t-Bu,SnO)s; with 2,6-Mes,CsH3TeCl; — depending on the
stoichiometric ratio — produced the known dimeric aryltellurium oxo chloride
[2,6-Mes,CgHsTe(O)CIL.®!  or the new tetranuclear  stannatelluroxane
(2,6-Mes,CgH3Te),0s5(Snt-Buy),, which shows two intramolecular Te O contacts to
the Sn-O-Sn linkage, whereby compound 2,4,6-t-BusCgH,TeO,Sn-t-Bu,Cl, lacks, due

to the confined space around the Te atom, any secondary interactions.

The 'H- and *'C-NMR spectra of (2,6-Mes,CgHsTe).Os(Sn-t-Bu,), and
2,4,6-t-Bu3CeH,TeO,Sn-t-Bu,Cl show that the two tert-butyl groups are magnetically

inequivalent confirming that the molecular structure is retained in solution.
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In contrast, the 'H- and *C-NMR of 8-Me,NCyoHsTeO,Sn-t-Bu,Cl were slightly
broad, which is explained by a dynamic monomer-dimer equilibrium in solution. An

osmometric molecular weight determination revealed a degree of association of 1.64.
In order to investigate their ability to fix carbon dioxide solutions of the respective

compounds were treated with gaseous CO,. However, no reaction was observed by

means of IR- and NMR-spectroscopy.

9.2 EXPERIMENTAL CONTRIBUTIONS

For this study, | performed 33% of the experiments which lead to the synthesis of the
compound 8-Me,NC,0HsTeO,Sn-t-Bu,Cl. Furthermore, | wrote the manuscript

together with Prof. Dr. Jens Beckmann and Dr. Malte Hesse.

X-Ray Crystallography: Prof. Dr. Jens Beckmann
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Summary: The syntheses and structures are described of the with (p-MeOCgH,),TeO using a Sn/Te ratio of 1:1 quan-

molecular stannatelluroxanes 2,4,6-t-BGgH,TeO,Sn-t-
Bu,Cl (4), 8-Me,;NC;0HgTeO.Sn-t-Bu,Cl (5, and (2,6-
Mes,CgH 3Te) ,05(Sn-t-Bu,) » (6), which were obtained by
the reaction of (t-Bu,SnO); with the respective aryltellurium
trichlorides RTeCk (R =2,4,6-t-Bu 3CgH 5, 8-MeoNC1Heg,
2,6-Mes,CgH 3). Compounds4- 6 were characterized by mul-
tinuclear NMR spectroscopy tH, *3C, **%n, *?°Te), ESI-
TOF MS spectrometry, osmometric molecular weight deter-
mination, and X-ray crystallography.

Organostannoxane clusters and polymers have been the
focus of extensive research due to their fascinating struc-
tural diversity and applications in catalysis and material
science! Attempts to incorporate a second heavy element
into the structure of organostannoxanes are motivated by
the possibility to develop more advanced catalysts with
multiple active centers. However, so far only very few com-
pounds containing Sr O- Elinkages (E =heavy element) are
known. We recently reported that the reaction of {-Bu,SnO)

In an effort to obtain deeper insight into the formation
of stannatelluroxanes and their ability to absorb CQ, we
have now studied the reaction of ditert-butyltin oxide with
known aryltellurium trichlorides at various stoichiometric
ratios (Scheme 1). The reaction oft(Bu,SnO); with 2,4,6+-
BusCeH,TeCl; and 8-Me,NC 1 0HeTeCls, respectively, using a
Sn/Te ratio of 2:1 exclusively provided the dinuclear sta-
nnatelluroxanes 2,4,6-BusCgH,TeO,Snt-Bu,Cl (4) and 8-
Me,NC 10H6TeO,Sn1-Bu,Cl (5), respectively, and-Bu,SnCh,.

*Corresponding author. E-mail: beckmann@chemie.fu-berlin.de.
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titatively provides the hypervalent stannatelluroxane
[P-MeOCgH 4),TeOSrt-Bu,0], (1).2° Solutions of 1 rapidly
absorb gaseous C@ giving a tetranuclear stannatelluroxane
carbonate cluster [p-MeOCgH 4),TeOSn-Bu,COsl, (2).2
Unlike most metal carbonates,2 possesses three unevenly
long C- O bonds due to the different coordination modes
with the Sn and Te atoms, a useful characteristic when
pursuing bond activation within carbonates. While salt-like
carbonates are often thermally very stable? liberates CO,
upon heating above 90¢C. These properties make2 a
promising candidate for applications in the fixation and
activation of CO,. Another stannatelluroxane, [p-
MeOCgH 4),Te(OSnt-Bu,OH),] (3), was obtained by the
reaction of (t-Bu,SnO); with (p-MeOCgH 4),TeO using a
Sn/Te ratio of 2:1 in the presence of moisturé. Two mole-
cules of 3 interacted to give dimers in the solid state. The
structural characterization of 2 and 3 has revealed the
importance of hypervalent and secondary bonding for the
fixation of CO ,, the degree of aggregation, and the supra-
molecular association.

Under the same conditions, the reaction ofttBu,SnO); with
2,6-MesCgH 3TeCl; proceeded with complete oxide transfer
and produced the dimeric aryltellurium oxo chloride [2,6-
Mes,CeH 3Te(O)CI]24 and t-Bu,SnClh. At a Sn/Te ratio of 5:2
the reaction of ({-Bu,SnO); with 2,6-Mes,CgH 3TeCl; afforded
the tetranuclear stannatelluroxane (2,6-Me&£¢H 3Te),05(Sn-
t-Buy), (6). Further variation of the Sn/Te ratios provided no
other stannatelluroxane products. Alternatively, 6 also was
obtained by the condensation reaction ofttBu,SnO); with the
aryltellurinic acid [2,6-Mes,CgH 3Te(O)OH],. Compounds4- 6
were isolated as colorless crystals in high yields and arerea
examples of molecular oxides incorporating two heavy main
group elements.

The molecular structures o#l- 6are showninFigures1 3,
and selected bond parameters are collected in the captions of
the figures. The spatial arrangement of the Sn atoms is

(4) Beckmann, J.; Finke, P.; Hesse, M.; Wettig, BAngew. Chem., Int.
Ed. 2008 47, 9982.



